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The nociceptive effect was messored using withdrawal latency i il flick test in miee rendered diabetic by
administering streptozotocin (200 mgdig, ip). The antinociceptive effect of morphine (4 and 8 mg/kg, so) and cromikalim. s
Kare channel opener, (0.3,1 and 2ug, fovy was significantly reduced in diabetic mice. Moseover, co-administration of
cromakating(0.3ug) did not alter the reduced antinociceptive elfect of morphine(d mg/ke) in dinbetic mice. Spleenectomy in
dinbetic mice restored the decrease in antinociceptive effect of morphine and cromakalim. Multiple dose eatment with
msulinto maintain euglyveasmia for 3 days in diabetic mice prevented the decrease v antinociceptive effect of morphine and
cromakalin. However, hyperglycaemic tyrode’s bulfer did not alter the pD; value of morphine in tsolated guines pig ileum
suggesting that hyperglyeaemia does sot interfere with 1 receptor mediated responses in vitro, The results suggest that
hyperglycacmia induced decredse in antinociceptive effect of morphine and cromakalim may be due to alteration i K
channels. Some unkanown factor from spleen in disbetic mice may be responsible for this alteration in Kyep chinngls in

diabetic mice,

Chemically induced diabetes mellitus in experimental
animals leads to hyperalgesia’™ decrease in
antinociceptive effect of morphine’ and other more
selective (L receptor agonists’, A downregulation of p
opioid receptors in diabetic animals may account for
these observations but the results of radioligand
binding studies do not support this contention”,

Both, 1t and 8 opioid receptors are coupled to ATP-
sensitive K' channels (K channels) in the central
nervous system’ Kurp channels are reported to be
involved in mediating the antinociceptive effect of
morphine®™"’ Glucose induced glycolytic flux may
close K channels by increasing ATP formation'''”,
It may be probable that diabetes induced
hyperglycaemia may alter the activity of Kuwp
channels and this alteration in the activity of Kapy
channels may account for the decreased analgesic
activity of morphine. Therefore, the present study has
been designed to investigate the role of Kapp channel
in hyperglycaemia  induced  decrease in
antinociceptive effect of morphine in diabetic mice.

Materials and Methods
Swiss albino mice (20-30 g) and Hartley guinea-

*Correspondent suthor
Fux: §1-0175-82.288
o mail: ap

pigs of either sex were used, They were housed in an
animal house provided with 12 hr light/dark cycle and
free access to water and food.

Isolated guinea-pig ilewm preparation—-Isolated
guinea-pig ileum 20-30 mm in length was mounted in
an organ bath containing Tyrode’s buffer (NaCl
137mM  KC1 2.7mM ; CaCly 1.8mM ; MgCl, 0. ImM;
NaHCO; 11.9mM ; NaH.PO; 04mM ; CHpO;
5.55mM) maintained at 37°21°C bubbled with air.
pDs of morphine was caleulated using KCI (75 mM)
precontracted guinea-pig ileum. In separate set of
experiments dose response curve of morphine was
also plotted using a modified Tyrode’s buffer
containing high concentration of glucose (15 mM) to
study the effect of acute hyperglycaemia on pD; of
morphine. Time matched KCI precontracted ileum
preparations were also put up to serve as control.

Experimental diabetes in  mice—Diabetes was
induced by a single ip injection of streptozotocin’
{200mg/kg) dissolved in O.5N citrate buffer (pH 4.5},
Age matched mice were injected with citrate buffer o
serve as control.

Blood samples were taken from retro-orbital sinus
2 and 4 weeks after the injection of streptozotocin,
Blood glucose was measured colorimetrically at
600nm using o-toluidine method'’. Mice with
fasting blood glucose level of more than 14mM were
included in the study.
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Measurement of nociceptive threshold—Nocicep-
tive threshold was measured by the tail flick test in
mice. The il flick latency was considered as the
time between tall exposure to radiant heat and tail
withdrawal. Electrically heated nichrome wire was
used as a source of radiant heat in the analgesiometer.
The mtensity of radiant heat was regulated in order to
obtain pretreatment latency between 2 10 5 sec in both
diabetic and non-diabetic animals. This adjustment of
pretreatment latency to a fixed range has enabled us
to compare antinociceptive effect of various drugs in
non-diabetic and hyperalgesic diabetic mice. A cut off
latency time was fixed at 10 sec. Tail flick latency
wis expressed as a percentage of the maximum
possible effect (MPEYR

(Post treadment Bteney - Pregeeatment Ialeney 100
HAT
a

Lol dime -~ Profrostmen lnteney)

Pretreatment latency refers to the control latency
before the drug administration. Post treatment latency
refers to the latency after drug administration,

Surgical spleenectomy—Swiss albino mice were
lightly anuesthetised using pentobarbitone (25 mg/kg)
and ether anaesthesia. A horizontal cut was given on
the abdomen and spleen was surgically removed.
Animals were allowed to recover for 48 hr before
subjecting  them to  any  drog  treatment  or
experimental procedure. In sham operated animals,
abdomen was cut open and sutured back without
removing the spleen.

Experimental design—Twenty two groups of mice
were erploved in the present study.

Vehicle ireated groups: Group IV (n=6 each)
consisted of age matched nondiabetic and diabetic
(administered streptozotocin 4 week earlier) mice
which were administered normal saline 10 ml kg, se
and 10 ul of 5% DMSO iev respectively.

Morphine treated growps: Group V-VUI (n=06
cach) consisted of age matched nondiabetic and
diagbetic mice which were administered 4 and 8mg/kg.
s¢ morphine respectively.

Cromakalim treated groups: Group IX-XIV (n=6
each) consisted of age maiched nondiabetic and
diabetic mice which were administered 03, | and
2ug, iev cromakalim respectively before subjecting
them to the tail flick test. Cromakalim was injected
ey i conscious mice in a volume of 10 Wl with
Hamilton svringe as described by Haley and
McCormick'.

Morphine and cromakaline treated gronp: Group
XV-XVI (n=6 cach) comprised of non-diabetic and
diabetic mice njected with a combination of 03ug,
icy cromakalim and 4mg/kg. s¢ morphine respec-
tively. Separate vehicle treated groups that received a
combination of saline, sc and DMSO, icv were also
included. However,% MPE of these groups was
comparable to vehicle treated groups therefore data
has not been presented separately.

Insulin reated groups: Group XVIEXVIT (n=6

cachy consisted of diabetic mice whose hyper-
glycaemia was regulated by administering Zn insulin

y

suspension (1U/kg every 8 hry for 3 days before
injecting them with 4mg/keg, sc morphine and lug v
cromakalim respectively.

Groups subjected to surgical spleenectomy: Group
KIX-XXIT (n=6 cach) comprised of non-diabetic and
diabetic mice subjected to surgical spleenectomy and
were administered dmg/ke, se morphine and  lug
cromakalim icv respectively 48 hr afteér the surgery.
Twil flick latency of all the sbove groups was
measured immediately, 5, 15, 30, 45, 60, 90 and 120
min after the admmisiration of the drug and the
comparison betweer  rious drug treated groups was
carried omt at the time of neak MPE (%) The
observer recording tail flick latency was not aware of
treatment schedules,

Drugs

Streptozotocin and cromakalim were purchased
from Sigma Chemical Co.. St. Louis, MO, USA
Morphine sulphate was  obtained from  Jackson
Laboratories, Indin and was dissolved m nonmal
saling immediately before use. Streptozotocin was
dizssobved i 0N citrate bulfer and cromukalim was
dissolved m 5% DMSO. Insulin zinc suspension
(lente) was purchased from Knell Pharmaceutical
Lad., India.

Data analysis

All the results are expressed as mean £ SE. One
way ANOVA  followed by Durnett’s test was
employed to caleulate the statistical significance in
case of multiple comparisons with control group only.
One way ANOVA followed by studentised range test
was used to caleulate the statistical significance in
case of multiple comparison between the various
groups. Individual comparisons between diabetic and
nondiabetic groups were made using independent
Student’s t test, Level of significance (o) was fixed at
P< 0.05.
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Results

Mice treated with streptozotocin had fasting blood
elucose level more than 14 mM whersas citrate buffer
(0.1 N) treated controls had a fasting blood glucose
levels of 5.0+ 0.4 mM. Morphine administered (sc)
produced an increase in taill flick fatency time
expressed as% MPE in both non-diabetic and diabetic
mice at both the doses employed in the study.
Moreover, streptozotocin induced diabetes signifi-
cantly decreased morphine induced inerease in %
MPE as compared to control nen-diabetic mice
{(Fig. 1.

Cromakalim administered iov to non-diabetic mice
produced significant increase in% MPE at all the
three dose levels as compared to vehicle treated
control, On the other hand, cromakalim administered
to strepiozotocin diabetic mice also inereased 1ail
flick Intency byt results were only  statistically
significant high dose (2 pgd of cromakalim (Fig. 2).
Cromakalim  induced  increase % MPE  was
significantly  less in case of diabetic mice as
compared 1o non-diabetic controls at all dose levels
(Fig. 2).

Moreover,  co-adminbtration of  eromakalim
(0.3 pe, fov) with morphine (4 mg/kg, scy shightly
micressed 9 MPE i non=diabetic mice bul no such

increase in % MPE was noted in diabetic mice
(Fig. 33 Three days insulin treatment to restore the
elevated blood glucese levels in diabetic animals 1o
normd prodoced marked recovery of antinociceptive
effect of morphine (Fig, 4) and cromakalim (Fig. 5 in
diabetic mice. However, the regain in antinociceptive
effect of morphine and cromakalim with insulin
treatment was partial and increase in % MPE in
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Fig. l—Effect of morphine on percent MPE Gmean 2SE, =61 in
non-dighetiv and dabetic mice. fa=P<l05 a5 compared to vehiole
treated control, (ANOVA followed by Dunnet test, F=73.82 non-
diabetiv, F=17.51 diabetic)y b=P<0.05 a5 compareid 16 its nop-
dizbetic counterpart, (ndependent Student™s Liesiy]

insulin treated animals was significantly less as
compared te non-diabetic mice. The antinociceptive
effect of morphine and cromakalim was significantly
increased in diabetic mice subjected to spleenectomy
and merease in% MPE in spleenectomised diabetic
animals was comparable to that of non-diabetic
group. It is to be noted that the morphine and
cromakalim  induced increase  in%  MPE  in
spleenectomised  dinbetic mice  was  higher  as
compared to imsulin treated diabetic mice but the
difference was not statistically significant (Figs 4, 5).
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Fig, 3—Effect of cromakalim morphine and combination of
eromakalim and morphing on percent MPE (mean 28E, n=6) in
non-dinhetic and diabetic mice. [asP<05 as compared fo s
wi-diabatic counterpart. Undependent Snrdent’s ttesty]
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Fig. 4—Effect of spleencctomy and insalin treatment on percent
MPE (mean 5K, n=0) of morphine (4 mgfke) In non-disbetic and
diabietic mive. {a=P<0.05 ay compared 1 shar operated diahetic
vontrol; b=P<0.05 us compared 1o sham operdted non-diabiete
conteal (ANOV A followed by studentised range test, F=14.893].
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Morphine produced a dose dependent relaxation of
KCl precontracted ileum. pD); of morphine using
euglycaemic (5.5 mM glucose) Tyrode's buffer was
5.32 and hyperglycaemic Tyrode’s buffer (15 mM
ghicose) was 5.29. Therefore, the noted pb; of
morphine was comparible,

INDIAN J EXP BIOL, MAY 1999

Discussion

The results of the present study demonstrating a
significant decrease in the antinociceptive effect of
morphine in diabetic mice are in accordance with the
carlier reports™'®. It is probable that increased blood
glucose in diabetic mice may interfere with the
binding of morphine to p opioid receptors. pD, of
morphine using guinea pig ileum exposed to
hyperglycaemic Tyrode's buffer did not change
significantly. Therefore, it may be suggested that
hyperglycaemia does not interfere with the binding of
morphine with [t receptors in vitro.

Glibenclamide, a Kayp channel blocker'’, is
reported to inhibit the analgesic effect of morphine',
K chamnnel Opﬁﬁﬂmig, cromakalim and pinacidil,
potentiate the analgesic response of morphine'™".
Therefore, analgesic effect of morphine may be
mediated through [t receptors™ that are coupled to
Kap channels in the central nervous system’.
Cromakalimy only slightly increased the analgesic
effet of morphine in non-diabetic mice. This
discrepancy with earlier reports’™ may be ascribed
to the high doses of morphine employed in the
present study which may have opened a large
population of Ky channels and perhaps cromakalim
has no further scope to enhance significantly the
analgesic effect of morphine. However, the analgesic
effect of cromakalim and morphine is still markedly
reduced in diabetic mice. Il tentatively suggesis
dystunctioning of Kyp channels as 4 consequence of
persistent hyperglyveaemia which may be responsible
for noted decrease in antinociceptive effect of

morphine  and  cromakalim  in  diabetic  mice.
Moreover, co-administration of eromakalim  with

morphine did not alter the reduced analgesic effect of
morphine in diabetic mice. It supports our contention
that  dysfunctioning of Kupe channels due (o
hyperglycacmia may be responsible for the reduced
analgesic effect of morphine.

Spleen is reported to modulate analgesic effect of
morphine in beige | mice™. Therefore. the noted
decrease in antinociceptive effect of morphine in
diabetic mice may be due to a factor or substance
released from spleen. The noted regain in the
antinociceptive effect of morphine i spleenectomised
diabetic mice supports this conteation. Moreover,
spleenectomy-induced recovery in analgesic effect of
cromakalim may tentatively suggest the involvement
of spleen derived factor in dysfunctioning of Kaw
channels in diabetic mice, Persistent hyperglyeaemia
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may act as stimulus to release this unknown factor
from spleen. Maintenance of euglycaemia for
sufficiently long period with multiple administration
of insulin, as designed in the present study, restored
the analgesic response to morphine and cromakalim
possibly by interfering with the hyperglycaemia
induced release of this unknown factor from spleen.
On the basis of above discussion, it may be
concluded that hyperglycaemia induced decrease in
antinociceptive effect of morphine and cromakalim
may be due to alteration in Ky channels. Some
unknown factor from spleen in diabetic mice may be
responsible for this alteration in Kappchannels.
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