Rbo sy weo 5o G:Jm Adlas g:u:wgé)g.o dxdlwe

Y - Yy o . -
SHE e I S50 = (39,55 LS oo 5

oS
4 g 39l o0 3ylg cilisee glagl 4 gl pe Slodo a5 ol ol o Alex I ol iU § dinoj
by Sl a8 cpl sl 4 580 oo (2L Slgyg 9 Slost Shoisy Jed I load aslis 5 )lse
Gygo 4 Cabd (o)los Sl aa ool Gigy (nl ) sl 485 13 dr g 3y90 S Sl CMAe
85518 2Ll 2y5e 228

N sSorte b bbge Sl coss i odlatul BaID/C S5 5 (9o VY 5l (0285 adllas el 13 2wy 2 (99,
09,5 30 (5 S5 Wb b5 a5 )3 amld 09,8 (gt 4 K00 e 5 (229 09)) BAS (b LS ]
5 275 Sadigel dan A CusdS 3l s e YA MOML s 5,5 5l el VY ClsdS L (o598
1 oslial | g A5 (610 pdies gl poysiaisd ppuiia alie il jl 5 505 plio gl bage oo al
4 g 5K ySee jl oalitl b i 3)50 (gloedyr s 108 8 (2B (glwodlel 350 5 s TN+ pllod
)5 )18 S5 pegh g0 Dlalllae 3)90 (STglan sl (Slasgy S

GlS’ (yrizman 9 b yud G dren <8l laljal g Lol sl g jlad alS (Has glajud olai o Al
A odaliie ()50 09,5 50 S 3oy (gublgd dAlen | b i gladis sl | a

2095 ol s (glayd o ol godse cul Sl (275 09)5 3l ool s 4y salsd 16 S eyt
P G55l 03l yuis Sl 3l 098 cnl 3 1) (o (loilled &5 1)l 18 55,85 5 oyl oy
o 28l 0318 (Slgse S Aot Wi e Lol olas I (pad als g jlaE Jials  SHae sbayud LSl
leiie jay (b3 lagisn 3 (bgsg Js 4 Yiezs!

S yiogd g0 dalllas ¢ Sl dlae € e (ol 1 5alS” sLda]lg

(YFAL JWw € oY 2,lowd 1Y 2)93) wite put Sl 33 oole 2RSS cole dlo

e Sy 8ISl oS3y 005> ey S pole bjgel 09,5 Jlusily |

AWYE i A5 = (20 pulid pole ‘5‘;’3)'5»1 09,5 — S iy bSid —ol&uisly \Lls —apuiie :u»)ﬂ
nikravesh@hotmail.com : o9l cawy  ~OVNV-ADNNAYY :pled  =AVOYVIFFIA 1 a5
Ao Sy pole ol ¢ S iy 0 Sl ¢ o i pole o5jgal 09,5 HLsliul ¥

Y1



(OVVAE Jlos < 9V o lois <) ¥ 2 )9)

mw&yr,l&n&bbuolcdm

b Sl jl e Jb a4 (V) cul 48,5
IR Plue 0pdoo wouome Sligre jlodine; o
i & Bgye OB 5 Splie Slpss S8
25 g Cgmime Cobd Hlaw lasely Sl (6,50
P 8L g0 W8 o gllasl Slpl ok derg0 S
e & Sl (e 3 Jelge LS nl Nigd B L
GRS (Bl bt Mas glajpd p )bk ol g
4 fiales wal)d 1) (S Slslpl aie) 503 o9 4 g
S b Ul ond o gl il 5> > e
295 do g5 (e <8l p cubd b 4 0ad g Glaal
S oMas Sidligimn 5 l5le el
330 Etlojl o 220 Sygo a4 Cold jep 5l L

235 )8 b)) g adlas

32 09

4 Balb/c olp 5 jose VY o 0yo0 adllas oyl )
3 (o td oMol )5V =YD (g 4y golo ¥ (o )i
pU L) olamgise £ 5 (Sl I (o b sl
09,5) Wdd (b (el (ST 3 F5 O (abewd
csly ol 4B )5 L5 ) sald 09,5 Glgis 4 il 9 (275
Cog Sy ol 25 B3P Ohgy cnl b 28 cubd bxl
$59558 py Jolme 1 VYo MOIKG Jlide 4 LSyl
Fol5 1By SL ablie 5y (S am sl b plosl
oy 2 ol kB 1) gl oy (Ses &5 LSl L
IS 5 5l 3)90 32y 9 ol ,SSL sl sl Jshe
o 26,5 ol 186 Sl 3 g peo A el 3 ladiges
3350 0 503 239 3 (Sl 33 3l celis VY S
Reflux oSS I ool b g pbl (e85 pSdiges
ol 4 aseg bl gySeilil Ul s 8l cole
A-mg/dL sg55 5l Jgere cdls )5 o cpl e A8 &S
% by Mo 18+ MYIL YU 45 S e 550
858

VY

o

doddo
CoMls oS Canl 513,51y f Sl slow alor 51 culd
NP Bk S e wn ) Sladl gels 5l ol
5ol paye 70-F 3935 0jgyal ¢ Slor cudlige olojle
2 Solew ool 4 GbMie Dus g N &85 ol
4 )8 oS o) 48 G a2 Jb 4 Gl e
ol A (V) wed e i ol Jlo 1y Ul Z5e
4 9y B9y Sy olpl der jlg layglsS cpl el > s
P el 0dd gty Glen onl 4 )l A,
By o skl 5 ksl 5l olae b Ghles
4 g dex ol 18 25 spiiliple clo
Sbng 9 She® (Sles) wle sloadaslis (5)le
(EX) 5,8 oL
Condly ol 0aiSS5l b ohlen b S35 5)65
Ui e gllae iz U S CaiS & Cad
@ o5 cwl olenlb lon onl Lol I loes
oolea] (i g Lo Joos JOlis] wile el g
5 Colite lacuwgn 9 Jowl 9 G355 olKaws 5> ()b
9 RedSu drgi 2)90 yiaS &5 Wlod( oo op (e ind
A4 b oyl b 2pS ey Slep e
Ol S 3 M g eMSe ol (g &5 dusyo0
P omomen 3 Ol () (S5 CuisS 390 > Lalas
b ojoyel () 292 dals S3o (UT (2g) Cundy
il gladir (ogad ) & (glod s Sl 3929
ool lplid)S Gype cobs I SU o)lss & by
ol 48)5 )1)8 429 3590 yiaS Sl M (5 low:
Slsre 9090 4 290 b Ll 5l LS geoe v
Sl g oy jliia dals O lys 4 cobs 80
sobd Jleye & cle pla Yl ! sl 013,55 dlueld
oMo cplply 9 398 oo (Sl & Coles )3 Slgis
0¥t amd 8 b cov 1) cubs 4 Mie ol
MR 35 g g 2)90 S)low (nl ladiz b alie



Sole > Jaww 553 - b9 )80 Ld) oze S

2L s jbge )d Sl dlac S k099 )90 el

P2 335290 GNae (loyud cuiy e 2935
Sdiges 1S ln g Gh)led 95wy e sl 2
A8 5 ySoill gl )5 e (Sle SaLS g 020
iz g b Eode flegySue Sl G GHae slaynd
ol il el sy & wls (ol Al e al sdlatwl
003l 3 edlatel L oamls g 028 (slomgS 50 Awglie

)5 )l Jelos g 4326 3,90 T 5Ll

FY VI

sanlie g (Sojggtuns) (LBl (owyp
2 pllo 5 by sl yhge | eddans Bl cladiges
A5 odd b e Ol (ol sl pudae AFVEY/S
S et 4 g Byed el 4 g der ol 1 &S
s 3 sy Aol 58 g sl sl
Sl oz ald 0g)S sbdiges 4 baype sbyyd
0555 Sndigns > o5 31 550> ase ) o Sy

sob 4 by ladiges > SMae layud dls
My sl Lials sl sladiged 4 Cuws gy bxe
S0S2) el 5 tmn 3l Jy (1 JS3) (P11
Dy ol 03938] (Y IS5 5o ailis

Sl 5 S5l Ja5 5l L Sladigad (gyp
2 GNae loyud 55,55 5 ol 333 5l sanlad sl 5o
FRIRAW o lin )90 09; )| OMW L;lmdu'}o.} )| AR
Sdiges I AVID 3 oS 55,5 5 Byl waled oS b
J.Jj)f oJ.mLJLo A.a,L.u 03/5

$loypd (1 She o e slayud (ST ol
‘_5)50)‘.).:‘ J.>19 2 09; 9.) )‘ J,.olb- d‘.bd.)}ou 2 u.:)’ta_c
59,5 eyl gy FYVYEYR tali 65,5 5 (um?)
33,5 dgsloee PYOARYA o5

Syl basl s jo dtam A ke 4 09,5 90y Clilgs
okl g W8S I8 plusy cudle cov Ollpe Gl
sguisnS| dlae 8L 5l gl glad g (Borm Sl )90
Ole 3 jloolitl b g A (6155905 3)90 12 )3 po)gha 2
3 e 1285 )18 (Bl (silweslel 2y90 g s 7N
@9 Job g 285 Cae  2ledp )50 sladiges
sleedgy Sl oodlitel by S A G9See ¥ Cules
Sales g byud adpaside ) (gl —oakeS gilon
Orange G. 5 (Mac slaypd Job 0 T g Z bgls
5 s loyud > bdn (18 jasuie yig Cu2)
DB 5l 2y90 (] o den 2l i iled
Py e dwey Sy Jgl el S5y S
dxp Al o 53 3503 jor (2L AS 0,5 ) 4 pgd S5l S,
$rSope b g 6)9 LoSwg)Sen | odlitul L ladiges don
Capmdg 9 A8)S )3 adlllas 3)50 Cilisee glo 2S5
adlae )50 (25 09,5 )3 bl Slasi 5 (s (glayud
3,5 dulie sald 0g)S b g WS L8 S ytesd e
GoSwySee jlodlatel b e 5)00 sladiges I g
WA (4 pSe alises sl oleiS ) byl a0

Sedp (s b Syieghyse dallae 4y
Sledyy b g 9 CoSwgySee I oolital b oad ans
> e o Job b @S1)5 e slp &5 (Solgn sl
@ a3,5 15 addlae 3y90 g e edlitwl o plas
5l doly 3 (SHas laped Sl (s pslate
5 @275 bdige Sl So o 4 baye (8L gals V-
Esome 5 M QL (Bolal ©yge 4 iy o wals
38,5 )1,38 aslllas 3)50 09,5 1 (sl

S LB LA e il 4 ()b pdisel o)
(PgSwg )Sen (couliy (e Cudy 5D (S yi09,Sue gyde @y
(g Sen Slilie (6pSoilul (ly pasuie sl
23 P wged 38 bal b e 5 M olb
Bl e S gl Sz sa Aol @ g S

YA



OFAF Jlo F 5 ¥ o)les 1P 093)

»)uo.i&){.'o,lsb&ubsolcdm

sl pluse 48] (1) 3505 ol o Lo ydgre 1 o0
P S ds o > (Sl dlde So5glg 5 3 Slas
P syuiiaS] dlas g 90 JUBI > (IS
Siagh oxl  Balble ige 3 o (EDL)” LogSiy
Olys S5 5l ool gl «8)5 )13 (6l paiges 390
Gow 5ol lis LS gl 5 eslazel 13 by yudgre (o ksl
dgo lawgr saslall coby Juo a8 cpl @ asg b K00
Sl b byl > (gloads cull (Slgys bl «aliond
alae Soytaghyge Ul 5 Sujgldyne Slallas
uas o GNas (as bl 2j00 ) ol (555l
slicl 4 a8 3,8 @il (dhae am) o] Gus gae g Sk
ol 29y 4 Jlgie Mae sloypd Gladls Oy
Sl 55 (0> (Shgyg diej > &5 Slalllae 35 (S
Cb 1) gadse cul sl odsy pbxl 4 (Rl
e lallss wuls 5 8b sy 5 & 1S
a5 JiguST o 55 5 gl JliaS gl jrinkes Al
2 oSl 3928 5l 6 (b S (IY) Bleie oy
5515) 1> paseio s 45 3.8 Cols cysizran adlls oyl
FB (Bl gel 53 9 9y Jed 1 dapdge JSS
Cyue Flgse jl pasuie gg ol JSb &S Cul b,
Vol pglas > & S5plen K05 (s 5l D9 o0
Gl goxs 3)S odalie (b sladises (8L blie
ol Lagye 0l slowiges dlae b dayedome 15 oy
P AL g o AL e ol Slgie ged9e
Slglie Sl 4 gl > SMae gladobe SlbI
Seld glagbye > bydsse @iy e g bjudes
b yudgre oS Cawl 003 ol 990 ul 15 koo 2o
(1) A Ay Chgw mie e 4 o ol &
Cunl 03> Ui ggd90 cnl (9ol (i Clisiod Wiz ya
Wl Slge 23 O peied g e Bpae &S

oy A Sy g by lasge > 1y jdeSigp

" Extensor Digitorum Longus (EDL)

V4

SO bgi o dhas SUWI 0055 9 Job i A - JSW
Al 09,5 51 aliivo diges B g (obd diged
(0023991 - oS ilo (634015 ¢ ol £0 v 9Ll ) 30)

*

T 45 (s 2 byspo alise GUI Jgb 55y 1A Y JSd
Al 89,5 51 aslivo diged B
(Orange G (g5mly ¢l €00 loiS,5)

S 5 4 g Sy
g cuolie AD)y gl wlae 5 cuae &5 (pl 4 @29 L
015 Slory] Sy Nt iy 150, & g 5)Slac
5% 9y )bl Sl Ky Ll cpl 5l o 5
b olidle alps Sl oldlas > sl ausl
49 485 )13 byl 2)90 by Sllge Ll dlas
ol 0Ll ] poze cubd l SU &S b ol Cans
Sl dae glsle Glys uomen (V) ol
& (STZ)" ppwgisjgnymel 5l odlial b oS ol oo
) e @eod & Cawl 03y culi wloads Mo cubd

“ Streptozotocin (STZ)



Sole > Jaww 553 - b9 )80 Ld) oze S

2L s jbge )d Sl dlac S k099 )90 el

@ Mol hge Jro SogS (BNg > Jolus oS 5)8 led]
Jro (55 Sleelul s 3 1) by pudgen Sl oo ol
Llod o3l il Jles wgSig) pg)sfad HguiusT dlae
A3 g | 29d o0 Spasuie (RS pl (loj 45 L &S
U lojudgre & b2y (mas slopud 99 &5 ol & 295 L
Opde pasuie Bl dume (pSiuas bwg
Olyass ool 4 e cpudare sS Coles cuae Oy
cobd Jao cplpls (Y)) wb ales SMac sla b
S 3yl 00 ol 1y lul b (Sl 50928 51 S 020
Cundy 59y b Sl o)y rle 5 ol
290 Olon « Sl dspe > alasie dlas Su59l8)90
OblSbiy 4 598 bl mrasd b calply 215 )15 (w0
o Ol ol gy e Iy 5,0 Sl
Sl ladigas )3 &5 opl 4 dagi b a4 g0 (g A
odpw s Pl 4y digej ol > (Jod LB 5 @ely Clisis
slo pogMe by hlew 10 de3g0 daled Hliel 4wl
58 55 blake Mac wobs erdaslid bl
in 45 Sy 4l 4 By oludl 3590 53 igd oo
Cobd Gl Jbd @ gl 1) Sidgys @M
CMas gloyb @ g odd odwy D o Zyb (yoje
P YY) ol 0l diaw )55 o800 ol lead ISl
590 B Il 58 Beye g Splle Plue Jlo e
SISl 253 e & Wl oo 5 Jelge wigS nl 15 saiiley
B bl 9y e 5 bpd g > Fglte 5 ducie
woyp o (6,50 aldllas goslw ol @ WS
b cwl 5L 5550 Sild cllgs 9 cobd 4 M lylows
Gl o] 3 ol Sl 5 ales g oy Lo il

b

&S ol g b bl (W) wle pudal (o350 U gl
ool olyas Sl 55 Sn algs b Ygans ) g5 b
sowl 33 et ol Vlanl 395 e @ 35 (o]
(VF) 92 a2l53 bn pusdgne (yguml 553

P& Gy dtad bolpon Soo8 (lajuden 92
s> ylil Wl o Ylais! WS oaalie Limeh oyl
0350 (Sl yudone (13)5 (iRl sl s 551555, ol
poyin 9 Seer EL (LIl daly opl il
@z Bl GhlEl L elen by sladiges slapudon
@ polai ) 1) Bl JSb puss g 030 sloyud (3Kl
4 tuleie o 4 (55g)See gblio jl ol cud
SHae bayud & 35 (ledl iz plyies > O)le
S b sadiged 4 Cans b Slgyy JLi 4
oes 0 Wdlasl ials 5o ol e g el s
Sl oo Wlgh o 0530 Cuas 4 dhae Y lasl oyl
Oloes 4 J8las aS pl b dgd b pudgee Clas! 8, cund
dhae 13 a5 30,5 (Al JeSulegygi gilwgs sl I i
(V1) 339 o0 £589 4 (Sl

o dae b cuas (Si5ulS il Cowy Al 42 5]
2 bl el 48,55 515 585 (05l g adlllae )90 (98T
Jos 5l Jols 035y eMas g9y oddplnl Clill
Ngw Culbge pie bV 1 (So oS oad (S gy
ASb Vg0 g pdge Clac] 8, Cuwd l Col Sew
4 4 o oo (gl 533 jo g dwype sl 4 {MANY)
Sfdes )3y 4 e Wlgie (b Shoyy Jbd
Obles jl (pan )3 & 398 SMas Cand (o9 4 g dlae
Do oo 000 b

O 6 dlas ool se2ge slaazily bl
:&be

1- Zimmet PZ, McCarty DJ, de Courten MP. The global epidemiology of non-insulin-dependent diabetes mellitus and
the metabolic syndrome. J Diabetes Complications. 1997 Mar-Apr;11(2):60-8. Review.

2- Waspadji S, Oemardi M, Soewondo P. Diabetes mellitus in an urban population, a decade interval. Presented in 3"

IDF WPR Congress; 1996; Sep 25-28, Hong Kong.



(VVPAE Jlw o 9V o leis () Y 2 93) 2 p Sy pale 8l sole e

3- Roberts S. Diabetes mellitus. In: Goldman L, Bennett JC. (eds) Cecil Textbook of Medicine. 21* ed. Philadelphia:
WB Saunders; 2000.

4- Alvin C. Diabetes mellitus. In: Braunwald E, Fauci A, Kasper D, Hauser S.(eds) Harrison’s Principles of Internal
Medicine. 15" Ed. Columbus: McGraw-Hill Professional Publishing; 2001: 2109-38.

5- Victor M, Ropper AH. Adams and Victor's Principles of Neurology. 7" ed. Columbus: McGraw-Hill Professional
Publishing; 2000.

6- Lewis P, Rowland M. Diabetic Autonomic Neuropathy. 10" ed. St.Louis: Mosby; 2000.

7- Ozaki K, Matsuura T, Narama |. Histochemical and morphometrical analysis of skeletal muscle in spontaneous
diabetic WBN/Kob rat. Acta Neuropathol (Berl). 2001; 102 (3): 264-70.

8- Klueber KM, Feczko JD. Ultrastructural, histochemical, and morphometric analysis of skeletal muscle in a murine
model of type | diabetes. Anat Rec. 1994; 239 (1): 18-34.

9- Medina-Sanchez M, Rodriguez-Sanchez C, Vega-Alvarez JA, Menedez-Pelaez A, Perez-Casas A. Proximal skeletal
muscle alterations in streptozotocin-diabetic rats: a histochemical and morphometric analysis. Am J Anat. 1991; 191
(1): 48-56.

10- Eddinger TJ, Moss RL, Cassens RG. Fiber number and type composition in extensor digitorum longus, soleus, and
diaphragm muscles with aging in Fisher 344 rats. J Histochem Cytochem. 1985; 33 (10): 1033-41.

11- Fahim MA, el-Sabban F, Davidson. Muscle contractility decrement and correlated morphology during the
pathogenesis of streptozotocin-diabetic mice. Anat Rec. 1998; 251 (2): 240-44.

12- Gulati AK, Swamy MS. Regeneration of skeletal muscle in streptozotocin-induced diabetic rats. Anat Rec. 1991,
229 (3): 298-304.

13- Acitores A, Gonzalez N, Sancho V, Arnes L, Valverde I, Malaisse WJ, et al. Participation of protein kinases in the
stimulant action of GLP-1 on 2-deoxy-D-glucose uptake by normal rat skeletal muscle. Horm Metab Res. 2005; 37 (5):
275-80.

14- Hansen L, Gaster M, Oakeley EJ, Brusgaard K, Damsgaard Nielsen EM, Beck-Nielsen H, et al. Expression
profiling of insulin action in human myotubes: induction of inflammatory and pro-angiogenic pathways in relationship
with glycogen synthesis and type 2 diabetes. Biochem Biophys Res Commun. 2004; 323 (2): 685-95.

15- Niederle B, Mayr R. Course of denervation atrophy in type | and type Il fibres of rat extensor digitorum longus
muscle. Anat Embryol (Berl). 1978; 153 (1): 9-21.

16- Ozaki K, Miura K, Tsuchitani M, Narama |. Peripheral neuropathy in the spontaneously diabetic WBN/Kaob rat.
Acta Neuropathol (Berl). 1996; 92 (6): 603-607.

17- Medina-Sanchez M, Barneo-Serra L, Menendez-Pelaez A, Martinez-Esteban M. Effect of streptozotocin-induced
diabetes and islet transplantation in proximal skeletal muscle: a histochemical and morphometric analysis. J Lab Clin
Med. 1994; 123 (6): 921-29.

18- Thomas D, Klueber K, Bourke D, Ontell M. The size of the myofibers in mature grafts of the mouse extensor
digitorum longus muscle. Muscle Nerve. 1984; 7 (3): 226-31.

19- Andersen H, Nielsen S, Mogensen CE, Jakobsen J. Muscle strength in type 2 diabetes. Diabetes. 2004; 53 (6):
1543-48.

20- van Schie CH, Vermigli C, Carrington AL, Boulton A. Muscle weakness and foot deformities in diabetes:
relationship to neuropathy and foot ulceration in caucasian diabetic men. Diabetes Care. 2004; 27 (7):1668-73.

21- Guyton GP, Saltzman CL. The diabetic foot: basic mechanisms of disease. Instr Course Lect. 2002; 51: 169-81.

22- Ogawa K, Sasaki H, Kishi Y, Yamasaki H, Okamoto K, Yamamoto N, et al. A suspected case of proximal diabetic
neuropathy predominantly presenting with scapulohumeral muscle weakness and deep aching pain. Diabetes Res Clin
Pract. 2001; 54 (1): 57-64.

Y



Sole > daw SIS — (4 )85 Lo Sezo i3S GRS S b ge )3 Sl dude S o )90 delllae

Morphometrical Study of skeletal muscle
in diabetic mice

MR. Nikravesh?!, SH. Alavi?

Abstract

Background and Aim: Diabetes mellitus is a common disease, which accompanied by adverse effects on
different tissues. Retinopathy, nephropathy and neuropathy are some known complications in diabetes.
Because there are only few studies about diabetes effects on skeletal muscles, such effects were investigated
in the present study.

Materials and Methods: In this experimental study, we used 24 male mice. For half of them alloxan were
used for diabetes induction (case group), and the rest was named as control group. Diabetic group included
mice whose blood glucose level after 72 hours of alloxan injection was more than 180 m/dL. After eight
weeks, biopsy from extensor digitorum muscle in the experimental and control groups under anesthesia was
done. The specimens were fixed and assessed by using optical microscope and serological counting methods.
Results: Our study showed that there are myofibril irregularity, reduction in fiber’s diameter, and their
number nuclei decrease, and also connective tissue increase in diabetic mice.

Conclusion: The obtained data from diabetic mice could account for atrophy and necrosis which caused
functional motor abnormalities. It is concluded that diabetes has an adverse effect on the number and
diameter of fibers in skeletal muscles which can end up in myopathy due to neuropathy in diabetic mice.

Key Words: Diabetes; Mouse; Morphometrical study; Skeletal muscle
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