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SUZUKI, T., F. R. GEORGE AND R. A. MEISCH. Etonitazene delivered orally serves as a reinforcer for Lewis but 
not Fischer 344 rats. PHARMACOL BIOCHEM BEHAV 42(4) 579-586, 1992.-Oral etonitazene self-administration was 
systematically investigated in two inbred strains of rats, Lewis (LEW) and Fischer 344 (F344). For LEW rats, etonitazene 
maintained higher rates of lever pressing and was consumed in larger volumes than the water vehicle when the reinforcement 
schedule was fixed ratio (FR) 8. In contrast, with F344 rats responding did not systematically exceed water values at any 
etonitazene concentration. LEW rats also drank substantially more etonitazene than F344 rats, and at FR 8 only LEW rats 
showed the typical inverted U-shaped function between etonitazene concentration and number of responses. For the LEW 
strain, response rate increased as FR size increased from FR 1 to FR 2 and FR 4, but decreased at FR 8. For the F344 strain, 
as FR size increased response rate showed small increases, but the response rates were far lower than those of the LEW 
strain. The results support the conclusion that etonitazene was an effective reinforcer for LEW but not F344 rats. These 
findings demonstrate genetic differences in opioid reinforcement of operant behavior and indicate that genotype can be an 
important determinant of whether etonitazene serves as a reinforcer. 
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M A N Y  studies have examined rodent strain differences in al- 
cohol  drinking [for reviews, see (2,16)]. Relatively few studies 
have examined strain differences in intake o f  other drugs, 
al though there are several reports of  genetic differences in oral 
opioid intake (2,8,17,21,27,35,37). These studies have em- 
ployed either drinking bottle procedures similar to that used 
by Nichols and coworkers (33,34) and Kumar et al. (22) or  the 
food-cup choice technique developed by Yanaura and Suzuki 
(43). Differences in morphine  intake have been found in dif- 
ferent rat stocks (27), selectively bred rat strains (35), inbred 
rats (34), and inbred mice (12,21). Similarly, differences in 
intake o f  the potent  opioid etonitazene have been observed in 
different rat stocks (8) and in inbred mouse strains (14,17). 

A different way to conceptualize and measure opioid inges- 
tion comes f rom studies o f  drug-reinforced behavior that em- 
ployed operant  condit ioning procedures (11,40,41). These 
methods have been quite successful in analyzing drug-seeking 

behavior and have made possible the study of  a broad range 
of  factors affecting that behavior.  Most drugs that humans 
abuse serve as reinforcers for animals (18). For example, opi- 
oids maintain responding at higher rates than vehicle and thus 
have been demonstrated to serve as reinforcers for animals 
when delivered intravenously (11,40,41) or orally (28,39). 

A potent  opioid used in many studies is etonitazene; it 
can serve as a reinforcer orally for rats and rhesus monkeys 
(4,7,26,29,32). Etonitazene is well absorbed orally and does 
not  appear to be markedly aversive in taste at behaviorally 
active concentrations (25,26,42). 

In pharmacogenetic studies, inbred or  selectively bred ro- 
dents are usually used. Two inbred rat strains that differ in 
many respects are the Lewis (LEW) and Fischer 344 (F344) 
strains (13). A recent finding is that in LEW rats relative to 
F344 rats ethanol maintained substantially higher response 
rates across concentrations and fixed-ratio (FR) sizes (36). 
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Thus, ethanol served as a stronger reinforcer for LEW rats. 
Also, LEW rats exhibit a greater preference for morphine and 
codeine than do F344 rats (37). 

The purpose of the present study was to use operant condi- 
tioning procedures to compare the establishment and mainte- 
nance of etonitazene-reinforced behavior in LEW and F344 
rats. 

METItOD 

Animals 

Adult (11 weeks) LEW(CRL/BL) (LEW) and F344(CRL/ 
BL) (F344) male rats were obtained from Charles River Labo- 
ratories (Wilmington, MA). Animals were housed individually 
in wire-grid-bottom cages in a temperature-controlled room 
(26°C) with a 12 L:I2 D cycle (lights on 7:00 a.m.-7:00 p.m.) 
and were given free access to Purina Laboratory Chow and 
tapwater. They were allowed to adapt to this environment for 
2 weeks. 

Apparatus 

The experimental chambers were octagonal with four alter- 
nating walls constructed of Plexiglas and the other four of 
aluminum. Two aluminum walls on opposite sides of the 
chambers were each equipped with a lever (Coulbourn Instru- 
ments Inc., Lehigh Valley, PA) and three colored lights (4.76 
W) above the lever. Responses on the right (ineffective) lever 
were recorded and served as a measure of  nonspecific respond- 
ing but had no programmed consequence. The aluminum wall 
to the left of the wall holding the effective lever was equipped 
with a drinking spout, two colored lights above the spout, 
and a Sonalert ® (Mallory, Indianapolis, IN, No. $6628-24DC) 
above the lights. The spout was used to deliver a minute 
amount of liquid in response to a lick. In this system, an 
electronic circuit sensed the small current (resistance adjusted 
to 5.0 Mfl) traveling from the brass spout through the animal's 
body to the grounded cage floor. As the rodent's tongue con- 
tacted the spout tip, a solenoid valve was opened momentarily 
to deliver a droplet of liquid (approximately 5.0 #l/lick) di- 
rectly onto the tongue. This delivery system was adapted from 
a system developed by Beardsley and Meisch (1). The lights 
above the lever and the Sonalert above the spout were used as 
discriminative stimuli for lever pressing. The lights above the 
spout were used as discriminative stimuli for licking. System 
control and data acquisition were by solid-state programmable 
modules (Coulbourn Instruments, Inc.) located in an adjacent 
room. 

Procedure 

Four F344 and four LEW rats were used. At the start of 
training, F344 and LEW rats weighed approximately 200 and 
300 g, respectively. Rats were initially food deprived to 80% 
of their free-feeding weights at 16 weeks of age by rationing 
their daily food allotment. Sessions were run 7 days a week. 
Four individual operant chambers were used, and two succes- 
sive sessions were run each day, with four animals per session. 
Sessions occurred at a constant time during the light phase of 
a normal light/dark cycle. 

Etonitazene concentrations (expressed in/~g/ml) were pre- 
pared using etonitazene HCI stock solution (100 #g/ml) in 
tapwater. The solutions were prepared, sealed, and stored at 
room temperature for approximately ! h before use. The vol- 
ume consumed was measured at the end of each session. All 
concentrations are in terms of  the salt. 

Establishment o fLicking and Water-Reinforced 
Lever Pressing 

Water bottles were removed from the rats' home cage for 
22 h/day, and to increase further the probability of drinking 
the daily feedings of Purina Laboratory Chow were placed in 
the operant chamber 30 min after the beginning of the session. 
During the daily 1.5-h session, water was delivered each time 
the rat made contact with the spout. Rats had access to water 
in their home cage for 0.5 h after each session. During ses- 
sions, a white houselight was lit continually. 

When rats reliably drank from the spout, water deliveries 
were used to shape presses on the left lever. Water deliveries 
were made available for five sessions on a heterogeneous chain 
FR 1 (lever press) 30 (FR 1) (spout contact) schedule of rein- 
forcement: A single lever press was necessary to initiate the 
second component of the chain, in which 30 reinforced spout 
contacts were allowed, that is, chain FR 1 30 (FR 1: liquid) 
(30 spout contacts). Subsequently, five additional sessions 
were run at each of the following values: chain FR 1 20 (FR 
1), chain FR 1 10 (FR 1), and chain FR 1 20 (FR 1). This 
extended testing with water ensured that rats were experienced 
with both pressing the lever and drinking from the spout. 
After rats were run for five sessions under each condition, 
water bottles were restored to the home cages and food contin- 
ued to be given in the operant chamber 0.5 h after the begin- 
ning of the session. 

Induction o f  Etonitazene Drinking 

Within-session feedings of Purina Laboratory Chow con- 
tinued for a series of 48 daily 2-h sessions. The purpose of the 
within-session feedings was to induce liquid drinking. During 
the first 27 sessions, 0 #g/ml etonitazene (i.e., water vehicle) 
was available, then 0.625, 1.25, 2.5, and 5/~g/ml etonitazene 
for seven sessions each. The session feedings were then discon- 
tinued and food was given to rats in their home cages after 
each session. There was free access to water in the home cages. 

Locomotor-Activity Testing 

On the last or next-to-the-last day of each treatment condi- 
tion, behavioral activation was measured in an open-field ap- 
paratus similar to that developed by DeFries and Hegman 
(10). This is an arena constructed of white Plexiglas 91.44 cm 
on each side and marked off into 36 equal squares. Move- 
ments between squares interrupt photocell beams, activating 
electronic counters. The recorded score for the activity test 
was the total number of times a beam was broken within a 
3-min period that followed completion of the experimental 
session. The 0 t~g/ml (water) conditions were used as the vehi- 
cle control values. 

Etonitazene Drinking After Termination o f  lnduction 

After the termination of within-session access to food, rats 
continued to have access to 5 ~.g/ml etonitazene for eight 
sessions. The objective was to determine the persistence of 
etonitazene-maintained responding in the absence of food- 
induced drinking. Next, rats received seven sessions at 0/~g/ 
ml (water vehicle), and then were retested for seven sessions 
at 5 ~tg/ml. The purpose of these manipulations was to deter- 
mine if etonitazene maintained higher response rates than the 
water vehicle. 

Behavior at FR 1 as a Function of  Etonitazene Concentration 

At FR l, a concentration-response function was obtained. 
A series of etonitazene concentrations was presented in a de- 
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scending and then an ascending sequence to control for order 
effects. The test sequence was: 5, 2.5, 1.25, 0.625, 0.313, 
0.156, 0.079, 0 (water vehicle), 0.079, 0.156, 0.313, 0.625, 
1.25, 2.5, and 5 /~g/ml. Each concentrat ion was present for 
seven sessions. 

Behavior as a Function o f  FR Size 

The size of  the FR schedule was then increased gradually. 
Each rat was exposed to 5 /~g/ml  etonitazene at FRs 1, 2, 4, 
and then 8. Each FR value was present for seven consecutive 
sessions. The objective was to determine if intermittent pre- 
sentations of  etonitazene would maintain behavior.  

Behavior as a Function o f  Liquid Present: Drug or Vehicle 

At FR 8, rats were initially given access to 0 0zg/ml (i.e., 
water) for five sessions, then etonitazene concentrations of  
1 .25/zg/ml for two sessions, 2 .5 /~g/ml  for 2 sessions, 5 #g /  
ml for 14 sessions, 0 #g /ml  for 19 sessions, and 5/~g/ml for 5 
sessions. Concentrat ions of  1.25 and 2.5 #g /ml  were interpo- 
lated between the initial water test and the first test at the 5 
/~g/ml concentration so the transition between water and 5 
#g /ml  would not be abrupt.  In some previous studies, etonita- 
zene-reinforced behavior extinguished slowly (6,32). Water,  
therefore,  was presented for an extended number of  sessions. 
Drug- and vehicle (water)-maintained behavior were studied 
at FR 8 rather than at a lower FR size because increasing 
differences between drug and vehicle are usually observed as 
FR size is increased (19,20,24). 

Behavior at FR 8 as a Function o f  Etonitazene Concentration 

All rats were then run with water available under an FR 8 
schedule for 24 sessions. Subsequently, etonitazene concentra- 
tions were tested in the following sequence: 1.25 #g /ml  for six 
sessions, 2 .5 /zg/ml  for five sessions, 5 #g /ml  for five sessions, 
and 0 /zg /ml  for nine sessions. 

Statistical Analyses 

Data are expressed as the mean + SEM. Student's t-test 
or repeated- or non-repeated-measures analysis of  variance 
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FIG. 1. Number of lever-press responses for the final 90-min portion 
of the 2-h session (following the introduction of food) as a function 
of etonitazene concentration for LEW and F344 rats. One reinforce- 
ment component represents one lever press activating the spout for 20 
licks of 5 #1 liquid per lick. Each bar represents the mean of four ani- 
mals (n = 28; 4 rats x 7 sessions). Brackets indicate the SEM 
(n = 4; 4 rats x one mean each). 

TABLE 1 

ETONITAZENE INTAKE ~g/kg OF BODY WEIGHT) 
DURING FOOD-INDUCED DRINKING AS 

A FUNCTION OF ETON1TAZENE CONCENTRATION 
FOR LEW AND F344 RATS 

Etonitazene 
Concentrations 
(~g/ml) 

Etonitazene Intake O~g/kg body weight) 

LEW F344 

0.625 18.4 + 2.1 10.8 ± 2.8 
1.25 36.0 ± 3.2 33.9 ± 9.5 
2.5 57.7 ± 7.1 58.7 ± 13.6 
5.0 91.9 ± 12.5 88.3 ± 17.1 

Each value represents the mean __. SEM of four ani- 
mals. 

(ANOVA) were used where appropriate for statistical anal- 
yses. 

RESULTS 

Induction o f  Water and Etonitazene Drinking 

The left port ion of  Fig. 1 shows number of  responses under 
an FR 1 schedule of  lever pressing as a function of  etonitazene 
concentration for LEW and F344 rats. Results are shown for 
the 90-rain period after the introduction of  food (data from 
the first 30 min of  the session are not shown). Consistent with 
a previous report (36), LEW rats had higher levels of  baseline 
responding, thereby obtaining significantly more water deliv- 
eries than did F344 rats (p < 0.001). During this and all sub- 
sequent phases, the number of  lever-press responses on the 
right (ineffective) lever, which served as a measure of  nonspe- 
cific lever pressing, was low and did not differ between strains. 

For LEW rats, there was a progressive decrease in respond- 
ing when the etonitazene concentration was increased, 
F(concentration) = 4.02, p < 0.01. In contrast,  for F344 rats 
there was no systematic change in responding across concen- 
trations. At lower concentrations (0.625 and 1.25 #g/ml)  
LEW rats emitted more responses. However,  the differences 
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FIG. 2. Open-field activity score after 2 h self-administration session 
as a function of etonitazene concentration. Each bar represents the 
mean number of photobeam interruptions during a 3-min period fol- 
lowing the 2-h self-administration session (four rats per strain; one 
score per animal). Brackets indicate the SEM. 
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between the s t rains  became less as concen t ra t ion  was in- 
creased. E ton i tazene  in take  (#g /kg  of  body weight) was also 
similar for  bo th  s t rains  (Table  1). Similarit ies in in take  oc- 
curred despite differences  in responding  since F344 rats 
weighed less than  LEW rats. 

Locomotor Activity 

Figure 2 i l lustrates tha t  L E W  rats  but  not  F344 rats  showed 
e toni tazene concen t r a t ion -dependen t  decreases in open-f ie ld 
activity. LEW rats appeared  mildly catalept ic  af ter  the ses- 
sions at 2.5 and  5 ~ g / m l  e toni tazene;  two F344 rats displayed 
a St raub ' s  tail and  ano t he r  had  a f ron t  paw t remor .  The  differ- 
ences between s t rains  in open-f ie ld activity were signif icant ,  
F(s t ra in)  = 7.56, p < 0.01. 

Etonitazene Drinking After Termination o f  lnduction 

When  food was no  longer avai lable  in the operan t  cham-  
ber,  the behav io r  o f  L E W and  F344 rats  changed  in di f ferent  
ways (Fig. 1, r ight  panel) .  For  F344 rats,  bo th  e toni tazene  (5 
~g /ml )  and  water  responding  showed marked  decreases. In 
contras t ,  for  LEW rats e toni tazene  responding  was essentially 
unchanged  and  water  responding  was modera te ly  decreased 
relative to rates of  wa te r -ma in ta ined  responding  when  food 
was avai lable  in the chamber .  For  bo th  strains,  subs t i tu t ion  
of  the water  vehicle for  the 5-/~g/ml drug solut ion resulted in 
response rates tha t  exceeded drug values; however ,  the magni-  
tude  of  this increase dif fered between strains with F344 rats  
showing only a slight nons ign i f ican t  increase.  Both  drug and  
water values for LEW rats  were substant ia l ly  higher  than  for 
F344 rats. 

Behavior at FR I as a Function o f  Etonitazene Concentration 

Table  2 shows the n u m b e r  of  l iquid deliveries as a funct ion 
o f  e toni tazene  concen t ra t ion  at  FR 1. Food  was not  present  in 
the exper imenta l  chambers  dur ing  these tests. For  bo th  
strains,  there was no orderly re la t ion between n u m b e r  of  liq- 
uid deliveries and  drug  concen t ra t ion .  However ,  at all test 

T A B L E  2 

MEAN LIQUID DELIVERIES (n = 7 :t: SEM) PER 
2-h SESSION AS A FUNCTION OF ETONITAZENE 

CONCENTRATION FOR LEW AND F344 RATS 

LEW F344 
Etonitazene 
(~ag/ml) Mean SEM Mean SEM 

5 51.6 (5.1) 5.9 (3.0) 
2.5 54.4 (7.7) 5.5 (2.0) 
1.25 63.6 (6.1) 7.5 (2.1) 
0.625 66.1 (17.6) 8.9 (3.3) 
0.313 62.5 (21.0) 8.5 (3.5) 
0.156 73.9 (9.2) 3.3 (I.1) 
0.078 82.3 (6.3) 3.6 (1.8) 
0 68.8 (2.2) 3.4 (I .6) 
0.078 70. I (2.7) 4.8 (2.2) 
0.156 65.3 (5.7) 3.4 (I.6) 
0.313 46.5 (1.8) 3.4 (2.1) 
0.625 56.6 (2.3) 1.6 (0.7) 
1.25 72.8 (11.9) 3.0 (1.5) 
2.5 62.3 (12.8) 4.5 (2.2) 
5 42.9 (4.8) 3.1 (1.7) 
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FIG. 3. Mean lever-press responses per session as a function of FR 
value. Each point represents the mean of four animals (n = 28; 4 
rats × 7 sessions). Brackets indicate the SEM (n = 4; 4 rats x one 
mean each). 

points  the n u m b e r  of  deliveries for LEW rats far exceeded 
those  for F344 rats. 

Behavior as a Function o f  FR Size 

Figure 3 shows responses as a funct ion  of  FR size for LEW 
and F344 rats  at 5 / z g / m l  etoni tazene.  LEW rats  emit ted sig- 
nif icant ly  more  responses than  F344 rats, F(s t ra in)  = 7.82, 
p < 0.01. For  LEW rats, increases in FR value resulted in 
increases in response rate at FR 2 and  again  at FR 4, but  a 
slight decrease in rate at FR 8. For  F344 rats,  response rate 
remained  low at all FR sizes; however ,  increases in FR size 
produced  progressive increases in response rate.  These in- 
creases were not  statistically significant .  

Behavior as a Function o f  Liquid Present: Drug or Vehicle 

At FR 8, rats were retested with the water  vehicle, then 
with 5 # g / m l ,  water  vehicle again,  and  back to 5 t tg /ml  etoni-  
tazene.  Figure 4 shows tha t  the drug solut ion ma in ta ined  
higher  response rates than  water in LEW rats. W h e n  water  
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FIG. 4. Number of lever presses per session under an FR 8 schedule 
as a function of liquid present: drug (5/~g/ml etonitazene) or vehicle 
(water). Each bar represents the group mean of the last five sessions 
at each condition (n = 20; 4 rats x 5 sessions). Brackets indicate the 
SEM (n = 4; 4 rats × one mean each). 
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was then substituted for drug, response rates of LEW rats 
gradually decreased over 15 sessions and then stabilized (the 
transition phase is not shown in Fig. 4). This decrease is prob- 
ably an extinction effect following removal of the drug rein- 
forcer from the liquid solution. When etonitazene was reintro- 
duced, response rates of LEW rats promptly increased and 
remained at higher levels than those observed during the last 
five water sessions of the preceding condition. Rates of drug- 
maintained responding were much higher in LEW than in 
F344 rats during both drug tests. Statistical analysis of the 
results confirmed the presence of a significant genetic differ- 
ence, F(I, 24) = 13.87, p < 0.001. There was a significant 
strain x concentration interaction indicating that responding 
by the LEW and F344 rats differed as a function of drug or 
vehicle, F(3, 24) = 3.19, p < 0.05. This difference is due to 
differences in drug responding relative to water responding by 
LEW rats. LEW rats showed significantly higher drug than 
water responding, F(1, 12) = 8.25,p < 0.02. 

Behavior at FR 8 as a Function o f  Etonitazene Concentration 

Figure 5 shows the mean number of responses as a function 
of etonitazene concentration under an FR 8 schedule. For 
LEW rats, response rate appears to be an inverted U-shaped 
function of drug concentration whereas F344 rats showed no 
changed rates of responding across drug concentrations. Fig- 
ure 5 also shows that the response rate of the LEW rats was 
significantly higher than that of the F344 rats, F(strain) = 
7.56, p < 0.01. When water replaced the 5-~g/ml concentra- 
tion, the rate of responding decreased across sessions. Table 3 
documents that LEW rats consistently consumed more etoni- 
tazene (9g/kg of body weight/session) than did F344 rats, 
F(strain) = 8.29, p < 0.01. 

Pattern o f  responding and time course o f  intake. Figure 6 
shows representative cumulative records at each etonitazene 
concentration for LEW rat ML5 and for F344 rat MF5. These 
records illustrate the higher response rates and different re- 
sponse patterns maintained by etonitazene in a LEW rat rela- 
tive to those maintained in a F344 rat. 
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FIG. 5. Number o f  lever presses per session under an FR 8 schedule 
as a function o f  etonitazene concentration. Points plotted above R 
are the retest values of 0/~g/ml (i.e., water values). These retest values 
were obtained after completing the block of sessions at 5/~g/ml. Each 
point represents the mean of four animals (n = 20; 4 rats x 5 ses- 
sions). Brackets indicate the SEM (n = 4; 4 rats x one mean each). 

TABLE 3 
ETONITAZENE INTAKE ~g/kg OF BODY WEIGHT) PER 

2-h SESSION AS A FUNCTION OF ETONITAZENE 
CONCENTRATION FOR LEW AND F344 RATS 

Etonitazene Intake 
(~g/kg body weight) 

Etonitazene Con- 
centrations (~g/ml) LEW F344 

i.25 7.9 ± 2.0 2.3 ± 1.2 
2.5 22.3 ± 7.0 4.6 ± 2.2 
5.0 33.2 ± 8.9 10.0 ± 5.6 

Each value represents the mean ± SEM of four ani- 
mals. 

DISCUSSION 

Animals continued to respond actively throughout the test 
sessions although during the food-induced training phase of 
this study etonitazene drinking resulted in effects such as cata- 
lepsy and Stranb's tail. Such effects were noted in rats of both 
strains. Overt effects of etonitazene have often been observed 
in etonitazene self-administration studies (5-7,9,32). During 
the food-induced training phase, both strains also consumed 
substantial and equivalent amounts of drug. The substantial 
intake ~ g  drug per kg body wt per session) and the presence 
of overt effects are important for they indicate that the F344 
rats' lack of etonitazene-reinforced behavior during subse- 
quent conditions cannot be attributed to lower intake than 
LEW rats, to lack of prior drug contact, or to inability to 
perform the required operant task as a result of acute drug 
effects. Although the taste of the drug may be aversive, it did 
not prevent drinking during the food-induction phase. 

The present results reveal quantitative and qualitative dif- 
ferences in etonitazene-maintained behavior in two inbred rat 
strains, the LEW and F344 strains. Quantitatively, LEW rats 
consistently consumed more ctonitazene than did F344 rats, 
and this higher consumption occurred across a broad range of 
drug concentrations and FR sizes. The qualitative difference 
was that etonitazene came to serve as a reinforcer for LEW 
but not for F344 rats. With LEW rats it was possible to show 
that etonitazene at concentrations of 2.5 and 5 ~g/ml main- 
tained higher response rates than did vehicle control (water). 
Two additional findings support the conclusion that etonita- 
zene functioned as a reinforcer for LEW rats: a) Etonitazene 
deliveries maintained patterns of responding characteristic of 
behavior reinforced under FR schedules; and b) etonitazene 
maintained lever-pressing behavior varied in what appears to 
be a characteristic inverted U-shaped pattern as a function of 
drug concentration. However, the high variability found with 
LEW rats when concentration was varied means that this find- 
ing needs to be replicated. With F344 rats, drug did not main- 
tain higher response rates than water and responding did not 
change as a function of drug concentration. However, al- 
though the amounts of drug consumed by F344 rats 0zg/kg/ 
session) remained quite low response rates did increase when 
FR size was increased. This finding deserves additional study 
in future experiments. 

The lack of clear reinforcing effects in F344 rats may relate 
to decreased sensitivity to opioids. EDsos for the analgesic 
activity of morphine as measured by the hot plate method 
were 3.86 (2.32-5.69, 9507o confidence limits) mg/kg SC for 
LEW rats and 19.47 (14.24-30.51) mg/kg SC for F344 rats 
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FIG. 6. Representative cumulative records for LEW rat ML5 (upper panel) and F344 rat MF5 (lower 
panel) showing performance under various etonitazene concentrations. The pen moved upward with 
each response on the lever. Diagonal marks of the response pen show liquid deliveries after completion 
of each FR 8 schedule requirement. Each record shows a complete 2-h session. Note that at all 
concentrations etonitazene-reinforced responding of LEW rat ML5 was greater than responding of 
F344 rat MF5. 

(38). However, further studies are required to determine what 
drug actions correlate with reinforcing effects. 

That etonitazene served as a reinforcer in this study for at 
least one strain is consistent with a number of past studies 
showing that orally delivered etonitazene can serve as a rein- 
forcer of lever-pressing behavior and can maintain responding 
under fixed-ratio schedules (7,23,25,29,32). With Lewis rats, 
liquid deliveries were an inverted U-shaped function of  etoni- 
tazene concentration and etonitazene intake (~g/kg/session) 
increased with increases in drug concentration. Similar find- 
ings have been observed in an earlier study of etonitazene- 

reinforced lever pressing with Wistar rats (6). Differential ef- 
fects of different drug concentrations and clear separation of  
drug- and vehicle-maintained responding were seen when the 
FR value was increased to FR 8 but not at FR 1. These find- 
ings are similar to findings in other drug self-administration 
studies: Increases in FR size resulted in better separation 
of  the differential effects of  independent variables (19,20, 
24,30,31). 

Substantial variability in drinking was noted both between 
and within rats. Again, such variability in etonitazene drink- 
ing has been found in prior studies (5-7,9,25,32). Finally, the 
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present findings are also congruent  with home-cage drinking 
studies that have shown significant intake o f  etonitazene 
(3,5,42), as well as genetic differences in home-cage preference 
drinking of  etonitazene (8,14) and other opioids (2,8,17,21, 
27,35,37). 

The differences between LEW and F344 rats in etonitazene 
intake are similar to differences between these strains in etha- 
nol-reinforced behavior (36). However ,  in the earlier study 
(36) ethanol did function as a weak reinforcer for F344 rats 
whereas in the present study etonitazene did not clearly serve 
even as a weak reinforcer for this strain. These findings are 
congruent with a larger body of  data that indicates that across 
drug classes (e.g., CNS depressants, psychomotor  stimulants, 
opioids) some strains may show high drug-reinforced behavior 
and other strains low drug-reinforced behavior (15). 

The primary importance o f  the present findings is they 
indicate that genotype can be an important  determinant of  
drug-reinforced behavior with a drug other  than ethanol.  Al- 
though operant  condit ioning procedures have been used to 

demonstrate  genetic differences when ethanol serves as a rein- 
forcer (15), such procedures have not been used in studying 
genetic differences with other drugs. The existence o f  genetic 
differences in drug reinforcement should be followed up by 
studies using experimental approaches developed in pharma- 
cogenetics to examine possible mechanisms involved in drug 
reinforcement.  
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