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ABSTRACT

Objective: The present study was designed to explore the mechanistic role of interleukin-2 in diabetes-induced decrease in the antinociceptive
effect of morphine in mice. Role of interleukin-2 was investigated by employing cyclosporin, a interleukin-2 synthesis inhibitor.

Methods: Diabetes was induced in mice by single intra peritoneal injection of Streptozotocin (200 mg/kg, i. p.). Nociceptive threshold in diabetic
mice was measured by Rodent tail-flick test. Nitrite levels in the urine of mice were estimated by employing Greiss reagent.

Results: A significant decrease in antinociceptive effect of morphine was observed in mice. Administration of cyclosporin (20 mg/kg, s. c, b. d.) in
diabetic mice significantly increased antinociceptive effect of morphine in diabetic mice. However, administration of cyclosporin (20 mg/kg, s. c., b.

d.) failed to significantly change the increased nitrite levels in diabetic mice.

Conclusion: The present study indicates that interleukin-2 may be responsible for decrease in antinociceptive effect of cyclosporine. The study also
indicates that the increase in levels of interleukin-2 is independent of an increase in nitrite levels. It may, therefore, be concluded that nitric oxide

has no role in nociceptive changes made by interekin-2 in diabetic mice.
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INTRODUCTION

Diabetic neuropathy develops as a result of prolonged
hyperglycemia-induced local metabolic and micro vascular changes
and affects peripheral, central, and visceral sensorimotor and motor
nerves [1]. Diabetes-induced neuropathic pain is less sensitive to
traditional analgesics, including morphine [2, 3]. Antinociceptive
effect of morphine is reported to be significantly reduced in diabetic
rodents [4, 5]. Metabolic changes induced by hyperglycemia lead to
dys regulation of cytokine control and their enhanced expression in
diabetic nerves leading to diabetic neuropathy [6]. Diabetic nerves
show increased expression of immunoreactive cytokines during the
course of diabetic neuropathy, a long term diabetic complication [7].
A significant association between type 1 diabetes and a cytokine;
interleukin-2 (IL-2) has been documented in mice [8, 9]. Rapamycin,
a blocker of IL-2 receptor signaling resulted in beneficial effects in
long term type-1 diabetes [9, 10]. Cyclosporin (20 mg/kg), IL-2
synthesis inhibitor, enhanced antinociceptive effect of morphine in
non-diabetic as well as diabetic mice [11, 12].

Nitric oxide (NO), derived from immune reactive cytokines like TNF-a
and IL-1 has been implicated to underlie the noted attenuation of
antinociceptive effect of morphine [4, 12]. Inducible nitric oxide synthase
(iNOS) is transcriptionally regulated by cytokines and produces large
amounts of NO for prolonged periods of time. Once expressed, no
regulatory mechanism is known for the activity of iNOS [13]. FR-167653,
inhibitor of TNF-alpha and IL-1 has been observed to increase
antinociceptive effect of morphine in diabetic mice [14]. Amino
guanidine (iNOS inhibitor) improved diabetes-induced attenuation of
antinociceptive effect of morphine and significantly prolonged the tail-
flick latency of mice, in heat radiation tail-flick assay [15, 5].

Therefore, author found it interesting to explore the possible
relationship between IL-2 and nitric oxide and hypothesized a
possible relation between IL-2 and NO, their observed involvement
in altered antinociceptive effect of morphine in diabetic mice.

MATERIALS AND METHODS
Animals

Swiss albino mice (20-30 g) of either sex were employed in the
present study. Animals were housed in institutional animal house

under standard conditions, with 12 h light / dark cycle and had free
access to food and tap water. Experimental protocol was approved by
an Institutional Animals Ethics Committee (IAEC). All experiments
were conducted in accordance with the CPCSEA guidelines directed by
Ministry of Environment and Forests, Government of India.

Experimental protocol

Mice were divided into 6 groups comprising 6 animals each (n = 6).
Diabetes was induced in mice by a single intraperitoneal injection of
the high dose (200 mg/kg) streptozotocin. The dose of STZ
employed in the present study has been reported to be suitable for
Swiss albino mice to induce neuropathic symptoms to study thermal
hyperalgesia as investigated in the present study. Further, SHD-STZ
(single high dose streptozotocin) mouse model has been reported to
exhibit robust and reliable neuropathic changes [16-18]. Mice with
fasting plasma glucose levels of more than 250 mg/dl were
considered to be diabetic and were included in the study. Group I
and II consisted of non-diabetic and diabetic mice, which were
injected with vehicle for seven days respectively. Group III and IV
consisted of non-diabetic and diabetic mice, which were treated with
cyclosporin (10 mg/kg, s. c, b. d.) for seven days. Group V and VI
consisted of non-diabetic and diabetic mice, which were treated with
cyclosporin (20 mg/kg, s. c., b. d.) for seven days. In each cyclosporin
treated group, morphine (10 pg/5 pl distilled water, i. c. v.) was
administered on fourth day and on seventh day. After each
morphine administration on fourth and seventh day, mice were
subjected to tail-flick test at 0, 5, 15, 30, 45, 60, 90 and 120 min after
morphine administration [21]. For estimation of urinary nitrite
levels, urine samples of mice were collected at the end of the fourth
and seventh day of cyclosporin (10 or 20 mg/kg, s. ¢, b. d.)
treatments. Each mouse was placed individually in a metabolic cage
for 24 h and its urine was collected immediately on completion of 24
h. Urine samples, thus collected, then were analyzed for
quantification of nitrite levels by using Greiss reagent.

Drugs and treatments

Streptozotocin (Pharmacia and Upjohn, Kalamazoo, USA), morphine
(Jackson Laboratories, Amritsar, India) and cyclosporin (Cipla Ltd.,
India) were employed in the present study. All other chemicals and
reagents employed were of analytical grade.
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Estimation of plasma glucose levels

Blood was withdrawn from tail vein of mice and plasma was
extracted using cooling centrifuge at 2500 rpm for 10 min. Plasma
glucose levels were estimated by Glucose oxidase method [19].

Estimation of nociceptive threshold

The nociceptive threshold in mice was determined by measuring tail
flick latency in tail-flick test [20]. Tail flick latency i. e. time taken by
mouse to withdraw its tail after exposure to radiant heat, was
measured. Cut off latency were fixed at 10 s. Effect of drug
treatments on tail flick latency was expressed as percentage of the
maximum possible effect (% MPE):

MPE (%) = post-treatment latency-pre treatment latency X 100
Cut off time-pre treatment latency

Pre-treatment latency refers to the control latency before drug
administration, while post treatment latency refers to the latency
after drug administration.

Estimation of urinary nitrite

Urinary nitrite levels were estimated using Greiss reaction, which
served as an indicator of NO production.

Statistical analysis

The Statistical analysis of data was performed by one-way ANOVA
followed by Tukey’s Post hoc test, by employing Graph pad In stat;
version 3.05 (Graph Pad Software, San Diego, CA, USA).

RESULTS

Effect of cyclosporin treatment on antinociceptive effect on
morphine

Administration of cyclosporin (10 or 20 mg/kg, s. c., b. d.) for four or
seven days did not alter the antinociceptive effect of morphine in
non-diabetic mice as compared to vehicle treated control mice F (5,
30) = 7.14; P =0.0002 [fig. 1: four day treatment]; F (5, 30) = 3.11; P
= 0.022 [fig. 2: seven day treatment]. Similarly, in diabetic mice,
administration of cyclosporin (10 mg/kg, s. c, b. d.) for four and
seven days did not significantly alter the antinociceptive effect of
morphine in diabetic mice as compared to vehicle treated diabetic
mice F (5, 30) = 7.14; P = 0.0002 [fig. 1: four day treatment]; F (5,
30) =3.11; P=0.022 [fig. 2: seven day treatment].

On the other hand, administration of cyclosporin (20 mg/kg, s. ¢, b. d.)
for four as well as seven days significantly increased the
antinociceptive effect of morphine in diabetic mice as compared to
vehicle-treated diabetic mice F (5, 30) = 7.14; P = 0.0002 [fig. 1: four
day treatment]; F (5, 30) = 3.11; P = 0.022 [fig. 2: seven day treatment].
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Fig. 1: Effect of four day Cyclosporin treatment on percent
Maximum Possible Effect (% MPE) of morphine in non-diabetic and
diabetic mice. Data are expressed as mean+S.E.M. n = 6. Data was
analyzed by One way ANOVA followed by Tukey’s Post hoc Test, F
(5,30) = 7.14; P = 0.0002; Values mentioned are in mg/kg, s. c, b. d.
*P<0.05 significantly different as compared to non-diabetic mice
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Fig. 2: Effect of seven day Cyclosporin treatment on percent
Maximum Possible Effect (% MPE) of morphine in non-diabetic and
diabetic mice. Data are expressed as mean+S.E.M. n = 6. Data was
analyzed by One way ANOVA followed by Tukey’s Post hoc Test, P =
0.022; F (5, 30) = 3.11; Values mentioned are in mg/Kkg, s.c., b.d.
*P<0.05 significantly different as compared to non-diabetic mice
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Fig. 3: Effect of four day Cyclosporin treatment on urinary
nitrite levels (1M/24h) in non-diabetic and diabetic mice. Data
are expressed as mean+S.E.M. n = 6. Data was analyzed by One

way ANOVA followed by Tukey’s Post hoc Test, P = 0.16; F (5,
30) = 1.68. Values mentioned are in mg/Kkg, s.c., b.d.
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Fig. 4: Effect of seven day Cyclosporin treatment on urinary
nitrite levels (1M/24h) in non-diabetic and diabetic mice. Data
are expressed as mean+S.E.M. n = 6. Data was analyzed by One

way ANOVA followed by Tukey’s Post hoc Test, P = 0.26; F (5,
30) = 1.36; Values mentioned are in mg/kg, s.c.,, b.d.
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Effect of cyclosporin treatment on urinary nitrite levels in mice

Administration of cyclosporin (10 or 20 mg/kg, s.c., b.d.) for four or
seven days did not produce any effect on urinary nitrite levels in
non-diabetic mice as well as diabetic mice F (5, 30) = 1.68; P = 0.16
[fig. 3: four day treatment]; F (5, 30) = 1.36; P = 0.26 [fig. 4: seven
day treatment].

DISCUSSION

The results of the present investigation indicated and strengthened the
earlier observations that cyclosporin, via inhibition of IL-2, can enhance
the antinociceptive effect of morphine in diabetic mice [4, 11]. Results
from clinical trials have indicated that interleukin-2 administration is
associated with marked toxicity, which limits the quantity of this
cytokine that can be administered [22, 23]. Cyclosporin, in a same dose
as employed in the present study (20 mg/kg), showed a similar increase
in the nociception threshold in the expression phase of morphine
tolerance [12]. However, from a mechanistic standpoint, low dose IL-2
treatment has been shown to offer a long term protection from diabetes
[24]. Conversely, high doses of IL-2 enhanced immune responses and
exacerbated autoimmunity in the NOD mouse, therefore, therapeutic
efficacy of IL-2 can vary dramatically depending upon the dose [24]. The
observed attenuation of antinociceptive effect of morphine in the
present study suggests that severity of diabetes induced in the present
study (28 days of streptozotocin injection), may provide a sufficient
enough to induce hyperalgesia. Further, observed efficacy of cyclosporin
to enhance the antinociceptive effect of morphine indicates induction of
large amounts of IL-2 during long exposure (28 days) to streptozotocin,
as utilized in the present study. However, quite interestingly, in the
present study, cyclosporin did not produce any significant change in
diabetes-induced increase in urinary nitrite levels. This observation
indicates that unlike other cytokines (TNF-alpha, interleukin-1 or
interferon y); involvement of IL-2 in diabetes-induced attenuation of
antinociceptive effect of morphine may be independent of induction of
nitric oxide. The observations that involvement of IL-2 in diabetes-
induced attenuation of antinociceptive effect of morphine may be
independent of nitric oxide levels, unlike other reported cytokines.
Further, in a suggesting study, IL-2 has been observed not to increase
production of NO [25]. Moreover, NO has been reported to stimulate the
synthesis of IL-2 [26].

CONCLUSION

Observations made in the present study decline any possible
induction of nitric oxide by interleukin-2 in diabetic mice and
indicate a nitric oxide-independent action of IL-2 in attenuation of
antinociceptive effect of morphine in diabetic mice.
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