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Effects of Chronic  Melatonin and Saline Inject ions on Pitui tary Adrenal  Secret ion  

The results  of a n u m b e r  of studies1-3 have  sugges ted  
a funct ional  re la t ionship  be tween  the  pineal  gland and  
the  p i tu i t a ry  adrena l  axis. 

I n  the  p resen t  series of exper iments ,  the  effects of 
in jec ted  mela ton in  on p i tu i t a ry  and p lasma  ACTH con- 
t en t  was de termined,  and cor t icosterone concen t ra t ion  in 
the  plasnla  and the  adrenal  gland was measured .  Appro-  
pr ia te  controls  al lowed for assessing the  effects of the  
chronic  stress of r epea ted  injections.  

F o r t y  male ra t s  (Long-Evans  s t ra in  Simonson) housed  
indiv idual ly  were used. The exper imenta l  room had  a 
12 h l igh t /da rk  cycle;  expe r imen ta t ion  was conduc ted  
app rox im a te ly  3 h a f te r  the  onset  of l ight.  The expe r imen t  
began  when  the  animals  were 80 days  of age, and ex t en d ed  
over  10 consecut ive  days.  The animals  were r a n d o m l y  
d iv ided  into 4 equal  groups;  (1) acute  mela ton in -an imals  
were weighed dai ly on days  1-10 but  were in jec ted  wi th  
mela ton in  on day  10 only;  (2) acute vehic le-animals  were 
t r ea t ed  ident ical ly  as descr ibed above b u t  were in jec ted  
on d a y  10 wi th  the  vehicle;  (3) chronic mela ton in-  
animals  were weighed and  injected wi th  mela ton in  on 
days  1-10; (4) chronic vehicle control  - as group (3) - bu t  
were in jec ted  wi th  vehicle on days  1-10. 

Melatonin  (1 mg/kg) was admin i s t e red  s.c. in a vo lume 
of 0.1 m l /100g  body  weight .  The me la ton in  (Regis 
Chemical) was dissolved in e thanol  and  fu r ther  d i lu ted  
wi th  saline to give a 1% solution of e thanol  in saline. 
The 1% e thanol  vehicle was used for the  control  inject ions.  

Th i r t y  minu tes  af ter  in jec t ing  the  animals  on d a y  10, 
t hey  were removed  f rom their  home cage and  immed ia t e ly  
placed in a jar  s a tu ra t ed  wi th  e ther  for 1 min.  The jugular  
vein  was exposed and 0.4 ml  of blood was d rawn  into a 
hepar in ized  syringe;  the  procedure  was accompl ished 
wi th in  90 sec. Due to the  t ime lag of the  rise in per iphera l  
p l a sma  cor t icosterone levels af ter  the  onset  of a ' s t ressor '  4, 
this initial  sample  gave a measure  of the  animals '  p lasma 
steroid levels 30 min af ter  the  inject ions and provided  a 
compar ison  level for the  subsequen t  adrenocor t ica l  re- 
sponse to e ther  and surgical stress. Af ter  15 min  had  
elapsed the  animals  -were decap i ta ted  and a t r u n k  blood 
sample  was obta ined.  The anter ior  p i tu i t a ry  glands  were 
immed ia t e ly  removed.  The second blood sample  provided  
a measure  of the  p lasma steroid concen t ra t ion  following 
exposure  to e ther  and jugular  venisect ion.  P l a sma  cor- 
t icos terone  concen t ra t ion  was de te rmined  on individual  
samples  according to  the  f luorometr ic  mic rome thod  of 
GLICK et a l ) .  

The pos t - e the r  p la sma  samples  were pooled and assayed 
for ACTH content .  The anter ior  p i tu i tar ies  were ex t r ac t ed  
in 0 .1N HC1 and  s tored at  - -12~  unti l  assayed for 
ACTH con ten t  ~. The b ioassay  for p la sma  ACTH pre- 
viously descr ibed by  VERNIKOS DANELLIS et  al. 7 was 

used. Adrenocor t i co t rop in  concen t ra t ion  was expressed 
as m U  ACTH/100 ml p l a sma  or nlU A CT H / mg  p i tu i t a ry  
tissue. 

The results  are shown in the  Table.  Analyses  of t he  
effects  of chronic t r e a t m e n t  w i th  mela ton in  on b o d y  and  
an te r ior  p i tu i t a ry  weights  yie lded no signif icant  dif- 
ferences be tween  the  me la ton in  t r ea t ed  animals  and con- 
trols receiving an equal  vo lume of the  alcoholic saline 
vehicle. There  were no differences in the  levels of circu- 
la t ing cor t icos terone be tween  any  of the  groups. Fur the r ,  
ne i ther  acute  nor  chronic me la ton in  t r e a t m e n t s  had  any  
demons t rab le  effect  on p l a sma  cor t icos terone concent ra-  
t ions  e i ther  before or following e ther  stress. The increase 
in p lasma  cor t icos terone following e ther  did no t  differ 
be tween  any  of the  groups. Mela tonin  inject ions did no t  
d i f ferent ia l ly  a l ter  p i tu i t a ry  ACTH content .  Therefore,  
there  is no evidence f rom these  resul ts  t h a t  mela ton in  
admin is te red  chronical ly  or acute ly  in the  relat ively large 
dose used has any  effect  on the  func t ion ing  of the  p i tu i t a ry  
adrena l  sys tem.  This  s tudy  is specific to the  in tac t  animal ;  
s tudies  have  no t  been  done wi th  p inea lec tomized  animals  
kep t  under  chronic l ight  or da rk  condit ions,  or wi th  
s y m p a t h e c t o m i z e d  animals.  

I t  is i m p o r t a n t  to  note,  however ,  t h a t  the  p i t u i t a ry  
ACTH con ten t  of b o t h  vehicle and  mela ton in  chronical ly  
in jec ted  groups was only  50% t h a t  of the  acute ly  t r ea t ed  
animals,  while p lasma  ACTH and adrenocor t ica l  secret ion 
were appa ren t ly  no t  d i f ferent ia l ly  affected by  such chronic 
t r ea tmen t s .  Recen t  da t a  suggests  t h a t  chronic saline 
inject ions w i t h o u t  1% e thanol  have  the  same effect  s 
(S. Levine,  R. Conner  and J. Vernikos-Danell is ,  personal  
communica t i on  1968). 

There  are a t  least  two possible in te rp re ta t ions  for th is  
decrease in p i tu i t a ry  ACTH concen t ra t ion  in the  chro-  
nically t r ea ted  animals.  The chronic stress of in jec t ions  
m a y  lead to e i ther  an excess of release of ACTH over  
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Treatment No. % body Anterior 
rats weight pituitary 

gain from weight 
day 1 to M -b S.E. 
day 10 

ACTH Plasma Plasma corticosterone 
anterior ~tg/100 ml (M • S.E.) 
pituitary 
mU/mg mU/100 ml 1st sample 2nd sample 

Melatonin • 10 days 10 8% 8.44 ~t_ 0.57 
Vehicle • 10 days 10 8% 9.40 ~ 0.48 
Melatonin • 1 day 10 7% 9.30 Jc 0.25 
Vehicle • 1 day 10 7% 8.96 ~ 0.43 

5.9 ~ (4.5-7.1) 1.48 (0.8-1.9) 15.53 ~_ 1.90 44.0 ~ 1.75 
6.6 (4.9-8.7) 1.48 (1.0-1.7) 11.66 • 1.20 46.60 i 2.13 

15.1 (12.1-18.8) 1.5 (0.9 1.9) 14.51 ~ 1.50 46.71 ~ 1.34 
12.0 (8.9-15.1) 1.5 (0.8-1.9) 10.62 • 2.41 45.56 -L 3.17 

95% confidence limits given in parentheses. 
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syn thes i s  or a decrease  in p i t u i t a r y  A C T H  stores.  Rega rd -  
less of t h e  m e c h a n i s m  invo lved  in  t he  decrease  in p i t u i t a r y  
A C T H  con ten t ,  t h i s  decrease  is no t  ref lec ted  in p l a s m a  
ACTH,  ad renoco r t i c a l  secre t ion,  or t h e  ad renocor t i ca l  
response  to  stress.  Thus ,  t h e  p r e s en t  f ind ings  p rov ide  
f u r t h e r  ev idence  t h a t  p i t u i t a r y  ACTH c o n t e n t  c an  dra-  
ma t i ca l l y  decrease  w i t h o u t  a f fec t ing  t he  func t iona l  in teg-  
r i t y  of the  p i t u i t a r y  a d r e n a l  system9,10: 

Zusammen/assung. Es wurde  fes tgestel l t ,  dass  Mela- 
ton in ,  ein angeb l iches  H o r m o n  aus  de r  Pineal is ,  keine  
spezif ische W i r k u n g  auf  die Sekre t ion  yon  A C T H  aus  
d e m  H y p o p h y s e n v o r d e r l a p p e n  ha t .  
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Hormonal  Control of the Reproductive Diapause 

LEVY 1 obse rved  t h a t  in t he  grasshopper ,  Oedipoda 
miniata, a r e p r o d u c t i v e  i n a c t i v i t y  or ' a d u l t  d i apause ' ,  
l a s t ing  f rom M a y - O c t o b e r ,  occurs  u n d e r  field cond i t ions  
in  Israel .  D u r i n g  t h i s  r e p r o d u c t i v e  d iapause ,  a d u l t s  feed 
and  are  qu i te  ac t ive ,  b u t  n e i t h e r  m a t i n g  no r  egg- lay ing  
t akes  place.  The  effect  of i m p l a n t e d  ac t ive  co rpo ra  a l l a t a  
on  t h i s  r e p r o d u c t i v e  d i apause  c o n s t i t u t e d  t he  sub jec t  
of t he  p re sen t  s tudy .  

A s tock  of O. miniata was rea red  in t he  l a b o r a t o r y  
f rom h a t c h i n g  t i l l  m o u l t  to  a d u l t  s tage.  As expec t ed  t he  
adu l t s  o b t a i n e d  en t e red  in to  r e p r o d u c t i v e  d iapause .  A t  
t he  age of 17-52 days  a f t e r  m o u l t  to  a d u l t  stage,  3 groups,  
each  composed  of a ma le  and  a female  b a t c h  (9-13 
g rasshoppers  pe r  ba tch ) ,  were se t  up. The  fol lowing t r ea t -  
m e n t s  were a d m i n i s t e r e d :  (1) i m p l a n t a t i o n  of ac t ive  
co rpora  a l la ta ,  (2) s h a m  o p e r a t i o n  and  (3) no ope ra t i on  
(unope ra t ed  controls) .  The  i m p l a n t e d  co rpora  a l l a t a  were 
o b t a i n e d  f rom sexua l ly  m a t u r e  (22-34 days  a f t e r  m o u l t  
to  a d u l t  s tage) ,  ma le  Locusta migratoria migratorioides 
donors ;  such  g lands  were s h o w n  to be ac t ive  w h e n  used 
for he terospeci f ic  i m p l a n t a t i o n s  2. Two pai rs  of corpora  
a l l a t a  were i m p l a n t e d  t h r o u g h  t he  neck  m e m b r a n e  in to  
each  O. miniata receptor .  S h a m  ope ra t ed  cont ro l s  received 
pieces of m a n d i b u l a r  muscles  (ob ta ined  f rom t he  same  
donors) .  The  u n o p e r a t e d  cont ro l s  were s i m p i y  s e p a r a t e d  
f rom the  stock.  E a c h  b a t c h  was  p u t  in to  a 12 1 Pe r spex  
cage. Af te r  a r ecove ry  per iod  of 3 days  m e t h o d i c a l  obser-  
v a t i o n s  on  t h e  sexua l  b e h a v i o u r  were s t a r t e d  a n d  egg- 
l ay ing  was checked  daily.  

I m p l a n t a t i o n  of ac t ive  co rpora  a l l a t a  led to in t ens ive  
egg- lay ing  in r ecep to r  females  (Table).  T he  f i rs t  egg-pod 
was la id  on  t he  10 th  a n d  t h e  las t  on t he  21st d a y  a f t e r  
i m p l a n t a t i o n ;  f rom t h e  22nd d a y  onwards  no  more  egg- 
pods  were la id  (in t h e  field egg- laying per iod  las ts  ove r  
2 months1) ,  a l t h o u g h  5 females  su rv ived  t i l l  t h e  39 th  d a y  
a f t e r  i m p l a n t a t i o n  w h e n  t h e y  were ki l led a n d  dissected.  
I n  4 females  r e so rp t ion  bod ies  a were found  in place of 
t he  p r o x i m a l  odcytes ;  t he  n e x t  o6cyte  in  t he  ovar ioles  
was usua l ly  small ,  on ly  0.7-1.0 m m  long. I n  t he  f i f th  
female  a few full  sized eggs ( abou t  5 m m  long) were 
found  in t he  ov iduc t ,  b u t  o the rwise  t h e  s t a t e  of t he  
ovar io les  was  s imi la r  to  t h a t  obse rved  in t he  others .  I t  
seems t h a t  whi le  i m p l a n t a t i o n  of ac t ive  corpora  a l l a t a  
led to  t he  t e r m i n a t i o n  of t h e  r e p r o d u c t i v e  d i apause  b y  
i nduc ing  egg-laying,  t he  i m p l a n t e d  g lands  p r o b a b l y  
b e c a m e  g radua l l y  inac t ive .  

No egg- lay ing  occur red  in t h e  con t ro l  females  (Table).  
Most  of these  con t ro l s  were d issected  b e t w e e n  t h e  33rd 
a n d  40 th  d a y  a f t e r  t r e a t m e n t .  No no t i ceab le  differences  

in the Grasshopper,  Oedipoda miniata 

were found  b e t w e e n  s h a m  o p e r a t e d  a n d  u n o p e r a t e d  
females.  The  m a x i m a l  l e n g t h  of t he  p r o x i m a l  odcytes  
va r i ed  be tween  0.7 and  1.4 m m  in d i f fe ren t  females,  and  
no, or smal l  q u a n t i t i e s  of yo lk  were  seen in  these  odcytes.  
These  smal l  o6cytes  were f r e q u e n t l y  found  in t he  process 
of resorp t ion .  

I m p l a n t a t i o n s  of ac t ive  corpora  a l l a t a  led to  p r o m i n e n t  
sexua l  b e h a v i o u r  in  t h e  ma le  receptors .  The  i n t e n s i t y  
of sexua l  b e h a v i o u r  r eached  a m a x i m u m  d u r i n g  the  
second a n d  t h e  t h i r d  week  of t h e  obse rva t ions ,  t h e n  i t  
g r ea t ly  decreased.  The  sexua l  b e h a v i o u r  of the  recep tor  
males  was more  i n t ens ive  t o w a r d  r ecep to r  t h a n  t o w a r d  
con t ro l  females,  b u t  even  in the  l a t t e r  case i t  was  still  
p r o m i n e n t .  These  resu l t s  ind ica te  t h a t  i m p l a n t a t i o n  of 
ac t ive  corpora  a l l a t a  led to  the  t e r m i n a t i o n  of t he  repro- 
duc t ive  d i apause  b y  induc ing  in t ens ive  sexua l  behav iour .  
I t  seems, however ,  t h a t  t he  i m p l a n t e d  g lands  became  

Egg-laying in female receptors of 0. miniata (following implantation 
of 2 pairs of active corpora allata obtained from sexually mature 
Locusta migratoria migratorioides males, as compared with controls 

Treatment No. of No. of females surviving No. of 
females more than 5 days following egg-pods 
used treatment laid 

Receptors of 
active corpora 
allata 

10 8~ 15 b 

Sham operated 13 9 0 
controls 

Unoperated 9 9 0 
controls 

a Out of these 8 females one died on the l l t h  day, another one on 
the 18th day and a third one on the 27th day after implantation. 
b All the egg-pods were laid between the 10th and the 21st day after 
implantation. 
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