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THE GROWTH FUNCTION OP THE PITUITARY GLAND 

ITS EPPECT UP OH THE BRAIN AMD BRAIN WEIGHT-BODY WEIGHT RELATIONS

By

H# B* R ubinstein

Prom the fieuro-anatom ical laboratory  o f  the department o f Anatomy 

U n iv e r s ity  o f  Maryland M edical School

PART ONE 

INTRODUCTION

Man has in te r e s te d  h im se lf in  growth and i t s  abnorm alties fo r  so 

lo n g  a tim e th at many o f th e  ea r ly  c la s s ic s  r e fer  to  the g ig a n tic  or 

dwarfed s ta tu re  o f  th e ir  characters* ’Thus, the g ia n ts  o f  Genesis (VI9 

4 ) ,  Og, k in g  o f Bashan (Deuteronomy I I I ,  I I )  and G oliath  o f Gath ( I  Sam

u e l XVII, 4) are only a few o f the b ib l ic a l  a llu s io n s  to  gigantism *

Antaeus the an tagon ist o f Hercules and Polyphemus the g ig a n tic  cyclop© 

blinded by U lly se s  (Aeneid) are among the myths o f  the e a r ly  Greeks* In 

l ik e  manner, the referen ces to  the dwarfed gods of Egypt and th e e a r ly  

court dwarfs bespeak the a tte n t io n  which th ese  dim inutive persons a ttracted *  

The fa c to r  resp o n sib le  fo r  growth, both normal and abnormal, was en

t i r e ly  unknown to  the ancients*  It remained fo r  the 19th oentury in v e s t i

gators to  co rre la te  t h i s  phenomenon w ith  the p itu ita r y  gland*

Although the p itu ita r y  gland was known to Galen, i t  was f i r s t  des

crib ed  by V esa liu s (1543) who, because the stru ctu re  was b e liev ed  to secrete



the mucous o f the n o se , named i t  from " p itu ita"  the L atin  fo r  "clammy 

m oistu re*11 S h is fu n c tio n , however, was disproved hy Conrad V ictor  

Schneider (1660) and the gland red escrib ed  by Somme r in g  (1778) who named 

i t  from the Greek wo  under, and to  grow, presumably because o f  i t s  

p o s it io n  beneath the b ra in  (Garrison 1922),

She f i r s t  in stan ce o f  abnormal form a ttr ib u te d  to  the p itu ita r y  gland  

was reported by Bernard Mohr (1840) when he described  the case  o f  a p a t ien t  

s u ffe r in g  from o b e s ity , im b e c ility , lo s s  o f  memory, somnolence, and v is u a l  

distu rb an ces who a t autopsy showed a tumor o f the p itu ita r y  gland . C redit 

fo r  e s ta b lis h in g  the r e la t io n sh ip  o f  the p itu ita r y  gland to  body len g th  i s  

u su a lly  g iven  to  Lorain who in  1871 described  the f i r s t  case  o f  in fa n tilism *  

A study o f  the l i t e r a tu r e ,  however, lead s one to  the con clu sion  th a t such 

a r e la t io n sh ip  must have been e sta b lish e d  on ly  la t e r .*  In 1891, P a lta u f  

described  the case o f a dwarf who p ossessed  an abnormally large  s e l l a  

tu r c ic a  but he too  f a i le d  to  a ttr ib u te  the dwarfism to  hypophyseal path

ology*

*Footnote: Some authors (e* g . Engelbach 1932) c r e d it  Lorain w ith  f i r s t

d escr ib in g  p itu ita r y  in fa n til ism  in  1871. An exam ination o f  

L orain's P refatory  L etter to  the th e s is  o f Faneau de La 

Cour (1871) d is c lo s e s  the fa c t  that w h ile  in fa n til ism  (Lorain  

l*ype) and co n d itio n s resem bling p e r s is te n t  J u v e n ility  are 

b e a u t ifu lly  describ ed , no mention o f the p itu ita r y  gland is  

made. Lorain d escr ib es th ese  con d ition s as occurring in  the  

p h th is ic a l*



Although many au th en tic  accounts o f  g igantism  were g iven  from the  

time o f Saucerotte (1 7 7 2 ), the c la s s ic a l  d e scr ip tio n  o f aoromegaly i s  ac

cred ited  to  P ierre  Marie who in  1886 describ ed  i t  and la t e r  to g e th er  w ith  

M arinesoo (1891) co rre la ted  i t  w ith  p itu ita r y  tumor* So Minkowski* however, 

should go the c r e d it  fo r  f i r s t  c a l l in g  a tte n t io n  to  the constancy o f  p i t u i 

ta ry  enlargem ent in  the acrom egalic p a t ie n t  s in ce  in  1887 he wrote "It i s  

noteworthy th a t in  a l l  ca ses  so fa r  d is se c te d  and r e a l ly  stud ied  th ere  i s  

to  be found to g eth er  w ith  a greater or le s s e r  hypertrophy o f  the variou s  

in ter n a l organs an e s p e c ia l ly  s tr ik in g  enlargement o f  the hypophysis cerebri*  

In 1900 Babinski gave the f i r s t  d e scr ip tio n  o f dystrophia a d ip o so -g e n ita lis  

but th is  was described  as a c l in i c a l  e n t i t y  in  a  fou rteen  year old boy by 

F roh lich  in  1901 s in c e  which time the con d ition  in  adolescence has been  

termed P ro h lich ’s syndrome*

ffh ns, although towards the c lo se  o f the 19th century the p itu ita r y  

gland was d e f in i t e ly  corre la ted  w ith  body length  and body w eigh t, l i t t l e  

e l s e  was known concerning i t s  function* S tr id es  had already been made in  

th e  proper d ir e c t io n , however, when H orsley (1886) hypophysectomized two 

dogs w ithout k i l l i n g  the an im als. Dhe controversy which fo llow ed  through 

the experim ents o f  Paulesco (1908); Keford and Cushing (1909); and Crowe, 

Cushing, and Homans (1910) who claim ed the hypophysis e s s e n t ia l  to  l i f e  

has f in a l ly  been overcome* il l  i s  has been accom plished through th e  numer

ous in v e s t ig a tio n s  o f  Handel smarm and H orsley (1911), Aschner (1912),

Benedict and Homans (1912), Sweet and A llen  (1913), Camus and Houssy (1913), 

Brown (1923), Dandy and H eichert (1925), and P h ilip  Smith (1930) a l l  o f  

whom have confirmed H o rsley ^  o r ig in a l work* In a d d itio n , out o f the maze 

o f th ese  and innumerable other in v e s t ig a t io n s  has grown the fa c t th at a l 

though the p itu ita r y  gland i s  no longer ind ispensable to  l i f e ,  i t  p o sse sse s



so  many important fu n ctio n s that i t  may alm ost be considered the very  

m ainspring o f on e's  ex isten ce*  Among th ese  many fu n ctio n s growth stim ula

t io n  undoubtedly stands ou t, a t l e a s t , as one o f the important ones, but 

the new era  o f growth s tu d ie s  which began w ith  the dem onstration o f the 

growth hormone by Evans and Long (1921) i s  s t i l l  in  i t s  in fan cy . I t  w i l l  

be the purpose o f  th is  th e s is  to  add ju s t  another lin k  to the long chain  

o f  in v e s t ig a t io n s  a lon g  l in e s  o f  growth.

In order to  s u c c e s s fu lly  fo llo w  and f u l l y  ap p reciate  the more recent 

s tu d ie s  concerning the growth hormone, i t  appears a d v isab le  to  review  the  

s a l ie n t  fea tu res  o f the morphology and development o f the p itu ita r y  gland .

iflmmroLOGic m d  e h y l o g e m ? i c  c o n s i d e r a t i o n s  o f  t h e  p i t u i t a r y  g la n d

Although the tu n ica ta  (a sc id ia n s) p o ssess  a subganglionic organ which 

has been homologized w ith  the p itu ita r y  gland o f h igh er forms IJ u lin  1881), 

because o f h is to lo g ic a l  d if fe r e n c e s , t h is  homology i s  now q u estio n a b le . 

However, a p itu ita r y  gland i s  found in  a l l  true v erteb ra tes  and gen era lly  

speaking i t s  em bryological development is  s im ila r  in  a l l  c la s s e s .  This 

statem ent i s  based upon the mass of evidence which has accumulated through 

the e f fo r t s  of numerous in v e s t ig a to r s . Although a co n sid era tio n  o f a l l  

th is  evidence i s  obviou sly  beyond the scope o f th is  work, i t  may be re

viewed by re fer r in g  to tne works of H aller (1898, 1909, 1910, 1911), who 

worked w ith  cyclostom es (petromyzon), anphibia (anura) and f i s h  (Salmo i r -  

ideus and Salmo fa r io ) ;  Kupffer (1903) who stu d ied  the cyclostom es (am- 

mocoetes and Bdellostom a s t o u t i ) ,  f i s h  (Acipenser s tu r io ) ,  amphibian 

(fiana fu sc a ) , r e p t i le  (Lacerta v iv ip a r a ) , and the chick (G-allus dom estica); 

Gentes (1903, 1907) who in v estig a ted  the cyclostom e (petromyzon);



- 5 -

S te r z i (1904) who a ls o  worked w ith  the cyclostom es (ammocoetes and petromy

zon) ; S ten d e ll (1913, 1914) who stu d ied  the dog f i s h  (Aeanthia v u lg a ru s), 

the oyclostom e (petrom yzon), and rodents (Mus decumanus); (ioette  (1674) 

who worked w ith  amphibians (anura); hathke (1038, 1839, 1848, 1861) who 

in v e s tig a te d  the r e p t i le  and mammal; h errin g  (1908) who studied  the ca t  

(F e l is  d om estica); T iln ey  (1911, 1913), who worked w ith  the cro co d ile  

(A llig a to r  m is s i s s ip ie n s i s ) ,  opposum (Pidelphys virginianum ) and the bar- 

boon (Cynecephalus babuin) • and A tw ell (1926) who stu d ied  the development 

in  the human.

As a r e s u lt  o f  the foregoin g  and other works too numerous to  be men

tio n e d , i t  may be concluded th a t , in  gen era l, the p itu ita r y  complex a r is e s  

from two d is t in c t  s tr u c tu r es; namely, the f lo o r  o f  the in terb ra in  (d ien

cephalon) which fu rn ish es the p o s te r io r  lobe and the roof o f  the embryonic 

mouth c a v ity  which i s  resp o n sib le  for  the r e s t  o f the gland (pars b u c c a lis ) .  

fhe l a t t e r  co n tr ib u tes  by sending an evag in ation  towards the d ien cep h alic  

f lo o r .  This evag in ation  which in  the human begins in  the 3 mm. embryo 

(7/aterston 1926) a r is e s  from the ectodermal mouth c a v ity  and in  lower ver

teb ra tes  m aintains a connection  w ith  the o lfa c to r y  groove, thereby recap i

tu la t in g  the co n d ition  as i t  e x is t s  in  preverteb rates ( tu n ic a te s , anrphioxus).

In ad d ition  to i t s  ectoderm al o r ig in  there are those who claim  (Kupffer 

1903) th a t entoderm a ls o  co n tr ib u tes  to  the formation o f  th e a n ter io r  lo b e . 

Whether or not t h is  i s  so i s  s t i l l  a moot p o in t although A tw ell (1926) 

s tr e s s e s  the d i f f ic u l t y  o f  d is tin g u ish in g  ectoderm from entoderm a t the  

p o in t o f  evag in ation  a t such an ea r ly  s ta g e . This evag in ation  o f  the 

pharynx (foregu t) which i s  termed "Rathfce's pouch" in  honor o f i t s  d is 

coverer (Rathke 1838) occurs normally a t a le v e l  corresponding to  the d ien -  

cep h a lo -te len cep h a lic  ju n c tio n .



As th e p rocess o f  evagin ation  goes on, the f lo o r  o f the pouch "becomes 

more and more removed from the pharynx and i t s  wide mouth "becomes converted  

in to  a tubular stru ctu re  which u lt im a te ly  is  rep laced by a s o l id  cord . In 

t h i s  way a v e s ic le  i s  produced which i s  com pletely separated from the  

pharynx and comes to  l i e  adjacent to  the f lo o r  o f  the d iencephalon, rem

nants o f  the o r ig in a l pharyngeal connection  remain as permanent s tru c tu res  

in  some foim s (S te n d e ll 1914) (myxinoids and se la ch ia n s) where the c a r t i la 

ginous f lo o r  o f the s k u ll  i s  traversed  hy a canal which extends to  the 

mucous membrane o f the mouth, rh is  may a ls o  ex p la in  the "pharyngeal roof 

hypophysis" ("pharyngeal hypophysis") which has been described  in  the human 

by Pende (1911) in  which case  a glandular p o rtio n  o f the hypophysis i s  

found in  the pharyngeal r o o f . T his may be part o f nathke*s pouch which 

has f a i le d  to traverse  the e n t ir e  sk u ll f lo o r ,  under normal co n d ition s  

where the f lo o r  o f the sk u ll is  co n p le te , the glandular hypophysis i s  com

p le t e ly  severed from i t s  o r ig in a l pharyngeal con n ection . In i t s  form ation, 

however, the sk u ll bones surround the hypophysis, thereby fu rn ish in g  the 

s e l l a  tu r c ic a .

The usual v e s ic u la r  evag in ation  may be replaced in  other forms by a 

s o l id  outgrowth from the pharyngeal w a ll .  According to  S ten d e ll (1914) 

th is  e p i t h e l ia l  bud occurs in  cyclostom es (m yxinoids) a r is in g  from the 

pharyngeal canal; and in  many t e le o s t s  and amphibians in  whom i t  springs  

from the mouth c a v ity .

Whether the pharyngeal o ffsh o o t i s  o r ig in a lly  s o lid  or v e s ic u la r  by 

the time i t  reaches the infundibnlum (d ien cep h alic  f lo o r ) ,  i t  p o sse sse s  a 

c a v ity  which rep resen ts e ith e r  the o r ig in a l v e s ic u la r  lumen o r , as in  the  

case o f the s o l id  co n tr ib u tio n , one foxroed during the p rocess o f develop

ment. This space, known as the hypophyseal c a v ity , d iv id es the glandular
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hypophysis in to  a pars d is t a l  i s ,  the forerunner o f the true a n ter io r  

lobe and the pars ju x ta  neural i s  or middle lobe*

i ‘he a n ter io r  and m iddle lob es now d if fe r e n t ia te  to  form a complex o f  

e p i t h l ia l  tubules* Connective t is s u e  and blood v e s s e ls  sim ultaneously  

p en etra te  the in ter tu b u la r  spaces* During th is  p ro o ess , the parenchyma 

o f  the middle lo b e , fo r  the most part becomes more s o lid  due to  the le s s e r  

amount o f vascu lar  p r o life r a tio n *  ‘rh is  leads to  the s tr u c tu r a l d if fe r e n 

t ia t io n  between the middle and an ter io r  lobes*

'^hile th ese  changes are occurring in  the a n ter io r  and middle lo b e s ,  

the d ien cep h alic  f lo o r  begins to  con tribu te  i t s  share to the hypophyseal 

complex* In the human t h is  begins in  the 8 mm* embryo as a s l ig h t  evagina

t io n  from the neural tube which is  d irected  toward the glandular hypophysis 

(77aterston 1926)* The type o f  evag in a tio n , however, v a r ie s  w ith  d if fe r e n t  

sp ec ies*  In se la ch ia n s i t  sends tubular p rocesses in to  the interm ediate  

lo b e , w h ile  in  t e le o s t s  the tubules are replaced by s o l id  f a s c i c u l i .  Gen

e r a l ly ,  however, the infundibuLuzn merely th icken s and becomes a markedly 

vascu la r  and sp on ge-lik e  s tru c tu re , the neural lobe which* according to  

S ten d e ll (1914) i s  capable o f absorbing the sec r e tio n  o f  the middle lo b e .

As the neural or p o s te r io r  lobe p asses v e n tr a lly  i t s  tubular surface i s  

surrounded by la te r a l  p r o life r a t io n s  from the buccal co n tr ib u tio n , This 

newly derived p o rtio n  o f  the pars b u cca lis  then becomes the pars tu b e r a lis  

o f  th e hypophysis (A tw ell 1926)*

Hence, the neural (p o ster io r ) lobe comes to  l i e  adjacent to the brain  

w h ile  the main or an ter io r  lobe i s  separated from the p o s te r io r  lobe by the 

in terv en in g  middle lobe and hypophyseal lumen. The lumen in most animals 

remains q u ite  d i s t in c t .  In man, however, i t  becomes sm aller and sm aller  

u n t i l  the age of s ix te e n  years when i t  becomes p r a c t ic a lly  o b lite r a te d
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(Bucy 1 9 3 2 ). h e r e a f t e r  i t  i s  represented  by a trab ecu la ted  space f i l l e d  

w ith  c o l lo id  p a r t ic le s  (G u iz ze tti 1927 -  quoted from Bucy 1932).

F in a lly  the glandular tu bules o f the a n ter io r  lobe lo se  most o f  th e ir  

lumens and become e p i t h e l ia l  cord s, fh ese  cords which anastsm ose f r e e ly  

have th e ir  in terv en in g  spaces f i l l e d  by a r ic h  network o f blood v e s s e ls  

which r ec e iv e  th e ir  s e c r e t io n . I t  i s  t h is  s e c r e t io n  w hich, in  p a r t, con

cerns i t s e l f  w ith  the growth p ro cesses  o f  the body (Evans and Simpson 1927; 

1931; Brouha e t  Simonet 1930)*

•i?HS GftOTTH FUNCTION OF THE! PITUITARY GLAED 

Although the growth fu n ctio n  o f the p itu ita r y  gland was a lread y con

jectured  by Minkowski in  1887, t h is  was only  experim entally  proved w ith in  

the la s t  tw en ty -fiv e  y e a rs , ih e  story  o f the numerous s tu d ie s  which c u l

minated in  the c r y s ta l l iz a t io n  o f an o r ig in a lly  nebulous concept to  the  

p oin t where the a c tu a l elem ents resp on sib le  fo r  growth have been id e n t if ie d  

i s  indeed in te r e s t in g . As Cushing (1932) s ta te s  " a ll  th is  seems sim ple  

in  the t e l l i n g ,  H esu lts get recorded, not the slow  and p a in fu l p rocess be

s e t  w ith  discouragem ents by which they are a tta in e d •”

I t  was Hahn (1912) who f i r s t  noted the r e la t iv e ly  and a b so lu te ly  en

larged  p itu ita r y  glands in  the giant larvae o f Hana e sc u le n ts . L'his ob

serv a tio n  was fo llow ed  by the experim ents o f Gudematsch (1912, 1913, 1914), 

Evans and Smith (1916) and A llen  (1916) who confirmed the r e la t io n sh ip  o f  

the p itu ita r y  gland to  growth and development. Larson (1919) noted th at 

i f  a n ter io r  lobe o f the p itu ita r y  gland was in jec ted  in to  animals stunted  

by thyroidectom y, growth was hastened . I f ,  however, animals were f i r s t  

hypophysectomized and thyroid  subsequently in jected  no growth r e su lted .

‘i'his d e f in it e ly  id e n t if ie d  the growth e f f e c t  o f  the p itu ita r y  gland w ith



th e  a n ter io r  lobe o f  th is  gland* Uhlenhuth {1920J in  feed in g  p itu ita r y  

gland to  a x o lo t ls  noted an in crease  in  growth o f the anim als only  i f  

metamorphosis had a lread y  begun* in  1921 t h is  same in v e s t ig a to r  (uhlen

huth 1921) confirmed h is  own work in  feed in g  experim ents in  which he again  

noted that on ly  those salamanders which had metamorphosed b efore  the feed 

in g  was begun, increased  in  s i z e ,  w h ile  la r v a l forms fa i le d  to  respond.

In view  o f  th ese  fin d in g s  i t  i s  perhaps tim ely  to  mention that to  Gudernatsch* 

(19 3 0 ), i t  appears th at m erely feed in g  a n ter io r  lobe to  the tadpole pro

duces increased  growth w h ile  in je c t io n s  o f  the same substance r e s u lt s  in  

metamorphosis and growth* hence, the fa c to r  resp o n sib le  fo r  metamorphosis 

seems to  be destroyed in  the amphibian g a s tr o - in t e s t in a l  tract*

l!he forego in g  anphibian feed in g  experim ents d e f in i t e ly  a ttr ib u te  the  

growth fu n ctio n  o f  the p it u ita r y  gland to  the a n ter io r  lobe* ih a t pars in 

term edia or p o s te r io r  lobe take no part in  the growth p rocess seems to  be 

in d icated  from a survey o f  the l i t e r a tu r e  from which i t  i s  noted that a t -  

ten p ts to  ob ta in  growth w ith  th ese  p ortio n s o f  the p itu ita r y  gland led  on ly

♦Footnote: Since referen ce  i s  made to  th is  survey by Gudernatsch (Hand-

buch der Inneren dekretion  -  ed . by Max H irsch ), i t  becomes 

n ecessary  to  correct a m isquotation in  th is  monograph, Guder- 

natsch  (v o l ,  2 s e c t io n  8 , p , 1606) quotes Uhlenhuth w ith  ex

p la in in g  increased  growth upon a b a s is  o f increased c e l l  d iv is io n  -  

quoting "Er (Uhlenhuth) fuhrt d ie  Porderung auf e in e  d irek te  

iseein flu ssu n g  der Z e l lte ilu n g  Zuruok, da vorderlappenextrakt 

auch d ie  reiligu n gsgesch w in d ek eit von Protozoan b e e in f lu s s e .”

In the o r ig in a l a r t ic le  {see uhlenhuth 1920; 1921), Uhlenhuth 

not only r e fra in s  from such statem ent but a c tu a lly  quotes l i t 

erature to  the contrary* At the present tim e, however, i t
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to  fa ilu r e *  The same co n clu sion  i s  reached from the numerous attem pts to  

in crea se  growth w ith  oth er endocrine glands* In each ca se  the fa c to r  o f  

s p e c i f i c i t y  appears lacking*

In 1910 Aschner, a f t e r  removing the e n tir e  hypophysis o f the dog 

w ithout in jury to  the tuber cinereum, noted in h ib it io n  o f  growth, infan

t i l i s m  o f  the sk e le to n  in clu d in g  fa ilu r e  o f  ep ip h ysea l c lo su re , in f a n t i le  

g e n it a l ia ,  p e r s is te n c e  o f  deciduous te e th , th e appearance o f la n u g o -lik e  

h a ir , fa t  in crease  and troph ic disturbances* Kemoval o f the p o s te r io r  

lobe alone led  to  no s k e le ta l  d e fe c ts  although troph ic  d isturbances did  

occur* S u ff ic e  i t  to  say th at s in c e  th is  tim e numerous attem pts to  re

move the a n ter io r  lobe o f  th e p itu ita r y  gland have been made* These a t 

tempts have f in a l ly  been crowned by the su ccess o f P h ilip  E. Smith (1930) 

who devised  the v en tra l parapharyngeal approach to  the p itu ita r y  gland In 

the r a t .  By th is  method he was able to  remove the e n tir e  gland or on ly

the a n ter io r  lobe and thus to study pure d e f ic ie n c y  syndromes* hemoval

o f  the a n ter io r  lobe in  th ese  experim ents led  to  in h ib it io n  o f s k e le ta l  

growth, a dim inution o f sex  a c t iv i t y  in  which the graafian f o l l i c l e s  f a i le d  

to  grow in  the fem ale, and sperm atogenesis disappeared in  the m ale, w ith

atrophy o f  the adrenal c o r tex , th yroid  and gonads*

The exact substance resp on sib le  fo r  the growth s tim u la tin g  fu n ction  

o f the p itu ita r y  gland, however, only came to  l ig h t  in  1921 when Evans 

and Long succeeded in  producing such a growth stim u la tin g  ex tra ct by the

Footnote continued from page 9: seems to  be e sta b lish ed  th at th e  po

t e n t i a l i t y  o f  a c e l l  to  in crease  in  s iz e  is  f ix e d  by the b io

lo g ic  l im it  o f th at c e l l  so th at in  e x ce ss iv e  growth the pro

b a b i l i ty  i s  th a t c e l l s  a c tu a lly  do d iv ide*  S tu d ies by Putnam,

Benedict and T eel on acromegaly su b sta n tia te  t h is  view*
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u se  o f  weak a lk a lin e  aqueous so lu tio n s  o f fr e sh  a n ter io r  lobe* With 

t h is  substance th ey  have been able to  produce g ig a n tic  r a t s .  Since th is  

tim e, refinem ents in  technique by .Putnam, T eel and Benedict (1928) and 

Van Dyke and Lawrence (1930) have y ie ld ed  preparations which are b a c ter -  

i o lo g ie a l ly  s t e r i l e  and otherw ise so harmless th at th e ir  use on the human 

has been fo llow ed by no untoward e f f e c t s  (Engelbach 1932; K ubinstein 1934). 

In th e r a t ,  however, the e x tra c t produces growth response on ly  when in

jec ted  s in ce  Smith (1927) has shown th at merely feed in g  p itu ita r y  sub

s ta n ce , f a i l s  to  rep a ir  the d e fe c ts  produced by hypophysectomy.

The exact source o f the growth hormone may be surmised only from a 

survey o f the h is t o lo g ic a l  elem ents making up the a n ter io r  lo b e .

HISTOLOC-ICAL CONSIDERATIONS OF THE ANTERIOR LOBE Off THE PITUITARY ULAUD

M icro sco p ica lly , two d is t in c t  c e l l  types are recogn izab le  in  the  

a n ter io r  lobe o f  the p itu ita r y  gland, chromophobes and chrom ophiles.

These were so named by th e ir  d iscoverers (F lesch  1884; Lothringer 1866; 

Dostdiewsky 1885-1886) because o f  th e ir  d if fe r e n t  s ta in in g  q u a l i t ie s .

While the chromophobes f a i l  to  s ta in  d eep ly , the chromophiles have a great 

a f f in i t y  fo r  dyes and have been fu rth er  subdivided by Schoneman (1892) 

in to  a c id o p h iles  (e o s in o p h ile s ) and b asop h iles  (cy an op h iles) because o f  

th e ir  d if fe r e n t ly  s ta in in g  granules, r ec e n tly  b a iley  and D avidoff (1925) 

have shown the terms "acidop hilic"  and "basophilic" to  be in correct and 

have, th er e fo re , su b stitu ted  the nomenclature " c e l ls  con ta in in g  alpha  

granules" and " c e l ls  con ta in in g  beta  p a r tic le s"  r e s p e c t iv e ly .

C o llin  (1928) stud ying th ese d if fe r e n t  c e l l s  anatom ically  b e lie v e s  

the chromophobes (H auptzelle) to  be the mother c e l l  o f the two granular
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ty p e s . The p roeess as described  by t h is  in v e s t ig a to r  a llow s the prim i

t iv e  agranular c e l l  to  acquire large  e o s in o p h ilic  (alpha) p a r t ic le s  which 

may in  turn mature in to  the f in e ly  granular b a so p h ilic  (b eta  granular) 

c e l l .  The r ip e  granular c e l l  then e ith e r  extrudes i t s  cytoplasm  r e ta in 

in g  on ly  i t s  c e l l  membrane and nucleus or i t  may com pletely  d egen erate. 

Those c e l l s  which do not degenerate, a f t e r  ex tru sio n  o f  th e ir  cytoplasm , 

become r e f i l l e d  w ith  an agranular substance which may again mature in to  

the granular types and thus repeat the p r o c ess . Since severingbaus (1933) 

cla im s to  have noted d if fe re n c e s  in  th e G olgi apparatus o f  the eosin op h i

l i c  and b a so p h ilic  c e l l s  which re ta in  a s p e c if ic  shape even when traced  

back to  the mother c e l l ,  i t  i s  q u estion ab le  whether a p a r tic u la r  chromo

phobe i s  p o t e n t ia l ly  capable o f producing both form s.*

Both in v e s t ig a to r s , however, agree th at the chromophobe rep resen ts  

an immature type o f  c e l l .  More and more evidence i s  accum ulating to  sup

port t h is  v iew .

from the experim ental s tu d ie s  o f  xiasraussen (1921, 1922, 1929), ^ngle 

and severin ^ iau s (1932), sm ith, Severinghaus and Leonard (1933) and the  

c l i n i c a l  observations o f  uushing (1932a, 1932) i t  has become p o s s ib le  to  

a sso c ia te  the b a so p h ilic  c e l l s  w ith  the sexu al fu n c tio n .

♦ footn ote: According to  Ljeveringhaus those c e l l s  which are d estin ed  to

become a c id o p h ile s  con ta in  a n e t lik e  G olgi apparatus which

caps the n u cleu s, w hile th ose destin ed  to  become b asop h iles

con ta in  r in g - l ik e  stru ctu res  which en close  a denser cytoplasm .

The mature granular c e l l s  m aintain th is  d ifferen ce  in  Golgi
¥

apparatus.
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Qa the other hand, in  pregnancy where the fe tu s  in crea ses  i t s  s iz e  

many tim es during g e s ta t io n , the a c id o p h ilic  c e l l s  have been shown to  

in crease  in  number (Erdheim and Stumme 1 909). Although Rasmussen (1929) 

f a i l e d  to  n o t ic e  a c o r r e la tio n  between body len g th  and the number of 

alpha granular c e l l s ,  oases o f  acromegaly stu d ied  by Erdheim (1926) d is 

c lo sed  the a s so c ia t io n  o f  t h is  con d itio n  w ith  a c id o p h ilic  adenomata. 

Sim ilar s tu d ie s  by B a iley  and Gushing (1928) have confirmed th is  fin d in g , 

and in  a d d itio n , show th a t the d y sp itu ita r ism  which does e x is t  i s  in  pro

p o r tio n  to  the tumors p r e se n t.

In 1930 Smith and MacDowell stud ied  the endocrine system  in  n a tu r a lly4
dwarfed mice and found th at th e ir  glands presented  the same d e f ic ie n c ie s  

noted in  animals a r t i f i c i a l l y  dwarfed through hypophysectomy. In a d d itio n , 

i t  was observed that the a n ter io r  lobe o f the p itu ita r y  gland was free  

from a c id o p h ilic  c e l l s .  Treatment w ith  a n ter io r  p itu ita r y  gland restored  

the d e fic ie n c y  p ic tu re s  o f a l l  other glands to  normal. The absence o f  

a c id o p h ilic  c e l l s  in  the a n ter io r  lo b e , however, remained unchanged. For 

th ese  reasons the e o s in o p h ilic  c e l l s  o f the a n ter io r  lobe are b e liev ed  to  

be the .source o f the growth stim u la tin g  hormone o f the p itu ita r y  g land .

THE PROBLEM

Since i t  has been demonstrated th at the growth hormone properly  ex

tra c ted  and adm inistered , produces in crease in  body s iz e ,  the q u estion  

arose as to  whether the brains o f such a r t i f i c i a l l y  enlarged animals 

would become p ro p o rtio n a te ly  enlarged .

This problem appears p a r t ic u la r ly  In te r e s tin g  s in ce  Donaldson (1925) 

reported th a t in  the human, brains o f large  men (5* 10") are 6% heavier
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than those o f  sm all men (5*2")# and th at t h is  same d iffe re n c e  (6$) oc

curs between corresponding groups o f women. He a ls o  showed th at the brains  

o f males are u su a lly  12jb h eav ier  than th ose o f  fem ales belonging to  cor

responding groups. In the human, th er e fo re , the b ra in  o f a heavy male 

may d if f e r  from th at o f  a l ig h t  fem ale by as much as 18^. Furthermore, 

S u g ita  (1918) had p rev io u s ly  shown th at the Norway r a t ,  which i s  h eav ier  

than the a lb in o  r a t ,  p o sse sse s  a brain  which i s  15/6-17$ h eav ier  than th at  

o f  the a lb in o . F in a lly , H atai (1908) a f t e r  an a n a ly s is  o f  a l l  h is  labora

tory  d ata , concluded that brain  w ei^ it i s  a fu n ctio n  o f body w eight and 

expressed  th is  r e la t io n sh ip  in  a mathematical equation which w i l l  be con

sid ered  la t e r .  Hence, sev era l q u estion s a r is e  concerning the brains o f  

anim als subjected  to  growth hormone. F ir s t ,  does the brain  w eight in

crea se  in  proportion  to  body w eight? I f  i t  does not show a prop ortion al 

in c r ea se , does i t  become larger  at a l l?  F in a lly , can the mathematical 

r e la t io n sh ip  which normally e x i s t s  between brain  w eight and body w eight 

be a ltered ?

O bviously, the so lu tio n  o f these problems r e s id e s  in  the enhancement 

o f body growth beyond normal and a study o f  the comparative e f f e c t s  o f  

such treatm ent upon the brains o f  the an im als.

i ‘HB CHOICE OF AH EXPERIMENTAL ANIMAL

For the fo llo w in g  reasons the w hite ra t (Mus norveglcus -  var* a lbu s) 

was chosen as the animal to  be used in  the fo llo w in g  experim ents.

1 . I t  i s  e a s i ly  bred and co n tro ls  are e a s i ly  m aintained.

2 . I t s  b io lo g ic a l  p o s it io n  (Mus norvegicus -  v a r . albus) has been  

thoroughly e sta b lish e d  (Hatai 1907) and i t s  mammalian ph ysio logy
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perm its o f a c lo se r  c o r r e la t io n  w ith  man than would a lower 

sp ec ies*

3* I t s  normal growth curve has heen stud ied  and p lo t te d  (Donald

son 1924) so  th at d ev ia tio n  o f  the s tr a in  used from th e normal 

may be b e tte r  appreciated*

4* I t s  in d iv id u a l organs have been thoroughly stud ied  and normal 

weijghts and measurements for th ese  e sta b lish e d  (Donaldson 1924)*

5* Mathematical formulae have been computed fo r  most o f  i t s  measure

ments (Hatai 1909; 1910) a t given ages so that d ev ia tio n s  may be 

accu rate ly  determ ined.

6* I t s  brain  has been examined and, although r e la t iv e ly  sim ple 

( l i s s e n c e p h a lic )* has been found to p o ssess  a l l  the fundamental 

fea tu res  o f man’s brain (T ilney  1933)*

7 . The growth curves o f  I t s  body and brain  have been shown to p o ssess  

a l l  the phases ex h ib ited  by th ose o f the human; even the sex u a l 

d iffe r e n c e s  o f  the two sp ec ie s  co in c id e  w ith  each other (Donald

son 1906; 1908)* This undoubtedly enhances the s ig n if ic a n c e  o f  

r e s u lt s  obtained*

For th ese reasons the w hite rat (Mus norvegicus -  var* albus) has 

been used as the animal o f  ch oice  fo r  the experim ents which follow *

THE GROUPING OF EXPERIMENTAL ANIMALS 

For th ese  experim ents seventeen  l i t t e r s  o f w hite r a ts  I Mas n orveg icu s-  

var* a lb u s) were used* These to ta lle d  seven ty-fou r anim als s ix  to  e ig h t  

months o f age, who had already reached the p la tea u  o f th e ir  normal growth 

curve* Younger anim als were avoided because previous experim ents demon
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s tr a te d  th a t the growth hormone f a i l s  to  markedly in flu en ce  th e normal 

growth p ro cess during the e a r ly  growth period* The anim als were d ivided  

accordin g t o  sex  and weighed* The l ig h t e s t  males or fem ales o f each  

l i t t e r  were used as t e s t  anim als w h ile  the two h e a v ie s t  were used as con

tr o ls *  Thus, on ly  l i t t e r  mate broth ers or s i s t e r s  were used as con tro ls*  

The co n tr o ls  o f  each group were fu rth er  subdivided so  th at the h e a v ie st  

remained u n in jected  w h ile  the l ig h te r  of the two received  meat ex tra ct in

je c tio n s*  The grouping as thus described  may be noted in  ta b le  I**

THE PREPARATION OP THE GROWTH HORMONE 

The growth hormone used in  th ese  esqperiments was a t f i r s t  supplied  

by a commercial lab oratory , but th is  proved u n sa t is fa c to r y  from the 

growth standpoint so th a t a f t e r  the f i r s t  nine w eeks, an ex tra ct prepared 

in  t h is  laboratory by a m o d ifica tio n  o f the Putnam, Benedict and Teel 

(1928) method was su b stitu ted *  The procedure as carr ied  out in  i t s  pre

p aration  was as fo llo w s:

Fresh b ee f p itu ita r y  glands were obtained from the abbatoir and w ith

in  an hour the a n ter io r  lo b es  were sh e lle d  fr e e  from th e r e s t  o f  the gland* 

These were weighed and ground w ith  s t e r i l e  sand to  a f in e  p a ste  and to  

each 100 gn* o f  a n ter io r  lobe were added 400 cc* o f  n/20 MaCH* This was 

s t ir r e d  a t frequent in te r v a ls  and then allowed to  stand in  the r e fr ig e r a 

to r  fo r  24 hours* The m ixture was then n eu tra lized  u sin g  phenolphthalein  

as an in d ica to r  w ith  n /5  a c e t ic  acid and centrifuged* The gland residue  

was discarded and the supernatant l iq u id  was heated in  a water bath to  

37° C. The p ro te in s  o f  the supernatant f lu id  were then p r e c ip ita te d  by

♦Footnotes Thirteen a d d itio n a l animals were used for water and s o lid  

content determ inations— see page 30
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the a d d itio n  o f 20 gms* o f  sodium su lph ate fo r  each 100 cc* o f flu id *

The m ixture was imm ediately cen tr ifu ged  and the supernatant f lu id  d is 

carded* *i*o the p r e c ip ita te  was added s u f f ic ie n t  n /100 uaOH to  make 2 cc* 

o f the f in a l  product represent 1 gm* o f  the fr e sh  a n ter io r  lobe*

LABORATORY PROCEDURE 

At th e beginn ing o f  the experim ents and each week th e r e a fte r  a l l  

anim als were weighed to  a ten th  o f  a gram and th ese  w eigh ts were recorded  

as shown in  ta b le s  II-VIX* Linear measurements were not obtained a t the 

o u tse t because exactn ess could on ly  be obtained by a n e s th e tiz in g  the  

animals* S in ce» a n esth esia  might have a lte r e d  th e growth fu n ctio n  o f  

r a t  fo r  th e tim e b e in g , th is  procedure was deemed inadvisab le*  Further

more, the r a ts  used compared favorably w ith  the W istar I n s t itu te  s tr a in  

from which they were o r ig in a lly  obtained* Since i t  has been shown fo r  

t h is  colony (Donaldson 1924) th at body length  Is  a fu n ction  o f  body 

w eij^ it, comparisons in  lin e a r  measurements could be made in d ir ec tly *

A ll animals were kept in  s im ila r  surroundings and were fed  the stan

dard rat d ie t  #1 o f  Evans and Bishop (1922) to  which ca rro ts  and le t tu c e  

were added once weekly* Water was co n sta n tly  kept before the animals*

The t e s t  ra ts  received  d a ily  (except Sunday) in tra -p e r ito n e a l in

je c t io n s  o f 2 cc* of the growth hormone w h ile  a s im ila r ly  prepared meat 

e x tr a c t was in jec te d  in to  one s e t  o f  con tro ls*  The other o f  the two 

s e t s  o f  co n tr o ls  remained uninjected*

At the end o f  the experim ent, the anim als were weighed and then  

s a c r if ic e d  by a n e s th e tiz a tio n  w ith  eth er  and b leeding through the common 

ca ro tid  and ju gu lar v e sse ls*  This procedure was found advantageous s in ce
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i t  minimized the amount o f blood in  the brain  which o rd in a r ily  remains 

stagnant when o th er modes o f  s a c r i f ic e  are u t i l i z e d .

The anim als were then measured* This was accomplished by la y in g  

each anim al f l a t  on i t s  back and extend ing the head u n t i l  the dorsum o f  

the snout touched th e tab le*  Body len gth  measurement was then taken w ith  

c a lip e r s  between th e t ip  o f  the snout and the anus, and t a i l  len gth  

measurement determined between the anus and t ip  o f  the t a i l*

The s k u ll  was then opened by removing the calvarium  and th e brain  

d is se c te d  out w ith  the o lfa c to r y  bulbs in ta ct*  A ll o th er cra n ia l nerves 

were c lip p ed  c lo se  to  th e ir  p o in ts  o f emergence from the brain  stem .

The b ra in  was then severed from the sp in a l cord ju st  above the le v e l  o f  

the f i r s t  c e r v ic a l  sp in a l nerve and imm ediately p laced in  a w eighing  

b o t t le  and i t s  w eight determ ined. The p itu ita r y  gland was then removed 

from th e s e l l a  tu rc ic a  and added to th e  w eighing b o t t le  con ta in in g  the  

b ra in  and the whole reweighed, thus determ ining the p itu ita r y  w e i^ it .

Then by a sim ple process o f  w ater disp lacem ent, p r e v io u s ^  described  

(R ubinstein 1932), the volume o f  the brain was determined*

METHOD OF EVALUATING RESULTS 

A ll ob servation s made in  th ese  s tu d ies  were recorded sep a ra te ly  

fo r  each group and th e ir  s ig n if ic a n c e  te s te d  by tr e a tin g  them on a s ta 

t i s t i c a l  basis*  The s t a t i s t i c a l  method used was that u su a lly  employed 

as described by JPearl (1930)* This c o n s isted  in  ob ta in in g  th e arithme

t i c  mean, d ev ia tio n  from the mean fo r  each ob servation , squaring each  

d ev ia tio n , t o t a l l in g  th ese  squares and then app lying the formula

dx^_______
1  n-1



-1 9 -

where the numerator rep resen ts the sum o f  the d ev ia tio n s  squared* and 

the denominator rep resen ts  one l e s s  than the t o t a l  number o f observations  

( fo r  sm all s e r ie s } *

The r e s u lt  thus obtained rep resen ts the standard d ev ia tio n  which i s  

denoted by the Greek l e t t e r  <3-  •

In th ese  co n fu ta tio n s Z/Z cr was used as the probable error o f each  

o b serva tion , -this s in p le  formula was su b stitu te d  fo r  the more exact but 

ra th er  in tr ic a te  formula o f  B esse l where

because co n fu ta tio n  based upon the r e la t iv e ly  few animals used in  th ese  

experim ents at b e s t  m erely leads to  an approxim ation o f the true erro r . 

Since 2 /3  i s  a f a i r l y  c lo se  approxim ation o f  .6745 , i t  was su b stitu te d  

fo r  the l a t t e r .

fhe probable error of the ar ith m etic  mean was then obtained by the 

form ula.

C onfarisons o f ob servation s were then made between the "mean -  P . E. o f  

th e mean" o f  th e  t e s t  anim als and the u n in jected  co n tro ls  and between 

the two s e t s  o f  c o n tr o ls , xh is  was done by the method as represented  

by the formula:

where M̂  and Mg rep resen t the means o f  the resp ec tiv e  groups and the 

denominator rep resen ts the square root o f the sum o f the squares o f the 

r e sp e c tiv e  probable e r r o r s .

P . E. o f  a s in g le  observation  -  .6745 o~

P . E. o f s in g le  observation
•Tn"

Ml -  Mg
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'fh is le d  to  the " c r i t ic a l  ratio"  which had to  approximate a t le a s t  

"3" before  the d iffe re n c e  noted between the two s e t s  o f anim als was 

considered  s t a t i s t i c a l l y  s ig n if ic a n t*

A CONSIDERATION OF THE INITIAL BODY WEIGHTS 

Before exam ining the f in a l  body w eights and growth curves o f  the 

anim als, i t  may be o f in te r e s t  to  see  how the w eights o f the d if fe r e n t  

groups o f animals compared w ith  each other b efore experim entation* ‘fh is  

w i l l  perm it a greater  ap p rec ia tio n  and a more accurate eva lu a tio n  o f  

comparisons between the groups at the end o f the experim ents* For th is  

propose ta b le  VIII has been constructed*

From th is  ta b le  i t  may be noted that a t the onset o f experim entation , 

th e t e s t  anim als represented  the l ig h t e s t  ( in  w eight) group, w hile the un

in je c te d  co n tro ls  made up the h ea v iest groups* The co n tro ls  in jec ted  

w ith  meat ex tr a c t represented  a group which as fa r  as w eight was concerned, 

occupied a p o s it io n  between th e t e s t  group and u n in jected  con tro ls*  This 

same arrangement has been m aintained throughout the work so  th at a l l  

"tab les"  are constructed  sim ila r ly *  ‘̂‘he th ird  column o f ta b le  VIII 

shows the average d ev ia tio n s  in  body w eights o f the male and female t e s t  

anim als, and meat in jec ted  animals from th e ir  u n in jected  controls*  Col

umn 4 o f  th is  same ta b le  shows th at when th ese  d ev ia tio n s  are considered  

w ith  th e ir  probable e r r o r s , that they y ie ld  c r i t i c a l  r a t io s  of 6*56 and 

5*35 fo r  the male and female t e s t  anim als r e s p e c t iv e ly , showing th at th ese  

anim als are s ig n if ic a n t ly  l ig h te r  than th e ir  co n tro ls  at th is  time* The 

c r i t i c a l  r a t io s  of 2*68 (alm ost 3) and 3*64 r e sp e c tiv e ly  for  the male and 

fem ale meat in jec ted  c o n tr o ls , l ik e w ise , show that th ese  s e ts  o f co n tro ls
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w©re s ig n i f ic a n t ly  l ig h te r  than th e u n in jected  animals at the onset o f  

th e se  experim ents*

FINAL BODY WEIGHTS 

From ta b le  IX i t  may be seen  that a t the end o f  the experim ent, the 

t e s t  m ales average 43*1 gms. h eav ier  than th e ir  u n in jected  co n tro ls  and 

th a t the t e s t  fem ales average 75*7 gms* h eav ier  than th e ir  u n in jected  con

tr o ls *  I t  i s  in te r e s t in g  to  n ote  fu rth er  th at the r e la t io n sh ip  between  

th e two s e t s  o f  c o n tr o ls  fo r  both sexes was p r a c t ic a l ly  th e  same as at  

the beginn ing o f  the experiment in  th at the male and female meat in jec ted  

co n tr o ls  were 12*9 gms* and 11*5 gns* l ig h te r  than the resp e c tiv e  un in - 

jec ted  con tro ls*  These f ig u r e s  agree alm ost e x a c t ly  w ith  corresponding  

f ig u r e s  a t  the onset o f  the experim ents* A con sid era tio n  o f th e  c r i t i c a l  

r a t io s  as shown in  t h is  ta b le  again  d is c lo se s  the s ig n if ic a n c e  o f  these  

d ifferen ces*  The s tr ik in g  fa c t  noted when t h is  tab le  i s  compared w ith  

ta b le  V III i s  that w hile the t e s t  animals showed a change from a s ig n i

f ic a n t ly  le s s e r  w eight to  a s ig n i f ic a n t ly  h eavier  w e i^ it , the weight 

r a t io s  o f  the two s e t s  o f  co n tro ls  for  both sexes remained p r a c t ic a l ly  un

a ltered *  This may be b e s t  appreciated from tab le  X which d is c lo s e s  the 

average "body w eight in crea ses’1 fo r  a l l  groups o f anim als.

AVERAGE bUDY WEIGHT INCREASES FUR ALL GROUPS 

When ta b le  £  i s  con sid ered , i t  is  at once d iscern ib le  that the male 

and female t e s t  anim als gained 73 .9  gas* and 94 .6  gns. over th e ir  res

p e c t iv e  u n in jected  co n tro ls*  column 2 o f th is  tab le  shows th at the aver
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age ga in  in  grams fo r  the two s e t s  o f co n tro ls  was p r a c t ic a l ly  id e n tic a l*  

C onsideration  o f  the c r i t i c a l  r a t io s  (column 4) d is c lo se s  the important 

f a c t s  that w h ile  the d ev ia tio n s  o f  th e  t e s t  animals from th e ir  co n tro ls  

were h ig h ly  s ig n i f ic a n t ,  ary d if fe r e n c e s  noted "between th e  two s e t s  o f  

co n tro ls  were n e g lig ib le #

These d if fe r e n c e s  in  growth response may b est be represented  by graphs 

con stru cted  on the b a s is  o f  w eekly w eight changes o f  a l l  anim als shown 

in  ta b le s  II-V II*

GROWTH CURVES (GRAPHS OF WEIGHT CHANGES\

P ig s . 1 and 2 represent th e average w eight changes o f  a l l  the males 

and fem ales throughout the experiment* In both sexes a t the end o f  the 

experiment the t e s t  anim als, which were the l ig h t e s t  to begin  w ith , ex

ceeded by a f a ir  margin th e  w e i^ its  o f  the two s e t s  o f  con tro ls*  The 

w eight curves o f  the two s e t s  o f  c o n tr o ls  seem to  p a r a l le l  each other  

throughout the twenty-two weeks* Two phenomena present them selves when 

the growth curves o f  the t e s t  animals are examined* I t  appears that th ese  

anim als did not gain  as ra p id ly  during the f i r s t  nine weeks. This i s  more 

s tr ik in g  in  the fem ales than th e males* Then aga in , i t  may be noted that 

the growth i s  not a steady  climb but in terrupted  here and there w ith  p la 

teaus or actu a l recess io n s#  These phenomena are not only noted in  the  

groups taken as a whole (f ig s*  1 and 2) but a lso  in  in d iv id u a l animals 

(f ig s#  3 , 4 and 5)# The weak growth response during the f i r s t  nine weeks 

i s  a ttr ib u ted  to  the fa c t  that the ex tra ct used during t h is  period was re

ceived  from an ou tsid e  laboratory so that i t  may have lo s t  most of i t s  po

tency by the time i t  reached th is  laboratory . The in terru p tion s in  the  

ascen t o f  the curves are a ttr ib u ted  to  a d im inution  in  growth s tim u la tin g
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power o f the hormone produced in  th is  laboratory* These untoward pheno

mena have been shown to  he due to  inadequate r e fr ig e r a t io n  and exposure Of 

the ex tra c t to  a ir  (R ubinstein  1S33, 1934)*

The outstanding im pression that one gains from a l l  the graphs pre

sented  i s  th a t the anim als which received  the growth hormone underwent 

body-weight in crea ses  over and above normal as judged by th e ir  c o n tr o ls .

AVERAGE FINAL BODY ARP TAIL LENGTHS

Since i t  has been shown that a d e f in ite  amount (8$) o f  th is  gain  

in  body w eight i s  due to  the accum ulation o f w ater (Downs and V e ilin g  

1929). i t  becomes important to  note that true growth a lso  occurs as judged 

from the in crease  in  body len gth s and t a i l  len gth s o f the t e s t  animals*

A comparison o f  the d if fe r e n t  groups o f anim als may be obtained from 

ta b le  XI from which i t  i s  seen  that the growth hormone a c tu a lly  in creases  

the len gth  of the anim al. This tendency i s  greater in  the female than in  

the male and in  th is  resp ect co in c id es  w ith  body w eight responses o f  the 

two sexes*

TThile, as p rev io u sly  mentioned, actu a l measurements o f body and t a i l  

len g th s were not obtained a t the beginning of the experim ent, the work o f  

Donaldson (1924) which e s ta b lis h e s  a d e f in ite  r a tio  between body weight and 

body len gth  and between body len g th  and t a l l  length  supports the statem ent 

th at a t  the o u tset o f  th ese  experim ents, the body lengths and t a i l  length s  

o f the t e s t  anim als were d e f in it e ly  le s s  than those o f the c o n tr o ls . This 

statem ent i s  based upon the fa c t  that a t the beginning o f the experim ents, 

the t e s t  anim als were always lim ite r  than e ith e r  o f the two s e t s  o f con

t r o ls  (ta b le  VIII).* Prom ta b le  XI i t  may be noted that the t e s t  anim als 

a c tu a lly  exceeded the co n tro ls  in  body and t a i l  len g th s . The s ig n if ic a n t  

fa c t  here i s  that every animal which gained in  body w eight a lso  gained in
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t o t a l  len g th  (R ubinstein  and Kolodner 1934)# In c id e n ta lly , i t  may be noted  

i f  one con sid ers the c r i t i c a l  r a t io s  in  tab le XI th at the meat ex tract  

s ig n i f ic a n t ly  suppresses t a i l  growth in  the female#

X-RAY EVIDENCE OF GRCOTTH 

An exam ination o f  f ig u r e s  6-11 which portray  the roentgenographs o f  

th ree t e s t  anim als and th e ir  l i t t e r  mate co n tro ls  demonstrates the la rg er  

s iz e  o f the anim als trea ted  w ith  the growth hormone# These i l lu s t r a t io n s  

rep resen t th ose anim als whose weekly w eight changes are depicted  in  graphs 

3 -5  and- show th a t the Sk eleton s o f the te s t  animals are larger  in  a l l  

dim ensions than those o f  th e ir  con tro ls#

THE RESPONSE OF THE VISCERA TO THE GROT/TH HORMONE 

Although the v is c e r a  o f  th ese  animals were not subjected  to c r i t i c a l  

measurements, those o f the t e s t  animals were ob viou sly  larger  than those  

o f th e ir  contro ls#  In th is  respect th ese  observations agree w ith  those  

o f  Putnam, Benedict and T eel (1929a) who a lso  noted a gen era lized  splench- 

nomegaly in  the dog trea ted  w ith  growth hormone# On the other hand, the 

response o f the brain  to  the growth hormone d iffered  m a ter ia lly  from th at  

o f the r e s t  o f  the body as shown by the fo llow ing#

ir’IML HEAR BRAIN V/BICHTS 

An exam ination o f ta b le  XII d is c lo se s  the fa c t th at the brain  

w eigh ts o f the t e s t  anim als a t  the time of s a c r if ic e  did not d if f e r  

s ig n i f ic a n t ly  from th ose of th e ir  con tro ls#  It may be fu rth er  noted
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th a t the b ra in  w eigh ts o f the u n in fected  co n tro ls  were h eav ier  than those  

o f  the t e s t  an im als. S in ce , g en era lly  speaking, the h eavier  an animal 

the h eav ier  i t s  b ra in  (Donaldson 1924; Hatai 1908), th is  ob servation  agrees  

w ith  th e ir  i n i t i a l  body w eights and, hence, appears to correspond to the 

brain  w eights o f th ese  two groups i f  a l l  anim als would have been allowed  

to  grow norm ally. *i*he fa c t  th a t the f in a l  brain  w eights ex h ib it  t h is  

phenomenon fav o rs  th e assum ption th a t they did not keep pace w ith  the 

gen era l body w eight in crease  as ex h ib ited  by the t e s t  anim als.

In a d d itio n , t h i s  ta b le  fu rth er  shows that the f in a l  brain  w eights  

o f the fem ale meat in fec te d  co n tro ls  were l ig h te r  than those o f  the t e s t  

anim als o f the same s e x . 'fh is , o f  cou rse , i s  not in  agreement w ith  th e ir  

i n i t i a l  body w eigh ts s in c e  to  b eg in  w ith , t h is  s e t  o f co n tro ls  was h eav ier  

than the t e s t  anim als and i f  a l l  animals had grown normally th e ir  brains  

should r e a l ly  be h ea v ier  than th ose  o f th e t e s t  anim als.

However, s in c e  any d iffe re n c e s  which do e x i s t ,  i f  fudged by th e ir  

sm all c r i t i c a l  r a t io s ,  are in s i^ iif ic a n t*  one may s a fe ly  conclude that 

th e  b ra ins o f  a l l  groups, so fa r  as f in a l  weiedit i s  concerned, are e s 

s e n t ia l ly  s im ila r .

THE MEAN BRAIN 7/EIGHT-BODY WEIGHT RATIO

Since the brain w eight normally in creases to a r e la t iv e ly  le s s e r  

ex ten t than the body as the weight o f the body becomes h eav ier , as has 

been advocated by h a ta i (1908), Donaldson (1924) and o th ers , a considera

t io n  o f the brain  w ei^ it-b od y  w eight r a tio s  o f  a l l  groups o f animals should 

show a r e la t iv e ly  sm aller  r a t io  fo r  the larger  anim als. However, i f  

growth were s im ila r  in  a l l  groups, prop ortion a l changes should occur in  a l l
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groups ^id no s ig n if ic a n t  d if fe r e n c e  should e x is t  between the groups a t  

any g iven  time#

C a lcu la tio n s  have been made according to  the f o r m u l a f w e i g h t  -,0\
v body w eight /

and t h e ir  r e s u lt s  have been ta b u la tin g  in  ta b le  £111# It may be seen  from 

t h i s  ta b le  th a t the brain  w ei^at-body wei^at r a t io s  o f  the t e s t  animals 

are s ig n i f i c a n t ly  sm aller  than those o f  the con tro ls#  A comparison o f  

the same r a t io  between the two s e t s  o f  co n tro ls  f a i l s  to  show th is  d i f 

ference# 3 in ce  the t e s t  anim als a t the end o f  the experim ents were s ig 

n i f ic a n t ly  h ea v ier  than th e ir  co n tr o ls  (ta b le  IX)f the sm aller brain  

w eight-body w e i^ it  r a t io s  o f  th ese  h eav ier  anim als must be due to  th e ir  re

l a t i v e ly  sm aller  b r a in s . In addition# although th e  t e s t  males p ossessed  

the sm a lle st r a t io s ,  the t e s t  fem ales showed the g rea tes t d ev ia tion  

( - .2 2 0 1  gm s.). O bviously as the body grows la rg er  and la r g e r , th e  ra te  

o f  growth o f  th e  b ra in  becomes le s s  and le s s  so that an extrem ely large  

body would have a sm aller bra in  weight-body weight r a t io  than a sm aller  

body, i'h is f a c t  c o in c id e s  w ith  the small r a t io  o f  th e  te 3 t males s in ce  

th ese  anim als were th e  h e a v ie st  o f  a l l  at the time of s a c r if ic e #  However, 

s in ce  the brain  w eight-body w eight r a tio  of the t e s t  fem ales showed the  

g r ea te st  d ev ia tio n  from th at of th e ir  co n tro ls  one may conclude th at th e ir  

body w eights were increased  to  a greater degree than were the body w eights  

o f the males# rh is  i s  in  agreement w ith  the data presented  in  ta b le  X 

where gains in  body w ei^ it are tabulated#

-x'HE MEAff BRAHT WEIGHT-BODY LENGTH RATIO

Added in d ir ec t ev idence th at the brain w eights o f a l l  groups re

mained e s s e n t ia l ly  un altered  as a r e s u lt  o f th is  experim entation i s  a f -
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forded  from a co n sid era tio n  o f  ta b le  XIV# This ta b le  which con sid ers b ra in  

w eight-body len g th  r a t io  fo r  a l l  groups was computed according to  the  

form ula ( ^ S ^ l e n ^ ^ ) Snd tsk e s  i t s  s ig n if ic a n c e  from the fa c t  th at nor

m ally  b ra in  w e i^ it  in crea ses  w ith  an in crease  in  body length# The c lo se  

agreement o f  the two s e t s  o f c o n tr o ls  shows the accuracy o f  th is  r a tio  

in  normal animals#

One may reverse  the argument and# in stead  o f u s in g  th is  ta b le  as a 

proof th a t the b ra in  w eigh ts o f  the t e s t  anim als remained u n a ltered , d is 

c lo s e  thereby th e fa c t  th at the body len g th  o f  the t e s t  animals did in 

crea se  over th a t o f  th e ir  con tro ls#  In a d d itio n , by a comparison o f  c r i 

t i c a l  r a t io s  as presented  in  ta b le s  X III and XIV, i t  may be surmised th at  

the a c tu a l gain  in  body w eight i s  d e f in it e ly  grea ter  than the gain in  body 

length# This i s  again in  agreement w ith  the work o f  Downs and G e ilin g  

(1929) who showed th at sane o f the increased  body weight was r e a lly  due 

to  w ater accum ulation ra th er  than t is s u e  increase#

KTRAN BRATN WEIGHT-TAIL LENGTH BATIO 

Like body len g th , t a i l  len g th  i s  a lso  increased by the adm in istration  

o f  growth hormone I Bub in  s t e in  and Kolodner 1934)# As a m atter o f  f a c t ,  

th e  Increase noted in  t h i s  caudal appendage i s  so n early  l ik e  th at o f the  

body that t h is  fa c t  has a lread y  been brought out to  show th at the ra ts  do 

not grow a b so lu te ly  norm ally*(R ubinstein  1934b)# S in ce , however, such 

growth i s  e v id e n t, the b ra in  w e ig h t - ta i l  len g th  r a t io s  have been confuted

♦Footnotes I t  must be r e c a lle d  th at as r a ts  grow normally th e ir  t a i l s  be

come r e la t iv e ly  sm aller#
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accord ing  to  the formula ( ^  the r e s u lt s  tab u lated  in
v t a i l  len g th  '

ta b le  XV*

From t h is  ta b le 9 i t  i s  evident th at w h ile  the r a t io s  o f  the two con

t r o ls  do n ot d i f f e r  s ig n i f i c a n t ly ,  those o f  the t e s t  anim als show a 

d e f in it e  d e v ia tio n  from th e  noxmal. 'l'his may be in terp reted  as s ig n if y 

in g  a  d e f in i t e  in crea se  in  t a i l  len g th  but unaltered  brain  w eigh t.

MEAN BRACT VOLUMES

I t  i s  obvious th a t a body may become la rg er  i . e .  grow and y e t ,  not 

a c tu a lly  become h e a v ie r . S ince th ose  ( t e s t )  anim als which had become 

h ea v ier  in  body w eight and la rg er  in  body proportions than th e ir  con

t r o l s  p ossessed  brains which had not increased  in  w eight over those o f  

th e ir  c o n tr o ls , i t  i s  in te r e s t in g  to  note whether any volum etric increase  

o f the brains occurred. This could e a s i ly  take p la ce  i f  the s p e c if ic  

g r a v ity  o f  the brains were dim inished. A lso , s in ce  brain  s i z e  and sk u ll  

s iz e  are p rop ortion a l (D avis, J . B. 1668) and, s in ce  g r o s s ly , the s k u lls  

o f  th e t e s t  anim als become la rg er  than th e c o n tr o ls ' ,  i t  would appear 

p o ss ib le  th a t the brains o f  th e t e s t  anim als might take on water and thus 

sw e ll enough to  m aintain th e ir  o r ig in a l prop ortion a l r e la t io n s .  Hence, 

volum etric detezm inations are q u ite  re lev a n t before con clu sion s may be 

drawn concerning true brain  growth.

As p rev io u sly  m entioned, the volume o f  each brain  was determined by 

the water displacem ent method (R ubinstein 1932) and r e s u lt s  computed as 

exp la ined  and th e ir  means conpared in  ta b le  XVI. IJhis ta b le  shows th at  

the bra in s underwent no s ig n if ic a n t  volum etric change.
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WPATS BTUDT SPECIFIC GRAVITIES 

Since brain  w eights and brain  volumes were s t a t i s t i c a l l y  the same 

in  a l l  groups, i t  appears that s p e c if ic  g r a v it ie s  should lik ew ise  be 

q u ite  s im ila r , That t h is  i s  borne out may be seen  from the r e s u lt s  

tab u la ted  in  ta b le  XVII* I t  may be noted here th a t none o f  th e c r i t i c a l  

r a t io s  equals 3 , although th a t for  th e  meat in jec ted  female co n tro ls  does

approach t h is  fig u re  (a c tu a lly  2*17)* This seems to  in d ica te  that th ere

i s  a d e f in it e  trend towards an in crea se  in  brain  s p e c if ic  g ra v ity  fo r

t h is  group o f  animals*

While th e s p e c if ic  g r a v it ie s  o f the brains o f  our co n tro l ra ts  

(1*052 fo r  males and 1*057 fo r  fem ales) d i f f e r  n o ticea b ly  from the f ig u re s  

quoted by Smith (1930) who concludes that the d en sity  o f  the ra t brain  

c o in c id e s  w ith  th e  human*s, they are supported by the e a r l ie r  work o f  

R eichert (1906)* The la t t e r  concluded that the brain s p e c if ic  g ra v ity  

fo r  the ra t varied  from 1*050 to  1*056 w hile that fo r  the human varied  

between 1*032 and 1*046* Since the cereb ral cortex  has a somewhat lower 

s p e c i f ic  g r a v ity  than the w hite m atter (Kappers 1926), any app reciab le a l 

te r a t io n  in  th e ir  r e la t iv e  q u a n tit ie s  would m anifest i t s e l f  by a s ig n i

f ic a n t  change in  s p e c if ic  g ra v ity  o f  th e  brain* I t  appears, however, th at  

th e  f ig u r e s  fo r  our anim als, whether they agree or disagree w ith  those o f  

an o u tsid e  s tr a in  o f  r a t s ,  do agree fo r  a l l  groups them selves* I t  i s ,  

th e r e fo r e , concluded on the b a s is  o f  th ese  s p e c i f ic  grav ity  s tu d ie s  th at  

no s ig n if ic a n t  a lte r a t io n  in  cortex  or w hite matter occurred in  the brains  

o f the t e s t  animals*



THE WATER MD SOLID CONTENTS OF THE BRAIN
In 1916, Donaldson (1916, 1916a, 1916b) showed th a t as an animal (ra t)  

becomes o ld e r , n y e lin iz a t io n  in crea ses  and, p a r a lle l in g  th is  in crease  in  

n y e lin iz a t io n , there i s  a decrease in  w ater content o f  the b ra in . Since  

a l l  in d ir ec t methods and c a lc u la tio n s  in  the experim ents herew ith sub

m itted  p o in t toward the f a c t  th a t the b ra in  remains e s s e n t ia l ly  unaltered  

as a r e s u lt  o f  the growth hom one, i t  appeared ad v isa b le  to  analyze the 

w ater and s o l id  con ten ts o f  the b ra in s , Tor t h is  purpose th ir te e n  animals 

were chosen and d iv ided  in to  th ree groups so that the l ig h t e s t  (in  w eight) 

f iv e  rece iv ed  the growth hormone w h ile  the h eav ier  e ig h t were used e ith e r  

as the u n in jec ted  or meat in je c te d  co n tro ls  as p rev io u sly  exp la in ed .

The same e x tr a c ts  were used and s im ila r ly  adm inistered fo r  twenty-two weeks 

a t the end o f  which time the anim als were th ir te e n  months o ld . The brains  

were then removed by the method already described  and these were imm ediately  

weighed in  a stoppered b o t t le  and p laced  in  a d e ss ic a to r  at 90° 0 . where 

th ey  were kept u n t i l  th e ir  w e i^ its  were co n sta n t.

The r e s u lt s  o f  such a study showed that w h ile  the t e s t  anim als gained  

appreciably in  body w eight over th e ir  c o n tr o ls , th e ir  brain  w e i^ its  were 

l ig h te r  and co in cid ed  w ith  th e ir  l ig h te r  i n i t i a l  body w e i^ it s .  In ad d itio n , 

the percentage o f water as determined by w eighing a f t e r  d e ss ic a tio n  was 774»/fe 

fo r  a l l  groups. The s o lid  m atter o f  the brains were, th ere fo re , 23-jb fo r  

a l l  groups.

According to  Donaldson (1924) the a lb in o  ra t o f one year has a brain  

water content o f 77.5/4>. s in c e , a s  mentioned above, the water content o f  

the brain  gradually  d im inishes w ith  age, somewhat sm aller percentages o f  

w ater in  the brains of our th ir te e n  month old r a ts  (77.01>-77,367o) agrees 

very c lo s e ly  w ith  Donaldson's norm als.



On th e b a s is  o f  th ese  experim ents i t  was concluded th at

1 .  **The growth hormone f a i l s  to  increase  the s iz e  o f  the brain  

in  p roportion  to  the body*

2* fhe w ater and s o l id  contents o f  the brains o f  anim als trea ted  

w ith  growth honnone remain w ith in  normal l im it s ,  as judged by 

th e ir  co n tro ls* ” (R ubinstein  and Fox 193-)*



PART TWO

BRAIN WEIGHT-BODY WEIGHT RELATIONS 

I t  i s  ev id en t from the fo reg o in g  th a t the general "body dim ensions 

have Been augmented and "brain stru ctu re  e s s e n t ia l ly  un altered  by the 

growth hormone* I t  i s  obviou s, th er e fo re , th at brain  w ei^ it-b od y  w eight 

r e la t io n s  in  the t e s t  anim als have been d e f in i t e ly  changed* The observa

t io n s  upon which t h is  con c lu sio n  was o r ig in a l ly  based (R ubinstein  1932) 

have been extended in  the present work as shown in  ta b le  XIV whioh amply 

confirm s the p rev iou s fin d in gs*  For th is  reason i t  appears advisab le  to  

review  the l i t e r a tu r e  on b rain  w eight-body w eight r e la t io n s  and see  how 

w e ll th ese  r e la t io n sh ip s  are e s ta b lish e d  and to  note how the present ex

perim ents have in fluenced  them*

In the p a st the s iz e  o f the b ra in  has been considered as c lo s e ly  cor

r e la ted  to  three p ro p er tie s  o f the in d iv id u a l. These are:

1* the com plexity o f the c en tr a l nervous system  as judged by the  

greater  cep h a liza tio n  as the p h ylogen etic  sca le  i s  ascended;

2* the s iz e  of the body, in c lu d in g  w eigh t, s ta tu r e , muscular and 

S k e le ta l development; and 

3* the in t e l l e c t  -  whioh i s  used here to  denote the sy n th es iz in g  and 

in teg r a tin g  power o f  the in d iv id u a l as con trasted  to mere sensory  

perception*

An a n a ly s is  o f the l i t e r a tu r e  d is c lo s e s  the fa c t th at w hile  the degree

o f  c en h a liza tio n  and body s iz e  are d e f in i t e ly  lin k ed  w ith  the s iz e  o f the

b ra in , d if fe r e n c e s  o f  in te l l ig e n c e  w ith in  a g iven  sp e c ie s , have l i t t l e  i f

any r e la t io n  to  brain  weight*

Although in  the work w ith the growth hormone, in t e l le c t u a l  d iffe re n c e s

o f  the anim als were not stud ied  and should not be d iscussed  at th is  time#

t n is  phase of the subject, w i l l  fo r  the sake o f  com pleteness, be appended 
* >

(see  Appendix I) as part o f t h is  survey.

39—
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TSE RELATION OF BODY SIZE TO BRAIN WEIGHT 

^he work o f Donaldson (1895; 1908; 1924), Lapioqne {1907), Hhtai (1908) 

and Su g ita  (1918) has f in n ly  e sta b lish e d  the c lo se  r e la t io n sh ip  which, ex

i s t s  between body s iz e  and brain  w e ig h t. In co n tra st to  the low c o rr e la 

t io n  c o e f f ic ie n t  (0 - .6 )  which was e sta b lish e d  between in te l l ig e n c e  and 

b ra in  w eig h t, P earl (1905) found the c o e f f ic ie n t  o f  c o r r e la t io n  between 

b ra in  w e i^ it and body w eight to  be *1671 ^  .0343 and .2260 ^  .0412 fo r  

the male and fem ale bavarian b ra in s r e s p e c t iv e ly . T<Vhile th ese  fig u res  are 

r e la t iv e ly  low in  comparison to  the maximum c o e f f ic ie n t  o f 1 . ,  y e t th ese  

rep resen t the r e su lt  on w eights taken p o st mortem, upon p a t ie n ts  many o f  

whom were undoubtedly em aciated. However, when studied  in  the w h ite  rat 

where b ra in  w eigh ts and body w eights were obtained under the b est o f la 

boratory c o n d it io n s , the c o e f f ic ie n t  o f c o rr e la tio n  as determined by Don

a ldson  (1908) i s  as h igh  as  .7639'*' .0108 .

One o f  the e a r l i e s t  attem pts to  co rre la te  the brain  w ith  body s iz e  

occurred when Brandt (1867) compared anim als o f  s im ila r  in te l l ig e n c e  but 

o f d if fe r e n t  s iz e  w ith  each other and concluded that th e ir  brain  volumes 

were proportion al to  th e ir  body su r fa c e s . The f i r s t  attempt to con sid er  

th is  r e la t io n sh ip  on a s c i e n t i f i c  b a s is  was made by S n e ll (1891) who ap

p lie d  to  th is  f i e ld  the geom etrical fa c t  th at two s im ila r ly  shaped bodies  

of unequal s iz e s  but o f equal d e n s it ie s ,  have su rfa ces  viiioh are re la ted  

to  each other as the (#j66) power o f th e ir  volumes or w eigh ts.

The mathematical b a s is  for  th is  p r in c ip le  has been d ea lt w ith  e l s e 

where (H ubinstein 1934e) and may be denoted by

S,
S,2

1
v2/3

v2/32



whore and Sg rep resen t the r e sp e c tiv e  su rfaces and and Vg the  

r e sp e c tiv e  volumes of the two o b je c ts .  Hence, i f  Brandt was correct in  

c la im in g  th e b ra in  p rop ortion a l to  body su rfa ce , and i f  body volume i s  

p rop ortion a l to  body w e ig h t, th is  formula may be rep laced by

j | / 3

where E  ̂ and Eg represent the resp e c tiv e  b ra in  w eights (or volumes) and 

and represent the resp ec tiv e  body w eights to  the 2 /3  power.

A ccepting t h is  form ula, Dubois (1898) su b stitu ted  x fo r  2 /3  in  an 

attem pt to  determine em p ir ica lly  the true value o f the power to which 

body w eight (P) had to  be r a ise d . This was done by converting  the equation

E, P? E—±—  -  — a—  or i_= /£aJ \  
2 \ * 2  )%  P| 3

to  i t s  logarith m ic  form

lo g  ,E1__ -  x  lo g  P1 or
E2

lo g  E  ̂ -  lo g  Eg a x  ( lo g  P-̂  -  lo g  P2 ) 

and so lv in g  fo r

x a l0 S E1 “ lo g
M

lo g  P^ -  lo g  P2

S u b stitu tin g  the brain  w eights and body w eights c o lle c te d  by 7/eber 

(1896), Dubois thus found x to  be .56  in stead  o f .66 fo r  d if fe r e n t  sp ec ie s  

o f  mammals. S ince th is  time other stu d ies  among other mammals (Lapicque 

1898), b ird s (Lapique and Girard 1905) and lower verteb ra tes (Dubois 1913)
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hay© confirmed and thus e s ta b lish e d  the v a lu e  o f th is  exponent fo r  brain  

w eight body w eight r e la t io n s  between animals o f d if fe r e n t  sp e c ie s  to be .56* 

When, however, comparisons were made between d if fe r e n t  s iz e d  animals 

o f the same s p e c ie s  ( e ,g ,  2 dogs e tc * ) ,  the exponent was shown to b© much 

low er, ranging between *22 and ,28 (Ji&pidque 1907; 1908; Dubois 1898),

She lower v a lu es  *22 to  *24 were con stan tly  found in  the dom esticated  

sp e c ie s  and i s  b e liev ed  to  be the r e su lt  o f dom estication  (K latt 1921)*

This lower exponent fo r  the dom esticated animals i s  in  keeping w ith  the 

observation s o f  S u g ita  (1918) and Donaldson (1924) who found sm aller brain  

w eigh ts fo r  the dom esticated ra t and was explained  by Kappers (1929) as 

due to  the d e te r io r a t in g  in flu en ce  o f  dom estication  upon the brain*

Because o f  th is  wide d iffe re n c e  between the brain w eight-body w eight 

r e la t io n  exponents o f  anim als o f d if fe r e n t sp e c ie s  (*56) and animals o f  

the same sp e c ie s  ( ,2 2 — ,2 8 ) ,  the former has been named the in te r s p e c ia l— 

or p h y logen etic  exponent w h ile  the la t t e r  (,2 2 — ,28) has been c a lle d  the 

in tr a s p e c ia l— or on togen etic  exponent*

I t  i s  now in te r e s t in g  to apply the foregoin g  to  the data on brain and 

body w eigh ts as shown in  ta b le s  IX and XII in  an attem pt to see whether

th is  r e la t io n  exponent has been a ltered  in  the te s t  r a ts .

Since *22 rep resen ts the low est in tr a sp e c ia l exponent for dom esticated  

anim als, th is  fig u re  was accepted fo r  the u n in jected  con tro ls*

Then l e t t in g

s  the b ra in  w eight o f the u n in jected  con tro l males

Eg s  the brain  weight o f meat in jec ted  con tro l males

m the body w eight o f u n in jected  co n tro l males 

z "body w e i^ it o f meat in jec ted  co n tro l males
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the o n togen etic  exponent may be determined fo r  the meat in jec ted  animals* 

L ettin g  the exponent o f  ^  ( i #e. x-^ = .22  in  the formula

JB- p*22
—  -  — I—  and so lv in g  fo r  x2 th u s :
2 p*2

2

-  lo g  Eg m .22 lo g  -  X g  lo g  Pg 

Xg lo g  P2 = .22  lo g  Pj -  lo g  E j-^ lo g  ^2

^ .. *22 lo g  P^ -  lo g  E^-t-log Eg 

log Pg #

Applying the la s t  equation  s u c c e s s iv e ly  to  a l l  the other groups by a llow 

in g  the “sub-two1* le t t e r s  to  represent the brain  and body w eights o f  the 

group to  be determ ined, i t  was found th a t fo r  th e:  

meat in je c te d  m ales, the exponent = .217  

meat in je c te d  fem a les , the exponent = .218  

hormone in jec ted  m ales, the exponent -  .210  

hormone in jec te d  fem ales, the exponent = .208

Hence, although the meat in jec ted  co n tro ls  p o ssess  r e la t io n  exponents 

which approximate that of the u n in jected  c o n tro ls  1 .2 2 ), the t e s t  animals 

show exponents d e f in it e ly  lower ( .2 1 ) .  bince the probable errors o f th ese  

d iffe re n c e s  have not been c a lcu la te d , the exact s t a t i s t i c a l  s ig n ifica n ce  

of the lower on togen etic  exponents in  the t e s t  animals can not be f u l ly  

evaluated* However, s in ce  we know that the body w eights o f  th ese  ( t e s t ) 

anim als have increased  and th e ir  brain  w eights have n o t, i t  appears that 

there i3  a d e f in ite  trend towards the low ering o f th is  exponent in  the 

a r t i f i c i a l l y  enlarged ( t e s t )  anim als. One may thus con- . 

elude that increase in  body s iz e  due to a r t i f i c i a l  stim u lation  is  a fa c to r
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which w i l l  lower th e exponent in  "brain weight-body w eight r e la t io n s .  I t  

seems lo g ic a l  to  conclude, th er e fo re , th a t the lowered exponent in  domes

t ic a te d  animals i s  not only  the r e s u lt  o f a d e ter io ra tin g  in flu en ce  upon 

th e  nervous system  (Kappers 1929) but i s  a lso  in flu en ced  by the added 

corpulence which ensues upon dom estioation  o f w ild  anim als. I f  c i v i 

l i s a t io n  can be considered a form o f  dom estication  t h is  fa o t  i s  

su b sta n tia ted  by th e  b u lk ier  bones p ossessed  by c iv i l i z e d  races when 

compared to  th e  savage (Hanger 1921).

I t  i s  tru e  th a t many lower anim als, as the ra t fo r  example, p ossess  

h eavier bod ies and heavier brains when in  th e  w ild  s ta te  (Donaldson 1923) 

than th ey  do in  c a p t iv ity  but here we are d ea lin g  w ith  animals who are not 

only in flu en ced  by dom estication  but whose fr e e  a c t iv i t i e s  and muscular 

development are hindered by the l im ita t io n s  s e t  by ca g es . I f  one compares 

th e  growth curves o f  the dom esticated a lb ino r a t  w ith  i t s  w ild  r e la t iv e s  

(Mus n o rv eg icu s), as has been done by King (1923), the e f f e c t  of dom esti

c a tio n  i s  in m ed iately  n oticed  not only upon the f in a l  body w eight but upon 

the e n t ir e  curve. In  the r a t ,  i t  i s  true th a t dom estication  lead s to  a 

low ering o f f in a l  body w eight—but the dom esticated r a t  shows a more rapid  

ea r ly  growth period so th a t up to  about two years o f age i t  i s  heavier  

than th e  wild an im al. These c a lcu la tio n s  are made on dom esticated ra ts  

l e s s  than 15 months o f  age so th a t fo r  t h is  age, they are heavier than the  

w ild  r a t .
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XHSORETIGAL BEAD? WEIGHT 

Since i t  has been shown that norm ally growing anim als o f  the same 

sp e c ie s  p o sse ss  brain  w eigh ts which are r e la t iv e  to  th e ir  body w eig h ts , 

i t  i s  in te r e s t in g  to  compare the obseiwed brain w eights w ith  the theore

t i c a l ,  I t  has been shown (ta b le s  IX and X ) th at although the body 

w eigh ts o f  the t e s t  anim als were s ig n i f ic a n t ly  en larged , th e ir  brains as 

judged from grav im etr ic , volum etric and a n a ly t ic a l s tu d ies  fa i le d  to  d if 

fe r  from the norm als. I t  i s  in te r e s t in g , th er e fo re , to  compare th e  ob

served b ra in  w eigh ts w ith  those which th e o r e t ic a l ly  should serve fo r  

th ese  a r t i f i c i a l l y  en larged  anim als i f  they had grown norm ally,

rhat such th e o r e t ic a l brain  w eights may be ca lcu la ted  fo r  the rat 

has been shown by H atai (1906) who did  so a fte r  an ex ten siv e  study o f the 

ra t colony at the U n iv ersity  o f  Uhicago, This study resu lted  in  the 

form ulation  o f  a mathem atical equation  which has s in ce  been e x te n s iv e ly  

ap p lied  to  th is  f i e l d .

The h a ta i formula i s  of fundamental importance in  brain w eigh t-

body w eight s tu d ie s  ( in  the ra t) because u n lik e  "brain w eight-body w eight 

ra tio s"  or “exponents o f  re la tio n "  i t  exp resses brain-body w eight r e la t io n s  

not on ly  a t a g iven  tim e, but fo r  any p oin t on the growth curve, 

r h is  was accom plished by assuming

y  * f  (x ) .

where y  = brain  w eight and x = body w eigh t.

By in sp ec tin g  the growth curves of brain and body w e i-h ts  p lo tte d  

upon one another i t  was seen th at the rate  o f growth o f  the brain  decreased  

as the body w eight in creased . In o th er  words the brain grew more rap id ly  

w h ile  the animal was young than during su ccessiv e  la te r  periods* Hence*
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den otin g  ra te  o f "brain growth "by dy and ra te  o f body growth by dx, the  

growth ra te  r a t io  o f  the two was expressed by

(1) - 3 2 - oc - L .
dx x

and was put in to  an equation  by u s in g  the constant k , thus

(2) - f l£ -  -  v l
dx x

from th is  growth ra te  equation i t  i s  seen that when x  i s  sm all

-dy— i s  large — i*e* fo r  very sm all body w eig h ts , 
dx

brain  growth i s  very  rapid* C onversely, when x becomes very la r g e ,
dx

becomes very sm all so that fo r  large  body w e ig h ts , the ra te  of brain growth 

i s  very  small* iProm equation (2 ) ,  i t  i s  obvious that

(3) dy s  k — dx so that y may be evaluated  by

whence

(4) y = k  lo g  x  + C 

P la c in g  equation (4) in  i t s  exp on en tia l form

log X =

so  th a t

(5) x  = e. ^

shows th a t as y  becomes very la r g e , x  does lik e w ise , which s ig n i f i e s  that 

large  b ra ins are a sso c ia ted  w ith  large  bodies*
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The two con stan ts (k and C) o f  equation  (4) were determined by the  

method o f  le a s t  squares and a f t e r  co n sid era tio n  was made fo r  the conver

s io n  o f the n atural logarithm  to  the common logarithm* the formula became:

(6) y  s  *569 lo g  x  +  *554

I t  was found however th a t when body w eight was sm all, formula (6) 

le d  to  too  large  a value fo r  brain  weight* i ‘h is  could have been surmised 

from the d isc u ss io n  o f  the growth ra te  equation (3) a t whiah time i t  was 

mentioned th a t as x  ■—^ o , -—-+ o o  • In order to  overcome th is  from

the p r a c t ic a l  standpoint another constan t em p ir ica lly  determined had to  be 

introduced in to  equation  (6) so  th at in  i t s  f in a l  form b rain  w eight

(7) y  = .569 lo g  (x  -  8 .7 ) +  .554*

By means o f  t h is  formula (7 ) ,  the th e o r e t ic a l ly  co rrect brain  w eights  

fo r  a l l  the anim als were computed.* These th e o r e t ic a l w eights were com

pared to  the a c tu a l w eights as determined by we id l in g  and the d if fe r e n c e s  

noted*

Prom ta b le  XVIII i t  may be seen th at the mean th e o r e t ic a l brain  

w eight o f  the male t e s t  anim als was *0757 grams h eav ier  than th e ir  mean 

a c tu a l w ei^ its*  and the corresponding comparison fo r  the fem ale t e s t  an

im als showed .0445 grams in favor o f the th e o r e t ic a l brain  w e ig h ts . On 

the other hand, the c a lcu la ted  brain  w eights of the male and female unin

je c te d  co n tro ls  were le s s  than the resp ec tiv e  actu a l weights* i ‘he fa c ts

♦Footnote: S ince the brain  w eight o f the male rat is  about 1.5?b heavier

than th at o f  a female rat o f corresponding w eigh t, va lu es ob

ta in ed  fo r  y  are increased by .75jb fo r  males and decreased by 

.7 5/*> fo r  fem ales.



show th a t w h ile  the a r t i f i c i a l l y  enlarged t e s t  anim als had brains which 

were l ig h t e r  ( in  w eight} than the th e o r e t ic a l normal, the co n tro l animals 

p o ssessed  brains w hich, i f  anyth ing, were h ea v ier  than the th eo r e tic a l#

In the case  o f  the meat in je c te d  c o n tr o ls , the mean th e o r e t ic a l brain  

w eight o f  th e  male anim als was only  *0167 grams h ea v ier  than the observed 

average w e i^ i t .  This same computation ca rr ied  out fo r  the meat in jec ted  

fem ales shoved th e  mean th e o r e t ic a l w eight to  be le s s  (by *0126 gms.) than 

th e  observed mean* In t h is  r e sp e c t , the female meat in jec te d  co n tro ls  

agree w ith  the u n in jected  male and female con tro ls*

^hen th ese  th e o r e t ic a l  d ev ia tio n s  from the observed brain  w eigh ts are  

compared w ith  each oth er (ta b le  XVIII) i t  i s  seen  th at the male and female 

t e s t  anim als d i f f e r  from th e ir  c o n tro ls  by -t-*0778 gms* and ■+■ *0765 gms* 

r e s p e c t iv e ly  w hile s im ila r  comparisons between the two s e t s  o f  co n tro ls  

show d if fe r e n c e s  o f  only •+-*0188 and -b.0181 grams fo r  the resp ec tiv e  sexes*  

How s ig n if ic a n t  th ese  d if fe r e n c e s  are may be gathered from a co n sid era tion  

o f the c r i t i c a l  r a t io s  which show that the d iffe re n c e s  noted for the t e s t  

anim als are q u ite  s ig n if ic a n t  ( c r i t i c a l  r a t io  ~ 3*63 and 3*46 fo r  males 

and fem ales r e s p e c t iv e ly ) ,  w h ile  those d ifferen ces  e x is t in g  between the  

two s e t s  o f  co n tro ls  are not beyond the co n fin es of random sampling*

I h is  s t a t i s t i c a l  a n a ly s is  of the forego in g  s e t  o f  observations and 

c a lc u la t io n s  in d ic a te s  th at the a r t i f i c i a l l y  enlarged animals p ossessed  

brains which were s ig n i f ic a n t ly  sm aller  than those which are th e o r e t ic a lly  

normal fo r  such an im als, rhe d if fe re n c e s  as shown in  tab le  XVIII are the 

more r e l ia b le  s in ce  no s ig n if ic a n t  d if fe re n c e s  were noted between th e con

tr o ls*

Although such s t a t i s t i c a l  computations were not carried  out fo r  a l l  

the organs o f the body, i t  was p rev io u sly  m entioned, that in  agreement



w ith  the ob servation s of oth ers (Putnam, Benedict and T e e l) , the t e s t  

anim als did p resen t a gen era lized  splanchnom egaly.* Hence, i f  th is  were 

the whole s to r y , one might conclude by say in g  that w ith  the excep tion  o f  

th e  brain  a l l  organs jo in  in  the gigantism  whioh r e s u lt s  from hyper- 

e o s in o p h ilic  p itu ita r ism #  However, i f  we consid er  the p itu ita r y  gland as 

a part o f  the brain  i t  may be sa id  th a t the brain  i t s e l f  i s  not com pletely  

iuniune to  th is  in flu en ce  as w i l l  be shown by the fo llo w in g  data#

THE EFFECT OF THE GROWTH HORMONE UPON THE PITUITARY GLAND 

In the course o f  th ese  s tu d ie s  i t  was noted that the p itu ita r y  glands 

o f the a r t i f i c i a l l y  enlarged ( t e s t )  animals showed a d is t in c t  rea c tiv e  

d iffe re n c e  depending upon the sex  o f  the animal (R ubinstein (a ))#  l’h is  

d iffe re n c e  was so s tr ik in g  and in te r e s t in g  th at the data obtained were 

su b jected  to the s t a t i s t i c a l  methods p rev iou sly  described in  order to t e s t  

th e ir  s ig n if ic a n c e .

.It has been d e f in it e ly  shown by now (ta b le s  VIII and IX) th a t the t e s t  

anim als had become s ig n i f ic a n t ly  h ea v ier  than th e ir  c o n tr o ls . Prom th ese  

ta b u la tio n s  i t  was noted that the d iffe re n c e s  which i n i t i a l l y  e x is te d  be

tween the two s e t s  o f  co n tro ls  remained un altered  throughout the experim ent. 

On the other hand, when the t e s t  animals were compared w ith  the c o n tr o ls ,  

i t  i s  to  be r e c a lle d  that the d if fe re n c e s  between th ese  groups a c tu a lly  

changed from an i n i t i a l  minus— to  a f in a l  p lu s-d iffe r e n c e  in  favor o f the

♦footnote: ^he recen t woric o f O ollip , belye and Thomson (1933) seems to

ind ica te  th a t the l iv e r  does not increase in  s iz e .



t e s t  an im als. The unchanged d if fe r e n c e s  and c r i t i c a l  r a t io s  o f the con

t r o l  groups su ggest a p a r a lle lism  in  the s lo p es  o f  th e  growth curves fo r  

th ese  groups, indeed, when th ese  curves were p lo t te d  out ( f i g s .  1-5} such  

was found to  be the c a se . On the other hand, the change in  s ig n  o f  the  

“d e v ia tio n  from the control"  from a minus to  a p lu s fo r  the t e s t  animals 

shows how much la r g er  th e  s lo p es  o f th e ir  growth curves had become. This 

deduction  lik e w ise  i s  borne out by f i g s .  1-5* The s ig n if ic a n c e  o f th is  

d iffe r e n c e  may be more imm ediately appreciated  from the c r i t i c a l  r a t io s  

o f ta b le  IX. In a d d itio n  to  w eight in crea se , as p rev io u sly  shown (ta b le  XI) 

t o t a l  length s o f the t e s t  animals were a lso  d e f in i t e ly  increased  beyond 

those o f th e ir  c o n tr o ls .

V.'ith th ese  fa c ts  in  mind; namely, that general body s iz e  was in

creased in  both se x e s , more so in  the fem ale, however, than in  the male by 

th e  ad m in istra tion  o f the growth hormone, we may nov; examine the data as 

shown in  ta b le  XIX.

t'HB MEAN FINAL PIl'UITABY YfEIGHi’b OF ALL GBOUPS

A study o f the f in a l  p itu ita r y  w eights as tabulated  in  ta b le  XIX shows 

th at th ese  averaged .0035 gjns. heavier  in  the male t e s t  anim als than in  

the u n in jected  c o n tr o ls . The d ifferen ce  between the two con tro l groups 

was in s ig n if ic a n t  as shown by th e  sm all c r i t i c a l  r a t io  of .2 3 . In the  

fem ales, on the other hand, the t e s t  animals possessed  p itu ita r y  glands 

averaged .0003 gas, below those o f  the u n in jected  c o n tr o ls . This d if f e r 

ence as shown by the sm all c r i t i c a l  r a t io  (.4 3 ) Is in s ig n if ic a n t .

However, when the d iffe re n c e s  o f the p itu ita r y  glands are considered  

between the two s e t s  o f  fem ale co n tro ls  i t  may be noted that the d ifferen ce



i s  .0021 gn s. in  favor o f  the u n in jected  con tro ls*  i'h is d ifferen ce  

d iv id ed  by i t s  probable error o f  -.0 0 0 7 3  lead s to  the s ig n if ic a n t  r a tio  

o f  2 .88  (alm ost 3) and, th e r e fo r e , approaches the lim it  which was se t  

as the c r it e r io n  fo r  s ig n if ic a n t  r e s u l t s .

B r ie f ly  s ta te d , th en , the above denotes a s ig n if ic a n t  w eight increase  

in  the p it u ita r y  glands o f  the male t e s t  animals and a s ig n if ic a n t  w eight 

d ecrease in  the p i t u i t a r ie s  o f the female m ea t-in jected  c o n tr o ls . 1‘he 

ev a lu a tio n  of th ese  fin d in g s  w i l l  be attempted below.

TEE NORMAL PITUITARY GLAM) OF THE HAO?

The p itu ita r y  gland o f the a lb in o  rat fo r  the f i r s t  40 or 50 days o f  

l i f e  i s  o f the same w eight ( in  r e la t io n  body w eight) in  the two se x e s . 

‘T hereafter , the hypophysis o f the female becomes p r o g r ess iv e ly  heavier  

than that o f  the male so that the d ifferen ce  becomes more and more marked 

u n t i l  the p la tea u  o f  the body growth curve i s  reached. At th is  time the  

p itu ita r y  gland o f  the female i s  4 or 5 mgs. h eavier  than that o f the male 

(Donaldson 1924). That the anim als o f  th is  s e r ie s  compare favorably w ith  

th ese  accepted normals may be seen from ta b le  a IX from which i t  may be 

noted th a t the hypophysis o f  the female averaged 5 .4  m^ns. more than that 

o f the m ale.

whatever may be the cause fo r  th is  r e la t iv e ly  normally heavy p itu ita r y  

gland in  the female a lb in o  r a t , i t  can not be a sex d iffe re n c e  s in c e  no 

3uch d iffe re n c e  e x i s t s  in  the w ild  Norway rat (Mus n orveg icu s). furtherm ore, 

i t  can not be a sso c ia ted  purely  w ith  a lb in ism  s in ce  th is  sex d ifferen ce  does 

not e x i s t  in  the a lb in o  rabbit or a lb in o  guinea p ig .

Hence, a t  the p resen t time th is  phenomenon can not be explained, a l 

though,—since Donaldson holds the ’’very heavy hypophysis in  the female’*



to  “be the on ly  outstan din g c h a r a c te r is t ic  o f the a lb in o  rat as an a lb in o— 

i t  may be a m utation .

DISCUSSION

Although the t e s t  anim als were i n i t i a l l y  s ig n if ic a n t ly  sm aller ( in  

w eight and len gth ) than the co n tro l groups, at the end o f  the experiment 

they were s ig n i f ic a n t ly  heavier and showed an average body w eight increase  

which was much in  excess of that of the c o n tr o ls . These changes were un

m istakably r e f le c te d  in  the growth curves of th ese  animals (f ig s*  1-5) and 

in  th e ir  f in a l  body le n g th s .

In a d d itio n  Roentgen ray s tu d ies  showed that the dim entional increase  

o f the t e s t  anim als was q u ite  g en era lized . An exam ination o f  the v isc e r a  

d isc lo se d  a general splanchnomegaly but th is  was not c r i t i c a l l y  stu d ied .

T*inal bra in  w eight s tu d ie s , however, d isc lo sed  the fa c t  that the 

brains o f the a r t i f i c i a l l y  enlarged t e s t  animals did not gain in  w eight 

to  a degree c o n s is te n t w ith  what would be considered normal i f  these an i

mals were growing w ithout stim u lation*

In an e a r l ie r  communication (R ubinstein 1932a), i t  was concluded on 

the b a s is  of experim entation  "that the brain  i s  le s s  responsive to the  

growth hormone than the body as a whole." This statem ent, however, did  

not preclude the p o s s ib i l i t y  that the brain  did enter in to  the growth 

p rocess but to  a p ro p o rtio n a te ly  le s s e r  degree than the r e s t  o f  the body* 

However, on the b a s is  o f brain  weight-body w eight r a t io s ,  brain  w eigh t-  

body len g th  r a t io s ,  w ater and s o lid  contents and a study of the volumes 

of the b ra in s , i t  may now be sta ted  that the conservatism  exh ib ited  by the



b ra in s o f  anim als trea ted  w ith  growth hormone i s  not only r e la t iv e  but 

a b so lu te . In oth er words, one may say th at the brains o f such animals 

f a i l  to  grow a t a l l  in  ex cess  o f  that which i s  considered normal.

O bviously, the enlargem ent o f body vxithout corresponding enlargement 

o f the b ra in  lea d s to  an a lte r a t io n  o f  the normal brain w eight-body w eight 

r e la t io n s .  ffh is  a lte r a t io n  i s  r e f le c te d  both in  the on togen etic  (r e la t io n )  

exponent (p .56) and in  the th e o r e t ic a l brain w eig h t. In the former

case  where th e  DuBois formula (E^E^: sP]*1 ^ * 2 ) was app lied  a llow in g  

.22  to  rep resen t the r e la t io n  exponent o f the co n tr o l, i t  was found that 

t h is  exponent dropped to  approxim ately #21 fo r  the enlarged anim als. Al

though Kappers (1929) con sid ers the sm aller ontogenetic  (r e la t io n )  expon

e n ts  which are c o n s is t e n t ly  found in  dom esticated anim als normally to

represent the d e te r io ra t in g  in flu en ce of dom estication  upon the bra in ,
experim entally

on the b a s is  o f th ese  experim ents i t  must be concluded that /in crea sed  

s iz e  o f the body g en era lly  i s  another fa c to r  in  low ering th is  exponent.

In the gen era l te x t  i t  was brought out that dom esticated ra ts  do p o ssess  

h ea v ier  body w eigh ts a t the age a t which th ese  brains were examined 

(13 m onths). Dom esticated ( c iv i l iz e d )  man lik ew ise  p o ssesse s  h eav ier  

body w eights (as judged by bone volume) than savages. However, many an i

m als, in c lu d in g  the w hite rat a f t e r  the age o f  two yea rs , are h eav ier  in  

the w ild  s ta te  than when caged. Hence, any low ering o f the r e la t io n  ex

ponent in  th ese tamed animals must be due to  a r e la t iv e ly  grea ter  diminu

t io n  in  brain  bulk than body w eight so that tap per's exp lanation  fo r  th is  

lowered exponenti namely, an a c tu a l d e te r io r a t in g  e f f e c t  upon the brain  i t 

s e l f —must s t i l l  m aintain . T herefore;, both fa c to r s  may p la y  a part

in  a l t e r in g  the exponent.



One i s  tempted to  q u estion  what change dom estication  brings about in  

a d d itio n  to  increased  body w eight—where t h is  does occur, to  cause such 

a low erin g o f  the r e la t io n  exponent. In order to  exp la in  th is  some in

v e s t ig a to r s  in c lu d in g  happers, claim  that the pragpiatic f a c u l t ie s  which 

are so h ig h ly  developed in  the w ild  s ta te  where each need in  l i f e  must be 

supp lied  by p r a c t ic a l resou rces such as combat, are dim inished through 

dom estication* In the captured s t a t e ,  e s p e c ia l ly  where the animals are 

caged th e immediate l i f e - s u s t a in in g  needs are supplied w ithout the n e c e s s i

ty  fo r  prow ling , p rey in g  or combat, i f  th is  explanation  be accepted , i t  

means that mental a c t iv i t y  as gaged by p r a c t ic a l resou rcefu ln ess is  re

f le c te d  in  brain  s i z e .  jjUrthermore, i t  would mean that the brain o f  

c iv i l i z e d  (dom esticated) man l iv in g  in  communities where h is  savagery i s  

minimized would be r e la t iv e ly  sm aller than that o f the savage. T his, o f  

cou rse , i s  not s o .

I t  may be argued th at any re tro g ress io n  in c iv i l i z e d  man's brain  in

c id en t to  a dim inution in  p ragnatic  en terp r ise  i s  conpensated fo r  by the  

increased  c o ^ i it iv e  and con ative  f a c u l t ie s  brought about by c iv i l i z a t io n  

and edu cation . But here again we fin d  no s ig n if ic a n t  d iffe re n c e  in  the 

form or w eight o f the brains o f the in t e l l ig e n t s ia  as compared to  le s s  

ta le n ted  in d iv id u a ls  when any e x is t in g  d if fe r e n c e s  are considered from a 

s t a t i s t i c a l  view  p oin t (see  Appendix I ) .  It i s  true th at the brain o f  the 

p r im itiv e  A u stra lian  i s  r e la t iv e ly  sm aller  than that o f the more en ligh tened  

European b u t, in  s p ite  o f th is  i t  appears that w ith in  in d iv id u a l races  

the fu n c tio n a l s ta te  in  brain  a c t iv i t y  p lays but a minor r o le ,  i f  any, in  

determ ining brain  s i z e .  The d if fe re n c e s  noted in  the brains o f the two 

races h ere in  compared are undoubtedly pure r a c ia l  d ifferen ces  which have been



determined "by th e same fa c to r s  which have led  to  the o th er d is t in c t iv e  

fe a tu r e s  o f  the two races* As mentioned in  Appendix X, any apparent la r g e 

ness o f  the b ra in  in  th ose g iven  to mental preoccupation may be more the r e s u lt  

o f b e t t e r  cereb ra l n u tr it io n  than mere struqture*

So fa r  as the inm ediate r e la t io n sh ip  between brain  weight and body 

w eight i s  concerned, i t  may be sa id  that a lth ou ^ i brain  w eight i s  r e la t iv e 

ly  in creased  as the p h y logen etic  sc a le  i s  ascended so th a t a sm all mammal 

may p o sse ss  a h eav ier  brain  than a larger  animal o f a lower phylum, w ith in  

a g iven  sp e c ie s  bra in  w eight and body w eight are h ig h ly  rela ted *  'i'his 

norm ally h i^ i  r e la t io n sh ip  has been found to  be so constant that in  the  

past' i t  has been taken for  granted that the s iz e  o f the brain  depends upon 

the s iz e  o f  th e body* However, i t  must be r ea lize d  that th is  high corre

la t io n  in  the normal body does not n e c e s s a r ily  imply that one i s  the  

r e s u lt  o f  the o th er , i t  has been amply demonstrated th at under the ex

perim ental co n d itio n s c ite d  the brain  remains un altered  in  s p it e  o f the fa c t  

th at the body continues to  grow*

fh is  statem ent i s  supported by a con sid era tio n  o f the r e s u lt s  when 

the H atai formula was applied  to  th ese  data whence i t  was seen that the 

normal rat p ossessed  a th e o r e t ic a l brain  w eight which coincided w ith  th at 

(brain  w eight J observed, w hile  in  the t e s t  rat the th e o r e t ic a l brain weight 

was much above th at observed* In other words, the observed brain w eights  

fo r  the t e s t  anim als seemed to correspond to  those w eights which should 

have served i f  the anim als had grown normally*

Hence, under these conditions the hypothesis which holds th a t b rain  

weight is  dependent upon body weight does not maintain* As a m atter o f 

specu la tion , i t  may be sa id , that perhaps even in the normal the high re 

la tio n sh ip  which does p rev a il is  determined by some other conmon fa c to r ,



th a t Mb io lo g ic  formula'* which at the same time determ ines the normal 

p ro g ress iv e  development o f  a l l  the anatom ical and fu n ctio n a l increments 

in to  a psychobio lo g ic  un it*

f in a l ly *  in  the l ig h t  o f th is  work, i t  seems p o ss ib le  to  c la r i f y  a 

very important ob servation  which u n t i l  now has never been s a t is f a c t o r i ly  

ex p la in ed , i t  has o ften  been noted that the p a th o lo g ica l human giant i s  

q u ite  s lu g g ish  as judged by h is  a c t iv i t i e s *  i t  has been rep eated ly  sta ted  

th a t under normal circum stances, the brain s iz e  i s  d ir e c t ly  co rre la ted  to  

body s iz e  which in  turn i s  d e f in i t e ly  co rre la ted  to  body su rfa ce . These 

fa c t s  were a lread y known to  brandt (1867) who, th er e fo re , held  th at brain  

w eight was d ir e c t ly  dependent upon m etabolic  p rocesses which being greater  

in  la rg er  bod ies than in  sm aller  ones required h eavier brains fo r  the 

proper fu n ctio n in g  o f  th ese  la rg er  b o d ies , i t  has been shown sin ce  then, 

however, that w ith in  a g iven  sp ec ie s  the la rg er  surface areas and larger  

m uscles o f  norm ally la rg e  bodies con ta in  more sensory and motor nerve 

endings {Donaldson 1895; Lapicque and Giroud 1923} than sm aller bodies  

w ith  th e ir  correspondingly  sm aller  su rfaces and m u scles. In the l ig h t  o f  

th ese  observation s and the experim ents herein  c ite d  i t  appears ad visab le  

to  con sid er  brain  w eight n e ith e r  dependent upon body w eight nor upon body 

surface s in ce  th ese r e la t io n s  are probably m erely co in c id en ta l and main

ta in  on ly  norm ally. As a m atter o f f a c t ,  i t  i s  not even safe to conclude 

th at brain  w eight depends upon peripheral inn ervation  which in  con trast to  

ot2ier fea tu res  o f  th e organism remains f ix e d , i t  i s  probable that th ey  are 

a l l  determined by th at unknown b io lo g ic  formula which reg u la tes  th is  r e la 

t io n sh ip . i f  th is  concept i s  accepted i t  becomes c le a r  why the bra ins o f  

the t e s t  anim als were not increased in  s iz e  s in ce  nothing was done in  th ese  

a r t i f i c i a l l y  g ig a n tic ize d  r a ts  which would e ith e r  in crease  the f ix e d  num

ber o f  nerve endings or in  any other way a lt e r  the f ix e d  genotypic ch a ra cters.



-5 0 -

*urtherm ore, sine© the degree o f respon siveness on the part o f in

d iv id u a ls  depends* in  a measure upon the p ercep tion  or awareness o f  

environm ental change* i t  seems obvious that where recep tors are more 

w id ely  separated  (as in  the case o f  a r t i f i c i a l l y  increased surface area  

w ith  consequent sep a ra tio n  o f p er ip h era l recep tors) s t im u li must be broader 

in  th e ir  scope to  evoke th e same response as they would in  the normal.

In o th er  words* o th er  th in g s  b eing  equal* what would ju st be an adequate 

stim u lus fo r  the norm ally s ized  in d iv id u a l w ith  norm ally spaced receptors  

would be inadequate fo r  the abnormal giant* s im ila r ly , what would be 

considered  a  la rg er  stim ulus to  the normal person would be perceived  as a 

corresp ondin gly  sm aller stim ulus to  the g ia n t . Hence, the p a th o lo g ic a l  

gian t e x h ib its  a s lu g g ish n ess  which fo r  him rep resen ts the rea ctio n  to  re

la t i v e ly  sm aller  s t im u li .

As p er ta in s  to  p itu ita r y  respon se, i t  i s  o f  s tr ik in g  in te r e s t  th at  

the norm ally sm aller p itu ita r y  gland o f  the male* the sex which responds 

le s s  to  added growth hormone* r ea c ts  under t e s t  co n d itio n s by becoming 

heavier* On the o th er hand, the n a tu ra lly  h eav ier  p itu ita r y  gland o f  the  

noxmal fem ale, the sex vfliich i s  more respon sive to growth hormone, f a i l s  

to  in crea se  in  s i z e ,  what can th is  mean? Is i t  p o ss ib le  that the male 

a lb in o  ra t which i s  normally growing at a rapid ra te  as a r e s u lt  of a 

mHTiTmiw growth e f f ic ie n c y  o f  the p itu ita r y  gland can only obtain  super

growth i f  h is  p itu ita r y  gland i s  enlarged? On the other hand, may i t  not 

be th at the p itu ita r y  gland o f  the female alb ino i s  normally more s lu g 

g ish  from the growth standpoint than that o f  the male? I f  th is  be tru e , 

then. the lack  o f enlargement in  the t e s t  fem ale’s p itu ita r y  gland may be 

exp la in ed  by a fu n c tio n a l e x c ita t io n  o f an already overabundantly present 

b u t, from the growth stand poin t, hypoaetive s tru c tu re . Although the



above su g g estio n s are m erely sp e c u la t iv e , not having been proved a t th is  

tim e, i t  may be d e f in i t e ly  s ta te d  that the growth hormone tends to re

s to r e  th e  predom estioated co n d itio n  so fa r  as the w eight o f  the p itu ita r y  

glands i s  concerned*

Where the female p it u ita r y  gland appears s ig n i f ic a n t ly  dev iated  

from the normal as noted when the meat in je c te d  co n tro l was compared w ith  

th e u n in jected  c o n tr o l, the a lte r a t io n , i f  i t  i s  an a lte r a t io n , may- not 

be as s ig n if ic a n t  as i t  f i r s t  appears* xh is statem ent i s  based on the 

fa c t  th at as shown in  ta b le  IX, the s ig n if ic a n t ly  sm aller female meat in 

je c ted  c o n tr o l may be expected to  p o ssess  a s ig n if ic a n t ly  sm aller hypophy

s i s ,  s in ce  norm ally, p itu ita r y  and body w eights show a h igh  degree o f  

co rre la tio h *

SUMMARY AND CONCLUSIONS 

G enerally speaking, although man has in ter e sted  h im self in  growth 

from time immemorial, the fa c to r  resp o n sib le  fo r  growth was only iso la te d  

and used as a to o l in  the laboratory  and c l in ic  during the past th ir tee n  

years* Since generalized  gigantism  had been obtained in  laboratory  an i

mals w ith  the growth hormone and s in ce  normally brain w eight v a r ie s  as 

body w eigh t, i t  became in te r e s t in g  to  see whether experim ental gigantism  

would m aintain the same brain  w eight-body weight r e la t io n s  as observed  

in  norm ally large  in d iv id u a ls*

A ccordingly seven ty -fou r  w hite ra ts  (Mus norvegicus-var* a lbu s) were 

div id ed  in to  3 groups and studied* no one group was given in tra p er ito n ea l 

in je c t io n s  o f growth hormone, to  another group, in tra p er ito n ea l in je c t io n s  

o f  m e a t  e x tr a c t , and the th ird  group remained uninjected* i*he two la t t e r  

groups v/ere considered con tro ls*  A fter twenty-two weeks o f in je c tio n s  

(growth during the f i r s t  nine weeks was only s l i^ x t ly  above the normal)
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the anim als were s a c r if ic e d  and stu d ied  as described in  the general 

te x t  and the data obtained were subm itted to  s t a t i s t i c a l  a n a ly s is ,

from a review  o f  the works o f  o th ers , an a n a ly s is  o f the experiments 

ca rr ied  out and a co n sid era tio n  o f a l l  the data a v a ila b le  i t  seems sa fe  

to  conclude th a t the growth hormone produces gen era lized  body growth.

I t  f a i l s  to  in flu en ce  in  any way the s tr u c tu r a l make-up o f the cen tra l  

nervous system  as judged by s tu d ie s  o f the w eigh t, volume, s p e c if ic  

g r a v ity , w ater and s o lid  con ten ts o f the b ra in . The growth hormone, 

th e r e fo r e , a f f e c t s  the normal brain  w eight-body w eight r e la t io n s  by de

crea sin g  the"brain w ei^ it-bod y  w eight r a t io 1,' by low ering the "exponent 

o f re la tio n "  and by lea d in g  to  a s ig n if ic a n t  d ev ia tio n  from the body- 

b rain  growth curves as e sta b lish ed  by n a ta i for the normal. It tends 

to  in crease  the s iz e  o f the male p i t u i t a iy  gland but f a i l s  to a f fe c t  the 

norm ally large  p itu ita r y  gland as found in  the female w hite r a t .  In 

th is  i t  tends to resto re  the s iz e  o f the p itu ita r y  gland o f the w hite rat 

to  th at which is  normal fo r  the w ild  horway r a t .

The most important concept that one may acquire from a study such 

as th is  i s  th at w h ile  w ith in  normal l im its  the brain i s  h igh ly  corre

la te d  to  body s i z e ,  th is  c o r r e la tio n  does not hold under the experim ental 

co n d itio n s c i t e d .  I t  probably rep resen ts ju s t  further evidence o f that 

f in e  adjustment in  that great s e r ie s  of events which we have come to 

look upon as being normal, behind i t  a l l ,  there s t i l l  remains that 

m ysterious form ulation o f nature which tends to m aintain a constancy in  

the fa ce  of everchanging environmental fo r c e s , hvery so o ften , perhaps, 

throu^i some g en e tic  p rocess as y e t  incomprehensible a change which 

s t r ik e s  at the very fundaments o f the b io lo g ic  make-up o f an organism
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may occu r, but t h is  i s  not o fte n . i?rom th ese  experim ents one may con

clu d e th a t the endocrine system  m erely in flu en ces  but does not s tr ik e  

a t the very  root o f the organism as a psychobio lo g ic  u n it ,  what the 

c o n tr o ll in g  mechanism i s  s t i l l  remains a m ystery, we speak g l ib ly  of 

i t  as the c o n s t itu t io n , p r e d isp o s it io n , in h er ita n ce , p r e v a ilin g  trend  

or g e n e tic  fo rce  but a f te r  a l l  what are th ese?  what determ ines them? 

«hat governs them? So we could go on asking qu estion  a f te r  qu estion  

but u lt im a te ly  have to  admit th at as we forge ahead toward th at ever-  

reced ing  goal each step p in g  stone o f  research  only adds to the l i ^ i t  

which never com pletely e n l i^ ite n s .



TABLES 

I to  XIX
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I Males -  31 anim als subdivided in to ;

a* t e s t  anim als 11 anim als

b . u n in jec ted  co n tro ls 10 anim als

c* meat in jec ted  co n tro ls 10 animals

II Females -  43 anim als subdivided in to :

a* t e s t  anim als 16 anim als

b . u n in jec ted  co n tro ls 12 animals

c# meat in jec te d  co n tro ls 15 anim als

Table I— The grouping of the animals used
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Table IV Weekly weight changes of ten male rats used as meat injected
controls.
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Table V 17eekly weight changes of sixteen female rats injected with the
growth hormone.
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Table VI Weekly weight changes of twelve female rats used as uniniected
controls.
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Table VII Weekly weight changes of fifteen female rats used as meat
injected controls.



-6 1 -

Mean i n i t i a l  body 
wt • gns*

D eviation  from 
co n tro l

C r it ic a l
r a tio

H ales:

Test anim als 247.9^3.32 -3 0 .8 * 4 .7 6.56

U ninjected co n tro ls 278.7*3.30

Heat in jec te d  c o n tro ls 266.1*3.32 -1 2 .6 * 4 .7 2.68

Females;

Test anim als 1 8 3 .3 -2 .20 -1 8 .2 * 3 .4 5.35

U ninjected co n tro ls 201.5*2.60

Heat in jec ted  co n tro ls 190.2*1.58 -1 1 .3 * 3 .1 3 .64

Table YIII— Showing i n i t i a l  body w eights fo r  a l l  groups
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Mean f in a l  body 
w e i^ it gms.

D eviation  from 
u n in jected  con tro l

C r it ic a l
r a t io

K ales:

Test anim als 3 6 5 .7 t3 .9 8 +-43.1*5.92 7 .3

U ninjected  c o n tr o ls 322*6*4.43

S eat in jec ted  co n tro ls 309 .7*4 .50 -12.9*6*31 2 .1

Females:

Test anim als 296.1*4.48 -+75.7*5.48 13.8

U ninjected co n tro ls 220*4*3.18

Meat in jec ted  co n tro ls 208.9*1.97 -1 1 .5 * 3 .7 4 3 .1

Table IX— Showing the average f in a l  body w eights fo r  a l l  groups*
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Mean gain  in  grams D eviation  from 
co n tro ls

C r it ic a l
r a t io

Hales*

Test animals 117.60*4.87 4- 73 .9*6 .40 11.53

U ninjected co n tro ls 43 .90*4 .10

Meat in jec te d  co n tro ls 43 .56*3 .66 -.3 4 * 5 .4 8 .062

Females•

Test anim als 113.5*4.49 *-94.6*4.89 19.34

U ninjected  c o n tr o ls 16.9*1.97

Meat in jec te d  co n tro ls 18 .7*1 .33 —.20—2.36 .84

Table X— Showing the mean "body weight in creases fo r  a l l  groups*



Mean f in a l  body D eviation  from c r i t i c a l  Mean f in a l  D ev ia tion  C r it ic a l  
len g th  cm. co n tro l r a t io  t a i l  len g th  from r a t io

cm* co n tro l

M ales;

Test animals 2 3 . i* .n f l.3 -* .1 4 9 .30 19.0-i.13 +.3*.14 2 .86

U ninjected co n tro ls 21.84-. 08 1 8 .7 * .0 4

Meat in jec ted  co n tro ls 2 1 .6* .16 - .2 4 .1 8 1 .11 18. 6* . 04 - .1 * .0 6 1 .66

Females*

Test animals 20 .9* .18 + 1 .4 * . 23 6 .10 18 .9* .05 +1.0*.11 9 .10

U ninjected co n tro ls 19.5^ .15 1 7 .9 * . 10

Meat in jec ted  co n tro ls 1 9 .2 * . 05 - .3 * .1 6 1.88 17 .2± .04 - .7 * .1 1 6.36

Table XI— Showing mean f in a l  body and t a i l  length s fo r  a l l  groups*
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Mean brain  w t. 
&ns.

D ev ia tion  conpared 
to  co n tro ls

C r it ic a l
r a t io

H ales:

Test anim als 1.9455*.0133 -.0546* .0235 2 .32

U ninjected c o n tr o ls 2 .0001*.0194

Heat in jec te d  co n tro ls 1.9611**0092 -.0390**0215 1.81

fem ales:

Test animals 1 .8925* . 0207 - .0 0 1 3 * . 0255 .051

U ninjected c o n tro ls 1.8938*.0148

Heat in jec te d  co n tro ls 1.8634*.0146 -.0 3 0 4 * . 0208 1.46

Table XII— Showing the f in a l  mean brain  w e i^ its  o f  a l l  groups.



Mean tr a in  w t.-b ody  D ev ia tion  compared C r it ic a l  
w t. r a t io  % to  co n tro l r a tio

H ales;

Test anim als •5342-*004 -.0885^ .0099 8.93

U ninjected  c o n tro ls •6227-.009

Meat in jec ted  c o n tr o ls .6354^.010 + .0127-**. 0135 .94

Females:

Test anim als *6432-^.009 -.2201**. 0135 16.30

U ninjected co n tro ls .8633-.010

Meat in jec ted  co n tro ls *8933-^**007 +.0300^.0122 2.46

Table X III— Shewing the average brain weight-body weight r a t io s  for  

a l l  groups*



-6 7 -

Meat brain  w t.-body  
len g th  r a t io

D eviation  from 
con tro l

C r it ic a l
r a tio

M ales:

Test anim als 

U ninjected  c o n tr o ls

8 .5 1 -.0 5 7  

9 . 14-M 01

- .6 3 - .1 1 6 5 .43

Meat in jec te d  co n tr o ls 9.08-*067 -.0 6 ^ .1 2 1 .49

Females;

Test anim als 

U ninjected  co n tro ls

9 . 03-1“. 097 

9.72-^.093

-.6 9 ^ .1 3 5 5.14

Meat in jec ted  c o n tro ls 9.75^ .072 +.03^.118 .25

Table XIV— Showing average brain  weight-body length  r a t io s  for  a l l

groups.
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Mean brain  w t . - t a i l  
len gth  r a t io

D ev ia tion  from 
co n tro l

Crit ic a l  
r a tio

H ales:

Test anim als 10.22^.062 - .4 4 - .1 2 8 3 .4 4

TJninjected c o n tr o ls 10.66^.112

Heat in je c te d  co n tro ls 10.56^.059 — .10-f. 126 .79

Females:

Test anim als 9 .9 7 -.1 1 4 -.60^ .131 4 .58

U ninjected co n tro ls 10.57-f.064

Heat in jec ted  co n tro ls 10.83^.113 -f.26-.130 2 .0

Table X7—Showing average brain  w e ig h t - ta i l  len g th  r a tio  fo r  a l l  

groups•
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Mean brain  volume 
o c .

D ev ia tion  from 
co n tro l

C r it ic a l
r a t io

H a les:

T est animalg 1.8680*.0308 -.0 3 4 1 -.0 3 4 7 .98

U ninjected c o n tr o ls 1.9021-*-. 0167

Heat in jec te d  co n tro ls 1.8825^.0158 -.0 1 9 6 -.0 2 3 0 .85

Females:

Test anim als 1 .7731-.0219 -.0 0 5 2 -.0 2 4 2 .02

U ninjected  co n tro ls 1.7783-^.0102

Heat in jec te d  co n tro ls 1.7182-^.0324 -.0601^ .0346 1.74

Table XVI— Showing mean brain  volumes fo r  a l l  groups *
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Mean b ra in  Sp. Gr. 
D . ?

D eviation  compared 
to  co n tro ls

C r it ic a l
r a tio

K ales:

Test anim als 1 .0694* . 0307 y* 0174*. 032 .54

TJninjected co n tro ls 1.0520^.0084

Meat in je c te d  co n tro ls 1.0430**.0078 -.0090-^.011 .82

Females:

T est anim als 1.0614*.0086 v-. 0037*. 012 .31

U ninjected c o n tro ls 1.0577*;0088

Meat in je c te d  co n tro ls 1.0860*. 0093 ^ .0283-.013 2.17

Table XVII— Shewing mean brain s p e c if ic  g r a v it ie s  fo r  a l l  groups*
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Mean d ifferen ce  
th e o r e t ic a l  and 
brain  w eights

between
observed

D eviation  o f  
the d ifferen ces  
compared to  
co n tro ls

C r it ic a l
r a tio

Calc* wt*—Act* w t.

H ales:

Test aniing-ls +.0757**0117 +.0778**0214 3.63

U ninjected co n tr o ls -.0021**0179

Heat in jec te d  co n tro ls +.0167**0101 +.0188**0205 .92

Fem ales:

T est anim als -+.0446*.0181 +.0765**0221 3*46

U hinjected co n tro ls -.0319**0127

Heat in jec ted  co n tro ls -•0138**0133 +.0181**0184 .98

Table XVI11— Showing the mean d iffe re n c e s  between th e  th e o r e tic a l and 

observed brain w eights fo r  a l l  groups* brain weight 

ca lcu la te d  according to  y a *569 lo g  (x -  8*7 ) -f *554*
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Mean P itu ita r y  Wt* 
gms*

D eviation  from 
co n tro l

C r it ic a l
r a tio

Males*

Test anim als .0134*. 00041 f .0033-.00047 7.03

W ninjected co n tr o ls .0101*. 00022

Meat in je c te d  co n tro ls .0102* . 00037 f . 0001*. 00043 .23

Females:

Test anim als .0152* . 00052 -.0003-^.00069 .43

U ninjected c o n tro ls .0155*.00046

Meat in je c te d  co n tro ls .0134**00057 - .0 0 2 1 * . 00073 2.66

Table XIX— Showing the mean f in a l  p itu ita r y  w e i^ its  fo r  a l l  groups*
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Key Hormone injected animal 
Uninjected control.
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F i g u r e  6#  Ho e n t g e  n o g r a m s  t a k e n  a t  t h e  e n d  
o f  t h e  e x p e r i m e n t  o f  t h e  a n t e r o - p o s t e r i o r  
v i e w  o f  l i t t e r  ?f5 ,  w h o s e  g r o w t h  c u r v e s  a r e  
r e p r e s e n t e d  i n  f i g *  4 *  T h e  c o n t r o l  w a s  t h e  
l a r g e s t  o f  t h e  t h r e e  a n i m a l s  b e f o r e  t h e  e x 
p e r i m e n t .  A l t h o u g h  i t  i s  s t i l l  l a r g e r  t h a n  
t h e  m e a t  i n j e c t e d  c o n t r o l ,  i t  i s  d e f i n i t e l y  
s m a l l e r  t h a n  t h e  t e s t  ( g r o w t h )  a n im a l*

UNIV. OF 
HD.
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a r t  DEPT.
1

UNIV. OF MD.

FCoAlTHOt-

t  rot~m

ART DEPT.

UNIV. OF MD

ART DEPT.

Figure 7 . Roentgenograms ta&en at the
end o f the experiment o f the la te r a l
view of l i t t e r  #5*
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F i g u r e  8 *  R o e n t g e n o g r a m s  t a k e n  a t  t h e  e n d  o f  t h e  
e x p e r i m e n t  o f  t h e  a n t e r o - p o s t e r i o r  v i e w  o f  l i t t e r  
# 2 3 ,  w h o s e  g r o w t h  c u r v e s  a r e  r e p r e s e n t e d  i n  f i g .  3 .  
‘P h e  c o n t r o l  w a s  t h e  l a r g e s t  o f  t h e s e  a n i m a l s  b e f o r e  
t h e  e x p e r i m e n t .  A l t h o u g h  i t  i s  s t i l l  l a r g e r  t h a n  
t h e  m e a t  i n j e c t e d  c o n t r o l ,  i t  i s  d e f i n i t e l y  s m a l l e r  
t h a n  t h e  t e s t  ( g r o w t h )  a n i m a l .



4
UNIV. OF MD.

■* *>
ART DEPT. ' /

6
univ n r un.

Figure 9 . Koentgenograms taken at the
end o f the experiment of the la te r a l
view  o f l i t t e r  #23.
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f i g u r e  1 0 ,  R o e n t g e n o g r a m s  t a k e n  a t  t h e  e n d  o f  
t h e  e x p e r i m e n t  o f  t h e  a n t e r o - p o s t e r i o r  v i e w  o f  
l i t t e r  ? f3 6 , w h o s e  g r o w t h  c u r v e s  a r e  r e p r e s e n t e d  
i n  f i g .  5 .  i h e  m e a t i n j e c t e d  r a t  s t i l l  m a i n t a i n s  
a  s i z e  s m a l l e r  t h a n  t h e  u n i n j e c t e d  c o n t r o l ,  h u t  
t h e  t e s t  I g r o w t h )  a n i m a l  w h i c h  w a s  t h e  s m a l l e s t  
a t  t h e  b e g i n n i n g  o f  t h e  e x p e r i m e n t  i s  m uch  l a r g e r  
t h a n  e i t h e r  c o n t r o l .
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ART DEPT,
7

UNIV. OF MD.

ART DEPT. P/V,g ?  M e/)7 '.

UNIV. OF MD.

f  C o/YTH at.

ART DEPT.
*  9

UNIV. OP MD.

Figure 11. Hoentgenograms taken at
the end o f the experiment of the
la t e r a l  view o f  l i t t e r  #36.
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APPKNDIX I

THE HELATIQIM UP ilfraLLECl1 TO hhAIN WEIGHT 

I t  i s  a  m a t t e r  o f  com m on k n o w l e d g e  t h a t  a s  w e  a s c e n d  t h e  s c a l e  o f  

l i f e  f r o m  s p e c i e s  t o  s p e c i e s ,  t h e  b r a i n  b e c o m e s  r e l a t i v e l y  l a r g e r .  T h i s ,  

o f  c o u r s e ,  i s  d u e  t o  a  m o r e  i n t r i c a t e  c e r e b r a l  a r c h i t e c t u r e  a n d  i s  i n  

k e e p i n g  w i t h  t h e  d e m a n d s  f o r  t h e  m o r e  c o m p le x  i n t e g r a t i o n s  w h i c h  t h e  m o r e  

h igh ly  a d v a n c e d  a n i m a l  m u s t  m e e t  i f  h e  i s  t o  s u r v i v e  a t  h i s  l e v e l  o f  

a n i m a l  s o c i e t y .  T h e r e l a t i v e  s i z e  o f  t h e  b r a i n  m ay t h u s  r o u g h l y  s e r v e  

a s  a  y a r d s t i c k  o f  t h e  s u p r a s e g m e n t a l  d e v e lo p m e n t  w h i c h  p a r a l l e l s  t h e  com 

p l e x i t y  o f  a n i m a l  b e h a v i o r .

M an y  i n v e s t i g a t o r s  h a v e  a t t e m p t e d  t o  sh o w  t h a t  w i t h i n  t h e  hum an  

s p e c i e s  t h e  sa m e  f a c t o r ;  n a m e l y ,  r e l a t i v e  i n t e l l i g e n c e  i s  r e f l e c t e d  i n  

t h e  s i z e  o f  t h e  b r a i n .  S u c h ,  a t  l e a s t ,  h a v e  b e e n  t h e  c o n c l u s i o n s  d r a w n  

f r o m  s u c h  s t u d i e s  a s  t h o s e  o f  D a v i s  ( 1 8 6 8 ) ,  M a t i e ^ c a  ( 1 9 0 2 ) ,  S p i t z k a  ( 1 9 0 3 ) ,  

A dam  ( 1 9 0 5 ) ,  D r a s e k e  ( 1 9 0 6 )  a n d  o t h e r s *

D a v i s  ( 1 8 6 8 )  c o n s i d e r e d  t h e  i n d i r e c t l y  c a l c u l a t e d  b r a i n  w e i g h t s  o f  

t h e  s i x  g e o g r a p h i c a l l y  d i s t r i b u t e d  r a c e s *  o f  m an b y  e s t i m a t i n g  t h e  v o lu m e s  

o f  t h e i r  c r a n i a l  c a v i t i e s .  F rom  t h i s  s t u d y ,  h e  c o n c l u d e d  t h a t  t h o s e  

n a t i o n s  i n  t h e  v a r i o u s  r a c e s  t h a t  h a v e  t h e  l a r g e r  b r a i n s  a r e  t h e  m o r e  a s 

s e r t i v e  a n d  s u c c e s s f u l .  He c i t e s ,  f o r  e x a m p l e ,  t h a t  o f  a l l  t h e  E u r o p e a n  

p e o p l e s ,  t h e  G y p s i e s  h a v e  t h e  s m a l l e s t  b r a i n s .  T h i s ,  h e  b e l i e v e d  t o  b e  i n  

k e e p i n g  w i t h  t h e i r  s o c i a l  f a i l u r e  a n d ,  i n c i d e n t a l l y ,  t o  s i g n i f y  t h e i r

♦ F o o t n o t e ;  E u r o p e a n ,  A s i a t i c ,  A f r i c a n ,  A m e r ic a n ,  A u s t r a l i a n ,  O c e a n ic *
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o r i g i n  a n t h r o p o l o g i c a l l y  f r o m  t h e  H in d o o s ,  a n o t h e r  b a c k w a r d  r a c e .  O f 

t h e  O c e a n i c  r a c e s ,  h e  c o n c l u d e d  t h a t  t h e  M a la y s  p o s s e s s  t h e  h e a v i e s t  

( 1 3 3 4  ^ n s . )  b r a i n s  a n d  i n t e r e s t i n g l y  e n o u g h ,  b e l i e v e d  t h i s  t o  c o i n c i d e  

w i t h  t h e  b o l d  a n d  e n t e r p r i s i n g  n a t u r e  o f  a  p e o p l e  w h o  !,h a v e  p u s h e d  t h e i r  

m i g r a t i o n s ,  c h i e f l y  f o r  c o m m e r c i a l  p u r p o s e s ,  o v e r  a l m o s t  t h e  w h o le  o c e a n ,"  

S p i t z k a  ( 1 9 0 3 )  s t u d i e d  t h e  b r a i n  w e i g h t s  o f  n i n e t y - s i x  n o t a b l e s  a n d  

w a s  c a r e f u l  e n o u g h  t o  e x c l u d e  t h o s e  w h o s e  w e i g h t s  w e r e  u n v e r i f i e d  a n d  

t h o s e  w h o  w e r e  i n s a n e .  H i s  c a s e s  w e r e  g r o u p e d  a c c o r d i n g  t o  o c c u p a t i o n  

a n d  i n c l u d e d  t w e l v e  m en  i n  t h e  e x a c t  s c i e n c e s  ( m a t h e m a t i c s ) ,  f o r t y - f i v e  

i n  t h e  n a t u r a l  s c i e n c e s ,  t w e n t y - f i v e  i n  f i n e  a r t s  a n d  p h i l o s o p h y ,  a n d  

f o u r t e e n  c a s e s  o f  " m en  o f  a c t i o n "  ( p o l i t i c s  a n d  m i l i t a r y ) .  F rom  t h i s  

a n a l y s i s  h e  c l a i m e d  t h a t  w h i l e  t h e  b r a i n s  o f  t h e s e  i n t e l l e c t u a l s  w e r e  

h e a v i e r  t h a n  a v e r a g e  b r a i n  w e i g h t ,  t h e  b r a i n s  o f  t h o s e  m en d e v o t e d  to  

t h e  h i g h e r  i n t e l l e c t u a l  o c c u p a t i o n s  s u c h  a s  t h e  m a t h e m a t i c a l  s c i e n c e s  

w h i c h  i n v o l v e  t h e  m o s t  c o m p le x  m e n t a l  s y n t h e s i z a t i o n s ,  w e r e  t h e  h e a v i e s t  

o f  t h e  e n t i r e  s e r i e s .  L i k e w i s e  t h o s e  m en c h a r a c t e r i z e d  b y  t h e i r  f o r c e 

f u l n e s s ,  l i k e  D a n i e l  Y.’e b s t e r ,  a l s o  p o s s e s s e d  b r a i n s  h e a v i e r  t h a n  t h e  a v e r 

a g e ,  S p i t z k a  l i s t s  a l l  t h e  m en  s t u d i e d  a n d  a p p e n d s  a n  e x t e n s i v e  b i b l i o 

g r a p h y  o n  a c c o u n t  o f  w h i c h  h i s  c o n t r i b u t i o n ,  i f  f o r  n o  o t h e r  r e a s o n s ,  i s  

v a l u a b l e  t o  t h e  s t u d e n t  o f  b r a i n  w e i g h t s ,

Adam ( 1 9 0 5 )  b a s i n g  h i s  s t u d y  o n  t h e  f i g u r e s  o f  u a t i e g k a ,  c o n c l u d e d  

t h a t  b r a i n  w e i g h t  v a r i e s  i n  t h e  hum an a c c o r d i n g  t o :

1 ,  i n t e l l i g e n c e 9 0  grn.

2 .  m u s c u la r  d e v e lo p m e n t 7 7 . 5  gm .

3 ,  h e i g h t 7 2 , 3  gm .

4 ,  n u t r i t i o n 3 6 , 5  gjn,

5 .  s k e l e t a l  d e v e lo p m e n t 2 8 , 1  gm .
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*fhe h i g h  r e g a r d  w i t h  w h ic h  Adam  h o l d s  i n t e l l i g e n c e  a s  a  f a c t o r  i n  b r a i n  

w e i g h t  a g r e e s  e s s e n t i a l l y  w i t h  t h e  o b s e r v a t i o n s  o f  M a tie g g c a  ( 1 9 0 2 )  h in > -  

s e l f  w h o  r e p o r t e d  t h e  a v e r a g e  b r a i n  w e i g h t  o f :

1 4  l a b o r e r s  t o  b e  1 4 1 0  g m s .

3 4  t r a d e s m e n  t o  b e  1 4 3 3  gm s*

1 4  b u s i n e s s  ir e n  t o  b e  1 4 3 5 * 7  g n s *

1 2 3  m e c h a n i c s  t o  b e  1 4 4 9 . 6  g n s .

2 8  i n t e l l e c t u a l  w o r k e r s  t o  b e  1 4 6 8 . 5  g n s .

2 2  p r o f e s s i o n a l s  ( s u p e r i o r  s t u d e n t s )  t o  b e  1 5 0 0  gm s*

T o t h e  u n c r i t i c a l  s t u d e n t ,  t h e  a b o v e  r e p o r t s  a n d  c o n c l u s i o n s  o f  s u c h  

a n  a r r a y  o f  i n v e s t i g a t o r s  a p p e a r s  q u i t e  c o n v i n c i n g ,  e s p e c i a l l y  i f  o n e  

a d d s  t o  t h i s  t h e  o b s e r v a t i o n s  o f  H a n g e r  ( 1 9 2 1 ) .  R e a l i z i n g  t h e  d i f f i c u l t y  

o f  o b t a i n i n g  r e l i a b l e  b o d y  w e i g h t s  f r o m  t h e  u s u a l l y  e m a c i a t e d  h o s p i t a l  

p a t i e n t s ,  t h e  l a t t e r  (H a n g e r )  e m p lo y e d  a  m e th o d  u s e d  i n  t h e  e a r l i e r  e x 

p e r i m e n t s  o f  M o l l i s o n  ( 1 9 1 0 )  o n  p r i m a t e s .  T h i s  c o n s i s t e d  i n  s u b s t i t u t 

i n g  t h e  u s u a l  b r a i n  w e i ^ i t - b o d y  w e i g h t  c o r r e l a t i o n  b y  a  c r a n i a l  c a v i t y  

s k e l e t a l  v o lu m e  r a t i o *  A c c o r d i n g l y ,  t h e  s k e l e t a l  v o lu m e  w a s  e x p r e s s e d  

b y  t h e  t o t a l  v o lu m e  o f  t h e  s i x  l a r g e  b o n e s  o f  t h e  r i g h t  l i m b s , *  B y  t h i s  

m e th o d  K a u g e r  f o u n d  t h i s  r e l a t i o n  e x p o n e n t  t o  b e  * 2 5  w h i c h  c o m p a r e s  v e r y  

f a v o r a b l y  t o  t h e  b r a i n  w e i ^ i t - b o d y  w e i g h t  r e l a t i o n  e x p o n e n t  d i s c u s s e d  

i n  t h i s  t h e s i s  ( p a g e  3 5 ) .

A f t e r  c o m p a r in g  t h i s  c r a n i a l - s k e l e t o n  r e l a t i o n s h i p  i n  E u r o p e a n s  a n d  

A u s t r a l i a n s ,  t h i s  i n v e s t i g a t o r  a s s u m e d  t h e  b o d i l y  f u n c t i o n s  o f  t h e s e  tw o  

r a c e s  t o  b e  t h e  s a m e .  A n y d i f f e r e n c e s  n o t e d ,  t h e r e f o r e ,  w e r e  e x p l a i n e d

f o o t n o t e :  h u m e r u s ,  r a d i u s ,  u l n a ,  f e m u r ,  t i b i a ,  f i b u l a *
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a s  b e i n g  d u e  t o  d i f f e r e n c e s  i n  i n t e l l e c t ,  x o  h i s  c r e d i t ,  i t  m u s t  b e  

m e n t i o n e d ,  t h a t  h a n g e r  d i d  t a k e  i n t o  c o n s i d e r a t i o n  t h e  f a c t  t h a t  t h e  

d o m e s t i c a t e d  h u m a n s h a d  t h i c k e r  b o n e s  t h a n  t h o s e  l e s s  d o m e s t i c a t e d .  I n  

a d d i t i o n ,  h i s  o b s e r v a t i o n s  w e r e  c a l c u l a t e d  a n d  h i s  r e s u l t s  c h e c k e d  i n  

a n o t h e r  w a y .  A s s u m in g  t h a t  s i n c e  t h e  s t a t u r e ,  d e v e lo p m e n t  a n d  b o d i l y  

f u n c t i o n s  o f  t h o s e  c o m p a r e d  w e r e  s i m i l a r ,  h e  r e a s o n e d  t h a t  t h e  b r a i n  

a n d ,  h e n c e ,  t h e  c r a n i a l  v o lu m e  g i v e n  o v e r  t o  g o v e r n i n g  s o m a t i c  f u n c t i o n  

w a s  c o n s t a n t  i n  a l l  i n d i v i d u a l s .  H e n c e ,  b y  s u b t r a c t i n g  t h i s  c o n s t a n t  

( f o r  t h i s  s o m a t i c  c o n t r o l l i n g  p o r t i o n  o f  t h e  b r a i n )  f r o m  t h e  c r a n i a l  

v o l u m e ,  d i f f e r e n c e s  r e m a in e d  w h ic h  t o  h im  i n d i c a t e d  d i f f e r e n c e s  i n  i n 

t e l l e c t .  b y  t h i s  m e t h o d ,  h e  c o n c l u d e d  t h a t  t h e  A u s t r a l i a n  h a d  a  s m a l l e r  

i n t e l l e c t u a l  c e p h a l i z a t i o n  t h a n  t h e  E u r o p e a n .

How s i g n i f i c a n t  s u c h  s t u d i e s  a r e  r e m a in  f o r  t h e  f u t u r e  t o  d e c i d e .

I t  a p p e a r s ,  h o w e v e r ,  t h a t  i f  s u c h  i n t e l l e c t u a l  c o e f f i c i e n t s  a r e  t o  b e  

w o r k e d  u p  f o r  t h e  h u m a n , t h a t  t h i s  w i l l  b e  a c h i e v e d ,  a s  k a p p e r s  ( 1 9 2 9 )  

p o i n t s  o u t ,  b y  s t u d y i n g  t h e  b r a i n - s p i n a l  c o r d  r e l a t i o n s  i n  t h e  v a r i o u s  

r a c e s ,  i h i s  h a s  b e e n  d o n e  f o r  m an y  o f  t h e  l o w e r  s p e c i e s  (B a n k e  1 8 9 5 ;  

M ie s  1 8 9 7 ;  Z i e h e n  1 8 9 9 )  a n d  a  s t a r t  h a s  b e e n  m ad e i n  m an (R a n k e  1 8 9 5 ;  

P f i s t e r  1 9 0 5 ) .  S u c h  s t u d i e s  s e e m  t o  i n d i c a t e  t h a t  t h e  h i g h e r  t h e  s p e c i e s  

t h e  l a r g e r  t h e  b r a i n  i n  c o m p a r i s o n  t o  t h e  s p i n a l  c o r d .  I n  t h i s  c o n n e c 

t i o n  i t  i s  p e r h a p s  i n t e r e s t i n g  t o  m e n t i o n  t h a t  a l t h o u g h  m any a n i m a l s  e x 

c e e d  m an i n  b r a i n  w e i ^ i t - b o d y  w e i g h t  r a t i o ,  t h e  hum an p r e s e n t s  a  l o w e r  

s p i n a l  c o r d  p e r c e n t a g e  ( i n  r e l a t i o n  t o  b r a i n )  t h a n  a n y  a n i m a l  a s  y e t  

s t u d i e d . *

♦ F o o t n o t e :  T h e  c o r d  p e r c e n t a g e  i n  m a n , a s  c o m p a r e d  t o  t h e  b r a i n  i s

a b o u t  2/& (R a n k e  1 8 9 5 )  •



H o w e v e r ,  s i n c e  t h e  m o r e  e x a c t  s t u d i e s  o f  H a n g e r ,  H an k e a n d  P f i s t e r  

a r e  l i m i t e d  t o  e i t h e r  i n t e r r a c i a l  c o m p a r i s o n s  o r  t o  t h e  y o u n g  ( P f i s t e r ) ,  

a n y  c o n c l u s i o n s  d r a w n  f r o m  s u c h  s t u d i e s  c a n  n o t  w i t h  c e r t a i n t y  b e  a p p l i e d  

t o  m e n  o f  t h e  sa m e  r a c e *  I n  o t h e r  w o r d s ,  a  s u r v e y  o f  a l l  t h e  f o r e g o i n g  

s t u d i e s  s t i l l  l e a v e s  o n e  i n  a  q u a n d a r y  c o n c e r n i n g  t h e  i n t r a r a c i a l  r e l a 

t i o n s h i p  o f  i n t e l l i g e n c e  t o  b r a i n  w e i ^ i t .

I n  o r d e r  t o  o v e r c o m e  j u s t  s u c h  c o n f u s i o n ,  t h i s  q u e s t i o n  w a s  t a k e n  

u p  b y  s u c h  s t u d e n t s  o f  b i o m e t r y  a s  P e a r s o n  ( 1 9 0 1 - * 0 2 ) ,  L e e ,  L e w e n z  a n d  

P e a r s o n  ( 1 9 1 2 )  a n d  P e a r l  ( 1 9 0 5 ;  1 9 0 6 ) *  T h e s e  m e n , a f t e r  a  m o s t  c r i t i c a l  

a n a l y s i s  o f  t h e  d a t a  a t  h a n d ,  c o n c l u d e d  t h a t  i f  a n y  c o r r e l a t i o n  b e t w e e n  

i n t e l l i g e n c e  a n d  b r a i n  w e i g h t  d o e s  e x i s t ,  s u c h  a  c o r r e l a t i o n  i s  i n d e e d  

s m a l l *

A n e x c e l l e n t  r e v i e w  o f  s u c h  a  s c i e n t i f i c  a n a l y s i s  o n  a  r i g o r o u s  

s t a t i s t i c a l  b a s i s  m ay b e  f o u n d  i n  P e a r l ’ s  " S t u d i e s  i n  Human b i o l o g y "  

( 1 9 2 4 ) .

T h e  s t r i k i n g  c o n c l u s i o n  r e s u l t i n g  f r o m  t h e s e  m o r e  c r i t i c a l  a n a l y s e s  

i s  t h a t  i f  p r o b a b l e  e r r o r  w e r e  c o n s i d e r e d  i n  t h e  o b s e r v a t i o n s  o f  S p i t z k a ,  

i i a t i e ^ c a  a n d  t h e  o t h e r  p r o p o n e n t s  o f  h i $ i  " i n t e l l e c t - b r a i n  w e i g h t "  c o r r e 

l a t i o n ,  t h e i r  r e l a t i o n s h i p  f a d e s  i n t o  i n s i g n i f i c a n c e .  H e n c e ,  w e  m ay  

c o n c l u d e  t h a t  a l t h o u g h  a  p o s i t i v e  c o r r e l a t i o n  d o e s  e x i s t  i t  i s  e x t r e m e l y  

s m a l l ,  j&ven t h i s  s m a l l  c o r r e l a t i o n  a p p e a r s  t o  P e a r l  t o  r e s t  u p o n  a  

p h y s i o l o g i c  r a t h e r  t h a n  p s y c h o l o g i c  b a s i s  s i n c e  " o t h e r  t h i n g s  b e i n g  e q u a l  

g r o u p s  o f  m en  w i t h  w e l l - n o u r i s h e d  b o d i e s  a r e  o n  t h e  a v e r a g e  l i k e l y  t o  b e  

m o r e  a b l e  i n t e l l e c t u a l l y  t h a n  g r o u p s  i n  w h ic h  b a d  c o n d i t i o n s  o f  n u t r i t i o n  

p r e v a  i l 7



i h i s  c o n c l u s i o n  i s  m  a g r e e m e n t  w i t n  t n e  t a c t s  a s  r e c e n t l y  d e s c r i b e d  

b y  P a t e r s o n  ( 1 9 5 0 )  s o  t h a t  a t  p r e s e n t  a n y  i n t e l l e c t u a l  d i f f e r e n c e s  w h i c h  

a r e  f o u n d  t o  e x i s t  b e t w e e n  p e r s o n s  n e e d  n o  l o n g e r  b e  e x p l a i n e d  o n  t h e  

b a s i s  o f  b r a i n  b u l k  b u t  r a t h e r  u p o n  a d e q u a c y  o f  b l o o d  s u p p l y ,  e x c e l l e n c y  

i n  f u n c t i o n ,  a n d ,  a b o v e  a l l ,  t h e  i n h e r e n t  q u a l i t y  o f  t h e  c e l l s  m a k in g  u p  

t h a t  b r a i n .
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e f f e c t  o f  a n t e r i o r  h y p o p h y s e a l  e x t r a c t  o n  n o r m a l  a n d  g o n a d e c t o m i z e d  
m a l e s  a n d  f e m a l e s .
A n a t .  B e e .  3 5 : 3 6

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1 9 3 1 .  H o r m o n e s  o f  t h e  a n t e r i o r  h y p o p h y s i s ,
A m e r . J .  P h y s i o l .  9 8 : 5 1 1

F l e s c h ,  M . 1 8 8 4 .  U e b e r  d e n  B a u  d e r  H y p o p h y s i s .
T a g e b l a t t  d .  5 7 .  V e r s ,  d e u t s c h .  U a t u r f .  u n d  a e r t z t e .  M a g d e b u r g

G a r r i s o n ,  F .  H . 1 9 2 2 .  H i s t o r y  o f  E n d o c r i n e  D o c t r i n e  f r o m  " E n d o c r i n o l o g y  
a n d  M e t a b o l i s m "
E d i t ,  b y  L . F .  B a r k e r - A p p l e t o n  a n d  C o . ,  N , Y .

G e n t e s ,  L . 1 9 0 3 .  S t r u c t u r e  d e  l o b e  g l a n d u l a i r e  d e  I ’ h y p o p h y s e  c h e z  l e s
p o i s s o n s .
J o u r ,  d e  M e d . d e  B o r d e a u x  2 4 : 1 5 7

___________  1 9 0 7 .  L o b e  n e r v e u x  d e  l ’ h y p o p h y s e  e t  d u  s a c  v a s c u l a i r e .
C o m p t• r e n d .  d .  o e a n c .  d e  l a  S o c .  d e  B i o l .  P .  6 2 : 4 9 9 - 5 0 1

G o e t t e ,  fa. 1 8 7 1 .  E n t w ic k  l u n g s  g e s  c h i  c h t e  d e r  L in k e.
L eip zig

G u d e m a t s c h ,  F .  1 9 1 2 .  F u t t e r u n g s v e r s u c h e  a n  A n r p h ib ie n la r v e n .
Z b l .  F .  P h y s ,  2 6 : 7

______________  1 9 1 2 a .  F u t t e r u n g s v e r s u c h e  a n  K a u lq u a p p e n .
V e r h .  A n a t .  G e s .  2 6 : 2 6 5  M u n ch en

 _______  1 9 1 3 ,  F e e d i n g  e x p e r i m e n t s  o n  t a d p o l e s .
Am . J .  A n a t .  1 5 : 4

1 9 1 4 .  F e e d i n g  e x p e r i m e n t s  o n  t a d p o l e s .
Am. J .  A n a t .  1 5 : 4 3 1

_________________ _ 1 9 3 0 .  E n t w i c k l u n g  u n d  U a c h s tu m :  f r o m  H i r s c h ’ s  H a n d b u c h
d e r  i n n e r e n  S e k r e t i o n .
K a b i t z s c h ,  L e i p z i g



H a h n , A .  1 9 1 2 .  B e o b a c h t u n g e n  a n  B i e s e n l a r v e n  v o n  H ana e s c u l e n t  a .
A r c h .  f .  m i k r .  A n a t .  8 0 :1

H a l l e r ,  b .  1 8 9 8 .  U n t e r s u c h u n g e n  u b e r  d i e  H y p o p h y s e  u n d  d i e  i n f u n d i b u -  
l a r o r g a n e •
M o r p h o l*  J a h r b .  n d .  2 5 : 3 1 - 1 1 4  ( G e g e n b a u r * s )

____________  1 9 0 9 .  u e b e r  d i e  H y p o p h y s e  n i e d e r e r  P l a c e n t a l i e r  u n d  d e n
S a c c u s  v a s c u l o s u s  d e r  u r o d e l e n  A m p h ib ie n .
A r c h .  f .  m i k r .  A n a t .  7 4 : 8 1 2

____________  1 9 1 0 .  U e b e r  d i e  Q n t o g e n e s e s  d e s  h a c c u s  v a s c u l o s u s  u n d  d e r
H y p o p h y s e  d e r  S a u g e t i e r e .
A n a t .  A n z .  B d .  3 7 : 2 4 2

_ _ _ _ _ _  1 9 1 1 .  B e r m e r k u n g e n  z u  L . H d i n g e r ' s  A u f s a t z  " D ie  A u s f u h r w e g e
d e r  H y p o p h y s e "
A n a t .  a n z .  4 0 : 3 8 1

H a n d e ls m a n n  a n d  H o r s l e y ,  V . 1 9 1 1 .  E x p e r i m e n t a l  i n v e s t i g a t i o n s  o n  t h e  
p i t u i t a r y  b o d y .
B r i t .  ^ e d .  j  .  2 : 1 1 5 0

H a n g e r ,  0 .  1 9 2 1 .  D e r  G e h i r n r e i c h t u m  d e r  A u s t r a l i e r  u n d  a n d e r e r  H o m iM & en ,
b e u r t e i l t  n a c h  ih r e m  H k e l e t .
A n a to z n . H e f t e  5 9 : 5 7 7 - 6 1 7

H a t a i ,  H . 1 9 0 7 .  On t h e  z o o l o g i c a l  p o s i t i o n  o f  t h e  a l b i n o  r a t .
B i o l .  B u l l .  1 2 : 2 6 6

_ _ _ _ _ _ _ _ _  1 9 0 8 .  P r e l i m i n a r y  n o t e  i n  t h e  s i z e  a n d  c o n d i t i o n  o f  t h e  c e n t r a l
n e r v o u s  s y s t e m  i n  a l b i n o  r a t s  e x p e r i m e n t a l l y  s t u n t e d .
J .  C om p. I T e u r o l .  1 8 : 1 5 1

_ _ _ _ _ _ _  1 9 0 9 .  H o te  o n  t h e  f o r m u l a s  u s e d  f o r  c a l c u l a t i n g  t h e  w e i g h t  o f
t h e  b r a i n  i n  t h e  a l b i n o  r a t s .
J .  C om p . H e u r .  a n d  P s y c h o l .  1 9 : 1 6 9

_ _ _ _ _ _ _ _  1 9 1 0 .  A m a t h e m a t i c a l  t r e a t m e n t  o f  so m e  b i o l o g i c a l  p r o b l e m s .
B i o l .  B u l l .  1 8 : 1 2 6

H e r r i n g ,  P .  T .  1 9 0 8 .  T h e  d e v e lo p m e n t  o f  t h e  m a m m a lia n  p i t u i t a r y  b o d y  
a n d  i t s  m o r p h o l o g i c a l  s i g n i f i c a n c e .
Q u a r t .  J .  o f  E x p e r .  P h y s i o l .  1 : 1 6 1

H o r s l e y ,  J .  1 8 8 6 .  f u n c t i o n a l  n e r v o u s  d i s o r d e r s  d u e  t o  l o s s  o f  t h y r o i d  
g l a n d  a n d  p i t u i t a r y  b o d y .
L a n c e t  1 : 5

H o w e l l ,  H . H . 1 8 9 8 .  T h e  p h y s i o l o g i c a l  e f f e c t s  o f  e x t r a c t s  o f  t h e  h y 
p o p h y s i s  c e r e b r i  a n d  i n f u n d i b u l a r  b o d y .
J .  E x p e r .  L ie d . 3 : 2 4 5
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J u l i n ,  C . 1 8 8 1 .  H e c h e r c h e s  s t i r  l f o r g a n i s a t i o n  d e s  A s c i d i e s  s i m p l e s j  s u r  
l ' h y p o p h y s e  e t  q u e l q u e s  o r g a n e s  q u i  s ' y  r a t t a c h e n t  d a n s  l e s  g e n r e s  
c o r e l l a ,  p h a l l u s i a  e t  a s c i d i a .
A r c h ., d e  b i o l o g i e  2 : 5 9

__________  1 8 8 1 a .  n e c h e r c h e s  s u r  l 1o r g a n i s a t i o n  d e s  A s c i d i e s  s i m p l e s :  s u r
l ' h y p o p h y s e  e t  q u e l q u e s  o r g a n e s  q u i  s ' y  r a t t a c h e n t  c h e z  A s c i d i a  C o m p r e s -  
s a  e t  P h a l l u s i a  iv ia m m il la t a .
A r c h ,  d e  n i o l o g i e  2 : 2 1 1

K a p p e r s ,  C . U . A .  1 9 2 6 .  H e l a t i v e  w e i g h t  o f  t h e  b r a i n  c o r t e x  i n  hum an  
r a c e s  a n d  i n  som e a n i m a l s  a n d  t h e  a s y m m e tr y  o f  t h e  h e m i s p h e r e s .
J .  IT e r v . a n d  h e n t .  P i s .  6 4 : 1 1 3

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1 9 2 9 .  T h e  e v o l u t i o n  o f  t h e  n e r v o u s  s y s t e m  i n  i n v e r t e 
b r a t e s  a n d  m a n .
D e E r v e n  P .  b o h n .  H a a r le m

K i n g ,  H . D . 1 9 2 3 .  i ‘h e  g r o w t h  a n d  v a r i a b i l i t y  i n  t h e  b o d y  w e i g h t  o f  t h e  
H o r w a y  r a t .  ^Mus n o r v e g i c u s )
Anat. Hec. 25:79

K la t t ,B -  1921. btudien zum Domestic&tionsproblem, Untersuchungen am H im . 
b ib lio th e c a  g en etr ica  2

K o r e n c h e v s k y ,  v .  1 9 3 0 .  r h e  i n f l u e n c e  o f  t h e  h y p o p h y s i s  o n  m e t a b o l i s m ,  
g r o w t h  a n d  s e x u a l  o r g a n s  o f  m a le  r a t s  a n d  r a b b i t s ,  
b i o c h e m .  J .  2 4 : 3 8 3

K u p f f e r ,  0 .  V . 1 9 0 3 .  M o r p h o g e n ie  d e s  E e n t r a l n e r v e n s y s t e m s :  f r o m  H e r t w i g ' s  
H a n d b u c h  d e r  b n t w i c k l u n g s g e s c h i c h t e .
J e n a

L a p i c q u e ,  L .  1 8 9 8 .  b u r  l a  r e l a t i o n  du p o i d s  d e  I ' e n c e p h a l e  a u  p o i d s  d u  c o r p s .  
O om p te  r e n d u  d e  l a  S o c .  d e  b i o l .  d e  P a r i s .  ( J a n . )

______________  e t  A . G ir a r d  1 9 0 5 .  P o i d s  d e  I ' e n c e p h a l e  e n  f o n c t i o n  d u  p o i d s
d u  c o r p s  c h e z  l e s  o i s e a u x .
C o m p te  r e n d u  d e  l ' a c a d e m i e  d e s  S c i e n c e s  1 4 0 : 1 0 5 7 - 1 0 5 9

_ _ _ _ _ _ _ _ _  1 9 0 7 .  he p o i d s  e n c e p h a l i q u e  e n  f o n c t i o n  du p o i d s  c o r p o r e l  e n t r e
i n d i v i d u s  d ’u n e  meme e s p e c e .
b u ll ,  de la  boc. d 'Anthropologie de Paris 8 : 3 1 3 - 3 4 5

____________ __ 1 9 0 8 .  t a b l e a u  g e n e r a l  d e s  p o i d s  s o m a t iq u e  e t  e n c e p h a l i q u e  d a n s
l e 3 e s p e c e s  a n i m a l e s .  h e  p o i d s  e n c e p h a l i q u e  e n  f o n c t i o n  du p o i d s  c o r 
p o r e l  e n t r e  i n d i v i d u s  d ' u n e  meme e s p e c e .
H e m o ir e s  d e  l a  o o c .  d ' A n t h r o p o l .  d e  p a r i s  p .  2 4 9
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L ap  i c q u e ,  L .  e t  A .  G rirou d  1 9 2 3 *  S u r  l e  nom.br© d e s  f i b r e s  n e r v e u s e s  
p e r i p h e r i q u e s  e n  f o n c t i o n  d e  l a  g r a n d e u r  d e  c o r p s .
C o m p te s  n e n d u s  H e b d o m a d a ir e s  S o c i e t e  d e  B i o l o g i e  8 8 : 4 3

L a r s o n ,  J *  A .  1 9 1 9 *  On t h e  f u n c t i o n a l  c o r r e l a t i o n  o f  t h e  h y p o p h y s i s  
a n d  t h e  t h y r o i d .
Am . J .  P h y s i o l .  4 9 : 5 5

L e e ,  A . ,  L e w e n z ,  M . A . ,  a n d  P e a r s o n ,  K . 1 9 0 2 .  On t h e  c o r r e l a t i o n  o f  t h e  
m e n t a l  a n d  p h y s i c a l  c h a r a c t e r s  i n  m an -  p a r t  I I .
P r o c .  h o y .  S o c .  7 1 : 1 0 6

L o r a i n ,  P .  1 8 7 1 .  P r e f a t o r y  l e t t e r  t o  t h e  t h e s i s  o f  P a n e a u  d e  l a  C o u r ,
P .  V .  D u f e m in is m ©  e t  d e  1 * i n f a n t i l i s m ©  c h e z  l e s  t u b e r c u l e u x .
P a r i s

L o t h r i n g e r ,  S .  1 8 8 6 *  U e b e r  d i e  h y p o p h y s e  d e s  H u n d e s .
I n a u g .  D i s s e r t .  B e r n

K a r c h a n d ,  P .  1 9 0 2 .  U e b e r  d a s  H i r n g e w i c h t  d e s  M e n s c h e n .
A b h a n d l .  d .  m a t h . - p h y s .  C l .  d .  k o n i g l .  S a c h s .  O e s e l l s c h .  d .  V i s s .  2 7 : 3 9 3

M a r i e ,  P i e r r e  1 8 8 6 .  On t w o  c a s e s  o f  a c r o m e g a l y .
R e v .  d e  M e d . 6 : 2 9 7

________________ a n d  M a r i n e s e o  6 .  1 8 9 1 .  S u r  l ' a n a t o m i e  p a t h o l o g i q u e  d e
l ’ a c r o m e g a l i e .
A r c h ,  d e  M ed . E s p .  e t  d ' A n a t .  P a t h .  P a r i s  3 : 5 3 9 - 5 6 5

H a t ie g ^ c a ,  H . 1 9 0 2 .  U b e r  d a s  H i r n g e w i c h t ,  d i e  S c h a d e l k a p a c i t a t  u n d  d i e  
Z o p f f o r m ,  s o w i e  d e r e n  B e z i e h u n g e n  z u r  p s y c h i s c h e n  I ' h a t i g k e i t  d e s  
M e n s c h e n .
S i t z b e r .  d e s  k o n .  b o h m is c h e n  o e s e l l s c h .  d .  W i s s e n s c h .  M a t h e m .- H a t u r w i s s .  
C l a s s e ,  J a h r g . ,  h o .  x x ,  p p .  1 - 7 5

M i e s ,  J .  1 8 9 7 .  D a s  v e r h a l t n i s  d e s  H ir n s  zum  R u c k e n m a r k s g e w ic h t ,  e t c .  
D e u t s c h e  m e d . t / c h n s c h r .  2 3 : 1 5 2

M in k o w s k i ,  0 .  1 8 8 7 .  U e b e r  e i n e n  P a l l  v o n  A k r o m e g a l i e .
B e r l i n e r  K l i n i s c h e  W o c h e n s c h r i f t  2 4 : 3 7 1 - 3 7 4

M o h r , B .  1 8 4 0 .  H y p e r t r o p h i e  d e r  H y p o p h y s e  c e r e b r i  un d  d a d u r c h  b e d i n g t e r  
D r u c k  a u f  d i e  i i i r n g r u n d f l a c h e  i n s b e s o n d e r e  a u f  d i e  S e h n e r v e n ,  d a s  
C h ia s m a  d e r s e l b e n  u n d  d e n  l i r i k s e i t i g e n  H i r n s c h e n k e l .
V /c h n s c h r .  f .  d .  g e s .  He i l k .  6 : 5 6 5

M o l l i s o n ,  I 'h .  1 9 1 0 .  D ie  k o r p e r p r o p o r t i o n e n  d e r  p r i m a t e n .
M o r p h . J a h r b .  4 2 : 7 9

O l i v e r ,  0 .  a n d  E .  A . S c h a f e r  1 8 9 5 .  On t h e  p h y s i o l o g i c a l  a c t i o n  o f  e x 
t r a c t  o f  p i t u i t a r y  b o d y  an d  c e r t a i n  o t h e r  g l a n d u l a r  o r g a n s .
J .  P h y s i o l .  1 8 : 2 7 6
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P a l t a u f ,  A* 1 8 9 1 *  U b e r  d e n  Z w e r g w u c h s .
W ie n s  H o l d e r

P a r k e r ,  G . H . 1 9 3 0 *  b h e  e v o l u t i o n  o f  t h e  b r a i n :  i n  Human .b i o l o g y
a n d  K a c i a l  w e l f a r e ,  e d .  b y  b ,  V . C o w d r y .
P a u l  b .  H o e b e r  C o . ,  N .  Y . C .

P a t e r s o n ,  D . G . 1 9 3 0 .  P h y s i q u e  an d  I n t e l l e c t .
C e n t u r y  C o . Hew Y o r k

P a u l e s c o ,  H . C . 1 9 0 8 .  L ' h y p o p h y s e  d u  c e r v e a u  I - P h y s i o l o g i e .
P a r i s - ' v i g o t  P r e r e s

P e a r l ,  p .  1 9 0 5 *  b i o m e t r i c a l  s t u d i e s  o n  m a n . I - V a r i a t i o n  and  c o r r e l a t i o n  
i n  b r a i n  w e i g h t .
B io m e t  r i k a  4 : 1 3

_ 1 9 0 5 a .  Som e r e s u l t s  o f  a  s t u d y  o f  v a r i a t i o n  a n d  c o r r e l a t i o n
i n  b r a i n  w e i g h t .
J .  C om p . H e u r .  a n d  p s y c h o l .  1 5 : 4 6 7

1 9 0 6 .  On t h e  c o r r e l a t i o n  b e t w e e n  i n t e l l i g e n c e  a n d  t h e  s i z e  
o f  t h e  h e a d .
J .  C om p . h e u r o l .  a n d  p s y c h o l .  1 6 : 1 8 9

__________  1 9 2 4 .  S t u d i e s  i n  hum an b i o l o g y .
W i l l i a m s  a n d  W i l k i n s  C o .  b a l t i m o r e

_ 1 9 3 0 .  I n t r o d u c t i o n  t o  M e d i c a l  B i o m e t r y  a n d  S t a t i s t i c s ,  b d .
2 ,  P h i l a ,
W . b .  S a u n d e r s  C o .  S e c o n d  E d i t i o n

P e a r s o n ,  K .  1 9 0 1 - * 0 2 .  On t h e  c o r r e l a t i o n  o f  i n t e l l e c t u a l  a b i l i t y  w i t h  
t h e  s i z e  a n d  s h a p e  o f  t h e  h e a d .
P r o c .  b o y .  S o c .  6 9 : 3 3 3 - 3 4 2

P e n d e ,  i i .  1 9 1 1 .  J i e  h y p o p h y s i s  p h a r y n g e a ,  i h r e  S t r u k t u r  u n d  i h r e  p a t h o l o -
g i s c h e  b e d e u t u n g .
b e i t r .  Z .  P a t h .  A n a t .  u .  z .  a l l g .  P a t h o l .  4 9 ,  H . 3

P f i s t e r ,  h .  1 9 0 3 .  Z u r  A n t h r o p o l o g i e  d e s  b u c k e n m a r k s .
K e u r o l o g i s c h e n  , Z e n t r a l b l a t t  2 2 : 7 5 7

P u tn a m , b .  J . ,  H . H . b e e l ,  a n d  G . b .  B e n e d i c t  1 9 2 8 .  b h e  p r e p a r a t i o n  o f
a  s t e r i l e  a c t i v e  e x t r a c t  f r o m  t h e  a n t e r i o r  l o b e  o f  t h e  h y p o p h y s i s .
A m e r . J .  P h y s i o l .  8 4 : 1 5 7

________________    ._____  1 9 2 9 *  S t u d i e s  i n  a c r o m e g a l y .
V U I - I S x p e r i m e n t a l  c a n i n e  a c r o m e g a ly  p r o d u c e d  b y  i n j e c t i o n  o f  a n t e r i o r  
p i t u i t a r y  e x t r a c t .
A r c h .  S u r g .  1 8 : 1 7 0 8
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R a n k e ,  1 8 9 5 *  Z u r  A n t h r o p o l o g i e  d e s  R u c k e n m a r k s .
Arch. f .  A nthropologie 2 5

R a s m u s s e n ,  A .  T .  1 9 2 1 ,  T h e h y p o p h y s i s  c e r e b r i  o f  t h e  W o o d c h u c k .  
E n d o c r i n o l o g y  5 : 3 5

. . &nd R .  H e r r i c k  1 9 2 2 .  A m e th o d  f o r  t h e  v o l u m e t r i c  s t u d y
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b e h i m e s  m i t t e l s  d e r  w a g e .
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t h e  m a i n t e n a n c e  o f  l i f e ?
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B i o l .  U n t e r s u c h u n g e n  N . E ,  9 : 5 1
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R u b i n s t e i n ,  H , S .  1 9 3 5 a ,  T he i n a c t i v a t i o n  o f  t h e  g r o w t h  h o r m o n e ,  I - A s
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o u g i t a ,  H a o k i  1 9 1 8 *  C o m p a r a t iv e  s t u d i e s  o n  t h e  g r o w t h  o f  t h e  c e r e b r a l  
c o r t e x .
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