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A b s t r a c t .  To determine i f  LHRH m i g h t  a c t  w i t h i n  t h e  b r a i n  t o  
mod i fy  i t s  own re lease ,  repea ted  b lood  samples were removed from 
conscious ovar iec tomized  r a t s  and minu te  doses of LHRH were 
i n j e c t e d  i n t o  t h e  t h i r d  v e n t r i c l e  (3V) .  The e f f e c t  o f  these i n j e c -  
t i o n s  on plasma LH and FSH was measured by radioimmunoassay (RIA). 
The h i g h e r  dose o f  i n t r a v e n t r i c u l a r  LHRH (10 ng i n  2  P I )  induced an 
inc rease  i n  plasma LH w i t h i n  10 min a f t e r  i t s  i n j e c t i o n .  Plasma LH 
decreased f o r  t h e  n e x t  60 min.  Th is  was fo l lowed by r e s t o r a t i o n  of 
LH pulses c h a r a c t e r i s t i c  o f  t h e  ovar iec tomized  r a t .  T h i s  dose o f  
LHRH s l  i g h t l y  e l e v a t e d  plasma FSH c o n c e n t r a t i o n s .  I n  s t a r k  con- 
t r a s t ,  a  10 f o l d  lower  dose of 1 ng o f  LHRH i n j e c t e d  i n t o  t h e  
v e n t r i c l e  r e s u l t e d  i n  a  h i g h l y  s i g n i f i c a n t  decrease of plasma LH a t  
10 m in  f o l l o w i n g  i n j e c t i o n ,  fo l l owed by r e t u r n  o f  LH p u l s a t i o n s .  
There was no e f f e c t  on t h e  p u l s a t i l e  r e l e a s e  o f  FSH. The r e s u l t s  
a r e  i n t e r p r e t e d  t o  mean t h a t  a t  t h e  h i g h e r  dose, s u f f i c i e n t  LHRH 
reached t h e  s i t e  o f  o r i g i n  of t h e  hypophyseal p o r t a l  vesse ls  i n  t h e  
median eminence so t h a t  i t  d i f f u s e d  i n t o  p o r t a l  vesse ls  and was 
d e l i v e r e d  t o  t h e  gonadotrophs t o  induce LH r e l e a s e .  I n  c o n t r a s t ,  
t h e  lower  dose p r o v i d e d  s u f f i c i e n t  hypothalamic concen t ra t ions  of 
t h e  p e p t i d e  t o  suppress t h e  d ischarge  o f  t h e  LHRH neurons, the reby  
l e a d i n g  t o  a  d e c l i n e  i n  plasma LH, i n d i c a t i v e  o f  an u l t r a s h o r t - l o o p  
n e g a t i v e  feedback o f  LHRH t o  suppress i t s  own r e l e a s e .  o 198s s o c i e t y  

for  Experimental Biology and Pledicine. 

We have r e c e n t l y  ob ta ined  e v i -  
dence f o r  nega t i ve  u l t r a s h o r t - l o o p  
feedback o f  some hypothalamic 
r e l e a s i n g  and i n h i b i t i n g  hormones t o  
suppress t h e i r  own re lease .  For  
example, i n j e c t i o n  o f  somatos ta t in  
i n t o  t h e  3 r d  v e n t r i c l e  (3V) e l e v a t e d  
i nstead of 1  ower i ng growth hormone 
(GH) r e l e a s e  ( 1  ) which i n d i c a t e s  t h a t  
h i g h  l o c a l  concen t ra t ions  o f  t h e  

v a t i o n  o f  GH l e v e l s  i n  plasma which 
i n d i c a t e s  t h a t  GRF e x e r t s  a  s i m i l a r  
n e g a t i v e  u l  t r a s h o r t - l o o p  feedback ( 2 ) .  
The p resen t  experiments were designed 
t o  determine i f  LHRH e x e r t e d  a  nega- 
t i v e  u l  t r a s h o r t - l o o p  feedback t o  
i n h i b i t  t h e  enhanced p u l s a t i l e  LH 
r e l e a s e  i n  the  c a s t r a t e  r a t .  

p e p t i d e  i n  t h e  v i c i n i t y  o f  t h e  ven- M a t e r i a l s  and Methods. 
t r i c l e  e i t h e r  i n h i b i t e d  somatos ta t in  Animals. Female r a t s  (180-200 g )  
r e l e a s e  o r  enhanced GH-releasing o f  t h e  Sprague-Dawl ey s t r a i n  
f a c t o r  (GRF) d ischarge  o r  ac ted  by a  (Holtzman, Madison, WI) which were 
combinat ion o f  these a c t i o n s  t o  s t imu-  housed i n  group cages a t  a  temperature 
l a t e  GH r e l e a s e  from t h e  adenohypo- of 2 4 9  C w i t h  l i g h t s  on from 
phys is .  S i m i l a r l y ,  we have demon- 0500-1900h were used th roughou t .  They 
s t r a t e d  t h a t  i n t r a v e n t r i c u l a r  admin i -  had f r e e  access t o  r a t  chow and water .  
s t r a t i o n  of l ow doses o f  GRF r e s u l t s  A f t e r  t h e  r a t s  had shown 2  t o  3  
i n  a  depress ion  i n s t e a d  of an e l e -  consecu t i ve  4 day e s t r o u s  c y c l e s ,  t h e  
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animals were ovar iectomized whi 1  e  
anesthet ized w i t h  e ther .  They were 
used f o r  experiment 21  days a f t e r  
o v a r i  ectomy . 

~ x p e ~ m e n t a l  procedure. One week 
before t he  experiment, whi 1  e  t he  r a t s  
were anesthet ized wi t h  tri bromoethanol 
( i p ) ,  a  23 gauge s t a i n l e s s  s t e e l  
cannula was implanted i n t o  t he  3V (3 ) .  
Subsequently, t he  animals were housed 
i n  i n d i v i d u a l  cages. Only r a t s  t h a t  
presented a  continuous f l o w  o f  cere-  
b rosp ina l  f l u i d  a f t e r  removal o f  t he  
s t y l e t t e  o f  the  3V cannula were used. 
Twenty-four hours be fore  t h e  exper i  - 
ment, t he  r a t s  were submit ted t o  r i g h t  
ex te rna l  j u g u l a r  v e i n  cannu la t ion  as 
descr ibed by Harms and Ojeda (4 ) ,  
w h i l e  anesthet ized w i t h  e ther .  The 
animals were then re tu rned t o  t h e  
animal quar te rs  overn igh t .  On t he  day 
o f  experiment, a l l  animals were 
brought  t o  t h e  l abo ra to r y  and kept  
undisturbed f o r  a t  l e a s t  2  hours. 
A f t e r  t h a t  b lood samples (250 u l  ) were 
withdrawn every 10 min du r i ng  3  112 
hours. A f t e r  removal o f  each sample, 
an equal volume o f  s a l i n e  (0.9% NaC1) 
was replaced. The b lood was p laced on 
i c e  ( 4  C) and a f t e r  t he  f i n a l  c o l  l e c -  
t i o n ,  t h e  samples were cen t r i f uged  a t  
low speed f o r  15 min. The plasma was 
separated and s to red  (-20 C) p r i o r  t o  
RIA o f  plasma FSH and LH. 

Treatments. A f t e r  1 112 hours 
( c o n t r o l  b leed ing  pe r i od )  a  sa l  i n e  
s o l u t i o n  con ta i n i ng  LHRH (Peninsula 
Labora to r ies )  i n  d i f f e r e n t  doses i n  a  
volume of 2  was d e l i v e r e d  du r i ng  30 
sec i n t o  t h e  3V us ing  a  Hamilton 
micro1 i t e r  sy r inge .  The animals were 
d i v i ded  i n t o  t h ree  groups: 1 )  s a l i n e  
c o n t r o l  group, 2) LHRH i n  a  concen- 
t r a t i o n  of 10 ng/2 u l  and 3)  LHRH i n  a  
concent ra t ion  o f  1 ng/2 . 

Radi oimmunoassays. Pl  asma LH was 
measured by t he  method o f  Niswender e t  

SALINE 

Time (min) 

Fig.  1 Examples of  the effects o f  
intraventricular (3V) injection o f  
LHRH o r  saline on the pat tern o f  
plasma LH i n  individual animals. 

and 8.5% f o r  t h e  LH and FSH assays, 
r espec t i ve l y .  

S t a t i s  t i c s .  D i f fe rences  between 
t h e  p r e - i n j e c t i o n  ( a f t e r  90 minutes of 
sampling every 10 min)  and pos t -  
i n j e c t i o n  samples were determined by 
pa i r ed  "t" t e s t  and a l s o  ca l cu la ted  by 
ana l ys i s  o f  var iance wi t h  repeated 
measure f o l l owed  by t he  Student- 
Newman-Keul s  t e s t  . 
Resul ts .  

Cont ro l  i n j e c t i o n s  o f  s a l i n e  
i n t r a v e n t r i  c u l  a r l y .  The p a t t e r n  of 
p u l s a t i l e  re lease  of FSH and LH charac- 
t e r i s t i c  o f  ovar iectomized female r a t s  
was n o t  a l t e r e d  by t he  i n t r a v e n t r i c u l a r  
(3V) i n j e c t i o n  o f  s a l i n e  i n  any of t h e  
r a t s .  An example o f  t he  e f fec t  of 
s a l i n e  on t he  p u l s a t i l e  p a t t e r n  of LH 
i s  i l l u s t r a t e d  i n  F i g .  1. 

a1 . ( 5 )  and t h e  r e s u l t s  were expressed E f f e c t  o f  i n t r a v e n t r i c u l  a r  
i n  terms of NIH-LH-Sl standard t o  be i n j e c t i o n s  o f  LHRH on plasma LH and FSH 
comparable w i t h  previous r e s u l t s  from concent ra t ions .  The i n t r a v e n t r i c u l  a r  
t h i s  l abo ra to r y .  FSH concent ra t ions  i n j e c t i o n  o f  LHRH a t  a  dose of 10 ng 
were measured by t he  RIA k i t s  supp l ied  
by NIADDK and r e s u l t s  expressed i n  
terms o f  t he  FSH-RPI re fe rence prepara- 
t i o n .  The volume o f  plasma assayed f o r  
bo th  FSH and LH was 20 v1. The sensi -  
t i v i  t y  o f  t h e  FSH and LH assays was 32 
and 0.5 ng/ml, r espec t i ve l y .  A l l  
samples were r u n  i n  t h e  same assay i n  
dup l i ca te ;  in te rassay  v a r i a t i o n  was 8.9 

produced a  s i g n i f i c a n t  increase i n  
plasma LH (pc.05) w i t h i n  10 min 
f o l l o w i n g  t he  i n j e c t i o n  (F ig .  2 ) .  The 
values began t o  decl  i n e  a t  20 min and 
had re tu rned  t o  basal l e v e l s  by 60 min. 
Examination o f  t h e  r e s u l t s  from 
i n d i v i d u a l  animals i nd i ca ted  t h a t  t he re  
was a  t r a n s i e n t  e l e v a t i o n  i n  LH a t  10 
and u s u a l l y  20 min a f t e r  t h e  i n j e c t i o n ,  
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Fig.  2 The e f f e c t s  on plasma LH 
of i n t r aven t r i cu l a r  i n j ec t i on  of 
s a l i n e  or  LHRH. Values a r e  mean 
- 1 SEM; n=6 f o r  each group. 

followed by a cessation of pu lsa t i l e  
release of L H  for  approximately the 
next 60 min. This dose of LHRH 
s l igh t ly  elevated plasma FSH (p<0.05) 
in the 10 min immediately following 
i t s  injection (F ig .  3 )  . 

In s t r iking contrast ,  the intra-  
ventricular administration of the 
lower dose of LHRH (1 ng) decreased 
plasma L H  signif icant ly  (p<.005, 
paired t t e s t )  within 10 min on 
comparison with the values immediately 

1 saline 

f LH- RH Hngl 

1500 
*OoOI 1 LH-RHllOngl 

+ p< 0 . 0 5  Compared With 0 Time 

LL 

I 1  I I I I 
0 10 20 30 60 
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Fig.  3 The e f f e c t s  on plasma FSI 
of i n t r aven t r i cu l a r  i n j  ec t ion  of 
s a l i n e  or  LHRH. Values a r e  mean 
- 1 SEM; n=6 f o r  each group. 

prior to  injection (Fig. 2 ) .  The 
concentrations of LH then returned to 
control by 20 min and remained 
unchanged for  the remainder of the 
experimental period (60 min) (Fig. 2 ) .  
The decrease a t  10 min was achieved by 
a f a l l  in plasma L H  below the 
pre-injection level in every animal. 
Following t h i s  acute decline pulsat i le  
LH secretion resumed (Fig. 1 ) .  There 
was no effect  of th i s  lower dose of 
LHRH on the pattern of pulsat i le  FSH 
secretion (Fig. 3 ) .  

Discussion 
I t  was shown previous1.y that  

re1 a t  i vely 1 arge doses 'of LHRH injected 
into the 3 V increase plasma L H  levels 
( 6 ) .  Presumably the peptide i s  taken 
u p  by the hypothalamic t issue adjacent 
t o  the 3V, diffuses to the vicini ty  of 
the hypophyseal portal vessels which 
transport i t  to the pi tui tary t o  
stimulate the release of LH from the 
gonadotrophs. Similar resu l t s  were ob- 
tained in the present experiments with 
the higher, 10 ng, dose of LHRH in the 
f i r s t  minutes a f t e r  injection. When 
the dose of LHRH injected into the 
ventricle was reduced 10-fol d t o  1 ng , 
a reduction instead of an increase in 
plasma LH occurred. This was followed 
by a return t o  control values. Presum- 
ably in t h i s  s i tuat ion the concentra- 
t ion of LHRH which reaches the 
pi tui tary i s  too small t o  stimulate 
the gonadotrophs; however, i t  i s  high 
enough in periventricular t issue to 
inhibi t  the release of LHRH from the 
LHRH neurons, which resul ts  in a 
decline in plasma LH. The inhibition 
i s  shortlived and LH release quickly 
returns to normal. This action may 
occur by means of recurrent col la te-  
r a l ~  of LHRH neurons which synapse on 
the perikarya of these neurons and 
inhibi t  the i r  discharge. The pheno- 
menon of recurrent inhi bition within 
the tuberoinfindibular region, whereby 
axon co l la te ra l s  return to and synapse 
on the ce l l  bodies of origin to 
inhibi t  the i r  f i r ing ,  has been 
described ( 7 ) .  Kozlowski e t  a1 (8) 
have observed recurrent col la terals  of 
LHRH neurons synapsing on the cel l  
bodies of the same neurons in electron 
micrographs. Consequently, our data 
support the suggestion that  recurrent 
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i n h i b i t i o n  o f  LHRH neurons; i .e . ,  
n e g a t i v e  u l t r a s h o r t - l o o p  feedback may 
p l a y  a  r o l e  i n  t e r m i n a t i n g  t h e  pulses 
o f  LH r e l e a s e  i n  c a s t r a t e  and p o s s i b l y  
even i n  normal an imals .  The c e s s a t i o n  
of p u l s a t i o n s  o f  LH which f o l l o w e d  t h e  
h i g h e r  dose of LHRH from 20 t o  90 mins 
a f t e r  t h e  i n j e c t i o n  c o u l d  r e f l e c t  
n e g a t i v e  u l  t r a s h o r t - l o o p  feedback o f  
LHRH, a c t i v e  d u r i n g  t h i s  p e r i o d  and 
n o t  masked by a  p i t u i t a r y  s i t e  o f  
a c t i o n ,  and/or be t h e  r e s u l t  o f  t h e  
p r i o r  r e l e a s e  o f  LH which immediate ly  
f o l l o w e d  t h e  i n t r a v e n t r i c u l a r  i n j e c -  
t i o n  o f  t h i s  dose o f  t h e  p e p t i d e .  

The h i g h e r  dose of LHRH had o n l y  
a  min imal  e f f e c t  t o  e l e v a t e  plasma FSH 
i n  a  few r a t s  and t h e r e  was no e f f e c t  
of t h e  lower  dose. T h i s  r e f l e c t s  t h e  
l e s s e r  potency o f  LHRH t o .  s t i m u l a t e  
FSH re lease .  The lower  dose f a i l e d  t o  
i n h i b i t  FSH r e l e a s e  which c o u l d  be 
because i t  f a i l e d  t o  b l o c k  t h e  r e l e a s e  
o f  FSH-re1 e a s i  ng f a c t o r  (FSHRF) ( 9 )  
and/or t h a t  t h e  i n h i b i t i o n  o f  LHRH 
r e l e a s e  was so t r a n s i e n t  t h a t  t h e r e  
was no s i g n i f i c a n t  d e c l i n e  i n  plasma 
FSH i n  v iew o f  i t s  l o n g e r  h a l f - l i f e  i n  
t h e  c i r c u l a t i o n  (10) .  
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