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IOVINO, M., G. DE CARO, M. MASSI, L. STEARDO AND S. POENARU. Muscimol inhibits ADH release induced by 
hypertonic m~dium chloride in rat~s. PHARMACOL BIOCHEM BEHAV 19(2) 335-338, 1983.--The effect of the 
GABA-agonist muscimol on ADH release induced in rats by administration of hypertonic sodium chloride solutions was 
studied by means of intracerebroventricular and intraperitoneal injections of the drug. Injected by the 
intracerebroventricular route, muscimol produced a significant reduction of plasma ADH concentration not only in animals 
treated with hypertonic sodium chloride, but also in unstimulated animals. Following intraperitoneal administration larger 
doses were required to produce such an effect, thus suggesting a central site of action for the effect of muscimol on ADH 
release. Bicuculline, given intraperitoneally before muscimol injection, completely blocked ADH inhibition induced by 
muscimol, thus suggesting a specific involvement of GABAergic receptors. These findings indicate that GABAergic 
mechanisms may be involved in the regulation of body fluids in the rat by affecting ADH release. 

Muscimol Bicuculline Hypertonic sodium chloride ADH release Rat 

ACCORDING to classical hypotheses [3, II,  31] osmo- 
and/or sodium-receptors, localized in or close to the 
hypothalamo-neurohypophyseal system, regulate thirst and 
vasopressin (ADH) release. An acute elevation in cerebro- 
spinal fluid (CSF) sodium chloride concentration, by intracer- 
ebroventricular administration of hypertonic sodium 
chloride solution, stimulates water intake [3, 22, 26, 28, 32], 
antidiuresis [28,31], secretion of  ADH [26,28] and firing rate 
of neurosecretory neurons in supraoptic (SON) and paraven- 
tricular (PVN) nuclei [I]. All these effects are due to the 
interaction with cerebral receptors sensitive to changes in 
osmotic pressure [18,22] and/or in CSF sodium concentra- 
tion [3,22]. 

Experiments carried out to elucidate whether vasopres- 
sinergic neurons themselves are sensors of plasma osmolal- 
ity or sodium concentration, have suggested that the vaso- 
pressinergic neurons are not themselves the sensors [13,18]. 

At present, the nature of the synapses involved from the 
osmo- and/or sodium-receptors to the vasopressinergic 
neurons, as well as the nature of neurotransmitters acting on 
the vasopressinergic neurons, is not well defined. On the 
basis of pharmacological experiments, acetylcholine and 
nicotine have been shown to release ADH from the 
hypothalamo-neurohypophyseal system [14], and nicotine- 
cholinergic blocking agents have been demonstrated to in- 
hibit ADH release in response to acetylcholine [24] and os- 
motic stimulation [25]. In contrast to the excitatory effects of 
cholinergic agents, adrenergic agents, such as noradrenaline, 
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inhibit the release of ADH [5,19]. Thus vasopressinergic 
neuron cell membranes have excitatory nicotinic [5, 8, 19, 
20] and inhibitory/3-adrenergic receptors [4, 5, 19, 20, 23]. 

As far as GABA is concerned, there is some evidence 
about its involvement in ADH release. Biomedical studies 
have revealed the presence in high concentration of GABA 
and its synthetizing enzyme, glutamic acid decarboxilase 
(GAD), in the SON and PVN [6, 12, 25, 30]. Moreover, 
peptidergic axons of the hypothalamo-neurohypophyseal 
tract are endowed with receptors for GABA [33] and GABA 
was selectively accumulated in glial cells (pituicytes) in con- 
trol and denervated neurohypophysis [17]. Furthermore, 
GABA microiontophoretically applied, depresses the ex- 
citability of most SON and PVN neurosecretory neurons 
[20,21]. Finally, it has been reported that GABA antagonists 
stimulate secretion of  ADH in cats [10]. 

In the present study, the effect of the GABA agonist 
muscimol on osmotically stimulated ADH release has been 
investigated. In addition, the relationship between the ef- 
fects of intraperitoneal (IP) or intracerebroventricular (ICV) 
administration of muscimol on ADH release has been exam- 
ined. 

M E T H O D  

General Protocol 

Male Wistar rats weighing 200-250 g were housed in an 
animal room maintained at a constant temperature (23_ + I°C) 
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FIG. 1. Time course of plasma ADH concentration following IP 
administration of muscimol (2 mg/kg). Values are means+S.E.M, of 
7-8 data. Difference from control level ~time 0): *p<0.01 : where not 
indicated, difference was non statistically significant. 

T A B L E  1 

E F F E C T  O F  IP  M U S C I M O L  ( M )  O N  P L A S M A  A D H  C O N C E N T R A T I O N  

INDUCED BY SC HYPERTONIC SODIUM CHLORIDE SOLUTION (HS) 

Plasma ADH , 
Pretreatment Treatment (p-U/ml) No. 

HS + - -  8.62 + 1.2 8 
HS + IS 8.45 + 1.3" 8 
HS + M 5.06 + 0.6+ 8 
HS + BIC + M 8.75 + 1.3:i: 7 

Plasma ADH concentration was stimulated by l M NaCI (HS) 
administered SC ( 15 ml/kg) 3 hr prior to water access. Muscimol (M; 
2 mg/kg) or 0.9% NaCI (IS) were administered IP 10 rain prior to 
water access. Bicuculline (BIC; 2 mg/kg) was given IP 6 rain prior to 
muscimol administration. Rats were decapitated 60 rain later and 
ADH extracted from I ml plasma was measured by radioimmunoas- 
say. Data represent means _+ S.E.M. 

*Non statistically different from HS. 
?p<0.02 vs. HS or HS+IS. 
SNon statistically different from HS. 

and humidity (70%), with automat ic  light control  from 06.00 
a.m. to 20.00 p.m. Commerc ia l  rat chow and tap water  were 
available ad lib. 

A stainless steel cannula  was s tereotaxical ly  implanted,  
under  sodium pentobarbi tal  anaes thes ia  (Nembuta l ,  IP, 40 
mg/kg), into the left lateral cerebrovent r ic le  and was fixed to 
the skull with screws and acrylic dental  cement .  The ven- 
tr icular cannula p lacement  was verified by ICV injection of  
Fast  Green dye at the end of  the exper iment .  Only data  from 
rats showing dye distr ibution in the lateral, third and fourth 
ventr ic les  were  used. The animals were al lowed at least 5 
days to r ecover  from surgery before being tested. 

Drugs 

For  1CV injections,  the G A B A  agonist  muscimol  (Sigma 
Chemical  Co. ,  St. Louis ,  MO) was dissolved in 5/xl of  artifi- 
cial CSF.  The C S F  solution contained 152.5 mEq/t  of  sodium 
ions and had an osmolal i ty  o f  292 mOsmol /kg  water .  

For  IP inject ions muscimol  as well as the G A B A  
antagonist  bicuculline methochlor ide  (Sandoz Produkte,  
Basel) were  dissolved in 0.5 ml of  isotonic saline (IS). 

Protocol for  A D H  Secretion 

Rats were  housed in individual metabol ic  cages to meas- 
ure water  intake and urine output.  Daily water  intake and 
urine output  were measured ,  at the same t ime of  the day 
(09.00 a.m.),  before exper iments  were  commenced ,  in order  
to assess  pre- inject ion sal t-water  balance.  

The effect  of  muscimol  on plasma A D H  concentra t ion  
was invest igated in the fol lowing ways: 

(a) IP administration o f  muscimol. Rats rece ived  hyper-  
tonic saline (HS) (1 M NaCI) subcutaneously  (15 ml/kg) at 
09.00 a.m. and water  was immediate ly  withheld for 3 hr. This 
protocol  results in thirst and A D H  release st imulated by cel- 
lular dehydrat ion.  Muscimol  (2 mg/kg) or  isotonic saline (IS) 
(0.9% NaCI) were  administered IP 10 rain prior to water  
access.  Plasma A D H  concent ra t ion  was de termined  60 min 
after water  presentat ion.  

(b) ICV injection ofrnuscimol.  In a second group of  rats, 
A D H  release was st imulated by ICV injections of  HS (1 M 

NaCI,  10 ~1). Control  animals received 10 /xl of  artificial 
CSF.  Fifteen seconds before this t reatment ,  artificial C S F  (5 
/xl) without or  with addition of  muscimol  (5 gg) was given by 
the ICV route to the same animals.  Water  was immediate ly  
available after the ICV injections.  Plasma A D H  concentra-  
tion was measured 60 sec after the last ICV injection. 

To check the specific involvement  of  GABAerg ic  recep- 
tors,  in some exper iments  the G A B A  antagonist  bicuculline 
(2 mg/kg) was administered IP 6 min before the ICV or 1P 
administrat ion of  muscimol .  

ADH Radioimmunoassav 

Plasma A D H  levels were measured according to the 
method of  Kamoi  and Hama [16]. The antibody against A D H  
was produced by repeated injections to rabbits of  synthetic 
arginine-vasopressin coupled with bovine  serum albumin 
(BSA) by glutaraldehyde [29]. Cross react ivi ty  with oxytocin  
and arginine~-vasotocin were minimal (0.03% and 0. I%, re- 
spectively).  Synthet ic  vasopress in  (Sigma Chemical  Co. ,  St. 
Louis,  Mo) was used as standard and for iodination. The 
assay had a minimum sensit ivity of  0.08/~U/tube.  Coefficient  
of  variat ion within assay and be tween  assays ranged from 8.4 
and 9.4%. 

Statistical Analysis ~ff" Data 

All the results are expressed as the mean+-S.E.M. ,  and 
statistical compar isons  were  made by Student ' s  t-test.  

R E S U L T S  

Iz:ffect o f  lP  Mus('imol on ADH Release 

Plasma A D H  concentra t ion in unstimulated rats was 
2.6+_0.35/zU/ml. When muscimol  (2 mg/kg) was injected IP 
to control  rats, p lasma A D H  concentra t ions  determined at 
30, 60, 90 and 120 min after muscimol  administrat ion were 
respect ive ly  1.9+_0.18, 1.4_+0.25, 1.6+_0.2 and 1.75+_0.22 
/zU/ml of  plasma (Fig. 1). 

The  maximum decrease  observed  at 60 min after the IP 
administrat ion of  muscimol  proved to be statistically signifi- 
cant  (p<0.01). 
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FIG. 2. Effect of ICV injections of 0 (simple isotonic saline), 0.5, 1 
or 5 /xg of muscimol on plasma ADH concentration. Values are 
means-S .E .M,  of 7-8 data. Difference from controls (dose 0): 
*p<0.01: where not indicated, difference was non statistically signif- 
icant. 

T A B L E  2 

EFFECT OF |CV MUSCIMOL {M) AND OF ICV MUSCIMOL PLUS IP 
BICUCULLINE (BIC) ON PLASMA ADH CONCENTRATION 

Plasma ADH 
Pretreatment Treatment (ktU/ml) No. 

IS + CSF 2.75 + 0.35 7 
IS + CSF+M 1.47 + 0.24* 8 
BIC + CSF+M 2.95 + 0.35~ 7 

Bicuculline (BIC; 2 mg/kg) or 0.9~ NaCI (IS; I ml/kg) were given 
IP 6 rain prior to ICV injection of artificial CSF {5 p,I) without or with 
muscimol (M; 5 /xg). Rats were decapitated 60 sec after the ICV 
injection and ADH extracted from l ml plasma was measured by 
radioimmunoassay, Data are means ± S.E.M. 
*p<0.01 vs. IS+CSF. 
+Non significantly different from IS+CSF. 

In rats  in which  A D H  re lease  was s t imula ted  by the sub- 
c u t a n e o u s  (SC) admin i s t r a t i on  of  HS (1 M NaCI,  15 ml/kg), 
p l a sma  A D H  level  was  8 . 6 2 -  + 1.2/. tU/ml. In these  cond i t ions  
IP musc imol  (2 mg/kg) again p roduced  a c lear -cut  r educ t ion  
of  p l a sma  A D H  levels  (Table  1). In fact rats  t e s ted  60 min 
af te r  musc imol  admin i s t r a t i on  showed  a p lasma  A D H  con-  
cen t r a t ion  o f  5.06___0.6/.tU/ml, which  was s ta t is t ica l ly  lower  
than  that  of  con t ro l s  (9<0.02) .  On the o t h e r  hand,  IP admin-  
is t ra t ion of  IS wi thou t  musc imol  was ineffec t ive  (8.45-+1.3 
versus  8.62-+ 1 .2/xU/ml) .  BicucuIl ine,  g iven IP 6 min before  
musc imol  in ject ion,  comple t e ly  b locked  the  effect  of  mus-  
cimol: in fact p l a sma  A D H  c o n c e n t r a t i o n  af te r  b icucul l ine  
plus musc imol  was 8.75-+1.3, which  was not  s ignif icant ly  
different  f rom tha t  of  cont ro ls .  

~ffect  o f  ICV  Musc imol  on A D H  Release 

Plasma A D H  r e s p o n s e s  to musc imol  in jec ted  into the  lat- 
eral c e r e b r o v e n t r i c l e  in uns t imula t ed  rats  are r epor t ed  in Fig. 
2. T r u n k  b lood s h o w e d  p l a sma  A D H  c o n c e n t r a t i o n  of  
2,55_+0.25, 2.48_+0.28, 2.1_+0.2 and 1.63_+0.15 # U / m l  af te r  
the  in ject ion of  0 (CSF) ,  0.5, I, or  5/,tg of  musc imol ,  respec-  
t ively.  The  d e c r e a s e  in p lasma A D H  level fol lowing 5 p,g of  
musc imol  was s ta t is t ica l ly  s ignif icant  (p<0.01) ,  bu t  the doses  
o f  1 or 0.5 p,g of  the  drug  p roduced  no signif icant  effect.  

The  effect  e v o k e d  by ICV musc imol  (5 gg)  was p r e v e n t e d  
by IP admin i s t r a t i on  of  b icucul l ine  (2 mg/kgL as s h o w n  in 
Table  2. 

Five /xg of  ICV musc imol  evoked  a c lear-cut  inh ib i to ry  
effect  also when  A D H  re lease  was s t imula ted  by  ICV admin-  
i s t ra t ion  of  10 /zl of  HS (Table  3). In fact ,  while cont ro l  
an imals  rece iv ing  1CV HS,  but  not  ICV musc imol ,  showed  a 
p l a sma  A D H  c o n c e n t r a t i o n  of  10.5_+ 1.05 p,U/ml,  ra ts  pre- 
t r ea ted  with musc imol ,  5/zg,  s h o w e d  a p l a sma  A D H  concen-  
t ra t ion  of  6 .8_+0.7/zU/ml,  which  was s ignif icant ly  infer ior  to 
tha t  of  con t ro l  an imals .  Again,  b icucul l ine ,  g iven  IP 6 rain 
before  the  ICV injec t ion of  musc imol ,  comple te ly  b locked  
the effect  o f  the la t ter  drug;  in fact  the o b s e r v e d  A D H  value 
(11.3_+ 1.12) was not  s ignif icant ly  different  f rom that  of con-  
trols  ( 10.5___ 1.05/ . tU/ml of  p lasma) .  

DISCUSSION 

The  resul ts  o f  ou r  e x p e r i m e n t s  show that  the ICV admin-  
is t ra t ion o f  musc imol  s ignif icant ly  inhibi ts  A D H  re lease  bo th  
in uns t imula t ed  rats  and  in ra ts  p r e t r ea t ed  with hype r ton ic  

T A B L E  3 

EFFECT OF ICV MUSCIMOL {M} ON PLASMA ADH 
CONCENTRATION STIMULATED BY ICV ADMINISTRATION OF 

HYPERTON1C SODIUM CHLORIDE SOLUTION {HS) 

Pretreatment 
Treat- Plasma ADH 

IP ICV ment {/~tU/ml) No. 

IS + CSF + HS 10,5 ± 1.05 8 
IS + CSF+M + HS 6.8 ± 0.70* 8 
BIC + CSF+M + HS 11.3 ± 1.12+ 7 

Artificial CSF {5 ~1) with or without muscimol IM; 5 /.tg) was 
injected ICV 15 sec prior to I M NaCI (HS; 10/.tl). Bicuculline (BIC; 
2 mg/kg) or 0.9c/~ NaCI I IS; 1 ml/kg/were given IP 6 rain prior to 1CV 
injection and ADH extracted from I ml plasma was measured by 
radioimmunoassay. Data represent means + S.E.M. 
~p<0.01 vs. IS+CSF+HS.  
+Non significantly different from IS+CSF+ HS. 

sod ium chlor ide  solut ion.  A similar  effect  was also elici ted 
by IP admin i s t r a t ion  of  musc imol ,  but  doses  far larger  than  
those  effect ive  af te r  ICV admin i s t r a t ion  were  requi red ,  thus  
sugges t ing  a cen t ra l  si te of  ac t ion for  the  effect  of  the drug on 
A D H  release .  

The  o b s e r v a t i o n  tha t  the G A B A  an tagon is t  b icucul l ine  is 
able  to b lock  the  inh ib i to ry  effect  of  musc imol ,  gives s t rong 
suppor t  in f avour  of  the  specific i nvo lvemen t  of  G A B A e r g i c  
m e c h a n i s m s  in the effect  of  musc imol  on A D H  release .  In 
this  regard,  our  f indings  showing  the  inh ib i to ry  effect  o f  the 
G A B A  agonis t  musc imol  are c lear ly  cons i s t en t  with p rev ious  
da ta  d e m o n s t r a t i n g  tha t  G A B A  an tagon is t s  evoke  A D H  re- 
lease [10]. Moreove r ,  p resen t  da ta  showing  that  musc imol  
affects  basa l  A D H  release  and  tha t  evoked  by HS,  t aken  
toge the r  with  those  of  a p rev ious  s tudy,  showing  a s imilar  
effect  of  musc imol  a lso on A D H  re leased  by angio tens in  II 
[15], suggest  a genera l  i n v o l v e m e n t  of  G A B A e r g i c  mech-  
a n i s m s  in the  cont ro l  of  A D H  release .  

The  resul ts  o f  the p resen t  s tudy,  whi le  d e m o n s t r a t i n g  a 
c lear -cu t  effect  of  musc imol  on A D H  release ,  do not  give 
ind ica t ions  on the site o f  ac t ion ,  no r  on the m e c h a n i s m s  by 
which  musc imol  exer t s  such an effect .  H o w e v e r  some 
poss ib le  m e c h a n i s m s  may be d iscussed .  First ly,  musc imol  
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may affect  sodium- or osmo-sens i t ive  recep tors  to alter  their  
r e spons ivenes s  to different  sodium chlor ide concen t ra t ions .  
This effect  would be de tec tab le  also in rats non s t imulated 
with hyper ton ic  saline, owing to reduct ion  of  basal stimuli 
coming  f rom these  recep tors  to cen te rs  involved in ADH 
release.  Secondly ,  the GABAerg ic  induced  reduct ion  of  
A D H  release may be exer ted  through a presynapt ic  inhibi- 
t ion in the neural pa thways  connec t ing  sodium- or osmo-  
sensi t ive  recep tors  to cerebral  regions involved in body fluid 

regulation.  This hypothes i s  is suppor ted  by the large evi- 
dence  accumula ted  demons t ra t ing  that  G A B A  is a major  
neuro t ransmi t t e r  in the ver tebra te  central  nervous  sys tem 
[7]. In this regard,  it is no t ewor thy  to ment ion that  high 
concen t ra t ions  of  GABA and o f  its synthet iz ing enzyme ,  
GAD,  have been  demons t r a t ed  in the SON and PVN 16, 12, 
27, 30], and that  micro iontophore t ica l ly  applied GABA is 
able to depress  the firing rate of  most  SON and PVN neurons  
[20,21]. 
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