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Abstract : The present experiment evaluated whether prior treatment
with naloxone could block the sensitization to opiate antagonist induced
by single dose administration of pure agonist (morphine) or mixed agonist
(buprenorphine). Food deprived male Wistar rats were trained to respond
for food on a multiple-trial, fixed-interval 3 min schedule. Reinforcement
was contingent upon a response within a 10-s limited hold period following
a fixed-interval of 3 min. A trial consisted of three fixed interval of 3 min
separated by a 10 min timeout period during which responses were not
reinforced. The rate decreasing effects of the opioid antagonist naloxone
was determined by cumulative dosing. Pretreatment with morphine (0.3 mg/
kg, SC) and buprenorphine (0.03 mg/kg, SC) resulted in an increase
sensitivity to the rate decreasing effect of naloxone compared to saline
pretreatment. Administration of naloxone (0.3 mg/kg) 10 min prior to
pretreatment doses of buprenorphine (0.03 mg/kg; 1.0 mg/kg) and morphine
(0.3 mg/kg) increased sensitization to naloxone. However, greater
sensitization was observed at low dose of buprenorphine. The increased
sensitivity was partially blocked at high dose of buprenorphine (1.0 mg/
kg) by naloxone pretreatment. These results suggest that the doses of
naloxone used to block opioid induced sensitization might be different
from those required in animals with normal sensitivity to opioid
antagonists. Further agonist-induced sensitization to behavioral effects of
opioid antagonist appears to be opioid receptor specific.
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INTRODUCTION drug free subjects (1, 2). Following chronic

exposure to morphine, the administration

The pure opioid antagonists have of opioid antagonists elicits effects related
relatively few effects on non-dependent to the precipitation of opioid withdrawal.
subjects, but can produce behavioural effects  Earlier studies have, however, shown
on their own at much higher dose even on  naloxone precipitated signs of opioid
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withdrawal which can be observed after a
single exposure to morphine (3-6). Such a
phenomenon is termed as ‘acute
sensitization’. These are enhanced following
a second morphine exposure after 24 hours
(7). The magnitude of physical dependence
has been assessed by the severity of gross
behavioural and physiological changes
following antagonist administration as well
as the degree of sensitivity to antagonists
(8, 9). Thus, sensitization to the opioid
antagonists is commonly used as an index
to measure physical dependence on opioid
(10).

Studies have shown that severity or
withdrawal also depends upon the dose of
naloxone (4), the dose of opiate agonist (3)
and the interval between opiate (agonist)
pretreatment and antagonist administration
(5, 11, 12). Antagonist sensitization
(enhanced sensitivity) can be observed with
repeated high dose administration
(cumulative dosing) even in the absence of
agonist pre-treatment (13). Suppression of
food-reinforced operant response behaviour
is also a sensitive index for detecting opioid
withdrawal changes. For example, operant
behavior is attenuated at lower doses of
antagonists than those required to produce
other signs of withdrawal, such as weight
loss (14, 15). Rates of food-reinforced
response are suppressed by naloxone
administration, thus, rate-decreasing effects
have been used to study sensitization to
antagonists (16). Sensitization to the effects
of opioid antagonists appears to be mediated
largely through p receptor (17, 18).
Pretreatment with & or K receptor agonists
produces far less sensitization than those
mediated by administration of mu-receptor
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agonist like morphine (10). In addition,
morphine induced sensitization is greatest
for those antagonists having the highest
affinity for p opioid receptor (19). However,
such an evidence following administration
of non-specific agonist like buprenorphine
is unclear.

The aim of the present study was to
evaluate whether prior treatment with
naloxone could block the sensitization to
opiate antagonist induced by single
administration of pure agonist (morphine)
or mixed agonist (buprenorphine).
Studies on acute sensitization following
cumulative dosing of naloxone now provide
valuable insight to wunderstand the
mechanism of development of acute physical
dependence.

METHODS

Subjects

Eight male adult albino Wistar strain,
drug naive rats (Bred at Experimental
Animal Facility, All India Institute of
Medical Sciences, New Delhi, India),
weighing 120-150 g were used in the study.
The rats were housed individually in plastic
cages in a temperature-controlled room with
12: 12 h light: dark cycle at Experimental
Animal Facility of the All India Institute of
Medical Sciences, New Delhi. Rats were food
deprived to approximately 80% of their free
feeding weight by restricted feeding of rat
chow (Purina Mills, St. Louis, Mo.). Water
was available, continuously in the home
cages throughout the experiment. The mean
group body weight was 140 g at the
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beginning of the experiments and 165 g at
the end.

Apparatus

Experiment was conducted in two
standard operant chambers (24 x 30 x 33 cm;
Coulbourn Instruments, Lehigh Valley, Pa.)
each housed in a ventilated, sound-
attenuating cubicle. Chambers were
equipped with a single lever, food receptacle
and house light located on one wall. Session
events and data collection was controlled
via computer program run on a desktop
microcomputer (IBM compatible PC).

Behavioral training and testing

Training of rats were based on
procedures used by White — Gbadedo and
Holtzman (19). Rats were trained to press
the liver for food reinforcement (45 mg
pellets: Bioserve Inc; French —town, N.J.)
on a fixed interval 3 min schedule with a
10-s limited hold. The schedule delivered
food reinforcement following the first
response after a 3 min time period had
elapsed provided the response was made
within 10-s, otherwise that opportunity for
food was lost and the next interval began.
Once animals consistently responded
throughout a 1-hr session, the multiple trial
procedure was introduced. Response periods
of three fixed intervals (with 10-s limited
hold) was preceded by time out periods that
were gradually increased to 5-min. During
the time-out, the house - light was off and
responses had no programme consequences.
Commencement of the response period was
signaled by the illumination of the house —
light and the automatic delivery of a food
pellet. Light cues were used for conditioning
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the rats. Rats were trained 6 days per week
for two to four trials, each trial consisting
of both a time out and a response period.
Drug tests began when animals had
acquired stable performance. After training
each rat was pretreated with saline or with
drug dose combinations as under:

1) Saline
2) 0.3 mg/kg naloxone + Saline
3) 0.3 mg/kg naloxone + 0.3 mg/kg morphine

4) 0.3 mg/kg naloxone + 0.3 mg/kg
buprenorphine

5) 0.3 mg/kg naloxone + 1.0 mg/kg
buprenorphine

6) Saline + 0.3 mg/kg morphine

7) Saline + 0.3 mg/kg buprenorphine

All doses refer to free base. Each rat
serves as its own control. The saline and
drug dose combinations were tested in a
Latin Square design. In the current study
naloxone was used along with other
combination drugs like morphine and
buprenorphine in variable dosing. Naloxone
was given 10 min before morphine or
buprenorphine administration prior to
testing. Subsequently, cumulative dosing
(0.01, 0.03, 0.1, 0.3, 1.0, 3.0 mg/kg) procedure
was used 4 hrs. later to generate a naloxone
dose — effect curve in the rest session.
Cumulative dosing continued until response
rates decreased to less than 10% of control
for two consecutive trials or after four trials
were over. Cumulative dosing procedure
enables determination of an entire dose
response function in a single test session.
Immediately just before the start to



410 Jain and Ray

cumulative dosing of naloxone each rat
received n-saline and placed in the
experimental chamber. After each test drug
dose combination each rat was put up back
for training till the stable response was
achieved for three consecutive days. During
training each rat received saline injection.
If this criteria was not met, the drug test
was postponed until the next week. Each
rat was tested with drug administration not
more frequently than once a week.

Drugs

Pharmaceutical preparations of naloxone
hydrochloride (David Bull Laboratories,
Australia), morphine hydrochloride (Civil
Drug Laboratories, Delhi) and buprenorphine
(Rusan Pharma Ltd. Mumbai) were used in
the study. All drug doses were administered
in a volume of 1 ml/kg body weight with
doses expressed as the free base.
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Data analysis

Control data were obtained weekly by
averaging response rates over trials
conducted on non-injections days preceding
test days. A two way non-parametric
(Friedman) ANOVA with post-hoc analysis
was performed for the significance of within
the groups and Wilcoxon's Rank Sum test
to see the difference between the groups. P
values 0.05 has been considered as
statistical significance level. Data was
analyzed using the Biomedical data
processing (BMDP) statistical package
(Version 7.0).

RESULTS

Response rates averaged 31.96 responses
per minutes for the eight rats used in the
study. Descriptive Statistics of the eight rats
for naloxone following various pretreatment

TABLE |: Descriptive statistics of rate-reducing effects of the eight
rats for naloxone following various pretreatment drugs.

Pretreatment drugs Mean+SD Mean+SD of Naloxone doses (mg/kg)

Saline 0.01 0.03 0.1 0.3 1.0 3.0
Saline 33.70 43.32 40.32 44.13 43.82 32.34 24.168*

(24.78) (26.64) (28.93) (19.49) (19.49) (19.77) (16.00)
0.3 NX+ 30.28 29.11 33.49 28.21 24.69 22.65* 15.76*
Saline (22.23) (21.29) (23.23) (22.49)) (20.18) (18.32) (14.81)
0.3 NX+ 14.97 18.11 13.45 14.15 11.98 9.69* 3.72*
0.3 Mor (16.18) (18.63) (15.59) (13.83) (14.33) (9.82) (4.63)
3.0 NX+ 1.38 2.75 6.48 4.22 3.39 1.97 1.31*
0.03 Bup (2.80) (5.36) (9.07) (6.29) (6.99) (3.54) (2.57)
0.3 NX+ 7.49 8.96 7.95 12.35 10.24 10.02 6.01*
1.0 Bup (11.71) (16.10) (14.01) (23.62) (15.08) (15.04) (10.75)
Saline+ 34.07 24.68 24.98 22.63 17.74* 11.92* 12.55*
0.3 Mor (26.75) (21.60) (21.48) (22.55) (16.63) (18.52) (20.61)
Saline+ 17.05 20.60 25.66 20.22 18.40 15.60 10.07*
0.03 Bup (18.80) (25.60) (26.05) (24.28) (13.81) (14.72) (9.81)

*P<0.05
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drugs is shown in Table I. Fig. 1A, shows
the comparison of sensitivity to the rate
reducing effect of naloxone following
pretreatment with drugs (saline, 0.3 mg/kg
naloxone + saline, 0.3 mg/kg naloxone + 0.3
mg/kg morphine and saline + 0.3 mg/kg
morphine). Dose — effect curves of naloxone
showed no significant difference between
pretreatment doses of saline and saline +
0.3 mg/kg naloxone. Pretreatment with
morphine (0.3 mg/kg) resulted in increased
sensitivity to the rate reducing effect of
naloxone as compared to saline and was
found to be significant at all doses of
naloxone dose response curves (0.01,
P=0.038; 0.03, P=0.05; 0.1, P=0.015; 0.3,
P=0.00; 1.0, P=0.015; 3.0, P=0.005).
Sensitization to naloxone was increased by
administration of naloxone (0.3 mg/kg)
10 min prior to treatment doses of morphine
(0.3 mg/kg).

The rate — reducing effect of naloxone
following pretreatment with saline, 0.3 mg/
kg naloxone + saline, 0.3 mg/kg naloxone +
0.3 mg/kg buprenorphine, 0.3 mg/kg
naloxone + 1.0 mg/kg buprenorphine, saline
+ 0.3 mg/kg buprenorphine) is shown in
Fg. 1B. Pretreatment of low dose (0.3 mg/
kg) of buprenorphine caused a significant
dose-related decrease in response rates of
naloxone doses (0.01, P=0.001; 0.03,
P=0.005; 0.1, P=0.001; 0.3, P=0.00; 1.0,
P=0.001; 3.0, P=0.001) and (0.01, P=0.001;
0.03, P=0.015; 0.1, P=0.007; 0.3, P=0.005;
1.0, P=0.002; 3.0, P=0.021) as compared to
saline as well as to 0.3 mg/kg saline —
naloxone pretreatment respectively.
Similarly, pretreatment with high dose
(1.0 mg/kg) of buprenorphine caused a
significant dose-related decrease in response
rates of naloxone doses (0.01, P=0.005; 0.03,
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Fig. 1: Comparison of sensitivity to the rate reducing
effect of naloxone following pretreatment with
A saline (closed squares) and the combination
of 0.3 mg/kg naloxone + saline (open squares),
3.0 mg/kg naloxone + 0.3 mg/kg morphine
(closed circle), saline + 0.3 mg/kg morphine
(open circles); B saline (closed squares) and the
combination of 0.3 mg/kg naloxone + saline
(open squares), 0.3 mg/kg naloxone + 0.03 mg/
kg buprenorphine (closed circle), 0.3 mg/kg
naloxone + 1.0 mg/kg buprenorphine (closed
circles with dotted lines) saline + 0.03 mg/kg
buprenorphine (open circles). All pretreatment
doses were administered 4 hrs before
cumulative dosing with naloxone. Naloxone was
administered 10 min before morphine or
buprenorphine administration prior to testing.
Each point is a mean + SEM.

P=0.010; 0.1, P=0.028; 0.3, P=0.005; 1.0,
P=0.021; 3.0, P=0.015) as compared to saline
whereas significant difference of naloxone
dose effect was only seen at two doses (0.01,
P=0.028; 0.03, P=0.010; 0.1, P=0.105; 0.3,
P=0.065; 1.0, P=0.083; 3.0, P=0.065) when
compared with saline — 0.3 mg/kg naloxone
pretreatment. Thus, these results indicate
that sensitization to naloxone further
resulted in enhanced sensitivity to the rate
reducing effect of naloxone by administration
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of naloxone (0.3 mg/kg) 10 min prior to
treatment doses of 0.03 mg/kg buprenorphine
and 1.0 mg/kg buprenorphine. Buprenorphine
showed a biphasic effect. Greater
sensitization was observed at low dose of
buprenorphine (0.03 mg/kg) as compared to
higher dose (1.0 mg/kg). Pretreatment with
0.3 mg/kg naloxone did not block the
sensitization to naloxone induced by low
(0.03 mg/kg) dose of buprenorphine as
indicated by the downward displacement in
the naloxone dose response curves (Fig. 1B).
However, pretreatment with 0.3 mg/kg
naloxone partially blocked the sensitization
to naloxone (doses 0.1, 0.3, 1.0 and 3.0 mg/
kg) induced by high dose of buprenorphine
(1.0 mg/kg).

DISCUSSION

In the present study pretreatment with
morphine increased sensitivity to the rate-
decreasing effect of naloxone in rats
responding for food compared with saline
pretreatment in rats. This effect was
consistent with the earlier reports (20, 10,
21). Administration of 0.3 mg/kg SC dose of
naloxone 10 min prior to the treatment dose
of morphine (3.0 mg/kg SC) failed to block
morphine — induced sensitization to opioid
antagonist as indicated in Fig. 1A. The
current results do not appear to reflect
reports made by others at doses 3.0 mg/kg
SC of morphine and 0.3 mg/kg SC of
naloxone under the same experimental
conditions (19). The lack of blockade by
antagonist pretreatment could be that rats
used in the present study had no previous
history of opioid antagonists treatment and
the species of rats was different as used in
earlier reports (19). Sensitization to the
effects of opioid antagonist was seen 4h
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after acute pretreatment of opioid agonist
(morphine). The sensitization to opioid
antagonists induced by morphine
pretreatment is dose and time dependent.
In the current study for the sake of
consistency and comparability to earlier
studies, opioid antagonist was used 4 h after
the acute pretreatment of opioid agonist
(10). This pretreatment interval results in
the maximum sensitization to naltrexone by
a single dose of peripherally administered
morphine (20). There are also reports of
increased sensitivity to naltrexone testing
(10, 13, 22) in both primates and rats.
Therefore animals in the present study
might be less sensitive to opioid antagonists
as compared to previous reports (22).
Moreover, blockade effects of morphine was
studied only at a single dose of naloxone
(0.3 mg/kg, SC). The blockade effect with
higher dose of naloxone pretreatment is
warranted which was not used in the
present study. Similarly, sensitization to the
rate decreasing effects of opioid antagonists
induced by acute pretreatment with
buprenorphine a mixed opioid agonist-
antagonist, at low (0.03 mg/kg, SC) and high
dose (1.0 mg/kg, SC) was observed in the
present study (Fig. 1B). These findings are
in accordance with previous reports of the
acute effects of buprenorphine on food-
maintained responding, however, the dose
required to effectively suppress food-
maintained responding differs among
species (23). This is also suggestive of its
agonistic property like morphine with
regard to rate decreasing effects of schedule-
controlled responding. Pretreatment with
morphine induced sensitization to rate
reducing effect to naloxone was substantially
less than with pretreatment with
buprenorphine at low dose. These findings
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accord well with other studies that indicate
buprenorphine is also much more potent
analgesic than morphine and its duration
of action exceeds that of on a number of
other behavioral measures (24, 25). Further,
a significant degree of sensitization occurred
more at low dose of buprenorphine than at
high dose. This may be on account of its
partial agonist characteristic at low doses
and an antagonist characteristic at high
doses (24). Furthermore, buprenorphine has
greater binding affinity at p opioid receptor
and has high intrinsic activity, which relates
to its agonist property. Administration of
3.0mg/kg SC naloxone 10 min prior
treatment of low dose of buprenorphine
0.03 mg/kg did not block the sensitization
to naloxone as indicated by the absence of
overlapping in the naloxone dose-response
curve of 0.3 mg/kg naloxone + saline. These
findings suggest that dose of naloxone was
inadequate to block sensitization to rate-
decreasing effects of antogonist and it
appears that higher dose of naloxone may
be required to observe this effect. However,
pretreatment with 0.3 mg/kg naloxone,
partially blocked the sensitization to
naloxone induced by high dose of
buprenorphine (1.0 mg/kg), as no significant
differences was seen in naloxone dose effect
curves. Buprenorphine has been shown to
have antagonist activity at k opioid receptor
under a wide range of behavior conditions
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(26-29). It also does not block the effects of
[l agonists on responding maintained by
food, but it does antagonize the effects of
an antagonist at the k opioid receptor and
complement data collected in other
behavioral assays that suggest that
buprenorphine has kappa antagonist
properties (30). In the current experiment
partial blockade was observed at higher
doses which may be on account of its k
antagonist property but noting could be said
conclusively from the current study.

The most likely conclusion that can be
drawn from the present results is that acute
sensitization to opioid antagonist induced
by opioid pretreatment is an opioid specific.
The degree of sensitization differed among
opioid agonists, further supporting the
hypothesis that the phenomenon reflects
initial changes in opioid systems that
underlie physical dependence. The dose of
naloxone used to block opioid induced
sensitization might be different from those
required in animals with normal sensitivity
to opioid antagonists.

ACKNOWLEDGEMENTS

This research was supported by All India
Institute of Medical Sciences, New Delhi
India. The authors wish to thank Mr. Jeevan
Singh for his technical assistance.

REFERENCES

1. Carter RB, Leander DJ. Discriminative stimulus
properties of naloxone. Psychopharmacology 1982;
77: 305-308.

2. Valentino RJ, Herling S, Woods JH. Discriminative
stimulus effects of naltrexone in narcotic-naive and
morphine-treated pigeons. J Pharmacol Exp Ther
1983; 224: 307-313.

3. Bickel WK, Stitzer ML, Liebson IA, Bigelow GE.
Acute physical dependence in man: Effects of
naloxone after brief morphine exposure. J
Pharmacol Exp Ther 1988; 244: 126-132.

4. Heishman SJ, Stitzer ML, Bigelow GE, Liebson IA.
Acute opioid physical dependence in post addict
humans: naloxone dose effects after brief morphine



414 Jain and Ray

10.

11.

12.

13.

14.

15.

16.

exposure. J Pharmacol Exp Ther 1989a; 248:
127-134.

Heishman SJ, Stitzer ML, Bigelow GE, Liebson IA.
Acute opioid physical dependence in humans:
effects of varying the morphine naloxone interval.
J Pharmacol Exp Ther 1989b; 250: 485-491.

Azorlosa JL, Stitzer M, Greenwald, MK Opioid
physical dependence development: Effects of single
versus repeated morphine pretreatment and of
subjects opioid exposure history. Psychopharmacology
1994; 114: 71-80.

Schulteis G, Heyser CJ, Koob GF. Opiate
withdrawal signs precipitated by naloxone
following a single exposure to morphine:
potentiation with a second morphine exposure.
Psychopharmacology 1997; 129: 56-65.

Nakaki T, Saito M, Nakadate T, Tokunava Y, Kato
R. Acute physical dependence induced by
continuous intravenous infusion of morphine or
meperidine in the rat. Psychopharmacology 1981;
73: 215-218.

Eisenberg, RM. Further studies on the acute
dependence produced by morphine in opiate naive
rats. Life Sci 1982; 31: 1531-1540.

Admas JU, Holtzman SG. Pharmacological
characterization of the sensitization of the rate
decreasing effects of naltrexone induced by acute
opioid pretreatment in rats. J Pharmacol Exp Ther
1990; 253: 483-489.

Heishman SJ, Stitzer ML, Bigelow GE, Liebson IA.
Acute opioid physical dependence in humans: effect
of naloxone at 6 and 24 hr post morphine.
Pharmacol Biochem Behav 1990; 36: 393-399.

Kirby KC, Stitzer ML, Heishman SJ. Acute opioid
physical dependence in humans: effect of varying
the morphine-naloxone interval Il. J Pharmacol
Exp Ther 1990; 255: 730-737.

Schindler CW, Wu XZ, Su T-P, Goldberg SR, Katz
JL. Enhanced sensitivity to behavioural effects of
naltrexone in rats. J Pharmacol Exp Ther 1990;
252: 8-14.

Gellert VF, Sparber SB. A comparison of the effects
of naloxone upon body with loss and suppression
of fixed-ratio operant behavior in morphine
dependent rats. J Pharmacol Exp Ther 1977; 201:
44-54.

Balster RL. Behavioral studies of tolerance and
dependence. In: Seiden LS, Balster RL, eds.
Behavioral Pharmacology: The current status. Liss,
Inc., New York 1985; 403-418.

Meyer DR, Sparber SB. Evidence of possible opiate
dependence during the behavioral depressant
action of a single dose of morphine. Life Sci 1977;
21:1087-1094.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Indian J Physiol Pharmacol 2003; 47(4)

Yano |, Takemori AE. Inhibition by naloxone of
tolerance and dependence in mice treated acutely
and chronically with morphine. Res Commun Chem
Pathol Pharmacol 1977; 16: 721-734.

Wong CK, Bentley GA. Increased antagonist
potency of naloxone caused by morphine
pretreatment in mice. Eur J Pharmacol 1978; 47:
415-422.

White-Gbadebo D, Holtzman SG. Naloxone
pretreatment blocks acute morphine-induced
sensitization to naltrexone. Psychopharmacology
1994; 114: 225-228.

Young AM. Effects of acute morphine pretreatment
on the rate-decreasing and antagonist activity of
naloxone. Psychopharmacology 1986; 88: 201-208.

Easterling KW, Holtzman SG. Intracranial self-
stimulation in rats: sensitization to an opioid
antagonist following acute or chronic treatment
with mu opioid agonists. J Pharmacol Exp Ther
1997; 281: 188-189.

Schindler CW, Goldberg SR, Kats JL.
Pharmacological specificity of enhanced sensitivity
to naltrexone in rats. Psychopharmacology 1993;
110: 60-68.

Mello NK, Bree MP, Lukas SE, Mendelson JH.
Buprenorphine effects on food-maintained
responding in macaque monkeys. Pharmacol
Biochem Behav 1985; 23: 1037-1044.

Jasinski DR, Jeffrey SP, Griffith JD. Human
pharmacology and abuse potential of the analgesic
buprenorphine. Arch Gen Psychiatry 1978; 35: 601—
616.

Mello NK, Bree MP, Mendelson JH. Buprenorphine
self-administration by rhesus monkey. Pharmacol
Biochem Behav 1981; 15: 215-215.

Leander JD. Buprenorphine is a potent k-opioid
receptor antagonist in pigeons and mice. Eur J
Pharmacol 1988; 151: 457-461.

Negus SS, Dykstra LA. Kappa antagonist
properties of buprenorphine in the shock titration
procedure. Eur J Pharmacol 1988; 156: 77-86.

Negus SS, Picker MJ, Dykstra LA. Interactions
between mu and kappa opioid agonists in the rat
drug discrimination procedure. Psychopharmacology
1990; 102: 465-473.

Negus SS, Picker MJ, Dykstra LA. Interactions
between the discriminative stimulus effects of mu
and kappa opioid agonists in the squirrel monkey.
J Pharmacol Exp Ther 1991; 256: 149-158.

Negus SS, Picker MJ, Dykstra LA. Kappa
antagonist properties of buprenorphine in
non-tolerant and morphine-tolerant rats.
Psychopharmacology 1989; 98: 141-143.



