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ROEHRS, T., O YANG AND H SAMSON Chlordtazepoxlde's mtela¢ tton wtth ethanol mtal, e In the rat Relation to 
ethanol exposure paradigms PHARMACOL B1OCHEM BEHAV 20(6) 849-853, 1984.--Chlordiazepoxlde's mteracnon 
with ethanol (5% v/v) retake was assessed m rats on a feeding regimen producing high dady quantities of ethanol retake 
(schedule-lnducUon procedure with intermittent feeding), more moderate amounts of ethanol intake (a single dally feeding), 
and small amounts of ethanol retake (free feeding). Six days of twice dally sham reJections (IP) were followed by 12 days of 
0 (vehicle), 5.10, or 15 mg/kg (twice dady) chlordmzepoxide, and finally six days of the saline (vehicle) reJections Rats m the 
intermittent feeding dady consumed 9 9-12 3 g/kg (80-95 ml) of ethanol on basehne which was reduced 15 to 33% by the 
drug In the single feed condition most rats were drinking 70 to 85 ml (8.8-10 3 g/kg) of ethanol and this was reduced 15-40% 
by the drug During the six days after drug, intake m both of these feedmg regimens returned to the basehne level Ethanol 
retake of rats under the free feeding condition (48 ml, 3.5 g/kg on average) was not affected by the drug, nor was water 
intake under any of the three feeding regimens 

Schedule reduction Ethanol intake Chlordlazepoxlde Rats 

A large number of studies done in humans and animals have 
shown that benzodiazepmes Interact with ethanol to affect 
various behaviors. For example, diazepam and ethanol 
produced greater decrements in human psychomotor per- 
formance than either alone [6]. Oxazepam or diazepam in 
combination with eth~inol produced a more marked disrup- 
tion of human perceptual function than that obtained with 
drug and delayed ethanol administration [8]. In a conditioned 
suppression experiment diazepam and ethanol had an 
antagonistic effect on responding of pigeons during the 
shock-warning stimulus, but a synergistic effect on safe- 
period responding [2]. While there are many studies of the 
combined effects of ethanol and benzodiazepines on a vari- 
ety of behaviors, there is little information regarding the in- 
teractions of benzodiazepines with ethanol drinking. 

Several different patterns of ethanol drinking have been 
produced in the rat [12]. These drinking patterns differ in the 
g/kg of ethanol consumed per day, in the temporal distribu- 
tion of drinking throughout the day, and in the potential to 
lead to physical dependence [13]. It is well established that 
rats under free-feeding conditions (FF) will drink ethanol 
concentrations of 4-6 % (v/v) or lower when ethanol is the 
only available drinking fluid [9]. Studies in our laboratory 
have found dally intake of 5% ethanol was similar in volume 

of water intake, yielding approximately 4 g/kg of ethanol 
consumed per day [10]. These moderate intake levels do not 
produce detectable blood ethanol elevations for any sub- 
stantial period within a given day. Under a limited feeding 
regimen in which a single food ration (SF) is given each day 
rats drank 11.7 g/kg of ethanol per day with a single peak in 
blood ethanol level reaching 150 mg/100 ml I13]. However, 
signs of physical dependence were not observed in these rats 
even after prolonged daily ethanol drinking. One method which 
produced excessive and intoxicating ethanol intake leading 
to physical dependence used the schedule-induction proce- 
dure [3] in which animals are fed small portions of food in- 
termittently (IF). In this procedure, rats were exposed to a 
24-hour feeding schedule consisting of six one-hour food de- 
livery periods separated by three-hour intervals. During the 
one hour food delivery periods a 45 mg pellet was delivered 
every two minutes. Under these conditions rats ingested a 
daily average of 13.1 g/kg of ethanol and maintained blood 
ethanol levels above 100 mg/100 ml throughout most of the 
day [3,4]. After three months of exposure to this procedure 
removal of ethanol produced symptoms of physical depend- 
ence including death from tonic-clonic seizures. 

One of the few reported studies of a benzodiazepine's 
effect on ethanol drinking found a dose-dependent and 
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ethanol-specific effect. The acute effects of chlordmzepoxide 
(CDP) on schedule-induced water or 3% ethanol (v/v) drink- 
ing was examined in three monkeys [1]. All doses tested 
enhanced schedule-reduced water intake while 1 and 3 mg/kg 
enhanced and 10 and 17 mg/kg suppressed ethanol retake 
These results suggest that there is a specific drug interaction 
apart from an effect on drinking behavior per se Thus it is 
important to compare a drug's effect on ethanol drinking 
with its effect on water drinking. 

This study assessed the dose-related effects of CDP on 
ethanol or water intake. Drug effects were examined in rats 
under feeding regimens previously shown to induce high 
daily quannties of ethanol intake with a single blood ethanol 
peak, high intakes with elevated blood ethanol levels 
throughout the day, and small daily amounts of ethanol m- 
take with no blood ethanol elevations. These effects were 
compared to effects on water intake under the same feeding 
regimens 

METHOD 

A m m a l s  

Thirty-six Long Evans strain male rats, bred in the Psy- 
chology Department at the University of  Washington and 90 
days old at the start of the experiment, were randomly as- 
signed to one of three experimental conditions They ranged 
in body weight from 307 to 487 g and there were no differ- 
ence among the three groups in mean body weight. Within 
each experimental condition the twelve were assigned ran- 
domly to receive one of four CDP doses: 0 (vehicle only), 5, 
10, and 15 mg/kg. 

EAp~,I lme/ll~;ll Ell ~,'lro?l/?l~'/ll s 

All rats were housed indlvzdually. Artificial lighting was 
regulated on a 12 hr light and 12 hr dark cycle. Room tem- 
perature was maintained at 78°F. Rats maintained on the 
intermittent feeding condition (IF) were housed in 12x 11 × 10 
inch Plexiglas chambers with stainless steel bar floors. On 
the front wall of each chamber was a food cup with a stain- 
less steel, ball-point drinking tube with a 250 ml graduated 
cylinder mounted on the side wall. Food pellets (45 mg 
Noyes, Formula A) were delivered automatically to each 
cage by a pellet dispenser (Gerbrands). The single feed con- 
dmon (SF) and the free feed condition (FF) rats were housed 
in standard, stainless steel, hanging rodent cages. Drinking 
tubes and fluid reservoirs, the same as those of the IF rats, 
were mounted on the front wall of  the cage. Food was stand- 
ard Purina Laboratory chow placed on the cage floor. 

P r o c e d m  e 

Rats assigned to the IF and SF conditions were gradually 
reduced to 80% of free feeding body weight by limiting daily 
food intake. After body weights had stabilized at the 80% 
level the IF rats were placed on the same intermittent feeding 
schedule described by Falk et al [3]. On this schedule a food 
pellet (45 mg) was delivered every two minutes during six 
one-hour periods every 24 hr (180 pellets totaling 8.1 g per 
day). Each one-hour delivery period was separated by a 
three-hour period of no food. At 0930 hr each day after being 
weighed, if necessary, a food supplement was given to main- 
tam each rat at the 80+_2% level. The SF rats were fed their 
food ration (8.1 g as the IF rats and any supplement neces- 
sary to maintain at 80+_2% level) as a single meal at the same 
time each day (0930 hr), which remained on the cage floor 

until consumed By daily adjusting the food supplement each 
rat could be maintained at 80+_2% of free feeding body 
weight. The FF rats had continuous access to food 

The drinking fluid, continuously available, was either 
water or 5% (v/v) ethanol During the first phase of the exper- 
iment water was the only available fluid and during the sec- 
ond phase ethanol was the available fluid. A two week adap- 
tation to the feeding regimen and drinking fluid was given 
before the injections were begun in each of the two phases of 
the experiment. 

All injections were given IP twice daily between 0630-0730 T 
and 1830-1930 hr. To adapt the rats to the rejection procedure, 
for six days the rats were handled and injected without deliver- 
lng the fluid (sham injections) Then drug injections were given 
for twelve days CDP (Hoffman La Roche) stored in the dark 
and prepared fresh for each injection, was dissolved m 
isotonic sahne (10 mg/l ml) Doses of CDP were 0 (vehicle 
only), 5, 10, and 15 mg/kg given at each injection. These 
doses were chosen because they previously had been shown 
by other studies to affect water retake [7,14] and by prelimi- 
nary tests m our laboratory to affect ethanol intake. Of the 12 
rats in each experimental feeding condition, 3 rats each, ran- 
domly assigned, received a given CDP dose or control saline 
injection (0.5 ml in volume) The appropriate injection vol- 
ume for each animal was calculated daily based on its daily 
body weight measurement. After the twelve days of drug 
in jec t ions ,  sal ine in ject ions ,  the s a me  volume as received 
during the drug injections, were given for six days. Follow- 
lag the injections water remained as the available fluid for 
two more weeks before ethanol was introduced 

The second phase of the experiment was conducted as the 
first phase with the exception that ethanol ~5% v/v) was the 
only available drinking fluid. Before beginning the second 
injection regimen, a two week period of adaptation to the 
ethanol was given Thus between the two series of drug in- 
jections there was a total of six weeks without drug adminis- 
tration, which was considered sufficient time for all CDP 
metabohtes to be excreted [5]. During the second phase of 
the experiment each animal received the same CDP dose or 
control saline reJection as it received m the first phase 

Throughout the experiment at the same time each day, 
fluid intakes (to the nearest ml) and body weights were re- 
corded, fluid reservoirs were replenished, and general main- 
tenance was done Food supplements (Purina chow) were 
given to the IF and SF rats to maintain them at 8ff7 free- 
feeding body weight 

Mean daily retakes m ml and g/kg based on daily body 
weight measures were calculated over three-day blocks for 
two blocks of sham lnjecnons at baseline, four blocks of drug 
administration, and two blocks of recovery. Analyses of 
single day intakes did not differ from the mean data taken 
over three-day blocks. Mean fluid intakes then were com- 
pared using two factor mixed design ANOVAs and Tukey 
post hoc comparisons. The between groups factor was dose 
and the within factor three-day blocks A separate analysis 
of ethanol and water intake was done for each of the three 
feeding conditions 

RESUL1S 

Ethanol intake of rats in the IF condition is presented in 
Fig 1. Baseline intake of ethanol during sham injections 
(blocks 1 and 2) varied from a mean of 80-95 ml among the 
four groups. This represents a mean of 9 %12.3 g/kg of  
ethanol per day among the groups (see Table 1) With admin- 
istration of CDP (blocks 3-6) ethanol intake (ml) was re- 
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T A B L E  1 

MEAN g/kg ETHANOL INTAKE OVER THREE-DAY BLOCKS 

Sham Drug 

1 2 3 4 5 

Recovery 

7 8 

Intermittent Feed Condition 
00 mg 
05 mg 
10 mg 
15 mg 

Single Feed Condmtlon 
00 mg 
05 mg 
10 mg 
15 mg 

Free Feed Condition 
00 mg 
05 mg 
10 mg 
15 mg 

12.1 12.3 118 125 
9 8  10.0 7 8  7 6  

123 12.3 9 8  9 9  
110 11.1 8.8 8.9 

104 103 104 104 
124 12.8 112 10.4 
9 7  9 5  8 8  95  
8.4 9 2  5 6  71 

33  3 2  31 33  
3 6  3 4  3 5  3 8  
4.0 3 9  3 8  4 2  
3.6 35  3.5 35  

l l .0  116 12.5 125 
6.7 77  91 9 2  
9.4 108 12.3 119 
7 7  8 7  l l 0  108 

107 108 105 9.8 
110 110 126 124 
85  8 9  105 8 4  
7.0 71 8.8 83  

3 2  3 6  3.6 31 
3 6  3.6 3 2  33  
3.9 3 9  3 7  4.0 
33  3 4  3 0  31 
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FIG 1 Mean ethanol intake (ml) of rats in the intermittent feeding 
condition (IF) over three day blocks for each dose of 
chlordlazepoxlde 
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FIG. 2 Mean ethanol intake (ml) of rats in the single feeding condi- 
tion (SF) over three day blocks for each dose of chlordlazepoxlde. 

duced  to b e t w e e n  67% and 85% of  this  base l ine  level .  The  
analys is  r evea led  a s ignif icant  day ef fec t  ( F = 9 . 7 2 ,  p <0.001)  
wi th  each  th ree -day  b lock  differ ing f rom base l ine  (p<0.05) .  
Dur ing  the r e c o v e r y  (b locks  7 and  8) in take  again  r e tu rned  to 
the base l ine  level  (vary ing  f rom 94% to 108% of  basel ine) .  
The  drug effects  on  m e a n  g/kg in take  were  s imilar  (see Table  

- 1). The  ma in  effect  o f  dose  on  in take  (ml) and  the in te rac t ion  
of  dose  wi th  days  was not  significant .  As  seen  in Fig. 1 m e a n  
in take  (ml) dur ing  the  t r e a t m e n t  per iod  in the  p l acebo  g roup  
v a n e d  b e t w e e n  95% and 106% of  base l ine .  There  were  no 
s ignif icant  g roup  d i f fe rences  in in take  wh ich  would  indicate  
sys temat i c  effects  as a func t ion  o f  dose .  

The  e thano l  in take  o f  an imals  in the  SF  cond i t ion  is pre- 
sen ted  in Fig. 2. They  d rank  on  the  ave rage  per  g roup  be- 
tween  70 and  85 ml on  base l ine  e x c e p t  for  one  group which  
d r a n k  a m e a n  of  99 ml. The  m e a n  g/kg Intake a m o n g  the  
g roups  var ied  f rom 8.8 to 10.3 and  for  the  th ree  d ive rgen t  
an imals  ( the 5 mg  group)  it was  12.6. Admin i s t r a t i on  of  CDP  
signif icant ly  r educed  e thano l  in take,  again,  to b e t w e e n  60% 
and 85% of  base l ine .  E a c h  th ree -day  b lock  differed signifi- 
cant ly  f rom the  sham in jec t ion  base l ine  (F=6 .89 ,  p < 0 . 0 1 ) .  
The re  also were  s ignif icant  b e t w e e n  g roup  d i f fe rences  
( F = 7 . 2 3 ,  p < 0 . 0 1 )  wi th  10 and  15 mg doses  differ ing f rom 5 
mg, bu t  no t  p l acebo  (00 mg). H o w e v e r ,  these  d i f fe rences  do 
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T A B L E  2 

MEAN WATER INTAKE (ml) OVER THREE-DAY BLOCKS 

Sham Drug 

l 2 3 4 5 

Recovery 

7 8 

Intermittent Feed Condition 
00 mg 56 3 69 3 
05 mg 31 3 30 7 
10 mg 81 7 91 3 
15 mg 43 0 41 7 

Smgle Feed Condition 
00 mg 50 7 50 7 
05 mg 41 3 44 7 
10 mg 38 7 35 7 
15 mg 44 0 41.7 

Free Feed Condmon 
00 mg 49.0 47 0 
05 mg 51 0 49 3 
10 mg 54 7 44 3 
15 mg 47 3 49 0 

67 0 65 3 66.3 68 7 63 0 62 3 
32 3 39 3 34 0 35 0 26 7 35 0 
633 567 590 550 470 477 
420  490 443 463 423 467 

54.3 48 3 49 7 47 3 46 0 41 0 
377 477 507 43 0 450  397 
410 42 3 400 420  403 347 
400 483 453 460  523 41 3 

48.0 45 0 47 0 46 3 52 3 50 3 
553 500 537 513 507 527 
497 440  503 503 51 7 487 
557 52 3 61 7 61 7 607 593 
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FIG 3 Mean ethanol intake of rats m each feeding condition over all 
active chlordmzepoxlde doses 

not  reflect  a sys temat i c  dose- re la ted  effect ,  bu t  r a the r  differ- 
ences  In initial base l ine  in takes  a m o n g  the groups .  Dur ing  the 
pos t  drug per iod  e thanol  in take  once  again r e tu rned  to the  
p rev ious  base l ine  levels.  In take  e x p r e s s e d  as m e a n  g/kg 
changed  in a s imilar  fash ion  (see Table  1). 

On base l ine  the  an imals  in the  F F  cond i t ion  d r a n k  on  
the  average  48 ml of  e thanol  (3.5 g/kg). Admin i s t r a t ion  of  
CDP  had  no effect  on  the i r  in take.  F igure  3 p resen t s  the 
m e a n  intake (over  all act ive doses)  of  the  F F  animals  and 
c o m p a r e s  it to the  m e a n  in take  (over  all act ive doses )  of  
an imals  in the SF and  IF  cond i t ions .  In take  of  the F F  
an imals  did not  vary  by more  t han  5% f rom base l ine  dur ing  
the per iod of  drug admin is t ra t ion .  This  is in con t ras t  to  the 

reduc t ion  o f  in take  seen  for  an imals  in the  SF and IF  condi-  
t ions.  

W a t e r  intake a m o n g  an imals  in the th ree  di f ferent  feeding 
cond i t ions  for each  dose  is p re sen ted  in Table  2. Adminis -  
t ra t ion  of  CDP  had  no effect  on  the  in take  of  animals  in the  
F F  or  the SF  condi t ion .  In take  changed  signif icant ly a m o n g  
an imals  in the IF  condi t ion  (days  by dose  in te rac t ion ,  
F=5 .18 ,  p < 0 . 0 1 )  H o w e v e r ,  pos t  hoc tes t ing  indica ted  this  
change  was due  only to the  high in take  on  base l ine  of  the 
three  an imals  at the  10 mg dose.  

DISCUSSION 

The  e thanol  intake levels  u n d e r  the  th ree  di f ferent  feeding 
reg imens  seen  on  base l ine  wi th  sham inject ions ,  in general ,  
were  similar  to those  repor ted  prev ious ly  [5, 6, 7]. The  rats  In 
the  F F  cond i t ion  d r a n k  small  a m o u n t s  of  e thanol ,  ra ts  in the 
SF cond i t ion  some wha t  h igher  amoun t s ,  and  rats  in the IF  
condi t ion  the  h ighes t  a m o u n t  of  e thanol .  While  blood e thanol  
c o n c e n t r a t i o n  was not  eva lua ted ,  it is expec t ed  that  these  
rats mainta ined the previously  repor ted character is t ic  blood 
e thanol  pa t t e rns  for tha t  par t i cu la r  feeding regimen.  Of  note  
is the var iabi l i ty  at  basel ine  a m o n g  rats  within a given feed- 
lng reg imen.  Th ree  rats  in the  SF condi t ion  ( the 10 mg group)  
had  an  unusua l ly  high in take  and three  ra ts  in the IF  condi-  
t ion (the 5 mg group)  had  an  unusua l ly  low intake.  Th~s var- 
lablhty  at  base l ine  was p robab ly  an  ar t i fact  of  the sham in- 
j ec t ion  p rocedure .  

The  resul t s  s h o w e d  a drug effect  wh ich  was specific to the  
in take  of  e thanol .  In take  of  water ,  excep t  for  th ree  rats,  was  
not  af fected by CDP.  The  high wa te r  intake of  these  ra ts  at 
base l ine  was r educed  dur ing  drug admin is t ra t ion .  H o w e v e r ,  
af ter  drug was  r e m o v e d  in take  did not  re tu rn  to the basel ine ,  
sugges t ing  tha t  the  effect  was  due to fac tors  o the r  than  CDP 
admin is t ra t ion .  Thus  CDP did not  appea r  to affect  d r ink ing  
pe r  se, bu t  r a the r  the dr inking  of  e thanol  

Of  fu r the r  in te res t  is the  fact  tha t  CDP  affected only  ra ts  
in the  two feeding cond i t ions  m which  high levels o f  e thanol  
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were  c o n s u m e d .  Suff ic ient  e thano l  was  inges ted  u n d e r  these  
two cond i t ions  to p r oduce  e thano l  in toxica t ion .  H o w e v e r ,  in 
addi t ion  to its pha rmaco log i c  ef fec t  e thanol  also has  calor ic  
value.  It  ~s no t ed  tha t  ra t s  in t he se  cond i t ions  were  par t ia l ly  
food depr ived .  In take  in these  cond i t ions  was  r educed  de-  
sp~te the  fac t  tha t  an imals  lost  ca lor ies  assoc ia ted  wi th  dr ink-  
ing the  e thanol .  As  a resu l t  daily food s upp l em en t s  n e c e s s a r y  
to ma in t a in  an imals  at  80% levels  had  to be increased .  This  
suggests  t ha t  there  was  a specif ic  in t e rac t ion  of  C D P  wi th  
e t h a n o l ' s  pha rmaco log ic  p roper t i e s .  Of  course ,  vo lume  o f  
e thano l  in take  (ml) m ay  also be an  i m p o r t a n t  cons ide ra t ion .  
We  did not  a t t empt  to  sepa ra te  these  fac tors  in the  p r e sen t  
expe r imen t .  W e  have  recen t ly  s h o w n  tha t  ra ts  u n d e r  an  IF  
cond i t ion  d r a n k  two  t imes  the  vo lume  of  5% e thano l  than  o f  
10% e thano l ,  bu t  inges ted  a s imilar  g/kg of  e thanol  pe r  day  

[11]. A s tudy  of  C D P ' s  ef fec t  on  in take  of  5% or  10% e thano l  
would  be in teres t ing .  I f  in fact  the re  is a specif ic  in t e rac t ion  
o f  C D P  wi th  e t h a n o l ' s  pha rmaco log ica l  effect,  one  would  
expec t  t ha t  in take  o f  5% and  10% e thano l  would  be  r educed  
by  a s imilar  g/kg e thanol .  

Final ly ,  o f  no te ,  no  dose - re l a t ed  effects  on  e thano l  in take  
were  found.  A n u m b e r  of  fac to rs  cou ld  explain  the  a b s e n c e  
of  a dose  effect .  F i rs t  the  var iabi l i ty  a m o n g  rats  at  base l ine  
cou ld  have  made  it difficult  to d e m o n s t r a t e  a dose  effect .  A 
second  fac to r  is tha t  m e a s u r e m e n t  o f  the  d e p e n d e n t  var iab le  
(ml re take o v e r  24 hr) was  too  gross ,  wh ich  made  it difficult  
to de tec t  s ignif icant  d i f ferences .  H o w e v e r ,  a more  likely ex- 
p lana t ion  is tha t  a ccumula t i on  of  ac t ive  me tabo l l t e s  occu r r ed  
and  or  re la t ive ly  high daily doses  (10-30 mg/day)  were  used  
in fas ted  an imal s  [15]. 
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