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TURKISH, S. AND S J COOPER Enhancement ~ff sahne ~on,sumptton by ~ hloJdtazepo~tde tn thwsty tats AntagontJm 
by Ro15-1788 PHARMACOL BIOCHEM BEHAV 20(6) 869-873, 1984.--Water-deprived rats were given access to either 
water or a highly preferred 0.9% NaCI solution m a 30 mm drinking test The ammals consumed substantmlly more sahne 
than water Chlordlazepoxlde (2.5-20.0 mg/kg) was administered IP before the drinking test Analysis of the results 
revealed a slgmficant drug treatment × fluid condRlon interaction Chlordmzepox~de produced a preferentml enhancement 
of saline retake, achiewng a peak effect at 5 0 mg/kg. Consideration of the time-course of drinking showed some complexity 
m the way m which chlordmzepoxlde affected the sahne drinking. During the first 6 mm of the drinking period, the drug 
treatments tended to depress consumption, reaching a sigmficant effect at 20 0 mg/kg However, m the following 16 mm 
interval of the drinking test, chlordmzepoxlde slgmficantly elevated sahne consumption The mechamsm for this second 
effect may have been a retardation in the development of satiety Finally, at the end of the drmkmg test, when sahne 
consumption had become satiated, chlordlazepoMde exerted no dlscermble effect The enhancement of sahne consumption 
by chlordmzepox~de appears to have been benzodiazepine-receptor medmted, since the effect was reversed by treatment 
with Ro15-1788, a benzodmzepme receptor antagonist The imphcatlons ofa  benzodlazepme-mduced increase m salt retake 
are briefly considered The overconsumptlon of salt ~s contraindicated m certain chmcal cond~tmns Both stress and 
hypertension are assocmted w~th elevated salt appetite Treatment of these conditions using benzodlazepmes may reqmre 
due consideration of the possible stimulant effect of these drugs on salt appetite 

Chlordlazepoxlde Dnnklng Ro15-1788 Salt retake Thirst Water 

E X P O S U R E  to s t ress  i nc reases  the  c o n s u m p t i o n  of  sod ium 
chlor ide  (NaC1) so lu t ions  in wdd  rabb i t s  [9] and  mice  [19]. 
Endocr ino log ica l ly ,  s t r e s so r s  p roduce  c o n c o m i t a n t  p i tu i tary  
re lease  of  a d r e n o c o r t i c o t r o p h i c  h o r m o n e  ( A C T H )  and  
/3-endorphin [14], and  ac t iva t ion  of  the  r en in -ang io t ens in  sys- 
t em [18]. E a c h  of  these  h o r m o n a l  m e c h a n i s m s  m ay  con t r ib -  
ute to the  s t r e s s - induced  sal t  appet i te .  A C T H  is k n o w n  to 
s t imula te  sal t  in take  in ra ts  [27] and  wild rabb i t s  [2], cen t ra l  
admin i s t r a t i on  of  ang io tens in  II (Al l )  inc reases  sal t  in take  in 
ra ts  [1], and  na loxone  (an opia te  r ecep to r  an tagon i s t  wh ich  
b locks  the  effects  of  f l - endorph in)  oppos e s  s t r e s s - induced  
sal t  appe t i te  in mice [19]. S t ress  and  e leva ted  sal t  c o n s u m p -  
t ion  have  b e e n  i m p h c a t e d  as r i sk-fac tors  in the  d e v e l o p m e n t  
o f  hype r t ens ion .  In te res t ing ly ,  s p o n t a n e o u s l y  h y p e r t e n s i v e  
ra ts  (SHR)  show an  e l eva ted  sal t  in take ,  wh ich  can  be  
b locked  w~th c a p t o p n l ,  an  ang lo tens in  c o n v e r t i n g  e n z y m e  
inh ib i to r  [ 10]. 

It is r ecogn i sed  tha t  b e n z o d i a z e p i n e  t r e a t m e n t s  afford 
p ro t ec t i on  agains t  some effects  of  s t r e s so r s  [15]. Ben-  
zod i azep ine s  a lso confe r  benef ic ia l  ef fects  in the  t r e a t m e n t  of  
hype r t ens ion .  Dally in jec t ions  of  d i a z e p a m  (1 mg/kg) de lay  
the  d e v e l o p m e n t  o f  h y p e r t e n s i o n  in ra ts  wh ich  have  b e e n  
ch ron ica l ly  expose d  to s t ressful  cond i t ions  [25]. T h e s e  da ta  
sugges t  the i m p o r t a n c e  o f  de t e rmin ing  poss ib le  effects  of  

1Requests for reprints should be addressed to S. J Cooper. 

b e n z o d i a z e p m e  t r e a t m e n t s  on  sal t  intake.  P ro tec t ion  agains t  
s t ress  may  co-va ry  w~th an  a t t enua t i on  of  s ahne  ac- 
ceptabd~ty,  and  the re fore  we m~ght expec t  b e n z o d l a z e p i n e s  
to r educe  sal ine c o n s u m p h o n .  On the  o the r  hand ,  the  s t rong 
ev idence  that  b e n z o d i a z e p i n e s  genera l ly  e n h a n c e  inges t lonal  
r e s p o n s e s  (at leas t  at  mode ra t e ly  low dose  levels)  [4,6] 
suggests  the oppos i te  may  be  t rue.  

The  a im of  the first e x p e r i m e n t  was  the re fore  to examine  
the  effects  of  ch lo rd l azepox lde  (CDP),  ove r  the  dose - range  
2 .5-20.0 mg/kg, on  the  c o n s u m p t i o n  of  wa te r  or  of  a 0.9% 
NaCI solut ion in th i r s ty  rats .  The  c o n c e n t r a t i o n  of  m a x i m u m  
sahne  a c c e p t a n c e  is a b o u t  0 .8-0 .9% [13,26], and  p roduces  
s igmficant ly  h igher  levels  of  re take c o m p a r e d  wi th  wa te r  [7, 
13, 16]. The  s tudy  was  des igned  wi th  the  a im of  be ing  able to 
de tec t  any  s lgmficant  in t e rac t ion  b e t w e e n  drug t r e a t m e n t s  
and  the  levels  of  wa te r  vs.  s ahne  c o n s u m p t i o n .  

E X P E R I M E N T  1 

METHOD 

Ammals 

The  subjec t s  were  120 male ,  b l ack  h o o d e d  rats  (Genera l  
s t ra in)  b r ed  in the  Psycho logy  D e p a r t m e n t ,  Un ive r s i t y  of  
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Birmingham. They were housed individually in stainless 
steel cages,  normally with free access to food pellets (mod- 
ified Diet  41B, Heygate  and Sons,  U.K.) .  They were  main- 
tained under  a 12 hr light-12 hr dark cycle (lights on at 7 
a m . )  and the room temperature  was kept constant  at 21- 
22°C The animals were adapted over  several  weeks  to a 
water  deprivat ion schedule which revolved removal  of  water  
from the home cage for 24 hours on al ternate days. Care was 
taken to famdmnse  the animals with relevant  procedures  be- 
fore running the drug trials They were handled and weighed 
regularly,  and received exper ience  of  injections of  isotonic 
sahne They weighed 350-450 g at testing 

Procedure 

Animals were subdivided into two equal groups.  The first 
group was given access to water  in a 30 min drinking test,  
fol lowing a 24 hr water-depr ivat ion period. The second was 
given access  to 0.9% saline solution in a 30 mln drinking test,  
following a 24 hr water-depr ivat ion period. During the tests,  
food was r emoved  from the home-cage for each group. 
Animals  were famtliarised with these procedures ,  before 
drug trials began 

Within each group, animals were  allocated to 6 injection 
condit ions (n= l0 per condition) in order  to examine  the ef- 
fects of  chlordiazepoxide  hydrochlor lde  (CDP) on fluid con- 
sumptlon.  For  each group, the injection condit ions were 2.5, 
5.0, 10.0, 15.0 and 20.0 mg/kg CDP, and an isotonic saline 
condition.  All InJections were  administered IP 25-30 rain be- 
fore the start of  the drinking test. Doses  are expressed in 
terms of  salt, and the injection vo lume was 1 ml/kg. 

For  the drinking test, the fluids (water  or  0 9% sahne) 
were  provided in a calibrated cylinder which was clipped to 
the front of  the cage,  with the metal spout protruding into the 
interior Fluid retake was measured at 6 mln intervals 
throughout  the test to the nearest  0 5 ml. Hence ,  the 
"s ingle-s t imulus  m e t h o d "  [26] was employed to compare  the 
consumpt ions  of  water  and 0.9% saline, respect ively.  The 
volume of  liquid consumed in a single stimulus test  is defined 
as an a( ~ eptatu e measure,  and should not be confused with 
a measure  ofpreferen~ e [11] 

Statistical analysis of  the data was carried out using a 
3-way analysis o f  var iance (ANOVA) ,  to assess the main 
effects of  fluid condit ion,  drug t reatments  and the t ime- 
course  of  drinking, and any interactions be tween these fac- 
tors Individual compar isons  against the control  vehicle 
group were made using a Dunnet t ' s  t-test (one-tailed com- 
parisons). 

RESULTS AND DISCUSSION 

Water-depr ived rats displayed a strong acceptance  of  the 
0.9% NaC1 solution. The intake of  the salt solution was sig- 
nificantly greater  than the intake of  water ,  F(I ,  108)= 176.21, 
p<0.001 Figure 1 depicts the 60.6% elevat ion in fluid Intake 
which occurred over  the 30 mln drlnkng period,  in animals 
given access  to the salt consumpt ion,  when intakes of  water  
and sahne are compared  under  the control  vehicle condit ion 
(labelled SAL).  

An A N O V A  revealed a significant drug x fluid condit ion 
interaction,  F(5,108)=2.46, p<0.05 .  CDP t reatments  ele- 
vated fluid consumpt ion,  but there was a particularly marked 
effect on saline intake (Fig 1). The peak effect of  CDP on 
saline consumpt ion occurred at a dose level of  5 mg/kg (Fig. 
1), when there was an 86.5% elevat ion in saline intake com- 
pared with the corresponding level of  water  intake This re- 
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FIG. l Effects of CDP (2 5-20 mg/kg) on the retake of a 
maximally-preferred 0 ~/~, sahne solution (0) and of water (C,), in 
water-deprived rats over a 30 mm period Each data point represents 
the mean score for 10 animals Vertical hnes indicate SEM Hori- 
zontal interrupted hnes show basehne levels of consumption follow- 
mg rejection of drug vehicle (SAL). *Indicates s.gmficanI differ- 
ences from corresponding control group (p<0 05, Dunnett's test) 

suit is all the more striking given the already e levated control 
level consumpt ion  of  the salt solution The results indicate 
that the salt concentra t ion and CDP treatments  potentiate in 
their effects to e levate  fluid consumption.  

The A N O V A  also showed a highly significant t ime-course 
main effect,  since the level of  fluid consumpt ion  dechned 
during the dnnklng test in each group of  animals tested, 
F(4,432)=414.0, p < 0  0001 As described previously [7,15], 
the satiation of  drinking was retarded in the animals given 
0.9% saline to drink, compared  with those given water  (sig- 
nificant fluid condit ion x time interaction,  F(4,432)= 11 33, 
p<0.0001)  Table 1 shows the effect as ~t occurred in the 
present  exper iment  There  was a significant 3-way interac- 
tion term in the A N O V A ,  F(20,432)= 1 77, p < 0 . 0 5  The ef- 
fects of  the CDP treatments  on the consumpt ion of  the 0.~'A, 
saline solution were  dependent  on the t ime interval of  the 
test 

Figure 2 illustrates representat ive  t ime-course  data. Re- 
sults for the 5 mg/kg CDP dose (which produced the peak 
effect on saline acceptance)  are shown,  together  with the 
results for the 20 mg/kg dose,  which produced a significant 
initial depression in drinking For  the exper iment  as a whole,  
there was a significant dose x t ime interaction,  
F(20,432)=3 08, p<0.001 As Fig. 2 shows,  there was a tri- 
phasic effect of  CDP on saline consumpt ion  as a function of  
the time intervals. During the first 6 min period of  access  to 
the 0 9% NaCI solution, when control intake was as its high- 
est, CDP treatments  appeared to exert  a slight depressant  
effect on consumpt ion Thts effect was significant at the 20 
mg/kg dose level.  Since all animals began drinking as soon as 
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T A B L E  1 

TIME-COURSE OF DRINKING SHOWING THE SIGNIFICANTLY GREATER 
CONSUMPTION OF 0 9% SALINE COMPARED WITH WATER BY WATER-DEPRIVED RATS 

ADMINISTERED A CONTROL INJECTION 

Time 6-mm intervals 
Flmd 
condition 1 2 3 4 5 Total 

Water 11.3 4 0 0.6 0 5 0.4 16 8 
-+0 5 _+0.4 _+0 2 _+0.3 _+0 2 _+0.7 

0 9% sahne 12.6 7 1 2.4 2 6 1 9 26.8 
_+0 8 _+0 5 _+0 6 _+0 9 +_0.6 _+2 6 

Results are shown m terms of mean + SEM (n= 10 per group) 

the drinking tube was cl ipped into posit ion,  the initial CDP- 
induced depression could not be attr ibuted to longer  laten- 
cles to begin drinking. Significant e levat ions  In drinking due 
to the CDP t rea tments  occurred  in the fol lowing two 6 mln 
intervals  (Fig. 2) Finally,  at the end of  the drinking period,  
when control  animals showed virtually comple te  satiation of  
drinking, there were  no longer  any significant increases in 
saline drinking following CDP treatments .  These  results 
cannot  easily be interpreted in terms of  baseline- 
dependency .  Clearly,  the CDP t reatments  did not enhance  
the initial phase of  avid saline consumpt ion ,  but they did 
retard the deve lopment  of  satiation ove r  the course  o f  the 
drinking period. 

Thus,  CDP t rea tments  can enhance  saline acceptabil i ty,  
and so produce enhanced  consumpt ion  of  salt solutions. In 
this exper iment ,  CDP exaggerated the relat ive magnitude of  
0.9% saline drinking compared  to that of  water  drinking. 
There  was not a constant  effect  of  CDP to increase con- 
sumptlon in the two cases,  but a greater  effect  in the case of  
saline consumpt ion.  Falk and Burnidge [12] previously re- 
ported that CDP t rea tments  enhanced  the consumpt ion  o f  an 
avers ive  1.5% NaCl  solution in water -depr ived rats. They  
found that CDP (7.5-30 mg/kg) increased the consumpt ion  of  
1 5% NaCl  solution f rom <6  ml/100 g body weight to > 9  
ml/100 g in albino rats (mean weight  >350 g). The present  
data  emphas ize  that CDP can also increase the consumpt ion  
of  a maximal ly-acceptable  saline solution. CDP at 5.0 mg/kg 
increased the consumpt ion  of  0.9% NaCl  by 7.6 ml above  the 
control  level  of  intake. At this stage, it is pars imonious  to 
suggest that CDP t rea tments  enhance  the intakes of  both 
acceptable  and avers lve  NaCl  solutions,  and there is as yet 
no strong ev idence  that the drug t reatments  are more effec- 
tive with regard to one concent ra t ion  of  NaCl  solution com- 
pared to another .  The  pattern of  results for CDP bear  com- 
parison with those repor ted  for phenobarbi tal .  Phenobarbi tal  
(40 mg/kg) increased the consumpt ion  of  acceptable  and av- 
erslve NaCI solutions in water -depr ived rats [24]. The results 
stand in contrast ,  however ,  to those repor ted  for morphine  in 
mice.  Morphine  increased the preference  for an avers lve  3% 
NaC1 solution in mice,  but had no effect on preferred NaCl  
solutions [19]. These  data suggest that there  are interest ing 
pharmacological  compar isons  to be made with regard to 
sahne acceptabil i ty and aversion.  
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FIG. 2 Effects of CDP at selected doses (5 0 and 20 0 mg/kg) on 
0 9% sahne retake for consecut,ve 6 mln intervals of a 30 mm dnnk- 
mg test Mean scores are for 10 animals (SEMs are omitted for 
clarity). *Indicates significant differences from baseline level of 
drinking (©) p<0.05, Dunnett's test 

zodiazepine receptor  antagonist  [3, 5, 8, 15, 17, 20, 21, 22]. 
The aim of  the second exper iment  was to determine whether  
or  not the CDP-induced  enhancement  of  saline drinking 
could be reversed  by Ro15-1788. 

METHOD 

Animals 

The subjects were 90 additional male,  black hooded rats 
(General  strain) which were  treated as descr ibed in Experi-  
ment  1. They were  within the same range at testing. 

E X P E R I M E N T  2 

Ro15-1788 has been deve loped  as a specific ben- 

Pro~ edure 

The animals were  first divided into three equal groups.  All 
were  familiarlsed with drinking a 0.9% saline solution in a 30 
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m m  dr inking  tes t  (food absent ) ,  fol lowing a 24 hr  water-  
dep r iva t ion  period.  Each  an imal  rece ived  two inject ions  
pr ior  to the dr inking test .  For  the  first in ject ion,  the th ree  
g roups  were  admin i s t e r ed  0, 5 0 or  10.0 mg/kg CDP,  respec-  
twely ,  IP, 25-30 mm before  the s tar t  of  the  dr inking  test .  
Wi th in  each  group,  the  an imals  were  divided into th ree  equal  
subgroups ,  and  rece ived  0, 3.0 or  I0 mg/kg Ro15-1788, re- 
spec t ive ly ,  IP, 15-20 min before  the start .  C D P  was d~s- 
so lved  m l so tomc saline,  and  doses  refer  to the  hydroch lo -  
ride salt. Ro15-1788 was suspended  in disti l led water ,  to 
which  T w e e n  80 was added  (2 d rops  to 10 ml). I n j ec tmn  
vo lumes  were  1 ml/kg. The  da ta  were  ana lysed  using 
A N O V A  procedures ,  to de tec t  poss ible  s ignif icant  mare ef- 
fects  of  the CDP and  Ro15-1788, and  impor t an t ly  w h e t h e r  or 
not  the re  was a s~gnificant d rug  in te rac t ion  

RESULTS AND DISCUSSION 

As Table  2 shows,  CDP (5 0 and 10 mg/kg) s ignif icant ly 
e n h a n c e d  the  in take  of  the  pala table  0.9% NaCl  solut ion 
The re  was  no  inc rease  m sahne  c o n s u m p t i o n  dur ing  the  first 
6 m m  per iod of  the  dr inking  tes t  (Table  2a). The  increase  
occu r red  in the fol lowing 12 mm per iod,  when  cont ro l  
an imals  typical ly  begin  to show sat ia t ion of  the  dr inking  re- 
sponse  (Table  2b) The  b e n z o d m z e p m e  r ecep to r  an tagonis t ,  
Ro15-1788, d isplayed no intr insic  effects  on saline c o n s u m p -  
t ion,  but  did b lock  C D P ' s  e n h a n c e m e n t  of  saline dr inking.  
H e n c e  the  m e c h a n i s m  for  the inc rease  m salt  appet i te  
p roduced  by CDP  appea r s  to be b e n z o d m z e p i n e - r e c e p t o r  
media ted .  

G E N E R A L  D I S C U S S I O N  

The  resul ts  of  the two expe r i m en t s  d e m o n s t r a t e d  that  (I)  
CDP  t r e a t m e n t s  did not  p roduce  equ iva len t  effects  on  the  
c o n s u m p t i o n  of  0 9% sahne  and  water ,  r espec t ive ly ,  CDP  
t r e a t m e n t s  e n h a n c e d  the g rea te r  acceptabi l i ty  o f  the salt 
so lu t ion;  the  peak  CD P effect  occu r red  at  a dose  level of  5.0 
mg/kg (2) the  CDP- tnduced  increase  in saline inges t ion was 
t ime-dependen t ,  and  occu r r ed  only  dur ing the  middle  phase  
of  dr inking  when ,  unde r  b a s e h n e  condi t ions ,  sa t ie ty  was m 
the  p rocess  of  deve lop ing ,  (3) the  CDP- induced  increase  in 
sahne  c o n s u m p t i o n  was r eve r sed  by Ro15-1788, the  ben-  
zod iazepme  r ecep to r  an tagon is t  g iven  a lone  had  no slgmfi- 
cant  effect  on  saline re take 

In the  doses  used,  CD P  did not  act to a t t enua te  inges t ion 
of  a maximal ly  preferred  salt solut ion.  Ev idence  ci ted in the  
in t roduc t ion  indica tes  that  salt re take is e n h a n c e d  by s t ress ,  
and an  increased  salt appe t i te  ~s assoc ia ted  with hyper t en -  
sion. Al though  b e n z o d l a z e p m e  t r e a t m e n t s  modu la te  effects  
of  s t ress ,  and  can  reduce  hype r t ens i on  [15, 23, 25], we did 
not  find that  CDP  t r e a t m e n t s  coun te rac t  salt appet i te  In 
fact,  the oppos i te  resul t  was  ob ta ined  CD P t r e a t m e n t s  ap- 
peared  to preferent ia l ly  exaggera te  the acceptab i l i ty  of  a 
pa la tab le  salt solut ion.  T a k e n  wlth data  f rom a p rev ious  
s tudy [12], the  p resen t  resul t s  suggest  tha t  CD P  may  act  to 

T A B L E  2 

INTERACTIONS BETWEEN CDP (5 AN D 10 mg/kg) AND THE SPECIFIC 
BENZODIAZEPINE RECEPTOR ANTAGONIST Ro15-1788 13 AND 10 
mg/kg) IN RELATION TO 0 9"7c SALINE CONSUMPTION (ml) IN THE 

WNI ER-DEPRIVED RAT 

CDP (mg/kg) 

0 5 10 

la) 0-6 Mln Interval 

Ro15-1788 
Img/kg) 

Ib) 6-18 Mln Interval 

Ro15-1788 
Img/kg) 

0 12 8 11 8 10 1 
+_1 12 +1 29 +062 

3 126 128 I1 1 
*0 47 ±0 82 +0 99 

l0 12 4 12 1 11 5 
+0 72 _+0 62 -__0 77 

0 10 9 15 3 17 5 
±l  03 +078  +l  12 

3 113 133 146 
+ l  00 ±l  43 +l  68 

10 12 9 13 6 11 5 
1 50 + 1 47 +0 79 

The data are shown separately for the first 6 rain interval and the 
subsequent 12 mln 16--18 mln) interval of the 30 mln drinking period 

Results are shown in terms of mean + SEM In= 10 per group) 
ANOVA revealed no significant effects of CDP or Ro15-1788 treat- 
ments, or a significant interaction term, for the data of the first 6 rain 
interval There was, however, a significant CDP ~, Rol5-1788 in- 
teraction effect Ip<O 05) in the data of the 6-18 rain interval 
Planned orthogonal contrasts revealed significant effects of CDP 
treatments, m the absence of Ro15-1788 

p < 0  005, one-tailed) No drug-combination condltmn differed 
significantly from the control level of intake (Newman-Keuls test) 

inc rease  salt appet i te .  It r emains  to be d e t e r m i n e d  w h e t h e r  
or  not  CDP  t r ea tmen t s ,  ove r  a comparab l e  range  of  doses ,  
successful ly  e n h a n c e  s t ress - reduced  or  hype r t ens ion - re l a t ed  
salt  appe t i te  It would be impor t an t  to e s t a b h s h  effects  of  
b e n z o d i a z e p m e  t r e a t m e n t s  m these  ins tances .  There  may  be  
a d i ssoc ia t ion  b e t w e e n  effects  of  b e n z o d l a z e p i n e s  on s t ress  
and /or  hype r t ens ion  and the i r  effects  on salt appe t i te ,  if so, 
the  d issoc ia t ion  would de se rve  chmcal  cons lde ra tmn .  Fi- 
nally,  our  resul t s  with  CDP and  the  an tagon is t  Ro15-1788 
lmphca te  benzod l azep lne  r ecep to r  m e c h a n i s m  m the neural  
subs t r a t e s  under ly ing  the  cont ro l  of  salt in take  
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