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ABSTRACT

AIM: To investigate interleukin-2-induced antinociception in mor phine-insendtive rats. METHODS: Paw with-
drawal latencies (PWL) to noxious radiant heat were taken as the measurement of pain threshold. RESULTS:
Intraplantar injection of human recombinant interleukin-2 (1.5x10* U) significantly increased PWL innormal rats.
PWL was a so markedly increased by IL-2 in 45-d-post-complete Freund' s adjuvant (CFA)-treated rats, which
have been proven morphine-insensitive. |IL-2-induced antinociception in CFA-treated rats were significantly lower
than that in normal rats. |L-2-induced antinociception was partialy blocked by naloxone (1 mg/kg, ip) in normal
ratsbut remained unchanged in CFA group. CONCLUSION: |L-2-induced antinoci ception ispartially mediated by
mopioid receptors. Therapeutic applications of IL-2 may aso be expanded to relieve morphine-insenstive pain.

INTRODUCTION

Interleukin-2 (IL-2), anintensely studied cytokine
known as T-cell growth factor™, is well documented
to possessdiverse hiologica properties beyonditsrela
tionto T-cells. Rapidly accumulating evidence strongly
supportsthe nation that IL-2 is an important modulator
in the central nervous sysem (CNS)!3. Our previous
sudies showed that I L-2 inhibited nociceptive regponses
of spind dorsa horn neurons?. 1L-2 also exerts no-
table analgesic effect in the peripheral nervous sys
tem'. Previous studies have shown that I L-2 and mor-
phine exerted smilar effectsin various aspects by de-
creasing intracelular cyclic AMP (CAMP) content,
modul ating neuroendocrine activity, suppressing affer-
ent sensory transmission and serving as Ca®* channel
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blockerd®*9. All the evidence indicates the interplay
between | L-2 and mopioid receptors. Previous studies
have shown that 45-d-post-complete Freund' s adjuvant
(CFA)-treated rats are insensitive to morphine
antinoci ception®?. In the present study, the contribu-
tionof mopioid receptor to 1L -2-induced antinoci ception
was evaluated in thisanimal model.

MATERIALSAND METHODS

Animals and groups Mae Sprague-Dawley rats
(260-280 g) were supplied by Shanghai Experimenta
Animal Center, Chinese Academy of Sciences (Grade
[1, Certificate No 005) and were housed in single plas-
tic cages at aroom temperature of 22 °C, available to
food and water ad libitum with a 12-h light-dark cycle.
All experiments were conducted in accordance with Eu-
ropean Community Guidelines on Animal Care and
Experimentation. Rats were randomly grouped as
follows



-982- Song P et al/ ActaPharmacol Sin 2002 Nov; 23 (11): 981-984

Saline group: to test the combined effect of saline
in normal and CFA-treated rats 15 min after injection.

Normal group: to test the eff ect of morphine (2
mg/kg, ip) in normal rats15 minafter injection asshown
in Tab 1 and to test the effect of 1L-2 (1.5x10% U), IL-
2/Naloxone (1 mg/kg) or the vehicle of IL-2in norma
rats 10 min after injection as shown in Tab 2.

CFA group: to test theeffect of morphine (2 mg/
kg, ip) in CFA-treated paws 15 min after injection as
shown in Tab 1 and to test the effect of IL-2 (1.5x10*
U), IL-2/Naoxone (1 mg/kg) or the vehicleof IL-2in
CFA -treated paws 10 min after injection as shown in
Tab 2.

Behavioral testing To test the anti nociceptive
effect of drugs, paw withdrawal reflex was induced by
radiant heat as expressed in our previous studies®.
Briefly, from aprojection bulb placed directly under the
hindpaw, radiant heat beam was f ocused in a diameter
of 1 mm and the beam center was directed at the injec-
tion point. A digital timer automatically read the dura-
tion between the start of heat simulation to paw
withdrawa. Four trids at 4-min intervas were con-
ducted with the mean of the last three paw withdrawal
latencies (PWL) taken asthemeasurement. Thistest is
sendtive to detect changesin resgponse to noxious
heat'™.

Drugs Under light methoxyfl urame anesthesia,
rats underwent aninjection of 200 L. CFA (Sigma, St
Louis, MO) inthe dorsal aspect of the left hindpaw,
whi ch was suspended in an oil/sdline (1:1) emulsion.
The CFA injection produced an intense inflammation,
asociated with therma hyperaged a and i nsengtivity
to mor phiné®®. Human recombinant |L-2 was admin-
igrated 45 d after CFA injection.

IL-2 (Shanghai Ingituteof Biochemistry, Chinese
Academy of Sciences) was dissolved in phosphate
buffer (PB) (10 mmol/L, pH 7.0). Before intraplantar
injection of IL-2 or the vehicle, animals were lightly
anesthetized by inspiring ethyl ether to avoid struggling
and to minimize artificial responses. Site of injection
was marked at the center of the plantar surface by a4
mm-di ameter circle, where radiant heat beam wasfo-
cused in behaviord tests. All theintraplantar injections
(sc) were given in avolume of 20 ni. and the PWL of
the injected hindpaw were measured 10 min after the
injection. Intensive pilot studies have been practi ced
by the authors to control the extent of the anesthesia.
In the experiments, rats recovered soon &fter ethyl ether
treatment and the anesthesia was light enough so as not

to dter thePWL 5 min after injection. Similar opera-
tion has been used in our published studies™.

Mor phine was adminigrated at a chalenge dose
of (2 mgkg, ip). Naoxone (1 mg/kg, Sigma, St Louis,
MO) wasgiven (ip) 30min beforeintraplantar injection
of IL-2.

Statistical analysis Changesin PWL were ex-
pressed by percentage of maxima poss ble effect (%
MPE) according to the following formulas % MPE=
(Pogt-drug l atency--Pre-drug | atency)*100/(10--Pre-
drug latency). Datawere then subjected to statidtica
evaluation us ng Student’ s ¢ test foll owed by post-hoc
compari son (Scheffé’ s F procedure) to confirm sg-
nifi cant dif ferences between groups. Criteriafor sg-
nificancein al analyseswere defined as P<0.05. Data
were presented as mean+SD.

RESULTS

Decreased antinociceptive effect of morphine
Alterationsof morphine effectiveness were investigated
by measuring PWL asthe pain threshold in 45-d-post-
CFA (n=9)rats. A singleinjection of morphine (2 mg/
kg, ip) notably prolonged PWL in normd animals 15
min after injection (P<0.01 vssaline). In consstency
with previous studies®?, CFA-treated paws displayed
insengtivity to morphine a the same dose (P>0.05 vs
sine) (Tab 1).

Tab 1. Antinociceptive effect of morphine (2 mg/kg) as mea-
sured by paw withdraw al laten cies (PWL). CFA, the effect
of morphine (2 mg/kg) 45 d after complete Freund’s adju-
vant injection; Normal, the effect of morphine (2 mg/kg) in
normal rats; Saline, the combined effect of saline in C FA-
treated and normal rats. Changes in PWL were expressed
by percentage of maximal possible effect (% MPE).
Mean+SD. °P<0.01 vs saline injection.

Group n %M PE
Sdine 9 -14+4
Normal 13 55+4°
CFA 9 8+24

Antinociceptive effect of IL-2 Changesin PWL
10 min &ter intraplantar injectionsat theipslatera paw
were then measured (Tab 2). 1L-2 (1.5x10* U) signifi-
cantly increased PWL versusits vehicle in both normal
(P<0.01, n=30) and CFA -treated (P<0.01, n=9) paws.
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Thiseffect of IL-2 disappeared in 25min after injection.
However, IL-2-induced antinociception in CFA group
was markedly decreased than that seen in normal rats
(P<0.05). Naoxone (1 mg/kg) was given (ip) 30 min
before intraplantar injection of 1L-2. Naoxone aone
produced no detectable changesin PWL but it partially
blocked IL-2-induced antinociception in normal rats
(P<0.05 ws vehicleand P<0.01 vs | L-2 without nal oxone,
n=6). Naoxone produced no detectable effect on
I L-2-induced antinociception in CFA group (P<0.01 s
vehicleand P>0.1 vs IL-2 injection without naloxonein
CFA group, n=6). |ntraplantar injections of IL-2 or
vehicle in the contralateral paw produced no significant
changes in PWL.

Tab 2. Antinociceptive effect of human recombinant
interleukin-2 (IL-2) (1.5x10* U) as measured by paw with-
drawal latencies (PWL). Nlx, preadministration of nalox-
one (1 mg/kg, ip); Vehicle, the combined effect of vehicle
injection in normal and 45-d-post-CFA group. "P<0.05 vs
IL-2 injection in normal rats. P<0.01 vs IL-2 injection with-
out naloxone in the same group. Effect of vehicle differs
significantly from all the others shown in this tablet
(P<0.05) so the marks are not given here for tidiness.
Changes in PWL were expressed by percentage of maximal
possible effect (% MPE). Mean+SD.

IL-2 IL-2/NIx Vehicle
Group
(Y%MPE) (%M PE) (%MPE)
Norma 79+10 (n=30) 19+10" (n=6) -9+2 (n=30)
CFA 39+8" (n=9) 25+12 (n=6) -9+2 (n=9)
DISCUSSION

CFA is commonly used to induce long-lasting
inflammation. At the early sage such as 24 h-post CFA
injection, mopioid receptor agonists are still effective
in attenuating CFA-induced hyperdgesid™. Inthelong
term, however, the presence of chronic nociceptive
gtimulati on produced by CFA significantly reduces the
potency of morphine and facilitates the development of
morphine tolerancé®. In cons stency with previous
studies?, intensive insensitivity to morphine analgesa
was observed in our experiments on the 45th d after
CFA treatment.

The present study showed that |L-2 induced smi-
lar antinociception to that of morphine in normal rats.
Nal oxone as am-opioid receptor antagonist has been

found to interfere with some functions of 1L-2"%, In
the present study, naloxone markedly decreased IL-2-
induced antinoci ception, suggesting theinvolvement of
mopioid receptor in the process.

It isnoteworthy that naloxone did not completely
block IL-2-induced antinociception. |L-2-induced
antinoci ception was sill remarkable when morphine/
mopioid receptor system had been invalidated by CFA
treatment. Therefore, it issuggested that some mol-
eculesin addition to mopioid receptors might bere-
sponsible for 1L-2-induced antinociception. The spe-
cific receptor of IL-2 (IL-2R) isapotential candidate,
which is intensely localized in brain regions that are
closaly related to nociceptive process™. To support
thisnotion, our preliminary study showed that IL -2
exerted strong antinociceptive effect vialL-2R on pe-
riphera afferent terminals?. Particularly, we have also
found that IL-2R was congtitutively expressed in small
and medium-sized dorsal root ganglion neurons, which
are predominantly responsiblefor nociceptivetranamis
sont”. Theseobservations suggest that IL-2/IL-2R sys-
tem may a o participate in nociceptive processes.

Linesof evidence support a role of theimmune
system in CFA-induced inflammation™*, Itis con-
ceivablethat 1L-2, as abi-directiona communicator be-
tween the immune and nervous system™, can be used
to reprogram the immune system to generate protec-
tive activities by modulating functions of other
proinflammatory cytokines when the animal is con-
fronted with injuries.

Similar aomatic resduesfor binding to opioid re-
ceptors have been found in the N-termina of 1L-2 and
morphing®®. We inferred that IL-2 might directly in-
teract with mopioid receptor, followed by opioid-like
cellular signal transduction cascade to exert
antinociceptive effect. In addition, 1L-2 can dso bind
to other receptors such as|L-2R, triggering complex
interaction between the immune and nervous system to
influence nociceptive processing!™®.

Another implication of our findingsis that IL-2
may be a potential drug for painrdief when morphine
isineffective as seen in the present case, which would
be of interest for clinica practice.

In conclusion, the present data suggest that IL-2-
induced antinoci ception ispartially coupled with mopioid
receptors.
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