[ Downloaded from ismj.bpums.ac.ir on 2025-08-23 ]

Iran South Med J 2018;20(6): 527-539

e Th alabys

u.«Jlé c:l> ui..zﬂ—c,...w em‘g}:

A Floss blag Slds 5 (Ko e ke oKl

(Y45 skl 5 (yog) OYV = OF4 dmis F o 5land <oy Jluo

&

ou W s 3T yud g Joxi 40 (SR PKCy il (owy 39
P S0 S ige 30 (ol 390 550 e Jiw

"(PhD) 301k oyl SPHD) 28,3 MU T2 PhD) _oealis Loa MSE) ghowlB (s S

Olpl DI 016 i et (S pabe oty (K35 A5 (55505 05,5
01 Ol O ey o (S p s oS (53 Y g2 b0 58 Do S e
Ulpl LI OIS g (S ke oils (Dlaasl psle Dladod S 7

(QS/0/\ 2dlie b — AO/N/NA s 3L ,3)

s S

b gl Ll 5 (SedS ealiial idl 0 SIS )5 e 5 sl (a0 Oleys sl o ST S s e e o lads gl 4
3d e 5,13 POLENCY JalS 5 (SKopd Kol 5 Joow sl 4 oo W1 50056 )50 15 sl S gubons (115 555 end g
G b9 53 s 5,5 925 Jlisa ek W1 sk ol a5 Jew )3 Protein Kinase Cy(PKCY) Lid o p axdlas ol 5 St
ol S gl e

bl 5 i 4 Joos ol GoyF i Jeld Loy 8 Lad s QU 7 0p 8 ¥ w4 bbae (bl g il b, g sl
Sl 25 Sk 5 p S kS 2 Il p S e V0 s g0 Il i gy e gt oy g0 4y 0dd W (Gl T m  JaonS (e site
dol 535 5% bose 535 5ol GuoF 3 An 5 (J5S) Job o 5 500 S0l () ol A3 Gay 3 500 VY De 5 505 00 40 S
a5 55 A 35 3 B 605 S bl e (s p 03 1238 plonl Jard s 812 GaF AT 3 e VF S5 e
2 #8 PKCY) Ol 238 Sy 50 V8 555 i G205 o2 AT 3 om 505 99 o0 50 505 50 01 Goy3 AT 51 I8 e
oo 4 oSS 2 lil e p S e Vor Olime 4 n gt b ki S Oy 2 VP 555 05 AT 3 om VS
Vb 5o a5 o3y, Olea LPKCY Ol 015 5 502 S5l (65185 ol o 03 8 G5 500 VF e 4 b0 b ol o Blao J5-1s
FURIK SIS RR- RIS

e G5 3 S VE SWdas 5 15 Wil s G 5 o sse 555 o AT G 3 oV 555 03 1 Ul Jed cbl\”\:
ol &S A edis J S banslas 55 V8 59, 9 VY 54, 0 PKCY Oby )5 sols fas (il ppioman als OLES J 1S L anglis 5317
Oy hod 8 L5l n 5 Joows ls e GRALS o (b 58 ol po 4 s 50 055\ Y s P o bl s 51 i Jesw s Sl
Bl Sl Ll s 5 e s 55 sk PKCY

S L1 by g0 5 S w3l 5 ool sl er G 5 Jes 55 ol PKCY Oly Sl 31 45 sl 0L gl 15 8 4o
RIRPERIN

PKCy ( ¢y g2 ‘Ll}".dima SR PY R VLN WLY RSP

Ol Ol Ol i g S5y ke ol (5530 g by 8 Slidoss S0 0l

Email: manahejih@sbmu.ac.ir


http://ismj.bpums.ac.ir/article-1-904-en.html

[ Downloaded from ismj.bpums.ac.ir on 2025-08-23 ]

\vag M|JM/75)L«~3/MJL~ ;.)jl"b..b/oYA

Ll et eedlSe 3 55 ) o5 555 D- Aspartate
AOY 5 el s

GlapilSs 45 s S sualin 0L 5 (Igwe) ST
Gy 3 deol ok sl ol sl s JsSe
L Complete freund’s adjuvant (CFA) _L s
s bl Js (0 5,8 s ooy 50 PKCBIL ol
SLsadl s 45 sl olis oL 5 (Yajima) Lt
b ol sl s PKC o CFA L g ol sl 551 >
S W3 4ol odalie e OLKes 5 (SONG) Kl (1Y)
b pan 3 30 Ll s 5 Jeos sdidy bl JL
g 3 b pme ssb 4 PRCY o 8550 e
Il Slpisnl s PKC 25 .(10) ol anl il 53l
035 ol a3 53 53 ay Ol ade (93,30 5 353
Cilises oS Jls 5 bodS Hlee 5l eslizal 5 ol
S5 353 g S5 S GlespnS Slallas s O
e 51l eyl s a1 padlae mls 5,8
sl 51 PKC slacdiS Hles S ol sl osls LS
CoS ke e 9355 A S 4 s el
Lns pa Al 1y O 635545 e oo b 5 duled e
G b sladlas 55 0l as 5 (Mao) sl .V 518)
Sopke Sl 4 e oo b e S
G 5 5 0T 51 S0 bl b 6303 obsse
e Lol s 1 sy pmes 6l e
3 g L bse age e S Jeol sl
mer gile el ol oLl 0T w0 (g3l Sl ;s 45
Ll 55 s (GM1) PKC oS s 5l oslial 3 55 sdalioe
Setose 3l 30 bl s 5 Jemd sdidy 53 a5l )
S glolal gl Sladss s andl Ll g8 5l
o bl a5 oo glastiy 53 PKC (slag 53!
St gy 2 53 8 Ay a5 (OY) e

Shas L plag)ls o Seee dhom 5l o sl slasls
Ll eslizul 5,5 Oloys gl 0l B axddS ol
S ol Ghigml e ST G L wised b
03 e s sl slanys Oleys s bl o St
G Sobsm) 5Ll 5 SadlS ealizal A3l e SillS
DS s Wb e 5 pbacussie ghils )3 S0S
5 S Sals 5 Jeos bl 4 e Wl 5

=) 353 00 Ll s
oya 53 63535 GhaMa bl 5 i o el
Slodidy 5 3l o SUsys S e sl pde 2 L
o g sl Cde SYsb 5 e eslanal JLw &8 ol
oz 350 S Fla Jesd 5 (P 50) 558 g sl
b s e Sy 4 i SISl B
Sl a oo B sl S e s AL
A 5 V) Al o s ghls Sy cl 5L g i
oo ooy LS S oSy Sl s o e
4 S Sy byge 5 Sa e 5l 30 Ll s
odds atlid o w0l 3 S Sl s !
P Liea bl KU 4 ey 53l 4 S ol
Sl b 5l e slalSlas S sl
5 Jas 53 S gl el o8 el a3l DL ]
F{ PP CO R P SUVISTC U SO B S iy P S
Sl slanss 5l ol Ll a5 Jas 53 S50
St oz 51O 5 4) cl wlie L, 5
Sbomdlms 5 Jass oy 28 55 s ool
oo oS pes s 4 e W
i 3 e 03, oL Protein Kinase C (PKC)
PKA 5 PKC oS Jlas 45 56 (ols ool s 45 ds o
sl axdls glosdll i bl sl Jaos ooy 550 50

J;'-\J PKC ol gi:")-:" L Lh.lﬁﬁ\ RN o] (V)

http://bpums.ac.ir


http://bpums.ac.ir/
http://ismj.bpums.ac.ir/article-1-904-en.html

[ Downloaded from ismj.bpums.ac.ir on 2025-08-23 ]

OY8 / Lol a5 Josw 55 v PKCy &

bl,&w K] }lMG

S0P 3l om ol YA s V8 Gy, 3 o KT 5 (Wi e
88 g s 533 A

53 g s 68 askd PKCy Ol Olpe i sl
D G, e I e dholB VP VY slasy,
A3 8 eslel KDl i goul slajslesT sl 5 s kss S
e (s ) b 55 S ols s 5 eslinad e
3 et M oo (S o3I 33 Wl b yge ol
Al e Sde Ve O w5 sl 5 oo v
DS Ssen 5 5\ S w5y, s LS (’;515
335 sl Gy O A s U8 Ll s s S G
(28,8 ol VY 55,56 5ss o e 5 Il 305 03 s
Joos ebose 553 A Gup ) o VY Sas e e
O30 V0 s 55 e sl Aol (sl s S sdalie
LS G5 e SAS sl a e S ke V0 5

oz 5SS Gy 3l el bl mle Wl g
LS poms L3 S50 53 a8 s, Oles 4 by 50
SE SN 5, s jﬁff)u Gold,) Cod S sl Lyl
553 AT ) A el doge 553 AT Gy
G5 o gt oWl 3 53 B 5 s S GuE by
AT 3 5l g Sl FA i VS 3 e (A3 5
Uy o5 8 03288 Soype ol Sl pboge 53
oo Oled (Ol Sl s p 5 GF Ao ol
sbiey (28,5 el 4 S S5 b se 555e 53 VL 2 &S
3 Jeol lsllala 5 oo s (osite S s
O 593 a3 KBl ey st IAnl (b5 50 5 S G35
ol o 3 s s S GoF S e p S ke 100 s
I s bl S e Vo 553 (Gilesl 3 5e 555 4
Lol yos mzman 5 led 4 p S ke Vv 550 b e site
Sl kB Y S ka5 50, WY ke 4 b e
Sy 5p Sl Gl s A P o G
ol o (b5 30 553 ol sl Ga 5l s 5 1 ¢ JeS o

G b o VY S 05 e 5 Jsl Sas 00 ey st

Lo sl 5l 2 Gladlmn 5 Jass bl 5o s
(O) ksl axils [ii of Slapisnl 3l > s PKC
PKC _2als L Llyn a5 wlio (05 3 oslizal cpimman
Gty Slalllas 355 Uil on 5 oo (2alS 4 s
PKCy & s sy ool 31 Gaa 1 55 50
05 35 J et W bl om 5 e s ol

A2l o ) 0

TSRS

Voo O5s ko 3l3 5 ale slafipe o) el
Sl el Byl 5 55 s hge 3 8 oy p S YO G
5l cell VY 5 gl cell VY S 5 1de
L 6,00 51 S sl am s (YYEY) ol L gles
i S8 Ol 51w Jalesl Ol bl 4
5 Q) =0L,e) sk ga)ls &S 8 5l dyse Anils
pled LA ag (oD S 503 8,5 5 yen pita
AT Sl LS el sms il 5 Sl bl
3o s adS 5 e sl (NTH) IS o1 o e s
At Sy esle oKy Slided BN aeS 4ok
ploil gl A3l o VAT /A NNA TN o5l 4 2l
05 S ¥ a5 bl sl & pm bl Slisles]
A e

Al G5 05 S

s Aoy 0dd Wl Lol on s oo 65 S-Y

s siin 03 ST

oo se+ by e bl Wl gbadl a5 Jaed 0y S-F
8o Ao Sl 4 J«)}u e (L, L;uwf 53
a235 Y0 s 3 Ul 555 05 5,5l e L b e
GoF 3 o VY s 03 oS0 s bose Z3Lss Sl ey
G5 3 U8 bl ls s 3 plasl 0T 53 o T
oA G5l J3NY 505 05 G 5 o 595 Y

Gy ol Cd 3l e o se 390 D) b ase 83

http://bpums.ac.ir


http://bpums.ac.ir/
http://ismj.bpums.ac.ir/article-1-904-en.html

[ Downloaded from ismj.bpums.ac.ir on 2025-08-23 ]

\vag JJJ)M'JM/? AJL«J/M JL.«

e N

5 Jaws PVDF lis w5558 5 280l o 5 5 s 255 2
sl olantl ool (Sl s Ss 55 e
sl @b il b oS 5,50 S n AL o3sS s
olimeshl e85l elimal Locad s gLl
Slasles plmil (gl 55 o0 LT (illuminecence)
038 1 31 e 5 0l 550 CO2 580 bl s 1l
o3 S o g gl axkad s 4 g s 2 5 e
Oisad 5 5 5 ey dm 0303 H13 s See s
e 25583 ot 0l ARl 8 5 ek a0 O
eslitul A o oy OT 351kl goia 5 s S o e
s oedalin LSy, S > oJS s s )
s 31cdb o Jlisl B 4 S S oL > oy
DSy 5l cmles gl S Ouli g sk 4 KOO

A o oslizal (ool T olatl &
Sy sl ol (BT K il ad e ol plesl 5l
mouse monoclonal anti- Abcam Cambridge UK)
Laes gles 43 50l 33, V/) e e v e =3, LPKCy (PKCy
035 a0 5SSl a0 5505 01 51 . s S s Shake 5 4 Sl
anti- Abcam Cambridge UK) « 4t gL 2T L
I, dels =13 5edd V/Veevs &3, L (rabbit for PKCy
«jtﬁ-gii)ljﬁjwl:)l}rlcég;.ﬂﬁﬁje%QJJLLA);
sk VL 5 (5 e seadls Doy gty Laesls s S sl
s NIH Image-J i3l pr ol elid by st b

Ll oals OLES V/FY

bl Jdos 5 420
sben 38 Ol S0le Fjlas Bl Sy po 4 s
A3 S eslinad O il s Prism il 5 51 g bl LT
Ml 5 Jasi 05 8 53 (25,5 s anslin sl 5
Repeated measure one b G bl 56T 0 e
A s 8l s TUKEY i o5 s Wway ANOVA

M}})ng‘jj;bidyjijlg_dimLgl.ho}‘)fjédlﬁ)

Ohis (23S plowil e s ol ek 4 (b5 553 0 P
03 Cpeasia sl pad s se Gaoy 3l 8 Il sl e
ol o 4 e 533 o 2T 35 3l B e 5 sl s
G5 oA 3 g Sl FA s 50 555 53 (a5t
Ol Dl i Sl w238 ol VP S5y 3 m
Cl;'u' Ve VY lags, 5 OO 0w s PRKCy

oS ol (ol Sl ey Al

Sl SLdl a6l 5 S5l 6,8, s
(s L)

Lo ods sbul SOl bl bl sk
(Plantar test Ugo Basile dtaly) oKes 31 b,
)lj:e NECN u.p}..a:e.a ngha.m SEBE d‘.ﬁ‘:" A eslaal
Sl Ll Lases 40 aS aids Yo cidS Sl 5 an S
;Eﬁja@m;fﬁgjsbwlui{l};%paﬂcpsﬁw
is b .od S e L8 S 4 Ole o 5 ol b
Pl Gl e s s oS el | OdiS
Uu}; Aot Ls‘f.’ C,\;U SN Y b o‘.’.)‘f Sfu ..L::d»
andl U s 5 Jess Ol e s S e Jles!
2 4S 35 Ol 353 Jess alin] Kb S 4 L S
Slos ol oL an S pl s S e o il s
sAs e S b sl e 5l G e sl a3 0 J3las
23 Bl oS KaS S) balkad ige a 53 e
5 b by Ode Olge a b an ) :Sbe ol
A e s S L s d)‘ﬁégﬂiﬂj‘}@‘w
Vsans o pariin Oloy 8l ol 5l (6,8 s shne
ki ,s (Cut off) Lzl o sl ol Sl Y
A e a S

L KoM 5 geul S 51 s sImmuunoblotting x s,
o0 3 53 s Ol Ol s «KSB O s

http://bpums.ac.ir


http://bpums.ac.ir/
http://ismj.bpums.ac.ir/article-1-904-en.html

[ Downloaded from ismj.bpums.ac.ir on 2025-08-23 ]

0¥\ / 6Ll s 5 Josw ys v PKCY &

bl)&u 3 }JML;

p_f&L:a O 393 U5 JS\ & clew oS sl QLS JBLw
J}M%ﬁﬂdiﬂkﬂiﬂ&j&a}déhe%%éj)
a:@\gﬂcﬁ&g\m Ve slayes Gl Os g alin
@B S oSS s Gl 4 e S e Ve s
22 5 2l e S ke Ve e sine 5 fol ()l
5 e oo b ol SRl bl syse slass,

(Y15 gad) 315 LS Ll m

20+ B pre metformin

[~
=3 | post metformin
D

paw withdrawal Threshold(s)

I\ N

Y Goor 3l o s Sob ol s ) Jol s, @L:; (Y s 500
ST RIEY
Fig 2) The results of behavioral Hargreaves test after 14
days of metformin.
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Fig 1) The results of behavioral Hargreaves test after 14
days of saline injection.
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Abstract
Background: The aim of this study was to investigate the possible role of Protein Kinase C, (PKC,) in morphine
tolerance and induced hyperalgesia following repeated morphine administration in male rats.
Material and Methods: Rats were divided into 4 groups for testing. The groups consisted of control (saline),
morphine tolerance and hyperalgesia, metformin, morphine tolerance and hyperalgesia + metformin. First morphine
(10mg/kg, s.c) administrated daily up to 14 days subcutaneously. Hargreaves' behavioral test was performed to
evaluate morphine tolerance. The test was ececuted before morphin injection and the results considered as “control”
.Then the test repeated after the first dose of morphine on the first day and then on day14™ after the last injection. To
consider morphine hyperalgesia PWL (Paw Withdrawal Latency) was measured by Hargreaves test before and after
first morphine injection on the first day and then on day 14" before the last injection of morphine and on day16™ two
days after the last injection of morphine. The expression of spinal PKC, measured on day 14" and 16™. Metformin
100mg/kg, co-administrated with morphine daily up to 14 days then PWL and PKC, expression were assessed as
mentioned above.
Results: The results showed a significant tolerance and hyperalgesia on day 14" and 16™ compareed to control. PKC,
expression also increased significantly on day 14" and 16" compareed to control. However, there was no significant
difference in comparison between day 14" and day 16™. Co-administration of metformin and morphine up to 14 days
increased PWL in morphine tolerance and reduced hyperalgesia and PKC, expression.
Conclusion: The results showed that increasing of spinal PKC, expression in chronic morphine administration might
be involved in morphine tolerance mechanism and induced hyperalgesia.
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