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CARROLL, M E , M C PEDERSON AND R G HARRISON Food depnvanon reveals strata differences m opiate retake 
of Sprague-Dawley and Wtstar rats PHARMACOL BIOCHEM BEHAV 24(4) 1095--1099, 1986 --Two groups of nmve, 
male, albino rats derived from d~fferent genetic strains (Sprague-Dawley and Wlstar) were gaven a 5 ~g/ml etomtazene 
solution as their only avadable hqmd. L~qmd retake and body weights were recorded every 24 hr Etomtazene retake was 
compared to basehne water retake, and drug intake was then compared when the rats were food deprived (25 sessions) and 
food satmted (24 sessmns) Both groups drank s~mdar amounts of water and etomtazene dunng the m~taal food satiation 
phase, although drug intake was shghtly below water retake When they were food deprived, the Wistar group's mean 
etomtazene retake almost doubled, while the Sprague-Dawley group's drug intake decreased by neatly 50% The 
etomtazene retake in the Sprague-Dawley group never exceeded that of the vehicle, water; thus, ~t appeared that the drug 
was not functioning as a reinforcer Food deprivation increased etomtazene intake above water levels in the Wistar group, 
indicating that the drug was serving as a reinforcer Both groups showed similar drug effects dunng food deprivation, such 
as erratic dnnkmg patterns, self-mutilation and other forms of stereotypy Thus, both strmns were sensitive to 
etomtazene's effects, they appeared to differ only wRh respect to the reinforcing effects These results suggest that 
geneucally-based d~fferences m the re~nforcmg effects of drugs may be revealed by food deprivation 

Etomtazene Food depnvat~on Food satiation Geneuc d~fferences in drug intake Pharmacogenetics 
Rats Sprague-Dawley W~star 

FOOD deprivation markedly increases oral and intravenous 
retake of drugs that are abused by humans (cf. [I 1]). How- 
ever, the underlying mechanisms of this effect are not well 
understood. The original purpose of the present study was to 
rephcate and extend the results of a prevmous experiment [ 12] 
by examining etonitazene self-admimstrat~on over repeated 
cycles of food deprivation and satiation. The ~ntent was to 
determine whether ~ncreases in drug intake occur more 
rapidly after repeated exposure to the drug under food depn- 
vaUon conditions. In the earlier experiment with Wistar rats 
[12], an etomtazene solutmn (5 ~g/ml) replaced water in the 
dnnking bottles, and when the rats were subsequently food 
deprived, their drug ~ntake more than doubled In the present 
experiment we were not able to replicate this tmt~al finding 
with Sprague-Dawley rats, m fact, food deprivation de- 
creased etomtazene ~ntake as ~t does water intake [12, 25, 
33] When two add~uonal attempts to rephcate the earher 
findings faded, it appeared that genetic d~fferences may have 
been responsible. 

Genetically-based differences m drug respons~vlty have 
been reported m mice using alcohol (cf. [6]) stimulants [2-4] 
and opiates [8, 10, 13, 15, 18-21,27, 30, 35]. Strmn differences 
have also been found ~n studies with rats usmg alcohol [17, 23, 
24, 29, 30, 34] and opiates [7, 9, 26, 31, 32]. The Sprague- 
Dawley and W~star strmns are commonly used m behavioral 
pharmacological research, however, genotype x drug self- 

administration ~nteractions have not been systematically 
considered with respect to psychoactive drugs There have 
been a few reports of genetically-based differences m the 
sensitivity of  Sprague-Dawley and Wistar rats to neurotoxins 
[24] and morphmne [7] However,  there have been no reports 
companng Sprague-Dawley and Wistar rat strains for self- 
admm~stratmn of opiates. The purpose of  the present exper- 
iment was to compare these two rat strmns with respect to 
the effects of food deprivatmn on etonitazene intake. 

METHOD 

Animals 

Thirty nmve, male rats were used in this experiment. 
Twenty-one of  the rats were of  Sprague-Dawley derivatmn 
(Bio-Lab, Inc., St. Paul, MN) and rune were of the Wistar 
strain (Harlan Sprague-Dawley, Inc., Indianapohs, IN). At 
the start of the experiment the Sprague-Dawley rats ranged 
~n weight from 347 to 390 g, and the Wistar rats ranged from 
377 to 442 g. The rats were housed m a temperature (24°C) 
and humidity controlled room under a 12 hr light/dark cycle 
wRh the lights on between 7"00 a m .  and 7:00 p.m 

Apparatus 

Throughout the experiment, the rats were housed m in- 
dividual stainless-steel wire mesh rat cages. They were re- 
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moved from the cages for about 20 sec each day to record 
body wmghts. The rats were habituated to the handhng and 
we~gh,ng procedure for five days before the experiment be- 
gan Dnnk,ng solut,ons were presented to the rats m 250 ml 
glass bottles that were attached to the front of the cages with 
spring chps Food (Punna Laboratory Chow) was presented 
~n a food hopper on the outside of the front of the cage. or it 
was placed ~ns,de the cage if the rats appeared to be having 
difficulty eating due to drug effects 

[~t t)t t 'dllrt" 

Throughout the experiment, each day between l I 00 a m 
and 12 00 noon bottles were removed from the cages and the 
amounts consumed were measured and recorded. Correc- 
tions for evaporation and spdlage were made by placing s~x 
bottles on empty cages and measuring changes in hqu~d vol- 
ume every 24 hr. The body weight of each rat was then 
recorded, and liquid was returned to the cage During th~s 
procedure, each rat was w~thout food and Itqmd for approx- 
imately 60 m~n 

All rats were m~t~ally g~ven water whde food satiated and 
baseline liquid retakes were recorded The Wistar rats (N=9) 
were then exposed to an etomtazene solution (5/zg/ml) in- 
stead of water for five days whde they remained food 
satiated The Sprague-Dawley rats were d~v~ded into two 
groups, one group (N=10) was food deprived and at the 
same time water was replaced by an etomtazene (5 /xg/ml) 
solution They were given 8 g of food (Punna Laboratory 
Chow) per day until they reached 75% of their free-feeding 
body weights, and then amounts (usually 14-20 g) necessary 
to maintain them at those weights throughout a 25-day food 
deprivation phase The other group ( N = l l )  also received 
etonltazene but remained food satiated throughout the exper- 
iment Th~s group's data was used only for a comparison of 
baseline etonltazene retake dunng the first five days of food 
satiation Subsequently, the Sprague-Dawley group was 
food-deprived for 37 days, however, data are reported for 
only the first 25 days as there were no ~ncreaslng or decreas- 
ing trends m ilqmd retake beyond that point Subsequently, 
both groups were food satiated for 24 days Food satiation 
was accomphshed by providing the rats w~th unhmlted ac- 
cess to laboratory chow m their food hoppers 

Drug Sohttton 

The etonttazene HCL (NIDA Research Triangle Insti- 
tute) solution (5 p.g/ml) was mixed dady from a stock solution 
containing 10/~g/ml which was mixed weekly m tap water 
Concentrations are expressed ~n terms of the salt 

RESULTS 

Figure I shows hqmd intake for the Sprague-Dawley and 
W~star groups dunng repeated cycles of food satiation, dep- 
rivation and satiation During food satiation, water intake 
was slightly h~gher for the Wtstar rats Mean hqmd intake 
decreased only by about 10 ml when the etomtazene solution 
was Introduced whde the rats were still food satiated. At the 
onset of food deprivation, changes m volumes of  etonltazene 
consumed became apparent within a few days The W~star 
rats' mean etonitazene ~ntake steaddy Increased over  the 25 
sessions, although individual retakes were highly erratic By 
the middle of the food deprivation phase, the W~star group 
had nearly doubled ~ts etomtazene ~ntake At the onset of 
food deprivation, the Sprague-Dawley rats' mean 
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FIG 1 Mean (-,-S E ) hqu~d ~ntake ~s presented for groups of W~star 
(sohd c~rcles) and Sprague-Dawlcy (open c~rcles) rats dunng food 
satmtton (FS) and food deprivation (FD) The first unconnected 
point for each group represents the mean water ~ntake on the last 
day of the five day water baseline phase The second point repre- 
sents the mean ctonttazene retake on the last day of the 5 days of 
etomtazene access dunng food satiation Note that this condition 
was tested m a separate group of 11 rats that served as a food- 
satmted control for the Sprague-Dawley group The connected 
pomts depict mean etomtazene retakes for 25 sessions of food depri- 
vation followed by 24 sessions of food satiation The W~star group 
consisted of nine rats and the Sprague-Dawley group consisted of 
ten rats Arrows md~cate the day when all ammals ~n the group had 
reached their 75% body weights 

etonitazene intake dropped to more than 20 ml below their 
food-satiation basehne, this amount was less than 50% of 
their water and etonltazene intake dunng food satlat,on 
After nine days of food deprivation, mean etonltazene intake 
gradually increased by approximately 10-15 ml The food 
deprivation condition was extended an additional 12 days 
(the data are not plotted on F~g. I), but there were no further 
increases m dady etonltazene retake By the end of  the food 
deprivation phase, the Sprague-Dawley group's intake had 
not exceeded water or etonltazene retake dunng food satia- 
tion All rats in the Wlstar group reached their 75% body 
weight by l0 days and those in the Sprague-Dawley group 
reached their 75%, weights by 14 days following onset of food 
deprivation No systematic changes in dnnklng were ob- 
served in e~ther group when the rats were fed more than 8 g 
of food to mmntaln them at their 75% weights 

When the rats were food-satiated, etonltazene intake 
Increased substantmlly m the Sprague-Dawley group 
Etonltazene dnnklng then stablhzed at a level slightly h~gher 
than the food-satiation etomtazene basehne The W~star 
group continued to drink large quantities of  etonltazene and 
to show the highly erratic dnnkmg patterns while food 
satiated, however, mean ~ntake and individual vanabd~ty re- 
turned to slightly h~gher than basehne levels by the end of the 
24 food satiation sessions 

The h~gh ~ntersubject varlabthty of  the Wistar group was a 
result of  an erratic dnnk~ng pattern found in almost all of the 
rats in the group The Wlstar rats typically drank large vol- 
umes of the etomtazene solutions on alternating days Sev- 
eral rats consumed over 200 ml of  the etomtazene solution on 
alternating days or every third day This oscdlatlng pattern is 
only part~ally revealed in Fig 1, since means are presented 
and the rats" oscillating patterns were not synchronized 
Figure 2 presents data for an individual rat from each group 
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FIG 2 The amount ofetonttazene consumed per 24 hr ~s presented for 25 successive days when the rats were food deprived (FD, left frame) 
and 24 or 25 successive days when they were food satmted (FS, right frame) Data are from an individual rat m each group (W-I and A-3) that was 
selected for hqmd retake that was most representative of ~ts group mean and a dnnkmg pattern that was most characteristic of the group 

T A B L E  1 

MEAN 24-HR LIQUID INTAKE (ml/kg) AND ETONITAZENE (5 ~.g/ml) INTAKE (mg/kg) DURING THE 
LAST FIVE DAYS OF SEQUENTIAL FOOD SATIATION AND DEPRIVATION PHASES FOR 

WISTAR AND SPRAGUE-DAWLEY RATS* 

Rat Strata 

Feeding Condition 

Food Deprivation Food Satmt~on 
Food 

Satiation % % 
(basehne) Intake Increaser Intake Increase 

Wlstar ml/kg 133 8 291 4 117 8 161 1 20 4 
mg/kg 0 7 I 5 117 9 0 8 19 4 

Sprague-Dawley ml/kg 117 2¢ 147 9 26 I 147 3 25 6 
mg/kg 0 6 0 7 25 4 0 7 25 4 

*Each mean consists of 45, 50. or 55 values (9, 10 or 11 rats x 5 observations each) 
,*Percent increase over basehne 
eThos condition was tested m separate group of I I rats that served as a food-satiated control 

for the Sprague-Dawley group 

and dlustrates the d~fferent patterns more clearly. 
Etont tazene mtake for a single rat m each group ~s presented 
for the 25 food depnva t | on  sessions and the 24 food sat |at ton 
sessions,  respect ively .  The individual rats shown here were  
selected as those whose  retakes were  closest  to the mean and 
whose  patterns were  typical of  the largest proport ion of  the 
group The highly variable pattern of  e tomtazene  drinking 
for the W~star group began almost  immediately,  and m- 
creased throughout  the exper iment  The  Sprague-Dawley 
group showed httle dady vanabdi ty  for about the first 8-10 
days,  and then small increases m vanabd~ty and e tomtazene  
retake untd the end of  the food depnva t | on  phase.  

The  weights o f  each group of  rats were  changing at d~ffer- 
ent rates throughout  the exper iment  as a function of  the food 
deprivat ion and satiation condit ions,  therefore,  mean hqmd 
retake as a dependent  measure  ts an underest imate  o f  the 
amount  of  drug consumed when body weight ~s not taken 
into considerat ion.  Thus,  the amount  of  drug consumed 
(mg/kg) as a function of  rat strata and feeding condit ion ~s 
presented in Table I 

In addition to the large quantit ies o f  e tomtazene  con- 

sumed and errat ic dnnktng patterns,  o ther  changes tn behav- 
ior were seen during the food-deprivat ion phases.  
S tereotypy occurred  in all rats m both groups f rom the onset  
o f  food deprivat ion It was p redommate ly  character ized by 
self-mutilation, specifically bttmg of  the front paws. By the 
end of  25 days of  food deprivat ion,  all rats m both groups had 
chewed  all digits o f f t h e  front paws The rats also engaged m 
rockmg behavior  and biting the grid floor and front of  the 
cage.  Self-muti lat ion became progressively more severe  as 
these high rates of  dnnkmg  emerged in the Wtstar Group.  
The rats d n n k m g  large amounts  m the Wistar  group ap- 
peared to be more heavily intoxicated than the o ther  
Sprague-Dawley rats. Each group had initially consis ted of  
e leven  rats, and two of the W~star rats died. One rat died m 
the Sprague-Dawley group. Self-mutilat ion and o ther  stereo- 
typed behawor  decreased  abruptly when the rats were  food 
satiated. While there were  large differences be tween  the 
total e tont tazene intake and the amount  o f  drug consumed 
(mg/kg) be tween  the Wtstar and Sprague-Dawley rats, the 
onset ,  t ime course  and seven ty  of  self-mutilation were  simi- 
lar m most  rats. 
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DISCUSSION 

Dunng food deprivation mean etonitazene consumption 
nearly doubled in the W~star group, but the Sprague-Dawley 
group's mean drug ~ntake remained below baseline water and 
etonitazene levels During the subsequent food satiation phase, 
the Wlstar group's mean intake decreased but remained 
at a level that was slightly above the amount the group had 
consumed prior to food deprivation When etonttazene in- 
take was considered In terms of mg/kg of body weight, the 
W~star group showed more than a two-fold increase in the 
amount of drug consumed during food deprivation while the 
Sprague-Dawley group revealed a small ~ncrease (25%) that 
developed toward the end of the deprivation phase and con- 
tmued throughout the satiation phase. The results of the 
present experiment suggest that there is a genetic component 
that interacts w~th the effect of food deprivation on 
etomtazene consumption Food deprivation appears to be an 
important factor responsible for high levels of etonltazene 
intake in Wlstar rats but not in Sprague-Dawley rats 

The results of the Wlstar group agreed closely with data 
reported earher m which etomtazene intake nearly doubled 
dunng a food deprivation phase [12] The t~me course and 
daffy patterns of etomtazene retake found m the present ex- 
periment were also s~mflar to those reported in the earher 
study. However there was a d~fference in the two expera- 
ments ~n terms of the overall amount of liquid consumed 
Throughout all phases of the present experiment the Wtstar 
and Sprague-Dawley rats drank almost 50% more water and 
etomtazene than the Wistar rats ~n the earlier report [12] 
Methodological variations that may have accounted for these 
d~fferences are that the rats used m the present experiment 
weighed slightly more, and laboratory chow (4-5 g blocks) 
was used instead of 45 mg pellets (Noyes) as ~n the earlier 
study [12]. The Sprague-Dawley group consumed basehne 
quantities of water and etomtazene that were slmdar to those 
of the Wtstar rats, thus the decrease m etomtazene ~ntake 
due to food depravation could not be explained by d~ffer- 
ences in baseline water ~ntake The results of the Sprague- 
Dawley group were very similar to a group in the previous 
experiment that received water during food depravation [12], 
and to the results of other studies investigating the effects of 
food deprivation on the water intake of rats [25,33] While 
the Sprague-Dawley group drank considerably less drug than 
the Wlstar group dunng food deprivation, they did show drug 
effects that were s~mdar to the Wlstar group. Food depriva- 
tion produced an erratic drinking pattern in both groups and 
that pattern was similar to what had been reported earlier 
[12, 14, 281 There were also findings of self-mutdatlon and 
other forms of stereotypy in the two groups As m earlier 
experaments [12, 14, 28], these changes appeared to result 
specifically from the combination of food deprivation and 
etomtazene dnnk~ng. That similar drug effects emerged in 
both groups suggests that in some respects, they were 
equally sensitive to some effects of the drug but not to the 
reinforcing effects 

Food deprivation produces increased drug self- 
administration and drug-reinforced operant behavior under a 
wide variety of conditions For instance, marked increases in 
drug intake due to food deprivation occur with drugs from 
many pharmacological classes such as stimulants, sedatives, 
hypnotics and opiates, and this effect has been demonstrated 
w~th a number of species and in several laboratories J i l l  
There have been only a few limitations identified with the 
food deprivation effect Food depravation selectively 

produces increases in drug intake, Jt does not Increase gen- 
eral activity, water dnnklng or operant behavior reinforced 
by delivery of the vehicle (water or saline via the oral or 
intravenous routes, respectively) It appears that food depri- 
vation increases drug intake only when a drug can be inde- 
pendently demonstrated to function as a reinforcer For 
example, food deprivation generally does not increase self- 
administration of drugs such as Intravenously-delivered 
methadone, nicotine, tetrahydrocannlblnol or orally- 
delivered cocaine or phencychdme which have been difficult 
to establish as reinforcers in laboratory animals [121 

The present study has provided an additional limitation of 
the food deprivation effect (l.e , genetic strain) It is possible 
that etomtazlne does not function as a reinforcer for the 
Sprague-Dawley rats, as food deprivation did not increase 
self-administration It is generally accepted that a drug IS 
funct~omng as a reinforcer when intake of the drug solution 
exceeds that of the vehicle (i e , water) Although 
etonltazene Intake increased shghtly over time In the 
Sprague-Dawley group, their drug intake did not exceed the 
water baseline levels Furthermore, etonltazene intake m the 
food-satiated control group of Sprague-Dawley rats (data not 
included) did not exceed the water baseline On the contrary, 
m the earher experiment with Wistar rats. a food-satiated 
control group's etomtazene retake surpassed the baseline 
water levels [ 12] Thus, ~t is likely that etonltazene functions 
as a reinforcer for food satiated Wlstar rats, and food depri- 
vation enhances the reinforcing effects 

The present results concur with earlier findings in a study 
of etomtazene retake in two mouse strains (C57BL/6J and 
DBA/2J) during food satiation and deprivation [20] While 
food satiated, the DBAs showed an aversion to etomtazene 
compared to the C57's shght preference over water Food 
deprivation further decreased etonltazene intake in the 
DBA's, but ~t markedly enhanced drug intake in the C57 
group An earlier study showed a positive preference for a 
morphine and saccharin solution in C57s and an aversion in 
DBAs [22] While there is an extensive literature demonstrat- 
ing mouse and rat strata differences in alcohol preference (cf 
[10,16]) there are only a few pharmacogenetlc studies with 
rats concerning other drugs of dependence (e g ,  [10, 26, 32, 
35], however, reports concerning the self-adm~mstrauon of 
opiates and drugs other than alcohol in rats are still lacking 
There have been only a few studies specifically companng 
drug effects m the Sprague-Dawley and Wlstar strains Using 
observational measures Borgen and coworkers [7] found that 
morphine-treated Wistar rats were more aggressive than 
Sprague-Dawleys Melchior and Myers [24] found drug 
strata interactions In the way the neurotoxln 5.6-DHT affects 
alcohol preference ~n Sprague-Dawleys but not in Wtstars 
The baseline alcohol preference in Wlstars was already ele- 
vated over that of the Sprague-Dawleys Reports of Wlstar 
and Sprague-Dawley strain differences in alcohol preference 
have y~elded conflicting results, ranging from a greater alco- 
hol preference Jn Wlstars [24] to no clear preference [I,36[, 
however, in these studies the animals typically have been 
tested while food satiated The results of the present experi- 
ment suggest that food deprivation may be useful tool for 
reveahng genetic differences in the acquisition and mainte- 
nance of drug self-administration behavior 
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