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Diazepam-Induced NaC1 Solution Intake: 
Independence from Renal Factors 
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TANG, M., C. BROWN, D. MAIER AND J. L. FALK. Diazepam-induced NaCI solution intake: Independence from 
renal filctors. PHARMACOL BIOCHEM BEHAV 1816) 983-984, 1983.--Rehydrating rats injected with diazepam (8 
mg/kg, SC) increased their intake of 2.0% NaCI solution. Neither bilateral nephrectomy nor bilateral ureter ligation 
interfered with the increased NaCI solution ingestion produced by diazepam. It is concluded that the increased intake of the 
NaCI solution is not secondary to renal water-electrolyte losses nor dependent upon intact renal benzodiazepine receptors. 

Renal factors and drinking NaCI intake Salt appetite Diazepam and drinking 

C H L O R D I A Z E P O X I D E  [5], midazolam [ 16] and 
phenobarbital  [5,13] injections all increase NaCI solution ac- 
ceptance in the rat. Since these drugs possess  punishment 
at tenuation propert ies  [4,7], it has been suggested that the 
observed increased hypertonic NaCI solution acceptance 
may be a subclass of  this general action [5]. Thus, the in- 
creased intake of  a noxious NaC1 solution might be analo- 
gous to the increased drinking of  electrified water (e.g.,  [17]). 

Benzodiazepine receptors  are found in organs outside the 
central nervous system, such as the kidneys [1,15], although 
their functions are unknown. Since changes in renal function 
can affect sodium appetite [3, 6, 8, 19], it is possible that the 
kidney might be related to the observed increase in NaC1 
solution acceptance.  The present experiment was designed 
to delineate the role the kidney might play in 
benzodiazepine-induced NaCI solution intake. 

METHOD 

Animals 

Twenty-four  male, albino Holtzman rats with an initial 
mean weight of  381 g (range: 352-406 g) were housed indi- 
vidually in standard,  Acme stainless-steel cages in a 
temperature-control led room with a 12-hr light-dark cycle 
(lights on 0700 to 1900 hr). 

Procedttre 

All animals were adapted to a 23-hr water-deprivation 
schedule for 6 days,  i.e., water (distilled) was available for 
only 1 hr each day. Food (Purina Lab Chow, pelleted) was 

available at all times except  during the l-hr drinking period. 
At 1330 hr each day food was removed from the cages and all 
animals were weighed. Water,  available from 100-ml Richter 
drinking tubes, was then placed on the cages. At the end of 
the l-hr period, water  intakes and any spillages were re- 
corded and drinking tubes removed.  Food was then re- 
placed. On the seventh day,  animals were randomly divided 
into 3 groups differing in the type of surgery given: sham, 
bilateral nephrectomy and bilateral ureter ligation. Half  of 
the animals in each group were given a subcutaneous dose of 
8 mg/kg diazepam 4 hours postsurgery while the remaining 
animals in each group were given a vehicle injection. A 2% 
NaCI solution (w/w) was made available for 1 hr beginning 15 
rain after the injection. As during the adaptat ion days,  no 
food was available during the l-hr drinking period. 

Drugs 

Diazepam (generously supplied by Dr. W . E .  Scott,  
Hof fman-LaRoche ,  Nutley,  N J) was suspended in a 
cornstarch vehicle prepared in the following manner: 2 g of 
cornstarch was added to 98 ml of distilled water and heated 
to a rolling boil while stirring. After  cooling to room tempera- 
ture, the mixture was combined with approximately 0.1 ml 
Tween 80, mixed thoroughly and stored under refrigeration 
for later use. The diazepam suspension was always prepared 
prior to injection by gradually adding 1 ml of  vehicle 
(warmed to room temperature)  to every 8 mg of drug. Injec- 
tion volume was a constant proport ion of  body weight for 
both drug and vehicle injections and was always less than 
0.4 ml. 
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FIG. 1. (Mean (+SE) l-hr ingestion of 2.0c~ NaCI solution by re- 
hydrating rats (N=4 each group) as affected by diazepam (8 mg/kg, 
SC) and renal surgical manipulations. 

Sllt'geFy 

Surger ies  were  per fo rmed  under  e ther  anes thes ia  and 
lasted 10 min so that e ther  exposure  was equal  among  the 
groups.  In order  to equa te  the 3 types o f  surgical p rocedures ,  
an identical  incision was made for all cases.  This consis ted  of  

a 5 cm ventral  midline incision placed be tween  the level  o f  
the b ladder  and the diaphragm.  For  bilateral nephrec tomy ,  
each  kidney was decapsu la ted  and the blood supply oc-  
c luded by placing a hemosta t  be tween  the kidney and the 
aorta.  The blood vessels  were  then tied off, with 00 silk 
suture,  central  to the hemosta t  and the kidney was r emoved  
immedia te ly  lateral to the hemosta t .  In the case of  bilateral 
ure ter  ligation, both ure ters  were  tied off  with 00 silk suture 
about  2 cm above  the bladder .  Sham opera t ion  consis ted  of  
locat ing both kidneys  but nothing was occ luded  or  r emoved .  

RESULTS AND DISCUSSION 

Diazepam significantly increased the l -hr  intake of  2.0% 
NaCI solut ion in 23-hr wa te r -depr ived  rats (see Fig. 1). 
Overa l l  analysis o f  var iance  per formed  on the intake data  
yielded a significant F-rat io for drug effects ,  F( I, 18)=22.20, 
p<0 .001 .  The F-value  obta ined  for surgical effects ,  however ,  
was not significant.  A one -way  analysis o f  var iance  on the 
d iazepam groups alone also did not yield significant intake 
dif ferences  among  the three  surgical groups.  

In addi t ion to NaCI solut ions ,  pun ishment -a t t enua t ing  
agents  also have  been repor ted  to increase  intakes o f  var ious  
o ther  solutions:  citric acid [18] tartaric acid [10] and saccha-  
rin [10,18], and.  on occas ion ,  even  water  [2, 9, 11, 12, 14]. 
Thus ,  it is possible that these  drug- induced increases  in in- 
takes  could be secondary  to renal water  or  e lec t ro ly te  losses.  
This  possibil i ty,  however ,  is e l iminated by the present  find- 
ing that the enhanced  solut ion intake persis ted in animals  
whose  urinary output  is b locked  by bilateral u re te r  ligation. 
The  inability of  bilateral n e p h r e c t o m y  to abolish the drug 
effect  fur ther  demons t r a t e s  that in tactness  of  the renal ben- 
zod iazep ine  receptors  is not necessa ry  for the full express ion  
o f  the effect.  
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