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KRIVAN, M., G. SZABO, Z. SARNYAI, G. L. KOVACS AND G. TELEGDY. Oxytocin blocks the development of
heroin-fentanyl cross-tolerance in mice. PHARMACOL BIOCHEM BEHAYV 52(3) 591-594, 1995. —The development of
cross-tolerance to an analgesic effect was observed between two p-receptor agonists, heroin and fentanyl. Repeated treatments
with heroin twice a day for 4 days resulted in a decreased nociceptive effect to fentanyl on day 5. The fentanyl dose-response
line shifted to the right, and was considered to be a sign of the development of cross-tolerance. Peripheral treatment with
oxytocin did not block the development of heroin-fentanyl cross-tolerance. However, intracerebroventricular administration
of oxytocin blocked the development of tolerance, causing a leftward shift in the dose-response curve and supporting the

assumption that oxytocin blocks the development of heroin-fentanyl cross-tolerance via CNS mechanisms.
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THE DEVELOPMENT of tolerance as a consequence of pro-
longed exposure to opiate agents is well established. Cross-
tolerance can be observed among many narcotic drugs. Pre-
viously, it was assumed that a complementary chemical
structure and similar pharmacologic action on the same recep-
tor sites (17,18) are the prerequisite conditions for the develop-
ment of cross-tolerance (e.g., morphine vs, normorphine and
morphine vs. levalorphanol). However, it has been verified
that cross-tolerance may be observed between other opiate
receptor subtype binding subclasses (23).

Previous studies from this laboratory revealed the develop-
ment of cross-tolerance of a u-receptor agonist, heroin, to
a 8-receptor agonist, Met>-Pro’-enkephalin (13). As a continu-
ation of our studies on the development of opiate cross-
tolerance, the effect of heroin-fentanyl cross-tolerance was
investigated; both narcotics showed p-receptor agonist activ-
ity. Fentanyl is a potent opioid frequently used in analgesia
and classified as a pure g-agonist (14-16,22). It is also known
that fentanyl traces can be found in heroin from drug markets.
A recent outbreak of drug overdose death associated with
fentanyl-laced heroin in drug addicts shows that this drug can
have a devastating effect among individuals who already
abuse other narcotics such as opiates (5).

It is well known that oxytocin (OT), a nonapeptide of
posterior pituitary origin, has numerous modulatory effects
in the CNS. OT attenuates learning and memory processes
(3,12) in animalis and human volunteers (4,10), and can there-
fore be considered an amnestic nonapeptide. Both intracere-
broventricular (ICV)-infused and intraperitoneal-(IP) injected
OT dose-dependently reduced food and water consumption
and the time spent eating and drinking, and increased the
latency to the first eating and drinking (1). Repeated treatment
with OT inhibited the development of tolerance to the hy-
pothermic action of ethanol (21). Oxytocin diminishes the
electrical self-stimulation rate (19) and drug self-adminis-
tration (7). It has been noted that systemic injection of this
neuropeptide inhibits the development of acute and chronic
tolerance to heroin (9,10), 8-endorphin (11), and Met*-Pro’-
enkephalin (20), and the cross-tolerance of heroin to enkepha-
lin (13).

Because heroin is one of the most frequently abused nar-
cotic analgesic and traces of fentanyl can be found in heroin
from the drug market, in the present study we investigated
whether cross-tolerance can develop between heroin and fen-
tanyl. We also set out to study the effects of OT on heroin-
fentanyl cross-tolerance.
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METHOD

Adult male CFLP mice (n = 344) of an inbred strain
(LATI, Go6dollé, Hungary), weighing 25 + 5 g, were used.
They were maintained on a standard illumination schedule of
12 L: 12 D (lights on at 0700 h). Mice were housed 10 per
cage, with standard food and water available ad lib. Animals
were anesthetized with nembutal (sodium pentobarbital, 40
mg/kg, IP) and a stainless-steel, 18-ga guide cannula was im-
planted into the right lateral cerebral ventricle and fixed to the
skull with dental acrylate (the coordinates for the cannula
placement were 1 mm posterior to the bregma, 1.2 mm lateral
to the sagittal suture, and 2.5 mm deep from the top of the
skull). The experiments were started 5 days after surgery.

Measurement of Nociceptive Sensitivity

The nociceptive sensitivity of animals was determined by
using a tail-flick method. The nociceptive stimulus was a stan-
dard intensity light beam focused from a distance of 3 cm
onto the root of the tail. Mice could alleviate the pain by
pulling away their tails.

The antinociceptive effect was calculated via the following
formula:

TF, — TF,
TF,. — TF,

Antinociceptive Effect = x 100

where TF,,, is the maximum cutoff time (20 s); TF; is the
tail-flick latency before injection of fentanyl or heroin and the
control tail-flick latencies were between 1.5 and 2.2 s; and
TF,, is the corresponding value 30 min later.

Development of Heroin-Fentanyl Cross-Tolerance

Chronic heroin tolerance was induced as described earlier
(11), with increasing doses of heroin (diacetylmorphine hydro-
chloride; Diosynth, Appeldoorn, Holland) injected subcuta-
neously (SC) twice a day for 4 days (0800 and 1600 h) with
increasing daily doses of 1, 2, 2, and 4 mg/kg. Control ani-
mals received 0.9% saline. On the 5th day, the baseline tail-
flick value and antinociceptive effect of fentanyl were tested.
Fentanyl, dissolved in 0.9% saline, was administered in a dose
of 40-100 ug/kg animal, SC; 30 min after the fentanyl injec-
tion, the tail-flick latency was measured again.

Modification of Heroin-Fentanyl Cross-Tolerance by OT

Oxytocin (Gedeon Richter Pharmaceutical Co., Budapest,
Hungary) was administered according to two schedules. One
group of animals was treated with OT (0.05 pg/animal, SC) 30
min before each heroin treatment for 4 days. The last treatment
was given 30 min before measurement of the cross-tolerance
with an SC dose of fentanyl on day 5. Control animals received
0.9% saline. In the second schedule, the effect of chronic ICV
OT administration on the development of cross-tolerance was
studied. Twice a day for 4 days, 30 min before heroin treatment,
OT (0.005 pg/2 ul per animal, ICV) was injected. Control ani-
mals received an equivalent amount of artificial cerebrospinal
fluid (CSF). Heroin-fentanyl cross-tolerance was measured on
day 5. The following four groups were used in our experiments:
a) saline/CSF + saline + fentanyl (SAL/CSF-SAL-FE); b)
saline/CSF + heroin + fentanyl (SAL/CSF-HE-FE); c) oxy-
tocin + saline + fentanyl (OT-SAL-FE); d) oxytocin + her-
oin + fentanyl (OT-HE-FE).
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Mice subjected to previous ICV injections were decapitated
after the experiments, and the position of the cannula was
controlled visually by ICV injection of methylene blue into the
decapitated heads. Animals with misplaced cannulae were not
included in the final evaluation.

Statistical Evaluation of Data

For statistical analysis of the results, linear regression lines
were computed on the basis of Bolton’s method (2). The lin-
earity and parallelism of the dose-response lines were calcu-
lated, and the relative potency and ED,, were determined by
comparing the dose-response lines. The relative potency is
expressed as a ratio between two drugs (e.g., control vs. exper-
imental) that gave the same response (2).

RESULTS
Measurement of Control Tail-Flick Latencies

Control tail-flick latencies (TF;) were measured before the
test dose of heroin or fentanyl was given. None of the pretreat-
ments altered the initial tail-flick latencies in the various
groups (data not shown).

Development of Heroin-Fentanyl Cross-Tolerance

The effects of fentanyl were investigated in heroin-tolerant
mice. Following the chronic heroin treatment, the analgesic
effect of fentanyl was tested. Whereas fentanyl gave a near-
maximum analgesic effect (99%) in the nontolerant control
mice (SAL-SAL-FE) at a dose of 80 ug/animal, the same dose
of fentanyl in heroin-tolerant mice (SAL-HE-FE) had a lower
effect (50%). After chronic heroin treatment, the fentanyl
dose-response curve shifted to the right, which demonstrated
the development of cross-tolerance between heroin and
fentanyl. In the tolerant group, 1.57 times more fentanyl was
needed to produce the same analgesic response (Fig. 1). ED,
was 76.43 (63.05-92.65) for SAL-HE-FE group compared
to 50.12 (43.80-57.34) in SAL-SAL-FE. A similar shift to
the right was observed in animals given ICV treatment be-
tween the nontolerant [CSF-SAL-FE, ED,;, 50.01 (44.05-
56.77)] and tolerant [CSF-HE-FE, ED, 71.21 (66.33-76.46))]
mice (Fig. 2).

Effects of SC OT on the Development of Heroin-Fentanyl
Cross-Tolerance

In this experiment, the modulatory effects of SC OT on
heroin-fentanyl cross-tolerance were examined. Chronic pe-
ripheral OT administration did not alter the acute antinocicep-
tive response to fentanyl [OT-SAL-FE, EDy, 51.79 (41.79-
61.19), relative potency: 1.04}, and did not block the develop-
ment [OT-HE-FE, ED;, 72.17 (62.24-83.67), relative potency:
1.39] of heroin-fentanyl cross-tolerance. The fentanyl dose-
response curves showing cross-tolerance with heroin were
shifted modestly to the left after multiple SC OT injections.
The EDy, and relative potency values of fentanyl in the OT-
pretreated group were not significantly different from those
for the respective control animals (SAL-HE-FE) (Fig. 1).

Effects of ICV Administered OT on Heroin-Fentanyl
Cross-Tolerance

The effects of OT applied into the lateral cerebral ventricle
on cross-tolerance were studied. In animals subjected to previ-
ous chronic peripheral heroin treatment (CSF-HE-FE), the
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FIG. 1. Development of heroin-fentanyl cross-tolerance. Effects of
SC chronically administered OT on heroin-fentanyl cross-tolerance.
SAL, 0.9% NaCl, SC, twice a day for 4 days; HE, heroin, 2, 4, 4 and
6 mg/kg, SC, twice a day for 4 days; FE, test doses of fentany! (0.1,
0.25, 0.4, or 0.5 ug/animal) on day 5; OT, 0.05 ug/animal OT, SC,
twice a day for 4 days, 30 min before saline or heroin. Numbers of
animals per group: SAL-SAL-FE: 32; OT-HE-FE: 33; SAL-HE-FE:
33; and OT-SAL-FE: 33. Values shown are means + SEM.

fentanyl dose-response curve was shifted significantly to the
right as compared with the curve for the saline-treated group
(CSF-SAL-FE) (relative potency = 1.42). After chronic ICV
OT administration, the fentanyl dose-response curve was
shifted to the left [OT-HE-FE, ED;, 51.58 (43.06-61.79)] and
the relative potency of fentanyl was decreased to 1.06, show-
ing that ICV OT treatment impaired the development of her-
oin-fentanyl cross-tolerance. OT itself [OT-SAL-FE, EDy,
51.05 (44.65-58.36), relative potency: 1.03] did not change the
antinociceptive effect of fentanyl (Fig. 2).

DISCUSSION

In a previous study, repeated injections of heroin shifted
the heroin dose response curve to the right as compared to
the saline-pretreated control group. For tolerant animals, 2.82
times more heroin was necessary to produce similar analgesic
effect as that in heroin-naive animals (13).

The development of tolerance upon repeated administra-
tion of opiate-like agents is well established. The exact mecha-
nism of cross-tolerance, however, is not known. Cross-toler-
ance can be observed between opiate agonists of different
opiate receptor types. The earlier assumption that only those
substances show cross-tolerance which are pharmacologically
similar and which exert their effects on the same receptor type
has changed during the past few years. Our previous study
revealed cross-tolerance between a é-receptor agonist, Met’-
Pro’-enkephalinamide, and a p-receptor agonist, heroin (13).
It is likely that a common molecular mechanism for the p-
and é-receptors can account for the development of cross-
tolerance.

In the present experiment, the development of heroin-
fentanyl cross-tolerance was demonstrated. In comparison
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with our previous study, in which the relative potency of the
b-receptor agonist Met>-Pro’-enkephalinamide to heroin was
2.45, in the present experiment the relative potency of fentanyl
was lower. This observation is consistent with the assumption
that agents such as fentanyl with high intrinsic activity will
produce less tolerance, and therefore, a smaller shift in the
analgesia dose-effect curve than those with low efficacy (6).
The development of cross-tolerance was assessed by dose-
response studies using several doses of fentanyl; given the high
number of animals used, a full dose-effect experiment was
not performed with OT. The OT dose, however, was chosen
on the basis of previous experiments in which OT inhibited
the development of narcotic tolerance (11-13). Peripheral
treatment with OT was ineffective in the present experiment,
although a similar dose of OT inhibited the development of
tolerance to heroin (9), heroin-enkephalinamide cross-toler-
ance (13), and narcotic and alcohol tolerance (11,12,21). It is
interesting that OT showed a bell-shaped dose-response effect
in behavioral experiments (10), and a lack of effect upon pe-
ripheral administration of OT may relate to this phenomenon.
The present results demonstrate that OT inhibits the develop-
ment of heroin-fentanyl cross-tolerance after central adminis-
tration. Repeated peptide treatment or treatment concurrent
with opiate administration was necessary to demonstrate a
block in the development of cross-tolerance. Previous cross-
tolerance studies demonstrated that a single dose of OT given
just before the test of cross-tolerance was insufficient (13).
The effect of OT on the development of narcotic tolerance
is not yet fully understood. A connection between OT and
the dopaminergic system has been described, indicating the
regulatory role of dopamine (DA) in central OT secretion.
Chronic administration of OT reduces the use and release of
DA, and also the density of DA-binding sites in the mouse
forebrain (8), which region contains DA-ergic terminals of the
mesolimbic DA-ergic projection as well as OT-ergic binding
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FIG. 2. Effects of ICV chronically administered OT on heroin-fen-
tanyl cross-tolerance. OT, 0.005 pg/animal OT, ICV, twice a day for
4 days, 30 min before heroin or saline; CSF, twice a day for 4 days,
ICV. For other abbreviations, see Fig. 1. Numbers of animals per
group: CSF-SAL-FE: 48; OT-HE-FE: 39; CSF-HE-FE: 84; and OT-
SAL-FE: 42.
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sites. It is likely that OT and the opiates are able to interact in
the DA-ergic system. The inhibitory effect of OT treatment
on morphine tolerance and dependence can be abolished by a
DA receptor antagonist, pimozide (8).

The present results showing that only OT given centrally
was effective in inhibiting heroin-fentanyl cross-tolerance (pe-
ripheral administration was ineffective) strengthens our sup-

KRIVAN ET AL.

position that OT may act through CNS structures, although a
full range of protection doses of the peptide was not used.
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