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o p e r a t e d  (S), i.e. t h e  skul l  was  opened  as in  ac tua l  
p inea l ec tomy ,  a n d  t h e  conf luence  of t h e  super ior  s ag i t t a l  
a n d  t r a n s v e r s e  s inuses  was opened  w h i c h  caused  as  m u c h  
b leed ing  as in  ac tua l  p inea l ec tomy .  19 con t ro l s  (C) were 
lef t  i n t ac t .  All  an i m a l s  h a d  i n v o l u t e d  tes tes  a t  t h e  be- 
g inn ing  of t he  expe r i m en t ,  as a sce r t a ined  b y  pa lpa t ion ,  a 
m e t h o d  t h a t  ha s  been  shown  to be  re l iable  s . I n  16 
c o m p a r a b l e  hams te r s ,  k i l led b e t w e e n  J a n u a r y  8 th  a n d  
12th, we igh t  of b o t h  t es tes  was 79.8 -1- 2.1 m g  (M 4- S.E.) 
a n d  we igh t  of accessory  g lands  was 19.9 4- 9.3 mg. On 
J a n u a r y  8 th  t he  an i m a l s  were p laced  in l i g h t - t i g h t  
chambers .  9 p inea l ec t om i zed  hams te r s ,  t h e  9 sham-  
o p e r a t e d  hams te r s ,  a n d  10 of t he  u n t r e a t e d  cont ro l s  were 
exposed  to  long p h o t o p e r i o d s  (16 h l igh t /24  h), whi le  13 
p inea l ee tomized  h a m s t e r s  a n d  9 u n t r e a t e d  con t ro l s  
rece ived  sho r t  p h o t o p e r i o d s  (8 h l i gh t /24  h). Af t e r  36 days  
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Weight of both testes (above) and of accessory glands (below) from 
hamsters after 36 days in long (L = 16 h) or short (L = 8 h) photo- 
periods. P, pinealeetomized; C, untreated controls; S, shamoperated. 
Open bars, absolute weight; hatched bars, relative weight; means 
and standard errors are given. Statistics (U-test). Testes: Absolute 
and relative weight of testes in group C and S in L = 16 h signifi- 
cantly higher than ill aU other groups (p < 0.05 to < 0.002) except 
for difference in absolute weight between P and S ill L = 16 h 
(p < 0.1) ; differences between other groups not significant. Accessory 
glands: Absolute and relative weight of group C and S in L -= 16 h 
significantly higher than in any other group (p < 0.01 to < 0.002), 
differences between other groups not significant. 

in  these  condi t ions ,  all h a m s t e r s  were sacr i f iced a n d  t he  
we igh t  of t e s tes  a n d  accessory  g lands  was de t e rmined .  

The re  was  d e v e l o p m e n t  ot t e s t e s  a n d  accessory  g lands  
in all groups,  even  ill t i le u n t r e a t e d  h a m s t e r s  exposed  to 
sho r t  pho toper iods .  Th i s  conf i rms  ear l ier  f ind ings  f rom 
w h i c h  i t  h a d  been conc luded  t h a t  t he  t r a n s i t i o n  f rom 
phys io logica l  w i n t e r  cond i t ions  w i t h  qu iescen t  gonads  to  
s u m m e r  cond i t ions  w i t h  gonada l  ac t iv i ty ,  is based  on  a n  
endogenous  m e c h a n i s m ,  a n d  can  t a k e  p lace  even  in 
sho r t  p h o t o p e r i o d s  whi le  long  p h o t o p e r i o d s  acce lera te  t h e  
process  6-s. 

The  d e v e l o p m e n t  of t e s tes  a n d  accessory  g lands  was  
s ign i f i can t ly  h ighe r  in  con t ro l  a n d  s h a m - o p e r a t e d  h a m -  
s te rs  k e p t  in  long  p h o t o p e r i o d s  t h a n  in all o t h e r  g roups  
(Figure).  C o n t r a r y  to  expec ta t ion ,  p i n e a l e c t o m y  i n h i b i t e d  
t h e  acce l e r a t i on  of gonada l  d e v e l o p m e n t  due  to  long  
pho tope r iods ,  r a t h e r  t h a n  s t i m u l a t e d  gonada l  deve lop-  
m e n t  in  sho r t  p h o t o p e r i o d s :  u n d e r  b o t h  l igh t  reg imes  t he  
p inea l ec tomized  h a m s t e r s  d id  no t  differ  s ign i f i can t ly  f rom 
t h e  s h o r t - d a y  controls .  

These  f ind ings  c o n t r a d i c t  t i le a s s u m p t i o n  t h a t  l igh t  
has  only  an  i n h i b i t i n g  effect  on  t he  pineal ,  and  sugges t  
t h a t  t he  p inea l  is no t  on ly  i nvo lved  in t e s t i cu la r  i n v o l u t i o n  
b r o u g h t  a b o u t  b y  sho r t  pho toper iods ,  b u t  also pa r t i c i pa t e s  
in  t he  m e d i a t i o n  of t h e  acce le ra t ing  effect  of long p h o t o -  
pe r iods  on gonada l  d e v e l o p m e n t .  Tile fac t  t h a t  c o m p a r a b l e  
resu l t s  were o b t a i n e d  in 2 species as u n r e l a t e d  as t he  
weasel  s, a mus te l id ,  a n d  t h e  D j u n g a r i a n  hams te r ,  a 
roden~c, i nd i ca t e  t h a t  p a r t i c i p a t i o n  ot t h e  p inea l  in t he  
m e d i a t i o n  of s t i m u l a t i n g  effects b y  long p h o t o p e r i o d s  is a 
more  genera l  p h e n o m e n o n ,  and  n o t  based  on  specia l  
phys io log ica l  p rope r t i e s  of a s ingle group.  The  resu l t s  
also show t h a t  in  e x p e r i m e n t s  on  t he  f u n c t i o n  of t h e  pineal ,  
no t  on ly  t he  p h o t o p e r i o d  in w h i c h  t he  an ima l s  are kept ,  
b u t  also t h e  p h a s e  of t h e i r  a n n u a l  cycle ha s  to  be  t a k e n  
in to  cons ide ra t ion ,  a t  leas t  in seasonal  breeders .  

Zusammen/assung. B e i m  H a m s t e r  Phodopus sungorus 
v e r h i n d e r t e  P i n e a l e k t o m i e  die d u r c h  lange  P h o t o p e r i o d e n  
bewi rk t e  Besch l eun igung  der  E n t w i c k l u n g  yon  H o d e n  u n d  
Anhangsd r t i s en .  Die I3efunde zeigen, dass  die E p i p h y s e  
n i c h t  ausschl iess l ich  a n t i g o n a d o t r o p h  wirk t ,  s onde rn  
a u c h  a n  de r  p r o g o n a d o t r o p h e n  W i r k u n g  langer  P h o t o -  
per ioden  be te i l ig t  ist. 

K. HOFFMANN and  I. KLIDERLING 

Max-Planck- Imtitut [i~r Verhaltensphysiologie, 
D-8737 Erling Andechs (German Federal Republic, 
BRD), 20 September 797,1. 

Elevat ion  of Rat  P l a s m a  Insu l in  by  In tra theca l  P e n t o b a r b i t a l  

A con t rove r sy  exis ts  conce rn ing  t he  genesis  of t he  h y p e r -  
i n su l i nemia  t h a t  a c c o m p a n i e s  t h e  h y p e r p h a g i a  and  
obes i ty  o f  r a t s  w i t h  chron ic  lesions of t he  v e n t r o m e d i a l  
h y p o t h a l a m u s .  Some a u t h o r s  1, ~ h a v e  m a i n t a i n e d  t h a t  t he  
h y p e r i n s u l i n e m i a  is s econda ry  to the  onse t  of h y p e r p h a g i a ,  
whereas  o the r s  s-7 h a v e  sugges ted  t h a t  t he  hype r i n su l i ne -  
m i a  is a p r i m a r y  effect  of t he  v e n t r o m e d i a l  lesion a n d  
the re fo re  i n d e p e n d e n t  of h y p e r p h a g i a .  I n  t he  p r e sen t  
e x p e r i m e n t ,  t i le  r ecen t l y  deve loped  t e c h n i q u e  of i n t r a -  
t h e c a l  a d m i n i s t r a t i o n  of a n e s t h e t i c  was app l ied  to e x a m i n e  
t he  func t i ons  of t he  h y p o t h a l a m u s .  The  t e c h n i q u e  ha s  
been  r epo r t ed  to p roduce  a revers ib le  lesion of t he  v e n t r o -  
med ia l  h y p o t h a l a m u s  a-15, an  area  wh ich  cons t i t u t e s  t he  
walls of t h e  v e n t r a l  p o r t i o n  of t he  t h i r d  ven t r i c l e  of t h e  

b r a i n  a n d  wh ich  is t h u s  in  c o n t a c t  w i t h  the  ce rebrosp ina l  
f luid.  W e  obse rved  a r ap id  a n d  s ign i f ican t  increase  of 
p l a s m a  i m m u n o r e a c t i v e  insu l in  ( IRI )  a f t e r  t he  i n t r a -  
t heca l  a d m i n i s t r a t i o n  of sod ium p e n t o b a r b i t a l  t h a t  
p receded  e a t i n g  b y  t he  r a t s  a n d  wh ich  the re fo re  could 
no t  h a v e  re su l t ed  f rom it. 

Materials and methods. Subjec t s  were 10 female  a lb ino  
ra t s  m a i n t a i n e d  on ad  l i b i t u m  food a n d  water .  T h e y  were  
each  c a n n n l a t e d  w i t h  a 4.5 m m  27 gauge needle  s tereo-  
t a x i c a l l y  i m p l a n t e d  in to  t he  left  l a te ra l  ven t r i c l e  a n d  
c e m e n t e d  to  t he  skul l  16. The  coord ina tes  were:  W i t h  t he  
nose ba r  5 m m  above  t he  i n t e r a u r a l  line, 1.2 m m  pos te r io r  
to  b r e g m a  a n d  1.5 m m  la te ra l  to  the  mid - sagg i t a l  su ture .  
Af t e r  a 7-day r ecove ry  per iod,  all r a t s  u n d e r w e n t  t h e  
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following procedure :  A ra t  was r emoved  f rom its home  
cage and  placed for 3 rain in a plas t ic  c h a m b e r  conta in ing  
2 fresh Pur ina  Lab Chow pellets.  The area of the  floor of 
the  cham be r  was a p p r o x i m a t e l y  2000 cm e. Feed ing  (an 
episode in which  the  ra t  grasped and chewed a pel le t  for a 
per iod of t ime  exceeding  10 sec) and o the r  mo to r  be- 
haviors  were recorded.  The ra t  was t h e n  placed in a 
r e s t r a in t  and a blood sample  (approx imate ly  0.5 ml) was 
milked f rom the  t ip  of its tail. ~[he ra t  t hen  received 15 ~1 
of in t ra theca l  physiological  saline (Trial 1) or 15 ~,1 of 
50 mg/ml  sodium pen toba rb i t a l  (Trial 2) 48 h later.  The 
ra t  was t h e n  replaced in the  chambe r  for 3 min,  this  
t ime wi th  no food available.  A second blood sample  was 
t h e n  t aken  and  the  r a t  r e tu rned  to  the  c h a m b e r  for a 
th i rd  3-min session, th is  t ime  wi th  food again avai lable  
and wi th  behav ior  being moni tored .  P l a sma  I R I  ~ and 
whole  blood glucose is de t e rmina t i ons  were  made  as 
previous ly  described.  The da ta  were analyzed wi th  t- tests  
( two-tailed).  

Results. The blood da t a  are summar ized  in the  Figure.  
There  were no cons is ten t  changes  of I R I  or glucose 
following in t ra theca l  saline. Following in t ra theca l  pen to-  
barbi ta l ,  there  was a s ignif icant  (p < 0.01) increase of I R I  
bu t  no cons i s ten t  change  of glucose. Blood samples  
t a k e n  48 h af ter  the  admin i s t r a t i on  of the  pen toba rb i t a l  
revealed t h a t  the  I R I  values had  re tu rned  to normal .  

No r a t  d e m o n s t r a t e d  feeding pr ior  to the  in jec t ion  on 
e i ther  trial.  There  was also no feeding following the  
admin i s t r a t i on  of the  saline. However ,  following the  
admin i s t r a t i on  of the  pen tobarb i t a l ,  all bu t  2 of the  ra t s  
d e m o n s t r a t e d  feeding. The o the r  2 had  to be art if icially 
resp i ra ted  and  so feeding was no t  possible. The feeding 
following pen toba rb i t a l  pers is ted  t h r o u g h o u t  the  3-rain 
per iod for those  animals  which  ate. These ra t s  also 
exh ib i t ed  ins tances  of e i ther  mo to r  ataxia ,  dis-coordinat ion,  
or repe t i t ive  s t e reo typed  m o v e m e n t s  following the  ad- 
min i s t ra t ion  of t he  pen tobarb i t a l ,  whereas  no unusual  
m o t o r  behaviors  were observed in any  animal  following 
the  in t ra theca l  saline. The a l tered moto r  behaviors  
foliowing pen toba rb i t a l  have  been repor ted  previously  s-12 
and  m a y  have  been due to pene t r a t i on  of the  anes the t ic  
in to  the  cauda te  nuclei which  also border  the  ventr icles .  

Discussion. The da ta  clearly show t h a t  the  admin i s t ra -  
t ion  of pen toba rb i t a l  in to  the  left lateral  ventr ic le  of 
awake ra ts  t r ans i en t ly  elevates  p lasma  I R I  levels and  
t h a t  th is  increase of insulin can be observed pr ior  to the  
demons t r a t i on  of the  s t imulus -bound  feeding which also 
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Mean immunoreactive insulin and blood glucose values at the first 
and second blood sampling intervals. The brackets represent plus 
and minus 1 standard error of the mean. 

occurs. These f indings are cons is ten t  wi th  the  hypo thes i s  
t h a t  th is  procedure  produces  a reversible  lesion of the  
medial  hypo tha l amus ,  an area which  is t h o u g h t  to exer t  
an inh ib i to ry  inf luence upon  lateral  h y p o t h a l a m i c  
areas~9 2~ responsib le  for cont ro l  of vaga l ly -med ia t ed  
insulin secret ion 22 and feeding ~a,e4. Tradi t ional ly ,  the  
ven t romed ia l  h y p o t h a l a m i c  nuclei  have  been ident i f ied  
as the  s t ruc tures  t h a t  exer t  th is  inh ib i to ry  inf luence ~9-2~. 
However ,  recen t  evidence indica tes  t h a t  the  ven t ra l  
noradrenergic  bundle  is more  essent ial  for the  inhib i t ion  
of feeding 25, e6, and p re sumab ly  of insulin secret ion as well. 
This m i g h t  also explain  the  repor t  of feeding following 
in t ra theca l  p en t o b a rb i t a l  in ra ts  w i th  lesions of t he  ven t ro-  
media l  h y p o t h a l a m i c  nuclei  ~a. Those au thors  concluded 
t h a t  all of the  feed ing- inh ib i tory  area was no t  des t royed.  

Zusammen/assung. Zufuhr  yon  N a t r i u m p e n t o b a r b i t a l  
in den la tera len Ventr ike l  bei  wachen  R a t t e n  ergab nach  
3 rain eine s ignif ikante  E r h 6 h u n g  des p l a s m a i m m u n o -  
r eak t iven  Insul ins  vor  jeder  Nahrungsau fnahme ,  im 
Vergleich mi t  Kontrol len .  Die Resu l t a t e  deu ten  an, dass 
die normalerweise  g e h e m m t e  neurale  Sekret ion von 
Insul in  durch  ein intraventrikul~Lres AnS~sthetikum aus- 
ge16st wird. 
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