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Resumen: Los sistemas de opiáceos endógenos están implicados en los 
efectos reforzantes del alcohol y pueden desempeñar un papel sustancial en 
modular los efectos reforzantes centrales del etanol en la temprana 
ontogenia. El presente estudio indagó esta posibilidad a través de un 
paradigma de condicionamiento olfatorio en el que la administración central 
de etanol sirvió como estímulo incondicionado (EI). En el experimento 1, 
los neonatos de rata fueron pre-tratados con antagonistas selectivos para los 
receptores mu o kappa (CTOP y nor-BNI, respectivamente) y luego 
entrenados en condicionamiento olfatorio. El experimento 2 evaluó la 
capacidad de un antagonista kappa de corta duración (GNTI) en alterar la 
capacidad reforzante del etanol. El experimento 3 investigó si el bloqueo 
farmacológico de los receptores opiáceos podía causar una alteración 
inespecífica del condicionamiento olfatorio. Para ello se empleó como EI la 
administración intraoral de quinina. La administración central de los 
antagonistas opiáceos mu y kappa bloqueó los efectos reforzantes del 
etanol. La efectividad de GNTI fue similar a nor-BNI. Es poco probable 
que los efectos de antagonistas opiáceos sobre el reforzamiento al etanol 
sean explicados por una disrupción general de todos los tipos de 
condicionamiento; desde el momento en que CTOP no afecto el 
reforzamiento aversivo inducido por la infusión intraoral de quinina. Estos 
resultados respaldan la hipótesis de que las propiedades reforzantes del 
etanol en el neonato de rata están mediadas por la actividad endógena de los 
receptores opiáceos mu y kappa. 
 

Abstract: Endogenous opioid systems are implicated in the reinforcing 
effects of ethanol and may play a substantial role in modulating the central 
reinforcing effects of ethanol early in ontogeny. This possibility was 
explored in the present study through the use of an olfactory conditioning 
paradigm with centrally administered ethanol serving as an unconditioned 
stimulus (US). In Experiment 1, newborn rat pups were treated with either a 
selective mu antagonist CTOP or kappa selective antagonist nor-BNI prior 
to olfactory conditioning. Experiment 2 tested the effectiveness of an 
alternative, shorter-duration kappa opioid antagonist GNTI in altering 
ethanol reinforcement. Experiment 3 investigated whether the effectiveness 
of pharmacological blockade of opioid receptors was due to the disruption 
of learning per se using an olfactory aversive conditioning paradigm with 
intraoral quinine serving as a US. Central administration of either mu or 
kappa opioid antagonists prior to conditioning disrupted the reinforcing 
effects of ethanol in newborn rats. The kappa opioid antagonist GNTI was 
as effective as nor-BNI. These effects of opioid antagonists on ethanol 
reinforcement are unlikely to be due to a disruption of all types of 
conditioning, since CTOP did not affect aversive reinforcement to intraoral 
infusions of quinine. The present results support the hypothesis that in 
newborn rats, the reinforcing properties of ethanol are mediated by the 
endogenous activity at mu and kappa opioid receptors.  
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1. Introduction 

Endogenous opioid systems are known to mediate 
both ethanol intake and its reinforcing properties 
(Froehlich, 1993; Gianoulakis, 1996; Herz, 1997; Ulm 
et al., 1995). There is ample evidence showing that both 
selective (mu and delta) and general, nonselective, 
opioid antagonists reduce ethanol intake in adult 
laboratory animals (Davidson & Amit, 1997; DeWitte, 

1984; Froehlich et al., 1990; Hubbell et al., 1986; 
Hyytiä, 1993; Hyytiä & Kiianmaa, 2001; Krishnan-
Sarin et al., 1995a, b; Marfaing-Jallat et al., 1983; 
Stromberg et al., 1998). This effect is seen across a 
variety of species, selected or unselected lines and 
experimental conditions.  

The release of endogenous ligands for mu (beta-
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endorphin) and delta (enkephalins) opioid receptors due 
to ethanol exposure has been seen in brain regions 
associated with reward and reinforcement. Specifically, 
ethanol-induced release of beta-endorphin in the 
hypothalamus, nucleus accumbens, and ventral 
tegmental area (Boyadjieva & Sarkar, 1997; De Waele 
et al., 1992; De Waele & Gianoulakis, 1993; Olive et 
al., 2001; Rasmussen et al., 1998) and subsequent 
interaction of this endogenous ligand with mu opioid 
receptors located within the mesolimbic reward system 
may be viewed as a central event underlying the 
euphoric, positively reinforcing effects of ethanol.  

In contrast to the mu and delta opioid systems, 
kappa opioid receptors and their endogenous ligands 
(dynorphins) have been shown to mediate the aversive 
properties of ethanol in adult laboratory rodents. 
Generally speaking, ethanol intake is attenuated by 
kappa opioid agonists and enhanced by antagonists in 
adult rats (Lindholm et al., 2001; Mitchell et al., 2005, 
but also see Nestby et al., 1999). Specifically, 
dynorphin, an endogenous ligand for kappa opioid 
receptors (Chavkin et al., 1982), was shown to reduce 
ethanol drinking preference in adults, and a selective 
kappa receptor agonist U50,488H effectively attenuated 
ethanol-induced conditioned place preference (Sandi et 
al., 1988; Matsuzawa et al., 1999). The above 
mentioned effect is not likely due to the kappa agonist 
substituting for ethanol’s euphoric effect since kappa 
agonists have been shown to cause aversions in adult 
rats (Shippenberg & Herz, 1987; Fanselow et al., 1989; 
Mucha & Herz 1985; Barr et al., 1994). Furthermore, 
there are major differences in kappa receptor 
distribution between many preferring and non-
preferring strains of rats and mice (i.e. Jamensky & 
Gianoulakis, 1997; Fadda et al., 1999).  

The investigation of opioid involvement in ethanol 
reinforcement for infant rats has successfully utilized 
the surrogate nipple technique. Newborn pups ingest 
ethanol from a surrogate nipple in the same manner as 
saccharin or milk and attach for significantly longer 
periods of time than when the nipple provides only 
water (Cheslock et al., 2001; Petrov et al., 2001; 
Varlinskaya et al., 1999). Infant rats are responsive to 
ethanol’s appetitive reinforcing properties without the 
initiation procedures or pre-exposure required in adults 
(Nizhnikov et al., 2006; Cheslock et al., 2001; Petrov et 
al., 2001). For example, when a lemon odor 
(conditioned stimulus; CS) is associated with intraoral 
infusions of ethanol (unconditioned stimulus; US) the 
appetitive properties of ethanol are transferred to the 
lemon odor CS. When tested one hour later on a lemon-
scented nipple providing only water, paired subjects 

attached for significantly longer periods of time than 
their unpaired counterparts (Cheslock et al., 2001). 
Blockade of either mu or kappa opioid receptors by the 
selective antagonist nor-BNI (kappa) or CTOP (mu) 
completely eliminated the reinforcing effects of ethanol 
(Nizhnikov et al., 2006). These findings suggest that for 
infants, unlike adults, both the mu and kappa opioid 
systems are critical in mediating ethanol’s appetitive 
reinforcing properties.  

One major concern when interpreting these results 
is associated with the use of nor-BNI. Although a 
potent kappa opioid antagonist, this compounds is 
extremely long lasting. Several studies have shown that 
the kappa opioid antagonist effects of nor-BNI can last 
for weeks (Jewett et al., 1997, 1995; Broadbear et al., 
1994, Picker et al., 1996). Therefore, testing in the 
surrogate nipple paradigm described above probably 
occurred with nor-BNI still acting upon kappa opioid 
receptors in the infant rat. Another concern stems from 
the fact that several studies have found that nor-BNI 
clearly diminishes the nociceptive effects of mu opioid 
agonists, especially during the first few hours post 
administration (Endoh et al., 1992; Wettstein & 
Grouhel, 1996). Although nor-BNI clearly blocks kappa 
opioid receptors in newborn rats (Petrov et al., 2006), 
the use of a more specific and shorter lasting kappa 
opioid antagonist may lead to better understanding of 
the mechanisms involved in ethanol reinforcement at 
this young age. 

One possibility that could not be discounted in the 
“surrogate nipple” studies described above is that the 
orosensory properties of ethanol could be the driving 
force behind the appetitive reinforcement observed. 
Direct injections of ethanol (25-400 mg%) into the 
cisterna magna allowed for the pharmacological and 
chemosensory effects of ethanol to be separated. Using 
the olfactory conditioning paradigm described above 
but with central injections of ethanol serving as a US, it 
was found that a range of ethanol between 25 and 200 
mg% was positively reinforcing (Nizhnikov et al., 
2006). This clearly indicates that the pharmacological 
properties of the drug acting on central mechanisms are 
at least partly responsible for the reinforcing effects of 
ethanol. However, the mechanisms behind this effect 
have yet to be fully uncovered.  

The current set of experiments was conducted to 
explore the possible roles of endogenous opioid systems 
in the reinforcing properties of centrally administered 
ethanol. The effects of a selective mu opioid antagonist 
CTOP and kappa opioid antagonist nor-BNI on 
ethanol’s appetitive reinforcing properties using an 
olfactory conditioning paradigm in newborn rats were 
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tested in Experiment 1. In Experiment 2, a novel, short-
lasting and more specific kappa antagonist (GNTI) was 
tested for its effectiveness at this age. Experiment 3 was 
designed to assess possible roles of endogenous activity 
at mu opioid receptors in aversive learning. This 
experiment investigated whether selective blockade of 
mu opioid receptors by CTOP was effective in 
attenuating aversive conditioning with quinine used as a 
US. Quinine is a bitter substance which has been shown 
to produce aversions in rat pups of this age (Nizhnikov 
et al., 2002). 

2. Materials and Methods 

2.1. Subjects 
Three to four-hour old cesarean delivered rat pups 

were used as experimental subjects. For breeding, 1 
male and 1 female Sprague-Dawley rat (Taconic, 
Germantown, NY) were housed together in a wire mesh 
hanging cage. The paper tray under the cage was 
checked daily for plugs, and the day a plug was found 
was considered embryonic day zero (E0). Upon 
discovery of the plug, the female was removed from the 
cage and housed with another pregnant female in a 
standard plastic maternity cage until E19, when they 
were separated and placed into individual cages. All 
animals were housed in a temperature-controlled (22°C) 
vivarium maintained on a 12-hr light/dark cycle (lights 
on at 0700) with ad libitum access to food (Purina Rat 
Chow, Lowell, MA) and water. Near expected term 
(E21), pups were delivered by cesarean section. Under 
brief isoflurane (Baxter Healthcare Corp, Deerfield IL) 
anesthesia (Chamber from VetEquip, Pleasenton, CA), 
the pregnant female was sacrificed via rapid cervical 
dislocation. A midline incision was then made through 
the abdominal wall to expose the uterus. Immediately 
after delivery, extra-embryonic membranes were 
removed, and the umbilical cord ligated and severed. 
Pups were delivered from each female and placed in a 
plastic container (12 cm long x 12 cm wide x 6 cm 
high) lined with moist paper towels. The temperature at 
the bottom of the plastic container was maintained at 
35.0° C using a heating pad. The entire procedure (from 
cervical dislocation to placement of the last pup in the 
container) was completed within 7 – 9 minutes. Pups 
were gently stimulated to promote independent 
respiration. They were then transferred to an incubator 

maintained at 34.5° C + 0.5° C with 90% humidity, 
where they remained for 3 – 3.5 hours until the 
beginning of the experimental session. 

From the time of birth and throughout the 
experiment, neonates were maintained in temperature- 
and humidity-controlled environments with conditions 

that simulate the natural nest. At all times, rats used in 
these experiments were maintained and treated in 
accordance with guidelines for animal care established 
by the National Institutes of Health (1986). The 
Institutional Animal Care and Use Committee approved 
all of the procedures used in this study. 
2.2. Central Drug Administration 

Ethanol (100 mg%), physiological saline, mu 
antagonist CTOP (1.0 µg), kappa antagonist nor-BNI 
(1.0 µg) or GNTI (0.0174, 0.174 or 0.348 µg) were used 
in the present experiments. The doses for GNTI were 
chosen on the basis of those used in the Jewett et al. 
(2001) study. The dose of ethanol was chosen because it 
was the most effective dose at inducing appetitive 
reinforcement in neonatal rat pups (Nizhnikov et al., 
2006). All experimental solutions were injected directly 
into the cisterna magna (IC) in a volume of 1µl using a 
30 gauge hypodermic needle attached to transparent 
polyethylene tubing (PE-10, Clay Adams, Parsippany, 
NJ). In all three experiments, at the beginning of 
conditioning sessions subjects were centrally injected 
with either saline, CTOP, nor-BNI or GNTI and placed 
into the conditioning chamber for 10 minutes. 
Following the 10-minute delay, ethanol (Experiment 1 
and 2) was injected IC and the subject was once again 
placed in the conditioning chamber to acclimate for 3 
minutes. Following the 3-minute delay conditioning to 
lemon odor was performed (see Conditioning Procedure 
section). The needle was inserted under visual guidance 
into the foramen magnum between the occipital bone 
and the first cervical vertebra (Petrov et al., 1998; 
Varlinskaya et al., 1996). Successful placement of the 
needle into the target site was confirmed by the 
appearance of cerebrospinal fluid in the tubing. All 
solutions were injected within 5 – 8 seconds. A 
micrometer syringe (Gilmont Instruments, Barrington, 
IL) driven by a rotary microsyringe pump served to 
deliver all fluids. (Cheslock et al., 2000). This volume 
of infusion does not seem to cause any discomfort or 
distress and is not excessive for a newborn rat pup 
(Nizhnikov et al., 2006; Petrov et al., 1998, 2006; 
Varlinskaya et al., 1996). All pups employed in this 
study weighed 5 – 6 g. An experimenter, blind to the 
contents of the syringe, delivered the injections and 
tested the animals. 
2.3. Cannulation Procedure 

In Experiment 3, pups were implanted with a 
cannula as described in Pautassi et al. (2002). 
Specifically, two hours after delivery a 30-35 mm 
section of PE-10 polyethylene tubing with one end 
flanged was inserted through the subject’s cheek with 
the flanged end resting on the interior of the cheek. The 
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pup was then placed back into the incubator for 1 hour 
to recover from the procedure.  
2.4. Surrogate Nipple Procedure 

A surrogate nipple was cast from latex rubber 
(AMACO rubber latex, Indianapolis, IN) and shaped 
into a conical form to measure 12 mm in length with 1 
mm diameter at the rounded tip and 2.5 mm diameter at 
the base. A circular piece of vinyl, measuring 5 mm in 
diameter, was positioned 6 mm from the tip of the 
nipple to provide a point of contact for the pup's snout 
during oral grasping of the surrogate nipple. The base of 
the surrogate nipple was attached to the end of an 
angled dental probe to facilitate presentation by the 
experimenter (Petrov et al., 1997). A length of PE 10 
tubing extended through the length of the surrogate 
nipple and ended flush with the rounded tip of the 
nipple. The loose end of the tubing was then attached to 
a needle and syringe which had a small hole on one 
side. When the syringe was placed at the level of the 
subjects’ snout with the hole on top, the surrogate 
nipple attached to the syringe represented an open 
hydraulic system. The pup was able to withdraw fluid 
from the surrogate nipple by the application of slight 
negative pressure. 

During testing for ethanol reinforcement, pups 
were exposed to a nipple providing water on a mirrored 
surface (5 cm long x 5 cm wide) placed in a transparent 
glove box (63 cm long x 50cm wide x 25 cm high). The 

mirrored surface was maintained at 35.5 ° C + 0.5 ° C 

and the inside of the glove box at 28.0 ° C + 1.0 ° C by 
two temperature controllers (Model 40-90-8B, 
Frederick Haer, Inc., Brunswick, ME). Exposure to the 
surrogate nipple involved gentle contact between the tip 
of the nipple and the oral area of the test subject. No 
attempt was made to force the tip of the nipple into the 
mouth of the pup. The subject was completely free to 
grasp and capture the nipple or disengage from it 
(Petrov et al., 1997). 

During nipple presentation, in order to facilitate 
nipple exposure and minimize individual differences in 
gross body movement, each rat pup was strapped and 
buckled into a "vest" made from ultra-thin, elastic 
rubber (Petrov et al., 2001). The vest was designed to 
hold the pup in a semi-supine posture. This simulated 
the natural position of neonatal rats suckling at the 
maternal nipple (Eilam and Smotherman, 1998). It also 
prevented pups from righting (Pellis, et al., 1991) in the 
beginning of the testing procedure. The vest did not 
otherwise restrict the pup's spontaneous motor activity -
- the subsequent oral grasping of the nipple in the 
supine posture involved active suppression of righting 

(Eilam and Smotherman, 1998) -- and with our previous 
studies to date has not produced any apparent 
discomfort or special distress. 
2.5. Conditioning Procedure 

Rat pups were exposed to lemon odor explicitly 
paired or unpaired with IC injections of ethanol 
(Experiment 1 and 2) or intraoral infusions of quinine 
(Experiment 3; 0.1% w/v). For Experiments 1 and 2, 
subjects in the paired groups received a central injection 
of CTOP, nor-BNI, GNTI or saline and were then 
placed in a small plastic weigh boat (approximately 5 

cm long x 5 cm wide warmed to 35° C + 0.5 °) for 10 
minutes to allow the drug to take effect. Following the 
10-minute delay central injection of ethanol 
(Experiment 1 and 2) was administered, and the subject 
was placed back into the weigh boat for 3 minutes. 
Immediately after this acclimation period, lemon odor 
(CS) was presented for a 5-min period using a cotton 
applicator scented with 0.1cc of lemon oil (LorAnn 
Oils, Lansing MI). The unpaired subjects were also 
injected with one of the antagonist solutions or saline 
and placed in a small plastic weigh boat for 10 minutes. 
Following this delay they were exposed to a Q-tip 
infused with 0.1cc of lemon oil for 5 minutes. 
Following odor presentation the pup was left alone for 3 
minutes and then given an IC injection of ethanol. The 
3-minute delay between odor presentation and ethanol 
injection has previously been shown to be sufficient at 
this age to preclude trace or backwards conditioning 
(Cheslock et al., 2004). Figure 1 illustrates the basic 
procedures employed for both paired and unpaired 
groups in Experiments 1 and 2.  

In Experiment 3, test subjects were randomly 
assigned to one of four groups described by 
conditioning contingency (paired, explicitly unpaired) 
and central injection (CTOP, saline). Pups in the paired 
group were given central injections of either CTOP or 
saline, placed in the same container as used in 
Experiment 1 and 2, left undisturbed for 10 minutes, 
and then exposed to an olfactory CS (0.1 cc of lemon 
oil on a cotton Q-tip) for 5 minutes. Simultaneous with 
odor presentation, five intraoral infusions of quinine 
(0.1% w/v) were given (5 µl each, one infusion per 
minute). Pups in the unpaired condition were also given 
central injections of CTOP or saline and placed in the 
conditioning container for 13 minutes. Following the 
acclimation period pups were exposed to the CS (lemon 
odor) for 5 minutes, left undisturbed for another 5 
minutes, and then given US infusions over the next 5 
minutes. Following conditioning treatment, pups were 
returned to the incubator. Cannulae were gently 
removed 10 minutes later, and 1 hour following 
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conditioning pups were tested for response to a lemon-
scented nipple providing water (see Figure 4). After 
conditioning subjects were placed back into the 
incubator. After a 1-hour retention interval newborns 
were presented with a surrogate nipple providing water 
in the presence of the lemon odor for 10 minutes.  

Paired:

IC injection
Saline or Antagonis t

10 min

Lemon Odor

5 min

Unpaired:

IC injection
Ethanol

3 min

IC injection
Saline or Antagonis t

10 min

Lemon Odor

5 min

IC injection
Ethanol

3 min

 
Figure 1: Olfactory IC conditioning: Design for paired and unpaired 
procedures used in Experiments 1 and 2. IC = into cisterna magna. 

 
2.6. Testing Procedure 

Behavior of each rat during the test was 
videotaped. The subject was illuminated with cool light 
from a fiber-optic light source (Scientific Instruments, 
Inc., Skokie, IL). For ease of scoring, real time was 
directly recorded onto the videotape (EZ Reader II, 
Telcom Research TCG 550, Burlington, Ontario). 
Detailed analysis of oral grasp responses and 
attachment behavior was scored via video playback. An 
oral grasp response was scored when the pup displayed 
an active movement of the head toward the surrogate 
nipple and grasped the nipple in its mouth. Attachment 
to the nipple was confirmed by periodic (every 15 
seconds) gentle attempts to withdraw the nipple from 
the pup. Attachment was regarded as sustained if the 
pup resisted withdrawal of the nipple. The pup’s active 
release of the nipple was considered to be a 
disengagement from the nipple.  
2.7. Experimental Design and Data Analysis: 

 To eliminate confounding of litter with treatment 
effects, no more than one male and one female subject 
from a given litter was assigned to the same treatment 
condition (Holson and Pearce, 1992). Each condition 
included an equal number of male and female subjects. 
Previous findings showed that the optimal time window 
for pre-exposure and test in the surrogate nipple 
paradigm falls between 3 and 6 hours after birth 
(Smotherman, et al., 1997), so conditioning procedures 

began no earlier than 3 hours after delivery and testing 
was completed within 6 hours after cesarean section. 
Within litters, order of testing for the different treatment 
groups was counterbalanced.  

The dependent variables under analysis comprised 
measurements of oral grasping of the nipple. 
Specifically, the measures consisted of total time spent 
on the nipple (sum of the duration of all grasps) and 
mean grasp duration (total time divided by number of 
grasps). These variables describe the appetitive 
response to the surrogate nipple. These behaviors were 
compared using separate between-groups analysis of 
variance (ANOVA) procedures. The loci of significant 
interactions was further analyzed using Fisher’s least 
mean significant difference tests with probability of 
Type I error set at 0.05. 

3. Experiment 1: Effects of mu and kappa 
antagonists on central ethanol reinforcement. 

Central administration of ethanol (100 mg%) has 
been shown to be reinforcing in 3-hour old rat pups 
using an olfactory conditioning paradigm (Nizhnikov et 
al., 2006). Furthermore, the reinforcing properties of 
orally delivered or intraperitoneally administered 
ethanol are clearly mediated by the opioid systems 
(Nizhnikov et al 2006). However, it is not clear if the 
opioid mechanisms responsible for the reinforcing 
properties of peripheral delivery of the drug are the 
same as of centrally administered ethanol. Therefore, 
Experiment 1 was designed to test the hypothesis that 
the endogenous opioid systems play a substantial role in 
the reinforcing properties of centrally delivered ethanol. 
3.1. Methods 

A total of 48 pups from 8 cesarean deliveries were 
tested in Experiment 1. The subjects were assigned to 
one of six groups: Saline/Paired, Saline/Unpaired, 
CTOP/Paired, CTOP/Unpaired, nor-BNI/Paired, nor-
BNI/Unpaired defined by a 3 (drug treatment) x 2 
(conditioning treatment) factorial design, with 8 
animals placed into each experimental group. 
Experimental subjects were conditioned as described in 
the Methods section (see Figure 1) and placed back into 
the incubator for 1 hour. Following the 1-hour delay 
subjects were tested on a lemon-scented nipple for 10 
minutes (see Materials and Methods). Total time spent 
on the nipple providing water, and mean grasp duration 
were analyzed using separate 3 (drug treatment) x 2 
(conditioning treatment) ANOVAs.  
3.2. Results 

The reinforcing properties of centrally administered 
ethanol were blocked by either kappa (nor-BNI) or mu 
(CTOP) opioid receptor antagonists. These results were 
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clearly seen in both the total time attached and mean 
grasp duration measures. Analysis of total time attached 
revealed a significant drug by conditioning interaction, 
F(2, 42) = 6.05, p < 0.01 (see Figure 2a), with subjects 
in the Saline/Paired group attaching for longer periods 
of time than all other groups. Rat pups injected with 
either CTOP or nor-BNI prior to ethanol administration 
showed responding similar to that of unpaired controls. 
The ANOVA analyzing mean grasp duration also 
revealed a significant drug by conditioning interaction, 
F(2, 42) = 7.77, p < 0.01 (see Figure 2b), with subjects 
pre-treated with opioid receptor antagonists showing 
responding at the levels of unpaired controls and the 
Saline/Paired group attaching for significantly longer 
bouts than all other groups. 

 
Figure 2: Total time attached (A) and mean grasp duration (B) on a 
surrogate nipple providing water in the presence of lemon odor. One 
hour prior to testing subjects were injected IC with saline, 1µg of 
CTOP or 1µg of nor-BNI and then exposed to lemon odor either 
explicitly paired or unpaired with central injections of 100 mg% 
ethanol. Bars represent mean values; vertical lines depict the 
standard error of the mean. Asterisk (*) indicates a significant 
difference from all other groups. 

 

These results are in agreement with those reported 
by Nizhnikov and colleagues (2006) showing that pre-
treatment with mu or kappa antagonists disrupts the 
reinforcing properties of ethanol administered either 
intraorally or intraperitoneally. The present data expand 
on these results by demonstrating that mu and kappa 
opioid antagonists effectively disrupt the ethanol’s 
direct central reinforcing effects. 

It is important to note that the unpaired groups in 
the current design also experienced the effects of 
centrally injected opioid receptor antagonist (CTOP, 
nor-BNI) or saline paired with lemon odor. Effects of 
these treatments provided, in essence, a measure of the 
motivational properties of the antagonists themselves. 

Since the unpaired groups pre-treated with the 
antagonists did not differ in their responding to the 
nipple from saline controls, it can be concluded that, at 
this age and dose, neither CTOP nor nor-BNI has any 
inherently aversive or appetitive motivational 
properties. 

4. Experiment 2: Effects of GNTI, a potent 
alternative kappa antagonist, on central ethanol 
reinforcement. 

The results of Experiment 1 clearly indicate that 
administration of either a mu or kappa opioid antagonist 
prior to ethanol injection disrupts its central reinforcing 
effects. One problem with the interpretation of results 
derived from tests of nor-BNI is the long lasting effects 
of this kappa antagonist (Jewett et al., 1997, 1995; 
Broadbear et al., 1994, Picker et al., 1996) and its 
possible effects on mu opioid receptors (Endoh et al., 
1992; Wettstein & Grouhel, 1996). A relatively new 
kappa opioid antagonist, GNTI dihydrochloride, has a 
much shorter half-life and higher potency than nor-BNI. 
Specifically, effects of GNTI are gone 24 hours post-
administration, and GNTI more potently inhibits 
U50,488 (kappa opioid agonist) induced feeding than 
nor-BNI (Jewett et al., 2001). The goal Experiment 2 
was to test whether GNTI was as effective as nor-BNI 
in reducing the reinforcing properties of central ethanol 
injections. 
4.1. Methods 

A total of 48 pups from 9 cesarean deliveries were 
tested in Experiment 2. Animals were assigned to one 
of the 8 groups defined by a 4 (GNTI dose: 0, 0.0174, 
0.174, or 0.348 µg ) x 2 (conditioning treatment: paired, 
unpaired) experimental design, with 6 animals placed 
into each group. Conditioning and testing procedures 
were identical to those used in Experiment 1. Total time 
spent on the nipple providing water and mean grasp 
duration were analyzed using separate 4 (GNTI dose) x 
2 (conditioning treatment) ANOVAs. 
4.2. Results 

The reinforcing properties of centrally delivered 
ethanol were blocked by GNTI. The ANOVA analyzing 
total time attached revealed a significant GNTI dose by 
conditioning treatment interaction, F(3, 40) = 9.48, p < 
0.001 (see Figure 3a), with subjects in the paired 
condition pre-treated with saline or the lowest dose of 
GNTI attaching for significantly longer periods of time 
than all other groups, which did not differ from each 
other or the Saline/Unpaired controls. The ANOVA 
analyzing mean grasp duration also revealed a 
significant GNTI dose by conditioning treatment 
interaction, F(3, 40) = 5.90, p < 0.01 (see Figure 3b). 
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Subjects pre-treated with the 2 highest doses of GNTI 
(0.174 and 0.348 µg) showed responding at the levels of 
unpaired controls while the paired groups pre-treated 
with saline or the lowest dose of GNTI attached for 
significantly longer bouts than all other groups but did 
not differ from each other. 

 
Figure 3: Total time attached (A) and mean grasp duration (B) on a 
surrogate nipple providing water in the presence of lemon odor. One 
hour prior to testing subjects were injected IC with one of the 4 
doses of GNTI (0, 0.0174, 0.174 or 0.348 µg) and then exposed to 
lemon odor either explicitly paired or unpaired with central 
injections of 100 mg% ethanol. Bars represent mean values; vertical 
lines depict the standard error of the mean. Asterisk (*) indicates a 
significant difference from control and both the paired and unpaired 
GNTI 0.174 and GNTI 0.348 µg groups. 

 

The results of Experiment 2 suggest that GNTI is 
as effective as nor-BNI at disrupting the reinforcing 
properties of centrally administered ethanol at the 
higher doses employed. More specifically, the results 
show that the kappa opioid system is intimately 
involved in the reinforcing effects of centrally delivered 
ethanol. Furthermore, the effects of GNTI were dose-
dependent, with the lowest dose of GNTI being 
ineffective at reducing the reinforcing properties of 
ethanol and both higher doses effectively blocking these 
reinforcing properties of ethanol. 

As in Experiment 1, the rats in Experiment 2 
experienced the effects of a centrally injected opioid 
receptor antagonist in conjunction with lemon odor. 
Once again the unpaired groups receiving GNTI did not 
differ from saline controls in their responding to the 
surrogate nipple. Therefore, is seems that these doses of 
GNTI do not exert inherent motivational effects on 
newborn rats. 

5. Experiment 3: Effects of CTOP on aversive 
conditioning. 

Experiments 1 and 2 indicate that the appetitive 

reinforcing properties of ethanol can be affected by pre-
treatment with either a mu or kappa opioid antagonist. 
However, since previous work has shown that both 
CTOP and nor-BNI also reduce the reinforcing 
properties of orally delivered saccharin (Nizhnikov et 
al., 2006), it is possible that antagonism of these 
systems disrupts all forms of learning in the infant rat. 

Aversive conditioning has been established in 
infant rats in the past using the surrogate nipple 
technique (Nizhnikov et al., 2002). Specifically, 
pairings of lemon odor and intraoral infusions of 
quinine (0.1% w/v) result in rejection of a surrogate 
nipple 1 hour later. This aversive conditioning is strong 
enough to disrupt responding even to a surrogate nipple 
providing milk (Nizhnikov et al., 2002). The goal of 
Experiment 3, therefore, was to ascertain whether 
administration of CTOP would reduce or eliminate the 
aversive reinforcing properties of quinine using an 
olfactory conditioning paradigm. 
5.1. Methods 

A total of 32 pups from 8 cesarean section 
deliveries were tested in Experiment 3. The subjects 
were assigned to one of four groups defined by a 2 
(drug treatment: saline, CTOP) x 2 (conditioning 
treatment: paired, unpaired) factorial design, with 8 
animals placed into each experimental group. Subjects 
were conditioned as described in the Material and 
Methods section (see Figure 4) and placed back into the 
incubator for 1 hour. Following the 1-hour delay 
subjects were tested on a lemon-scented surrogate 
nipple for 10 minutes. Total time spent on the nipple 
and mean grasp duration were analyzed using separate 2 
(drug) x 2 (conditioning) ANOVAs. 

Paired:

IC injection

3 min 10 min

Lemon odor

Oral quinine infusions

60 min

No Odor

IC injection

Unpaired:
3 min

5 min

Lemon odor

Oral quinine infusions

60 min

5 min

 
Figure 4: Classical olfactory conditioning: design for paired and 
unpaired procedures used in Experiments 1 and 2. IC = into cisterna 
magna 

 

5.2. Results 
Aversive conditioning with quinine as the US was 

not affected by CTOP. The ANOVA analyzing total 
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time attached revealed only a significant main effect of 
conditioning treatment, F(1, 28 = 16.94, p < 0.001 (see 
Figure 5a), with subjects in the paired groups attaching 
for significantly shorter periods of time than the 
unpaired controls. The ANOVA analyzing mean grasp 
duration also revealed only a significant main effect of 
conditioning treatment, F(1, 28) = 9.47, p < 0.01 (see 
Figure 5b). Similarly, paired subjects exhibited 
significantly shorter bouts of attachment than their 
unpaired counterparts. 

The results of Experiment 3 demonstrate that 
blockade of mu opioid receptors has no effects on 
aversive conditioning to an exteroceptive stimulus 
(quinine). The aversion conditioned to lemon odor 
paired with quinine infusions was not affected by pre-
treatment with CTOP, with rat pups in the paired 
groups significantly reducing responding to a lemon-
scented surrogate nipple relative to their unpaired 
counterparts. 

 
Figure 5: Total time attached (A) and mean grasp duration (B) on a 
surrogate nipple providing water in the presence of lemon odor. One 
hour prior to testing subjects were injected IC with either saline or 
1.0 µg CTOP and then exposed to lemon odor while receiving 
intraoral infusions of 0.1% quinine (paired) or exposed to lemon 
odor 5 min prior to intraoral quinine infusions (unpaired) in 
Experiment 3. Bars represent mean values; vertical lines depict the 
standard error of the means. There was a significant main effect of 
conditioning. Unpaired subjects attached for both longer periods of 
time and longer bouts than paired rat pups which indicates an 
aversion. 

6. Discussion 

The results of the current set of experiments 
confirm that both the mu and kappa opioid systems play 
a substantial role in the reinforcing properties of 
centrally delivered ethanol. Administration of either a 
mu or kappa opioid antagonist prior to central injections 
of 100 mg% ethanol completely eliminated the 
reinforcing effects of the drug. Furthermore, the 

alternative kappa opioid antagonist GNTI was as 
effective as nor-BNI and CTOP at disrupting ethanol’s 
positive motivation properties. This effect can not be 
accounted for by a complete disruption of learning by 
pharmacological blockade of opioid receptors, since 
aversive conditioning to quinine was not affected by 
CTOP. 

This is not the first time that the central reinforcing 
properties of ethanol have been explored using a rat 
model of conditioning. Several lines of research have 
clearly shown that centrally injected ethanol exerts 
positive reinforcing effects. Newborn rat pups injected 
with 25 – 200 mg% ethanol into the cisterna magna in 
the presence of lemon odor find that odor positively 
reinforcing when tested one hour later (Nizhnikov et al., 
2006). Studies using intracranial self-administration of 
ethanol have also shown that several rat strains will 
actively work for infusions of ethanol (25 – 200 mg%) 
into the posterior ventral tegmental area (Gatto et al., 
1994; Rodd et al., 2000, 2004a & b). These results 
demonstrate that ethanol reinforcement acts centrally to 
exert appetitive effects.  

Previous research has shown that the endogenous 
opioid systems are involved in the reinforcing 
properties of ethanol in both adult and infant rats. For 
example, both general and selective opioid antagonists 
have been shown to disrupt ethanol’s appetitive 
motivational properties in adult rats (Kuzmin et al., 
2003; Matsuzawa et al., 2000, 1999, 1998). Similar 
results are seen in infant rats as well. When newborn rat 
pups were given i.p. injections of low ethanol doses 
(0.25 g/kg) in the presence of lemon odor, they later 
increased their responding to a lemon-scented surrogate 
nipple compared to unpaired controls. Pre-treatment 
with either CTOP (mu antagonist) or nor-BNI (kappa 
antagonist) eliminated this effect (Nizhnikov et al., 
2006). In general, these findings suggest that the 
reinforcing properties of ethanol are dependent on 
endogenous activity at mu and kappa opioid receptors. 
The results of Experiment 1 indicate that either mu or 
kappa opioid antagonists also disrupt the reinforcing 
properties of centrally delivered ethanol in newborn 
rats. 

One of the goals of the current set of experiments 
was to assess the effectiveness of an alternative kappa 
opioid antagonist in lieu of nor-BNI. One of the major 
problems with using nor-BNI is the extremely long 
lasting effects (weeks) as well as its seeming affinity for 
mu opioid receptors soon after administration (Jewett et 
al., 1997, 1995; Broadbear et al., 1994, Picker et al., 
1996; Wettstein & Grouhel, 1996). In contrast, work 
with GNTI has shown that it is both more specific for 
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kappa opioid receptors and its action is shorter lasting 
than that of nor-BNI. GNTI is significantly more 
effective in reducing kappa opioid agonist-induced 
feeding in rats than nor-BNI and this effect is gone after 
only 24 hours (Jewett et al., 2001). The shorter lasting 
effects of GNTI make it especially attractive in tests for 
the pharmacological mechanisms of ethanol’s 
reinforcing properties. The results of Experiment 2 
demonstrate that GNTI is as effective as nor-BNI in 
disrupting the reinforcing properties of ethanol in infant 
rats. It seems advantageous to use GNTI in future 
studies involving kappa opioid manipulations. 

One possible explanation for the results from 
Experiment 1 and 2 is that endogenous activity at 
opioid receptors plays a substantial role in learning per 
se. Previous work has shown that both CTOP and nor-
BNI also disrupt the appetitive olfactory conditioning 
seen when saccharin was used as an US in infant rats 
(Nizhnikov et al., 2006). If mechanisms of learning are 
disrupted by opioid antagonists, this would indicate a 
developmental discontinuity, since in adults opioid 
antagonists tend to facilitate learning (Aloyo et al., 
1993; Cerro & Borrell, 1990; Cicala et al., 1990; 
Hernandez et al., 1983; Schulteis & Martinez Jr., 1990; 
Westbrook et al., 1991). However, this would not be 
unprecedented since there is some experimental 
evidence suggesting that the kappa opioid system 
mediates appetitive reinforcement (Petrov et al., 2006) 
in early infancy, whereas pharmacological activation of 
the kappa opioid receptors is aversive in adulthood 
(Bals-Kubik et al., 1993, 1989; Bechara & Van Der 
Kooy, 1987; Mori et al., 2004; Mucha & Herz, 1985; 
Shippenberg & Herz, 1986).  

The results of Experiment 3 suggest that learning 
per se is not disrupted by a mu opioid antagonist. 
Animals given an oral infusion of a bitter tastant (0.1% 
quinine) in the presence of lemon odor displayed a 
robust and significant aversion to that odor when tested 
one hour later. Pre-treatment with CTOP had no effect 
on olfactory aversive conditioning at this age. These 
results show that endogenous activity at mu opioid 
receptors does not play a sufficient role in aversive 
learning to at least exteroceptive cues early in ontogeny. 
It should be noted that the US’s used in Experiments 1 
and 2 are different from that used in Experiment 3. 
Specifically, IC injections of ethanol act directly on 
central receptors while quinine is a taste stimulus 
delivered orally. Nevertheless, the process of aversive 
learning is commonly accepted to involve central 
mechanisms. Therefore, it seems reasonable to at least 
suggest that learning altogether is not blocked. 

It is possible that appetitive learning generally is 

disrupted by opioid antagonists. However, previous 
work has shown this is most likely not the case. Rat 
pups find kappa opioid agonists extremely appetitive. 
When a central injection of dynorphin A(1-13) is paired 
with lemon odor rats show a distinct preference for that 
odor an hour later compared to unpaired controls. 
Injection of CTOP prior to the conditioning session 
does not disrupt this appetitive learning (Petrov et al., 
2006). These findings suggest that the activation of 
kappa opioid receptors was not prevented by CTOP and 
that not all forms of appetitive learning are disrupted by 
opioid antagonists. Therefore, it is unlikely that CTOP, 
nor-BNI, or GNTI disrupt all appetitive learning, but 
rather are specific to those stimuli invoking either mu or 
kappa opioid receptors in the conditioning process. It is 
likely that ethanol is an unconditioned stimulus that 
requires activation of mu and kappa opioid receptors in 
order to transfer its appetitive properties onto a CS (in 
this case lemon odor). 

The actual mechanisms behind ethanol’s 
reinforcing effects are still not fully explored. One 
possibility is that acetaldehyde, derived from the 
metabolism of ethanol by catalase in the brain, is the 
critical element that drives the drugs reinforcing 
properties. The inactivation of acetaldehyde has been 
shown to disrupt ethanol reinforcement (Font et al., 
2006). Furthermore, disruption of ethanol metabolism 
via catalase blockers has also been shown to disrupt the 
reinforcing properties of ethanol as well as exacerbate 
its aversive effects in rats (Nizhnikov et al., 2007; 
Aragon and Amit, 1992; Quertemont et al., 2003). In 
turn acetaldehyde or one of its condensates (e.g. 
salsolinol) may activate the endogenous opioid system 
and the opioid antagonists employed in this study may 
be disrupting this cascade. 

In conclusion, the present studies demonstrate that 
mu and kappa opioid antagonists disrupt central 
processing of ethanol reinforcement. Furthermore, 
GNTI is as effective as nor-BNI in disrupting ethanol’s 
positive reinforcing effects and has special advantages 
for future studies of ethanol reinforcement. Finally, 
Experiment 3 showed that mu opioid antagonists do not 
disrupt all forms of learning in infant rats, since 
conditioned aversion was not affected by CTOP. 
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