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EFFECT OF HOMOTRANSFLANTS OF THYROID AND PITUITARY ON THE 

METABOLIC RATE OF THE LABORATORY RAT

CHAPTER I 

INTRODUCTION

Endocr in o logy ,  immunology, and g e n e t i c s  have been enhanced by i n 

formation  o b ta in e d  by t r a n s p l a n t a t i o n  o f  t i s s u e ,  and a l l  t h r e e  f i e l d s  a re  

invo lved  in  e ndoc r ine  t r a n s p l a n t a t i o n .  The t r a n s p l a n t a t i o n  of  e ndoc r ine  

t i s s u e  o c c u r r e d  long b e f o r e  the fo rm u la t io n  o f  the concep ts  o f  e n d o c r i n o l 

ogy and was a l e a d i n g  f a c t o r  in  the development  o f  t h es e  c o n c ep t s .

In  1771, Hunter  t r a n s p l a n t e d  t e s t e s  o f  cocks from the normal  s i t e  

to v a r io u s  v i s c e r a l  o r gans ,  and a l s o  i n to  the abdomen o f  young hens .  In 

1849, B e r th o ld  p r e s e n t e d  the  f i r s t  c l a s s i c a l  dem ons t ra t ion  o f  the  endo

c r i n e  n a t u r e  o f  an organ by r e p l a c i n g  t e s t e s  in  caponized c o c k e r e l s  

(Krohn, 1959).  In 1889, Brown-Sequard i n j e c t e d  m acera ted  t e s t e s  i n t o  h i s  

own body in  an a t t e m p t  to  produce a r e j u v e n a t e d  p h y s i c a l  s t a t e  (Turner ,  

1955) .

I t  has  been we l l  e s t a b l i s h e d  t h a t  t h y r o i d  and p i t u i t a r y  s e c r e 

t i o n s  can e l e v a t e  the  m e ta b o l i c  r a t e  o f  mammals. Magnus-Levy, in  1895, 

used  a c a l o r i m e t e r  to  show t h a t  o r a l l y  a d m i n i s t e r e d  t h y r o i d  t i s s u e  r a i s e d  

the  m e ta b o l i c  r a t e  o f  p a t i e n t s  (Turner ,  1955) .  Smith (1926) and Loeb and 

B a s s e t t  (1929) de mons t ra ted  the  t h y r o t r o p i c  e f f e c t  o f  the  p i t u i t a r y  in  mam

mals .  Anderson and C o l l i p  (1933) were a b le  to  i n c r e a s e  the  m e ta b o l i c  r a t e

1



2 , 

o f  b o th  r a t s  and guinea  p ig s  w i th  i n j e c t i o n s  o f  t h y r o t r o p i c  hormone of  

the  p i t u i t a r y .  Boothby, e t  a l .  (1938) produced  a h i g h e r  m e ta b o l i c  r a t e  

in  l a b o r a t o r y  mammals w i th  i n j e c t i o n s  o f  t h y ro x in e .

S e v e r in g h o u s , Smelser ,  and Cla rk  (1934a,b)  demons t ra ted  the i n 

h i b i t o r y  e f f e c t  o f  the  t h y r o i d  on the p i t u i t a r y .  Th i s ,  in  a d d i t i o n  to 

the  work o f  Smith (1926) and Loeb and B a s s e t t  (1929) on the  t h y r o t r o p i c  

e f f e c t  o f  the p i t u i t a r y ,  l e d  to the  development  o f  the  p i t u i t a r y - t h y r o i d  

a x i s  concep t  by S a l t e r  (1940) .  This concep t  i s  concerned  w i th  the  " feed 

back  mechanism" of  the  t h y r o i d  and p i t u i t a r y  in  m a in t a i n in g  an e q u i l i b 

rium in  the m e ta b o l i c  r a t e  o f  the organism.

S h o r t l y  a f t e r  the d i s c o v e r y  o f  t h y r o t r o p i n ,  workers  began to r e 

p o r t  a l a c k  o f  r e sponse  o f  l a b o r a t o r y  mammals to  p ro longed  i n j e c t i o n  of  

p i t u i t a r y  e x t r a c t s .  Loeb and Friedman (1931) r e p o r t e d  the  t h y r o i d s  of  

young gu inea  p i g s  no l o n g e r  responded  to e x t r a c t s  o f  c a t t l e  a n t e r i o r  

p i t u i t a r y  a f t e r  a long  s e r i e s  of  i n j e c t i o n s .  Anderson and C o l l i p  (1934a) 

r e p o r t e d  the  t y p i c a l  i n c r e a s e  in  m e ta b o l i c  r a t e  fo l l o w in g  the i n i t i a l  i n 

j e c t i o n s  o f  t h y r o t r o p i n ,  b u t  a p ro lo nged  t r e a t m e n t  reduced  the m e ta b o l i c  

r a t e  to  t h a t  o f  the  hypophysectomized r a t e .  I t  was b e l i e v e d  to  be due to  

the  p ro d u c t i o n  o f  a n t i t h y r o t r o p i c  s u b s ta n c e .  Lerman (1942) demons t ra ted  

a r e d u c t i o n  in  oxygen consumption fo l lo w in g  s u c c e s s i v e  i n j e c t i o n s  of  

t h y r o g l o b u l i n .  I t  was b e l i e v e d  th e  r e d u c t i o n  in  the  m e ta b o l i c  r a t e  was 

due to  the  fo rm a t ion  o f  a n t i b o d i e s  a g a i n s t  the  t h y r o g l o b u l i n .  Crowder 

(1956) was a b l e  to  dem ons t ra te  a low er ing  o f  oxygen consumption f o l l o w 

in g  the  h o m o t r a n s p l a n t a t i o n  o f  t h y r o i d  i n t o  t h e  eye s .  A n i g s t e i n ,  Eklund,  

and Whitney (1957) i n j e c t e d  r a t  t h y r o i d  i n t o  r a b b i t s  and then i n j e c t e d  the 

a n t i - r a t  t h y r o i d  serum o f  the r a b b i t s  i n t o  r a t s ,  thus p roduc ing  lower 

m e t a b o l i c  r a t e s .
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The s tu d y  o f  the  d e s t r u c t i o n  o f  t r a n s p l a n t s  a l s o  began e a r l y  in 

t h i s  c e n t u r y .  Many i d e a s  c o n c e rn in g  th e  h o s t - t r a n s p l a n t  r e a c t i o n  have 

evo lv ed  s i n c e .  . .The f i r s t  such c o n c e p t ,  c o n c e r n in g  the  t r a n s p l a n t ' s  

r e c t i o n  to  the  h o s t ,  was the  "Law o f  Endocr in e  D e f ic i e n c y "  fo rm ula ted  

by H a l s t e d  (1909) .  The " law" o f  the  e n d o c r i n e s  i n vo lve d  the  concep t  

t h a t  an a u t o t r a n s p l a n t  ( t i s s u e  t r a n s p l a n t e d  w i t h i n  the  same organism) 

o f  e n d o c r i n e  t i s s u e  would no t  be s u c c e s s f u l  u n l e s s  t h e r e  was a d e f i 

c i e n c y  o f  a t  l e a s t  f i f t y  p e r  c e n t  f o r  the  p a r t i c u l a r  horroone o r  hormones 

o f  t h a t  g l an d .

The c o n c e p t s  c o n c e r n in g  the  h o s t ' s  r e a c t i o n  to  the  t r a n s p l a n t  a re  

p r o b a b ly  more f a r - r e a c h i n g  than the  t r a n s p l a n t ' s  r e a c t i o n  to  the  h o s t .

The most  s t r i k i n g  r e a c t i o n  o f  the  h o s t  i s  i t s  d e s t r u c t i o n  o f  hom ot rans 

p l a n t s  ( t i s s u e  t r a n s p l a n t e d  from one o rgan ism to a n o th e r  o f  the  same s p e 

c i e s )  and h e t e r o t r a n s p l a n t s  ( t i s s u e  t r a n s f e r r e d  between an im als  o f  d i f f e r 

e n t  s p e c i e s ) .

V ar ious  approaches  have been u t i l i z e d  to  de te rmine  the  mechanism 

in v o lv e d  i n  t h e  d e s t r u c t i o n  o f  the  t r a n s p l a n t s ,  and a l s o  the  mechanism 

f o r  i n h i b i t i n g  t h i s  d e s t r u c t i o n .  The p o s s i b l e  r o l e  o f  lymphocytes  in  

the  d e s t r u c t i o n  o f  t r a n s p l a n t s  was f i r s t  proposed  by Wade (1908) .

Murphy (1914) d e m o n s t ra t ed  t h a t  X - i r r a d i a t i o n  o f  lymphoid t i s s u e  p e r m i t t e d  

the  growth o f  h e t e r o t r a n s p l a n t s  o f  ca rc inomas  in  r a t s .  Loeb (1926a,b)  

p r e s e n t e d  e v id e n c e  t h a t  the  d e s t r u c t i o n  o f  h o m o t r a n s p la n t s  o f  t h y r o i d  and 

p a r a t h y r o i d  i n  g u in ea  p i g s  and r a t s  was due to  lymphocytes  and n o t  to  the 

hormonal l e v e l  i n  t h e  o rgan ism.  Weaver, A l g i r e ,  and Prehn (1955) demon

s t r a t e d  t h a t  a homo t r a n s p l a n t  would s u r v i v e  i f  t h e  lymphocytes  cou ld  no t
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make c o n t a c t  w i t h  i t .  However, i f  the  lymphocytes were p e r m i t t e d  con

t a c t  w i t h  the  h o m o t r a n s p l a n t s ,  the t r a n s p l a n t s  were d e s t r o y e d .

Whitelaw (1951) r e p o r t e d  t h a t  . a d r e n o c o r t i c o t r o p i c  hormone (ACTH) 

in c r e a s e d  the l o n g e v i t y  o f  h o m o t ra n sp la n t s  o f  s k in  on a burned p a t i e n t .  

This  r e p o r t  i n i t i a t e d  much r e s e a r c h  on the  e f f e c t  o f  ACTH and a d re n a l  

c o r t i c o i d s  on t r a n s p l a n t s .  B i l l ingham ,  Medawar, and Krohn (1951) a d 

m i n i s t e r e d  c o r t i s o n e  to r a b b i t s  and p ro lo nged  the l i f e  o f  s k in  homotrans 

p l a n t s .  Toolan (1954a,b)  used c o r t i s o n e  to m ain ta in  human neoplasms in 

r a t s .  Woodruff (1954) found t h a t  l a r g e  doses  o f  c o r t i s o n e  i n c r e a s e d  s u r 

v i v a l  t ime o f  t h y r o i d  h o m o t ra n sp la n t s  i n  guinea  p i g s .  Medawar and 

Sparrow (1956) r e p o r t e d  t h a t  b o t h  c o r t i s o n e  and h y d r o c o r t i s o n e  p rolonged 

the l i f e  o f  s k i n  h o m o t ra n sp la n t s  i n  r a b b i t s  and mice.  T h e i r  f i n d i n g s  

a l s o  r e v e a l e d  t h a t  t h e s e  two c o r t i c o i d s  were the  only  two t h a t  were 

e f f e c t i v e  in  i n c r e a s i n g  l o n g e v i t y  o f  h o m o t r a n s p la n t s .

The q u e s t i o n  a r i s e s  as to  the r esponse  o f  a h o s t  to  an i n t a c t  

t h y r o i d  t h a t  was c a pab le  o f  r e spond ing  to  humoral s t i m u l i .  Would the 

a d d i t i o n a l  t h y r o i d  o r  p i t u i t a r y  become inv o lv e d  in the normal  p i t u i t a r y -  

t h y r o i d  a x i s ,  thus  m a i n t a i n i n g  a c o n s t a n t  m e ta b o l i c  r a t e ?  Would th es e  

t r a n s p l a n t s  i n c r e a s e  the  m e ta b o l i c  r a t e  as the i n i t i a l  i n j e c t i o n s  of  

t h y r o i d  and p i t u i t a r y ,  o r  i n i t i a t e  t h e  p r o d u c t i o n  o f  a n t i - t h y r o i d  or  

p i t u i t a r y  s u b s t a n c e s  and thus  reduce  th e  m e t a b o l i c  r a t e ?

A p p a r e n t l y  t h e  o n ly  p u b l i s h e d  a t t e m p t  t o  de te rmine  th e  e f f e c t  of  

the  h o m o t r a n s p l a n t a t i o n  o f  whole t h y r o i d  g lands  on the  m e t a b o l i c  rate,  of  

r a t s  has been t h a t  o f  Crowder (1956) .  Thi s  s tu d y  i s  a c o n t i n u a t i o n  and 

expansion  o f  the  former one. The d a i l y  oxygen consumption o f  the  h o s t  

was used as  a c r i t e r i o n  f o r  d e t e r m i n in g  th e  e f f e c t s  o f  the  a d d i t i o n  o f
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the  f o l low ing  on the m e ta b o l i c  r a t e :  (1) whole t h y r o i d  ho m o t ra n sp la n t s ;

(2) whole p i t u i t a r y  h o m o t r a n sp la n t s ;  (3) a combina t ion o f  whole t h y r o i d  

and p i t u i t a r y  h o m o t r a n sp la n t s ;  and (4) t h y r o i d  hom otra nsp la n t  e nc apsu 

l a t e d  so as to p r o t e c t  i t  from lymphocytes .  The l a s t  phase o f  the p r o b 

lem, which d id  n o t  invo lve  oxygen consumption,  was the  e f f e c t  o f  h y d r o 

c o r t i s o n e  upon the  s u r v i v a l  o f  t h y r o i d  hom otra nsp la n ts  o f  r a t s .



CHAPTER I I

MATERIALS AND METHODS

D e s c r i p t i o n  o f  the Appara tus  

The r e s p i r o m e t e r  used in t h i s  problem was des igned  by members o f  

the  Department  o f  Pharmacology, U n i v e r s i t y  o f  Oklahoma School o f  Medi

c in e .  I t  was used in  the work p u b l i s h e d  by McArthur, Lhotka,  and H e l l -  

baum (1957) ,  b u t  i t s  d e s c r i p t i o n  has neve r  been p u b l i s h e d ,  so a b r i e f  

d e s c r i p t i o n  w i th  pho tographs  w i l l  fo l low .  The a p p a ra tu s  i n c l u d e s  s i x  

s p i r o m e t e r  type  r e s p i r o m e t e r s ,  w i t h  each r e s p i r o m e t e r  c o n s i s t i n g  o f  two 

u n i t s ,  an animal chamber (A) and a s p i r o m e t e r  (B) (F ig .  1 , 2 , 3 ) .

Each s p i r o m e t e r  was composed o f  an o u t e r  c y l i n d e r  f i l l e d  w i th  

w a te r  and an i n n e r  gas c y l i n d e r ,  the p o s i t i o n  o f  which was de te rmined  by 

the  volume o f  gas s u p p o r t i n g  i t .  A wi re  from the top o f  the  gas c y l i n d e r  

pa s se d  ove r  a c i r c u l a r  gauge (C) to  the  ba la n c e  we igh t  (D) . The gas c y l 

i n d e r  was so b a la n c e d  t h a t  i t  remained s t a t i o n a r y  so long  as the  i n t e r n a l  

and e x t e r n a l  gas p r e s s u r e s  were e q u a l .  The c i r c u l a r  gauge (C) c o n s i s t e d  

o f  a whee l ,  28 cm in  c i r c u m f e r e n c e ,  w i th  a sha l low  groove on the  s id e  o f  

the  p e r i p h e r y  to  guide  t h e  b a l a n c e  w i re .  The remainder  o f  the p e r i p h e r a l  

s u r f a c e  o f  t h e  gauge was covered  w i t h  a t ape  g rad u a ted  from 1 to 28 cm, 

w i t h  each  c e n t i m e t e r  g r a d u a t e d  i n t o  m i l l i m e t e r s .

The uppe r  w a t e r  b a t h  ( E ) , animal  chambers (A), and c y l i n d e r s  o f  

the  s p i r o m e t e r s  were c o n s t r u c t e d  o f  aluminum to p e rm i t  more r a p i d  h e a t  

t r a n s f e r .  The animal  chambers and o u t e r  c y l i n d e r s  o f  the  s p i r o m e t e r s

6



»

a

Fig. 1 .—Apparatus used to  measure the oxygen consumption 
of the r a ts .



F ig , 2 . —Upper water b a th , animal chambers, resp irom eter, 
and c i rc u la r  gauges. Hood removed.

Fig. 3 .—Front view of the upper water bath showing chambers 
and copper tubing connecting oxygen tank to  animal chambers and 
respirometers.
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were cove red w i th  wa te r  in  the  upper w a te r  b a t h  (E) to  f a c i l i t a t e  t h i s  

h e a t  t r a n s f e r .  The ap p a ra tu s  was employed in  a c o n s t a n t  t em pe ra tu re  room 

t h a t  m a in ta ine d  the  w a te r  t em pera tu re  a t  24 i o . 2 °  C. and the hum id i ty  a t  

93 ^1 p e r  c e n t .

A h o r i z o n t a l  wi re  (F ig.  2) was p lac e d  in  f r o n t  of  the gauges a t  

eye l e v e l .  The r e f e r e n c e  wire  (N) was used as a p o i n t e r  to de te rmine  the 

p o s i t i o n  o f  the gauges b e fo r e  and a f t e r  the t e s t .

Water from the upper ba th  was c i r c u l a t e d  by g r a v i t y  flow i n t o  the

copper  c o i l  (F) in the lower wa te r  b a th  (G) and pumped back i n t o  the  upper

b a th  by a c e n t r i f u g a l  pump powered by a 1/15 horsepower e l e c t r i c  sewing 

machine motor  (H). The lower b a th  (G) was an e i g h t e e n  g a l l o n  aquarium.

The animal chambers (Fig.  2) were c y l i n d e r s  9 .9  cm in  d iam e te r  

and 19.05 cm in  l e n g t h .  The c y l i n d e r s  were open a t  the f r o n t  b u t  they 

could be c lo s e d  by s e c u r i n g  the p l e x i g l a s s  door  ( I )  w i th  the  clamp lock  

( J ) . The i n n e r  s u r f a c e  o f  the door suppo r te d  the soda l ime box (K) which 

was made o f  p l e x i g l a s s  and measured 17/16 x 15/16 x 14/16 i n c h e s .  The 

s i d e s  and bot tom o f  the box were p e r f o r a t e d  to pe rm i t  a b e t t e r  c i r c u l a 

t i o n  o f  the  gases  in the soda l ime.  I t  was found t h a t  the box f i l l e d  

w i th  4-8 mesh r e a g e n t  soda l ime was s u f f i c i e n t  f o r  s i x  f i f t e e n - m i n u t e  

t e s t s .

There were two o u t l e t s  to each animal  chamber (F ig .  3 ) .  The

a n t e r i o r  o u t l e t  was a 1 /4  inch  gas cock (AA) s e t  o f f - c e n t e r  in  the  door

and the  p o s t e r i o r  open ing  communicated by 1/8 inch  I .D.  coppe r  t u b in g  to 

the  s p i r o m e t e r  by p a s s i n g  through s to p  cock (BB) o r  to  the  o u t s i d e  through 

s to p  cocks (CC) and (DD) o r  through s to p  cocks (BB) and (EE).
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A removable p l e x i g l a s s  hood (L) r e s t e d  upon the  upper  b a th .  This 

p r e v e n te d  c u r r e n t s  o f  a i r  from moving the gauges,  b a la n c e  we igh ts  o r  r e f 

e re n c e  w i r e .

The r e s p i r o m e t e r s  were f i l l e d  w i th  oxygen by the f o l l o w in g  p r o 

ce du re .  The oxygen c y l i n d e r ,  u s in g  a h igh  p r e s s u r e  gas r e g u l a t o r ,  was 

connec ted  by a ru b b e r  hose to p o i n t  (M) in  F igu re  1. The gas cocks were 

so a r r a n g e d  as to  p e rm i t  the  flow o f  gas i n t o  e i t h e r  the  s p i r o m e t e r s  o r  

the  chambers o r  b o th .  The r e s p i r o m e t e r s  were f i l l e d  by i n t r o d u c i n g  the  

oxygen a t  p o i n t  (M) w i th  s to p  cocks (DD), (CC), and (AA) open,  and s top  

cocks (EE) and (BB) c lo s e d  (F ig .  3 ) .  The chambers were f lu s h e d  w i th  oxy

gen and then  s to p  cock (EE) was opened f o r  each o f  the s p i r o m e t e r s  u n t i l  

they  were f i l l e d .  At t h i s  t ime the  index  wi re  (N) was a t  a pp rox im ate ly  

ze ro  on the  c i r c u l a r  gauges.  Fo l lowing  the  f i l l i n g  o f  the  s p i r o m e t e r s ,

a l l  gas cocks were c lo s e d  and the oxygen supp ly  was tu rned  o f f .  Then

s to p  cocks (BB) were opened to p e rm i t  the  communicat ion o f  gases  between 

the  chamber and the  s p i r o m e t e r .

A c lo s e d  c i r c u i t  type r e s p i r o m e t e r ,  as used in  t h i s  s tu d y ,  uses

pure  oxygen and a carbon  d io x id e  a b s o r b a n t ,  such as soda l ime.  As the

oxygen i s  u t i l i z e d  by the  an im al ,  the  carbon d io x id e  i s  g iven  o f f  and 

a bso rbe d ,  t h e  p r e s s u r e  i n s i d e  the r e s p i r o m e t e r  i s  reduced ,  a l l o w in g  the  

gas c y l i n d e r  o f  the  s p i r o m e t e r  to f a l l .  The d i sp l a c em e n t  o f  gas by the 

gas c y l i n d e r  s h ou ld  be a measure o f  the  oxygen consumed by the  an imal .

Small w i r e  c a g e s ,  c o n s t r u c t e d  from 1/2 inch  hardware c l o t h ,  

housed the an im als  w h i le  they  were in  the  r e s p i r o m e t e r .  These h e ld  the  

animals  o u t  o f  the  f ec e s  and u r i n e  t h a t  would c o l l e c t  in  a two-hour  p e r 

iod and r e s t r a i n e d  some movement w i t h o u t  f r i g h t e n i n g  the  an im a ls .
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C a l i b r a t i o n  o f  the  Pvaspirometers 

Each r e s p i r o m e t e r  was c a l i b r a t e d  in  a manner s i m i l a r  to  t h a t  

used by Holtkamp e t  a l .  (1955) e xc ep t  in  t h i s  s t u d y  a 50 cc s y r i n g e  was 

used i n s t e a d  o f  a 10 cc s y r i n g e .  The r e s p i r o m e t e r s  were f i l l e d  w i th  

oxygen u n t i l  the  d i a l s  r ead  a p p rox im a te ly  ze ro .  The s y r i n g e  was con

n e c t e d  to  the  o u t l e t  s to p  cock  (AA) by a p o l y e t h y l e n e  tube  and copper  

sc rew f i t t i n g .  F i f t y  cc o f  oxygen were removed from the chamber and 

the  amount o f  t h e  s p i r o m e t e r  drop was measured.  The above p rocedure  

was t r i p l i c a t e d  f o r  each r e c n i r o m e t e r  and an average  o f  the t h r e e  was 

taken  f o r  each i n d i v i d u a l  u n i t .

The f o l l o w i n g  r e a d i n g s ,  c o r r e c t e d  to  760 mm Hg were d e r i v e d  fo r  

the  s i x  r e s p i r o m e t e r s .  The drop o f  a s p i r o m e t e r  f o r  a d i s t a n c e  o f  one 

c e n t i m e t e r  was e q u i v a l e n t  to  t h e  f o l l o w in g  number o f  cub ic  c e n t i m e t e r s  

o f  gas .

R e s p i ro m e te r  A drop o f  one c e n t i m e t e r  equa ls
number the  f o l l o w in g  in  cc o f  oxygen

1 8.339
2 8.367
3 8.521
4 8.422
5 8.353
6 8.205

The a c t u a l  c a l c u l a t i o n s  to d e te rm ine  the  oxygen consumption were 

made by m u l t i p l y i n g  th e  s p i r o m e t e r  d rop ,  measured to  the  n e a r e s t  .02 o f  

a c e n t i m e t e r ,  t im es  t h e  v a lu e  o b t a i n e d  by the  c a l i b r a t i o n .

C a l c u l a t i o n s  o f  Oxygen Consumption 

The volume o f  oxygen consumed by the  an im als  was a d j u s t e d  to 

s t a n d a r d  t e m p e ra tu re  and p r e s s u r e ,  and e x p r e s s e d  as l i t e r s  o f  oxygen
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consumed, p e r  squa re  m ete r  o f  s u r f a c e  a r e a ,  p e r  hour  (Holtkamp e t  a l , ,  

1955) .  The f o l l o w i n g  formula was used to de te rmine  the oxygen consump

t i o n :
, ^ , 2  V P  273 10,000
L / M  H r .  “  — X   X   X  !T7 3 ~

760 T (Wt) '  X 10 1,000

2
L/M /Hr. = Volume o f  oxygen consumed p e r  squa re  meter  o f  s u r f a c e  

a r e a  p e r  hour .

V = Volume o f  oxygen consumed ( e x p re s se d  in  c c ) .

t  = t ime in  hou rs .

P = b a r o m e t r i c  p r e s s u r e  e x p re s s e d  in  m i l l i m e t e r s  o f  mercury.

760 mm ■ mean b a ro m e t r i c  p r e s s u r e  a t  sea  l e v e l .

273° abs .  = f r e e z i n g  p o i n t  o f  w a t e r .  0° C.

T ■ a b s o l u t e  t em p e ra tu re  a t  the  t ime o f  t e s t .

Wt ■ w e igh t  o f  animal e x p re s s e d  in  grams.

 -■? “ formula f o r  computing approximate  s u r f a c e  a r e a
(Wt) X 10 in  squa re  m ete rs  from body weight  ( H i l l  and H i l l ,

1913) .

The t em p e ra tu re  (T) and t ime ( t )  were kep t  c o n s t a n t  a t  24° C and 

0 .25  h o u r s .  The r e l a t i v e  hum id i ty  in  the  room was c o n s t a n t  a t  93 ^  1%.

S u b s t i t u t i o n  o f  v a lues  f o r  the  above symbols in  the  formula p r o 

duces the  f o l l o w i n g  e q u a t io n .

L/M^/Hr. . - J L x - L x l Z l x  ......................... . x _ J _
0 .2 5  760 297 (W t)^ '^  x 10 1,000

Since the  t em p e ra tu re  (T) and t ime (t) a r e  c o n s t a n t ,  the  f o l l o w 

in g  formula was d e r iv e d  and used f o r  each i n d i v i d u a l  r ea d in g .  Volume (V) , 

b a r o m e t r i c  p r e s s u r e  ( P ) , and animal  w e ig h ts  changed from day to  day.

L/M^/Hr. » V X P .  0 .00484
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(Wt) was c a l c u l a t e d  by m u l t i p l y i n g  2/3 x common log  o f  the

we igh t  o f  the  animal and then f i n d i n g  the  a n t i l o g .  A t a b l e  was p repa red  
2/3

showing (Wt) f o r  the complete  range o f  we igh ts  t h a t  were used in  t h i s

problem.

The f o l lo w in g  i s  an example o f  how the f i n a l  d e t e r m i n a t i o n  o f  

oxygen consumption was made. The cub ic  c e n t i m e t e r s  o f  oxygen consumed, 

ba ro m e t r i c  p r e s s u r e ,  and weigh t  o f  the  an imals  were s u b s t i t u t e d  f o r  V 

( 6 9 .2 2 ) ,  P (743) ,  and Wt^/^ (326^/3 -= 47 .368 ) .

, 2 , 69.22 X 743
L/M /Hr. =  ̂ ----- X 0.00484 = 5.26

47.368

C a l c u l a t i o n  o f  the  Volume o f  Su rv iv in g  T r a n s p l a n t s

The approximate  volume o f  the  s u r v i v i n g  t i s s u e  o f  the  t h y r o i d  

t r a n s p l a n t s  was de te rmined  in  a manner s i m i l a r  to  the  fo l l o w in g  method 

used by Angerva l l  (1959).  He c u t  s e r i a l  s e c t i o n s  ten  microns t h i c k ,  o f  

v a r io u s  glands and c a l c u l a t e d  the  volume o f  every  t e n t h  s e c t i o n .  A p lane  

m i r r o r  was mounted on the  microscope  tube which r e f l e c t e d  the  e n la r g e d  

image onto  a t a b l e .  The image was t r a c e d  and square  a r e a  de te rmined  w i th  

a p l a n i m e t e r .  A s t a g e  mic rometer  was used to  de te rmine  the  degree  o f  

l i n e a r  en la rgem en t .  Knowing the  t h i c k n e s s  o f  the  s e c t i o n s ,  and the  square  

a r e a  o f  one t e n t h  o f  the  s e c t i o n s ,  the  volume o f  the  gland cou ld  be 

de te rmined .

A l l  o f  the  s e r i a l  s e c t i o n s  were p r o j e c t e d  by means o f  a m ic r o 

p r o j e c t o r ,  (Bausch and Lomb), onto a good g rade ,  non-wate r -m arked ,  ty p in g  

pape r .  The o u t l i n e  o f  the  t i s s u e  was t r a c e d  w i th  a sha rp  4-H p e n c i l .  In 

ca ses  were e p i t h e l i a l  c e l l s  o f  the t h y r o i d  t r a n s p l a n t s  were r e p l a c e d  by
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c o n n e c t iv e  t i s s u e  on ly  the  t i s s u e  t h a t  appeared  to be f u n c t i o n a l  t h y r o i d  

e p i t h e l i u m  was o u t l i n e d .  The l en s  o f  the  m i c r o p r o j e c t o r  was m a in ta ine d  

a t  a c o n s t a n t  h e i g h t ,  so t h a t  a l i n e a r  d i s t a n c e  of  22.5  mm on the  t r a c 

ing  pape r  r e p r e s e n t e d  one mm on the  m ic romete r .  The volume o f  a l l  o f  

the  t h y r o i d  t r a n s p l a n t s  and f i v e  normal  t h y r o i d s  was de te rmined  in  t h i s  

manner.

A s t a n d a r d  was made by p r o j e c t i n g  a two mm l i n e a r  measure from a

s t a g e  mic romete r  onto the paper  and c o n s t r u c t i n g  squa res  w i th  each s i d e
2

r e p r e s e n t i n g  fo u r  mm o r  an a r e a  of  16 mm . The mean s t a n d a r d  was d e r ive d  

by d e te r m i n in g  the  mean o f  the  w e igh ts  o f  s t a n d a r d s  c o n s t r u c t e d  from four  

d i f f e r e n t  s h e e t s  o f  pape r .

Weights o f  the fou r  s t a n d a r d s  in grams:

1. = 0 .4974
2. = 0.4915
3. = 0.4998
4. = 0.4944

X = 1.9841
X = 0 .4956 o r  0 .^96  g o f  pape r  r e p r e 

s e n t e d  16 mm o f  paper .

The t r a c i n g s  were c u t  w i t h  s c i s s o r s  so no g r a p h i t e  was showing 

on the  t r a c e d  a r e a .  Forceps were used to  p l a c e  each i n d i v i d u a l  t r a c i n g  

in  a m an i la  enve lope  so i t  would n o t  be touched  by the  hands.  A s e p a r a t e  

enve lope  was used  f o r  the  t r a c i n g s  o f  each  t h y r o i d  g land  and s t a n d a r d .

Approx imately  o n e - h a l f  o f  the  t r a c i n g s  were weighed on a given  

day. Twenty-seven hours  b e f o r e  t h e  t r a c i n g s  were weighed,  the enve lopes  

c o n t a i n i n g  th e  t r a c i n g s  were p l a c e d  in  a dry h e a t  oven a t  67°C f o r  24 h.

The enve lo pes  were then  removed and p l a c e d  in  a d e s i c c a t o r  f o r  t h r e e
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hours  to  p e rm i t  c o o l i n g .  The t r a c i n g s  o f  each  i n d i v i d u a l  t r a n s p l a n t  

were removed from the  envelope,  by fo rc e ps  and p l a c e d  on the b a la n c e  pan 

and weighed immedia te ly  on an a n a l y t i c a l ,  c h a in o m a t i c ,  C h r i s t i a n  Becker  

Type AB-4 s c a l e  which read  d i r e c t l y  to  0 .1  mg. The we igh t  o f  the  t r a c 

ings e n a b le d  the  computa t ion  o f  t h e  s q u a re  a r e a  of  the  s e c t i o n s  of  the  

t r a n s p l a n t .  Since the  s e c t i o n s  ware c u t  to  a t h i c k n e s s  o f  10 m ic rons ,  

the volume o f  the  g l a n d s ,  in c ub ic  m i l l i m e t e r s ,  would be the squa re  a r e a  

o f  the s e c t i o n s  t imes .01. mm.

The formula  f o r  d e t e r m i n in g  the  volume o f  f o l l i c u l a r  t i s s u e  was 

d e r i v e d  as f o l l o w s :

Wt^ = w e i g h t ,  in  grams, o f  the t r a c i n g s  o f  a gland .

2
Wt = w e ig h t ,  in  grams, o f  the mean o f  the s t a n d a r d  s q u a re s .

.01 = .01 mm. The t i s s u e s  were s e c t i o n e d  a t  t en  microns  or  .01 mm.

16 = squa re  a r e a  o f  s t a n d a r d  weigh ing  .496 g.

Wt^ 2— „ X s t a n d a r d  mm x .01 » Volume o f  t r a n s p l a n t .
Wt%

Example:

X 16 X .01 -  0 .1109 o r  0 .111 mm̂  o f  f o l l i c u l a r  t h y r o i d .
.496

General  Procedure

F o r t y - e i g h t  male r a t s  o f  the  Sprague-Dawley s t r a i n  and 24 o f  the 

Holtzman s t r a i n  were used as the  e x p e r i m e n t a l  ( h o s t )  an im als  and 37 

females  o f  the  same age and s t r a i n  were used as donors .  There was no 

c r o s s - s t r a i n  t r a n s p l a n t a t i o n .  The h o s t  an im als  were d i v id e d  i n t o  s i x  

major  groups d e s i g n a t e d  as Groups I  t h rough  VI. Groups I  th rough  IV 

were o b t a i n e d  from the  animal  c o lony  (Sprague-Dawley)  o f  the Department
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o f  Zoology, U n i v e r s i t y  o f  Oklahoma, w h i l e  the  l a s t  two groups were from 

the  animal  co lony  (Holtzman s t r a i n )  o f  the  Co l lege  o f  Pharmacy o f  the  

U n i v e r s i t y  o f  Oklahoma.

Mature male r a t s  were used as the  h o s t  an im als  to  p r e v e n t  the  

f l u c t u a t i o n  o f  oxygen consumption due to  t h e  es t r o u s  c yc le  of  the  female 

o r  r a p i d  growth o f  the  immature r a t .  The an imals  were housed a t  a p p r o x i 

m ate ly  24°C and fed  and drank ad l i b .  du r in g  the  experiment .  Each group 

was kep t  t o g e t h e r  in  a l a r g e  cage and s e p a r a t e d  on ly  du r ing  the  a c t u a l  

t e s t s .

Each group was d iv id e d  i n t o  subgroup A, t e s t e d  from 7:00 AM to 

9:30  AM, and subgroup B, t e s t e d  from 10:00 AM to 12:30 PM. The u t i l i z a 

t i o n  o f  subgroups A and B was n e c e s s a r y  s i n c e  the c a p a c i t y  o f  the  r e s p i 

rometer  was s i x  an im a ls .  Six 15-minute  t e s t s  were performed d a i l y  on 

each  animal  to de te rm ine  the  oxygen consumption b e f o r e  and a f t e r  the  

t r a n s p l a n t a t i o n .  The r e s p i r o m e t e r s  were r e f i l l e d  w i th  oxygen a f t e r  each 

15-minute  t e s t .  The t e s t i n g  o f  a group was comple ted,  t i s s u e s  c o l l e c t e d  

and p r e s e r v e d ,  b e f o r e  a n o th e r  group was s t a r t e d .

The terms p r e - o p e r a t i v e  and p o s t - o p e r a t i v e  r e f e r  to the  p e r io d s  

o f  t e s t i n g  b e f o r e  and a f t e r  the  t r a n s p l a n t a t i o n  o f  t h e  t i s s u e .  The 

l e n g t h  o f  the  p r e - o p e r a t i v e  p e r i o d  was i n d e f i n i t e  w i th  the t r a n s p l a n t a 

t i o n  b e in g  performed a f t e r  the ave rage  r e a d i n g  o f  a group was a p p r o x i 

m ate ly  the  same f o r  t h r e e  c o n s e c u t iv e  days .  An e x c e p t io n  to  t h i s  was 

Group V in  which the  p r e - o p e r a t i v e  p e r i o d  was c o n t i n u e d  f o r  f o u r t e e n  

days to  de te rm ine  the  e f f e c t  o f  p ro longe d  exposure  to  h igh  c o n c e n t r a t i o n s  

o f  oxygen.
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The p o s t - o p e r a t i v e  p e r i o d  began the  day fo l lo w in g  the o p e r a t i o n  

and c on t inued  f o r  9 to  14 days.  On the f i n a l  day of  the  t e s t i n g ,  the 

animals  were s a c r i f i c e d  and the normal t h y ro i d s  and p i t u i t a r i e s  were 

recove red  and weighed on a R o l l e r -S m i th  t o r s i o n  ba lance  a c c u r a t e  to 

0 . 2  mg. The t r a n s p l a n t s  were r ecove red  and immedia tely f i x e d  in  modif ied  

Zenker formol (Bens le y ) ,  l a t e r  s e c t i o n e d  in p a r a f f i n  a t  ten m ic rons ,  and 

s t a i n e d  w i th  M a l l o r y ' s  T r i p l e  Connect ive T is sue  s t a i n .

T r a n s p l a n t i n g  Opera t ion

The method used in  the t r a n s p l a n t i n g  o f  t i s s u e  was s i m i l a r  to 

t h a t  used by Woodruff and Woodruff (1950) excep t  the v i t r e o u s  chamber o f  

the eye was used i n s t e a d  o f  the a n t e r i o r  chamber. The t r a n s p l a n t a t i o n  

r e q u i r e d  t h a t  b o t h  the h o s t  and donor be p repa re d  f o r  s u rg e r y  a t  the same 

t ime.  E th e r  was used as the  a n e s t h e t i c .  The o p e r a t i o n  r e q u i r e d  two 

workers ,  one to p rep a re  the  h o s t  and pe rform the  t r a n s p l a n t a t i o n  whi le  

the  o t h e r  removed the t i s s u e  from the donor and p r e s e n t e d  i t  to h i s  c o 

worker  on s a l i n e - m o i s t e n e d  c o t t o n .

The h o s t ' s  eye was p repa re d  by a p p ly ing  p r e s s u r e  to i t  w i th  the  

thumb and f o r e f i n g e r  u n t i l  the  c o r n e o - s c l e r a l  j u n c t i o n  was v i s i b l e .  An 

i n c i s i o n ,  a pp rox im ate ly  o n e - f o u r t h  the c i r cum fe rence  o f  the e y e b a l l ,  was 

made w i th  a number 12 curved s c a p e l  b l ad e .  A s t r a i g h t  fo rcep  was used 

to  remove the l ens  and most o f  the v i t r e o u s  humor to f a c i l i t a t e  the 

pl acement  o f  the t r a n s p l a n t .  The t r a n s p l a n t  was p l ac e d  in  the  a r e a  o f  

the  r e t i n a  and s u t u r e s  were used ,  i f  n e c e s s a r y ,  to c lo s e  the eye.  In  

l e s s  than two hours  the eye was f i l l e d  w i th  humor and appeared normal 

exc ep t  f o r  the  v i s i b l e  t r a n s p l a n t .  Group I  d id  n o t  have the  l en s  r e 

moved and the  t r a n s p l a n t  was p l ac e d  beh ind  the  l e n s .
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Thyro id  Gland

. Thyroidectomy was performed by making a m i d - l i n e ,  l o n g i t u d i n a l  

i n c i s i o n  i n  the  t h r o a t  a r e a .  The s u b m a x i l l a ry  g l a n d s ,  s u b l i n g u a l  glands ,  

and s t e r n o h y o id  musc les  c o v e r in g  the  t r a c h e a  were s e p a r a t e d  and moved 

l a t e r a l l y  l e a v i n g  the  th y ro id -e x p o s e d .  A lobe  was removed as needed,  

and a l l  donor an imals  were s a c r i f i c e d  immedia te ly  a f t e r  removal o f  

d e s i r e d  t i s s u e .

Hypophysis

The v e r t e b r a l  column was s e v e re d  w i th  bone c l i p p e r s  and the  head 

s e p a r a t e d  from the  t ru n k  w i th  s c i s s o r s .  Bone c l i p p e r s  were used to c u t  

th rough the o c c i p i t a l  bone by i n s e r t i n g  one b lade  i n to  the foramen mag

num. Cuts were made on e i t h e r  s id e  o f  the s k u l l  through the  o c c i p i t a l  

and p a r i e t a l  bones.  Forceps were used to  l i f t  the  roo f  of  the s k u l l  

u n t i l  i t  broke a t  the c o rona l  s u t u r e ,  thus expos in g  the cerebrum.

Curved f o rc e p s  were pa s se d  in  f r o n t  and under  the f r o n t a l  lobes  and the  

e n t i r e  b r a i n  was l i f t e d  to expose the  p i t u i t a r y .  The p i t u i t a r y  was r e 

moved from the s e l l a  t u r c i c a  w i th  smal l  f o rc e p s  and handed to the  c o 

worker  i n  the  same manner as the  o t h e r  t i s s u e s .

Exper im enta l  Groups 

Group I ,  s e r v i n g  as a c o n t r o l  on th e  o p e r a t i o n ,  r e c e iv e d  s k e l e 

t a l  muscle  ( g l u t e u s  maximus) w i t h  the  as sumption  t h a t  t h i s  t i s s u e  was 

m e t a b o l i c a l l y  i n e r t  in  i n f l u e n c i n g  the  o v e r - a l l  oxygen consumption of  

t h e  h o s t .  Each h o s t  r e c e iv e d  two p o r t i o n s ,  one in  each eye ,  a p p r o x i 

m ate ly  the  s i z e  o f  a lobe o f  a r a t  t h y r o i d .  T i s sue  from a s i n g l e  female
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donor was used f o r  a l l  o f  the  h o s t s  i n  t h i s  group.  The p o s t - o p e r a t i v e  

p e r i o d  was ten  days.

Groups I I  and I I I  were s i m i l a r  groups b u t  t e s t e d  a t  d i f f e r e n t  

t im es .  Subgroup A o f  each o f  t h e s e  two groups r e c e iv e d  a s i n g l e  lobe  o f  

t h y r o i d  g land  and subgroups B r e c e i v e d  a s i n g l e  p i t u i t a r y  g land .  The 

r i g h t  eye was used f o r  t h y r o i d  and l e f t  eye f o r  the  p i t u i t a r y  t r a n s p l a n t s .  

The mix ing o f  t r e a t m e n t s  of  t h e s e  two groups p e r m i t t e d  the  use o f  a 

s i n g l e  donor to  sup p ly  one h o s t  w i th  a t h y r o i d  and a n o th e r  h o s t  w i th  a 

p i t u i t a r y .  The p o s t - o p e r a t i v e  p e r i o d  f o r  Group I I  was f o u r t e e n  days and 

f o r  Group I I I ,  n in e  days.

Group IV r e c e i v e d  both  a t h y r o i d  lobe  in  one eye and an e n t i r e  

p i t u i t a r y  g land  i n  the  o t h e r  eye .  Each h o s t  r e q u i r e d  a s i n g l e  donor to 

supp ly  the  t i s s u e  to  be t r a n s p l a n t e d .  The p o s t - o p e r a t i v e  p e r i o d  was 14 

d a y s .

Group V r e c e i v e d  a s i n g l e  lobe o f  t h y r o i d  c a p s u l a t e d  w i t h  a 

methyl  c e l l u l o s e  f i l t e r .  The m a t e r i a l  used in  t h i s  problem has been 

used in  c o n s t r u c t i o n  of  f i l t e r  chambers by A l g i r e ,  Weaver, and Prehn 

(1954) ,  Weaver,  A l g i r e  and Prehn  (1955) ,  S t u r g i s  and C a s t e l l a n o s  (1957) 

and o t h e r s .  In  the  p r e s e n t  s t u d y ,  M i l l i p o r e  f i l t e r ,  type HA, was used.  

Thi s  came i n  d i s c s  m easu r ing  47 mm in  d i a m e te r ,  150 microns  t h i c k ,  w i t h  

a pore  s i z e  o f  .45 i 0 . 0 2  m ic rons .  I t  was a l s o  i m p r in t e d  w i t h  a 3 .80 mm

g r i d ,  which p e r m i t t e d  the  c o n s t r u c t i o n  o f  c a p s u l e s  o f  un i fo rm s i z e .  The

p o s t - o p e r a t i v e  p e r i o d  was ten days .

A s t r i p  o f  the  f i l t e r  2 x 2  1 /2  s q u a re s  m easur ing  9 .50  x 7.60 ram 

in s i z e  was used f o r  each  c a p s u l e .  The s t r i p  was f o ld e d  over  on i t s e l f

and one end and the  edges o p p o s i t e  the  f o l d  were cemented t o g e t h e r .  The
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cement was made from m e t h y l - c e l l u l o s e  and a c e to n e .  Care was taken no t  

to  c r a c k  the  f i l t e r  w h i l e  f o l d i n g .  The c a p s u l e  a t  t h i s  p o i n t  was a 

f l a t t e n e d  c y l i n d e r  measur ing  app rox im a te ly  7.60  x 4 .75  mm and open a t  

one end. J u s t  b e f o r e  u s in g ,  t h e s e  c a p s u l e s  were a u to c l a v e d  a t  f i f t e e n  

pounds o f  p r e s s u r e  f o r  f i f t e e n  minutes  and p l a c e d  in  a small  d i s h  o f  

s t e r i l e  s a l i n e .

I t  was n e c e s s a r y  to  c u t  the t h y r o i d  lobe  i n t o  two o r  t h r e e  p i e c e s  

in  o r d e r  to  g e t  i t  i n t o  the  c a p su le .  A f t e r  the  c a p su le  was f i l l e d ,  the  

open end was s e a l e d  by h o l d in g  the m i l l i p o r e  t o g e t h e r  w i th  fo rceps  and 

ap p ly in g  the  cement  w i t h  a t e a s i n g  n e e d le .  The c a p s u le  was then p u t  back 

i n t o  the  s a l i n e  to p e rm i t  the  cement to  s e t  and keep the  t i s s u e  m ois t  

w h i l e  t h e  f i n a l  p r e p a r a t i o n s  were made on the  h o s t .  The c a p su le  was 

then  p l a c e d  in  the  eye and one or  two s t i t c h e s  taken  to c l o s e  the  s l i t  

in  the  e y e b a l l .

The s i z e  o f  the  c a p s u le  was the  b e s t  s i z e  found t h a t  cou ld  be 

p l a c e d  in  the eye o f  t h e  h o s t  and a l s o  ho ld  the  t i s s u e  of  a t h y r o i d  lobe .

Group VI r e c e i v e d  a s i n g l e  lobe  o f  t h y r o i d  in  the  same manner as 

Group I I - A  and I I I - A  and in  a d d i t i o n  i t  r e c e i v e d  subcutaneous  i n j e c t i o n s  

o f  h y d r o c o r t i s o n e .  Each an imal  o f  t h i s  group r e c e i v e d  two mg of  h y d r o 

c o r t i s o n e  a t  the  t ime o f  the  o p e r a t i o n  and two mg e ve ry  o t h e r  day u n t i l  

f o u r  i n j e c t i o n s  o r  e i g h t  mg o f  the  c o r t i c o i d  had been g iven .  No oxygen 

consumption t e s t s  were made w i th  t h i s  group.  They were s a c r i f i c e d  14 

days a f t e r  the  o p e r a t i o n .

S t a t i s t i c a l  A n a ly s i s

Three d i f f e r e n t  a n a ly s e s  were u t i l i z e d  in  an a t t e m p t  to  b e t t e r  

u n d e r s t a n d  th e  s i g n i f i c a n c e  o f  the  d a t a  o b t a i n e d .  A n a ly s i s  o f  v a r i a n c e
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was a p p l i e d  to  the d a ta  on oxygen consumption,  pe r  c e n t  body w e igh t  o f  

normal t h y r o i d  and p i t u i t a r i e s ,  and volume o f  t h y r o i d  t r a n s p l a n t s .  The 

v a r i a t i o n  in  oxygen consumption w i t h in  groups was so g r e a t  t h a t  s i g n i f i 

c a n t  d i f f e r e n c e  between the  p r e -  and p o s t - o p e r a t i v e  c o n d i t i o n s  cou ld  no t  

be demons t ra ted  u s in g  the  a n a l y s i s  of  v a r i a n c e .

In view o f  the v a r i a t i o n  d e s c r i b e d  above,  an approach recommended 

by McNemar (1955) was used to  make s t a t i s t i c a l  e v a l u a t i o n  of  the  change 

shown by the  ex p e r im e n ta l  groups when compared w i th  t h a t  shown by the  con

t r o l  group.  McNemar has summarized ve ry  c l e a r l y  the f a c t o r s  invo lved  in  

an a n a l y s i s  o f  data i n  t h i s  type of  problem, Fol lowing h i s  s u g g e s t i o n ,  a 

small  sample s t a t i s t i c  f o r  c o r r e l a t e d  means was used to a na lyz e  the  p r e -  

and p o s t - o p e r a t i v e  d a ta  f o r  each of  the  f i v e  groups.  To de te rmine  i f  

t h e r e  was a s i g n i f i c a n t  d i f f e r e n c e  between the d i f f e r e n c e s  o f  the  c o n t r o l  

and exp e r im e n ta l  group,  the  animals  were r a n k - o r d e r e d  on the b a s i s  of  

p r e - o p e r a t i v e  oxygen consumption and then  matched. This  p e r m i t t e d  the 

use o f  McNemar's com par ison-of -change  s t a t i s t i c .



CHAPTER I I I

RESULTS

Oxygen Consumption 

M eta bo l ic  r a t e  o f  t h e  l a b o r a t o r y  r a t ,  as de te rmined by oxygen 

consumption measurements ,  does seem to be i n f l u e n c e d  by the homotrans

p l a n t s ,  b u t  a w e l l - e s t a b l i s h e d  hom eos ta s i s  i s  a l s o  e v i d e n t .  These f l u c 

t u a t i o n s  and s t a b i l i t i e s  a r e  g r a p h i c a l l y  shown in  F ig u re s  4 th rough  8.

The s t r a i g h t  s o l i d  l i n e  r e p r e s e n t s  the p r e - o p e r a t i v e  mean, the va lu e  of  

which i s  the  mean o f  the  l a s t  t h r e e  p r e - o p e r a t i v e  days.  The s o l i d  

p l o t t e d  l i n e  r e p r e s e n t s  the  d a i l y  mean v a lue  w h i le  the broken  l i n e s  

above and below the s o l i d  l i n e  r e p r e s e n t  the  h i g h e s t  and lowes t  i n d i 

v i d u a l  extremes  r e s p e c t i v e l y .  Each p l o t t e d  p o i n t  o f  the  d a i l y  mean r e p 

r e s e n t s  a p p ro x im a te ly  66 r e a d in g s  o f  15 minutes  each ,  wh i l e  the p o i n t s  

on the  extremes  r e p r e s e n t  f i v e ,  o r  u s u a l ly ,  s i x  r e a d i n g s .

The p r e - o p e r a t i v e  mean oxygen consumption f o r  the  group r e c e i v 

in g  muscle  t r a n s p l a n t s  was 4 .9  l i t e r s .  The f i r s t  n o t i c e a b l e  change was 

an i n c r e a s e  o f  abou t  .5 l i t e r s  o f  oxygen which o c c u r r e d  the  second p o s t 

o p e r a t i v e  day.  On th e  s i x t h  day the  d a i l y  mean dropped to  n e a r  the  p r e 

o p e r a t i v e  mean and by the  n i n t h  and t e n t h  days the  r e a d in g s  appe ar  to  be 

back  to  normal (F ig .  4 ) .

In  the  group r e c e i v i n g  a s i n g l e  lobe  o f  t h y r o i d  the  p r e - o p e r a t i v e

mean was 4 .8  l i t e r s .  The p o s t - o p e r a t i v e  oxygen consumption dropped g r a d u 

a l l y  u n t i l  the  s i x t h  day where i t  l e v e l e d  o f f  to  4 . 2  l i t e r s  (F ig .  5) .

22
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Fig .  4 - -0 xygen  Consumption o f  Group I  measured in  l i t e r s  of  
oxygen p e r  s q u a re  m ete r  o f  s u r f a c e  a r e a  p e r  hour .  The s o l i d  p l o t 
t e d  l i n e  r e p r e s e n t s  the mean oxygen consumption of. the  group.  The 
broken p l o t t e d  l i n e s  r e p r e s e n t  the  i n d i v i d u a l  ex t rem es .  The num
b e r s  on the  a b s c i s s a  r e p r e s e n t  the  days b e f o r e  and a f t e r  the  o p e r 
a t i o n .  Day 0 r e p r e s e n t s  the  day o f  o p e r a t i o n .
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F ig .  5 --O xygen consum ption  o f  Groups I I -A  and I I I - A  m easured  in  l i t e r s  
o f  oxygen consum ed p e r  s q u a re  m e te r  o f  s u r f a c e  a r e a  p e r  h o u r . The s o l i d  
p l o t t e d  l i n e  r e p r e s e n t s  th e  mean oxygen consum ption  o f  th e  g ro u p . The 
b roken  p l o t t e d  l i n e s  r e p r e s e n t  th e  i n d iv id u a l  e x tre m e s . The num bers on th e  
a b s c i s s a  r e p r e s e n t  th e  days b e f o r e  and a f t e r  th e  o p e r a t io n .  Day 0 r e p r e 
s e n ts  th e  day o f  o p e r a t io n .
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The group which was given t r a n s p l a n t s  o f  an e n t i r e  p i t u i t a r y  

g land i n t o  the l e f t  eye showed a p r e - o p e r a t i v e  mean o f  4-5 l i t e r s  of  

oxygen. The d a i l y  means fo l low ing  the o p e r a t i o n  dropped to  a p p r o x i 

mate ly  4 .2  l i t e r s  th rough the  seven th  day,  and then r e t u r n e d  to  the 

p r e - o p e r a t i v e  s t a t e  the e i g h t h  and n i n t h  days.  On p o s t - o p e r a t i v e  days 

10 through 14 the  oxygen consumption o f  Group I I -B  f e l l  a g a in ,  b u t  r e 

tu rned  to the  p r e - o p e r a t i v e  c o n d i t i o n  (F ig .  6 ) .  This r e d u c t i o n  i s  s i m i 

l a r  to  t h a t  seen  in  Fig.  5.

The t r a n s p l a n t a t i o n  o f  bo th  t h y r o i d  and p i t u i t a r y  appears  to 

produce a d i f f e r e n t  p h y s i o l o g i c a l  response  than does e i t h e r  o f  the  two 

e ndoc r ine  organs t r a n s p l a n t e d  s e p a r a t e l y .  The t h y r o i d  was p l a c e d  in  the 

r i g h t  and the  p i t u i t a r y  g land in  the l e f t  eyes  o f  the animals  o f  

Group IV. The p r e - o p e r a t i v e  mean o f  t h i s  group was 4 .5  l i t e r s .  The 

p a t t e r n  o f  oxygen consumption in  t h i s  group was s i m i l a r  to t h a t  o f  

Group I  e xc ep t  in  Group IV the  consumption ro se  on the day fo l lo w in g  

the o p e r a t i o n  and remained about  .4 l i t e r  above the  p r e - o p e r a t i v e  mean 

u n t i l  the  l a s t  day. The l a s t  day shows as unusua l  i n c r e a s e  in  oxygen 

consumption (F ig .  7).

The r e s u l t s  from Group V i n d i c a t e d  t h a t  the  e n c a p s u l a t e d  t h y r o i d  

d id  n o t  cause  any a p p r e c i a b l e  change in  the p o s t - o p e r a t i v e  oxygen con

sumption ove r  t h e  p r e - o p e r a t i v e  mean. This  group had the h i g h e s t  p r e 

o p e r a t i v e  mean o f  5 .7  l i t e r s  (F ig .  8 ) .  An unusua l  sequence in  p r e 

o p e r a t i v e  d a t a  shows t h a t  the  f i r s t  two days o f  t e s t i n g  were the  low es t .

A na ly s i s  o f  Oxygen Consumption

The a n a l y s i s  o f  v a r i a n c e ,  as shown in  Table  1 r e v e a l s  ve ry  l i t t l e  

s i g n i f i c a n t  d i f f e r e n c e  in  the  oxygen consumption d a t a .  A th ree -w ay
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F ig .  6 —Oxygen consum ption  o f  G roups I I - B  and I I I - B  m easured  in  l i t e r s  
o f  oxygen consum ed p e r  s q u a re  m e te r  o f  s u r f a c e  a r e a  p e r  h o u r .  The s o l i d  
p l o t t e d  l i n e  r e p r e s e n t s  th e  mean oxygen consum ption  o f  th e  g ro u p . The 
b ro k en  p l o t t e d  l i n e s  r e p r e s e n t  th e  in d iv id u a l  e x tre m e s . The nund>ers on th e  
a b s c i s s a  r e p r e s e n t  th e  days b e f o r e  and a f t e r  th e  o p e r a t io n .  Day 0 r e p r e 
s e n t s  th e  day  o f  th e  o p e r a t io n .
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Fig .  7—Oxygen consumption o f  Group IV measured in  l i t e r s  o f  oxygen consumed 
p e r  squa re  m ete r  o f  s u r f a c e  a r e a  p e r  hour .  The s o l i d  p l o t t e d  l i n e  r e p r e s e n t s  the  
mean oxygen consumption o f  the  group.  The broken p l o t t e d  l i n e s  r e p r e s e n t  the i n 
d i v i d u a l  ex tr emes .  The numbers on the a b s c i s s a  r e p r e s e n t  the days b e f o r e  and 
a f t e r  the  o p e r a t i o n .  Day 0 r e p r e s e n t s  the  day o f  the  o p e r a t i o n .
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F ig .  8 - -Oxygen consu m p tio n  o f  Group V m easured  in  l i t e r s  o f  oxygen consu m p tio n  p e r  

s q u a re  m e te r  s u r f a c e  a r e a  p e r  h o u r .  The s o l i d  p l o t t e d  l i n e  r e p r e s e n t s  th e  mean oxygen 
co n sum ption  o f  th e  g ro u p . The b ro k e n  p l o t t e d  l i n e s  r e p r e s e n t  th e  in d iv i d u a l  e x tre m e s . 
The num bers on th e  a b s c i s s a  r e p r e s e n t  th e  days b e f o r e  and a f t e r  th e  o p e r a t io n .  Day 0 
r e p r e s e n t s  th e  day o f  o p e r a t io n .
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TABLE 1
£

ANALYSIS OF OXYGEN CONSUMPTION DATA

(/) Groups-A ( E a r ly ) Groups-B (Late )

E I I I I I I IV V I I I I I I IV V
c

< P r e -O p e r a t i v e  Data

1 4 .251 4 .616 4.659 5.479 4.613 4 .074 4.872 5.060 5.040
2 4.735 3.861 4.854 5.880 4.622 3.661 4.531 6.430
3 4.645 4 .626 3.773 5.965 4.621 4.592 4.275 4.822 6.680
4 5.211 4.625 5.230 3.966 5.065 5.878 5.879 4:183 4.420 5.587
5 5.177 4 .350 4.824 4.386 5.208 4.942 4 .986 4 ,201 3.767 5.784
6 5.052 5.313 4.852 4.878 5.809 4.760 4.360 4.722 5.019 5,821
X= 4.845 4.565 4 .940 4.332 5.568 4.906 4.592 4.451 4.603 5,890

P o s t -O p e r a t i v e  Data

1 4 ,611 4.049 5.390 5.502 5,213 3.702 4 ,351 5.174 5,130
2 5.213 3.491 4 .118 5,867 4.830 3,662 4.895 6,586
3 4 .900 4 .119 4 .274 5,616 4.719 4 ,221 4 ,056 4.966 6,287
4 5.478 4.789 4 .568 4 ,083 5.587 6.132 4 .950 3,988 4.954 5,591
5 4.942 4 .058 4.299 4 ,545 5.754 5.892 4.513 3,851 4.469 5,553
6 4 .760 4 .610 4.845 4 ,818 6.008 4.708 4 .268 4 ,294 5.319 4,953
X= 4 .9 84 4 .1 86 4 .465 4.622 5.722 5.249 4 ,216 4 ,108 4.963 5,683

(/>
E A n a ly s i s  o f  Variance
«

Source SS DF MS F S i g n i f i c a n c e

1 P re  v s .  Po s t .0336 1 .0336 Less  t h an  Unity
2 5 Expt .  Groups 27.1103 4 6.7780 31.38 P < .001
3 E a r ly  v s .  Late .0493 1 .0493 Less than  Unity
4 I n t e r a c t i o n  1x2 2.4777 4 .6194 2.87 P < ,0 5
5 I n t e r a c t i o n  1x3 .0001 1 .0001 Less  than  Unity
6 I n t e r a c t i o n  2x3 1.5310 4 .3827 1,77 Not s i g n i f i c a n t
7 I n t e r a c t i o n  1x2x3 .3012 4 .0753 Less  than  Unity
8 W ith in  Groups 19.8756 92 .2160 • • • Less  t h an  Unity

T o t a l  51.3788 111

The r e a d i n g s  f o r  t h e  P r e - o p e r a t i v e  group r e p r e s e n t  t h e  t h r e e  days 
p r i o r  t o  t h e  o p e r a t i o n  and a r e  t h e  mean based  on t h e  e i g h t e e n  t r i a l s  pe r  r a t .  
The r e a d i n g s  f o r  t h e  P o s t - o p e r a t i v e  p e r i o d  r e p r e s e n t  the  f i r s t  n in e  days f o l 
lowing th e  o p e r a t i o n  and a r e  t h e  mean based  on f i f t y - f o u r  t r i a l s  p e r  r a t .
The v a lu e s  a r e  e x p re s s e d  in  L i t e r s  of  Oxygen /  Sq. Meter  S u r fa c e  Area /  Hour.
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a n a l y s i s  o f  v a r i a n c e  was u t i l i z e d  to  de te rm ine :  (1) the  d i f f e r e n c e s  b e 

tween the  p r e - o p e r a t i v e  and p o s t - o p e r a t i v e  c o n d i t i o n s ,  (2) the  d i f f e r 

ences among the  exp e r im e n ta l  g roups ,  and (3) the e f f e c t  o f  e a r l y  and l a t e  

t e s t i n g s .  The on ly  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  o f  the t h r e e  

c o n d i t i o n s  s t u d i e d  was among the  f i v e  groups ( c o n d i t i o n  2) .  F u r t h e r  com

p u t a t i o n  o f  the  F t e s t  showed t h a t  the s i g n i f i c a n t  d i f f e r e n c e  w i t h i n  the 

groups was between Group V and the  r e s t  of  the  groups.

The E t e s t  in  the smal l  sample s t a t i s t i c  was to de te rm ine  the  de 

gree  o f  change between the  p r e - o p e r a t i v e  and p o s t - o p e r a t i v e  d a ta  w i t h in  

each  group.  Group I  showed a p o s t - o p e r a t i v e  r i s e .  Readings of  Groups I I -A  

and I I I - A  and I I - B  and I I I - B  i n d i c a t e d  a p o s t - o p e r a t i v e  dec re a se .  Group IV 

showed an i n c r e a s e ,  w h i le  Group V showed a s l i g h t  drop t h a t  was n o t  s i g 

n i f i c a n t  s i n c e  the  c r i t i c a l  r a t i o  was l e s s  than  u n i t y  (Table  2) .

A n a ly s i s  o f  the  d i f f e r e n c e s  between the  d i f f e r e n c e s  of the  con

t r o l  and the  o t h e r  e x p e r im e n ta l  groups showed t h a t  a l l  groups e x c e p t  IV 

v a r i e d  s i g n i f i c a n t l y  (Table  3 ) .  The a p p a re n t  reason  f o r  the  s i g n i f i c a n c e  

between Groups I  and V was n o t  due to  a change in  Group V b u t  to  the  p o s t 

o p e r a t i v e  change in  Group I .

Pe r  Cent Body Weights 

An a n a l y s i s  o f  v a r i a n c e  was pe rfo rmed  on the d a t a  o f  the  p e r  c e n t  

body w e igh ts  o f  the  normal (1^  s i t u )  t h y r o i d  and p i t u i t a r y  g lands  

(Tables  4 and 5 ) .  The m i s s in g  v a lu e s  in  t h e s e  two t a b l e s ,  i n d i c a t e d  by 

the  d o t t e d  l i n e s ,  r e p r e s e n t  t h e  an im als  t h a t  d ied  d u r in g  th e  o p e r a t i o n .



31

TABLE 2

ANALYSIS OF OXYGEN CONSUMPTION BETWEEN PRE AND POST 
CONDITIONS FOR EACH GROUP®

_o u> Groups

E I I I  & I I I - A I I  & I I I - B IV V
c
< Pre Pos t P re Pos t Pre Pos t Pre Pos t ■ Pre Pos t

1 4 .251 4 .611 4 .616 4.049 4 .074 3.702 4.659 5.390 5.479 5.502
2 4,735 5.213 3.861 3.491 3.661 3.662 5.880 6.586
3 4.645 4 .900 4 .626 4.119 4.592 4 .221 3.773 4.274 5.965 5.616
4 5.211 5.478 4 .625 4.789 5.879 4 .950 3.966 4.083 5.065 5.587
5 5.177 4.942 4 .350 4 .058 4.986 4.513 4.386 4.545 5.208 5.754
6 5.052 4 .760 5.313 4.610 4 .360 4 .268 4.878 4.818 5.809 6.008
1 4 .613 5.213 4.872 4.351 5.060 5.174 5.040 5.130
2 4.622 4 .830 4 .854 4 .148 4.531 4.895 6.430 6.586
3 4 .621 4.719 4.275 4 .056 4.822 4.966 6.680 6.287
4 5.878 6.132 5.230 4 .568 4.183 3.988 4 .420 4.954 5.587 5.591
5 4 .942 5.892 4 .8 2 4 4.299 4 .201 3.851 3.767 4.469 5.784 5.553
6 4 .670 4.707 4.852 4-845 4.722 4.294 5.019 5.319 5.821 4.953

X= 4 .876 5.116 4.752 4.326 4.522 ’4 .162 4 .468 4.762 5.729 5.702

Small Sample S t a t i s t i c

Groups
C r i t i c a l

R a t i o (n )

P r o b a b i l i t y  
(Two T a i l e d  

T e s t )

S h i f t  o f  t h e  Pos t  Mean 
from t h e  P re  Mean

Increment Decrement

I ................................. 2 .410 12 .05 X
I I  & I I I - A  . . . . 7 .798 10 .001 X
I I  & I I I - B  . . . . 6 .644 11 .001 X
I V ................................. 4 .373 11 .01 X

V ................................. 0 .630 12 n o t X
s i g n i f i c a n t

The r e a d i n g s  frcsn t h e  P r e - o p e r a t i v e  group  r e p r e s e n t s  the  t h r e e  days  p r i o r  
t o  t h e  o p e r a t i o n  and a r e  t h e  mean based  on t h e  e i g h t e e n  t r i a l s  p e r  r a t .  The 
r e a d i n g s  f o r  t h e  P o s t - o p e r a t i v e  p e r i o d  r e p r e s e n t s  t h e  f i r s t  n i n e  days  f o l l o w i n g  
the  o p e r a t i o n  and a r e  t h e  mean based  on f i f t y - f o u r  t r i a l s  p e r  r a t .  The v a lu e s  
a r e  e x p re s s e d  i n  L i t e r s  of  Oxygen /  Sq. M ete r  S u r f a c e  Area /  Hour.

^The f i r s t  s i x  a n im a ls  a r e  e a r l y  groups and t h e  second s i x  a r e  l a te  g ro u p s ,  
e x c ep t  i n  g roups  I I  & I I I - A  and B. The f i r s t  s i x  a r e  I I  and t h e  second s i x  a r e  
I I I .
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TABLE 3

ANALYSIS OF THE DIFFERENCES BETWEEN.THE DIFFERENCES 
OF THE CONTROL AND THE EXPERIMENTAL GROUPS*

I/I

'E
<

P r e - O p e r a t i v e P o s t - O p e r a t i v e

Groups Groups

I
I I

I I I - A
I I

I I I - B IV V I
I I

I I I - A
I I

I I I - B IV V

1 4.251 3.861 3.661 3.767 5.040 4.611 3.491 3.662 4.469 5.130
2 4.613 4 .350 4 .074 3.773 5.065 5.312 4 .058 3.702 4 .274 5.587
3 4 .621 4 .616 4 .183 3.966 5.208 4 .719 4.049 3.988 4 .083 5.754
4 4.622 4.625 4 .201 4 .386 5.479 4 .830 4.789 3.851 4 .545 5.502
5 4.645 4.626 4 .275 4 .420 5.587 4 .900 4.119 4 .056 4 .954 5.591
6 4 .735 4 .824 4 .360 4 .531 5.784 5.213 4.299 4 .268 4.895 5.553
7 4 .760 4.852 4.592 4 .659 5.809 4 .708 4.845 4 .221 5.390 6.008
8 4.942 4 .854 4.722 4.822 5.880 5.892 4 .148 4 .294 4 .966 5.867
9 5.052 5.230 4.872 4.878 5.821 4 .760 4.568 4 .351 4 .818 4 .953

10 5.177 5.313 4 .986 5.019 5.965 4.942 4.610 4 .513 5.319 5 .616
11 5.211 5.879 5.060 6.430 5.478 4 .950 5.174 6.586
12 5.878 6.680 6.132 6.287

X= 4.876 4.752 4 .522 4 .468 5.729 5.116 4.326 4 .162 4.762 5.702

A n a l y s i s  o f  McNemar's Comparison o f  Change S t a t i s t i c

Expe r im en ta l  group 
compared t o  c o n t r o l

C r i t i c a l
R a t io

N ' s ■ P r o b a b i l i t y  
(Two T a i l e d  T e s t )

Experimer
Increment

i t a l  Group 
Decrement

I I  & I I I - A 4 .270 10 .01 X
I I  & I I I - B 4 .870 11 .001 X
IV Less than 11 Not s i g n i f i c a n t X

one
V 5.950 12 .001 X

The d a t a  f o r  t h i s  a n a l y s i s  i s  t h e  same a s  t h a t  i n  Tab le  2 e x c e p t  i n  
t h i s  a n a l y s i s  t h e  an im a ls  were r a n k - o r d e r e d  on b a s i s  of. P r e - o p e r a t i v e  exygen 
consumpt ion  ( L i t e r s  of  0„ /  Sq. M. S u r f a c e  Area /  H r . )  and th en  matched from 
c o n t r o l  (Group I )  t o  each e x p e r im e n ta l  group .

^These numbers r e p r e s e n t  t h e  a n im a ls  i n  an a s c e n d in g  o r d e r  o f  P r e 
o p e r a t i v e  oxygen consumption.
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TABLE 4

ANALYSIS OF THE PER CENT BODY WEIGHTS OF THE NORMAL THYROIDS

1 Groups
c o 
<  E I I I  & I I I - A I I  & I I I - B IV V VI

1 .497% .457% . 384% .585% .408% . 684%
2 .484% .553% .484% . 508% .355%
3 .439% .551% . 384% . 524% .443% . 342%
4 .483% .446% . 535% .393% .466% . 452%
5 .503% .448% .383% .441% . 449% . 354%
6 .622% . 542% .457% . 500% .434% . 458%

1 .588% .497% .410% ■ .442% .352%
2 .385% .400% .607% .458% .373%
3 .615% . 523% .492% .523% .301% . 299%
4 .472% .442% .315% .478% .480% . 341%
5 . 550% .420% .498% .473% .520% . 336%
6 . 654% . 388% .466% . 500% ■ .534% . 385%

X= . 524% .470% .445% .494% .454% . 394%

A na lys i s  o f  Var iance

Source DF SS MS F S i g n i f i c a n c e

Between Group Variance  
With in  Group Variance

( k - l ) =  5 
(N-k)=63

.1671

.3559
.02342
.00565

4.14 P < .0 1

T o ta l  (N-l)=68 F^'C f o r  N 's  o f

Groups I I I  & I I I - A I I  & I I I - B IV V VI 11

I • ■ • . 054c .O79C .030^ .070^ .130C
.05=.020 
.01=.026

I I  & I I I - A . • « . 025b . 024b .016 .076C
12

.05=.019I I  & I I I - B • . ■ .O49C .009 .051C

IV • • • .040= .100= .01=.025

V • .060= 11 & 12 
.05=.019 
.01=.026

The f i r s t  s i x  an imals  a r e  e a r l y  groups and the  second s i x  a r e  l a t e  
g roups ,  exc ep t  i n  groups I I  & I I I - A  and B. The f i r s t  s i x  a r e  I I  and the 
second s i x  a r e  I I I .

P < .05 'P < .0 1
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TABLE 5

ANALYSIS OF THE PER CENT BODY WEIGHTS OF THE NORMAL PITUITARIES'

DE Groups

*E
< I I I  & I I I - A I I  & I I I r B IV V VI

1 .306% .322% . 287% . 293% . 290% . 345%
2 .317% .332% . 245% .289% .367%
3 .368% . 334% . 350% . 253% . 214% .347%
4 .261% .257% . 282% .199% . 368%
5 .315% .312% . 236% . 243% .264% . 354%
6 .279% .325% .307% .231% .295% .361%

1 . 303% ,322% . 280% . 245% . 340%
2 .273% . 268% .270% . 358% .355%
3 . 304% . 253% .287% . 278% .311% . 293%
4 .324% .324% . 251% .228% . 246% .324%
5 .306% .256% . 282% . 254% . 241% . 282%
6 .332% . 241% .276% .337% .262% . 285%

X= .312% . 293% . 282% .268% .268% . 335%

A na lys i s  o f  Variance

Source DF SS MS •F S i g n i f i c a n c e

Between Group Var iance  
With in  Group Var iance

( k - l ) =  5 
(N-k)=62

.0407 

.0731 .
.00814
.00118

5.898 P < .01

T o ta l  (N-l)=67 F^ f o r  N' s  of

Groups I I I  & I I I - A I I  & I I I - B IV V VI 11
.05=.029 
.01=.038

12
.05=.027 
.01=.036

11 & 12 
.05=.028 
.01=.037

I • .019 .030^ .044= .044= .023

I I  & I I I - A • • .011 .025 .025 .O43C

I I  & I I I - B • • • .014 .014 .O53C

IV • * .000 .067=

V ' .067=

The f i r s t  s i x  an imals  a r e  e a r l y  groups and th e  second s i x  a r e  l a t e  
g roups ,  e x c e p t  i n  groups I I  & I I I  A and B. The f i r s t  s i x  a r e  I I  and the s e c 
ond s i x  a r e  I I I .

P < .0 5 'P < .01
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P er  Cent  Body Weights  of  Thyroid  Glands 

The F t e s t  i n d i c a t e s  t h a t  t h e  p a r  c e n t  body w e igh ts  o f  t h e  t h y 

r o id s  o f  Group 1 were s i g n i f i c a n t l y  h i g h e r  than th e  o t h e r  groups.

Group VI had the low es t  ave ra ge  and was s i g n i f i c a n t l y  lower than a l l  

o t h e r  groups.  Group IV was second  h i g h e s t  in  t h y r o i d  p e r  c e n t  body 

w e igh ts  and s i g n i f i c a n t l y  g r e a t e r  than  Groups I I -A  and I I I - A ,  V and VI 

(Table  4 ) .

P e r  Cent  Body Weights o f  P i t u i t a r y  Glands 

The p e r  c e n t  body w e igh ts  o f  the  p i t u i t a r i e s  shows c o n s i d e r a b l e  

v a r i a t i o n  from t h a t  o f  the  t h y r o i d s .  Group VI i n s t e a d  o f  be in g  the  low

e s t ,  was the  h i g h e s t ,  and Group I  the  second h i g h e s t .  Group VI was s i g 

n i f i c a n t l y  h i g h e r  than  a l l  g roups ,  e x c e p t  Group I .  Group I  was s i g n i f i 

c a n t l y  h i g h e r  than  Groups IV and V (Table  5) .

H i s t o l o g i c a l  O b s e rv a t io n s  

No r e c o g n i z a b l e  p i t u i t a r y  h o m o - t r a n s p l a n t  t i s s u e  was r e c o v e r e d ,  

hence a d e s c r i p t i o n  o f  the  t i s s u e s  w i l l  concern o n ly  the  t h y r o i d  homo

t r a n s p l a n t s .  To h e lp  i l l u s t r a t e  t h e  h i s t o l o g i c a l  o b s e r v a t i o n s ,  s i x  

pho tographs  were s e l e c t e d  to  show s p e c i f i c  p o i n t s  o r  i d ea s  and do n o t  

r e p r e s e n t  a random s e l e c t i o n ,  n o r  do they  r e p r e s e n t  a l l  o f  the  groups 

t h a t  r e c e i v e d  t h y r o i d  t r a n s p l a n t s  (F ig .  9 ) .

Free  Thyro id  Hom otransp lan ts  

The o n ly  major  o b s e r v a b l e  d i f f e r e n c e  among the  t r a n s p l a n t s  o f  

the v a r i o u s  groups was the  amount o f  s u r v i v i n g  t i s s u e ,  which w i l l  be 

d e s c r i b e d  l a t e r .
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a (65x)

b (313x)

d (37x)

e (87x)

c (60x) f  (62x)

Fig .  9 - -M icro -pho tog raphs  o f  the  t h y r o i d  t r a n s p l a n t s



37

I f  f o l l i c l e s  were p r e s e n t ,  they appeared  normal ,  w i t h  the  lumen 

f i l l e d  w i th  c o l l o i d .  The c e l l s  o f  the f o l l i c l e s  appeared to be normal 

■cuboidal parenchyma. In  most o f  the t r a n s p l a n t s  the s u r v i v i n g  f o l l i c l e s  

were l o c a t e d  on o r  n e a r  the p e r i p h e r y .  Examples of  these  a re  shown in 

Figu re  9a, b ,  c ,  and f .  F igu res  9a,  b ,  and c were o f  t i s s u e s  removed 

from animal A-6 o f  Group IV. The t o t a l  l e n g t h  of  the  f o l l i c u l a r  t r a n s 

p l a n t  was 1.19 mm, F igu res  9a and b r e p r e s e n t  a s e c t i o n  0 .2 4  mm from 

one end o f  the t h y ro id  lobe.  F igu re  9b i s  an enla rgement  of  the enc losed  

a r e a  i n  F igu re  9a.  The f o l l i c l e s  and c e l l s  of  these  t h y r o i d  t r a n s p l a n t s  

appear  to  be normal .  F igure  9c was a s e c t i o n  lo c a t e d  0.30 mm from the 

o p p o s i t e  end o f  the lobe.  S e c t ions  in  F igu res  9a and c were s e p a r a t e d  

by a d i s t a n c e  o f  0 .65  mm.

F igure  9c shows the rep lacement  o f  f o l l i c l e s  by c o nnec t ive  t i s s u e .  

The a r e a  A i s  a l a r g e  f o l l i c l e  and B i s  the pa ra thyroid.  The b e t t e r  

developed f o l l i c l e s  a r e  n e a r  the  p e r i p h e r y .  Figure  9 f  i s  o f  t i s s u e  r e 

cove red from animal B-5 o f  Group VI. This i s  a good example o f  the r e 

p lacement  o f  t h y r o i d  f o l l i c l e s  by c o n n e c t iv e  t i s s u e .  A i s  the  remnant  of  

one o f  the  p a r a t h y r o i d  l o b es .  C i s  an i s o l a t e d  group o f  f o l l i c l e s  nea r  

the edge o f  the  t r a n s p l a n t .  B i s  the  g e n e ra l  a re a  o f  co n n e c t iv e  t i s s u e .

E nc a p s u la te d  T i s sue

The f o l l i c l e s  o f  the  t i s s u e  p l a c e d  in  the M i l l i p o r e  ca p su le  were 

compressed i n t o  e lo n g a te d  ova l  shapes .  The r e l a t i o n s h i p  o f  the t r a n s 

p l a n t  to  the c a p su le  a re  shown in  F igu res  9d and e. In  F igu re  9d, A 

marks the  M i l l i p o r e  ca p su le  and B i n d i c a t e s  the  p a r a t h y r o i d .  In F i g 

u re  9e ,  A a ga in  marks the c a p s u l e  and the ova l  spaces  i n s i d e  a re  the  f o l 

l i c l e s .  The parenchyma c e l l s  a r e  n o t  as t h i c k  as in  normal t h y r o i d .
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In Group V, t h e r e  were t h r e e  e n c a p s u l a t e d  t h y r o i d s  h e a v i l y  i n 

f e s t e d  w i th  lymphocytes .  The l e u c o c y te s  e n t e r e d  th rough b rea k s  in  the  

c a p s u le  w a l l .  These were an imals  A-1,  A-6,  and B-6. The f i r s t  two had 

no f o l l i c l e s  and the  l a s t  had on ly  a t r a c e .

A n a ly s i s  o f  the  Trac ings  

The s u c c e s s  o r  f a i l u r e  o f  a t h y r o i d  t r a n s p l a n t  i s  ve ry  d i f f i c u l t  

to  e v a l u a t e  and im p o s s ib l e  to s tu d y  s t a t i s t i c a l l y  w i t h o u t  some va lue s  

such as  the  s i z e  o f  f o l l i c l e s ,  number o f  f o l l i c l e s ,  s i z e  o f  c e l l ,  o r  

volume o f  the  e n t i r e  t r a n s p l a n t .  The t r a c i n g  method was used to  d e t e r 

mine the  a b s o l u t e  volume and the  compara t ive  volume in  r e f e r e n c e  to  normal  

t h y r o i d s .

TABLE 6

VOLUME OF THYROID TRANSPLANTS

Group Mean Volume in 
Cubic M i l l i m e t e r s

G r e a t e s t  I n d i 
v i d u a l  Volume i n  mm̂

I I - A  and I I I - A 0.120 0.368

IV 0.352 0.710

V 0.079 0.192

VI 0.162 0 .375

5 normal  r a t  t h y r o i d s 1.171 1.588

Group V had the  l e a s t  volume o f  t h e  s u r v i v i n g  t h y r o i d  t r a n s p l a n t s  

and a l s o  the  l e a s t  number o f  f o l l i c u l a r  t r a n s p l a n t s  s i n c e  on ly  s i x  had 

d i s t i n g u i s h a b l e  f o l l i c l e s .  Group IV had the h i g h e s t  a ve rage  volume and 

the  h i g h e s t  i n d i v i d u a l  volume as  w e l l .  The mean volume o f  Group IV i s
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a pp rox im ate ly  o n e - t h i r d  o f  the  mean volume o f  the  normal t h y r o i d s  and 

the  g r e a t e s t  i n d i v i d u a l  volume in  Group IV was a p p ro x im a te ly  o n e - h a l f  

o f  the  g r e a t e s t  i n d i v i d u a l  volume o f  the  normal  t h y r o i d s  (Table  6) .

The a n a l y s i s  o f  v a r i a n c e  o f  the  w e igh t  o f  the pa pe r  t r a c i n g s  o f  

the  t h y r o i d  t r a n s p l a n t s  i n d i c a t e  t h a t  Group IV was s i g n i f i c a n t l y  h i g h e r  

than  the  o t h e r  groups (Table  7) .  The d a t a  were n o t  c o n v e r t e d  t o  volumes 

because  i t  was b e l i e v e d  t h a t  the  fewer c a l c u l a t i o n s  made a f t e r  the 

w e igh ts  were e s t a b l i s h e d ,  the  more a c c u r a t e  the  v a l u e s .  Only t r a n s p l a n t s  

t h a t  had f o l l i c l e s  a t  the  t ime o f  a u to p s y  were used  in  t h e  a n a l y s i s .

Tab les  Showing D a i ly  Oxygen Consumption 

Tab les  8 t h rough  14 g ive  the  d a i l y  mean oxygen consumption o f  a l l  

o f  the  r e a d i n g s  t aken  d u r in g  the  e xpe r im e n t .  Each index r e p r e s e n t s  f i v e  

o r ,  u s u a l l y  s i x ,  r e a d i n g s .  Due to  the l o n g e r  p e r i o d s  o f  t e s t i n g ,  A and B 

o f  Groups IV and V a r e  p l a c e d  on s e p a r a t e  pages.



40

TABLE 7

ANALYSIS OF THE WEIGHTS IN GRAMS OF TRACINGS OF THE THYROID TRANSPLANTS^

o Groups

"c
-< I I  6c I I I - A IV V VI

1 0.8896 0.7954 0.0000 0.3446
2 0.0344 0.0000 0.0314 0.0452
3 0.2238 0.3772 0.4976 0.4395
4 0.0000 0.0000 0.1335 0.4234
5 0.1153 1.4156 0.0000 0.3591
6 0.0398 1.9605 0.0000 0.7101

1 0.0000 0.0816 0.0000- 0.8712
2 0.2042 0.8397 0.5930 0.1544
3 0.1522 0.4800 0.0000 0.7643
4 0.2815 1.3594 0.0000 0.3462
5 1.1334 1.3398 0.1325 1.1564
6 0.6277 2.1873 0.0907 0.3678

X= 0.3702 1.0836 0.2464 0.4785

A n a ly s i s  o f  Variance

Source DF SS MS F S i g n i f i c a n c e

Between Group Var iance  
With in  Group Var iance

k - l =  3 
n-k=34

3.7240
6.5417

1.2413
0.1922

6.458 P <.01

T o ta l  n - l= 37  10.2657

Groups I I  6c I I I - A IV V VI

I I  & I I I - A • • • • 0 .7134^ 0.1238 0.1283

IV 0.3872^ 0.5851^

VI . = . 0.2521

The f i r s t  s i x  an imals  a r e  e a r l y  groups and the 
second s i x  a r e  l a t e  g roups ,  e x c e p t  i n  groups I I  & I I I - A  
and B. The f i r s t  s i x  a r e  I I  and the  second s i x  a r e  I I I ,

bp < . 0 5 'P < .0 1

b , c
F f o r  n s o f  

10
.05=0.3840
.01=0.5054

10 & 12 
.05=0.3677 
.01= 0.4840

10 & 6 
.05=0.4435 
.01=0.5838

12 & 6 
.05=0.4294 
.01=0.5653
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TABLE 8

AVERAGE DAILY READINGS FOR GROUP I
a

Days b e f o r e  and 
a f t e r  o p e r a t i o n  
0=Day o f  o p e r a t i o n

Animals

1-A 2 -A 3-A 4 -A 5-A 6 -A

7 . . .  . 4.178 4.880 4.643 5.554 5.830 5.560
6 . . .  . 4.417 5.085 5.734 6.499 7.034 5.547
5 . . .  . 4.498 . 5.038 5.410 5.371 5.313 4.929
4 . . . . 4 .522 4.819 4.642 5.594 5.156 4.905
3 . . . . 4 .049 5.137 4.469 5.213 5.189 5.334
2 . . .  . 4.527 4 .294 5.112 5.389 4.900 5.001
1 . . . .
A

4.177 4.772 4.355 5.029 5.441 4.820
U • « .  • 

1 . . . . 4.171 4.735 5.080 5.262 5.000 5.080
2 . . . . 4 .642 5.003 4.786 5.947 4.996 5.222
3 . . . . 4 .610 5.499 5.705 4.917 4.282 4.870
U . . .  . 4.122 5.339 5.128 5.594 4.881 5.026
5 . . .  . 5.108 5.624 4.667 5.666 5.415 4.971
6 . . . . 4.438 4.861 4.501 5.018 4.984 4.377
7 . . .  . 4.681 5.558 4.667 5.565 4.989 4.403
a . . .  . 5.064 5.096 4.690 5.378 5.183 4.537
9 . . .  . 4.751 5.204 4.871 5.959 4.751 4.347

10 . . .  . 4.560 4.827 5.360 5.473 5.481 4.491

1-B 2-B 3-B 4-B 5-B 6-B

7 . . .  . 5.568 5.838 4.453 6.914 6.256 5.197
6 . . .  . 4.973 4.367 4.968 7.315 6.725 5.794
5 . . .  . 4 .334 4.998 4.185 7.265 6.023 4.959
4 . . .  . 4 .527 4.284 4.260 6.293 5.541 4.102
3 .  .  .  . 4.581 4.304 4.162 6.505 5.464 4.405
2 . . .  . 4.509 4.498 4.540 5.466 5.631 5.195
1 .  .  .  .
A

4.751 5.064 5.162 5.662 5.207 4.613
U • • • • 

1 . .  . . 4.543 4.433 5.078 5.655 5.633 4.378
2 . . .  . 4.938 5.105 5.218 6.368 6.984 4.950
3 . . .  . 4.766 4.936 4.981 6.418 5.995 5.341
4 .  .  .  . 5.734 5.007 5.239 6.665 5.930 4.702
5 .  .  .  , 5.080 5.324 4.801 6.175 4.825 4.505
6 .  .  .  . 6.790 4.767 4 .028 6.171 5.757 4.362
7 . . .  . 5.102 4.654 4.380 6.582 5.728 4.512
8 . . . . 5 .657 4.604 4.856 5.959 6.030 4.972
9 . . .  . 4.312 4.645 3.875 5.185 5.148 4.650

10 . . .  . 4 .485 4. 664 4.303 5.149 4.832 4.620

Each re a d in g  i s  a mean o f  s ix  d a i ly  re a d in g s .
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TABLE 9

AVERAGE DAILY READINGS FOR GROUPS I I -A  AND I I I - A

Days b e fo r e  and 
a f t e r  o p e r a t i o n  
0=Day o f  o p e r a t i o n

Group I I

1-A 2 -A 3 -A 4 -A 5 -A 6-A

5 . . . . 4 .862 3.759 5.121 4.495 4.015 5.403
4 . . . . 4 .988 3.206 4 .474 5.789 4.020 5.069
3 . . . . 4 .752 4.159 4.682 5.566 4.642 5.489
2 . . .  . 4.653 3.649 4.851 5.316 4.175 4.982
1 . . . .
A

4 .443 3.777 4.345 5.139 4.233 5.469
U • • • • 
1 . . . . 4 .090 3.260 5.461 4.853 4.814 5.027
1 . . .  . 4 .278 3.871 4.230 5.189 4.601 4.937
2, . . .  . 3.690 3.591 4.300 5.018 4.601 4.937
4 . . . . 4 .063 3.390 4.543 5.160 3.983 4.877
5 . . . . 4 .624 3.750 4.157 4 .524 4.240 4 . 6 9 6

6 . . .  . 3.900 3.010 3.715 4 .204 3 . 4 6 0 4.207
1 . . .  . 3.818 3 . 8 6 2 3 . 4 6 2 4.472 3.910 4.617
8 . . . . 3 .867 3.526 3.627 4 .344 3.707 4.127
9 . . .  . 4 .102 3.158 3.578 5.344 3.760 4.194

1 0  . . .  . 3.772 3.822 3.940 5.063 3.567 3.795
1 1  . . .  . 4.420 3.859 3.683 4.770 3.807 4.503
12 . . .  . 4 .144 3.076 4.773 5 . 5 2 0 3.595 3.893
13 . . .  . 5 .825 3.369 3.685 4.950 4.037 4.284
14 . . .  . 4 .309 3.879 4.660 4 .563 3.567 3.928

Group I I I

1-A 2 -A 3 -A 4 -A 5 -A 6-A

6 . . . . d ied 4 .912 n o t 5.931 5.395 4.821
5 . . . . 4 .117 used 6.050 4 .676 4.170
4 . . . . 4 .013 6.009 5.013 4.754
3 . . . . 4 .710 5.252 5.472 5.207
2 . . .  . 4 .728 4 .976 4 .648 4.672
1 . . .  .
n

5.126 5.463 4 .363 4.676

1 . . . . 4 .038 4.655 4 .582 4.537
2 . . . . 4 .000 4.843 4.385 4.627
3 . . . . 4 .194 4 .464 4.187 4.748
h . . .  . 3.894 4 .898 4.400 5.080
5 . . . . 4 .057 4.681 4 .656 5.261
6 . . . . 4 .398 4.401 3.966 4.671
7 . . .  . 4.448 4.219 3.770 5.024
8 . . .  . 3.743 4.380 4 .308 4.766
9 . . . . 4 .560 4 .566 4 .438 4 . 8 9 7

®Each re a d in g  i s  a mean o f  s ix  d a i ly  r e a d in g s .
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TABLE 10

AVERAGE DAILY READINGS FOR GROUPS I I - B  AND I I I - B *

Days b e fo r e  and Group I I
a f t e r  o p e r a t i o n .
0=Day o f  o p e r a t i o n 1-B 2-B 3-B 4-B 5-B 6-B

5 . . . . 3 .674 3.677 4 .178 4.985 4.926 4.035
4 . . . . 3 .768 3.880 4.712 5.713 4.890 3.962
3 . . . . . 3 .926 3.791 4 .314 5.678 4.822 4.351
2 . . . . 4 .078 3.649 4.687 6.057 5.107 4.085
1 ............... 4 .218 . 3 .543 4.773 5.902 5.028 4.645
0 . , .
1 . . . . 3 .977 3.359 4 .354 5.112 4.739 4 .238
2 . . .  . 3.865 4.617 4.601 4 .872 4, 666 4.340
3 . . .  . 3.285 3.159 4 .104 4 .584 4.134 4.225
4 . . . . 3 .718 3.882 4.429 5.269 4.042 4,613
5 . . . . 3 .614 3.431 4.070 4 .965 5.189 4,445
6 . . . . 3 .528 3.602 4.349 5.004 4.350 4 .184
7 . . .  . 3.720 3.549 3.992 4.635 4.622 4.140
8 . . .  . 3.936 3.575 4 .070 5.235 4.397 5.292
9 .............. 3 .678 3.792 4.019 4.867 4.478 3.937

10 . . .  . 3.131 3.862 4 .054 4 .553 4 .376 3.581
11 . . .  . 3.930 3.637 3.756 4 .438 5.018 3.833
12 . . .  . 4 .044 3.693 3.644 5.104 4.908 3.784
13 . . .  . 3.975 3.879 4.150 5.391 4.739 4.264
14 . . .  . 4 .405 3.982 4 .334 5.007 4.664 3.778

Group I I I

1-B 2-B 3-B 4-B 5-B 6-B

6 . . .  . 4.202 died 3.908 4.080 4.270 5.530
5 . . .  . 4.485 3.870 4 .575 3.976 5.587
4 . . . . 4 .639 4.896 5,006 4.920 5.405
3 . . . . 4 .794 4.443 4.375 4.518 4.283
2 . . .  . 5.211 4.410 . 4 .178 3.869 5.201
1 . . . .
n

4.612 . . . 3 .971 3.998 4.214 4.682

1 . . . . 3 .901 3.892 3.546 3.384 4.032
2 . . .  . 4.201 3.908 4 .092 3.569 4.459
3 . . .  . 3.920 4.880 3.510 4.119 4 .644
4 . . . . 4 .614 3.699 4 .353 3.636 4.555
5 . . . . 4 .279 3.880 3 .916 3.223 4.133
6 . . . . 4 .426 4.477 3.659 3.248 4.663
7 . . .  . 3.903 3.769 4.643 5.163 4.332
8 . . . . 6 .184 4 .408 3.773 4.911 4.196
9 . . . . 3 .724 . 3,587 4.409 3.403 3.631

Each re a d in g  i s  a mean o f  s ix  d a i ly  r e a d in g s .
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TABLE 11

AVERAGE DAILY READINGS FOR GROUP IV-A

Days b e f o r e  and 
a f t e r  o p e r a t i o n .  
0=Day o f  o p e r a 

t i o n

Animals

1-A 2-A 3 -A 4 -A 5-A 6-A

10 . . .  . 5 .184 6.025 5.071 5.604 5.461
9 . . .  . 4.814 4.575 4.938 6.280 4.935
8 . . .  . 5.496 5.070 4.829 5.051 5.254
7 . . .  . 4.063 4.535 5.152 4.500 5.057
6 . . .  . 5.171 4.279 5.742 5 . 1 2 3 5.386
5 . . .  . 4.422 3 . 7 5 8 4.690 5.149 5.239
k . . .  . 5.214 3.807 3.861 4.400 4 .834
8 . . .  . 5.370 3.750 3.848 4.145 4.978
2 . . .  . 3.761 3.490 3.714 4.170 4.728
1 . . . .
n

4.845 4.078 4.336 4.843 4 .926
U « • . 0 

1 . . . . 5.430 3.600 4.363 5.268 4.826
2 . . .  . 5.975 3.987 4.478 4.570 4 .558
8 . . .  . 5.671 3.945 4.375 4 .778 4.803
k . . .  . 5.563 5.039 4.199. 4.495 4 .360
5 . . .  . 5.982 4.008 3.874 4.760 5.436
8 . . .  . 5.163 4.640 3.937 4.232 4.747
1 . . .  . 4.676 4.776 4.251 4.402 4.593
8 . . .  . 5.239 4.345 3.662 4 .096 5.218
9 . . .  . 4.812 4.125 3.610 4.209 4.821

10 . . .  . 4.817 4.314 3.620 4.551 4.886
1 1  . . .  . 4.768 4.538 3.935 4.533 4.652
12 . . .  . 4.526 4.409 3.494 4 .948 5.124
13 . . .  . 5.094 4.701 3.258 4.736 4.771 .
14 . . .  . 5.622 5.305 5.059 5.515 5.681

Each r e a d i n g  i s  a mean o f  s i x  d a i l y  r e a d i n g s .
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TABLE 12

AVERAGE DAILY READINGS FOR GROUPS IV-B'

D a y s  b e f o r e  a n d  

a f t e r  o p e r a t i o n  

0 = D a y  o f  o p e r a 

t i o n

A n i m a l s

1-B 2-B 3-B 4-B 5-B 6-B

9 . . .  . 5.407 4.943 5.474 4 . 7 2 1 4.454 5 . 9 8 7

8 . . .  . 5.731 5 . 3 2 8 5.206 5.219 4.467 5.548
7 . . .  . 5.264 5.945 4.267 4.242 3.879 4.590
6 . . .  . 4.769 4.786 4.926 4.897 4.732 4.766
5 . . . . 4 .704 4 . 4 7 5 4.974 4.640 4.060 4.994
4 . . . . 5 .460 4 . 4 7 2 4.162 4.643 3.946 4 . 8 9 2

3 . , . . 5 .374 4 . 8 7 1 5 . 4 1 6 4 . 4 9 4 3.769 5.348
2 . . . . 5 . 2 0 7 4.763 4 . 6 1 2 4.501 3 . 8 8 7 5.166
1 . . . .
n

4 . 5 9 6 3.961 4.462 4.264 3.643 4.540

1 . . . . 5 .255 4.334 4 . 3 5 8 4.603 4 . 4 2 4 5.573
2 . . .  . 5.023 4 . 3 9 2 5.045 4,835 4.159 5.422
3 . . . . 4 .703 5.400 4.753 4.974 4.235 5.455
U . . .  . 4.737 4.344 5 . 2 2 7 4,668 4.651 4.770
5 . . .  . 5.380 5 . 3 7 9 4.810 4 . 8 8 7 4.659 5.420
6 . . .  . 5.356 5.112 5.186 5.911 4. 664 5.134
7 . . .  . 5.364 5.306 5.158 5.250 4.419 4.936
8 . . .  . 5.396 5.119 5.153 4.600 4.402 5.337
9 . . .  . 5.358 4.670 5.012 4 . 8 6 2 4.594 5.803

10 . . .  . 5 . 4 8 5 6.188 5 . 5 8 6 4.859 4 . 2 1 6 5.253
1].................. 5 .212 4 . 9 0 4 5.187 5.134 4.433 5 . 5 4 6
12 . . .  . 5 .024 4.837 5 . 3 4 3 5.382 4.344 5.407
13 . . .  . 5 .925 4.837 5 . 1 3 2 4 . 9 2 4 4.124 4.836
14 . . .  . 5 . 9 1 6 5.891 6.758 4.853 4.619 5.266

^ E a c h  r e a d i n g  i s  a  m e a n  o f  s i x  d a i l y  r e a d i n g s ,
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TABLE 13

AVERAGE DAILY READING FOR GROUP V-A

Days b e f o r e  and 
a f t e r  o p e r a t i o n  
0=Day o f  o p e r a 

t i o n

Animals

1-A 2 -A 3-A 4 -A 5 -A 6-A

15 . . .  . 4 .071 5 . 0 5 7 5.051 4.686 5.137 4.620
14 . . .  . 4 .844 4.987 5.442 5.389 5.926 5.602
13 . . .  . 5 .216 5.700 5.879 4.965 6.180 5.950
12 . . .  . 5 .353 5 . 7 7 9 5.550 5.162 6.231 5.820
11 . . .  . 5 .416 5.522 6.285 5.123 5.462 6.096
10 . . .  . 5.422 6.182 5.980 6.060 6.156 6.329

9 . . . . 4 .659 5.712 5.123 5.195 5 . 5 5 2 6.386
8 . . . . 5.721 6.223 5.812 6.232 6.772 6 . 8 8 2

7 . . .  . 5.631 6.064 6.341 5.825 6.457 5.980
6 . . .  . 5 . 4 3 3 5.666 5.872 5.276 6.200 6.425
5 . . .  . 5.316 6.025 5.546 5.587 6.540 6.352
U . . .  . 4 .794 5.619 5.491 4.952 5.272 5.769
3 . . .  . 5.195 5.557 6.005 4 . 8 7 2 4.899 5.837
2 . . .  . 5.682 6.132 6 . 0 0 4 5.090 4.953 6 . 0 2 4
1 . . . . 5 .558 5.950 5.888 5.235 5.773 5.568
u • . . • 
1 . . . . 5.574 6.340 5.279 5 . 8 2 3 5 . 4 9 8 6.097
2 . . .  . 5.809 5.630 5 . 4 1 8 6.037 6.832 6.925
3 . . .  . 5 . 6 5 5 5.828 5 . 7 8 9 6.056 4.872 6.015
4 . . . . 5 . 6 3 4 5.838 6.170 5.611 6.186 6.079
5 . . . . 5 .176 5.529 5.355 5.107 5.649 5.814
6 . . .  . 5.405 5.999 5.416 5.491 5 . 8 7 5 5.948
7 . . .  . 5.312 5.998 6.056 5.204 5.618 6.054
8 . . .  . 5.338 5 . 7 2 4 5 . 7 8 8 5.474 5.053 6.224
9 . . .  . 5.614 5.920 5.279 5.479 5.204 5.815

10 . . . . 5.398 5.929 5.665 5.766 5.486 6.282

Each r e a d i n g  i s  a mean o f  s i x  d a i l y  r ea d ings .
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TABLE 14-

AVERAGE DAILY READING FOR GROUP V-S'

Days b e fo r e  and 
a f t e r  Opera t ion  
0=Day o f  Opera

t i o n

Animals

1-B 2-B 3-B 4-B 5-B 6-B

15 . . .  . 5.040 5 . 8 2 9 4.751 5.320 5.467 4.695
14 . . .  . 5.687 6 . 2 0 4 5.039 5.687 5.590 4 . 7 5 8
13 . . .  . 6.391 6 . 0 4 1 6.706 5.730 5 . 7 0 8 6.460
12 . . .  . 6.173 6 . 8 1 1 5.012 5.675 5 . 6 7 8 5 . 7 2 5
11 . . . . 5.761 7.065 5.696 5 . 7 6 6 6 . 1 2 8 6.149
10 . . .  . 5 . 3 9 0 6 . 2 2 1 5.816 6 . 0 7 2 5.873 5.307
9 . . .  . 5.725 6 . 2 7 5 5.811 5 . 8 4 5 5.344 5.982
8 . . .  . 5.548 5.989 6 . 6 0 9 6 . 5 0 4 5.830 5.625
1 . . .  . 5 . 6 6 5 6.711 7 . 0 1 8 5.788 6.186 5 . 4 2 0

6 . . .  . 5.256 6.243 6 . 1 9 8 5 . 7 7 0 6.028 5.539
5 . . .  . 5.236 6.441 6 . 1 2 5 5 . 7 3 4 5 . 9 3 2 5 . 2 7 4

4 . . . . 5.312 6 . 3 5 5 6 410 5 . 4 8 6 5.329 5.158
3 . . . . 4 . 9 5 6 5.959 6.207 5.534 5 . 6 8 9 5.800
2 . . .  . 5.026 6 . 4 3 0 7 . 3 0 1 5.615 5 . 2 7 3 5.546
1 . . . .
0 . . . , 
1 . . . .

5.139 6 . 8 9 9 6 . 5 2 3 5.611 6 . 3 9 4 6.117

5.414 6 . 0 5 0 5. 740 5 . 4 3 9 5.274 4 . 9 6 5

2 . . .  . 5.498 6.448 6,015 5.707 6.806 5.151
3 . . .  . 5.202 6.046 6 . 3 2 3 5 . 6 8 9 5 . 4 3 9 5.062
4 . . . . 5 .114 6.643 6,255 5.575 5.763 4 . 9 7 9

5 . . . . 4 .943 5.719 5 . 8 0 2 5.564 5.432 4 . 9 8 9
6 . . .  . 4.682 7.073 6.315 5.644 5.630 4.742
1 . . .  . 5.236 6.080 6.389 5 . 2 9 5 5.830 4.873
8 . . .  . 4 . 7 4 6 5 . 9 7 6 6.213 5.554 5.140 4.981
9 . . .  . 5 . 3 3 4 7.349 6 . 5 2 5 5 . 8 5 8 5.800 4.835

10 . . .  . 5 .106 7.491 6 . 2 7 8 5.500 5.335 5 . 0 5 5

^Each r e a d i n g  i s  a mean o f  s i x  d a i l y  r ea d ings ,



CHAPTER IV

DISCUSSION

The r e d u c t i o n  o f  the  oxygen consumption by the  t r a n s p l a n t a t i o n  

o f  a s i n g l e  p i t u i t a r y  o r  t h y r o i d  g land  cou ld  be i n t e r p r e t e d  as due to 

the  fo rm a t ion  o f  a n t i b o d i e s .  I f  t h i s  be t r u e ,  the a n t ib o d y  p r o d u c t io n  

and i t s  r e f l e c t i o n  in  the  m e t a b o l i c  r a t e  i s  more r a p i d  than  p a s t  work 

has  i n d i c a t e d .

Uhlenhuth ,  in  1903, i s  r e p o r t e d  to  have r ec o g n ize d  the a n t i g e n i c  

p r o p e r t i e s  o f  an organ  r a t h e r  than o f  the s p e c i e s .  He dem ons t ra ted  the 

p r e s e n c e  o f  an organ  s p e c i f i c  a n t i g e n  in  the lens  o f  the  eye .  (Witebsky,  

Rose and Shulman, 1955) .  F l e i s h e r ,  H a l l ,  and A r n s t e i n  (1920) ,  F l e i s h e r  

and A r n s t e i n  (1921) and F l e i s h e r  (1922) d i s c u s s  t h r e e  c a t e g o r i e s  o f  

a n t i g e n s  i n  an im a ls :  (1) a n t i g e n s  p r e s e n t  in  a l l  organs  o f  a s p e c i e s ;

(2) a n t i g e n s  c h a r a c t e r i s t i c  o f  s p e c i f i c  organs  and n o t  o f  s p e c i e s ;  and

(3) a n t i g e n s  common to  s e v e r a l  d i f f e r e n t  o rgans .

Aron (1930) obse rved  t h a t  t h e  normal  h y p e r t h y r o i d  c o n d i t i o n  p r o 

duced by the  i n j e c t i o n  o f  p i t u i t a r y  e x t r a c t s  may r e v e r t  to  h y p o t h y r o i d 

ism f o l l o w i n g  p ro longed  i n j e c t i o n s  o f  the e x t r a c t .  Loeb and Friedman 

(1931) found t h a t  f o l l o w i n g  l o n g - t e rm  t r e a t m e n t  w i t h  p i t u i t a r y  e x t r a c t s

the  t h y r o i d s  o f  gu inea  p ig s  f a i l e d  to  respond .  C o l l i p  and Anderson (1937)

i n j e c t e d  t h y r o t r o p i c  hormone and i n c r e a s e d  the  m e t a b o l i c  r a t e  the  f i r s t  

week to  a p l u s  28 p e r  c e n t .  The second and t h i r d  week the  r a t e  had 

dropped to  normal  and by the f i f t h  week the  m e t a b o l i c  r a t e  was minus 29

48
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p e r  c e n t  o r  the  l e v e l  o f  the hypophysectomized r a t .  This was b e l i e v e d  

to  be due to  the  fo rm ation  o f  an a n t i - t h y r o t r o p i c  su b s ta n c e .

Lerman (1942) r e p o r t e d  mammalian t h y r o g l o b u l i n  to  be s t r o n g l y  

a n t i g e n i c  and the  a n t i b o d i e s  were o r g a n - s p e c i f i c .  The con t inued  i n j e c 

t i o n  o f  t h y r o g l o b u l i n  i n c r e a s e d  the  m e tabo l i c  r a t e  to a p lu s  47 p e r  c en t  

the  f i r s t  week, fo l lowed by a g radua l  d e c l i n e  to a p lu s  20 pe r  c e n t  the 

t h i r d  week and a f t e r  omission o f  i n j e c t i o n  the m etabo l i c  r a t e  dropped to 

a minus 31 p e r  c e n t .

Witebsky and Rose (1956) r e p o r t e d  r a b b i t s  p roducing  a n t i b o d i e s  

a g a i n s t  e x t r a c t s  o f  t h e i r  own th y ro id s  as we l l  as e x t r a c t s  o f  th y ro id s  

o f  o t h e r  r abb i t s .  A n i g s t e i n ,  Eklund,  and Whitney (1957),  a f t e r  i n j e c t i n g  

r a t s  w i th  0 .5  ml o f  a n t i - r a t - t h y r o i d  serum f o r  t h r e e  days a week f o r  two 

weeks r e p o r t e d  a lower ing  of  oxygen consumption in  e i g h t  days. Witebsky 

e t  a l .  (1957) and Witebsky e t  a l .  (1957-58) r e p o r t e d  t h y ro i d  a n t i b o d i e s  

a g a i n s t  human t h y r o i d  e x t r a c t s  in  ch ro n ic  t h y r o i d i t i s  in  man, Terp lan  

e t  a l .  (1960) demons t ra ted  e xpe r im en ta l  t h y r o i d i t i s  in r a b b i t s ,  dogs and 

gu inea  p i g s  fo l l o w in g  immunization w i th  a u to -  and h e t ro lo g o u s  t h y r o i d  e x 

t r a c t s .  E h r ic h  and H a r r i s  (1942) d e t e c t e d  a n t i b o d i e s  i n  the e f f e r e n t  

p o p l i t e a l  lymph two days a f t e r  subcutaneous i n j e c t i o n s  of  typhoid  v a c 

c i n e ,  sheep e r y t h r o c y t e s ,  and egg albumen i n t o  t h e . f e e t  o f  r a b b i t s .  

McKenna and Stevens (1957) i n j e c t e d  r a b b i t s  w i th  bovine  serum albumen 

and d e t e c t e d  h ig h  t i t e r s  o f  a n t i b o d i e s  in  the  s p le e n  a f t e r  twelve hours .  

These a n t i b o d i e s  were n o t  d e t e c t e d  in  the  serum o r  b lood  t h i s  e a r l y .  

Crowder (1956) found t h a t  the oxygen consumption o f  r a t s  was lowered 

w i t h i n  48 hours  a f t e r  the t r a n s p l a n t a t i o n  o f  a lobe o f  homothyroid i n t o  

each v i t r e o u s  chamber.  These f i n d i n g s  s u p p o r t  the  r a p i d  p r o d u c t io n  of  

a n t i b o d i e s  as p o s t u l a t e d  in  t h i s  s tu dy .



50

Lawrence (1957-58)  compared the  a n t i g e n - a n t i b o d y  r e a c t i o n  o f  the 

t u b e r c u l i n - t y p e  a l l e r g y  to  the  d e s t r u c t i o n  o f  h o m o t r a n sp la n t s .  Two of  

t h es e  s i m i l a r i t i e s  may,be p e r t i n e n t  to t h i s  phase o f  the problem:

(1) t h e r e  seems to be no p a r a l l e l  between the degree o f  s e n s i t i v i t y  and 

c o n c e n t r a t i o n  o f  serum a n t i b o d i e s ;  and (2) t r a n s f e r  o f  s e n s i t i v i t y  from 

one animal to a n o t h e r  can be accompli shed  by the  t r a n s f e r  of  c e l l s  and 

n o t  serum. P o s s i b l y  t h i s  cou ld  a l s o  app ly  to i n h i b i t i o n  o f  the  p h y s i 

o logy  o f  end o c r in e  g lands as we l l  as the  d e s t r u c t i o n  o f  the hom otrans 

p l a n t s .  I t  may be t h a t  the  i n h i b i t i o n  can be i n i t i a t e d  by an an t ibody  

t i t e r  too low to d e t e c t ,  o r  p o s s i b l y  some s ubs ta nc e  o t h e r  than a n t i b o d i e s .

The d u r a t i o n  of  s u r v i v a l  and p a t t e r n  o f  d e s t r u c t i o n  o f  t h y r o i d  

homograf ts  a r e  w e l l  e s t a b l i s h e d  and h i s t o r i c a l l y  r e l a t e d  to  the  s tudy  of  

organ s p e c i f i c  a n t i b o d i e s .  These s t u d i e s  a re  now b e l i e v e d  to be c l o s e l y  

r e l a t e d .

Manley and Marine (1916) found t h a t  t h y r o i d  ho m o t ra n sp la n t s  in  

r a b b i t s  were u s u a l l y  d e s t r o y e d  between 10 and 30 days. Loeb (1930) r e 

p o r t e d  t h a t  s i m i l a r  t r a n s p l a n t s  l a s t e d  about  30 days in  guinea  p i g s .  

Crowder (1956) found no t r a c e  o f  f o l l i c l e s  in  t h y r o i d  ho m o t ra n sp la n t s  in 

r a t s  a f t e r  20 days.  Loeb (1930) and Woodruff and Woodruff (1950) have 

d e s c r i b e d  the p a t t e r n  o f  d e s t r u c t i o n  o f  t h y r o i d  h o m o t r a n sp la n t s .  A 

n e c r o s i s  i n  t h e  c e n t e r  o f  the  t r a n s p l a n t  occu rs  du r ing  the  f i r s t  t h r e e  

days fo l l o w in g  t r a n s p l a n t a t i o n  l e a v i n g  v i a b l e  t i s s u e  on ly  around the 

p e r i p h e r y .  New c e l l s  and f o l l i c l e s  beg in  to develop about  the  t h i r d  day. 

Marine and Rosen (1934) r e p o r t e d  the  d e s t r u c t i v e  p r o c e s s e s  a g a i n s t  t h y 

r o i d  homograf ts  beg in  abou t  the  e i g h t h  day. A l l  o f  the t h y r o i d  t r a n s 

p l a n t s  i n  my s tu d y  were r ec o v e red  w i t h in  the  d e s t r u c t i o n  p e r i o d .  I t  was
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obvious t h a t  most  o f  the f o l l i c l e s  were on the  p e r i p h e r y  and the  rem a in 

ing  p o r t i o n  o f  the  t r a n s p l a n t  was composed o f  c o n n e c t iv e  t i s s u e ,  w i th  a 

l a r g e  number o f  lymphocytes .

The r e l a t i o n s h i p  between the  lymphocytes ,  d e s t r u c t i o n  o f  hpmo- 

t r a n s p l a n t s ,  and a n t i b o d i e s  i s  n o t  c l e a r l y  un d e rs to o d .  The d e s t r u c t i o n  

o f  t r a n s p l a n t e d  sarcoma by lymphocytes was proposed by Wade (1908) .

Murphy (1914) ,  Murphy and Morton (1915) ,  Murphy and T a y lo r  (1918) ,

Murphy and Sturm (1919) ,  and Loeb (1930) dem ons t ra ted  the  r o l e  o f  lympho

c y te s  as the d e s t r o y e r  o f  homogra f ts .  That  the  fo rm a t ion  of  a n t i b o d i e s ,  

o r  a c q u i r e d  immunity,  i s  a l s o  invo lved  in the  d e s t r u c t i o n  o f  t r a n s p l a n t s  

was i n d i c a t e d  by Gibson and Medawar (1943) when they  r e p o r t e d  t h a t  s e c 

ond s k in  t r a n s p l a n t s  were d e s t r o y e d  more r a p i d l y  than the  f i r s t .  E h r ic h  

and H a r r i s  (1945) ,  M it ch ison  and Dube (1955) and Scothorne  and McGregor 

(1955) dem ons t ra ted  t h a t  the  p r im ary  s i t e  o f  a n t ib o d y  fo rm a t ion  i s  the 

lymph nodes and the  secondary  s i t e  the s p l e e n ,  i n d i c a t i n g  a c l o s e  r e l a 

t i o n s h i p  between lymphocytes  and a n t i b o d i e s .  Medawar (1953) s t a t e d  the  

problem o f  t h i s  r e l a t i o n s h i p  in  t h i s  way:

As Loeb and Murphy have long  s i n c e  i n s i s t e d ,  the  i n f i l t r a t i o n  o f  
t i s s u e  hom ogra f ts  by lymphocytes  i s  a r e g u l a r  accompaniment  to  t h e i r  
breakdown. What a r e  they  do ing? Are they  s e a t s  o f  h y p o t h e t i c a l  
homotoxins ,  o r  the  v e h i c l e s  by means o f  which a n t i b o d i e s  a r e  b rough t  
to the  ne ighborhood?  Or i s  t h e i r  p r e s e n c e  m ere ly  a b y - p r o d u c t  o f  
the  g e n e ra l  in f l amm atory  changes t h a t  accompany t i s s u e  d e s t r u c t i o n ?

Merwin and H i l l  (1954) u s in g  subcu taneous  t r a n s p l a n t s  and P rehn ,  

Weaver, and A l g i r e  (1954) u s in g  d i f f u s i o n  chambers dem ons t ra ted  t h a t  the 

h o s t  d id  n o t  produce an immunity a g a i n s t  a h o m o t r a n s p la n t  u n l e s s  thé  

l e u c o c y te s  o f  the  h o s t  made c o n t a c t  w i th  the  t r a n s p l a n t .  P rehn ,  Weaver, 

and A l g i r e  (1954) a l s o  dem ons t ra ted  t h a t  t i s s u e s  in  d i f f u s i o n  chambers
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co u ld  s u rv i v e  in  b o th  non-immune and immune homologous h o s t s .  Weaver, 

A l g i r e ,  and Prehn (1955) showed t h a t  t i s s u e s  p r o t e c t e d  by " c e l l - i m p e n e 

t r a b l e "  chambers s u rv iv e d  in  homologous h o s t s  b u t  were d e s t r o y e d  i f  in  a 

" c e l l - p e n e t r a b l e "  chamber. This seems to i n d i c a t e  t h a t  the  homograf t  

d e s t r u c t i o n  i s  produced  by the  h o s t ' s  c e l l s  and n o t  by c i r c u l a t i n g  a n t i 

b od ie s  s i n c e  i t  was demons t ra ted  t h a t  a n t i b o d i e s  could  pass  th rough  the 

po res  o f  the  " c e l l - i m p e n e t r a b l e "  chambers.  I t  was b e l i e v e d  t h a t  the 

a n t i b o d i e s  were t r a n s p o r t e d  by the lymphocytes .  Medawar (1959) in  r e 

ga rd  to homograf t  d e s t r u c t i o n  s t a t e s ,  "The homograf t  r e a c t i o n  be longs  to 

t h a t  demimonde o f  immunologic responses  in  which " c l a s s i c a l "  a n t i b o d i e s  

seem to p l a y  no n e c e s s a r y  p a r t . "

The e f f e c t  o f  the e n c a p s u l a t e d  t h y r o i d  on the oxygen consumption 

may be e x p l a i n e d  by the l a c k  o f  fo rm ation  o f  a n t i b o d i e s .  Prehn ,  Weaver, 

and A l g i r e  (1954) have shown t h a t  i f  the homologous t i s s u e  i s  p r o t e c t e d  

from the  c e l l s  o f  the  h o s t ,  i t  does n o t  produce an immunity. In  most 

c a se s  t h e  e n c a p s u l a t e d  t h y r o i d  did n o t  p e rm i t  the e n t r e e  o f  h o s t  c e l l s ,  

and t h e r e f o r e  p r e v e n te d  the  fo rm a t ion  o f  a n t i b o d i e s ,  and c o n s e q u e n t ly  no 

r e d u c t i o n  in  oxygen consumption.  I f  t h i s  p r o p o s a l  i s  c o r r e c t ,  i t  seems 

t h a t  t h e r e  i s  a c l o s e  r e l a t i o n s h i p  between the  p ro d u c t i o n  o f  a s u b s ta n c e  

t h a t  causes  a r e d u c t i o n  in  oxygen consumption and the p r o d u c t i o n  o f  the  

immunity a g a i n s t  t h e  homograf t .

The r e s u l t s  o f  t h e  t r a n s p l a n t a t i o n  o f  b o th  t h y r o i d  and p i t u i t a r y  

i n t o  each i n d i v i d u a l  show an i n c r e a s e  in  t h e  oxygen consumption and an 

i n c r e a s e  i n  t h e  volume o f  s u r v i v i n g  t h y r o i d  t r a n s p l a n t .  Why does the 

com bina t ion  o f  t h e  b i - o c u l a r  t r a n s p l a n t s  r e v e r s e  the  e f f e c t  on oxygen 

consumption o f  e i t h e r  o f  the  g lands  t r a n s p l a n t e d  s e p a r a t e l y ?
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M a r t in i  e t  a l .  (1959) ,  Khazin and R e i c h l i n  (1961) and Knigge 

(1961) have r e p o r t e d  the  p r o d u c t io n  o f  Thyroid S t i m u la t in g  Hormone (TSH) 

from p i t u i t a r y  t r a n s p l a n t s .  The i n c r e a s e  in  the  m e ta b o l i c  r a t e  o f  the 

b i - o c u l a r  group cou ld  be due to such an i n c r e a s e  o f  TSH a c t i n g  on both 

the  i n t a c t  and t r a n s p l a n t e d  t h y r o i d s .  The m e ta b o l i c  r a t e  i n c r e a s e d  

w i t h i n  24 hours  fo l l o w in g  the t r a n s p l a n t a t i o n .  This i s  com pat ib le  with 

the  f i n d i n g s  o f  Smith and Brown (1952) and Barker  and K l i t g a a r d  (1952) 

who r e p o r t e d  an i n c r e a s e  in  oxygen consumption in  r a t s  w i t h in  24 hours  

s ubsequen t  to the  i n j e c t i o n  o f  t h y r o i d  e x t r a c t s .  That  the i n c r e a s e  in 

the b i -ocu la r  group i s  not ed  w i t h in  a s i m i l a r  time p e r i o d  s u g g e s t s  t h a t  

i t  may be in  r esponse  to e l e v a t e d  t h y ro id  hormone l e v e l s  caused by i n 

c re a s e d  TSH l e v e l s .

The a p p a re n t  r e d u c t io n  in the  d e s t r u c t i o n  r a t e  o f  the t h y r o i d  

t r a n s p l a n t  in  the b i - o c u l a r  group p robab ly  was n o t  due to the i n c r e a s e d  

TSH. Woodruff (1954) and Dempster and Doniach (1955) could f in d  no 

e f f e c t  o f  t h y r o t r o p i n  on the r a t e  of  d e s t r u c t i o n  of  t h y r o i d  homogra f ts .  

I t  would be more l i k e l y  to have been an i n c r e a s e  in  a d r e n o c o r t i c o t r o p i c  

hormone (ACTH) a c t i n g  on the i n t a c t  a d re n a l  c o r t e x ,  S i l b e r b e r g  (1934) 

found t h a t  e x t r a c t s  o f  a n t e r i o r  p i t u i t a r y  a id ed  in  the s u r v i v a l  o f  t h y 

r o i d  h o m o t r a n s p la n t s .  Turner  (1939) was a b le  to p ro long  the s u r v i v a l  o f  

homo-adrenal  c o r t e x  t r a n s p l a n t s  by i n j e c t i n g  s l i c e d  p i t u i t a r i e s  i n t o  the 

same eye w i th  the  t r a n s p l a n t .

B i l l ingham  e t  a l .  (1951) used c o r t i s o n e  to p ro lo n g  the l i f e  of  

s k in  homograf ts  o f  r a b b i t s ,  Toolan (1954a, b) used  c o r t i s o n e  to he lp  

m a i n t a i n  human neoplasms in  r a t s .  Woodruff (1954) r e p o r t e d  c o r t i s o n e  

i n c r e a s e d  s u r v i v a l  t ime o f  t h y r o i d  homograf ts  in  guinea  p i g s .  Medawar 

and Sparrow (1956) r e p o r t e d  t h a t  h y d r o c o r t i s o n e  and c o r t i s o n e  were the
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only two c o r t i c o i d s  e f f e c t i v e  in  i n c r e a s i n g  the  l o n g e v i t y  o f  s k i n  homo- 

g r a f t s  in  r a b b i t s  and mice. The method o r  methods by which the  c o r t i 

co ids  i n h i b i t  h o s t  r e a c t i o n  a r e  no t  u n d e r s to o d ,  b u t  H e l l e r  (1955) demon

s t r a t e d  t h a t  c o r t i s o n e  appear s  to h i n d e r  the  a b i l i t y  o f  the  r e t i c u l o e n 

d o t h e l i a l  c e l l s  to p ha goc y t i ze  and r e g e n e r a t e .

The group r e c e i v i n g  h y d r o c o r t i s o n e  (Group VI) was used on ly  to 

de te rmine  the e f f e c t  o f  the compound on the  s u r v i v a l  o f  the t r a n s p l a n t  

and oxygen consumption was n o t  t aken.  There was s l i g h t l y  more s u r v i v i n g  

t h y ro i d  t i s s u e  in  Group VI than in  the groups r e c e i v i n g  on ly  t h y r o i d .

I t  would appear  t h a t  the p re se nc e  o f  the  p i t u i t a r y  t r a n s p l a n t  in  a d d i 

t i o n  to  the  t h y r o i d  t r a n s p l a n t  had mere e f f e c t  on the  t h y r o i d  t r a n s p l a n t  

than d id  the  i n j e c t i o n s  of  2 mg o f  h y d r o c o r t i s o n e  every  o t h e r  day u n t i l  

the  t o t a l  o f  8 mg was given .  The volume of  s u r v i v i n g  t h y r o i d  t r a n s p l a n t  

was s i g n i f i c a n t l y  g r e a t e r  in Group IV than in  e i t h e r  Group I I - A  and I I I - A  

o r  Group VI.

No s a t i s f a c t o r y  e x p l a n a t i o n  i s  p r e s e n t e d  c o n c e r n in g  th e  p e r  c e n t  

body .we igh t  o f  the  t h y r o i d  and p i t u i t a r i e s .  The a d d i t i o n  o f  e i t h e r  t h y 

r o i d  o r  p i t u i t a r y  appears  to a f f e c t  the  we igh t  of  the  normal (ini s i t u )  

t h y r o i d .  The group t h a t  r e c e iv e d  the muscle t r a n s p l a n t  (Group I)  had 

the t h y ro i d s  w i th  the  l a r g e s t  p e r  c e n t  bcdy w e ig h t .  This  cou ld  be due 

to  the absence  o f  s p e c i f i c  t h y r o i d  o r  p i t u i t a r y  a n t i b o d i e s  o r  an i n c r e a s e  

i n  the  hormonal l e v e l  due to  the t r a n s p l a n t  which cou ld  i n h i b i t  the  t h y 

r o i d  ( i n  s i t u ) .

The p e r  c e n t  body we igh t  o f  the  p i t u i t a r y  does n o t  fo l low  the 

p a t t e r n  o f  the  t h y r o i d  p e r  c e n t  body w e i g h t .  I t  p ro b ab ly  shou ld  be no ted  

t h a t  Group I  was the  second h i g h e s t  in  p e r  c e n t  body we igh t  o f  the
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p i t u i t a r i e s .  This  m a y - i n d ic a t e  t h a t  b o th  the  t h y r o i d  and p i t u i t a r y  p e r  

c e n t  body w e igh ts  a r e  g r e a t e r  i f  t h e r e  a r e  no t h y r o i d  o r  p i t u i t a r y  a n t i 

b od ie s  p r e s e n t  in  the  organism.

The a c t u a l  mechanism by which the fo rm ation  of  a n t i b o d i e s  a c t  

a g a i n s t  the  t h y r o i d  o r  o t h e r  e n d o c r in e  g lands  i s  n o t  known, b u t  Rose and 

Witebsky (1956) demons t ra ted  a h i s t o l o g i c a l  change in  the  t h y r o i d  ( in  

s i t u )  fo l l o w in g  i n j e c t i o n s  o f  a n t i - t h y r o i d  serum. C e l l u l a r  e lements  had 

p a r t i a l l y  r e p l a c e d  some o f  the  t h y r o i d  t i s s u e .  P o s s i b l y  the  p resence  of  

a n t i - t h y r o i d  o r  p i t u i t a r y  a n t i b o d i e s  would cause the  rep lacem en t  o f  the 

normal  g l a n d u l a r  t i s s u e  w i th  c o n n e c t iv e  t i s s u e  t h a t  may be l i g h t e r  in  

w e igh t .

The f a i l u r e  to  r e c o v e r  p i t u i t a r y  t i s s u e  from any o f  the  p i t u i t a r y  

h o m o t ra n sp la n t s  makes i t  appear  t h a t  p i t u i t a r y  homograf ts  a r e  d e s t r o y e d  

more r a p i d l y ,  when p l a c e d  in  c o n t a c t  w i th  the  c i r c u l a t o r y  sys tem in non-  

hypophysectomized h o s t s ,  than t h y r o i d  hom ogra f t s .  There a r e  many cases  

where p i t u i t a r y  t r a n s p l a n t s  have been r ec o v e red  when t r a n s p l a n t e d  i n t o  

p r o t e c t e d  a r e a s  o r  hypophysectomized an imals  as d i s c u s s e d  by Medawar 

(1959) .  Knigge (1961) a l s o  r e p o r t s  t h a t  the  use o f  e i t h e r  ch lo ro fo rm  o r  

e t h e r  to  s a c r i f i c e  the  donor  had some d e l e t e r i o u s  e f f e c t  upon the  s u r 

v i v a l  o f  p i t u i t a r y  t r a n s p l a n t s .  Perhaps  the combina t ion  o f  s i t e ,  non- 

hypophysectomized  h o s t ,  l a c k  o f  i n b re d  s t r a i n ,  and use  o f  e t h e r  to s a c r i 

f i c e  the  donors  cou ld  account  f o r  the  t o t a l  d e s t r u c t i o n  o f  the p i t u i t a r y  

t r a n s p l a n t .

The oxygen consumption o f  two groups showed a s t r o n g  h o m eos ta s i s .  

Group I  (muscle) had a s l i g h t  i n c r e a s e  i n  oxygen consumption f o l lo w in g  

the  t r a n s p l a n t a t i o n  and a r e t u r n  to  normal  b e f o r e  the  t e r m i n a t i o n  o f  the
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expe r im en t .  Thi s  i n c r e a s e  may have been due to a c t i v i t y  of  w h i t e  c e l l s  

a g a i n s t  the  t r a n s p l a n t .  The group r e c e i v i n g  the  p i t u i t a r y  t r a n s p l a n t  

showed a r e t u r n  to  normal  f o l l o w in g  the  r e d u c t i o n .  Medawar (1959) de 

s c r i b e d  a ve ry  b r i e f  p e r i o d  o f  immunity fo l l o w in g  the  i n j e c t i o n  o f  s o f t  

t i s s u e  such as d i s s o c i a t e d  homologous s p le e n  c e l l s .  The r e d u c t i o n  in  

oxygen consumption cou ld  be due to  the p re se nc e  o f  p i t u i t a r y  s p e c i f i c  

a n t i b o d i e s  b u t  a r a p i d  d e c l i n e  in  the a n t i b o d i e s  fo l l o w in g  t o t a l  d e s t r u c 

t i o n  o f  the  t r a n s p l a n t  may have p e r m i t t e d  the  normal  oxygen consumption.

I t  appears  t h a t  the  p re s e n c e  of  t h y r o i d  t r a n s p l a n t s  can a f f e c t  

the oxygen consumption o f  the r a t  in  two major  ways; (1) s t i m u l a t i o n  of 

the m e t a b o l i c  r a t e  through the  a c t i o n  o f  t h y r o i d  hormone ; and (2) i n h i 

b i t i o n  o f  m e t a b o l i c  a c t i v i t y  t h rough  the  fo rm ation  of  t h y r o i d  a n t i b o d i e s .

A t h i r d  p o s s i b l e  a c t i o n  t h a t  may be invo lved  i s  the p i t u i t a r y - t h y r o i d -  

t r a n s p l a n t  a x i s ,  which r e t u r n s  the  organi sm to i t s  normal  l e v e l .

The h y p o t h e s i s  p r e s e n t e d  h e re  i n v o lve s  the  r e l a t i o n s h i p  between 

hormones and a n t i b o d i e s  o f  the t h y r o i d  and p i t u i t a r y  g lands .  I f  an i n 

t a c t  t h y r o i d  o r  p i t u i t a r y  homograf t  i s  p l a c e d  in  c o n t a c t  w i th  the  c i r c u 

l a t o r y  sys tem, the  p ro d u c t i o n  o f  a n t i b o d i e s  b e g in s  soon a f t e r  t r a n s p l a n 

t a t i o n ,  b u t  the  c i r c u l a t i n g  hormone o f  t h a t  p a r t i c u l a r  gland  i s  n o t  i n 

c r e a s e d  s i n c e  i t s  r e l e a s e  seems to  be c o n t r o l l e d  humoral ly.-  The a n t i 

b od ie s  a r e  a b l e  to  e xp res s  themselves  w i t h i n  24 hours  as in  Groups I I -A  

and I I I - A  ( th y r o i d )  and I I - B  and I I I - B  ( p i t u i t a r y ) .  I f ,  however,  e x t r a c t s  

o f  t h e s e  g lands  a r e  i n j e c t e d ,  the  b lood  l e v e l  o f  the  r e s p e c t i v e  hormones 

goes up w i th  a consequen t  r i s e  in  m e t a b o l i c  r a t e .  This  r i s e  would occur  

even i n  the p re s e n c e  o f  a n t i b o d i e s  s i n c e  the a n t i - t h y r o t r o p i c  s u b s ta n c e  

does n o t  seem to a n ta g o n ize  the  a c t i o n  o f  t h y r o x i n e  (Anderson and C o l l i p ,
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1934b) . The p ro longed  i n j e c t i o n  o f  e x t r a c t s  of  t h y r o i d  o r  p i t u i t a r y  

b r i n g s  about  a lower ing  o f  the m e ta b o l i c  r a t e ,  p robab ly  due to the  i n 

h i b i t i o n  o f  the t h y r o i d  o r  p i t u i t a r y  s i t u ) , thus lowering  the blood 

l e v e l  o f  t h e i r  hormones.

I f  the  t r a n s p l a n t  i s  p r o t e c t e d  from the  l e u c o c y te s  by the methy l-  

c e l l u l o s e  c a p s u l e ,  o r  whi te  c e l l  a c t i v i t y  h inde re d  by i n c r e a s e d  amounts 

o f  a d re n a l  c o r t i c o i d s ,  the t r a n s p l a n t  i s  f r e e  to e xp res s  i t s e l f  as an 

endoc r ine  g land .  The absence o f  a dec re a se  in the m e ta b o l i c  r a t e  of  

Group IV ( t h y r o i d  p lu s  p i t u i t a r y )  cou ld  be due to the p r o d u c t io n  of  ACTH 

t h a t  r e t a r d s  the  p r o d u c t io n  of  a n t i b o d i e s  through i t s  e f f e c t  on the 

a d re n a l  c o r t e x  and i t s  p r o d u c t io n  o f  c o r t i s o n e  and h y d r o c o r t i s o n e .  The 

i n c r e a s e  in  oxygen consumption could be due to the p ro d u c t io n  o f  TSH by 

the  p i t u i t a r y  hom o t ra n sp la n t .



CHAPTER V

SUMMARY

Six groups o f  12 male r a t s  had hom otransp lan ts  p l a c e d  i n t o  the 

v i t r e o u s  chamber of  the  eye.  A group r e c e iv e d  one o f  the fo l low ing  

t r a n s p l a n t s :  s k e l e t a l  muscle  ( g lu t e u s  maximus); e n t i r e  t h y r o i d  lobe ;

e n t i r e  a n t e r i o r  p i t u i t a r y ;  b o th  a lobe o f  t h y r o i d  and o f  p i t u i t a r y ;  

t h y r o i d  lobe e n c a p s u l a t e d  in  M i l l i p o r e  f i l t e r ;  o r  a t h y r o i d  lobe t r a n s 

p l a n t  p lu s  8 mg of  h y d r o c o r t i s o n e  a d m i n i s t e r e d  s u b c u ta ne ous ly .  Females 

o f  the  same age and s t r a i n  were used as doners .  The muscle  was used to 

c o n t r o l  the e f f e c t s  o f  the o p e r a t i o n .  E n c a p s u la t i o n  was employed to 

de te rmine  i f  the  e f f e c t s  o f  g r a f t i n g ,  d i f f e r e d  when the t h y r o i d  was p r o 

t e c t e d  from l e u c o c y t e s .  Oxygen consumption was measured in  a b a t t e r y  of  

s i x  c lo s e d  c i r c u i t  r e s p i r o m e t e r s  b e fo r e  and a f t e r  the  t r a n s p l a n t a t i o n  to 

de te rmine  the  e f f e c t  o f  the  t r a n s p l a n t s .  Five  o f  the  groups were meas

ured  in  t h i s  manner whi le  the  s i x t h  r e c e iv e d  h y d r o c o r t i s o n e  and no oxygen 

measurements were made. The animals  were a u t c p s i e d  9 to  14 days f o l l o w 

ing the  o p e r a t i o n  and thê  volume of  the t h y r o i d  t r a n s p l a n t s  was d e t e r 

mined by the pape r  weigh t  method. The pe r  c e n t  body weight  o f  the  normal 

t h y r o i d  and p i t u i t a r y  glands of  the h o s t s  was de te rmined .

I t  may be concluded t h a t ;

1. Homotransplan ts  o f  muscle  produce a s l i g h t  i n c r e a s e  in  oxygen 

consumption,  bu t  t h i s  r e t u r n s  to normal in l e s s  than 10 days.

2. E i t h e r  t h y r o i d  o r  p i t u i t a r y  hom otransp lan ts  produce a r e d u c t io n  

in  oxygen consumption.  This  i s  i n t e r p r e t e d  to  be due to  the
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fo rm a t ion  o f  a n t i b o d i e s  a c t i n g  a g a i n s t  the r e s p e c t i v e  end o c r in e  

glands  and r educ ing  the  p r o d u c t io n  o r  the  r e l e a s e  o f  the  hormone.

3. I f  l e u c o c y te s  a r e  p e r m i t t e d  c o n t a c t  w i t h  t h y r o i d  or  p i t u i t a r y  

h o m o t r a n s p la n t s ,  organ s p e c i f i c  a n t i b o d i e s  a r e  a p p a r e n t l y  formed 

w i t h i n  24 hours .

4. I f  t h y r o i d  h o m otra nsp la n ts  a r e  p r o t e c t e d  from th e  l e u c o c y te s  o f  

the h o s t ,  t h e r e  i s  no s i g n i f i c a n t  change in  oxygen consumption.

5. A combina t ion  o f  t h y r o i d  and p i t u i t a r y  h o m o t r a n sp la n t s  produces 

a s i g n i f i c a n t  i n c r e a s e  in  oxygen consumption.  I t  i s  b e l i e v e d  

t h a t  the p ro d u c t i o n  o f  ACTH by the  t r a n s p l a n t e d  p i t u i t a r y  i n 

h i b i t s  the  p r o d u c t i o n  o f  a n t i b o d i e s ,  and the  i n c r e a s e d  p ro d u c 

t i o n  o f  TSH by the  t r a n s p l a n t e d  p i t u i t a r y  causes  an i n c r e a s e  in  

oxygen consumption.

6 . The immunity produced  by p i t u i t a r y  h o m o t r a n s p la n t s  e x i s t s  on ly  a 

s h o r t  t ime f o l lo w in g  the  d e s t r u c t i o n  o f  the  t r a n s p l a n t .

7. Under the  c i r c u m s ta n c e s  found in  t h i s  s t u d y ,  muscle and p i t u i t a r y  

h o m o t r a n sp la n t s  a r e  d e s t r o y e d  w i t h i n  10 days w h i le  t h y r o i d  homo

t r a n s p l a n t s  s u r v i v e  up to  14 days.

8 . P i t u i t a r y  h i m o t r a n s p l a n t s  produce someth ing t h a t  a i d s  in  the  s u r 

v i v a l  o f  t h y r o i d  h o m o t r a n s p l a n t s .  Thi s  s u b s t a n c e ,  p r o b a b l y  ACTH, 

i s  more e f f e c t i v e  in  m a i n t a i n i n g  t h y r o i d  h o m o t r a n s p l a n t s  than  i s  

8 mg o f  h y d r o c o r t i s o n e .

9. The w e igh t  o f  the  t h y r o i d  (ij i  s i t u )  i s  g r e a t e r  i n  r a t s  r e c e i v i n g  

muscle t i s s u e  than  th o s e  r e c e i v i n g  t h y r o i d  o r  p i t u i t a r y .  The 

t h y r o i d  o r  p i t u i t a r y  a n t i b o d i e s  p ro b ab ly  cause  the  r e d u c t i o n  in  

w e igh t .
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