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SANGER, D. J. AND I). I'. BLACKMAN. l',ffects of diazepam and ripazepam on two measures o]ad]unctive drinking in 
rats. PIIARMAC. BI(X?IIEM. BtSHAV. 5(2) 139 142, 1976. Four rats were maintaincd at 85% of their pre-experimental 
body weights and were given daily I hr sessions during which they were each placed in a test chamber in which a 45 mg 
food pellet was delivered regularly every rain independently of behavior. During these sessions water spouts were available 
to the rats and all 4 animals developed high levels of adjunctive drinking, a burst of licking typically following the 
consumption of each food pellet. This behavior was found to be sensitive to the effects of diazepam and ripazepam. Small 
doses of both drugs increased the volume of water consumed druing a session. The number of licks was not increased to the 
same extent, however. Larger doses of both drugs resulted in decreased numbers of licks and decreased water intake 
although licking appeared on several occasions to be mort sensitive than water intake to this action of the drugs. A possible 
explanation of these effects is that the drugs affected lhe topography of the rats' licking at the water spouts. Whatever the 
mechanism inw~lvcd, however, these results suggest that in such experiments measures of both water intake and number of 
licks should be obtained. 
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WHEN food deprived animals receive small por t ions  of  food 
delivered in te rmi t ten t ly  they have been observed to drink 
large quant i t ies  of  water ,  a burst  of drinking typically 
occurring after the consumpt ion  of each food por t ion  [5] .  
This behavior has been described as schedule- induced 
polydipsia and it has been suggested that  it is one of  a class 
of behaviors which Falk [7] has named adjunctive.  

Several reports  have described the effects  of  amphe ta -  
mines on adjunctive drinking, which is generally a t t enua ted  
by the adminis t ra t ion  of these drugs 16, 11, 14, 15, 1~)1. 
Wayner et al. [ l g ] ,  however ,  observed increases in ad- 
junct ive drinking after  the adminis t ra t ion  of  small doses of  
d -amphe tamine  to a rat with a relatively low baseline rate 
of drinking. Decreases in adjunctive drinking have also been 
reported after  adminis t ra t ion  of pen tobarb i ta l  16,151, 
a t ropine  [3] and e thanol  [g] and drinking has been found 
to be increased by certain doses of  zx ~ THC [ 17]. 

Recent ly  a number  of expe r imen t s  have investigated the 
actions of ch lord iazepoxide  on adjunctive drinking. 
McKearney [11] sludied the adjunctive licking of  rats 
which were mainta ined on a fixed-interval schedule of  
re inforcement  for which the operant  response was also 
licking the water tube. Chlord iazepoxidc  was found to have 
little effect  on or even to decrease the number  of  adjunctive 
licks, at doses which actually increased rates of  operant  
licking. Barrett and Weinberg [2] also investigated ad- 
junctive drinking on a fixed-interval schedule a l though in 
their exper iment  the animals were squirrel monkey s  and the 

operant  response was a lever press. These exper imenters  
found that  ch lord iazepoxide  increased adjunctive drinking, 
measured in this case as the amoun t  of fluid {either water  
or an e thanol  solut ion)  consumed.  A facilitation of ad- 
junct ive drinking after  the adminis t ra t ion  of  chlordiazepox-  
ide has also been repor ted  by Sanger and Blackman [13] 
who found that  a {lose of this drug enhanced  the 
acquisit ion of adjunctive licking in one group of  rats while 
reducing levels of established licking in a second group. 
More recently,  Bacotti  and Barrett [1] have also reported 
that ch lord iazepoxide  increases levels of adjunctive drinking 
in rats. 

Al though there are several d i f ferences  be tween  the 
results obta ined in these exper iments  it seems clear that 
adjunctive drinking is sensitive to the act ions of  chlordiaze- 
poxide.  The presenl exper iment  was an a t t empt  to obtain 
fur ther  informat ion  concerning the act ions of similar drugs 
on this pat tern  of  behavior.  The drugs used were diazepam, 
which,  like chlordiazepoxide ,  is a benzodiazepine ,  and 
ripazcpaln ( former ly  known as pyrazapon) .  The latter is a 
pyrazolodiazcpinone ,  rather  than a benzodiazepine ,  but has 
heen shown to share several of  the pharmacological  and 
behavioral act ions of  ch lord iazepoxide  [ 12]. 

METIlOI) 
A n ima ls 

Four  female hooded  rats, approximate ly  150 days old at 
the beginning of the exper iment ,  served as tes! animals. 

We are grateful to Roche Products Limited who supplied lhe diazepam and to Parke Davis and Company who provided us with ripazepam. 
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They Were individual ly  housed  and ma in ta ined  at 85% of  
their  p re -exper imenta l  weights  which  were wi th in  the  range 
1 8 5 - 2 0 0  g. Water  was c o n t i n u o u s l y  available in the h o m e  
cages. 

Apparatus 

The appara tus  consis ted of  2 s tandard  operan t  test  
chambers  (L.V.E.)  enclosed in sound  and light p r o o f  ou te r  
cubicles.  In each c h a m b e r  the  lever to the r ight  of  the food 
chute  was removed as were the  3 s t imulus  l ights s i tua ted  
above this  lever. Pieces of steel were used to cover  the  
resul t ing openings  wi th  the  excep t ion  of  tha t  p roduced  by 
the removal  of  the middle  s t imulus  light (1.5 cm in dia.). A 
plastic water  tube  was securely fixed to the outs ide  of  each 
chambe r  so t ha t  the  meta l  spou t  was pos i t ioned  just  beh ind  
( app rox ima te ly  1 - 2  ram) this opening.  When placed in the  
chamber s  the  rats could reach t h r ough  the open ings  to lick 
the wate r  spouts .  Each spout  was app rox ima te ly  5.5 cm to 
the right of  and 8 cm higher  than  the food chute .  Con tac t s  
with  the  spouts  were sensed by con tac t  relays which  were 
connec t ed  to the spou t s  and the grid f loors  of  the  test  
chambers .  P rogramming  of  the e x p e r i m e n t  and recording of  
l icking were achieved by means  of  s tandard  electro-  
mechanica l  e q u i p m e n t .  

Procedure 

The rats were given 2 one hr sessions to allow them to 
adapt  to the test chambers .  During these  sessions a few 
food pellets  (45 rag) were placcd in the  food chutcs  and the  
water  tubes  were in place. Af te r  this adap t ion  to the 
chambers ,  the an imals  were given daily sessions dur ing  
which 60  45 mg food pel lets  were delivered regularly at I 
rain intervals to  each animal  i n d e p e n d e n t l y  of  its behavior .  
The n u m b e r  of licks which  occurred  af ter  thc delivery of  
each pellet  was recorded,  as was the  volume of wate r  
consumed  dur ing  each session. At the  end of  each session 
the chamber s  were checked for possible spillage bu t  unde r  
none  of  the cond i t ions  of the present  exper inaent  could 
spillage be de tec ted .  

When all four  animals  developed s teady day to day 
dr inking baselines,  drug admin i s t r a t i on  was begun.  The  
drugs used were d iazepam in doses of  0 . 1 , 0 . 3 ,  1.0, 3.0 and 
5.6 mg/kg and r ipazepam in doses of  I. 3, 10, 30 and 56 
mg/kg. Both  drugs were injected IP as suspens ions  in 1% 
Tween  80 in physiological  saline. In jec t ions  were given 
approx ima te ly  5 rain before  the start  of a session and al 
least 3 nond rug  days separa ted  successive drug days, the 
vehicle being injected on all nondrug  days. Admin i s t r a t i on  
of r ipazepam preceded tha t  of  d iazepam and the  doses of  
bo th  drugs were given in a mixed order ,  the order  being 
di f ferent  for each animal.  

RFSUI,TS 

The four  rats developed cons i s t en t ly  high levels of  
adjunct ive  dr inking.  A burs t  of l icking would typical ly 
follow immedia te ly  af ter  c o n s u m p t i o n  of  each of  55 to 60 
food pellets  of the 60 delivered dur ing  each session. Each 
animal  consumcd  app rox ima te ly  1 5  25 ml of  wate r  dur ing  
each session which represen ted  a p p r o x i m a t e l y  5 , 0 0 0 -  
10,000 licks per session. The effects  of d iazepam and 
r ipazepam were assessed bo th  in te rms of the vo lume of  
water  consumed  and also in ter tns of  the to ta l  n u m b e r  of  
licks. 

Figure I presents  dose-response  curves showing  the 
effects  of b o t h  d iazepam and r ipazepam on levels of  water  
intake in the  4 individual  animals.  Vo lumes  of  water  
consumed  af ter  each drug admin i s t r a t i on  are shown in 
compar i son  with the mean  and comple t e  range of  con t ro l  
values of this measure  t aken  f rom the  sessions immedia t e lv  
preceding drug sessions (i.e., 10 con t ro l  sessions for each 
rat). The highest  dose of b o t h  drugs reduced levels of  water  
in take  in 3 of the 4 rats while  lower doses e i the r  had no 
effect  on or increased these levels. At least one dose of  
d iazepam produced  a small increase in water  in take  in all 
but  one  IR 1) of  the animals  while r ipazepam in doses of  
e i ther  3.0 or 10 mg/kg produced  larger increases in all 4 
rat s. 

Dose-response curves showing the effects  of  the 2 drugs 
on a m o u n t  of l icking are presented  in Fig. 2. A l though  
these curves appear  general ly similar to those  presented  in 
Fig. I close compar i son  of these 2 figures shows a n u m b e r  
of  differences.  The  increases in levels of water  in take  
p roduced  by lower and in t e rmed ia t e  doses of  b o t h  
d iazepam and r ipazepam are f requen t ly  not  accompan ied  
by increases in levels of licking. For  ins tance,  r ipazepam at 
3.0 mg/kg, which  increased levels of  wate r  in take  in three  
animals,  did not  increase number s  of  licks. Licking was 
increased to values outs ide  the  range of con t ro l  rates only 
by 0.1 mg/kg of d iazepam in R 2 and R 4 and by 1.0 mg/kg 
of r ipazepam in R 2. However ,  these doses did not  increase 
levels of  water  in take  in any animal.  This apparen t  
dissociat ion be tween  the drug effects  on  wate r  in take  and 
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I'IG. 1. Dose response curves showing the effects of diazepam and 
ripazepam on levels of water intake in the 4 individual rats. Each 
Ixfint shows the volume of water ingested after one administration 
of each dose except for the points at (" which show the means and 
complete ranges o f  water intakes for sessions immediately preceding 

each drug session (i.e., 10 sessions for each animal). 
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FIG. 2. Dose response curves showing the effects of diazepam and 
ripazepam on numbers of licks in the 4 individual rats. Each point 
shows the number of licks during a complete session after one 
administration of each dose exept for the points at C which show 
the means and complete ranges of numbers of licks for sessions 
immediately preceding each drug session (i.e., 10 .sessions for each 

animal). 

on licking was also shown at higher  doses of  b o t h  drugs 
when,  on scveral occasions,  lick rates were decreased to 
values outs ide  the  con t ro l  range while levels of  wa te r  in take  
were unaf fec ted .  Such an cffect  was seen wi th  3.0 mg/kg  of  
d iazepam in R 1, R2 and R 3, and wi th  at least one dose of  
r ipazepam with  all 4 animals.  

I)ISCUSSION 

Both  d iazepam,  a bcnzod iazep ine ,  and r ipazepam,  which  
has been shown  to have pharmacolog ica l  ac t ions  similar to 
those  of  the  benzod iazep ines  [12]  were found  to increase 
levels of  ad junct ive  d r ink ing  in rats. This  rcsult  is cons i s ten t  
with tha t  ob t a ined  by Barre t t  and Weinberg 12] who  found  
that  levels of ad junct ive  dr ink ing  in squirrel  m o n k e y s  wcre 
increased by the  adm i n i s t r a t i on  of  ch lord iazepoxide .  The  
fact tha t  there  were several d i f ferenccs  in p rocedure  
be tween  the present  e x p e r i m e n t  and tha t  repor ted  by 
Barret t  and Weinberg,  inc luding the  species of  animal ,  the 
schedule  on which  food was delivered and the  par t icular  
benzod iazep ine  used, suggests tha t  anx io ly t i c  drugs may 
enhancc  ad junc t ive  dr ink ing  unde r  a wide range of  experi-  
menta l  condi t ions .  An increase in levels of b o t h  wate r  
in take  and l icking has also been  repor ted  by Bacot t i  and 
Barre t t  I1] who  admin i s te red  ch lo rd i azepox ide  to rats 

whose food- re in forced  lever pressing was ma in t a ined  by a 
mul t ip le  f ixed- interval  f ixed-rat io  schedule.  McKearney  
[ 1 1 ] ,  however ,  did not  find tha t  ch lo rd iazepox ide  in- 
creased levels of  ad junc t ive  l icking in rats. It is possible tha t  
this result  may have been  related to the fact tha t  in 
McKearney ' s  e x p e r i m e n t  l icking was also the ope ran t  
response.  A n o t h e r  possibi l i ty,  however ,  is tha t  the failure to 
observe enhanced  adjunct ive  d r ink ing  was due to dr ink ing  
being measured  on ly  in t e rms  of  licks. 

In the present  e x p e r i m e n t  some d issoc ia t ion  was ob- 
served be tween  the ways in which  the two measures  of  
adjunct ive  dr ink ing  were affected by the  drugs, in general ,  
it seemed tha t  the measure  of  water  in take  was more  
sensitive to  increases in dr inking  while l icking was more  
sensit ive to decreases. These results  suggest tha t  the drugs 
may have al tered the  t o p o g r a p h y  of  licking, tha t  is the way 
in which  the  rats  licked the wate r  spouts .  A fu r the r  
possibil i ty,  which  might  be m e n t i o n e d ,  is tha t  the drugs 
increased local rates of  licking to such an e x t e n t  tha t  the 
e l ec t romechan ica l  coun te r s  were unab le  to coun t  every lick. 
a l though  it appears  f rom the available evidence tha t  
var ia t ions  in rates of l icking tend to be small  14]. 

Whatever  thc reason for these d issocia t ions  of  wa te r  
intake and n u m b e r s  of licks the present  results  indicate  tha t  
expe r imcn t s  in which  the effects  of  drugs on adjunct ive  
dr inking,  and indeed dr inking  in o t h e r  s i tua t ions ,  are 
s tudied should  measure  b o t h  the  vo lume of fluid consumed  
and the  n u m b e r  of  licks. In most  of  the  publ i shed  
expe r imen t s  which  have invest igated the ac t ions  of  drugs on  
adjunct ive  dr ink ing  only  a single measure  of dr inking,  
usually licking, has been repor ted .  The  e x p e r i m e n t  des- 
cribed by Wayner  et al. [181 in which the effects  of  
d - a m p h e t a m i n e  were s tudied provides  an excep t ion  to this 
general izat ion.  In this expe r imen t ,  however ,  d - a m p h e t a m i n e  
general ly had similar effects  on b o t h  licking and on the 
volumes  of water  consumed ,  a l though  at high doses these 
measures  were depressed to d i f fe rent  ex tents .  

In this c o n t e x t  it is in teres t ing  to note  the  results 
ob ta ined  by Knowler  and Ukena  [101.  Thesc  researchers  
s tudied the  effects  of  several drugs, including chlordiazc-  
poxide,  on  pa t t e rns  of  depr iva t ion- induced  dr ink ing  in rats. 
Certain doses of  ch lo rd iazepox ide  were found  to increase 
the volumes  of  wate r  consumed  but  licking was also 
increased by these doses. 

The  results  of the  present  e x p e r i m e n t  are cons i s ten t  wi th  
those  ob ta ined  in several previous  s tudies  [1, 2, 13] in 
showing tha t  drugs with clinical an t i -anx ie ty  p roper t i es  can 
increase lcvels of  ad junct ive  dr inking.  This  ac t ion is in 
cont ras t  to those  shown  by a n u m b e r  of  o the r  classes of  
drugs, including s t imulan t s  and agents  wi th  an t ichol incrg ic  
proper t ies ,  which  have been  found to dcprcss  levels of 
adjunct ive  dr ink ing  [3, 6, 11, 14, 15, 191. It will be 
necessary for any thcore t ica l  view of  adjunct ive  dr ink ing  to 
accoun t  for the sensi t ivi ty of  such dr ink ing  to the effects  of  
d i f fe rent  drugs. At prescnt ,  however ,  it would seem 
diff icult  /'or theor ies  which view adjunct ive  dr ink ing  as the 
o u t c o m e  of  hypo thes i sed  emo t iona l  s ta tes  such as anxie ty  
I ') l  or  f rus ta t ion  1161 to sat isfactor i ly  accoun t  for the  
act ions  of  anx io ly t ic  drugs since such drugs might  be 
expec ted  to reduce the in tens i ty  of  any emo t iona l  s ta le  and 
thus  not  lead to increases in dr inking.  
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