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 Preface This volume contains the proceedings of the VIIIth International Summer School of Brain Research which has been organized by the Netherlands Central Institute for Brain Research, Amsterdam. For this conference the topic “Integrative Hypothalamic Activity” was chosen in order to stress the special properties which the hypothalamus has as one of the most important integration centres of the brain, rather than organizing lectures on different and separate subjects related to this part of the diencephalon. The interest of a number of research workers at the Institute and recent work performed by them on the hypothalamus have also been of importance in shaping the programme. This is the reason why special emphasis has been laid on the role played by the hypothalamus in sexual differentiation, in the control of parturition and in several aspects of behaviour while also the influence exerted by the pineal gland on the hypothalamo-hypophyseegonadal axis and on the magnocellular hypothalamic neurosecretory system is dealt with. As it was realized that structural principles lie at the base of physiological phenomena, the programme, after an introductory paper on the history of hypothalamic research, started with lectures on hypothalamic morphology. As our knowledge of hypothalamic morphology, histo- and biochemistry and the physiological implications of the many extrinsic and intrinsic neural and hormonal hypothalamic pathways is vastly growing, it seemed right to summarize and integrate at least part of the many results obtained for an auditorium of young research workers for whom these Summer Schools are intended. My thanks are due to all participants contributing so many valuable papers and taking such a lively part in the discussions which have been very fruitful. I am also most grateful for the invaluable help of Drs. Swaab and Schadk, the editors of this volume, in constituting the programme and in organizing this Summer School and to Miss J. Sels for her editorial assistance.
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 Section I
 
 Breakthroughs in Hypothalamic and Pituitary Research EVELYN ANDERSON AND WEBB HAYMAKER
 
 NASA Ames Research Center, Moffett Field, Calif. 94035( U.S.A.)
 
 INTRODUCTION
 
 Sir Henry Dale (1957), in speaking of his student days, tells of learning physiology from Michael Foster’s Textbook of Physiology, the 1891 edition. He says that the textbook was “curtly explicit in its account of the knowledge then available concerning the function of the pituitary body”, for Foster wrote that “with regard to the purposes of the organ as a whole we know absolutely nothing”. Dale goes on to say that this “is a statement which you may well imagine was not without an aspect of reassurance for a student with an examination in prospect”. Today’s students do not have that reassurance. In the past half century our knowledge, not only of the pituitary but also the hypothalamus, has undergone phenomenal growth and to attempt to grasp its significance is enough to boggle the mind of the specialist as well as the student; nor is it easy to single out the anatomists, physiologists and clinicians who over the years have been responsible for this tremendous growth and to say that these were the founders or the leaders. We must wait for Time to grade them as to the greatness of their contributions. In accepting this assignment we were made bold by a story about Magendie which Olmsted (1938) relates in his biography of Claude Bernard regarding certain attitudes of Magendie which “forebade him to attempt to reconcile contradictory results. If he obtained one result in 1892 and another in 1893 it was all the same to him. He trusted future experiments to provide the missing explanation. Far from being ashamed of his complete lack of method in the conduct of his research, he was proud of it. He told Bernard: Everyone compares himself to something more or less majestic in his own sphere, to Archimedes, Michaelangelo, Galileo, Descartes, and so on. Louis XIV compared himself to the Sun: I am much more humble. I compare myselfto a scavenger; with my hook in my hand and my pack on my back I go about the domain of science picking up what I can find” (p. 25). We have gone through the pages of the history of the hypothalamus and the pituitary, picking up some of the great findings, which you, at this meeting,will undertake the task of integrating into a complete story. Of the many contributors, some have led the way in major breakthroughs in hypothalamic and pituitary research which have permitted others to carry through to the development of this knowledge. It is to these References
 
 p.
 
 52-60
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 E. ANDERSON A N D W. HAYMAKER
 
 Fig. 1. Franwis Magendie (1783-1855). By courtesy of the Bibliothhue de 1’AcademieNationale de Medecine clich6 Assistance Publique (No. 85-1666, MMecins).
 
 contributors whose breakthroughs we so often take for granted that we wish to pay our respects in this discussion.
 
 THE RETE MIRABILE A N D THE PITUITARY
 
 The pituitary and its infundibulum appeared on the horizon, centuries before the hypothalamus came to be known. Galen (129(?)-199 A.D.) of Pergamon was the first to recognize their existence and to comment on their function. According to Sarton (1954), “Galen’s mind was quick and tidy, but clouded by an excessive fondness for theory and classification. ... He was honest and sincere but egotistic, vain, complacent, irritable, and jealous” (p. 79). Many of Galen’s studies were based on dissection of the brains of oxen, goats, swine and monkeys (Macaca inua and Macaca mulatta), in which he described not only the pituitary and the infundibulum but also the 4 chambers (ventricles) of the brain, the fornix, the corpus callosum, the pineal, and the corpora quadrigemina. Among the chambers of the brain were the two lateral ones, which he called the “thalamus” (literally, “bridal chamber”). To Galen the chambers at the base of the brain supplied “animal spirit” to the optic nerves -hence, thalminervorum opticorurn,
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 Fig. 2. ClaudiusGalen (129(?)-199 A. D.). Portrait by courtesy of the Biomedical Library, Univ. of California at Los Angeles.
 
 and its English equivalent, “optic thalamus”, a term that still lingers with us (Fulton, 1943, p. 252). Galen must have seen the hypothalamus many times but found nothing remarkable to say about it. Galen described an exceedingly prominent network of blood vessels surrounding the pituitary, which came to be called the rete mirabile when translated from Greek into Latin. According to Clarke and O’Malley (1968), Galen considered that “the vital spirit in the blood from the heart was changed into animal spirit in the rete mirabile and then, as mediator of all the brain’s activities, stored in the ventricles” (p. 758). The rete mirabile seems to have been of central importance to Galen. He states that “the plexus that embraces the (pituitary) gland itself and extends for a great distance posteriorly is the most remarkable of bodies found in this region” (p. 758). Kuhlenbeck (1973) reminds us that such retia mirabilia are found in various mammals, including Edentata, Ungulata, Carnivora, Sirenia, and Cetacea, and that they are analogous to the (arterial) renal glomeruli and the (venous) portal sinusoids. O’Malley (1964) remarks that Galen’s acceptance of the rete mirabile as a structure in the human References P. 52-60
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 brain was clearly in error (p. 9). To us, on the other hand, Galen’s rete mirabile coincides with the diminutive aggregate of vessels which Duvernoy (1 972) referred to as a “surface capillary network”, as a glance at the India-ink perfusion preparations published by him and by other anatomists will testify. Although in man this “rete” has been greatly reduced in magnitude, in our opinion it nonetheless qualifies in its own right as a rete mirabile. In short, in a sense we are in agreement with Galen on this point. Galen’s influence dominated medicine for well over a thousand years, until interrupted by Vesalius (15 14-1 564) with the publication of his great treatise on anatomy, De Humani Corporis Fabrica, in Basle in 1543. At the time, Vesalius was only 27 years of age. Singer (1946, 1957) deduces that “Vesalius was a strong, resolute man of clear, firm-knit, and unsubtle mind ...”, and that he was a “noisy, bustling, exhibitionist genius”. Vesalius is said to have had the services of the artist, Jan Stefan van Kalkar, who had been a pupil of Titian. However, as is brought out by Saunders and OMalley (1950), “There is no more contentious and difficult subject respecting the Vesalian
 
 Fig. 3. Andreas Vesalius (1514-1564). Portrait by courtesy of the National Library of Medicine, Bethesda, Md.
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 problem than the question of the identity of the artist or artists responsible for the Vesalian illustrations’’ (p. 25). Vesalius’ accurate descriptions and the artists’ (including Titian’s?) documentation of the dissections by over 300 engravings and woodcuts made the Fabrica a breakthrough of greatest importance. “With Vesalius”, according to Garrison, “the anatomy of the brain became modern with one bound” (see McHenry, 1969, p. 40). Vesalius was born in Brussels, the son of the imperial court apothecary. Attracted at an early age to the study of anatomy, he meticulously dissected all the animals he could get hold of. He went to Paris to take up the study of medicine, particularly with a view to mastering human anatomy. But he learned little during his student days. One of his professors of anatomy, Winter von Andernach, was a learned student of classical literature who was the first to translate Galen’s chief anatomical treatise from Greek into Latin. Although he taught anatomy, this professor had never done a dissection. So Vesalius had to learn for himself. He again dissected animals, and from time to time obtained human bones from cemeteries or he went to places of execution in search of material. He would study bones until he could identify them with closed eyes. His zeal brought him to the attention of his professors, who asked him to undertake the job of dissection. For the first time, Sigerist (1958) relates, he stood with scalpel in hand before a human corpse in front of an audience (p. 106). The outbreak of war made him leave Paris (in 1536). It was at Padua (starting in 1537) that Vesalius’ preparation of the Fabrica was undertaken. He was then only 22, and had been made professor at the University. Consistent with the detestable literary manners current at that time, Vesalius mercilessly attacked Galen. In a “childishly irritable and flatulently abusive” way, he pointed to Galen’s many errors, and drummed away at the fact that Galen had never dissected a human body. At first he accepted Galen’s rete mirabile as an anatomical fact, but later denied its existence (Clarke and OMalley, 1968, p. 768), a point on which, in our opinion, Vesalius was correct so far as gross appearances went but otherwise was clearly in error. Vesalius disagreed with Galen’s view that excretory ducts ran from the lateral ventricles to the cribra ethmoidalis, but accepted the view that the brain excreted waste material (pituita) through the infundibulum into the pituitary, whence it somehow passed into the nasopharynx (Rolleston, 1936, p. 42). Vesalius described this pituita (as interpreted by O’Malley, 1964, p. 9) as residue left from the ultrarefinement of animal spirit (the substance responsible for sensation and motion) that had reached the brain in the form of vital spirit from the heart. One hundred years after Vesalius - in 1664 - Thomas Willis (1621-1675) published his memorable treatise, Cerebri Anatome, which far surpassed anything that had been published up to that time. In addition to anatomy, this treatise dealt with functions of the nervous system. This and the six other books he wrote marked the transition between medieval and modern notions of brain structure and function. A man of no carriage and little discourse though very congenial, Willis had the most fashionable and lucrative medical practice in London. According to Sir Michael Foster (1901), “love of truth was in him less potent than love of fame” (p. 270). Certain other critics said he was neither erudite nor original and that much of his References p . 52-60
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 Fig. 4. Thomas Willis (1621-1675). Portrait by courtesy of the Biomedical Library,Univ. of California at Los Angeles.
 
 success was attributable to the fertile mind of Richard Lower (1631-1691), who was assistant to Willis for at least 10 years. From his observations on the formation and circulation of the cerebrospinal fluid, and from a study of the mechanism of hydrocephalus, Richard Lower, in 1672, finally convinced Willis that nasal secretions do not filter down from the pituitary. In this view, Lower was in agreement with Conrad Schneider (1614-1680) of Wittenberg who had shown in 1655 that these secretions were the product of small glands in the nasal mucosa (see Mettler, 1947, p. 65). Mention of Willis naturally leads to the arterial circle at the base of the brain. Others before Willis were aware of that circIe. Among them was Gabriel Fallopius, a pupil of Vesalius, who mentioned it in 1561. Moreover, in 1632, which was 30 years prior to the publication of Willis’ Cerebri Anatome, Guilio Casserio (1545-1605), a professor at Padua and one of Harvey’s teachers, published an illustration of the base of the brain and its embracing arterial circle. Christopher Wren (1632-1723) was responsible for naming the circle after WiUis. Wren, at the time a student at Oxford, was employed by Willis to prepare the anatomical plates of Cerebri Anatome, and in his sketch, inserted the caption, “circle of Willis”. Willis had no reason to protest, for he had experimented extensively on the circle by squirting “a liquor dyed with ink” into peripheral cerebral vessels. Noting the appearance of dark spots on the cut surface of the brain, he concluded that the ink reached h e vessels in the brain substance. Willis went on to say that large vessels (“the fourfold chariot”) running to the arterial
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 Fig. 5. Richard Lower (1631-1691). Portrait from the Wellcome Institute of the History of Medicine, London, England, by courtesy of the Trustees.
 
 circle at the base of the brain, could, by way of their “mutual conjoinings”, ... supply or fill the channels of all the rest of the cerebral vasculature, and thus prevent apoplexy. More than that, he found that some vestige of the ink reached vessels covering the base of the brain (Clarke and O’Malley, 1968, p. 778), bringing to better view the “surface capillary network”, which as noted earlier, could well be a small rendition of Galen’s rete mirabile.
 
 INTIMATIONS OF HYPOTHALAMIC FUNCTION
 
 Some 200 years after Willis and Lower - up to about 1875 - the hypothalamus as such was still unknown and the pituitary was considered inconsequential. Lo Monaco and van Rynberk (sic!), in two papers published in 1901, reminded their readers that the pituitary had long been regarded as an unpaired sympathetic ganglion, and that Sylvius and Magendie thought it a lymphatic gland having the function of collecting References P. 52-60
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 Fig. 6. Gerard A. van Rijnberk (1875-1953). Portrait by cwrtesy of Pfokssor Paul E. Voorhoeve,
 
 Amsterdam.
 
 cerebrospinal fluid and discharging it into the circle of Willis. In their rebuttal to these views, based on extensive experimental work, Lo Monaco and van Rynberk concluded that the pituitary was an involuted organ that had “no important function, neither general nor special”. This publication originated from the laboratory of no less an authority than Luigi Luciani, Professor of Physiology and Rector of the University of Rome, where van Rynberk had gone to prepare his doctor’s thesis. (For a brief biography of the distinguished van Rynberk, see Duyff, 1947.) Following suit in 1908, Schafer and Herring referred to the anterior lobe of the pituitary as not having any physiological effect. In 1909 the pituitary was defined in Murray’s New English Dictionary on Historical Principles, Vol. 7, as “a small bilobed body of unknown function attached to the infundibulum at the base of the brain” (see Cushing, 1932, p. 10). Reflecting the same viewpoint, Thaon in his book on the pituitary published in 1907 mentioned that the posterior lobe presents only minimal interest. But well before the early 1900s and up into the 1920s, important events were occurring in the pathological and clinical fields in the form of case reports, each giving some inkling that the pituitary was a functioning organ. It was later in this period that the significanceof the hypothalamus gradually came to be realized, though
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 confusion persisted as to where to draw the line between the function exercised by the hypothalamus, on the one hand, and the function possessed by the pituitary, on the other. Gastric ulcerationfrom central lesions
 
 The earliest intimation that the base of the brain was concerned in vegetative function came from Carl von Rokitansky’s observation in 1842 that infectious lesions located in this region commonly were associated with grave gastric disturbances, often in the form of perforations and, occasionally, gastric hemorrhage. Rokitansky suggested that areas of softening of the stomach occurring in association with acute affections of the brain or its membranes were probably brought about by a reflex action of the esophageal and gastric branches of the vagus. Rokitansky’s views were put to the test by Moritz Schiff 3 years later - in 1845. He found in dogs and rabbits that unilateral cerebral lesions involving the thalamus and adjacent cerebral peduncle often led, after a few days, to softening of the stomach and occasionally to perforation. Soon afterwards - in 1854 - he found that much the same effect could occur followingunilateral division of the pons or even hemisection
 
 Fig. 7. Carl Freiherr von Rokitansky (18041878). Portrait by courtesy of the National Library of Medicine, Bethesda, Md. (Neg. No. 61-401). References p . 52-60
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 Fig. 8. Moritz Schiff (1823-1896). Port& by courtesy of the National Library of Medicine, Bethesda,
 
 Md.(Neg- No. 68-486).
 
 of the upper two segmentsof the spinal cord. Stimulation of certain structures (corpora quadrigemina, pons, and cerebral peduncle) caused gastric movements comparable to those elicited by vagus stimulation, and he found that these movements were blocked by division of the vagi. He also observed that stimulation of the splanchnics caused contraction of the vessels of the stomach. In a later summation (1867), Schiff anticipated the present-day distinction between the counterbalancing sympathetic and parasympathetic system and their role in the causation of lesions in the stomach and neighboring gut. In the passing years more clinical cases of esophageal or gastric or duodenal softening or hemorrhage or perforation associated with central lesions got into the record: a gummatous interpeduncular tumor with softening of the right side of the pons and medulla oblongata associated with esophagealperforation (Hoffmann, 1868), a walnut-sized “sarcoma” of the meninges in the interpeduncular space associated with hyperemic softening of the stomach with numerous ecchymoses of the fundus (Arndt, 1874), and a median cerebellar tumor compressing the corpora quadrigemina and medulla oblongata associated with ecchymoses, extravasations, and hemorrhagic erosions of the stomach together with a markedly hyperemic and ecchymotic lower esophagus and duodenum (Arndt, 1888).
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 Fig. 9. Harvey Williams Cushing (1869-1939). Portrait by courtesy of Yale Univ. Art Gallery, gift of Mrs. Cushing; by John S. Sargent.
 
 Nothing more of any substance on this subject appeared in the literature until Harvey Cushing’s Balfour Lecture on Peptic Ulcer and the Znterbrain delivered in 1931 and published the following year. Here he described all the kinds of cases that had been seen by Rokitansky. He stated that: “. .. direct stimulation of the tuber or of its descending fiber tracts, or what theoretically amounts to the same thing, a functional release of the vagus from paralysis of the antagonistic sympathetic fibers, leads to hypersecretion, hyperchlorhydria, hypermotility and hypertonicity especially marked in the pyloric segment. By the spasmodic contractions of the musculature, possibly supplemented by accompanying local spasms of the terminal blood-vessels small areas of ischemia or hemorrhagic infarction are produced, leaving the overlying mucosa exposed to the digestive effects of its own hyperacid juices” (p. 221-222). Cushing had a way of stating his ideas with ultimate clarity and logic, and with these few sentences he wiped out vagaries of the past and set the stage for the future. Primary polydipsia of Nothnagel Nothnagel, as early as 1881, reported on a condition which he called “primary References P.
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 Fig. 10. Hermam Nothnagel(1841-1905). Portrait by courtesy of the National Library of Medicine, Bethesda, Md. (Neg. 73-207).
 
 polydipsia”. He described the case of a man who was kicked by a horse, causing him to fall backward, striking the back of his head. Within half an hour he developed a fierce thirst, drinking up to 3 liters of water and beer within a period of 3 h, and only then did he begin to urinate. The man recovered quickly without other disabilities but the thirst persisted for about 4 days. Nothnagel postulated that the site of injury responsible for the polydipsia was in the floor of the fourth ventricle. This was the first suggestion that some part of the central nervous system was sensitive to water need. Subsequent studies on the hypothalamus by Bellows and Van Wagenen (1939, Hess and Briigger (1943), Andersson (1952, 1957), Andersson and McCann (1956), Stevenson (1949), and others, have consolidated this concept. Hypersomnia
 
 In the field of sleep-wakefulness, chief attention turned to the reticular activating substance (or system) when its functional significance became recognized through experimentation carried out by H. W. Magoun and Giuseppe Monrzzi toward the
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 end of the Ranson heyday at Northwestern University (in Chicago) - around 19421943 - and soon afterwards at the University of California at Los Angeles in association with John D. French. An account of much of this work is given in Magoun’s The Waking Bruin, published in 1958 (see also French and Magoun, 1950). Moruzzi and Magoun (1949) demonstrated the importance of the brain stem reticular substance in conscious behavior and they also found that its electrocortical accompaniment was relatively independent of specific sensory and motor pathways. In monkeys, Moruzzi and Magoun and their associates found that the reticular activating substance occupied a fairly large area of the brain stem (from the mid-pons upward through the midbrain) well into the nonspecific nuclei of the thalamus, and extending into the posterior hypothalamus. The observations of Magoun and Moruzzi were certainly a breakthrough, but the basic idea underlying this development had been presented some 12 years earlier - in 1937 - by Wilder Penfield. Penfield’s hypothesis was that “the indispensible substratum of consciousness lies outside the cerebral cortex, ... probably in the diencephalon”. In a further consideration of his concept, Penfield (1952) proposed that a neuron system centrally placed in the brain stem and connected equally with the two hemispheres could be described as biencephalic, but that “centrencephalic” was perhaps more descriptive; in the “brain stem” he included the thalamus. “Let us define the centrencephalic system”, Penfield (1952) stated, “as that neurone system in the higher brain stem which has ... equal functional relations with the two cerebral hemispheres”. Thus, Penfield’s centrencephalic system coincided in considerable degree with what Magoun later called the reticular activating substance. Subsequently, to avoid misconceptions, Penfield and Jasper (1954) referred to the structures in question as the “centrencephalic integrating system”, a subject on which Jasper again expounded in his Hughlings Jackson Lecture in 1959(Jasper, 1960). One could of course challenge the use of the work “integrating” in the context used by Penfield. Hartwig Kuhlenbeck (1954, 1957) suggests that the grisea of the “centrencephalic system” do not integrate (in the generally accepted sense of this term) but merely provide one of the several important “activating factors” required for the occurrence of such cortico-thalamic events as are correlated with consciousness; instead, Kuhlenbeck thinks it likely that a “multifactorial” combination of input both by the specific sensory channels (optic system, cochlear pathway, and spinobulbo-thalamicchannels) and the nonspecific (activating) reticular channels are required for the maintenance of conscious cortical (cortico-thalamic) activities in the waking state (1954, p. 128-129; 1957, p. 186-187). An interesting case in point is one described by Adolf Striimpell in 1877. The patient had lost all contact with the outer world, as manifested by anesthesias, etc., except for integrity of input from the right eye and the left ear. Whenever that eye was covered and that ear plugged, she would fall into sleep within a few minutes. The reticular activating substance is but a small part of the reticular substance, which Jules Dkjkrine described in detail at the turn of the century (1901) and which Paul Yakovlev referred to in functional terms in 1949 as a portion of the “innermost system of visceration”, a concept which he recently expanded (1972). D6jBrine References p . 52-60
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 Fig. 11. Joseph Jules D6jkrine (1849-1917). Portrait by courtesy of Mme.le Docteur Sorrel-lXj6nne, Pans, France.
 
 observed that the reticular substance (his “formation reticulde”), nucleated in some parts of its domain, stretches far and wide: it occupies much of the inner core of the brain stem, extends up to the subthalamic and subpallidal regions, and insinuates itself into the thalamus. According to Ram6n-Moliner and Nauta (1 966), Ddjdrine’s reticular substance is made up of small neurons with long, rectilinear and sparsely arbonzing dendrites subtending large and widely overlapping dendritic fields (hence neurons of the isodendritic type) that mingle freely with the fascicles of transit axons. Nauta and Haymaker (1969) propose that the hypothalamus be considered a component of the reticular substance. This concept may seem unorthodox, for the neuron pattern of the hypothalamus differs in some ways from that of the brain stem. But in parts of the medial portion of the hypothalamus, more specifically in its ventromedial nuckus, “excitation can spread from a given focus in any direction and can establish an in-
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 finite number of closed self-re-exciting chains” (Szentigothai et al., 1968, p. 56), as it does for the reticular substance elsewhere. The term, “reticular substance” also implies a heterogeneity of afferent connections, and the hypothalamus does receive heterogeneous fiber systems. Moreover, both the hypothalamus and the brain stem reticular substance contain certain highly specific neural mechanisms; the latter has the bulbar mechanism governing respiration, and the hypothalamus has highly specific mechanisms controlling vegetative and other spheres. Furthermore, there is the intriguing idea (Nauta, 1972) that the reticular substance as a whole - both that of the brain stem and the hypothalamus - has assumed the role of an internal adjustment system for the entire brain even to the point that diurnal, seasonal and other periodic fluctuations in all bodily functional realms are probably dependent on it. The whole of the area occupied by the reticular substance seems als:, concerned in the maintenance of the sleepwaking cycle. However, the main thrust in the maintenance of wakefulness appears to be exercised by the posterior hypothalamus and the upper midbrain, more or less in the region occupied by the reticular activating substance. In examining the brains of victims of the epidemic of “Nona” (probably viral
 
 Fig. 12. Ludwig Mauthner (18W1894). Portrait by courtesy of the Biomedical Library, Univ. of California at Los Angeles. References a. 52-60
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 encephalitis) occurring in the region of Vienna in the late 188Os, the ophthalmologist, Ludwig Mauthner (1890), found inflammatory lesions in the central gray (HohZengrau) of the third ventricle, the region of the cerebral aqueduct, and in the floor of the fourth ventricle. He reasoned that the prolonged sleep occurring in these patients was attributable to a reduction in function of the central grey (an Ermudungserscheinung), causing a break in centripetal conduction and also in centrifugal conduction from cerebral crortex. Constantin von Economo (1917a, b; 1920, 1929) was more explicit in his accounts of the small epidemic of encephalitis in Vienna in 1917 and the pandemic that shook the world in 1920, a condition for which he coined the term “Encephalitis lethargica”. Like Mauthner, he regarded the prolonged somnolence together with the frequentlyoccurring ophthalmoplegiaas due to damage of the wall of the aqueduct and the wall of the caudal part of the third ventricle. Lesions located more rostrally, in the anterior part of the hypothalamus, gave rise, in his experience, to agitation and
 
 Fig. 13. Constantin von Economo (187fj-1931). Portrait by courtesy of the National Library of Medicine, Bethesda, Md. (Neg. No. 105,620).
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 hyperkinesias. From these observations came von Economo’s turn-around faux pas: the caudal Hohlengrau was the center presiding over the mechanism of sleep, while the anterior part of the hypothalamus was the center concerned in the maintenance of waking. A young woman in Chicago, stricken with chronic encephalitis of the von Economo type in 1935 (described by Richter and Traut in 1940), fell into an almost unbroken sleep that lasted 5 years. During this period she would awaken and be alert for 30 min to 1 h, then go back to sleep. Profound atrophy with advanced gliosis was later observed in the posterior hypothalamus (including the mammillary bodies), and the lesion extended into the subthalamus and rostra1 midbrain, to taper off in the tegmentum of the midbrain as a demyelinative process. All other relevant structures - such as the thalamus -were spared. This was a breakthrough of the first order in localizing the waking center; “nature’s experiment” on the “waking center” had been carried out with more finesse than anything ever accomplished by physiologists in inserting needles into the brain and turning on the electricity. That the neural sleepwaking mechanism is widespread, but concentrated in the region of the posterior hypothalamus and midbrain, has also been shown in cases of brain tumor. In this context, some of the findings of Righetti, dating back 70 years (1903), deserve mention. He tells of a boy who fell into continuous sleep, from which he could be awakened only for short periods. Eventually a tumor was found to have destroyed the optic chiasm and tuberal region and to have led to distension of the third ventricle. In an analysis of 775 patients with cerebral tumor, Righetti noted histories of pathological sleep in 115. Tumors of the thalamus and the vicinity of the third ventriclecarried the highest incidenceof hypersomnia. But internal hydrocephalus intervenes in the course of many growing tumors and clouds the issue; hence one can reach a conclusion only from those instances in which this objection cannot be sustained. Cox (1937), in Australia, has recorded several instances of such tumors involving the sites under discussion and causing hypersomnia, as have Fulton and Bailey (1929). Thus, before we ever heard of an activating substance, pathologists, in their case reports, have for many years pointed to those areas in the brain which physiologists interested in the sleepwaking mechanism might have started to explore.
 
 SEPARATION OF HYPOTHALAMIC AND PITUITARY FUNCTION
 
 In his book on Intracranial Tumors, published in 1888, Byrom Bramwell wrote: “Tumors of the pituitary body are in many instances attended with an excessive development of the subcutaneous fat, and in some cases with the presence of sugar in the urine or with simple polyuria (diabetes insipidus). Whether these symptoms are due to the fact that the pituitary body itself is diseased or whether, as seems more likely, to the secondary results which tumors in this situation produce in the surrounding cerebral tissue, has not yet been decided” (p. 164-165). There were other early clinical observations relating both to the pituitary and the hypothalamus. At a References p . 52-60
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 Fig. 14. Sir Byrom Bramwell(1847-1931). Portrait by courtesy of the National Library of Medicine, Bethesda, Md. (Neg. No. 73-203).
 
 meeting of the Ophthalmological Society of the United Kingdom in 1887 there were reports, by J. B. Story of Dublin and others, of blindness, drowsiness, obesity, and irregular menstruation associated with pituitary tumors. The power struggle between the hypothalamus and the pituitary really began with Pierre Marie’s (1886) first report of two clinical cases for which he coined the term “acromegaly”. This was closely followed by a similar report by Minkowski (1 887) of a case of acromegaly in which he found a pituitary tumor. At this time it was generally assumed that the presence of a tumor was evidence of failure of function of the portion of the organ displaced, and thus Minkowski concluded that acromegaly was due to pituitary insufficiency. To add to the bewilderment, Babinski in 1900 and Frohlich in 1901 reported clinical cases of pituitary tumors without acromegaly in which there was sexual infantilism and obesity. If acromegaly were due to failure of pituitary function, then removal of the pituitary in animals should produce acromegaly. Acting on this premise, many attempts were
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 Fig. 15. Nicolas C. Paulesco (18741946). Portrait by courtesy of the New York Academy of Medicine, N. Y.
 
 made to accomplish this very thing. It was this early interest in hypophysectomy that brought attention to the hypothalamus and helped to disentangle pituitary from hypothalamic function. The Rumanian physiologist Paulesco was the first to devise an operative technique for hypophysectomy in dogs that was far superior to all others. This was in 1907, with a follow-up publication in 1908. His technique was a transtemporal approach which necessitated lifting the temporal lobe to gain access to the pituitary. In his series all the dogs from which the pituitary had been completely removed died within 24 h following operation; 2 of the 7 that had been partially hypophysectomized lived for 5 months; another lived for a year. From these results Paulesco concluded that the pituitary was essential to life. Cushing (1909), together with Crowe and Homans (1910)’ Reford (1909)’ and the rest of his team of surgical residents, followed up Paulesco’s work by using the latter’s technique in performing a large series of hypophysectomies in dogs. Their conclusions were similar to Paulesco’s: the pituitary was essential to life. It took the courage of Bernhard Aschner of Vienna to challenge Cushing’s postulate that the pituitary was essential to life. Again in dogs, Aschner (1909) removed the References P. 52-60
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 Fig. 16. Bemhard Aschner (1883-1941). Portrait by courtesy of the New York Academy of Medicine, N. Y.
 
 pituitary through the roof of the mouth in order not to disturb the base of the brain. The dogs survived, but they failed to grow and did not become obese. Aschner’s report seemed to imtate Cushing, for in his book, The Pituitary Body and its Disorders (1912), he added this footnote: “Aschner, it must be confessed, has opposed the view of essentiality of the gland to life. He is inclined to attribute the fatalities to some injury of hypothetical nerve centers of the infundibular region. As Biedl points out, the operative method Aschner employed is open to criticism. ...” (p. 12). In the large series of dogs hypophysectomized by Cushing’s team, some survived for many months, becoming “fat, loggy, sexless creatures” (Homans, cited by Fulton, 1946, p. 281). Cushing maintained that this condition was due to hypophyseal deficiency, which he called “Frohlich’s asexual adiposity”. Bernhard Aschner (1912) suggested that the obesity in Cushing’s dogs might be due to contusions of the base of the brain that occurred as the temporal lobe was elevated during the hypophysectomy. Aschner was supported in his proposal by Jacob Erdheim (1904, 1916), who had reported a case of adiposity and sexual dystrophy in which a suprasellar tumor deformed the interbrain. Erdheim had concluded that the adiposogeraital syndrome
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 Fig. 17. Jacob Erdheim (1874-1937). Portrait by courtesy of the New York Academy of Medicine, N. Y.
 
 was due to a hypothalamic and not a glandular disturbance. Aschner had effected the breakthrough in separating hypothalamic from hypophyseal function but the question was not to be settled until Camus and Roussy (1913a, b, 1914) and Bailey and Bremer (1921) had had their say. In 1920, Percival Bailey, a house officer on Cushing's staff, was assigned the task of staining the pituitary fragments that remained after partial hypophysectomy in dogs. One day, as he was about to do a partial hypophysectomy by the transtemporal approach of Paulesco, he inadvertently severed an infundibular artery. Because of the excessive bleeding he decided not to proceed with the hypophysectomy. Instead he closed the wound and returned the dog to its cage. Next morning, on coming into the laboratory, he found a flood of urine on the floor. What amazed him was that he had produced polyuria without having touched the animal's pituitary. He spoke of this accident to Frkdkric Bremer, a visiting fellow from Brussels. Bremer recalled similar experiments carried out by Jean Camus which were interrupted by World War I; Bremer, could, however, not remember the details. Bailey and Bremer decided to pursue the subject further, again in dogs. The outcome was that puncture of the References p . 52-60
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 Fig. 18. Jean Camus (born Iscra). Portrait by courtesy of the New York Academy of Medicine, N. Y.
 
 postinfundibular region of the hypothalamus - without exposure of the pituitary produced the adiposogenital syndrome and diabetes insipidus. Their publication (in 1921) contained a real blockbuster, to wit: “We have given proof that it is possible to provoke the cachexia ‘hypophyseopriva’ and the adiposogenital syndrome (together with a permanent diabetes insipidus) by puncture of the postinfundibular region of the hypothalamus without touching the pituitary. ...The question immediately arises: Cannot these symptoms nevertheless be due tothe pituitary by a disturbance of its innervation? The same question was discussed in relation to diabetesinsipidus. We believe that it must be answered negatively here also. .. What, then, is the function of the pituitary? It is impossible to admit that all organs with such a highly differentiated glandular structure as the pars buccalis should not have a function at some period of life or at some period in the development of the vertebrate phylum. But we must admit that we have little actual knowledge of its functional sigdicance in the adult animal” (p. 798-799).
 
 .
 
 This manifesto on the part of Bailey and Bremer caused no small ripple. It is said that Cushing was furious and tried to stop publication of the paper (Fulton, 1954, p. 12). After a mellowing of 10 years, Cushing (1932) wrote of it as “a challenge which produced a veritable bouleversement of our cherished preconceptions” (p. 19).
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 Fig. 19. Percival Bailey, born 1892.
 
 EARLIER CONCEPTS OF HYPOTHALAMIC ANATOMY
 
 What we today call the “hypothalamus” was known for many years merely as an anatomical region lying beneath the thalamus, and given short shrift. It was another substantia innominata, for in drawings in various texts that part of the brain was left unlabeled. Theodor Meynert, in his chapter in Stricker’s Handbuch published a century ago (1872), referred to the hypothalamus as das centrale Hohlengrau des Zwischenhirnes. According to him, this centrale Hohlengrau had its rostralmost portion in the tuber cinereum. Some semblance of order began to take form in the Habilitationsschr$t of August Fore1 in 1877, in which he took Meynert to task, stating that Meynert, in his discourse on the structures lying beneath the thalamus was unable to distinguish uncertain from References p. 52-60
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 Fie. 2.0.FrMcric Br%mer,born 1892
 
 certain and that he so interwove hypothesis with fact that a distinction between them became impossible (p. 406). In his own paper, Forel introduced the concept of a “regio subthalamica”, a term he coined. In it were included Luys’ body, the zona incerta (a term he introduced), and certain dorsally-located fiber tracts. Meynert’s centrales Hohlengrau, he noted, extended forward from the regio subthalamica. Forel illustrated the hypothalamus beautifully, naming its main structures, but did not give the region a name. However, in an earlier publication (1872) Forel had regarded the regio subthalamica as extending into the area which we now know as the lateral hypothalamus, with the anterior pillar of the fornix its rostral limit. The term “hypothalamus” was coined and introduced by Wilhelm His in 1893 in a classical paper prepared in anticipation of the pending formulation of the BNA. As based on the ontogenetic development of the human brain, His included in the hypothalamus the following: the caudal wall of the optic recess, the caudal part of the preoptic region, and the tuber cinereum and the infundibulum, all of which he included in the “pars optica hypothalami”, which he regarded as belonging to the
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 Fig. 21. Wilhelm His (1831-1904). Portrait by courtesy of the National Library of Medicine, Bethesda, Md. (Neg. No. 72-31).
 
 diencephalon. (He did not make clear the boundary he set for the pars mammillaris.) His took as the upper border of the hypothalamus Reichert’s “sulcus Monroi” (so named by Reichert in 1859-1861), which he renamed the “hypothalamic sulcus”, and he indicated that this sulcus - the sulcus limitans - continued rostralward to the optic recess. His also recognized 3 other divisions of the diencephalon: the thalamus, the epithalamus (habenular ganglion and pineal body and vicinity), and the metathalamus (the geniculate bodies). So, some 80 years ago, thanks to the meticulous observations of Wilhelm His, and despite his ambiguities as to hypothalamic boundaries, we had the beginnings of a workable scheme not only for the hypothalamus but also for other diencephalic derivatives as well. Terminology introduced by Fore1 somehow became twisted when His’ contribution became known. Lewellys Barker (1909), for example, referred to the corpus Luysi as the “nucleus hypothalamicus”, and the regio subthalamica as the “hypothalamus” (p. 671). Subsequently, the designation “subthalamus” became variously interpreted by different authors as including miscellaneous and heterogeneous structures pertaining to ventral thalamus, dorsal thalamus, and rostra1 portions of the mesencephalic tegmentum (cf. Kuhlenbeck, 1948). References p . 52-60
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 Fig. 22. Hartwig Kuhlenbeck, born 1897.
 
 In 1910 C. Judson Herrick recognized another division of the diencephalon, the ventral thalamus, which had escaped the notice of others before him. He discovered this part of the brain in amphibians, then found it also in reptiles and mammals, and he made some desultory attempts at its homologization among these animal classes, stating, for example (in 1933), that “the ventral thalamus [in the amphibians] is probably the precursor of the mammalian subthalamus” (p. 273). Clarification of the diencephaliclongitudinal zonal system -epithalamus, thalamus (or dorsal thalamus), ventral thalamus, and hypothalamus - in the entire vertebrate series was provided mainly through the comparative and embryological studies undertaken by Kuhlenbeck and his collaborators starting in 1924 (Kuhlenbeck, 1924, 1927, 1948, 1954, 1969; Kuhlenbeck and Haymaker, 1949). Thus ended the naming: the hypothalamus became merely one of the satellites of the thalamus and was not given a name of its own. Somehow the preoptic region got into a mWe in the early days, starting with His (1904), who, in a study of the developing human brain, classed it with the corpus striatum (p. 56). Then the region was stripped of that relationship but continued to be regarded as part of the telencephalon - more specifically, that part of the telen-
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 cephalon which was thought to have remained unevaginated, that is, containing a common ventricle (“telencephalon medium” or “telencephalon impar”) (Clark, 1938). This concept originated through a misunderstanding of the way in which the torus transversus, or commissural plate, develops. A telencephalon medium, or impar, is present during early ontogenetic stages of all vertebrates, but is located dorsal and rostral to the anterior commissure or to the primordium of the latter. In all gnathostome Anamniota the unpaired telencephalon persists to a greater or lesser extent at the adult stage. However, in all Amniota (reptiles, birds, and mammals) the telencephalon medium becomes reduced in size, occupying a negligible portion of the ventricular space dorsal to the anterior commissure and between the paired interventricular foramina (Kuhlenbeck, 1927). It likewise disappears in cyclostomes such as Petromyzon. Actually, the preoptic region takes origin as a rostral differentiation of the hypothalamic primordium and, accordingly, is part and parcel of the hypothalamus (Kuhlenbeck, 1954, 1969; Kuhlenbeck and Haymaker, 1949; Rose, 1942). It is hoped that this matter can, finally, be put to rest by referring to the preoptic region as the “preoptic region of the hypothalamus”. It took a while for the various components of the hypothalamus to be sorted out from the maze of hypothalamic structures and be given names. So many anatomists joined in the parcellation that it is hard to know which contributions were the real breakthroughs. As to the supraoptic nucleus, Meynert (1872) called it the “basal optic ganglion” (or Basalganglion des Opticus), as did also Fore1 (1877). Ram6n y Cajal (1909-191 1) referred to it by two names: the perichiasmatic and the tangential nucleus. Von LenhossCk (1887) gave it its current name, the supraoptic nucleus; he regarded it as the superior component of a supposed nuclear complex that included some new grisea he had discovered, the latter including the “nucleus postero-lateralis” (or nuclei tuberis laterales according to today’s nomenclature) (p. 456). Later, these cell masses were brought into their proper perspective by von Kolliker (1896), who distinguished the supraoptic nucleus and lateral tuberal nuclei on the basis of cell size. Another nucleus of interest is that lyingjust above the neurohypophysealinfundibulum (or medium eminence). “Arciform” and “arcuatusy’are two of the aliases by which it is known. In LeGros Clark’s (1938) Opus magnum on the hypothalamus, one looks in vain for a description or an illustration of this nucleus in the human hypothalamus, though Clark does describe and picture it in reptiles. There was so little interest in the function of this nucleus at the time that we might imagine that, like all of us, Clark and his artist (unless Clark was his own artist) had their “blind spots”. Spatz and his associates, Diepen and Gaupp (1948), gave it its most appropriate name: nucleus infundibularis (or nucleus tuberis infundibularis). In the earlier days of the exploration of hypothalamic anatomy, Malone (1910, 1914) sought to characterize hypothalamic nuclei in terms of cell type. He soon found that cell types do not respect hypothalamic boundaries. Utilizing the Nissl method, he observed that cells which he considered as of the “vegetative” type were situated not only in the hypothalamus but also in the paramedian nucleus of the thalamus and in the subthalamic nucleus. Taking up the trail, Greving (1926) added the thalamic reuniens nucleus to the structures composed of cells supposedly of this type. And References p. 52-60
 
 28
 
 E. ANDERSON AND W. HAYMAKER
 
 Fig. 23. Hugo Spatz (1888-1969). Portrait by courtesy of the Army M e d i d Library, Washington, D. C. (Neg. No. 10.5729.1).
 
 Nicolesco and Nicolesco (1929), pointing to the resemblance of large cells in the nucleus basalis - a cell aggregate situated well in front of the hypothalamus which von Kolliker (1896) called Meynert’s BusuZgungZion - to large cells in the hypothalamus, expressed the belief that this nucleus lay at the frontier between the diencephalon and the telencephalon and that it represented a vegetative portion of the diencephalon. It remains to be seen whether or not these notions have any validity, but they do give emphasis to the proposition that the hypothalamus is an “open system” so far as cell types are concerned. Implications as to the function of individual hypothalamic cells aside, completion of the enormous task of providing a workable nomenclature of hypothalamic nuclei is to be credited more to David McK. Rioch than to any other. His chief work in this field was his description of the diencephalon of carnivora (1929a, b). His well-known
 
 BREAKTHROUGHS
 
 29
 
 “PrCcis” on nomenclature, prepared in collaboration with Wislocki, O’Leary, Hinsey, and Sheehan (1940), in which terms from the past were resurrected, then buried again, still stands as the most comprehensive treatise in this field.
 
 NEW TOOLS A N D THEIR IMPACT ON HYPOTHALAMIC RESEARCH
 
 The stereotaxic instrument
 
 For today’s students of physiology such terms as Horsley-Clarke, Fahrenheit, Celsius and galvanometer represent laboratory equipment, taken as much for granted as such items as electrical outlets, faucets, and sinks. Did you know that Gabriel Fahrenheit (1686-1736), though a native of Danzig, made his first thermometer in Amsterdam in 1720? The Horsley-Clarke stereotaxic instrument was designed and built by a surgeon
 
 Fig. 24. Robert Henry Clarke (1850-1926). Portrait from the Wellcome Institute of the History of Medicine, London, England, by courtesy of the Trustees. References p . 52-60
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 named Robert Henry Clarke - an associate of Victor Horsley in the Laboratory of Chemical Pathology, University College Hospital, London. Clarke and Horsley were studying the anatomical relations of the cortex of the cerebellum to its nuclei and peduncles and to the rest of the brain and the spinal cord. Their problem was to find a means of producing lesions in the cerebellar nuclei which would be accurate in position and limited in size and not involve other cerebellar structures. There had been attempts by others to overcome this problem. For instance, Friedrich Trendelenburg, assistant at the Physiological Institute in Freiburg i.B., had described in 1907 an instrument for making lesions deep in the brain which he called a “myelotome”, but Horsley and Clarke felt that it did not satisfy the conditions they had set for themselves. The genius behind the stereotaxic instrument belonged to Clarke, who saw the need for such an instrument in his research studies with Horsley. For a period of 10 years, from 1895 to 1905, Clarke labored over the project and two brief communications appeared on the use of the instrument, one in 1905 and one in 1906, the latter in the British Mcdical Journal under the authorship of Clarke and Horsley. Sometime around 1907 a break occurred in the longstanding and close personal friendship between Clarke and Horsley and the publication of the definitive paper on the stereotaxic apparatus in Brain in 1908 brought to an end their research collaboration. The authorship on this final paper read: Horsley and Clarke. Davis (1964) has discussed this rupture in friendship and suggests that “the basis of the antagonism which arose between Clarke and Horsley revolved about the fundamental difference in their temperaments and personality because Clarke was the more retiring and introverted of the two and unmistakably grew to resent Sir Victor’s worldwide fame as a surgeon and scientist. ... Perhaps it was the unjust bitterness and professional jealousy, clearly recognized by his colleagues, which has relegated Clarke and the credit for his contributions to near anonymity” (p. 1337-1338). Some interest in the instrument was aroused soon after Horsley and Clarke had published on the cerebellum (in 1908): one paper on the thalamus by Ernest Sachs appeared in 1909, and another on the corpus striatum by Kinnier Wilson in 1914. In their publications both Sachs and Wilson referred to it as the “Clarke instrument”. But after these publications had appeared the interest in the instrument lagged. Those who like to indulge in hyperbole could say that the stereotaxic instrument was a contribution of such magnitude for the neurophysiologist that it might be considered somewhat analogous to the discovery of the wheel by primitive man, for it revolutionized methodology for the study of the hypothalamus as well as the rest of the brain. World War I was undoubtedly a factor in the tardiness of investigators to make use of the Clarke instrument. Clarke himself was working on improvements of his instrument when his labors were brought to a halt by World War I. It was not until 1920 that he published the complete information on his improved instrument. This appeared in The Johns Hopkins Hospital Reports. In his introduction to this monograph Clarke remarked: ... the need of fresh workers in this field is urgent. Considering our ignorance of elementary anatomical and physical data, the course and connections of tracts, the functions of large centers, not to speak of smaller but important nuclei, the vast amount of indispensable work requiring no exceptional “
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 Fig. 25. Stephen Walter Ranson (188C1942). Portrait by courtesy of the Army Institute of Pathology, Washington, D. C. (Neg. No. 105213).
 
 skill, the fascination of the subject, and the harvest to be gathered, the slow progress from the dearth of investigators is deplorable” (p. viii). The first person to grasp the great significance of this new instrument as a tool for exploring the hypothalamus was Stephen Ranson. Ernest Sachs, while working with Horsley, had had Clarke’s instrument maker build a copy, which he had brought with him when he returned to the U S A . According to Rasmussen (1947, p. 78), Ranson had his own instrument maker build a facsimile of the instrument which Sachs had brought from England, and in 1931 Ranson set about systematically to explore the entire area of the hypothalamus. There immediately followed a flood of papers from his laboratory on this subject. Within two years (1932-1934) there were 7 publications (Ingram, Hannett and Ranson, 1932; Ingram et al., 1932; Magoun, Barris and Ranson, 1932; Ranson, 1934a, 1934b; Ranson and Ingram, 1932; Ranson and Magoun, 1933). One can easily imagine the excitement and activity going on in Ranson’s laboratory at that time among his numerous talented co-workers (Magoun, Ingram, Fisher, Hetherington, Kabat, Clark, Harrison, Brobeck, Hare, and others). These preliminary reports were followed in the next few years by many more studies on the anatomy and physiology of the hypothalamus, culminating in an extensive review on the hypothalamus which appeared in the Ergebnisse der Physiologie (by Ranson and Magoun) in 1939. Its importance was that it served as the first handbook for young investigators entering the field; the second handbook was the volume entitled The Hypothalamus ... published by the Association for Research in Nervous and Mental Disease in 1940. The dedicatory page in this volume read: “In recognition of the distinguished contributions to knowledge of hypothalamic functions made by himself and by the References p . 52-60
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 Fig. 26.Horace Winchell Magoun, born 1907. Portrait by courtesy of the Biomedical Library, Univ. of California at Los Angela.
 
 students he inspired, this meeting of the association is dedicated by the trustees to Stephen Walter Ranson”. From 1932 to 1942, Ranson kept his research team together, until finally it was scattered by the exigencies of World War 11. One of the real breakthroughs which the Ranson group accomplished with the use of the Clarke stereotaxic instrument was to settle the vexed question of the origin of diabetes insipidus. Up until 1931, it was generally agreed that the hypothalamus controlled water metabolism but the mechanism by which diabetes insipidus was produced was still elusive. Removal of the posterior lobe alone in experimental animals did not invariably produce diabetes insipidus, nor did it occur following complete hypophysectomy. The condition was, however, easily produced by puncture of the tuber cinereum, and Pitressin controlled the polyuria that resulted, as had been shown as early as 1920 by Camus and Roussy without benefit of a stereotaxic instrument: they found that “. ..the opto-peduncular region alone marks the zone within which a lesion is followed by polyuria. It lies at the level of the grey substance of the tuber cinereurn in the vicinity of the infundibulum” (p. 513). Before the advent of the stereotaxic instrument, research in the problem of diabetes
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 insipidus was hampered because of the difficultyin producing discrete lesions in the hypothalamus without injury to the hypophysis. With the Clarke instrument small lesions could be made in any part of the hypothalamus without disturbing the infundibulum or the hypophysis. Fisher, Ingram and Ranson (1938) were able to show that bilateral interruption of the supraoptico-hypophysealtracts as they streamed over the optic chiasm, invariabky produced diabetes insipidus in cats and in monkeys. Study of these animals revealed the supraoptic nuclei to be completely degenerated, the median eminence reduced in size, and the pars nervosa atrophic. Much of the mystery of diabetes insipidus was thus solved, and this was Fisher, Ingram and Ranson’s reply to Percival Bailey, whose comment in the paper with Bremer in 1921 still staggers readers, to wit: “As to the function of the posterior lobe the experimental evidence is unequivocal. Its removal causes no symptoms. Moreover, its structure is nonglandular. Camus and Roussy were quite justified in speaking of it as an atrophied nervous lobe. ... We have, therefore, no evidence that pituitrin is anything more than a pharmacologically very interesting extract” (p. 800). This was how the situation stood some 50 years ago. Electrical stimulation without benefit of the stereotaxic instrument
 
 The names of Karplus and Kreidl naturally fall here, for they performed the first substantial experimental studies on the hypothalamus. Their work was begun in 1909, suffered a gap during World War I, then was recommenced and continued through 1937 (Karplus and Kreidl, 1909,1910, 1918, 1927, 1928; Karplus 1937). True to the main title of their articles - Gehirn und Sympathicus - they demonstrated in cats virtually all the attributes of the hypothalamus in the sympathetic realm through stimulation of the walls of the third ventricle: pupillary dilatation, sweating, widening of the palpebral fissure, retraction of the nictitating membrane, changes in heart rate and systemic blood pressure, and inhibition of gut motility, also acceleration and increased amplitude of respiration and contraction of the urinary bladder. Thus, they had elicited practically every bodily response mediated by the sympathetic system. Completion of their painstaking work, in which they ruled out certain other parts of the cerebrum as instrumental, left the impression that the hypothalamus was simply a “sympathetic center” - in other words, that this part of the brain served only restricted integration. However, in retrospect, there was something strange about the results of Karplus and Kreidl, namely the absence of the patterned somatomotor accompaniments that normally go along with a strong sympathetic discharge. The reason, according to Moruzzi (1972), was that their cats were either anesthetized or curarized, and that this was why somatomotor effects did not occur. Philip Bard (1973),in his autobiographical sketch The Ontogenesis of One Physiologist, points out that he had early come to the conclusion that “the hypothalamus is not an ‘autonomic center’, but rather a part of the brain that contains neural mechanisms requisite for complicated patterns of behavior - such as the display of emotion and defense against heat and cold - in which there are autonomic components” (p. 11). In other words, the hypothalamus References I. 52-60
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 Fig. 27. Johann Paul Karplus (1866-1936). Portrait by courtesy of the Biomedical Library,Univ. of California at Los Angeles.
 
 served generalized integration. Bard’s conclusion was based on the results of his famous cerebral ablation experiments in cats, first published in 1928, when Karplus and Kreidl’s work was still in progress. It should, however, be added, that under abnormal conditions in man, the hypothalamus can give rise to purely autonomic discharges, though when they occur they are usually of somewhat narrower scope than elicited by Karplus and Kreidl on stimulation of the hypothalamus of cats. It was for such a case, characterized by seizures largely in the autonomic realm in a patient with colloid cyst of the third ventricle, that Penfield (1929) coined the term “diencephalic autonomic epilepsy”. Walter R. Hess (1881-1973) commenced his work on subcortical electrical stimulation in 1925. Hess also used no stereotaxic instrument. Owing to the more or less standardized skulls of adult cats (cats were the only animal Hess used), fairly good localizations were obtained by inserting fine steel needles -0.25-0.3 mm in diameter at accurately measured placements, taking the sagittal and coronal sutures as ref-
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 Fig. 28. Alois Kreidl(l864-1928). Portrait by courtesy of the Biomedical Library,Univ. of California at Los Angeles.
 
 erences, and lowering the needles, usually in two steps, to a depth which had been calculated in advance, according to the intended site. There was some scatter, but not much more than with the stereotaxic instrument. The large number of anatomically verified stimulation sites allowed the drawing of maps, in which clear correlations of stimulation sites and parameters versus effects were recorded in protocols and, from 1927 onward, in motion pictures. Hess used a damped, pulsating direct current, which was intended to excite the slowly responding autonomic fibers without eliciting too much response from the sensorimotor systems, as previously established in model experiments. In the stimulus interval a small current in the opposite direction obviated polarization effects. As Hess relates in his autobiography (1963), he had prepared, while a resident in a State hospital (in about 1906), a small paper on Viscositiif des Blutes und Herzurbeit and carried it all the way from Zurich to Bonn so that he could personally present it References p . 52-60
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 Fig. 29. Philip Bard, born 1898.
 
 to Professor Pfluger for publication in the famous Archiv f i r Physwlogie (PBugers Archiv). Pfluger wanted to know under whose direction the work had been carried out. On hearing Hess’ explanation that he had done the work entirely on his own, Pfluger forthwith rejected the paper without comment. Hess recalls that this was “a rather painful experience [brought about through] the authoritarian attitude then prevalent toward youthful scientists” (p. 406).But having had ancestors belonging to a Germanic tribe in the upper Rhine valley who had withstood Roman control, he had the fortitude to “take it”. A background gained as an ophthalmologist later in his career led Hess to the investigation of mechanisms involved in the coordination of eye movements. Subsequent topics which he tackled dealt with the regulation of the circulatory system, on which he wrote a monograph in 1930, and also on the regulation of respiration, which culminated in a monograph in 1931. As he stated, he took Karplus and Kreidl’s
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 Fig. 30. Walter R. Hess (1881-1973). Portrait by courtesy of Prof. R. Hess, Zurich, Switzerland.
 
 “exploratory experimental investigations” into consideration. To him, their findings and the evidence he himself had accumulated on circulation and respiration pointed to a common integrating system which he suspected to be situated in the hypothalamus. This concept led him to look for experimental confirmation, which could be obtained only by subcortical stimulation. Acute experiments were usually carried out, chronic experiments only occasionally, for he found that his rigid steel electrodes too frequently caused local tissue destruction. “It was my goal”, Hess (1963) stated, “to test the behavior of experimental animals (cats) subjected to electrical stimulation and diathermic lesions without impairing the freedom of movement of the animal by immobilization or narcosis” (p. 415) (italics are ours). Hess was bent on an assessment of integral physiology of the nervous system, which came to fruition in the form of a masterpiece on motor function in 1947, and another, equally imposing, in 1948, on the functional organization of the vegetative nervous system. In the latter we find an in-depth discourse on the whole field of the autonomic nervous system, including concepts of organization of the sympathetic and parasympathetic systems, functional analysis of the diencephalon, sleep as a vegetative function. To him, sleep was a vegetative process by which the autonomic nervous system regulates the activity of the higher cerebral functions. In this realm the vegetative References p . 52-60
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 system was not the follower, but led the way, both through neural and humoral routes. One of Hess’ most significant contributions lay in his demonstration that the diencephalon and upper midbrain contained highly organized systems of neurons which, upon being activated by implanted electrodes, gave rise to many kinds of behavior patterns involving the organism as a whole. His work antedated the contributions of Moruzzi and Magoun (in 1949) in this field and those by Penfield and Jasper (in 1954) on the so-called centrencephalic integrating system. Hess was not altogether in accord with the Penfield-Jasper concept that all ultimate or final sensory and motor integration of the cortex must necessarily take place in subcortical structures (ix.,in the centrencephalic integrating system). More important to final integration, Hess believed, were transcortical mechsnisms and the temporal patterning of impulses in sequentially interrelated systems of neurons, probably not to be located in any specific region or center. Thus, Hess left the location of the system responsible for final integration “up in the air”, so to speak. In summing up all the work he had done, Hess (1963) stated: “Only little by little and ever so slowly did the veil lift a bit here and there so that 25 years had passed before I could finally think of putting together all the many single research publications that had appeared over the years which had been concerned with individual symptoms. . .. Generalization concerning symptoms, syndromes, and localizations could be supported only by such a large body of data” (p. 417). It was his discovery of the functional organization of the diencephalon and its role in the coordination of the functions of the inner organs that brought him the Nobel Prize in 1949.
 
 THE EMERGENCE OF PRESENT CONCEPTS OF THE PATHWAYS TO THE PITUITARY
 
 There has been no greater impact on our knowledge of pituitary function than the realization that the pituitary is innervated by two more or less separate systems: the supraoptico-hypophyseal tract, proceeding to the neurohypophysis, and the tuberoinfundibular tract, reaching the capillary plexus leading into the venous portal system that reached the anterior pituitary. Recognition of a supraoptico-neurohypophyseal tract and its mode of functioning
 
 As long as a century ago, many publications show their authors looking for nerve fibers in the posterior pituitary, now and then with positive results. But some said that such fibers were very few (Stendell, 1914), while others disclaimed their existence, such as von Kolliker (1896) and Thaon (1907). This was despite Ram6n y Cajal’s finding (in the rat), in 1894, that such a tract of fibers originated in a nucleus situated behind the optic chiasm, passed down the pituitary stalk, and ramified in the posterior lobe. Pines, in 1925 (a, b), was among those who took the lead in showing that at least some of the fibers in the neurohypophysis had their origin in the supraoptic nucleus (his “nucleus hypophyseus”). The question arose as to how the supraoptico-hypophyseal tract operated. Un-
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 Fig. 31. Wolfgang Bargmann, born 1906.
 
 mistakable evidence that cells and nerve fibers - not only of the supraoptic but also of the paraventricular nucleus - exhibited secretory activity came from the elegant studies by Ernst Scharrer, first in certain fishes in 1928, then by Ernst and Berta Scharrer, mostly in invertebrates; one of their earlier summations appeared in 1940. Here Bargmann provided the breakthrough. In Konigsberg near the end of World War 11, he had been carrying out studies in an effort to understand more about neurosecretion, but upon the approach of the Russian army, he thought it the better part of valor to pursue his studies elsewhere. Back in Kiel in 1948, his interests took two directions: one was alloxan diabetes, the other neurosecretion in vertebrates. The latter aroused his curiosity because of the skepticism then extant on the matter of whether nerve cells could both transmit impulses and be secretory. Seeking a new method for revealing neurosecretory material, he placed sections from a dog’s brain into acid-permanganate chrome alum hematoxylin, according to Gomori’s method (1939a, b), and was astonished at what he found (instead of shouting “Heureka”, Bargmann exclaimed, waving the cigar which was always at hand (magna voce): “Donnenvetter”!): the cells of the supraoptic and paraventricular nuclei and the fibers extending into the infundibulum and reaching the posterior lobe had selectively taken on a blue hue! His associate, Walther Hild, was at that time working on neurosecretion in the shark as the theme for his doctor’s thesis, and Bargmann advised him to try the Gomori method. The account of Hild’s findings soon followed BargReferences P. 52-60
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 mann’s first publication (1949). Bargmann’s conclusion was that axons issuing from the supraoptic and paraventricular nuclei transport material from these nuclei into the neurohypophysis. He called the aggregate of fibers, the “neurosecretory pathway”. Shortly after becoming Professor of Anatomy at Kiel, Bargmann was invited to visit the United States. In his application for a visa, he gave as his occupation, anatomist. The immigration authorities interpreted anatomist as an atomist - in other words, an atomic scientist - and he was refused a visa. (The atomic bomb scientist, Klaus Fuchs, who had been a student at Kiel, was at that time under indictment for having transmitted atomic bomb secrets to the Russians.) Later in Chicago - the problem of the visa having been solved - Bargmann showed his hypothalamus preparations to Gomori. No one could have been more surprised than Gomori to see that his pancreatic island stain was also specific for the neurosecretory system. In a personal communication to one of us, Bargmann wrote: “Had I not, in the past, worked on the pancreatic islets, I would never had made much headway in the field of neurosecretion”. (When, everafter, in papers dealing with hypothalamic neurosecretion “Gomori-positive” and “Gomori-negative” results were cited, Gomori would comment in conversation that he found the terms distasteful but amusing. “Right now”, he once said before lunch to a fellow-Hungarian, Jacob Furth: “I feel Gomori-negative”.) The lead-up to the Bargmann discovery can be credited to Ernst Scharrer (Bargmann and Scharrer, 1951) who had earlier reached much the same conclusions as Bargmann as a result of his own morphological observations and some made by Drager (1950) on the hypophysectomized tropical indigo snake. The initiation of a new era in neurophysiological research by Bargmann -in 1949 -came at a time when the classical studies on diabetes insipidus by the Ranson team had been completed - circa 1940 - and with them a full recognition of the significance of the supraoptic and paraventricular nuclei relative to that disorder. New breakthroughs followed. John Sloper (1954, 1958, 1966a, b), during the years when hardly anyone else in England was working on neurosecretion, showed that throughout the vertebrate series a cystine-rich component devoid of lipid, presumably hormone or a hormone precursor, characterized Bargmann’s neurosecretory material (NSM). This disclosure disposed of the then widely held belief that NSM was a glycolipoprotein “bearer substance” which could not, by virtue of its cytochemical properties, represent the posterior pituitary principles. In a letter passed to one of us, Sloper related how, in retrospect, he had often smiled at himself with regard to this early work. He had hoped that his observations would be a step leading to the discovery of the chemical nature of antidiuretic hormone, having been oblivious of the fact that Van Dyke (Van Dyke et al., 1942) had already identified cystine in his protein some 10 years earlier. Through the use of 35S-labeledcysteine, Sloper (1958) also found that the flow of neurosecretory material, about 0.2 mm/h, was in a downward direction, though, as he stated, some of the flow could also be centripetal (p. 220-223). He did not become embroiled in the argument whether bulk axoplasm flow downward occurred, as was contended in the pioneer study by Weiss and Hiscoe (1948). He championed the view,
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 Fig. 32. John Chaplin Sloper, born 1922.
 
 now accepted, that the flow of NSM was at the submicroscopic level, but admitted (in a letter written in June, 1973): “I simply cannot visualise a mechanism by which hormone is transmitted”. What organelles, if any, moved with the axonal flow? Palay proposed in 1955 and ‘1957 that NSM probably reflects the aggregation of neurosecretory vesicles 100-200 nm in diameter. In his highly definitive work in 1957, Palay showed in dehydrated rats that nerve terminals in the neurohypophysis became markedly depleted of neurosecretory vesicles and that microvesicles increased in number. The question still needs resolution whether or not NSM is in the form of such vesicles and, if so, whether the vesicles actually move from the perikaryon through the axons to be discharged into the blood stream. The transport of vesicles down the axon could well involve the participation of microtubules (Ochs, 1971) and it would now seem that the release of hormones from the nerve terminal is brought about through exocytosis. References
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 The neurovascular link One of the most difficult answers to the question of hypothalamic control of the anterior pituitary was: how does the tuberal region connect with the anterior pituitary? Here, the breakthrough was provided by Geoffrey Harris and his alter ego, John Green, with their concept of a neurovascular link as the morphological basis for a neurohumoral mechanism. Harris spent his student days in just the right environment to incubate such a concept: starting his research career in the summer of 1935, he worked a few months as a junior assistant to Professor Popa of Bucharest, then a guest worker in the Anatomy School at Cambridge (Harris, 1972). Thus, Harris learned first hand about the portal circulation of the pituitary. According to Popa and his associate Fielding (1930, 1933), the blood flows from the sinusoids of the anterior pituitary to the hypothalamus through a system of portal vessels. This direction of flow was challenged by Wislocki
 
 Fig. 33. Geoffrey Wingfield Harris (1913-1971). Portrait by courtesy of the Biomedical Library, Univ. of California at Los Angeles.
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 Fig. 34. John Davis Green (1917-1964). Portrait by courtesy of the Biomedical Library, Univ. of California at Los Angeles.
 
 and King in 1936. The only way to settle the matter was to visualize these vessels directly in living (anesthetized) animals under the microscope. This was done in amphibians by Houssay, Biasotti and Sammartino (in 1935) as well as by Green (in 1947), and in rats by Green and Harris (in 1949). They saw that the direction of blood flow in the portal vessels was from the infundibulum towards the anterior pituitary. Confirmation in the dog and cat came from Torok (1954); however, by opening the hypophyseal cleft from the lateral side and displacing the posterior lobe somewhat upwards, then injecting dyes into the opposite carotid, Torok saw that the direction of flow in some small vessels was upwards, toward the transitional zone between the pars distalis and pars intermedia, from which the blood drained into the posterior lobe venous system. According to Szentagothai and his associates (1968), blood from some capillary loops in the upper part of the infundibulum flows upwards into the capillary network of the hypothalamus. For a current assessment of the direction of blood flow References p . 52-60
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 in the pituitary one should read Duvernoy (1972), who adds to the system arteriolar branches that pass through the infundibular sulcus into the tuberal region, then break into capillaries that descend in “weeping willow” fashion to join some portions of the capillary system in the subependymal region of the infundibulum. Among those having considerable influence on Harris were F. H. A. Marshall and E. B. Verney (1936), who at that time were studying the problem of the occurrence of ovulation in the rabbit as a result of stimulation of the central nervous system. Marshall suggested to Harris as early as 1935 that “it would be interesting to apply precisely localized electrical stimuli to different regions of the hypothalamus of estrus female rabbits to see if it were possible to obtain evidence concerning the reflex pathway normally involved in post-coital ovulation” (Harris, 1972, p. iv). Harris acted on this suggestion in 1936 and 1937 and found that a stimulus applied to the tuber cinereum did in fact evoke ovulation in the rabbit. In his paper reporting these findings he stated, with the brashness that characterizes the young (his own evaluation of himself), that “there is no reason to believe that the thyreotropic, adrenotropic, lactogenic, parathyrotropic and growth hormones are not similarly controlled” (p. iv). From 1935 to 1955 the work of Harris and Green (Harris, 1948a, b; Green and Harris, 1947, 1949) had a very significant impact on research on the hypothalamus, and investigators everywhere began working on the problem. With the use of the Clarke stereotaxic instrument, areas of the hypothalamus were mapped out in accordance with the pituitary hormone released on stimulation. The mystery persisted, however, as to how the neurovascular link operated. To investigate this problem Harris and Jacobsohn (1952) initiated a study to determine whether anterior pituitary tissue vascularized by the portal system functioned differently from pituitary tissue vascularized by the systemic circulation. They found that pituitary tissue transplanted under the median eminence in hypophysectomized rats became highly vascularized and rendered the animals essentially normal as regards estrus cycles, pregnancy and lactation, while the hypophysectomized animals with pituitary tissue transplanted in the subarachnoid space under the temporal lobe showed no pituitary function even though the transplant was well vascularized. Strong support for this concept of a neurovascular link was provided by the identification of the infundibular nucleus by Spatz (1951) and his associates, Nowakowski (1951), Christ (1951a, b), and Diepen (1953), as the main source of the tuberohypophyseal tract (or, better, the tuberoinfundibular tract), and they found that the fibers of the tract terminated along the outer edge of the infundibulum, next to the mantle capillary plexus. Szenthgothai (1964) considered that the series of capillary loops in the outer portion of the infundibulum (the zona palisadica) were at best a device to enlarge the contact surface between the infundibulum and the anterior pituitary tissue. It is likely that the vascular tufts and scrawls, called gomitoli (Fumagalli, 1941) or spikes (Xuereb et al., 1954), serve the same purpose. In 1964 Fuxe provided the final anatomical support by demonstrating the tuberohypophyseal tract in its entirety through use of a highly specific and sensitive cytochemical technique for dopamine. The significance of all this was that it led to the postulate that the nerve terminals release neurohumoral agents into the capillaries, through which they are carried via
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 the portal venous system to the anterior pituitary, where they act to release pituitary hormones. Use of the electron microscope was needed to help settle the matter. By this means a great wealth of nerve terminals was shown to impinge on the walls of the capillaries in the region of the infundibulum (median eminence), also that the capillary endothelium was of the fenestrated type such as is seen in resorptive and secretory structures elsewhere; moreover, it was found that the nerve terminals contained both electron-lucent and electron-dense structures, the former interpreted as synaptic vesicles, and the latter as neurosecretory material (Barry and Cotte, 1961, and others). Even before electron microscopic proof, it had been shown that there were chemical substances in the infundibulum capable of releasing anterior pituitary hormones. This was the work started by Guillemin (Guillemin and Rosenberg, 1955) and Saffran and Schally (Saffran, Schally and Benfey, 1955). Here again we have one of the great breakthroughs in hypothalamic research.
 
 INTEGRATION
 
 We should like to pursue the subject of ‘Integration Hypothalamic Activity’ for awhile in closing. This is an immense area, involving current concepts of hypothalamic boundaries, cellular organization within the hypothalamus, neural inputs into the hypothalamus and neural outputs, the whole subject of the limbic system, hypothalamic monoamines, cholinergic and monoaminergic fiber terminals, and feedbacks, including cellular receptivity of substances borne to the hypothalamus by the blood stream. On the basis of ontogenetic development, the boundaries of the hypothalamus have arbitrarily been set as extending from the lamina terminalis rostrally to the mammillary-habenular border zone caudally. This has given the impression that the hypothalamus is a well-defined, sharply limited part of the encephalon. Actually the reverse is the case, for the adult hypothalamus is broadly continuous with surrounding gray matter, from which it can be delineated in sagittal sections only with difficulty. These tissue continuities also have functional associations, many of the surrounding grisea being reciprocally connected with the hypothalamus. These grisea could thus be viewed as intermediaries in the functional associations of the hypothalamus with the rest of the brain. Grisea reciprocally connected with the hypothalamus have been under study with the use of “standard” staining techniques for more than a century. But the unravelling of the connections required a new technique, particularly with respect to the connections of nonmyelinated fibers. Walle J. H. Nauta set himself this task, first at the University of Utrecht here in Holland (until 1947) and then at the University of Zurich (until 1951). In Zurich, he finally devised a modification of the Bielschowsky method which was capable of impregnating degenerating nerve fibers, so that the axons undergoing degeneration looked something like a string of black beads against a yellow-brown background. He was urged by co-workers in Zurich to put his new References p. 52-60
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 Fig. 35. Wdle Jetze Harinx Nauta, born 1916.
 
 “stain” into practice by publishing something on his findings in the rat brain. But ever so cautious, he kept watching to see how consistent his capricious silver impregnations would come out. His first publication describing the technique and some of the results he had obtained with its use appeared in 1950. It dealt with parts of the brain notoriously di&ult to impregnate - the hypothalamus and neocortex. At the Walter Reed Army Institute of Research, Washington, D.C., to which he had come in 1951 at the behest of David Rioch, the “original Nauta procedure” failed to work and normal fibers were too heavily impregnated. Together with P. A. Gygax (1951, 1954) and L. F. Ryan (1952), Nauta succeeded, however, in developing methods of suppressing the staining of normal fibers, so that degenerating axoplasm came out more selectively. This became known as the “selective” or “suppressive” Nauta-Gygax method. This contribution, a tour deforce of the first order, marked the beginning of a new chapter in the history of silver impregnation and a new era in neuroanatomical investigation. Nauta also published a critique on silver stains with Paul Glees (in 1955), whose stain of a similar nature proved of great value in the hands of certain investigators. With the new Nauta method available, and also its subsequent modifications developed in Nauta’s laboratory by R. R. Fink and L. Heimer (1967) (see also Heimer, 1967), which revealed a much greater quantity of fine degenerating terminals, and represented another technical breakthrough, Nauta and others opened up new insights into hypothalamic connections: connections with the hippocampal formation via the fornix, with the amygdala via the stria terminalis, with grisea in the region of the anterior perforated substance via small bands of fibers, with the brain stern grisea via
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 Fig. 36. Pierre Paul Broca (1824-1880). Portrait by courtesy of the National Medical Library, Bethesda, Md. (Armed Forces Institute of Pathology, Washington, D. C., Neg. No. 105239).
 
 the lateral area of the hypothalamus; they even demonstrated a reversal in the direction pursued by some of the fibers of the Schutz’ (1891) dorsal longitudinal fasciculus - fibers that run forward in the centrules Hohlengruu as far ventrally as the tuberal region (see Nauta and Haymaker, 1969, and Nauta, 1972). (In his original description, Schutz stated that all fibers in the fasciculus proceeded caudalward.) Whole new concepts were formulated from the findings of those who used this method; for example, the brains of lower animals were shown to be far less under the domination of the olfactory system than previously thought from the use of other staining methods. But for the grand view of the setting of the hypothalamus in relation to its surroundings, we go back almost a century, to Paul Broca (1824-1880). Broca, in his 500 publications, it is said, never wrote anything mediocre, and among his best were two vast papers on the “great limbic lobe”, published in 1878 and 1879. That “lobe”, or “limbic convolution”, surrounded the diencephalon and the cerebral peduncles. He called it “limbic” because he conceived of it as a threshold (limbus, border or threshold) to the newer pallium. To him the limbic lobe was a phylogenetic entity. It was composed of two arcs separated by the limbic fissure, a superior arc, which was References p. 52-60
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 situated on the convex surface of the corpus callosum (the “convolution of the corpus callosum”), and an inferior arc, which comprised the “convolution of the hippocampus” - in other words, all the convolutions which we would today call the gyrus fornicatus. Moreover, Broca was convinced of the existence, at least in “osmatic” animals, of a direct connection between the olfactory bulb and the major motor pathway of the cerebral peduncles -“the middle or gray [olfactory] root”. He thought that the large cells in the bulb must be motor. In following through on some of Broca’s ideas on the connections of the hippocampal formation, Emil Zuckerkandl (1888), in his paper on the Riechbiinde17 and later in his paper on the Riechstrahlung (1904), emphasized that the petite septa1 area was the “carrefour de l’htmisph6re”, to which the hippocampal formation projected a major input. In elaborating on Broca’s concept of the limbic lobe Paul MacLean (1949, 1952)
 
 Fig. 37. James Wenceslaus Papez (1883-1958). Portrait by courtesy of James P. Papez, Lancaster, Penn.
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 subdivided the lobe into two “rings”. The inner ring, phylogenetically the older, included the hippocampal formation, the septa1 area, the parolfactory area (the carrefour de l’hkmisphbre), the anterior perforated substance, and the pyriform cortex and adjacent part of the amygdala. The outer ring included the orbitoinsulotemporal cortex rostrolaterally, the cingulate cortex superiorly, and the entorhinal cortex and subiculum inferiorly. The olfactory bulb projected its fibers into various components of this system. This brings us to Papez’ (1937) formulation of his famous concept of emotion. He stated: “The central emotive process of cortical origin may ... be conceived as being built up in the hippocampal formation and as being transferred to the mammillary body and thence through the anterior thalamic nuclei to the cortex of the gyrus cinguli. The cortex of the cingular gyrus may be looked on as the receptive region for the experiencing of emotion. ... Radiation of the emotive process from the gyrus cinguli to other regions in the cerebral cortex would add emotional coloring to psychic processes occurring elsewhere” (p. 728). This concept was based on Papez’ almost perpetual observations of the brain. Hardly anyone could have spent more time, day after day, well into the night, in viewing brain sections of a large variety of animals than Papez, with his imagination at full play. Cornelius Ariens Kappers had an influence in the formulation of Papez’ concept, for Papez alluded to Kappers’ view (1928) that the gyrus hippocampi and the fascia dentata are the receptive cortex for the gyrus cinguli, while the pyramidal cells of the hippocampus form the emissive, or motor layer giving rise to the fornix, or the corticohypothalamic tract. In his paper, Papez also drew on clinical observations. For example, with reference to the hippocampal formation, he reminded his readers of the apprehension, anxiety and paroxysms of rage or terror experienced by patients with rabies, a disease in which the hippocampus is one of the most consistent sites of attack by the virus. In his laboratory at Cornell University in Ithaca, Papez once remarked (to one of us) in a wistful sort of way that somehow his concept had never caught on, for very few had requested a reprint of his article. This was in 1942. In 1949, Kuhlenbeck and Haymaker called attention to the importance of the Papez concept and interpreted the connections between gyrus cinguli, hippocampal formation, fornix, and mammillothalamic tract as a closed feedback circuit. Later (1954, 1957) Kuhlenbeck elaborated on the significance of the Papez mechanism as a circuit modulating tone, or emotion. Paul MacLean’s (1 949, 1952) resynthesis of Papez’ “theory of emotions” resurrected Broca’s notions and breathed new life into the concept of the all-pervasive limbic system. In the 1949 paper MacLean called the limbic lobe the “visceral brain” because of the input into it of impulses from all viscera having autonomic innervation - heart, blood vessels, gastrointestinal tract, and so on (Kaada and Jasper, 1952; Kaada, Pribram and Epstein, 1949). Then in 1952 he added certain non-cortical structures (the amygdala and the fornix) to what he called the “limbic system”. Of late (1972), he envisaged 3 basic brain types - reptilian, paleomammalian and mammalian - and classed the limbic system in primates as paleomammalian. In 1958 Walle Nauta together with Kuypers added a “limbic midbrain area”, which References P . 52-50
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 Fig. 38. Paul Donald MacLean, born 1913.
 
 originated in grisea of the paramedial part of the midbrain and united with many rostrally situated structures in providing reciprocal connections with the hypothalamus. Those paramedian midbrain grisea included the dorsal and ventral tegmental nuclei of von Gudden (1880) (from which von Kolliker (1896) first traced fibers into the hypothalamus), the superior central tegmental nuclei of Bekhterev ( I 894), and the ventral tegmental area of Tsai (1925). It was the connections of ascending fibers of Schiitz’s dorsal longitudinal fasciculus with the tuberal nuclei that led Nauta and Kuypers to propose that the limbic area exerts an influence on the functioning of the pituitary. One can hardly speak of the limbic system without reference to the medial forebrain bundle. It was some 15 years after Broca’s expos6 -in 1593 - that Edinger, working on lower vertebrates, introduced the term “medial forebrain bundle”. This was a sheaf of longitudinally conducting fibers connecting a variety of phylogenetically old (olfactory and “limbic”) structures in the basal and medial walls of the hemisphere with the brain stem, a system on which Cornelius Ariens Kappers and his associate, Hammar, later expounded (1925). The medial forebrain bundle of lower vertebrates includes the precursor of the mammalian fornix. In mammals, the portions of the
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 medial forebrain bundle not included in the fornix system have been incorporated into the lateral forebrain bundle, that is, into the broad fiber group connecting the corpus striatum with the brain stem which, at a later phylogenetic stage, became augmented by the great afferent and efferent neocortical fiber systems of the internal capsule. What we today call the medial forebrain bundle in higher animal classes is a loose aggregate of multisynaptic fibers that occupies the lateral hypothalamus; it is the major freeway or Autobahn, with many entrances and exits, linking limbic and olfactory structures and midbrain tegmental structures with medially situated hypothalamic grisea, and so bringing all these structures into reciprocal functional relations with the hypothalamus. The outcome of the attention given the limbic system was that, as a kind of superstructure over the hypothalamus, it was envisaged as feeding into the hypothalamus an assemblage of information which its mechanisms had sorted out and synthesized - information on the execution of complex, yet primitive, sequences of action, information on thirst and hunger (as contrasted with drinking and eating, which are not regarded as in the province of the hypothalamus), on cognition, and on the whole realm of affect and sexual function and their somatic and autonomic accompaniments (MacLean, 1949, 1972; Meissner, 1967; Pribram, 1960; Yakovlev, 1972). This brings u s to the subject of the receptivity of hypothalamic cells, about which a few final remarks seem in order. Verney, in 1947, proposed the term “osmoreceptors” to describe cells (in dogs) that are purported to sense changes in the osmotic pressure of plasma. This was in keeping with his demonstration that an increase in osmolarity of the blood perfusing the head activated an intracranial system to release larger amounts of antidiuretic hormone (ADH). Then Jewel1 and Verney (1957) sought by arduous and painstaking means to delimit the site of the osmoreceptors (also in dogs), but could not settle on any one of the numerous diencephalic nuclei that were suspect, including the supraoptic nucleus. Bard, Woods and Bleier, in 1966, ruled out a few of these nuclei as the sites of osmoreception (in cats), but left 7 sdspect. The most interesting point made by Bard and his associates was that the hypothalamic neurons involved in the release of ADH to their primary stimulus - a change in the osmolarity of their extracellular milieu -is not materially altered by the removal of neural input. This was taken to indicate a high degree of security for the phylogenetically ancient mechanism that through the ages was developed for the production of hypertonic urine. Then followed Stricker and Wolf‘s (1967) concept of volume receptors in an unidentified region of the anterior hypothalamus. In due time, the concept of glucoreceptors, thermodetectors, and others, were added. So far as the feedback of hormones to the hypothalamus is concerned, there to act on hypothalamic cells, the most work seems to have been done with estrogens. Szentigothai and his associates, Flerk6, Mess and Halasz (1968), are among those who assume that specific elements situated in the region between the optic chiasm and the paraventricular nucleus are sensitive to estrogens and may be excited (or inhibited) by the estrogen level in the blood and in turn regulate (decrease or increase) the secretion of follicle-stimulating hormone. Shute and Lewis (1966) have reviewed the whole subject of cholinergic and monoReferences P. 52-60
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 Fig. 39. Vesalius’ infundibulum. Vesalius’ representation of the infundibulum of the pituitary (Ref., Saunders and O’Malley, 1950, p. 198; Plate 72:6 [VII: Fig. 181). Vesalius: “In this small figure we have depicted the pelvis or cup (cyathus) set upright by which the pituita of the brain distills into the gland underlying it, and then we have sketched in the 4 ducts carrying the pituita down from the gland through foramina in the neighborhood of the gland. Therefore A indicates the gland [not shown in this figure] into which the pituita is distilled and B, the pelvis along which it is led. C, D, E, F a r e the passages provided for the easier exit of the pituita passing down there. ...”.
 
 aminergic pathways in the hypothalamus, finding that the endings of fibers in the supraoptic, paraventricular and infundibular nuclei are cholinoceptive, and that noradrenergic endings are present not only in these nuclei but also in the medial mammillary nucleus and the anterior and lateral hypothalamic areas. The full significanceof these findings needs still to be determined. These are exciting times, awaiting new methods for exploration at the molecular level. We would predict that some years hence two other people giving this opening discussion would select as their title, “Breakthroughs in the Molecular Organization of the Hypothalamus”.
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 Structure and Fiber Connections of the Hypothalamus in Mammals H. J. LAMMERS
 
 AND
 
 A. H. M. LOHMAN
 
 Department of Anatomy, Radboud University, Nijmegen (The Netherlands)
 
 INTRODUCTION
 
 The hypothalamus in the mammalian brain encompasses the most ventral part of the diencephalon where it forms the floor and, in parts, the walls of the third ventricle. Its upper boundary is marked by a sulcus in the ventricular wall: the ventral diencephalic or hypothalamic sulcus. This sulcus separates the hypothalamus from the dorsally located thalamus (Fig. 1). Caudally the hypothalamus merges without any clear demarcation with the periventricular gray and the tegmentum of the mesencephalon. It is, however, customary to define the caudal boundary of the hypothalamus as represented by a plane extending
 
 Fig. I. Medial view of the topography of the hypothalamus and its surrounding structures in the mammalian brain. For abbreviations see p. 75. References p . 75-78
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 from the caudal limit of the mammillary nuclei ventrally and the posterior commissure dorsally. Rostrally the hypothalamus is continuous with the preoptic area, which lies partly forward to and above the optic chiasma. Although it is still in dispute whether the preoptic area is of telencephalic origin or has to be considered part of the diencephalon, the similarities in histological structure and fiber connections seem to justify the concept that this area is a rostral continuation of the hypothalamus. Therefore, in the present review these two areas will be considered together. The preoptic area at its rostral end is bounded by the anterior commissure and the lamina terminalis. Lying in front of these two structures is the septa1 region or septum. At their lateral side the preoptic area and the anterior part of the hypothalamus are continuous with the innominate substance (substantia innominata). This area consists of a series of cell islands, and expands laterally toward the prepyriform cortex and the amygdaloid complex. In its rostral part, the innominate substance is ventrally covered by the olfactory tubercle. At more caudal levels the hypothalamus is limited laterally by the internal capsule and the pes pedunculi. Dorsal to the pes pedunculi it merges with the subthalamus. Ventrally the hypothalamus extends to the free, basal surface of the brain. This surface is characterized by 3 prominent structures, viz. the optic chiasma, the hypophyseal or infundibular stalk and the paired mammillary bodies. It is of interest to note that, although the hypophyseal stalk as well as the neural lobe of the hypophysis are of hypothalamic origin, they are never considered as parts of the hypothalamus.
 
 STRUCTURE OF THE HYPOTHALAMUS
 
 By means of the above-mentioned external landmarks at the ventral surface of the brain, the hypothalamus can be subdivided into an anterior part which includes the preoptic area, a middle part and a posterior part. Another subdivision is that of Crosby and Woodburne (1940) in which 3 longitudinal zones are recognized: a periventricular, a medial and a lateral zone. The periventricular zone mostly consists of small cells which, in general, are oriented along fibers parallel with the wall of the third ventricle. The medial zone is cell-rich, whereas the lateral zone contains only a small number of cells interposed between the longitudinal fiber system of the medial forebrain bundle. On the basis of cytoarchitectonic criteria such as size and shape of cell bodies or differences in cellular density and spatial arrangement, in each of the 3 longitudinal zones a number of cell groups or nuclei has been described. Cell collections, that are loosely grouped, are commonly designated as areae. It must be noted, however, that of many of the cell groups which have been described, the boundaries are rather illdefined, and that, therefore, each subdivision of the hypothalamic gray in separate morphological entities, including the one given in Table I, must be considered as tentative and arbitrary. For a survey of the hypothalamic nuclei in various mammals the reader is referred to Christ (1969).
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 TABLE I HYPOTHALAMIC NUCLEI
 
 Periventricular zone
 
 nucleus preopticus medianus area preoptica periventricularis nucleus paraventricufaris nucleus suprachiasmaticus
 
 area periventricularis anterior nucleus arcuatus (infundibularis) area periventricularis posterior Medial zone
 
 nucleus preopticus medialis nucleus hypothalami anterior nucleus dorsomedialis nucleus ventromedialis area hypothalami dorsalis
 
 area hypothalami posterior nuclei gemini (supramammillares) nucleus premammillaris nucleus mammillaris medialis Lateral zone
 
 nucleus preopticus lateralis ' nucleus supraopticus area hypothalami lateralis nucleus tuberomammillaris
 
 nucleus perifomicalis nuclei tuberis laterales nucleus mammillaris lateralis
 
 It has further been revealed by Golgi studies (Szenthgothai et al., 1968; Millhouse, 1969) that dendrites of cells in specific nuclei may extend far beyond the cytoarchitectonic boundaries of these nuclei. Especially between the neurons of the medial and lateral zones, there exists a considerable overlap of the dendritic fields. It is tempting to suggest that this arrangement may serve as a prime morphological basis for functional interaction between neighboring hypothalamic areas.
 
 FIBER CONNECTIONS OF THE HYPOTHALAMUS
 
 Although it may be helpful, especially for the purpose of orientation, to study the fiber systems connecting the hypothalamus with other brain structures in normal material, determination of the precise sites of origin and termination of these longer fiber connections can be done reliably only in animal experiments. Following an experimentally induced lesion of a nerve fiber or its cell body, the fiber peripheral to the lesion undergoes an anterograde degeneration,which in essence is a breakdown of the fiber into fragments. The first method for the study of anterograde degeneration was developed in 1885 by Marchi and Algeri, who noticed that degenerating myelin, that had been treated with a potassium dichromate solution, can be selectively stained by osmium tetroxide. Although the Marchi method has contributed considerably to our knowledge of pathways in the central nervous system, its usefulness is limited to the study of myelinated axons. Axon arborizations and synaptic end-structures, which are not covered by myelin, are beyond the reach of the Marchi technique. Fortunately, the development and gradual refinement of the reduced silver technique, which imReferences p . 75-78
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 pregnates degenerating axoplasm instead of degenerating myelin, has made it possible to demonstrate the course and the termination of both myelinated and unmyelinated fiber systems. Many silver techniques were used for the study of the nervous system in the first half of this century. It remained for Glees (1946) and Nauta (1950), however, to demonstrate the extreme usefulness of silver methods for the tracing of degenerating nerve fibers in experimental material. One of the great advantages of the Nauta procedure, of which many variations are available (see Ebbesson, 1970), is that it suppresses the argyrophilia (i.e. affinity for silver) of normal fibers, which in turn enhances the identification of the degenerating fibers. During the last few years the value of the reduced silver technique has increased considerably because of the development of more sensitive procedures (Fink and Heimer, 1967; De Olmos, 1969; Eager, 1970; Wiitanen, 1969). These modifications are capable of demonstrating the terminal axon ramifications and boutons of most fiber pathways in the central nervous system. The electron-microscopicmapping of degenerating terminal boutons, which recently has been introduced (Heimer, 1970), not only offers the opportunity to confirm light-microscopicfindings but also makes it possible to identify the anatomical relations between degenerating axons and postsynaptic neurons in a specific area of termination. Before discussing in detail the fiber connections of the hypothalamus, it must be pointed out that most of the recent experimental studies on hypothalamic fiber anatomy have been carried out in common laboratory animals such as the cat, rat, mouse and hamster. One should, however, be aware of the possibility that there may exist considerablespecies differences in the origin, course and termination of analogous fiber systems. Also the composition of fiber bundles by shorter or longer neural links may vary in the various species, resulting in differences in the number of synaptic interruptions. Furthermore, it seems likely to assume that differences between lower and higher mammals in the development of specific brain areas may have their consequences on the anatomy of the hypothalamic fiber systems. In the following account the connections of the hypothalamus will be dealt with as follows. (1) Afferent hypothalamic connections from the basal olfactory areas and the amygdaloid complex. (2) Afferent hypothalamic connections from the limbic forebrain area and the neocortical areas. (3) Afferent hypothalamic connections from the mesencephalon. (4) Retinohypothalamic connections. (5) Thalamohypothalamic relationships. (6) Efferent and intrinsic connections of the hypothalamus. ( I ) Aflerent hypothalamic connections from the basal olfactory areas and the amygdaloid complex
 
 Ever since the first descriptions of Dkjkrine (1895), Herrick (1910) and Ram6n y Cajal
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 (191 1) of massive fiber systems between the rostral olfactory areas at the basal surface of the forebrain and the diencephalon, it has been assumed that there exists a close relationship between the sense of smell and the hypothalamus. The basal or secondary olfactory areas receive direct projections from the olfactory bulb and consist rostrally of the anterior olfactory nucleus, the retrobulbar area, the olfactory tubercle and the prepyriform cortex, and caudally of the periamygdaloid cortex and parts of the amygdaloid complex and entorhinal cortex (Scalia, 1968). Very recently the projection from the rostral olfactory areas to the hypothalamus has again been confirmed in experimental material by Scott and Leonard (1971). Following lesions of the prepyriform cortex and olfactory tubercle in rats, these authors were able to trace degenerated fibers to the lateral preoptic area by the use of the Fink-Heimer technique. Part of these fibers terminate in this area and the anterior part of the lateral hypothalamic zone, whereas other fibers pass through the stria medullaris and the inferior thalamic peduncle to reach the dorsomedial nucleus of the thalamus where they terminate in its medial division. A third contingent of degenerating fibers joins the medial forebrain bundle and can be traced through the lateral hypothalamus to the nuclei gemini (supramammillares) in the posterior part of the hypothalamus just above the region of the mammillary nuclei (Fig. 2). On the basis of a study in which light- and electron-microscopic techniques were combined, the existence of a direct, monosynaptic connection between the prepyriform cortex and the hypothalamus has, however, seriously been questioned by Heimer (1972). According to this author, the electron-microscopic mapping of anterograde degenerating terminals provides little evidence that fibers originating from rostral olfactory areas actually terminate in the preoptic and anterior hypo-
 
 Fig. 2. Schematic drawing of the projections from the olfactory tubercle and the prepyriform and periamygdaloid cortices to the preoptic area, hypothalamus and thalamus. The secondary olfactory connections from the olfactory bulb are also illustrated. For abbreviations see p. 75. References p. 75-78
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 Fig. 3. Origin, course and distribution sites of the stria terminalis. Fibers from the temporal neocortex distribute to the basolateral and central amygdaloid nuclei. For abbreviations see p. 75.
 
 thalamic areas, and this would mean that these fibers only traverse the preoptic area and terminate either in the dorsomedial thalamic nucleus or in the nuclei gemini caudally in the hypothalamus. It is of interest to note that, according to Heimer (1972), the majority of the fibers that reach the nuclei gemini seem to have their origin in the olfactory tubercle rather than in the prepyriform cortex. The caudal basal olfactory areas, i.e. the periamygdaloid cortex and the amygdaloid complex, give rise to two fiber bundles: the stria terminalis and the ventral amygdalofugal pathway. After leaving the amygdaloid complex, the stria terminalis runs a curved course along the medial border of the caudate nucleus toward the anterior commissure where it divides into 3 components: (1) a commissural component which enters the anterior commissure, (2) a precommissural or supracommissural component whose fibers descend in front of the anterior commissure, and (3) a postcommissural component which descends caudal to the anterior commissure (Fig. 3). According to the observations of Heimer and Nauta (1969), the fibers of the precommissural component of the stria terminalis reach the ventromedial hypothalamic nucleus and terminate predominantly in the “shell” around this nucleus with only a limited distribution to its central core. Additional sites of termination of the precommissural component in the hypothalamus are the nucleus tuberis lateralis and the ventral premammillary nucleus. The pattern of termination of the stria terminalis fibers around the ventromedial hypothalamic nucleus strongly suggests that the synaptic contacts between these fibers and the cells of the ventromedial nucleus are almost entirely axodendritic. It must be noted, however, that the fibers of the precommissural component of the stria terminalis which converge upon the ventromedial nucleus may also have synaptic contacts with cells of neighboring areas
 
 ANATOMY OF THE HYPOTHALAMUS
 
 67
 
 as, for instance, the dorsomedial hypothalamic nucleus and the lateral hypothalamic region. As is known from the Golgi studies of Millhouse (1969), dendrites of cells of these areas extend into the cell-poor zone that surrounds the ventromedial nucleus. The site of origin of the precommissural component of the stria terminalis, namely the posterior part of the cortical amygdaloid nucleus (Leonard and Scott, 1971), is, according to the observations of Winans and Scalia (1970), also the site of termination of fibers that take their origin from the accessory olfactory bulb. The accessory bulb receives fibers from the vomeronasal organ of Jacobson which is an olfactory receptive structure in the nose. This means that there may exist a very close relationship, only interrupted by two synapses (one in the accessory olfactory bulb and one in the posterior part of the amygdaloid nucleus), between the vomeronasal epithelium and the cells of the ventromedial nucleus in the hypothalamus. It is possible that a similar relationship holds true for the projection of the main olfactory epithelium by way of the main olfactory bulb. According to the recent observations of De Olmos (1972), the precommissural fibers of the stria terminalis which reach the ventromedial hypothalamus also originate from the anterior parts of the cortical and medial amygdaloid nuclei, and these parts, as has been shown by Lohman (1963), Heimer (1968) and Scalia (1966), receive a direct projection from the main olfactory bulb. By means of his own cupric-silver method it was further found by De Olmos (1972) that the stria terminalis fibers which have their origin in the anterior parts of the cortical and medial amygdaloid nuclei distribute to the core of the ventromedial hypothalamic nucleus and not to the cell-poor zone surrounding this nucleus. The fibers of the postcommissural component of the stria terminalis originate from the corticomedial as well as from the basolateral nuclei of the amygdaloid complex (Leonard and Scott, 1971; De Olmos, 1972). They terminate in the bed nucleus of the stria terminalis and in an area of the medial hypothalamic zone which roughly corresponds with the anterior hypothalamic nucleus. A projection from this area to the core of the ventromedial nucleus has been demonstrated by Chi (1970b). Via the postcommissural component the neocortex may have access to the medial hypothalamus, because, according to the observations of Whitlock and Nauta (1956), Druga (1969) and Lescaut (as cited by Hall, 1972), there exists convincing evidence for the existence of direct projections from the neocortex to the basolateral and central amygdaloid nuclei. Another route, by which fibers of the olfactory cortex may reach the hypothalamus, is the ventral amygdalofugal pathway. As has been shown by Leonard and Scott (1971) in the rat, this pathway consists of short and long fibers. The short fibers distribute not further rostralward than the anterior amygdaloid area, whereas the long fibers, which take their origin from the periamygdaloid cortex, continue into the preoptichypothalamic region. It is not known whether these long fibers actually terminate in the lateral hypothalamic area or, as is the case with the fibers from the prepyriform cortex, are fibers of passage en route to the dorsomedial nucleus of the thalamus. Recent detailed experiments by De Olmos (1972) indicate that also the central amygdaloid nucleus may serve as a source from which long fibers reach the lateral hypothalamus. It is, however, also possible, as has already been pointed out by the author References p . 75-78
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 himself, that the demonstration of this pathway may be attributed to a massive interruption in the rostral part of the amygdaloid complex of fibers which have their origin in the periamygdaloid cortex. ( 2 ) Afferent hypothalamic connectionsfrom the 1imbic.forebrainarea and the neocortical areas
 
 The limbic forebrain area is built up by two concentric ring-like structures around the hilus of the telencephalon. The inner ring is formed by the hippocampal formation which can be subdivided into pre-, supra- and retrocommissural parts. The outer ring is constituted by the fornicate gyrus which consists of the parolfactory or subcallosal area, the cingulate gyrus, the retrosplenial area and the parahippocampal gyrus. The outer ring of the limbic forebrain area receives afferents from large portions of the neocortex (Fig. 4), and therefore, might be considered as an area of convergence of all somatic sensory modalities. As judged from its fiber projections (White, 1959), the outer ring distributes these impulses towards the inner ring so that this ring constitutes not only an histological but also a functional zone of transition between the neocortex and the hippocampal formation of the inner ring. The efferent fiber system of the hippocampal formation is the fornix (Fig. 4). This massive fiber bundle curves underneath the corpus callosum in a forward direction towards the septal region. Here it gives off fibers to the septal nuclei and the lateral preoptic zone. The main bundle of the fornix or postcommissural fornix descends
 
 Fig. 4. Diagram illustrating the circuit of F’apez. Also are indicated the projections of the fornix bundle to the septal nuclei and the lateral hypothalamic area, the intrinsic septal connections and the mammillary peduncle. The gyrus cinguli receives association fibers from large portions of the neocortex. For abbreviations see p. 75.
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 caudal to the anterior commissure and continues through the lateral hypothalamic zone to the mammillary nuclei. Although the precise sites of termination of the fornix fibers in the hypothalamus have not been worked out with modern modifications of the reduced silver technique, it is quite apparent from experimental studies with the Nauta-Gygax method (GuilJery, 1956; Nauta, 1956, 1958; Raisman et al., 1966)that the fornix fibers distribute not only to the lateral preoptic zone and the mammillary nuclei but also to the lateral hypothalamic zone and, at least in rodents, to the anterior periventricular area and the nucleus arcuatus (tractus cortico-hypothalamicus medialis of Gurdjian, 1927). Other fibers of the fornix system reach the anterior nuclei and rostra1 intralaminar and paramedian nuclei of the thalamus, whereas some fibers of the postcommissural fornix bypass the mammillary nuclei and continue caudalward into the paramedian mesencephalicregion (limbic midbrain area of Nauta, 1958). The fornix system consists not only of efferent hippocampal fibers but also contains fibers that originate in the septum and are afferent to the hippocampal formation (Daitz and Powell, 1954; Raisman, 1966). As will be discussed below, the septum by way of the medial forebrain bundle also has a bi-directional relationship with the mesencephalon, and thus, obviously, constitutes an important center in the so-called limbic forebrain-limbic midbrain circuit. Apart from its influence on the hypothalamus by way of the limbic forebrain area, the neocortex has also direct access to the hypothalamus. As reported by De Vito and Smith (1964) and Nauta (1962, 1964), the frontal lobe or prefrontal cortex of the monkey has substantial subcortical projections to the preoptic region and the hypothalamus. For further details the reader is referred to Nauta, 1971. ( 3 ) Aflerent hypothalamic connectionsfrom the mesencephalon
 
 There are two fiber systems that connect the midbrain with the hypothalamus: a medial or periventricular system and a lateral system. Both these systems take their origin from the paramedian or limbic midbrain area which, according to Nauta (1972), is composed of the central gray substance and several tegmental cell groups including the nucleus centralis tegmenti superior of Bechterew and the ventral and dorsal tegmental nuclei of Gudden. From experimental studies it seems very unlikely that any direct projection reaches the hypothalamus from the spinal cord or the caudal part of the brain stem (Mehler et al., 1960; Morest, 1967). The mesencephalon might, therefore, be considered as an intermediary interposed between the ascending impulses in the brain stem and the more rostrally situated hypothalamus. According to Szentigothai et al. (1962), the ascending periventricular system has two components, a posterior and an anterior one. The posterior component distributes its fibers to the supramammillary and premammillary cell groups, the lateral hypothalamic zone and the ventromedial and dorsomedial nuclei. The anterior component continues as far forward as the anterior periventricular area and the anterior hypothalamic nucleus. In a recent study in the rat and cat with the FinkHeimer method, Chi (1970a) was unable to demonstrate axon or terminal degeneration References P. 75-78
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 in the ventromedial hypothalamic nucleus after lesions of the central gray and adjacent tegmentum of the mesencephalon. The lateral system reaches the hypothalamus largely by way of the mammillary peduncle (Fig. 6). This bundle gives offfibers to the mammillary nuclei and ascends in the medial forebrain bundle. It apparently distributes to the lateral hypothalamic and preoptic zones and in part also reaches the medial zone of the septum (Morest, 1961; Nauta and Kuypers, 1958).
 
 ( 4 ) Retinohypothalamic connections There is substantial evidence from physiological studies that environmental light has an important iduence upon the regulation of neuroendocrine functions(Green, 1969), and, therefore, the presence of a retinohypothalamicprojection has always been under consideration. Despite intensive research in the last decades, there is as yet no general agreement whether such a pathway exists in the mammalian brain. Experimental studies utilizing the Marchi method and the reduced silver technique have largely failed to demonstrate a direct retinohypothalamic connection (see Nauta and Haymaker, 1969). Very recently, however, a number of reports have been produced which, by the use of the newly-developed autoradiographic tracing method, have provided evidence for a localized fiber projection from the retina to the medial hypothalamic zone (Moore and Lenn, 1972; Hendrickson et al., 1972; Moore, 1973). The autoradiographic method makes use of the fact that the neuronal cell bodies will incorporate tritiated amino acids such as proline and leucine into proteins which subsequently are transported along the axons to their terminals (Droz and Leblond, 1963). Application of this technique by way of intraocular injection has clearly demonstrated that in a wide range of mammals a projection exists from the retina to the suprachiasmatic nuclei lying medially in the anterior hypothalamus on either side of the floor of the third ventricle. This has been confirmed by electron-microscopic observations (Moore and Lenn, 1972; Hendrickson et al., 1972). The retinohypothalamic projection is bilateral, but the input to the contralateral side is always heavier than that to the ipsilateral nucleus. It has further been observed that most of the fibers project to the ventral half of both ipsi- and contralateral nuclei, and, according to Moore (1973), their area of termination is mostly confined to the caudal half or two-thirds of the suprachiasmaticnuclei. (5) Thalamohypothalamicrelationships Since the experimental study of Nauta (1962) in the monkey it has commonly been believed that a direct pathway exists from the medial division of the dorsomedial nucleus of the thalamus to the hypothalamus. Because we presently know that the medial division of the dorsomedial thalamic nucleus, at least in the rat, is reached by a substantial projection from the rostral olfactory areas (see Heimer, 1972) and that this nucleus also receives fibers from the cerebellum, the spinothalamic tract and the brain
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 Fig. 5. Schematic representation of the afferent and efferent connections of the dorsomedial thalamic nucleus. For abbreviations see p. 75.
 
 stem (Mehler, 1966;Chi, 1970a) (Fig. 5), the dorsomedial thalamic nucleus can thus be thought to be an important link in the conveyance of olfactory and perhaps also of somatosensory and visceral information to the hypothalamus. Recent experiments by Siege1 and coworkers (1973) provide evidence that such a direct connection between the dorsomedial thalamic nucleus and the hypothalamus, as has been reported by Nauta (1964) in the monkey, may not exist in all mammals. It was found by these authors that this connection in the cat is a multineuronal pathway interrupted by at least two synapses in the midline thalamus. The final link in this pathway projects to the perifornical nucleus anteriorly in the lateral hypothalamic zone. Another route by which the dorsomedial nucleus of the thalamus may exert influence on the hypothalamus is by way of the thalamocortical and corticohypothalamic pathways. The intermediary in this thalamo-cortico-hypothalamiccircuit is in the monkey the orbital surface of the prefrontal cortex and in the rat the sulcal cortex lying along the dorsal bank of the rhinal fissure (Fig. 5). In both species these cortical areas receive projections from the medial division of the dorsomedial thalamic nucleus, and are connected by efferent fibers to the lateral preopticohypothalamic region (Freeman and Watts, 1947; Akert, 1964; Nauta, 1962; Leonard, 1969). (6) Eflerent and intrinsic connections of the hypothalamus
 
 The best-known efferent pathways of the hypothalamus are the hypothalamohypophyseal fiber system (tractus supraoptico-paraventriculo-hypophyseusand tractus tuberoinfundibularis) and the projections from the mammillary nuclei. The supraoptico-paraventriculo-hypophysealtract is made up by axons of the nucleus supraReferences P. 75-7%
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 opticus and nucleus paraventricularis, and extends into the neurohypophysis. The fibers of this tract transport the colloid droplets containing the neurosecretory substances oxytocin and vasopressin that are formed in the supraoptic and paraventricular nuclei. The fibers of the tuberoinfundibular tract, also called tuberohypophyseal tract, arise from small nerve cells surrounding the lower part of the third ventricle with the nucleus arcuatus (nucleus infundibularis) as their main site of origin (Szentkgothai, 1968). The fibers can be followed into the infundibulum of the posterior hypophyseal lobe where they have terminations on the capillaries of the hypophyseal portal system. This system forms a vascular link between the infundibulum and the anterior lobe of the hypophysis (see Haymaker, 1969, for further details). From the mammillary nuclei efferent fibers pass caudally to the mesencephalon as the mammillotegmental tract. According to the observations of Nauta (1958), this tract terminates in the ventral and dorsal tegmental nuclei of Gudden lying in the paramedian midbrain area. Other fibers from the mammillary nuclei constitute the compact mammillothalamic tract of Vicq d'Azyr which distributes to the anterior nuclei of the thalamus. These latter nuclei project to the cingulate gyrus, and this cortical region, as has been mentioned before, is connected to the hippocampal region which, in turn, by way of the fornix is linked to the mammillary nuclei. The mammillothalamic tract thus forms part of a composite pathway, the so-called Papez circuit (Papez, 1937), which links together the hippocampal formation, the mammillary nuclei of the hypothalamus, the anterior nuclei of the thalamus, the cingulate gyrus and again the hippocampalformation. Our present knowledge about the projections of the remaining hypothalamic nuclei is still scanty. This can be attributed to the technical difficulties in placing small, circumscript lesions in the hypothalamus, and also to the fact that the hypothalamus is traversed by numerous longitudinal fibers of extrahypothalamic origin. Lesion experiments of the hypothalamus sometimes provide more information about the termination of afferent hypothalamic fiber systems than about the efferent and intrinsic connections of the hypothalamus itself. Notwithstanding this, from the experimental studies of Guillery (1957), Nauta (1958), Wolf and Sutin (1966) and Chi and Flynn (1971) in rats and cats it seems at present well established that the medial forebrain bundle is the major efferent pathway by which the lateral preoptic-hypothalamic zone is connected with the septum and the mesencephalon. The descending fibers of the medial forebrain bundle distribute laterally to the mesencephalic tegmentum and medially to the paramedian midbrain area including the central grey substance. This latter region is also reached by fibers from periventricular and medial hypothalamic zones descending in the periventricular system. It is important to note that in none of the experimental studies cited above have hypothalamic efferent fibers been traced caudalward beyond the mesencephalon. The route over which the hypothalamus exerts its influence on the visceromotor centers of the brain stem and on the spinal cord must, therefore, be polysynaptic. The descending medial forebrain bundle, in addition, contains fibers that arise in the septal region and terminate in the lateral preoptiohypothalamic zone and, at least in the rat (Nauta, 1956), also in the mesencephalon (Fig. 6). This descending
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 Fig. 6. Schematic drawing of the septo-hypothalamo-mesencephalicprojection system. For abbreviations see p. 75.
 
 pathway is reciprocated by ascending medial forebrain bundle fibers originating in the mesencephalon and the lateral hypothalamus and ending, respectively, in the medial and lateral septal nuclei (Guillery, 1957; Wolf and Sutin, 1966). Because the septal region also has reciprocal connections with the hippocampal formation, it thus represents a structural relay in the pathways that connect the limbic forebrain area with the limbic midbrain area and vice-versa. Besides sending projections to the mesencephalon and septal region, the lateral hypothalamus is also reported to emit fibers to the amygdaloid complex. According to Nauta (1958) and Wakefield (as cited by Hall, 1972), these fibers take their origin exclusively from the lateral preoptic region. It has further been shown by Millhouse (1969) in Golgi preparations that the neurons in the lateral preoptic-hypothalamic zone give off axonal collaterals which, together with collaterals of the medial forebrain bundle fibers, enter the stria medullaris or the inferior thalamic peduncle and course in a dorsal direction toward the thalamus. The Golgi studies of Millhouse also provide clues for an understanding of the relations between the lateral and medial hypothalamic zones. According to his observations, the fibers of the medial forebrain bundle that traverse the lateral hypothalamus make numerous synaptic contacts with the dendrites of the medial hypothalamic nuclei extending into the lateral zone. In addition, collaterals of the medial forebrain bundle fibers and from cells in the lateral hypothalamus project into the medial hypothalamus, whereas the medial zone nuclei, in turn, send their axons into the lateral zone. This apparently close relationship between the lateral and medial hypothalamic zones has recently been confirmed by experimental anatomical studies in which it was found that the lateral hypothalamus has projections to both the dorsomedial and ventromedial nuclei (Chi, 1970b; Eager et al., 1971). Much less is known about the efferent connections of the nuclei of the medial hypothalamic zone and especially of those of the ventromedial nucleus. Although the ventromedial nucleus receives a substantial projection from the amygdaloid complex, References P. 7578
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 either directly (Heimer and Nauta, 1969) or indirectly, interrupted by synapses in the anterior hypothalamus (Chi, 1970b), it appears from the observations of Sutin and Eager (1969) that its neurons do not project far beyond the nuclear borders. The route by which the ventromedial nucleus may influence other hypothalamic structures must, therefore, be transsynaptic, and the experiments of Sutin and Eager indicate that these synapses take place in the area immediately surrounding the nucleus. The axons of this area project to the lateral hypothalamus, particularly to the perifornical nucleus.
 
 CONCLUSIONS
 
 The present paper is a survey of the structure and fiber connections of the mammalian hypothalamus. Particular attention has been paid to the anatomical techniques that presently are exploited in the experimental tracing of pathways in the central nervous system. The hypothalamus receives its main influx from the telencephalon and the mesencephalon. Recently, by means of the autoradiographic method evidence has been provided for the existence of a direct retinohypothalamic connection. The major fiber bundles that connect the telencephalon with the hypothalamus are the stria teminalis, the m d a l forebrain bundle and the fornix. The stria terminalis arises in the amygdaloid complex and terminates in the medial hypothalamic zone. Via this pathway the secondary olfsctory centers of the amygdala are in direct relation with the hypothalamus. Telencephalic sites of origin of the medial forebrain bundle, as identified in expeiimental material, are the anterior olfactory nucleus, the olfactory tubercle, the septal region and the frontal neocortex. Probably, further sources are the nucleus accumbens and the fundus of the striatum. These descending fibers of the medial forebrain fibers are joined by fibers of the fornix system originating from the hippocampal formation. They terminate along their course through the lateral preoptiohypothalamic zone and extend caudally into the mesencephalon. The principal termination site in the hypothalamus of the main bundle of the fornix, which also traverses the lateral hypothalamus, is the mammillary body. It is doubtful whether the medial forebrain bundle also contains fibers that arise in the prepyriform and periamygdaloid cortices. Recent experimental observations suggest that these fibers only traverse the lateral preoptic area to terminate in the dorsomedialnucleus of the thalamus. Besides descending fibers, the medial forebrain bundle contains ascending fibers originating in the mesencephalon and terminating partly in the lateral hypothalamus, partly in the medial zone of the septal region. Other fibers from the mesencephalon reach the hypothalamus via a medial, periventricular route. The descending and ascending medial forebrain bundle fibers of extrahypothalamic origin are accompanied by fibers which are derived from the lateral preoptiohypothalamic zone and distribute to the lateral septal region and the mesencephalon. Other major efferent connections of the hypothalamus are the pathways to the hypophysis and the mammillothalamic and mammillotegmental tracts.
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 The Tubero-Infundibular Region in Man* Structure - Monoamines - Karyometrics J. A. M. DE ROOIJ AND 0. R. HOMMES Department of Neurology, Radboud University, Nijmegen ( m e Netherlands)
 
 INTRODUCTION
 
 The animal experiments of Szentitgothai et al. (1968) demonstrate that the neural control of the adenohypophysis is ultimately exerted by an hypophysiotropic area in the ventral hypothalamus. This area, to a large extent occupied by the nucleus infundibularis, produces hypophysiotropic neurohormones which are transported to the gland via a neurovascular link (Green and Harris, 1947). The release of the neurohormones into the hypophyseal portal circulation is probably regulated by a monoaminergic tubero-infundibular system (Hokfelt and Fuxe, 1972). Recent studies of the human hypothalamus indicate the nucleus infundibularis as the site of the hypophysiotropic principle within the system of neural regulation of the gonads (Sheehan and Kovhcs, 1966; Bierich, 1971;Sheehan, 1971). In our study of the human hypothalamus (De Rooij, 1972; Hommes, 1974) the following aspects were examined: (a) the structure of the tubero-infundibular region with special reference to the nucleus infundibularis, and the neural pathways between hypothalamus and infundibulum, including the presence of a monoaminergic tuberoinfundibular system; and (b) the occurrence of morphometrically detectable changes in the nucleus infundibularis, indicative of altered cellular activity, in relation to puberty and the menopause. MATERIAL AND METHODS
 
 The material consists of 78 human hypothalami. For the histologic and karyometric investigations 6 1 hypothalami were dissected from cerebra obtained at routine autopsies performed within 24 h post modem, and usually fixed in 4 % formaldehyde. At 200 pm intervals 3 successive sections were stained respectively with hematoxylineosin, cresyl violet for Nissl substance and paraldehyde fuchsin for neurosecretory material. For nerve fibers, Bodian’s protargol technique was used. For the histochemical demonstration of monoamines, 17 human hypothalami were treated according to the fluorescence technique of Falck-Hillarp (Falck and Owman, 1965; Eranko, 1967; Fuxe et al., 1970). The formaldehyde-induced fluorescence,
 
 * This investigation was supported by a grant from the Netherlands Organization for the Advance ment of Pure Research (Z.W.O.). References p . 94-96
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 indicating the presence of monoamines, was proven by its disappearance after reduction by sodium borohydride, and by its absence in control tissue treated identically except for the exposure to formaldehyde gas. Autofluorescent material, usually of intracellular location, was clearly distinguishable from the formaldehyde-induced fluorescence by the difference in emitted light and different morphological features. Nuclear measurements were performed. Nuclear volume was regarded as a morphometrically detectable correlative of alterations in the functional activity of the cell (Palkovits and Fischer, 1968). In each measured cell nucleus, the maximal length (L) and the width (B), perpendicular to one another, were determined. Volume (V) was calculated according to the formula V = +nLB2, regarding the nucleus as a spheroid. Fifty neuronal nuclei were measured in each of 3 different, topographically well-defined locations of the nucleus infundibularis and in the dorsolateral part of the nucleus supraopticus, which served as control. The mean of each sample of 50 volumes was calculated and called mean nuclear volume (MNV).Statistical tests were carried out at a level of significanceof 0.05 (two-sided). For detailed information on the technical procedures and the methodology, the reader is referred to De Rooij (1972).
 
 RESULTS
 
 In accordance with the subdivision of the outer surface of the tuber cinereum with reference to the sulcus infundibularis (Spatz et al., 1948; Christ, 1951), its interior can be divided into the regio oralis tuberis, the regio parainfundibularis tuberis and the regio caudalis tuberis (Christ, 1951; De Rooij, 1972; Fig. 1). Two sagittal grooves in the outer surface of the regio caudalis tuberis divide this region in an eminentia postinfundibularisand two eminentiae laterales. Owing to the presence of the recessus infundibuli, the proximal part of the infundibulum (pars cava infundibuli) can be regarded as being made up of an anterior and a posterior wall and two lateral walls (Martinez, 1960). The nucleus infundibularis, being the most mediobasal cell group of the tuber cinereum, is located directly above the insertion of the hypophysis into the hypothalamus and extends as a wedge of nerve cells into the infundibulum (Fig. 1). In an horizontal plane it is situated eccentrically around the recessus infundibuli with its principal part caudally. Anteriorly, the nucleus infundibularis occupies the mediobasal area of the regio parainfundibularis tuberis and adjacent areas of the infundibular walls. In the regio oralis tuberis only a few scattered cells of the particular cell group are found. Posteriorly, its nerve cells extend into the eminentia postinfundibularis of the regio caudalis tuberis, where they constitute in frontal sections a U-shaped cell group of high density in the floor of the third ventricle. Nerve fibers in the tubero-infundibular region
 
 In well made Bodian preparations many both fine and thick nerve fibers can be seen in
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 Fig. 1. &p, regio oralis tuberis; s,regio parainfundibularis tuberis; @, regio caudalis tuberis; 11111111, wedge of infundibular nerve cells. Schematic drawing of a sagittal section through the human hypothalamus and hypophysis near the median plane. The line through the posterior end of the sulcus infundibularis and the commissura anterior separates the regio parainfundibularis tuberis from the regio caudalis tuberis. The recessus infundibuli is surrounded by tuberal tissue consisting of the wedge of nerve cells of the nucleus infundibularis. A large part of this cell group extends into the regio caudalis tuberis. The mixed hatchings are not relevant in the present study (from D e Rooij, 1972). Abbreviations: CA, commissura anterior; CHO, chiasma opticum; CM, corpus mamillare; DM, nucleus dorsomedialis; F, fornix; FM, foramen Monroi; GSC, gyrus subcallosus; HB, hypophysial body; HS, hypophysial stalk; I, infundibulum; IS, infundibular stem; LA, anterior lobe; LI, intermediate lobe; LP, posterior lobe; LT, lamina terminalis; MI, massa intermedia; NI, nucleus infundibularis; PC, pedunculus cerebri; PI, pars infundibularis adenohypophyseus; RI, recessus infundibuli; RSO, recessus supraopticus; SI, sulcus infundibularis; TC, tuber cinereum; VM, nucleus ventromedialis.
 
 the tubero-infundibular region. The thick axons appear to belong to the tractus supraoptico-hypophyseus, which descends from the various parts of the nucleus supraopticus towards the infundibulum. In its descent, this tract covers the anterior and anterolateral surface of the rostra1 part of the nucleus infundibularis before entering the infundibulum (compare with the course of the neurosecretory fibers in Fig. 2). The nucleus paraventricularis also contributes to this tract as most of its axons go by way of the dorsolateral part of the nucleus supraopticus. Only some of its nerve fibers descend in the immediately periventricular area. In its course in the pars cava infundibuli, the tractus supraoptico-hypophyseus remains superficial to the wedge of infundibular nerve cells. It also remains superficial when turning inwards to pass through the zona interna at the proximal limit of the zona externa. In the zona externa no thick axons are observed. These findings are confirmed in sections stained for neurosecretory material by References p . 94-96
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 Fig. 2. Distribution of the formaldehydeinducedfluorescence of monoamines (MA) is indicated in the left half of each diagram. The course of the tractus supraoptico-hypophyseuscontaining the neurosecretorymaterial (NSM) is indicated on the right. The x-line indicates the upper margin of the dissected part of the hypothalamus used for the demonstration of monoamines in this diagram. (a) Frontal section through the anterior tuber-infundibular region. (b) Frontal section through the tuber-infundibular region at the level of the posterior wall of the infundibulum. Abbreviations: CHO, chiasma opticum; I, infundibulum; NI, nucleus infundibularis; PI, pars infundibularis adenohypophyseus; PV,nucleus paraventricularis; RI,recessus infundibuli; RSO, recessus supraopticus; Sodl, SOdm, Sovm,nucleus supraopticus -pars dorsolateralis, -pars dorsomedialis, -pars ventromedialis; TO, tractus opticus; I11 V, third ventricle; mle, membrana limitans gliae externa; mli, membrana limitans gliae interna; mp, mantle plexus; si, sulcus infundibularis; ze, zona externa; zi, zona interna.
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 paraldehyde fuchsin. In the hypothalamus of some specimens the entire supraopticohypophyseal system appears to be loaded with this substance, both in the perikarya and the fibers. One of these cases is shown in Fig. 2. The course of the neurosecretory fibers exactly corresponds to the course of the thick axons in Bodian preparations as described above. A large number of the many fine axons in the parainfundibular portion of the nucleus infundibularis are directed towards the entrance area of the infundibulum. In the caudal portion of the nucleus infundibularis the main direction is parallel to the U-shape of the cell group in the regio caudalis tuberis. The vertical course in the lateroposterior part of the nucleus is particularly clear. A glial membrane-free outer zone of the regio parainfundibularis tuberis, lateral to the insertion of the posterior wall of the infundibulum (at the level of Fig. 2b), contains many delicate nerve fibers. This zone is called the “transitional outer zone” as it forms the transition between the membrana limitans gliae externa of the tuber cinereum and the zona externa of the infundibulum in the outer zone of the tubero-infundibular junction. At this level, the fine axons in this zone have the same direction as the supraoptic fibers somewhat more anteriorly but, unlike these latter, after having entered the infundibulum, they spread from both sides over the zona interna. The vertically directed axons in the lateroposterior part of the nucleus infundibularis cannot be followed in the outer zone of the eminentia postinfundibularis. This outer zone consists of a dense layer of transversely cut fine axons and lacks a membrana limitans gliae externa. This zone is the part of the transitional outer zone which extends over the eminentia postinfundibularis. It is continuous with the fine axoncontaining outer zone of the regio parainfundibularis tuberis, lateral to the insertion of the posterior infundibular wall. Caudal to the nucleus infundibularis, the dense layer of transversely cut fine axons in the eminentiapostinfundibularishas disappeared. Most of the nerve fibers from the lateroposterior part of the nucleus infundibularis, and perhaps also from more dorsally situated neurons such as those of the area periventricularis posterior, thus collect on the ventral surface of the cell group. It is likely that they proceed into the outer zone of the eminentia postinfundibularistowards the anterior part and reach the outer zone of the regio parainfundibularis tuberis. From here the fine axons disperse over the zona interna on entering the infundibulum. This system of fine nerve fibers is a concrete structure that may well fit the term tractus tubero-hypophyseus. Histochemical demonstration of monoamines in the tubero-infundibular region
 
 Using a fluorescence microscope, monoamines appear as structures with a green, and a yellow-green to green formaldehyde-induced fluorescence. This difference in emitted light may depend on the concentration of the fluorescent substance, or may be due to the presence of different fluorophores. If the hypothalamus contained 5hydroxytryptamine, we were unable to differentiate its fluorescence from the catecholamine fluorescence under the conditions used. The quantity of formaldehyde-induced fluorescence (FIF) in the different hypothalReferences P. 94-96
 
 84
 
 J. A. M. D E RQOLl A N D 0.R. HOMMES
 
 ami varies considerably. From the series of cases not treated with drugs known to affect the monoamines, it appears that the amount of FIF is inversely related to the length of time elapsing between death and autopsy. Within the first 8 h after death much FIF can usually be demonstrated. Considerable amounts of FIF were found and distinct local differences could be established in only 5 out of 17 cases. As it was impossible to obtain the tissue immediately after death, the results are in fact a shaded impression of the real situation, if one assumes that diffusion affectsthe monoaminergic structures everywhere to the same extent. Besides diffusion, other limiting factors in the interpretation of the location of monoamines are the artefacts produced by autolysis and freezing, producing cracks in the tissue and affecting cell structure. In Fig. 2 the distribution of FIF, as found in an adult human, is illustrated and is compared with the course of the neurosecretory fibers of the supraoptica-hypophyseal system. The star symbols in the diagram are large yellow-green FIF Structures, representing the monoamines in nerve cell bodies and probably in a number of very large fiber varicosities. The black dots in Fig. 2 indicate the occurrence of monoamines as small FIF masses and small groups of green fluorescent dots. These mainly represent monoamine-containing nerve fibers and terminals. In the hypothalamus schematicaUy described in Fig. 2, the nucleus infundibularis, the nucleus dorsomdialis and the regio suprachiasmatica in particu€ar appear to be rich in FIF. The nucleus infundibularis contains the most FIF-positive cell bodies. They are more frequent in the rostra1part than in the caudal part of the nucleus. A few dots of FIF are often situated around the infundibular nerve cells. The dot-like fluorescence also appears in the intercellular substance, sometimes in a ohain with the appearance of a varicose fiber. The subependymai area of the nucleus infundibularis, which lacks a glial membrane, shows much FIF, in both cells and fibers. Conversely, the membrana limitans gliae interna in other regions of the hypothalamus only occasionally contains some FIF. In the region of the nucleus infundibularis, varicose fibers and fluorescent dots are regularly seen in close contact with the ependyma. In the transitional outer zone, there are many fine FIF structures and a few varicose fibers. Laterally, this fluorescent layer, though narrowing, continues above the row of astrocyte cell bodies of the membrana limitans gliae externa. Somewhat ventral to the sulcus infundibularis, the fine dotted green FIF diminishes rather abruptly. Several large FIF structures also occur in the transitional outer zone. As this zone contains no nerve cell bodies these structures are probably large varicosities of fibers. In this zone the fluorescent dots and masses are often situated directly against the extension of the mantle plexus which coven this zone. These large masses are seen in the infundibulum as well, mainly in the zona interna and some near the blood vessels of the zona externa. In the outer zone of the eminentia postinfundibularis, FIF often occurs in close contact with an extension of the mantle plexus that covers this eminence. As shown in Fig. 2b, the ventral part o f the nucleus paraventricularisis included in this hypothalamus and has the same density of FIF as the nucleus dorsomedialis. The nucleus ventromedialis and the nuclei tuberis laterales are poor in FIF. In the anterior part of the hypothalamus, from the monoamine-fluorescent region just above the chiasma opticum towards the supraoptic crest of the lamina terminalis, the
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 fluorescent cell bodies gradually disappear while a considerable amount of fine green FIF remains (Fig. 2a). In two other adults a similar distribution was found, except that the regio suprachiasmatica and the nucleus dorsomedialis did not show so much FIF as in the case described in Fig. 2. In a patient treated with L-dopa, the same cell groups as mentioned above contained a considerable amount of FIF, but the transitional outer zone and infundibulum were not striking at all. In this case the autopsy delay had been very long. A 1.5-year-old child was the only individual that showed a diffuse, not dotted, greenish fluorescent layer in the zona externa. In this zone, large FIF masses were also observed in this case. From the distribution of the FIF in the tubero-infundibular region it is obvious that there is, in man, a tubero-infundibular monoaminergic system which is located in the fine axon-containing tractus tubero-hypophyseus as found in Bodian preparations. This system also occupies the transitional outer zone of the tubero-infundibular region, located on the ventral surface of the nucleus infundibularis, proceeds in the zona interna and apparently reaches the zona externa. It enters the infundibulum at the level of its posterolateral and posterior walls, caudal to the tractus supraopticohypophyseus which descends more anteriorly over the anterior and anterolateral surfaces of the nucleus infundibularis to the infundibulum. Nerve cells of the nucleus infundibularis
 
 In the nucleus infundibularis of the newborn, 3 types of nerve cells occur, each with a preferential location within the cell group (De Rood, 1972). A large cell type is predominantly found in the part of the nucleus infundibularis that is located in the infundibulum around the recessus infundibuli. An intermediate cell type is the principal cell in an area, dorsal and dorsolateral to the sulcus infundibularis, i.e. the mediobasal area of the regio parainfundibularis tuberis. The posterior part of the cell group, located in the regio caudalis tuberis, consists largely of cells of a small type. The most caudal part consists almost exclusively of these small nerve cells. When compared with the newborn, the amount of Nissl substance in the nerve cells of the nucleus infundibularis is increased in the young adult. The nucleoli are more strongly basophilic and often larger. These changes are particularly clear in the parainfundibular part of the cell group, where the intermediate cell type was found in the newborn. These neurons have become very similar to the large cell type in size and appearance. The original large cell type hardly appears to be changed, especially regarding size. The cells in the caudal part of the nucleus infundibularis are also larger than in the newborn but the cytoplasm remains relatively small and contains less Nissl substance than the cells in the anterior part of the cell group. Though topographical differences in cell types are recognizable in the young adult, these are less obvious than in the newborn, especially with regard to the original large and intermediate types. In the course of aging all infundibular nerve cells are enlarged considerably. In comparison with the newborn this increase in size is very apparent in the parainReferences P. 9&96
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 fundibular and caudal parts of the nucleus infundibularis and makes it a distinct hypothalamic cell group. Most neurons in the entire nucleus infundibularis have a comprehensive perikaryon and contain an increased amount of Nissl substance. Though this substance is still often dust-like, Nissl bodies are much more frequently seen than in young individuals. In advanced age, differences in cell type between the aforementioned locations within the infundibular nucleus are not obvious anymore.
 
 a
 
 b
 
 TUBERO-INFUNDIBULAR REGION
 
 87
 
 C
 
 Fig. 3. Nerve cells of the lateroposterior part of the nucleus infundibularis in a newborn (a), in a young adult (b) and in an 81-year-old individual (c). In all cases the objective magnification was ~ 4 0 .
 
 In order to illustrate these cellular changes in the nucleus infundibularis, the nerve cells of the caudal part of the cell group are shown in a newborn (Fig. 3a), in a young adult (Fig. 3b) and in an old individual (Fig. 3c). Karyometrics of the nucleus infundibularis In view of the occurrence of 3 cell types, nuclear measurements were performed in 3 well-defined areas of the nucleus infundibularis, each of which is representative for a particular cell type. A mean nuclear volume (MNV) was calculated for: (a) the AMpart, the anteromedial part of the cell group or wedge of infundibular nerve cells located in the infundibulum; (b) the AL-part, the anterolateral part of the cell group situated in the regio parainfundibularis tuberis, dorsal and mainly lateral to the sulcus infundibularis; (c) the LP-part, the lateroposterior part of the nucleus infundibularis located in the regio caudalis tuberis, dorsomedial to the sulci bounding the eminentia postinfundibularis. Mean nuclear volume ( M N V ) and age In Fig. 4 the MNVs of the nerve cells in the different parts of the nucleus infundibularis are shown on a time scale. After 50 years of age the cell nuclei are increased in MNV, not only in the AL-part as could be expected from the findings of Hommes (1974), who measured this part of the cell group, but also in the AM- and LP-parts. The ALpart shows a considerable increase in MNV again after about 65 years of age while References p . 94-96
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 such a tendency is not obvious in the AM- and LP-parts. In the young age group the MNVs of the AM-part remain rather constant. On the other hand, a distinct increase in the MNVs of the other two parts of the cell group was observed where the small and intermediate cell types were found in the newborn. This increase seems to have taken place after 10 years of age because practically all values after this age are higher than those in the range of 0-10 years. In the range of0-10 and 11-34 years no marked MNV
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 Fig. 4. Age and MNV of the AM (a)-, AL (b)- and LP (c)-parts of the nucleus infundibularis.
 
 tendency towards increase or decrease in MNV is observed but there is a considerable variation in the latter age group. In order to test these observations, the material was divided into different age groups, viz. 0-10 years, 11-34 years, and 52-90 years. The choice of these groups is based on the objective of this morphometric study and on the observations from Fig. 4. In each location we determined, firstly, whether the MNVs show a significant agedependent correlation within the age groups, and secondly, whether there are shifts in MNV from one age group to another. Significant rank correlations between MNV and age were not found within the age groups, except for the AL-part of the cell group in the range of 52-90 years (Spearman, TABLE I RESULTS OF THE WILCOXON TWO SAMPLE TEST IN COMPARING T H E
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 r, = 0.70; p = 0.02). Because of this latter correlation this range was only subdivided for the AL-part, in order to compare the MNVs in the range of 52-63 years with those in the range of 78-90 years. Table I confirms the observations mentioned above. The increase in MNV from one age group to another is significant both after about 10 and about 50 years for the AL- and LP-parts and after about 50 years for the AM-part. Within the third age group there is a significant increase in MNV of the AL-part of the nucleus infundibularis. In the nucleus supraopticus, which was chosen as control group for the karyometric analyses, a significant rise in MNV was demonstrated between 1 and 4 years of age. After this age no further change in MNV was apparent. M N V and body weight
 
 The karyometric findings were also compared as a function of body weight. In the 3 parts of the nucleus infundibularis the MNV showed hardly any correlation with body weight up to about 30 kg. In the AM-part the MNV did not appear to increase before 50 kg. The MNVs of the AL- and LP-parts increase earlier, starting at a body weight of about 30 kg. The AL- and LP-parts showed an increase in MNV of almost exponential form with increasing weight. This sharp increase in MNV between 30 and 50 kg, which is represented by a shift in MNV on the age scale, must have taken place between 10 and 20 years of age. These findings confirm the observations that the MNVs of the nerve cells of the nucleus infundibularis remain rather constant during the first 10 years of life, and even longer in the AM-part, and that they do not take part in the tendency of postnatal growth which was seen in the control group (nucleus supraopticus) and which was established for the cells of the cortex during the first 2 years after birth (up to 20 kg) by Schad6 and van Groenigen (1961). M N V and sex
 
 Comparison of males and females within the different age groups produced no significant differences with regard to MNV of the AM-, AL- and LP-parts of the nucleus infundibularis. M N V and location within the nucleus infundibularis
 
 In order to analyze the relationship between the MNVs of the different parts of the nucleus infundibularis, the mean rank order for the AM-, AL- and LP-parts within each age group was calculated according to the method of m rankings of Friedman. This procedure indicated with high probability that the 3 locations in the nucleus infundibularis differ in MNV value in the age groups 0-10 years, 11-34 years and 78-90 years. The following interrelations between the MNVs of the 3 parts of the cell group, based on the mean rank order, are postulated:
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 Fig. 5. Mean of MNVs within different age groups for each part of the nucleus infundibularis (0= AM-part, 0 = AL-part and A = LP-part). The bars indicate the range of the age groups. The level of the bar indicates the mean MNV for each age group and part of the nucleus infundibularis. The notations above the bars indicate the significant differences in MNV between the 3 parts of the cell group within the particular age groups.
 
 0-10 years 11-34 years 52-63 years 78-90years
 
 AM > AL > LP AM = AL > LP AM = AL = LP AL > AM = LP
 
 The paired-off comparisons in these order relations were successively detected by application of the Wilcoxon signed rank test (= indicates no significant difference; > indicates a significant difference). The data on the MNVs of the 3 parts of the nucleus infundibularis are assembled in Fig. 5 for comparison. The range of 52-90 years is divided into a range of 52-63 years and one of 78-90 years because of the observed increase in MNV of the AL-part. Conclusions: The MNV of the AL- and LP-parts of the nucleus infundibularis show a rather abrupt increase after 10 years of age, while the MNV of the AM-part retains practically the same value, at least up to 34 years of age. After 50 years the MNVs of all parts of the cell group are significantly higher than those in the range of 11-34 years of age. After 50 years of age, there is still a significant increase of MNV with age for the AL-part. DISCUSSION
 
 Observations made in Bodian preparations provide a morphological substratum in the References P. 94-96
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 human brain for a neural tubero-infundibular pathway, the tractus tubero-hypophyseus. This topographically well-defined tract consists of delicate nerve fibers of which the nucleus infundibularis seems to be the main site of origin. The tract enters the infundibulum mainly through its posterior and posterolateral walls. After having entered the infundibulum the fine nerve fibers disperse over the zona interna. On the other hand, the thick axons of the tractus supraoptico-hypophyseusenter the anterior and anterolateralinfundibularwalls and proceed in a more tract-like manner into the zona interna. Only fibers of the tractus tubero-hypophyseus appear to reach the zona externa because only delicate nerve fibers were found in this zone. In the course of the tractus tubero-hypophyseus much formaldehyde-induced fluorescence (FIF) was demonstrated, indicative of the presence of monoaminergic nerve fibers and terminals. The occurrence of these monoaminergic structures in the transitional outer zone, the zona interna and externa, indicates that the tractus tuberohypophyseus comprises a monoaminergic tubero-infundibular system. A layer of diffuse FIF, which is often described in the zona externa in lower mammals, was only found in the infundibulum of a young child. Regarding its existence in man, not much can be said as its absence in other specimens may be due to diffusion. In monkeys treated similarly, but after a very short autopsy delay, the zona externa was revealed on the special vessels from the mantle plexus as a distinct FIF layer penetrating deeply into the infundibulum (unpublished data). Regarding the occurrence of FIF cell bodies, 3 regions deserve consideration as contributing to the monoaminergic tubero-infundibular system, viz. the nucleus infundibularis, the nucleus dorsomedialis and the regio suprachiasmatica. Because of the distribution of FIF, the distance to the infundibulum and the course of the tractus tubero-hypophyseus, the nucleus infundibularis is a very likely source of the FIF fibers and terminals in the zones mentioned above. The existence of such a monoaminergic tubero-infundibular system is of interest, as the effects observed in man after the administration of L-dopa on the secretion of prolactin and growth hormone (Boyd et al., 1971; Eddy et al., 1971; Kleinberg e l al., 1971) are probably mediated by the hypothalamus in view of comparable phenomena in animals (Kamberi et al., 1970; Hokfelt and Fuxe, 1972; McCann et al., 1972; Porter et al., 1972). From animal experiments it is evident that dopamine and noradrenaline are involved in the neural regulation of the adenohypophysis. Hokfelt and Fuxe (1972) indicate that such a regulatory activity occurs in the tubero-infundibular region. The effects of L-dopa on the secretion of hypophyseal hormones are not the same in man and rat. This difference may be due to different modes of application, but the influence of monoamines on the regulation of the adenohypophysisin the rat are not necessarily similar to that in man. Moreover, the biochemical fluorimetric study of Rinne and Sonninen (1968) demonstrated the presence of much more noradrenaline than dopamine in the tubero-infundibular region in man, while in this region in several lower mammals, dopamine is the predominant catecholamine (Kobayashi et al., 1970; Bjorklund et al., 1970). The hypophysiotropic area in the mediobasal hypothalamus is regulated by other hypothalamic and extrahypothalamic structures (De Groot, 1967; Szentiigothai et al.,
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 1968; Koves and HalBsz, 1970) which have afferent connections with this area, mainly via the medial hypothalamus, i.e. the nucleus ventromedialis and the area periventricularis (Lammers, 1969). Experimental interference with monoaminergic systems is quite possible at a higher level as the parvicellular nuclei of the hypothalamus receive a considerable monoaminergic afferency. The nucleus infundibularis of the newborn contains only a restricted number of large nerve cells when compared to t4at of the adult. These cells are located in the infundibulum, close to the assumed site of neurovascular transmission, i.e. the zona externa infundibuli. The parts of the cell group more distant to this site consist of smaller nerve cells, respectively the intermediate type situated in the area above the infundibulum, and the small type situated in the lateroposterior part of the nucleus infundibularis. In comparison with these smaller types, the large type of nerve cell appears to be a mature neuron since it possesses a considerable perikaryon, a distinct nucleolus and a fair amount of Nissl substance (De Rooij, 1972). The intermediate and small cell types show a rather abrupt increase in MNV after 10 years of age. The shift-like changes in MNV are accompanied by an increase in cytoplasm and in the Nissl substance, indicative of an increased functional activity of the originally smaller two cell types (Palkovits and Fischer, 1968; De Rooij, 1972). The presence of only a restricted number of mature nerve cells, assumed to be capable of specialized functional activity, may be related to the low stimulatory activity of the mediobasal tuber cinereum on the gonadotropic adenohypophyseal function prior to puberty; Bauer (1954, 1959) and Prick (1956) indicated that gonadal regulation in man takes place in the floor of the third ventricle, which is practically totally occupied by the nucleus infundibularis. That the specialized functional activity of the neurons of this cell group in man concerns the production and secretion of releasing factors, as would be expected from the research of Szentagothai et al. (1968), has become probable from the findings of Bierich (1971) who studied a certain type of precocious puberty due to an hamartoma of the tuber cinereum. He mentioned that such an hamartoma, which represents an increase in nerve cells in the floor of the third ventricle including those of the nucleus infundibularis (Lange-Cosack, 1951), may be accompanied by an elevation of the LH-releasing factor in the cerebrospinal fluid. This suggests that the site of production of gonadotropic releasing factors in man is situated in the floor of the third ventricle which is for the greater part occupied by the nucleus infundibularis.Topographically, this is in agreement with the hypophyseotropic area in the rat (Szenthgothai et al., 1968). For these reasons it is assumed that the increase in number of large nerve cells of the nucleus infundibularis after 10years of age is a morphological sign of maturation and enhanced cellular activity related to an t elevated production of gonadotropic releasing factors during puberty, in which the levels of LH and FSH rise considerably (Blizzard et al., 1970). In this respect, the relatively small number of mature nerve cells in this cell group, which are located in the infundibulum, before 10 years of age, is likely to be responsible for the low gonadotropic activity of the adenohypophysis prior to puberty. A phenomenon related to the observed signs of maturation and increased cellular activity of the nucleus infundibularis in puberty might take place between about 35 and 50 years of References p . 94-96
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 age. The cells of the LP-part increase in MNV and change in appearance in such a way that they cannot be distinguished anymore from those of the AM- and AL-parts, which in the meantime also increased in MNV. In view of the assumptions stated above, a cellular and nuclear hypertrophy of the nucleus infundibularis, which was demonstrated by Sheehan and Kovhcs (1966), Hommes (1974) as well as in this study, after about 50 years of age, may very well represent an increased production of gonadotropic releasing factors responsible for the elevated levels of gonadotropins such as observed in females during the menopause (Hart, 1971; Wide et a/., 1973) and in males after middle age (Ryan and Faiman, 1968; Vermeulen, personal communication; Wide et al., 1973).
 
 SUMMARY
 
 In the human brain, a tubero-infundibular pathway called the tractus tubero-hypophyseus was established in Bodian preparations. The nucleus infundibularis seems to be the main site of origin of the fine axons of this tract which enters the infundibulum mainly through its posterior and posterolateral walls. On the other hand, the thick axons of the tractus supraoptico-hypophyseus specifically enter the anterior and anterolateral infundibular walls. The different nature of these two tracts was confirmed by the finding of neurosecretory material exclusively in the fibers of the tractus supraoptico-hypophyseus, and by the demonstration of a monoaminergic tuberoinfundibular system which, topographically, corresponds exactly to the course of the tractus tubero-hypophyseus. In the nucleus infundibularis of the newborn, 3 types of nerve cells occur, each with a preferential location within the cell group. With increasing age these cell types show a differential change in MNV, which takes place rather abruptly after 10 years of age and again in the period between about 35 and 50 years of age. In one part of the cell group, an increase in MNV is still observed after 50 years of age. The structural plan of the tubero-infundibular region in man provides the morphological substrate for an hypophyseotropicand monoaminergic tubero-infundibular system with the nucleus infundibularis as the final neural link in the neurovascular connection with the adenohypophysis. The possibility that the described changes in cellular activity of the nucleus infundibularis are related to alterations of sexual function in puberty and the menopause is discussed.
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 DISCUSSION
 
 SMITH:I am quite interested in these fluorescence studies. D o you have any idea what kind of monoamine causes the yellow paraformaldehyde-induced fluorescence and how specificthis fluorescence is? DE ROOIJ:Since we did not measure the wavelength of the emission light of the fluorophore, we do not know what particular compound we are dealing with. As specificity test, we studied material that has not been treated with paraformaldehyde. From this procedure it appeared that autofluorescence was present in the untreated material. The material is probably lipofuchsin. There is however a clear difference between this autofluorescence and the yellow-green fluorescence in the paraformaldehydetreated hypothalamic tissue. We applied also the sodium-borohydride test to reduce the fluorescence.
 
 SWAAB: I should like to make a short comment on your nuclear volume measurements. We have been comparing literature data on nuclear measurements with other parameters for cellular activity in the hypothalamus, in the magnocellular as well as in the parvocellular area. It appeared that an increased cellular activity with an increased nuclear volume may go hand in hand with a decreased nuclear volume, or with no change at all. The same holds true for a decrease in cellular activity. I think therefore, that you have to be very careful to draw any conclusion about activation or inhibition of a hypothalamic area from the data you offered to us. A much better parameter for cellular activity seems to be the measurement of nucleolar volumes. DEROOIJ:We did not measure nucleoli, but we paid attention to the histological picture of the hypothalamic cells, i.e. to the size and the basophilic staining of the nucleolus and the amount of Nissl substance in the cell. The histological picture is changing parallel to the changes in mean nuclear volume. It may be difficult indeed to decide whether a change in mean nuclear volume means enhanced or decreased cellular activity. This difficult problem has been reviewed by Palkovitz and Fischer in 1968. VAN DER SCHOOT: For the reliability of your material it seems important to have some knowledge about the duration between the moment of death and the collection of the brain tissue.
 
 DE ROOIJ:We tested the correlation between the mean nuclear volume and the time that elapsed between death and fixation, or the length of fixation. We could however not find any significant relationship between these data. Differences in this section of the procedure will thereforenot influence the results.
 
 Histochemical Differentiation of Hypothalamic Areas CHRISTOPH PILGRIM Department of Biology, University of Regensburg, Regensburg (G.F.R.)
 
 INTRODUCTION
 
 The following contribution will only partly be concerned with ontogenetic aspects, in contrast to the impression given by the title. The main objective lies in the results of the differentiationprocess rather than in the process itself. In the first place, the article should be regarded as an attempt to define some of the areas of the hypothalamus on the basis of characteristic patterns of histochemical reactions. The areas chosen comprise those elements that have been central in the interest of neuroendocrinologists and histochemists during the past two decades. Only the last part of the survey will deal with the schedule of ontogenetic development of histochemical reactions in the regions which will be discussed in the earlier sections. Most of the work reported here applies to the mammalian hypothalamus. Exceptions will be mentioned if necessary.
 
 HISTOCHEMISTRY OF THE HYPOTHALAMO-NEUROHYPOPHYSEAL SYSTEM (HNS)
 
 (a) The neurosecretory material (NSM) It is known that the HNS contains specific neurosecretory material which can be identified by light and electron microscopy. The chemical composition of this socalled Gomori-positive material has been a subject of interest of histochemists for many years. The staining methods commonly used to investigate the HNS, i.e. chromalum hematoxylin, aldehyde fuchsin as well as their more recent, considerably improved variations (Bock, 1966; Brinkmann and Bock, 1970). are not histochemical techniques in the strict sense of the term. The reaction mechanism is not completely clear and -even if observations are restricted to the HNS -not specific. For example, lysosomes which are numerous in the HNS (see below) may be stained as well (Pilgrim, 1970b; Rodriguez, 1970). A better insight in the chemical composition of the Gomori-positive NSM has been obtained by Sloper and coworkers who were able to show a selective coloration of the material with histochemical tests for protein-bound disulphide groups (see Sloper, 1966, for review). It could then be concluded that one was dealing with a protein References p . 106-110
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 containing a relatively high number of cysteine residues. This conclusion was substantiated by Sterba (1964) by an analysis of the reaction of NSM with pseudoisocyanin. The reaction results in a fluorescent compound which is due to a certain arrangement of oxidized SH-groups along the molecule. Since the NSM is composed of the hormones and their carrier proteins (the neurophysins)it has been debated which of the two components is stained by the histochemical tests. The hormones themselves which are known to be nonapeptides containing two cysteine residues (Boissonas and Guttman, 1968) are likely candidates, and it has indeed been shown that they can be responsible for a positive reaction with pseudo-isocyanin (Gutierrez and Sloper, 1969). Other investigations, however, indicate that it is rather the carrier proteins which react with Gomori stains (Hild and Zetler, 1953; Hadler et al., 1968) or bind to histochemical reagents (Sterba, 1964; Bock and Schluter, 1971a, 1971b). It seems quite possible that under normal circumstances both components contribute to the histochemical pictures of the HNS. On the basis of the relatively high cysteine content it was attempted to label the HNS with [35S]cysteine. A high isotope uptake in the cells of the magnocellular nuclei was recorded (Sloper, 1953). Later on, it was shown by several investigators that this technique can be usefully employed to demonstrate axonal transport of the NSM (Sloper et al., 1960; Ficq and Flament-Durand, 1963; Talanti ct al., 1972; Norstrom, 1972). It is debatable, however, whether [35S]cyst(e)ine-labeling of the HNS is really as selective as it was hoped to be when these studies were initiated. It has been mentioned, for example, that nerve cells in other parts of the central nervous system may also exhibit uptake of label after injection of [35S]cyst(e)ine which is comparable to that of the HNS (Sloper et al., 1960; Ford et a/., 1961). One has to bear in mind that incorporation experiments with labeled amino acids, in contrast to histochemical reactions, do in fact measure the turnover instead of the amount of a protein. Theoretically, it is possible that a high cysteine content of a certain protein fraction does not markedly influence the overall cysteine incorporation if there are many other protein fractions with relatively low cysteine content but high turnover rates (Pilgrim, 1969). Recently we have been able to demonstrate autoradiographically a considerable uptake of [3H]fucose in the perikarya of the supraoptic nucleus (Pilgrim and Wagner, in preparation). This observation suggests synthesis of glycoproteins which, moreover, seem to be subjected to axonal transport towards the pars nervosa. It has been assumed by Schiebler (1952) on the basis of a positive PAS reaction that the NSM itself might represent a glycoprotein. This conclusion was contradicted by other investigators (cf. Sloper, 1966). Now that the chemical compositions of the hormones as well as of the neurophysins are known (Boissonas and Guttman, 1968; Rauch et al., 1969; Uttenthal and Hope, 1970), it is quite clear that the secretory product itself is no glycoprotein. It remains to be seen what other substancesbesides the hormones and neurophysins are produced in the neurosecretorycell. It should be recalled that a larger precursor molecule has been postulated by Sachs et al., from which the hormones and neurophysins are split off after synthesis in the perikaryon (Sachs, 1969; Sachs et al., 1969).
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 ( 6 ) Protein turnover and R N A content Aside from the open question as to the degree of specificity of the C3’S]cysteine label (cf. above), the experiments with radioactive amino acids have demonstrated that the cells of the magnocellular nuclei are characterized by an exceptionally high rate of protein synthesis. An additional increase can be observed under osmotic stimuli, due to an increase in volume of the whole cell rather than to an increased rate of synthesis per unit volume (Pilgrim, 1969). In this respect, the neurosecretory cell seems to conform to a general rule which determines rates of protein synthesis in other cells as well (Schultze, 1968). That neurosecretory cells behave no differently from other protein synthesizing cells can also be seen from microchemical and cytophotometric measurements of the RNA content. An increase in nucleolar and cytoplasmic RNA is found under functional stimulation (Edstrom and Eichner, 1958, 1960; Ifft et al., 1964;Ifft and Berkowitz, 1965).
 
 (c) Hydrolytic enzymes Protein secreting cells are further characterized by a highly developed Golgi apparatus. It is in accordance with this rule that the perikarya of the supraoptic and paraventricular nuclei exhibit an intensive reaction for thiamine pyrophosphatase (Osinchak, 1964; Pilgrim, 1967a). The pattern of the TPPase reaction shows marked variations under osmotic stress (Pilgrim, 1967b, 1969). The total distribution of the enzyme is increased (Jongkind and Swaab, 1967). The functional meaning of the localization of TPPase in the Golgi apparatus is still obscure. There is evidence that TPP plays a role in the process of excitation of the nerve cell membrane (v. Muralt, 1958).More specifically, it has been suggested that dephosphorylation of TPP and TP itself may be responsible for changes in Na’ permeability in the course of the neuronal membrane changes (Itokawa and Cooper, 1970). On the other hand, it has been speculated by Novikoff et al. (1962) that TPP in its role as a coenzyme in the citric acid cycle may influence the funneling of acetyl-CoA into the synthesis of fatty acids. This would coincide with the idea that one of the functions of the Golgi apparatus is to serve as a turnover site for cellular membranes. There is evidence, at the submicroscopic level, that the process of formation of NSM in the neurosecretory cell is associated with a considerable turnover and reorganization of cellular membranes (cf. Pilgrim, 1969,for discussion). This last point leads to a discussion of lysosomal enzymes and of the role of lysosomes in the neurosecretory cell. The lysosomal localization of several hydrolytic enzymes was demonstrated and alterations under functional stimulus were recorded (Pilgrim, 1967b, 1969). The stimulus was found to lead to qualitatively and quantitatively different responses of the various enzymes which resulted in a definite change of the enzyme pattern of the magnocellular nuclei. The functional meaning of this observation is very difficult to interpret. It emphasizes, however, the role of the lysosomes in the metabolism of the neurosecretory cell and supports our ultrastructural studies on the origin and fate of lysosomes (Pilgrim, l969,1970a, b). These studies Refererices p . 106-1 10
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 suggest that lysosomes are responsible for the breakdown of cellular membranes and other constituents which are subjected to a continuous turnover. The lysosomes have to be regarded as catabolic cell organelles which are as necessary in maintaining the cell’s metabolic equilibrium as e.g. the endoplasmic reticulum. It is interesting to note that histochemical and ultrastructural signs of lysosomal activity can also be cound in the distal parts of the HNS. They have been described in b. neurosecretory axons and axon endings as well as in pituicytes (Whitaker et al., 1970; Whitaker and LaBella, 1972). There are several possible explanations for the function of lysosomal enzyrhes at these sites. Probably, a degradation or rearrangement of membrane constituents takes place also at the axon endings in connection with exocytosis of elementary granules (Douglas and Nagasawa, 1971; Douglas et a/., 1971; Nagasawa et al., 1971). According to these authors, lysosomal activity may be necessary to take care of the “recaptured” membrane which is represented by part of the so-called “synaptic” vesicles. If it is true that the NSM is being split off from a larger precursor molecule before it is released (cf. above), this task may also be performed by lysosomal enzymes. As to the function of lysosomes in pituicytes, it has been discussed that these cells take part in the release of the NSM from the axon endings (Livingston, 1971). This is perhaps performed by degrading parts of the elementary granule. Furthermore, pituicytes have even been shown to take part in the removal of whole axons (Zambrano and DeRobertis, 1968; Olivieri-Sangiacomo, 1972). ( d ) Oxidizing enzymes
 
 By means of histochemical methods it should also be possible to obtain some information about the energy metabolism of the HNS cells. For that purpose a number of oxidizing enzymes were investigated with histo- and microchemical methods: aglycerophosphate dehydrogenase, lactate dehydrogenase, succinate dehydrogenase, NADH- and NADPH-diaphorase and cytochrome oxidase are present in the HNS (see Arvy, 1962; Iijima et al., 1967; Pilgrim, 1967a). None of these histochemical tests exhibits, however, any specificity for the HNS. By contrast, a remarkably high activity for glucosed-phosphate dehydrogenase is found in the magnocellular centers (Pilgrim, 1967a). This is also true for the pars nervosa. Under osmotic stress, a marked increase of activity of this enzyme takes place, whereas activities of LDH andSDH are not significantly altered (Ifft et al., 1964; Pilgrim, 1967b, 1969; Jongkind, 1967). These observations suggest that energy gain through the pentose phosphate shunt is an important metabolic pathway. It is interesting that this is true for other endocrine tissues as well (Field et al., 1960). These latter authors have emphasized the importance of the pentose cycle in generating NADPH which in turn is required for the synthesis of hormones. (e ) Acetylcholinesterase ( A ChE) and catecholamines (CA)
 
 A positive histochemical reaction for AChE is generally taken as an indication of
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 cholinergic transmitter functions. AChE has been demonstrated in the perikarya of the supraoptic and paraventricular nucleus as well as in the pars nervosa (Koelle and Geesey, 1961; Arvy, 1962; Kiernan, 1964; Kobayashi and Farner, 1964; Uemura, 1965). Changes in AChE activity have been reported in experimentally induced hyperand hypofunction (Pearse, 1958; Kivalo et af.,1958). The presence of AChE in the cell bodies and axons and the obvious participation of AChE in the function of the HNS could mean that either the HNS cells are innervated by cholinergic afferent fibers or that the HNS cells are cholinergic themselves. As to the latter alternative, it has been proposed that acetylcholine liberated at the terminal in response to an impulse, might in turn control the release of the endocrine secretion from the same terminal (Koelle and Geesey, 1961). The fact that elementary granules and vesicles resembling synaptic vesicles are present in the same terminal has been taken as a corroboration of this hypothesis. In the meantime, it has become more likely that the so-called “synaptic” vesicles are in fact breakdown products of elementary granules (Livingston, 1971) or membrane fragments which have been recaptured during the process of exocytosis (cf. above). At present the role of AChE in the HNS cannot be explained sufficiently. Physiological experiments also indicate that the process of neurosecretion in the HNS is in some way coupled to cholinergic mechanisms (Ginsburg, 1968). Whereas the presence of acetylcholine can be demonstrated only by indirect histochemical methods the occurrence of monoaminergic transmitters may be shown directly by the well-known formaldehyde-induced fluorescence method. If one applies this technique to the HNS it can be seen that the HNS itself does not contain monoamines though the perikarya are innervated by a dense network of afferent fibers, containing noradrenaline (Fuxe and Hokfelt, 1969). This afferent fiber system exhibits increased activity under osmotic stress (loc. cit.). Parallel variations of catecholamine fluorescence and NSM content under certain experimentalconditions have also been reported (Schiebler and Meinhardt, 1969). Furthermore the occurrence of a monoaminergic input is in agreement with the histochemical detection of monoamine oxidase in the perikarya of the HNS (Pilgrim, 1967a). On the whole, it seems safe to assume that the histochemical investigations cited above favor the view that synthesis and release of NSM in the HNS are controlled by cholinergic as well as by monoaminergic mechanisms. This idea is also supported by physiological experiments, examining the action of acetylcholine and adrenaline on the release of the neurohormones (cf. Ginsburg, 1968).
 
 HISTOCHEMISTRY OF THE TUBERO-INFUNDIBULAR SYSTEM (TIS)
 
 The significance of the TIS is assumed to be the production and release of neurohormones which control the function of the adenohypophysis. The neurohormones are called releasing and inhibiting factors (RF, IF), respectively. Histochemical data about this system are much less numerous than those about the HNS. This is at least partly due to the fact that the morphologicaldelineation of the system is not easy at all. What we know is that the terminal portion of the system is located in the zona externa References p . 106-110
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 of the median eminence. We also know some of the sites of origin which consist of cell bodies in the arcuate and anterior periventricular nucleus and the retrochiasmatic area (hypophyseotropic area, Halbz et al., 1962). Further likely candidates are the ventromedial, anterior and premammillary nuclei which, however, after Szenthgothai et al. (1972) belong to a higher control system and are not directly involved in the discharge of neurohormones into the portal circulation. (a) The neurosecretory material
 
 The NSM of the TIS is generally considered to be Gomori-negative (Diepen, 1962). Apart from the fact that this is true only for mammals (Dierickx and van den Abeele, 1959; Oksche, 1967), it is in all probability not a question of principal differences between the NSM of the TIS and the HNS, but a question of concentration. At least this is the easiest way to explain the appearance of Gomori-positive material in the terminal portions of the TIS under experimental conditions which stimulate the part of the system controlling ACTH production (cf. Brinkmann and Bock, 1970). Under such conditions, it is possible to apply to this NSM the same histochemical tests as described above for the NSM of the HNS with identical results (Bock und aus der Miihlen, 1968). This supports the idea that the stainable NSM in the zona externa of the median eminence is equivalent to a corticotropin-releasing factor and, probably, to a carrier protein which is chemically similar to the neurophysins (Brinkmann and Bock, 1970). ( 6 ) Acetylcholinesterase and catecholamines
 
 A marked reaction for AChE has been described in the terminal portions of the TIS (zona externa) as well as in the perikarya of the arcuate nucleus while in other parts of the parvicellular hypothalamus there is only weak activity or no activity at all (Kobayashi and Farner, 1964; Uemura, 1965; Hyyppa, 1969a). The significance of the presence of AChE in these neurons is similarly obscure as in the HNS (Kobayashi et al., 1970). More instructive results were obtained by the histochemical investigation of monoamines (Fuxe and Hokfelt, 1969, 1970; Lichtensteiger, 1970; Hokfelt and Fuxe, 1972). They have contributed much to the understanding of the organization of the parvicellular hypothalamus. Unlike the situation in the HNS, the formaldehydeinduced fluorescence which is due to dopamine is seen in the TIS itself. Normally, it is again restricted to the terminals in the zona externa. By so-called monoamine loading experiments the fibers can be traced to cell bodies in the arcuate and anterior periventricular nucleus. These neurons are likely to participate in the regulation of gonadotropin secretion from the anterior pituitary. Since the dopamine containing neurons constitute only part of the TIS, it is thought that they are not directly concerned with the production of RF but control the release of the neurohormones at the terminals of the R F neurons by axo-axonal synapses. The experiments carried out by Fuxe and Hokfelt (1969, 1970) are consistent with the assumption that increased activity of the
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 dopamine neurons inhibits the release of LH- and FSH-releasing factor and stimulates the release of prolactin inhibiting factor. Physiological experiments support the role of dopamine in the control of gonadotropic hormone secretion but suggest a somewhat different mechanism in that dopamine seems to stimulate LHRF and FSHRF (Schneider and McCann, 1970). Also the question whether R F and dopamine might not be present together in the same neuron awaits final solution (Rodriguez, 1972). Similar to the HNS, the TIS is innervated by nerve fibers containing noradrenaline and, furthermore, serotonin (Fuxe and Hokfelt, 1970; Hokfelt and Fuxe, 1972). The significance of monoaminergic mechanisms in the TIS is emphasized by a strong histochemical reaction for monoamine oxidase in the zona externa (Matsui and Kobayashi, 1965).
 
 HISTOCHEMISTRY OF SPECIALIZED EPENDYMA AND GLIA
 
 A conspicuous morphological variation of the ependyma of the third ventricle is represented by the so-called tanycyte-ependyma. This type of ependymal cell is found in the ventral portion of the third ventricle. The cells are characterized by long slender processes which end at the capillary loops of the median eminence or other blood vessels in the arcuate and ventromedial nucleus. Their intimate relationship to the TIS has given rise to speculations about a possible involvement of these cells in the control of pituitary function (Knowles, 1972). They could be regarded as special devices to convey information between the CSF and the portal circulation or the nerve cells of the above-mentioned nuclear regions. How and in which direction this information transmission is effected is not clear at all. It has been said that the tanycytes secrete into the portal circulation or into the CSF or that they transport substances (releasing factors?) from the CSF to the portal vessels or vice versa. The distinct shape and localization of the tanycyte-ependyma has attracted attention of histochemists. Histochemical tests for various enzymes have shown that the tanycyte-ependyma is functionally different from the normal ciliated ependyma. Most oxidizing enzymes are less active in tanycyte- than in ciliated ependyma. Succinate dehydrogenase and cytochrome oxidase are completely lacking in the former. By contrast, NADPH-diaphorase and glucose-6-phosphate dehydrogenase activity exceeds that of the ciliated ependyma by far (Pilgrim, 1967a; Schachenmayr, 1967). The latter observation reveals an obvious parallel to the behavior of the magnocellular neurosecretory cells. Possibly in the tanycytes, too, it has to be taken as an indication of synthetic activity. This interpretation would agree with the presence of PAS-positive substances in the tanycytes which may be secretory in nature (Leveque and Hofkin, 1961). Recently, labeled fucose has been localized in the tanycytes of the ventral and lateral walls of the infundibular recess by electron microscopic autoradiography indicating synthesis of glycoproteins in these cells (Wagner and Pilgrim, in preparation). Non-specific esterase is another enzyme that permits discrimination of the specialized ependyma (Colmant, 1967; Pilgrim, 1967a; Bock and Goslar, 1969; Luppa and Feustel, References P. 106-110
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 1970). Apart from a small granular activity in the perikarya, which is resistant to E 600, most of the activity in the perikarya and processes is inhibited by E 600. Results obtained with other inhibitors are at variance (Goslar and Bock, 1971; Luppa and Feustel, 1971). Detailed testing with substrates of various chain length have indicated that the enzyme has neither a lipase nor a cathepsin-like function (Goslar and Bock, 1970). The natural substrate is not known. The enzyme is thought to participate in a possible transport function of the tanycytes (Luppa and Feustel, 1971). It is striking that the activity of the enzymedecreasesafter adrenalectomy(Bock and Goslar, 1969), because it happens at the same site where an accumulation of NSM is observed in this condition (zona externa of the median eminence, cJ above). The histochemical investigationsof the ependyma of the third ventricle have pointed out, furthermore, that there are functional differences even between tanycytes located at different positions along the ventricle wall. For example, the tanycytes occupying a more dorsal position exhibit a stronger reaction for non-specific esterase than those lining the infundibular recess (Colmant, 1967; Luppa and Feustel, 1971). Inside the infundibular recess itself, differences in substrate specificity can be detected between cells of the floor and those of the lateral walls. The dorsal cells located at the level of the ventromedial nucleus are, in addition, characterized by a marked reaction for ATPase and TPPase (Schachenmayr, 1967; Luppa and Feustel, 1971). The following conclusions seem to be justified. The tanycyte-ependyma is not only morphologically but also functionally different from the rest of the ependyma. It participates somehow in the regulation of pituitary function, probably by secreting substances (possibly glycoproteins) into the portal circulation. Apart from the specialized ependyma, a special type of glial cells is present in the hypothalamus showing properties which are interesting from a histochemical viewpoint. They have been known as so-called Gomori-positive glial cells (Koritsanszky, 1969; Srebro, 1969). Their cytoplasmic granules which react with Gomori stains are rich in cysteine groups and contain endogenous peroxidase activity (Srebro and Cichocki, 1971; Srebro, 1972; Pilgrim and Wagner, 1974). Although the granules resemble lipofuscin, they lack typical lysosomal enzymes. Concerning the distribution of these cells, they are found in a narrow subependymal zone around the third ventricle which is broadened considerably at the level of the arcuate nucleus. The fact that they are especially numerous in an area which borders a region lacking a bloodbrain-barrier (the median eminence) could well be significant in the function of these cells. Possibly, they are involved in sealing off the adjoining brain regions against toxic substances which penetrate the walls of the median eminence vessels and tend to leak into the extracellular space of the remaining hypothalamus. Such blood-borne substances may consist of peroxides, heavy metals and free radicals (Srebro, 1971).
 
 DEVELOPMENTAL ASPECTS
 
 This section is concerned with the ontogenetic development of histochemical reactions in the areas which have been discussed above. Nearly all of the results reported here
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 have been obtained from experiments with rats. A number of authors have investigated the schedule of appearance of enzyme-histochemical reactions in the magnocellular centers of the HNS (Cohn and Richter, 1956; Smiechowska, 1964; Pilgrim, 1967a; Hyyppa, 1969a). Some of the enzymes investigated (oxidizing enzymes, acid phosphatase) are present already in primitive neuroblasts, a stage well before a morphological delineation of the nuclear areas is possible. This is true, however, for other neuroblasts as well, and does not allow any conclusion as to a special functional development during this period. Around day 18 of embryonic life of the rat the nuclear areas begin to condense from the remaining periventricular gray. This is the moment when tests for AChE become positive. Non-specific esterase is the last enzyme to give a positive reaction. The reaction seems to depend on the presence of Nissl bodies. So far, the tests for these two esterases seem to be the only histochemical reactions whose appearance can be correlated with a definite morphological event. There is an apparent lack of coordination which is also true for the postnatal period. Nevertheless in the newborn, where the neurosecretory cells still look like rather undifferentiated neuroblasts, Gomori-positive secretion granules can be detected. Although this appears to be a distinct developmental step it is not accompanied by a noticeable change of enzyme activities. At the end of the second postnatal week, development seems to be complete when judged by morphological criteria. Again, histochemical differentiation behaves differently. The typical enzyme pattern of the HNS nuclei, especially the characteristic distribution of glucose-6-phosphate dehydrogenase, is not reached until the end of the fourth week. If we ask for the functional meaning of these observations the only answer which can be given at present is that the important and specific stages of development of the HNS fall into the postnatal period and that the HNS is functionally not mature until the end of the fourth week (Pilgrim, 1967a). It is not possible to state when and to what extent the HNS controls development in other parts of the body. The situation seems to be a little different and more exciting if we look at the development of the tubero-infundibular system. Hyyppa (1969a) has described an exceptionally early appearance of AChE in the periventricular matrix from which the ventromedial and arcuate nuclei are later formed. In this case, histochemical methods offer the opportunity to detect an important area of the hypothalamus prior to its morphological differentiation. A further point of interest lies in a temporary absolute and relative increase of AChE activity in these nuclei between postnatal days 1 and 10. At the same time, the dopamine fluorescence is first detected in the median eminence (Hyyppa, 1969b). These observations can be taken as an indication of relatively early functional maturity of at least part of the TIS and, possibly, its participation in the control of sexual development. The histochemical differentiation of the tanycyte-ependyma has been investigated in the rat (Schachenmayr, 1967) and the chicken (Kabisch and Luppa, 1972). In the rat, the characteristic histochemical differences between the tanycyte and the ciliated ependyma (cf. above) essentially emerge only after birth. The demarcation is due to the fact that, starting in the first postnatal days, development of the tanycyte-ependyma lags behind that of the ciliated ependyma. The adult enzyme pattern, indicating References p . 106-110
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 functional maturity, is reached only during the fifth week. This agrees with the late maturation of the HNS but is in contrast to the relativelyearly signs of specific function in the TIS. It is still questionable whether this discrepancy indicates that the TIS is able to perform at least part of its functions without interference of the tanycyteependyma (cf. above). The demarcation of the tanycyte-ependyma in the chicken happens much earlier than in the rat. This is in agreement, however, with the earlier morphological differentiation of the ependyma in general. Similarly to the situation in the rat, the tanycyteependyma remains on a lower level of differentiation than the ciliated ependyma. In this respect, the tanycytes have been compared by Kabisch and Luppa (1972) to the neurosecretory cells whose double function as neurons and secretory cells can also be taken as indicative of a lower differentiation level. If one accepts that less specialization can mean more functional potentialities, then the tanycytes may well be able to perform not just one, but all of the tasks which have been ascribed to them as part of their role in controlling neuroendocrine activity (cf. above).
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 DISCUSSION
 
 HERBERT: Do you think that axo-axonal synapses exist in the median eminence? I am not sure that they have ever been shown electron microscopically. There are also other systems elsewhere where you have side by side the endings of peptide- and catecholamine systems without any morphological evidence of synapses. PILGRIM: I have only cited the picture as it has been drawn by Fuxe and Hokfelt. To my knowledge, nobody has shown electron microscopically any axo-axonal synaps in the median eminence. The only structures that have been shown are a kind of synaptoid contacts between axons and tanycytes.
 
 Micro-Pinocytosis and Exocytosis in Nerve Terminals in the Median Eminence of the Rat R. STOECKART, H. G. JANSEN
 
 AND
 
 A. J. KREIKE
 
 Department of Anatomy, Erasmus University, Rotterdam (The Netherlands)
 
 INTRODUCTION
 
 The concept, put forward by Douglas and co-workers (1971), that posterior pituitary hormones and their carrier-proteins are released by exocytosis, is gaining support (Dreifuss et al., 1972; Santolaya et al., 1972; Matthews et al., 1973). Ultrastructural evidence has been presented that the content of the granular vesicles in nerve terminals of the median eminence can also be released by exocytosis (Stoeckart et al., 1972). It has been hypothesized that these granular vesicles contain releasing factors, inhibiting factors and/or neurotransmitters (Kobayashi et al., 1970). As a consequence of release by exocytosis, during which the membranes of the granular vesicles fuse with the nerve membranes, membrane material has to be disposed of. According to Nagasawa et d.(1971), recapture of excess membrane occurs by micro-pinocytosis in the posterior pituitary. This phenomenon may result in coated vesicles which are supposed to transform into agranular “synaptic” vesicles (Nagasawa et al., 1971). In this study, horseradish peroxidase (HRP), a marker substance capable of demonstrating micro-pinocytosis in a variety of cells, has been used to establish whether the agranular vesicles in the nerve terminals of the median eminence may arise by micropinocytosis. As the. median eminence is located outside the blood-brain-barrier, HRP has been injected intravenously.
 
 METHODS
 
 Ten adult male rats (R-Amsterdam strain), anesthetized with Avertin, were given injections of either 50 mg HRP (Calbiochem B grade) in 0.5 ml Locke or 100 mg HRP in 1.0 ml Locke by way of the tail vein. In addition, 5 male rats castrated about 20 h before were used. In control experiments HRP was omitted. Intravascular perfusion fixation was performed 5-60 min after the administration of HRP or of the solvent, using a mixture of 1 % formaldehyde and 2 % glutaraldehyde in 0.1 M cacodylate buffer (pH 7.4), to which 2 % polyvinylpyrrolidone was added. The tissue of the median eminence was processed for demonstration of HRP (Graham and Karnovsky, 1966) before post-fixation with osmium tetroxide. Part of the material was impregnated References P. 114-115
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 with uranyl acetate (examples in Fig. 2). The ultra-thin sections were stained with lead citrate.
 
 OBSERVATIONS
 
 Within 5 min after the intravenous administration of HRP, electron-dense reaction product indicative of HRP could be observed in the perivascular space (Fig. 1, at the right). Small amounts of the reaction product occurred in the intercellular spaces around the plasma membranes. A small part of the neuronal vesicles measuring 3&65 nm in diameter also appeared to be filled with electron-dense reaction product. The proportion of small vesicles characterized by the reaction product was not markedly increased if fixation occurred either 10, 20 or 60 min after administration of HRP. In the control experiments none of the small vesicles contained reaction product. In many of the nerve profiles, characterized by the small “labeled” vesicles, granular vesicles of different diameters (70-130 nm) also occurred, but these granular vesicles rarely contained reaction product. Preliminary results suggest that in the castrated rats the incorporation of HRP into small vesicles of some nerve terminals is increased (Fig. 2).
 
 Fig. 1. Perfusion fixation 5 min after intravenous injection of 50 mg horseradish peroxidase (HRP). Nerve profiles in the external zone of the median eminence are characterized by granular vesicles (GV) of low electron-density and small agranular vesicles (AV). Some small vesicles (*) contain an electron-dense reaction product indicative of HRP. Whether the electron-dense material in the cisternae of the endoplasmic reticulum of non-nervous processes (P) represents HRP is uncertain. x 40,OOO. Inset: immersion fixation; coated vesicle (*) filled by HRP, close to the nerve membrane. X
 
 70,000.
 
 Fig. 2. Perfusion fixation 10 min after intravenous injection of 100 mg HRP; male rat, 1 day post castration. a: some vesicles of 45-55 nm contain a reaction product indicative of HRP; granular vesicles (GV) are of very low electron-density. Note micro-pinocytosis-like image (MP), containing HRP. x 75,000. b: small vesicles marked by HRP, in addition to similar but unmarked small agranular vesicles and large granular vesicles (GV). x 95,000. References P. 114-112
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 DISCUSSION
 
 The results of the present study demonstrate that at least part of the agranular “synaptic” vesicles of the median eminence arises by micro-pinocytosis. The preliminary results on incorporation of HRP in castrated rats, i.e. under conditions of increased release of releasing factors, suggest that a marker substance like HRP may be used to identify functional types of nerve terminals. Although these observations do not rule out other release mechanisms, they are compatible with the exocytotic release mechanism proposed by Douglas and coworkers (1971). Moreover, evidence has been presented that the content of neuronal granular vesicles of the median eminence can be released by exocytosis (Stoeckart et al., 1972). The proportion of granular vesicles observed in the process of exocytosis is small (less than 1%). However, we calculated that at least a million granular vesicles are involved in the process of exocytosis at the moment of fixation. These granular vesicles represent the most conspicuous organelles of the preterminal and terminal nerve profiles of the median eminence which is generally accepted to be the final common pathway of the hypothalamic component of the hypothalamo-hypophyseal system. Direct evidence for the nature of the materials stored in the granular vesicles is lacking. However, studies on differential and gradient centrifugation suggest that median eminence fractions with high activity of releasing factors and biogenic amines are electron microscopically characterized by small agranular and larger granular vesicles, sometimes still contained in synaptosomes(Clementi et al., 1970; Ishii, 1970; Kobayashi et al., 1970; Mulder et al., 1970).
 
 SUMMARY
 
 Incorporation of intravenously administered horseradish peroxidase into small neuronal vesicles of the rat median eminence demonstrates that at least part of these small “synaptic” vesicles of the median eminence arises by micro-pinocytosis. Preliminary studies under conditions of increased release of releasing factors suggest that horseradish peroxidase may be used to identify functionally different types of nerve terminals. The observations are compatible with an exocytotic release mechanism for neuronal granular vesicles.
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 DISCUSSION
 
 MONROE: First of all, I would like to say that your pictures on peroxidase uptake are very convincing. However, there have been so many people lately showing that a variety of cells will take up peroxidase, that I wonder what your reasons are for feeling that this is quite specific for exocytosis instead of a rather general tendency of cells to take up peroxidase, just because it is there. STOECKART: What I meant to say is that ifexocytosis occurs, uptake of peroxidase has to occur. I certainly did not want to say that the uptake of peroxidase is proof of exocytosis. In fact, other release mechanisms cannot be ruled out as yet. However, even if micro-pinocytosis is not the consequence of release by exocytosis, it nevertheless reflects the stage of activity of the terminal. GUILLEMIN: I personally know of no evidence whatsoever to prove that the releasing factors are really produced in neurons and not e.g. in tanycytes. I would like to know if the speaker or anybody in this audience is able to give me such evidence! STOECKART: Although I am not aware of any final evidence, indirect evidence is derived from density gradient centrifugation experiments. PILGRIM: There is some evidence in analogy to the classical hypothalam~neurohypophysealsystem. There is very good evidence for this system that the neurophysins and the posterior lobe hormones are localized in these granules. So I think it is fair that we assume in the first place that other peptides like releasing factors are synthesized in nerve cells and are present in such granules. GUILLEMIN: I would like to say in public a few things, particularly for the young people. Because they are the ones who are once going to give us the answer to these important questions. These density gradient experiments are fine as far as the density gradients are concerned. However, I want to say that no chemistry, no simple technique of centrifugation, of separation of subcellular organs, or centrifugation of fractions of the extract of a tissue, are any better than the bio-assay that you finally use to prove your biological activity. Therefore, if the assay that is used is questionable, the conclusion as to the biochemical substrate is just as questionable.
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 Section III
 
 The Hormones of the Hypothalamus ROGER GUILLEMIN The Salk Institute, La Jolla, Calif. 92037 ( U S A . )
 
 The hypothalamic hormones that we will discuss are the latest newcomers to the field of endocrinology. They represent the ultimate link between the central nervous system and the endocrine system as the two integrating orders of all homeostasis of the organism. The hypothalamus has been known from elegant neurophysiological studies to be involved in integrating many of the visceral homeostatic mechanisms of the body such as blood pressure, body temperature, water and electrolyte metabolism, sleep patterns, thirst, hunger, to mention only a partial list of these basic functions. These multiple integrating modulating influences of the hypothalamus are effected by a complex network of nerve fibers in several relatively well-known afferent and efferent nerve pathways. Anatomically connected to the hypothalamus from the early embryological stages, the pituitary gland or hypophysis, a structure present in all vertebrates, has long been known to be the center of all endocrine homeostasis. This it achieves by the secretion of a series of pituitary hormones, each one affecting and regulating the function of a peripheral gland such as the adrenals, the ovary, the thyroid or a peripheral nonendocrine organ, such as the kidney or the uterus. From the embryonic development to the adult stage, the pituitary gland is composed of two distinct lobes, the anterior lobe or adenohypophysis and the posterior lobe or neurohypophysis (Fig. la). The posterior lobe or neurohypophysis secretes two hormones, vasopressin which regulates the absorption of water at the distal renal tubule, and oxytocin which stimulates uterine contractions and milk letdown. Vasopressin and oxytocin are two nonapeptides with a disulfide bridge, characterized and synthesized in 1952 by the pioneering work of du Vigneaud and his collaborators at Cornell University, New York. From the days of Ram6n y Cajal, it has been known that the posterior lobe of the pituitary receives a large tract of nerve fibers, coming from the neurons in two welldefined nuclei (n. paraventricularis and n. supraopticus) of the anterior hypothalamus, hence its name as neurohypophysis (Fig. la). The two nonapeptides, vasopressin and oxytocin, considered for many years as hormones genuinely of the posterior pituitary, are in fact manufactured in the neurons of these hypothalamic nuclei, carried within the fibers of the hypothalamic-hypophyseal tract by axoplasmic flow down to nerve endings in contact with capillary vessels in the posterior lobe of the pituitary. From References P. 131-132
 
 118
 
 R. GUILLEMIN
 
 s
 
 HYSlS VASOPRESSIN OXYTCCIN
 
 W ADENOHYPOPHYSIS
 
 la
 
 lc
 
 ACTH,TSH~, LTH,GROWTH HORM
 
 lb
 
 Id
 
 Fig. 1. a: diagrammatic representationof the pituitary gland and the innervation of the neurohypophysis by nerve fibers from the n. paraventricularis(PVN)and supra-opticus(SON).b: localized lesions in the hypothalamus produce changes in the pituitary secretion of the various adenohypophyseal hormones (increase t, or decrease 1 ). c: diagrammatic representation of the hypothalamehypophyseal portal system. d: photomicrograph of the hypothalamo-hypophyseal portal system after injection with an opaque dye. e: diagrammaticrepresentation of the hypophyseotropic area. f: changes in pituitary secretion of various adenohypophyseal hormones (increase t, or decrease 1 ).
 
 there, vasopressin and oxytocin are released, secreted in the general circulation upon a variety of physiological stimuli. Thus, the two peptides vasopressin and oxytocin are the first of the hypothalamic hormones to be characterized and recognized as such. It is on this early work that the concept of neurosccretion was established, proposing that specialized nerve cells in the hypothalamus can make hormonally active substances. The same concept was also to serve us later, as we shall see. Some 20 years ago, it became clear from many years of studies in experimental physiology, as well as clinical observations, that somehow, the secretory functions of the adenohypophysis were influenced by some information of hypothalamic origin. In other words, normal functions of the adenohypophysis required normal intact
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 anatomical relationships between the pituitary gland and the hypothalamus. These could indeed be interrupted by localized hypothalamic stereotaxic lesion (Fig. 1b), transplantation of the pituitary to a site remote from the hypothalamus, etc. After quite a few years of arguments between anatomists and physiologists it became accepted that the only possible direct connections between the hypothalamus and the adenohypophysis were not in the form of nerve fibers as in the case of the hypothalamus to neurohypophysis but were to be found in an unusually well-developed network of capillary vessels with a primary or collecting plexus spread over the floor of the third ventricle, collecting in veins along the pituitary stalk and finally distributing itself in terminal capillary throughout the parenchyma of the adenohypophysis (Fig. lc and d). The corollary of these conclusions was of course, that whatever information of hypothalamic origin was related to adenohypophyseal functions had to be in the form of some substance, some neurohormone of hypothalamic neural origin, carried from hypothalamus to adenohypophysis through these hypothalamic hypophyseal portal vessels. The final demonstration of the veracity of this concept was presented in 1955: when fragments of adenohypophyseal tissue were placed in culture, it was shown that they would survive and grow quite well for many weeks; however, they would stop secreting ACTH (adrenocorticotropic hormone - the only pituitary hormone we could easily measure at that time), after a few days of in vitro survival. We could restore their secretory ability for ACTH by introducing in the culture tubes a fragment of ventral hypothalamus in a combined culture or by adding a crude aqueous extract of the same hypothalamic tissues. The results were indeed proof that the hypothalamic tissues had contained or released some substance which was able to stimulate the secretion of a pituitary hormone. The hypothetical substances, since there were physiological reasons to suspect that there would be several, were then called hypophyseotropic hormones or releasing factors for operational facility. Indeed, stereotaxic placement of fine electrodes for electrical stimulation in various parts of the hypothalamus showed that it was possible to modulate, i.e. to stimulate or inhibit the secretions of practically each one of the pituitary hormones. Thus (Fig. le and f), a region of the hypothalamus around the floor of the third ventricle was recognized as the hypophyseotropic area, containing cells (neurons?) secreting releasing or inhibitory factors for the various pituitary hormones. What were these substances of hypothalamic origin, which appeared to control all the secretory activity of the adenohypophysis? It was rapidly established that the hypothalamic substances involved as the final mediators of adenohypophyseal functions were none of the classically known neurotransmitters such as epinephrine, norepinephrine, acetylcholine, etc. The hypothesis was then offered that the hypothetical hypothalamic hormones would likely be small polypeptides, like the only other substances of hypothalamic origin then known, namely vasopressin and oxytocin. The search for the hypothalamic releasing factors was started as early as 1955 by several groups of investigators. Working with, at most, a few hundred fragments of rat, dog or sheep hypothalamic tissues, and rather simple means of purification and separation of peptides, progress at first appeared relatively rapid. Preparations of a References p . 131-132
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 hypothalamic corticotropin releasing factor, or CRF, active in microgram amounts, were obtained. Concomitantly,a lively controversyof severalyears between proponents of vasopressin as the mediator of ACTH release vs. a specific CRF was eventually closed by a series of physiological studies showing no correlation between endogenous secretions of vasopressin and ACTH. After several years of work, it became apparent, however, that chemical characterization of CRF was not to be easy. This was due in part to the considerable difficulties inherent in the complicated bioassay techniques used to assess specifically CRF activity; probably even more important, it was realized that it had been a mistake to use posterior pituitary extracts as starting material, a step taken on a series of incorrect premises. It was also realized that quantities of the right starting material, i.e., hypothalamic fragments much larger than had been used so far, would be necessary for eventual characterization of the still hypothetical hypothalamic releasing factors which appeared to be of high specific activity; each fragment of hypothalamus probably containing only nanogram quantities of the active substances as they were being purified. We then started to organize for the large-scale collection of hypothalamic fragments. Over the following 3-4 years, we collected about 5 million fragments of sheep brains containing the hypothalamus. This represented the handling of more than 500 tons of sheep brains, or about 50 tons of hypothalamic fragments. The group of my former collaborator Andrew Schally, now in New Orleans, is engaged in a similar collection of about 2.5 million fragments of pig hypothalami. Specific bioassays were devised for studying the release of several pituitary hormones, such as thyrotropin (TSH) and the gonadotropins luteinizing hormone (LH) and follicle stimulating hormone (FSH). Evidence was obtained for the existence in crude hypothalamic extracts of a TSH releasing factor, or TRF, and also of a luteinizing hormone releasing factor, or LRF. Eventually, using methodology developed over the preceding years with the use of large quantities of brain tissues, Burgus and I reported the isolation, late in 1968, of 1.O mg of pure TRF from 300,000sheep hypothalamic fragments. Aliquots of this material showed it to be composed exclusively of 3 amino acids, Glu, His, and Pro, in equimolar ratios. This information, however true and reliable in our own hands, was to be taken in the context of a report of Schally's group, concluding that porcine TRF was not a homomeric peptide, that it contained no more than 30% amino acid and that the non-peptidic moiety of its molecule was necessary for biological activity. The preparation of ovine TRF was active in stimulating the release of TSH at 1-5 ng (1-5 x 10-9g) by systemic administration to assay animals; in an in vitro system of pituitary incubations, it was active to release TSH at 50 pg (5 x 10- "g). The biological activity was totally resistant to incubation with proteolytic enzymes and there was no evidence of a free N-terminal residue. With the few hundred micrograms remaining after ascertaining the amino acid analysis, no complete molecular structure could be ascertained by infrared spectrometry or nuclear magnetic resonance spectrometry and efforts at obtaining mass spectra on small sampleswere unsuccessful. However, all the spectral features observed could be explained in terms of a polypeptide structure. Since the prospect of obtaining larger quantities of the native material
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 by extraction of more brain fragments was not particularly viewed with enthusiasm, we decided on an entirely different approach to the structure of TRF: that was to synthesize all the possible combinations of the 3 amino acids known to be constituents of the molecule of TRF, to study their biological activity. When these were obtained, they were shown to have chromatographic characteristics different from those of TRF; furthermore, they had no TRF activity at doses one million times larger than those of pure ovine TRF. Was this another dead end? Not quite. We then decided to cover the N-terminal residue of the 6 synthetic tripeptides, since we knew native TRF to be so protected. This was easily done by reacting the tripeptides with acetic anhydride. The results were unmistakable. Only the reaction products of the sequence Glu-His-Pro had biological activity qualitativelyindistinguishablefrom that of native TRF. Rather than the expected acetyl-Glu-His-Pro-OH, the major reaction product was shown to be pyroGlu-His-Pro-OH, i.e., a molecule with its N-terminus protected
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 Fig. 2. Mass spectra of methylated ovine TRF (a) and (b) of synthetic pyroGlu-His-Pro-NH2; c: shows the primary structure of TRF with indication of the fragmentation points in mass spectrometry. Ri,RZrepresent the methyl derivative prepared for mass spectrometry; in the native molecule, R i = R2 = H. References p . 131-132
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 by cyclization of Glu into pyroGlu; pGlu-His-Pro-OH was thus the first molecule of known structure to reproduce the biological activity of a hypothalamicreleasingfactor. The specific activity of pGlu-His-Pro-OH was, however, about 5000 times lower than that of native TRF. It was Burgus’s idea to amidate the C-terminal proline, as was known to be the case in the structure of several biologically active polypeptide hormones such as gastrin, secretin, ACTH, vasopressin, etc. This was rapidly achieved first by making the methylester of the tripeptide free acid and then preparing the primary amide by simple treatment with methanolic NH,. pGlu-His-Pro-NH was thus obtained and was shown to have quantitatively the full biological activity of native ovine TRF. We still did not know what the structure of native TRF was. With availability of very large quantities of the synthetic peptide we were able to optimize several methods of derivatization for mass spectrometry on microgram quantities of the tripeptides; having with Horning’s group modified the probe of the mass spectrometer available to us in Houston to increase its sensitivity, in September 1969 we were able to obtain by mass spectrometry the complete and unquestionable structure of native ovine TRF. It turned out to be pGlu-His-Pro-NH, (Fig. 2). The first of the hypothalamic releasing factors to be fully characterized had thus been synthesized before its molecular structure had been established. The same structure pGlu-His-Pro-NH,, was subsequently demonstrated for porcine TRF by Schally’s group. Characterization of TRF was of importance as it established on definitive grounds one of the fundamental tenets of neuroendocrinology which, for 15 years, had been known to generate more than its due share of what I have called somewhere, “the prophetic literature”. Isolation and characterization of LRF, luteinizing hormone releasing factor, was to follow rapidly in 1971, the laboratory of Andrew Schally, on the basis of the elegant studies of Matsuo, first proposing the structure of porcine LRF as that of the decapeptide pGlu-His-Trp-Ser-Tyr-Gly-Leu-Arg-Pro-Gly-NH 2, a structure confirmed by our laboratory with ovine LRF. The decapeptide LRF of native or synthetic origin, stimulates not only the secretion of luteinizing hormone LH but also that of the other gonadotropin, FSH or follicle stimulatinghormone. A series of physiological and clinical observationswould be best explained by the presence in the hypothalamus of a specific FSH-releasing factor. No such substance has been shown to exist, so far, in hypothalamic extracts. The question of an FSH-releasing factor different from the decapeptide LRF which stimulates the secretion of both LH and FSH, is thus not settled. Recently we observed in hypothalamic extracts the presence of a substance inhibiting the secretion of the pituitary growth hormone. The substance was isolated, characterized and synthesized as the tetradecapeptide H-Ala-Gly-ICys-Lys-AsnPhe-Phe-Trp-Lys-Thr-Phe-Thr-Ser-CyskOH; we call it somatotropin-release inhibiting factor or somatostatin. Data from reliable physiological experimentation from various laboratories are best explained by the existence in hypothalamic tissues of a growth hormone releasing factor, a prolactin releasing factor, a corticotropin releasing factor and, probably, a
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 prolactin release inhibiting factor. Nothing is known of the chemistry of these. The decapeptide Val-His-Leu-Ser-Ala-Glu-Glu-Lys-Glu-Ala, isolated by Schally from porcine hypothalamic tissues and proposed by that group as “growth hormone releasing hormone” on the basis of a highly controversial and difficult type of assay, was shown to be similar to a fragment of the beta-chain of porcine hemoglobin and is thus of doubtful physiological significance; this material is indeed inactive in several systems studying the secretion of immunoreactive growth hormone; it is not active either to stimulate somatic growth of laboratory animals. Three peptides, Pro-Leu-Gly-NH,, and ICys-Tyr-Ile-Gln-Asn-Cy +OH, both fragments of the molecule of oxytocin and the pentapeptide Pro-His-Phe-Asp-GlyNH2, have been reportedly isolated from porcine hypothalamic tissues and claimed to be involved in the control of the secretion of the melanophoretic hormones. These claims have not been confirmed by several other laboratories and thus remain for further cautious investigations. The 3 above-mentioned hypothalamic hormones have been synthesized and are thus available now in unlimited quantities. All are of high specific activity, active in vitro at picomolar concentrations, in vivo at nanogram or microgram doses when injected in the peripheral circulation. There is no evidence of major species specificity in their biological activity, the molecules characterized from ovine or porcine hypothalamus being fully active in all mammalians tested so far, including man as we shall see later. Similarly the inhibitory factor somatostatin lowers plasma levels of growth hormone in the same time relationship. The hypothalaniic releasing factors, upon intravenous administration, act very rapidly, elevating plasma levels of pituitary hormones within a few minutes (Fig. 3).
 
 TRF ON PLUMA TSH IN RATS
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 Fig. 3. Rapidity of the (pituitary) response to i.v. administration of releasing factors, in this case TRF. The figure also shows the dose-response relationship between doses of releasing factors (here TRF) and amount of pituitary hormones secreted (here TSH). On the ordinate, plasma concentrations of TSH in the rat, measured by radioimmunoassay (1 pg TSH equivalent to cu. 20 ng TSH USP standard). References p . 131-132
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 Their biological half-life is short, of the order of a few minutes as the peptides are degraded in plasma, excreted by glomerular filtration in the kidney and simply diluted in the peripheral circulation from the injected bolus, or as the peptides reach the pituitary from the hypothalamic hypophyseal portal vessels. The mechanism, by which the hypothalamic peptides stimulate and/or inhibit the secretion rate of anterior pituitary hormones have not, as yet, been fully elucidated. Several lines of nonexclusive evidence have been accumulated to explain the phenomena. The releasing factors increase the rate of secretion of stored hormone and no de n o w synthesis of any protein molecule is necessary for their action (Fig. 4), as
 
 Fig. 4. Diagram of the mechanism of action of TRF and thyroid hormones (T4. T3) in their regulating the secretory rate of thyrotropin (TSH). TRF acts at receptor sites on the plasma membranes of thyrotropins. Ca2f and Na+ in the extracellular fluids are necessary ions for the activity of TRF. A plasma enzyme inactivates TRF. X represents a set of biochemical events following TRF reaching its pituitary receptors; these events may involve activation of the adenyl cyclase-c-AMP system; their result is release of preformed TSH in the extracellular spaces. T4 and T3 induce in the nucleus of the thyrotropic cell, an m-RNA which in turn is translated in a protein or polypeptide (U) of unknown nature; this substance U, somehow, interferes with the results of the events triggered by TRF at the plasma membrane, and inhibit the response to TRF. The response to TRF is rapid (sec);the inhibitory response due to T4, Ta requires a longer time (h).
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 evidenced by absence of effects on this event of the antibiotics actinomycin D, puromycin or cycloheximide. The activity of the hypothalamic releasing factor is dependent upon a critical concentration of extracellular calcium (Ca' +)ions. The action of the releasing factors can be simulated by elevated potassium (K') concentration in the medium of in vitro cultures or incubation provided sufficient Ca2 is present. We proposed several years ago, that the peptides might function, as high [K'] has been suggested to, by depolarizing the pituitary cell membrane and thereby increasing the permeability of the cell to Ca2+, which, in turn, would mediate hormone release. It remains to be shown, however, that individual pituitary cells depolarize (or hyperpolarize) under the influence of specific hypothalamic peptides. In keeping with the effects of elevated K+, there is at any rate, good evidence that TRF and LRF act at the level of the plasma membrane. Probably, our best evidence for this mechanism is the demonstration of the biological activity of T R F coupled by cyanogen bromide activation to high molecular weight Dextran with carefully controlled evidence that there is no free peptide to account for the biological activity. Furthermore, C3H]TRF binds to membrane fractions or intact pituitary cells with an affinity constant ca. 2 x 10- ' M , a value not so different from the value observed for biological activity. The mechanism by which hormone secretion rates may be stimulated by hypothalamic peptides may involve the activation of a system to increase the concentration of cyclic adenosine monophosphate (c-AMP). Circumstantial evidence has been accumulated to suggest that individual hypothalamic peptides stimulate the adenyl cyclase system, thereby activating a secretion process by intracellular c-AMP accumulation. As all pituitary systems studied have been comprised of heterogeneous cell types, such conclusions are at best inferential. Increasing intracellular c-AMP levels, by blocking c-AMP phosphodiesterase with theophylline, stimulation of adenyl cyclase with prostaglandins or direct addition to the cells of dibutyryl c-AMP at millimolar concentrations may indeed enhance the rate of release of GH, ACTH, TSH and LH, as shown in our own and other laboratories. In the growth liormone or ACTH systems, 10-fold rate increases occur; however dibutyryl-3'5'-c-AMP has only marginal effects on secretion rates of the two glycoproteins TSH and LH, whereas releasing factors increase hormone secretory rates L 10 x control rates. Prostaglandin El or theophylline potentiate the effects of TRF on TSH secretion and produce as much as 30-50 x stimulation of release rates when cells are pretreated prior to T R F addition. It is thus possible that the c-AMP involvement in the secretion of the glycoproteins is involved with a process such as zymogen granule migration rates rather than in hormone release processesper se. The newly characterized hypothalamic peptide somatostatin which inhibits the secretion of GH, appears to act after c-AMP, since it inhibits secretion of GH, induced by dibutyryl c-AMP. A direct role of the hypothalamic releasing factors in affecting directly synthesis of the pituitary hormones, though claimed by several, has not been really demonstrated. Clinicians and physiologists have known for many years that there exists some sort +
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 of a negative feedback between the peripheral endocrine glands and the pituitary in some apparent control mechanism. This begins to be understood (see Fig. 4). The thyroid hormones, thyroxine (T4) and triiodothyronine, block the response to TRF at the level of the pituitary cell. Experiments have shown that this block is relatively slowly established and is long lasting. The establishment of T, inhibition requires the induction of an intracellular protein which appears to mask the influence of TRF without modifying the basal or spontaneous TSH secretion rate. In fact, the T, block is such as actinomycin D or is prevented by DNA-directed-RNA-synthesis-inhibitors rapidly overcome by puromycin or cycloheximide. The data were interpreted to mean that a stable messenger RNA is made in response to T,, and is translated into a rapidly turning-over cytoplasmic protein, a protein which in an unknown manner prevents the action of TRF. Practically identical observations have been reported for the sex steroid feedback inhibition of LRF activity and the glucocorticoid effect on hypothalamic stimulation of ACTH release. The rather surprising observation was made recently by Tashjian that TRF, the thyrotropin releasing factor, stimulates the secretion of prolactin by a cloned line of transformed pituitary cells. The observation has been confirmed and extended to show that TRF can stimulate the secretion of prolactin from non-transformed pituitary cells, and it also does this in vivo in steroid pretreated rats or in normal man, as we will see later. This raises the possibility that TRFper se or a closely related peptide may be the postulated PRF (Prolactin Releasing Factor) detected in hypothalamic extracts. No less surprising is the recent observation that somatostatin, the hypothalamic inhibitor of the secretion of GH, also inhibits the secretion of TSH induced by TRF while it does not inhibit the concomitant secretion of prolactin triggered by TRF. Somatostatin has no effect on the secretion of the gonadotropins LH and/or FSH either in their basal secretion or as stimulated by LRF. Severalhundred analoguesof TRF and LRF have been synthesized in several laboratories throughout the world for studies aimed at correlating molecular structure and biological activity, for studies aimed at establishing a tridimensional conformation of the peptide and on that knowledge, to design possible competitive antagonists. It would neither be possible in this article nor would it be in my competence to discuss all the structural modifications entered in the molecule of TRF and LRF as part of these programs. I will, however, summarize some of the salient conclusions that have come from these studies by our group in collaboration with the laboratory of Murray Goodman. A possible conformation of TRF has recently been proposed by our laboratory in which the molecule would exist in a “hairpin turn” conformation stabilized by two intramolecular hydrogen bonds. Such a proposal would be in keeping with our earlier observation that placing a methyl group on the z-nitrogen of the imidazole ring produces an analogue of TRF which is about 10 x more active than the native compound. It is also of interest that in all cases studied so far, the specific activity of a TRF analogue, when compared to TRF, has always been in the same ratio as the binding constant of that analogue when compared to that of TRF.
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 Fig. 5. A schematic representation of the TRF-receptor site showing possible sites of interaction with the molecule of TRF as deduced from conformational studies and the biological potencies of TRF analogues (after G. Grant and W. Vale. In Current Topics in Experimental Endocrinology, Vol. 2, JAMES(Ed.), Academic Press, New York, 1974).
 
 The conclusions from the examination of the biological potency of TRF analogue data suggest (Fig. 5 ) that (1) the cis-position of the pGlu lactam function is required, but the role of the ring structure in recognition is unknown; (2) the size, position and a restricted plane of the imidazole ring is recognized by the receptor; (3) the orientation and hydrophobic ring structure of the proline moiety is required; and (4)there appears also to be a requirement for the carbonyl function of the carboxamide terminal by the receptor. The 3-dimensionalmodel, the interpretation of conformation of analogues,the interaction of analogues with the receptor and the proposals about the topography of the TRF receptor all provide and suggest further experiments as their primary justification. In the case of LRF, this approach has already led to a series of interesting compounds. We have already reported on several analogues of LRF, all modified in the His2 or Trp3 position, which behave as partial agonists or antagonists of LRF, the most active of these being des-His2-LRF which is 5 x more potent than anything we have synthesized so far. Secretion of the hypothalamic releasing factors represents one of the functions of some highly specialized neurons in the hypothalamus. Like any other event within the central nervous system, secretion of the releasing factors seems to be triggered by the classical neurotransmitters between neurons, i.e., epinephrine, norepinephrine, dopamine, serotonin. The biosynthesis of these oligopeptides has been claimed by several groups of investigators to be non-ribosomal. This remains to be confirmed. Thus, we see a unified concept, that of neuroendocrinology, describing the relationships between the central nervous system and the endocrine system, in the highest mammals. It is probably of heuristic value to remember that in the earliest stages of References P. 131-132
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 HOUR HOUR Fig. 6. Testing of the ability of the anterior pituitary to secrete GH, TSH, prolactin (PRL), LH and FSH in normal human subjects. Stimulation of the secretion of G H is achieved by i.v. administration or arginine; stimulation of the secretion of TSH and PRL, LH and FSH is produced by i.v. injection of a solution in saline of synthetic TRF (250 pg) and synthetic LRF (150 pg) - note that arginine infusion stimulates secretion of G H and PRL. All pituitary hormone plasma concentrations measured by radioimmunoassays. (From YENAND GunLEMIN. Symposium on ClinicalPharmacologicaIMethods, New Orleans, 1973,to be published.)
 
 the phylogeny nearly half of the cells of the primitive localized nervous systems were also endowed with neurosecretory activity. Just as exciting as all these results in the laboratory, if not more so, are the dramatic effects observed in clinical medicine with availability of the synthetic replicates of the hypothalamic releasing factors. Indeed, as I have mentioned earlier, the hypothalamicreleasing factors characterized in ovine or porcine brains have no obvious species specificity in mammals and are highly active in humans. For instance, it is possible with administration of a single i.v. injection containing both synthetic TRF and LRF to investigate at once, the pituitary ability to secrete LH, FSH, TSH and prolactin. Combined with infusion of arginine, this allows the
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 Fig. 7. The plasma TRF and plasma prolactin response to TRF is shown for 4 patients with multiple pituitary hormonal deficiencies. R.C. had craniopharyngioma removed 3 years ago and showed neither a plasma TSH or prolactin response to TRF. The other 3 patients have idiopathic hypopituitarism with multiple pituitary hormone deficiencies. J.B. showed no plasma TSH response but a normal prolactin response to TRF. J.T. had a normal plasma TSH response but a blunted plasma prolactin response to TRF. P.D. had normal plasma TSH and plasma prolactin responses to TRF. (Reproduced with the permission of KAPLANet al. (1973). In Hypothalamic Hypophysiotropic Hormones, Proc. Acapulco Conference, 1972, Excerpta Media, Amsterdam.)
 
 concomitant measurement of the secretion of GH (Fig. 6). A number of cases have already been reported in which abnormality of the pituitary response to such a simple secretion test has led to the early diagnosis of a pituitary tumor which could then be operated on and removed. In children or adults with isolated or multiple pituitary deficienciesit is now apparent that some of these patients have a normal pituitary response to hypothalamic releasing factors, while others do not (Fig. 7). Thus, for some the deficiency is pituitary, for others, hypothalamic, with the possibility now available of replacement therapy by administration of the synthetic releasing factors. Injection of LRF to normal men stimulates secretion of gonadotropins and of testosterone. The clinical implications in cases of male infertility are obvious but remain for future studies. Injection of LRF to normal women produces rapid increases in the secretion of LH and FSH, with rather striking differences in the (pituitary) response as a function of the date of the ovarian cycle (Fig. 8). Administration of an LRF antagonist in a regimen still to be determined would thus be a powerful new means of contraception. This is indeed one of the important goals of our current efforts at denoting antagonists of LRF. On the other hand, administration of LRF to patients with hypothalamic amenorrhea who have low or normal plasma levels of gonadotropins but do not show pulsatile releases of LH, regularly leads to rapid secretions of LH and FSH usually followed by appearance of menses. References P. 131-132
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 Fig. 8. Changes in gonadotropin responses to the same dose of LRF (150 pg) between the early and late follicular phases during an ovulatory cycle in two subjects. D indicates day number in menstrual cycle. (From YEN et al. (1973) In Hypothalamic Hypophysiotropic Hormones, Proc. Acapulco Conference, Excerpta Media, Amsterdam.)
 
 Thus LRF can participate in the treatment of some types of infertility as well as in a program on contraception. Also of interest is the recent demonstration that somatostatin, the hypothalamic peptide which we have recently characterized, inhibits the secretion of GH in man (Fig. 9), in early studies in which GH secretion is stimulated by arginine infusion or L-DOPA administration. The possible significance of these observations in the management of juvenile diabetes as well as certain pituitary tumors is obvious. Somatostatin has also been shown recently to inhibit the secretion of glucagon and insulin directly at the level of the a and /3 cells of the endocrine pancreas (KOERKER et al., Science, (1974), to be published). Of extreme interest, if they are confirmed, are several recent reports claiming beneficial psychotropic effects of TRF in unipolar depression. We have early evidence that somatostatin may also have profound psychotropic effects of a different nature. Effects, if not necessarily roles, of these peptides of hypothalamic origin will thus have to be carefully studied in psychiatric medicine. The hypothalamic hypophyseotropichormones, as we now know them, are already opening a new chapter in medicine. In this, the physiologists and biochemists who have made this possible can take genuine pride and reward. This is indeed the best defense for basic research.
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 Fig. 9. Effects of the administration of synthetic somatostatin in normal human subjects. There is complete inhibition of the increase in G H secretion normally produced by infusion of,arginine or oral administration ofL-DOPA, where somatostatin is administered prior to or concurrently with the stimulating agent. Plasma concentrations of pituitary hormone were measured by radioimmunoassay. (From YENet al. (1973). In J. din. Endocr., 37, 632.)
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 DISCUSSION
 
 LEQVIN:I should like to ask you a question about the specificity of TRF in cases such as acromegaly. We know that TRH will give an increased release of TSH and prolactin. Lately I heard, however, that in acromegalic patients you will see a rise in growth hormone release as well. Could you please comment on that ?
 
 GUILLEMIN: This is indeed an extremely interesting observation. I can add to that, that we have many other similar observations in vivo, not only in acromegalic patients, but also in patients with other types of pituitary tumors such as craniopharyngiomas. We have also placed fragments of human pituitary tumors obtained by surgery, in culture, and we have confirmed in vitro that the effects of TRH on the pituitaries were abnormal. To me this was very interestingbecause I could gradually come to a working hypothesis with a rather new concept of the origin of these pituitary tumors. Acromegaly seems to be a disease at the molecular level of the pituitary receptors. If you give TRF to acromegalic patients you stimulate the secretion of growth hormone. In other words, whatever the so-called adequate stimulus reaching this abnormal pituitary is - abnormal in terms of its receptors - it will make it secrete growth hormone. So these pituitary tumors have somehow grossly modified receptors.
 
 ISIDORIDES: I wonder whether there are different receptors for TRH that cause secretion of the different hormones. GUILLEMIN: We have purified the receptors for TRH from normal pituitary cells as well as pituitary tumors secreting TSH and prolactin. We cannot distinguish between receptors for TRF regarding the secretion of prolactin or the secretion of TSH. This work was done, however, before we could use somatostatin. Somatostatin, we know, inhibits the secretion of TSH in response to TRF, distal to the adenyl cyclase system, but it does not block prolactin secretion in response to TRF. So, I think, we can begin now to study the steps that follow the receptor, namely the effect on the adenyl cyclase system. HONNEBIER: By means of prostaglandins or estradiol-benzoate a rise of only LH levels can be obtained. In addition, in post-menopausal women we see an increase of FSH that is about 10-fold the normal midcycle peak, whereas LH remains on only a third of the mid-cyclic peak. What do you think that this tells about the existence of one or two releasing factors for LH and FSH ? GUILLEMIN: The FSH levels in post-menopausal women are of course well known, and this is one of the reasons why one compound, being the sole controller of the two gonadotropic hormones is not a satisfactorysituation. Many physiologists and many physicians would like very much to see a specific FSH releasing factor. This might indeed explain the clinical and experimental circumstances where there is a dissociationbetween the secretion of LH and FSH. SCHULSTER: S i c e we now know the structure of several of the releasing factors, would it be possible to make antibodies to these compounds, and thus localize the secretory cells, or use them as an assay system ? Are you aware of any work in this direction? GUILLEMIN: Of course this is the way to go. In fact, I know of several groups which are doing just that at the moment. Antibodies against TRF, against LRF, and against somatostatin have been obtained. However, all of these antibodies that I know are of very low binding ability. You probably could use them for imrnuno-predpitations, but probably not for immuno-assays. It is very difficult to make antibodies to these oligopeptides. In my own laboratory we have been totally unable, so far, to induce meaningful antibodies for TRF or LRF.
 
 The Electrophysiology of the Hypothalamus and its Endocrinological Implications R. G. DYER* Department of Anatomy, University of Bristol, Bristol (Great Britain)
 
 INTRODUCTION
 
 “. .. we have to establish.. .enough of its (the single unit’s) properties in several dimensions, before we can make reasonable statements about its defining features, its tentative name, class or type.” T. H. BULLOCK (1966) The original electrophysiological experiments describing the involvement of the hypothalamus in the control of the pituitary gland (e.g. Markee et al., 1946; Harris, 1947) gave rise to the concept of neuroendocrinology and have provided the foundations of much subsequent work. Most of the early experiments involved stimulating the medial basal hypothalamus and monitoring the output from the target organs, e.g. the kidney or the ovary. It is now established that electrical or electrochemical stimulation of appropriate sites in the hypothalamus releases from the pituitary gland: (a) oxytocin and vasopressin (Anderson, 1951; Anderson and McCann, 1955; Cross, 1958; Aulsebrook and Holland, 1969; Bisset et al., 1971); (b) gonadotropins (Markee et al., 1946; Harris, 1948; Clemens et al., 1971b; Cramer and Barraclough, 1971;Kalra el al., 1971); (c) growth hormone (Frohmann et al., 1968;Martin, 1972); (d) adrenocorticotropic hormone (D’Angelo et al., 1964); (e) thyrotropin (Reichlin, 1966; Averill and Salaman, 1967; Martin and Reichlin, 1970). To some extent these experiments are based on the assumption that the stimulation mimics the endogenous changes in neural activity that precede pituitary activation. The possible relationship between the electrical activity of the hypothalamus and the secretion of pituitary hormones has recently been the subject of several excellent reviews (Beyer and Sawyer, 1969; Sawyer, 1970a, b; Cross, 1973). The modulation of this electrical activity by the below-mentioned substances has also been fully described: (a) estrogen (Lincoln, 1967; Yagi, 1970; Cross and Dyer, 1972);
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 (b) progesterone (Barraclough and Cross, 1963; Cross and Silver, 1965; Komisaruk et al., 1967; Endroczi, 1969;Lincoln, 1969); (c) androgen (Pfaff and Gregory, 1971); (d) follicle stimulatinghormone (Sawyer, 1970a); (e) luteinizing hormone (Kawakami and Sawyer, 1959; Ramirez et al., 1967; Kawakami and Saito, 1967; Terasawa et al., 1969; Dufy et al., 1973); (f) adrenocorticotropic hormone (Sawyer et al., 1968; Steiner et al., 1969; van Delft and Kitay, 1972); (g) cortisol (Feldman and Sarne, 1970; Phillips and Dafny, 1971); (h) prolactin (Clemens et al., 1971a); (i) oxytocin (Kawakami and Saito, 1967, 1969; Cross and Dyer, 1969; Dyball and Dyer, 1971; Moss et al., 1972a); (j) vasopressin (Capon, 1960; Beyer et al., 1967; Moss et al., 1972a). It is not the purpose of this paper to present an overview of these data, the reader requiring such information should synthesizefor himself from the references mentioned above and read the interesting article by Komisaruk (1971); rather it is my intention to try and pinpoint some of the technical problems, to give an example of what electrophysiology can contribute to our knowledge of neuroendocrine mechanisms and outline a strategy for further experimentsin this field.
 
 SOMB TECHNICAL PROBLEMS
 
 Preparation
 
 The ideal electrophysiologicalexperiment requires that the animal is unstressed, freely moving and able to perform life functions in a normal manner. Like most ideals this is difficult to obtain; although it is possible to both stimulate (Harris, 1947) and record (Hellon and White, 1966; Pfaf€el al., 1970) from the hypothalamus of unrestrained animals. However, the very mobility of the animal makes it difficult to obtain stable recordings for a worthwhile length of time. To overcome this problem it is necessary to immobilize the experimental animal within the rigid support of a stereotaxic apparatus, usually under anesthesia although it is also possible to use this equipment to record from conscious animals (Vincent et al., 1972)and unanesthetized diencephalic island preparations (Cross and Kitay, 1967). Very often, urethane (ethyl carbamate) has been the anesthetic of choice and this drug appears to have little direct effect upon the electrical activity of the hypothalamus (Cross and Dyer, 1971a). Furthermore, in the rat urethane anesthesia does not eliminate the milk-ejection reflex (Lincoln et al., 1973) and does not always block ovulation when administered before the critical period on the afternoon of proestrus (Blake and Sawyer, 1972; Lincoln and Kelly, 1972; Dyer et al., 1972). Thus, although urethane may diminish neuroendocrine reflexes, it does not always abolish them completely, unlike for example NembutalB which will block ovulation if injected immediately prior to the critical period (Everett, 1956). However, urethane in common
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 with ether and barbiturates (Ginsburg and Brown, 1956) greatly increased the release of oxytocin and vasopressin from the neurohypophysis and sharply elevated the systemic concentration of both ACTH and adrenaline. Thus, in the interpretation of electrophysiological experiments some account must be given to the effect of the anesthetic used and the experimenter must ensure that the neuroendocrine reflex under investigation still occurs in the laboratory situation. For example, to relate hypothalamic unit activity directly with ovulation it is necessary to show that LHRF is secreted concurrently with any electrical changes (Blake and Sawyer, 1972). Interpretation The electrical changes that are indispensable for the transmission of information in the central nervous system can be induced by the application of appropriate stimuli to particular neural networks and may be recorded with either macro- or microelectrodes. (For details read Frank and Becker, 1964; Delgado, 1964.) Most of the recording methods require that the electrode be placed adjacent to a single neuron or a population of nerve cells. A number of techniques are available for recording from pools of neurons but these are only useful if the population is homogeneous in function and behavior. Most neural pools in the hypothalamus do not satisfy these criteria and adjacent cells may have different and even opposing roles, only in the paraventricular and supraoptic nuclei are similar neurons clustered together. However, even in these nuclei about a quarter of the cells do not project to the neurohypophysis (Sundsten et aZ., 1970; Dyball and Pountney, 1973) and of the remainder it is not always possible to distinguish between neurons secreting oxytocin and vasopressin. To fully interpret data obtained by electrophysiological techniques it is necessary to have a knowledge of the source of the signal recorded. Some of the early workers in the field of neuroendocrinology tried to relate hypothalamic EEG recordings with secretion of, for example, antidiuretic hormone (Nakayama, 1955) and ovulatory hormones (Kawakami and Sawyer, 1959; Porter et al., 1957). More recently many laboratories have used the technique of multi-unit recording to investigate similar problems. However, now that the hypothalamus has been investigated with microelectrodes, records of EEG and multi-unit activity provide little new data. The electrical activity so monitored is derived from perikarya, axons and synapses (Klee et al., 1965), and possibly also extracerebral sources (Cobb and Sears, 1956). For example, the increased multi-unit activity observed in the arcuate nucleus following electrical stimulation in the preoptic area (Terasawa and Sawyer, 1969) or in the prosubiculum of the hippocampus (Gallo et al., 1971) may be due to an increased rate of discharge of neurons with peiikarya in the arcuate nucleus or, and probably as likely, to increased activity in axons passing through the region. Gross recording techniques will never differentiate between these possibilities. In addition, quantification of multiunit activity is very difficult since the signal is scarcely distinguishable from the intrinsic electrical noise within the system. It is unlikely that the multi-unit recording technique, at present much favored by neuroendocrinologists, will yield fundamental References p . 142-147
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 insights into our understanding of the hypothalamic control of the pituitary gland. Indeed, I think it is fair to ask how much less might have been discovered by Hubel and Wiesel (1962, 1965, 1968) of coding in the visual cortex, or Eccles and his colleagues (Eccles et d., 1967)of the relationship between climbing fibers, mossy fibers and Purkinje cells in the cerebellar cortex, if they had used multi-unit or EEG recording as their tool for the investigation of these problems. The hypothalamus is surely at least as complex as these structures and the best approach in any analysis of the relationship between neural activity and endocrine state is that of single-unit recording. The nature of the signal obtained from single-units is well understood. In many cases the waveform shows a notch due to the partial separation of the initial-segment and somadendritic spikes (Fatt, 1957; Novin et al., 1970; Koizumi and Yamashita, 1972; Dyer, 1973). This inflexion is final evidence that the source of the signal is the perikaryon of the neuron and thus provides anatomical as well as electrophysiological data. Singleunit studies have already made a valuable contribution to neuroendocrine research and will undoubtedly have a prominent role in the future. However, although the single-unit approach has the potential to produce good dividends, the yield in the past has been restricted by our inability to separate recorded units into homogeneous groups. Thus to record many single units and then treat them as one population (for example, Cross and Silver, 1965; Lincoln and Cross, 1967; Findlay and Hayward, 1969; Kawakarrii and Saito, 1969; Haller and Barraclough, 1970; Cross and Dyer, 1971b; Dyer et al., 1972), whilst attempting to relate neural changes with the secretion and feedback effects of pituitary and target organ hormones, is little better than monitoring multi-unit activity and is probably more time consuming. It is necessary to place single units in categories that depend, for example, on the afferent and efferent connections of the neuron and the pharmacology of its synapses. Only a few years ago, these requirements would have seemed nearly impossible to obtain but, as is described below, the future is really quite hopeful.
 
 THE “OXYTOCIN CELL”
 
 Harris (1947, 1948) was amongst the first to demonstrate that both oxytocin and vasopressin are released when electrical stimuli are applied to either the neurohypophysis or the hypothalamo-hypophyseal tract. The necessary parameters for the electrical stimulation of these fine, unmyelinated axons were described much later (Harris et al., 1969) and it is now known that, in the rabbit, a frequency of sine-wave or biphasic stimulation ih excess of 30 Hz must be applied to the pituitary stalk to ensure the secretion of oxytocin and, probably, vasopressin. The authors also showed that with a pulse duration of 1 msec, which is about the length of an action potential, the critical frequency rose to 50 Hz. This type of stimulation has been applied by Lincoln (1971) to the infundibulum and median eminence to induce labor in the conscious prepartum rabbit. Similar thresholds also apply to the rat (Dreifuss and Ruf, 1971). These data from stimulation experiments do not necessarily describe how the
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 neurosecretory cells of the hypothalamo-neurohypophyseal system behave during the endogenously triggered secretion of hormones. To answer this question it is necessary to record the activity of neurosecretory cells before, during and after the known discharge of either ADH or oxytocin. The first report (Cross and Green, 1959) of unit activity recorded from paraventricular and supraoptic neurons was based on histological reconstructions of electrode penetrations. The authors could not be certain that their neurons ended in the pituitary gland. However, by stimulating these axon terminations in the neurohypophysis and recording antidromically evoked action potentials in the paraventricular nucleus, Yagi et al. (1966) were able to monitor the activity of units which almost certainly contained ADH or oxytocin. It is now mandatory to use this technique when analyzing the activity of antidiuretic and oxytocic neurons and numerous papers have been published in this field (Dyball and Koizumi, 1969; Kelly and Dreifuss, 1970; Novin et al., 1970; Yamashita et al., 1970; Barker et al., 1971a, b, c; Dyball, 1971; Dyball and Dyer, 1971; Moss et al., 1971, 1972a, b; Wakerley and Lincoln, 1971; Dreifuss and Kelly, 1972a, b; Koizumi and Yamashita, 1972; Lincoln and Wakerley, 1972; Negoro and Holland, 1972; Vincent et al., 1972a, b; Dyball and Pountney, 1973; Wakerley and Lincoln, 1973a, b). With the feasibility of recording from the perikarya of known neurohypophyseal neurons established, it remained to have an on-line and continuous assay for either of the related hormones. The most operational assay is that for oxytocin, in the barbiturate anesthetized lactating rat (Bisset et al., 1967), since physiological quantities of hormone cause a substantial increase in intramammary pressure which can readily be monitored with a pen recorder. Unfortunately, it was thought that anesthesia blocked the reflex release of this hormone during suckling (Yokoyama and Ota, 1965) and attempts were made to record by radiotelemetry from units in the paraventricular nucleus of freely moving rabbits whilst they suckled their young (Lincoln, unpublished observations). These difficult experiments produced few results and were terminated by the recent discovery (Lincoln et al., 1973)that the anesthetized rat continues to release oxytocin in response to the suckling stimulus and even in the headholder of a stereotaxic apparatus with a stimulating electrode resting beneath the neural lobe. It was now relatively easy to record from neurosecretory cells during the discharge of oxytocin from their endings and very dramatic results were obtained. Some 15 sec before an increase in intramammary pressure heralded the arrival of oxytocin at the gland approximately half of the antidromically identified cells in both the paraventricular (Wakerley and Lincoln, 1973a) and supraoptic (Wakerley and Lincoln, 1973b) nuclei increased their firing rate from under 5 to over 50 spikes/sec (recall the stimulation experiments described above) in a brief burst of activity not exceeding 3 sec. This characteristic behavior of some units was repeated over many milk ejections (Fig. 1) and, since antidiuretic hormone is not released with oxytocin (Wakerley et al., 1973), these experiments provide a technique for recording from identified “oxytocin nerve cells”, The observation that supraoptic neurons are as responsive as those in the paraventricular nuclei is surprising but it is probably related to the recent report that this part of the hypothalamus contains more oxytocin than the paraventricular region (Dyer et al., 1973). References P. 142-147
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 Fig. 1. Polygraph records of (a) spontaneous action potentials recorded from a neuron in the supraoptic nucleus of the rat identified by antidromic activation from the neurohypophysis, and (b) intramammary pressure recorded from a cannulated pelvic gland, both monitored through a number of milk ejections (ME) induced r e W y by suckling. Note the characteristicand repeatable increase in spike activity immediately prior to the oxytocin dependent rise in intramammary pressure. (Unpublished record of Wakerley and Lincoln.)
 
 STRATEGY
 
 There can be no doubt that our knowledge of the relationship between the systemic concentrations of oxytocin and the electrical activity of the neuron producing and releasing the hormone is greater than that for any other similar neuroendocrine system in the mammalian hypothalamus (for a recent appraisal read Cross, 1974) and it is salutary to draw certain conclusions from these data. In particular, it is reasonable to suggest that the experiments were only successful because: (1) the anatomical location of the neurons within the hypothalamus was well established; (2) an on-line assay was available for continuously measuring the secretion of the neurons; (3) it was possible to record the electrical activity of known neurosecretory cells. Thus an orderly and logical sequence of experiments led to the present happy position. Today, none of the 3 criteria outlined above can be fully met for neurons containing particular releasing factors and it is foolish to attempt for CRF, TRF, PIF, LRF-FSHRF, GRF or similar cells what has been achieved for the “oxytocin cells”, and what has partly been achieved for the antidiuretic neuron (Dyball, 1971; Vincent et al., 1972a, b; Dyball and Pountney, 1973), until the necessary groundwork has been more fully covered. This is far from a philosophy of despair but while on-line
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 assays for releasing factors are awaited, the electrophysiologist should devote his attentions to defining and understanding the neural connections under consideration. A start has already been made. Thus, for example, it is now possible to antidromically identify neurons in the medial basal hypothalamus with axons terminating in the median eminence (Makara et al., 1972; Sawaki and Yagi, 1973) and it is probable that many of these units are releasing factor cells. However, one should not be seduced by the attractive model system demonstrated by the “oxytocin cell”, for this is a final common path neuron and its behavior may be dissimilar from the interneurons which constitute most of the electrical activity usually recorded from the hypothalamus. Thus, for example, the interneurons projecting to the paraventricular and supraoptic nuclei probably do not show the burst of activity preceding milk-ejection characteristic of the “oxytocin cell” (Fig. 1). Their changes in spike activity may be more subtle, difficult to detect and related to more than one output system. Indeed, even the “oxytocin cell” probably does not show a dramatic burst of electrical activity preceding the tonic release of its hormone. My particular interests are centered on the preoptic and anterior hypothalamic area (PO/AH) and the electrical activity of units in this trigger zone for the pre-ovulatory secretion of luteinizing hormone in the rat. Experiments showed (Cross and Dyer, 1970, 1971b; Dyer et ~ l .1972) , that single units recorded from PO/AH on the day of proestrus were significantly faster firing than on the other days of the estrus cycle. Unfortunately, (but in view of what has been said above, not surprisingly) this observation could not be directly related to a single neuroendocrine effector system. However, the neurons controlling LH secretion are likely to proceed to the arcuate region of the hypothalamus and are thus probably dissimilar to most PO/AH cells involved in other vegetative functions. By extending the technique of antidromic stimulation to investigate this question it has proved possible to identify neurons (Type A cells) in PO/AH, whose axons terminate in the ventromedial/arcuate region (VMH/ARC) of the hypothalamus (Dyer and Cross, 1972; Dyer, 1973) and thus record from single units which may well be involved in the regulation of anterior pituitary secretions. These cells, which constitute about 41 % of the population, were very much slower firing than the adjacent units and, since about 20 % of them fired no orthodromic spikes during the entire recording session, many of the neurons in this category have probably been overlooked in previous experiments (for example, Lincoln, 1967; Moss and Law, 1971; Dyer et al., 1972). Of the cells which could not be antidromically activated the spontaneous discharge rate of about 54 % was increased and/or diminished, presumably by a synaptic pathway, following stimulation of the medial basal hypothalamus (type B cells). The remaining 46 % (approx.) of the units were not affected by the stimulus (type C cells, Fig. 2). The cells which were antidromically identified did not show the proestrus increase in firing rate and were thus further distinguished from adjacent neurons which clearly demonstrated this characteristic change (Fig. 3) (Dyer, 1973). The sensitivity of the differenttypes of PO/AH neuron to possible neurotransmitters is now under investigation. So far 29 units have been tested with iontophoretically References P. 142-147
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 Fig. 2. Diagram of a parasagittal section through the rat hypothalamus showing the differentcategories of unit in the preoptic and anterior hypothalamic areas distinguished by electrical stimulation of the ventromedhl/arwte region. The type A cells are antidromically activated and have axons terminating in the zone of stimulation. Type B cells are excited (+) and/or inhibited (-) by the stimulus whilst the spontaneous discharge of type C cells is unchanged. (Details in text and Dyer, 1973.) Abbreviations; AC,anterior commissure; AHA, anterior hypothalamic area; ARC, arcuate nucleus; OC, optic chiasma; POA, preoptic area; PV,paraventricular nucleus; SC, suprachiasmatic nucleus; VMH,ventromedial nucleus.
 
 c]
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 Fig. 3. Histograms of median firing rates of type B and C cells recorded from the preoptic/anterior of rats on the afternoons of proestrus and diestrus. Note the i n d hypothalamic area (PO/activity in the ventral PO/AH at proestrus (**). A Comparable change is not observed in the slower firing type A cells (Dyer, 1973).
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 Fig. 4. Polygraph record showing the effect of a 40 sec microiontophoreticapplication of noradrenaline (Nor.A), acetylcholine (ACh) and dopamine (DA) on the spontaneous activity of a type B cell recorded from the preoptic area of a female rat. Sodium was applied to control for current effects. (Unpublished record of Dyer, Dyball and Drewett.)
 
 applied acetylcholine, noradrenaline and dopamine (Fig. 4). These preliminary studies (Dyer et al., unpublished observations) have already shown that the type A cells are less frequently influenced by these drugs than cell types B and C . Thus, of 25 tests with type A cells, each repeated at least twice and with stringent current controls, no change in the spontaneous activity of the unit could be detected on 12 occasions. With nearly twice as many tests (47) on cell types B and C only 7 drug applications failed to evoke a change in unit firing rate. This electrophysiological dissection of the rostral hypothalamus has already provided the following new information. (1) That approximately 41 % of the neurons recorded in the preoptic/anterior hypothalamic area have axons terminating in the ventromedial/arcuate region (type A cells) and that a further 32% of the population are influenced synaptically by inputs from the medial basal hypothalamus (type B cells). (2) That the type A cells have a relatively low spontaneous discharge rate, do not respond readily to possible neurotransmitters applied iontophoretically and d o not show cyclicity during the estrus cycle. Thus it is now possible to distinguish between units in the rostral hypothalamus on References P, 142-147
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 the basis of some of their afferent and efferent connections and their sensitivity to various transmitter agents. The data obtained is a first step in an attempt to separate neurons on the basis of function and to know which units to record from when investigating particular neuroendocrine mechanisms.
 
 CONCLUSIONS AND SUMMARY
 
 The reader of this chapter may be disappointed by the paucity of the data connecting the electrophysiology of the hypothalamus with known endocrine conditions. A great deal could be written, for example, on the relationship between the sleepwaking state, as assessed from EEG recordings, and the secretion of hormones from the pituitary gland (for review see Findlay, 1972). However, in my view the majority of such experiments demonstrate parallelism and do not attempt to show how the electrophysiological and endocrine observations are connected. To achieve this basic information it is necessary to: (1) understand fully the source of the signal recorded. This demands the single-unit approach; (2) have knowledge of the function(s) of the neuron recorded; (3) have details of its afferent and efferent connections; (4) monitor changes in output alongside changes in spike activity. These requirements will not easily be obtained but they represent to the electrophysiologist the minimum requirements needed before neural activity can be related to endocrinology and as such they represent an ideal strategy for the future.
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 DISCUSSION
 
 VANDER S C H ~Since : the presentation of your paper was mainly on the electrophysiology of the preoptic area, I would like to know what the basis of your choice for this particular area was. DYER:It is well established now that the preoptic area is indispensable for the phasic release of LH during the estrus cycle. Since it was probable that it would be easier to see some phasic events than to detect tonic events, where a change might be much smaller and less dramatic, we chose the preoptic area for our study.
 
 HERBERT: May I ask you: when you stimulate in the arcuate area, how can you be sure that you are stimulating the endings of preoptic cells ? Are you sure that you do not stimulate e.g. cell bodies or fibers en pussage ?
 
 DYER: We have established that it is endings and not fibers enpussage, by repeating these experiments after placement of the stimulating electrode in the caudal part of the arcuate nucleus, or in the posterior hypothalamus, and showing that antidromically identified cells in the preoptic area could not be obtained in this way. Therefore it was definitely the endings of the neurons that we were stimulating.
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 The Mammalian Pineal Gland and its Control of Hypothalamic Activity J. ARIBNS KAPPERS, A. R. SMITH AND R. A. C. DE VRIES Netherlands Central Insiitute for Brain Research, Amsterdam (The Netherlands)
 
 INTRODUCTION
 
 Before dealing with the subject mentioned in the title of this paper, it seems fit to give first of all a general introduction surveying the essentials of mammalian pineal structure, innervation, biochemistry and function without going too much into detail or giving an exhaustive list of references. For additional information, we refer to some surveys and books, listed at the beginning of the bibliography.
 
 Fig. 1 . Topography of the pineal gland (e) in man. The arrows indicate the position of the velum interpositum. (From M. W. WOERDEMAN (1950) Arlas of Human Anatomy, II, Wetensch. Uitg., Amsterdam; Plate 459, slightly altered.) References p . 170-1 73
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 Ontogenetically originating from that part of the diencephalic roof which is situated between the habenular commissure rostrally and the posterior commissure caudally, the epiphysis cerebri or pineal gland is an epithalamic structure. In mammals, it is a solid, parenchymatous organ, except for cysts of various origin which may specially occur in the human pineal. The gland can be cone-shaped, hence the classical name “conarium” or “pineal body”, as it is for instance in man, or rod-shaped as in rabbit. Its tip can extend, as it does in man, into the superior cystern, an extension of the subarachnoid space which lies dorsal to the quadrigeminal lamina (Fig. 1). A pineal recess, lined by ependyma, indicates the opening of the lumen of the originally saccular pineal “anlage” into the third ventricle. In many species, part of the dorsal surface of the organ is covered by the suprapineal recess of the third ventricle. This is a protrusion of the ventricle developing just rostra1 to the habenular commissure, then growing in a dorsocaudal direction. Between the ependymal wall of this recess and the pineal parenchyma at the dorsal surface of the organ, there is the pial covering of both this recess and the pineal gland, as well as a variable amount of loose pia-arachnoidal tissue forming part of the so-called velum interpositum. This velum is situated between the fornix and the roof of the third ventricle. Evidently, products produced by the pineal parenchyma cannot be released directly into the internal cerebrospinal fluid contained in the suprapineal recess, and such a release is also impossible by way of the pineal recess (Kappers, 1971a). The gland is vascularized by branches of the posterior cerebral arteries forming an extensive capillary network in the pineal parenchyma. The topographical relation between the organ and the large intracranial veins is a very close one. In rat, the caudal tip of the gland invaginates into the floor of the sinus confluens (Kappers, 1960), while in rabbit this tip even invaginates into either the right or the left transverse sinus (Smith, 1971 and 1972; Romijn, 1973b), making pinealectomy in the rabbit practically impossible. Pineal venules in mouse (Bartheld and Moll, 1954) and in rabbit (Smith, 1971 and 1972) have been demonstrated to drain directly into the large intracranial veins. The mammalian pineal is composed of strings of cells, often showing a pseudofollicular arrangement. Between these strings, connective tissue strands are present containing arterioles and venules. These, as well as the parenchymal capillaries, are surrounded by perivascular spaces varying in width according to the species examined. Extensions of pericapillary spaces may penetrate deeply between the parenchymal cells to merge with intercellular spaces. In this way, an extensive canalicular network is formed in the pineal parenchyma which is especially evident in rabbit (Fig. 2), as has been shown by Romijn (1972), one of the other workers on the pineal gland in our institute. The parenchymal cell cords consist of pineal-specific cell elements, the pinealocytes. Most of their perikarya show, i.a., a nucleus which is often lobulated, many mitochondria, rough and smooth endoplasmic reticulum and a well-developed Golgi apparatus producing dense-core and lucent vesicles. These vesicles migrate along the processes of the pinealocytes finally reaching their bud-shaped terminals. Lucent vesicles may also be pinched-off from the smooth endoplasmic reticulum present in
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 Fig. 2. Rabbit. Pineal parenchyma. Fixation and embedding as for electron micrographs, 100 nm section, silver methenamine. A number of nuclei of pinealocytes and some capillaries are seen. Pericapillary spaces (thick black lines) surround the capillaries extending deeply into the pineal parenchyma. Bundle of sympathetic nerve fibers in pericapillary space indicated by arrow. x 1570. (Photograph by H. J. Romijn.)
 
 these terminals which, thus, would also be involved in the secretory process of the pinealocyte (Romijn, 1972, 1973~).Most of the terminals of the pinealocytic processes border on the outer or parenchymal basa€ membrane lining the pericapillary spaces while some may even end freely within these spaces. Depletion of the content of the vesicles present in the terminal buds of the pinealocytic processes into intercellular and pericapillary spaces has been observed electron microscopically. In some mammals, such as rabbit, light and dark pinealocytes can be distinguished electron microscopically. They show characteristiccytological differences, a somewhat different location in the gland and may have a somewhat different function (Romijn, 1972, 1973~).Fig. 3 schematically illustrates the histology of the rabbit pineal gland which, in principle, is not very different from that of the organ in other mammalian species. On the ground of the light and electron microscopical data mentioned, it is now generally accepted that the pinealocytes are, indeed, secretory cells. Their products are released into the capillary blood via the capillary spaces and the capillary endothelial wall which, in many species, is fenestrated, and then reach the systemic circulation directly via the venules which drain into the large intracranial veins. As the pinealocytes are ontogenetically derived from embryonic neuroepithelium References P. 170-1 73
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 Fig. 3. Schematic representation of the medullar area of the rabbit pineal gland. ACh: cholinergic nerve ending; Cap: capillary lumen; DP: dark pinealocyte; E: endothelium; ICS: wide intercellular space; LP:light pinealocyte; NA: noradrenergic nerve ending; NB:nerve bundle, accompanied by a lemmocyte, containing noradrenergic and cholinergic axons and nerve endings; PB: pigment bodies; PG: pigment granules; PVS: perivascular space; T: club-shaped terminal of an offshoot of a light pinealocyte; ZO: zonula occludens. (Fig. 19 from H. J. Romijn, 1973c.)
 
 and as their products are released into the blood, the mammalian pineal gland may be termed, at least on structural grounds, a neuro-endocrine organ. This does not mean that its secretory compounds are produced by nerve cells, but by cells of neural origin. By Kappers (1971b), the similarity in structure at the cell/vascular border between the
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 pineal gland and other neuro-endocrine organs such as the posterior pituitary and the median eminence has been pointed out. Phylogenetically, the mammalian pinealocyte is derived from neurosensory photoreceptor cells, present in the pineal organ of submammalian vertebrates. Although the mammalian pineal is no longer directly photosensitive, its function is still regulated by photic stimuli as will be mentioned later. Besides pinealocytes, a varying number of fibrous astrocytes do occur in the gland. By some authors they have been somewhat confusingly termed “interstitial cells”. Nerve cells may also be present. Their nature will be dealt with below. Furthermore, cells of mesodermal origin such as fibrocytes, mast cells and plasma cells have been demonstrated.
 
 INNERVATION
 
 The mammalian pineal gland is exclusively innervated by the autonomic nervous system. Sympathetic postganglionic nerve fibers, originating in the superior cervical ganglia, enter the organ along the perivascular spaces of blood vessels penetrating the gland all along its surface, and via two bilaterally symmetrical nervi conarii, coursing in the tentorium cerebelli (Kappers, 1960, also for refs., 1965; Romijn, 1972, 1973b). These nerves branch extensively in the pineal parenchyma. Nerve fibers entering the gland along the perivascular spaces may end in these spaces, but some penetrate into the pineal parenchyma while also some parenchymal nerve fibers penetrate into the perivascular spaces. Electron microscopically, the endings of these fibers show the characteristics of sympathetic nerve terminals as do the varicosities, present along the preterminal part of the fibers. Although, earlier, some rare synaptic junctions between terminals of postganglionic sympathetic fibers and pinealocytes have been described (Kappers, 1969, 1971b, also for refs.) these do not really occur. The synapses observed should be interpreted differently as will be mentioned below. As is now known, the very extensive sympathetic innervation of the pineal is of paramount importance for the function of the organ. Quite recently it has been ascertained that, next to a sympathetic, a parasympathetic pineal innervation is present although this has not yet been examined in many mammalian species in detail (Romijn, 1972, 1973a, 1973b, also for refs.). In the pineal of some species, the presence of a varying number of nerve cells has already been demonstrated while in other species nerve cells, which may have a similar function, are situated at the caudal tip of the organ forming the small ganglion of Pastori (1928, 1930). Besides these pineal intramural and juxtamural nerve cells, cells of a similar nature are probably situated at an even larger distance from the gland. In the rabbit pineal, synaptic junctions of cholinergic nerve terminals with the perikarya and dendrites of intramural pineal neurons have now been demonstrated by light as well as by electron microscopy (Romijn, 1973a, b and in preparation). Most probably, these are the synapses interpreted by earlier authors to be synapses between sympathetic fibers References P. 170-1 73
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 and pinealocyticprocesses. The axons of the intramural neurons distribute throughout the rabbit pineal parenchyma in which a great number of cholinetgic nerve terminals have been electron microscopically observed. Like the noradrenergic terminals, they do not synapse with the pinealocytes. Most probably, the pineal intramural neurons are postganglionic parasympathetic elements which are innervated by preganglionic parasympathetic fibers. The localization of thexdls of origin of the latter are, as yet, unknown. It has been suggested (Kenny, 1961) that the preganglionic parasympathetic fibers for the pineal would run in the gmater petrosal nerve. Although the pineal gland is part of the brain, it does not appear to be connected either by afferent or efferent nerve fibers with centers in the brain proper. In several mammalian species, some fibers deriving from the posterior and/or the habenular commissurehave been observed to enter the pineal stalk or the most rostra1part of the gland. Most of these fibers are, however, aberrant commissural fibers which make hairpin loops leaving the gland again to enter the contralateral side of the commissure from which they are derived (Kappers, 1960,1965;Kenny, 1965; Romijn, 1972,1973b).
 
 BIOCHEMISTRY
 
 For surveys of the biochemistry of the mammalian pineal organ we may refer to Arvy (1963) and Kappers (1969). For this introduction only a few data are selected which seem to be of importance for understanding pineal function. In the organ, a number of biogenic amines have been demonstrated. Of the catecholamines,histamine, noradrenaline and dopamine are present. The pineal content of histamine varies widely (Giarman and Day, 1958). This is related to the pineal mast cell population, the compound being localized primarily in these elements (Machado et al., 1965). As noradrenaline is exclusively localized in the postganglionic sympathetic fibers, the pineal content of this compound is considerable due to the extensive sympathetic innervation of the organ. Pineal dopamine is not primarily located in the sympathetic nerve fibers. In the rat, a rich extraneuronal pool of this compound has been observed in pinealocytes in which it is probably stored (Pellegrino de Iraldi and Zieher, 1966; Zieher and Pellegrino de Iraldi, 1966). In the mammalian pineal organ, indoleamines are abundant. 5-Hydroxy- as well as 5-methoxyindoles have been demonstrated. The pineal of most mammals, including man, contains a large amount of 5-hydroxytryptamine or serotonin which is, indeed, larger than in any other neural structure (Giarman and Day, 1958; Miline et al., 1959; Giarman et al., 1960). This compound which is not autofluorescent, but which fluoresces yellow using the Falck-Hillarp technique for histochemical fluorescence, is present in pinealocytes as well as, in some mammals, in the intrapineal part of the sympathetic nerve fibers (see Kappers, 1969, for literature). Serotonin which is produced in the pineal from tryptophan, is a precursor substance of ~-acetyl-5-methoxytryptamine. Lerner, who first isolated and identified this latter substance in bovine pineals (Lerner et al., 1958, 1959; Lerner and Case, 1960), termed it “melatonm”
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 because it aggregates the pigment granules in the melanophores of amphibian skin. Melatonin has long been considered the pineal hormone “par excellence” because of its endocrinologicaleffects which will be dealt with later and the more so because its synthesis was thought to be pineal-specific. In 1971, however, Cardinali and Rosner demonstrated the presence of both the rate-limiting enzyme of melatonin synthesis, hydroxyindole-0-methyl transferase (HIOMT), and melatonin itself, in the rat retina. Other indole derivatives isolated and identified in the mammalian pineal are 5methoxyindole-3-aceticacid and 5-hydroxyindole-3-aceticacid. Probably, both compounds are products of serotonin metabolism by monoamine oxidase (see Quay, 1965a, for pineal indole derivatives and their metabolic pathways). Of the other indole derivatives isolated and identified in the mammalian pineal gland, only 5-hydroxytryptophol and 5-methoxytryptophol (Delvigs et al., 1965) will be mentioned here because they have also been shown to be of endocrinological consequence (see later). To our knowledge, these compounds have, so far, not been identified in other organs or tissues. Being derivatives of serotonin, it seems, however, questionable whether they are pineal-specific because serotonin is known to occur in many other tissue elements than just pinealocytes. As has been demonstrated in rat, the pineal protein content is very high in comparison with other parts of the brain. In their electrophoreticstudy, Pun and Lombrozo (1964) found 4 proteins which they considered pineal-specific, but they did not identify them. As will be mentioned later, one of the authors of this paper (Smith, 1972) did identify one of these proteins while he was also able to demonstrate its presence in two hypothalamic nuclei. The striking activity of aminopeptidase observed in pineal parenchyma (Niemi and Ikonen, 1960, in rat; Bayerova and Bayer, 1967, in the human), and the fact that, biochemically, pineal aminopeptidase activity is very similar to that in the hypophysis and the cortex cerebri (Jouan and Rocaboy, 1966), led to the postulation that a very active synthesis of proteins occurs in the mammalian pineal gland. It is of interest that not only pineal weight, the number of mitoses in the organ, and the lipid-, glycogen- and RNA-content show a circadian rhythm (Quay, 1961,1962,1963), but also a number of pineal biogenic amines and enzymes as far as, respectively, their concentration and activity are concerned. Table I summarizes a number of literature data on the circadian rhythm of pineal compounds under normal and experimental conditions. Many experiments point to a light-independent, endogenous regulation of pineal serotonin levels. The day/night rhythm of most other substances mentioned in Table I is probably exogenously regulated and greatly dependent on the pineal noradrenaline rhythm, which, as pineal noradrenaline is exclusively present in the sympathetic nerve fibers, links these rhythms with the sympatheticinnervation of the organ. From Table I it is quite obvious that light and darkness are among the factors which influence the pineal content of most compounds as does the innervation of the gland which is apparent when performing superior ganglionectomy or deafferentiation of the superior cervical ganglia which send postganglionic sympathetic fibers to the gland. Experimental neuroanatomical investigations (Moore et al., 1968) have shown that the multineuronal pathway along which light or darkness exogenously regulate References P. 170-1 73
 
 TABLE I DAY/NIGHT RHYTHM AND CONTENT OR ACTIVITY OF SOME SUBSTANCES OCCURRING IN THE EPIPWSIS CEREBRI OF THE ADULT RAT UNDER NORMAL AND EXPERlMENTAL CONDITIONS ACCORDING TO DATA FROM VARIOUS AUTHORS
 
 Substance
 
 Daytime
 
 Night
 
 Ganglionectomy
 
 Decentr. ganglia
 
 Contin. light
 
 Contin. darkness
 
 Enucleation of eyes
 
 5-hydroxytryptophan decarboxylase
 
 activity high
 
 activity low
 
 rhythm vanishes activity average
 
 not investigated
 
 rhythm vanishes activity high
 
 rhythm vanishes activity low
 
 rhythm vanishes activity low
 
 5-hydroxytryptamine = serotonin (5-HT)
 
 content high
 
 content low
 
 rhythm vanishes content average
 
 rhythm vanishes content average
 
 rhythm vanishes content high
 
 rhythm remains normal
 
 rhythm remains
 
 N-acetyl-transferase
 
 activity low
 
 activity high
 
 rhythm vanishes
 
 rhythm vanishes
 
 rhythm vanishes activity low
 
 rhythm remains
 
 rhythm remains
 
 N-acetyl-serotonin
 
 content low
 
 content high
 
 not investigated
 
 not investigated
 
 rhythm vanishes
 
 rhythm vanishes
 
 not invest.
 
 HydroxyindoleOmethyl-transferase
 
 activity low
 
 activity high
 
 rhythm vanishes activity averagelow
 
 rhythm vanishes activity average low
 
 rhythm vanishes activity low
 
 rhythm vanishes activity rel. high
 
 rhythm vanishes activity averagehigh
 
 N-acetyl-5-methoxytryptamine (melatonin)
 
 content low
 
 content high
 
 rhythm vanishes
 
 rhythm vanishes
 
 rhythm vanishes content rel. low
 
 rhythm irreg.* content rel. high
 
 not investig.*
 
 Noradrenaline
 
 content low
 
 content high
 
 rhythm vanishes content low
 
 rhythm vanishes content low
 
 rhythm vanishes content low
 
 rhythm vanishes content high
 
 rhythm vanishes content high
 
 * According to other authors, the day/night rhythm bound to locomotor activity is maintained. (From Kappers, 1973)
 
 F
 
 fi
 
 m:
 
 z
 
 m
 
 F
 
 zw
 
 v1
 
 b
 
 g
 
 HYPOTHALAMIC ACTIVITY AND PINEAL GLAND
 
 SEX O R G A N S
 
 -
 
 157
 
 -= N E R V O U S P A T H W A Y S -----
 
 H O R M O N A L PATHWAYS
 
 Fig. 4. Schematic diagram of the neural pathway leading from the retina of the lateral eye to the pineal organ (see text) and possible pathways by which the pineal organ may exert its functional influence on the pars distalis of the hypophysis and, via this structure, on the organs of reproduction. Ep: epiphysis; Hp: hypophysis; Ht : hypothalamus; scg: superior cervical ganglion. (From Kappers, 1969.)
 
 the circadian rhythm of most compounds involved in the synthesis of melatonin, and also the day/night rhythm of noradrenaline, is constituted of the following links: the retinae - the optic nerves -the crossed inferior accessory optic tracts joining the medial forebrain bundle in the lateral hypothalamus and terminating in the rostral part of the mesencephalic tegmentum - a still ill-defined tegmentospinal system the rostral part of the intermediolateral nuclei in the upper thoracic segments of the spinal cord - preganglionic nerve fibers ending in the superior cervical ganglia and, finally, the postganglionic sympathetic fibers terminating in the pineal gland (Fig. 4). So far, the role of the pineal parasympatheticinnervation is not exactly known. It has been suggested by Romijn (1972) that the endogenously regulated circadian rhythm of serotonin would possibly depend on it. Concerning the function of the gland, we will have to restrict ourselves in this paper to its antigonadotropic activity. It has long been known that light and darkness, which, as has been mentioned, influence the pineal content of several compounds, also exert an effect on the development and function of the primary and secondary organs of reproduction. Lengthening of the daily photoperiod either under natural seasonal circumstances or under experimental conditions stimulates the functional development of the sex organs. Permanent illumination may even cause permanent estrus. Concomitantly, the pinealocytes and their nucleoli decrease in size while the References P. 170-173
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 pineal content of, for instance, serotonin is low. The effect of excessive illumination on the pineal is realized only if the neural pathway along which photic stimuli can reach the organ indirectly is intact. Evidently, pineal function is generally inhibited in animals, exposed to large quantities of light which influence the gland indirectly via the multineuronal pathway mentioned, while under this condition, the development and function of the reproductive system are stimulated. On the other hand, lengthening of daily periods of darkness or permanent darkness show the opposite effect. Sexual maturation in prepubertal animals is postponed while, in mature animals, the function of the reproductive system is inhibited. Female rats, when kept in permanent darkness, may even show a more or less permanent anestrus. Concomitantly, the weight of the pineal gland and the pinealocytes increases in size while the same holds for their lipid and RNA contents. The synthesis of melatonin is activated. Removal of the eyes shows the same effect as does permanent darkness. Apparently, pineal function is enhanced in animals exposed to excessive quantities of darkness, either under natural or under experimental conditions, while the development and function of the reproductive system is inhibited. From the above, it follows that there is a direct relationship between the quantity of light to which an animal is exposed, the function of the pineal gland and the function of the reproductive organs, at least in those mammalian species investigated so far. It has, furthermore, often been demonstrated that, in general, pinealectomy and bilateral superior ganglionectomy counteract the inhibitory effect of long periods of darkness or of blinding on the reproductive organs. Similarly, these operations counteract the stimulatory effect of additional light on the reproductive system. Pinealectomy, when performed in normal animals reared under normal conditions of environmental lighting, causes an increase in weight of the gonads, uterus, seminal vesicles and prostate as well as precocious puberty in prepubertal animals. The effects of pinealectomy can be abolished by administration of pineal extracts or of certain pineal compounds. On the other hand, chronic administration of pineal extracts to normal animals causes effects reversed to those seen after pinealectomy: the develop ment and function of the reproductive organs are inhibited. The question concerning the exact nature of the pineal product or products exerting an antigonadotropic effect and that about the way this effect is exerted can best be combined. Firstly, melatonin has been considered the pineal compound which would be exclusively responsible for the antigonadotropic effect of the gland. Numerous experiments with this substance have been performed. Daily administration to maturing female rats was shown to induce a decrease in weight of the ovaries and even ovarian atrophy, decrease in weight of the uterus and of the hypophysis. A significant retardation and decrease in incidence of estrus have also been observed by some authors. Furthermore, melatonin was demonstrated to block the increase in estrus frequency following pinealectomy. It should, however, been mentioned that the results of these or similar experiments have not always been consistent or confirmed by other authors. This may be due to several factors, one of them being the time of administration in relation to the estrus cycle. For a better and somewhat more exact understanding of the effect of melatonin,
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 the finding was important that administration of this compound causes an atrophy of the seminal vesicles and of the prostate, but not of the testes. It was also histologically demonstrated that the ovaries of female rats, injected with melatonin, did not show any corpora lutea although the many follicles present were of large size. The interstitial tissue proved to be histologically inactive, also pointing to an anti-LH effect of melatonin. In the anterior pituitaries, FSH-producing cells were quite numerous and active (Moszkowska, 1967). The above experiments suggest that melatonin specifically reduces either hypophyseal LH synthesis, LH depletion or both, inhibiting, in consequence, the secretion of estrogen but not the synthesis and depletion of FSH. This means that melatonin cannot be responsible for all of the antigonadotropic effects of the pineal since pinealectomy is known to cause not only an increase of hypophyseal release, but also of hypophyseal synthesis of both gonadotropic hormones, LH as well as FSH (Martini et al., 1968). Regarding the question how melatonin exactly works, the following is of interest. Fraschini et al. (1968) found that pinealectomy causes testicular hypertrophy, increase in weight of the ventral prostate and of the seminal vesicles and increase of the pituitary LH content, suggesting that pinealectomy stimulates synthesis and depletion of pituitary LH. Implantation of pineal fragments or ofmelatonin in the median eminence or the mesencephalic reticular substance of castrated male rats significantly reduced pituitary LH stores as well as plasma LH levels. On the other hand, no effect on the pituitary LH content was observed when melatonin was implanted into the pituitary or the cerebral cortex. According to these authors, this suggests that pineal indole compounds, at least melatonin, modify pituitary function by acting on the median eminence and on the reticular substance. Furthermore, systemic administration of melatonin results in a significant atrophy of the prostates and the seminal vesicles while the weights of the pituitary gland and of the testes are unmodified, suggesting that melatonin inhibits LH secretion, but not that of FSH (Martini et al., 1968). Furthermore, it was found (Clementi et al., 1966, 1969) that pinealectomy in castrated rats did not change the ultrastructure of the castration cells while implants of melatonin or of pineal tissue into the median eminence or the midbrain reticular formation of castrated animals practically restored the morphological aspects of the gonadotropic cells, reducing the volume of the cisternae of the endoplasmic reticulum and pituitary LH storage as well. All data available suggest that melatonin inhibits pituitary LH secretion and that this effect of melatonin is exerted via structures in the brain, more especially the hypothalamus, controlling the function of the pituitary gland. It should, however, be mentioned that, in vitro, Moszkowska (1967) did not observe any effect of melatonin on pituitary gonadotropin levels when incubating anterior pituitaries in the presence of both melatonin and hypothalamus, while Ellis (1969) found that melatonin, added to testis tissue cultures, caused a strong inhibition of testosterone production. This latter finding suggests that, at least in in vitro conditions, melatonin could exert its anti-LH effect on the gonads directly. It had also earlier been demonstrated (Wurtman, 1964) that administered melatonin concentrates in the gonads. From the foregoing it appears, at least, that the antigonadotropic activity References p . 170-1 73
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 of melatonin is restricted to an anti-LH effect and that, in vivo, the hypothalamus is involved in its working mechanism. As the next candidates for antigonadotropic pineal factors, 5-methoxytryptophol and 5-hydroxytryptophol, should be mentioned, the fist compound exerting an even stronger inhibitory effect on the pituitary-gonadal axis than melatonin does in decreasing the frequency of estrus and reducing ovarian weight in maturing female rats (McIsaac et al., 1964). The substance also inhibits copulation-induced release of gonadotropin in adult rabbits (Farrell et al., 1966). Implantation of 5-methoxytryptophol in either the median eminence or the mesencephalic reticular formation of male castrated rats did not cause signSwnt changes in the LH content of the hypophysis (Fraschini el al., 1968,1969) while, in contrast, hypophyseal FSH content was reduced (Clementi et al., 1966). It, therefore, appears that this pineal indole derivative also exerts its antigonadotropic effect via the hypothalamus, and, evidently, the reticular substance, inhibiting FSH, but not LH secretion in the hypophysis. 5-Hydroxytryptophol has, so far, not been found to exert an antigonadotropic effect in endocrinological experiments. However, when implanted into the median eminence, the compound has been demonstrated to inhibit hypophyseal LH content, just as melatonin does (Motta et al., 1967; Fraschini et al., 1971). The fact that 5hydroxytryptophd shows an effect only when implanted into the brain and not after injection in the systemic circulation has been tentatively explained by suggesting that this substance would be unable to pass the blood-brain barrier (Martini et al., 1968). As has been already mentioned, the mammalian pineal gland is rich in 5-hydroxytryptamine or serotonin which is synthesized in the pinealocytes. It has been suggested that serotonin would specially reduce LH production in the hypophysis, probably inhibiting in the hypothalamus the production and/or the release of LH-RF. This matter will be discussed in connection with the findings of Smith which will be reported later. Leaving pineal indole derivatives as possible candidates for antigonadotropic agents produced in the gland, we now turn to pineal peptides which have already been shown to be synthesized in the organ while some have been considered to be pineal-specific (Pun and Lombrozo, 1964; see also Smith, 1972). Among others, Milcu et al. (1963) isolated a polypeptide from bovine pineal glands which also showed, next to pressor and oxytocic activity, an antigonadotropic effect. These authors concluded that this polypeptide would be arginine vasotocin while Pavel and Petrescu (1966) demonstrated that the gonadotropic activity exerted by pregnant mare serum on mouse uteri could, indeed, be inhibited by both purified pineal arginine vasotocin and by the same compound, synthetically produced. Following Pavel (1965), lysine vasotocin, isolated from the pineal, would also be a pineal peptide having antigonadotropic activity. Cheesman (1970) and Cheesman and Fariss (1970) isolated from bovine pineals a cyclic polypeptide which they identified as 8-arginine vasotocin and which showed a similar activity. These authors, however, attributed the antigonadotropic activity to an oxytocic effect on the immature mouse uterus, stimulated by human chorionic gonadotropin (HCG). It should also be mentioned that, according to Moszkowska and Ebels (1968), the antigonadotropic effect of arginine vasotocin,
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 likewise observed by these authors, is not due to its inhibition of the synthesis or release of hypophyseal gonadotropic hormones, but to the direct effect of the substance on either the gonads or the gonadotropic hormones. Thieblot (1965) and Thieblot and Blaise (1963) were also convinced that the antigonadotropic agent of the pineal gland is a polypeptide. In pineal extracts, Thieblot and Menigot (1971) isolated a fraction of low molecular weight containing 5 peptides and showingantigonadotropic activity. Whether this effect is restricted to only one of these peptides and, if so, to which one, they were not able to establish as yet. From extracts of acetone-desiccated powder of sheep pineals subjected to gcl filtration on Sephadex G-25 Ebels et al. (1965) obtained two fractions showing biological activity. One of them, fraction F,, decreased hypophyseal FSH Secretion in vitro. This fraction, which was further purified (Ebels, 1967), was shown to be a peptide having the relatively low molecular weight of about 700 (Moszkowska et al., 1971). It appeared that, in vitro, the activity of this fraction differed from that of synthetic arginine vasotocin (Moszkowska and Ebels, 1970). Recently, Benson et al. (1971, 1972a, b) found that melatonin-free extracts of bovine and rat pineal extracts demonstrate an antigonadotropic effect inhibiting compensatory ovarian growth in young adult mice after unirateral ovariectomy and reducing both ovarian and uterine weight in intact adult mice. Purification of the effective fraction which was shown to have a molecular weight of 500-1000, and further ultrafiltration and gel filtration yielded several peaks, one of which was ninhydrin-positive and contained the pineal antigonadotropic compound. Even in partially purified form, this was estimated to be 60-70 times as active as melatonin. Trypsin inactivated the substance. This same fraction isolated from an aqueous extract of fresh human pineal glands on Sephadex G-25 proved to possess a similar antigonadotropic activity when tested in unilaterally ovariectomized mice, while an extract of human cerebrum, treated in the same way, did not show this effect (Matthews et al., 1971). From the above mentioned data, it appears that at least some of the pineal peptides isolated should be seriously considered as candidates for pineal antigonadotropins, arginine vasotocin probably excepted. It is, however, not yet exactly known whether they are pineal-specific while the same is true regarding the mechanism by which their effect is produced. After this survey of some data on the mammalian pineal gland indicating a number of, as yet, unsolved problems we will now deal with some recent results obtained by workers at the institute, starting with the effect of the pineal gland on the parvocellular hypothalamic neurosecretorysystem. In specific areas of the rabbit pineal, Smith (1972 and Smith etal., 1972a, b) observed the presence of yellow autofluorescentand of yellow non-autofluorescentpinealocytes, the fluorescence of the latter only occurring after formaldehyde treatment of the freeze-dried cryostat sections and being evidently due to the presence of serotonin. Under conditions known to influence serotonin levels in the pineal organ, such as administration of p-chlorophenylalanine (PCPA), which inhibits the activity of tryptophan hydroxylase involved in the synthesis of serotonin (Koe and Weissman, 1966), light and darkness during the normal circadian rhythm of illumination, and References p . 170-1 73
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 permanent darkness, Smith studied the distribution of autofluorescent cells and of non-autofluorescent serotonergic cells. It appeared that the number of yellow autofluorescent pinealwytes increased after acute and chronic treatment with &PA as well during the period of light under normal lighting conditions. This increase was demonstrated to occur at the cost of the number of non-autofluorescent cells, originally present. By qualitative and quantitative evaluation it could be proved that the same type of cell, the pinealocyte, is involved in the storage of the non-autofluorescent compound serotonin and of the autofluorescent substance, both being stored in granules measuring 1-2 pm. As could be expected on the basis of earlier investigations, the circadian rhythm of non-autofluorescent serotonergk pinealocytes persisted during permanent darkness
 
 Fig. 5. ElectrophoRtic pattern of pineal proteins. In the middle the normal pattern of pineal proteins is shown as stained with Coomassi blue (cf. Smith, 1972). The gel at the right indicates the disk of the autofluorescent substance stained with the Koshland method which is specific for proteins containing relatively much tryptophan. The gel at the left demonstrates the autofluorescent disk as observed under the fluorescence micxowpe.
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 Fig. 6. Transverse section of rat hypothalamus (composed photograph). Autofluorescent and yellow formaldehyde-inducedfluorescent cells, containing possibly serotonin, present in the arcuate nucleus of the rat hypothalamus. The autofluorescent cells can be demonstrated in unfixed, unthawed, unstained and only frozen-dried sections. AF: autofluorescent cells; da: dopaminergic cells; ht: serotonergic cells; mc: mast cells; n: nucleus. Small white arrows indicate intense yellow autofluorescent granules in the cytoplasm of the serotonergic neurons.
 
 indicating that this rhythm is not controlled by exogenous environmental lighting, but endogenously. In contrast, however, no such fluctuations could be observed in the number of autofluorescent cells under conditions of permanent darkness, this number staying fixed at the high night levels as compared to control animals subjected to normal diurnal lighting conditions. In order to correlate the fluorescence microscopical data with serotonin and tryptophan levels under the same experimental conditions mentioned, changes in serotonin and free tryptophan levels were studied using microchemical determination methods. It appeared that the levels of both compounds decreased during acute and chronic pCPA treatment as well as during the night under normal lighting conditions. During permanent darkness, on the other hand, the circadian rhythm of both pineal serotonin and tryptophan content persisted proving the endogenous, light-independent control of both rhythms. In order to elucidate the nature of the autofluorescent compound, Smith, using specific staining methods for proteins containing much tryptophan as well as the microdisk electrophoresis technique, was able to prove that this compound is, indeed, a protein containing relatively much tryptophan. In the polyacrylamide gels, one disk only stained with the tryptophan-protein staining technique while the same band appeared to show yellow autofluorescence exclusively (Fig. 5). Under the experimental References P. 170-1 73
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 conditions mentioned above, the same changes in the levels of this pineal protein occurred as were already demonstrated by fluorescence microscopy and the microchemical determination methods. In protein precipitates of rabbit cerebral cortex, medulla oblongata, hypophysis, and pons no such a fluorescence could be demonstrated, the specific disk here being quite absent. Furthermore, it appeared that the autofluorescent protein fraction was identical with one of the 4 protein fractions found in the rat pineal by Pun and Lombrozo (I 964) who thought this to be pineal-specific in comparison to proteins present in the anterior hypothalamus, putamen and several cortical areas. In a more recent investigation, Smith was able to demonstrate the presence of the same protein, as verified with the methods used before, in neurons of the arcuate nucleus and of the basolateral part of the ventromedial nucleus of the rat hypothalamus, but in no other hypothalamic nuclei. It, therefore, appeared that this protein which is very rich in tryptophan is not pineal-specific as it also occurs in hypothalamic nuclei which are part of the hypophyseotropic hypothalamic area and, according to Mess et al. (1970) are especially involved in the production and release of LH-RF. Besides yellow autofluorescent cells, yellow non-autofluorescentserotonergic neurons proved to be present also in the arcuate and ventromedial hypothalamic nuclei of rat (Fig. 6). It is out of the question that the latter cells could have been confused with dopaminergic cells, known to be present in the arcuate nucleus, as Smith could distinguish these types of cells in the very same sections. In Table 11, the characteristics of the autofluorescent compound present in the pineal gland of rat and rabbit, and in the rat hypothalamic nuclei are compared. In order to study the possible functional relationship between the pineal gland and TABLE I1 COMPARISON OF CHARACTERISTICS OF AUTOFLUORESCENCEAS OBSERVED IN, RESPECTIVELY, THE MAMMALIAN PINEAL GLAND (RAT AND RABBIT) AND THE ARCUATE AND VENTROMEDIAL HYPOTHALAMIC NUCLEI (RAT)
 
 Pineal gland
 
 Characteristics ~
 
 Emission maximum Extinction maximum Quenching after some time Location Cell type in which present Presence in nerve fibers Stainability with Bruemmer’s method Reaction on specificity tests (HCI, NaBH4, NH3) Effect of administration of p-chlorophenylalanine Effect of castration
 
 Hypothalamic nuclei
 
 ~
 
 525-543 nm 405 nm no granules (1-2 pm) pinealocytes never positive
 
 525-543 nm 405 nm no granules (1-2 pm) nerve cell perikarya usually not (1 x only) positive
 
 positive
 
 positive
 
 increase in number of autofluorescent granules increase in number of autofluorescent granules
 
 increase in number of autofluorescent granules decrease in number of autofluorescent granules
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 the two hypothalamic nuclei mentioned, Smith quantitatively examined the change in number, if any, of yellow autofluorescent cells and of serotonergic cells in the arcuate and ventromedial hypothalamic nuclei as compared to controls under the following experimental conditions: (1) castration, (2) pinealectomy, (3) pinealectomy followed by substitution using either rat or sheep pineal extract, and (4) pCPA administration. Young adult male rats were exclusively used while quantification was performed by counting the cells containing the two different substances present within squares measuring 800 sq. pm in a great number of sections. The results are summarized in Table 111. It appears that, in control rats, there is no difference in quantity of autofluorescent and of non-autofluorescent cells comparing the two hypothalamic nuclei. In both nuclei, however, the content of autofluorescent cells is larger than that of serotonergic cells. After castration, the number of both cell types decreases significantly in both nuclei, but the number of autofluorescent cells drops somewhat more. In the pineal, the number of both autofluorescent and non-autofluorescent cells is increased. Pinealectomy is followed by a considerable increase in number of the autofluorescent cells in both hypothalamic nuclei while the number of serotonergic cells decreases. After pinealectomy followed by substitution using either rat or sheep pineal extract, the content of both autofluorescent and non-autofluorescent serotonergic neurons is restored to normal values in both hypothalamic nuclei. Administration of pCPA causes a significant increase in number of autofluorescent cells in both hypothalamic nuclei, but a decrease in number of serotonergic cells. Earlier, Smith (1972) had demonstrated that, in the rabbit pineal, the increase of autofluorescent cells occurs at the cost of the non-autofluorescent serotonergic cells. The same evidently holds for the arcuate and ventromedial nuclei. An exact interpretation of the above findings is not easy, the more so because, so far, hypophyseal and plasma levels of the gonadotropic hormones have not been determined under the experimental conditions used. In any case, however, clear histochemical evidence is given of an influence exerted by the rat pineal gland on neurons of the arcuate and ventromedial hypothalamic nuclei, nuclei which are now thought to be involved in the production of LH-RF. Some of these neurons contain serotonin while others store a protein which is extremely rich in tryptophan. On the ground of the experiments performed and on the basis of some literature data, the hypothesis can be brought forward that the serotonergic cells in the arcuate-ventromedial area of the hypothalamus inhibit the function of the neurons, present in the same area, which produce LH-RF. The function of the serotonergic cells mentioned is regulated by the pineal gland, antigonadotropic pineal compounds enhancing the activity of the hypothalamic serotonergic neurons which inhibit the activity of the hypothalamic serotonergic neurons which inhibit the activity of the LH-RF producing neurons. An extensive paper on this subject is now in preparation. Finally we turn to the investigations of De Vries (De Vries, 1972a, b; De Vries and Kappers, 1971)concerning the influence exerted by the rat pineal gland on the magnocellular neurosecretory hypothalamic system of which a short survey will be presented here. As was observed by two other workers at the institute, Jongkind and Swaab Referenres p . 170-1 73
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 TABLE 111 NUMBERS OF YELLOW AUTOFLUORESCENT CELLS AND OF YELLOW NON-AUTOFLUORESCENT SEROTONERGIC CELLS PER 0.08 Sq. DUll, PRESENT IN THE ARCUATE (AN) AND VENTROMEDIAL (VMN) HYPOTHALAMIC NUCLEI OF YOUNG, ADULT (200-250 g) MALE WISTAR’RATS UNDER DIFFERENTEXPERIMENTAL CONDITIONS
 
 Treatment
 
 Autofluorescent cells
 
 Controls (n = 7)
 
 AN: 29.25 f 4.21* VMN: 27.25 f 3.90 AN: 17.50 f 3.23 VMN: 19.43 f 2.74 AN: 67.74 f 5.58 VMN: 64.65 f 5.50 AN: 30.32 f 4.02 VMN: 28.34 f 3.51
 
 AN: VMN: AN: VMN: AN: VMN: AN: VMN:
 
 AN: 29.40 f 3.15 VMN: 30.75 f 3.60
 
 AN: 9.13 f 0.90 VMN: 10.50 f 1.00
 
 AN: 40.30 f 4.96 VMN: 41.45 f 3.92
 
 AN: 3.40 & 0.65 VMN: 4.21 f 0.73
 
 Castration (n = 5) Pinealectomy (n
 
 =
 
 5)
 
 Pmealectomy followed by substitution using sheep pineal proteincontaining extract (n = 5) Pinealectomy followed by substitution using rat pineal proteincontaining extract (n = 5) Administration of p-chlorophenylalanine (n = 5)
 
 *
 
 Non-autofluorescent cells 9.20 i 1.03 9.68 f 0.95 4.58 f 0.91 6.87 f 1.31 5.20 f 1.21 4.12 f 0.60 8.94 f 1.30 10.42 i 1.60
 
 Mean f S.E.M.
 
 (see De Vries, 1972a, for refs.), the distribution of the Golgi-specific enzyme thiamine diphosphate-phosphohydrolase(TPP-ase) is a sensitive marker of the neurosecretory activity of both magnocellular nuclei, the supraoptic and the paraventricular nuclei. When the level of neurosecretory activity is low, the distribution of the enzyme in both nuclei is low and vice-versa. By a special incubation method, lead phosphate deposits are formed in the sections which can be transformed into lead sulphide. The distribution of these lead sulphide deposits have been measured using a “Hennig” ocular. The following results were obtained by De Vries. After pinealectomy, a highly significant decrease in TPP-ase distribution was observed in the supraoptic nucleus of prepubertal and of adult male rats. The same result was obtained in the supraoptic and in the paraventricular nucleus of adult female rats, proving that the inhibitory effect of pinealectomy on neurosecretory activity in the magnocellular hypothalamic nuclei is not sex-bound. In female pinealectomized and ovariectomized rats and in pinealectomized rats with persistent estrus due to permanent illumination which can be expected to have high plasma levels of gonadotropins, the distribution of TPP-ase in both magnocellular nuclei was also decreased. Evidently, the levels of gonadotropins in the plasma do not run parallel with magnocellular neurosecretory activity in all circumstances as was suggested by earlier experiments of Jongkind and Swaab. It appears that this activity is influenced by other factors, i.e. pineal function.
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 De Vries, furthermore, demonstrated that the decrease in activity of the magnocellular nuclei caused by pinealectomy could be completely restored to normal by 3 successive daily injections of 10 pg of melatonin, but only partially so by administration of the same dose of 5-methoxytryptophol. Moreover, pineal tissue, if implanted close to the supraoptic nucleus, completely abolished the activity-suppressingeffect of pinealectomy on this nucleus at the homolateral, but not at the heterolateral side. In contrast, cerebellar tissue implanted at the same location, did not restore the activity of the supraoptic nucleus, neither at the site of implantation nor at the contralateral side. It could also be demonstrated that the positive effect on functional restoration of the activity of the supraoptic nucleus of the pineal implant was dependent on the distance between this implant and the nucleus. The larger this distance the smaller was the restoring effect of the implant in pinealectomized rats. Pineal tissue implanted exerted its restoring influence on neurosecretory activity of the supraoptic nucleus for at least 7-10 days. This finding suggests that the implant, which was observed to be revascularized, releases its products into the hypothalamic tissue during that time although it is improbable that these pineal products are newly synthesized in the implant due to the fact that this is not normally innervated. Summarizing this short survey of De Vries’ investigations, it appears that pinealectomy in rat causes a decrease in activity of the magnocellular neurosecretory hypothalamic nuclei and that this effect can be abolished by administration of melatonin and by implantation of pineal tissue into the hypothalamus during a restricted time if the implant is situated rather close to the nucleus. Evidently, a normal function of the pineal gland is necessary for a normal activity of these magnocellular neurosecretory nuclei. Furthermore, it appears that the absence of the pineal is of more consequence for neurosecretory activity than is the level of circulating gonadotropic hormones, this activity not being simply linked with the plasma level of gonadotropins. This is evident from the fact that in female rats which had either been reared in constant light or had been subjected to ovariectomy (both conditions most probably causing high plasma gonadotropin levels and high neurosecretory activity), pinealectomy, nevertheless, was followed by a decrease of neurosecretory activity to the same level as observed in non-ovariectomized rats reared under normal circumstances of illumination. Further investigations by De Vries are now in progress. From the foregoing it appears that the pineal gland influences the function of both the parvocellular as well as the magnocellular neurosecretory hypothalamic systems, as has been shown by histochemicaltechniques.
 
 CONCLUSIONS
 
 In concluding this short and compressed survey of the mammalian pineal gland and of the recent work which has been performed at our institute, we should like to add a few words on the essential nature of the organ in general. It is now quite evident that the mammalian pineal body is not a phylogenetic relic or a vestigial organ of no functional consequence, but a highly active structure probReferences p . 170-173
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 ably functioning not only in infantile and juvenile stages but throughout life. On morphdogid grounds, the mammalian pineal can be considered an endocrine organ. Its products are synthesized in secretory pineal-specific cells, the pinealocytes, and released into the blood of the pineal capillaries which drain into the large intracranial veins. It has beepl; suggested by some authors that pineal products would possibly be released directly into the cerebrospinal fluid. This contention is, however, rather improWe on the basis of pineal morphology. Whether pineal products might enter the cerebrospinal fluid indirectly via the systemic circulation is perhaps possible but has never been proven, so far. From a functional standpoint, however, we hesitate to consider the mammalian pineal to be an endocrine organ in theclassical sense.Truly, removal of the organ often causes effects which can be abolished by administration of pineal extracts. It has, however, been shown that the antigonadotropic effect of administration of pineal compounds d e p d s on severalfactors such as the age of the animal, its sex, the period of the estrus cycle, conditions of environmental lighting, etc., in other words on the physiological state of the animal at the moment of administration. From the data now available it appears that, at the input side, pineal function depends on its afferent innervation by the autonomic nervous system, its sympathetic as well as its parasympathetic division. As yet, practically nothing exact is known about the influence exerted by the parasympathic innervation, which has recently been discovered. The important part played by the sympatheticinnervation of the pineal in the function of the organ has, however, been demonstrated by many authors. It should be recalled that sympatheticpineal innervation is by postganglionicfibers originating in the superior cervical ganglia which receivepreganglionicfibers originating in the rostra1 part of the intermediolateral nucleus in the spinal cord. It, therefore, stands to reason that a multitude of various stimuli may reach these central sympathetic cells and that these stimuli, of various origin, may influence pineal function via the pre- and postganglionic sympathetic fibers. So far, it has been elucidated that light stimuli, or, for that matter, much more so the absence of light stimuli, influence pineal function via the sympathetic innervation. Reiter and collaborators have shown that the same probably holds for olfactory stimuli (Reiter et al., 1971). Quite apart from the neural input mentioned it would be possible that a hormonal input influencespineal function. As yet, this possibilityhas not been sufficiently examined. As far as the output of the mammalian pineal gland is concerned it is now well known that many compounds are synthesized in the organ. Severalof these have been regarded as pineal agents causing the characteristic pineal effects. Especially melatonin, which has long been thought to be exclusively produced in the gland and which thus has the status of a pineal hormone, has been considered the pineal agent “par excellence”. As melatonin is now known also to be produced in the retina it can no longer be regarded as a pineal-apecifichormone. It has, moreover, been shown that melatonin is responsible for only one of the antigonadotropic effects of the pineal - inhibiting pituitary LH production. Other pineal indole derivatives have likewise been shown to have antigonadotropic effects. Recently, polypeptides stand in the center of interest as pineal agents (e.g. Ebels et al., 1963). So far, however, the exact chemicalcomposition
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 of these proteins is not exactly known while there is, as yet, no certainty that they are exclusively produced by the pineal organ. It, therefore, appears that to date there is not a single pineal compound fulfilling all of the criteria of a pineal hormone, i.e. a pineal substance being exclusively produced in the gland and having a specific functional influence on a specifictarget organ. Concerning the target organs of the pineal agents, there is, likewise, no final certainty. In the present paper, we have summarily dealt with the antigonadotropic function of the gland exclusively. It is, however, known that the organ also contains a gonadotropic factor while, moreover, it does not only influence the hypothalamohypophyseo-gonadal axis. A pineal effect i.a. on the adrenal cortex and the thyroid and parathyroid glands has also been described (see the excellent review on endocrine pineal aspects by Reiter and Fraschini, 1969). This means that the pineal produces substances having a contrasting activity and that, moreover, there would not be one single target organ but several. How far an effect of the pineal on a single target organ could influence the function of several other organs, i.e. by their functional interrelationship, is a question to which more attention should be paid. At least as far its antigonadotropic influence is concerned, it appears that, under normal functional conditions, the pineal is active at the hypothalamic level rather than at the levels of the pituitary or of the gonads. The influence of the pineal on adrenal cortical and on thyroid function could also point to the hypothalamus as a more generalized target center of the pineal compounds. That, indeed, the pineal gland exerts its function on hypothalamic centers involved in the magno- and parvocellular neurosecretory hypothalamic systems has been proved by the investigations surveyed in the present paper. Wurtman (1964), in a paper dealing with the significance of melatonin as a hormone, mentioned already that the pineal is not absolutely necessary for life and that, although there is a disturbance in the estrus cycle after pinealectomy, cycles do continue, the animals go on ovulating, copulating, showing gain in weight, and living a practically normal life-span. This has since been corroborated by other authors. Evidently, after some time a new balance is established leading to a normal functioning of the functional systems originally disturbed. It would, therefore, indeed seem that the piheal is “not a prime mover” (Wurtman, 1964) but a “regulator of regulators” (Reiter and Hester, 1966), or an important center for general homeostasis (Quay, 1956b, 1972), very probably exerting its influence primarily on that most important center of integration of the vegetative as well as of the cerebrospinal nervous system: the hypothalamus.
 
 SUMMARY
 
 A general introduction surveying the essentials of mammalian pineal structure, innervation, biochemistry and function is given in this article. On morphological grounds, the mammalian pineal can be considered an endocrine organ. From a functional standpoint, however, we hesitate to consider the mammalian pineal to be an endocrine organ in the classical sense, because till now, there is not a single pineal References P. 170-1 73
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 compound fulfilling all of the criteria of a pineal hormone, i.e. a pineal substancebeing exdusively produced in the gland and having a specific functional influence on a specifictarget organ. In the present paper, we have also summarily dealt with the antigonadotropic function of the gland, possibly stimulatingserotonergic neurons present in the arcuate and ventromedial nuclei which may inhibit the production of LH-RF in the same nucleus. The gland also exerts an influence on the supraoptic and,paraventricular hypothalamic nuclei, pinealectomy decreasing the neurosecretory activity of these nuclei. From thest data, it appears that the pineal gland exerts its f w t i o n on hypothalamic centers involved in the magno- and parvocellular neuroseeretory hypothalamic systems. REFERENCES General surveys Structure and F m t w n of the Epiphysis Cerebri, Progr. Brain Res., Vol. 10 (1965)J. ANENS K ~ P E R S AND J. P.S ~ ~ I A(Eds.). DI~ W ~ T M A NR., J., AXELROD, J. AND KELLY, D. E. (1968) The Pineal, Academic Press, New York. The Pined Gland. A CZBA Footurdatwn Symposium (1971) G . E. W.WOLSTJWIOLMJZ AND J. KNIGHT (Eds.), Churchill Livingstone, Edinburgh.
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 DISCUSSION
 
 (Because the questions were all concerned with the part of the paper referring to the work of Smith, Kappers invited him to answer them.)
 
 VAN DER SCHOOT:From your presentation on the distribution of autofluorescent cells in the pineal during various experimental conditions, it was somewhat unexpected that you could produce a distribution that was exactly that of the control levels, by different pineal extracts. Could this point to an all-or-none effect of your extracts ? My second question concerns the measurements of gonadotropic hormone levels during all the experimental circumstances that affect the hypothalamohypophyseal-gonadal system.
 
 SMITH:We did not measure gonadotropic hormone levels. The dose of pineal extracts we used was the same as Moszkowska applied. It struck us, too, that sheep pineal extracts did exactly the same as rat pineal extracts. In the literature, data are presented about bovine pineal extracts injected in rats. The extracts are apparently not species-specific. HERBERT: Do you realize that you cannot just take sheep pineal extracts, because there are considerable differencesin the extracts throughout the breeding season. EBELS:We have studied the sheep pineal gland, and last year we found an antigonadotropic activity in the peptide fraction. We could detect this activity very well in winter pineals, whereas in summer pineals it was very difficult to detect.
 
 SMITH:We used the pineal extracts of winter pineals for our study.
 
 174
 
 J. A ~ N KAPPERS S
 
 et al.
 
 PILGRIM: I would like to ask a question about the nature of the autofluorescent cells in the hypothalamus. You will of course find small autofluorescent granules in almost every nerve cell. As to the very bright autofluowscent granules you showed, I wonder whether they are not present in perivascular glial cells instead of nerve alls. In one picture, Prof. Kappers showed a very bright a u t e fluorescent cell, that looked exactly like a perivmcular glid cell. I also wonder whether in the p i d the autofluoresccnt cells should not be a spdcial type of celi instead of pinealocytes, because I noticed that thelocalizationof these cells was again perivascula.
 
 SMITH:As the hypothalamus is concerned,we did exclude the possibility that the autofluorescent cells would be glial elements by the application of the Cajal staining technique for gliocytes. On the ground of the position and the a p e of the autofluorescent cells when compared with the gliocytes it was quite evident that the cells were,indeed, neurons. In the pineal, the perivascular position of the autofluorescent cells is quite characteristic of the dark pinealocytes. In rabbit, the few astrocytes present are never situated perivdarly.
 
 The Influence of Pituitary Peptides on Brain Centers Controlling Autonomic Responses B. BOHUS Rudolf Magnus Institute for Pharmacology, Uirecht (The Netherlands)
 
 INTRODUCTION
 
 The study of the adaptation of the organism to changes of the environment is a fascinating but complex subject. The organism’s actual response and the subsequent adjustment to environmental stimuli consist of a chain of physiological and behavioral events. A common aspect of these responses is that the central nervous system plays a key role in the control of all these processes and the hypothalamus is of specific importance in the chain between higher nervous structures and the periphery. The organization of the responses, therefore, may already be integrated on the level of the central nervous system, but peripheral interactions contribute to the final response patterns. Endocrine mechanisms represent an important integrative part in adaptiveprocesses. The release of pituitary-adrenal system hormones or hormones of intermediate or posterior pituitary origin (MSH, vasopressin) in response to environmental changes and their effect on peripheral metabolic processes is one of the most basic phenomena in adaptation. However, the central nervous system should also be considered as a target organ of these hormones. The effect of pituitary-adrenal system hormones, MSH and vasopressin on the brain involves feedback control of the release of pituitary tropic hormones, general metabolic functions, but also a profound influence on adaptive behavior (De Wied, 1969; Bohus, 1970; 1973; Kastin et al., 1973; De Wied et al., 1972a; De Wied et al., 1974, this volume). The behavior is but one aspect of the adaptation of the organisms. Therefore, it was deemed of interest to investigate the influence of pituitary hormones on the organization of physiological responses related to behavioral adaptation. It was observed that pituitary-adrenal hormones and vasopressin profoundly influence the extinction of a classically conditioned heart rate response. The influence of ACTH on the conditioned heart rate response is of an extra-adrenal nature, since ACTH4a fragment of the ACTH molecule practically devoid of adrenal stimulating effect, bears the same influence as the whole ACTH molecule (Bohus et al., 1970, 1971; Bohus, 1973). The pattern of heart rate changes during passive avoidance behavior is also affected by peptides of pituitary origin, like vasopressin and ACTH,_,, (Bohus et al., to be published). This latter study seems to suggest that the cardiovascular effect of the peptides may be a primary References P. 181-183
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 influence on the integrated control of the cardiovascular system rather than the consequence of their behavioral action. Therefore, experiments were aimed to investigate whether pituitary peptides in themselves affect the central control of the cardiovascularsystem. Based upon the fact that the hypothalamus and brain stem areas are intimately involved in the central control of the cardiovascular system and in the organization of cardiovascular responses during defense reactions (e.g. Ingram, 1960; Uvnas, 1960; Hilton, 1966; Zanchetti, 1970), the influence of peptides on the cardiovascular response to electrical stimulation of these areas was studied in urethane-anesthetized, hypophysectomized female rats. Hypophysectomized rats were used because the endogenous presence of pituitary peptides due to anesthesia might reset the influence of exogenously administered peptides. The removal of the pituitary results in cardiovascular changes (e.g. decrease in blood pressure) and a temporary impairment of centrally evoked pressor response occurs which does not last longer than 8-12 days after the operation (Bohus, in press). Accordingly, the experiments were performed 14-28 days after hypophysectomy.
 
 MATERIAL AND METHOD
 
 A total of 98 female albino rats of a Wistar strain, weighing 130-140 g, were used. The rats were hypophysectomized through transauricular approach and kept at a room temperature of 24 "C. Blood pressure response to brain stem or hypothalamic stimulation was studied 14-28 days after hypophysectomy. The rats were anesthetized with urethane (1.5 g/kg i.p.); the left carotid artery was then cannulated and connected to apressure transducer. The a n i d s head was k e d in a stereotaxic apparatus, and a bipolar electrode (0.2 mm diameter, insulated except for the tip) was introduced through a trephine hole. Coordinates for the brain stem reticular formation were A = 1.4; L = 1.5; H = 3.5 and for the posterior hypothalamus A = 5.0; L = 1.0; H = 2.5 according to AlbeFessard et al. (1966). Centrally evoked pressor responses were obtained with rectangular, monophasic pulses of 1 msec duration, delivered from a Grass S4 stimulator through a stimulus isolation unit. The train duration was 5 sec, and the interstimulation interval 60 sec. While stimulating the brain stem reticular formation, the threshold to evoke 10 mm Hg mean blood pressure (BP) increase was determined with stimulation frequencies of 10,20,30,50 and 100 Hz by stepwise increase of amplitude, each step being 0.5 V. The posterior hypothalamus was stimulated in a both amplitudeand frequency dependent manner. Intensity dependent stimulation was performed with 50 Hz frequency and 1, 2, 3, 4, 5, 7 and 10 V amplitudes. Frequency dependent stimulation was carried out with 10 V intensity and 10,20,30,40 and 50 Hz frequencies. The rectal temperature of the rats was continuously monitored and adjusted when decreased below 37 "C. The experimental schedule was as follows: the centrally evoked pressor responses were determined with the stimulation protocols described above. Then 0.2 &at
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 synthetic lysine vasopressin or 2 yglrat ACTH4- (brain stem stimulations) or 0.05, 0.2 and 1.0 yg/rat lysine vasopressin or 0.05,0.2 and 0.5 pg/rat desglycinamide-lysine vasopressin was injected intravenously. Saline-injected rats served as controls. The stimulation protocols were repeated twice, 20 and 60 min after the treatment. At the conclusion of the experiments, the tip of the electrode was marked in the brain with a high intensity DC current. Then the rats were decapitated and the effectiveness of hypophysectomy was checked by inspection of the sellar region and determining endocrine organ weights. Observations on 4 rats were not evaluated because of the incompleteness of hypophysectomy. The brains were removed, fixed in formalin and the placement of electrodes was verified on unstained, frozen sections according to Guzman-Floreset aZ. (1958).
 
 RESULTS
 
 Lysine vasopressin (LVP) and ACTH4when given intravenously, increase the threshold of a centrally induced pressor response: higher amounts of current are necessary to evoke 10 mm Hg mean blood pressure (BP) increase by the stimulation of brain stem than in saline treated rats (Fig. 1). The influence of both peptides is stronger at 60 rnin than at 20 rnin after the administration and can be observed at each stimulation frequency. The increase in threshold current seems to be independent of the pressor effect of LVP: BP increase due to the amounts of peptide used does not last longer than a few minutes. ACTH4-lo, on the other hand, does not affect BP per se, but does increase the stimulation threshold. Lysine vasopressin suppressesthe pressor responses evoked by electrical stimulation of the posterior hypothalamus. The influence of the peptide is present whether the stimulation is intensity or frequency dependent (Fig. 2). Furthermore, the effect is dose dependent and more pronounced at 60 min than at 20 min after intravenous LVP administration. Each dose of LVP resulted in a pressor response itself, but the BP returned to basal level 12-15 min after the administration of even the highest dose: the suppressive effect of the peptide upon the hypothalamically evoked pressor response appears when the pressor response of LVP has disappeared. One should be cautious, however, to state that the suppressive effect is independent of the cardiovascular influence of LVP because of its complex nature. Besides increasing BP, vasopressin reduces the cardiac output and the coronary blood flow (Longo et aZ., 1964; Maxwell, 1964; Ericsson, 1971), but increases the cardiac output fraction and the blood flow of the brain (Ericsson, 1971). Therefore, the effect of LVP was compared with that of desglycinamide-lysinevasopressin (DG-LVP). This peptide was isolated from hog pituitaries and, like LVP, is capable of restoring the deficient learning behavior of hypophysectomized rats (Lande et al., 1973). The behavioral activity of DG-LVP is of a similar magnitude while the pressor, antidiuretic and oxytocic activities are about a hundred times less than that of synthetic LVP (De Wied er al., 1972b). References P. 181-183
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 Fig. 1. Changes in the threshold of electrical stimulation of brain stem to evoke 10 mm H g mean blood pressure increase after intravenous administrationof lysine vasopressin (0.2 pg) or A-4-10 (2.0 pg) in urethane-anesthetized, hypophysectomized female rats. Ten observations per each treatment group.
 
 The influence of DG-LVP on the hypothalamically induced pressor response appeared to be comparable to the effect of LVP (Fig. 3). Both the intensity and frequency dependent BP increase were suppressed in a dose related manner. The effect of this peptide was seen only 60 min after intravenous administration. Accordingly, a vasopressin-like peptide without an obvious cardiovascular effect simulates the influence of LVP on the hypothalamically evoked pressor response.
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 Fig. 2. The effect of lysine vasopressin on the rise in blood pressure by intensity (50 Hz, 1 msec square wave pulses) and frequency (10 V, 1 msec pulses) dependent stimulation of the posterior hypothalamus of urethaneanesthetized hypophysectomized female rats. Eight observations per each treatment group. 20 MIN AFTER TREATMENT
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 Fig. 3. The influence of desglycinamiddysine vasopressin (DG-LVP) on the pressor response to intensity and frequency dependent stimulation of the posterior hypothalamus of urethaneanesthetized, hypophysectomized female rats. Eight observations per each treatment group. References P. 181-183
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 DISCUSSION
 
 A number of observations indicate that adrenocortical hormones potentiate the pressor effect of endogenously released or exogenously administered catecholamines or the reactivity to carotid occlusion (e.g. Cartoni et al., 1969; Kalsner, 1969; Drew and Leach, 1971; Kadowitz and Yard, 1971; Yard and Kadowitz, 1972). Little is known about the circulatory effects of ACTH independent of the adrenal cortex. ACTH analogs, like ACTH - *, ACTH - 24, and ACTH - increase adrenal and ovarian Mood flow, while ACTH5-,4 is ineffective (Stark et al., 1967; Stark and Varga, 1968; Varga et al., 1969; Stark et ul., 1970). Mathieu (1972) reported that ACTH slightly elevates the blood pressure of Nembutal-anesthetized rats. Small doses of ACTH increase, while higher amounts suppress the BP response to noradrenaline. This effect is still present after adrenalectomy which indicates that its influence is extra-adrenal. a-MSH which shares the amino acid chain 1-13 of the ACTH molecule increases the ventricular contractile force and heart rate of anesthetized dogs with no change in BP (Aldinger et al., 1973). Apart from the pressor effect of vasopressin, a potentiation of the pressor effect of endogenously released or exogenously administered catecholamineshas been observed (Traber et al., 1967, 1968). This is also present when non-pressor amounts of vasopressin are infused and the effects last at least 2 h (Bartelstone and Nasmyth, 1965). We have also observed that both LVP and DG-LVP in doses which influence hypothalamically induced BP-rise slightly potentiate the pressor effect of noradrenaline 20 and 60 min after the administration of these peptides. The reports cited above conclude that the circulatory effects of vasopressin are localized on the blood vessels directly. The present observations suggest that vasopressin and ACTH-like peptides influence the centrally induced pressor response. Since a number of observations suggest a peripheral potentiation of the BP increase by sympathetic stimulation during or after vasopressin infusion (Bartelstone and Nasmyth, 1965; Traber et a1 , 1967, 1968) or ACTH administration (Mathieu, 1972), it is more probable that the suppression of centrally evoked pressor response is the result of a central action of these peptides on cardiovascular control systems. Central nervous localization of the effect of these peptides on avoidance behavior (Bohus and De Wied, 1967; Van Wimersma Greidanus and De Wied, 1971; Van Wimersma Greidanus et al., 1973) lends support to this suggestion. Furthermore, Unger and Schwarzberg (1970) reported that intracisternal injection of vasopressin increases the respiration frequency and suppressesthe spontaneous activity of depressor and laryngeal nerves. Depression of background multi-unit activity in the diencephalon and appearance of EEG spindles have been observed by Beyer et al. (1967) after the administration of vasopressin in urethane-anesthetized rats. This effect of the peptide, however, appeared to be related to the blood pressure increase and evoked by the activation of carotid baroreceptors, which in turn produce EEG synchronization. Since DG-LVP, which is practically without pressor activity, suppressed the centrally evoked pressor response as effectively as LVP and the effect of LVP occurs after the disappearance of the
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 pressor effect of this peptide, it is unlikely that a baroreceptor reflex mechanism is responsible for the suppression of centrally evoked pressor response. Therefore, it is suggested that vasopressin and ACTH-like peptides may either suppress pressor, or activate depressor, mechanisms at a supraspinal level which results in a diminished pressor response after brain stem or hypothalamic stimulation. The precise mechanism, the site of action as well as the physiological significanceof the phenomenon remain to be solved. SUMMARY
 
 Peptides related to ACTH or vasopressin influence adaptive behavior of rats. Autonomic correlates of classically conditioned emotional response or of passive avoidance behavior are also affected by these peptides. That is, the influence of peptides includes actions on cardiovascular adaptive responses. Brain centers controlling autonomic responses may be involved in this action. Electrical stirnulation of the brain stem or the posterior hypothalamus of urethaneanesthetized, hypophysectomized female rats produces an increase in blood pressure, the rate of which depends upon the frequency and intensity of the stimulation. Administration of peptides related to vasopressin or ACTH elevates the threshold to evoke blood pressure increase by brain stem stimulation. Pressor response to posterior hypothalamic stimulation is also suppressed by vasopressin-like peptides. These effects seem to be independent of the pressor activity of the peptides. The observations suggest that pituitary hormones may modulate the responsiveness of higher integrating autonomic responses.
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 INTRODUCTION
 
 In the intensive investigation of the hypothalamus and particularly of its role in neuroendocrine physiology, the efforts of electron microscopists over the past decade have supplied some of the essential pieces of information. Much of their attention has been focused on the median eminence, which represents the final common pathway by which hypothalamic influences are conveyed to the pituitary. The main features of the ultrastructural organization of this strategic area have been outlined and to some degree correlated with physiological and histochemical data, but many fundamental questions remain unanswered. Some of the problems presently under attack include the categorization of the kinds of axons terminating in the median eminence, the precise intracellular localization of the releasing hormones and of the several monoamines known to be present in the median eminence, the role of the ependyma, and TABLE I ELECTRON MICROSCOPIC STUDIES OF THE DEVELOPING MEDIAN EMINENCE
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 the possible interplay between the axonal and ependymal components of the median eminence. Seeking answers to such problems and hoping to provide morphologicalinformation to assist in understanding hypothalamo-hypophyseal relations in the fetus and newborn, a number of electron microscopists have recently attempted to study the development and maturation of the median eminence at the ultrastructural level. The supraoptic nucleus, arcuate nucleus and neural lobe of the pituitary were also examined in some instances. Eight of these studies were made on the rat; two on the mouse. These contributions are listed in Table I. From these reports, and from our own observations, a general outline of events in the development of the median eminence in these animals has emerged. The following review will attempt to summarize these developmental changes, compare the early median eminence with that of adults, and assess the functional capabilities of the developing median eminence in the light of these morphological data.
 
 RESULTS
 
 The early cellular median eminence
 
 The median eminence of both rats and mice begins as an essentially cellular affair devoid of nerve fibers which characterize it in the adult. In the earliest stages studied (rat, 15th fetal day; mouse, 12th fetal day) it is seen to consist of 6-10 layers of cells, organized in the manner of a stratified epithelium. The most dorsal cells line the floor of the third ventricle while the most ventral ones rest on a basal lamina facing the connective tissue where a small number of capillaries are already present. From the data currently available, all of these cells appear to belong to the family of ependymal cells. Mitotic figures are common, especially in the cells facing the ventricle (Fink and Smith, 1971; Paull, 1973a, b; and Beauvillain, 1973). At the ultrastructural level these ependymal cells have the features typical of immaturity: a rich complement of free ribosomes, some mitochondria, and a notable scarcity of other organelles. However, the cells facing the ventricular lumen have bleblike projections on their free surfaces and already contact their neighbors with specialized junctions (Figs. 1 and 2). The appearance of axons
 
 At the light microscopic level the first sign of change from this cellular state is the appearance of a narrow zone of lightly stained tissue along the ventral surface of the median eminence (Fig. 3a). Here, 5 or 6 days prior to birth in both rats and mice, the electron microscope reveals small numbers of clearly identifiable axon profiles (Eurenius and Jarskar, 1971; Fink and Smith, 1971; Beauvillain, 1973; and Paull, 1973a and b). Single axons, or more often small groups of axons, appear to have insinuated themselves between the more ventral portions of the ependymal cells. This
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 Fig. 1. Dorsal portion of the highly cellular median eminence of the rat on the 16th fetal day. The immature ependymal cells are rich in ribosomes and mitochondria (M). Other organelles are scarce. Cells facing the ventricular cavity have bulbous projections and apical junctions (J). Tissue of this and all other figures was fixed in aldehydes and post fixed with osmium tetroxide. X 6OOO.
 
 results in the creation of a ventral region which consists of plump cytoplasmic processes of ependymal cells separating small groups of ingrowing axons (Fig. 4). As later events indicate, this may be regarded as the beginning of the external zone of the median eminence. However at this time, and for several days, the ependymal processes remain in contact with each other along the ventral surface, providing a continuous covering for the basal lamina and shielding the axons from it. These processes, like the rest of the ependymal cytoplasm, are characterized chiefly by their ribosomal Refererrces p. 207-208
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 Fig. 2. Ventral portion of the median eminence of the rat on the 16th fetal day. Note the uniform character of the ependymal cells and their similarity to the dorsal ones of Fig. 1. M = mitochondria; R = ribosomes. x 6OOO.
 
 content although some mitochondria and small amounts of rough endoplasmic reticulum may also be present. According to our observations in the rat, the axonal elements present at this time (16th fetal day) are all axonal cylinders with growing tips and do not include formed end bulbs (Fig. 4). Growing tips are characterized by the fine filamentous matrix or, less commonly, groups of vesicular structures which have been described by others in
 
 Fig. 3. Light micrographs of frontal, 1 pm sections through the median eminence of rats at levels of the widest lateral recess of the third ventricle: a, b, and c, from fetuses of 16, 18 and 21 days, respectively; d, from a 5 day neonate; e, from an adult. ME, median eminence; PD, pars distalis; PT. pars tuberalis; PV, portal vein. Note the change in gross dimensions and in proportions of ependymal to pale-staining axonal layers (+ in a). All x 100. References p . 207-208
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 Fig. 4. Ventral surface of the median eminence of the rat on the 16th fetal day. Groups of the first axons (A) lie between plump ependymal foot processes (EpF) which abut on the basal lamina (BL). Axons contain neurotubules or a fine filamentous matrix. One (A1) displays both. Part of an ependymal cell (Ep) with its Golgi zone (G) marks the dorsal edge of the narrow area of axon ingrowth. Ventrally the basal lamina faces the perivascular space which contains connective tissue elements. x 20,475.
 
 growing axons (Tennyson, 1970; Yamada et al., 1971; and Bunge, 1973) while more proximal regions of axons are recognizable by their content of neurotubules very like those of adult axons. We find neither agranular nor granular vesicles in the axons of this early stage, but others have reported their presence in small numbers (Eurenius and Jarskar, 1971; Fink and Smith, 1971; and Beauvillain, 1973). All agree, however, that true axon terminals have not yet developed.
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 Period of rapid axon ingrowth
 
 After the initial appearance of axons, during the following two days of fetal life (rat, fetal days 17-18), some important changes in the median eminence may be seen with
 
 Fig. 5. A portion of the axon rich, ventral half of the median eminence of a rat on the 18th fetal day. Fascicles of many axons are separated by slender, branching ependymal processes (Ep) which end in pedestal-like feet (EpF). These feet and their flat expansions provide a continuous layer between the axons and the basal lamina (RL). C, capillary lumen; E, endothelium; PvS, perivascular space. x 6000. References P. 207-208
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 Fig. 6. Typical ependymal cells of the median eminence of the rat on the 18th fetal day. Note the increased variety of organelles: Golgi, G; lipid droplet, L; rough endoplasmic reticulum, RER; tubular and vesicular formations (*), and microflaments (*). Some cells are still rich in ribosomes (R). Portions of 3 nuclei (N) are shown. x 12,750.
 
 the light microscope (Fig. 3b). One of these is the development of many more primary capillaries distributed all along the ventral surface. The other is a great increase in the thickness of the ventral, pale-staining zone, so that it comes to constitute about onehalf of the total depth of the median eminence. Daikoku (1971) also noted this change in the proportions of its layers. At the ultrastructural level it is readily seen that the increased thickness of the ventral
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 zone is due to the dramatic ingrowth of axons which has occurred in the course of two days. Fascicles of axons, now numbering in dozens, are separated by slender ependymal processes (Fig. 5). The resulting configuration suggests that the axons have crowded in between the ependymal processes, causing them to become stretched out and attenuated. Most ventrally, however, the processes expand into broader, pedestallike feet which finally terminate in rather flat expansions spread out along the basal lamina. These expansions meet, still forming a continuous layer between the axons and the basal lamina (Fig. 5). While the vast majority of the axon profiles contain only mitochondria and neurotubules, or the filamentous and vesicular material of growing tips, a few display, for the first time in our material, occasional dense-core vesicles and/or a few lucent vesicles resembling synaptic ones. Such a period of rapid axon ingrowth and consequent increased thickness of the ventral or neural layer has also been referred to by others for both the rat and the mouse (rat: Daikoku, 1971; Fink and Smith, 1971; mouse: Eurenius and Jarskar, 1971). Simultaneously with the ingrowth of axons, and with great rapidity, the immature ependymal cells of the 16th fetal day elongate and acquire a wealth of new organelles in the course of two days (Fig. 6). Dorsally, where the elongated cells still lie in close array, their cytoplasm now contains well developed Golgi complexes often associated with small vesicles, sometimes coated, and with elaborate tubular formations. In addition there are moderate amounts of rough endoplasmic reticulum and occasional lipid droplets. In some cells, numerous microfilaments are seen. Ribosomes, often in polysomal formation, are still abundant but no longer dominate the scene. As is true of adult ependymal cells of the median eminence, there is considerable cytoplasmic variation from cell to cell and even from one area to another within a single cell. The establishment of neurohemal contact According to present concepts, the presence of axon terminals of tuberal neurons on the primary capillaries of the portal system constitutes one of the principal morphological requirements for the exercise of hypothalamic control over the pars distalis. The establishment of this neurohemal contact can therefore be regarded as an event of primary importance in the development of the median eminence. From the studies to date there is general agreement that this occurs, at least to a limited degree, a few days before birth in both rats and mice (Kobayashi et at., 1968; Ajika, 1969; Eurenius and Jarskar, 1971; Halksz et at., 1972; Beauvillain, 1973; and Paull, 1973a, b). At this time axon terminals, defined by their content of small, electron lucent, synaptic-like vesicles, appear among the axonal cylinders and ependymal processes and a few arrive at the basal lamina facing the primary capillaries. A very small number of dense-core (or granulated) vesicles are also seen in most of these terminals. During the last 2 or 3 days of fetal life the further development of axon endings continues so that by birth a band of tissue about 3 4 pm in depth adjacent to the basal lamina consists of more axon endings than axonal cylinders (Eurenius and Jarskar, References P. 207-208
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 1971; Paull, 1973a, b). At the same time more axons insinuate themselves between the ependymal foot processes to establish endings which contact the basal lamina. Simultaneously both dense-core and lucent vesicles become somewhat numerous. With these events, this region may now be regarded as the early contact zone, or perivascular zone, of the external median eminence (Fig. 7). In the establishment of this neurohemal contact the pattern observed is one of gradual insertion of more axon endings between the ependymal foot processes which previously had constituted a continuous layer along the basal lamina. In attempting to quantify this development for the mouse, Eurenius and Jarskar (1971) have estimated that the length of basal lamina contacted by nerve terminals as opposed to ependymal feet increases from 1/10 to 1/3 during the last 3 days of fetal life. Along the same lines, Beauvillain (1973) reported that the number of terminals per 100 sq. pm of the external zone more than doubles while the area occupied by glial elements declines during this time period. There appears to be little doubt that these axon endings of the fetal median eminence belong to the tubero-hypophyseal system. This conclusion is based on their content of dense-core vesicles. When direct comparison is made between these endings and those being established in the neural lobes of the same fetuses (Paull, 1973b), a size differential in the granulated vesicles is apparent (compare Figs. 7 and 8). As in adults, the elementary neurosecretory vesicles present in the neural lobe are of larger average size than the dense-core vesicles of the external median eminence. Furthermore the figures compiled by Kobayashi et al. (1968), Ajika (1969), Daikoku et al. (1971), Fink and Smith (1971), and Monroe et al. (1972) show that the sizes of the granular vesicles in the external median eminence of fetal and neonatal rats are within the range typical of dense-core vesicles found in tubero-hypophyseal endings of adults (i.e. 60-1 20 nm). In summary, these studies show that neurohemal contact is established before birth between axons of tuberal neurons and the early primary capillaries already present on the surface of the median eminence in rats and mice. Following its establishment in the fetus, the contact zone undergoes further ultrastructural changes during early postnatal life. These appear to be mainly quantitative, at least in so far as they are revealed by routine electron microscopic studies (see reports listed in Table I). The arrival of more axons and the formation of additional
 
 Fig. 7. Newly formed contact (perivascular) zone of the median eminence of a rat on the 21st fetal day. In the lower center an axon terminal containing synaptic-like vesicles (SV) and a few dense-core vesicles (D) lies against the basal lamina (BL). Other terminals marked by synaptic-like vesicles are also present in this zone. A, axis cylinder containing only neurotubules; Ep, ependymal process; EpF, ependymal foot. Compare with Fig. 8. x 17,000. Fig. 8. Neural lobe of a rat on the 21st fetal day. Axon terminals of the neurohypophysealsystem with synaptic-like vesicles (SV) also contain elementary neurosecretory vesicles (ENG) which are larger than the dense-core vesicles of the tubero-infundibular terminals in Fig. 7. Axis cylinders (A) contain neurotubules and resemble those in median eminence of Fig. 7. P, pituicyte; E, endothelium of a capillary. x 17,000. References p . 207-208
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 Figs. 10 and 11. Light micrographs of frontal, 1 pm sections of the median eminence. Fig. 10 from a 5 day neonatal rat shows the superficial capillary plexus along the ventral surface and a rare capillary loop containing a red blood cell (+). Loop formation has barely begun. Fig. 11 from an adult rat shows a strip of the mid-portion of the median eminence with its elaborate capillary loops. This specimen k e d by perfusion. Both x 200.
 
 Fig. 9. Portions of the palisade zone of the median eminence of fetal rats. a: dorsal area from a 20 day fetus; b: more ventral area from a 19 day fetus. Many axons of varying diameterscontain neurotubules. Note the very sparse distribution of dense-core vesicles (D). In the upper part of a, one axon contains a rare group of larger elementary neurosecretory vesicles (ENG) and may mark the edge of the internal (fiber) zone which is difficult to define in the fetus. In both micrographs some axons are closely apposed to the surfaces of ependymal processes (Ep). In the upper left of ‘a’ an immature synaptoid contact is suggested by the presence of synaptic-like vesicles (SV) in an axon. Both x 17,000. References P. 207-208
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 terminals both contribute to the progressive thickening of this portion of the median eminence. As the capillary loops develop, still more terminals are established along them, so that in adults the perivascular zone of contact follows the ramifications of the loops deep into the substance of the median eminence (Fig. 11 and see later section on vasculature). The total area of the contact zone is thus further enlarged. At the same time the numbers of vesicles, both dense-cored and lucent, gradually increase, as evidenced by the counts made by Kobayashi et al. (1968) in rats up to 30 days of age. As a result the axon terminals in adults contain huge masses of the synaptic-like, lucent vesicles which always outnumber the dense-cored type, even though the latter are also more numerous than they were in early life (cf. Figs. 7 and 13). In considering the relationship of this developmental morphology to the onset of hypothalamic control of the pars distalis, it is tempting to conclude that the minimal structural requirements, as understood at present, exist in late fetal life of the mouse and rat. The neurohemal contacts present at this time appear to be morphologically like those of adults. They may indeed provide sufficient basis for that hypothalamic control which is in force in the fetus (see review by Jost el al., 1970, and reports in this volume). Nevertheless the quantitative differences between the contact zones of the fetus, neonate, and adults must not be overlooked. Great differences in total area, in numbers of axon terminals, and in numbers of vesicularinclusions are obvious. Beyond this, it must be recognized that the axon terminals present in the fetus and neonate may not include all the kinds of neurons which have an input to the median eminence in adults. For example, there is the question of whether dopaminergic components are present in the newly established contact zone. Thus, caution must be dictated in assuming that such hypothalamic control as is exercised in the fetus is necessarily like that in the adult. Furthermore, the developmental patterns in other zones of the median eminence bear importantly on functional questions. These will be discussed in the following paragraphs. Development of the palisade zone
 
 It has been pointed out that in the fetal rat the ventral, axon rich portion of the developing median eminence occupies about half of its depth by the 18th day while the layer of closely arranged ependymal cell bodies composes the dorsal half. With further growth, the depth of the axonal portion comes to exceed that of the ependymal
 
 Fig. 12. Palisade zone of the median eminence of an adult female rat. Note the large diameter of many of these axons and the very numerous densecore vesicles which characterize this zone in adult rats. Compare with the palisade of the late fetus in Fig. 9. Ep, ependymal process. x 17,000. Fig. 13. Contact (perivascular) zone of the median eminence of an adult female rat. Numerous axon terminals contain huge numbers of synaptidike vesicles (SV) and some dense-core vesicles (D). Many terminals contact the basal lamina (BL).Typical imaginations of the perivascular space and basal lamina are seen at the upper right. Compare with Fig. 7. x 17,000.
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 portion by the time of birth (Fig. 3b-d). However, the perivascular or contact zone with its axon endings, although established by the end of fetal life, is actually very narrow and accounts for only a small part of the total axon dominated region. The remaining portion which extends dorsally toward the most ventral ependymal cells is actually wider and may be separately designated as the palisade zone. In considering the possible functional capacities of the fetal median eminence it is important to appreciate the ultrastructural organization of this palisade zone. As Monroe et al. (1972) have reported, this area in the neonatal rat differs markedly from the same area in the adult. This difference is even more pronounced in the fetus. In representative electron micrographs of this area from late rat fetuses (Fig. 9a and b) axonal cylinders are the dominant component. The majority are small calibered, with a few of larger diameter interspersed. Most striking is the extremely small number of dense-core vesicles displayed. This picture remains essentially very much the same during the first 5 days of postnatal life. Despite a small increase, dense-core vesicles are still only sparsely distributed by the 5th day (Monroe et al., 1972). In marked contrast, comparable palisade areas of the adult median eminence (Fig. 12), although containing many axonal cylinders as slender as those of the fetus, also contain a wealth of dilated axons in which great numbers of dense-core vesicles are present. Comparison of Figs. 9a, by and 12, taken at the same magnification, will emphasize this difference. Immaturity of both fetal and neonatal palisades of the median eminence is also evident in the relations between ependymal elements and axons, especially in the lack of development of “synaptoid” contacts. Such contacts have been repeatedly described in the adult median eminence (see review by Knigge and Scott, 1970, and Wittkowski, 1973). They are marked by clusters of electron lucent, synaptic-like vesicles massed along the axon membrane facing the membrane of an ependymal process. Since increased densities of the membranes are neither well defined nor consistently present, these configurations are often designated as synaptoidsrather than synapses. Although in the palisade of the fetal median eminence axon profiles are already seen lined up in close approximation with ependymal processes as in Fig. 9a and b, these axons rarely contain the synaptic-like vesicles and even more infrequently are such vesicles massed against the axon membrane. In the late fetus there are, at best, mere suggestions of synaptoid contacts, as in the upper left of Fig. 9a. Similarlyin neonatal rats of 1-5 days Monroe et al. (1972) found only occasional and relatively undeveloped synaptoids and other investigators of the developing median eminence have made no mention of their presence. By contrast, in the adult median eminence such synaptoids are so striking and so frequently encountered that their possible significance as points of communication between ependymal and axonal elements must be considered. While they occur in all zones of the median eminence, they are especially numerous in the palisade. As in Fig. 14, a single ependymal process may be plastered with repeated synaptoid contacts along its length. It is to be emphasized that the axons involved are definable as terminals, at least at this time, by their content of synaptic-like vesicles, and that they lie deep in the palisade, away from the perivascular zone of either superficial or pene-
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 Fig. 14. Higher magnification of a part of the palisade zone of the median eminence of an adult female rat. A longitudinally sectioned ependymal process (Ep) is closely contacted by axon profiles along the greater portion of both surfaces. Synaptiolike vesicles (SV) indicate the terminal nature of many of the axons. Clusters of these vesicles are seen at synaptoid contact points (+). The ependymal process displays typically varied organelles including several dense, granule-like inclusions. In the upper left corner another ependymal profile contains more filaments (F) and ribosomes. A, preterminal axon. x 20,475.
 
 trating capillaries. While the products of such axon endings could conceivably be delivered via the intercellular spaces and tissue fluid to the perivascular area, the morphological picture lends more weight t o the possibility that these endings are significantly related to the ependyma at the synaptoid points. Whatever the answer may prove to be, it seems safe to assume that these terminals play an important role in the function of the mature median eminence. The point to be emphasized in the framework of the present topic is that their scarcity in the fetal and neonatal palisades References P. 207-208
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 is suggestive of some limitation in the functional capacity of the median eminence in early life. Unfortunately, not much information is available on the subsequent progression of changes in the palisade zone. Those investigators who have observed the median eminence in animals of intermediate ages between neonates and adults have focused their attention on the contact zone and made no distinction between events there and those in the palisade. In a series of female rats of 34-39 days of age studied in this laboratory the median eminence had a well developed palisade zone, rich in stores of dense-core vesicles, but whether these are accumulated gradually or at a certain time remains a question. If it is eventually proven that the dense-core vesicles of the median eminence comprise multiple and significant subpopulations as urged by some (Kobayashi et al.,1970; Ishii, 1972), the need for further study of the maturing palisade zone will become even more imperative. Components of the hypothalamo-neurohypophyseal system in the developing median eminence
 
 Observations of the development of the neural lobe made in this laboratory (Paull, 1973a, b) and those of Ajika (1969) indicate that in the rat, axons invade the originally cellular neural lobe and contact its capillaries before birth. Small numbers of elementary neurosecretory granules are present. Therefore, in the late fetal and neonatal median eminence, the widened zone dominated by axons must include some components of the hypothalamo-neurohypophyseal system. Nevertheless, identification of these has presented difficulties. Despite extensive sampling of the fetal median eminence alongits rostro-caudalextent, we have only rarely seen elementary neurosecretory vesicles in its axons (Fig. 9a). Furthermore, at this time all the axons and terminals in the median eminence have about the same diameter as those which have arrived in the neural lobe (cf. Figs. 7 and 8). Hence the criteria of content and diameter, which permit the recognition of an internal zone of neurohypophyseal axons in the adult median eminence, cannot be readily applied in the fetus or newborn. Kobayashi et al. (1968) also found it difficult to define an internal zone. However, Fink and Smith (1971), while noting that all the fibers in the late fetal median eminence are similar in
 
 Fig. 15. Low magnification view of a population of axons lying just ventral to the ependymal lining in the adult rat median eminence. The top of a capillary loop (C) with its endothelium (E) and basal lamina (BL) occupies the lower left corner. Processes (Ep) from the overlyingependymal cells embrace the groups of axons and also contact the basal lamina. x 6OOO. Fig. 16. Ependymal cells in the median eminence of an adult rat. These flattened cells (Ep) form 2-3 layers on the ventricular floor and also send long processes ventrally (*). Just beneath and between the cells are small axons and axon terminals with many synaptic-like vesicles and some dense-core vesicles. Synaptoid contacts (+) are common between these terminals and ependymal cells or processes. The more ventral part of this group of axons is shown in Fig. 15. x 17,000.
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 appearance (diameter?), did identify an internal zone by the presence of large neurosecretory granules in some, as had been done earlier by Daikoku et al. (1968) for neonates. Beauvillain (1973) also has described the internal (fiber) zone as distinct in the 1 day mouse. These discrepancies point to the need for more extended study of the developing internal zone in correlation with observations of the neural lobe. Vasculature of the developing median eminence
 
 . *
 
 Although the main thrust of this report is toward the median eminence itself, a brief account of the development of its vasculature is pertinent. Capillaries have been found to be already present along the ventral surface of the median eminence in the youngest fetuses examined (Fink and Smith, 1971; Halhsz et al., 1972; Beauvillain, 1973; and Paull, 1973a and b). These vessels already display the essential characteristics of primary portal capillaries: i.e., an attenuated, fenestrated endothelium, a basal lamina, and a surrounding perivascular space containing connective tissue elements. During late fetal and neonatal life this capillary bed is extended, fenestrations become more frequent, and there is an increasing intimacy between the capillaries and the adjacent surface of the external median eminence. Nevertheless this is essentially a superficial plexus (Eurenius and Jarskar, 1971; Fink and Smith, 1971; Beauvillain, 1973; and Paull, 1973b). In the rat and the mouse, capillary loops only begin to penetrate the median eminence after birth, usually appearing in the latter part of the first postnatal week, and becoming more numerous during the second week (Glydon, 1957; Enemar, 1960; Campbell, 1966; Daikoku et al., 1968, 1971; Eurenius and Jarskar, 1971; Fink and Smith, 1971; Monroe et al., 1972; and Beauvillain, 1973). In the light of present knowledge, loops appear to be significant only in providing increased area for the establishment of additional neurohemal contacts. Their presence cannot be directly related to the onset of function but may be regarded as another quantitative difference between the adult and fetal or neonatal median eminence (Halhsz et al., 1972;Monroeet a/., 1972). In respect to the development of the portal system, it is worth noting that species differences exist. Loop development before birth has been reported for the rabbit (Campbell, 1966) and the portal system is said to be fully established during fetal life in the guinea pig (Donovan and Peddie, 1973). Whether the ultrastructural organization of the fetal median eminence is equally advanced in these animals remains to be seen. Changes in the ependyma
 
 As indicated early in this review, studies thus far have emphasized the initial, purely ependymal character of the fetal median eminence, the gradual separation of the ventral extensions of the ependymal cells by ingrowing axons, and the proportionate reduction in the area occupied by the ependymal layer. Little attention has been paid to changes in ependymal ultrastructure and its relations with the neural components,
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 or to comparison with the adult ependyma. Our observations, while by no means exhaustive, provide some information which seems to bear on the question of the functional capacities of the developing median eminence. The ependymal cells, at first immature, undergo a striking increase in numbers and kinds of organelles between the 16th and 18th days of fetal life. Indeed their organellar equipment from this time on strongly resembles that of adult eminential ependyma, at least qualitatively, if not necessarily quantitatively. Thus the well developed Golgi apparatus, the vesicular and tubular formations of smooth membrane, the filaments, microtubules, small to moderate amounts of rough endoplasmic reticulum, lipid droplets and lysosomes are characteristic of the late fetal neonatal and adult ependyma (Figs. 6, 14 and 16). In addition the peculiar pleomorphic dense inclusions, sometimes called granules, which are particularly prominent in the ependymal foot processes of adults, have also been found in those of the fetus and neonate (Monroe et al., 1972; Paull, 1973b). It is these same features, plus the fact that these cells, with their processes, extend from the ventricular lumen to the perivascular spaces surrounding the primary portal capillaries, that have formed the basis for speculations by morphologists that the ependyma may serve in a secretory and/or an absorptive capacity in the functional median eminence. More substantial evidence for the latter role is found in some physiological data reviewed by Knigge and Scott (1970) and in the data assembled c by Knigge and his associates on the special transport capacity of the incubated or organcultured median eminence (Knigge, 1973; Vaala, 1973). The fact that the ependymal cells of the developing median eminence acquire typical ultrastructural features before birth suggests that they might be capable of contributing in such a way to the function of the median eminence in very early life. Nevertheless, this must remain a tentative conclusion for there are several other ways in which the early ependyma differs from that of adults. In the first place, as noted earlier, the synaptoid contacts between ependymal processes and axons are not fully developed in the fetus or neonate. Secondly, in the adult rat the ependymal cells covering much of the floor of the infundibular recess are quite flat as illustrated in Figs. 11 and 16 and described by Raisman and Field (1971). This is in contrast to the cuboidal and columnar ependymal cells seen in the fetus and neonate (Figs. 1 and 10). Furthermore, just beneath these flattened cells of the adult, there is a congregation of rather small axons which are unlike those of the hypothalamo-neurohypophysealtract located more deeply in the internh (fiber) zone (Figs. 15 and 16). These axons resemble those of the contact zone in size and in their content of dense-core vesicles. Many also contain synaptic-like vesicles and appear to form synaptoid contacts with the flattened ependymal cells or their processes, or in some cases to contact the tops of the capillary loops near by. Little information is available on the nature of these subependymal axons. Possibly they are noradrenergic fibers whose existence in the internal median eminence has been indicated by histochemical fluorescence techniques (Jonsson et al., 1972). The point to be emphasized here is that such fibers have not been found in the fetal or newborn median eminence and have just begun to make their appearance in the 5 day neonate. Hence, whatever the significance of the synaptoids in all layers, and of the flatter ependymal cells and related subependymal axons proves to be, their References P. 207-208
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 relative paucity may well be another sign of limited function in the still developing median eminence.
 
 CONCLUSIONS
 
 In the mouse and rat, contacts established a day or two prior to birth between the axons of tuberal neurons and primary capillaries along the surface of the median eminence may constitute the morphologicalbasis for the exercise of some hypothalamic control over the pars distalis in the late fetus and neonate. However, it should not be assumed that this control is entirely like that in adults. The development of a number of the other ultrastructural features of the median eminence proceeds more slowly and is not completed until some time after the 5th day of postnatal life. Therefore the very early median eminence appears to be significantly different from that of the adult. This fact suggests that its functional capacities in the fetus and neonate may be limited.
 
 SUMMARY
 
 Recent electron microscopic studies have revealed the general pattern of ultrastructural development of the median eminence in the rat and mouse. Beginning 5 or 6 days before birth the median eminence, initially composed of immature stratified ependymal cells, undergoes a 3 day period of rapid ingrowth by tubero-infundibular axons. Simultaneously ependymal cells mature, acquiring a wide assortment of organelles. With the subsequent development of terminals containing synaptic-like and a few dense-core vesicles, some of the axons establish typical contact with primary capillaries of the superficially located plexus 2 or 3 days before birth. These neurohemal contacts could conceivably provide the basis for some hypothalamicinfluencesto be transmitted to the pars distalis in the fetus and neonate. In other respects ultrastructural maturation proceeds more slowly. Away from the perivascular contact zone axons contain very few dense-core vesicles and exhibit only small numbers of immature synaptoid contacts with ependymal elements in the fetus and neonate. Later developments include accumulation of large stores of dense-core vesicles, formation of more synaptoid configurations, increases in numbers, and perhaps kinds, of axon terminals and contained vesicles, and extensive vascularization by capillary loops. All of these may be essential before mature hypothalamo-hypophyseal relationships are achieved.
 
 ACKNOWLEDGEMENTS
 
 The authors would like to express their thanks to Nora Tong for her technical assistance in the work done in this laboratory and to Caroline Brown for her help in the preparation of the manuscript.
 
 DEVELOPMENT OF THE MEDIAN EMINENCE
 
 207
 
 This work was aided by U.S. Public Health Service Grants 5R01 NS 02321 and 5 TO1-GM-00585-09. REFERENCES AJIKA,K. (1969) U l t r a h e structure of the developing median eminence and pars nervosa of the rat. Acta obstet. gynaec. jap., 16, 143-155. BEAWILLAIN, J. C. (1973) Structure fine de l’eminence mtdiane de souris au cours de son ontogenkse. Z . Zellforsch., 139,201-215. BUNGE,M. B. (1973) Fine structure of nerve fibers and growth cones of isolated sympathetic neurons in culture. J. Cell Biol., 56,713-735. CAMPBELL, H. J. (1966) The development of the primary portal plexus in the median eminence of the rabbit. J. Anat. (Lond.), 100,381-387. DAIKOKU,S., KOTSU,T. AND HASHIMOTO, M. (1971) Electron microscopic observations on the development of the median eminence in perinatal rats. Z . Anat. Entwick1.-Gesch., 134, 31 1-327. DAIKOKU, S., SATO,T. J. A., HASHIMOTO, T. AND MORISHITA,H. (1968) Development of the ultrastructures of the median eminence and supraoptic nuclei in rats. J. exp. med. Tokus., 15, 1-15. DONOVAN, B. T. AND PEDDIE,M. J. (1973) The development of the hypophysial portal system in the guinea-pig. J. Anat. (Lond.), 114,292-293. ENEMAR, A. (1960) The structure and development of the hypophysial portal system in the laboratory mouse, with particular regard to the primary plexus. Arkiv. Zool., 13, 203-252. EURENIUS, L. AND JARSKAR, R. (1971) Electron microscope studies on the development of the external zone of the mouse median eminence. Z . Zellforsch., 122,488-502. FINK,G. AND SMITH, G. C. (1971) Ultrastructural features of the developing hypothalamo-hypophysial axis in the rat. (A correlative study). Z. Zellforsch., 119,208-226. GLYDON, R. ST. J. (1957) The development of the blood supply of the pituitary in the albino rat with special reference to the portal vessels. J. Anat. (Lond.), 91,237-244. HALASZ,B., KOSARAS, B. AND LENGVARI, I. (1972) Ontogenesis of the neurovascular link between the hypothalamus and the anterior pituitary in the rat. In Brain-Endocrine Interaction, Median Eminence: Structure and Function, Int. Symp. Munich, 1971, K. M. KNIGGE,D. E. SCOTTAND A. WEINDL(Eds.), Karger, Basel, pp. 27-34. IsHn, S. (1972) Classification and identification of neurosecretory granules in the median eminence. In Brain-Endocrine Interaction, Median Eminence: Structure and Function, Int. Symp. Munich, 1971, K. M. KNIGGE,D. E. SCOTTAND A. WEINDL(Eds.), Karger, Basel, pp. 119-141. JONSSON, G., FUXE, K. AND HOKFELT, T. (1972) On the catecholamine innervation of the hypothalamus, with special reference to the medianeminence, Brain Res.. 40,271-281. JOST,A., DUPOUY, J. P. AND GELOSO-MEYER, A. (1970) Hypothalamo-hypophyseal relationships in the fetus. In The Hypothalamus, L. MARTINI,M. MOTTAAND F.FRASCHINI, (Eds.), Academic Press, New York, pp. 605-615. KNIGGE,K. M. (1973) Characteristics of the in vitro binding of 3H-thyrotropin releasing factor (TRF) by organ-cultured median-eminence. Anat. Rec., 175,360. KNIGGE,K. M. AND Scorn, D. E. (1970) Structure and function of the median eminence. Amer. J. Anat., 129.233-244. KOBAYASHI, H., MATSUI,T. AND ISHII,S. (1970) Functional electron microscopy of the hypothalamic median eminence. Znt. Rev. Cytol., 29, 281-381. KOBAYASHI, T., KOBAYASHI, T., YAMAMOTO, K., KAIBARA, M. AND AJIKA,K. (1968) Electron microscopic observation on the hypothalamo-hypophyseal system in rats: IV Ultrafine structure of the developing median eminence. Endocr.jap., 15,337-363. MONROE, B. G., NEWMAN, B. L. AND SCHAPIRO, S. (1972) Ultrastructure of the median eminence of neonatal and adult rats. In Brain-Endocrine Interaction, Median Eminence: Structure and Function, Znt. Symp. Munich, 1971, K. M. KNIGGE,D. E. SCOTTAND A. WEINDL(Eds.), Karger, Basel, pp. 7-26. PAULL,W. K. (1973a) A light and electron microscopic study of the development of the neurohypophysis of the fetal rat. Anat. Rec., 175,407408. PAULL,W. K. (1973b) A light and electron microscopic Study of the Development of the Neurohypophysis of the fetal Rat. Ph.D. Thesis, Univ. Southern California.
 
 208
 
 B. G. MONROE AND W. K. PAULL
 
 RAISMAN,G.
 
 AND FIEm, P. M. (1971) Anatomical considerations relevant t o the interpretation of neuroendocrine experiments. In Frontiers in Neuroendocrinology,Oxford Univ. Press, New York, pp. 3-44. TENNYSON, V. M. (1970) The h e structure of the axon and growth cone of the dorsal root neuroblast of the rabbit embryo. J. Cell Biol.,44,62-79. VAALA,S. S. (1973) Uptake of 3H-LRF by median eminence. Anat. Rec., 175,459-460. W m o w s r , W. (1973) ElektronenmikroskopischeUntersuchungen zur funktionellen Morphologie des Tubero-hypophysaren Systems der Ratte. Z . Zellforsch., 139,101-148. YAMADA, K. M., SPOONER, B. S. AND W e s s ~ u N. , K. (1971) Ultrastructure and function of growth cones and axons of cuitured nerve cells. J. Cell Biol., 49,614-635.
 
 DISCUSSION
 
 STOECKART: Because of the important influence of anesthetics on electron microscopical pictures, I should like to know what type of anesthesia you used for your studies. MONROE: Many of the tissues were iixed by immersion after decapitation of the rat without any kind of anesthesia. When we did perfusions, we used Nembutal anesthesia. PILGRIM: Are you implying that synaptoid contacts between the axons and the tanycytes are only found in the more caudal part? MONROE: No, certainly not. I think they are much more numerous than we realized first. I have recently found a whole collection of synaptoid formations just under the flattened ependymal cells in the middle part of the median eminence. The axons that are making synaptoid contacts with the processes of these flattened ependymal cells have dense-core vesicles. They do not belong to the neurohypophyseal system.
 
 JOST: This was a very beautiful presentation, and the pictures were extremely fine. As far as I remember, Fink and Smith (1971) described very early in development fenestrated capillaries beneath the hypothalamus, not inside the hypothalamus. Did you see such fenestrated capillaries?
 
 MONROE: We have also found fenestrated capillaries at about the same developmental period as Fink and Smith. The fenestrations are, however, not as numerous as they are in a later stage. GUILLEMIN: D o you think that these heavy silver stained granules, in 1 pm sections of the median eminence might belong to axons of the supraoptico-hypophyseal tract and do they contain neurophysins? MONROE: I might add that in combination with silver staining we also tried aldehyde fuchsin staining of 1 pm sections. Actually, some of those silver granules were light pink by aldehydefuchsin staining. I think therefore that Dr. Pilgrim might be quite right that there is a neurophysin-like substance in those granules, and that you don’t see it ordinarily in the external median eminence because it is not concentrated enough. But in the 1 pm sections the external median eminence actually looks more aldehyde fuchsin-positive than we had expected.
 
 The Ontogenetic Development of Hypothalamo-Hypophyseal Relations ALFRED JOST, JEAN-PAUL DUPOUY
 
 AND
 
 MICHEL RIEUTORT
 
 Laboratory of Comparative Physiology, University of Paris YI, Paris (France)
 
 INTRODUCTION
 
 An exhaustive discussion on the ontogenetic development of hypothalamo-hypophyseal relations raises many questions which cannot all be dealt with here, but a few should be recalled. (1) Which are the early embryological interrelations between the neural and the epithelial primordia in differentiating the hypothalamo-hypophyseal complex as a defined structure? This embryological problem will not be considered here. (2) Does the hypothalamus play any role in the early differentiation of specialized cell types in the pituitary, for instance corticotropic or thyrotropic cells? Some authors supposed that this might be the case, because the hypothalamic neurons seemed to mature earlier than pituitary cells (Fink and Smith, 1971); this idea was however based on a too preliminary study: the pituitary cells differentiate earlier than was assumed (unpublished data of Dupouy). (3) Does a pituitary controlled positive endocrine feedback mechanism influence the differentiationof the mammalian hypothalamus, in a way similar to that described in Rana pipiens by Etkin (1963)? In this frog the thyroid hormone under pituitary control regulates the morphological and functional differentiation of the hypothalamus. Similar studies still have to be made in mammals. (4) Does the fetal hypothalamus control the production and the release of pituitary hormones, and thus participate in the fetal endocrine correlations? This aspect will be discussed in detail in the present paper. Of course, it should first be ascertained whether the fetal pituitary produces and releases hormones, in other words, whether there is anything for the hypothalamus to control, in terms of hypophyseal functional mechanisms.
 
 METHODS
 
 Pituitary function
 
 In order to explore the role of the pituitary gland in fetal endocrinology, hypophysecReferences P. 217-219
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 tomy of the fetus is the 6rst obvious technique to be used. In small laboratory animals (rabbits and rats) we have long been using intra-uterine fetal decapitation as a simple procedure (Jost, 1947); it produces testicular deficiency in the rabbit fetus, thyroid and adrenocortical atrophy in both animal species (see Jost, 1966a). These symptoms can be prevented by giving the appropriate pituitary hormones to the decapitated fetus. In larger animal species and at later developmental stages, selective hypophysectomy could be done, for instance in sheep (cf. Liggins, 1969). Many other indications on the function of the fetal pituitary were derived from histological, histochemical or ultrastructural studies, or from the detection of hormones either in the pituitary cells, by immunofluorescence,or in the fetal pituitary and plasma, especially with radio-immunological methods. The combined use of several techniques (surgical, morphological, biochemical) is advisable. It is important to keep in mind that the pituitary function may be of special importance at certain developmental periods. This had been suggested a long time ago, when the effects of decapitation of rabbit fetuses on testicular functioning at different developmental periods were related to variations of the PAS stainable material present in the pituitary gland (Jost, 1953). The concept that the hypophyseal activity could pass through a phase of particular high intensity followed by a decline (Jost, 1961) has recently been substantiated. In the human fetus, Grumbach and Kaplan (1973) observed a peak in plasma FSH and plasma GH at mid-pregnancy. Fetal endocrinology necessitates therefore research at different developmental stages. Role of the hypothalamus
 
 Techniques for investigating the role of the hypothalamus comprise i.a. the experimental removal of the hypothalamus, the histological, histochemical or ultrastructural study of the hypothalamus and vascular system and the determination of hypothalamic hormones in the tissue. (1) In order to remove the hypothalamus, rat or rabbit fetuses were surgically encephalectomized by removing the whole brain and leaving the pituitary gland in situ (Jost, 1966a, b; Jost et al., 1966). At term the body weight of the encephalectomized fetuses was found to be reduced. The completeness of hypothalamectomy was verified in histological sections. Other authors adapted this technique and aspirated the brain tissue with a glass tube (Daikoku, 1966) or with a syringe (Mitskevich et al., 1970) or electrocoagulated it (Fujita et al., 1970). In the sheep fetus, Liggins (1969) could section the pituitary stalk. (2) Many contributions were devoted either to the differentiation of the hypothalamus itself or to the vascularization of the median eminence and the development of the portal system. Only a few recent papers pertaining to the rat fetus will be quoted here. Daikoku et al. (1971) observed nerve fibers containing electron-lucent and densecore vesicles in the median eminence on day 18 and thereafter, whereas Fink and Smith (1971) observed them already on day 16, in agreement with Halisz et al. (1972) who found them in the arcuate nucleus on day 16. The monoamine-fluorescence becomes detectable only later (Hyyppa, 1969; Smith and Simpson, 1970). It has long
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 been known that vascular loops penetrating the median eminence and a true portal vessel system differentiate only after birth (Glydon, 1957). The capillaries of the supratuberal plexus are however connected with the hypophyseal capillaries much earlier (Halasz et al., 1972) and fenestrated capillaries are observed from day 15 onwards (Fink and Smith, 1971). Although these recent studies cannot prove nor disprove a physiological role of the fetal hypothalamus, they lend some morphological support to the direct experimentation which demonstrated the function of the fetal hypothalamus. (3) The detection of releasing activity in the fetal hypothalamus depends to a great extent on the reliability and sensitivity of the assay method. Therefore, a negative result, e.g. no detectable TRF activity in the rat hypothalamus before postnatal day 6, as seen with an in vivo test (Mess, 1970) must yield precedence to a positive result, e.g. presence of TRF in the hypothalamus of pooled 17.5- and 18.5-day-old fetuses, and thereafter, assayed on an in vitro test (Conklin et al., 1973; it is unfortunate that these authors pooled fetuses at different developmental stages for their study). CRF activity was also detected in the rat hypothalamus the day before birth (Hiroshige and Sato, 1971). RESULTS
 
 Some results concerning thyrostimulating hormone (TSH), growth hormone (GH) and adrenocorticotropic hormone (ACTH) will be summarized. Data concerning the hypothalamic control of gonadostimulating hormones will not be considered in the present review (see Jost, 1970; Nakai et al., 1972). Thyrostimulating activity Some experiments made on rat fetuses (Jost and Geloso, 1967; Jost et al., 1970) will be briefly summarized. It should first be recalled that the onset of thyroid functioning, as judged by thyroxine release in the fetal blood, takes place on day 18 (cJ for discussion Geloso, 1967). The morphological (Jost, 1957a and b) and functional (Geloso, 1967) differentiation of the thyroid gland depends on the fetal pituitary gland as seen in decapitated fetuses. The negative feedback mechanism of thyroxine on the pituitary thyrostimulating activity can be explored with the use of antithyroid drugs. In rat (Jost, 1957 a and b) or in rabbit (Jost, 1959)pregnant females given propyl-thio-uracil (PTU), the thyroid of control fetuses hypertrophies; this hypertrophy does not occur if thyroxine is injected into the fetus which blocks the release of TSH, or if the fetus is decapitated. The latter observation indicates that maternal TSH does not cross the placental barrier. In order to explore the role of the hypothalamus in the hypophyseal thyrostimulating activity,we encephalectomizedrat fetuses on day 18 and we studied them on day 21 ; other fetuses were decapitated. The histological picture of the thyroid was normal in the encephalectomized fetuses as compared to littermate controls. The uptake of l 3'I given to the mother was References p . 21 7-219
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 normal 1 h after the iodide injection; it showed a statistically not significant trend to be lower 24 h after the injection. In mother rats given PTU (50 mg orally per day), the thyroid of the encephalectomized fetuses displayed the same hyperplastic histology as in the entire fetuses, and the whole thyroid was hypertrophied. Again the uptake of 1311was similar in the encephalectomized q d in the entire fetuses after 1 4; after 24 h it was slightly but significantlylower in the encephalectomized fetuses. The thyroid gland of the decapitated fetuses showed the usual hypoplasia and lack of response to PTU, These experiments suggest that the thyrostimulating activity of the fetal pituitary is to a large extent independent from the hypothalamus, and that the negative feedback mechanism of thyroid hormones is effected largely upon the pituitary gland itself. The slight difference in thyroid I3'I concentration, 24 h after 1311 injection was paralleled by a reduction in circulating thyroxine found in other experiments (Jost et al., 1970). Some participation of the hypothalamus in the release of TSH is likely. This is in agreement with the presence of TRF in the hypothalamus of the rat fetus (Conklin et al., 1973). Mitskevich and Rumyantseva (1972) confirmed that encephalectomized rat and rabbit fetuses respond with a typical thyroid hypertrophy to antithyroid drugs; the response was weaker in encephalectomized guinea pig fetuses. In this species, the hypothalamus seems to exert a more important role in regulating the TSH secretion. The nearly normal thyrostimulating activity of the pituitary of the rat fetus in the absence of the hypothalamus might result from the transfer of TRF from mother to fetus. Although D'Angelo et al. (1971), who injected very large doses of synthetic TRF into pregnant rats, observed some transfer from mother to fetus, it is not very likely that under more physiological conditions appreciable amounts of TRF pass from mother to fetus. A definitive proof still has to be given. Secretion of growth hormone
 
 The rather early appearance of growth hormone in the developing pig fetal pituitary was demonstrated as early as 1929 by Smith and Dortzbach. More recently, the presence of growth hormone in the pituitary gland and blood plasma of the human (Kaplan et al., 1972) and sheep fetus (Bassett et al., 1970) has been well documented. In the rat fetus growth hormone was detected in the pituitary (Contopoulos and Simpson, 1957) and in the plasma (Strosser and Mialhe, 1972; Rieutort, 1972) from day 19 onward; in the plasma it increases enormously during the next two days. Both in the sheep (Bassett et al., 1970) and in the rat fetus (Rieutort, 1972) it has been demonstrated that the plasma growth hormone in the plasma originates from the fetal pituitary, since it is absent in hypophysectomized fetuses. In human anencephalic fetuses, Grumbach and Kaplan (1973) observed a very low concentration of growth hormone (blood from the umbilical vein) in comparison to normal infants. This suggested a hypothalamic regulation of growth hormone secretion.
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 We made some preliminary observations on rat fetuses encephalectomized on day 19.5. On day 21.5, the mother animal was anesthetized with pentobarbital (4mg/100g)
 
 and laparotomized. Blood was obtained successively from several fetuses: each fetus was gently exteriorized from the uterine horn, so as to preserve the umbilical circulation through the placenta in situ. Blood was collected at the armpit. The fetus was then removed and dissected in order to verify that the hypothalamushad been removed and to secure the pituitary gland. Growth hormone determinations were made with a radio-immunological method described earlier (Rieutort, 1972), on plasma or on pituitary extracts. The mean growth hormone content of the pituitary of 11 encephalectomized fetuses was only slightly lower than that of controls. In 13 encephalectomizedfetuses, the plasma growth hormone was significantly reduced (Fig. 1). In 3 others, it was below the sensitivity of the method and as low as in decapitated fetuses; it could not be ascertained whether in these cases the pituitaries were in good condition. In adult rats, pentobarbital anesthesia increases the plasma growth hormone (Takahashi et al., 1971); if such an effect was responsible for the difference between encephalectomized and control fetuses, it would appear that the response is more pronounced in the presence than in the absence of the fetal hypothalamus. On the other hand, in adult rats various stresses decrease GH release (Schalch and Reichlin, 1968). One may wonder therefore whether encephalectomy acted as a stress and decreased in this way plasma GH. This has to be verified in sham operated fetuses; it seems not very likely as far as encephalectomy suppresses the depletion of ascorbic acid in the fetal adrenals in response to another stress, the injection of formaldehyde PlTUlTARY (pg
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 Fig. 1. Growth hormone contents in the pituitary of encephalectomized rat fetuses and littermate controls and in the plasma of the same fetuses and of decapitates. Individual values (except those of the decapitates) and means are shown. The limit of sensitivity of the method is indicated (hatched) for plasma values. References p . 217-219
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 (Cohen et 4,1968). These preliminary data suggest that in the rat fetus the hypothalamus plays a role in &herelease of growth hormone. Pituitary corticostimulating activity
 
 The role of the pituitary in controllingthe size and function of the fetal adrenal cortex is well dmumented in the rat and in several other mammalian species (Jost, 1966a and b; Jost and Picon, 1970). In the absence of the pituitary gland, the growth of rat fetal adrenals is severely reduced and their effects on target organs are suppressed, for instance the induction of glycogen storage in the fetal liver. Interference with growth of the adreods in the entire fetus can also result from a negative feedback mechanism, for example when the maternal plasma curticosteroids are elevated. In the first series of experiments we compared the weight of the adrenals on day 21 in rat fetuses whicth were either decapitated or encephalectomized on day 19 and in littermate sham operated or intact controls. Growth of the adrenals of both the decapitated and encephalectomiaed fetuses was similarly stopped; however a purified preparation of beef CRF or rat hypothalamic extracts restored adrenal growth to normal in the encephlectomkd but not in the decapitated fetuses; brain extracts had no effect (Jost,1966b; Jost et al., 1966). This gave evidencethat the pituitary of the encephalectomized fetus lacked some hypothalamic influence. Adrenocortical atrophy after removal of the hypo$halamus was confirmed in rats (Fujita et al., 1970) and in rats, rabbits and guinea pigs (Mitskevich and Rumyantseva, 1972). The absence of the fetal hypothalamus also prevents the adrenocortical response to stress on day 20. Pregnant rats were adrenalectomized; approximately 4 h later two fetuses were encephalectomized. One of the encephalectomizedfetuses and one control were given subcutaneously25 pl of a 2 % formaldehyde solution. Two hours after this stress factor a 21 % depletion of the ascorbic acid concentration had occurred in the adrenals of the entire fetuses, but not in those of the encephalectomized fetuses (Cohen et al., 1968). On the other hand, Hiroshige and Sat0 (1971) observed an increase within 2 min of the CRF activity in the hypothalamus of fetuses recovered by cesarian section the day before birth and submitted to stress factors (ether + laparotomy). In other series of experiments, still under progress, the hypothalamo-hypophyseal relations were studied according to the developmental stage. As was already mentioned, in fetuses encephalectomized on day 19 the adrenals were, on day 21, as reduced as in decapitated animals. On the contiary, in fetuses encephalectomized on day 17 and sacrificed on day 19, the adrenals were significantly heavier than those of the decapitated animals (Fig. 2a) (data from Cohen et al., 1971). Some autonomous, i.e. not hypothalamic-dependent, corticostimulating activity of the pituitary seems to occur before day 19, but not after that stage. The difference between earlier and later stages might result either from the loss by the pituitary of the capacity for autonomous functioning, or from an increased negative feedback mechanism by maternal corticosteroids after day 19 or from an increased sensitivity of the pituitary to the feedback. In order to suppress the maternal corticosteroids, the mother was adrenal-
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 Fig. 2. Fetal adrenal weight under several experimental conditions. A straight line is drawn between the weight of the adrenals in controls on the day of surgery (arrows) and the final weight at the end of the experiment in controls (C),encephalectomized (E) and decapitated fetuses @). The number of fetuses are given in brackets. Standard errors are indicated as vertical bars. Developmental stages expressed in days and hours from the time of fertilization,i.e. from 1 a.m. on the night of cohabitation (cJ Jost and Picon, 1970). (a) in normalpregnant animals: effects of encephalectomy and decapitation performed on either day 17 or day 19 (arrows) on the weight of the adrenals 2 days later (data from Cohen et al., 1971); (b) a similar experiment done on adrenalectomizedfemales, between days 19 and 21 (data from Dupouy and Jost, 1970); (c) a similar experiment done on a metopirone treated f e m f e , between days 19 and 20 (data from Dupouy, 1971).
 
 ectomized on day 14, and the fetuses were either decapitated or encephalectomized on day 19 and sacrificed on day 21 : the adrenals of the encephalectomized fetuses were now somewhat heavier than those of the decapitates (Fig. 2b). The difference was even more pronounced when surgery was performed on the fetus on day 18 (Fig. 3a); under these experimental conditions the autonomous pituitary corticostimulatingactivitywas especially conspicuous between days 18 and 19. This is reflected in the marked difference in the glycogen contents of the liver in fetuses which were either decapitated or encephalectomized on day 18 (Fig. 3b). Recently we studied the corticosterone concentration in the adrenals of fetuses in mother animals adrenalectomized on day 14. In 9 fetuses encephalectomized on day 19, the corticosterone concentration on day 21 was intermediary (10.99 pg/g) between the 38 controls (14.90 pg/g) and the 13 decapitates (6.00 mg/g) (Dupouy et al., 1973). Besides the maternal corticosteroids there was still another possible source of corticosteroids to be considered: the adrenals of the littermate control fetuses. Kamoun (1970) showed that until day 16 of pregnancy, corticosterone is undetectable in the plasma of pregnant rats adrenalectomized the day before; on days 18 and 20, when the fetal adrenals have become active, significant amounts of corticosterone are References p . 21 7-219
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 Fig. 3. Experiments earried out on pregnant rats, adrmalcctomized on day 14. All fetuses were sactiriced on day 21. EEects of am@&etomy(E) and decapitation @) performed either on day 18 or on day 19 on fetal adrenal weight,and on Slycosen in the fetalliver (per cent of fresh tissue weight). C controls. The number of fetuses and the standard errors are indicated (data from Dupouy and Jost, 1970).
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 found in the maternal plasma. We confirmed that fact in females adrenalectomized on day 14 and studied at different stages thereafter (Dupouy et al., to be published). In order to suppress the corticosteroids as much as possible in the whole system, pregnant rats were given metopirone (100 mg in two doses with glucose) and sacrificed 24 h later (the toxicity of the drug does not permit a more prolonged experiment); control animals received only glucose. A significant increase in adrenal weight was found in encephalectomized fetuses as compared with decapitates (Fig. 2c). It thus would appear that the corticostimulatingactivity of the fetal pituitary of the rat to a very large extent depends upon the presence of the hypothalamus; but the fetal pituitary also has some autonomous non-hypothalamic-dependentcorticostimulating activity which is easily stopped after day 19 by a negative feedback effect of corticosteroids. The reason why this negative feedback is more efficient on and after day 19 than before might depend either upon an increased sensitivity of the pituitary or on differences in the concentration of free corticosterone in the fetal plasma. This is currently being investigated. CONCLUSIONS
 
 The experiments summarized in the present paper indicate that in the rat fetus the TSH, G W and ACTH release by the pituitary depends, to a varying extent, upon the
 
 FETAL HYPOTHALAMUS
 
 217
 
 hypothalamus. Autonomous or non-hypothalamic-dependent hormone release can also be demonstrated to a varying extent. As a whole, the data obtained so far in the encephalectomizedrat fetus duplicate the conditions observed in human anencephalic newborns (Jost and Geloso, 1967), insofar as the thyroid is well developed, the plasma growth hormone is reduced and the adrenal gland is strikingly underdeveloped.
 
 SUMMARY
 
 Only one of the several problems raised by the ontogenetic development of hypothalamo-hypophyseal relations is discussed in the present paper, namely the role of the hypothalamus in the production and release of pituitary hormones. Some techniques used in the field are surveyed, especially fetal encephalectomy, a procedure which permits removal of the hypothalamus with the brain and which allows the pituitary gland to remain in situ, and morphological or biochemical studies of the hypothalamus itself. Some experiments performed on rat fetuses are presented. The thyrostimulatinghypophyseal activity is to a very large extent independent of the hypothalamus and can be increased in encephalectomized fetuses submitted to propyl-thio-uracil. The plasma concentration of growth hormone was found to be diminished in encephalectomized rat fetuses. The corticostimulating activity is almost abolished in fetuses encephalectomizedon day 19 and studied on day 21; it is only diminished in those fetuses which are encephalectomized on day 17 and studied on day 19. One reason - at least - of this difference is a negative feedback exerted directly on the pituitary by corticosteroids produced by the mother and by littermate fetuses. The condition of the encephalectomizedrat fetus resembles that prevailing in human anencephalics. REFERENCES
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 DISCUSSION
 
 DORNER: Is it justified to conclude, Dr. Jost, from your excellent presentation on the ontogenic development of the hypothalamus that there are various steps in the differentiation? The first being a differentiation of the peripheral @and,i.e. of the gonads or the thyroid, then a second differentiation step of the hypophysis, and as a third step, the differentiation of the hypothalamus. JOST:There is no doubt that an early embryonic primordium can become, for example, a thyroid gland, which makes thyroxine, even in the absence of the pituitary. The pituitary is not necessary to cause the cellular differentiation of a peripheral gland such as the thyroid. But these glands never function as endocrine glands without the hypophysis, as far as they do not release enough hormones to affect their target organs. The problem whether the pituitary is an exception to this rule, and would secrete hormones even in the absence of the hypothalamus is not yet completely solved, because one has still to study this at very early stages. My surmise would be that appreciable amounts of some hormones, e.g. TSH,can be released from the pituitary even in the absence of the hypothalamus. But the hypothalamussoon controls the activity and the intensity of the release. PILGRIM: In relation to this problem, I think that it is obvious from your experiments that the pituitary can function on a certain level without the hypothalamus, but probably only if the hypothalamus had been present already for some time. JOST:One should study very early stages to know whether this possibility is true. LEVINE: We do know that adrenocorticoids do exert a feedback action on the adult hypothalamus. Could you postulate whether the feedback site for adrenocorticoids will be the hypothalmus in the fetus as well ? JOST:Most of the feedback action of adrenocorticoidsis probably on the fetal hypothalamus, and a small part of this action is on the pituitary, since in the absence of the hypothalamus a small feedback effect of corticosteroids directly on the pituitary was still demonstrable. For the regulation of the thyroid this is probably the reverse, here the feedback is mainly on the pituitary.
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 Environment Dependent Brain Organization and Neuroendocrine, Neurovegetative and Neuronal Behavioral Functions G. DdRNER Institute of Experimental Endocrinology, Humboldt University, Berlin (G.F.R.)
 
 INTRODUCTION
 
 Fundamental processes of life, such as reproduction, metabolism and information processing, are regulated by means of the following feedback control systems. (1) the hypothalamo-hypophyseal-gonadal system; (2) other neuroendocrine and/or neurovegetative systems; and (3) neuronal behavioral systems. From extensive animal experiments and clinical studies (Darner, 1972) one may regard the hypothalamo-hypophyseal-gonadal system as a model system and then the following ontogenetic organizational rules may be deduced (Fig. 1): (1) during a critical organization period of the brain an open-loop regulatory system is converted into a closed-loop feedback control system. The regulating variable and the regulated LOpen Regulatory System cndocrin plcmd, v l a t i v e syslem, mvironmmt
 
 cortex
 
 regulating variable
 
 Kfeedback Control System
 
 regulating variable
 
 controlled system
 
 Fig. 1. Ontogenetic transformation of an open-loop regulatory system into a closed-loop feedback control system during organization of the central nervous system. References p . 233-236
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 element of the open-loop system are then transformed into the controlled condition (homeostatic variable) and the central regulator, respectively, of the feedback control system (transformation rule); (2) the size of the primary regulating and secondary homeostatic variable determines, during a critical organization period of the CNS regulator, its quality and hence the functional and tolerance ranges of the whole feedback control system for life (determination rule). This principle may be explained by enduring modifications of gene expressibility produced by the regulating (and/or homeostatic) variable during cytogenesis (and/or synaptogenesis) of specific brain centers. Thus, homeostatic variables which are to be established for the entire functional phase are preprogramming their own feedback control systems during a critical organization phase. In other words, what is to be regulated by the brain for life is already attempting to regulate itself during brain differentiation. Several findings are presented which suggest that this elementary principle may be functioning, in fact, for the regulation of reproduction, metabolism and processing of information in the brain.
 
 THE HYPOTI-JAJAMO-HYPOPHYSYSEAL-GONADAL SYSTEM
 
 The gonadotropic function of the pituitary gland was first demonstrated by Aschner (19 12) who observed distinct gonadal atrophy in dogs following hypophysectomy. Subsequently, the gonadotropins were discovered by Aschheim and Zondek (1927) at our institute and by Smith and Engle (1927). In 1932, Hohlweg and Junkmann envisaged the central nervous system as the regulator of the hypophyseal gonadotropic function, presenting for the first time a cybernetic functional unit of the brain-pituitary-gonadal axis. This concept was strengthened by the demonstration of a positive estrogen feedback (Hohlweg, 1934), when the corpus luteum formation was induced by a single injection of estrogen in intact immature female rats as opposed to hypophyseal stalk-sectioned or hypothalamus-lesioned animals (Westman and Jakobsohn 1938; Docke and Dorner, 1965). Barraclough and Gorski (1961) distinguished a rostral sex center located in the preoptic suprachiasmatic region, that regulates the cyclic gonadotropin secretion in females, and a caudal center located in the ventromedial arcuate region, that is responsible for the tonic gonadotropin secretion in both sexes. All these regulatory mechanisms may be mediated by gonadotropin-releasing substances of the type postulated by Harris (1953), subsequently described by McCann and coworkers (1960) and finally isolated by Schally and coworkers (1971). In 1941, Brookhart and Dey demonstrated by means of intrahypothalamic lesions in guinea pigs a “mating center” responsible for sexual behavior patterns, which was not identical with the hypothalamic “sex center” postulated by Hohlweg and Junkmann (1932) that regulates gonadotropin secretion. Dorner et al. (1968) distinguished a “male mating center” located in the anterior hypothalamic area and a “female mating center” located in the ventromedial hypothalamic area. In rats of both sexes, predominantly male or
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 female sexual behavior could be selectively stimulated or abolished either by intrahypothalamic sex hormone implants or by hypothalamic electrolytic lesions in these regions. Today’s knowledge regarding the hypothalamo-anterior pituitary-gonadal axis may be summarized as follows. In the so-called hypophyseotropic area of the basal central hypothalamus (Halhsz et al., 1962) FSH- and LH-releasing substances are secreted under the influence of neurotransmitters (Kamberi, 1974). They are transported by the hypothalamo-hypophyseal portal vessels to the anterior pituitary, to stimulate the secretion of the appropriate gonadotropin. In females, an additional cyclic sex center is present in the rostra1 hypothalamus, responsible for the cyclic “over”-production of the LH-releasing substance. Periodically, an “over”-release of hypophyseal LH occurs, promoting the induction of ovulation. The hypophyseal gonadotropic hormones regulate the generative gonadal functions as well as the secretion of sex hormones, which in turn regulate the physiological functions of the respective target organs. In addition, the sex hormones produce either a predominantly inhibitory (negative) or excitatory (positive) feedback effect on the hypothalamus and/or the hypophysis, depending on the combination of individual hormones (androgens, estrogens and gestagens) and also the concentration and duration of effect of these substances. Furthermore, the sex hormones sensitize the hypothalamic mating centers to sensory stimulations, which reach the diencephalon via pathways from the cerebral cortex. Androgens play a dual role in this respect, since they are able to stimulate both the male and female centers, which are located in the anterior hypothalamus and the central hypothalamus, respectively. The sensitivity of the centers to androgens depends on the degree of differentiation. With a more highly differentiated male center the resulting sexual behavior will be male while female sexual behavior is seen if the corresponding center is more highly differentiated (Dorner, 1972).
 
 SEX HORMONE DEPENDENT BRAIN ORGANIZATION AND REPRODUCTION
 
 As early as 1936, Pfeiffer observed that in rats, independent of genetic sex, the lack of testes during a critical developmental phase resulted in the genesis of a cyclic hypophyseal gonadotropin release, whereas the presence of testes gave rise to a tonic (continuous) hypophyseal gonadotropin secretion. Thus, ovarian cycles could be induced in male rats castrated immediately after birth and implanted with ovaries when adult. In contrast, ovulations could be produced neither in female rats implanted with testes neonatally nor in male rats orchidectomized after the critical neonatal period and then implanted with ovaries. Wilson and coworkers (1941) reported that female rats androgenized during the early neonatal period showed acyclic ovarian function without corpora lutea in adulthood. Barraclough and Gorski (1961) showed that the development of a cyclic or tonic hypophyseal gonadotropin secretion is determined by an androgen-dependent hypothalamic differentiation phase. A low androgen level during this critical phase References P. 233-236
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 produced a cyclic hypophyseal gonadotropin release, whereas a high androgen level resulted in a tonic hypophyseal gonadotropin secretion. Takewaki (1962) c o n k e d the earlier findingsof Wilson (1943) that a high estrogen level during the hypothahnic differentiation phase can also cause tonic gonadotropin secretion and acyclic function during postpuberal life. With regard to sexual behavior, a remarkable observation was reported by Dantchakoff(1938) that was confirmed by Phoenix et ul. (1959). Female guinea pigs, androgenkd prenatally, exhibited strong male sexual behavior when the androgen treatment was repeated in adulthood. Based on these results, Phoenix and coworkers (1959) distinguished a prenatal differentiation period and a postpuberal activation period with respect to sexual behavior. During the first p h w , differentiation of the hypothalamus is dependent on the androgen level, while in the second .phase the hypothalamus is activated by either androgens or estrogens. Wilson et al. (1941) and Wilson (1943) observed reduced female sexual behavior in adult female rats which had been androgenked neonatally. Grady and Phoenix (1963) and Harris (1964) reported that male rats, orchidectomized shortly after birth, showed particularly strong female sexual behavior when treated with estrogen in adulthood. These observations, confirmed by other workers (Feder and Whalen, 1965; Neumann et al., 1967, 1970), pointed to the possible significanceof the androgen level during the critical hypothalamic differentiation phase for the development of the direction of sex drive. The following findings were obtained in our laboratories concerning sex hormone dependent brain differentiation. (1) Male rats castrated on the first day of life showed predominantly heterotypical, i.e. homosexual, behavior following androgen substitution in adulthood (Dorner, 1967,1969,1970,1972). In other words, geneticmaiesdisplaying a temporary androgen deficiency during the critical hypothalamic differentiation period, but normal or approximately normal androgen level in adulthood, were excited preferentially by partners of the same genetic sex. (2) The neuroendocrine conditioned male homosexuality could be completely prevented by a single androgen injection during the perinatal hypothalamic differentiation period or suppressed by stereotaxic lesions in the hypothalamic ventromedial nuclei during adulthood (Dorner and Hinz, 1968; Dijrner et ul., 1968). (3) The higher the androgen level during the hypothalamic differentiation period, the stronger developed the male and the weaker the female sexual behavior during the postpuberal functional period, irrespective of the genetic sex. A complete inversion of sexual behavior was even observed in male and female rats following androgen deficiencyin the males and androgen overdoses in the females during the hypothalamic differentiation period. Due to these findings, a neuroendocrine predisposition for primary hyposexuality, bisexuality and homosexuality may be based on different degrees of androgen deficiency in males and androgen (or even estrogen) overdoses in females (Dorner, 1969, 1970). (4) The higher the androgen level during the critical hypothalamic differentiation period, the smaller the nuclear volumes of the nerve cells observed in the preoptic
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 Fig. 2. Changes in LH values in serum of homosexual and heterosexual men after intravenous injection of estrogen (mean f S.E.M.).
 
 anterior hypothalamic area and in the ventromedial nucleus throughout life (Dorner and Staudt, 1969). (5) In male rats castrated on the first day of life, a positive estrogen feedback-effect could be induced as well as in normal females, but not in males castrated later nor in neonatally androgenized (or estrogenized) females (Dorner and Docke, 1964; Docke and Dorner, 1966). (6) A positive estrogen feedback-effect could also be induced in homosexual men in contrast to heterosexual men (Dorner et a/.,1972), as illustrated in Fig. 2. In the meantime, this finding was confirmed by comparing the LH-response to estrogen of 21 homosexual men with that of 20 heterosexual men (Dorner et al., in preparation). The induction of a positive estrogen feedback-effect in women has been described by several authors during recent years (Van de Wiele et a/.,1970; Nillius and Wide, 1971; Tsai and Yen, 1971; Franchimont, 1972). Hence, our data suggest that homosexual men may possess, in fact, a predominantly female-differentiated brain. (7) In female rats nonphysiologically high androgen and/or estrogen levels during the perinatal hypothalamic differentiation phase caused symptoms similar to the Stein-Leventhal syndrome with anovulatory sterility and polycystic ovaries, as already described by other authors (Barraclough and Gorski, 1961; Flerk6 et a/., 1969; Lloyd and Weisz, 1969) and/or a neuroendocrine predisposition for female hypo-, bi- or homosexuality (Dorner and Fatschel, 1970; Dorner 1972; Dorner and Hinz, 1972). (8) Very high androgen or estrogen doses administered during the critical hypothalamic differentiation period gave rise to hypogonadism in both sexes. In summary, the following correlations were found between changes of the androgen References p. 233-236
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 TABLE I RELATIONSHIP BETWEEN CHANGES IN THE ANDROGEN AND/OR ESTROGEN LEW
 
 DURING THE HYPOTHALAMIC DIFFEFtENTUTION PHASE AND PERMANENT SEXUAL DISORDERS DURING THE HYPOTHALAMIC FUNCTIONAL PHASE
 
 Hypothalamic dzferentiation phase
 
 Hypothulamic functional phase
 
 (1) Androgen &eficiency in genetic males
 
 Redisposition for male hypo-, bi- or homosexuality
 
 (2) Moderate androgen or
 
 Stein-Leventhal-like syndrome; predisposition for female hypo-, bi- or hmosexuality
 
 estrogen overdosage in genetic females (3) Very high androgen or estrogen levels in genetic males or females
 
 Hypogonadotropic hypogonadism (idiopathic eunuchoidism; idiopathic hypothalamic insutEciency)
 
 and/or estrogen levels during the hypothalamic differentiation phase and permanent sexual disorders during the postpuberal hypothalamic functional phase (Table I): (1) In genetic males, an androgen deficiency during the hypothalamic organization phase results in a more or less female differentiation of the brain; i.e. a neuroendocrine predisposition for male hyposexuality, bisexuality or even homosexuality and the evocability of a positive estrogen feedbackeffect. (2) In genetic females, overdoses of androgen (or estrogen) during the hypothalamic organization phase lead to more or less male differentiation of the brain, i.e. a SteinLeventhal-like syndrome and/or a neuroendocrine predisposition for female hypo-, bi- or homosexuality. (3) Very high androgen and/or estrogen levels during hypothalamic ditrerentiation give rise to hypogonadotropic hypogonadism in both sexes. In view of these hdings, important disturbances of sexual functions may be based on discrepancies between the genetic sex and the sex hormone level during the hypothalamic differentiation phase. A causal prophylaxis may become possible in the future by preventing such discrepancies during the time of sex-specific brain differentiation. Three preconditions towards this aim have already been achieved: (1) Comparative studies of hypothalamic biomorphosis in 84 human fetuses and hundreds of rats have led to the conclusion that the critical hypothalamic differentiation period may be timed in the human between the 4th and 7th month of fetal life (Domer and Staudt, 1972). (2) A simple and reliable method for prenatal diagnosis of the genetic sex was developed using fluorescence microscopy of amniotic fluid cells (Domer et al., 1971b, 1973b). (3) Significantly higher testosterone concentrations were found in amniotic fluids of male fetuses than in female fetuses (Dorner etal., 1973~).
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 In view of these findings, preventive therapy for human subjects with disorders of sex hormone dependent brain organization may become possible in the future. Furthermore, the following ontogenetic organization rules (Dorner, 1973a) were deduced from animal experiments and clinical studies (Fig. 3): (1) During a critical hypothalamic organization phase an open-loop system (e.g, placenta-fetal gonad-fetal hypothalamus) is converted into a feedback control system (hypothalamo-hypophyseal-gonadal system). The neuroendocrine contact between the hypothalamus and the anterior pituitary is established by the production of neurohormones and their transport via the developing hypophyseal portal vessels. The regulating variable and the regulated subsystem of the primary open-loop system (e.g. sex hormone and hypothalamus) are then transformed into the controlled condition (homeostatic variable) and the regulator, respectively, of the secondary feedback control system (transformation rule). (2) The size of the primary regulating variable (e.g. sex hormone) during the critical organization phase determines the quality of the hypothalamic regulator during the functional phase (determination rule); i.e., the rated (or reference) value of the regulator and subsequently the functional range of the whole neuroendocrine system is irreversibly established (e.g. normo- or hypogonadotropic; cyclic or acyclic; hetero-, hypo-, bi- or homosexual). As a possible explanation of this irreversible determination at the molecular level, the following theory may be advanced. Three different periods of hormonal actions on the genetic material may be distinguished: (1) differentiation, (2) maturation, and (3) functional phase, although there exists some overlapping between these periods.
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 Fig. 3. Schematic representation of the ontogenetic organization of a neuroendocrine system: (a) hypothalamus-anterior pituitary+ndocrine gland. References p . 233-236
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 (1) During a critical organization phase, the specification, i.e. the capability of transcription (transcriptability) of specific genes in nerve cells is determined by the quantity of specificeffectors (e.g. sex hormones). (2) During the maturation phase, the transcriptability and/or translatability of these nerve cells may then be modulated (i.e., changed quantitatively) in relation to these effectors, e.g., by the devehpmnt of specifk receptors. (3) During the functional phase, transcription and/or translation are then induced (or repressed) by these effectors.
 
 HORMONE DEPENDENT BRAIN ORGANIZATION AND OTHER NEUROENDOCRINE FUNCTIONS
 
 The ontogenetic organization rules deduced from differentiation processes in the hypothalamo-hypophyseal-gonadal system regulating the maintenance of species may also be valid for other neuroendocrine systems that are responsible for the maintenance of individual life. In this connection the following neuroendocrine systems may be mentioned: (1) Hypothalamo-hypophyseal-thyroid system with the control of the thyroid hormone level. Thyroid hormone deficiency during the organization phases caused by lack of iodine gives rise to cretinism (Labhart, 1971). In animal experiments, irreversible structural changes of speciiic hypothalamic nuclei were observed following thyroxine deficiency during the differentiation phase (Szhnt6 et al., 1.970). Finally, thyroid hormone overdoses during the hypothalamic Organization phase result in secondary hypothyroidism for the entire life (Bakke et al., 1972). (2) Hypothalamo-hypophyseal-adrenocortical system with the control of glucocorticoid level. Glucocorticoid overdosage during the hypothalamic organization period leads to inhibition of development associated with hypothalamic disturbances (Sawano et al., 1969). Furthermore, we have found that high doses of progestagens with glucocorticoid-like activities administered during the hypothalamic organization period give rise to permanent adrenal atrophy in rats (Domer et al., 1971a). ( 3 ) Neuroendocrinefeedback system responsible for the carbohydrate and fat metabolism with the control of the insulin level. Since disorders of the carbohydrate and fat metabolism and their complications belong to the most important diseases at all, knowledge about their etiopathogemis is of particular relevance. A gypothalamic satiety center, located in the ventromedial nucleus, is provided with specific glucoreceptors. An elevation of gIucose utilization results in an increased activity of this center, and hence of satiety. In contrast, diminution of glucose utilization leads to a decreased activity of this satiety center which, on its part, influences a feeding center located in the hypothalamic ventrolateral area; i.e., a decreased activity of the satiety center results in an increased activity of the feeding center associated with hunger, whereas activation of the satiety center causes an inactivation of the feeding center (Anand et al., 1962; Anand, 1971). Besides the “satiety neurons”, neurons are also located in the ventromedial hypothalamus, responsible for an increased production of growth hormone-releasing
 
 ENVIRONMENT DEPENDENT BRAIN ORGANIZATION
 
 229
 
 Fig. 4. Schematic representation of the ontogenetic organization of a neuroendocrine system: (b) hypothalamus-endocrine gland (e.g. pancra)-target organ.
 
 hormone (GH-RH) following a decrease of the glucose level in blood pernardis and Frohman, 1970). The GH-RH transported in the portal vessels of the hypophyseal stalk to the anterior pituitary stimulates the secretion of hypophyseal growth hormone (GH). GH, on its part, inhibits glucose utilization and enhances lipolysis. In addition, an activation of the ventromedial nucleus may lead to glycogenolysis and lipolysis through stimulation of the sympathetic nervous system associated with elevated epinephrine release (Shimazu et al., 1966). A similar effect is exerted by glucagon produced in the pancreatic cc-cells. A hypothalamic influence on the corticotropinreleasing factor, and hence on the release of ACTH which can raise the blood glucose by stimulating the secretion of cortisol, may also be considered. On the other hand, activation of the hypothalamic feeding center, located in the ventrolateral area by stimulating the vagal nerve, gives rise to an increased release of insulin from the pancreatic /?-cells (Kaneto et al., 1967). Insulin enhances glucose utilization leading to hypoglycemia and increased lipogenesis. The elevated glucose utilization exerts, in turn, a stimulating effect on the hypothalamic satiety center, while hypoglycemia causes a derepressing action on the GH-RH producing neurons. Thus, a self-regulating system responsible for carbohydrate and fat metabolism shows the properties of a closed-loop system. This neuroendocrine feedback control system for carbohydrate and fat metabolism may develop again from an open-loop regulatory system (Fig. 4). In this case, the placental glucose transfer from the mother determines the quantity of insulin production of the fetal pancreas regulating glucose level and lipogenesis in the fetus (Steinke and Driscoll, 1965; Oakley et al., 1972). Furthermore, insulin may represent a (direct or - by means of glucose utilization and/or glucose level - indirect) regulating variable for the fetal hypothalamus during its organization period. The central question is as follows: is insulin as the regulating and then homeostatic variable capable of inducing irreversible changes during the hypothalamic organization References P . 233-236
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 phase concerning the function and/or structure of the hypothalamic regulator responsible for carbohydrate and fat metabolism during the hypothalamic functional phase? In this context, the following experimental and clinical findings were obtained: (1) In male rats, a temporary hyperinsulinism was produced during the hypothalamic differentiation phase by means of insulin administration followed by a decreased glucose tolerance, hypercholesterokmia and overweight in juvenile and/or adult life (Dorner and Gob, 1972). (2) Moreover, these perinatally insulinized adult rats displayed a significant increase of the nuclear volumes of neurons in the hypothalamic ventromedial nucleus (Domer and Staudt, unpublished data). (3) In 3745 diabetics, relatives of the mother’s side showed a clearcut higher occurrence of diabetes (P < 0.001) than those of the father’s side (Domer et al., 1973a; Mohnike et ul., 1973). (4) Human subjects born in periods with high food supply (i.e. carried by mothers with an increased tendency to hyperglycemia during pregnancy) had also a significantly increased frequency of diabetes in adulthood as compared to subjects of similar age but born in a post-war period with shortage of food supply (Dorner and Mohnike, 1973a). (5) Children of mothers with glucosuria during pregnancy displayed a significantly higher occurrence of glucosuria (P< 0.001) thanchildren of control mothers (Mohnike et al., 1973). (6) Children of mothers with glucosuria and decreased glucose tolerance during pregnancy showed a primary hyperinsulinism associated with diminished insulin response to glucose loading (Domer et al., 1973~).Similar responses were described in prediabetics (Cerasi and Luft, 1972). Hence, our findings suggest that fetal hyperinsulinism, accessible to a preventive therapy, may represent in fact a predisposing factor for the postnatal development of diabetes mellitus and obesity too. Some additional experimental data in support of this theory are: (1) the offspring of female rats treated with alloxan during pregnancy showed hyperglycemia and overweight in juvenile and adult life (Bartelheimer and Kloos, 1952); (2) when alloxan diabetic rats became pregnant, many of their descendants showed spontaneous diabetes (Baranov, personal communication); (3) Okamoto (1965) produced experimental diabetes in several successive parent generations of rats, rabbits and guinea pigs by use of alloxan and cortisol, respectively. In the F 4 F 5 generations of these animals, spontaneousdiabetesoccurred. This finding was con6rmed by other authors (Gorgen et ul., 1967; Kramer and Schulze, 1969) who observed a highly significant predominance with regard to the transmission of diabetes on the mother’s side. In my opinion, genetic selections as well as perinatal enduring modifications for the development of diabetes mellitus may have been produced in these experiments. As far as the pancreas was examined histologically, a marked hypertrophy of the Langerhans’ islets was found in the newborn animals indicating in fact a hyperinsulinism existing during the critical hypothalamic differentiation period.
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 BRAIN ORGANIZATION AND NEUROVEGETATIVE OR NEURONAL. BEHAVIORAL FUNCTIONS
 
 It remains to be examined whether the ontogenetic organization rules mentioned above hold also true for neurovegetative and neuronal behavioral systems. As possible controlled conditions (homeostatic variables) of neurovegetative feedback control systems being able to act as determining regulating variables during critical brain differentiation periods may be mentioned: (1) food supply for the nutritional system, (2) 0,and C0,-tensions for the cardiovascular and respiratory systems, and (3) body temperature for the thermoregulatoryfeedback control system. In an initial clinical study, it was found (Domer, 1973b) that adult men born in periods with high food supply (1930-1939 and 1950-1953) showed, in fact, highly significantly increased body weights per body length as compared to men of similar age but born in war or post-war periods with shortage of food supply (1941-1946). The absolute difference of body weight between these two groups was 6 kg on the average. Furthermore, we might confirm recent observations of Knittle (1972) made in rats that there exists a positive correlation between the quantity of perinatal food supply and the development of obesity in juvenile and/or adult life, which was explained, however, by the induction of fat cell hyperplasia during a critical phase of ontogeny. On the other hand, these findings suggest that the ontogenetic organization rules may also hold true, in fact, for neurovegetative systems, as illustrated in Fig. 5. But extensive experiments are yet to be done along this line in order to examine the possible validity of these rules for further neurovegetative systems regulated by subcortical brain regions, e.g. the thermoregulatory,cardiovascular and respiratory system. Thus, the idiopathic respiratory distress syndrome of newborns with prenatal anoxia
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 Fig. 5. Schematic representation of the possible ontogenetic organization of neurovegetative systems. References p . 233-236
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 Fig. 6. Schematic repmientation of the ontogenetic organization of neuronal behavioral systems.
 
 (Haworth and James, 1970) may be caused, for instance, by an increased PCO,,i.e. an abnormal concentration of the regulating and later on homeostatic variable CO, and pH, respectively, during the critical organization period of the subcortical respiratory center. On the other hand, with regard to neuronal behavioral systems, regulated by the cerebral cortex the following theory is advanced. The cybernetic control of neuronal behavioral systems is -similar to that of neuroendocrine and neurovegetativesystems -dependent on determining and modulating factors. (1) Determinations may be caused again dependent of the genetic material by the internal and external environment during critical periods of brain differentiation, i.e. during cytogenesis (and/or synaptogenesis) of specific brain regions. In these critical periods, the transcriptability of neuronal DNA may be preprogrammed by environmental signals. Such permanent alterations may be caused during cell differentiations by the environment dependent production of specific regulatory proteins, as nuclear histones and/or acidic proteins, or even by changes in DNA sequences, e.g. translocation, paramutation or gene amplification (see Edelman and Gally, 1970). As shown in Fig. 6, an open-loop regulatory system may be converted again into a feedback control system regulating behavior. Recent publications of several authors speak in favor of the fact that environmental signals can act, indeed, as determining regulatory variable during critical organization periods for various neuronal behavioral systems (Henderson, 1967; Capretta, 1969; Galambos and Hillyard, 1970; Immelmann, 1970; Tembrock, 1971). Padilla described as early as 1935, that newly hatched chicks, if prevented from pecking for 2 weeks, can starve to death beside a pile of grain. (2) Modulations of neuronal behavioral systems can then be caused by internal and/or external environmental signals during maturation and/or functional phases of the brain; e.g. (a) internal modulations through hormones and/or metabolic param-
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 eters, and (b) external motivations through habituation, conditioning, and conscious experiences.
 
 CONCLUSIONS
 
 Disorders of differentiation are either caused by primary genetic defects or by modifications acquired during critical organization periods of pre- and/or early post-natal life. All treatment of genetic diseases is purely symptomatic, and the search for early and lasting corrections of primary genetic defects has been unsuccessful so far. Genetic exchange, if possible as a therapeutic principle, will be restricted to a small number of selected patients (Fuhrmann, 1972). Thus, genetic counseling will remain more important than any genetic manipulation (engineering) or even interruptions of pregnancies in cases of prenatally diagnosed genetic defects. In contrast, a causal preventive therapy seems to be possible in structural and/or functional disturbances established as modifications during critical ontogenetic organization periods. This principle has been used already most successful, as far as congenital malformation and/or mental defects are concerned caused by infections, radiation, immunological conflicts, oxygen deficiency or drugs during critical periods of pre- and/or perinatal life. On the other hand, in my opinion,’it has not been realized sufficiently in order to prevent disorders of neuroendocrine, neurovegetative and neuronal behavioral systems. Thus, “structural teratology” must be completed by “functional teratology”. In this connection, it should be emphasized that physiological effectors, e.g. hormones, metabolic products and presumably neurotransmitters too, can act as teratogens in nonphysiological concentrations and during critical organization periods, especially of the brain. Many of the so-called idiopathic, i.e. etiopathogenetically unknown functional disturbances, diseases and syndromes might be explained by this principle and even prevented in the future.
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 DISCUSSION
 
 VAN DER SCHOOT:In view of the far reaching consequences of the principles that you introduced in your presentation I should like to ask you a question. The picture that you presented about the development of homosexuality fits indeed very well for rats. One wonders, however, how far this general picture of sexual differentiationon the behavior and ovulation is applicableto other mammals, and in particular to human. The congenital adrenogenitalsyndrome in human e.g. is compatible with normal ovulation and pregnancy, and in monkeys it is possible to obtain a positive feedback in both males and females by means of estrogen injections. Homosexuality in men seems moreover to have a very complex genesis. It cannot only be a matter of hormones, also e.g. social circumferenceswill play a role.
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 DORNER:I would agree indeed that we have to differentiate between various forms of homosexuality. Most sexuologists agree, however, that there is a type of genuine or inborn homosexuality. In this type social circumferences cannot play an essential role by definition. Only in these cases, who never displayed an excitability by the other sex, we have shown this positive estrogen feedback effect. In heterosexual or bisexual men we could not find it. DREWETT:The critical thing for a positive feedback in monkeys was the fact that they had to be castrated. This could mean that if you would compare the testosterone levels in homosexual and heterosexual groups, that there might be a difference. DORNER:We have measured the testosterone levels in homosexual and heterosexual men by radioimmunoassay and there was no significant difference. Nevertheless, we have found a significant difference in the evokability of the positive estrogen feedback effect. In transsexual men there may be some reduction in testosterone levels, but in the homosexual men these levels were within the normal range in blood and urine. LEVINE:I have some general comments to make. I agree with Dr. Domer on the probability that testosterone has an effect on the sexual differentiation during ontogenesis. There is however, much basic disagreement about the concept of homosexuality. The concept of homosexuality in animals has never been established in a sense that they function in a sexual way. There is one critical question about human homosexuality in this concept: what does the human homosexual use to achieve his sexual satisfaction? He uses his penis, testosterone, and ejaculates. So he is using all the male mechanisms. His only difference is that he likes boys in stead of girls. DORNER:The male animals I spoke about are preferentially, i.e. significantly, more excited by a partner of the same sex than by one of the other sex, that is the same as in human homosexuality. But when the animal is mounted it shows lordosis; thus female sexual behavior. The male animals I spoke about were neonatally castrated and became implanted testes or obtained testosterone again in the adult. It is not so surprising that these animals with a female differentiated hypothalamus show some female behavior, and some lordosis, but it is very surprising that they show predominantly female-like behavior and excitability, even after androgen treatment. Since androgens are not only activating the male mating center, but also the female mating center in adulthood, it is therefore important to test both, the male and the female behavior after the same manipulation, in order to see what the prefential behavior and excitability is. LEVINE:Androgens given neonatally can have an effect on ovulation without affecting the sexual behavior. DORNER:We have found that the differentiation of the mating centers and the differentiation of the gonadotropic hormone regulating centers overlap. But the differentiation is not identical. If you give androgen at the beginning of the hypothalamic differentiation period the gonadotropic hormone regulating centers are strongly influenced, but if you give androgens at the end of the hypothalamic differentiation period, e.g. in rats on day 10 of postnatal life, there is no more marked influence on the gonadotropic hormone regulating centers, but you do get an influence on mating centers. Then, it is possible to obtain dissociations between gonadotropic hormone secretion on the one side, and sexual behavior on the other side. We have also seen from a morphological point of view that the differentiation of the preoptic area with the cyclic center e.g. is completed at about 6 days after birth. There are no more proliferating cells in this region after this period. But in the ventromedial nucleus region, that is an area regulating female sexual behavior, are still proliferating cells. The differentiation of this region is only complete at day 16 of postnatal life. Therefore, if we give androgens or estrogens on day 10 of life, we can see approximately normal estrous cycles associated with clearcut changes of sexual behavior in adulthood.
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 The Role of the Hypothalamus in Puberty B. T. DONOVAN Department of Physiology, Institute of Psychiatry, London (Great Britain)
 
 INTRODUCTION
 
 Few would question the high importance of the hypothalamus in the control of sexual development, although progress in understanding the fundamental mechanism has been slow. The evidence for this postulate has been surveyed recently (Donovan and van der Werff ten Bosch, 1965; Critchlow and Bar-Sela, 1967) and is based upon observations of the following kind: The gonadotropin necessary for development of the gonads is secreted by the pars distalis, in that hypophysectomy arrests sexual development, and gonadotropin administration to juveniles causes sexual precocity. The secretion of the necessary follicle-stimulating hormone (FSH) and luteinizing hormone (LH) is promoted by releasing factors from the hypothalamus and in their absence is minimal, so that the operation of a drive from the hypothalamus is indicated. Accordingly, damage to the hypophyseal portal vessels carrying the releasing factors to the pars distalis depresses the output of gonadotropin and results in gonadal atrophy. Further, damage to the hypothalamus, which does not involve the portal vessels, may cause sexual precocity, as may damage to other parts of the brain. Involvement of gonadal hormones in the mechanisms controlling puberty has been suggested by the finding that gonadectomy in infancy increases the output of gonadotropin, that the systemic administration of estrogen to immature rats can precipitate gonadotropin release and advance puberty, and that the application of estrogen to the hypothalamo-hypophyseal region acts likewise. It is also almost axiomatic that the gonads are relatively quiescent during infancy and that a hypothalamic drive toward gonadotropin release, as seen in the adult, is not in evidence before puberty. Recent advances in knowledge of the changing secretion of gonadotropin secretion during development prompt a re-examination of some of the generalizations that have just been stated and an appraisal of such concepts provides the substance of the following pages. Discussion will be confined to the situation in the female, while exhaustive coverage of the topic is not practicable on this occasion.
 
 THE SECRETION OF GONADOTROPIN
 
 Work with radioimmunoassaytechniques has recently shown that substantial amounts of gonadotropin are in circulation very early in life. The concentration of FSH and References p . 249-252
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 LH in the serum of human fetuses has been followed by Grumbach and Kaplan (1973), who found maximal concentrations of serum FSH between 100 and 140 days, with an abrupt fall to basal level by 160 days. A similar peak in the serum concentration of LH in the fetus was recorded and it is noteworthy that the highest figures were obtained at a time when maternal HCG secretion was low. Grumbach and Kaplan (1973) interpreted their findings as indicative of an autonomous secretion of FSH and LH by the pituitary of the fetus between 100and 140days, or of the relatively unrestrained secretion at this time of the hypothalamic gonadotropin releasing factor. Later in fetal development the inhibitory feedback mechanism matures so that a hypothalamic restraint upon gonadotropin discharge becomes operative. The hypothalamo-hypophyseal system could well be functional during the period of high gonadotropin output, for monoamine fluorescenceappears in the hypothalamusduring the tenth week of fetal life and in the median eminence during the thirteenth week (Hyyppii, 1972) although the level of activity of the system remains to be determined. McArthur (1972) and Blizzard et ul. (1972) have reviewed the subsequent course of gonadotropin secretion during childhood and it is clear that LH secretion may continue for about 6 months after delivery. Both FSH and LH are always detectable in the serum before a slow rise in concentration begins about 4 years before puberty. Luteinizing hormone is present in the blood of both male and female lamb fetuses from day 55 to day 120 of gestation, but from approximately day 120 to term the concentration is very low (Foster et ul., 1972~).The administration of hypothalamic gonadotropin releasing factor to sheep fetuses during the last quarter of gestation elicited the secretion of LH, and the magnitude of the response of 3- or 1 1-day-oldlambs was less than that of 126- to 138day-oldfetuses(Fosteretul., 1972b). Neonatal gonadectomy did not enhance the increase of serum LH recorded in female lambs from about 10 days of age, whereas a marked increase was observed in male lambs from about 8 days of age (Foster et ul., 1972a). However, when lambs spayed at 5 days of age were followed for a longer time, a steep rise in serum LH became apparent from about 10 days of age which was suppressed by the implantation of estradiol at operation (Liefer et ul., 1972). These findings were taken to indicate that the testes exert a negative feedback action on gonadotropin secretion during the early neonatal period, whereas the establishment of a negative feedback system in the female occurs much later in postnatal life. High concentrations of luteinizing hormone have been detected in the blood of the fetal guinea-pig, for Donovan et ul. (1973) have found that the immunoassayable LH concentration in the plasma of fetuses rose to a peak at about 65 days, fell sharply at birth, and then rose to a second peak about 5 days later. From this time LH declined to reach a basal level at about 20 days of postnatal age, when the concentration was approximately equal to that of adults. There were also indications of a sex difference, with a tendency for there to be more LH in the plasma of males than in females up to about 20 days of postnatal life. The guineapig differsfrom the sheep in that removal of the gonads on days 0,5,10,15,25 and 35 of postnatal life, followed by blood collection at autopsy 10 days later, caused a significantrise in the plasma LH content at all ages studied. The factors underlying the substantial degree of gonadotropin secretion evident at
 
 HYPOTHALAMUS AND PUBERTY
 
 24 1
 
 some time during fetal life in the human, sheep and guinea-pig are not understood. If, as might be expected, the hypothalamus is responsible for the high level of gonadotropin secretion, then what is the cause of the inhibition or depression of hormone output after this phase? Alternatively, if gonadotropin can be secreted autonomously for a while by the pituitary gland of the fetus, how does this ability come to be lost? It is important to bear in mind that definitive proof that the immunoassayable hormone is, or can be, biologically active is desirable. Diebel et al. (1973) have drawn attention to major discrepancies between the FSH activity measured in rat sera and pituitary extracts by bioassay and that determined in radioimmunoassays, as well as to small, but consistent, discrepancies in the results from the 3 radioimmunoassay systems tested. They suggested that gonadal steroids might influence not only the amount, but the kind@ of tropic hormone(s) secreted by the hypophysis. In the female rat, the concentration of immunoassayable FSH rises from around day 5 to a peak at about 15 days before declining to the concentrations found in the adult; luteinizing hormone is released in a similar manner during infancy (Weisz and Ferin, 1970; Kragt and Dahlgren, 1972; Ojeda and Ramirez, 1972; Meijs-Roelofs et al. 1973b), although Swerdloffet al. (1972) reported a near constant level. In view of the relatively high concentration of gonadotropic hormone in circulation early in infancy it is perhaps surprising that ovarian tissue from adults becomes non-functional when grafted into immature females, as was shown many years ago by FoA (1900). When the ovaries of 3-week-old rats were transplanted to a subcutaneous location in newborn animals the follicular apparatus degenerated and at the end of a week was similar to that of the host. But when gonadotropin was given the follicles of the host responded while those of the grafts remained unaltered (Picon, 1956). The interpretation of such work can be complicated (Ben-Or, 1970) but such findings have been taken to indicate that gonadotropin secretion is minimal in infancy; this conclusion is no longer satisfactory. It is still possible that the pituitary gland secretes a hormone that antagonizes the action of gonadotropin upon the ovaries in infancy (Woods and Simpson, 1961). Alternatively, is the immunoassayable hormone detectable soon after birth only part of the complete molecule, with the full synthetic capacity of the hypophysis being gained somewhat later in infancy, perhaps under the iduence of gonadal hormone? On the other hand, treatment of infant mice from birth with an antiserum prepared in rabbits against rat gonadotropin inhibited ovarian growth and had disturbed granulosa cell proliferation in animals killed at 14 days of age. These changes were reversed when human FSH or human menopausal gonadotropin was given (Eshkol et al., 1970; Eshkol and Lunenfeld, 1972).
 
 GONADAL HORMONES AND GONADOTROPIN SECRETION
 
 Gonadotropin secretion in infancy is affected by gonadal hormones (Donovan and van der Werff ten Bosch, 1965; Critchlow and Bar-Sela, 1967). Treatment of infant rats with small amounts of estrogen can advance puberty in that ovulation and estrous cycles set in earlier than otherwise anticipated (Ramirez, 1964; Ramirez and Sawyer, References P. 249-252
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 1965). This reaction is apparent from about 25 days of age and can be elicited by single injections of hormone wing and Greep, 1971). It shows, like the Hohlweg effect (HoMweg, 1934), that the mechanism controlling the adult type or pattern of gonadotropin secretion is fully differentiated well before it is normally put into operation. When two injections of estradiol benzoate, spaced 2 days apart, were given to immature rats, the second caused the release of LH as early as 22 days (Caligaris et al., 1972). This response is an example of the positive feedback of gonadal steroids upon gonadotropin secretion; recent demonstrations of negative feedback can also be cited. Both estradiol benzoate and testosterone propionate depressed the rise in FSH and LH concentration in the serum of 6- to 9-day-old male rats that normally followed castration, and FSH secretion in spayed 5- to 10-day-old females was also inhibited (Goldman and Gorski, 1971). Caligaris et al. (1972) recorded an increase in the serum concentration of LH in female rats 10 days after removal of the ovaries on the day of birth or 10 days later. Taking their study of the positive feedback action of estrogen into account, these workers suggested that the failure of ovarian steroids to activate the release of LH before 20-22 days of age might indicate that some neural structure involved in the events leading to the phasic surge of LH was still immature, while the fact that serum LH had increased after ovariectomy by 10 days of age showed that the mechanism for the constant or tonic release was already functional. As the release of LH by progesterone in estrogen-primed rats depended upon the integrity of the rostra1 afferents to the hypothalamus (Taleisnik et al., 1970), it seemed likely that the extrahypothalamic structures involved in the phasic response might not be fully developed. Thus Caligaris et al. (1972) distinguished between the operation of tonic and phasic mechanisms in the control of gonadotropin release during infancy and pointed to the phasic process as being the key system in the timing of puberty. Direct assays of the amount of estrogen in circulation during infancy are of more recent date, although Kelch et al. (1972) have established a close correlation between the concentration of plasma estradiol and bone age, chronological age and the stage of pubertal development in children. Meijs-Roelofs et al. (1973a) found a remarkable parallelism in rats over days 5-21 between the curves of changing blood content of estradiol and FSH, which rose to a peak concentration around 15 days and then fell steeply to basal levels around day 25. The simultaneouspresence of high concentrations of estradiol and FSH would seem to indicate that there was no estrogenic inhibition of gonadotropin release, yet ovariectomy on day 13 increased the blood content of FSH as observed 2 days later, and ovariectomy on day 15 prevented the fall seen over the next 10 days in intact females. Further, treatment of spayed immature rats with near-physiological amounts of estrogen, as judged by the maintenance of uterine weight, prevented the postgonadectomy rise in serum FSH. As these workers note, such remarkable changes might be accounted for on the basis of a change in the amount of estrogen-binding protein present in the blood of the infant animals (Raynaud et al., 1971). The protein was present in the plasma of 20-day fetal rats and gradually disappeared over the first 4 postnatal weeks. It was present in the blood of both sexes and readily bound estradiol and estrone, bat not testosterone or androstenedione. Comparison of the effect upon uterine weight of estradiol and a synthetic
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 estrogen (R 2858), which was not bound by the protein, clearly showed that estradiol action was impeded by the protein, for the potency of a threshold amount (0.05 pg) of estradiol increased with age from 5 to 28 days, while R 2858 was highly active throughout this period (Raynaud, 1973). Thus, by protein binding, at least part of the estradiol produced by the ovaries soon after birth may be prevented from acting upon the accessory sex organs, or the hypothalamo-hypophyseal system. However, treatment of postnatal female rats with an anti-estradiol serum for 4-day periods at 2, 6, 10, 14 or 18 days of age depressed the gain in ovarian and uterine weight and decreased follicular diameter and the number of granulosa cells (Reiter et al., 1972), so that some active estrogen is in circulation. Ramaley (1971) has followed the binding of estradiol, progesterone, testosterone and androsterone to serum proteins in growing rats and observed a fall in estrogen binding and an increase in testosterone and progesterone binding at puberty. No changes occurred with androsterone and similar patterns were found after gonadectomy, so that the binding of gonadal steroids did not seem to be an important factor in the control of sexual maturation. Quite different work involving a comparison of the effects of ovarian tissue or estradiol upon ovarian growth after implantation into the spleen or kidney in infantile rats (Donovan and O’Keeffe, 1966; Donovan et al., 1967) indicates that the hormones produced by the ovaries should not be equated with estradiol. Further, since the protein that binds estrogen does not bind testosterone, the high level of gonadotropin secretion in the male cannot be accounted for on the simple basis of inactivation of androgen. Attempts to correlate the changes in the biological indices of gonadotropin action with hormone assay findings have not proved rewarding. Removal of one testis from newborn rats caused a rapid rise in plasma FSH, and a delayed increase in LH content while hemiovariectomy did not change FSH secretion in females for at least 10 days, when compensatory hypertrophy of the remaining ovary became apparent (Ojeda and Ramirez, 1972). Other workers disagree over the occurrence of compensatory hypertrophy after removal of one ovary in the immature rat (Baker and Kragt, 1969; Dunlap et al., 1972; Dunlap and Gerall, 1973) or mouse (Peters and Braathen, 1973). Hemiovariectomyof 15-,25- or 35-day-old guinea pigs did not elicit the compensatory hypertrophy evident in adults, and the implantation of estrogen into hemispayed immature females did not inhibit ovarian growth, although luteinized follicles were produced (Donovan and Lockhart, 1972). As noted earlier, complete removal of the ovaries from infant guinea-pigs caused a rise in LH secretion (Donovan et al., 1973).
 
 THE BRAIN AND GONADOTROPIN SECRETION
 
 The observations just described are not readily reconciled with the view that the hypothalamus is inhibited by the small amounts of gonadal hormone produced during infancy, and that puberty sets in as the neural mechanism matures and more gonadal hormone is required to sustain the inhibition; particularly when the occurrence of “sub-threshold” fluctuations in gonadotropin secretion (Donovan and van der Werff References P. 249-252
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 ten Bosch, 1965; McArthur, 1972) and of a pulsatile pattern of release of gonadotropic hormone befote.puberty in children (Boyar ef ul., 1972) are borne in mind. There is fair agreement that damage to the hypothalamus may advance the onset of puberty, although there is less concordance over the mode of action or precise location of the effective region (Donovan and van der Wed7 ten Bosch, 1965; Critchlow and Bar-%la, 1%7). The long-term e&ts upon ovarian function in the rat are variable, in that normal estrous cycles may ensue or an arrest of ovulation with persistent vaginal estrus set in. The development of persistent vaginal estrus has been associated with large lesions in the anterior hypothalamus, whereas lesions in the middle hypothalamus did not lead to a suspension of ovulation (Meijs-Roelofs and Moll, 1972). stimulation of the anterior hypothalamus or arcuate nuclear region has enhanced gonadotropin secretion and accelerated sexual maturation in the rat in that after the first ovulation regular estrous cycles continued (Meijs-Roelofs, 1972; Me@-Roelofs and Uilenbroelc, 1973), but the expectation that hypothalamic lesions also cause gonadotropin secretion has been called into question by Ramirez (1973) who found no increase in the blood content of FSH and LH in 21day-old rats, after placement of lesioas in the hypothalamus at 16 days, although precocious puberty was induced. A fully satisfactory explanation of the mode of action of hypothalamic lesions in hastening sexual development has yet to be advanced. The view of Hohlweg and Junkmann (1932) that a sex center in the brain was exquisitely sensitive to gonadal hormones in infancy and so inhibited gonadotropin secretion has proved most attractive. With increasing age and the progressive maturation of the brain the center would become progressively less depressed by estrogen, for example, so that gradually more gonadotropin would be released and puberty set in. However, examples of the positive feedback of estrogen in inducing gonadotropin secretion have already been cited, whike Smith and Davidson (1968) have shown that the application of estrogen to the hypothalamus of rats for 48 h can advance puberty. They postulated the existence of two sensitive areas in the hypothalamus: a “negative feedback controller” in the median eminence, with a threshold to inhibition by estrogen that increases during development and so produces a gradual rise in the circulating level of ovarian hormone, and a “positive feedback controller” in the anterior hypothalamusthat responds to the raised blood concentration of estrogen by promoting the secretion of gonadutropin. This concept may be likened to the tonic and phasic mechanism mentioned earlier. Just as the hypothalamic control of the secretion of anterior pituitary hormones is modulated by the limbic system in adults, so experimental interference with the amygdala and hippocampus can alter the timing of sexual maturation (Donovan, 1971). Unhappily, diverse findings concerning the effect of lesions in these regions have been obtained. Thus, Elwers and Critchlow (1960) found that lesions in the medial part of the amygdaloid nuclei placed at 18-20 days of age accelerated puberty whereas Relkin (1971) found that similar lesions made at 4 days delayed this event, a diffience which perhaps suggests that the age at which the lesions were made influenced the response. No change in the day of vaginal opening was observed with amygdaloid lesions by Bloch and Ganong (1971), who prepared their animals at 21-23 days, although all
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 these investigators found that lesions in the antero-basal hypothalamus accelerated vaginal canalization. In part, these discordant results may be attributed to the use on some occasions of stainless steel electrodes and of platinum on others. The interpretation of the effects of brain lesions can be hazardous (Donovan, 1966),and Velasco (1972) has recently shown that bilateral lesions in the medial amygdaloid nuclei made with steel electrodes caused early vaginal opening, whereas those made with platinum electrodes did not. It seemed that the advanced ovulation resulted from an irritative side effect of the iron deposited from the steel electrode, rather than from a specific loss of tissue. Hippocampal damage in the infant rat has not altered sexual development in a consistent manner, for vaginal opening has remained unaffected (Kling, 1964), been delayed (Zarrow et al., 1969) or been advanced (Brown-Grant and Raisman, 1972). Whatever the precise role of the limbic system may be, it is evidently capable of modulating the secretion of gonadotropin necessary for sexual development. Critchlow and Bar-Sela (1965) pointed out that exposure to estrogen favored the promotion of gonadotropin secretion by the amygdaloid nuclei, while the feedback action of estrogen upon gonadotropin release may be exerted through the limbic system (Lawton and Sawyer, 1970; Stumpf, 1971). In quite recent work, Kawakami and Terasawa (1972) found that electrical stimulation of the arcuate nuclei of the hypothalamus in 27-day-old rats caused a rise in serum LH, while stimulation of the hippocampus increased the serum FSH concentration. However, daily stimulation of these structures over days 27, 28 and 29 did not produce a rise in gonadotropin secretion in animals killed immediately after the third stimulation, although excitation of the medial preoptic area and of the amygdala raised the serum content of FSH. Pretreatment with estrogen facilitated the release of FSH following stimulation of the medial preoptic area.
 
 THE METABOLIC CONTROL OF PUBERTY
 
 That the control of puberty should be considered in the widest possible context is indicated by the “critical weight” hypothesis of Frisch and Revelle (1971). Many studies of the relationship between the rate of growth, size and body build at the age of menarche .lead to the conclusion that a high growth rate and an early menarche are linked (Tanner, 1962; Crisp, 1970). The better nourished children of the professional or managerial classes have, in the past, experienced menarche at an earlier age than those of unskilled parents, while the obese girl tends to reach menarche earlier than her lighter counterpart. Frisch and Revelle (1971) used longitudinal growth data and determined the height and weight of children at several well-defined stages of adolescent development. They found (see Frisch, 1973) that the mean weight of girls at the time of initiation of the adolescent growth spurt (30 kg), at the time of maximum rate of weight gain (39 kg), and at menarche (48 kg) did not differ for early,or late maturers although the mean height at each of these events increased significantly with age. When this information was set alongside other observations indicating that puberty is References P. 249-252
 
 246
 
 B. T. DONOVAN
 
 more cloxly related to weight than to age in rats, mice, pigs and cattle, it was reasonable to propose that a direct relationship between a critical body weight, representing a &ti& metabolic rate, and menarche exists. It was assumed that the attainment of the critical weight causes a change in metabolic rate per unit mass (or surface area) which in turn affects the hypothalamo-pituitary-ovarian feedback mechanisms by decreasing its sensitivity to estrogen, with the feedback being reset at a level high enough to induce sexual maturation. The evidence for the association is convincing, such as a comparison of the weight at menarche of 30 undernourished girls (43.5 & 0.92 (SEM) kg at 14.4 0.17 years) with that for 30 well-nourished girls (44.6 & 1.2 kg at 12.5 & 0.17 years) (Frisch, 1972), but which is cause and which is effect is less clear. Could the process governing sexual development collaterally infiuence body weight and metabolism? Frisch et al. (1973) have related the changes in body weight to changes in body composition. When total water, lean body weight and fat were calculated for each of 169 girls,the total water (26.2 & 0.18 1)did not differ at menarche in early and late maturing children, although early maturing girls showed a greater increase in fat per kilogram than later maturers. When the ratio of total water to body weight was calculated, the coefficient of variability of the ratio at menarche was 55 % that of the weight at menarche. Such observations show that a consistent metabolic pattern is established at puberty, and direct attention toward various body compartments. A relationship between rate of growth and age at puberty has been established in rats and guinea-pigs (Widdowson and McCance, 1960; Mills and Reed, 1971) and has been explored in some detail by Kennedy and Mitra (1963). They used the simple expedient of taking pairs of litters of 9-10 pups born on the same day and redistributing them so that 3 sucklings were given to one mother, and the rest to the other. When weaned at 21 days the average weight of the optimally fed young was over 40 g, whereas those reared in large litters weighed between 15 and 25 g. From weaning aU animals were given an unlimited supply of food. Vaginal opening in the optimally fed rats occurred significantlyearlier (38.1 k 5 days) than in the retarded females (43.4 _+ 4 days). Vaginal opening was more closely related to weight than to age, and mating occurred at virtually identical weights in both groups (102.4 k 15 g; 99.1 k 21 g). Kennedy and Mitra (1963) and Kennedy (1966) have pointed out that the weanling rat, like many young animals, eats far more than it needs to build new tissue. This is because of the high cost of thermoregulation in the infant, partly as a result of the fact that the surface area through which heat is lost is large compared with the weight of tissue producing heat, and partly because infants resist falls in body temperature by producing more heat rather than restricting heat loss. During the short period when body size is changing very rapidly from about 50 to 150 g, food intake varies in proportion to surface area and is virtually independent of age, indicating that thermostasis is the dominant factor controlling food intake at this time of life and that food intake or its correlate metabolic rate may act as the normal signal to initiate puberty. Kennedy (1966) goes on to remark that some developmentalmilestones, such as skeletal epiphyseal changes, and the onset of estrous cycles, are idluenced more by body size than by age. “It is perhaps more than coincidence that thermostasis,
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 thyroid regulation, the onset of puberty and the control of ovulation are all disturbed by lesions in virtually the same part of the anterior hypothalamus”. That the anterior hypothalamus is generally considered to be concerned with the control of heat loss lends plausibility to a thermogenic view, for lesions in this region disrupt heat loss mechanisms (Myers, 1969). If hyperthermia was produced in an infant by such a lesion, the resultant acceleration in metabolic turnover and disposal of hormones might, almost inadvertently, lead to precocious puberty. However, this mechanism is not likely since mice reared at a temperature of - 3 “C, in which metabolic turnover would be expected to be increased, showed vaginal opening at 33 days, while this event occurred in animals reared at 21 “C at 22 days. Despite this marked difference in timing, sexual maturation occurred at the same body weight under both conditions (Barnett and Coleman, 1959). Additionally, the metabolic clearance rate of estrone and estradiol in 27- to 29-day immature rats was the same as that of 2.5- to 3-month-old adults when related to body size (De Hertog et al., 1970). Further, dysthermia is seldom reported in cases of precocious puberty (Bauer, 1954). The critical weight hypothesis is less satisfactory when experimental sexual precocity is taken into account, for accelerated growth to a “pubertal” weight would be expected in treated infant animals before sexual maturation occurred. This is not commonly observed. For example, lesions in the anterior hypothalamus which advanced puberty in infant rats did not cause a marked gain in weight and the animals were smaller at puberty than controls (Donovan and van der Werff ten Bosch, 1959). Exposure of the anterior hypothalamus or preoptic area to estrogen for two days can advance puberty without markedly affecting body weight (Smith and Davidson, 1968). The “critical weight” concept has been developed from studies of the human situation and should be applied to other species with caution, particularly in view of the long delay between brain maturation and the onset of sexual function in the primate. It is also a peculiarity of the primate that treatment of the prepuberal female with estrogen fails to elicit a surge of gonadotropin release (Knobil et al., 1972). Nevertheless, the suggestion that under normal circumstances changes in water and fat metabolism may be important, has its attractions, particularly as these functions come under hypothalamic control. At the very least, it becomes difficult to ignore the fact, too often neglected, that many physiological processes, besides that of sexual development, are controlled by the hypothalamus and that it is unrealistic to attempt to understand one to the exclusion of others. The gonadal hormones, for example, exert a feedback action upon the brain that influences more than sexual behavior and gonadotropin secretion. Estrogens promote motor activity, depress food intake and cause a loss in body weight. Different regions of the hypothalamus are involved in these reactions, for implants of estradiol benzoate into the preoptic area increased locomotor activity, but did not depress the food intake of spayed female rats, whereas similar implants into the ventromedial hypothalamus depressed food intake without changing locomotor activity (Wade and Zucker, 1970). Rothchild (1967)has attempted to account for the inhibition of ovulation by progesterone on the comparable basis of a generalized response on the part of the hypothalamus to the hormone. In alluding to the prepubertal rat he comments: ‘‘I am aware of no information on body temperature References P . 249-252
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 changes or on prolactin secretion before and during puberty, but the changes in the modalities we have discussed certainly agree with a process in which activity in the ventromedirrl nucleus increases and activity in the far-lateral area decreases in aswiation with the transition to sexual maturity, i.e. with a decrease in inhibition over follicuiotropinsecretion.” The monoamines pyesent in the hypothalamus are known to be concerned in some way with the control of gonadotropin secretion (Fuxe and Hokfelt, 1970; Glowinski, 1970; Anton-Tay and Wurtman, 1971; Coppola, 1971; McCann et al., 1972) and the likely involvement of adrenaline, nor-adrenaline and 5-hydroxytryptamine in the control of body temperature (Cremer and Bligh, 1969; Feldberg, 1970) might be more than coimihtal. When injected into the cerebral ventricle or anterior hypothalamus, catecholanines caused a fall in body temperature in the cat, dog and monkey, a rise in the rabbit and sheep, a dosedependent rise or fall in rats and mice and have no effeot in oxen or goats, whereas 5-hydroxytryptamine generally caused a fall in body temperature in all species. Body temperature has been regarded as being set by the relative activities of the catecholamines and 5-hydroxytryptamine within the hypothalamus, so that the gradual fall in body temperature during infancy and adolescence in children (Tanner, 1962) could reflect a steadily increasing monoaminergic tonus within the hypothalamus. Such a monoaminergic tonus might provide the control setting around which a variety of hypothalamic functions become balanced, and through which some degree of integration is achieved. Depression of hypothalamic nor-adrenaline content by treatment with reserpine has delayed both rate of body growth and vaginal opening in rats, but the hypothalamic content of nor-adrenaline in pair-fed control females that reached puberty at the same body weight and age was normal. Hypothalamic nor-adrenaline could also be reduced in amount by treatment with a-methyl-p-tyrosine without affecting the onset of puberty (Weiner and Ganong, 1971). However, nor-adrenaline might not be the important monoamine, while the hypothalamic content may not truly reflect functional activity. The limbic system can also be incorporated in a “metabolic” explanation of the control of sexual maturation. The amygdala and hippocampus influence eating and drinking besides modulating endocrine function, and lesions in these structures can elicit a hyperphagia as marked and persistent as occurs after damage to the hypothalamus (Grossman, 1967).
 
 CONCLUDING REMARKS
 
 Despite the current and welcome interest in the control of puberty it is clear that our understanding of the mechanism concerned has not deepened in the last decade: indeed the newer information has cast doubt upon the validity of long-established ideas. Attention has been focussed on but a few of the problems awaiting resolution; others could not be covered on this occasion. However, the delineation of a problem is always the first step in an analysis, while the answers themselves may emerge quite soon.
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 DISCUSSION
 
 MEUS-ROELOFS: I should like to ask you a question concerning the experiments in which hypothalamic lesions were placed in mammals inducing precocious puberty q+thout inducing an increase in the gonadotropic hormones. The lesions were placed at day 16, but the gonadotropic hormone levels were only measured at day 21.What are the consequences of waiting 5 days for the results? DONOVAN: I would agree that if lesions have been placed in the hypothalamus, serial determinations of the gonadotropic hormone levels are desirable. This is, however, very diffcult in baby rats. Another point that needs to be made, is that we need to take the existence of surges of gonadotropic hormone secretion into account. It is known that children ge.t nocturnal spurts of gonadotropic hormones as puberty approaches so that it may be unrealistic to take just one sample at one time of the day, and draw conclusions from that single determination of gonadotropin. Serial studies owr the course of the day are needed. MEIJS-ROELOB: Another question that I would like to ask is whether you favor the hypothesis of Smith and Davidson* that puberty occurs by an estrogen stimulation of the preoptic area. In our estrogen determinations we could not fmd any increase during the last period before puberty.
 
 * SMITH,E. R. AND DAVIDSON, J. M. (1968)Role of estrogen in the cerebral control of puberty in female rats. Endocrinology, 82,100-108.
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 DONOVAN: We need more measurements of estrogen blood levels to judge this hypothesis. A point that also needs to be made in this connection is that we have not so far mentioned a change in the sensitivity of the pituitary gland to releasing factors. There is evidence that the sensitivity of the sheep pituitary gland to releasing factor changes during development. And surprisingly enough, the pituitary gland of the fetus is more sensitive to releasing factors than the pituitary gland of the early postnatal animal. What underlies this difference, I don’t know. Dr. Guillemin was mentioning similar information for the human, so perhaps he may be able to enlighten us. GUILLEMIN:This refers to measurements made in collaboration with Grumbach and Kaplan during the last few months, in which a constant dose of 150 pg of pure synthetic L R F was given to a very large number of normal children from infancy to early and later adulthood. The effects on the plasma levels of LH and FSH are rather striking. There is, as Dr. Donovan just mentioned for sheep, a striking increase in the pituitary responsiveness to LRF in terms of LH secretion, with very little responsiveness in the infant, and increasing responsiveness to the prepuberal period, reaching a plateau between puberty and early adulthood. On the other hand, the responsiveness to that same dose of LRF in terms of FSH secretion is absolutely identical in a 6 month infant as it is in a 19year-old teenager. So there is a dissociation in the responsiveness of the pituitary to the L R F in terms of the two gonadotropic hormones. If I may, I will add one more comment in relation to an earlier statement made by Dr. Donovan. I do agree with him that it is really necessary in experiments or clinical observations to measure any of these pituitary hormone levels at a single time during the day. There is also no doubt that the secretion of LH in man and in the monkey is essentially modulated by a series of extremely short spurts of release, and also modulated by circadian rhythms. So one has to be very careful with the interpretation of a single measurement at a given time. JOST:Would it be possible to measure the binding sites for LRF in the pituitary, in the course of development ?
 
 GUILLEMIN: To my knowledge it has not been done. It will not be simple, but the technology is available. We have already reported on the process of purification of a L R F receptor in normal pituitaries from adult rats. We do find at least two populations of LRF receptors, a classical observation, one with high a m i t y and low capacity, and the opposite for the other. So I d o agree that this is a very interesting possibility now. SALAMAN: I wonder if I could ask Dr. Donovan to comment on the experiments by MacKinnon and ter Haar in Oxford** regarding the changes in protein synthesis of the brain around puberty. They found marked rises in overall protein synthesis in areas such as the amygdala and the preoptic area, just before and over puberty. Even more amazing is the diurnal cycle that they describe of protein synthesis, particularly in the preoptic area. In the male and in the female at the time of puberty there was a differentiation into two diametrically opposed cycles. I wonder if these changes are primary or secondary to the process of puberty, or do you think they could in any way be causally related to the onset ? DONOVAN: The observations of MacKinnon and ter Haar are certainly important. But what we don’t know is whether these are cause or effect. It is a great problem to distinguish between the mechanisms which are driving gonadotropic hormone secretion and mechanisms which are, as it were, responding to changes in the secretion of hormones.
 
 ** TER HAAR,M. B. AND MACKINNON,P. C. B. (1972) An investigation of cerebral protein synthesis in various states of neuroendocrine activity. In Topics in Neuroendocrinology (Progr. in Brain Research, Vol. 38), J. ARIENSKAPPERS AND J. P.SCHADB (Eds.), Elsevier, Amsterdam, pp. 21 1-223.
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 The Role of the Fetal Hypothalamus in Development of the Feto-Placental Unit and in Parturition D. F. SWAAB AND W.J. HONNEBIER Netherlands Central Institute for Brain Research, and Wilhelmina Gasthuis, Department of Obstetrics and Gynaecology, University of Amsterdam, Amsterdam (The Netherlanh)
 
 INTRODUCTION
 
 Fetal growth is known to be influenced by many maternal and environmental factors (e.g. Knobil and Caton, 1953; Gruenwald, 1966; Kloosterman, 1966; Thomson et al., 1968; Hoet, 1969). Moreover, maternal neuroendocrine factors are supposed to be involved in the initiation of parturition (Lincoln, 1971, 1974; Swaab, 1972). Recent studies indicate that the fetal brain also plays an active role in fetal body and placental growth (Honnebier and Swaab, 1973a; Swaab and Honnebier, 1973). In addition, the fetus is considered to be involved in the timing of the onset of delivery (Liggins et al., 1967; Liggins, 1968, 1969; Chard et ul., 1970). The present paper will review the experimental and clinical basis for the assumption of an active role of the fetal hypothalamus in intrauterine growth and parturition.
 
 INFLUENCE OF FETAL BRAIN LESIONS UPON DEVELOPMENT OF THE FETO-PLACENTAL UNIT
 
 In order to study the influence of the fetal brain on intrauterine growth of the fetus and the placenta, various experimental techniques (see below) have been applied to eliminatethe fetal brain or the fetal hypophysis. Observations on human anencephalics were also considered for this purpose since the hypothalamus is either missing or grossly disturbed in this condition (Tuchmann-Duplessis and Gabe, 1960; Eguchi, 1969; Grumbach and Kaplan, 1973). Znfuence upon fetal growth
 
 In mice, fetal body growth was inhibited after X-ray destruction of the fetal hypophyseal area (Raynaud, 1950). In rat, reduction in the average body weight after fetal decapitation was reported to be 5-15 % (Jost, 1966a) or 20% (Heggestad and Wells, 1965). A reduction in body weight of 12% (Fujita et al., 1970) or 22% (Swaab and Honnebier, 1973) was observed after electrocoagulation of the fetal hypothalamus or brain respectively, while References 8. 275-280
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 7 % reduction was observed after compression of the fetal rat brain (Fujita et ul., 1970). We used a simple technique in removing fetal rat brain by aspiration. This procedure appeared to have various advantages over fetal decapitation. By means of this procedure a reduction of 25-33 % of the fetal body weight was observed (Swaab and Honnebier, 1973). Since reduction of fetal body weight has been reported after destroying the hypothalamus, but not after destroying other brain areas (Fujita et al., 1970), the primary cause of this growth reduction is likely to be situated in or near the hypothalamus. Decapitation of fetal mice (Eguchi, 1961) and rabbits (Jost, 1966a) did not cause any growth inhibition. Important for the interpretation of the difference between these results and our data except for possible species differences, however, is the fact that with our procedure all the fetuses in a litter are brainless. This excludes the possibility
 
 TABLE I EARLY GROWTH INHIBITION m PREGNANCIBS WITH ANENCEPHALY
 
 Moment at which the uterine size was considered to be too small for gestation length in records of pregnancies with anqmphaly, described by Honnebier and Swaab (1973a) and in one patient (I) sent to us by Dr. W. H. M. van der Velden (see Honnebier et dl., 1974). Gestation length (in weeks) that urerus was found to be too small for date for the first time
 
 Estimated uterine size (in weeks) at that moment
 
 Gestation length at which parturition took p k e (weeks)
 
 13 13 15 15 16 17 18 18 19
 
 12 12 12 10-12 14 15 16 14 18 18" 18 18 20 22 23 22 22 22 25 24 24 24 26 27 32
 
 40
 
 20' 20 20 22 23 24 24 25 26 26 26 26 28 29 29 34
 
 38 44 33 37 35 31 39 42 35' 41 36 34 37 43 46 33 51 34 47 52 43 36 43 45
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 of the transfer of substances from the fetal brain or hypophysis of unoperated littermates to the operated fetuses via the maternal circulation. In sheep, coagulation of the fetal hypophyseal area inhibited fetal body growth and bone-age development (Liggins and Kennedy, 1968). A decreased birth weight was also observed after fetal decapitation in sheep (Lanman and Schaffer, 1968) and in Guernsey calf fetuses suffering from an inherited adenohypophysealaplasia (Kennedy et al., 1957). Even after prolonged gestation this last malformed fetus is reported to remain small and to have a premature appearance (Kennedy et al., 1957). Hutchinson et al. (1962) do not give sufficiently exact data to judge the existence of an effect of fetal hypophysectomy upon intrauterine growth in monkey. A reduced growth exists in human anencephalics (Hoet, 1969; Milic and Adamsons, 1969; KuEera and DoleZalovB, 1972; Honnebier and Swaab, 1973a). The average ponderal growth of anencephalics was estimated to be 97 g/week against 143 g/week in controls. The anencephalics reached therefore only far beyond 40 weeks the birth weight of the control group at term (Honnebier and Swaab, 1973a). Our data on anencephalic birth weights (Honnebier and Swaab, 1973a) start at 28 weeks of pregnancy. Clinical observations on these patients indicate, however, that growth retardation starts already much earlier (Table I). However, other serious congenital malformations are also reported to have lower birth weights (Battaglia, 1970; Kukra and DoleialovB, 1972; Schutt, 1965). Therefore the data of our anencephalic group were compared with those of children having other kinds of serious congenital malformations (Table II). Birth weight of anencephalic children appeared to be definitely less than that of the group with other congenital anomalies (Fig. 1). TABLE I1 CONGENITAL ANOMALIES DESCRIBED IN FIGS.
 
 1, 2, 3
 
 Congenital anomalies of the children presented in Figs. 1, 2 and 3. Classification according to: International statistical classification of diseases, injuries and causes of death 1965, detailed list (three-digit categories, see C. B. S., 1972). Classification
 
 Number
 
 745; Cong. anom. of ear, face and neck 746; Cong. anom. of heart 748; Cong. anom. of respiratory system 750; Other cong. anom. of upper alimentary tract 751; Other cong. anom. of digestive system 753; Cong. anom. of urinary system 755; Other cong. anom. of limbs 756; Other cong. anom. of musculoskeletal system 757; Cong. anom. of skin, hair and nails 758; Other and unspecified cong. anom. 759; Cong. syndromes affecting multiple systems
 
 2 26 1 17 11
 
 29 1 9 2
 
 2 11 Total
 
 References P. 275-280
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 Twin pregnancies, discordant for anencephaly, show that the decreased birth weight in anencephaly is not caused by an alteration in maternal environment (Homebier and Swaab, 1973a). Children with a congenital aplasia of the hypophysis are reported to have normal
 
 = NORMAL
 
 BIRTH WEIGHT
 
 e--*= ANENCEPHALICS
 
 u= CONG.
 
 ANOM.
 
 Fig. 1
 
 = NORMAL
 
 30,
 
 PLACENTAL WEIGHT 9
 
 :i
 
 I
 
 Fig. 2
 
 .---a
 
 = ANENCEPHALICS
 
 = CONG. ANOM.
 
 I,
 
 CENTILE GROUPS
 
 FETAL HYPOTHALAMUS, GROWTH AND PARTURITION
 
 259
 
 = ANENCEPHALICS
 
 0
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 23
 
 5
 
 10
 
 25 50 75 90 95 997 100 CENTILE GROUPS
 
 Figs. 1-3. The distribution of birth weight, placental weight and placental index over the centile groups of the controls is shown in Figs. 1, 2 and 3 respectively. The data of the “normal” group obtained by Kloosterman (1970) are compared with those of 122 anencephalics (Honnebier and Swaab, 1973a) and 111 children with serious congenital anomalies (except for anencephaly) (for details see Honnebier and Swaab, 1973a). The anencephalic birth weights have been correctedapproximately for their absence of brain weight. Appropriate brain weights according to gestation length were obtained by interpolation using the data of Gruenwald (1963) and Blinkov and Glezer (1968). These brain weights were added to the birth weights of the anencephalic children. The group of children having other serious congenital anomalies was collected out of the 147 children dying perinatally between 1948 and 1957 in the Training School for Midwives in Amsterdam, and between 1958 and 1971 in the Department of Obstetrics and Gynaecology, University of Amsterdam. From this group 36 children were excluded which had congenital anomalies of the central nervous system (22 cases of congenital hydrocephalus (category according to C.B.S., 1972: 742), 1 case of spina bifida (category: 741) and 13 other congenital anomalies of the nervous system (category: 743)). The distribution of the remaining 111 children over the various categories is given in Table 11. From the distribution of the data over the centile groups and the place of the median (vertical lines, calculated according to De Jonge, 1963, chapt. 2.2.2.), it appears that the correlated anencephalics show a lower birth weight and placental weight and a higher placental index (as compared to the normal group as well as to the group having congenital anomalies). The group with congenital malformations shows birth and placental weights lying in between the normal group and the anencephalics, while its placental index was less than that of the control group.
 
 birth weights (Table 110. The primary cause of the reduced growth in anencephalics is therefore likely to be situated at the level of the hypothalamus. This relative unimportance of the presence of the hypophysis for the stimulation of intrauterine growth is supported by the data on anencephalics (see above) and by the work of Dupouy and Jost (1970) who observed an even greater decrease in body weight in encephalectomized rats that have a hypophysis than in decapitated animals. References p. 275-280
 
 TABLE 111 CHILDREN WITH PITUITARY APLASIA
 
 Literature reference
 
 Gestation length (weeks)
 
 Sex
 
 Birth weight (g)
 
 Pituitary
 
 -.
 
 Age at death
 
 P F
 
 Blizzard and Alberts (1956)
 
 40
 
 6
 
 4400
 
 97.7-100 entile*
 
 No adenohypophysis No pituitary stalk No neurohypophysis
 
 Brewer (1957)
 
 34.5
 
 ?
 
 1970 10-25 centile
 
 No adeinohypophysis Normal neurohypophysis
 
 Reid (1960)
 
 40
 
 4050 90-95 centile
 
 No adenohypophysis No neurohypophysis No pituitary stalk
 
 19 h
 
 Dunn (1 966)
 
 44
 
 5464 97.7-100 centile
 
 Only neurohypophyseal tissue
 
 18h
 
 Johnson et al. (1973)
 
 41.5
 
 3400 25-50 centile
 
 No adenohypophysis Small neurohypophysis
 
 21 days
 
 *
 
 -
 
 * According to Kloosterman (1970). -
 
 ?
 
 18 h
 
 4.75 h
 
 P r
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 Influence upon placental growth
 
 A strongly positive relation seems to exist between placental and fetal weight (Kloosterman and Huidekoper, 1954; Dawes, 1968; Solomon and Friesen, 1968). Removal or destruction of a part of the placenta reduces fetal growth (Dawes, 1968; Gammal, 1973), while removal of the fetus inhibits placental growth (Van Wagenen and Catchpole, 1965). In rat, placental weight decreased after aspiration of the fetal brain, while the placental index (i.e. placental weight divided by fetal weight) appeared to be increased (Swaab and Honnebier, 1973). In sheep, microscopical placental changes were reported after fetal hypophysectomy (Liggins and Kennedy, 1968); placental weights were unfortunately not mentioned. In human anencephalics a decreased placental weight and increased placental index were also observed (Milic and Adamsons, 1969; Honnebier and Swaab, 1973a). Reduction in placental weight of anencephalics appeared to be much more pronounced than that of other congenital anomalies (Fig. 2). The placental index of the last group is even less than in the controls while in the anencephalics it is increased (Fig. 3).
 
 INFLUENCE OF HYPOPHYSEAL HORMONES AND OTHER COMPOUNDS UPON DEVELOPMENT OF THE FETO-PLACENTAL UNIT
 
 As has been mentioned before, destruction of the fetal brain or hypophyseal area induces growth retardation of the fetus and of the placenta in various species. In order to determine factors responsible for these inhibitions, the influence of some hypophyseal compounds, brain extracts and insulin on intrauterine development were determined, and are discussed in the following paragraphs. Growth hormone
 
 Growth hormone has been demonstrated in the fetal pituitary of various species (Bassett et al., 1970; Franchimont, 1971; Grumbach and Kaplan, 1973) as well as in the fetal circulation (Bassett el al., 1970). Although rat plasma growth hormone decreases after encephalectomy and disappears after decapitation (Jost et al., 1974), and is lower in anencephalics than in normal newborns (Grumbach and Kaplan, 1973) the role of this hormone in fetal growth seems, however, not to be important. Placental transfer of growth hormone is supposed to be unimportant (Jost and Picon, 1970; Bassett et al., 1970), yet effects were observed in the fetus after administration of the hormone to the mother. Administration of crude growth hormone preparations (Phyol, Antuitrin-G) to the mother rat induced in some groups a slight increase in full term body weight (Hultquist and Engfeldt, 1949), while pure growth hormone induced in some groups a slight increase-but in other groups even a decrease-in body weight (Engfeldt and Hultquist, 1953). Literature data about these experiments are difficult to interpret because of the possible effects of impurities in References p. 275-280
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 the crude growth hormone preparations that were used. This problem is illustrated by the fact that Zamenhof et al. (1966) could not find an increased fetal body weight after either S.C. or i.v. administration of NIH-growth hormone (3 mg/day) to the mother, although a pronounced increase in fetal brain weight was observed. Administration of growth hormone directly to the fetus failed to give clear-cut results. That administration of bovine growth hormone to decapitated rats should increase fetal weight cannot be maintained, since only 5 experimental fetuses were studied (Heggestad and Wells, 1965). In addition, we were unable to confirm this growth promoting effect (Tables VI, VII). Also our preliminary studies in brainaspirated fetuses, injecting 10 pg NIH-GH-S 9 (ovine) in 50 ~ 1 0 . 9 % NaCl and 10 pg or 50 pg of this hormone in 50 p1 oleum rapae per fetus, were negative in this respect. In decapitated rabbit fetuses, only a trend towards increase in size was observed after growth hormone administration (Jost, 1966a). Injection of growth hormone into the intact rat fetus gave either slightly decreased birth weights (Hwang and Wells, 1959; Heggestad and Wells, 1965) or no effect at all (Table VII). There is also no clinical evidence at present for a role of growth hormone in human fetal growth. Congenital aplasia of the fetal pituitary goes together with normal birth weight (Table II). In addition, ateleotic dwarfs (McKusick and Rimoin, 1967; Rimoin et al., 1966a, b) and acromegalic women usually have children with normal birth weights (Solomon and Friesen, 1968; Hoet, 1969). In addition, no relation was found between maternal growth hormone levels and birth weight (Parekh et al., 1973), while even a negative relation exists between fetal growth hormone levels and birth weight after 20-21 weeks of pregnancy (Cramer et al., 1971; Kaplan et al., 1972). A remarkable increase in placental weight was found after growth hormone injection into brain-aspirated fetuses (Table MII) as well as into intact ones (Table IX). This effect was also obtained by administration of cyclic-AMP (Table VIII) to brainaspirated fetuses. The latter observation and the finding that this effect could not be obtained in intact fetuses cannot be interpreted in the present stage of the study. The lower placental weights found in brain-aspirated fetuses (Swaab and Honnebier, 1973) and in anencephalic infants (Honnebier and Swaab, 1973a), together with the heavier placentas after growth hormone treatment, suggest that growth hormone may play a role in the development of the placenta. Also interesting in this respect is the trend towards heavier placentas found after growth hormone administration to pregnant rats (Croskery et al., 1973). Adrenocorticotropic hormone (ACTH)
 
 The fetal adrenal has been shown to be stimulated by the fetal hypothalamo-hypophyseal system in man, as well as in various animals (Jost, 1966b; Jost et al., 1970; Honnebier et al., 1974). ACTH that has been identified in sheep fetal pituitaries and blood (Alexander et al., 1973) does not pass the placenta (Alexander et al., 1971; Honnebier e f al., 1974). Transplacental passage of adrenal steroids does take place, however (Angervall and Martinsson, 1969; Jost and Picon, 1970). Corticotropin administration to pregnant rats was found to decrease fetal body
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 weight (Hultquist and Engfeldt, 1949; Noumura, 1959). Although cortisone injection in the pregnant mother rat has been reported to increase fetal growth (Angervall and Martinsson, 1969), others found a slight decrease in fetal growth (Noumura,
 
 Fig. 4. Stimulation of fetal adrenal size by ACTH. For description of the experimental procedure and the Sudan-black-Bstaining of the sections, see legend of Table IV. Left: control adrenal (brainaspirated fetus receiving 0.9% NaCI); right: ACTH-stimulated adrenal (brain-aspirated fetus receiving ACTH).
 
 1959). Moreover, injections of corticotropins as well as of adrenal steroids into intact and decapitated fetuses were reported to inhibit fetal growth (Noumura, 1959; Kitchell and Wells, 1952). In brain-aspirated fetuses a wide lipid-free layer was found in the outer zone of the adrenals (Fig. 4), that has also been described after fetal decapitation (Noumura, 1959). After ACTH treatment (Cortrosyn-depot@) this outer zone of the adrenals also contained lipids (Fig. 4). Adrenal length and width were 32 % and 42 % enlarged respectively (Table IV). Neither body weight nor placental weight could however be restored, either by short- or by long-acting ACTH (Tables VI, VIII). Since also in humans, birth weight of children with congenital adrenal hyperplasia (Price et al., 1971) and hypoplasia (O’Donohoe and Holland, 1968) is normal, the fetal adrenal cannot be important for fetal growth. References P. 275-280
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 TABLE IV EFFECT OF
 
 A m H ADMINISTRATION TO BRAINLESS FETUSES ON FETAL ADRENAL SIZE
 
 In the present experiment, the 5 control and 5 Cortrosyn-depot treated animals of Table VI were studied. The adrenals of the two fetuses situated at the ovarian ends of the left uterine horns were frozen in liquid-nitrogen-cooled Freon-12. Serial sections (16 pm) were made on a cryostat. The sections were p o s t - ~ e din an ethanol-formaliin-acetic acid mixture and alternately stained by means of thionin (Windle et al., 1943) or Sudan-black-B (Noumura, 1959). Of each fetal adrenal the largest diameter (“length”) and the diameter perpendicular to this (“width”) were measured under a microscope. The increase in length as well as in width after ACTH administration is highly significant (Student t-test: P c 0.001; D e Jonge, 1963, chapt. 13). Controlfetuses
 
 ACTH treatedfetuses
 
 Treatment of the fetus
 
 Brain aspiration day 19 and administration of 50 p1 0.9% NaCl S.C. to the fetus.
 
 Brain aspiration day 19 and administration of 50 p1 [email protected]. to the fetus.
 
 Adrenal length
 
 1.34 (S.E.M. 0.030)
 
 1.77 (S.E.M. 0.024)
 
 0.95 (S.E.M. 0.042)
 
 1.35 (S.E.M. 0.060)
 
 (in m) Adrenal width (in nun)
 
 Thyreotropic hormone (TSH) The rat fetal thyroid is regulated near term by the fetal pituitary (Jost, 1966a;Jost et al., 1970). TSH has been identified in the fetal pituitary (Conklin et al., 1973) and serum (Erenberg and Fisher, 1973). TSH is not supposed to pass the placenta (Kajihara et al., 1972; Furth and Pagliara, 1971; Knobil and Josimovich, 1959; Jost et al., 1974). In contrast, TSH-RF (Kajihara et al., 1972; D’Angelo and Wall, 1972), iodine and some organic iodine-containing compounds cross the placenta readily (Furth and Pagliara, 1971). Administration of thyreotropic hormone to the pregnant mother rat (Hultquist and Engfeldt, 1949) was found to reduce fetal body weight slightly. Hopkins and Thorburn (1972) observed a decreased body weight and bone-age in athyroid lambs. In addition, the same phenomenon was seen in fetal lambs from ewes given methylthiouracil (Lascelles and Setchell, 1959). These experiments indicate a role of TSH in fetal growth in sheep. Thyroidectomized rabbit fetuses, however, did not show any significant reduction in fetal weight (Jost, 1971). Moreover, no increase in fetal body weight was observed after administration of TSH or thyroid hormones to the rat fetus (Hwang and Wells, 1959; the present study: Table VI). No positive relation exists between thyroid weight and body weight in rat fetuses (Angervall and Lundin, 1963). Also the placental weight was not found to change after TSH administration (Table VIII). As congenital hypothyroidism is reported to be accompanied by normal birth weight
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 (Page, 1969; Paine, 1971), also in the human the thyroid does not seem to be important for intrauterine growth. Gonadotropic hormones
 
 Gonadotropic hormones are present in the fetal pituitary (Jost, 1966a; Ingleton et al., 1971; Grumbach and Kaplan, 1973) and in the fetal circulation (Levina, 1972; Grumbach and Kaplan, 1973). Prolactin (Delost, 1971), LH (Foster et al., 1972) and HCG (Honnebier et al., 1974) were found not to cross the placenta. Prolactin (Delost, 1971), chorionic gonadotropins and PMS gonadotropins (Hultquist and Engfeldt, 1949), injected into pregnant animals, did not influence fetal body weight. Prolactin administration to intact mouse fetuses (Jean and Delost, 1969) and prolactin, LH or FSH to brain-aspirated rat fetuses (Table VI) did not change either fetal body weight or placental weight (Table VIII). Furthermore, after chorionic gonadotropins or PMS given to decapitated or intact rat fetuses (Noumura, 1959) or HCG administration to brain-aspirated fetuses (Table VI) no increase in body weight was observed. Administration of chorionic gonadotropins to the fetuses did not change placental weight (Table VIII). Gonadotropic hormones thus do not have any stimulatingeffect on intrauterine growth. Sex hormones, i.e. estrogens (Delost, 1971 ; Kitchell and Wells, 1952; Noumura, 1959), testosterone (Noumura, 1959), progesterone (Kitchell and Wells, 1952), administered to the rat fetus, or testosterone-propionate (Slob, 1972), androstenedioldipropionate, methyl-androstenediol-dipropionate(Jost, 1954), administered to the mother failed to increase fetal body weight. Moreover, injection of a progesteroneestrogen combination into intact pregnant rabbit fetuses does not influence placental weight (Butterstein and Leathem, 1970). And so neither gonadotropic hormones nor sex hormones stimulate intrauterine growth. Posterior and intermediate lobe hormones
 
 Vasopressin, oxytocin and neurophysins are present in the fetal hypothalamoneurohypophyseal system (HNS) (Dicker and Tyler, 1953; Roffi, 1958; Alexander et al., 1973). In addition, these hormones have been found in the fetal blood (Alexander et al., 1973; Chard, 1972; Edwards, 1971; Robinson et al., 1971). No difference in pup weight was observed in Brattleboro rats being homozygous or heterozygous for hypothalamic diabetes insipidus (Boer et al., 1974). Therefore, a lack of active maternal and fetal vasopressin does not influence fetal growth. This agrees with the results of two sets of preliminary experiments (Swaab and Veerkamp, unpublished data) in which vasopressin was administered to pregnant rats (Table V). Parturition occurred in all these groups within the same period. As is shown in Table V, vasopressin treatment of the mother did not increase pup weight. During the administration of oxytocin to the litter, the uterus became clearly pale and contracted. However, the litters were not born before the day of weighing (i.e. day 21). Oxytocin (Piton-S) slightly decreased the weight of the brain-aspirated fetuses References P. 275-280
 
 D. F. SWAAB AND W. J. HONNEBIER
 
 266
 
 TABLE V INFLUENCE ON PUP WEIGHT OF VASOPRESSIN ADMINISTRATION TO THE MOTHER
 
 Pregnant rats obtained the following treatments from day 7 of pregnancy (the day that spermatozoa were found in the vaginal smear being taken as day 0). Ia: 9 controlswere injected with arachnoid oil in the same volume as the experimental rats. Ib: 9 rats obtained vasopressin (Pitressin tannate in oil, ParkeDavis, 5 pressor unitslml) in a dose of 1 I.U. daily from day 7 of pregnancy and of 2 I.U. daily from day 14 of pregnancy. Ic: 7 rats were given the same treatment as in b, but the drinking water contained 1% NaCl. IIa: 7 controls obtained a treatment as in Ia. IIb: 4 animals were given vasopressin in a dose of 5 I.U. daily from day 7. Group
 
 Number of mothers
 
 Mean number of pups per litter
 
 Weight of the whole litter ( g )
 
 Mean body weight Per PUP (g) -
 
 la Ib Ic
 
 9 9 7
 
 11.3 11.4 11.7
 
 59.5 57.7 60.7
 
 5.3 5.0 5.2
 
 IIa IIb
 
 7 4
 
 11.1 6.4
 
 59.4 31.9
 
 5.3 5.3
 
 (Table VI), but had no influence on placental weight (Table VIII). Since anti-oxytocin administration to pregnant rats did not change pup weight (Kumaresan et al., 1971'), maternal oxytocin, which is able to cross the placenta (Chard, 1972), cannot be important for intrauterine growth. An increased fetal body weight (Table VI) as well as placental weight (Table VIII) was found after administration of a-MSH to brain-aspirated fetuses. Much more work needs to be done on the intermediate lobe hormone after this surprising finding, especially since MSH has been determined at an early stage in tbe pituitary glands of human fetuses (Kastin et al., 1968). Hypothalamic extracts
 
 Four Sephadex G-25 fractions (A, B, C and E) of the entire base of the brain of 3 4 month-old calves were kindly supplied by Dr. A. Witter (Utrecht). These fractions have been prepared according to De Wied et al. (1969), except for the HC1 extraction, which was performed ultrasonically at 0 "C for 5 min, and the separation on Sephadex which was performed at 4°C. Solutions of the 4 fractions in physiological saline were neutralized to pH 7 by means of 0.5 N NaOH. In preliminary experiments, 10 or 100 pg of fraction C in physiological saline and 100 or 500 pg of fraction C in oleum rapae did not change either body or placental weight in brain-aspirated fetuses. In intact fetuses, 5 mg of fractions B, C and E per fetus did not increase body or placental weight. Also 5 mg of fraction C per fetus at pH 5, 6 or 8 did not induce body weight or placental weight changes (Tables VI-IX). Since 5 mg of fraction A per fetus caused death of the pregnant rats, this extract has been administered in a lower dose (50 pg). This dose did not cause a significant in-
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 crease in fetal body weight (Table VII). It did, however, increase placental weight in the experiments reported in Table IX. However, in later experiments, this effect of fraction A did not appear to be reproducible. Insulin Although no specific hypothalamic factor seems to control the endocrine pancreas, insulin secretion is influenced by various neuroendocrine and neural mechanisms (Ensink and Williams, 1972; Malaisse, 1972). The excessive fetal growth during gestational diabetes mellitus is supposed to be causally related to a fetal hyperinsulinism (Hoet, 1969; Jost and Picon, 1970). To obtain this increased fetal growth, a normal hypothalamo-hypophyseal system should be necessary (De Gasparo and Hoet, 1971; Van Assche et al., 1970), although an observation of Frandsen and Stakemann (1964) is conflicting in this respect. Since the endocrine pancreas in anencephalics is found to be less developed (Van Assche, 1968), the hypothalamohypophyseal system may thus be necessary for complete morphological and functional maturation of the pancreatic endocrine tissue (Van Assche et al., 1970). Moreover, rat fetal plasma insulin increases 5-fold (Freie and Bouman, 1973) in the same period as we observed an increased fetal growth rate in intact fetuses (Swaab and Honnebier, 1973). These data, pointing to a functional connection between hypothalamus and pancreas made it of interest in the framework of the present study to investigate the influence of insulin upon fetal and placental development. Insulin has been found in fetal pancreas (Jack and Milner, 1972; Fujimoto and Williams, 1972; Freie and Bouman, 1973) and in blood (Freie and Bouman, 1973; Grumbach and Kaplan, 1973). The placental block to insulin transfer (Jost and Picon, 1970) between the mother and the fetus is probably only partial (Solomon and Friesen, 1968; Knobil and Josimovich, 1959; Spellacy, 1971; Gitlin et a/.,1965). Insulin tardum (Organon), injected in a dose of 2 I.U. into 3 litters of brainaspirated rat fetuses on day 19, caused maternal death in 2 cases. From the one living animal the 5 live fetuses (of the total litter of 11) did not show increased growth, and nor did the placenta. Lower doses were not able to increase either fetal weight (Tables VI, VII) or placental weight (Table VIII). Picon (1967) obtained an increased fetal weight by means of insulin administration to intact fetuses, but he treated only half the litter. The question arises therefore whether this scheme of insulin, administered to the whole litter, would also cause death of the mother, and could thus be considered to be an unphysiological dose. Since decapitation of rabbit fetuses increases fetal plasma insulin level, and glucose induces increased insulin release from the pancreas of these animals (Jack and Milner, 1973), while the body weight of decapitated rabbit fetuses does not change (Jost, 1966a), the role of insulin in intrauterine growth of rabbit does not seem to be important. In the adult situation a complex relationship exists between insulin and growth hormone. In adult rats (Salter and Best, 1953) and human ateleotic dwarfs (Editorial, 1953) insulin shows a growth promoting effect and a nitrogen retention effect respectively. In addition, growth hormone was reported to stimulateinsulin secretion (Martin References a. 275-280
 
 TABLE VI INFLUENCE ON FETAL BODY WEIGHT
 
 Tables VI-IX. Influence of various substances on rat fetal body weight and placental weight. The general animal treatment, operation procedure and brain-aspiration were performed according to Swaab and Honnebier (1973). All animals were operated (“brahaspiration”) or sham operated (“intact”) on the morning of day 19 of pregnancy. The animals received their hormones in a volume of 50 pl (cf Heggestad and Wells, 1965; Noumura, 1959) Of Sterile physiological saline (0.9% NaCI) subcutaneously into the back by means of a0.50 mm x 16 mm needle, unless mentioned otherwise in the tables. Doses were given per fetus, and the whole litter was treated in the same way. The controls received 50 pl of 0.9% NaCl only, using the same procedure. In order to Correct the fetal weights for differences in cranial filling, all fetal weights reported in these tables were measured after emptying the cranial cavity by suction ( S w a b and Honnebier, 1973). The differences between the groups were tested by Student t-test (De Jonge, 1963, chapt. 13) and P < 0.05 was considered to be statistically significant. Treatment of brain-aspirated fetuses
 
 n n mothers fetuses
 
 Rat growth hormone; NIAMD-RAT GH-B-1; 150 fig ACTH: Cortrosyn (Organon); 150 pg ACTH: Cortrosyn-Depot (Organon); 50 pl depot containing 1 mg/ml TSH; NIH-TSH-S6 (ovine); 150 pg Prolactin; NIH-P-S9 (ovine); 150 pg LH; NII-I-LH-S18 (ovine); 150 ,ug FSH; NIH-FSH-S9 (ovine); 150 pg HCG: Pregnyl (Organon); 10 I.U. Piton-S; (Organon, 10 U/ml) 0.5 U Hypothalamic extract Fraction-C, 5 mg Insulinum Tardum; 0.4 I.U. (Organon) 40 I.U./ml diluted 1/5 with phys. sal. Insulinurn Tardum; 0.2 I.U. (Organon) 40 I.U./ml diluted 1/10 with phys. sal. Placenta Suspensata-depot (Schwanhaupt); 50 pl Cyclic AMP: N6-2’ O-Dibutyryladenosine-3’: 5’-monophosphate, cyclic, monosodium salt (Boehringer),
 
 Experimental group body weight (and S.E.M.)
 
 n mothers
 
 n fetuses
 
 Control group body weight (and S.E.M.)
 
 Student t-test
 
 6
 
 45
 
 2.65 (0.063)
 
 5
 
 51
 
 2.87 (0.053)
 
 P0.80
 
 -
 
 5
 
 50
 
 3.66 (0.066)
 
 5
 
 51
 
 3.93 (0.037)
 
 PP > 0.30
 
 -
 
 6
 
 57
 
 3.65 (0.056)
 
 5
 
 51
 
 3.81 (0.054)
 
 0.05					    
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