Anti-Cancer Drugs 1994, 5, pp. 90-94

The opioid mechanism of interferon-a action
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Rats were trained to discriminate the opioid receptor
agonist ethylketocyclazocine (EKC) (0.3 mg/kg body
welght, intraperitoneally) from saline. Interferon-alpha
(IFN-x), when substituted for EKC, elicited a dose-related
increase in EKC-llke responses. This generalization of
EKC responses was blocked by the opioid antagonist
naloxone (1 mg/kg). Potentiation of responses to a low
dose (0.1 mg/kg) of EKC by IFN-z (1 x 10°% U/kg or
0.22 nmol/kg) was also observed. Data thus indicate the
involvement of opiold neurons on the action of IFN-«. d-
Amphetamine (0.8 mg/kg) was shown to potentiate both
EKC (0.1 mg/kg) and IFN-x (1 X 10° U/kg). The present
study confirms our previously proposed oploid-
mediated dopaminergic mechanism of IFN-o.
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Introduction

There is increasing clinical use of biologic response
modifiers (i.e. the cytokines) to treat cancer and
other diseases. In the treatment of cancer, when
high doses or chronic usage of cytokines are re-
quired, neurotoxicity often develops to a point that
becomes dose limiting. Pronounced symptoms of
neurotoxicity include changes in behavior, emo-
tion and cognition; these may be lethargy, hyper-
somnia, depression, agitation, confusion, memory
loss, and problems with verbal abstraction.'™ In
one population of patients, some affective and cog-
nitive alterations resulting from cytokine therapy
persisted for months after the discontinuation of
treatment.®> Quality of life in patients receiving cy-
tokines will be greatly improved if the cytokine-
induced neurotoxicity symptoms can be minimized.
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It is postulated that the neurotoxic symptoms are
the manifestation of an alteration in neurochemical
system(s) that control emotional and/or mental
functions. Pharmacologic amelioration of cytokine
side effects is possible, if the neurochemical me-
chanisms of cytokines become understood. In our
laboratory, we have selected a ‘drug discrimination’
technique and used the rodent behavioral model to
determine neurochemical systems which are in-
volved in the action of cytokines.

Our previous studies, in rats trained to discrimi-
nate d-amphetamine from saline, showed that re-
combinant human interferon-alpha (IFN-a) poten-
tiated responses elicited by d—amphetamine.6 This
potentiation of d-amphetamine (via dopaminergic
mechanism) by the cytokine was suppressed by the
opioid antagonist naloxone.® The observation of
opioid—dopamine (DA) interaction in the behavior-
al effects of IFN-a was postulated to be a result of
the action of IFN-a on central opioid receptors
causing the release of presynaptic DA. As a conse-
quence, the cytokine potentiates the discriminative
effect of d-amphetamine, whose primary neuro-
chemical effects are the release of DA and the block-
ing of DA re-uptake.® To confirm opioid-receptor
agonist action of IFN-a, we further trained a group
of rats to discriminate an opioid agonist, ethyl-
ketocyclazocine (EKC), from saline. In these rats,
IFN-o should mimic EKC responses in the discrim-
inative task. Here we report the findings of our
study.

Materials and methods
Animals

Male Wistar rats (Charles River Laboratories, Wil-
mington, MA) that initially weighed 150-200 g
were used as subjects. The animals were fed after
daily experimental sessions and on weekends in
quantities adjusted to maintain the animals at
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80-85% of their expected free-feeding weight based
on the supplier’s growth chart.

Behavioral apparatus

Drug discrimination training was carried out in three
two-lever sound-attenuated operant chambers
(Coulbourn Instruments, Lehigh Valley, PA). So-
lid-state programming equipment was used to con-
trol the delivery of reinforcement and to record data
generated during test and training sessions.

Preliminary training

For 30 min a day, each animal learned to respond
with the operant levers for reward (food reinforce-
ment). Reinforcement was given on alternating
levers (double-alternating schedule) with delivery
of a 45 mg Noyes peliet for initially every five (FR-
5), then every 10 (FR-10) and finally every 15 (FR-
15) consecutive responses on the correct lever.

Discriminative training and extinction
testing

After the animals stabilized under FR-15 schedule,
five daily sessions per week of discriminative train-
ing began. Fifteen minutes prior to each 30 min
training period, each animal was injected intraper-
itoneally either with (*)-EKC methanesulfonate
(0.3 mg/kg) in saline or with saline (1 ml/kg)
alone, according to the test day: on the day follow-
ing EKC administration only responses made on the
left lever were reinforced; however, on the day
when saline alone was given, reinforcement was
contingent on pressing only the right lever. The
sequence of weekly 4 day injections of drug and
saline was a counterbalance order of all possible
combinations with 2 days on the left (drug) lever
and 2 days on the right (saline) lever, and no more
than two consecutive sessions followed either the
training drug (EKC) or saline. EKC was generously
supplied by Sterling Research Group (Rensselaer,
NY).

To test the accuracy, on day 5 of a week following
4 days of discriminative training, the animals were
injected with the training drug or saline 30 min
(determined by a time—effect study, Table 1) prior
to being placed in the operant chambers with the
reinforcement delivery disconnected (extinction).
During the 2 min extinction sessions, responses on
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Table 1. Production of EKC responses at various times
post-injection 2

Time (min) EKC lever choice (%)
15 69.2 + 6.6
30 90.0 = 3.3
45 758 + 4.9

Each value represents the mean (+ SEM) of six animals.
2 The training dose (0.3 mg/kg) of EKC was administered intra-
peritoneally to rats trained to discriminate EKC from saline.

both levers were cumulatively recorded. The degree
of discrimination between the training drug and
saline was defined as the percentage of total respon-
ses made on the appropriate lever in the absence of
reinforcement. Animals were considered accurate
when lever responding reached over 80% on the
appropriate lever, i.e., after drug administration,
at least 80% of the responses were on the drug
lever; whereas after saline administration, at least
80% of the responses were on the saline lever. When
animals attained over 80% accuracy under both
conditions, testing with IFN-a began. Training ses-
sions continued for 4 days a week, with testing on
day 5.

Generalization of EKC responses by IFN-«

Extinction sessions were again performed on every
fifth day of a week with recombinant human IFN-a
(sIFN-a) (generous gift of Dr Michael J. Brunda,
Hoffmann-LaRoche, Nutley, NJ). The cytokine
(1, 2, 4 and 6 X 10° U/kg or 0.22-1.32 nmol/kg) in
saline was injected intramuscularly 60 min before
the extinction tests. (Our previous study has demon-
strated that the optimal IFN-a effect was at 60 min
post-injection.G) Results were expressed as the num-
ber of correct responses divided by the total number
of responses.

To examine suppression of IFN-a-induced EKC-
like responses, naloxone (0.5 or 1 mg/kg) was
injected intraperitoneally together with IFN-a or
saline. Naloxone alone did not produce any
EKC-like response.6

Potentiation of EKC responses by IFN-a

IFN-a (1 or 2 X 10° U/kg) was injected intramuscu-
larly 30 min prior to i.p. injection of 0.1 mg/kg EKC
(i.e., 60 min before extinction tests). Responses to
EKC in the absence and presence of IFN-a were
compared. The choice of EKC dose was based on

Anti-Cancer Drugs - Vol 5 - 1994 91



BT Ho et al.

our finding that this dose produces responses below
the maximum of 80-85% on the correct lever (Table
2).

Potentiation of EKC and IFN-x responses
by d-amphetamine

EKC (0.1 mg/kg) in saline was injected intraperito-
neally 15 min prior to 0.8 mg/kg d-amphetamine
sulfate. IFN-a (1 X 10° U/kg) was administered in-
tramuscularly 45 min before 0.8 mg/kg d-ampheta-
mine. Extinction tests were performed 15 min after
injection of d-amphetamine.

Resuits

The time-effect study with 0.3 mg/kg (the training
dose) of EKC indicates that the maximum effect
occurs at 30 min post-injection (Table 1). The
dose-response produced at 30 min post-injection
in the EKC-trained animals is shown in Table 2.

IFN-a, when substituted for EKC on the test days,
elicited a dose-related increase in EKC-like respon-
ses in animals trained to discriminate EKC from
saline (Table 3). This generalization of EKC respon-
ses by IFN-a (4 X 10° U/kg) was suppressed by
pretreatment of animals with the opioid antagonist
naloxone (Table 4).

Table 2. Production of EKC responses by varying doses of
EKC®

Dose (mg/kg) EKC Lever choice (%)
0.05 352 +42
0.1 430+ 89
0.2 68.1 + 6.5
0.3 90.0 = 3.3
0.4 84.2 + 41

Each value represents mean (+ SEM) of six animals.

® Respones were measured 30 min after injections of EKC, at the
doses shown above, to rats trained to discriminate 0.3 mg/kg
EKC from saline.

Table 3. Generalization of responses to EKC by IFN-«

IFN-a (U/kg) EKC lever choice (%)
1x108 522 +78
2 x 10° 708 £ 6.7
4 x 108 776 £ 56
6 x 108 83.6 + 4.8
Mean (= SEM) of six animals.
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A potentiation of EKC responses was observed
when EKC and IFN-a were co-administered in sub-
threshold doses that alone did not produce EKC
responses (Table 5).

In the EKC-trained animals, a subthreshold dose
(0.8 mg/kg) of d-amphetamine, which was able to
potentiate the low dose EKC (Table 6), was also
found to cause potentiation of EKC-like responses
induced by IFN-a (Table 7).

Table 4. Supression of IFN-a-induced EKC-like responses
by naloxone

Agents (dose) EKC lever choice (%)

IFN-a (4 x 10° U/kg) 75272
Naloxone + IFN-a
(0.5 mg/kg) (4 x 10° U/kg) 61.5 + 3.6
(1.0 mg/kg) (4 X 108 U/kg) 38.0 £ 5.7°

Each value represents the mean (+ SEM) of six animals.
2 Significantly different from IFN-x(4 x 10° U/kg) control group;
p=0.0312 (Wilcoxon test).

Table 5. Potentiation of responses to EKC by IFN-«

Agents (dose) EKC lever choice (%)

EKC 462+ 72
(0.1 mg/kg)
IFN-a
(1 x 10° U/kg) 54.8 + 8.5
(2 x 10° U/kg) 70.3 + 8.5
IFN-¢ + EKC
(1 X 108 U/kg) (0.1 mg/kg) 71.8 + 4.0°
(2 x 108 Urkg) (0.1 mg/kg) 78.3 + 8.1°

Each value represents the mean (+ SEM) of six animals.
@ Significantly different from EKC (0.1 mg/kg) control group;
p = 0.0312 (Wilcoxon test).

Table 6. Potentiation of responses to EKC by d-ampheta-
mine

Agents (dose) EKC lever choice (%)

EKC

(0.1 mg/kg) 435 + 4.0
d-amphetamine

(0.8 mg/kg) 50.6 = 3.0
d-amphetamine + EKC

(0.8 mg/kg) (0.1 mg/kg) 74.8 + 5.8

Each value represents the mean (+ SEM) of six animals.
® Significantly different from EKC (0.1 mg/kg) control group;
p = 0.0312 (Wilcoxon test).



Table 7. Potentiation of IFN-a-induced EKC-like responses
to d-amphetamine

Agents (dose) EKC lever choice (%)

IFN-«

(1 X 108 U/kg) 50.0 + 6.8
d-amphetamine

(0.8 mg/kg) 54.3 + 8.6
d-amphetamine + IFN-«

(0.8 mg/kg) (1 % 108 U/kg) 78.8 + 4.9%

Each value represents the mean (= SEM) of six animals.
2 Significantly different from IFN-a (1 X 10°® U/kg) control group;
p = 0.0312 (Wilcoxon test).

Discussion

Data on generalization and potentiation of EKC
stimulus by IFN-« indicate that EKC and IFN-« share
a common mechanism. Based on our previous stu-
dies using rats trained to discriminate d-ampheta-
mine from saline, potentiation of d-amphetamine
responses was postulated to be binding of IFN-a
on opioid receptors causing the presynaptic release
of DA% The effects of opioid peptides and morphine
on DA neurons’ ** as well as the opioid-like activ-
ities of IFN-a are well documented.'*'® There were
reports specifically showing morphine-induced
release of DA in the nucleus accumbens and stria-
tum’®* as well as blockade of behavioral effects of
opioid atgonist by DA receptor antagonists.” Per-
haps the most direct evidence for the involvement
of opioid neurons on the action of IFN-a& was our
previous finding that both IFN-a and morphine en-
hanced d-amphetamine discrimination in rats
trained to discriminate d-amphetamine from sal-
ine.® The present study tends to confirm our pro-
posed neurochemical mechanism of IFN-a.

The action of cytokines on the DA system is not
a new concept. For example, using push—pull
perfusion technique, interleukin-1 has been shown
to stimulate release of DA and its metabolite from
the hypothalamus.® Our data on the potentiation of
both EKC discrimination and the IFN-a induced
EKC-like responses by d-amphetamine further
strengthen an opioid-mediated dopaminergic me-
chanism of IFN-a.

The present study has illustrated the usefulness of
the drug discrimination technique in elucidating the
biological effect of IFN-a. It raises the question of
which opioid receptor subtypes may be involved.
This area of research is currently being pursued in

Opioid mechanism of IFN- action

our laboratory. In addition, clinical evaluation of
IFN-a-induced neurotoxic symptoms controlled by
naltrexone, a long-acting opioid receptor antago-
nist, is under way.
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