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SAN(;t'R, D. J. Schedule-induced drinking o/chlordiazepo.rid(' s~)lutionx hv rat~. PIIARMA('. BIO('III'IM. BI']IAV. 7(I) 
I - -6 ,  1977.  - Schedule- induced drinking developed in rats during daily 60  rain sessions in which a food  pellet was 
delivered to each rat every 60  sec (FT l -mint .  For four rats the drinking fluid was tap water, for three rats it was a 
solution of chlordiazepoxide in water at a concentration of 0.1 mg/ml, and for three ()tiler rats a solution of 
chlordiazepoxide at a concentration of 0.4 rag/nil was available. All animals showed a rapid burst of licking shortly 
after tile deliver,. of a food pellet, and this was followed by entries into the food Ira,,', the rate of this behavior 
showing an increase in rate up to tile delivery of the next food pellet. The average volumes of t lu id  consumed b', the 
rats with tile low drug concentration were slightly higher than tile average vohlnles consumed hy the rats wilh water 
available, and when water was suhstituled for the drug. vo[unles consvmed decreased in all three rats. In contrast, Jess 
of the higher concentration of chlordiazepoxide t]lan ot" v,'ater was consumed, and '..vhen v, atcr was substituted for this 
concentration of tile drug drinking increased. Injections of relativeb, low doses . f  chlordiazepoxide 12.5, 5.0 mg/kg) 
increased both tile volunles of water consumed and tile number of tray entries ill t he  rals which w e r e  consunling water. 
while higher doses 120, 40 mg/kg) decreased the rate of these behaviors. No consistent facilitation of either drinking or 
tray entries Was produced in tile chlordiazepoxide-constmling rats by injections of this drug. [nice(ions of a range of 
doses of d-anlphetamine {0.125- 2.(I mg/kg) produced a dose-related decrease in drinking in all rats, and a sinlilar 
decrease in tray entries in the water c o n s u t n i n g  ra ts .  Marked increases m nunlbers of Ira,. entries were produced by 
d-,tnlphelamine in the rats consuming tile lower concentration of chlordiazepoxide. 

Schedule-induced drinking ('hlordiazepoxide d-Amphetanlmc 

IT IS possible to induce  rats and o the r  e x p e r m l e n t a l  
an imal s  to c o n s u m e  large w) lumes  of water  if they  are 
deprived of  food and food is delivered i n t e r m i t t e n t l y  m 
small  p o r t i o n s  [3 ] .  |-alk [31 h.as called this behavior  
s chedu le - induced  or ad junct ive  dr inking ,  and such  d r ink ing  
will general ize to o the r  fluids if they  are p resen ted  in place 
of water .  Thus .  s chedu le - induced  dr ink ing  can provide a 
tlsetul l abora to ry  t echn ique  for induc ing  an imals  to con-  
s ume  so lu t ions  of  behavioral ly  active drugs.  

l h e  second  pub l i shed  repor t  of  s chedu le - induced  drink-  
ing showed  that  rats would  c o n s u m e  s ignif icant  v o l u m e s  of 
an e thano l  so lu t ion  while ob t a in ing  food re inforcers  on a 
variable- interval  schedule  {I31 .  This  f inding has  been 
repl icated and e labora ted  upon  m a n u m b e r  of  repor t s  (e.g.. 
[ 4 , 1 7 ] ) .  It has also been shown that  so lu l i ons  of  drugs 
o the r  than  e thano l  will be ingested by rats dur ing  schedu les  
of  i n t e r m i t t e n t  food delivery.  Rats  will consun le  large 
v o l u m e s  of  so lu t ions  of n lo rph ine  and o the r  narcot ic  
analgesics  111. 12, 141, and ingest ion of so lu t i ons  of  
ba rb i tu ra t e s  has  also been repor ted  [ 1 0 , 1 6 ] .  

Rats  whose  lever pressing was m a i n t a i n e d  by a schedule  
of  i n t e r m i t t e n t  food p resen ta t ion  ingested large quan t i t i e s  

'This  research was carried out at the [)eparmlent of Psychology, 
I.('.1. Research I.ellowship. 

of  ch lo rd i azepox ide  when  this  so lu t ion  was s u b s t i t u t e d  for 
water  dur ing  e x p e r i m e n t a l  sess ions  18].  These  obse rva t ions  
have been c o n f i r m e d  m tile present  a u t h o r ' s  l abora to ry ,  and 
it was the purpose  of  the expe r in l en t  repor ted  here to carry 
out  fu r the r  ana lyses  of  s chedu le - induced  ch lo rd i azepox ide  
d r ink ing  in rats. In the present  s t udy  so lu t ions  of this drug 
were available t rom the first session of  tile exper in len t  in 
order  to invest igate  w he the r  s chedu le - r educed  drug con- 
s u m p t i o n  would occur  wilhoLlt previous  schedu le - r educed  
water  c o n s u m p t i o n .  l h e  ef fec ts  of  prcsess ion re jec t ions  of 
ch lo rd iazepox idc  and of d - a m p h e t a n l i n e  on both  water  and 
ch lo rd i azepox ide  c o n s u m p t i o n  were also s tudied .  Previous 
research has show n  that  admin i s t r a t i on  of bo th  these drugs 
can marked ly  affect  levels of  s chedu le - induced  dr ink ing  [ I ,  
2, 1% 20, 22, 251. 

xll.rtt()l) 

A nimals 

The anirn:ds were 10 e xpe r ime n t a l l y  naive fenlale hood-  
ed rats. The:,  v,'ere a p p r o x i m a t e l y  130 days old at the 
beg inn ing  of  the expe r in l cn t  and weighed be lween  180 and 
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2 2 0  g. Throughout  tile exper iment  they were individually 
housed and mainta ined tit approximate ly  85"7 of their 
pre-experinlental  body weighls. Water was freely available 
ill the home cages. 

,,t p p a r a  t u.~ 

The exper imen t  was carried out  m s tandard operant  lest 
chanlbers  (Campden Ins t ruments  l,td.} housed in sound and 
light p r o o f  ou le r  cubicles. In each chanlber  the lever and 
sliillulus light Io lhe left of  lhe food tray were removed.  
l 'he  opening  p roduced  by the renloval of the lever was 
covercd b v a shecl of steel, and a plastic 100 nil cyl inder  
was hung outside lhe chamber  so lhal lhe melal  spoul was 
.ius! behind ~approxinlalely 1 2 nlm) the hole left by the 
removal of lhe slinlulus light. A rat placed m the chamber  
could lick the spout  through lhe hole and licks were 
recorded by means <51 ;i l i ckometer  ct~]lnected to the spOtll 
and file grid floor of  the chanlber .  

The food tray was recessed behind the wall (51 the 
chanlber  and was covered by a clear plastic, hinged fhtp. A 
inicroswilch was a t lached to lhe flap and thus enlr ies  inlo 
lhe toed  ira} were recorded.  Recording ()1 licking and tray 
entr ies and delivery of food pellels was carried out using 
siandard e lec t romcchanica l  equ ipmen t .  The vohunes  of  
fluid constlllled duriilg each sessi(.5ll were also recorded.  

P r o c c U z o c  

Throughout  tile exper in lent  tile rats were given daily 60 
nlin sessions, 7 days a week, ill tile chanlbers  with fluid 
;ivailable. For four aninlals 4Rats 1, 2, 9 and 10) the fluid 
was lap waler,  for three t l#,ails 3, 4, and 5 ) il was a sohi t ion 
of ch loMlazcpoxidc  hydrochh)r ide  in water at a concent ra-  
lion <~I 0.4 nlg.nll and for lhe o lher  three I Rats (~, 7, and 8 I 
lhe f lu id  ',',';is ch l o rd i azcpox ide  so lu t ion  at a concen l r a t i o l l  
of  0.1 i l lg ; i l l l .  l h e  co l l cen l ra t i o l l s  o f  drug so l t i l i o i l  were 
chosen on the basis o f  p re l im in ; i r y  exper in le i~ is  w i t h  o the r  
animals,  wh ich  are llOl repor ted  here. I:resh drt ig so lu t ions  
were prepared every Jew days. 

Before Sessions 1 and 2 o f  the expe r i n i en l  60 food  
pel le ls 145 ingt  were placed in t i le food  f ray for  each 
ani i l la l ,  and l i l t '  v~)luilleS o f  fh l id  consunled dur ing  these 60 
i l i i i l  sessions were recorded.  On st ibscquenl  sessions 60 
pel lets were del ivered ~il a ta le o f  one each ininLi le 
independei l i l . v  o f  each :.iniinal's behav io r  I f i xed  l in le  I -n l in  
procedures:  1 1  I - n l i n l  This procedt i re  was con t i nued  for  
ow.'r 130 daily sessions during '>~.hich tinle dose-response 
d¢lerii i inatioils e l  lh¢ effects  oI pie-sessioll inject ions of 
chlordiaTepoxlde and d-amphelan l ine  on drinking were 
inade. Finally, lor tile six r;tls which had lhe chlordiaze-  
poxide solut ions  av:tilable, water w;ls suhs l i lu ted  Ior lhe 
drug. ,lnd waler constlillplicin was studi¢cl for a fur ther  I0 
sessions. 

( h l o r d i a z e p o x i d e  hydroch lor ide  in doses of 2.5. 5.0. 10, 
20 and 40 mg;kg and d -amphe tanmlc  sulfate in doses of 
0.125, 0.25, 0.5. 1.0 and 2.0 nlg/kg were adminis tered bv 
IP in jec t ion  a p p r o x i m a t e l y  5 n i in betore the start el  a 
session. Both drugs weiu dissolw.'d iil 0.t;l'; salillc to give 
irljeclion w>hnncs of 2 ml/kg body weight.  Each aninlal 
received each dose on lwo occasions,  and doses ,,<,ere giveri 
in a mixed order  which was different  for each anillla]. At 
least lhree non-drug d;iys, on which in.let.'tiolls t)l saline 
were ad i l l i l l i s le red ,  in lerVet led bel'>L, eell two  successive drt ig 
in.ieclicms. 

P, 1': .":, U L1S 

Dur ing  t i le f irsl t<,vo sessions, when 60 pel lets were 
presented toge lher ,  each an imal  consumed on ly  a snlal l  
vo lume  o f  its avai lable fhf id,  On subsequent  su.ssions, 
however ,  when the F i  l - ra in  p rocedure  was m ,.)peratloi1. 
all 10 rats developed consis tent  schedule- induced drinking 
which had reached high levels of fhlid irllake bv aboul the 
lenth  session. Figure I shows the developnlenl  of drinking 
over the first 22 sessions of the exper iment .  I 'or conven- 
ience tile data are presented  ior groups of anmlals, l h e  rats 
which had ei ther  water or lhe lower concen t ra t ion  of  
ch lord iazepoxide  {0.1 mg..ml);tvailable developed very high 
levels of fluid intake, individual aninlals drinking tip Io 40 
ml in each 60 lnin session. l h e  average inlake of tile three 
rats wilh the lo<,ver drug concen t ra t ion  available was slightly 
higher than lhe average intake of tile totlr rats with water 
available. I h e  three rals<,<,'ith file higher d rugconcen l r a t i cm 
10.4 reg./roll also showed consis tent  schedule- induced drink- 
ing al though tile voltiines consunled  were solne'>vhal lower 
tll:.ln those of tile o ther  fluids. I lowever,  as slm<,<,'n in Fig. 1, 
consumpt ion  of  lhe high ch lord iazepoxidc  concen t ra t ion  
was sufficient for lhe rats 1o take doses of  up t o 4 0  nig..kg 
of ch lord iazepoxide  each day. 

Tile effects  of the subs l i tu t ion  of w:.iler for file 
ch loMiazepoxide  solut ions,  at lhe end of tile expe r inwnt ,  
are shown in l a b l c  1. This table presents  average fluid 
intakes, for lhe six individu;d rats, over the last 10 sessions 
<5I ch lord iazepoxide  availability arid for the firlal 10 sessiOllS 
of  the exper imenl  when water was presented  m place of tile 
drug solutions.  For  tile three rats which had been drinkin,~ 
lhe ]~)wer concen l ra l ion  of ch lord iazepoxide ,  subsl i tu t ion 
el waler for lhe drug led lo slighlly reduced levels o f l h l i d  
inlake. In contras t ,  for lhe three r;ll~ which h;td drunk lhe 
higher drug concen l ra t ion  subsl i lu t ion of waler pr~duced 
increases ill tile wsltlille of lltlid c()nsumed. 

The pallett1 of schedule- induced drinking durilig each 
session was similar m ;ill 10 aninlals. It consisted e r a  rapid 
burst of licking imlnedialely after ahnosl ever.,,' food pellet 
',','us obta ined.  Representat ive records of ihis licking are 
shown in Fig. 2. Early in lhc exper in lent  lhe pa t te rns  of  
licking for  the three rats wh ich were c~lnsti l l l ing the higher 
drug concenlr: . l t iOl l  { Rats 3, 4, and 5 ) ware sinl ihtr  to thai  
showi l  in t:ig. 2 for Rat 3. l l o w e v e r ,  I:,iter in the exper i l l l en l  
Rat 5 began It) d r ink  larger vo l tunes o f  t i l t '  soh l i i on  and 
showed a so i l lew] la t  d i f fe ren t  pal le i- l l  o f  l ick ing wh ic l l  
coilsislt_'tt o f  a lll.llilt~er ~lf ex tended  bursts o f  l i ck ing ;is wel l  
cis shor ter  bursls. ,,\ record o f  l i ck ing tc)i- Ral 3 is :llso 
presented in I:ig. 2. 

t : o l l o w i n g  the bursl o i  schedule- induced l i ck ing  a l l e r  
de l ivery  e l  each food  pe l le l ,  and dur ing  the rein: i ininlz parl  
o f  the l i i l l t '  t in l i l  lhe next  pel le l  de l i ve ry ,  lht '  rats ~<,ere 
observed to be very ciclive. :\ greal deal o f  this ac t i v i t y  w;D 
d i rected towards  the food  tray.  a ] lhough  the de l ivery  o f  
each pel le i  was signal led by the c lear ly  aud ib le  c l ick o f  the 
pellet dispenser,  and this behcivior ,.'>'as recorded cls high 
lltllllber <, e l  tray eilllies. I igurc  3 presents  ctllilu]alive 
records e l  lhese Ira.v enirie,~ for lhree aniillal,4, l ] lesc  Ihree 
rats showed particularly high tales of tray cntr,,' bul lhe 
p; i l te rn i i lg  e l  Ihis behav ior  '>~as s in l i lar  in ;ill I0  ani i l l : l ls. 
There appeared to be Tie coIIs is lel l l  d i l fe rences ill lhe 
i l t i i l lbers or pa l l e rn i ng  o f  t ray eillrie,4 be lwee l l  rals which 
were co i lsu l l i ing  lhc d i f fe ren l  f lu ids. 

"l'he ef fec ls  e l  pre-session in jec l ions  o f  ch lo rd iazepox ide  
on bo lh  lhe w)h.lille,4 o t  fh l id  COllSUllled and lhe i l t l l l lbers e l  
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11(;. I. "lhe development o t  schedule-induced drinking in rats 
grouped according to the fluid available. The top graph shows the 
mean ,,olumes o f  fluid c(msumed during daily 60 rain sessions and 
the Iov, er ,eraph shows the mean dose of chh~rdiazcpoxide ingested 
b y  tl~e animals u i th  solutions o f  this drug available. On Sessions 1 
and 2 60 f(~od pcllels were presented Io each rut at the beginning of 
die session uhile on :ill subseqt~ent sessions individual pellets were 

delivered at I rain intervals ~1"1- l-mini. 

T A B L E  1 

MEAN VOLUMES OF CHI.ORDIAZEPOXIDE AND WATER 
CONSUMED BY INDIVIDUAL RATS 

CI)P Volume of Volume of 
Rat Concentration CDP. ml Water, ml 

3 0.4 mg/ml 16.4 ± 1.3 20.8 - 3.4 

4 0.4 m g / m l  15.5 +_ 1.7 22.7 _- 1.8 

5 0.4 mg/ml 27.7 ~ 1.2 32.0 _~ 7.8 

6 0. I mg/ml 17.9 ,- 2.2 14.3 _' 2.8 

7 0.1 mg,'ml 33.0 *_ 1.5 31.4-_ 1.4 

8 0 . 1  m g / m l  2 8 . 4  ± 1.3 21.4 "_ 1.9 

Each value is the mean ,_ SD of 10 sessions: the last 10 sessions 
when CDP was available and 10 further sessions on which water was 
presented in place of CDP. 
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I'IG. 2. Records of licking at /he spout of the liquid tube in four 
individual ruts. Rat 2 had lap water available, Rat 6 a solution of 
chlordiazepoxide at 0.1 mg /ml  and Rat 3 and Rat 5 chlordiaze- 
poxide at 0.4 nlg/nll. Food pellels ,,,.'ere delivered at I rain inter;'als 
(shown as deflections of the bottom pen) and each pellet deliver)' 

reset the pens recording licking. 
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I1(;. 3. ('umularive records of entries into tile food tray m lt~rec 
individt,al rats. Rat 10 had water available, Rat 8 chlordiazepoxidc 
solution at u concen t ra t ion  of (1.1 m.g/ml and Rat 4 chlordiaze- 
poxide at 0.4 rag/nil. I.icks ;ire sho'..Vll :is det]eclions td the event 

pens. 
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tray entr ies are shown in Fig. 4. For  clarity of presenta t ion  
the animals in each of the three condi t ions  have again been 
grouped,  and the ef fec ts  of  the drug are presented  as 
percentages  of  control  values. l ' hus  the volume of  fluid 
ingested and the number  of tray entr ies  after each drug 
adminis t ra t ion were conver ted  to a percentage of these 
measures on the immedia te ly  preceding session. 

At the two lower doses of  ch lord iazepoxide  (2.5 and 5.0 
mg,kg) the four  animals which were drinking water  showed 
small but consis tent  increases in the volumes ingested. 
Higher doses p roduced  a dose-related decrease in drinking. 
' fhe rats which were consuming  the ch lord iazepoxide  
solut ions  did not  show consis tent  increases in drinking after 
inject ions of the lower doses of ch lord iazepoxide  but 
decreases did occur  after the higher doses (I-:ig. 4). 

150 

10 
LU e•WATER 100 ~ : ]  

l.I(;. 4. I)ose re,;ponse curves shov.ing the effects of injections of 
chlordiazepoxide on schedule-induced ingestion of ',~,ater or ,.:hlor- 
diazcpoxide solutions and on entries into the food Ira.','. Bolh 
measures are expressed an percentages of control v a h l e s .  R a l s  :ire 
grouped according to the fluid ingested: for water n ~ 4, and n : 3 
for each of lhe two concentrations of chlordiazepoxidc. Fach point 
is t h e  mean of 6 or 8 values (2 administrations ot" each dose to cilher 
3 or 4 animals) excepl for the points at (" which show the nlc;tn ' 
the standard deviation of 3{) or 40 control sessions. Mean absolute 
numbers of tray enlrics '.,.ere: water 690, ('DP 0.1 mg.;ml .836, ('l)P 

0.4 mg/ml 861. 

were drinking the lower concen t ra t ion  of ch lord iazepoxide  
f requent ly  s h o w ed  decreases m the numbers  (/1 tray entr ies 
after injecl ions of lower doses of this d r u g  The high.est 
injected dose of  ch lord iazepoxide  decreased tray entr ies in 
all animals. 

ln.iections of d -amphe tamine  produced  a dose-related 
decrease in the volume of fluid consumed in ever}' animal. 
Figure 5 shows the effects  of this drug on drinking in rats 
grouped according to fluid consumed.  Also shown m ibis 
figure arc the effects  of injections of d -amphe tan lme  on 
tray entries. l h i s  drug p roduced  a dose-related decrease m 
this behavior in the four water -consuming :mimals bul its 
effecls  on this behavior in thc rats which were drinking 
ch lord iazepoxide  solut ions ,,,,ere quite di f ferent .  frz, y 
entr ies  were decreased by higher doses of  d-aml~hetanm~c m 
the three rats drinking the higher concen t ra t ion  of  chh)r- 
d iazepoxide .  Irl {lie three rats consuming  the lower drug 
concen t ra t ion  marked facili tation of tray entr ies  was 
p roduced  by every dose of d -amphe tamine .  

0 . . . . . .  

150 C 
20C 

lOG 
u.I 

C t 2'5 5:0 lb 2b io "- 5¢ 
CHLORDIAZEPOXlDE mg/l~ 

Figure 4 also shows the effects  of ch lord iazepoxide  
inject ions on the numbers  of tray entries.  ' lh is  behavior was 
facili tated by the lower doses m the tour  wate r -consunmlg  
r a t s ,  b i l l  such all el'feel did nol occur ii~ lhe animals 
consuming  the drug solutions.  In fact. [hc three rats which 

I~ 0.1~;~5 0.~5 0~5 1'.0 2'.0 
d-AM~ET,~,Mm, E mW~ 

I1(;. 5. l)ose response curve~, shov¢ing the effects ~)l in.iections of 
d-amphetamine on sdledule-induced ingestion of water or chlor- 

diazepoxide solutions. The data are expressed as in I ig. 4. 

I)ISK'tJSSI()N 

Recent research has detnonstrated that schedule-induced 
drinking can be a useful exper imenta l  lechniquc for 
inducing rats and primates to drink large volumes of 
solut ions of e lhanol  find of narcolic analgesics [4, 11. 171. 
The present  exper iment  shows that rats will also ingesl large 
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quan t i t i e s  of ch lo rd i azepox ide  so lu t ions  dur ing  a FT l-rain 
schedule  of  food  pellet  deliver}'. This schedu le - induced  
dr ink ing  of  ch lo rd i azepox ide  developed w i t h o u t  a pr ior  
h i s tory  of  schedu le - induced  water  c o n s u m p t i o n .  

Se l f -admin is t ra t ion  of ch lo rd i azepox ide  and o t h e r  m i n o r  
t ranqui l izers  in l abora to ry  animals  appears  to have been 
s tudied  much  less f r equen t ly  than  has se l f -admin i s t r a t ion  of  
drugs f rom o the r  categories  such as s t imu lan t s  and narco t ic  
analgesics [ 2 1 ] .  However .  it has been shown tha t  m o n k e y s  
will self-reject ch lo rd i azepox ide  [ 6 ] ,  and there have also 
been several s tudies  which have a t t e m p t e d  to induce  rats to 
drink so lu t ions  of tllis drug. K a m a n o  and Arp [9]  repor ted  
that  when  a so lu t ion  of  ch lo rd i azepox ide  (0.2 mg/ml)  was 
the only  fluid available to rats in the i r  h o m e  cages the 
animals  c o n s u m e d  an average of 27 ml,.'day. When bo th  tile 
drug so lu t ion  and water  were available,  however ,  the 
volume of  drug c o n s u m e d  was cons iderab ly  lower.  Stoler-  
man et  al. [24]  also s tudied  bo th  the forced and choice  
c o n s u m p t i o n  of a so lu t ion  of  ch lo rd iazepox ide ,  a l t hough  at 
a h igher  c o n c e n t r a t i o n  10.5 mg /ml )  than that  used in tile 
present  e x p e r i m e n t ,  dur ing  the course of an e x p e r i m e n t  
conce rned  wilh the c o n s u m p t i o n  by rats of so lu t ions  of  
several drugs. These researchers  found  that  thei r  rats d r ank  
apprec iable  quan t i t i e s  of  the drug under  b o t h  forced and 
choice cond i t i ons  a l t hough  in tile la t ter  case cons iderab ly  
more water  was c o n s u m e d .  Similar ly,  l larr is  et al. [7] 
repor ted  that  naive rats preferred  wate r  over  a so lu t ion  of  
ch lo rd i azepox ide  at a c o n c e n t r a t i o n  similar  to tha t  used by 
S to l e rman  et  al. [ 2 4 ] .  Tile rats were s ubs equen t l y  depr ived 
of food and t ra ined to ob ta in  food pel lets  by d r ink ing  the 
drug so lu t ion .  This had the effect  of  p roduc ing  subs tan t i a l  
drug ingest ion which remained  at a relatively high level 
whcn  the rats were again given a choice be tween  water  and 
the drug so lu t ion .  [ h e  present  e x p e r i m e n t  c o m p l e m e n t s  
these previous  f indings in d e m o n s t r a t i n g  that  rats can be 
induced  to consum e  relatively large doses of  ch lord iaze-  
poxide  w i thou t  pr ior  fluid depr iva t ion  and w i t hou t  mak ing  
the deliver}' of a n o t h e r  re inforcer  c o n t i n g e n t  upon  dr ink-  
rag. 

In several previous  s tudies  of  schedu le - induced  drug 
ingest ion it has been observed thal  rats typical ly consume  
less of the drug so lu t ion  than they do of wate r  [ 1 1 , 1 5 ] .  It 
has also been repor ted  thai  the schedule  of  food delivery 
may lose con t ro l  of  d r ink ing  so the.t/ d r ink ing  ceases to 
occur  in discrete  post-pel let  burs ts  [ 1 2 . 1 5 ] .  These ef fec ts  
are p re sumab ly  due to the acute pharmacolog ica l  ef fects  of  
the ingested drug and to the deve l opm en l  of  d e p e n d e n c e ,  
respect ively.  In the present  e x p e r i m e n t  the rats which  were 
d r ink ing  the lower c o n c e n t r a t i o n  of ch lo rd i azepox idc  drank  
slightly larger vo lumes  than did those which were con-  
suming water,  and when water  was substi t t ,  ted for the drug 
in take  decre~,sed. Ill con t ras t ,  the animals  with  the larger 
drug c o n c e n t r a t i o n  drank  less fluid and thei r  in take  
increased when  water  was subs t i t u t ed  for the drug. There  
was litt le ev idence  for loss of con t ro l  by the F |  schedule  
dur ing  the course of the e x p e r i m e n t .  In only  one animal  
(Rat  5 ) d i d  the pa t t e rn  of  d r ink ing  ch'ange and even with 
this rat d r ink ing  remained  general ly post-pel let .  This  con- 
t inuing con t ro l  by tile schedule ,  t oge lhe r  wi th  the observa-  
t ion that  subs t i t u t ion  of  water  did not  lead to t, ny gross 
d i s rup t ion  of  behavior ,  suggests thal  d e p e n d e n c e  on chlor-  
d iazepoxide  had not  developed m this e x p e r i m e n t .  Similar  
observa t ions  have been made  by previous  e x p e r i m e n t e r s  
[ 7 , 2 4 ] .  

Presession in jec t ions  of bo th  ch lo rd i azepox ide  and d- 

a m p h e t a m i n e  modi f ied  levels of  d r ink ing  in all rats. Low 
doses of  ch lo rd i azepox ide  prodt ,  ced a small fac i l i ta t ion  of 
water  c o n s u m p t i o n  while h igher  doses decreased water  
intake.  Such effects  have been repor ted  on several previous  
occas ions  [1,  2, 19, 20] .  No fac i l i ta t ion  of chlordiaze-  
poxide  dr ink ing  was observed af te r  in jec t ion of this drug 
a h h o u g h  in jec t ions  of higher  doses decreased chlordiaze-  
poxide  in take.  These effects  were p resumably  due to a 
s u m m a t i o n  of  tile in jected dose of the drug and the dose 
ingested th rough  dr inking.  It is in teres t ing  to no te  tha t  no  
to le rance  appeared  to have occur red  to the depressant  
effects  of  ch lo rd i azepox ide  even though  some of  tile rats 
had been ingest ing relatively large doses of  the drug for 
m a n y  daily sessions, d - A m p h e t a m i n e  p roduced  a dose- 
related decrease in dr ink ing  in all animals.  Similar decreases 
in schedule - induced  dr inking  have been repor ted  previously 
[22,25]. 

During each inter-pel le t  interval  the rats placed thei r  
heads  in to  the food trays many  t imes as shown  by the 
cumula t ive  records  of tray entr ies.  The f r equency  of  this 
behav ior  showed  a gradual  increase unt i l  a pellet was 
del ivered,  a pa t t e rn  very similar to tha t  ma in ta ined  by 
f ixed-interval  schedules  of  r e i n f o r c e m e n t  [5 ] .  Indeed it 
may be possible to cons ider  this behav ior  as an ope ran t  
since a tray en t ry  was obviously  necessary before  a food 
pellet  could  be consumed .  However ,  since each pellet  
delivery was signalled by the click of the pellet d ispenser  it 
may be less c o n t e n t i o u s  to place these Ira}' en t r ies  in the 
more  general  ca tegory  of te rminal  responses  which are 
responses  which emerge in close t empora l  p rox imi ty  to 
food re inforcers  when  these are presen ted  i n t e r m i t t e n t l y  
[ 2 3 ] .  Similar t empora l  pa t t e rns  of key pecking have been 
found in pigeons  dur ing  i n t e r m i t t e n t  r e sponse - independen t  
p re sen ta t ion  of food [ 2 6 ] .  

Numbers  of  tray ent r ies  were markedl} '  changed  by 
in jec t ions  of  bo th  ch lo rd i azepox ide  and d - a m p h e t a m i n e .  
With the four  rats which were dr ink ing  water ,  ch lord iaze-  
poxide  increased Ira}' entr ies  at lower d o s e s , , n d  decreased 
them at higher  doses, d - A n l p h e t a m i n e ,  however ,  p roduced  a 
dose related decrease in this behavior .  It is in teres t ing  to 
compare  these effects  with previously repor ted  ac t ions  of 
these drugs on f ixed-interval  r esponding  in similar si tua- 
t ions.  ( ' h lo rd i azepox ide  has been repor ted  to increase 
f ixed-interval  response rates v, tlile e i the r  increasing or 
decreasing schedule - induced  dr inking  [ I ] .  d - A m p h e t a m i n e ,  
however ,  increases f ixed-interval  r e spond ing  while de- 
creasing dr ink ing  [ 2 5 ] .  It is wor th  po in t ing  out l]lat ill lhe 
present  e x p e r i m e n t  the acticms of the injected drugs t)n tray 
entr ies  m the v,'ater consuming  rats closel} parallelled thei r  
ac t ions  on drinking.  

With the rats which were dr inking  the ch lo rd i azepox ide  
so lu t ions  the effects  of in jec t ions  of ch lo rd i azepox ide  and 
d - a m p h e t a m i n e  were qui te  d i f ferent  f rom Hleir ac t ions  on 
the wa te r -consuming  ammals .  In jec t ions  of  ch lord iaze-  
poxide  p roduced  only decreases in fray enlr ies ,  p resumably  
due again to a s u m m a t i o n  of the injecled drug with the 
c o n s u m e d  drug. d-Anlphet~,mine,  however ,  p roduced  in- 
creases in tray entr ies  particul~,rly in the rats c o n s u m i n g  the 
lower c o n c e n t r a t i o n  of  ch lo rd iazepox ide .  l h i s  ac t ion m a y  

have been due to an in te rac t ion  be tween  tile in.iected 
d - a m p h e t a n m l e  and the c o n s u m e d  ch lo rd i azepox ide  since 
c o m b i n a t i o n s  of these drugs have heen repor ted  Io exert  
synergist ic  effects  on behav ior  in o the r  s i tua t ions  l e . g ,  
I~1~. 

The results  of the present  e x p e r i m e n t  d e m o n s t r a l e  lhal  
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a d j u n c t i v e  d r i n k i n g  is a u s e f u l  p r o c e d u r e  for  i n d u c i n g  ra t s  
to i nges t  r e la t ive ly  large d o s e s  o f  c h l o r d i a z e p o x i d e  by 
d r i n k i n g  s o l u t i o n s  o f  th i s  d rug .  T h i s  b e h a v i o r  was  s h o w n  to 
d e v e l o p  w i t h o u t  p r io r  e x p e r i e n c e  o f  s c h e d u l e - i n d u c e d  w a t e r  
c o n s u n t p t i o n .  It was  also f o u n d  t ha t  levels  o t  a d j u n c t i v e  

d r i n k i n g  and  e n t r i e s  in to  the  f o o d  t ray  c o u l d  he  m o d i f i e d  
by i n j e c t i o n s  o f  c h l o r d i a z e p o x i d e  a n d  d - a m p h e t a m i n e  
a l t h o u g h  the  e f f e c t s  o f  t he se  d r u g s  d e p e n d e d  to s o m e  
e x t e n t  on  w h e t h e r  w a t e r  or  c h l o r d i a z e p o x i d e  s o l u t i o n s  
were  b e i n g  c o n s u n m d .  
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