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Objective(s):	Diabetic	neuropathy	(DN)	 is	a	common	complication	of	diabetes	 that	 leads	 to	allodynia,	
impaired	 nerve	 conduction,	 and	 progressive	 sensory	 loss.	 The	 aim	of	 this	 study	was	 to	 observe	 the	
effect	of	a	high‐affinity	cannabinoid	receptors	agonist,	WIN	55,212‐2,	on	thermal	hyperalgesia,	nerve	
conduction	velocity	and	sciatic	nerve	histopathology	in	diabetic	rats.	
Materials and Methods:	Diabetes	was	induced	in	rats	using	a	single	dose	of	streptozotocin	(45	mg/kg	
IP).	
Results:	 Intrathecal	 (IT)	 administration	 of	 WIN55,	 212‐2	 (1,	 10,	 100	 µg/10	 µl,	 IT),	 produced	
antinociceptive	effects	in	the	hot	plate	test	and	also	improved	nerve	conduction	velocity	(100	µg/10	µl,	
IT)	and	sciatic	nerve	histology.		
Conclusion:	 These	 data	 show	 that	 cannabinoids	 have	 potent	 antinociceptive	 effects	 through	 direct	
actions	in	the	spinal	dorsal	horn	of	nociceptive	pathway.	This	suggests	that	intrathecally	administered	
cannabinoids	may	offer	hopeful	strategies	for	the	treatment	of	diabetic	neuropathic	pain.	
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Introduction	
Cannabinoids	 are	 a	 known	 class	 of	 analgesics,	

which	exert	 their	effect	 through	spinothalamic	 tract	
(1).	 Type	 one	 cannabinoid	 receptors	 (CB1)	 are	
mainly	 found	 in	 periaqueductal	 gray	matter,	 dorsal	
horn	 of	 the	 spinal	 cord	 and	 dorsal	 root	 ganglion	
(DRG)	 neurons	 (2‐5).	 It	 has	 been	 shown	 that																							
the	 naturally	 occurring	 D9‐tetrahydrocannabinol																			
(D9‐THC)	 and	 synthetic	 cannabinoids	 such	 as	
WIN55,212‐2	and	CP‐55,940	can	suppress	responses	
to	 noxious	 thermal	 and	mechanical	 stimuli	 in	 acute	
pain	models	 such	 as	 the	 hot	 plate,	 tail	 flick	 or	 paw	
pressure	 tests	 (2).	 There	 is	 now	 considerable	
evidence	 supporting	 the	 role	 of	 cannabinoids	 in	
chronic	 pain	 conditions	 and	 spontaneous	 pain‐
related	 behavior,	 as	 well	 as	 hyperalgesia	 and	
allodynia	 conditions	 induced	 by	 peripheral	
inflammation	 (6),	 capsaicin	 administration	 (7)	 or	
sciatic	 nerve	 constriction	 (8,	 9).	 In	 persistent	
nociceptive	 conditions,	 particularly	 associated	 with	
neuropathic	 pain,	 up‐regulation	 of	 CB1	 receptor	
expression	 (10),	 has	 been	 proposed	 to	mediate	 the	

cannabinoid‐induced	 antinociceptive	 effects																
(11‐15).	 In	 addition,	 CB2	 receptors	 demonstrated	
antinociceptive	 effect	 in	 inflammatory	 hyperalgesia	
(16‐21),	and	neuropathic	pain	(15,	17).	

Similar	to	peripheral	nerve	injury	models,	diabetes	
mellitus	also	results	in	neuropathic	pain	in	up	to	50%	of	
patients	 (22).	 This	 neuropathy	 is	 associated	 with	
hyperalgesia	(increased	sensitivity	to	noxious	stimuli),	
hypoalgesia	 (decreased	 sensitivity	 to	 painful	 stimuli),	
and	 allodynia	 (nociceptive	 responses	 to	 normally	
innocuous	stimuli)	(23).	

In	 addition,	 elevated	 blood	 glucose	 levels	 lead	 to	
several	 metabolic	 abnormalities	 such	 as	 enhanced	
polyol	 production	 via	 aldose	 reductase	 and	 reduced	
Na+/K+‐ATPase	 activity	which	 leads	 to	 impairment	 of	
the	 nerves	 function	 (24,	 25).	 Peripheral	 nerves	
dysfunction	results	in	slower	nerve	conduction	velocity,	
which	 is	 induced	 after	 the	 onset	 of	 diabetes	 (26).	 A	
relationship	 has	 been	 established	 between	 reduced	
nerve	 conduction	 velocity	 and	 structural	 lesions,	 such	
as	 axo‐glial	 disjunction	 and	 axonal	 atrophy,	 in	
chronically	diabetic	animals	(27,	28). 
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Despite	 the	 widespread	 occurrence	 and	 serious	
complications	 of	 diabetes,	 there	 are	 still	 no	
treatments	 available	 for	 diabetic	 peripheral	
neuropathy	other	than	glycemic	control	and	diligent	
foot	 care.	 Therefore,	 it	 is	 important	 to	 study	 the	
pathological	mechanisms	and	 look	 for	more	specific	
therapeutic	approaches	(29,	30).	

Recently,	 a	 cannabinoid	 receptor	 agonist,	 WIN	
55,212‐2	that	was	topically	applied	has	shown	to	be	
effective	 against	 noxious	 heat‐evoked	 activity	 in	
spinal	 wide	 dynamic	 range	 (WDR)	 neurons.	
Moreover,	 it	 is	 reported	 that	 WIN	 55,212‐2	 is	
effective	 against	 hyperalgesia	 and	 allodynia	 in	
painful	unilateral	mononeuropathy	(22,	31).	

Hence,	 the	 aim	 of	 this	 study	was	 to	 observe	 the	
local	 effect	 of	 intrathecal	 administration	 of	 a	 high‐
affinity	 cannabinoid	 agonist,	 WIN	 55,212‐2,	 on	
thermal	hyperalgesia,	nerve	conduction	velocity	and	
histopathology	 in	 diabetic	 rats.	 This	 attempt	 may	
provide	 a	 better	 understanding	 of	 the	 use	 of	 local	
cannabinoids	 as	 a	 new	 treatment	 approach	 for	
diabetic	neuropathic	pain.	

	
Materials	and	Methods	
Animals	and	surgery	

Male	Wistar	albino	rats,	weighing	230‐250	g,	were	
fed	with	a	standard	rodent	diet	and	had	free	access	to	
food	and	water.	Animals	were	accommodated	in	groups	
of	 six	 to	 eight	 in	 a	 temperature‐controlled	 room	(24±	
1˚C)	with	 a	 12	 hr/12	 hr	 light/dark	 cycle	 (lights	were	
turned	on	at	7:00	hr).	Diabetes	was	induced	by	a	single	
intraperitoneal	injection	of	45	mg/kg	of	streptozotocin	
(Sigma‐Aldrich,	St.	Louis,	MO)	dissolved	in	citrate	buffer	
(10	mM,	pH	4.5),	after	an	overnight	fasting	(23,	27).	Rat	
tail	 vein	blood	glucose	was	measured	72	hr	 after	STZ	
injection	 and	 rats	with	 a	 blood	 glucose	 level	 of	 >300	
mg/dl	were	 considered	 diabetic	 and	 used	 for	 further	
experiments.	Control	animals	 received	buffer	solution.	
All	 studies	 were	 performed	 in	 accordance	 with	
institutional	 ethical	 guidelines	 for	 the	 care	 and	use	 of	
laboratory	 animals,	 and	 the	 protocols	were	 approved	
by	 Tehran	 University	 of	 Medical	 Sciences	 (TUMS),	
Tehran,	Iran.	

	
Intrathecal	catheterization	and	drug	delivery	

Intrathecal	 catheters	 were	 implanted	 four	 days	
before	behavioral	tests	as	previously	described	by	Yang	
et	 al	 (32).	 Briefly,	 animals	 were	 divided	 into	 two	
groups,	 including	 diabetic	 and	 control	 animals	 that	
were	first	anesthetized	with	ketamine–xylazine	(75	and	
15	mg/kg,	 respectively,	 IP).	 Once	 anesthetized,	 a	 1–2	
cm	midline	longitudinal	incision	was	made	at	the	level	
of	the	iliac	crests.	Then,	a	polyethylene	catheter	(PE‐10,	
BD,	 USA)	 that	 implanted	 to	 a	 depth	 of	 about	 1.0	 cm	
from	the	incision	between	the	lumbar	vertebrae	L5	and	
L6	to	the	dorsal	spinal	surface	and	the	surgical	wound	
was	 sutured.	 The	 intrathecal	 catheter	 implementation	
was	confirmed	with	 the	paralysis	of	 the	bilateral	hind	

limbs	after	2%	 lidocaine	 (10	µl)	 injection	 through	 the	
catheter	(33,	34).	

	
Behavioral	tests	

Two	 weeks	 after	 the	 induction	 of	 diabetes,	 the	
analgesic	 effect	 of	 intratechal	 WIN	 55,212‐2	 (1,	 10	
and	 100	 µg/10	 µl)	 (2)	 (Sigma	 Chemical	 Co.)	 was	
evaluated	with	 the	 tail	 flick	 test	which	 is	one	of	 the	
standard	 tests	 for	 measuring	 analgesic	 effects	 of	
chemicals.	Control	rats	received	50%	DMSO	in	saline	
via	a	similar	route.	The	rats	were	held	gently,	and	a	
radiant	heat	source	was	focused	3	cm	from	the	tip	of	
the	 tail	 and	 the	 latency	 to	 tail	 flick	 was	 recorded	
automatically.	 A	 15‐sec	 cut‐off	 was	 employed	 to	
prevent	 tissue	 damage.	 Withdrawal	 latencies	 were	
measured	 immediately	 prior	 to	 (predose)	 and	 then	
up	to	6	hr	following	drug	or	vehicle	administration.		

In	 order	 to	 generate	 a	 dose–response	 curve	
against	 antinociception,	 data	 were	 converted	 to	
percentage	 of	 maximal	 possible	 effect	 (MPE)	 by	
using	the	following	equation:		

	

%MPE	=	(	 )	(2,	35).	

	
Also,	 hot	 plate	 test	 was	 used	 to	 measure	 the	

sensitivity	 to	 pain	 as	 this	 method	 assesses	 paw	
withdrawal	 latency	 to	 a	 thermal	nociceptive	 stimulus.	
The	plate	 thermal	degree	was	maintained	at	52	±2	 °C	
and	 the	 pain	 response	 time	 was	 recorded	 when	 the	
animal	started	hind	paw	licking	or	jumping.	To	prevent	
tissue	 damage,	 the	 cut‐off	 latency	was	 considered	 60	
sec	(6,	36).	
	
Electrophysiological	examination	

Electrophysiological	 parameters	 of	 the	 sciatic	 and	
sural	 nerves	 were	 recorded	 before	 STZ	 injection	 and	
two	 weeks	 after	 STZ	 injection.	 The	 animals	 were	
anesthetized	with	pentobarbital	(45	mg/kg).	The	nerve	
conduction	 velocity	 (NCV)	was	 calculated	 as	 the	 ratio	
between	the	distance	from	one	point	of	stimulation	to	
the	next	and	the	corresponding	latency	difference	(24,	
37).	

	
Histological	examination	

For	pathologic	 studies,	 two	weeks	 after	diabetes	
induction,	sciatic	nerve	was	carefully	dissected	from	
the	 proximal	 aspect	 of	 the	 thigh	 to	 the	 knee	 joint	
proximal	 to	 its	 point	 of	 division	 into	 common	
peroneal,	 tibial,	 and	 sural	 nerves	 and	 then	 fixed	 in	
10%	 formaldehyde.	 These	 samples	 were	 compared	
with	sciatic	and	sural	nerve	samples	taken	from	rats	
of	 the	 control,	 diabetic	 and	 also	 treated	 groups.	
Nerves	were	cut	into	5µm	sections	and	stained	with	
hematoxylin	and	eosin	(H	and	E).	

	
Statistical	analysis	

Data	 from	 the	 behavioral	 tests	 for	 the	 tail	 flick	
and	hotplate	(latency	in	sec)	were	expressed	as	the		
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Figure	1.	Animals	received	WIN	55,	212‐2	(1,	10	and	100	µg/10	
µl,	IT)	and	tested	the	tail‐flick	latencies	in	control	(a)	and	diabetic	
(b)	 rats	 at	 the	 indicated	 time.(c)	 dose‐response	 curves	 for	
suppression	of	hyperalgesia	behavior	by	WIN	55,	212‐2	in	tail	flick	
test	 .	 Y‐axis:	 percent	 of	 maximum	 possible	 effect	 (%	 MPE);	 X‐
axis:dose	(μg).	n=	6–8	ratsper	group	
	
	
mean±SEM	and	 analyzed	 by	 using	 repeated	ANOVA	
measurements	 to	 detect	 the	 overall	 differences	
among	 treatment	 groups.	 When	 significant	 main	
effects	were	observed,	post	hoc	tests	were	performed	
to	 determine	 the	 sources	 of	 differences.	 Statistical	
analysis	 was	 performed	 using	 GraphPad	 prism	 5.0

 
	
	
Figure	2.	The	effects	of	intrathecal	administration	of	WIN	55,	212‐
2	 in	 control	 and	 diabetic	 rats	 (a	 and	 b)	 as	 assessed	 by	hot	 plate	
test;	n=	6–8	rats	per	group	

	
	
software	 (GraphPad	 software	 Inc,	 California,	 USA).	
Differences	 were	 considered	 to	 be	 statistically	
significant	at	the	level	of	P<0.05.	
	
Results	

STZ‐induced	 diabetic	 rats,72	 hr	 after	 STZ	
injection,	 revealed	 significantly	 increased	 blood	
glucoselevels	(407.25±74.78mg/dl)	compared	to	the	
vehicle‐treated	control	(F(2,102)=456.5,	P	<0.001).	The		
animals	 showed	 hyperglycemia	 and	 a	 marked	
decline	 in	 body	 weights	 following	 induction	 of	
diabetes	 by	 STZ	 (F(2,78)=28.55,	 P<0.001)	 (Table	 1).	
Four	 fold	 increases	 in	 blood	 sugar	 levels	 were	
produced	in	the	diabetic	animals	and	this	increase	in	
blood	sugar	 level	(BSL)	was	stable	during	 the	study	
period.	Treatment	with	WIN	55,	212‐2had	no	effect	
on	 the	 body	 weight	 and	 blood	 sugar	 levels	 of	 the	
animals	(Table	1).	

	
	
	
Table	1.	Body	weight	and	blood	glucose	of	the	rats	before	and	after	the	induction	of	diabetes.Values	are	expressed	as	mean	±	SEM	
	

	 Control	 3	days after	diabetes	induction 2	weeks	after	diabetes	induction
Weight	(g)	 254/19±5/44 212/82±5∗∗∗ 197±6/27∗∗∗	

Blood	glucose	(mg/dl)	 99/21±1/11 407/25±11/27∗∗∗ 478/66±18/97∗∗∗	
	
	

***P<	0.001	versus	control	
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Figure	3.	Effect	of	 treatment	with	WIN	55,	212‐2	 (100	µg/10	µl,	
IT)	on	sensory	nerve	conduction	velocity.Values	are	expressed	as	
mean	±	SEM.	*P<0.05	compared	to	diabetes	group	and	***P<0.001	
compared	to	control	group	

	

The	 hot‐plate	 latency	 of	 STZ‐induced	 diabetic	 rats	
was	 higher	 compared	 to	 the	 normal	 group.	 Weekly	
examinations	 of	 the	 tail	 flick	 and	 hot‐plate	 latency	
showed	that	 there	was	a	dip	 in	the	latency	around	14	
days	 after	 the	 induction	 of	 diabetes	 which	 was	
normalized	and	augmented	further	till	the	fifth	week	of	
diabetes.		

Baseline	 tail‐flick	 latencies	 were	 found	 to	 be	
6.70±1.28	and	5.64	±	 0.98	 sec	 in	 control	 and	diabetic	
groups,	 respectively,	 that	 were	 not	 significantly	
different.	Also,	we	plotted	the	dose–response	curves	of	
IT	 administration	 of	 WIN	 55,	 212‐2	 in	 control	 and	
diabetic	rats.	WIN	55,	212‐2	(1,	10	and	100	µg/10	µl)	
significantly	prolonged	the	tail‐flick	latencies	ina	dose‐
dependent	 manner	 in	 diabetic	 rats	 360	 min	 after	
administration	(F(12,125)=2.62)(Figure	1).	

Thermal	sensitivity	of	animals	 in	 the	hot‐plate	 test	
was	 found	 to	 be	 18.75	 ±	 2.98	 and	 11.75	 ±	 0.5	 sec	 in	
control	 and	 diabetic	 rats,	 respectively.	 In	 the	 present	
study,	we	showed	that	WIN	55,	212‐2	produced	dose‐
dependent	antinociceptive	effects	 in	diabetic	 rats.	The	
antinociceptive	potential	of	WIN	55,	212‐2	was	found	in	
diabetic	 rats	 as	 it	 restored	 the	 decreased	withdrawal	
thresholds	 to	 baseline	 control	 levels	 (F(21,200)=3.70,	
P<0.0001)	(Figure	2).	

The	motor	 nerve	 conduction	 velocity	 (MNCV)	 and	
sensory	 nerve	 conduction	 velocity	 (SNCV)	 values	 of	
normal	 and	 diabetic	 group	 showed	 that	 diabetes	
attenuated	 the	 nerve	 conduction	 velocity	 of	 the	
experimental	 animals.	 A	 significant	 decrease	 in	 NCV	
was	 observed	 two	 weeks	 after	 diabetes	 induction	
(P<0.05).		

SNCV	 in	 diabetic	 rats	was	 38.37	 ±1.67	m/sec	 as	
compared	 to	 control	 group	 (50.62±	 1.06	 m/sec,	
P<0.05).	 Treatment	 with	 WIN	 55,	 212‐2	 (100	 µg)	
produced	a	significant	reversal	of	 the	sensory	nerve	
conduction	 velocity	 when	 compared	 to	 diabetic	
group	(F(2,21)=11.89,	P<0.001)	(Figure	3).	

MNCV	 in	WIN	55,	 212‐2‐treated	animals	did	not	
reach	 the	 levels	 observed	 in	 the	 control	 group	
(P<0.05).	 In	 diabetic	 rats,	 a	 significant	 deficit	 in			
nerve	conduction	velocity	was	observed	(38.12±1.35	

 
	
	

Figure	4.	Effect	of	 treatment	with	WIN	55,	212‐2	 (100	µg/10	µl,	
IT)	 on	motor	nerve	 conduction	 velocity.	 Values	 are	 expressed	 as	
mean	±	SEM.	*P<0.05	and	**P<01	compared	to	control	group	

	
	

m/sec)	 as	 compared	 to	 control	 group	 (50.50±1.64	
m/sec,	 F(2,21)=9.28,	 P<01).	 There	 was	 no	 significant	
improvement	by	intervention	treatment	on	MNCV	in	
diabetic	rats	observed	(Figure	4).	

The	microscopic	preparations	of	sciatic	and	sural	
nerves	 indicated	 normal	 histology	 in	 the	
normoglycemic	group.	In	diabetic	rats,	an	increase	in	
cellular	 infiltrate	 or	 locally	 extensive	 areas	 of	
moderate	to	marked	edema	was	observed.	The	WIN	
55,	212‐2‐treated	group	showed	small	focal	areas	of	
mild	edema,	reduction	in	cellular	infiltration,	 lack	of	
destruction	 and	 damage	 to	 the	 nerve	 cells,	 lack	 of	
necrosis	 and	 apoptosis	 and	 also	 slightly‐increased	
micro	 vessels,	 a	 sign	 of	 healingand	 recovery,	
compared	to	diabetic	group	(Figure	5).	

	
Discussion 

The	 present	 study	 showed	 that	 intrathecally	
administered	 WIN	 55,212‐2	 produced	 a	 dose -
dependentaugmentation	in	the	latency	in	both	hot	plate	
and	 tail	 flick	 tests	 in	 diabetic	 rats.	 Current	 evidence	
indicates	 that	 STZ‐induced	 diabetic	 mice	 are	
significantly	 less	 responsive	 to	 the	 antinociceptive	
effects	 of	 opioids	 in	 tail‐flick	 test	 (35,	 38,	 39).	 It	 has	
been	accepted	that	both	opioids	and	cannabinoids	are	
effective	 antinociceptive	 agents	 in	 rats	 without	
pathological	 pain	 (40).	 However,	 there	 are	 some	
intractable	 pathological	 pain	 syndromes	 including	
painful	 peripheral	 neuropathy	 where	 cannabinoid	
analgesia	 system	 is	 considered	 superior	 to	 opioids	 in	
alleviating	 pain	 (40)	 as	 in	 painful	 peripheral	
neuropathy,	 opioid	 antinociception	 was	 reduced	 but	
cannabinoid	 antinociception	was	 not	 altered	 (35,	 40).	
Therefore,	 cannabinoid	 system	 can	 be	 a	 therapy	 of	
choice	for	management	ofneuropathic	pain.	

Several	studies	have	focused	on	cannabinoids	action	
in	 neuropathic	 pain	 conditions,	 and	 cannabinoids	 are	
proposed	 to	 be	more	 effective	 against	 chronic	 rather	
than	acute	pain	(41‐43).	 In	 this	 regard,	WIN	55,212‐2	
was	used	as	an	antihyperalgesic	and	antiallodynic	agent	
in	 nerve	 injury‐induced	 neuropathic	 pain	 (35,	 44).												
In	 contrast,	 little	 information	 about	 the	 effects	 of
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Figure	5.	Cross	sections	of	sciatic	nerve	from	control	(a),	diabetic	
(b)	 and	WIN	55,	 212‐2‐treated	animals	 (c	 and	d).	An	 increase	 in	
cellular	 infiltration	 and	 edema	 are	 seen	 in	 the	 diabetic	 rats.	
Treated	 animals	 show	 reduction	 in	 cellular	 infiltration,	 lack	 of	
destruction	 and	 damaged	 nerve	 cells,	 lack	 of	 necrosis	 and	
apoptosis	and	increasing	microvessels	

	
	
	
	
	
	

cannabinoids	 on	 diabetes‐induced	 neuropathic	 pain	
exists	(6,	22,	35). 

Hence,	 we	 studied	 the	 effect	 of	 spinally	
administered	WIN	55,212‐2	on	thermal	hyperalgesia,	
electrophysiological	and	histopathological	changes	in	
diabetic	 rats.	 Regarding	 diabetic	 hyperalgesia	
(evident	 in	 the	2ndweek	of	our	experiment),	we	also	
focused	 on	 pathological	 changes	 in	 the	 sciatic	 and	
sural	 nerve	 that	 result	 in	 increased	 cellular	

infiltration	 and	 edema	 of	 peripheral	 nerves,	 as	
previously	reported	(23,	45,	46).	

Thermal	 hyperalgesia,	 assessed	 by	 the	 hot‐plate	
and	 tail	 flick	 tests,	 developed	 within	 14	 days	 in	
diabetic	 rats	 after	 STZ	 injection	 is	 consistent	 with	
previous	studies(22,	47).	However,	although	thermal	
hyperalgesia	 is	 fairly	 consistent	 with	 reduction	 in	
thermal	 threshold	 as	 demonstrated	 in	 STZ	 diabetic	
models,	 reports	 on	 changes	 in	 thermal	 nociceptive	
thresholds	 have	 been	 highly	 variable,	 from	 thermal	
hyperalgesia	observed	in	some	studies	to	no	changes	
or	decreased	 thermal	 sensitivity	 reported	by	others	
(35,	48).	This	discrepancy	might	be	described	by	the	
fact	 that	 there	 are	 so	many	 variables	 in	 these	 tests	
including	species	of	animals,	methodology,	standards	
of	response,	duration	of	being	diabetic,	etc.	(23,	45).	

The	 findings	 of	 the	 present	 study	 demonstrate	
that	 spinally	 administered	 WIN	 55,	 212‐2	 blocks	
thermal	 hyperalgesia	 in	 diabetic	 rats.	 However,	 the	
mechanism	by	which	WIN	55,	212‐2	blocked	thermal	
hyperalgesia	in	diabetic	rats,	is	not	clear.	It	has	been	
demonstrated	 that	 cannabinoids	 act	 at	 spinal	 and	
supraspinal	 sites	 and	 also	 in	 the	 periphery	 to	
alleviate	 pain	 (49,	 50).	 The	 potential	 importance	 of	
supraspinal	 modulation	 of	 pain	 processing	 by	
cannabinoid	has	been	emphasized	by	the	peripheral	
noxious	 stimulation	 that	 induces	 the	 release	 of	
anandamide	 in	 the	 PAG,	 one	 of	 the	most	 important	
supraspinal	 sites	 for	 modulation	 of	 nociceptive	
information	(51).	

Systemic	 cannabinoid	 administration	 has	 been	
indicated	 to	 be	 effective	 in	 decreasing	 mechanical	
allodynia	 in	 different	 nerve	 injury	 models	 of	
neuropathic	pain	in	animals	(2,	52)	and	CB1	receptors	
activation	 was	 shown	 to	 be	 involved	 in	 the	
antiallodynic	effects	of	cannabinoids	in	those	models	(2,	
37,	40).	

Since	the	adverse	effects	limit	the	systemic	usage	of	
cannabinoid	 agonists	 as	 effective	 analgesics,	 topical	
administration	has	 some	advantages	 (22).	 It	 has	been	
reported	 that	 A‐fibers	 have	 a	 key	 function	 in	 the	
allodynia	 related	 to	 peripheral	 nerve	 injury	 (53,	 54)	
and	abnormal	activity	in	A‐delta	and	A‐beta	fiber	leads	
to	 mechanical	 allodynia	 in	 diabetes.It	 is	 notable	 that	
CB1	receptors	are	mostly	found	in	myelinated	A‐fibers	
on	DRG	neurons	(54).		

In	support	of	the	efficacy	of	cannabinoids	in	noxious	
heat‐evoked	 activity,	 spinally	 administered	 WIN	
55,212‐2	to	intact	rats,	produced	antinociceptive	effects	
in	the	tail‐flick	test	with	a	time‐course	and	efficacy	that	
paralleled	 the	 suppression	 of	 noxious	 heat‐evoked	
activity	(1).	

These	findings	propose	that	the	role	of	cannabinoid	
in	modulating	spinal	nociceptive	effects	is	mediated	via	
spinal	 dorsal	 horn	 and	 is	 associated	 with	 the	
antinociceptive	 effects	 of	 intrathecally	 administered	
cannabinoids.	 More	 variability	 in	 the	 onset	 of	
suppression	 was	 prominent	 for	 the	 topical	 route	 of	
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administration	 as	 compared	 to	 systemic	 (55)	 or	
intraventricular	 administration	 (1).	 In	 contrast,	 little	
information	on	the	effects	of	intrathecally	administered	
cannabinoids	 in	 diabetes‐induced	 neuropathic	 pain	
exists.	

One	 of	 the	 important	 goals	 of	 the	 current	 study	
was	to	compare	the	alterations	in	NCV	between	STZ‐
treated	 and	 WIN55,	 212‐2‐treated	 rats.	 In	 diabetic	
rats,	 a	 significant	 impairments	 in	 nerve	 conduction	
velocity	was	 observed	which	 is	 not	 consistent	with	
previous	 experiment	 (14,	 27,	 33,	 37);	 however,	
intrathecal	 administration	 of	 WIN55,	 212‐2	
recovered	 these	 deficits	 in	 sciatic	 nerve.	 This	 is	 the	
first	time	that	the	beneficial	effects	of	WIN55,	212‐2	
on	altered	NCV	in	diabetic	rats	have	been	found.			

Light	 microscopy	 examinations	 of	 sciatic	 and	
sural	 nerve	 showed	 alterations	 in	 neuronal	
appearance	including	mild	 increase	of	micro	vessels	
that	 is	 a	 sign	of	 healingand	 recovery	 in	 treated	 rats	
compared	to	STZ‐treated	rats.		

Accordingly,	 our	 results	 would	 suggest	 that	 the	
anti‐allodynic	 effects	 of	 WIN	 55,	 212‐2	 in	 STZ	
diabetic	 rats	 might	 be	 mediated	 through	 the	 CB1	
receptors.	 However,	 diabetes	 induces	 nerve	 injury	
throughout	the	nervous	system	including,	peripheral	
nervous	system	and	brain	(20,	51).	CB1	receptors	are	
also	 present	 throughout	 the	 central	 nervous	
system(51).	 Therefore,	 we	 can	 propose	 that	 the	
effect	of	WIN	55,	212‐2	mediated	by	CB1	receptors,	
may	 be	 due	 to	 changes	 in	 the	 expression	 or	
sensitivity	of	CB1	receptors	(35).	These	receptors	are	
present	 not	 only	 on	 the	 primary	 afferent	 fibers	 but	
also	throughout	the	nervous	system	in	diabetes	(35).	
To	 address	 this	 issue,	 further	 experiments	 are	
required	 to	 compare	 the	 activity	 and	 expression	 of	
CB1	 receptors	 in	 nerve	 tissues	 in	 diabetic	 and	
nondiabetic	control	animals	(10,	35).		

	
Conclusion	

In	conclusion,	cannabinoid	agonist	WIN	55,	212‐2	
undoubtedly	 has	 marked	 antinociceptive	 effects	 in	
diabetic	 rats.	 Painful	 neuropathy	 is	 an	 important	
diabetic	 complication,	 which	 severely	 affects	 the	
quality	 of	 life,	 and	 our	 results	 showed	 that	
cannabinoids	 could	 be	 considered	 as	 hopeful	
treatments	for	diabetic	neuropathic	pain.	
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