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Effect of constant light, blinding, castration or pinealectoray on gonadal and aceessory organ weights (Mean + SE) in male gerbils 

Treatment N I3W Testes Accessory organs 
(g) (mg) (mg) 

Controls 11 76.3 :~ 2.5 1249 • 37 247.5 =L 19.4 
Constant light 4 72.8 ~: 1.6 1073 ~= 34 b 159.0 ~- 11.0 b 
Blind 5 72.3=L 3.7 1098=[_27 ~, 179.4• 10.1 b 
Castrate 2 102.5 i 16.5 -- 3.9 2~ 0.3 ~ 
Pinealectomy 5 74.4 :k 5.3 1146 • 45 173.6 ~ 19.7 ~ 

P < 0.02 vs. controls, b p < 0.01 vs. controls, o P % 0.001 vs. controls. 

significamt differences in b o d y  or tes t icular  weights  were 
noted,  a l though  accessory organ weights  were  s l ight ly  
depressed (Table). E i t he r  bl inding or ma in t enance  under  
c o n s t a n t  l ight  caused a s ignif icant  reduct ion  in tes tes  and  
accessory organ weights  when  these  organs were com- 
pared  to those  of cont ro l  animals.  However ,  in experi-  
m e n t  3, breeding pairs  of gerbils ma in t a ined  u n d e r  
cons t an t  l ight  for the i r  ent i re  reproduc t ive  life span  show- 
ed no i m p a i r m e n t  of breeding capabi l i ty  as measured  by  
to ta l  n u m b e r  of l i t ters  produced,  n u m b e r  of young per  
l i t ter ,  abi l i ty  to raise young to weaning,  or occurrence of 
p o s t p a r t u m  estrus.  

The da t a  re la t ing to body  weight  and ovar ian  and 
uter ine  weights  of female gerbils f rom the  first  expe r imen t  
agree wi th  previous ly  publ i shed  normal  g rowth  d a t a  for 
s imilar ly-aged female gerbils 9. The l i tera ture  concerning 
chronic admin i s t r a t i on  of mela ton in  to no rma l  male  or 
female ra t s  is cont rovers ia l  wi th  references suppor t ing  
a p rogonadot roph ic ,  an t igonado t roph ic  or no effect  on 
the  gonads  and accessory organs2. In  some species, such 
as the  ferret  ~~ me la ton in  delayed estrus despi te  exposure  
to long photoper iods ,  while in the  weasel n,  mela ton in  
decreased tes t is  size as measured  by  palpat ion.  The pre- 
sent  da t a  indicate  t h a t  mela ton in  is an t igonado t roph ic  in 
male and female gerbils. W h e t h e r  o ther  pineal  indoles or 
po lypep t ides  would also inh ib i t  r eproduc t ive  organ 
g rowth  is unknown.  The observa t ion  t h a t  the  t h y m u s e s  

or me la ton in - t r ea t ed  males were s ignif icant ly e leva ted  
while accessory organs were depressed is cons i s ten t  w i th  
the  hypo thes i s  t h a t  the re  were less circulat ing androgen  
levels. 

Bl inding in some species such as the  h ams t e r  leads to 
d r ama t i c  involut ion  of the  tes tes  as well as the  accessory 
organs.  In  the  rat ,  however ,  b l inding alone has l i t t le or no 
effect  of tes t icular  weigh t  unless it is combined wi th  o the r  
po t en t i a t i ng  procedures  such as anosmia,  androgen  s ter-  
i l ization or under feed ing  2. Gonadal  weights  of b l inded 
gerbils were s ignif icant ly  reduced bu t  to ta l  involut ion,  
as prev ious ly  seen in the  h a m s t e r  2, was no t  observed.  
Al though  cons t an t  l ight  also appa ren t l y  depressed re- 
p roduc t ive  organ growth,  suppor t ing  da t a  f rom the  
breeding colony indicate  t h a t  p a i r s  ma in t a ined  unde r  
co n s t an t  i l luminat ion  are fully capable  of p roduc ing  as 
m a n y  l i t ters  as pairs  in a l t e rna t ing  l igh t -dark  condi t ions ,  
in our colony and as previous ly  descr ibed in t he  l i tera- 
ture  ~2. W h e t h e r  b l inded  gerbils are capable  of repro-  
ducing has  no t  ye t  been  invest igated.  

9 M. L. NORRIS and C. E. ADAMS, J. Reprod. Fert. 36,245 (1974). 
10 j .  HERBERT, in The Pineal Gland (Eds. G. E.W. WOLSTESeOLME 

and J. KNIGHT; CIBA, London 1971), p. 303. 
n C. C. RUST and R. K. MEYEr, Science 165, 921 (1969). 
13 7- H. MARSZON and M. C. CXA~G, Lab. Anita. Care 15, 34 (1965). 
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Summary. I n t a c t  and  T P T x  animals  showed the  expec ted  a f te rnoon  increase in se rum LH,  F S H  and prolac t in  levels. 
Bu t  the  a f te rnoon  increase in se rum LH levels in T P T x  ra ts  was less t h a n  t h a t  observed for in tac t  animals  (p < 0.01). 
Nei ther  serum prolac t in  nor  F S H  levels were a l tered by  TPTx.  

Increas ing evidence impl icates  thy rox ine  as a phas ing  
agent  for several  r h y t h m i c  endocr ine  funct ions  4-G. We 
previous ly  repor ted  t h a t  t h y r o i d e c t o m y  in the  female was 
followed by  a reduc t ion  in the  n m n b e r  of eggs ovula ted  7 
and recen t ly  we observed a marked  phase  shi f t  in the L H  
and prolac t in  r h y t h m s  in male ra ts  af ter  t hy ro idec tomy  ~. 

The p re sen t  s t u d y  was  u n d e r t a k e n  to  evaluate  the  
eD[ect of t h y r o i d e c t o m y  on the  se rum proes t rous  p a t t e r n  
of circulat ing gonado t rop ins  in t he  female rat .  

Materials  and methods. Only adul t  female Sprague-  
Dawley  (Charles River,  CD) ra ts  housed under  condi t ions  

of control led l ight ing (fluorescent i l luminat ion f rom 04.00 
to 18.00 h) and t e m p e r a t u r e  (24 • 2~ were used in the  
p resen t  s tudyl  T h y r o p a r a t h y r o i d e c t o m y  (TPTx) was per-  
formed surgically a t  ap p ro x i ma t e l y  40 days  of age. 30 
days  la ter  blood collection procedures  for obta in ing  serum 
LH,  F S H  and pro lac t in  were ini t ia ted.  Af ter  surgery  
T P T x  ra ts  were ind isc r imina te ly  housed 2/cage wi th  in- 
t ac t  or T P T x  animals.  Vaginal  smears  were t aken  6 days  
a week. This served no t  only to assess the  ovar ian  cycle 
b u t  also to  familiarize the  animals  wi th  ac t iv i ty  in the  
animal  quar ters ,  opening of the i r  cage, and  removal  f rom 



15.10. 1976 Speeialia 1343 

the  cage. AII t r e a t m e n t  and collection procedures,  a s -  

signed and carried out  according to  a randomized  block 
design, were done outside the  animal  quar ters .  Pur ina  
L a b o r a t o r y  Chow and tap  wa te r  were available ad l ibi tum. 

The me thods  used to  assess non-s t ress  serum levels of 
LH, F S H  and prolact in  were similar  to those  descr ibed 
previously  ~. 

Non stress blood samples  were ob ta ined  by  removing  
ra ts  indiv idual ly  f rom the  animal  quar te r s  a t  08.00, 10.00, 
13.00, 16.00 and 20.00 h on the  day  of proes t rous  to an 
ad j acen t  p repa ra t ion  room where  t h e y  were rap id ly  de- 
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Fig. 1. Effect of thyroparathyroidectomy on proestrous serum LH 
levels. In this and subsequent illustrations, the number of animals 
per treatment group is indicated at the base of the columns, vertical 
lines indicate standard error. ~ ,  Control; D, TPTx. 
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Fig. 2. Effect of thyroparathyroidectomy on proestrous serum 
prolactin levels. ~ ,  Control; Z, TPTx. 

cap i ta ted  ( <  20 sec following cage opening).  Blood f rom 
the  t r u n k  was collected and cent r i fuged following clot  
format ion.  Serum was removed,  frozen and s tored  for sub-  
sequent  analysis.  I m m e d i a t e l y  af ter  decap i ta t ion  a 
vaginal  smear  was t aken  and ra ts  were lapora tomized  
and  the  uteri  exposed.  Only females showing a vaginal  
smear  indicat ive  of proes t rus  on the  day  of blood col- 
lection and uter ine  bal looning (and/or the  increased 
uerine vascula r i ty  associated wi th  ear ly  proestrus)  were 
included in the  p resen t  s tudy.  

Rad io immunoassays .  Serum samples  were analyzed for 
LH, F S H  and prolac t in  using double an t ibody  radioim- 
munoassays .  The mater ia ls  used were p rov ided  by  the  
N I A M I D - R a t  P i t u i t a r y  Program.  Ant i - r abb i t  y-globulin 
was prepared  locally in sheep. Detai ls  of the  procedure  
used have  been published9. Concent ra t ions  of gonadotro-  
pins were expressed in ng /ml  on the  basis of the  s t anda rds  
supplied (RP-1). 

Stat is t ical  probabi l i t ies  were der ived f rom analysis of 
var iance and S tuden t ' s  t-test.  

Results. Termina l  body  weights  were no t  recorded,  
however ,  T P T x  ra ts  were marked ly  smatler  t h a n  in tac t  
animals.  T P T x  animals  also showed irregular reproduct ive  
cycles par t icu lar ly  toward  the  la t te r  pa r t  of the  s tudy.  

LH. As evidenced in Figure 1, serum LH levels in in tac t  
animals  f luc tua ted  wi th  the  expec ted  phas ing  and ampli-  
tude,  i.e., the  proes t rous  'surge '  occurred at  16.00 h. 
T P T x  rats  showed evidence of a s imilar  r h y t h m  but  the  
ampl i tude  was s ignif icant ly reduced (p<0.01) .  The 
16.00 h LH levels in in tac t  ra t s  were s ignif icant ly higher  
t h a n  L H  levels a t  all o ther  t ime  per iods  and were signifi- 
can t ly  greater  (p < 0.01) t han  the  16.00 h levels in T P T x  
rats.  

FSH.  Serum F S H  levels in in tac t  animals  were higher  
in the  late a f te rnoon  and evening t h a n  in the  morning  
(Figure 2), i.e., 16.00 and 20.00 h levels were higher  
(p<0.01)  t h a n  08.00 and 13.00 h bu t  no t  10.00 h levels. 
Only the 10.00 h t ime point  showed a difference (p < 0.01) 
be tween in tac t  and T P T x  F S H  levels. 

Prolact in .  The af te rnoon increase in serum prolact in  
levels was clearly ev iden t  in b o t h  in tac t  and  T P T x  ra ts  
(Figure 3). However ,  in con t ras t  to  the  p a t t e r n  in serum 
LH,  the  pro lac t in  increase was more  prolonged.  In  b o t h  
groups a f te rnoon  serum prolac t in  levels 13.00, 16.00 and 
20.00 h were d i f ferent  (p<0.01)  f rom their  respect ive  
morn ing  (08.00 and 10.00 h) levels. Signif icant  differences 
were no t  observed be tween  T P T x  and in tac t  prolac t in  
levels. 
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Fig. 3. Effect of thyroparathyroidectomy on proestrous serum pro- 
lactin levels. Iii~:], Control; D, TPTx. 
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Discussion. T h a t  t h y r o i d  h o r m o n e s  inf luence  p i t u i t a r y -  
o v a r i a n  func t ion  is no t  a new o b s e r v a t i o n  7, ~-~a. I n  fact,  
i t  is genera l ly  recognized t h a t  s igni f icant  r educ t ions  in 
c i rcu la t ing  t h y r o i d  h o r m o n e s  are a ccom pan i ed  b y  a l te red  
r ep roduc t i ve  funct ion .  Sus t a ined  h y p o t h y r o i d i s m  in  r a t s  
resu l t s  in the  p r o d u c t i o n  of polycys t ic  ovar ies  in  response  
to  H C G  or PMS a d m i n i s t r a t i o n  14,1~ and  i r regular  or com- 
p le te  absence  of m e n s t r u a l  cycles accompan ies  h y p o t h y -  
ro id i sm in m o n k e y s  a n d  h u m a n s  ~~ n. E a r l y  specu la t ion  
t h a t  the  cessa t ion of cycl ing associa ted w i t h  h y p o t h y r o i d -  
i sm is due  to decreased b lood L H  levels t~ ha s  been  
conf i rmed  s u b s e q u e n t l y  b y  a b ioas say  of p i t u i t a r y  L H  
levels~6, ~7 and  i m m u n o a s s a y  of s e rum L H  concen t r a -  
t i o n  13. 

Cons i s t en t  w i t h  these  observa t ions ,  L H  levels ill T P T x  
r a t s  in  t he  p re sen t  s t u d y  were s igni f icant ly  lower t h a n  
those  in controls .  W h e t h e r  t he  r educ t i on  in t he  p roes t rous  
L H  levels du r ing  t he  ' surge '  per iod  (i.e. 16.00 h proes t rus)  
a ccoun t s  for t he  reduced  ovu l a t i on  n u m e r  we p rev ious ly  
r e p o r t e d  for T P T x  ra t s  is no t  k n o w n L  O t h e r  va r i ab le s  
such  as decreased ova r i an  sens i t i v i ty  to  L H  a n d / o r  a 
r educ t i on  in t he  n u m b e r  of follicles m a y  h a v e  been  in- 
vo lved  since t he  n u m b e r  of eggs shed ref lects  t he  in te r -  
ac t ion  of a n u m b e r  of var iables .  

The  decreased L H  levels observed  in the  p resen t  s t u d y  
differs  m a r k e d l y  f rom t h a t  observed  for T P T x  male  ra t s  6. 
T P T x  male  r a t s  showed, a m a r k e d  phase  shift a long  w i th  
an  increase  in t he  24 h m e a n  level  6. Likewise  the  se rum 
p ro l ac t i n  response  to  T P T x  in t he  female  r a t  differed 
m a r k e d l y  f rom t h a t  observed  p rev ious ly  for T P T x  male  
animals .  T P T x  male  r a t s  showed a decrease  in t he  24 h 
m e a n  level  and  p resen ted  a 9 h phase  sh i f t  in  the  se rum 
p ro l ac t i n  r h y t h m  6 whereas  T P T x  females  showed  no 
change  in level  or phase  of t he  p roes t rous  p ro l ac t i n  
r h y t h m .  

R e c e n t l y  BRUNI e t  al. ~3 r epo r t ed  t h a t  t h y r o i d e c t o m i z e d  
male  and  female  r a t s  w i t h  i n t a c t  gonads  showed signifi- 
c a n t  decreases  in  se rum F S H  as well  as LH.  However ,  in  
t he  p re sen t  s t u d y  se rum F S H  ill T P T x  r a t s  showed  a 
t e n d e n c y  to  be  h igher  t h a n  t i le  F S H  levels in  i n t a c t  ani-  
mals.  The  e x p l a n a t i o n  for th i s  difference is no t  k n o w n  b u t  
differences in  e x p e r i m e n t a l  p ro tocol  m a y  accoun t  for th i s  
d iscrepancy.  13R~NI e t  al. 1~ c o m p a r e d  se rum d ies t rous  L H  
levels (control) w i t h  those  col lected 20-26 days  a f t e r  t h e  
a p p e a r a n c e  of pe r s i s t en t  leucocyt ic  smears  ( thyrodec to -  
mized).  I n  t h e  p resen t  s t u d y  cons ide ra t ion  was conf ined  
to e v a l u a t i n g  s e rum F S H  levels d u r i n g  t he  p roes t rous  
period.  

A l t h o u g h  our  p rev ious  s t u d y  us ing  male  r a t s  sugges ted  
t h a t  t h y r o i d  h o r m o n e  is i nvo lved  in the  phas ing  of b o t h  
L H  and  p ro lac t in  r h y t h m s 6  d a t a  o b t a i n e d  in the  p r e s e n t  
s t u d y  ind ica tes  t h a t  in t he  female  r a t  on ly  t he  a m p l i t u d e  
of the  L H  r h y t h m  is af fected b y  t h y r o i d e c t o m y .  T h u s  
t he re  appea r s  to  be a m a r k e d  sex difference in t he  in te r -  
ac t ion  of these  h o r m o n e  sys tems.  

10 R. E. GOLDSMITH, S. H. STURGIS, J. gERMAN a n d  J. B. STANBURY, 
J. clin. Endoer. Metab. 12, 846 (1952). 
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crinology 97, 558 (1975). 
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Summary. The  effect  of d i f fe rent  e n v i r o n m e n t a l  t e m p e r a t u r e s  on adeny l  c?}clase was s tudied.  An  increase  in t e m p e r a t u r e  
appea r s  to  increase  T R H - i n d u c e d  a c t i v i t y  Of a d e n y l  cyclase, and  poss ib ly  causes all increased s ens i t i v i t y  to  t he  hor-  
mone .  Cyclic A M P  levels of t h e  p i tu i t a r i e s  showed change  a t  d i f fe rent  e n v i r o n m e n t a l  t e m p e r a t u r e s .  

Severa l  s tud ies  1, 2 i nd i ca t e  t h a t  t h e r e  is a cyclic AMP-  
a d e n y l  cyc lase -phosphodies te rase  s y s t e m  in t h e  t h y r o -  
t r o p h i c  ceils of t he  an t e r i o r  p i t u i t a ry ,  wh ich  is u n d e r  t he  
con t ro l  of T R H ,  a n d  t h y r o i d  hormones .  I t  is ev i den t  t h a t  
t h y r o t r o p h i n  re leas ing h o r m o n e  (TRH)  is t he  p r inc ipa l  
r e g u l a t o r  of t h y r o t r o p h i n  (TSH) secretion" and  b iosyn-  
thes i s  ~-4. I t  was  also d e m o n s t r a t e d  t h a t  3H label led  T R H  
b i n d s  to mouse  t h y r o t r o p h i c  m e m b r a n e  p r e p a r a t i o n s  5, 
a n d  to  r a t  p i t u i t a r y  m e m b r a n e  r ecep to r sL  as well  as to  
p l a s m a  m e m b r a n e s  of bov ine  an t e r i o r  p i tu i t a r i e s  7. 

I n  a p rev ious  studyS,  we did  no t  d iscover  a n y  correla-  
t i o n  be tween  t he  increase  f rom t he  level  of cyclic AMP,  
a n d  TSI-I secre t ion  f rom t he  p i t u i t a r y  gland.  W e  also 
f o u n d  t h a t  T R H  does no t  increase  cyclic A M P  accumula -  
t i o n  in v i t ro  in  t he  gland.  I n  a n o t h e r  s t u d y L  resul ts  
showed  a n  increase  of 90% in t he  cyclic A M P  level  in 
p i t u i t a r i e s  of r a t s  exposed to 37 ~ for 4 days.  F r o m  th i s  
r e c e n t  work,  i t  appea r s  t h a t  adeny l  cyclase ac t i v i t y  is 
s ign i f i can t ly  increased  in r a t s  t h a t  h a v e  been  exposed to 
37~ a n d  is g r ea t l y  decreased  in r a t s  exposed to  4~ 

Materials and methods. 1. Adenyl Cyclase activity: The  
an te r io r  p i t u i t a r y  g lands  f rom 4 groups  (20 r a t s  in  a 
group) of male  r a t s  we igh ing  150-200 g, H e b r e w  Un ive r -  
s i ty  S a b r a  s t ra in ,  exposed to  22~ con t ro l  group,  34~ 
(21 days)  37~ and  4~ (4 days) ,  were r emoved ,  a n d  
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