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T h e  Ef fec t s  of H a l o t h a n e  o n  O v u l a t i o n  in  the  Rat  

In m a n y  types  of neuroendocr inological  expe r imen t s  
technica l  r equ i rements  call for the  use of general  anae-  
sthesia,  b u t  i t  is of ten  difficult  to  assess to  w h a t  ex t en t  
the  anaes the t ic  per  se is capable  of alterillg the  neural  
subs t r a t e  under  s tudy.  Ure thane ,  for instance,  has  long 
been the  anaes the t ic  of choice ill e lectrophysiological  
inves t iga t ions  of neuroendocr ine  circuits, b u t  recent ly  it 
has  been  shown t h a t  th is  drug  Mocks ovula t ion  in t he  ra t  
when  i t  is admin i s t e red  a t  appropr i a t e  t imes  dur ing  the 
oestrous cycle1,% A shni lar  effect  has  been descr ibed for 
pen toba rb i t a l  (Nembutal  | b o t h  drugs p r even t  ovula- 
t ion b y  in terfer ing wi th  the  neural  t r igger ing of p i tu i t a ry  
Lt-I release. More recendy ,  ha lo thane  has become a 
popula r  anaes thet ic ,  main ly  because the  degree of 
anaes thes ia  can rap id ly  be al tered by  changing inhala t ion  
rates.  In  th is  l abora to ry  ha lo thane  (F luothane  | Ayerst)  
is used for an electrophysiological  s t u d y  of the  act ion of 
es t rogens on neural  circuits  impl ica ted  in t he  control  of 
reproduct ion .  I t  therefore  became of in te res t  to de te rmine  
whe the r  or no t  th is  anaes the t ic  would also in terfere  w i th  
spon taneous  ovulat ion.  

E x p e r i m e n t s  were pe r fo rmed  on adul t  female ra ts  of 
Wis t a r  s t ra in  (200-280 g), ma in t a ined  under  a control led 
l ight ing schedule (lights f rom 05.00 h to  19.00 h) and  at  a 
cons t an t  t e m p e r a t u r e  of 22~ Daily vaginal  smears  were 
taken,  and  only  animals  which  d isp layed  at  least  3 
consecut ive  4-day oestrous cycles were used. On the  day  
of prooest rus ,  the  ra t s  were exposed to  e ther  for about  
2 rain be tween  13.15-13.45 h, i n tuba t ed  and  anaes the-  
t ized wi th  ha lo thane .  The ha lo thane  was admin i s t e red  in 
pure  oxygen  at  a f low ra te  of 50 ml /min  using a Fluotec  
Mark I I I  vapourizer .  At  16.30 h the  anaes the t ic  was 
swi tched off and the  animals  allowed to recover.  E a c h  
exper imenta l  an imal  was pai red wi th  a contro l  animal  
in jec ted  wi th  Nembu ta l  (35 mg/kg  i.p.) a t  the  beginning 
of the  exper iment .  This  dose of N e m b u t a l  is known to 
block ovula t ion  if admin is te red  pr ior  to t he  'cri t ical  
per iod '  3. Ovula t ion  was assessed by  count ing  the  n u m b e r  

of ova conta ined  in t he  Fal lopian  tubes  dur ing  the  
following morn ing  (oestrus); if no ova were p resen t  t he  
ovaries were immed ia t e ly  f ixed and  histological  sect ions 
were m a d e  in order  to conf i rm the  absence of freshly 
ru p t u r ed  follicles. 

1% ha lo thane  was the  lowest  concen t ra t ion  which  
rel iably induced  seda t ion ;  a t  th is  dose level cu taneous  
sens i t iv i ty  was stil l  present .  Therefore,  in order  to  
ob ta in  a level of anaes thes ia  sui table  for surgery  i t  was 
necessary  to  increase t h e  concen t ra t ion  of ha lo thane  to  
1.5% . Ovula t ion  was  blocked in 7 of the  10 animals  
anaes the t ized  wi th  1% ha lo thane  dur ing the  'cr i t ical  
per iod ' ;  a t  a dose level of 1.5% ha lo thane  the  ovula t ion  
blockade was comple te  (Table I). In  view of these  resul ts  
it  was of in te res t  to de te rmine  w h e t h e r  or no t  a low 
concen t ra t ion  of ha lo thane  supp lemen ted  by  sub th resho ld  
doses of Nembutal" or u re thane  would  allow ovula t ion  to  
occur. A level of anaes thes ia  s imilar  to  t h a t  ob ta ined  
wi th  1.5~o ha lo thane  alone was induced  by  using 0.5% 
ha lo thane  in conjunc t ion  wi th  e i ther  17.5 mg/kg  of 
N e m b u t a l  or 500 mg/kg  of u re thane ;  b o t h  combina t ions  
of anaes the t ics  blocked ovula t ion  when  admin i s t e red  
dur ing the  'cr i t ical  per iod '  (Table I). 

I n  order  to define the  si te of t he  ovula tory  blockade 
ra ts  anaes the t i zed  wi th  1.5% ha lo thane  as descr ibed 
above were t r ea t ed  wi th  ovine L H  (NIH LH-S17) or 
syn the t i c  Lute in iz ing  H o r m o n e  Releas ing H o r m o n e  
( L R H ;  Beck man  I n s t r u m e n t s  Inc.,  Spinco Division,  
Palo  Alto, Calif., USA) at  16.00 h of the  prooes t rus  phase.  
The L H  was in jec ted  i.p. in 0.5 ml  of saline and  the  LRI.I 
was in jec ted  s.c. in 0.5 ml  of 0.01 M acetic acid in sal ine< 
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Table I. Blockade of ovulation by halothane 

Anaesthetic No. of rats ~ Ovulation blocked Partial ovulation Full ovulation 
< I0 Ova ~ i0 Ova 

1% Halothane 10 
1.5% Halothane 6 
0.5% Halothane + 17.5 mg/kg Nembutal 4 
0.5% Halothane + 500 mg]kg urethane 4 

7 1 2 
6 0 0 
4 0 0 
4 0 0 

a Similar numbers of rats were concurrently injected with Nembutal, 35 ing]kg i.p.; ovulation was consistently blocked in these controls. 

Table II. Effects of LH and LRH on halothane blockade 

Anaesthetic Hormones No. of rats ~ Full ovulation Partial ovulation Ovulation blocked 
I0 Ova < i0 Ova 

1.5% Halothane 50 ~g LH 8 6 0 2 
1.5% Halothane 100 ~g LH 3 3 0 0 
1.5% Halothane 500 ng LRH 10 9 0 1 

�9 21 rats were concurrently anaesthetized with 1.5% Halothane but did not receive any hormone treatment; ovulation was fully biocked in 17 
and partially blocked in 3 controls. 
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Cont ro l  an ima l s  were a n a e s t h e t i z e d  w i t h  1.5% h a l o t h a n e  
a n d  s h a m  in jec ted  w i t h  t he  a p p r o p r i a t e  solvents .  18 ou t  
of 21 r a t s  t r e a t e d  w i t h  L H  or L R H  shed a full  comple-  
m e n t  of ova  (Table  I I ) ;  t h i s  f i nd ing  ind ica tes  a neura l  
s i te  of ac t ion  of t he  anaes the t i c .  

R e c e n t  ev idence  suggests  t h a t  t he  m e c h a n i s m  of 
h a l o t h a n e  anaes thes i a  invo lves  a decrease  in t he  a m o u n t  
of t r a n s m i t t e r  re leased  f rom ne rve  end ings  s; s imi la r  
f ind ings  h a v e  been  r epo r t ed  for  b a r b i t u r a t e s %  I t  is t h u s  
conce ivab le  t h a t  b o t h  drugs  in te r fe re  w i t h  o v u l a t i o n  b y  
r educ ing  t he  s y n a p t i c  a c t i v a t i o n  of neu r ons  involved ,  
d i rec t ly  or indi rec t ly ,  in t he  p r o d u c t i o n  of L R H ;  th i s  
m e c h a n i s m  of ac t ion  m a y  be  a genera l  p r o p e r t y  of an-  
aes thet ics .  Therefore,  t he  exp lo ra t i on  of neu ra l  m e c h a n i s m  
u n d e r l y i n g  s p o n t a n e o u s  o v u l a t i o n  in t he  r a t  is un l ike ly  to  
yie ld  phys io log ica l ly  m e a n i n g f u l  resu l t s  if car r ied  ou t  
u n d e r  t he  inf luence  of a n y  genera l  anaes the t i c .  

Zusammen[assung. t - I a lo than-Anaes thes ie  w/ ihrend  de r  
s o g e n a n n t e n  <~kritischen Per iode~ der  P r o 6 s t r u s p h a s e  be- 
w i rk t  eine zen t ra l e  H e m m u n g  der  S p o n t a n o v u l a t i o n  bei  
der  Ra t t e .  Wie  B a r b i t u r a t e  u n d  U r e t h a n  is t  de sha lb  Ha-  
l o t h a n  als A n a e s t h e t i k u m  zur  E r f o r s c h u n g  neuroendo-  
k r ine r  M e c h a n i s m e n  n u t  in  beschr~inktem Masse geeignet .  
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Insul in Release  f r o m  Isolated Is lets  of Langerhans  

The  i so la ted  islets of L a n g e r h a n s  of guinea-pig,  mice  
and  r a b b i t s  h a v e  been  cu l tu red  in v i t ro  1-4. There  are 
on ly  a few resul t s  on insu l in  secre t ion  of cu l tu red  islets, 
especial ly  on  r a t  islets 5. Our  r ecen t  work  a t t e m p t s  to  
s t u d y  the  poss ibi l i t ies  of cu l t i va t i on  of a d u l t  r a t  islets, 
and  to cha rac te r i ze  t he  effect  of d i f fe ren t  glucose con- 
c e n t r a t i o n s  in  t he  n u t r i t i o n a l  m e d i u m  on t h e  insu l in  
secre t ion  w i t h i n  24 h per iods  for a long d u r a t i o n  of cu l t iva -  
t ion.  

The  islets o f  a d u l t  w i s t a r  r a t s  ( s ta rved  overn igh t ) ,  
w i th  a b o d y  we igh t  of 160-180 g, were isola ted b y  t he  
modified method of LACY and KOSTIANOVSKY 6. The 
pancreas were aseptically excised, washed in Hank's salt 
solution and digested by shaking at 37~ in Hank's 
solution containing 3.7 mg collagenase/ml for 20 min. 

E n z y m e  t r e a t m e n t  was i n t e r r u p t e d  b y  d i lu t ion  w i t h  
cold H a n k ' s  so lu t ion  and  t h e  islets were s u b s e q u e n t l y  
s e d i m e n t e d  a t  4~ and  washed  5 t imes.  The  isola t ion  of 
islets was  car r ied  ou t  u n d e r  steri le cond i t ions  b y  m e a n s  of 
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t i t  f t t i f f  Change ofrnedium 

Insulin (IRI) released into the medium by cultured rat islets [mU/ 
culture bottle/24 hi. --, 16 mM glucose; . . . .  ,5 mM glucose. Results 
as 5 ~  s~ with the number of observations in parentheses. 

of the R a t  in Organ Culture 

a s te reomicroscope  and  t he  islets were col lected in TC 199 
m e d i u m  (Difco Labora to r i e s  Det ro i t ,  Michigan) .  

Groups  of 20 or 50 islets  were c u l t i v a t e d  on glass f ibre  
vlies ( 'Microl i th ' ,  Schuller,  W e r t h e i m / M a i n )  s u p p o r t e d  b y  
m e t a l  grid in smal l  cu l tu re  bo t t l e s  in  2 ml  TC 199 w i t h  
10% i n a c t i v a t e d  calf serum,  penic i l l in  (100,000 U/l),  
s t r e p t o m y c i n  (145 rag/l) a n d  h y d r o c o r t i s o n  (1 rag/1.) 
The  glucose c o n c e n t r a t i o n  was 5 m M  or 16 m M  d u r i n g  
t he  whole  cu l t i va t i on  period.  The  m e d i u m  was changed  
eve ry  day.  

The  c o n t e n t  of insu l in  in t h e  m e d i u m  was d e t e r m i n e d  
immuno log ica l l y  b y  b a c k  t i t r a t i o n  and  alcohol  p rec ip i t a -  
t i on  ~, ( s t a n d a r d :  p o r k  insu l in  Novo,  10-4000 ~ U / m l  
n u t r i t i o n a l  m e d i u m  w i t h  10% calf serum).  
A h igh  glucose c o n c e n t r a t i o n  in t he  m e d i u m  elici ted a 
m a r k e d  increase  in t he  insu l in  release of c u l t i v a t e d  islets  
(Figure) d u r i n g  t he  whole  cu l t i va t i on  per iod  ( P  < 0.001 
for eve ry  day).  W i t h  t he  h igh  glucose c o n c e n t r a t i o n  
(16 m M )  t h e  m e d i u m  insu l in  c o n t e n t  of groups  of 50 
islets was s ign i f ican t ly  e leva ted  in compar i son  w i t h  g roups  
of 20 islets ( P  < 001) .  

The  r a t e  of insu l in  release ca lcu la ted  for one islet  in 
g roups  w i t h  50 or 20 islets was equal.  There  was no  change,  
however ,  in the  I R I  va lues  of groups  of 20 or 50 islets 
a f te r  a d m i n i s t r a t i o n  of a basa l  glucose c o n c e n t r a t i o n  
(Table),  w h i c h  means  t h a t  the  basa l  r a t e  of insu l in  
secre t ion ca lcu la ted  for one islet  is d imin ished .  The  reason  
for  th i s  d i f fe ren t  b e h a v i o u r  is no t  clear.  I t  m a y  be  t h a t  
the  nega t ive  f eedback  m e c h a n i s m  depends  on  t he  glucose 
concen t r a t ion ,  on t he  t i m e  of i ncuba t ion ,  and  on the  k ind  
of m e d i u m  or buffer.  

W i t h  t he  d u r a t i o n  of cu l t iva t ion ,  t he  a m o u n t  of insul in  
secre t ion  is d imin ished .  P < 0:01, f i rs t  day,  50 is le ts ;  
P < 0.01, second day,  20 islets. The  p r e sen t  resul t s  
agree well  w i t h  t he  decreased  secre t ion  of m o n o l a y e r  
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