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Preface

None of biological phenomena, such as heredity, development, me-
tabolism, cellular electric activity, endocrine phenomenon, evolution,
adaptation, can occur independently and they are interrelated. Among
them, endocrine phenomena have an especially intimate relation with
evolution and adaptation, as they occur only in multicellular organisms and
are most highly developed in higher organisms such as vertebrates and
arthropods. Accordingly, the comparative and evolutionary aspects are
indispensable for endocrinologists.

This volume consists of all the papers and abstracts of posters pre-
sented at the International Symposium on Hormones and Evolution in
honor of Dr. Hideshi Kobayashi. The Symposium was held in Tokyo,
July 10 to 13, 1979, to commemorate the retirement of Dr. Kobayashi
from the University of Tokyo. Dr. Hideshi Kobayashi, who is my
teacher, coworker and friend, has dedicated years of his life to the Uni-
versity of Tokyo as a teacher and researcher. He has a wide comparative
view of endocrinology and is always aware that his research objective is
a result of evolution, resulting in research that is distinguished and brilli-
ant. “ Nothing but Hormones and Evolution can be considered as the
title of the Symposium for Hideshi” was the unanimous opinion of the
members of the International Program Committee of the Symposium.
The committee selected speakers of the Symposium among distinguished
comparative endocrinologists throughout the world, without considering
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their relation to Kobayashi. Surprisingly, most of them have been
collaborators of his. I believe that they are brave enough to discuss
their own material in relation to evolution and adaptation, which are
classic and also current problems in biology.

It was my pleasure that almost all the candidates of the plenary lectures
responded so positively to my invitation to attend the Symposium, but
it was my great regret that I had to eliminate all the names of Kobayashi’s
students from the list of the plenary lectures in order to limit the program
to an appropriate length.

I would like to thank Professor Aubrey Gorbman and Professor Donald
S. Farner of the University of Washington, Seattle, Professor Howard
A. Bern of the University of California, Berkeley, and Professor Andreas
Oksche of Justus Liebig Universitit, Giessen for their kind and valuable
suggestions concerning the Symposium program.

December 1979 Susumu Ishii



Abbreviations

A1l
ABP
ACTH

AF
AHP
APUD
AVP
AVT

CCK
CLIP
CNS
CRF
CSF

DHT
DIT
DOC

EDTA
EGF

angiotension II

androgen-binding protein

adrenocorticotropic hormone, adrenocorticotropin,
corticotropin

aldehyde fuchsin, paraldehyde fuchsin
adenohypophysis

amine precursor uptake and decarboxylation
arginine vasopressin

arginine vasotocin

bovine

cholecystokinin

corticotropin-like intermediate peptide
central nervous system
corticotropin(ACTH)-releasing factor
cerebrospinal fluid

dihydrotestosterone
diiodotyrosine
11-deoxycorticosterone

ethylenediamine tetraacetic acid
epidermal growth factor
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ER endoplasmic reticulum

FFA free fatty acid

FGF fibroblast growth factor

FSH follicle-stimulating hormone

GEP gastro-entero-pancreatic

GH growth hormone, somatotiopin, somatotropic hormone

GHIF growth hormone-inhibiting factor

GHRF growth hormone-releasing factor

GnlF gonadotropin-inhibiting factor

GnRF gonadotropin-releasing factor

GTH gonadotropic hormone, gonadotropin

GVBD germinal vesicle breakdown

h- human

Hb hemoglobin

HCG human choronic gonadotropin, choriogonadotropin

HRP horse radish peroxidase

HSD hydroxysteroid dehydrogenase

5-HT 5-hydroxytryptamine

5-HTP 5-hydroxytryptophan

ir, IR immunoreactive

LH leuteinizing hormone

LHRH LH-releasing hormone

LPH lipotropic hormone

ME median eminence

MRIF MSH releasing inhibiting factor

MSF multiplication-stimulating factor

MSH melanophore-stimulating hormone, melanocyte-stimu-
lating hormone

MTV mammary tumor virus

NADPH nicotinamide adenine dinucleotide phosphate (reduced
form)

NGF nerve growth factor

NHP neurohypophysis

NIV nucleous infundibularis

NLT nucleus lateralis tuberis
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nucleus preoptics

nucleous recessus lateralis

nucleous recessus posterioris
nucleus paraventricularis
nonsuppressible insulin-like activity

ovine

pars distalis

platelet-derived growth factor

pars intermedia
prolactin-inhibiting factor

pregnant mare serum gonadotropin
pancreatic polypeptide
prolactin-releasing factor

prolactin

phosphotungstic acid hematoxylin
parathyroid hormone, parathormone
polyvinyl pyrrolidone

rat
radioimmunoassay
radioreceptor assay
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triiodothyroxine
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triglyceride

thyrotropin-inhibiting factor

thyrotropin-releasing factor

thyrotropin-releasing hormone

thyrotropin, thyrotropic hormone, thyroid-stimulating
hormone

vasoactive intestinal peptide



Contents

Preface . . . . v & v v i i e e e e e e e e
Abbreviations

GENERAL ASPECTS

Hormones and Evolution: After 15 Years . . E.J.W. BARRINGTON
Evolution of the Metabolic Endocrine System: Its Phylogenetic
Significance . . . . . . . .. ... ... . . .H KOBAYASHI

EVOLUTION OF NEUROENDOCRINE SYSTEMS

Primitive Control of Endocrine Systems . . . . . . . H.A. BERN
Evolution of Neurons and Paraneurons e e e e
. T. FUJITA, S. KOBAYASHI, R. YUI AND T. IWANAGA

Evolutlon of Hypothalamo-Adenohypophysial Systems in Lower
Vertebrates . . . . . .J.N. BALL, T.F.C. BATTEN AND G. YOUNG
Comparative Anatomy and Evolution of the Hypothalamo-Hypo-
physial Systems in Higher Vertebrates . . . . . . .s. MIKAMI
Arginine Vasotocin in Fetal, Newborn and Adult Mammals: Evolu-
tion in Progress . . . .K. LEDERIS, A. W. FISHER, R. M. GEONZON,

. V. GILL, D. KO AND S. RAGHAVAN

vt

X1

15

25

35

45

57

71



v

ENDOCRINE ADAPTATION AND ITS SIGNIFICANCE FOR EVOLUTION

Endocrine Regulation in Agnatha: Primitive or Degenerate?
; A. GORBMAN
Adaptlve Aspects of Endocrlne Regulatlons in Birds
. . I. ASSENMACHER AND M. JALLAGEAS
Evolutlon of the Endocrme Control of Vertebrate Hypercalcemic
Regulation . . . . . . . .P.K.T. PANG AND ].A. YEE
Comparative Endocrlnology of Hypocalcemlc Regulation in Lower
Vertebrates . . . . .« . . C. OGURO AND M. UCHIYAMA
The Pineal Organ—A Component of Photoneuroendocrine Systems:
Evolution, Structure, Function . . . . . . A. OKSCHE
Sex Steroid-Binding Proteins in Vertebrate Blood J. C. WINGFIELD
Role of Growth Factors and Classical Hormones in the Control of
Growth and Function of Mammary Tissues . . . @
.S. NANDI, J. YANG, ]. RICHARDS, R. GUZMAN,
. -R. RODRIGUEZ AND W. IMAGAWA
Possnble Role of Ceruloplasmln in Endocrine Regulations ;
V. SCHREIBER AND T. PRIBYL

EVOLUTION OF HORMONE MOLECULES

Relationship between Receptor Binding and Biological Activities of
Gonadotropins . . . . . . . . P.LICHT
Regulation of Reproductlon in Male Vertebrates . . . . B.LOFTS
Evolution of the Control of Reproductive Cycles in Birds .
. D. S. FARNER
Evolutlonary Slgmﬁcance of Domestlcatlon of Animals with Special
Reference to Reproductive Traits . . . . . . . . . Y. TANABE
Regulation of Gamete Maturation, from Echmoderms to Vertebrates
. Y. NAGAHAMA AND H. KANATANI

EVOLUTIONARY ASPECTS OF REGULATION OF REPRODUCTION

Morphology of the Islet Organ . . . A. EPPLE AND J. E. BRINN, JR.
Evolution of Hormonal Control of Cardiovascular Functions in the
Vertebrates . . . . . . . . . . . .. ... . . DKO. CHAN

81

93

103

113

123
135

145

157

167
175

185

193

203

213

221



CONTENTS X

Evolution of the Thyroid Gland . . . . . . . . . . . H. Fuyita 231
Thyroid in Reptiles and Birds . . . . . . . . . .J. P. THAPLIYAL 241

EVOLUTION OF ENDOCRINE AND TARGET ORGANS

Choriogonadotropin in Evolution Coe
. S. S. KOIDE, T. MARUO, H. COHEN AND S. ] SEGAL 253
Evolutlon of P1tu1tary Gonadotropins and Thyrotropins .
. Y. FONTAINE 261
Multlphmty of Lutelmzlng Hormone and Its Comparatlve Aspects
.K. WAKABAYASHI 271

Chemical Evolution of Angiotensins . . . H.SOKABE AND T. NAKAJIMA 281

Evolutional Aspects of Hormone-Like Peptides . . . T. NARAjiMA 287

Evolution of Pancreatic Hormones . . . . . . . . . S. FALKMER 295

Comparative Aspect of Steroidogenesis . . . . . . . .B. TAMAOKI 301
Appendix

TOPICS IN COMPARATIVE ENDOCRINOLOGY

Hormonal Control of Reproduction in the Snail, Euhadra peliomphala
. .N. TAKEDA 313
Cerebral Neurohemal Area in Insects . . S. GELDIAY and S. KARACALI 313
Distribution of LHRH-Like Substance in the Vertebrate Brain .
. . . M. NOZAKI and H. KOBAYASHI 314
Spec1es Spec1ﬁ01ty of the Blndmg Affinity of Rat Follicle Stimulating
Hormone to the Vertebrate Testis . . . T. ADACHI AND S. ISHII 314
Evolution of the Dipsogenic Receptor Site for Angiotensin II .
$ m s o8 B & : .Y. TAKEI, H. KOBAYASHI AND T. HIRANO 315
The Pinealocyte: A Paraneuron . . . . . .M. UECK AND K. WAKE 315
Pineal Gland as a Photosensory Transducer in Lower Vertebrates:
Its Electrical Responses and Cell Identification . . . . y. MoRrIta 316
Renal Conjugations of Estrogens in Various Kinds of Animals .
. H. HONJO, K. OTSUBO, K. OMORI, C. SAKAI, J. YASUDA,
_ . T. TAMAYA, J. KIMURA, T. YAMAMOTO AND H. OKADA 316
Neuroendocrme Control of Prolactin and MSH Release in Lower
Vertebrates . . . . . .M. OLIVEREAU, C. AIMAR, J. M. OLIVEREAU
.AND P. CHAMBOLLE 317



The Cerebrospinal Fluid Contacting Neurons in the Agnathan Hypo-
thalamus . . . . . . . Y. HONMA, R. YUI, Y. NAKAI AND J. OCHI 317
Effects of Urophysial Extracts on Plasma Electrolyte and Metabolite
Levels in Ophiocephalus maculatus . . . . . . . . . . . . ..
.......... N.Y.S. WOOD, W.C.M. TONG AND H.L.B. CHAN 318
Renal Juxtaglomerular Cells in Holocephalian and Teleostean Fishes
......................... M. OGURI 318
A Bioassay for Gonadotropin Using the Germinal Vesicle Breakdown
of Oryzias latipes Oocytes in Vitro . . . . . . . . . K. HIROSE 319
The Dermatous Glands of Amphibians and a Catfish . . . . . .
. Y. SHIMURA, N. WATARI, M. KANAI, Y. MABUCHI AND Y. HOTTA 319
Seasonal Changes in the Testicular Activity and Gonadotropin Content
of the Pituitary Gland in the Male Japanese Red-Bellied Newt,
Cynops pyrrhogaster pyrrhogaster . . . . . . . . . . . . . ..
. .S. TANAKA, K. IMAI, H. IWASAWA, Y. HANAOKA AND H. TAKIKAWA 320
Egg Production by Domestic Canaries under Various Photoperiods
............ S. MATSUO, H. ASONUMA AND K. MATSUI 320
Characteristics of T'wo Lines of the Japanese Quail Selected by Their
Response to ¢ Continuous Light Treatment’ . . . . T. KoNIsHI 321
Activities of Caged Migratory Emberiza rustica Exposed to Different
Artificial Light and Temperatures . . T. NAKAMURA AND M. KITAHARA 321
Changes in Pituitary and Plasma LH, and Plasma and Follicular Pro-
gesterone and Estradiol Concentrations during the Ovulatory Cycle
ofthe Quail . . . . . . .. 0. DOI, T. NAKAMURA AND Y. TANABE 322
Evolutionary Pattern of Avian Adrenomedullary Hormones .A. GHOsSH 322
Central Nervous System-Mediated Effect of TRH on the Microcircula-
tion of Thyroid in the Rat: A Possible Moment for the Develop-
ment of TRH-TSH-Thyroid Axis . .T. TONOUE AND T. NOMOTO 323
Analyses of Development of Thyroxine Sensitivity in Frog Tissues
......................... Y.s. Kim 323

Contributors . . . . . . . . . . . . . . . o . o . . .. .325
Subject Index . . . . . . . ... .. ..o ... .33
Author Index . . . . . . . . . . . . . .. .. . ...



Chapter 1
GENERAL ASPECTS






Hormones, Adaptation and Evolution (S. Ishii et al., eds.), 3-13
Japan Sci. Soc. Press, Tokyo | Springer-Verlag, Berlin (1980)

Hormones and Evolution: After 15 Years

E.].W. BARRINGTON

In 1964 I published a little book called Hormones and Evolution (7),
and I well remember how honoured I felt when I learned that it was
to be translated into Japanese (2). So, when I was further honoured with
an invitation to take part in this memorable tribute to Professor Ko-
bayashi, I thought that it might be appropriate and useful to re-examine
some of my earlier arguments in the light of 15 years of progress.

Those 15 years have seen the establishment of a widespread belief,
governing much current research (not to mention the planning of this
symposium), that the form, the functions and the distribution of hor-
mones have been determined by Darwinian evolution. It is now com-
monly agreed that our analysis of endocrine systems is greatly helped by
setting them in an evolutionary context. In the field of peptide endocri-
nology the atmosphere is positively euphoric, and understandably so.
But it is no bad thing to counterbalance euphoria from time to time by
asking ourselves how firm are the foundations of our current philosophy.

1. Natural Selection and the Generation of Improbability

Evolution can be defined as changes in the diversity and adaptation of
populations (3). These changes are brought about by natural selection,
3



4 E.J.W. BARRINGTON

which acts upon pools of variation and promotes those variants that maxi-
mize reproductive success. The application of this definition raises impor-
tant questions for endocrinologists, two of which questions, in the limited
time available, will concentrate our minds and serve as a basis for my
review: Are we now sufficiently convinced that endocrine systems can
provide the pools of heritable variation which are required for the
action of natural selection? And have we now adequate evidence that the
diversification of endocrine systems and of their hormones has indeed
been determined by adaptive advantage rather than by random processes?

Aldosterone provides a useful focus for attempting answers to these
questions. In recent reviews of steroid endocrinology (4, 5) to which
I am much indebted, the authors explicitly set this hormone in an evolu-
tionary context. But the evidence relating to the distribution of aldo-
sterone, although much more extensive than in 1964, is still more limited
than could be wished. It appears that only 3 species of elasmobranch fish
have been investigated out of the existing 3,000, and only 11 species of
teleost fish out of more than 20,000. So also with other groups: only 3
species of birds are listed, for example, out of a group estimated to con-
tain some 420 breeding species in Europe alone. This limitation, however,
is to some extent offset by the universally wide distribution and funda-
mental uniformity of steroid biosynthetic pathways, regulated by genes
which must have provided from a very early stage of evolution the pools
of variation for which we are seeking. We may thus expect that products
of these ancient pathways would, from time to time, have been selected
for new hormonal functions, even though the molecules concerned may
not themselves have been evolutionary novelties.

Within this context we can accept a suggested proposition (6) that
aldosterone production is a fundamental property of adrenocortical tissue.
The emergence of this molecule as a hormone, however, is particularly
characteristic of the tetrapod line, including the closely related lung-fish.
Its physiological significance in the few teleosts in which it has been iden-
tified is open to question. Indeed, it has not been identified in some of
the species studied, and it has not yet been found in elasmobranchs.
What, then, were the selective forces that determined its full establishment
as a tetrapod hormone?

It has been suggested that these forces can be correlated with the new
stresses of terrestrial life, which could have made it advantageous for salt
conservation to be mediated by a hormone which was not also involved
in glucocorticoid functions. Differentiation was furthered by evolutionary



