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1

F O U A D  A T A L L A  S O L I M A N  A B S T R A C T

A s e r i e s  of e x p e r im e n t s  w as  p e r f o r m e d  to d e te rm in e  some 

of the f a c t o r s  involved in the  h o r m o n a l  b a la n c e  of the thyroid , 

p i t u i t a r y ,  and o v a ry .

1. D e te rm in a t io n s  w e re  m ade  of oxygen con su m p tio n  body 

t e m p e r a t u r e  and  body w eigh ts  of r a t s  u n d e r  b a s a l  condit ions  during  

the fo u r  s t a g e s  of the e s t r o u s  c y c le .  It w as found tha t  th e re  is a 

s ig n if ican t ly  i n c r e a s e d  oxygen co n su m p t io n  during  e s t r u s .  There  

w e re  no s ig n i f ic a n t  d i f f e r e n c e s  b e tw e e n  b a s a l  t e m p e r a t u r e s  o r  

body w eigh ts  a t  the fo u r  s ta g e s  of the e s t r o u s  cyc le .

2. The s tudy of r ad io io d in e  uptake by the th y ro id  glands

of r a t s  d u r in g  the e s t r o u s  cy c le  showed tha t  th e re  is  a s ignif icantly  

i n c r e a s e d  up take  du r ing  e s t r u s .  The uptake g ra d u a l ly  d e c r e a s e s  

a t  m e t e s t r u s  and a t ta in s  its  lo w e s t  le v e l  du r ing  d i e s t r u s  and p r o -  

e s t r u s .

3. S im i l a r  s tud ies  of rad io io d in e  uptake by the thyro id  

g lands  of m ic e  dur ing  the e s t r o u s  cycle  showed a p a t t e r n  of c y c ­

l ic  v a r ia t io n  d i f fe ren t  f ro m  tha t  of the ra t .  The m a x im a l  uptake 

of rad io iod ine  is a t ta in e d  by the th y ro id s  of p r o e s t r o u s  m ice .
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F O U A D  A T A L L A  S O L IM A N  A B S T R A C T

4. A single injection of six  o r  300 r a t - u n i t s  o f  e s t r a d i o l

benzoate  in c re ase d  the s ix -hour  uptake of r a d i o i o d i n e  f o r t y - e i g h t

hours  a f te r  the e s t rogen  injection. There w e re  no d i f f e r e n c e s  

between the effects of the two doses on thyroid  u p t a k e f w ith  the 

conclusion that the dose of ei trogen is not v e ry  c r i t i c a l .

5. The prolonged adm in is tra t ion  of a l a r g e  d o s e  of e s t r o ­

gen did not change the radioiodine uptake by the t h y r o i d s  when 

com pared  to contro ls .

6. A single dose of 0.2 or 0.4 m i l l ig ra m  o f  p r o g e s t e r o n e

d e c re a se d  the uptake of radioiodine by the th y r o id s  w h i l e  a  dose

of 0.8 m i l l ig ram  inc reased  the uptake.

7. The injection of 0.4 m i l l ig ram  of p r o g e s t e r o n e  c o u n ­

te ra c te d  the effect of es trogen  on thyroid function w i t h  the  n e t  

re su l t  of a dec reased  radioiodine uptake.

8. Experiments with hypophysectomizeJ-ova r  iec tom ized  

rats showed that estrogen produces its stimulating e f f e c t  on the 

thyroid gland via the pituitary gland since it did n o t  change the 

radioiodine uptake in such animals.

A
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F O U A D  A T A L L A  S O L I M A N  A B S T R A C T

9. P r o g e s t e r o n e  d e c r e a s e d  the uptake of rad io iod ine  by 

the th y ro id  g la n d s  of h y p o p h y se c to m iz ed  r a t s  showing tha t  i t  does 

n o t  induce i t s  e f fec t  m a in ly  v ia  the p i tu i ta ry .

10. The th y ro t ro p h ic  h o rm o n e  po tency  of the p i tu i t a r i e s  

of e s t r o u s  r a t s  is  s l igh t ly  h ig h e r  than tha t  of r a t s  a t  the o th e r  

s ta g e s  of the  e s t r o u s  cycle .  The th y ro t ro p h ic  h o rm o ne  con ten t  

of the blood s e r u m  of e s t r o u s  r a t s  exceed s  s l igh t ly  tha t  of r a t s  

a t  the o th e r  t h r e e  s ta g e s  of the cycle .

The r e s u l t s  of the p r e s e n t  inves t iga t ions  to g e th e r  with in ­

fo rm a t io n  r e p o r te d  e a r l i e r ,  e s ta b l i s h e d  c le a r ly  the fac t  tha t  th e re  

is a r e c ip r o c a l  ba lance  be tw een  the h o rm o n e s  of the thy ro id  g land 

and the ova ry .  This  b a lan ce  is  m e d ia te d  in p a r t  via  the p i tu i t a ry  

and in p a r t  v ia  o th e r  pa thw ays.

In e x p e r im e n ta l  a n im a ls  hypo thyro id ism  fav o rs  the p rod u c t io n  

of fo l l ic le  s t im u la t in g  h o rm o n e  while, h y p e r th y ro id is m  fa v o rs  the 

p ro d uc t io ns  of lu ten iz ing  h o rm o n e .  In the r a t  the thy ro id  g land  is 

m o re  ac t ive  p r i o r  to and dur ing  ovulation. It  b e c o m e s  l e s s  ac t ive  

during the lu tea l  deve lopm ent  and a lso  during the g ra a f ia n  fo l l ic le  

development.
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F O U A D  A T A L L A  S O L I M A N  A B S T R A C T

S u c h  c y c l i c  va r ia t io n  of thyroid activ ity  is contro lled  by 

the  o v a r i a n  h o r m o n e s .  E s trog en  activates it via the p i tu i tary ,  

w h i le  p r o g e s t e  r o n e  d e p re s s e s  it through o ther  pathways than the 

p i t u i t a  r y .
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IN T R O D U C T I O N

The study of d u c t le s s  g lands  and the s ign if icance  of th e i r

s e c re t io n s  and functions have chal lenged  the i n t e r e s t s  of a l a rg e

num ber  of in v e s t ig a to r s .  It  i s  a f ie ld  in which the d an g e r  of i n ­

a c c u ra te ly  planned o r  co n tro l led  e x p e r im e n ts  i s  unusually  g re a t .  

This  is  t ru e  when studying the in te r r e la t io n s h ip  be tw een  the th y ­

roid  and re p ro d u c t io n  in the fem ale .

S e v e ra l  f a c to r s ,  such a s  the  dose  of ho rm one ,  the sp ec ie s  

or  env ironm en t ,  and d i f fe re n c e s  in  e x p e r im e n ta l  condit ions, m ig h t  

be r e sp o n s ib le  fo r  d i s a g r e e m e n t  between the s e v e r a l  in v e s t ig a to r s  

in th is  field.

The e a r ly  a n a to m is t s  no ticed  that the thyroid  gland is

l a r g e r  in  women than in m en . F re u n d  (1883) noticed a lso  tha t

the thyro id  e n la rg e s  in women during  m e n s t r u a l  p e r io d s  and p r e g ­

nancy. C l in ica l  inves t iga t ions  point out the im po r tance  of a n o rm a l  

thyroid  fo r  women to a t ta in  n o rm a l  sex functions. Many c l in ica l  

o b se rv a t io n s  have been r e p o r te d  on m e n s t r u a l  d i s tu rb a n c e s  during 

the c o u rse  of thyro id  d i s e a s e s ,  u sua l ly  amenorrhea^ o r  i r r e g u la r i t y  

of the onse t  of m e n s e s .



There is  no doubt, then, that a h o r m o n a l  in te r re la t ionsh ip  

exists  between the ova r ie s  and the th y ro id .  S o  fa r ,  there  is  no 

evidence of the specific m echan ism s  i n v o l v e  d .

Our investigations a r e  a imed a t  p r e s e n t i n g  a c le a re r  pic ture  

of thyroid-ovarian  re la t ionships  in two s p e c !  css  of animals :  the r a t

and the m ouse. The f i r s t  step was (1) to f i n d  if there  a re  d if fe r ­

ences in oxygen consumption and b asa l  t e m p e r a t u r e  of female ra ts  

during the four stages of the e s t rous  c y c l e .  a n d  (2) to determine 

if there  a r e  d if ferences  in the uptake of r a d i o a c t i v e  iodine by the 

thyroid glands of m atu re  female r a t s  and i n i c e  a t  the four stages 

of the e s t rous  cycle. Our a im  a lso  was t o  f i n d  if the cyclic v a r i ­

ation in thyroid activity follows the sa m e  p a t t e r n  in  both species.

The re su l t s  f rom  these e x p e r i m e n t s  l e d  us to investigate 

also the effects of es trogen  and p r o g e s t e r o n e  given to spayed ra ts  

in physiological doses. In o ther w ords ,  w o  t r i e d  to duplicate as 

closely a s  possible  the no rm al  physio log icsa .1  conditions.

We were a lso  in te res ted  in  d e t e r m i n i n g  the role of both the 

ad rena ls  and p itu itary  in controlling o r  m o d i f y i n g  thyroid-ovarian 

responses .

The las t  step in our work was to a s s a y  the thyrotropic poten­

cy of the r a t  p i tu i ta r ies  and blood du r ing  t l i e  four stages of the cycle.



REVIEW OF LITERATURE 

T h y ro ida l  and M etabo lic  Rhythms in  the F e m a le

T h y ro id  His tology

H is to log ica l  s tud ies  of the thyroid  gland a t  the va r ious  

s tages  of the cycle have shown tha t  in young r a t s  the m ito t ic  

activ ity  of the thyro id  and p i tu i ta ry  in c r e a s e d  som ew hat  in ea r ly  

e s t r u s  and re a ch e d  a m a x im a l  ac t iv i ty  in both d ie s t ru s  and p ro -  

e s t ru s ,  as  r e p o r te d  by Hunt (1944). Since the g r e a t e s t  m i to t ic  

ac tiv ity  of the thyro id  and hypophysis  o c c u rs  in  both glands during 

late e s t r u s ,  i t  m ig h t  be a s s u m e d  that a single  fac to r  i s  re sp o n s ib le  

for th e i r  ac t iv i ty .  Hunt s ta ted  that  such s t im ula ting  effect a p p e a r s  

f i r s t  in the thyro id  and not in the p i tu i t a r y - - th a t  is ,  during e a r ly  

e s t ru s .  T h e re fo re ,  the m i to s i s - s t im u la t in g  fac to r  is  not n e c e s s a r ­

ily the sam e  fo r  both glands.

H is to log ica l  s tud ies  of the pigeon thyroid  showed that th is  

o rgan  i s  in a s ta te  of h y p e ra c t iv i ty  during fo l l icu la r  growth as  o b ­

se rv e d  by M a rz a  and Blinov (1936).

In an o th e r  sp e c ie s ,  nam ely  the guinea pig, Chouke et al.  

(1935) r e p o r te d  that  the m in im a l  m ito t ic  ac tiv i ty  of the thyroid
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corresp o nd s  to the fo l l icu la r  phase  (e s t ru s )  and that  m a x im a l  

activ ity  c o r re s p o n d s  to the lu tea l  phase  (d ie s t ru s) .  A s im i la r  re* 

la tionship was noticed in women w here  Bing (1928) r e p o r ted  m a x ­

im al  m ito tic  ac tiv ity  co r respond ing  to the m e n s t ru a t io n  pe r iod .

B asa l  Metabolic  Rate

W omen. S evera l  w o rk e rs  have m e a s u r e d  the m etabo lic  

ra te  in the woman during the m e n s t r u a l  cycle. T h e ir  r e s u l t s  va ry  

considerably .  Some in v es t ig a to rs  concluded that the re  w ere  no 

dem ons trab le  d if fe rences  between the b a sa l  m etabo lic  ra te  m e a ­

s u re m e n ts  e i th e r  during the m e n s t r u a l  o r  in t e r m e n s t r u a l  p e r iods  

(Gephart and Du Bois, 1916; Blunt and Dye, 1921; and Lanz, 1924).

Blunt and Dye found a d e c re a s e  of 1.6 p e rc e n t  in the b asa l  

m etabolic  ra te  during m e n s t ru a t io n ,  but they pointed out that  v a r i ­

a tions of th is  magnitude m ay  occur  a t  any t im e without ap p aren t  

c a u s e s .

However, th e re  s e e m s  to be some a g re e m e n t  tha t  th e re  is  a 

r i s e  in  the m etabo l ic  r a te  during the week preceding  the onse t  of 

m e n s t ru a t io n  as  ind ica ted  by Rowe and Eakin  (1921), and Wakehams 

(1923).
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Conklin and Clendon (1930) found tha t  the b a sa l  m e tab o l ic  

rat_ tends to r e a c h  i t s  low est  level following m e n s t ru a t io n  and i ts  

h ighest  level p reced in g  m e n s t ru a t io n .  G rif f i th  ejt al.  (1929) a g re e d  

with Conklin and Clendon. They added that th e re  is  no s ign if ican t  

c o r re la t io n  between the in t r a - in d iv id u a l  v a r ia t io n s  of body t e m p e r ­

a tu re  and m e ta b o l i s m .

Kunde (1923) r e p o r te d  that  th e re  is  a d e c r e a s e  in m etabo l ic  

ra te  during  the l i r s t  o r  second day of m e n s t ru a t io n .  H afkesbring  

and C olle t  (1924) r e p o r te d  tha t  the b a sa l  m e tab o l ic  ra te  is low on 

the f i r s t  o r  second day of m e n s t ru a t io n  and often throughout the 

period. They a U o  r e p o r te d  that th e re  i s  f requen tly  a p r e m e n s t r u a l  

r i s e ,  and a second low point in the m e tab o l ic  ra te  o c c u rs  a t  the 

middle  of the in t e r m e n s t r u a l  pe r iod .  The d if fe rence  between high 

and low lev e ls  am ounts  to 5 p e rc en t .

Hitchcock and W ardwell  (1929), f ro m  th e i r  study on the b a sa l  

m etabolic  ra te  in twenty women, r e p o r te d  a s trong  tendency fo r  

the m e tabo l ic  ra te  to be low ered  during the m e n s t r u a l  per iod .

They a lso  iound that th e re  is  ano ther  low point in the m etabo l ic  

ra te  v.hich o c c u r s  about the m idd le  of the i n te r m e n s t r u a l  period .

O th e r  in v e s t ig a to r s  repo r t in g  s im i l a r  r e s u l t s  were Benedic t 

and F inn  (1928) and McClendon e_t al.  (1929).
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D ogs . Kunde e t  a l.  (1930) r e p o r t e d  that th e re  i s  a low 

n o rm a l  b a s a l  m e ta b o l ic  r a te  in  the dog during  spontaneous e s t r u s .  

The b a sa l  m e ta b o l ic  r a t e  in  n o rm a l  o r  c a s t r a t e  dogs when in jec ted  

subcu taneously  with 100 o r  200 r a t - u n i t s  of e s t r in  during  a p e r iod  

of ten to th i r ty  days was only 2 p e r c e n t  below the a v e ra g e  of 

the con tro ls .

R a t s . Lee  (1927) d e te rm in e d  the b a sa l  m e tab o l ic  r a te  of 

fem ale  r a t s  a t  the d if fe ren t  s tag es  o£ the e s t ro u s  cycle . He found 

that hea t  p roduc t ion  p e r  sq u a re  m e t e r  of su r face  a r e a  showed an 

a v e rag e  i n c r e a s e  of 12 p e rc e n t  in  the la s t  ten h o u rs  of d i e s t r u s  

and a t  the beginning of p r o e s t r u s .  The R. Q. was cons tan t  a t  0.75 

O v a r ie c to m iz e d  r a t s  showed an a v e ra g e  d e c r e a s e  in th e i r  h ea t  p ro  

duction of 10 p e r c e n t  below the d e te rm in a t io n s  m ade  befo re  the 

rem ova l  of the o v a r i e s .

Wang (1923, 1924) and S lonaker  (1925) no ticed  tha t  in the 

r a t  the e s t r u s  p h ase  is acco m p an ied  by a  pronounced  in c re a s e  in 

lo c o m o to r  ac t iv i ty  and an i n c r e a s e  in e n e rg y  expend itu re .

B ro b eck  e t  a I.  (1947) found that food intake during d ie s t ru s  

exceeded the in take  dur ing  e s t r u s  by a s  m uch  as  6 g r a m s  p e r  

day. He went l u r th e r  to say that food intake changes w ere  m o re  

r e g u la r  than the v a r ia t io n s  in ac tiv i ty ;  in fact, the m agnitude of
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the changes in  food in take  and th e i r  r e g u la r i ty  sugges ts  that  a 

re c o rd  of food consum ption  m ig h t  s e r v e  a s  an  accep tab le  c r i t e r io n  

of the sex  cycle  of the r a t .  T h is  i s  t r u e  only if r a t s  a r e  kept a t  

a constant  env iro nm en ta l  t e m p e r a tu r e .  E s t r o u s  r a t s  lo s t  f ro m  10 

to 12 g r a m s  in  the ind iv idual  cyc les  due to d e c r e a s e  of food in take 

and in c re a s e d  expend itu re  of energy .

B a sa l  Body T e m p e r a tu r e

Women. The f luc tua t ion  in the b a s a l  t e m p e ra tu re  of women 

during the rep ro d uc t ive  cycle  h as  been  rev iew ed  by Tompkins (1944), 

and re c en t ly  by Whitelaw (1952).

A rev iew  of the l i t e r a tu r e  dealing with the d e te rm in a t ion  of 

basa l  t e m p e r a tu r e  of women shows a  typ ica l  cu rve  during the m e n ­

s t ru a l  cycle . The t e m p e r a tu r e  i s  r e la t iv e ly  low during the f i r s t  

p a r t  of the cycle; i t  d ro p s  to a  m in im u m  about the t ime when ovu­

lation o c c u rs .  It  then r i s e s  sh a rp ly  to a re la t iv e ly  high level,  which 

is  m a in ta ined  until  the next  m e n s e s ,  when te m p e r a tu r e  d rops  ab rup t ly  

(Van de Velde, 1904; G re u le ch  and M o r r i s ,  1941; M artin ,  1943; 

Rubenste in and Bindley, 1937, 1939, and 1940; Tompkins, 1944; and 

se v e ra l  o the r  in v e s t ig a to rs ) .
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G re u le c h  and M o r r i s  (1941) re p o r te d  tha t  be fo re  m a tu r i ty ,  

a f te r  the m en o p au se ,  and in  m en ,  s im i l a r  t e m p e r a tu r e  f luc tua tions 

a r e  not found. They a lso  found tha t  if  conception o c c u rs ,  the 

t e m p e r a tu r e  will r e m a in  a t  the high pos t-ovu la t ion  level.  The 

im p o r ta n t  f e a tu re  is  the rap id  r i s e  in  t e m p e r a tu r e  a t  ovulation. 

R ubens te in  and L indley  (1937) c o r r e l a t e d  a study of vaginal  s m e a r s  

with a study of t e m p e r a tu r e  and found that  during  the phase  of fo l ­

l ic u la r  deve lopm ent  the b a s a l  r e c t a l  t e m p e r a tu r e  tends to drop  

p ro g re s s iv e ly .  The low point in the t e m p e r a tu r e  cu rve  is  reach ed  

when the fo l l ic le  m a tu r e s .  A f te r  ovulation and the beginning of p r o ­

duction of p ro g e s te ro n e ,  which c o u n te rac ts  in p a r t  the t e m p e r a tu r e -  

d e p re s s in g  ac t ion  of e s t ro n e ,  the t e m p e r a tu r e  begins  to r i s e  a few 

ho u rs  be fo re  ovulation. The t e m p e r a tu r e  r i s e  continues  a f t e r  ovu­

la tion and should exceed 0.5" F a h re n h e i t  in  the f i r s t  tw enty-four  

hou rs  a f t e r  ovulation, and 1" F a h re n h e i t  the f i r s t  week a f t e r  ovu­

lation. As soon a s  the co rp us  lu teum  has  r e g r e s s e d ,  a few days 

befo re  m e n s t ru a t io n ,  new fo l l ic le s  begin to develop. E s t ro n e  b e ­

gins to be p roduced  again . Since th e re  i s  now no functional c o r ­

pus lu teum, the t e m p e r a tu r e - d e p r e s s in g  action  of e s t ro n e  is  aga in  

a p p a ren t ,  and t e m p e r a tu r e  begins to go down. During p regnancy  

the co rp u s  lu teum  p e r s i s t s  and te m p e r a tu r e  r i s e  i s  m ain ta ined .
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They added that  p regnancy  is  ind ica ted  by a p e r s i s t e n t ly  high 

te m p e ra tu re  curve .

Rothchild and R ap po r t  (1952) r e p o r t e d  tha t  following a  dose 

of 10 m i l l ig r a m s  of p r o g e s te r o n e  a d m in i s t e r e d  da ily  f o r  e leven  

days to c r e t in s ,  o r  25 to 50 m i l l i g r a m s  of p ro g e s te ro n e  da ily  fo r  

nine days to f e e b le -m in d e d  m a le  h um ans ,  they  a l l  re sponded  with 

elevation in body t e m p e r a tu r e .  O ther  in v es t ig a t io ns  by Nieburg 

and G reen b la t t  (1948) showed tha t  in  c a s t r a t e d  fem ale  r a t s  the 

ad m in is t ra t io n  of p r o g e s te ro n e  i n c r e a s e s  the t e m p e r a tu r e  above 

that of the c a s t r a t e d  con tro ls ,  while e s t ro g e n  p ro d u ces  a d e c r e a s e  

of t e m p e ra tu re .

Whitelaw (1952) tended to be l ieve  that  the use  of the b a sa l  

body te m p e r a tu r e  p a t te rn  a s  a re f lec t io n  of the ovar ian  horm ona l  

physiology m ay  not r e s t  on too sound a foundation. In a study of 

twelve n o rm a l ly  m e n s t ru a t in g  women he found that  in six of them, 

the t e m p e ra tu re  fell  fo r ty -e ig h t  ho u rs  be fo re  the flow; in four, 

the t e m p e ra tu re  dropped tw enty-four  h o u rs  before  the flow; and in 

th ree ,  on the second day of m e n s e s ;  while in the r e m a in d e r  the 

te m p e ra tu re  dropped  a f te r  this t im e .  In th ree  of the ten c a se s  

whose t e m p e r a tu r e  fell  befo re  m e n s e s ,  it  ro se  sharp ly  again  twenty- 

four hou rs  la te r .  He a lso  found that the ad m in is t ra t io n  of 125
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m il l ig r a m s  p ro g e s te ro n e  p lus 0.2 m i l l ig r a m s  ethinyl e s t r a d io l  

s ta r t ing  on the  tw en ty -second  day of the cycle  and continuing through 

the second day of bleeding did not  p re v e n t  the onse t  of m e n s t r u a ­

tion o r  the fa l l  of the b a sa l  body te m p e ra tu re .  He concluded tha t  

endogenous p ro g e s te ro n e  i s  not the horm one  re spo n s ib le  fo r  the 

r i s e  and m a in tenance  of the th e rm og en ic  effects .

Though Blunt and Dye (1921) r e p o r te d  that  th e re  was no co n ­

stant  change in  pu lse  r a te  during m e n s t ru a t io n  and that  th e re  was 

no definite re la t io n  between pulse  r a te  and level  of m e ta b o l i sm ,

King (1914) found that  the h ighes t  point of both b asa l  t e m p e r a tu r e  

and h e a r t  r a te  a r e  reach ed  th ree  to four days before  the m e n se s ,  

and that the lowest point is  a t ta ined  th re e  days a f te r  the c e s sa t io n  

of m e n s e s .  K leitman and R am saro o p  (1948) recom m ended  the use 

of both body te m p e r a tu r e  and h e a r t  r a te  c u rv e s  to ge t  a m o r e  

exac t  d e te rm in a t io n  of the o c c u r re n c e  of ovulation than could be 

obtained by body t e m p e r a tu r e  alone. They found that  an in c re a se  

of ten to twenty h e a r t  bea ts  p e r  m inu te  i s  approx im ate ly  equal 

to a r i s e  of 1 * F a h re n h e i t  in the b a sa l  t e m p e ra tu re .

R a t s . In r a t s ,  Brobek  (1947) re p o r ted  that low t e m p e ra tu re s  

w ere  cons is ten t ly  noted on the a f te rnoon  ju s t  preceding the night of
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hyperactiv i ty  a s s o c ia te d  with the  onse t  of e s t ru s .  He a lso  o c c a ­

sionally  found i t  low a day be fo re  o r  a day a f te r  e s t r u s .  It was 

lower during e s t r u s  than during  d ie s t ru s .

The Influence of A l te ra t ions  in  Thyroid 
Activity  on Reproduction

Hypothyroid i sm

M e n s t ru a l  c y c le . C lin ica l  p a t ien ts  with m yxedem a due to 

p r im a ry  dysfunction of the thyro id  had a m e n o r rh e a  not a t t r ibu tab le  

to m enopause .  In such  c a s e s ,  the n o rm a l  ovarian  cycle was r e ­

sumed with the a d m in is t r a t io n  of thyro id  m a te r ia l s .  L e rm a n  

(1942) concluded that  the m o s t  likely explanation is  that the o v a r ­

ian cycle in such c a s e s  i s  n o rm a l ,  but the flux of horm ones  i s  at 

a  low level a s  a r e s u l t  of the low m e ta b o l ism  of the ce l ls .  T hy­

ro id  ad m in is t ra t io n  s t im u la te s  the ovary  to in c re a se  the production 

of e s t ro g en  and p ro g e s te ro n e ,  and the n o rm a l  cycle r e tu rn s .

M arine  (1935) noticed  that  th e re  was in te r s t i t ia l  gonadal 

a trophy in a  pa tien t  with m yx ed em a .  Engle (1946) showed that the 

hypothyroid m onkey i s  a m e n o r rh e ic  to the extent of about one o r  

two pe r iods  a y e a r .  But when t r e a te d  with a ve ry  low dose of 

thyroid  for  ten days,  the n o rm a l  cycle  a lways re tu rned .  The
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monkeys tha t  w e re  t r e a t e d  with th io u rac i l  showed i r r e g u l a r  cycles .  

A m enorrhea  o r  e x t r e m e ly  pro longed cyc les  of over fifty days w ere  

the ru le .

H e r t ^ l e r  (1942), in h is  book ' 'D is e a s e s  of the Thyroid  

G land , ' '  poin ted out that  when the en la rg em en t  of thyroid of go i t rus  

women d i s a p p e a re d  following a p p ro p r ia te  m ed ica t ions ,  the m e n s t r u a l  

trouble  a lso  d is a p p e a re d .  He a lso  re p o r ted  that eye p ro t ru s io n  in 

toxic diffuse g o i te r  i s  g r e a t e s t  a t  the m e n s t ru a l  period.

E s t r o u s  c y c l e . Thyro idec tom y in the cow resu l ted  in the 

d isap pea rance  of physio logica l  e s t r u s  or libido. The a d m in i s t r a ­

tion of th y ro id -a c t iv e  p r e p a ra t io n s  r e s to r e d  n o rm a l  b reed ing  b e ­

havior, a s  r e p o r t e d  by B rody  and F ran k en b ach  (1942) and Spie lman 

e t  al. (1945).

S e v e ra l  in v e s t ig a to r s  se e m  to ag ree  that hypothyroid ism 

caused  e i th e r  by  thy ro id ec to m y  o r  by the a d m in is t ra t io n  of g o i t ro ­

genic s u b s ta n c e s  will  p ro long the dura t ion  of the cycle, e sp ec ia l ly  

the e s t r u s  p h a se .  R ic h te r  (1933) rep o r ted  that  vaginal s m e a r s

taken f ro m  th y ro id ec tom ized  ra t s  with in tact  ov a r ie s  showed p e r ­

s is tence  oi the corn if ied  ce l ls  in the vaginal s m e a r s .  The u ter i  

of these  a n im a ls  w ere  hypertroph ied .
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P aw ick  (1947) r e p o r te d  the o b se rv a t io n s  m ade  when m ice  

were given 0.5 to 500 m i l l i g r a m s  of m e th y l th io u rac i l  subcu tane- 

ously daily  fo r  th re e  to five m onths .  R e g a rd le s s  of the s ize  of 

the dose, com ple te  a n e s t r u s  was produced  in six  to e ight weeks. 

The o v a r ie s  showed m a r k e d  congestion, with degenera t ion  of the 

g raa f ian  fo l l ic le s .  N o r m a l  e s t r u s  r e a p p e a re d  f if teen to sixty 

days a f te r  the d rug  was discontinued.

Krohn (1947) showed that the n o rm a l  e s t ro u s  rhy thm  of 

m a tu re  a lbino m ic e  w as d is tu rb ed  by the daily subcutaneous in ­

jec tion  of 0.3 m i l l i g r a m s  of p ro p y l - th io u ra c i l .  The cycle  was 

e i the r  lengthened o r  d isap p ea red .  The e s t ro u s  rhy thm  re tu rn ed  

to n o rm a l  a  fo r tn igh t  a f te r  the c e s sa t io n  of th iourac i l  a d m in i s t r a ­

tion.

In im m a tu r e  fem ale  m ice ,  Soliman and Reineke (1952) 

found tha t  feeding th io u ra c i l  a t  the leve l  of 0.1 p e rc e n t  of the food 

caused  continuous e s t r u s  a s  judged by vaginal s m e a r s .  They n o ­

ticed a lso  that  ovulation did not o c c u r  in  such t re a te d  an im als  as  

judged f ro m  a h is to log ica l  p ic tu re  of o v a r ie s  with a la rge  num ber  

of g raa f ian  fo l l ic les  and the absence  of c o rp o ra  lutea. In thy- 

ro idec tom ized  ra b b i ts ,  h is to log ica l  examination  has  shown ovar ies  

that contain  a la rg e  n um b er  of c lose ly  packed fo l l ic les  of a l a r g e r
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s ize  than the n o rm a l  co n tro ls .  Ovulation does not take p lace  

a f te r  coitus (H ofm eis te r ,  1894; F re d r ik s o n ,  1947; and Chu, 1944).

T a tum  (1913) noticed tha t  the o v a r ie s  of thy ro idec tom ized  

rabb its  showed a  d e c r e a s e  in  the n um b er  of p r im a r y  fo l l ic les ,  an 

in c re a s e d  s ize  of the fo l l ic les ,  and degenera t ive  changes in  the ova. 

These  data  w ere  conf irm ed  by Kunde e t  a l .  (1929).

Th is  i s  in  c o n t r a s t  to the r e p o r t  of Evans and JLong (1921a) 

that thy ro idec tom y in r a t s  affected n e i th e r  the onse t  of puberty , 

nor  the length  of the e s t ro u s  cycle.

Krohn (1951) found that p regnancy  and p a r tu r i t io n  can follow 

a n o rm a l  co u rse  in the thy ro idec tom ized  rabbit .  H is to logical  e x ­

am ination  of the o v a r ie s  of thy ro idec tom ized  rabb i ts  showed few 

la rge  fo l l ic les ,  la rge  m a s s e s  of in te r s t i t i a l  ce l ls ,  and a few p r i ­

m a r y  oocytes. T h e re  was no evidence that the num ber  of fo ll ic les  

was in c re a s e d .  This  con f irm s  n e i the r  the observa t ions  of Chu

(1944), who re p o r te d  the im po ss ib i l i ty  of ovulation a f te r  coitus in 

thy ro idec tom ized  rabb i ts ,  no r  the e a r l i e r  r e p o r t  of Korenchevsky 

e t  al. (1943), who re p o r ted  that the ges ta t ion  per iod  m ay  becom e as 

twice the n o rm a l  in thyro idec tom ized  rabb i ts .  No sa t i s fa c to ry  ex ­

planation can be provided to explain the d if fe rences  between the
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th ree  s e t s  of r e s u l t s ,  though th e re  i s  a lways the p o ss ib i l i ty  of 

incomple te  thyro idec tom y in any of the p reced ing  e x p e r im en ts .

Response  to gonado troph ins . In r a t s ,  hypo thyro id ism  will 

enhance the e f fec t iveness  of the fo l l ic le - s t im u la t ing  horm one as  

s ta ted  by JLane (1935), o r  gondatrophins  a s  re p o r te d  by L eo nard  

(1936), S m e ls e r  and Levine (1941), and Johnson and M eites  (1951).

B a rm a n  (1940) found tha t  a hypothyroid  condition p roduced  

by thy ro idec tom y in c re a s e d  the r e sp o n se  of fem ale  rab b i ts  to the 

the u r in e  of p regnan t  women.

The m o u se  s e e m s  to be an exception. Johnson  and M eites

(1951) showed that  hypothyro id ism  induced by th iou rac i l  a d m in i s t r a ­

tion r e su l te d  in  a reduction  in th e i r  re sp o n se  to gonadotrophic 

horm one,  a s  te s ted  by ovar ian  weights .

L eonard  and L eonard  (1937) s ta ted  that while it  is  known 

tha t  thyro idec tom y enhances the e ffec t iveness  of in jec ted  fo l l ic le -  

s t im ula t ing  horm one ,  the rem ova l  of the thyroid does not enhance 

the e ffec t iveness  of the fo l l ic le -s t im u la t ing  horm one produced by 

the a n im a ls '  own p itu i ta ry .  They d rew  th e i r  conclusions f rom  

finding that,  in thy ro idec tom ized  r a t s ,  a f te r  six to eight days, 

the re  was no signif icant change in the num ber  of fo ll ic les  when 

com pared  with the con tro ls .
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P i tu i t a r y  g o n a d o t r o p h i n . P i tu i ta ry  e x t ra c ts  f ro m  thyro idec­

tomized ra ts  (when i n j e c t e d  into im m atu re  fem ale  mice) caused  in ­

c re a se d  weight of o v a r i e s  and u te r i  in com par ison  to r e su l t s  with 

ex trac ts  f ro m  n o r m a l  a n im a ls ,  as repo r ted  by Stein and L is le  

(1942).

P i tu i t a r y  e x t r a c t s  f rom  thyro idec tom ized  rabbits  a lso  in ­

duced the growth  o f  t h e  graafian  fo ll ic les ,  but it did not cause 

ovulation. Chu (1944) continued to say that  the hypophysis of thy­

ro idectom ized r a b b i t s  is apparently  defic ient  in ovulating hormone, 

w hereas  the f o l l i c l e - s t i m u l a t i n g  hormone m ay be cons iderab ly  in­

c reased .  O kans a n d  T akana  (1946) confirm ed  Chu's  r e su l t s .

G e s ta t io n . H y p o th y ro id ism  induced e i th e r  by thyroidectomy 

(Ross, 1938) o r  a d m i n i s t r a t i o n  of th iourac i l  (Seegar e t  a l ., 1946; 

and Krohn, 1950) d i d  no t  cause s te r i l i ty ,  but it in te r fe re d  with 

the continuation of g e s t a t i o n .  There  was a decided in c rease  of 

fetal re so rp t io n ,  t h o u g h  if delivered, the ra ts  w ere  n o rm a l  and 

reproduced n o r m a l l y .

K o r e n c h e v s k y  e t  al. (1943) repor ted  that the gesta tion per iod  

of th y ro id e c to m ize d  r a b b i t s  may become as long as twice the norm al  

period. Krohn (195  1) found that pregnancy and p a r tu r i t io n  can follow 

a n o rm a l  c o u r s e  in  th e  thyroidectomized rabbit.
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H yp er thy ro id ism

DaCosta  and C ar lso n  (1933) showed that a daily dose of 0.5 

to 1 m i l l ig r a m  of d es icca ted  thyroid  slightly a c c e le ra te d  and r e l a ­

tively la rge  doses  of 5 to 10 m i l l ig r a m s  definitely  r e ta rd e d  sexual 

m a tu r i ty  in the fem ale  albino ra t ,  a s  d e te rm ined  by the date of 

opening of the vagina.

Soliman and Reineke (1952) rep o r ted  that  m ic e  ren d e red  

slightly hyper thyro id  by feeding thyropro te in  reached  m a tu r i ty  

e a r l i e r  than the non trea ted  ones. The an im als  showed n o rm al  

e s t ro u s  cycles .

Though thyro id  adm in is t ra t ion  seem s  to hasten  m atu ra t ion ,  

it  a lso  d e c r e a s e s  the ovarian  weights of the exper im en ta l  an im als .  

F luhmann (1934) cam e  to the conclusion that an overac t ive  thyroid 

inhibits  ovar ian  function. He found that feeding var ious  amounts  

of d es icca ted  thyro id  subs tances  or thyroxine adm in is t ra t ion  to 

im m a tu re  r a t s  d e c re a s e d  the re sponse  of the ir  u te r i  and ovar ies  

to gonadotrophic e x t ra c t s .

E rsho ff  (1945) re p o r ted  that female  ra ts  ra is e d  to m a tu r i ty  

on diets  containing 0.5 to 1.0 pe rcen t  des icca ted  thyroid  showed 

a m a rk e d  inhibition of ovarian  development. The ova r ie s  rem ained  

infantile both in weight and h is to logical appearance .  T here  was
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also a d e c re a s e  in ovary  weights  of m ic e  fed thy rop ro te in  in 

the ir  diet. The d e c r e a s e  in weight was p ropor t iona l  to the a d m in ­

is te re d  dose of thy ro p ro te in  (Soliman and Reineke, 1950). Stein et 

a l . (1947) showed that  the in jec t ion  of 1 m i l l ig r a m  of thyroxine 

into the ova r ian  capsu le  of the m ouse  r e t a rd e d  m i to s i s  of i ts  

ge rm in a l  epithelium .

In addition to th is ,  th e re  s e e m s  to be a g ene ra l  a g re e m e n t  

that exp er im en ta l  h y p e r th y ro id ism  induced by the a d m in is t ra t io n  of 

thy ro id -ac t ive  m a te r i a l s  i n c r e a s e s  the s ize  of the c o rp o ra  lutea.

It i s  thought that through i t s  act ion  on the corpus lu teum the thy ­

ro id  influences the e s t ro u s  cycle  (Hayashi, 1929; and W eichert ,  

1930). W eicher t  (1930) and W eicher t  and Boyd (1933) re p o r ted  that 

feeding r a t s  with d es ic c a te d  thyro id  pro longs  the d ie s t ru s  p e r io d  

f rom  th ir teen  to tw enty-four  days. T here  w ere  p e r s i s t e n t  func­

tional c o rp o ra  lu tea  suggest ing  in c re a s e d  output of the lu tenizing 

ho rmone.

Evans and Long (1921b) did not notice any d is tu rbance  in 

the cycle of the r a t  a f te r  feeding f r e sh  thyroid. One should always 

re m e m b e r  that the r e s u l t s  will va ry  with the dose used.

In guinea pigs, C am eron  and A m ies  (1926) rep o r ted  that 

feeding of a d ry  e x t ra c t  of thyro id  in doses  of l / l  0,000 and
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1/40,000 of body weight produced a p r o n o u n c e d  lengthening of 

e s t ru s  without a striking in c re ase  in  the  d u r a t i o n  of the cycle. 

Mice trea ted  the same way showed a l e n g th e n in g  of the whole 

es trous  cycle, as well as the e s t ru a l  p h a s e  i tse lf .  Soliman and 

Reineke (1952) reported  that slightly h y p e r t h y r o i d  m ice  exhibited 

a regu lar  e s t rous  cycle.

Kunde et al. (1929) found that t h e r e  was an apparent  i n ­

c re a se  in the number of developing g r a a f i a n  fo l l ic les  and p r i m o r ­

dial ova in the ovaries  of rabbits  c o n v e r t e d  into a condition of 

severe  hyperthyroid ism by the ingest ion  o f  thyroid  m a te r ia l .

Such anim als  came into es t ru s  and o v u l a t e d .

Such re su l ts  show very c le a r ly  t h a t  not only the dose of 

hormone given, but also the species  r e s p o n s e  has an important 

influence on the re su l ts  to be obtained b y  t r e a tm e n t  with thyroid.

It is  of in te re s t  to mention h e r e ,  a l s o ,  that Helpern and 

Hendryson (1935) reported  that d in i t r o p h e n o l ,  though producing an 

inc reased  metabolic  ra te , did not c o m p l e t e l y  inhibit e s t ru s  in the 

norm al  ra t .  However, the d ie s tu ra l  p e r i o d  was prolonged con­

siderably.
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G udernatsch  (1915) re p o r te d  that thyroid  su b s ta n c e s  a d m in ­

is te re d  to female  r a t s  had a tendency to p rev en t  p regnancy ,  and

if pregnancy o ccu r red ,  i t  usua lly  caused  abortion.

Hoskins (1910) obse rved  that abort ion  was f req u en t  in guinea 

pigs fed thyroid. JLintvareva (1929) found that feeding thyro id  to 

guinea pigs re su l te d  in s te r i l i ty  due to the im p o ss ib i l i ty  of ovum 

implanta tion in the u te r in e  wall because  of degenera t ion  of the 

co rpo ra  lutea. He added that th is  s te r i l i ty  was te m p o ra ry ;  i t  d i s ­

appeared  with cessa t io n  of thyroid  feeding.

Kunde e t a l . (1929) found that  hyper thy ro id  rabb i ts  cam e 

into e s t ru s ,  ovulated, and the ova w ere  implanted; but the young

were  n ev e r  borne, due to fe ta l  re so rp t io n .

G ru m b rech t  (1939) re p o r te d  that the thyro id  i n c r e a s e s  the 

weight of the o v a r ie s  of infantile  r a t s  rece iv ing  a cons tan t  dose 

of gonadotropic subs tances ,  the in c re a s e  in weight being p r o p o r ­

tional to the dose of thyroid. This  complete ly  d i s a g r e e s  with the 

conclusions of Johnson and M eites  (1950) that young fem ale  ra ts  

rendered  slightly hyper thyro id  by the ad m in is t ra t io n  of th y ro p ro ­

tein in the diet responded le s s  to a constant dose of gonadotropin 

than the r a t s  that w ere  ren d e red  hypothyroid by th io u rac i l  a d m in ­

is t ra t io n .  In the m ouse ,  Soiiman and Reineke (1952) showed that
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the re  is  a s ignif icant d e c re a s e  in ovary  weights in m ic e  re n d e re d  

slightly hyperthyro id  by giving thy ro p ro te in  a t  the leve ls  of 0.0125, 

0.025, 0.05, 0.1, and 0.2 pe rcen t  in th e i r  diet. The d e c r e a s e  in 

weight was p ro po r t io n a l  to the dose of the thyroid.

R ogers  (1910), in his r e p o r t  on the sym ptom s and t r e a t ­

m en t  of exophthalmic go i te r ,  said, " I  have not found an exception 

in exophthalmic g o i te r  when the fem ale  pa t ien t  has not su ffe red  

with e i th e r  a m e n o r rh e a ,  d y sm e n o r rh e a  o r  m eno rrh ag ia .  The 

o v a r ie s  a re  always la rg e  and t e n d e r . "  Hoskins (1911) re p o r te d  

that  in the case  of B asedow 's  d ise a se ,  when the thyro id  ac t iv i t ie s  

a r e  abnorm al ,  the sex-functions likewise a r e  affected. Many c l in i ­

cal obse rva t ions  have shown m e n s t r u a l  d is tu rbances  during the 

cou rse  of this d is e a se ,  usually  a m e n o r rh e a  or  i r r e g u la r i t y  of the 

onset  of m ens trua t ion .

Goldsmith e_t al. (1952) found that  seventeen out of eighteen 

p resum ab ly  p rem enopausa l  patients  with thyro toxicosis  had oligomen 

o r rh e a  or am e n o r rh e a .  T hree  of them with a m e n o r rh e a  had e v i ­

dence of ovulatory fa i lu re  and hypoes tr in ism . Th ir teen  showed 

evidence that in spite of a scanty o r  i r r e g u la r  flow, ovulation was 

o ccu r r in g  and, th e re fo re ,  the re  was no m a jo r  in te r fe re n c e  with the 

p i tu i ta ry -o v a r ian  ax is .  The rem aining  six teen patients  re su m e d  a
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n o rm a l  m e n s t r u a l  p a t te rn  a f te r  a p p ro p r ia te  t r e a tm e n t  fo r  th y ro ­

tox icos is .

Seven out of ten p rem eno p au sa l  m yxedem atous  fem ale  p a ­

t ien ts  d e m o n s t ra te d  ovula tory  fa i lu re  and an eighth showed an i n ­

adequate  corpus lu teum  effect on the endom etr ium . The o th e r  two 

had n o rm a l  ovulation and m e n s e s .  All re su m e d  a  n o rm a l  pa t te rn  

a f te r  rece iv ing  d es icca ted  thyroid.*

The ab n o rm a l i t ie s  w ere  cons ide red  to be a r e s u l t  e i th e r  of 

inadequate  luteinizing hormone production or low ered  effec t iveness  

of the horm one  produced.

Astwood (1951) rep o r ted  that  by t r e a tm e n t  of n ineteen  women 

with hyper thyro id  conditions with anti thyroid  drugs during o r  short ly  

before  pregnancy, they completed th e i r  p regnanc ies  and th e re  w ere  

only th re e  p re m a tu re  de l ive r ies .  Sixteen m o th e r s  rem a in ed  well 

a f t e r  the an t i thyroid  therapy  was stopped and th ree  req u ired  f u r ­

th e r  t r e a tm e n ts .

H orm onal  In te r re la t io n sh ip s  

Effect of Thyroid  on Response to E s trog en

The thyroid level seem s to be very  c r i t i c a l  for  e s t rog en  to 

induce i t s  effects . R e iss  and P e re n y  (1928), Van Horn (1933a, 1933b),
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M eyer and W ertz  (1938), Langham and Gustavson (1947), and Hill

(1948) a l l  a g re e  that in c a s t r a t e  r a t s  the amount of es trogen ic  

substance n e c e s s a r y  to induce e s t r u s  was in c re a s e d  th ree  to five 

t im es  when the an im als  w ere  p r e t r e a te d  with thyroxine.

Langham and Gustavson (1947) found a lso  that thy ropara thy -  

ro idectomy re su l te d  in  an in c re a s e  in  the e s t r u s  re sp o nse  to 1.3 

m ic r o g r a m s  of e s t rone .  T hese  r e s u l t s ,  the au thors  said, show 

that the level of thyroid function significantly  affects  the  re sponse  

to es t rone .  F o r  n o rm a l  an im als ,  the r a t  unit was 1.33 m ic r o g r a m s  

as  com pared  to 2.5 fo r  the hyperthyro id  group and 0.86 for the 

thy ropara thy ro idec tom ized  group. T he ir  hypothesis  was that the 

ex cess  of thyroxine m ay, by in c reas ing  m e tab o l ism ,  h as ten  the 

e limination of es t rogen ic  compounds f ro m  the body.

The thyroid gland m igh t  a lso  have a d i r e c t  effect on the 

ovary. Lee (1925) repo r ted  that the thyroid  e x e rc i s e s  a s t im u ­

lating effect on the ovary. He drew his conclusion f ro m  the fac t  

that the rem ova l  of the thyroid  re su l ted  in  the prolongation of the 

e s t ru s  cycle in the ra t .

Iodine d is t r ibu t io n . Iodine was reco v ered  f ro m  the ova r ie s  

of d ifferen t  spec ies  of an im als  and humans as  repo r ted  by Ruff 

(1933) and C a r t e r  (1932). T here  was a g re a t  va r ia t ion  in the
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amounts  of iodine r e c o v e re d  f ro m  the ova r ie s  by the se v e ra l  

w o rk e rs .  C a r t e r  (1932) believed that such d iffe rences  in iodine 

content m igh t  have been due to va r ia t ion  in the iodine content of 

the o v a r ie s  during the d ifferent  s tages  of the cycle. He a lso  r e ­

por ted  that the iodine content of the o va r ie s  of newborn babies  

was le s s  than in those of adults; i t  begins to drop with the a p ­

p e a ran ce  of m enopause .  He t r ie d  to de te rm ine  the fo rm  in which 

iodine o ccu rs .  He could not detect  thyroxine in any considerab le  

p roport ion ,  but he found a substance which induced m e ta m o rp h a s i s  

to tadpoles.

O r r  and Leitch (1929) found that iodine of the cow's  ovary 

was concen tra ted  p rinc ipa lly  in the corpus luteum.

S a l te r  (1949) s ta ted  that thyroxine iodine is  fixed in two 

gen e ra l  locations The f i r s t  is its  accumulation in the p itu i tary  

and ovary. The second is  its  accum ulation in the p e r ip h e ra l  

t i s su e s ,  p r im a r i ly  the skele ta l m usc le .  Tyndale and Levin (1937) 

concluded that  the thyroid hormone ex e r ts  an inhibitory action on 

the gonads d irec t ly  and not through the pitu itary .

Thyroid-pituitary relationship. The thyroid gland may exert 

its influence on the reproductive system through the pituitary gland.
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Evans and Simpson (1929) rep o r ted  that the gonad-stimulating 

p ro p e r t ie s  of the p i tu i ta r ie s  of hyper thyro id  ra ts  were  in c reased ,  

while those from  hypothyroid r a t s  w ere  le ss  effective than the 

n o rm al  ones. On the con tra ry ,  Stein ahd L is le  (1942) repo r ted  

that  pitu ita ry  ex t ra c ts  from  thyro idec tom ized  r a t s  s timulated  d e ­

velopment of heavier  ovar ies  and u te r i  when injected into im m a ­

tu re  m ice than did ex trac ts  f rom  n o rm a l  animals .

Reineke e t  al. (1941) r e p o r ted  that  the p i tu i ta r ie s  taken 

f ro m  thyroidectomized kids had a low er  gonadotropic potency than 

those taken f rom  controls  of the sam e  weight.

The adm in is tra t ion  of e s t rogen ic  m a te r ia l s  to thyro idec to­

m ized  r a t s  (Janes, 1946; and B aker  and E v ere t t ,  1947) o r  to ra ts  

with thyroid intact (Bradbury, 1947) re su l ted  in the in c re ase  of 

p i tu i ta ry  weights. So did thyroidectom y alone (Janes, 1946). B aker  

and Evere t t  (1947) came to the conclusion that this stimulating 

action on the pitu itary  is  not m edia ted  by the thyroid, and that i t  

m ay  be elic ited in the adult as  well a s  in im m atu re  ra ts .

Payne (1944) noticed that th iourac i l  t rea tm en t  in c re a s e s  the 

thyroid weight and heightens the epithelium, which suggests  a very  

m ark ed  in c re ase  in the thyro id-s t im ula t ing  potency of the pitu itary . 

However, the a ssay  of p i tu i ta r ies  f ro m  th iou rac i l - t rea ted  chicks
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showed no s ig n i f ic a n t  d i f fe re n c e  in th y ro t ro p h ic  potency when c o m ­

p a r e d  with the  n o n t r e a te d  ones .  H o u ssa y  e t al.  (1932) found tha t  

t h e r e  w as  no change  in the th y ro t ro p h ic  po tency  of the r a t  p i tu i ta ry  

following th y ro id e c to m y .  T h is  was c o n f i rm e d  by S m e l s e r  (1934). 

T h e s e  f ind ings  m ig h t  su g g e s t  th a t  t h e r e  i s  an  i n c r e a s e d  output of 

the th y ro t ro p h ic  h o rm o n e  which p r e v e n t s  any a p p re c ia b le  s to ra g e  

in the gland.

On the b a s i s  of cy tophysio log ic  s tu d ie s  of the  p i tu i ta ry ,  

s e v e r a l  i n v e s t i g a to r s  c a m e  out with v a r i a b le  r e s u l t s  r e g a rd in g  

the s i t e  of f o r m a t io n  of the v a r io u s  h o r m o n e s  of the p i tu i ta ry .

The h o r m o n e s  tha t  a r e  of i n t e r e s t  to us h e r e  a r e  the t h y r o t r o ­

phic and  g on ad o trop h ic  h o rm o n e s .  T h e r e  s e e m s  to be unan im ity  

of opin ion th a t  the o r ig in  of the fo l l ic le  - s t im u la t ing  h o rm o n e  is  

in the  b a s o p h i l s .  This  i s  su p p o r te d  by the  cy to log ica l  w ork  of 

S e v e r in g h a u s  (1937) with r a t s ,  P ayne  (1947) with ch icks ,  a lso  

B r e n e m a n  (1941), and Schooley and Riddle  (1938) in the pigeon.

S e v e r in g h a u s  (1937, 1939) i s  of the  idea  that ac idoph ils  

s e c r e t e  th y ro t ro p h ic  h o rm o n e .  He a l s o  b e l ie v e s  tha t  the basophil ic  

c e l l s  a r e  the s i te  fo r  fo rm a t io n  of fo l l ic le  - s t im ula t ing  h o rm o n e .

He n o t iced  th a t  e s t r o n e  a c t iv a ted  the s e c r e t o r y  cycle  of the b a ­

so ph i ls  to such  an  ex ten t  a s  to r e s u l t  in f inal  exhaustion.
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M o r r i s  (1952) showed tha t  e s t r o n e  a d m in i s t r a t io n  inh ib i ts  

the d ev e lo p m e n t  of b a so p h i ls  and r e s u l t s  in the p r e s e n c e  of 

ac idoph i ls .  T h e r e  w as  a lso  an i n c r e a s e  in thyro id  ac t iv i ty  and 

th y ro t ro p h ic  h o rm o n e  potency of the p i tu i t a ry  which po in ts  to the 

a c idoph i ls  a s  the ac t iv e  ce l l  type in  p roduc ing  th y ro t ro p h ic  h o rm o n e .

The e f fe c t  of an d ro g en  t r e a t m e n t  on the p i tu i ta ry  gave a 

p ic tu re  s i m i l a r  to th a t  of e s t ro n e ,  though i t  w as not  a s  g re a t .

The p i tu i t a r i e s  of th is  g roup  did not show a d i f fe ren ce  in th e i r  

th y ro t ro p h ic  po tency  ove r  that of the u n t re a te d  b i rd s .

Z e c k w e r  e t a l.  (1935) found, on the o th e r  hand, that  a f t e r  

th y ro id e c to m y  th e r e  w as a  vacuo la t ion  of the basoph i l ic  c e i l s  he 

su g g es ted  tha t  th e se  thy ro id ec to m y  c e l l s  s e c r e t e  the th y ro t ro p h ic  

h o rm o n e .

P a y n e  (1944) i l l u s t r a t e d  a lso  the a p p e a ra n c e  of th y ro idec to m y  

c e l l s  in  ch ick  p i tu i t a r i e s  and he a g re e d  with p re v io u s  in v e s t ig a to r s  

tha t  the th y ro id - s t im u la t in g  p r inc ip le  i s  s e c r e t e d  by the b asoph i ls .

He s t i l l  thought, how ever ,  tha t  they a r e  not synonymous with the 

b a so p h i ls  of c a s t r a t io n .

O th e r  i n v e s t ig a to r s  a s  R o m e r i s  (1940), G om ori  (1950), and 

H alm i (1950) be l ie v e  tha t  th e re  a r e  two types of basoph ils :  be ta

and de l ta  c e l l s .  H a lm i  (1950) concluded that the de l ta  c e l ls  a r e  the
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m o s t  l ike ly  s o u r c e  of both  f o l l i c l e - s t im u la t in g  and th y ro t ro p h ic  

horm one .

P u r v e s  and G r i e s b a c h  (1951a, 3 951b, 1951c) w e re  able  to 

o b se rv e  two ty p es  of c e l l s  con ta in ing  g ly co p ro te in  g ra n u le s  in the 

a n t e r i o r  p i tu i t a r y  of the r a t .  T h ese  types  of c e l l s  d i f fe r  in th e i r  

shape, aff in i ty  to the blood v e s s e l s ,  r eg ion a l  d is t r ib u t io n ,  s ize ,  

and m o s t  im p o r ta n t ,  in th e i r  g ran u le  s iz e  and t h e i r  s ta in ing  p r o p ­

e r t i e s  and r e a c t io n  to changes  in the h o rm o n a l  en v i ro n m e n t .  The 

group of c e l l s  th a t  is c e n t r a l ly  s i tu a te d  re sp o n d s  only to thyrox ine  

f luc tua t io ns ,  and is  unaffec ted  by changes  in the am ount  of gonadal 

ho rm o n e .  On the o th e r  hand, the c e l l s  s i tu a te d  som ew hat  m ed ia l ly  

benea th  the l a t e r a l  edge of the p a r s  i n t e r m e d ia  resp o nd  only to 

f luc tua t ions  in the gonadal h o rm o n e s ,  n a m e ly  e s t r a d io l  b en zoa te ,  

and a r e  unaffec ted  by v a r ia t io n s  in the am ount  of thyroxine .  This 

spec if ic i ty  of r e s p o n s e  holds  t ru e  only fo r  m o d e ra te  do ses  o r  

doses  c lo se  to the p h ys io lo g ica l  leve l .

The a u th o r s  a lso  o b s e r v e d  tha t  l a r g e  doses  of e i th e r  e s t r a d io l  

benzoa te  o r  thyrox ine  d e p r e s s  both types of c e l l s .  E x c e ss iv e  o r  

p ro lo n g ed  a d m in i s t r a t io n  of thyrox ine  r e s u l te d  in an in c r e a s e  in 

the am oun t of g ly co p ro te in  in the gonadotrophic  ce l l s ,  giving a p i c ­

tu re  of a  p i tu i t a r y  which is s i m i l a r  to that  p ro d u c e d  by gonadal
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insuff ic iency, though l e s s  ex tens iv e .  T h is  m ig h t  p o ss ib ly  be due 

to an im p a i r m e n t  of gonadal  function (Sever inghaus ,  1937).

T hy ro id  O v ary  R e la t ionsh ips

The e f fec ts  of c a s t r a t io n  of fem a le  a n im a ls  on thy ro id  

ac tiv i ty .  Th is  i s  an  a r e a  of in v es t ig a t io n  w here  an  in v e s t ig a to r  

m igh t  think by the f i r s t  look a t  the l i t e r a tu r e  tha t  th e re  i s  a d i s ­

a g r e e m e n t  be tw een  the s e v e r a l  in v e s t ig a to r s  on the e f fec ts  of 

c a s t r a t io n  on thy ro id  ana tom y and m orphology .  But a l i t t le  

r ea so n in g  and unders tan d in g  m ig h t  help in  bringing  out a single  

conclusion .

L o e s e r  (1934, 1935) c la im s  that  e ighteen  days a f t e r  c a s t r a ­

tion, the thy ro id  gland of fem a le  guinea p igs i s  m o d e ra te ly  s t im u ­

la ted .  The p roduc t ion  of T. S. H. was a lso  in c re a s e d .  He found 

tha t  the p i tu i ta ry  gland of a c a s t r a t e d  guinea pig, when im plan ted  

in to  a n o r m a l  an im a l ,  will cause  an in c r e a s e d  ac t iv i ty  of the th y ­

ro id  gland g r e a t e r  than that  induced f ro m  n o rm a l  n o n c a s t ra te d  

a n i m a l s .

Kippen and Loeb (1936) r e p o r te d  that gonadectomy in guinea 

pigs during  the e a r ly  s ta g e s  of sexual  m a tu r i ty  i n c r e a s e d  the p r o ­

l i fe ra t iv e  ac t iv i ty  of the thyro id  gland during the f i r s t  week following
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the o p e ra t io n .  T h e y  though t  th a t  th is  r e m o v a l  of fo l l ic u la r  h o rm o n e  

p ro d u c e s  i t s  e f f e c t  on the  th y ro id  th rough  the p i tu i t a ry  w h e re  i t  

e l ic i t s  an  i n c r e a s e d  p ro d u c t io n  of T. S. H. and F .  S. H. The 

th y r o id - s t im u la t in g  h o rm o n e ,  they  sa id ,  m u s t  be c o n s id e re d  a s  

d is t in c t  f r o m  F .  S. H. T h is  e f fec t  r e p r e s e n t s ,  t h e r e fo r e ,  a  n o n ­

spec if ic  e f f e c t  of g o n a d e c to m y  on the a n t e r i o r  p i tu i ta ry .  In young

im m a t u r e  gu inea  p ig s ,  the  a u th o r s  r e p o r t e d  th a t  the changes  w e re
«

l e s s  de f in i te  than  in  o ld e r  ones .  Chouke (1930) found th a t  c a s t r a ­

tion in  f e m a le  g u in ea  p igs  c a u s e s  no a p p re c ia b le  change in  the 

p r o l i f e r a t i v e  a c t iv i ty ,  n o r  in  the s t r u c t u r a l  c h a r a c t e r i s t i c s  of the 

th y ro id  gland.

o t a r r  and B r u n e r  (1935) a lso  r e p o r t e d  tha t  th e r e  w e re  no 

g r o s s  h is to lo g ic  c h a n g es  found in  the th y ro id s  of f e m a le  guinea 

pigs e ig h te e n  to t h i r t y - t h r e e  days a f te r  c a s t r a t io n .  They a l s o  r e ­

p o r te d  th a t  c a s t r a t e d  l e m a le  gu inea  pigs re sp o n d e d  to T. S. H. 

th i r ty  days  a f t e r  c a s t r a t i o n  with h is to log ic  changes  in  the  thyro id  

not  d i f f e r e n t  f r o m  n o r m a l  n o n c a s t r a t e s .  They added th a t  the 

m e ta b o l ic  r e s p o n s e  of c a s t r a t e d  guinea  p igs  to T. S. H. w as of 

the s a m e  m a g n i tu d e  a s  w as the r e s p o n s e  of the n o n c a s t r a t e s .

The t h i r d  g ro u p  of in v e s t ig a to r s  s tud ied  th y ro id  ac t iv i ty  a t  

a  lon g e r  i n t e r v a l  a f t e r  c a s t r a t io n .  A n d e r se n  and Kennedy (1933)
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r e p o r te d  th a t  t h e r e  w as  a defin ite  th y ro id  a t ro p h y  e ight  w eeks 

a f te r  c a s t r a t i o n .  B ut  they  r e p o r te d  tha t  th e r e  w e re  no changes  

in thyro id  h is to lo g y  one week a f t e r  the o pera t ion ,  and som e a n i ­

m a l s  showed a t ro p h ie d  th y ro id s  t h r e e  w eeks a f t e r  the op e ra t ion .

£ m g e  and L a q u e u r  (1941) r e p o r t e d  tha t  w ithdraw al  of o v a r i ­

an h o rm o n e s  by c a s t r a t i o n  of r a t s  d e c r e a s e d  th e i r  thyro id  a c t i v i ­

t ie s ,  a s  in d ic a te d  m o rp h o lo g ic a l ly  by th e i r  fo l l ic u la r  ce l ls  and the 

i n c r e a s e d  s to r a g e  of colloid . In a n o th e r  r e p o r t ,  Schill ing and 

L a q u e u r  (1941a) r e p o r t e d  that  in r a t s  with h y p e rp la s t ic  th y ro id s ,  

c a s t r a t i o n  had no e f fec t  on thy ro id  w eights .

F r o m  such  r e p o r t s ,  one would conclude that  the effec t  of 

gonadec tom y on thy ro id  ac t iv i ty  v a r i e s  with the in te rv a l  a f t e r  the 

o p e ra t io n  and the age a t  the op e ra t io n .  It s e e m s  that  about one to 

two w eeks  a f t e r  ' c a s t r a t io n ,  the thy ro id  ac t iv i ty  is  i n c r e a s e d  a s  i n ­

d ica ted  by h i s to lo g ic a l  s tud ies .  The  ac t iv i ty  of the thy ro id  g lands 

then s t a r t s  to de c l in e  with  in c r e a s in g  t im e  a f te r  the opera t ion .  

Some a u th o r s  e x a m in e d  i t  a t  a  f a i r ly  long p e r iod  and re p o r te d  

tha t  t h e r e  w e re  no changes  c o m p a re d  to the con tro ls .  O th e rs  

studied  i t  a f t e r  lo n g e r  p e r io d s  and r e p o r te d  that  the thyro id  g lands 

w e re  a t ro p h ic .  I t  w as a lso  r e p o r te d  that such changes do not o c ­

cu r  in  i m m a t u r e  a n im a ls .
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The e f fec ts  of e s t r o g e n ic  com pounds  on thy ro id  a c t iv i ty .

H ere  a lso ,  th e r e  a r e  so m e  f a c to r s  th a t  in f luence  the r e s p o n s e  of 

the th y ro id  g land to e s t r o g e n  t r e a tm e n t ,  such  a s  the dose  a d m in ­

i s t e r e d  and the d u ra t io n  of i t s  a d m in is t r a t io n .

P in c u s  and W e r th e s s e n  (1933) in v e s t ig a te d  the e f fec ts  of 

v a r io u s  d o s e s  of e s t r i n  g iven fo r  d i f f e re n t  p e r io d s .  T h e i r  d a ta  on 

thy ro id  w eigh ts  in d ic a te d  an i n c r e a s e  in  weight a s  a r e s u l t  of 

e s t r i n  in jec t io n .  C u r io u s ly  enough, the a u th o r s  sa id  th a t  th e i r  

da ta  in d ica ted  tha t  th is  weight i n c r e a s e  i s  a t  a m a x im u m  a f t e r  five 

days of in jec t ion ,  and d e c r e a s e s  f a i r ly  g rad u a l ly  to a m in im u m  

a f te r  fo r ty  days  of in jec t ion  a s  though th e re  is  an im m e d ia te  e f ­

fec t  of e s t r i n  in jec t io n  which continued in jec t ion  does not sus ta in .  

T h e r e  w as no in d ica t ion  of a dosage  r e la t io n  to th is  effect,  with 

the p o s s ib le  excep t ion  of o n e -u n i t  in jec t ion ,  which a p p e a r s  l e s s  

e ffec t ive  than the h ig h e r  d o sa g e s  of 2, 4, 7, and 10 r a t - u n i t s .  

F r e u d e n b e r g e r  and C la u se n  (1937) a lso  r e p o r t e d  that  with p ro longed  

a d m in i s t r a t io n  of thee l in  a t  a dose  of 200 in te rn a t io n a l  units  ev e ry  

o th e r  day fo r  s e v e n ty - f iv e  to sev en ty -n in e  days, they o b se rv e d  a 

d e c r e a s e  of 18 p e r c e n t  in the weights  of the thy ro ids  of such 

t r e a te d  r a t s  when c o m p a re d  to th e i r  con tro ls .
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E m g e  and L a q u e u r  (1941), and Schill ing and L a q u e u r  (1941b) 

r e p o r te d  th a t  e s t r o n e  had no e ffec t  on th y ro id  w eights  of th y ro -  

h y p e rp la s t ic  r a t s .

D if fe ren t  r e s u l t s  w e re  r e p o r t e d  by K r e i tm a i r  and S ieckm ann

(1945), who found in  h is to lo g ic a l  ex am in a t io n  th a t  the thy ro id  g lands  

of in fan t i le  r a t s  in je c te d  with d i e th y l i s t i lb e s t r o l  w e re  in  a r e s t in g  

condition and f i l led  with collo id.

Koenig e t  a l .  (1945) r e p o r t e d  th a t  with the a d m in i s t r a t io n  of 

30 m i c r o g r a m s  of e s t r o n e  o r  9-4 m i c r o g r a m s  of d ie th y l s t i lb e s t ro l  

to young fe m a le  r a t s  da ily  fo r  twelve w eeks ,  they found tha t  the 

iodine con ten t  of t h e i r  th y ro id s  was l e s s  than th a t  of th e i r  c o n t ro ls .

N a k a m u ra  (1932) was the f i r s t  in v e s t ig a to r  to study the e f ­

fec ts  of the h o r m o n e s  of the p lacen ta ,  p i tu i ta ry ,  and o va ry  on the 

iodine con ten ts  of the th y ro id  gland in  ra b b i t s .  P la c e n ta l  e x t r a c t s  

m a r k e d ly  a c c e l e r a t e d  the r a t e  and s l igh t ly  i n c r e a s e d  the am oun t  of 

I e x c re t io n  in  the u r in e .  In jec t ion  of p lacen ta l  e x t r a c t s  in thy- 

ro id e c to m iz e d  r a b b i t s  p ro d u ced  no m a r k e d  change in e i th e r  the 

r a t e s  o r  am o u n t  of I .  e x c re te d .  The a u th o r ' s  conclus ion  was tha t  

iodine e x c re t io n  i s  c lo se ly  r e l a t e d  to thy ro id ,  which i s  one of the 

f a c to r s  r e s p o n s ib le  fo r  in c r e a s in g  the m e ta b o l ic  r a te  during p r e g ­

nancy.
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D esc l in  and E r m a n s  (1950)  re p o r te d  that in r a t s  e s t r a d io l  

benzoate  was found to stim.xxla.te thy ro trop ic  ac tiv i ty  of the p i tu i ta ry .

Few e x p e r im e n ts  h a v e  b een  conducted to inves t iga te  the e f ­

fects  of E s t r o g e n s  on t h y r o i d  ac t iv i ty  using 1*^* a s  an index.

The e a r l i e s t  p a p e r  f o u n d  was that by P a sc h k is  e t  al. (1948),

131
who s tudied the f o u r - h o u r  xxptake of I by thyro id  glands in  fem ale  

ra ts ,  c a s t r a t e d  fem ale  r a t s  , a n d  c a s t r a te d  r a t s  given e s t r a d io l  b e n ­

zoate in d o ses  of 50 m i c r o g r a m s  p e r  day for  twelve days, e leven

days, and th i r t e e n  days .  X h x e i r  data  indicated  that  th e re  w ere  no

131
d if fe ren ces  in the uptake o f  a  t r a c e r  dose of I in fem ale  r a t s  

s ix ty - fou r  days a f te r  c a s t r a t i o n  when com pared  to th e i r  con tro ls  

with the o v a r ie s  in tac t ;  a l s o ,  tha t  1 ^ ^  uptake by the thyroid glands 

of the a n im a ls  t r e a te d  with . e s t r a d i o l  benzoate  did not d iffer f rom  

that of the c a s t r a t e d  c o n t r o l s .

E p s te in  and W o l t e r i n k  (1949) showed that the output half-  

t im e of 1 ^ ^  f ro m  the t h y r o i d  glands of chicks given d ian isy l-  

hexene w as twice the h a l f - t i m e  of contro ls .

In ano th e r  e x p e r i m e n t ,  Wolterink et. al. (1950) and W olterink

(1952) d e m o n s t ra te d  the e f f e c t  of var ious  dosages of d ian isy l-hexene  

on the tu rn o v e r  ra te  of i o d i n e  in the thyroids of ra ts  and m ice .

They found that a dose  o f  1 m ic r o g r a m  of es t rogen  per  day for
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131
th ree  days i n c r e a s e d  the output of I by the th y ro id  in  both r a t s  

and m ice .  T hey  a l so  found th a t  10 m ic r o g r a m s  and 100 m i c r o ­

g r a m s  of e s t r o g e n  g iven  da i ly  fo r  th re e  days, and a lso  a  m a s s iv e

131
single dose d e p r e s s e d  I tu r n o v e r .  Money e t a l.  (1950, 1951) r e ­

p o r te d  tha t  50 m i c r o g r a m s  of e s t r o n e  in jec ted  daily  into m ale  r a t s  

fo r  ten days c a u se d  a s ig n if ican t  r i s e  in  1 ^ *  uptake without a 

change in  th y ro id  weight.  A d o se  of 1 m i l l i g r a m  of e s t r a d io l  ben ­

zoate  daily  fo r  n ine days  o r  50 m i l l i g r a m s  daily  fo r  ten days did

131
not in f luence  e i t h e r  th y ro id  w eight o r  I uptake.

M etabo l ic  e f fec ts  of e s t r o g e n . L ee  (1927) r e p o r te d  that in 

o v a r ie c to m iz e d  r a t s ,  the m e a n  h e a t  p roduction  was about 10 p e r ­

cent below the d e te rm in a t io n s  b e fo re  the re m o v a l  of the o v a r ie s .

Sherwood ejt a l .  (1933) r e p o r t e d  that they w e re  able to p r o ­

duce f ro m  13 to 42 p e r c e n t  d ro p  in  b asa l  m e ta b o l i s m  following 

in jec t io n  of 10 to 8 00 r a t  units  of amnio tin .

Sherw ood e t  al.  (1936) and Sherwood (1940) found that  when 

the b a s a l  m e ta b o l i s m  of o v a r ie c to m iz e d - th y ro id e c to m iz e d  r a t s  was 

i n c r e a s e d  by giving th em  a th y ro id  p re p a ra t io n ,  then followed i m ­

m e d ia te ly  by in jec t ing  v a r ia b le  d o se s  of am niotin  f ro m  200 to 300 

r a t - u n i t s  da i ly  fo r  th re e  o r  fou r  days,  the in itia l b a sa l  m etabolic
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rate  was r e a c h e d  in l e s s  than  half  the t im e  n e c e s s a r y  fo r  the 

usual r e tu r n  to n o rm a l  of the r a t s  r e n d e r e d  h y p e r th y reo t ic  only.

S t i lb e s t ro l  g iven a t  the dose  r a te  of 10 m i l l i g r a m s  was ap­

p a re n t ly  not  a s  e ffec t ive  as  am nio t in  in has ten ing  the reduc t ion  of 

b asa l  m e ta b o l i s m  a f te r  the h y p e r th y ro id  leve l  was a t ta ined  (Sher­

wood, 1941). Zain  (1937, 1939) r e p o r t e d  tha t  in h yp e r th y reo t ic  

fem ale  r a t s ,  the i n t r a m u s c u l a r  in jec tion  of 1,000 r a t -u n i t s  of 

progynon B (Schering) da ily  fo r  fo u r te en  days lo w ered  the m e ta b ­

o l ism  and im p ro v ed  l i v e r  g lycogen fo rm a t io n  as  c o m p a re d  to the 

r a t s  r e n d e r e d  h y p e r th y re o t ic  only. He concluded that  progynon 

exc i ted  a  weak a n t i th y ro id  action.

The e ffec ts  of p ro g e s te r o n e  on the th y ro id . As has  been  

s ta ted  b e fo re ,  it  is well e s ta b l i sh e d  tha t  p ro g e s te ro n e  e x e r c i s e s  a 

the rm og en ic  e ffec t .  The physio log ic  m e c h a n is m  through which 

p ro g e s te r o n e  e x e r c i s e s  such e ffec t  has  rece ived  l i t t le  a ttention. 

N ieburg  and G re e n b la t t  (1948) re p o r te d  tha t  in c a s t r a t e d  fem ale  

r a t s  the a d m in is t r a t io n  of p ro g e s te ro n e  in c r e a s e s  the t e m p e ra tu re  

above tha t  of the c a s t r a t e d  co n t ro ls ,  while e s t ro g e n  p rod u ces  a  de ­

c r e a s e  of t e m p e r a tu r e .  S im i la r  r e s u l t s ,  though l e s s  definitely, 

w ere  obta ined  in th y ro id e c to m iz e d —o v a r ie c to m iz e d  a n im a ls .  They 

a lso  r e p o r te d  tha t  in a d re n a le c to m iz e d -o v a r ie c to m iz e d  ra t s ,  e s t rog en
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i n c r e a s e s  the t e m p e r a tu r e  above tha t  of the co n tro ls  and p r o ­

g e s te ro n e  induces  a fu r th e r  r i s e  in the t e m p e r a tu r e .  The au th o rs  

concluded f ro m  such  da ta  tha t  p ro g e s te ro n e  se e m s  to influence 

body t e m p e r a t u r e  and  tha t  the a d re n a l  and thyro id  g lands change 

the effec ts  of e s t ro g e n  and p r o g e s te ro n e  on body t e m p e r a tu r e  to a 

c e r ta in  d e g re e .

Rothchild  and R ap po r t  (1952) r e p o r te d  that a  dose of 10 

m i l l ig r a m s  of p r o g e s te r o n e  a d m in i s t e r e d  da ily  fo r  e leven  days to 

c r e t in s ,  o r  25 to 50 m i l l i g r a m s  of p ro g e s te r o n e  daily  fo r  nine days 

to f e e b le -m in d e d  m a le  hum ans c a u se d  an e leva t ion  of body t e m p e r ­

a tu re .  The d e te rm in a t io n  of p ro te in -b o un d  iodine showed no c o r r e ­

lation betw een i t  and the r i s e  in t e m p e r a tu r e .  They cam e to the 

conclusion  that  th e re  is  a lack of thyro id  m ed ia t ion  o r  in te rven t ion  

in the physio logic  p r o c e s s e s  by which p ro g e s te ro n e  e x e r t s  its  

the rm og en ic  effect.

H is to log ica l  s tud ies  of the h y p e rp la s t ic  thyro ids  of r a t s  

t r e a te d  with p r o g e s te ro n e  showed that  p ro g e s te ro n e  alone o r  p r o ­

g e s te ro n e  plus e s t ro g e n  a d m in is te r e d  p a re n te r a l ly  w ere  able to i n ­

hibit h y p e rp la s ia .  Em ge and L*acjueur (1941) and Schilling and 

Laqueur  (1941) a lso  r e p o r te d  that although e s t ro g en  failed to change
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the thyro id  w eigh ts  of th y ro h y p e rp la s t ic  r a t s  p ro g e s te ro n e  o r

es t rone  and p r o g e s te r o n e  d e c r e a s e d  the thyro id  weight.

131
The only inv e s t ig a t io n s  w he re  I was used  to study the 

effect of p r o g e s te r o n e  on thy ro id  ac t iv i ty  w e re  those  of Money ejt 

a l . (1950, 1951). T h e i r  r e s u l t s  w e re  tha t  a  to ta l  dose  of 50 m i l l i ­

g r a m s  p r o g e s te r o n e  in je c te d  into m a le  r a t s  during a p e r io d  of ten 

days r a i s e d  the p e r c e n t  of r a d io a c t iv e  iodine co l lec t ion  by the 

thyroid .  In th is  e x p e r im e n t  p ro g e s te r o n e  did not influence thyro id  

w e ig h ts .

O v a ry -A d re n a l  R ela t ionsh ip

Stil ling (1898) found tha t  the a d r e n a l s  of f rogs  hy p er trophy  

during ovulation. S im i la r  r e s u l t s  w ere  noticed in p igeons by 

Riddle (1923).

F o s t e r  (1934) found tha t  in the ground  s q u i r r e l  the a d re n a l s  

h y p e r t ro p hy  du r ing  e s t r u s  and p regnancy ,  but undergo  involution

a f te r  p a r tu r i t io n .

A n d e rs e n  and Kennedy (1932) re p o r te d  that  th e re  i s  an  i n ­

c r e a s e  in the weight of the a d re n a l  of the r a t  a t  e s t r u s .  A ndersen  

and Kennedy (1933) com ple ted  th e i r  study on the a d ren a l  a t  the 

s tag es  of the e s t r o u s  cycle .  T h e i r  h is to log ica l  s tud ies  showed
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hyper troph ied  a n d  m o r e  active a d re n a l s  during e s t r u s  than during 

d ie s t ru s .  T hey  a l s o  re p o r ted  that the h is to lo g ica l  ap p e a ra n c e  of 

the a d re n a ls  of s p a y e d  ra t s ,  a week a f te r  the op e ra t ion ,  was s im i ­

la r  to that of r a t s  a t  e s t ru s .  T h re e  weeks a f te r  the opera tion  

the a d re n a ls  a t r o p h i e d .

Z u c k e r m a n  e t  aL (1938) found that the a d r e n a l s  f luctuate in 

s ize  in an a p p r o x i m a t e l y  f ive-day  rhy thm  in spayed r a t s  in jected 

daily with a t h r e s h o l d  dose of e s t ro ne .  In n o r m a l  a n im a ls ,  they 

a lso  found th a t  t h e  gland was l a r g e r  a t  e s t r u s  than a t  d ie s t ru s ,  due 

to an i n c r e a s e d  s i z e  of the ce l ls  of the zona fa sc icu la ta .

Hunt ( 1 9 4 0 )  found that in the r a t  m i to s i s  in  the ad ren a ls  

was eight to s i x t e e n  t im es  m o re  f requen t  in  the a n im a ls  during 

the m i d - l e u c o c y t i c  stage (d ie s t ru s )  than in the co rn if ied  cell stage 

(e s t ru s ) .  He a l s o  found that 80 p e rc e n t  of the m i to s e s  w ere in 

the zona f a s c ic u . l s . t a  where the rhy thm ic  ac tiv i ty  was m o s t  m arked .  

He a lso  found t h a t  the zona g ranu losa  exhibits  the g r e a t e s t  num ber  

of m i to s e s  d u r i n g  the cornif ied  cell s tage . Hunt concluded that a 

r ea so nab le  c o r r e l a t i o n  m ay ex is t  between the a d re n a l  cortex , 

hypophysis , an d  c o r p o r a  lutea.

K oets  ( 1 9 4 9 )  dem ons tra ted  a va r ia t io n  in the excre t ion  of - 

17 - K e to s te r o id s  i n  women, with idiopathic h i r s u t i s m ,  a m ax im um



40

excre t ion  be ing  o b ta ined  a t  the t im e  of ovulation. Davis and Hulit

(1949) r e p o r t e d  a  d i s t in c t  eo s in o pen ia  in w om en a t ovula tion t im e  

of the cycle .

Zondek and  B u r s te in  (1952) r e p o r te d  th a t  th e re  is a cyclic  

va r ia t ion  in c o r t i c o id  e x c re t io n  in the u r in e  of fem a le  guinea pigs.  

The m a x im a l  e x c r e t io n  ra te  was dur ing  e s t r u s .  O v a r ie c to m y  r e ­

sulted in a  low and  acyc l ic  output of c o r t ic o id s .  The p a t t e r n  of 

c o r t ico id  e x c r e t io n  in the m a le  gu inea  pig was the sam e  as that 

of the o v a r i e c to m iz e d  fem a le  gu inea  p ig s .  They a lso  found that 

the a d m in is t r a t io n  of e s t ro g e n  c a u se s  an a lm o s t  im m e d ia te  in c re a s e  

of u r in a r y  c o r t i c o id s  in both  in tac t  and spayed  fem ale  a n im a ls .

They a s s u m e d  th a t  e s t ro g e n s  s t im u la te  the a n te r io r  p i tu i t a r y  to 

d isc h a rg e  ACTH. Venning and K azm in  (1946) w ere  not able to find 

any cyclic  v a r ia t io n  in the e x c re t io n  of 17 -k e to s te ro id s  in n o rm a l  

women.

It has  been  e s ta b l i sh e d  by s e v e r a l  in v e s t ig a to rs  that  la rg e  

doses  of e s t r o g e n  e n la rg e  the a d re n a ls  m ain ly  due to hyper trophy  

of the c o r te x ,  a s  r e p o r te d  by H esk e t t  and Hoffman (1943).

This  a r e a  of endocrino logy  has been  review ed by T epperm an ,  

Engel,  and Long (1943); H a r tm a n  and Brownell (1949); and Zondek 

an i B u r s te in  (1952).
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H a r tm a n  and B ro w n e l l  (1949), in  t h e i r  book " T h e  A d re n a l  

G la n d ,"  r e v ie w ed  the  l i t e r a t u r e  dea ling  with  the e f fec ts  of e s t r o ­

gens on the a d r e n a l s  in  s e v e r a l  s p e c ie s ,  including the fowl, r a t ,  

m o u se ,  h a m s t e r ,  and  guinea  pig. F r o m  th is  rev iew ,  i t  can  be 

concluded th a t  in  a l l  t h e s e  s p e c ie s ,  with the excep t ion  of the m o u s e ,  

the a d m in i s t r a t io n  of e s t r o g e n ic  com pounds r e s u l t s  in  h y p e r t ro p h y  

of the a d r e n a l s  and an  i n c r e a s e  in  th e i r  weight.  T h is  o c c u r s  in 

spayed a s  w ell  a s  in n o r m a l  a n im a ls .

E s t r o g e n s  p ro b ab ly  a c t  th rough  the p i tu i ta ry  b e c a u s e  e s t r o ­

genic s u b s ta n c e s  fa i l  to a c t  on the a d r e n a l s  a f t e r  hypophysec tom y 

(Bourne  and Z u c k e rm a n ,  1940).

In the m o u s e ,  M a r t in  (1930) found tha t  e s t r o g e n  fa i led  to 

change the p ic tu r e  of th e i r  x -z o n e  when a d m in i s t e r e d  o v e r  a sh o r t  

pe r io d ,  but  p ro longed  a d m in i s t r a t io n  of e s t ro g e n  to im m a tu r e  

c a s t r a t e d  and n o rm a l  m a le s  and spayed  and n o rm a l  f e m a le s  r e ­

su l ted  in  the d e g e n e ra t io n  of th is  zone.

The e f fec ts  of e s t r o g e n  on the a d r e n a l  g lands  of the h a m s t e r  

has  been  rev iew ed  by W ex le r  (1952). He found f ro m  h is  own work 

tha t  a  s ing le  in t r a p e r i t o n e a i  in jec t io n  of 0.06 m i l l i g r a m s  of s t i l -  

b e s t r o l  g iven to c a s t r a t e d  and spayed h a m s t e r s  ca u se d  an  i n c r e a s e
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in the a s c o r b i c  a c id  con ten t  of th e i r  a d r e n a l  g lands  to tw ice  tha t  

of the n o r m a l  v a lu es .

R eg a rd ing  the e ffec t  of p r o g e s te r o n e  on the a d r e n a l s .

W inter  (1942) and L e o n a rd  (1944) showed tha t  i t  fa i led  to cau se  

a t ro p h y  of the a d r e n a l s .

T h y ro id -A d re n a l  R e la t io n sh ip

The e f fec ts  of the T h y ro id  g land on the a d r e n a l s . The func 

tional  ac t iv i ty  of the a d r e n a l  g land i s  in f luenced  in  so m e  m a n n e r  

by v a ry in g  th y ro id  ac t iv i ty .

When h y p o th y ro id ism  is  induced by the a d m in i s t r a t io n  of 

go i t rog en ic  s u b s ta n c e s  such  a s  sulfa  d ru g s  o r  th io u ra c i l ,  a s  r e ­

p o r ted  by L-eblond and Hoff (1944), B aum ann  and M arine  (1945), 

F r e e d m a n  and G ordon  (1950), th e re  is  a d e c r e a s e  in the a d r e n a l  

w'eights, which i s  p a r t ly  due to d e c r e a s e d  s e c r e t i o n  of ACTH. 

Z a r r o w  and Z a r r o w  (1951) thought tha t  th is  m igh t  be due to the 

e x c e s s iv e  p roduc t ion  of TSH a t  the expense  of ACTH.

The a d r e n a l  a s c o r b ic  ac id  content  is  a l so  d e c r e a s e d ,  a s  

shown by F r e e d m a n  and G ordon  (195 0).

It h a s  a l s o  been  shown by W allach and Reineke (1949) that 

following the a d m in is t r a t io n  of th y ro ida l  su b s ta n c e s  to a n im a ls ,  the
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a d re n a ls  en la rg e .  The a u th o r s  r e p o r t e d  that  the a s c o r b i c  ac id  

content of the a d re n a l s  d e c r e a s e s  to a m in im um  a f t e r  fou r  days 

of thyroxine a d m in is t ra t io n .  T h is  i s  followed by p r o g r e s s i v e  i n ­

c r e a s e s ,  both in a d re n a l  w e igh t  and a sc o rb ic  acid  content,  tha t  

r e a ch  a m a x im u m  a f t e r  fo u r  w e e k s  of thyroxine a d m in is t r a t io n .

P e k k a r in e n  e t  al.  (1951) in v es t ig a ted  the e f fec t  of a  thyroid  

p re p a ra t io n  thyran ine  on the a d r e n a l s .  They found tha t  the a d ­

m in is t r a t io n  of 100 m i l l i g r a m s  of thyranine  daily fo r  a  p e r io d  of 

twenty days i n c r e a s e d  the a d r e n a l  weights of r a t s  61 p e rc e n t  

above the contro l .  This  t r e a t m e n t  a lso  in c re a s e d  th e i r  ad ren a l in  

content by 88 p e rc en t ,  the a s c o r b i c  acid  content by 330 p e rc en t ,  

and c h o le s te ro l  by 85 p e r c e n t .  With the a d m in is t ra t io n  of 20 to 

30 m i l l i g r a m s  of th io u ra c i l  f o r  a  per iod  of tw en ty -s ix  days ,  the 

ad re n a l  weights  w ere  23 p e r c e n t  le s s  than the co n tro l  weights , 

but ad re n a l in  i n c r e a s e d  by 53 p e r c e n t ,  a sco rb ic  ac id  i n c r e a s e d  by 

76 p e rcen t ,  and c h o le s t e r a l  d e c r e a s e d  by 46 pe rcen t .  The au thors  

concluded that changes in  the  w eigh t  and c h e m is t ry  of the a d ren a l  

g lands sugges t  tha t  a f te r  the in jec t io n  of thyranine the m e d u l la ry  

and c o r t i c a l  ac t iv i ty  a r e  i n c r e a s e d ,  whils t  a f te r  the a d m in is t ra t io n  

of m e th y l - th io u ra c i l  and m e d u l l a r y  activ ity  i n c r e a s e d  but  the c o r ­

t ica l  ac t iv i ty  i s  d e c re a s e d .
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The e f fec ts  of s t r e s s  on thy ro id  a c t iv i ty . W il l iam s  e t  a l . 

(1949) found th a t  s t r e s s  induced  by fa s t in g ,  ex p osu re  to cold (5° C.), 

to h ea t  (38* C.), o r  typhoid vacc ine ,  was a s s o c ia te d  with a su b n o rm a l  

concen tra t ion  of iod ine  in  the thy ro id .  They  a lso  r e p o r te d  tha t  th ese  

v a r io u s  types  of s t r e s s  d is t in c t ly  d e c r e a s e d  the p ro te in -b o u n d  iodine 

in the s e ru m .

P a s c h k i s  e t  a l .  (1950) found th a t  fo rm a l in  in jec t ion  in r a t s

caused  a d e c r e a s e  in  thy ro id  function a s  ind ica ted  by the d im in ished

r , 131  uptake of I

M a h o rn e r  (1930> found that  dogs in fec ted  by in jec t ing  s taphy l-  

cocc i ,  or  dogs which died f r o m  pneum onia  showed h y p e rp la s ia  of 

th e i r  th y ro id s .  He a l s o  found tha t  a f t e r  in juring  one o r  both a d ­

r e n a l s  by c ru sh in g ,  seven  out of ten dogs showed no change, one 

showed r e t r o g r e s s i o n ,  and two showed s l igh t  h y p e rp la s ia  of the i r  

t h y r o id s .

Soffer e t  a l .  (1949) and G abr i lo ve  et al.  (1950) found tha t

the in jec t ion  of ep in eph r ine  into in ta c t  r a t s  r e su l te d  in a c o n s id e r -

131able  d e c r e a s e  in I uptake. They a l s o  found tha t  the a d m in i s ­

t r a t io n  of compound E inhib ited  the  th y ro id -s t im u la t in g  effect of 

ep inephr ine .  F r o m  these  da ta ,  they concluded that  the ad re n a l
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cortex  e x e r t s  an  in h ib i to ry  effect on the th y ro id -s t im u la t in g  action 

of epinephrine .

G abri love ,  e t  a l .  (1950) r e p o r te d  a l so  that when 17-hydroxy- 

11-d e h y d ro c o r t i c o s te ro n e  was a d m in is te r e d  toge the r  with ep inephrine,  

the thyroid  re sp o n d e d  like in  an  in ta c t  r a t  given epinephrine  alone.

Botkin and J e n s e n  (1951) r e p o r te d  tha t  ep inephrine  caused

131
56 p e rc e n t  d e p r e s s io n  of to ta l  I conten ts  of the thy ro ids  a s  c o m ­

p a re d  to con tro l  v a lu e r .

W il l iam s e t  a l .  (1949) r e p o r te d  tha t  ad ren a l in  d e c r e a s e s  

the quantity of p ro te in -b o u n d  iodine in the s e r u m  of ad rena lec tom ized  

r a t s .

Botkin and J e n s e n  (1952) found tha t  th e re  was an e a r ly  d e ­

c r e a s e  in  the thy ro id  gland content of rad ioac t ive  iodine a f te r  e i th e r  

ep inephrine  o r  th y ro t ro p ic  horm one ad m in is t ra t io n .  The s e ru m  con­

ten t  of 1*^* a f t e r  th y ro t ro p ic  horm one  in jec t ion  was in c re ase d ,  p a r ­

t icu la r ly  the p ro te in -b o u n d  component, due to a c ce le ra t io n  of the 

production  and r e l e a s e  of thyroxine. In the ca se  of the ep inephr ine - 

t r e a te d  r a t s ,  the s e r u m  content of p ro te in -bound  iodine was d e ­

c re a s e d .  The a u th o r s '  in te rp re ta t io n  was that  the in c re a s e d  u t i l ­

iza t ion  of thyrox ine  in  the an im a ls  given epinephrine re s u l t s  in a 

d e c r e a s e  in  the s e r u m  thyroxine. Such a  lowering in the level of
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thyroxine  in  the blood c a u s e s  an  i n c r e a s e d  p i tu i t a ry  r e l e a s e  of 

TSH, and th e r e f o r e ,  e p in e p h r in e  will  p ro d u ce  the sa m e  e ffec t  on 

the thy ro id  gland a s  d oes  TSH.

The e f fec ts  of the a d r e n a l  c o r te x  and ACTH on thy ro id

ac t iv i ty  a s  s tud ied  by r a d io a c t iv e  io d in e . In the l a s t  few y e a r s ,

c o r t i so n e  and ACTH have been  used  e x ten s iv e ly  fo r  p h ys io log ica l  

and c l in ic a l  i n v e s t ig a t io n s . S e v e ra l  i n v e s t ig a to r s  have been  i n ­

t e r e s t e d  in  s tudying the e ffec t  of th ese  compounds on thy ro id  

ac t iv i ty .

A lb e r t  (1952) rev iew ed  the l i t e r a t u r e  a c cu m u la te d  in  the 

p a s t  th re e  y e a r s  dealing  with th is  sub jec t .

The f i r s t  in v e s t ig a to r s  who d rew  our a t ten t ion  to the e ffec ts

of c o r t i c a l  h o rm o n e s  and ACTH on the thyroid , using I , w e re

Soffer  et a l ., (1949) and W il l iam s  et^ al.  (1949).

Soffer  e t  a l .  (1949) poin ted out tha t  the a d r e n a l  c o r te x  e x ­

e r c i s e s  an inh ib i to ry  effec t  on the thy ro t rop h ic  e ffec ts  of e p in e ­

p h r ine ,  a s  m e n t ion ed  be fo re .

W'illiams e t  a l .  (1949) found tha t  a d re n a l in  o r  a d re n a l  c o r ­

t ica l  e x t r a c t  d e c r e a s e d  the c o n c en t ra t io n  of I by the thyro id  and

tha t  i t  a l s o  d e c r e a s e d  the quantity of p ro te in -bound  iodine in  the 

s e r u m  of a d re n a le c to m iz e d  r a t s .
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Gabrilove e t  al. (1950) found th a t  the a d m in is t r a t io n  of 5 

m i l l ig ra m s  of ACTH daily  fo r  twelve days was su ccess fu l  in a n ­

tagonizing the e ffec t  of p ro p y l th io u ra c i l  in in c re a s in g  thy ro id  

we ight.

Hill e t  al.  (1950) re p o r ted ,  h o w ev e r ,  tha t  c o r t i so n e  fa i led  

to a l te r  iodine accum ula t ion  of h y p e ra c t iv e  thyro id  glands.

Money e t  al. (1950, 1951) s tud ied  the effects  of a la rg e  

num ber  of s te ro id  ho rm o n es  on th y ro id  ac t iv i ty .  The an im a ls  u sed  

were m ale  r a t s  in jec ted  daily  with l a r g e  doses  of the s te ro id s  fo r  

a pe r iod  of nine to ten days. Some of th e se  r e s u l t s  have been 

mentioned befo re  while reviewing the e ffec ts  of e s t ro g e n  and p r o ­

ges te rone  on the thyroid. They found tha t  co r t i so n e  and ACTH

131
d e c re a se d  the tw en ty-four  hour uptake of I by the thyro id  g lands.

131
They also  found that  d e so x y c o r t ic o s te ro n e  did not a ffec t  I up­

take.

131
Soffer e t al. (1951) r e p o r te d  tha t  I uptake was reduced  

a f te r  the ad m in is t ra t io n  of 5 m i l l i g r a m s  of ACTH daily fo r  four  

days in both a d re n a lec to m ized  and in tac t  r a t s ,  and that  the re  w ere  

no d iffe rences  between the A C T H - t r e a te d  a d re n a lec to m ized  r a t s  o r  

ra ts  with the a d re n a ls  intact.  Jaco b so n  e t al. (1951) re p o r te d  that 

out of s ix  p a t ien ts  with ac tive  advanced Hodgkins 's  d ise a se ,  t r e a te d
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with c o r t i so n e ,  five showed a  re d u c e d  thyro id  ac tiv i ty .  The th y ­

roid hypoactiv ity  d isa p p e a re d  with in  a  week following co r t iso n e  

wi thdrawal.

P a s c h k i s  e t  al.  (1950) found on the o th e r  hand tha t  both

d eco x y co r t ic o s te ro n e  and a d re n a l  c o r t i c a l  e x t r a c t  (Upjohn) failed

131to influence s ignif icantly  the f o u r - h o u r  uptake of 1 by the thy ­

roid . I t  should be m entioned ,  a lso ,  th a t  Money ej; a l.  (1950, 1951) 

r e p o r te d  that both subs tan ces ,  n a m e ly  d e so x y c o r t ic o s te ro n e  and 

a d re n a l  c o r t i c a l  e x t r a c t  (Upjohn), fa i led  to influence the twenty- 

four hour  uptake of rad ioac t ive  iodine  by the thyroid .

Botkin and Je n se n  (1951) r e p o r t e d  that a d re n a l  co r te x  e x ­

t r a c t ,  c o r t i so n e ,  and ACTH a ll  fa i led  to give any signif icant  a l t e r -

, , 1 3 1
ation  of the tw o-hour  uptake of I

C o r t ic a l  ho rm ones  a l so  have been re p o r te d  to d e c re a s e

* 13 1 . ,the p ro te in -bo u nd  I xn the s e r u m .

Hardy et al.  (1950) found th a t  the ad m in is t ra t io n  of e i th e r

ACTH o r  co r t iso n e  to pa t ien ts  with v a r io u s  collagen d i s e a s e s  r e -

1 3 1
suited  in  a d e c r e a s e  in the s e r u m  pro te in -bound  I of a l l  p a ­

t ien ts  .

F r e d e r i c k s o n  e t ah  (1952) a lso  found that m a ss iv e  doses

131
of co r t i so n e  ac e ta te ,  b e s id es  d e c re a s in g  cons is ten t ly  the
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uptake of the thy ro id  g lands,  a lso  r e s u l te d  in  a  s ign if ican t  fall  in

the level  of s e r u m  pro te in -bound  iodine.

H il l  e t a l .  (1950) a lso  found that  ACTH and co r t i so n e  in

131
n o rm a l  su b jec ts  induced a d e p re s s io n  of I uptake and s e r u m

131
pro te in -b o un d  I

I t  h a s  a l s o  been  r e p o r te d  by W ill iam s e t al.  (1949) that  

a d re n a l  c o r t i c a l  e x t r a c t s  d e c r e a s e d  the quanti ty  of p ro te in -bound  

iodine  in  the s e r u m  of a d re n a le c to m iz e d  r a t s .

W’ith  a d if fe ren t ly  planned e x p e r im en t ,  A lb e r t  et al.  (1952) 

r e p o r te d  that  n e i th e r  co r t i so ne  n o r  ACTH produced  any s ign if i ­

can t  e ffec t  on the se c re t io n  r a te  of the thyroid . The uptake of 

the t r a c e r  dose  of a f t e r  tw en ty -four  hou rs  was, how ever , d e ­

p r e s s e d  by both su b s tan ces .  They in jec ted  ACTH o r  co r t i so n e  in

r a t s  a f t e r  th e i r  thy ro ids  had been labeled with 1 in o rd e r  to

131
avoid  the d im in ish ed  in i t ia l  uptake of I that o c c u rs  if both 

h o rm o n e s  a r e  in jec ted  f i r s t .  If the horm one in jec t ion  p re c ed e d  

the I 131 a d m in is t r a t io n  the thyro ids  of the ex p e r im en ta l  r a t s  given 

c o r t i s o n e  o r  ACTH would have le s s  to ta l  I 131 than the co n tro ls  to 

s t a r t  with. Thus ,  l e s s  I*3* would be avai lab le  for d isc h a rg e  f ro m  

the thyro id ,  which in tu rn  could lead to the e r ro n eo u s  conclusion
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that ACTH o r  c o r t i so n e  in t e r f e r e  with the output of iodine f ro m  

the gland.

Hill e t  a l . (1950) re p o r te d  tha t  ACTH and co r t i so n e  r e s u l te d  

in a s l igh t  d e c r e a s e  in the b a sa l  m etabo lic  r a te  in p a t ien ts  with a 

nephro t ic  sy nd rom e .  They a lso  r e p o r te d  tha t  ACTH s e e m s  to in ­

duce a s l igh t  t e m p o r a r y  c l in ica l  im p ro v e m e n t  in both the so -c a l l e d  

thy roco trop ic  and thyrotoxic  v a r i e t i e s  of exophthalm os.

B e rs o n  e t  al.  (1952), in the d isc u ss io n  of th e i r  p ap e r ,  sa id  

that it  is  p o ss ib le  tha t  the hypofunction of the thyro id  is re spons ib le  

fo r  the u n d es i rab le  e f fec ts  of c o r t i so n e  th e rapy  resu l t ing  in m e ta ­

bolic  v a r ia t io n s .  They a lso  sugges ted  that such m etabolic  changes 

can be p re v e n te d  by the a d m in is t ra t io n  of thyro id  subs tances  o r  

thyroxine.

Kuhl and Ziff (1952) found that in ten p a t ien ts  rece iv ing  ACTH 

o r  c o r t i so n e ,  no s ign if ican t  changes w ere  noted in the b a sa l  m e t a ­

bolic r a te ,  o r  s e ru m  c h o le s te ro l  lev e ls  a f te r  ten to s ix teen  days 

of ACTH a d m in is t ra t io n .

F r e d e r i c k s o n  (1951) r e p o r ted  that  in A ddison 's  d i s e a se  the 

o c c u r re n c e  of thy ro tox icos is  is e x t re m e ly  high.

A lb e r t  e t  al.  (1952) concluded f ro m  th e i r  r e s u l t s  that have

t 1 3 1been c i ted  e a r l i e r  tha t  co r t i so n e  o r  ACTH m ight d e c re a se  I
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uptake due to the inhib it ion  of thy ro troph in ,  o r  due to an in c re a s e d  

re n a l  c l e a ra n c e  of iodide, o r  f ro m  a d i r e c t  inh ib ito ry  ac tion  on 

the p e rm e a b i l i ty  of the thy ro id  ce l ls ,  o r  on any of the m e c h a n ­

i s m s  n e c e s s a r y  fo r  the se lec t ive  accum u la t io n  of iodide by the

thyro id  c e l l s ,  f ro m  an in c r e a s e d  iodide space, o r  f ro m  o th e r  fac-

131to r s .  They r e p o r te d  th a t  the d is c h a rg e  of I f ro m  the thyro id  

was not a f fec ted  by e i th e r  ACTH o r  co r t i son e .  They t r ie d  to e x ­

pla in such r e s u l t s  by ru ling out the p oss ib i l i ty  of inhibition of 

thy ro troph in .  T h e i r  reason ing  was that  in the ab sence  of thyo- 

t roph in  (Randall e_t a l ., 1951) o r  i ts  inhibition by th io u rac i l  a d ­

m in i s t r a t io n  (A lbert  and Tenney, 1951), both the uptake and d i s ­

c h a rg e  of 1 ^ ^  a r e  m a rk e d ly  lowered.

Woodbury ej. al.  (1951) r e p o r te d  a d e c re a s e  in thyro id  up- 

131take of I in hypophysectom ized  r a t s  given both co r t iso n e  and

TSH, when c o m p a re d  with s im i l a r  r a ts  given the sam e  dose  of

TSH alone. This m ight  indicate  tha t  co r t i so ne  inhibits  the effect

of TSH on the thyro id .  They a lso  re p o r te d  tha t  ACTH and c o r -

„ 1 3 1t isone given alone did not a ffec t the thyro ida l  co llec tion  of I

in hypophysec tom ized  r a t s ,  but inhib ited the action of thyro troph in

given co n cu r ren t ly .



Another poss ib le  explanation fo r  the d e c rea se d  uptake of

131I in r a t s  t r e a te d  with co r t isone  o r  ACTH is  the in c re a s e d  r a t e

131
oi e l im ination of I in the ur ine .  B erson  et al.  (1952) found

131
that the re  was an elevation of the rena l  p la sm a  I c le a ra n c e  

ra te .
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E x p e r im e n t  I

Oxygen Consumption. B a s a l  T e m p e r a tu r e s ,  and Body Weights of 
F e m a le  R ats  a s  C o r re la te d  with the Stages of the

E s t r o u s  Cycle

M a te r ia l s  and Methods

A c losed  c i r c u i t  a p p a ra tu s  was used  fo r  de te rm in in g  oxy­

gen consumption of the r a t s  (M acLagan and Sheahan, 1950, with 

m odif ica t ions  in troduced  by Reineke). The a p p a ra tu s  co n s is t s  of 

twelve d e s ic c a to r s  6 - 1 /4  inches  in d ia m e te r .  Each d e s ic c a to r  

conta ined 200 g r a m s  of m o is t  soda l im e  (Wilson), a th e r m o m e te r  

which can be r e a d  f ro m  the outs ide, and a w ire  s c r e e n  on which 

the an im al  can  stand without touching the soda l im e o r  d is turb ing  

the th e rm o m e te r .  The top of each  d e s ic c a to r  was connected to a 

th r e e -w a y  stopcock. One b ra n c h  led to both the d e s ic c a to r  and a 

m e r c u r y  m a n o m e te r  by m e a n s  of a  T tube, an o th e r  to a  vacuum 

line, and the th i rd  b ra n c h  to a bag filled with oxygen.

The volume of each  d e s ic c a to r  was de te rm in ed  se p a ra te ly  

by weighing the am ount of d is t i l led  w ate r  that i t  contained when 

f il led  com plete ly , with the cover  in  p lace. F r o m  the weight and 

t e m p e r a tu r e  of the w a te r ,  the volume of the d e s ic c a to r  was c o m ­

puted. To th is  the volume of the tubing connections to the top of
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the m e r c u r y  on the in n e r  a r m  of the m a n o m e te r  was added. The 

volume of the soda l im e ,  s c re e n ,  and th e r m o m e te r  was su b t ra c te d  

to give the ne t  volum e of the unit.

The a n im a l  was weighed, p laced  in the d e s ic c a to r  and the 

co v e r  was c losed .  With the th re e -w a y  stopcock c losed ,  the vacuum  

was tu rned  on. The stopcock was cau tiously  opened to the vacuum  

line to d raw  a negative  p r e s s u r e  of 200 m i l l i m e t e r s  of m e r c u r y .

The stopcock  w as then tu rned  to connect with the oxygen line and 

allow the m a n o m e te r  to come to z e ro  p r e s s u r e .  The stopcock was 

then c lo sed  and the sam e  p ro c e d u re  was rep ea ted  in a l l  the twelve 

u n i t s .

The whole a p p a ra tu s  was kept in an a i r  conditioned room  

a t  a t e m p e r a tu r e  of 24* Centig rade  ± 1°.

Readings w ere  taken f ro m  the m a n o m e te r  a t  in te rv a ls  of 

f if teen m in u te s .  The read ings  f r o m  the f i r s t  th i r ty  m inu tes  w ere  

usual ly  om it ted .  T h is  pe r iod  was usually  re q u i re d  fo r  the a p p a ra tu s  

to r e a c h  t e m p e r a tu r e  equ i l ib r ium  of 25* Centigrade .

It was n e c e s s a r y  to tap the m a n o m e te r  before each reading 

to se t t le  the m e r c u r y  column.
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C alcu la t ions

Oxygen consum ption  in m i l l i l i t e r s  p e r  100 g r a m s  body 

weight p e r  hour:

[V - Va] [P /760]  [273/(273 + t)] [100/(body weight)]

W here  V = volum e of unit in  m i l l i l i t e r s

Va = volum e of a n im a l  (assum ing  tha t  1 g r a m  = 1 m i l l i l i t e r )  

P  = p r e s s u r e  d i f fe ren ce  in m i l l im e t e r s  of m e r c u r y  in an 

hour  pe r iod  

t * t e m p e r a tu r e  ins ide  the d e s ic c a to r  

The daily  oxygen consum ption  of th i r ty - s ix  fem ale  r a t s  was 

d e te rm in e d .  Twelve r a t s  w e re  run  s im ultaneous ly  in indiv idual 

un i ts .  E ight  d e te rm in a t io n s  w ere  taken during  a p e r iod  of eight 

days  fo r  each  r a t  in the f i r s t  t r i a l .  F i f teen  d e te rm in a t io n s  w ere  

taken fo r  each  r a t  in the second group and ten d e te rm in a t io n s  for  

the th i rd  group. B efo re  s ta r t in g  the ac tua l  d e te rm in a t io n s  the r a t s  

w e re  put in the d e s ic c a to r  on two s e p a ra te  occas ions  and left  for  

about an  hour  to ge t  used  to i t .  Before  each  d e te rm in a t io n  they 

w ere  f a s te d  fo r  a  p e r io d  of twelve to fif teen h o u rs .  Vaginal s m e a r s  

w e re  taken daily . R ec ta l  t e m p e r a tu r e s  w ere  taken only f ro m  the 

r a t s  of the f i r s t  group.
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R esu l ts

The a v e ra g e  length of the e s t ro u s  cyc les  was 5.35 days 

(Table I).

Body w e ig h ts . T h e re  w ere  no signif icant  d i f fe ren ces  between 

the weights  of the sam e  an im a ls  a t  the d if fe ren t  s tages  of the 

e s t r o u s  cycle  in any of these  e x p e r im en ts .  When a l l  the data 

f ro m  the th re e  e x p e r im en ts  w ere  pooled toge ther ,  the a v e rag e  body 

weights w e re  218.10 g r a m s  a t  p r o c s t r u s ,  218.85 g r a m s  a t  e s t ru s ,  

219.22 g r a m s  a t  m e te s t r u s ,  and 219.46 g r a m s  a t  d ie s t ru s .

B asa l  t e m p e r a t u r e . Though th e re  was a s l ight r i s e  in the 

b asa l  t e m p e r a tu r e  during  e s t r u s ,  i t  was not s ta t is t ic a l ly  significant.  

The a v e ra g e  b asa l  t e m p e r a tu r e s  w ere  100.23* F a h re n h e i t  a t  p ro -  

e s t r u s ,  100.37* F a h re n h e i t  a t  e s t r u s ,  100.01* F a h re n h e i t  a t 

m e t e s t r u s ,  and 100.12* F a h re n h e i t  a t  d ie s t ru s .

Oxygen consum ption . The oxygen consumption p e r  100 g ra m  

body weight p e r  hour showed a s ignif icant r i s e  during e s t r u s  above 

tha t  r e c o rd e d  in  any of the o th e r  th re e  per iods .

In ex p e r im en t  1(a), the av e rag e  oxygen consumption in m i l ­

l i l i t e r s  p e r  100 g r a m s  body weight p e r  hour was 113.93 a t  p ro e s t ru s ,
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T A B L E  I

O z CONSUMPTION AND BASAL TEM PERATURE OF FEM A LE 
R A T S  AT THE VARIOUS STAGES OF THE ESTROUS CYCLE

P r o -
e s t r u s E s t r u s M et­

e s t ru s
D i­

e s t r u s

E x p e r im e n t  1(a)

Body  weight
205.88 203.75 208.50 203.60
± 5.23* ± 5.47 ± 7.53 ± 4.27
100.23 100.37 100.01 100.12B a s a l  temp.
± 0.93 ± 0.18 ± 0.22 ± 0.10

0 2 c o n s u m p t io n /100 113.93 139.88 110.18 114.78
± 4.25 ± 5 .29’ ± 4.36 ± 4.34
E x p e r im en t  1(b)
227.05 220.23 225.47 224.20

B ody  weight
± 3.54 ± 2.84 ± 2 . 0 8 ± 2.21

0 2 c o n sum ptio n /1 0 0 101.82 115 58 99.37 100.66
g m  . /h o u r ± 1.65 ± 2.45' ± 1 99 ± 1.32

E x p e r im en t  1(c)
212.54 212.35 211.43 215 00

B o d y  weight ± 1.25 ± 1 12 ± 2 . 6 9 ± 1.16
0 2 consu m ption /10 0 101.83 116 30 104.62 100.68

g m  . /h o u r ± 2.27 ± 1.89' ± 2.87 ± 5.29
Pooled Data

218.10 218.85 219 22 219.46
B o d y  weight ±  2.42 ±  2.04 ± 2.56 ± 1.48
0 2 c o n s u m p t io n /100 104.13 120.62 102.61 103.40

g m  . /h o u r ± 1.49 ± 2 .00’ ± 1.67 ± 1.17

* Standard e r r o r .
"  SignificantLy h igher  (1 p e rc en t  level) than the o th e r  th ree  

p e r i o d s .
The average  length of the e s t ro u s  cycle was 5 35 days ±

0 .6 9 .
P e r c e n t  in c re a se  of O^ consumption of the r a t s  during 

e s t r u s  over that during d ie s t ru s  is equal to 16.65 percent .
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139.88 a t  e s t r u s ,  110.18 a t  m e t e s t r u s ,  and 114.78 a t d ie s t ru s .  

Oxygen consum ption  in  E x p e r im e n t  1(b) was 101.82 a t  p r o e s t r u s ,  

115.58 a t  e s t r u s ,  99.37 a t  m e t e s t r u s ,  and 100.66 a t  d ie s t ru s .  In 

E x p e r im e n t  1(c), the oxygen consum ption  was 101.83 a t p r o e s t r u s ,  

116.30 a t  e s t r u s ,  104.62 a t  m e t e s t r u s ,  and 100.68 a t  d i s t ru s .

When the data  accu m ula ted  f ro m  the preceding th re e  e x ­

p e r im e n t s  w e re  pooled tog e th e r ,  the ave rag e  oxygen consumption 

was 104.13 m i l l i l i t e r s  of oxygen at p r o e s t r u s ,  120.62 a t  e s t r u s ,  

102.61 a t  m e t e s t r u s ,  and 103.40 a t  d ie s t ru s .

On the av e rag e ,  th e r e  was a r i s e  in oxygen consumption of 

16.65 p e r c e n t  during e s t r u s  above that during d ie s t ru s .
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E x p e r im e n t  II

1*^* Uptake by the Thyro id  Gland of F e m a le  R ats  at the
Stages of the E s t ro u s  Cycle

In the p reced ing  e x p e r im en ts  i t  was found that oxygen con­

sumption of adult fem ale  r a t s  is  s ignificantly  h igher  during e s t r u s  

than during the o the r  th re e  s tages  of the e s t ro u s  cycle. This  led 

us to do the following two e x p e r im en ts  using rad ioac t ive  iodine 

uptake as  an index of thyroid  activ ity  through the four s tages  of 

the e s t ro u s  cycle  expecting that the re  might be a cyclic var ia t ion  

in thyroid  ac tiv i ty  in  a pa t te rn  that m igh t  c o r r e s p o n d  with re s u l t s  

obtained f ro m  oxygen consumption de te rm ina t ions .

M a te r ia l s  and Methods

T h ir ty - f ive  m a tu r e  fem ale  r a t s  weighing 250 to 270 g ra m s  

w ere  used  in th is  exper im en t .  They w ere  obtained f ro m  C arw orth  

F a r m s ,  New City, New York. At th e i r  a r r iv a l  they w ere  put in 

cages  and kept in an a i r  conditioned labora to ry  at the te m p e ra tu re  

of 24° C en tig rade  ±  1. They w ere  fed a n o rm a l  ra t ion  form ula ted  

by Dr. C. A. H oppert  f ro m  the C h e m is t ry  D epartm ent  a t  Michigan 

State College. His  fo rm ula  for  4 k i logram s is:
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Yellow c o rn m ea l  1,400 g r a m s

Ground whole wheat 1,000 g ra m s

Whole m ilk  powder (Borden) 800 g ra m s

L in seed  oil m e a l  400 g ra m s

Alfalfa leaf m e a l  240 g ra m s

B r e w e r ' s  y e a s t  (S tra in  G, A. Busch) 120 g r a m s

Table  sa l t  (0.01 p e rc e n t  Nal) 40 g ra m s

Drinking w a te r  was available  a ll  of the time. Vaginal

s m e a r s  w ere  obtained f ro m  the r a t s  daily fo r  th re e  days, then

ev e ry  six  ho u rs  for  two days. E ach  an im al was then in jec ted

131
in t ra p e r i to n e a ly  with 1 uc. of I contained in 1 m i l l i l i t e r  of a 

n o rm a l  sa l ine  solution. The an im als  w ere  in jected  in groups  of 

th re e  with an in te rv a l  of five m inu tes  between each in jection 

period . They w ere  killed six hours  a f te r  the t ime when in jected 

with the rad ioac t ive  iodine.

The an im als  w ere  weighed. T he ir  thyroid glands w ere  d i s ­

sected , c leaned carefu lly ,  and weighed with a to rs io n  balance. Each 

thyro id  gland was then d isso lved  in 10 m i l l i l i t e r s  of a 0.5 N NaOH 

solution containing 0.5 p e rc e n t  Nal to d isso lve  any l ib e ra ted  iodine. 

An a llequot of 1 m i l l i l i t e r  was obtained f ro m  such solutions by a 

p ipette  and t r a n s f e r r e d  to a p y rex  disc. These  d iscs  w ere  put in
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an in cu b a to r  having the t e m p e r a t u r e  of 90* C e n t ig ra d e  fo r  two 

ho u rs ,  a p e r io d  long enough fo r  the s a m p le s  to d ry .  The s a m p le s  

w ere  then t r a n s f e r r e d  to a d e s i c c a to r  conta in ing  anh y d ro us  c a lc iu m  

sulfate  and soda  l im e  to a b so rb  and p re v e n t  the fo rm a t io n  of

Na CO . The s a m p le s  w e re  then counted by m e a n s  of a G e ig e r
4m 3

counter .  Since the d ry  w eights  of the th y ro id s  w e re  v e ry  s i m i l a r ,  

s e l f - a b s o rp t io n  c o r r e c t i o n s  w e re  not  m a d e .  The p i tu i t a r i e s ,  a d ­

r e n a l s ,  o v a r i e s ,  and u te r i  w e re  a lso  d i s s e c te d  c lean ly  f ro m  the 

su r ro u n d in g  t i s s u e s  and weighed. The o v a r ie s  w e re  ex am in ed  

m ic r o s c o p ic a l ly  by the u se  of a lens  to c o n f i rm  the s tage  of the 

e s t r o u s  cycle  obta ined f ro m  the vag ina l  s m e a r s .

It w as  n e c e s s a r y  to kill  a l l  the a n im a ls  in one day to be 

su re  tha t  they w e re  all t r e a t e d  the  sa m e  way and kept under  the 

sa m e  condit ions.  T h is  i s  the r e a s o n  tha t  uneven n u m b e r s  of a n i ­

m a l s  a r e  inc luded  in each  s tage  of the e s t r o u s  cycle .

R e su l t s

1*^* uptake . By Looking a t  T ab le  II, one will o b se rv e  the 

highly s ign if ican t  i n c r e a s e  in the uptake  of rad io ac t iv e  iodine by 

the thy ro id  g lands  of the e s t r o u s  a n im a ls .  T h e re  was also  a s i g ­

n if ican t  i n c r e a s e  in the up take of the th y ro id  g lands  during
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T A B L E  II

SIX HOUR I 131 UPTAKE BY THE THYROID GLAND O F 
F E M A L E  RATS AT THE STAGES O F THE 

ESTROUS CYCLE

P r o -
e s t r u s

E s t r u s M e t-
e s t r u s

Di-
e s t r u s

N u m b e r  of a n im a l s 7 16 6 6

C o u n t s / s e c  . / t h y r o id
145.80 
± 11.27*

2 30 .5 1 "  
±  4.01

171.52 ' 
±  20.64

155.13 
± 12.12

C o u n ts /m g  . / s e c .
7.74 

± 0.53
11 .00"  

± 0.63
7.79 

±  0.80
7.58 

± 0.23

C o u n t /m g . / s e c . / lO O  gm.
2.90 

± 0.30
4 .3 9 "  

± 0.20
2.93 

±  0.32
3.03 

±  0.39

P e r c e n t  of d o se
11.16 

±  0.86
17.48" 

± 0.73
12.94 
± 1.64

11.76 
± 0.95

* S ta n d a rd  e r r o r .

' S ign if ican t  a t  5 p e r c e n t  level .  

"  S ign if ican t  a t  1 p e r c e n t  level.
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m e t e s t r u s  o v e r  t h a t  d u r in g  p r o e s t r u s  o r  d i e s t r u s ,  though i t  was 

s ign if ican t ly  l e s s  than  th a t  taken  up during  e s t r u s .

The a v e r a g e  coun ts  of the  thy ro id  g lands  p e r  second  w e re  

145.80 in  the p r o e s t r o u s  a n im a ls ,  230.51 in  the e s t r o u s  a n im a ls ,  

171.52 in  the m e t e s t r o u s  a n im a l s ,  and 155.13 in  the d ie s t r o u s  

a n i m a l s .

When th y r o id  up take  w as  e x p r e s s e d  a s  counts  p e r  m i l l i ­

g r a m  th y ro id  p e r  secon d  o r  p e r c e n t  of in je c te d  dose ,  i t  was a lso  

found th a t  the th y r o id s  of e s t r u s  r a t s  had a h ig h e r  cap ac i ty  to 

c o n c e n t ra te  r a d io a c t iv e  iodine .  The thy ro id  w eights  did not v a r y  

dur ing  the e s t r o u s  cy c le ,  which in d ic a te s  that  the i n c r e a s e d  u p ­

take  du r ing  e s t r u s  w as  not due to an i n c r e a s e d  weight of the th y ­

ro id ,  bu t  to an i n c r e a s e d  cap ac i ty  to c o n c e n t ra te  r a d io a c t iv e  iodine.

The w e ig h ts  of o r g a n s . The a v e ra g e  body weight of the 

e s t r o u s  a n im a ls  w as  s ign if ican t ly  s m a l l e r  than the r e s t  b e c a u s e ,  

a s  m e n t io n e d  b e fo re ,  the a n im a ls  w ere  picked a t  ran d om . The 

d a ta  of T ab le  1 have  a l r e a d y  shown tha t  th e re  i s  no s ign if ican t  

change in  body w e igh t  with s tage  of the e s t r o u s  cycle .

T h e r e  w e r e  no s ign if ican t  d i f fe re n c e s  be tw een  the weights  

of e i th e r  the th y ro id s  o r  p i tu i t a r i e s  of the fou r  g roups .  The th y ­

ro id  w eigh ts  e x p r e s s e d  in  m i l l i g r a m s  p e r  100 g r a m s  body weight
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w ere  7.11 in  the c a s e  of p r o e s t r o u s  a n im a ls ,  8.43 in e s t r o u s  a n i ­

m a ls ,  8.20 in  m e t e s t r u s ,  and 8 .14  in  d ie s t r u s .

The a d r e n a l  w eigh ts  of the  e s t r o u s  a n im a ls ,  when e x p r e s s e d  

in  m i l l i g r a m s  p e r  100 g r a m s  of body weight, w e re  s ign if ican t ly  

h igher  than those  of the p r o e s t r o u s  a n im a ls .  In th is  e x p e r im e n t  

a lso , the ova ry  w eigh ts ,  when e x p r e s s e d  in  m i l l i g r a m s  p e r  100 

g r a m s  of body weight,  showed a s ign if ican t  i n c r e a s e  in  e s t r u s ,  

m e t e s t r u s ,  and d i e s t r u s  o v e r  th a t  of p r o e s t r u s .

T h e r e  was a lso  a highly  s ign if ican t  i n c r e a s e  in  u te ru s  

weights du r ing  e s t r u s  o v e r  those  of the u te r i  of the o th e r  th re e  

s ta g e s .
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T A B L E  III

ORGAN WEIGHTS AT THE STAGES OF THE ESTROUS CYCLE

P r o -
e s t r u s

E s t r u s M e t ­
e s t r u s

D i ­
e s t r u s

Body w eight
267.57 
± 11.14

2 5 1 .5 6 ' '  
±  4.21

270.40 
±  13.96

257.33 
±  15.91

T hyro id  m g . / lO O  gm .
7.11 

± 1.11
8.43 

±  0.64
8.20 

± 0.70
8 .14 

±  0 .54

P i tu i t a r y  m g . / lO O  gm .
6.35 

±  0.48
6.81 

±  0.20
5.89 

±  0.47
6.60 

±  2.05

A d ren a l  m g . / lO O  gm.
17.30 

± 1.17
2 1 .8 0 ' '  

±  1.32
18.79 

± 1.73
18.77 

± 1.68

O vary  m g ./ lO O  gm .
9.45 

± 0.45
13 .55"  

±  0.80
15 .13"  

±  2.31
15 .44"  

± 1.46

U te ru s  m g . / lO O  gm .
175.86
±11.58

2 18 .5 5 "  
±  3.10

180.05 
± 7.14

173.81 
± 10.91

"  S ign if ican t  a t  1 p e r c e n t  level .
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E x p e r i m e n t  III

1*3^ U p t a k e  b y  t h e  T h y r o i d  G la n d  o f  F e m a l e  R a t s  G e t t in g
S t a n d a r d  N a l  I n t a k e  a t  th e  S t a g e s  o f  th e  E s t r o u s  C y c l e

As d e m o n s t r a t e d  in the p re c e d in g  e x p e r im e n t ,  we found 

tha t  the m a x i m a l  u p ta k e  of rad io a c t iv e  iodine  was a t ta ined  by r a t s  

during e s t r u s .  In  o r d e r  to exclude the p o ss ib i l i ty  tha t  such  v a r i ­

a t ions in th y ro id  a c t iv i ty  m ig h t  be s im p ly  due to the  v a r ia t io n  in 

food in take d u r in g  the  e s t r o u s  cycle  a s  r e p o r t e d  by B ro b eck  (1947) 

and c o n se q u e n t ly  in  the iodine in take , the sam e  e x p e r im e n t  was re  

p ea ted  with  the  e x c e p t io n  that  the iodine intake of a ll  the a n im a ls  

was s t a n d a r d iz e d .

M a te r ia l s  and Methods

F o r t y - t h r e e  m a tu r e  fem ale  r a t s  weighing 180 g ra m s  on the 

a v e ra g e  w e r e  u s e d  in this e x p e r im e n t .  T h ese  r a t s  w e re  obta ined  

f ro m  C a r w o r th  F a r m s ,  New City, New York. They w ere  put in  

cages  and kep t  in  an a i r  condit ioned la b o ra to ry  having t e m p e r a ­

tu re  of 24 ±  1* C e n t ig ra d e .

They w e r e  fed an Iodine low t e s t  d ie t  (Remington, 1937) 

and d rank  doub le  d is t i l l e d  w a te r  fo r  f if teen days. The an im a ls
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w ere  in je c te d  in t r a p e r i t o n e a ly  da ily  with 5 m i c r o g r a m s  of Nal co n ­

ta ined in  0.2 m i l l i l i t e r s  of double d is t i l le d  w a te r .  Vaginal s m e a r s  

w ere  ob ta ined  d a i ly  fo r  th re e  days s ta r t in g  on the ten th  day of the 

e x pe r im en t ;  then  the s m e a r s  w e re  taken e v e r y  twelve ho u rs  fo r  the 

l a s t  two d ay s ,  and  im m e d ia te ly  a f te r  they  had been  killed. On the

la s t  day of the e x p e r im e n t ,  they w e re  in je c te d  in t r a p e r i to n e a l ly  with

131
1 m ic r o c u r i e  of I and 5 m i c r o g r a m s  of Nal conta ined  in 1 m i l l i ­

l i t e r  of a n o r m a l  s a l in e  solution. The an im a ls  w ere  in je c te d  in 

g roups  of fou r  w ith  a f ive -m in u te  in t e r v a l  be tw een each  in jec tion  

p e r iod .  They  w e r e  k illed  six h o u rs  a f te r  the t im e when in jec ted  

with the r a d io a c t iv e  iodine.

The th y ro id  g lands  w ere  d i s s e c te d ,  c leaned  ca re fu l ly ,  weighed 

with a to r s io n  b a la n c e ,  and p laced  a t  the c e n te r  of s m a l l  m e ta l  

d isc s .  The th y r o id s  w e re  d r ie d  in an oven ad justed  a t the t e m ­

p e r a tu r e  of 9 0“ C e n t ig ra d e  for  twelve h o u rs ,  then counted on the 

th i rd  shelf  of a G e ig e r  Counter . The following o rg a n s  w ere  a lso  

d i s s e c te d  out, c le a n e d  and weighed: p i tu i ta r i e s ,  a d re n a ls ,  o v a r ie s ,

and u te r i .  The  o v a r i e s  w e re  exam ined  m a c ro sc o p ic a l ly  to con f irm  

the vaginal  s m e a r  re a d in g s .
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R e s u l t s

131
I u p t a k e . J u s t  a s  in  the p reced in g  e x p e r im e n t ,  t h e r e

was a s ig n i f ic a n t  i n c r e a s e  in  the  up take  of r a d io a c t iv e  iodine  by

the th y ro id  g lan d s  of both  e s t r o u s  and m e t e s t r o u s  a n im a ls  o v e r

th a t  of p r o e s t r o u s  o r  d i e s t r o u s  a n im a l s .  The counts  of the whole

th y ro id s  w e re  22.48 d u r in g  p r o e s t r u s ,  44.62 dur ing  e s t r u s ,  29.63

dur ing  m e t e s t r u s ,  and 24.73 du r in g  d i e s t r u s .  It will be no t iced

a ls o  tha t  though the up take  d u r in g  m e t e s t r u s  was high, it  was

s ign if ican t ly  l e s s  than  th a t  of e s t r o u s  a n im a ls .

131
The s a m e  t r e n d s  in  I uptake  w e re  found a lso  when the 

v a lu e s  w e re  e x p r e s s e d  a s  coun ts  p e r  m i l l i g r a m  of thyro id  p e r  

second ,  counts  p e r  m i l l i g r a m s  of thy ro id  p e r  100 g r a m s  body 

w eigh t  o r  p e r c e n t  of in je c te d  dose .

The w e igh ts  of o r g a n s . T h e r e  w ere  no s ign if ican t  d i f f e r ­

e n c e s  be tw een  the  body w e igh ts ,  thy ro id  weigh ts ,  a d re n a l  w eigh ts ,  

o r  p i tu i t a ry  w e igh ts  of the a n im a l s  a t  the four  s ta g e s  of the cycle .

The o v a ry  w eigh ts  of the a n im a ls  k i l led  when in  d i e s t r u s  

w e re  s ig n if ican t ly  h e a v ie r  than  th ose  of a n im a ls  k i l led  during  

p r o e s t r u s .  The u te r u s  w e igh ts  of the a n im a ls  k il led  during  e s t r u s
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T A B L E  IV

S IX  H O U R  I 131  U P T A K E  B Y  T H E  T H Y R O I D  G L A N D  O F
F E M A L E  R A T S  A T  T H E  S T A G E S  O F  T H E

E S T R O U S  C Y C L E

P r o ­
e s t r u s E s t r u s M e t ­

e s t r u s
D ie s ­
t r u s

N u m b e r  of a n im a l s 13 8 14 8

C o u n t s / s e c . 22.48 
±  1.60*

4 4 .6 2 ' '  
±  1.80

2 9 .6 3 "  
±  1.69

24.73 
±  2.16

C o u n t s / m g . / s e c .
1.55 

±  0 .14
2.61 • 

±  0.18
1.85 

± 0.14
1.68 

± 0.17

C o u n t s / m g . / sec  . /1 0 0  gTn.
0.85 

±  0.10
1.46 

± 0.14
1.03 

±  0.10
0.91 

±  0.10

P e r c e n t  of dose
8.17 

± 0.64
16 .23"  
±  0.65

10.79' 
dt 0.67

8.99 
±  0.78

* S ta n d a rd  e r r o r .

' S ign if ican t  a t  5 p e r c e n t  level .

' '  S ign if ican t  a t  1 p e r c e n t  level .
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T A B L E  V

ORGAN WEIGHTS AT THE STAGES OF THE ESTROUS CYCLE

P r o ­
e s t r u s

E s t r u s M e t ­
e s t r u s

D i­
e s t r u s

Body weight
182.92 
=fc 6.60

182.25 
± 6.64

180.64 
±  2.50

184.00 
± 2.86

T hyro id  wt. in  m g . /  
100 gm.

8.15 
± 0.45

9.48 
± 0.33

9.00 
±  0.41

8.12 
±  0.43

Thyro id  d ry  wt. 2.67 
±  0.14

2.98 
±  0.14

2.79 
± 0.41

2.81 
±  0.26

P i tu i t a r y  m g ./ lO O  gm.
5.13 

±  0.32
5.75 

±  0.20
6.11 

±  0.36
5.48 

± 0.33

A d ren a l  m g . / lO O  gm.
22.26 

± 0.99
24.31 

±  2.50
20.87 

±  0.87
20.64 

±  1.19

O vary  m g . / 100 gm.
21.08 

± 1.20
24.13 

± 3.32
23.80 

± 2.05
26.46' 

* ± 3.18

U te ru s  m g ./ lO O  gm .
138.85 
±  2.63

230 .62"  
dfc 19.47

155.71" 
± 13.49

156.38" 
±  8.72

' S ign if ican t  a t  5 p e r c e n t  level .  

11 S ignif ican t  a t  1 p e r c e n t  level.
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w ere  s ign if ican t ly  h e a v ie r  than  th o s e  of  th e  an im a ls  killed dur ing  

the o th e r  th r e e  s ta g e s .
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E x p e r im e n t s  IV (A) and (B)

1*^* U ptake  by the T h y ro id  G land  of F e m a l e  M ice  a t  the
S tag es  of the  E s t r o u s  C ycle

I t  h a s  b e e n  po in ted  out in  ou r  r e v ie w  of the  l i t e r a t u r e  tha t  

one of the r e a s o n s  why in v e s t ig a t io n s  of t h y r o i d - o v a r i a n  r e l a t i o n ­

sh ip  a r e  c o n t r a d i c t o r y  i s  the s p e c i e s  d i f f e r e n c e .  The following 

two e x p e r i m e n t s  w e r e  done to c o m p a r e  the  p a t t e r n  of thy ro id  

a c t iv i ty  d u r in g  th e  e s t r o u s  c y c le  of m ic e  w ith  th a t  ob ta ined  in  

r a t s .

M a t e r i a l s  and M ethods

F i f ty  m a t u r e  fe m a le  m ic e  weighing 2 0 to 25 g r a m s  w e re  

u se d  in  th i s  e x p e r im e n t .  The m ic e  w e re  ob ta ined  f r o m  C a rw o r th  

F a r m s ,  N ew  City , New Y ork .  They w e re  pu t  in  c a g e s  and kept 

in  an a i r  cond i t ioned  l a b o r a to r y  having the t e m p e r a t u r e  of 24 ±

1* C e n t ig r a d e .  The a n im a ls  w e re  m a in ta in e d  on low iodine t e s t  

d ie t  (R em ing ton) ,  and d is t i l l e d  w a te r  con ta in ing  1 m i c r o g r a m  Nal 

in  e v e r y  5 m i l l i l i t e r s  daily . Vaginal  s m e a r s  w e r e  obta ined  da ily  

fo r  t h r e e  d a y s  s t a r t in g  on the  ten th  day of the  e x p e r im e n t .  The 

s m e a r s  w e r e  then  taken  e v e r y  tw elve  h o u r s  and a t  the  t im e  of 

s a c r i f i c in g  the  a n im a ls .
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On the l a s t  day of the  e x p e r im e n t  the m ic e  w e r e  in j e c t e d

131
in t r a p e r i t o n e a i ly  with  I con ta ined  in  0.5 m i l l i l i t e r s  of s a l in e  

solu tion .  The  a n im a l s  w e r e  in je c te d  in  g ro u p s  of fo u r  w ith  a f ive-  

m in u te  i n t e r v a l  be tw een  each  in je c t io n  p e r io d .  They w e r e  k i l led  

s ix  h o u r s  a f t e r  being in je c te d  with  the r a d io a c t iv e  iod ine .

The th y ro id  g lands  w e re  d i s s e c te d ,  c le a n ed  c a r e f u l ly ,  

weighed with a t o r s io n  b a l la n c e ,  and p laced  at the c e n t e r  of s m a l l  

m e t a l  d i s c s .  The th y ro id s  w e re  d r i e d  in an oven a d ju s te d  a t  the 

t e m p e r a t u r e  of 90* C e n t ig ra d e  fo r  twelve  h o u r s ,  then c o u n ted  

with  a G e ig e r  C o u n te r  a t  a f ixed  g e o m e t ry .  The o v a r i e s  w e r e  e x ­

am in ed  with  a b in o c u la r  m ic r o s c o p e  to co n f i rm  the v ag in a l  s m e a r  

read ing .  The s a m e  e x p e r im e n t  w as  r e p e a te d  us ing  the s a m e  n u m ­

b e r  of a n im a ls .  The m ic e  in  th is  E x p e r im e n t  IV (B) w e r e  in je c te d  

with  1 m i c r o c u r i e  of I* 3 * in s te a d  of 0.5 m i c r o c u r i e  a s  in  the  

p re c e d in g  e x p e r im e n t .

R e su l t s

I *3 * u p ta k e . In the c a s e  of m ic e ,  I 131 uptake by the th y ­

ro id  g lands  had a d i f fe ren t  p a t t e rn  f r o m  that  of the r a t s .  The

m ic e  tha t  w ere  s a c r i f i c e d  while in p r o e s t r u s  showed a s t a t i s t i c a l ly

131s ign if ican t  i n c r e a s e  in I uptake  c o m p a re d  to the o th e r  s t a g e s  in



74

both e x p e r im e n t s .  In e x p e r im e n t  IV (A) the d i e s t r o u s  m ic e  a lso

131
showed a  s ig n if ican t  i n c r e a s e  in  I up take o v e r  th a t  of e s t r o u s  

and m e t e s t r o u s  a n im a l s .

The a v e r a g e  coun ts  of the  th y ro id  g lands  p e r  second  in  e x ­

p e r im e n t  IV (A) w e r e  67.69 in  the  p r o e s t r o u s  a n im a l s ,  39.29 in  

the e s t r o u s  a n im a ls ,  39.96 in  the m e t e s t r o u s  a n im a l s  and  48.52 

in  the d i e s t r o u s  a n im a l s .

T he  th y ro id  counts  p e r  s e c o n d  in  E x p e r im e n t  IV (B) w ere  

26.24 in  the  p r o e s t r o u s  a n im a l s ,  15.49 in  the e s t r o u s  a n im a ls ,  

15.64 in  the m e t e s t r o u s  a n im a ls ,  and 16.76 in  the d i e s t r o u s  a n i ­

m a l s  .

When th y ro id  ac t iv i ty  w as  e x p r e s s e d  a s  counts  p e r  m i l l i ­

g r a m  of thy ro id  p e r  second  o r  a s  p e r c e n t  uptake  of the in je c te d  

dose ,  the  da ta  showed a highly  s ign if ican t  i n c r e a s e  in  r a d io a c t iv e  

iodine up take only du r ing  p r o e s t r u s ,  in  both e x p e r im e n t s .

Body w eigh ts  and thy ro id  w e ig h ts . T h e re  w e re  no s i g ­

n if ican t  d i f f e r e n c e s  be tw een  e i t h e r  the body weights  o r  thy ro id  

w eights  of the d i f f e re n t  g ro u p s  in  e i th e r  e x p e r im e n t .
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T A B L E  VI (A )

I 131 U P T A K E  B Y  T H E  T H Y R O ID  G L A N D S  O F  M IC E  A T  T H E
S T A G E  O F  E S T R O U S  C Y C L E

Stage 
of the 
Cycle

No.
of

A n i­
m a l s

B ody
Wt.

C t s . /
Sec.

C t s . /  
m g . /  
s e c . /  
100 
gm.

P e t .
Dose

T hyro id  
m g . / 100 

gm. 
Body Wt.

P r o ­ 12 22 .42 67 .69" 122 .04" 15.74" 11.42
e s t r u s ± 0.40* ±  4.85 ±  13.39 ±  1.13 ±  0.30

E s t r u s
8 22 .88  

± 0.42
39.29 
±  3.45

65.43 
± 6.08

9.14 
±  0.81

11.79 
±  0.45

M e t­ 13 2 3 .0 0 39.96 66.03 9.29 11.84
e s t r u s ± 0.41 ±  2.43 ± 5.00 ± 0.56 ±  0.68

D i­ 17 22 .82 48.52' 74.75 10.62 11.31
e s t r u s ± 0.40 ± 2.98 ± 8.50 ak 0.66 ±  0.62

* S ta n d a rd  e r r o r .

1 S ign if ican t  a t  5 p e r c e n t  level .  

"  S ig n i f ic a n t  a t  1 p e rc e n t  level .
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T A B L E  VI (B )

1 3 1
I U P T A K E  B Y  T H E  T H Y R O I D  G L A N D S  O F  M I C E  A T  T H E

S T A G E  O F  E S T R O U S  C Y C L E

Stage 
of the 
Cycle

No. 
of 

Ani - 
m a l s

Body
Wt.

C t s . /
Sec.

C t s . /
m g . /
s e c . /
100
gm.

P e t .
D ose

T hyro id  
m g./ lO O  

gm. 
Body Wt.

P r o ­
e s t r u s

lo 21.69* 
± 0 . t>7

26 .24"  
=fc 1.37

4 9 .12 "  
±  6.73

2 3 .8 5 "  
±  1.24

13.47 
±  0.69

E s t r u s 7
23.00

0.57
15.49 
±  1.77

21.03 
=fa 3.72

14.08 
±  1.61

14.81 
± 1.29

M e t ­
e s t r u s

8 22.25 
± 0.61

15.64 
db 1.62

23.90 
±  3.69

14.22 
±  1.47

14.30 
±  1.16

D i­
e s t r u s

19 22.10 
± 1.27

16.76 
± 1.13

22.84 
±  1.99

15.00 
±  1.06

15.83 
±  0.88

* S ta n d a rd  E r r o r .

"  S ign if ican t  a t  1 p e r c e n t  leve l .
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E x p e r im e n t  V

The E ffec ts  of E s t r o g e n  and P r o g e s t e r o n e  on 1*3* Uptake by the 
T h y ro id  G land  of O v a r ie c to m iz e d  R a ts

The fo llow ing  fo u r  e x p e r im e n t s  w e re  p lanned  to s tudy the 

m e c h a n i s m s  in v o lv ed  in  inducing  and co n tro l l ing  the cyc l ic  v a r i a ­

t ions  of th y ro id  a c t iv i ty  in  the r a t .

E x p e r im e n t  V w as  p lanned  to d u p l ica te  a s  n e a r ly  a s  p o s ­

s ib le  the c h a n g es  in  the  s t e r io d  h o rm o n e  b a lan ce  o c c u r r in g  during  

the fo u r  s t a g e s  of the e s t r o u s  cyc le .  P h y s io lo g ic a l  d o s e s  of e s t r o ­

gen, p r o g e s t e r o n e ,  and c o m b in a t io n s  of them  w e re  in je c te d  in to  

o v a r i e c to m iz e d  r a t s  to d e te r m in e  th e i r  in f luence  on the  up take  of 

r a d io a c t iv e  iod ine  by the thy ro id .  U nder  th ese  condit ions  i t  was 

im p r a c t i c a l  to u s e  n o r m a l  c o n t ro l  a n im a ls  b e c a u s e  of the cyc l ic  

v a r ia t io n  of t h e i r  th y ro id  ac t iv i ty .

M a t e r i a l s  and M ethods

F o r ty  f e m a le  r a t s  weighing 150 to 180 g r a m s  w e re  obta ined 

f ro m  C a r w o r th  F a r m s ,  New City , New York. At th e i r  a r r i v a l ,  

they w e re  pu t  in  c a g es  in  an  a i r  condit ioned la b o r a to r y  having 

the t e m p e r a t u r e  of 24 ±  1* C e n t ig ra d e .  They w ere  o f fe red  food 

(H oppert  r a t io n )  and w a te r  ad l ib i tu m . The a n im a ls  w ere
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o v a r ie c to m iz e d  b y  us ing  the d o r s a l  a p p ro a c h .  They  w e r e  then  

divided into s ix  g ro u p s  of s ix  o r  s ev en  r a t s  in each .  They w e re  

n u m b e re d  ind iv idua l ly  by  c o lo r in g  th em  in d i f fe ren t  a r e a s  of the 

body w ith  p ic  r a m ie  ac id .

F i f t e e n  days  a f t e r  the o p e ra t io n ,  the a n im a ls  w e re  m a in ­

ta ined  on a  low iodine t e s t  d ie t  (Rem ington) , and double d i s t i l l e d  

w a te r .  They  w e re  in jec ted  in t r a p e r i to n e a l ly  da ily  with  5 m i c r o -  

g r a m s  N a l  con ta ined  in 0 .2  m i l l i l i t e r s  of double d is t i l le d  w a te r  fo r  

ten days .

The e s t r o g e n  u se d  was e s t r a d io l  benzo a te  (Schering) d i s ­

so lved  in p e a n u t  oil.  It was d i lu ted  in c o rn  oil so th a t  6 r a t - u n i t s  

w e re  con ta in ed  in 0.1 m i l l i l i t e r  of c o rn  oil.  P r o g e s t e r o n e  was 

d i s so lv e d  in e th e r ,  then m ix ed  with c o rn  oil and e th e r  w as e v a p ­

o ra te d .  Both in je c te d  do ses  of 0.4 o r  0 .8  m i l l i g r a m s  w ere  co n ­

ta in ed  in *0.1 m i l l i l i t e r  of c o r n  oil.

Twelve days  a f t e r  s ta n d a rd iz in g  the Nal uptake the a n im a ls

w e re  t r e a t e d  a s  follows: G roup 1 was k ep t  a s  con tro l .  G roups II,

III, and IV w e re  p r i m e d  by in jec ting  in t r a p e r i to n e a l ly  2 r a t - u n i t s  of 

e s t r a d io l  ben zo a te  one day b e fo re  in jec t ing  the 6 r a t - u n i t s .

The a n im a ls  in G roup II w e re  in jec ted  in t r a p e r io to n e a l ly  with 

6 r a t - u n i t s  of e s t r a d io l  ben zo a te  f o r ty - e ig h t  h o u rs  b e fo re  autopsy.
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G roups  III and IV w e re  in je c te d  f i r s t  with  6 r a t - u n i t s  of e s t r a d io l  

benzoate  s e v e n ty - tw o  h o u r s  b e fo re  being s a c r i f ic e d .  They w e re  

a lso  in je c te d  on the n ex t  day with  0.4 and 0.8 m i l l i g r a m s  p r o ­

g e s te ro n e  r e s p e c t iv e ly .

The a n im a l s  in G ro u p s  V and VI w e re  in je c te d  with 0.4  and 

0.8 m i l l i g r a m s  p r o g e s t e r o n e ,  r e s p e c t iv e ly ,  f o r ty - e ig h t  h o u rs  b e fo re  

au topsy .

All a n im a ls  w e re  in jec ted  in t r a p e r i to n e a l ly  with  1 m i c r o c u r i e  

of 1*^* co n ta in ed  in 1 m i l l i l i t e r  of s a l in e  so lu t ion  s ix  h o u rs  b e fo re  

be ing  s a c r i f i c e d .

The a n im a ls  w e re  then  s a c r i f i c e d ,  th e i r  thy ro id  g lands  w ere  

d i s s e c te d ,  c lean ed  c a re fu l ly ,  weighed on a to r s io n  ba lance ,  and 

p laced  in the c e n te r  of m e ta l  d i s c s .  The thy ro id  g lands  w ere  

then  d r ie d  fo r  tw elve  h o u r s  in an oven ad jus ted  a t  the  t e m p e r a tu r e  

of 90° C e n t ig ra d e .  The th y ro id  uptake was m e a s u r e d  by counting 

the d ry  th y ro id s  by the u se  of a G e ig e r  C ounter .

Re su i ts

131I______u p ta k e . F o r ty - e ig h t  h o u rs  a f te r  in jec ting  6 r a t - u n i t s

of e s t r a d io l  benzoa te  the thy ro id  uptake of I was s ign if ican tly

h ighe r  than tha t  of the con tro l .  When 0.4 m i l l i g r a m s  of p r o g e s te ro n e
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w as in je c te d ,  e i t h e r  a lone o r  tw e n ty - fo u r  h o u r s  a f t e r  6 r a t - u n i t s

131of e s t r a d io l  b en z o a te  the f o r ty - e ig h t  h o u r  uptake of I was d e ­

c r e a s e d  s ig n if ican t ly  when c o m p a r e d  to tha t  of the c o n t ro l  group.

In r a t s  in je c te d  with 6 un its  of e s t r a d io l  followed by 0.8 

m i l l i g r a m s  of p r o g e s t e r o n e  tw e n ty - fo u r  h o u r s  l a t e r ,  the s ix -h o u r  

up take  of 1 * ^  did  no t  d i f fe r  s ig n if ican t ly  f r o m  tha t  of the con tro l .

F o r t y - e i g h t  h o u rs  a f t e r  in je c t in g  0.8 m i l l i g r a m s  of p r o ­

g e s te r o n e  the 1 ^ ^  uptake  was i n c r e a s e d  s ign if ican tly .

The counts  p e r  th y ro id  p e r  second  of the co n t ro l  g roup  

w as  56.07 c o m p a re d  to 67.61 of the g roup  in jec ted  with 6 r a t -  

un i ts  of e s t r a d i o l  benzoa te .  The th y ro id  g lands  of the g ro u p s  i n ­

je c te d  with  6 r a t - u n i t s  e s t r a d io l  b en zo a te  followed by 0.4 o r  0.8 

m i l l i g r a m s  p r o g e s t e r o n e  r e g i s t e r e d  46.22 and 53.08 counts  p e r  

second ,  r e s p e c t iv e ly .  The thy ro id  g lan d s  of the g ro u p s  in jec ted  

with  0.4 and 0.8 m i l l i g r a m s  p r o g e s t e r o n e  showed 41.55 and 61.21 

counts  p e r  second ,  r e s p e c t iv e ly .

S im i l a r  d i f f e r e n c e s  w e re  found when the va lues  w ere  c o m ­

puted a s  counts  p e r  m i l l i g r a m  of th y ro id  p e r  100 g r a m s  body 

weight o r  as  p e r c e n t  of in je c te d  dose .
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T A B L E  VII

T H E  E F F E C T S  O F E STR O G EN  AND PR O G E ST E R O N E  ON I 131 
U PTA K E BY THE THYROID GLAND OF 

O V A RIEC TO M IZED  RATS

G ro u p
No.

T r e a t m e n t
No. of 

A n im a ls Body Wt.

Spayed c o n t r o l s 220.33 
±  5.41*

II
Spayed  + 6 r a t - u n i t s  
E s t r a d i o l  B e n z o a te

214.33 
*  9 .84

III
Spayed + 6 r a t - u n i t s  
E s t r a d i o l  B e n z o a te  + 
0.4 m g .  p r o g e s t e r o n e

223.86 
db 7.04

IV
Spayed + 6 r a t - u n i t s  
E s t r a d i o l  B e n z o a te  + 
0.8 m g .  p r o g e s t e r o n e

209.17 ' 
±  4.59

Spayed + 0.4  m g  
p r o g e s t e r o n e

2 2 1 . 1 1  
±  7.98

VI
Spayed ±  0.8 m g  
p r o g e s t e r o n e

229.86 
±  8 .37

* S ta n d a rd  e r r o r .

1 S ign if ican t  a t  5 p e r c e n t  level.

' '  S ign if ican t  a t  1 p e r c e n t  level.

I
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T A B L E  VII ( C o n t in u e d )

C t s . / S e c . /  C t s . / m g . /  P e t .  T h y r o id /  T h y ro id
T hy ro id  100/Sec .  Dose 100 Wt. (dry)

56.07 
±  5.96

67.01 ' 
± 9.93

4 6 .2 2 ” 
±  2 . 2 2

53.04 
±  3.99

4 1 .5 5 ' '  
±  3.05

61.21 ' 
± 3.94

1.75 
±  0.20

2.25*
±  0.40

1.07 
±  0.24

1.81 
±  0.25

1 0 3
±  0.25

1 . 8 8  
± 0.17

13.91 
± 0.47

16.78' 
±  0.87

11.47 
± 0.56

13.16 
±  0.98

10.31 
± 0.75

15.19' 
±  0 .68

6 .6 0  
±  0.46

6.96 
±  0.36

7.63 
±  0 . 6 2

6.87 
± 0.33

5.59 
± 0.41

6.17 
± 0.39

3.27 
± 0.17

3.07 
± 0.45

3.23 
± 0.77

2.97 
± 0.14

2 .6 8  
± 0.25

3.28 
± 0.89
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Body and th y ro id  w e ig h ts . T h e r e  w e re  no s ign if ican t  d i f ­

f e r e n c e s  be tw een  the body w eigh ts  o r  th y ro id  w eigh ts  of any of 

the g ro u p s .



84

E x p e r im e n t  VI

The E f fe c t  of E s t r o g e n  on 1*3* Uptake by the T hy ro id  G lands  of 
O v a r ie c to m iz e d  and O v a r ie c to m iz e d ,  A d re n a le c to m iz e d  R a ts

M a te r i a l s  and M ethods

F o r t y - e i g h t  a du l t  f e m a le  r a t s  weighing 210 to 250 g r a m s  

w e re  u se d  in  th is  e x p e r im e n t .  They  w e r e  supplied  by C a rw o r th  

F a r m s ,  New City, New York. T w e n ty - fo u r  of th e se  r a t s  w e re  

o v a r ie c to m iz e d ,  th en  d ivided in to  th r e e  g r o u p s - - I ,  II, and I I I - -w i th  

e igh t  a n im a l s  in  each  group.

The o th e r  tw en ty - fo u r  r a t s  w e re  o v a r ie c to m iz e d  and a d r e n ­

a le c to m iz e d ,  th en  d iv ided  into th r e e  g r o u p s - - I V ,  V, and VI. Both 

o p e ra t io n s  w e r e  p e r f o r m e d  by the d o r s a l  ap p ro ach .

The r a t s  w e re  a l lo t ted  to g ro u p s  fo u r  days  a f t e r  the o p e r ­

a t ion  and m a in ta in e d  on th e i r  sp e c i f ie d  e x p e r im e n ta l  t r e a t m e n t  fo r  

tw en ty -o n e  d ay s .

To p e r m i t  s ta n d a rd iz in g  the iodine in take ,  a l l  g ro u p s  w e re  

fed an iodine  d e f ic ien t  d ie t  (Rem ington  diet) .  The a d r e n a le c to m iz e d  

r a t s  w e re  m a in ta in e d  on 1 p e r c e n t  N aC l in  double d i s t i l l e d  w a te r ,  

while  the r e s t  w e re  m a in ta in e d  on double d i s t i l l e d  w a te r .
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The sodium chloride  was analyzed  f o r  i o d i n e  content by the 

method of McCullagh (1934). The lo t  of s a l t  i x s e d  (Baker C. P.) 

contained 0.36 m ic r o g r a m s  of p e r  g r a m  of s a l t ,  which was equiv­

alent to 0.85 m ic r o g r a m s  Nal. The a v e ra g e  d a i l y  sa l t  w ater  con­

sumption of the a d ren a lec to m ized  ra t  was a b o u t  2 5  m i l l i l i te r s ,  which 

contained 0.21 m ic r o g r a m s  Nal. It was then  n e c e s s a r y  to add Nal 

to the w a te r  of the n o nadrena lec tom ized  r a t s  s o  t h a t  they ingested  

the sam e  amount of Nal in th e i r  drinking w a t e  x*.

The an im als  w ere  a lso  injected i n t r a p e r i t o n e a l l y  daily with 

5 m ic r o g r a m s  of Nal contained in 0.2 m i l l i l i t e  r s  of double d is t i l led  

w a te r .

E s t ra d io l  benzoate  (Schering) was d i s s o l v e d  in peanut oil.

It was dilu ted with corn  oil so that e i th e r  6 r a . t — units  o r  300 r a t -  

units of it w ere  contained in 0.1 m i l l i l i t e r  of c o r n  oil.

The ra ts  in groups I and IV w ere  u s e d  s l a  contro ls  and were 

injected in t rape r i to n ea l ly  with 0.1 m i l l i l i t e r  o f  c o r n  oil. Groups II 

and V w ere  in jected in trap e r i to nea l ly  with 4 r a t - u n i t s  of e s t rad io l  

benzoate  at 6 -day  in te rv a ls  to s im u la te  a s p o n t a n e o u s  e s t ro u s  cycle. 

F o r ty -e ig h t  hours  before  ending the e x p e r i m e n t  th e y  were injected 

in trape r i ton ea l ly  with 6 r a t -u n i t s  of e s t r a d i o l  b e n z o a t e .
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The a n im a l s  in  G ro u p s  III and VI w e re  in je c te d  i n t r a p e r i ­

tonea l ly  w ith  300 r a t - u n i t s  of e s t r a d i o l  b enzoa te  e v e ry  o th e r  day 

fo r  twenty days .  The l a s t  in je c t io n  w as  g iven  fo r ty -e ig h t  h o u r s  

b e fo re  ending the e x p e r im e n t .

131
All r a t s  w e r e  then  in je c te d  w ith  0.5 m i c r o c u r i e  of I 

s ix  h o u r s  b e fo re  au topsy .  F o u r  a n im a l s  w e re  in je c te d  a t  a t im e  

with  a f iv e -m in u te  i n t e r v a l  b e tw e en  in jec t ion  t im e s .  The a n im a ls  

w e re  then k i l led  with  e th e r ,  t h e i r  th y ro id  g lands  d i s s e c te d ,
*

c leaned  c a re fu l ly ,  w eighed  on a to r s io n  b a lan ce ,  and p la c e d  in  

the c e n te r  of m e t a l  d i s c s .  The  th y ro id s  w e re  then  d r ie d  by l e a v ­

ing th e m  f o r  tw elve  h o u r s  in  an oven having  the t e m p e r a tu r e  of 

90* C e n t ig ra d e .  They w e re  counted  by the use  of a G e ig e r  C oun te r  

a t  a fixed g e o m e t r y  to i t s  end-w indow . The p i tu i ta ry  g lands  w ere  

weighed on a to r s io n  b a la n c e .  The a d r e n a l s  of the r a t s  tha t  had 

th e i r  a d r e n a l s  i n t a c t  w e re  a l s o  weighed.

R e s u l t s

131I u p ta k e . The spayed ,  a d re n a le c to m iz e d  r a t s  g iven e s -

* T131t r a d i a l  benzoa te  showed a s ig n i f ic a n t  i n c r e a s e  in  the uptake of I 

by th e i r  g lands  when c o m p a r e d  to th e i r  con tro l .  The thyro id  up-
| 4 1

take  of I of the  spayed  a d re n a le c to m iz e d  r a t s  was s ign if ican t ly



87

l e s s  than  th a t  of the  r a t s  th a t  w e re  sp a y e d  only. T h e r e  i s  a l s o  a 

s t a t i s t i c a l l y  s ig n i f ic a n t  i n c r e a s e  in  the  up take  of the thyroid  of ad -  

r e n a le c to m iz e d  r a t s  g iven  6 r a t - u n i t s  of e s t r a d i o l  b en zo a te ,  when 

c o m p a r e d  to the up take  of the r a t s  th a t  w e r e  spayed  only, and 

r e c e iv e d  the s a m e  t r e a tm e n t .

Though the i n c r e a s e  in  the  up take  of the spayed, a d r e n a l e c -  

t o m iz e d  r a t s  t r e a t e d  w ith  ten  d o s e s  of 300 r a t - u n i t s  of e s t r a d i o l  

b en z o a te  in je c te d  e v e ry  o th e r  day w as  s ig n if ican t ly  l e s s  th an  the 

up take  by the  th y ro id s  of spayed  r a t s  t r e a t e d  the  s a m e  way, ye t  

i t  w as  s ign if ican t ly  h ig h e r  than i t s  own c o n t ro l .  T h is  w as  no t  t r u e  

in  the c a se  of spayed  r a t s .  The counts  p e r  second p e r  th y ro id  of 

the  sp ay ed  g ro u p  which was in je c te d  w ith  6 r a t - u n i t s  and the 

o th e r  g roup  th a t  w as given ten  in je c t io n s  of 300 r a t - u n i t s  e s t r a ­

d io l benzoa te ,  w e re  45.99 and 42.49, r e s p e c t i v e ly ,  c o m p a re d  to 

t h e i r  c o n t ro l  w hich  w as  39.98 (Table  VIII). G ro u p s  II w hich  was 

in je c te d  w ith  6 r a t - u n i t s  of e s t r a d io l  b en z o a te  had a  s ign if ican t ly  

h ig h e r  uptake than  the  spayed  c o n t ro l  g roup .

The counts  p e r  second  p e r  th y ro id  of the spayed  and 

a d r e n a le c to m iz e d  r a t s ,  g iven 6 r a t - u n i t s  of e s t r a d io l  benzoate ,  

and th o se  g iven  ten  in je c t io n s  of 300 r a t - u n i t s  of e s t r a d i o l  benzo a te
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T A B L E  V III

TH E E F F E C T  O F EST R O G E N  ON I 131 U P T A K E  BY TH E THY• 
ROID GLANDS O F O V A R IE C TO M IZE D  AND O V A RIECTO M IZEE

A D R E N A L E X T O M IZ E D  RATS

G ro u p s T r e a t m e n t
C t s . / s e c . 

T h y r o id
C ts . /m g .  
100 gm,

I Spayed C o n t ro l
39 .98 ' 
±  1.77

1.02 
±  0.12

Spayed  ± 6 r a t - u n i t s 45 99' 1.00 
±  0.20II e s t r a d i o l  b e n z o a te  k i l led ±  1 8 1

a f t e r  48 h o u r s

Spayed ±  300 r a t - u n i t s 42 49 1 10
III e s t r a d i o l  b e n z o a te  in je c te d  

e v e r y  o th e r  day (10 d o se s )
±  1.98 ±  0.14

IV
Spayed and A d r e n a le c to m iz e d 2 9 -9 6 " 0.80
c o n t ro l ±  1.61 ±  0.26

V
Spayed and A d r e n a le c to m iz e d  
+ 6 r a t - u n i t s  e s t r a d i o l  b e n ­
zoa te

5 4 .4 7 "  
±  1.89

1.11 
±  0.14

VI
Spayed and A d r e n a le c to m iz e d  
±  300 r a t - u n i t s  e s t r a d i o l 3 5 .69 ' 

± 3.22
0.86 
±  0.10

b e n z o a te  (10 d o s e s )

* S ta n d a rd  e r r o r .

1 S ign if ican t  a t  5 p e r c e n t  le v e l when  c o m p a r e d to i t s  co:
t ro l .

+ i*r>1
"  S ign if ican t  a t  1 p e r c e n t  le v e l when c o m p a r e d to i t s  cc
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T A B L E  VIII ( C o n t in u e d )

T h y r o i d / 100 T h y ro id  P i t u i t a r y /  A d r e n a l /

D w  w -  <d r y )  1 0 0  1 0 0Body Wt. 7

15.03 
±  0 .6 6

17.69' 
±  0 .6 8

15.97 
±  0.75

1 1 . 2 6 "  

± 0.61

20 .48 "  
± 0.96

5.85 
±  0 . 2 1

6.42 
± 0.39

7.37 '
± 0.16

7.17 
± 0.50

8 .05 '
± 0.45

2.88 
=fc 0.24

3.25 
±  0.20

3.21 
±  0.20

3.15 
±  0.24

4.03 
±  0.32

4.77 
± 0.40

5.42 
± j . 3 0

5.83 
±  0 . 1 0

4.37 
±  0.33

5. lt>
±  0.20

15.82 
±  1.70

20.17* 
±  0.94

24. ’'
± 2.09

13.42 
±  1 . 2 2

8 .1 3 ’
± 0.50

3.20 
=fc 0.24

5.97'
± 0.14
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w ere  54.47 and 35.69 c o m p a re d  to th e i r  a d re n a le c to m iz e d  c on tro l  

which was 29.96.

When th y ro id  ac t iv i ty  w as  e x p r e s s e d  a s  counts  p e r  m i l l i ­

g r a m  of th y ro id  p e r  100 g r a m s  body weight, no s ign if ican t  d i f f e r ­

ences  be tw een  the v a r io u s  g rou p s  was found.

The counts  p e r  m i l l i g r a m  th y ro id  p e r  100 g r a m s  body 

weight of the spayed  r a t s  given 6 r a t - u n i t s  e s t r a d io l  benzoate  and 

those  g iven  ten  d o s e s  of 300 r a t - u n i t s  of e s t r a d io l  benzoate  w e re  

1.00 and 1.10, r e s p e c t iv e ly ,  c o m p a re d  with th e i r  con tro l  which 

was 1.02. The spayed a d re n a le c to m iz e d  r a t s  given 6 r a t - u n i t s  

and those  given ten d o s e s  of 300 r a t - u n i t s  e s t r a d io l  benzoate  

counted 1.11 and 0.86, c o m p a re d  to th e i r  own con tro l  which a v e r ­

aged 0.80 counts  p e r  m i l l i g r a m  thyro id  p e r  100 g r a m s  body weight.

When the thy ro id  ac t iv i ty  was e x p re s s e d  in t e r m s  of p e r -

131
cen t  up take  of the in je c te d  dose  of 1 , the thyro ids  of the spayed

c o n tro ls  fixed 15.03 p e r c e n t  of the dose ,  the spayed r a t s  given 6 

r a t - u n i t s  fixed 17.96 p e r c e n t  of the dose , the spayed r a t s  given 

300 r a t - u n i t s  of e s t r a d io l  benzoate  ev e ry  o ther  day fo r  twenty days  

fixed 15.97 p e rc e n t .  The spayed, a d re n a le c to m iz e d  co n tro ls  fixed 

1 1 . 2 6  p e r c e n t  of the dose ,  while the spayed and a d re n a le c to m iz e d  

r a t s  tha t  w e re  given 6 r a t - u n i t s  of e s t r a d io l  benzoate  fixed 20.48
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p e r c e n t  o f  t h e  d o s e  a n d  t h e  s p a y e d  a n d  a d r e n a l e c t o m i z e d  r a t s  t h a t

w e re  g iv en  300 r a t - u n i t s  e v e ry  o th e r  day fo r  tw enty  d a y s  f ixed

13.42 p e r c e n t  of the d o se . The th y ro id s  of the  sp ay ed  r a t s  g iven

6 r a t - u n i t s  of e s t r a d io l  b en zo a te  fixed  a h ig h e r  p e rc e n ta g e  of the  

131
in je c te d  1 than  th e i r  c o n tro l .  T h is  i n c r e a s e  in  the  up tak e  w as 

s ig n if ic a n t .  S t i l l  the p e r c e n t  up take  by the  th y ro id  of the  spayed , 

a d re n a le c to m iz e d  r a t s  g iven  6 r a t - u n i t s  of e s t r a d io l  b e n z o a te  w as 

s ig n if ic a n t ly  h ig h e r  th an  both  the c o n tro l  g ro u p s  and a ls o  s ig n i f i ­

ca n tly  h ig h e r  than  the spayed  r a t s  t r e a t e d  the  sa m e  way.

Body w e ig h ts . T he g a in  by the spay ed  r a t s  g iven  6 r a t -  

u n i ts  of e s t r a d io l  w as s ig n if ic a n tly  h ig h e r  than  th a t  of t h e i r  c o n ­

t r o l s ,  w h ile  the  gain  of th o se  g iven  the  l a r g e r  d ose  o f  e s t r o g e n  

w as  s ig n if ic a n t ly  le s s  than  th a t  of th e i r  c o n tro ls .

T he  a d re n a le c to m iz e d  r a t s  g iven  the la rg e  d o se  of e s t r o ­

gen  lo s t  w eigh t. The a v e ra g e  body w eig h ts  a t  the end of the e x ­

p e r im e n t  w e re  269.6 g r a m s  in  the sp ay ed  c o n t ro ls ,  264.5 g r a m s  

in  sp a y e d  r a t s  g iven  6 r a t - u n i t s  of e s t r a d io l  b e n z o a te ,  233.0 g r a m s  

in  the  c a s e  of spay ed  r a t s  g iven  ten  d o s e s  of 300 r a t - u n i t s  of 

e s t r a d io l  b e n z o a te  e v e ry  o th e r  day, 226.5 g r a m s  fo r  spay ed  a d ­

r e n a le c to m iz e d  c o n tro ls ,  237.25 g r a m s  in  the  c a se  of the spayed , 

a d re n a le c to m iz e d  r a t s  g iven  6 r a t —u n its  of e s t r a d io l  b e n zo a te  and
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T A B L E  IX

IN F L U E N C T  OF ESTRO G EN  ON BODY WEIGHT GAINS AND 
FOOD AND W ATER CONSUMPTION O F OV A RIEC- 

TO M IZED  AND O V A RIECTOM IZED , ADREN­
A L EC T O M IZE D  RATS

G ro u p
No.

T r e a tm e n t
N u m b er

of
A n im als

I Spayed c o n tro l 8

II
Spayed + 6 r a t - u n i t s  e s t r a d io l
b e n z o a te  k illed  a f te r  48 h o u rs  

Spayed + 300 r a t - u n i t s  e s t r a d io l
III b en zo a te  e v e ry  o th e r  day (10 

d o se s )
8

IV
Spayed and a d re n a le c to m iz e d  
c o n tro l

8

\ r Spayed and a d re n a le c to m iz e d  +■ 6
8V r a t - u n i t s  e s t r a d io l  b en zo a te  

Spayed and a d re n a le c to m iz e d  +
VI 300 r a t - u n i t s  e s t r a d io l  b en zo a te  

e v e ry  o th e r  day (10 d o se s )

-=3s---:

**
4

* S ta n d a rd  e r r o r .

' S ig n if ican t a t  5 p e r c e n t  le v e l  when c o m p a re d  to i t s  cont 

' '  S ign ifican t a t  1 p e rc e n t  le v e l  when c o m p a re d  to i t s  cor

I



9 3

TABLE IX (Continued)

Initial F ina l Changes _  Food W ater
Body Body in  Body Consum ption Consum ption
w t Wt w t  p er  A nim al per A nim al

per Day per Day

233.62
9.73

2 6 9 . 6 2  
± 3.91

23.50  
± 3.92

13.17 28.17

233.00 
±  7.42

264.50 
±  3.23

31.00 ' 
±  3.52

15.17 16.83

217.75 
± 6.49

233.00  16.00 '
±  6.15 ±  5.83

1 2 . 0 0 15.88

216.00 
± 4 .80

226.50 
±  2 .90

10.50 
± 6.76

11.67 27.83

226.50 
±  7 .14

237.25 
± 2.47

10.75 
±  3.37

1 1 . 8 8 22.50

230.00 
± 7.97

221.28 
± 4 .66

- 6 .2 8 ” 
±  5 .50

10.90 16.83
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221.28 g r a m s  in  th e  c a s e  of sp ay ed , a d re n a le c to m iz e d  r a t s  g iven  

ten  d o s e s  of 300 r a t - u n i t s  of e s t r a d io l  b en zo a te  e v e ry  o th e r  day.

T he spayed  c o n tro ls  ga ined  23.5 g r a m s ,  w hile the spayed  

r a t s  t r e a t e d  w ith  6 r a t - u n i t s  e s t r a d io l  b en zo a te  g a ined  31.0 g r a m s  

and the  spay ed  r a t s  g iven  ten  d o s e s  of 300 r a t - u n i t s  e v e ry  o th e r  

day ga ined  16.0 g r a m s .  The spayed , a d re n a le c to m iz e d  c o n tro ls  

g a ined  10.5 g r a m s ,  w hile  the  spayed , a d re n a le c to m iz e d  r a t s  g iven  

6 r a t - u n i t s  of e s t r a d io l  b en zo a te  ga ined  10.7 g r a m s  and the spayed , 

a d re n a le c to m iz e d  r a t s  g iven  ten  d o s e s  of 300 r a t - u n i t s  of e s t r a d io l  

b en zo a te  lo s t  6.3 g r a m s .

T h y ro id  w e ig h ts . W hen e x p r e s s e d  in  m i l l ig r a m s  p e r  100 

g r a m s  body w eigh t the  th y ro id s  of the spayed  c o n tro ls ,  the spayed  

r a t s  g iven  6 r a t - u n i t s  of e s t r a d io l  ben zo a te  and th o se  g iven  ten  

d o se s  of 300 r a t - u n i t s  e v e ry  o th e r  day w e re  5.85 m i l l ig r a m s ,  6.42 

m i l l i g r a m s ,  and 7.37 m i l l ig r a m s ,  r e s p e c t iv e ly .  The th y ro id s  of 

the  g ro u p  t r e a t e d  w ith  the  la r g e  dose  of e s t ro g e n  show ed a s ig ­

n if ic a n t  i n c r e a s e  in  w e igh t above t h e i r ’ c o n tro l  g roup , due to  the  

l ig h te r  w eigh t of the  c o n tro l  a n im a ls .  The th y ro id  w eigh ts  when 

e x p r e s s e d  in  the  sa m e  way w e re  7.17 m i l l ig r a m s  fo r  the  spayed  

a d re n a le c to m iz e d  r a t s ,  8.05 m i l l ig r a m s  fo r  the spayed  a d r e n a le c ­

to m iz e d  r a t s  g iven  6 r a t - u n i t s  of e s t ro g e n  and 8.13 m i l l ig r a m s
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fo r  the spayed  a d re n a le c to m iz e d  r a t s  g iven  ten  d o se s  of 300 r a t -  

un its  of e s t r o g e n  e v e r y  o th e r  day.

P i tu i t a r y  w e i g h t s . T h e re  w e re  no s ig n if ican t  d if fe re n c e s  

betw een  the  p i tu i t a r y  w e ig h ts . The p i tu i ta r ie s  of the o v a r ie c -  

to m ized  a n im a ls  g iv e n  6 r a t - u n i t s ,  and th o se  g iven  300 r a t - u n i t s  

of e s t r a d io l  b e n z o a te  w eighed  5.42 and 5.83 m i l l ig r a m s  p e r  100 

g ra m s  body w e ig h t,  r e s p e c t iv e ly ,  c o m p a red  to th e i r  c o n tro l  w hich 

w eighed 4.77 m i l l i g r a m s .  T h e re  w ere  no s ig n if ican t d if fe re n c e s  

b e tw een  them . T h e  p i tu i t a r i e s  of o v a r ie c to m iz e d ,  a d re n a le c to m iz e d  

a n im a ls  g iven  6 r a t - u n i t s  and those  given 300 r a t - u n i t s  of e s t r a ­

d io l ben zo a te  w e ig h e d  5.16 and 5.97 m i l l ig r a m s  p e r  100 g r a m s  

body w eigh t c o m p a r e d  to th e ir  co n tro l  w eight of 4.37.

A d re n a l  w e ig h t s . The a d re n a l  w eights of both g ro u p s  t r e a te d  

w ith  e s t r a d io l  b e n z o a te  w ere  s ign if ican tly  h e a v ie r  than  th o se  of 

th e i r  c o n tro ls .  T h e  a d re n a l  w eights of the group t r e a te d  with ten  

d o se s  of 300 r a t - u n i t s  on a l te rn a te  days w e re  s ign if ican tly  h e a v ie r  

than  th o se  of the  g ro u p  t r e a te d  with the sing le  in jec tio n  of 6 r a t -  

un its  of e s t r a d io l  b e n z o a te .

The a d r e n a l  w e ig h ts  of the o v a r ie c to m iz e d  a n im a ls  g iven  a 

s ing le  in je c t io n  of 6 r a t - u n i t s ,  and those  given ten  in jec tio n s  of 300
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r a t - u n i t s  of e s t r a d io l  b en z o a te  w e re  20.17 and 24.45 m i l l ig r a m s  

p e r  100 g r a m s  body w eigh t c o m p a re d  to th e i r  c o n t r o l 's  w eigh t of 

15.82.

T he fo llow ing  s ig n if ic a n t  f a c ts  a r e  b ro u g h t to l ig h t  by th is  

e x p e r im e n t :

1. T he  io d ine  up take  of the  th y ro id s  of spay ed  r a t s  w as 

s ig n if ic a n tly  i n c r e a s e d  by  a s m a l l  d o se  of e s t ro g e n  g iv en  fo r  a 

s h o r t  p e r io d ,  b u t  n o t by a l a r g e  d o se  g iven  con tinuously .

2. T h y ro id  iod ine  up take of the  spayed  r a t  i s  d e p re s s e d  

by a d r e n a le c to m y .  H o w ev er , r e m o v a l  of the a d re n a l  i n c r e a s e s  

the r e s p o n s e  o f the  th y ro id  of spay ed  r a t s  to e s t ro g e n .  The i n ­

c r e a s e  in  io d in e  up take  i s  g r e a t e r  w ith  a sm a l l ,  s h o r t - t e r m  

d o sag e  e s t r o g e n  than  w ith  a la r g e  ch ro n ic  dosage .

3. A d re n a l  w e ig h ts  of spayed  r a t s  w e re  s ig n if ican tly  i n ­

c r e a s e d  w ith  e i th e r  a l a r g e  o r  a s m a l l  dose  of e s t ro g e n .
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E x p e r i m e n t  VII

The E ffe c ts  of E s t ro g e n  and P r o g e s te r o n e  on 1*3* Uptake by 
the T h y ro id  G lands of H y p o p h y se c to m iz ed -Q v a r ie c to m iz e d

and O v a r ie c to m iz e d  R a ts

M a te r ia ls  and M ethods

F o r ty  h y p o p h y s e c to m iz e d -o v a r ie c to m iz e d  r a t s ,  and fo rty  

fem a le  r a t s  w ith  an a v e ra g e  body w eigh t of 150 g ra m s  w ere  p u r ­

c h a se d  f ro m  the H orm one  A ssa y  L a b o r a to r i e s ,  Chicago. O n the 

day a f te r  th e i r  a r r i v a l  the n o rm a l  r a t s  w e re  o v a r ie c to m iz e d ,  

using  the d o r s a l  a p p ro a ch . The a n im a ls  w e re  d iv ided  into ten  

g ro u p s  w ith  e ig h t r a t s  in each . They w e re  m a in ta in e d  on a low 

iodine t e s t  d ie t (R em ington), cmd d is t i l le d  w a te r .  The r a t s  w ere  

in je c te d  da ily  d u ring  the fo u r te e n  days of the e x p e r im e n t  with 5 

m ic r o g r a m s  of Nal.

E s t r a d io l  ben zo a te  (Schering) w as supp lied  d isso lv e d  in 

peanu t oil. I t w as d ilu ted  by using  c o rn  oil so tha t the in jec ted  

am oun t w as a lw ays  con ta ined  in  0.1 m i l l i l i t e r s .

P r o g e s te r o n e  w as f i r s t  d is so lv e d  in e th e r ,  then  m ixed  with 

c o rn  o il and the e th e r  w as e v a p o ra te d  by an a i r  c u r re n t .  The i n ­

je c te d  dose  of p ro g e s te ro n e  w as a lw ays con ta ined  in 0.1 m i l l i l i t e r  

of co rn  oil.

I
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A ll in je c t io n  m a t e r i a l s  w e re  a d m in is te re d  fo r ty -e ig h t  h o u rs  

b e fo re  au topsy .

G ro u p s  I, II, III, IV, and  V w e re  the h y p o p h y sec to m ized -  

o v a r ie c to m iz e d  r a t s .  G ro u p s  VI, VII, VIII, IX, and X w e re  o v a r i ­

e c to m iz e d  only.

Tw elve d ays  a f t e r  hypop hysec to m y  o p e ra t io n s  the r a t s  w ere  

t r e a te d  in  the fo llow ing way. G rou ps  I and VI w e re  u sed  a s  co n ­

t ro l s ;  they  w e re  in je c te d  in tra p e  ri tone a lly  w ith  0.1 m i l l i l i t e r  of c o rn  

o il.

G ro u p s  II and VII w e re  in je c te d  with 6 r a t - u n i t s  of e s t r a d io l  

b en z o a te . G ro u p s  III and VIII w e re  in je c te d  with 300 r a t - u n i t s  of 

e s t r a d io l  b en zo a te . G ro u p s  IV and IX w ere  in je c te d  with 0.2 m i l l i ­

g r a m s  of p ro g e s te ro n e .  G ro u p s  V and X w ere  in je c te d  with 0 .4  

m i l l ig r a m s  of p r o g e s te ro n e .

The r a t s  w e re  th e n  in je c te d  w ith  3 m ic r o c u r ie  of I 

F o u r  a n im a ls  w e re  in je c te d  a t  a t im e  w ith f iv e -m in u te  in te r v a l s  

be tw een  in je c t io n s .

Six h o u rs  a f te r  in je c tin g  I , which was a lso  fo r ty -e ig h t  

h o u rs  a f t e r  in jec ting  w ith  e s t ro g e n  o r  p ro g e s te ro n e ,  the a n im a ls  

w e re  s a c r i f ic e d .  The th y ro id  g lands w e re  d is s e c te d ,  c leaned  

c a re fu l ly ,  w eighed on a to r s io n  ba lan ce  and p laced  in the c e n te r
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of m e ta l  d i s c s .  T hey  w e re  d r ie d  by leav ing  th e m  fo r  tw elve  h o u rs

in  an oven a d ju s te d  a t  the  t e m p e r a tu r e  of 90* C e n tig ra d e .  The

th y ro id s  w e re  coun ted  a t  a f ixed  g e o m e try  f ro m  the end window

of a G e ig e r  C o u n te r .  I t  w as  n e c e s s a r y  to u se  an a lu m in u m  ab -

2
s o r b e r  of 59.2 m i l l i g r a m s  p e r  cm  to m ak e  i t  p o ss ib le  to count 

the h igh ly  a c t iv e  th y ro id s  of the g ro u p s  tha t had th e i r  hypophysis  

in ta c t .  W ith the u se  of th is  a b s o r b e r  only 13.37 p e r c e n t  of the 

o r ig in a l  coun ts  w e re  d e te c te d . T h is  m a d e  i t  n e c e s s a r y  to c o r r e c t  

the coun ts  b ack  to 100 p e r c e n t  in  o r d e r  to  c o m p a re  th em  with th e  

h y p o p h y sec to m iz ed  r a t s  having th y ro id s  of low ac tiv ity .

The p i tu i t a r ie s  of the n o n h ypo phy sec to m ized  r a t s  and a ll 

a d re n a ls  w e re  w eighed.

R e su lts

1*^* u p ta k e . T h e re  w e re  no s ig n if ic an t  d if fe re n c e s  be tw een  

131the I u p tak e s  by the . th y ro id  g lands  of the h y p o p h y sec to m ized -  

o v a r ie c to m iz e d  r a t s ,  e x cep t  in  G roup  V, which w as g iven  a dose  

of 0.4 m i l l i g r a m s  p ro g e s te ro n e .  T h is  g roup  showed a s ta t i s t ic a l ly  

s ig n if ic an t  d e c r e a s e  in  i t s  uptake of I when c o m p a re d  to i t s  

own c o n tro l .  Such d if fe re n c e s  w ere  s ig n if ican t  only when e x p re s s e d  

as  to ta l  th y ro id  cou n ts , bu t they  w e re  no t s ig n if ican t  e i th e r  when
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the th y ro id  up take  w as e x p re s s e d  i n  t e r m s  of counts p e r  m i l l ig r a m  

th y ro id  p e r  100 g r a m s  body w eigh t o r  w hen  e x p re sse d  in  t e r m s  of 

p e rc e n t  up take .

T he o v a r ie c to m iz e d  r a t s  w ith  t h e i r  p i tu i ta r ie s  in ta c t  showed 

a s t a t i s t i c  a lly  s ig n if ic a n t  i n c r e a s e  in  th e  uptake of 1*^* by the th y ­

ro id s  of the  a n im a ls  in je c te d  w ith  e i t h e r  6 r a t -u n i ts  o r  300 r a t -  

u n its  of e s t r a d io l  b en zo a te  w hen c o m p a r e d  to th e ir  co n tro l . In je c ­

t io n s  of e i th e r  0.2 o r  0.4 m i l l i g r a m s  o f  p ro g e s te ro n e  s ign ifican tly  

d e c r e a s e d  th y ro id  uptake of 1 ^ * .  T h e  sa m e  tre n d s  in  1*^* uptake 

w e re  found a lso  when the v a lu e s  w e r e  e x p re s s e d  in counts p e r  

m i l l ig r a m  of th y ro id  p e r  second  o r  p e r c e n t  of in jec ted  dose .

The th y ro id  g lands  of the o v a r ie c to m iz e d -h y p o p h y se c to m iz ed

131
r a t s  c o lle c ted  8 .04  p e rc e n t  of the  I co llec ted  by the o v a r ie c ­

to m ize d  c o n tro ls .

Body w e ig h ts . The body w e ig h ts  of the o v a r iec to m ized  - 

hy p o p h y sec to m ized  a n im a ls  w e re  l i g h t e r  than the an im a ls  with 

th e i r  hypophysis  in ta c t .  The body w e ig h ts  of the hypophysec­

to m ized  r a t s  g iven  6 and 300 r a t - u n i t s  of e s t ra d io l  benzoate  and 

the h y p o ph ysec to m ized  r a t s  g iven  0 .4  m i l l ig r a m s  of p ro g e s te ro n e
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THE E F F E C T S  O F ESTROGEN AND PR O G ESTER O N E ON I 131 U P­
TAKE BY TH E THYROID GLANDS OF H Y PO PH Y SECTO M IZED - 

OVAR1ECTOM IZED AND OVARIECTO M IZED  RATS

Body
W eight

C t s . / s e c .
C ts  . /m g . 
w e t / l  00 

s e c .

1 O v a r ie c to m iz e d -h y p o p h y - 137.75 15.87 1.28
s e c to m iz e d  c o n tro l ± 2.18 ±  2.87 ± 0.14

2 O v a r ie c to m iz e d -h y p o p h y -  
s e c to m iz e d  + 6 r a t - u n i t s  
e s t r a d io l  b en zo a te

132.75 ' 
± 2 .60

16.68 
±  2.63

1.53 
± 0.24

3 O v a r ie c to m iz e d -h y p o p h y -  
se c to m iz e d  + 300 r a t  un its  
e s t r a d io l  b en zo a te

130.62 ' 
± 3.97

13.82 
±  1.60

1.23 
± 0.12

4 O v a r ie c to m iz e d -h y p o p h y -  
se c to m iz e d  + 0.2 m g . 
p ro g e s te ro n e

138.50 
± 2 59

14.18 
±  2.03

1.19 
± 0.10

5 O v a r ie c to m iz e d -h y p o p h y -  
se c to m iz e d  + 0.4 m g. 
p ro g e  s te ro n e

1 30 .50"  
± 2.89

10.14' 
± 1.57

1.01 
± 0.10

b O v a r ie c to m iz e d  co n tro l
173.75 
± 3.00

197.36
±28.78

9 3 8  
± 1.25

7 O v a r ie c to m iz e d  + 6 r a t - 172.03 363 .23" 16 .83"
un its  e s t r a d io l  ben zo a te ± 1.66 ±28.55 ± 1.25

8 O v a r ie c to m iz e d  + 300 r a t - 167.67 32 4 .71" 16 .31"
un its  e s t r a d io l  benzoa te ± 2.07 ±22.49 ± 0.94

9 O v a r ie c to m iz e d  + 0.2 m g. 170.11 180.34' 8.99
p ro g e s te ro n e ± 2.12 ±18.30 ± 0.89

10 O v a r ie c to m iz e d  + 0.4 m g. 178.25 140.04" 6 .1 0 "
p ro g e s te ro n e ± 1.89 ±15.10 ± 0.17

* S tan d a rd  e r r o r .
' S ign if ican t a t 5 p e rc e n t  lev e l when c o m p a re d  to i t s  con tro l.  
M S ign ifican t a t 1 p e rc e n t  le v e l  when c o m p a re d  to i t s  co n tro l.
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T A B L E  X  ( C o n t in u e d )

P et .
D ose

Thyroid Wt. 
in  m g./lO O  

g m ./b o d y  wt.

Thyroid  
Wt. (dry)

P itu ita ry  Wt.
in m g./lO O  

gm . body wt.

Adrenal Wt. 
in  m g./lO O  

gxn. body wt.

0.80 6.29 1.71 — * - 16.10
±  0.14 ±  0 .49 ±  0.27 ± 0.50

0.84 6.18 1.42 — » 15.97
±  0 .14 ± 0.87 ± 0.17 ±  0.52

0.70 6.47 1.25 . . . 16.06
±  0.25 ±  0.26 ±  0.30 ± 0.94

0.72 6.07 1.31 w w 16.41
± 0.10 ±  0.39

•
± 0.17 ± 0.71

0.51 5.88 1.16 — — 17.14
±  0.25 ± 0.35 =fc 0.10 ±  0 .44

9.95 6.78 1.85 5.79 26.83
±  1.45 ± 0.32 ± 0.66 ± 0.14 ± 0.94

18 .3111 6.95 2.02 6.03 30.48'
± 1.44 ±  0.36 ± 0.14 ± 0.26 ± 0.73

16.36" 7.15 1.98 6.12 31.97"
±  1 .14 ± 0.47 ±  0 .14 =fc 0.17 ±  0.98

9.09 6.96 1.70 5.84 31.49"
± 0.29 ±  0.32 ± 0.14 * 0.20 ± 1.11

7.06 7.18 1.65 5.81 31.18"
±  0.76 ±  0.25 ±  0.17 ± 0.22 ±  0.41

I
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w ere  s ig n if ic a n t ly  l ig h te r  th an  th a t  of t h e i r  c o n tro l .  T h e re  w e re  

no s ig n if ic a n t  d i f f e r e n c e s  b e tw een  the  body w e ig h ts  of any of the 

g ro ups  w hich  h ad  th e i r  h y p o p h y s is  in ta c t .

T h y ro id  w e ig h ts . T h e re  w e re  no s ig n if ic a n t  d i f f e re n c e s  b e ­

tw een the th y ro id  w e ig h ts  of a l l  g ro u p s  w hen e x p r e s s e d  in  m i l l i ­

g r a m s  p e r  100 g r a m s  body w eigh t.

P i t u i t a r y  w e ig h ts . T h e re  w e re  no s ig n if ic a n t  d i f f e re n c e s  

be tw een  the  p i tu i ta r y  w e ig h ts  of the  e s t ro g e n  o r  p r o g e s te r o n e  

t r e a te d  a n im a ls  and th e i r  c o n t ro ls .

A d re n a l  w e ig h ts . T h e re  w e re  no s ig n if ic a n t  d i f f e re n c e s  b e ­

tw een  the  a d r e n a l  w e ig h ts  of the o v a r ie c to m iz e d -h y p o p h y s e c to m iz e d  

r a t s  t r e a t e d  w ith  e i th e r  e s t ro g e n  o r  p ro g e s te r o n e  when c o m p a re d  

to th e i r  c o n tro l .

The o v a r ie c to m iz e d  r a t s  t r e a t e d  w ith  e i th e r  e s t r o g e n  o r  

p r o g e s te r o n e  show ed a  s t a t i s t i c a l ly  s ig n if ic a n t  in c r e a s e  in  t h e i r  

a d re n a l  w e ig h ts  c o m p a re d  to th e i r  co n tro l .
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E xperim ent VIII

T hyro troph ic  H orm one P o te n c y  o f  the P i tu i ta r ie s  and P la s m a  
of Rats a t the S ta g e s  o f  the E s tro u s  Cycle

A fter finding that the t h y r o i d s  of e s tro u s  r a ts  showed 

an in c re a s e  in the uptake of I * 31 a b o v e  that co llected  during 

o th e r  s tag es  of the cycle , it s e e m e d  d e s ira b le  to d e te rm in e  w hether 

th e re  w ere  co m p arab le  d i f f e r e n c e s  in  the thyro troph ic  potency of 

th e ir  p i tu i ta r ie s  and blood s e r u m .

As the d iffe rences  be tw een . th e  thy ro troph ic  horm one con­

ten ts  of both p itu i ta ry  and b lo o d  w e r e  expected to be too sm a ll  

to be d e tec ted  by the re g u la r  m e t h o d s ,  a new technique was used.

This method was reported by B e s f o r d  e_t aJL. (1952). It employs

32
the uptake of P by the thyroids cof two-day-old chicks as an 

index of thyrotrophic hormone p o t e n c y .  The authors reported 

that this method was sensitive to approx imate ly  0.02 Junkmann- 

ochoeller unit.

MateriaLs a n d  Methods

Four-day-old unsexed c h ic l e s  were used for the assay. The 

pituitaries of the rats of each s t a g e  of the cycle were pooled and 

suspended in a saline solution. T h e  sera of the rats of each stage



1 0 5

of the cy c le  w e re  a ls o  poo led . A dose  of 2 m i l l ig r a m s  of f r e s h  

p i tu i ta ry  con ta in ed  in  0.5 m i l l i l i t e r  of a sa l in e  so lu tion  w as i n ­

je c te d  p e r  ch ick . One and o n e -h a lf  m i l l i l i t e r s  of p la sm a  w e re  

in je c te d  p e r  ch ick . F o u r  h o u rs  a f te r  the in je c t io n  of e i th e r  the

p i tu i ta ry  su sp e n s io n  o r  s e r u m  the ch icks  r e c e iv e d  20 m ic r o c u r i e s  

32
of P in  1 m i l l i l i t e r  of a sa l in e  so lu tion . Both  in je c t io n s  w e re  

given  in t r a p e r i to n e a l ly . Two h o u rs  l a t e r  the ch ick s  w e re  k illed , 

th e i r  th y ro id s  d is s e c te d  ou t and w eighed.

The th y ro id s  w e re  d r ie d  by leav ing  th e m  fo r  two h o u rs  in 

an oven a d ju s te d  to the  t e m p e r a tu r e  of 90* C e n tig ra d e . They w ere  

counted  by a G e ig e r  C o u n te r .

Re su its

T he  a n a ly s is  of v a r ia n c e  showed th a t  th e re  w e re  no s i g ­

n if ic an t  d if fe re n c e s  be tw een  the body w eigh ts  o r  th y ro id  w eigh ts  

of a ll  g ro u p s  of ch ick s .

The ch icks  g iven  2 m i l l ig r a m s  of r a t  p i tu i ta r ie s  showed a 

s t a t i s t ic a l ly  s ig n if ic a n t  in c r e a s e  in th e ir  ra d io a c t iv e  phosphorus  

con ten t when c o m p a re d  to the  c o n tro ls .

The ra d io a c t iv e  p h o sp h o ru s  con ten t of the th y ro id s  of the 

ch icks  given  the p i tu i ta ry  f ro m  e s t ro u s  r a t s  showed a s ligh t but

I
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T A B L E  X I

C H IC K  A S S A Y  F O R  T H Y R O T R O P H I C  H O R M O N E  P O T E N C Y  O F
P I T U I T A R I E S  O F  F E M A L E  R A T S  A T  T H E  F O U R  S T A G E S

O F  T H E  E S T R O U S  C Y C L E ,  U S IN G  P 32

T r e a tm e n t Sex
N u m ­

b e r Body Wt.
T h y ro id  
Wt. m g . /  
100 gm .

C t s . /
S e c . /

T h y ro id

C o n tro l

M a le s  

F  e m a le s

6

8

51.62 
=fc 1.59*

53.41 
± 1.11

9.52 
±  0.89

10.80 
±  0.92

1.94 
±  9.29

2.38 
±  0.22

P r o e s t r u s

M a le s

F e m a le s

10

17

51.88 
± 0.89

51.92 
± 1.39

9.34 
±  0.82

11.74 
± 0.80

3.42 
±  0.34

4.10 
±  0.41

E s t r u s

M a le s  

F e m a le s

10

11

51.53 
±  1.64

50.18 
±  1.05

11.33 
±  0.80

1 1.75 
± 0.73

3.75 
±  0.41

4.55 
=b 0.42

M e te s t r u s

M a le s  

F  e m a le s

20

10

50.23 
± 1.09

51.46 
± 2.21

10.66 
±  0.62

10.93 
±  0.84

3.97 
±  0.94

4.08 
± 0.33

D ie s t ru s
M ales  

F  e m a le s

13

15

53.63 
± 1.17

51.73 
±  1.26

11.14 
± 0.73

11.27 
± 1.01

3.65 
± 0.31

3.43 
=fc 0.34

* S ta n d a rd  e r r o r .
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T A B L E  XII

CHICK ASSAY FO R THYROTROPHIC HORMONE PO TEN CY  
SERUM O F F E M A L E  RATS AT THE FOUR STAGES 

O F THE ESTROUS CYCLE

M um  • T h y ro id C t s . /
T re a tm e n t Sex

b e r
Body Wt. Wt. m g . / S e c . /

100 gm . T h y ro id

M a le s 6
51.62 
±  1.59*

9.52 
±  0.89 2.19

C o n tro l
F  e m a le s 8 53.41 

±  1.11
10.80 
± 0.92

±  0.16

P r o e s t r u s
M ales
F e m a le s

0
8

50.66 
± 1.30

11.90 
± 0.37

2.66 
± 0.48

E s t r u s
M ales 2 48.98 10.33 3.05
F e m a le s 4 ± 1.82 ± 1.05 dfc 0.39

M e te s t ru s
M a le s 2 48.08 11.59 2.41
F  e m a le s 4 ±  1.62 ±  0.46 ±  0.10

D ie s t ru s

0

M ales  
F e m a le s

3
3

53.08 
db 1.47

9.77 
± 0.77

2.38 
±  0.08

♦ S ta n d a rd  e r r o r .
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n o n s ig n if ic a n t  i n c r e a s e  w hen  c o m p a re d  to  th a t  of the  th y ro id s  of 

ch icks  in je c te d  w ith  p i t u i t a r i e s  of the  r a t s  k i l le d  a t  the  o th e r  

th r e e  s ta g e s  of the  e s t r o u s  c y c le .

W hen in je c te d  w ith  r a t  s e r u m ,  the  only  g rou p  of ch ic k s  

w hich  show ed  a  s ig n if ic a n t  i n c r e a s e  in  th e  r a d io a c t iv e  p h o sp h o ru s  

co n ten t of t h e i r  th y ro id s  w hen  c o m p a re d  to the  m a le  c o n tro ls  o r  

the  a v e ra g e  of bo th  m a le s  and f e m a le s  to g e th e r ,  w e re  th o se  i n ­

je c te d  w ith  s e r u m  f ro m  e s t r u s  r a t s .  T h e re  w e re  no s ig n if ic a n t  

d i f f e re n c e s  b e tw een  the  r a d io a c t iv e  p h o sp h o ru s  co n ten t of the 

th y ro id s  of c h ic k s  t r e a te d  w ith  s e r u m  of r a t s  a t  the  fo u r  s ta g e s  

of the cy c le .

One could  co n c lude , though not d e f in ite ly , th a t  the  th y r o ­

t ro p h ic  po tency  of the p i tu i t a r i e s  of e s t r u s  r a t s  have  a s l ig h tly  

h ig h e r  p o ten cy  when c o m p a re d  to th o se  of r a t s  a t the o th e r  th r e e  s ta g e s  

of th e  e s t r o u s  cy c le .  F r o m  th is  e x p e r im e n t  a ls o ,  i t  s e e m s  th a t  

the th y ro t ro p h ic  h o rm o n e  c o n ten t of the s e r u m  of e s t r u s  r a t s  e x ­

c e e d s  th a t  of r a t s  a t  the  o th e r  th r e e  s ta g e s  of the cy c le .

A s th is  m e th o d  of a s s a y in g  th y ro tro p h ic  h o rm o n e  i s  new, 

i t  s e e m s  p ro b a b le  th a t  w ith  f u r th e r  im p ro v e m e n t  o f  the te c h n iq u e s  

one could  ob ta in  m o r e  co n c lu s iv e  r e s u l t s .  By using  l a r g e r  d o se s
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of ra d io a c t iv e  p h o sp h o ru s ,  p i tu i ta r y  and s e r u m  l a r g e r  ab so lu te  

d i f fe re n c e s  b e tw een  g ro u p s  should  be found.



DISCUSSION

The data p resen ted  in exp er im en t I showed an in crea sed  

oxygen consum ption  of rats  during e s tr u s .  On the average there  

was an in c r e a s e  of 16.65 p ercen t during e s tr u s  over  that during  

d iestru s . T his i s  in agreem en t with the findings of Laqueur e t  

a l . (1926), who found that the b asa l m etab o lism  rose  20 p ercen t  

in norm al and o v a r iec to m ized  rats within three days during the 

injection of e s tro g en .

S lonaker e t  al. (1927) and Wang (1932) noticed  that in the 

rat the e s tr u s  phase is  accom panied with a pronounced in crea se  

in lo com o tor  a c tiv ity  and an in crea se  in en ergy  expenditure.

B robeck  e t  al. (1947) a lso  found that e s tr o u s  rats lo s t  from  

10 to 12 g r a m s  in the individual cy c le  due to d e crea sed  food in­

take and in c r e a se d  expenditure of energy . They thought that the 

period ic  ch an ges in the ra tes  of energy  intake and expenditure  

appeared to be d er ived  from  either  hypophysial or ovarian c y c le s  

which they sta ted  is  com patib le with the hypothesis  that p r o c e s s e s  

of energy  exchange are regulated  and integrated by sp ec ia lized  

c e l l s ,  p o ss ib ly  by c e l l s  which l ie  within the hypothalamus. We



a ls o  b e l ie v e  th a t  th e  v a r ia t io n  in e n e rg y  exchange  a s  in d ic a te d  by  

in c r e a s e d  oxygen  c o n su m p tio n  d u r in g  e s t r u s  is  m o s t  p ro b a b ly  c o n ­

t r o l l e d  by  h y p o p h y s ia l  o v a r ia n  and  th y ro id  h o rm o n e s ,  ev en  though 

th e re  w as  no lo s s  in  body w eight.

E s t ro g e n  p re d o m in a t in g  d u r in g  e s t r u s  m ig h t have  d i r e c t  

m e ta b o lic  e f fe c ts ,  in c r e a s in g  oxygen  co n su m p tio n  o r  p o s s ib ly  a c t ­

ing in d ire c t ly  v ia  the  p i tu i ta r y ,  th y ro id  and  a d re n a l  g lan d s .

U nder o u r  con d itio n  of s tudy ing  the r a t s  u n d er  b a s a l  c o n ­

d itions  th e r e  w e re  no s ig n if ic a n t  d i f f e re n c e s  be tw een  the body w eigh t 

of the a n im a ls  a t  the  d i f f e r e n t  s ta g e s  of the e s t r o u s  c y c le .

When the r a t s  w e re  fed  ad  l ib i tu m  B ro b eck  e t  a l . (1947) 

found th a t  e s t r o u s  r a t s  l o s t  f ro m  10 to  12 g r a m s  in the  ind iv idual 

cyc le . T hey  a ls o  found th a t  food in tak e  du ring  e s t r u s  w as a lw ays 

l e s s  than the in take  d u r in g  d i e s t r u s ,  by as  m uch a s  6 g r a m s  p e r  

day. T h is ,  to g e th e r  w ith  the in c r e a s e d  e n e rg y  e x p e n d itu re  d u ring  

e s t r u s .  m ig h t  p a r t l y  e x p la in  the d e c r e a s e  in body w eig h ts  of such  

r a t s .  T horn  e t  a l .  (193 8) r e p o r t e d  th a t  n o rm a l  w om en in whom 

d ie ta ry  r e s t r i c t i o n s  w e re  im p o se d  w e re  o b s e rv e d  to  ga in  w eight 

during  the  in te r m e n s t r u a l  a s  w e ll a s  d u ring  the p r e m e n s t r u a l  

ph ase  of the  c y c le .  An in c r e a s e  in  appep ite  and t h i r s t  w as a 

s tr ik in g  sy m p to m  n o ted  d u r in g  the  p r e m e n s t r u a l  p e r io d .  They
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concluded th a t  the in c r e a s e  in  the  s e c r e t io n  of se x  h o rm o n e s  both  

e s tro g e n  and  p r o g e s te ro n e  (which induce re te n t io n  of sodium , 

ch lo ride  and  w a te r  d u r in g  the in te r m e n s t r u a l  a s  w ell a s  the p r e ­

m e n s t ru a l  p h a se  of the cycle) to g e th e r  w ith  the in c re a s e  in a p p e ­

tite  and t h i r s t  a p p e a r  to be c o n tr ib u tin g  f a c to r s  in body w eight 

gain, th a t  o c c u r s  d u ring  the m e n s t r u a l  cyc le . They a lso  found 

tha t the o n s e t  of m e n s t ru a t io n  w as a s s o c ia te d  w ith  an in c re a s e  of 

ren a l e x c re t io n  of so d iu m , c h lo r id e  and w a te r .

O u r  d a ta  did no t show a  d is t in c t  v a r ia t io n  in the b a sa l  

t e m p e r a tu r e s  of r a t s  d u rin g  the e s t r o u s  cyc le . B robeck  e t  a l. 

(1947) r e p o r te d  th a t  low body te m p e r a tu r e s  w e re  c o n s is te n t ly  

n o ticed  in r a t s  on the a f te rn o o n  ju s t  p re c e d in g  the n ight of e s t r u s .  

The t e m p e r a tu r e s  w e re  a lso  o c c a s io n a l ly  found to be low a day 

b e fo re  o r  a f t e r  e s t r u s .  I t  w as defin ite ly  lo w e r  during  e s t r u s  than 

during  d ie s t r u s .  It shou ld  be n o tic e d  th a t  th e se  w ere  not b a sa l  

t e m p e r a tu r e s .  N iebu rg  and G re e n b la t t  (1948) show ed th a t  in c a s ­

t r a te d  fem a le  r a t s ,  the a d m in is t r a t io n  of p ro g e s te ro n e  in c r e a s e s  

the te m p e ra tu r e  above th a t of the c a s t r a t e d  c o n tro ls  while e s t ro g e n  

p ro d u c e s  a  d e c r e a s e  of body te m p e ra tu r e .  R othchild  and R ap p o rt  

(1952) r e p o r te d  a ls o  th a t the a d m in is t ra t io n  of p ro g e s te ro n e  to 

m ale  c r e t in s  o r  f e e b le -m in d e d  hum ans ca u se d  an e leva tion  of
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body te m p e r a tu r e ,  an d  th a t  su ch  an  e f fe c t  w as n o t m e d ia te d  th rough  

the th y ro id  g land .

W hitelaw  (1952) on the o th e r  hand  conc luded  th a t  endogenous 

p ro g e s te ro n e  is  n o t  the h o rm o n e  re s p o n s ib le  fo r  e i th e r  the r i s e  o r  

m a in ten an ce  of the  th e rm o g e n ic  e ffec ts  o c c u r r in g  d u ring  the m e n ­

s t r u a l  c y c le .  A s we w ill p o in t  o u t l a t e r  one shou ld  keep  in  m ind  

the dosage  ra te  and  p e r io d  of a d m in is t r a t io n ,  s in ce  th e se  f a c to r s  

can  c o n s id e ra b ly  v a ry  the  r e s u l t s .  G r if f i th  e_t a^. (1929) found th a t  

th e re  is  no s ig n if ic a n t  c o r r e la t io n  b e tw een  the in tra in d iv id u a l  v a r i ­

a tions  of t e m p e r a tu r e  and m e ta b o lism .

The r e s u l t s  f ro m  e x p e r im e n ts  II and  111 show ed th a t  in 

r a t s  th e re  is  a  s t a t i s t i c a l ly  s ig n if ic a n t  in c r e a s e  in  the uptake of 

ra d io a c t iv e  iodine by  the th y ro id s  d u r in g  e s t r u s .  It w as a lso  found 

th a t  the uptake of m e te s t r o u s  r a t s ,  though s ig n if ic a n tly  l e s s  than  

th a t  of e s t r o u s  r a t s ,  w as  s ig n if ic a n tly  h ig h e r  than  th a t  of r a t s  in 

d ie s t r u s  and  p r o e s t r u s .

In e x p e r im e n t  II the r a t s  w e re  fed  a r e g u la r  d ie t.  B rob eck  

( 1 9 4 7 ) r e p o r te d ,  a s  m e n tio n ed  b e fo re ,  th a t  e s t r o u s  r a t s  e a t  6 g r a m s  

l e s s  food d a ily  than  d ie s t r o u s  r a t s .  C onsequen tly , the iodine in ­

take  would a lso  be l e s s  d u ring  th is  s ta g e .
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A n o th e r  f a c t  i s  th a t  the  uptake of I is  in v e r s e ly  p r o p o r ­

tional to the  iodide in take  a s  r e p o r te d  by  V an d erlean  and G r e e r  

(1950). T hey a lso  added  th a t  the iodine co n c en tra t in g  m e c h a n ism  

a p p e a rs  to be  po r e g u la te d  th a t  u n d e r  cond itions  of vary ing  iodine 

supply the  e ff ic ien cy  of iodine accu m u la tio n  can  be  g re a t ly  a l te re d ;  

fo r  exam ple  when iod ine  is d e f ic ien t,  th e re  is  a  c o m p e n sa to ry  a l ­

te ra t io n  of th y ro id  func tion  so  th a t  the av a ilab le  supply  of iodine 

can  be t ra p p e d  f o r  m o re  e ff ic iency .

T hese  two f a c to r s  su g g e s ted  the p o s s ib i l i ty  th a t  the  v a r i a ­

tions in  th y ro id  uptake o b s e rv e d  in  o u r  f i r s t  e x p e r im e n t  m igh t 

s im p ly  be due to the v a r ia t io n  in food in take  and  the con sequ en t 

v a r ia t io n  in N al up take . I t w as then  dec ided  to  s ta n d a rd iz e  the 

uptake of N al.

In e x p e r im e n t  III the r a t s  w ere  fed  an iodine d e f ic ien t  d ie t  

and d ra n k  double d is t i l le d  w a te r .  They w ere  in jec te d  in t r a p e r i to -  

nea lly  da ily  f o r  f if te e n  days w ith  5 m ic r o g r a m s  of Nal. U nder 

th ese  cond itions  we o b s e rv e d  an  ex ac t ly  s im i la r  p a t te r n  of th y ro id  

uptake to th a t  found in the p re c ed in g  e x p e r im e n t  w here  the  a n im a ls  

w ere  fed  a r e g u la r  d ie t and d ra n k  tap w a te r .

The r e s u l t s  f ro m  th ese  two e x p e r im e n ts  po in ted  out c le a r ly  

th a t  such  cy c lic  v a r ia t io n  in  th y ro id  ac tiv ity  is  not due s im p ly  to
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v a r ia b i l i ty  in the  a m o u n t  of in g e s te d  iod ine , b u t i t  is  de fin ite ly  a  

ho rm ona l m e c h a n is m  w h ich  is  c lo s e ly  r e la te d  to o v a r ia n  ac tiv ity .

A n o th e r  p o in t  we w ould  l ik e  to defend b e fo re  we go any 

f u r th e r  is :  how r e l i a b ly  c a n  the ra d io a c t iv e  iodine uptake by the

thyro id  b e  u se d  a s  an  index  of th y ro id  a c t iv i ty ?  T h e re  a r e  m any  

in v e s t ig a to rs  who look  w ith  su sp ic io n  upon d a ta  w h e re  1*^* uptake 

is u sed  a s  an  in d ex  of th y ro id  a c tiv ity .  I t  is n e c e s s a r y  a t  th is  

tim e to r e p o r t  h e r e  the  r e s u l t s  of the in v e s tig a tio n s  of D ougherty  

e t al. (1951). T h e s e  in v e s t ig a to r s  concluded  f ro m  th e i r  e x p e r im e n ts  

tha t the up take of iod ine  and the r e l e a s e  of io d in e -c o n ta in in g  h o r ­

mone o c c u r  s im u l ta n e o u s ly ,  co n tin uou sly  and a t  an a p p ro x im a te ly  

co n s tan t  r a te .  In th e i r  e x p e r im e n ts  the r a te  of uptake of iodine 

was d e te r m in e d  by  the a m o u n t of rad io iod ine  found in the g land  

fo u r  h o u rs  a f t e r  the in je c tio n . T his r e p re s e n te d  the am oun t e n t e r ­

ing the g land  m in u s  th a t  le a v in g  the th y ro id  o v e r  the fo u r -h o u r

p e r io d . H o w ev er , they  say  th a t  the am ount of r a d io a c t iv e  P B I

131
in the b lood  w a s  only  ab o u t 2 p e r c e n t  of the am ount of I in  the 

two th y ro id  lo b e s .  T h e r e f o r e ,  the r e le a s e  of the am o u n t o rg a n ­

ic a lly  bound f r o m  the th y ro id  m u s t  have b e e n  s m a ll  enough to m ake 

i t  p o s s ib le  to c o n s id e r  the  th y ro id  counts  as  a  good index  of the 

am ount of ra d io io d in e  e n te r in g  the g land s in c e  the t im e  of in jec tio n .
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E x am in a tio n  of in d iv id u a l d a ta  in d ic a te d  th a t  the P B I ac tiv i ty  w as 

h igh when the th y ro id  r a d io a c t iv i ty  w as  high and v ice  v e r s a .

In the  m o u se  the c a s e  w as d i f fe re n t  f ro m  th a t o b se rv e d  in 

r a t s .  Though th e r e  w as a  cy c lic  v a r ia t io n  in th y ro id  a c tiv i ty  when 

c o r r e l a t e d  to the  e s t r o u s  c y c le ,  the h ig h e s t  uptake of ra d io a c tiv e  

iodine w as a t ta in e d  by the m ice  in p r o e s t r u s ,  as  shown by the 

d a ta  of e x p e r im e n ts  IV (A) and (B). H e re  is a good i l lu s t r a t io n  

of two s p e c ie s  of a n im a ls  w ith  d if fe re n t  p a t te r n s  of th y ro id  ac tiv ity . 

I t  is  t r u e  th a t  b o th  s p e c ie s  exh ib ited  a  cyc lic  v a r ia t io n  th rough  the 

e s t r o u s  cy c le  bu t the r a t  show ed m ax im a l a c t iv i ty  during  e s t r u s ,  

w hile  the m o u se  th y ro id  had  i ts  h ig h e s t  a c t iv i ty  during  p r o e s t r u s .

It is  g e n e ra l ly  a g re e d  th a t  the m o use  is  a  r e la t iv e ly  hypo­

th y ro id  a n im a l  and  th a t  the r a t  is  a  s ligh tly  h y p e r th y ro id  a n im a l 

a s  in d ic a te d  in the  w ork  r e p o r te d  by M aqsood and R eineke (1950), 

N ovak (1950), M e ite s  and  C h a n d ra s h a k e r  (1949), and Jo hnson  and 

M eite s  (1951).

In the m o u se  i t  s e e m s  th a t  e s t ro g e n  a t  a v e ry  low lev e l 

h as  a t a r g e t  e f fe c t  on the th y ro id  giving a s p u r t  of in c re a s e d  

a c tiv i ty  fo llow ed  by a d e p re s s io n .  P e r h a p s  the th y ro id  g land  of 

the m ou se  re sp o n d s  to e s t ro g e n  a t  a low th re sh o ld  then  d ec lin es , 

p o s s ib ly  a t im e  f a c to r  is  involved a lso ,  a f te r  which the th y ro id
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gland b e c o m e s  r e f r a c to r y  to e s t ro g e n ,  o r  p o s s ib ly  it  b e c o m e s  r e ­

f r a c to r y  to  high le v e ls  of e s t ro g e n .  A n o th e r  exp lan a tion  m ay  be 

tha t the th y ro tro p h ic  h o rm o n e  depo t is e x h a u s te d  quickly .

So f a r  we p o in te d  o u t th a t  oxygen co n su m p tio n  of the fe m a le  

r a t  is  i n c r e a s e d  d u ring  e s t r u s .  We a ls o  found th a t  in the  r a t  the 

uptake of ra d io a c t iv e  iod ine  r e a c h e s  i t s  h ig h e s t  peak  du ring  e s t r u s .  

It then g ra d u a l ly  f a l l s ,  s ta r t in g  a t  m e te s t r u s ,  and  a t ta in s  i ts  lo w e s t  

lev e l d u ring  d ie s t r u s  and  p r o e s t r u s .

The o rg a n s  invo lved  in such  a  cy c lic  v a r ia t io n  of th y ro id  

ac tiv ity  a r e  m o s t  p ro b a b ly  the o v a r ie s ,  a d re n a ls  and p i tu i ta ry .

The r e la t io n sh ip  b e tw een  the th y ro id  and th e se  g lands  h a s  b een  

s tud ied  in  e x p e r im e n ts  V, VI, and VII.

A s in g le  in jec tio n  of s ix  r a t - u n i t s  (1 m ic ro g ra m )  of e s t r a ­

diol b e n z o a te ,  a  dose  la r g e  enough to e l ic i t  an  e s t r u s  s m e a r  in 

o v a r ie c to m iz e d  r a t s  w ith in  fo r ty - e ig h t  h o u rs  a f te r  in jec tio n , s u c ­

c e ed e d  in in c re a s in g  s ig n if ic an tly  the uptake of ra d io a c tiv e  iodine.

S tud ies of the e f fe c t  of e s t ro g e n  on the tu rn o v e r  r a te  of 

I 131 by  the th y ro id s  of c h ic k s ,  E p s te in  and W olte r in k  (1949), r a t s  

and m ic e ,  W o lte r ink  e t  a l . (1950), and  W olte rink  (1952) showed 

th a t  s m a l l  d o se s  of e s t r o g e n  (1 m ic ro g ra m )  d a ily  f o r  th re e  days 

in c r e a s e d  the  ou tpu t of I by the th y ro id , w hile  la r g e  d o se s  of
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10 o r  100 m ic r o g r a m s  of e s t r o g e n  g iven  d a i ly  f o r  th r e e  days and

131a lso  a  m a s s iv e  s in g le  d ose  of e s t r o g e n  d e p r e s s e d  I tu rn o v e r .

In o th e r  w o rd s ,  a  dose  of e s t r o g e n  l a r g e  enough to  b r in g  a  r a t  

in to  e s t r u s  i s  a b le  to  i n c r e a s e  the  iod ine  c o n c en tra t in g  c a p a c i ty  

of i ts  th y ro id .  I t  a l s o  i n c r e a s e s  the r a te  of r e l e a s e  of th y ro id  

h o rm o n e .

T h e se  two e f fe c ts  a r e  c h a r a c t e r i s t i c  of the  e f fec t  of th y ro -

tro p h ic  h o rm o n e .  The r e s u l t s  f r o m  e x p e r im e n ts  VII and VIII help

to p ro v e  th is  new  p o in t. In h y p o p h y se c to m ized  a n im a ls  the sam e

dose of e s t ro g e n  fa i le d  to e x e r c i s e  the  u su a l s t im u la t in g  e ffec t

131
on the th y ro id .  I t w as unab le  to in c r e a s e  the I uptake by  the 

th y ro id  a s  i t  d id  in the a n im a ls  w ith  the hypophysis  in tac t .

The a s s a y  of th y ro tro p h ic  h o rm o n e  p o ten cy  of the p i tu i ta ry  

and s e r u m  of the  r a t s  gave an in d ic a tio n , though n o t a  s ig n if ic a n t  

one, th a t  th e r e  i s  a h ig h e r  th y ro tro p h ic  h o rm o n e  co n ten t in the 

s e ru m  of e s t r u s  r a t s .

Saxton and  G re e n  (1942) found th a t  th y ro tro p h ic  h o rm o n e  is  

r e l e a s e d  f ro m  the fe m a le  r a b b i t  hypo phy sis  a f t e r  co itu s  to g e th e r  

w ith  FSH and  LH and p ro b a b ly  ACTH. O v u la tion  in  the  ra b b i t  

o c c u r s  on ly  a f t e r  c o i tu s ,  w hile  in  the r a t  i t  is  spon taneous . In
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o th e r  w o rd s ,  th e r e  i s  an  in c re a s e d  s e c re t io n  of TSH p r i o r  to and  

a t  ovu la tion  in b o th  s p e c ie s .

The p r e s e n c e  o f th y ro tro p h ic  h o rm o n e  is  n e c e s s a r y  f o r  the 

th y ro id  g land  to c o n c e n t r a t e  the iodide c i rc u la t in g  In the blood. 

F o llow ing  h y p o p h y se c to m y  th is  ca p ac ity  is  lo s t  a lthough  not e n ­

t i r e ly .  R an d a ll  a n d  A lb e r t  (1951) found th a t  fo llow ing h y p o p h y sec ­

tom y the r a t  th y ro id  c o l le c te d  about 12 p e r c e n t  a s  m uch  iod ine  a s  

b e fo re  h y p o p h y se c to m y . They a lso  found th a t the d e fec t in  c o l l e c ­

tion of iodine o c c u r s  soon  a f te r  the o p e ra t io n  and b e c o m e s  m a x im a l  

be tw een  five and  s ix  d ay s  a f te r  the o p e ra t io n .  F iv e  o r  s ix  days 

a f te r  h y p o p h y se c to m y  the  th y ro id a l uptake of I r e a c h e d  a  m in ­

im a l  value of a b o u t 8 p e r c e n t  of n o rm a l  and re m a in e d  a t  th is  le v e l  

th roug hou t the s u b s e q u e n t  p e r io d  of o b s e rv a t io n s .  The d a ta  ob ta in ed

f ro m  e x p e r im e n t  VII show ed  th a t the o v a r ie c to m iz e d -h y p o p h y se c -
<

to m iz e d  r a t s  t h i r t e e n  d a y s  a f te r  the o p e ra t io n  c o l le c te d  8.04 p e r c e n t  

131of the I c o l le c te d  b y  the o v a r ie c to m iz e d  c o n tro ls .  T hese  v a lu e s  

a r e  s im i l a r  to th o se  o b ta in ed  by  R andall and  A lb e r t .

P ro lo n g e d  a d m in is t r a t io n  of a la rg e  dose  of e s t r a d io l  b e n ­

zoate  a t  the d o sa g e  r a t e  of 300 r a t - u n i t s  (50 m ic ro g ra m s )  10 t im e s  

in a p e r io d  of tw en ty  d ay s  had no e ffec t  on the th y ro id  uptake of 

ra d io a c t iv e  iod ine .
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O u r  d a ta  in  th is  c a s e  a g r e e  w ith  tho se  o f  P a s c h k is  e t  a l .

(1948), who r e p o r te d  th a t  50 m ic r o g r a m s  of e s t r a d io l  b en zo a te  f o r

131tw e lv e , e le v e n ,  an d  th i r t e e n  days did n o t  have  any  e f fe c t  on I 

up take  w hen c o m p a r e d  to  the  c a s t r a t e d  c o n tro l .  M oney e t  a l .

(1950, 1951) r e p o r t e d  s im i l a r  r e s u l t s  w ith  e s t r a d io l  b e n so a te .  

H o w ev er, 5 m i c r o g r a m s  of e s t r o n e  g iv en  da ily  f o r  te n  days c a u se d  

a  s ig n if ic a n t  r i s e  in  1*^* up take  w ith  no in c r e a s e  in th y ro id  

w eight.

W hile p ro lo n g e d  a d m in is t r a t io n  of a  la rg e  dose of e s t r a d io l

b en zo a te  f a i le d  to  show a  d e te c ta b le  change in  th y ro id  a c tiv i ty ,

a  s in g le  in je c t io n  of 300 r a t - u n i t s  (50 m ic ro g ra m s )  of e s t r a d io l

131
b en zo a te  r e s u l te d  in an in c r e a s e d  up take  of 1 no t s ig n if ican tly  

d i f f e re n t  f ro m  the  in c r e a s e d  up take  indu ced  by  a  s ing le  in je c tio n  

of s ix  r a t - u n i t s .  T h is  show s c l e a r l y  th a t  i t  w as no t the dose  bu t 

the p e r io d  of a d m in is t r a t io n  w hich  r e s u l te d  in  o u r  f a i lu r e  to  d e te c t  

any d i f f e re n c e s  b e tw e en  the r a t s  t r e a t e d  w ith e s t ro g e n  fo r  a  long 

p e r io d  and  the c o n t ro ls .  The m o s t  p ro b a b le  ex p lan a tio n  fo r  such  

a  phenom eno n  is  th a t  the f i r s t  few  in je c t io n s  of e s t ro g e n  w ill  s t im ­

u la te  the  th y ro id  v ia  the  p i tu i t a r y  g lan d  w hich s e c r e t e s  th y ro tro p h ic  

h o rm o n e .  W ith p ro lo n g e d  a d m in is t r a t io n  of e s t ro g e n  the
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th y ro tro p h ic  h o rm o n e  d ep o ts  a r e  ex h au s ted  and consequen tly  the 

th y ro id  g la n d  w ill  be  unab le  to c o n c e n tra te  iodine a s  b e fo re .

P in c u s  and  W e r th e s s in  (1933) show ed th a t  th e re  w as no ind i­

ca tio n  of a  d osag e  r e la t io n  to  the  e f fe c t  of e s t r i n  in jec tio n s  on in ­

c r e a s in g  th y ro id  w eigh t, and  th a t  i t  is  only a  m a t t e r  of the p e r io d  

of a d m in is t r a t io n .  They got a  m ax im u m  in c r e a s e  in th y ro id  w eigh t 

a f t e r  f iv e  days of in je c t in g  e s t r i n ,  and th is  d e c r e a s e d  f a i r ly  g r a d ­

ua lly  to a  m in im u m  a f te r  fo r ty  days of in jec tio n , ind ica ting  th a t  

the e f fe c t  of e s t r i n  on the th y ro id  is  no t su s ta in e d  w ith p ro lo n g ed  

in je c tio n . K oenig  e t  a l.  (1945) a lso  found th a t p ro lo n g ed  a d m in is ­

t r a t io n  of e s t r o n e  r e s u l t e d  in a  d e c r e a s e  in the  iodine con ten t of 

the th y ro id s .

P r o g e s te r o n e  g iven  a t  the dose le v e ls  of 0.2  and  0.4

131
m i l l ig r a m  su c c e e d e d  in d e c re a s in g  the s ix -h o u r  I uptake by the

th y ro id s  of o v a r ie c to m iz e d  r a t s  fo r ty -e ig h t  h o u rs  a f t e r  p ro g e s te ro n e

a d m in is t r a t io n ,  a s  shown in e x p e r im e n ts  V and VII. It w as a lso

d e m o n s t r a te d  th a t  a  dose  of 0 .4  m i l l ig r a m  of p ro g e s te ro n e  w as

ab le  to  c o u n te ra c t  the e ffec t of s ix  r a t - u n i t s  of e s t ro d io l  benzoate

131
w ith  a  r e s u l t a n t  d e c r e a s e  in I u p tak e .

The dose  of 0 .8  m i l l ig r a m  p ro g e s te ro n e  alone in c re a s e d

1  O  1

the I up take , while the sa m e  dose of p ro g e s te ro n e  an tagonized
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the s t im u la t in g  e f fe c t  of e s t r o g e n  on  the  th y ro id .

131
The on ly  p r i o r  in v e s t ig a t io n s  w h e re  I h a s  b e e n  u se d  fo r  

the s tudy  of th e  e f fe c t  of p ro g e s te ro n e  on th y ro id  a c t iv i ty  w e re  

th o se  of M oney  e t  a l . (1950, 1951). T hey r e p o r te d  th a t  a  to ta l  

dose of 50 m i l l i g r a m s  p r o g e s te ro n e  in je c te d  into m a le  r a t s  in  a  

p e r io d  of te n  d ay s  in c r e a s e d  the uptake of 1*^* b y  the th y ro id  

w ithout in f luen c ing  the th y ro id  w e ig h ts .

H is to lo g ic a l  s tu d ie s  of h y p e rp la s t ic  th y ro id s  of r a t s  have 

shown th a t  the  p a r e n t e r a l  a d m in is t r a t io n  of p ro g e s te ro n e  a lone o r  

p r o g e s te r o n e  p lu s  e s t ro g e n  w e re  able  to  in h ib it  h y p e rp la s ia  a s  r e ­

p o r te d  b y  E m g e  and L a q u e u r  (1941) and Sch illing  and  L a q u e u r  

(1941). T hey  a ls o  r e p o r t e d  th a t  a lthough  e s t ro g e n  fa i le d  to change 

the th y ro id  w eig h ts  of th y ro h y p e rp la s t ic  r a t s ,  p ro g e s te ro n e  o r  e s ­

tro n e  and  p ro g e s te r o n e  to g e th e r  d e c r e a s e d  the th y ro id  w eigh ts .

The p o s s ib i l i ty  th a t  p ro g e s te r o n e  m ig h t e x e r t  i t s  in h ib ito ry  

ac tion  on the th y ro id  m a in ly  v ia  the p i tu i ta ry  w as ru le d  out. It 

w as found th a t  a  dose of 0.4 m i l l ig r a m  p ro g e s te ro n e  a d m in is te r e d  

to o v a r ie c to m iz e d -h y p o p h y se c to m iz e d  r a t s  c a u se d  a s ta t i s t ic a l ly  

s ig n if ic a n t  d e c r e a s e  in the up take of I when c o m p a re d  to th a t  

of c o n tro l  o v a r ie c to m iz e d -h y p o p h y s e c to m iz e d  r a t s .
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C utuly  (1941) found th a t  the a d m in is t ra t io n  of 0.5  to 3.0 

m i l l ig r a m s  da ily  of p ro g e s te ro n e  to c a s t r a te d  adu lt m ale  and fe m a le  

r a t s  d id  no t c o r r e c t  h is to lo g ic a l  c a s t r a t io n  changes of the a n te r io r  

p i tu i ta ry .  The w eigh t chan ges  of p i tu i ta r ie s  of fe m a le s  w ere  i r ­

r e g u la r .  They a lso  r e p o r te d  th a t  p ro g e s te ro n e  did not have a

se le c tiv e  in h ib ito ry  ac tion  on the d if fe re n t  com ponents  of gonado­

tro p h in s .

By a p p ro p r ia te  h o rm on e  in jec tion s  in spayed  r a t s  it was 

p o ss ib le  to im i ta te  c lo se ly  the changes  in th y ro id  iodine uptake 

o c c u r r in g  d u rin g  a  n o rm a l  e s t ro u s  cyc le . The da ta  a t  the top 

of the follow ing page , c o l le c te d  f ro m  T ab les  II, IV, and IX, i l ­

lu s t r a te  th a t  th is  w as acco m p lish ed .

A s tag e  s im i la r  to e s t r u s  was p ro d u ced  by in jec ting  s ix

ra t - u n i t s  of e s t r a d io l  b en zoa te . This w as acco m pan ied  by an in-

131c r e a s e d  uptake of I . A  s tage  s im i la r  to m e te s t ru s  w as ob­

s e rv e d  in r a t s  th a t  w e re  in je c te d  w ith s ix  r a t -u n i t s  of e s t r a d io l

benzoate  fo llow ed a f te r  tw e n ty -fo u r  h o u rs  by 0.4 m il l ig ra m  p r o ­

g e s te ro n e .  T his w as acco m p an ied  by a  d e c re a s e  in the uptake of 

I 131. When o v a r ie c to m iz e d  r a t s  w ere  in jec ted  with a dose of 0.4

m il l ig ra m  p ro g e s te ro n e  only th e re  was a s t i l l  f u r th e r  d e c re a s e  

131in I up take . Such a n im a ls  m ay be c o n s id e re d  s im i la r  to ra ts
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P E R C E N T  OF IN JE C TE D  DOSE O F I 131

P r o e s t r u s  E s t r u s  M e te s tru s Die s t ru s

H oppert d ie t  . . . . 11.2 16.2 
±0.9 ±0.7

12.9
±1.6

11.8
±1.0

Rem ington d ie t  . . . 8.2 16.2 
±0.6 ±0.7

10.8
±0.7

9.0
±0.8

Spayed P lu s

E s t r a d i o l
B e n z o a t e
( 6  T . - X J L . )

E s tra d io l  
Benzoate + 

0.4 mg. 
P ro g e s te ro n e

0.4 m g. 
P ro g e s te ro n e

C ontro l 
(spayed)

R em ington 
d i e t ............... 1 6 .8

± o .< ?
11.5
±0.6

10.3
±0.8

13.9
±0.5
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in d i e s t r u s .

131
In each case the I uptake in the treated group was not

s ig n if ic a n tly  d i f fe re n t  f r o m  th a t  in n o rm a l  r a t s  in a  c o m p a ra b le

s tag e  of th e  e s t r o u s  cy c le .  When o v a r ie c to m iz e d  r a ts  w e re  in -

131
je c te d  w ith  0 .8  m i l l ig r a m  p r o g e s te r o n e ,  the up take of 1 was 

in c r e a s e d .  M oney e_t a l . (1950) a ls o  r e p o r te d  th a t  a h igh  dose of 

p r o g e s te r o n e  in c r e a s e d  the  1 ^ *  up take.

T h e re  w e re  no s ig n if ic a n t  d if fe re n c e s  be tw een  the th y ro id  

w eigh ts  of the  r a t s  du ring  the d if fe re n t  s ta g e s  of the e s t ro u s  cyc le . 

The th y ro id  w eigh ts  a lso  w e re  n o t  a ffec te d  by the a d m in is t ra t io n  

of e i th e r  e s t r o g e n  o r  p ro g e s te r o n e  a lone o r  to g e th e r .  Money e t  

al. (1950, 1951) a lso  r e p o r te d  th a t  n e i th e r  e s t ro g e n ic  com pounds 

n o r  p r o g e s te r o n e  changed  the th y ro id  w e ig h ts .  With p ro lo n g ed  a d ­

m in is t r a t io n  of l a r g e  d o se s  of e s t r a d io l  b en zo a te  the r e s u l t  was 

an in c r e a s e  in th y ro id  w e igh t w hen e x p r e s s e d  in te r m s  of m i l l i ­

g r a m s  p e r  100 g r a m s  body w eight. Such an in c re a s e  in th y ro id  

w eigh t is  on ly  a re f le c t io n  of the s m a l l e r  body s ize  of th is  g roup  

of r a t s .

A c tu a lly  then th e re  is no re la t io n  b e tw een  the s iz e  of the 

th y ro id  g lan d  and its  h o rm o n a l  a c t iv i ty .  We would like h e re  to 

quote V a n d e r le a n  and G r e e r  (1950): ' 'A lth o u g h  h y p e rp la s ia  of the
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th y ro id  g lan d  o r d in a r i ly  a t te n d s  an  in c r e a s e d  e ff ic ien cy  f o r  a c ­

cum ula tin g  iod ine , and  h y p o p la s ia  a  d e c r e a s e d  e ff ic ien cy , f ro m  

such  an e x p e r im e n t  su ch  a  r e la t io n s h ip  is  d iv o rc e d  b e c a u s e ,  the 

a n im a ls  th a t  w e re  fed  th io u ra c i l  b e fo re  hypophysec tom y  a tta in e d  

the l a r g e s t  s iz e  of c e l ls  and  p o s s e s s e d  a  v e ry  low  c a p a c i ty  f o r  

iodine a c c u m u la t io n ."

The d a ta  c o n c e rn e d  w ith  the c y c l ic  v a r ia t io n  of the  a d re n a l  

g land  a c t iv i ty  a s  c o r r e l a t e d  to the  e s t r o u s  cyc le  show ed (1) th a t  

the a d re n a l  g lan d s  w eigh m o re  d u rin g  e s t r u s  than  during  the o th e r  

th re e  s ta g e s ,  (2) a  s in g le  in jec tio n  of a s  sm a l l  a dose a s  s ix  r a t -  

un its  (1 m ic ro g ra m )  of e s t r a d io l  b e n z o a te  in c re a s e d  the a d re n a l  

w eight, (3) a  d o se  of 0 .2  and 0 .4  m i l l ig r a m  p ro g e s te ro n e  a lso  in ­

c r e a s e d  a d re n a l  w e ig h ts . Zondek and  B u rs te in  (1952) r e p o r te d  

th a t  the m a x im a l  e x c re t io n  ra te  of c o r t ic o id s  in gu inea  p igs  w as 

du ring  e s t r u s .  (4) In the a b se n c e  of the  p i tu i ta ry  n e i th e r  e s t ro g e n  

n o r  p ro g e s te ro n e  fa i le d  to e x e r c i s e  i t s  e f fe c t  on in c re a s in g  the 

a d re n a l  w eight. It is im p o r ta n t  to s t r e s s  the fa c t  th a t  o u r  d a ta  

add a n o th e r  p ro o f  to the fa c t  th a t  e s t r o g e n  induces i ts  e ffec t  on 

the a d re n a ls  th ro u g h  the p i tu i ta ry ,  a s  r e p o r te d  by B ourne  and 

Z u c k e rm a n  (1940).
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A lthough i t  h a s  b een  r e p o r te d  by  s e v e r a l  in v e s t ig a to r s  th a t

the a d re n a l  g lan d s  tend  to e x e r c i s e  an in h ib i to ry  e f fe c t  on the thy-

131
ro id  c a p a c i ty  to a c cu m u la te  I , f ro m  o u r  e x p e r im e n ts  i t  a p p e a r s

th a t the a d re n a l  is  a ls o  e s s e n t i a l  f o r  n o rm a l  th y ro id  function . The 

131
I up take of the  o v a r ie c to m iz e d -a d r e n a le c to m iz e d  r a t s  w as s ig ­

n if ican tly  lo w e r  than  th a t  of r a t s  th a t w e re  o v a r ie c to m iz e d  only .

In the ab se n c e  of the a d r e n a ls  the  th y ro id  g lands  of o v a r i -

131
e c to m iz ed  r a t s  re sp o n d e d  w ith a  h ig h e r  uptake of 1 to the s t im ­

ula ting  e f fe c t  of a  p h y s io lo g ic a l  dose  of e s t ro g e n  than  th a t  of the 

o v a r ie c to m iz e d  r a t s  w ith  the a d re n a ls  in ta c t  th a t  w e re  g iven  the 

sam e  dose of e s t ro g e n .

In c o n c lu s io n  it  s e e m s  th a t  the a d re n a l  g lands  a r e  e s s e n ­

t ia l  fo r  the n o r m a l  function  of the th y ro id . It c a n  a ls o  w ork  as  

a s e c o n d a ry  sa fe ty  c o n tro l  on th y ro id  a c t iv i ty  e s p e c ia l ly  when i t  

re a c h e s  i t s  m a x im a l  s ta g e .

C o r t ic a l  h o rm o n e s  induce th e i r  e f fec t  on the th y ro id  gland 

e i th e r  by inh ib iting  the e f fec t  of TSH as  r e p o r te d  by  W oodbury 

e t  a l. (1951) o r  by  in c r e a s e d  r a te  of e l im in a t io n  of iodine in  the 

u rin e  a s  r e p o r te d  by B e r s o n  e t  a l. (1952) o r  p ro b a b ly  th rough  e x ­

panding the iodide space  o r  any o th e r  m e c h a n is m s  n e c e s s a r y  fo r  

the s e le c t iv e  a cc u m u la t io n  of iodide by the th y ro id  c e l l s .
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In Hie l ig h t  of e l l  of th e s e  r e s u l t s  we can  s u m m a r is e  o u r  

hyp o thes is  of- the in te r r e la t io n s h ip  b e tw een  th y ro id ,  o v a ry , a d re n a l  

and p i tu i t a r y  of n o rm a l  m a tu r e  fe m a le  r a t s  a s  fo llow s:

1. D urin g  p r o e s t r u s  the th y ro id  g land  is  in a  r e la t iv e ly  

hypoactive  cond ition . U n der th is  cond ition  FSH  is  p ro d u c e d  and 

r e le a s e d  r e s u l t in g  in  the  g ra d u a l  g ro w th  of g r a a f ia n  f o l l ic le s ,  a s  

s ta te d  by R ic h te r  (1933) in  the  r a t ,  S o lim an  and R eineke (1952) 

in the  m o u s e ,  H o fm e is te r  (1893) and  Chu (1944) in  the ra b b it .

In r a t s  h y p o th y ro id ism  w ill enhance  the e f fe c t iv e n e s s  of the fo l­

l ic le  s t im u la t in g  h o rm o n e  a s  s ta te d  by Dane (1935) o r  g o n a d o tro ­

ph ins  a s  r e p o r te d  by  L e o n a rd  (1936), S m e ls e r  and L ev ine  (1941), 

and Jo h n so n  and M e ite s  (1951). P i tu i t a r y  e x t r a c t s  f ro m  th y ro id -  

e c to m iz e d  r a t s  when in je c te d  in to  im m a tu re  fe m a le  m ice  ca u se d  

in c r e a s e d  w e igh t of the o v a r ie s  and  u te r i  when c o m p a re d  to the 

r e s u l t s  w ith  e x t r a c t s  f r o m  n o rm a l  a n im a ls ,  a s  r e p o r te d  by S te in  

and L is le  (1942).

2. D urin g  e s t r u s  e s t ro g e n  is p ro d u c e d  in  am oun ts  la r g e  

enough to  s t im u la te  th y ro id  ac t iv i ty  v ia  the p i tu i ta ry .  In c re a s e d  

th y ro id  a c t iv i ty  is  b e l ie v e d  to fa v o r  the p ro d u c tio n  of LH. W e ic h e r t  

(1930) and W e ic h e r t  and  Boyd (1933) r e p o r te d  th a t  feed ing  r a t s
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with d e s ic c a te d  th y ro id  p ro lo n g s  the d ie s t r u s  p e r io d  f ro m  th i r t e e n  

to tw e n ty -fo u r  d a y s .  T h e r e  w e re  p e r s i s t e n t  fu nc tiona l c o r p o r a  

lu tea  su g g es tin g  i n c r e a s e d  ou tpu t of the lu te in iz in g  h o rm o n e . The 

th y ro id  h o rm o n e  a ls o  m ig h t  have a  d i r e c t  e f fec t  on the o v a ry  (L ee , 

1925; Tyndale  and  L e v in ,  1937). S a lte r  (1949) s ta te d  th a t  the  th y ­

rox ine  iodine is f ix ed  in  two g e n e ra l  lo c a t io n s .  The f i r s t  is  i t s  

a c cu m u la tio n  in the p i t u i t a r y  and ovary . The second  is  i t s  a c ­

cum ula tio n  in the  p e r i p h e r a l  t i s s u e s ,  p r im a r i ly  the s k e le ta l  m u s c le .

A llen  (1939) s u g g e s te d  th a t changes in the fo l l ic le  a r e  in i ­

t ia te d  by th y ro x in e  a s  w e l l  a s  by the m a tu ra t io n  h o rm o n e  of the 

a n te r io r  p i tu i t a r y  b u t t h a t  the l a t t e r  only p ro d u c e s  ru p tu re .

T h e re  is a ls o  a  s a f e ty  m e c h a n ism  induced  by the  s t im u ­

la te d  a d re n a l  a t  th is  s t a g e  to  p re v e n t  o r  l im i t  the o v e ra c t iv a t io n  

of the th y ro id  g land , s u c h  an e ffec t is  a lso  induced  v ia  the sa m e  

highw ay, the p i tu i t a r y .

3. D uring  m e t e s t r u s  the ra te  of s e c re t io n  of e s t ro g e n  is  

s low ed down and  p r o g e s t e r o n e  is  p ro d u ced  in g ra d u a l ly  in c r e a s in g  

am oun ts . U nder th e s e  co n d it io n s  th y ro id  a c t iv i ty  g ra d u a l ly  d e -  

c r e a s e s .
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4. D u rin g  d ie s t r u s  p r o g e s te r o n e  p re d o m in a te s  o v e r  e s t r o ­

gen r e s u l t in g  in  d e c r e a s e d  th y r o id  a c t iv i ty .  T h is  m e c h a n is m  is  

no t m e d ia te d  v ia  the  p i tu i ta r y .  I t  m a y  b e  due to  a  d i r e c t  e f fe c t  

of p r o g e s te r o n e  on  the th y ro id  o r  m o s t  p ro b a b ly  by expanding  the 

iodide s p a c e .  T h o rn e  e t  a l . (1938) r e p o r t e d  th a t  the in je c t io n  of 

c r y s ta l l in e  p r e p a r a t io n s  of e s t r o n e  a n d  p ro g e s te r o n e  ind u ced  the 

r e te n t io n  of so d iu m , c h lo r id e  an d  w a te r  in  n o r m a l  dogs. T h e re ­

f o r e ,  i t  s e e m s  th a t  p ro g e s te ro n e  and  a ls o  e s t ro n e  could  expand  

the e x t r a c e l l u l a r  sp ace  of the body , and  co n seq u en tly  the iodide 

sp ac e .

5. A gain , in  p r o e s t r u s ,  n e i th e r  e s t ro g e n  n o r  p ro g e s te ro n e  

a re  p ro d u c e d  a t  h igh  le v e ls ,  r e s u l t in g  in  a  hypoactive  th y ro id  

gland, and  the  c y c lic  v a r ia t io n s  s t a r t  o v e r .

6. L a r g e  am o u n ts  of p r o g e s te r o n e  in c r e a s e  th y ro id  a c tiv i ty  

a s  p o in te d  ou t f r o m  o u r  e x p e r im e n ts  and  f ro m  the r e p o r t s  of 

Money e t  a l .  (1950 and 1951). T h ese  co nd itio ns  m ay  be s im i la r

to w ha t o c c u r s  d u r in g  p re g n a n c y .



SUMMARY AND CONCLUSIONS

1. D e te rm in a t io n s  w e re  m ad e  of oxygen  co n su m p tio n , b a s a l

t e m p e r a tu r e  and  body w e ig h ts  of r a t s  u n d e r  b a s a l  con d itio n s  d u r in g
*

the fo u r  s ta g e s  of the e s t r o u s  c y c le .  I t  w a s  found th a t  th e r e  is  

s ig n if ic a n tly  i n c r e a s e d  oxygen  c o n su m p tio n  d u ring  e s t r u s .  T h e re  

w ere  no s ig n if ic a n t  d i f f e r e n c e s  b e tw e en  b a s a l  t e m p e r a tu r e s  o r  body 

w eigh ts  a t  the  fo u r  s ta g e s  of the  e s t r o u s  c y c le .

131
2. The s tudy  of I up take  by the th y ro id  g lands  of r a t s  

du ring  the e s t r o u s  cy c le  show ed  th a t  th e r e  is  an i n c r e a s e d  uptake 

d u ring  e s t r u s .  The up take  g ra d u a l ly  d e c r e a s e s  a t  m e te s t r u s  and  

a t ta in s  i t s  lo w e s t  le v e l  d u r in g  d ie s t r u s  and p r o e s t r u s .

3. S im i la r  s tu d ie s  of l l 31 up take  by  the th y ro id  g lands  of

m ice  d u rin g  the e s t r o u s  cy c le  show ed a  p a t t e r n  of cy c lic  v a r i a -

131
tion d i f fe re n t  f r o m  th a t  of the r a t .  The m a x im a l  uptake of I 

is  a t ta in e d  by the th y ro id s  of p r o e s t r o u s  m ice .

4. A s in g le  in je c t io n  of 6 o r  300 r a t - u n i t s  of e s t r a d io l

131
ben zo a te  i n c r e a s e d  the s ix - h o u r  up take of I f o r ty - e ig h t  h o u rs  

a f te r  the e s t r o g e n  in je c tio n .  T h e re  w e re  no d i f fe re n c e s  b e tw een
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the effect*  of the  two d o se s  on th y ro id  uptake, w ith  the  conc lu s ion  

th a t  the dose  of e s t ro g e n  is  n o t v e ry  c r i t i c a l .

5. The a d m in is t r a t io n  of ten  d o se s  of 300 r a t - u n i t s  of

131e s t r a d io l  b e n z o a te  on a l te rn a t iv e  days did no t change the I 

uptake by  the  th y ro id s  when c o m p a re d  to  c o n tro ls .

6. A s in g le  dose of 0 .2  o r  0.4 m i l l ig r a m  of p ro g e s te ro n e  

d e c r e a s e d  the  up take  of 1*^* by the th y ro id s  w hile  a  dose of 0 .8  

m i l l ig r a m  in c r e a s e d  the up take.

7. The in je c tio n  of 0.4  m i l l ig r a m  of p ro g e s te ro n e  coun­

te r a c te d  the e f fe c t  of e s t ro g e n  on th y ro id  function  w ith  the n e t

131
r e s u l t  of a  d e c r e a s e d  I up take .

8. E x p e r im e n ts  on h y p o p h y se c to m iz e d -o v a r ie c to m iz e d  r a t s

show ed th a t  e s t ro g e n  p ro d u c e s  i ts  s t im u la tin g  e ffec t  on the th y ro id

gland  v ia  the  p i tu i ta ry  gland, .since e s t ro g e n  did not change the 

131I uptake in h y p o p h y sec to m ized  r a t s .

131
9. P r o g e s te r o n e  d e c re a s e d  the uptake of I by  the thy ­

ro id  g lan d s  of h y p o p h y sec to m ized  r a t s ,  showing th a t  i t  does no t 

induce i t s  e f fec t  m a in ly  v ia  the p i tu i ta ry .  It m ig h t have a d i r e c t  

e ffec t on the th y ro id  o r  a c t  by s im p ly  expanding the iodide sp ace .
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10. An e x p e r im e n t  w ith  o v a r ie c to m iz e d - a d re n a le c to m iz e d

r a t s  show ed th a t  the  a d re n a l  g land s  s e e m  to be  e s s e n t ia l  fo r

131n o rm a l  th y ro id  fu n c tio n  a s  in d ic a te d  by the d e c r e a s e d  I up take 

of the o v a r ie c to m iz e d -a d re n a le c to m i  zed  r a t s  w hen c o m p a re d  to 

o v a r ie c  toms zed  r a t s .

131
11. The 1 up take  by the th y ro id  g la n d s  of o v a r ie c to -  

m iz e d - a d re n a lc c to m iz e d  r a t s  t r e a te d  w ith  e s t r o g e n  w as h ig h e r  

than  th a t  of r a t s  w ith  th e i r  a d r e n a ls  in ta c t  b u t  g iven  the sa m e  

dose  of e s t ro g e n .  The a d re n a l  g lan d s  of the  e s t r o g e n - t r e a te d  

a n im a ls  w e re  h e a v ie r  than  c o n tro ls ,  g iv ing  the  im p r e s s io n  th a t  

w hen the  a d re n a l  g lan ds  a r e  s t im u la te d  i t  d e c r e a s e s  the c o n c e n ­

t ra t in g  c a p ac ity  of the th y ro id  f o r  iod ine  m o r e  than  if  the a d re n a l  

w e re  ab sen t.

12. The th y ro tro p h ic  h o rm o n e  c o n te n t  of the p i tu i t a r i e s

and blood s e r a  of the r a t s  k il led  a t  the  fo u r  s ta g e s  of the e s t ro u s

32
cy c le , w e re  a s s a y e d  u s ing  the up take of P  by ch ick  th y ro id s  a s  

an index  of th y ro id  re s p o n s e  to the  th y ro t ro p h ic  h o rm one  po tency . 

The th y ro tro p h ic  h o rm o n e  co n ten t of the  s e r u m  of e s t r u s  a n im a ls  

se e m e d  to be h ig h e r  than  th a t  of the  s e r a  f r o m  r a t s  a t the o th e r  

th r e e  s ta g e s  of the cyc le .
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13. T h e r e  w e re  no s ig n if ic a n t  d if fe re n c e s  betw een  the 

th y ro id  w e ig h ts  of r a t s  o r  m ic e  a t  the fo u r  s ta g e s  of the e s t ro u s  

c y c le .

14. A s in g le  dose of e i th e r  6 o r  300 r a t - u n i t s  of e s t r a ­

diol b en zo a te  d id  not have an a f fe c t  on the thy ro id  w eigh ts .

15. P ro lo n g e d  a d m in is t r a t io n  of 300 r a t - u n i t s  of e s t r a d io l  

b enzo a te  i n c r e a s e d  th y ro id  w eig h ts  only when e x p re s s e d  in t e r m s  

of m i l l ig r a m s  p e r  100 g r a m s  body w eight, due to the l ig h te r  body 

w eight of the  r a t s .  The a d re n a l  w eigh ts  w ere  h e a v ie r  during  

e s t r u s  than  d u r in g  a ll o th e r  s ta g e s  of the cycle.

16. T h e r e  w ere  no s ig n if ic a n t  d if fe ren c e s  betw een  the

p i tu i ta ry  w e ig h ts  of r a t s  a t the fo u r  s ta g e s  of the cyc le .

17. In r a t s  the o v a ry  w eigh ts  of the a n im a ls  k illed  when

in d ie s t r u s  w e re  s ig n if ican tly  h e a v ie r  than  those  of an im a ls

k illed  d u rin g  p r o e s t r u s .

18. In r a t s  the u te ru s  w eigh ts  of the a n im a ls  k illed  during 

e s t r u s  w e re  s ig n if ic a n tly  h e a v ie r  than those  of the an im a ls  killed 

during  the o th e r  th re e  s ta g e s  of the cycle .
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19. In  the  l ig h t of a ll  the a fo rem en tio n ed  r e s u l t s ,  a h y ­

p o th e s is  w as p r e s e n te d  to  exp la in  the p o ss ib le  ^ .relationship betw een  

the th y ro id ,  o v a ry ,  a d re n a l ,  and p i tu i ta ry .
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