WA 5ol FY ols ¥ o)ledd ) o) SSbjaly (alleyd il

Lot b al e Gl bse 5o (ol ol (o gl paS L Sk 23]
olus i

T AU Ao Y il b s

Ol gl G oDl 51T olKE3Ns (55 Ay (K puals pade ezl go2e =)
Qlﬁl ‘j'.'.j"‘; ‘;5‘%‘“‘ J‘)T alﬁ:;\: ;J._r']..: J.>l_5 gé&ﬂ\b oIS ls ‘L;A&LA)J C}l& o_gjf )libl:.w] -y
y.hajisadegi@gmail.com : L3 J gions 0w 557

QUMY = ole 5l Q0/AVYY callie Cily )

s AS>

OF (53 5 0% 45 el G151 9 ABL s la, 55 Olgr il 3 YL b 54l (S plie IS stk ol
o Sl Ol Sl ki b5l adlas pl 1 Bae a3 8 o o O it Slaldl 5 g0 53 1y s Sl
Yoo 3hai 5b 4 Sl Sl e s g T sl Sl iy g 028 Sals Sl gl e Gl i 52 ol ]
(Y mg/kg) oluS BT 35 S law S50 3oy 5 b 5w 020 msiabe Cubs L e (b3 le 5 b dals 610 055
A5 Ja e b (5 S 01l andllas 3550 (5L g0 53 o ol o Lo LS (ols S I Ly ike Sl s S slow
39 05,5 93 om s ims soll Ml s 51 Sl aS 3 AVVENY mg/dl aali op S 5 YW EYU mg/dl mbs s S 04
Glp g 5l it sl sre b 4 020 Cobis 4 Wi ol peo sla s 53 (LB | (s 5) CTNL o o Oljpe L(p=2 00 0)
(5055 a3 SUSY) LDH (Gl jail 5 grsl b ylsl) AST 6u(.,u-.si sty b i en (=)0 Y) g dald 0p S ol e
3 andlae pul 3 gy gyl cme s 4 Aald 05 S L awslie j3 o ow Cobis 0 8 43 (g5 — oSS 51 S) CK-MB
AST Jols b 51 o jw Cld o 55 9 (P=2/0 V0 =2/ 0D o s (B | 295 Oljs 5 055 B 5lkie o B3| Bl
35038 3,50 5 s me ot (St (p=4/418 =+/08+) CK-MB 5 (p=+/+*A ar=+/V\*) LDH o(p=+/*++ r=+/A1Y)
Cals Sl gl e SLa e 53 B et e e (slagn T e Ol 35, Vb b ol e e TN O e 21531 anlllas o

el B Az ol 1 S S e Mald 68 L alie o

2l e g e&L-S_,ﬂ uls (B s g 5 el g dS

YYY



By ly8 dme g (Bolo 2l Csiny

e 33 ol ol oy slayasls s b))

I o5 o Slmds bl andlas 51 ot
Sl solat] Lasls S Olge & &S €TRD) 3
s a5 on e 3 g 5,0 gLl
— B LS 098 Oamper e glaa L
5 (LDH) 335,03 oSN (CK-MB) (s 5
o o e 53 (AST) SlLail 5 gl S L]

Aol s o Sols s

L fas 9 2l ge
Sladstlte 2 dali— jlegs g5 ol asdllas
33T s B8zils Sliadsw 55 e 53 1¥AE Jle 43 5 034
Sl Se S anllan 1l 53 A plonil 523 oS
AT Sl s L8 Gl S0 5 S
Ol G S)Lda e eSS0 55

s AL
e e T S (G ol oLl s
G S YOEY e 8 055 b ks Bl S ol e
MLt slaes S Jald 46Y0 63 8 Y s sala 5b
S s i lld LA w5 mbs ks 5 Wl
Sl VY Sy i 5 OG04 8 53 sl ol
A 3 e s IEY les 5 SOLU/ oLy,
Ol g eds ek slileal plid o, s 4 S
Dt a3 S 3 W hge e s 3 3051 sk
SHO0Lebl 5 5 s Ll 5 4y ba 550 055 le
o3 SS Al lie O anis S e 4 gl Sl
A8 sl Ll s oo alis OF 51 e 5 0
sl o35 Jpdoe L e 05,5 (2les )
Sl s Jsdoms oy pmay VY mglkg s L OLS

‘&‘J‘_C«J_:Aﬂ celw VO J'\J_z.gc(.l_ﬁa); O)J_hb

VRV

e i 53 o I S s sl
ORI Eel e S0 s o BObAA R S
St Sl OF (5 02 45 2580 05 A5 sl
35 5 IS o bl O lagts CLEL 3 1,
Kesari et ) s 55 o olow oo b o5 L2000
b oolee e 2slse ol ol (@l 2006
SLAL 5 5 i oy (o2 (S5 (B o
{(Heshmati et al., 2014) ;1> JLis 4z |, Ol
Ol (5B 5 o 5 me 53 ks Olley
Sl Jondly scs dils 53 0 51 50 S ey 5 S
ol Cals ol 45 LS e an B Ll ol ]
Ol 5ot Olays 558 Oy Sola Lilas
Al-Mallahet) . 55 <o sde olal ol 5l b
s Clis S 5 )ls 545 al i (al., 2008
O o B Slast oLl Sy 4 e Ll
35,8 Oy gl b g5 5 0L 2 ol S0
sdasOlis o > Slallas ((Joseph et al., 2005)
S s ol sl b b s (Sl
(Fein et al., 1981) il o cols ;Les sla
el 5 b slad s T3 DA e
e b3 Ohle 55 Len 3L L 5Ll gla b
Sl sladise dsiles b it Llub «
Kita et al., 1991; Rodrigues et ) ol sl 5158
33 sk Ol i ol e de (al., 1995
05 S Ol s 5l AU B Al slad
ol 00 0303 QLS bl 5 edit gla s
.(Joseph et al., 2005)

Y¥Y¥



S paald 2l il

3 STy 355008 il 5 SPSS (5Ll 15l 5
L La eyl LU s sbate 4y iomen (03 S
.QJﬁe:W‘ dﬁwﬁwd‘}")iﬂ){i&

sl
Slas 05,5 3 aalllas S la g sled o
L) 55,0 Lo (s T 5l b wlos)
Shestiad U 0LuS T 5 525 51w Gay M
535 s oo e mldl YU A5 eSS 1y
0l I3 e b s gdeee s <=ﬂJ.;.§.mLi 05,5
s 05,5 05 43 bt Gl e )53 OLL
55— AVVENY mg/dl dals o5 S 5 YUY/ Y mo/dl
035 33 e s sme bl OV s 5l S oS
(p=r+/v00) s
Olye 55 o odalie ) Jpd 534S 4 S 0kea
ol 4 M ol sla e pa CTNE o 5
(bl o3 9) (Ml ol Slaipe S5l 2o (228
35 s e (gLl B 5 Oodl st ol aS sy
el o SRl gl e (p=2/00Y)
53 s Sl a0 pl o ot 5 G
e s dald 0s 5 e sla e b anlie

.Jﬁ%é}‘)

Gy b e S sl b 4 Blio F &) pon
5l Gleyss &y 5o 4 .(Lachin and Reza, 2012) .
SrS 05 ¢t oS Sty s Giob Sl s
FosS SIS o ws jlasliul L 0y 5,18 5 0ns
YL O A3 L sl s i ool
Gupta ) L a S b s 2bs Ol geas Yeemg/dl
31 Olwabl S 35 0555 skl s (et al., 2005
Shoslial L 05 43 Todms 050 55508 o
Slazia b5l e A (S eIl SIS s oS
A Ll S0 e wab Gu b Sl s e ales
YOre o b e il b 5 05 (sladisad o
ar o T les 53 aids 10 Do 4 5 4lds 53 )0
o s sla e li slie 5 A s 5l S sl
b o | s ol e 2 ol ]
Sleslaal Ly s ilcse f 085 S 2y, 5l ealinad
LIASOIN®, ) Ll 8hlas (sl p o S5
Rl .o § 1,5 alasl s, 4 (DiaSorin, Italy
(LDH) 3L55,0 s olsY s s 6uﬁﬂ
— B LS 1S 5 (AST) Sl gl L
S Se 3l sLaceS 3l eslizad L (CK-MB) (¢ 52
oSz 5 (Ol el oly) 35 ot s
L s 2SS Shas 5 e g s Sl
oS el Cewsts glaesls tbaesls sobl Jlow —
33 e b3 e M) 5 4l meantSD o 50

S sl U s 5 w5 s oy 0 St 055

(meanxSD) Jdald § o 20 Cubs 4 Maw s 240 ;5 LDH y CK-MB AST TNl o pw pslis =\ J g

LDH CK-MB AST cTnl
VYA VG YYo/ALOY ARRVA*AY aYE e el oy S
VEoa/rET 09+/8%4) YYY/YEYS V£ /YA s <abses S
/Y AR 9 o/eeY p s

YYo



By ly8 dme g (Bolo 2l Csiny

e 33 ol ol oy slayasls s b))

Mongeon et ) ol o355 Hls e LSS Sloj oL
.(al., 2013

5 SLSU S e 8y e BLI sy 5l tal s
(Vasiliadis et al., 2014) > 1> 5 5> 5 o silo Culis
Obew 53 3,8 5o o S8 55 ezl oS (5 5k
Sl Il sl 81l Y e ptde b 4 Sl
Gla0l 3 5l gslias Yy oas (Laakso, 2001)
3 e la e gS LAl §a 5 0l 1S53 655 S
Takeda, ) cul zio obs Ohles 53 Cwdle O
Sbaslst fale SO Ol 4 0 (s 5L28 (2010
syt e s SeaS ] (Sl Lo sl L
A sk Sl (omaa (Turner et al., 1998)
=k O b 55 5o Sl e Lole G Olge
U 0T gy s delil o B Loyl oS
535S s Slal s ol Slis Sl i s e Sl
Vasiliadis et al., ) 1ils s 5 L;LaMU;T £33
255 el mbs 23l el S 50,085 2SI s (2014
QT wndss & gl el &8 cl o 5,158 ack 8
Pourmoghaddas and ) s s LL_5,IT To— 2
Ols=e o QT asks pus SY,b .(Hekmatnia, 2003
e e el e GBI e s S
(Vasiliadis et al., 2014) 5 53 0 © e

=9y S (3t Olalllee ) gladlo s
el clis 51 36 Sl na)lS eeilSe il
5% B Wl sl slap il el anly
5 S G 33 ISls 5Tl asle pasle Sl
5ol S8 el oWt 5L p 5T S
Takeda, ) 5,LS ;e Js (remodeling) 1,15
sl 5 B glad b aas 35,55 (2010

I ogms 5 Olyes 5 Os2 A3 JIie o andllae opl 5o
Cld e 55 5 (p=r/e ) s = A0) o S
(p=+/vvr =t /M) AST Jalis Lag 351 oo
(r=+/04+) CK-MB ;5 (p=+/++A (r=+/V1+) LDH

A edalie &)\J@M} W M (p='/'\2

S eoms 5 Lo
oAt et 3 Y gy il 355k e S
SIS e plie s Il 5 2 50 Sl (S !
Kesari etal., ) asls o |3 ol ol 5515 oo
ol Laulse e 3l S B YDl (2006
FS Sl Gl Sl Solan 5 il U3
4S 55d 0 gmmn b Ollag oy OV 1)
sl Gl salS Conl o aa Vi s s S Ly
2ol s S s s B B Sl e s
et o) (Takeda, 2010) ool s ,55 S (s ,e
Il by o oo Sulis 3 I3 (60 Shas
Cosson and ) o—il s Jsiobs g5, Slas
M=, ;3 «5 (Kevorkian, 2003; Fang et al., 2003
B ol s J s (3 Sas Pt 4 s
5 «—r b 5> .(Mandavia et al., 2012) delsil
Sl me et e (b ol Gla e Sl
(ol ol o> TNE O3 Ols 5 1 is s 5 (Sl 3
£ossam mles 55 T O bl jis Ol Ul
L 0less ol okl ) 45 5 2 Ao
oeemen (Liu et al., 1996) 55 28 5 LG ) 5l
o oy s Sl Ol 55 €TNT ol a5

BE) CJ‘J_:.:;!.? u—l‘ S sl ol w3l QL.:,.sj Canl 0

YEs



S paald 2l il

O Jlsd 5 ST g 5 ool s I (3,0
Seot 83 el ol 51 ) s A 5 g

.(Mandavia et al., 2012) 3 o 5 ol onne
O il 8l andllas ol 53 o IS (6,8 Ol gsa
“e ] e allad Ols 58, Ve L ol as o CTNE
s plme g 53 B el e e o
S Sl S dage caldop 3L anslis 55 2oy
Lol L BLl s Ghalsl cnl Sl pnd g

el 5L olew ST e

ol Bl

L Coae Slis 7 ob 5l 7 s anlllas
3T o8zl Sdmls ade ezl Jlo Colax
UGSV IS VO VL”J 4 30 dely ool

d’l.;o oo

2, s gy mble sl 4 S

Mo b Olles 53 dan 3L b 5Ll (sla b
Sl gladis siles ol Slins| oLa b 4
b edS sy s DY) ol oS 5058
3 Sl Sy S 5 el Sl 4SS
ol 835150 b Sl o S oS Wl e
Josephetal.,) x,ls o (L SO Il s oS
syms o yas ol 53 A3 dalpk dor a (2005

.(Zhang et al., 2008; Ligeti et al., 2006) s /s
53 S Slsesna)lS 5 (SBee S0 S
sl i3S e Cubs w Ol psle oS bl s
3 S =B LS 1S e S (655 4 el
05,5 dy S Oalys ol 02 e BT gy 5
olslles (Oran etal., 2003) ol o34 YL J 28
B s Ll gla s oS ol els OLES i
55~ (Liu et al, 1996) K3 o Jseo mlos
St Al el B (g3, Sae SV
RO RN CU PR W IR - JEPg
Oranetal.,) colods 5,158 20 5 b cobs
) )yl o s 0355 i, (2003
5052 oS e el Sl sl S

@L:.e

e Al-Mallah, M., Zuberi, O., Arida, M. and Kim, H.E., (2008). Positive troponin in diabetic
ketoacidosis without evident acute coronary syndrome predicts adverse cardiac events.

Clinical Cardiology, 31(2): 67-71.

e Cosson, S. and Kevorkian, J.P. (2003). Left ventricular diastolic dysfunction: an early sign of
diabetic cardiomyopathy? Diabetes Metabolism, 29: 455-466.

YYv



B9 8 Ao g (Bolo 2l g w3 ol ] o (la et s Sl L)

e Fang, Z.Y. Yuda, S., Anderson, V., Anderson, V., Short, L., Case, C., et al. (2003).
Echocardiographic detection of early diastolic myocardial disease, Journal of the
American College of Cardiology, 41: 611-617.

e Fein, F.S., Strobeck, J.E., Malhotra, A., Scheuer, J. and Sonnenblick, E.H. (1981).
Reversibility of diabetic cardiomyopathy with insulin in rats. Circulation Research, 49(6):
1251-1261.

e Gupta, R.K., Kesari, A.N., Murthy, P.S., Chandra, R., Tandon, V. and Watal, G. (2005).
Hypoglycemic and antidiabetic effect of ethanolic extract of leaves of Annona squamosa
L. in experimental animals. Journal of Ethnopharmacology, 99(1): 75-81.

e Heshmati, H., Behnampour, N., Khorasani, F. and Moghadam, Z. (2014). Prevalence of
chronic complications of diabete and its related factors in referred type 2 diabetes patients
in Freydonkenar diabetes center. Journal of Neyshabur University of Medical Sciences,
1(1): 36-43. [In Persian]

e Joseph, T., Coirault, C., Dubourg, O. and Lecarpentier, Y., (2005). Changes in crossbridge
mechanical properties in diabetic rat cardiomyopathy. Basic Research in Cardiology,
100(3): 231-2309.

e Kesari, A.N., Gupta, R.K,, Singh, S.K., Diwakar, S. and Watal, G. (2006). Hypoglycemic and
antihyperglycemic activity of Aegle marmelos seed extract in normal and diabetic rats.
Journal of Ethnopharmacology, 107(3): 374-379.

e Kita, Y., Shimizu, M., Sugihara, N., Yoshio, H., Shibayama, S. and Takeda, R. (1991).
Correlation between histological changes and mechanical dysfunction in diabetic rat
hearts. Diabetes Research and Clinical Practice, 11: 177-188.

e Laakso, M. (2001). Cardiovascular disease in type 2 diabetes: challenge for treatment and
prevention, Journal of Internal Medicine, 249: 225-235.

e Lachin, T. and Reza, H. (2012). Anti diabetic effect of cherries in alloxan induced diabetic
rats. Recent Patents on Endocrine, Metabolic and Immune Drug Discovery, 6(1): 67-72.

e Ligeti, L., Szenczi, O., Prestia, C.M., Szabd, C., Horvéath, K., Marcsek, Z.L., et al. (2006).
Altered calcium handling is an early sign of streptozotocin-induced diabetic
cardiomyopathy. International Journal of Molecular Medicine, 17(6): 1035-1043.

e Liu, X,, Takeda, N. and Dhalla, N.S. (1996). Troponin | phosphorylation in heart homogenate
from diabetic rat. Biochimica et Biophysica Acta, 1316(2): 78-84.

e Mandavia, C.H., Pulakat, L., DeMarco, V. and Sowers, J.R. (2012). Over-nutrition, obesity
and metabolic cardiomyopathy. Metabolism, 61(9): 1205-1210.

e Mongeon, F.P., Dorais, M., Lorier, J.L., Froment, D., Letendre, E. and Rinfret, S. (2009).
Effect of hemodialysis, coronary artery disease and diabetes on cardiac troponin-l. a
prospective survey over one year. The Open Cardiovascular Medicine Journal, 3: 69-77.

e Oran, B., Cam, L., Bagpinar, O., Baysal, T., Reisli, I, Peru, H., et al. (2003). Cardiac
troponin-I in the serum of infants of diabetic mothers. Cardiology in the Young, 13: 248-
252.

e Pourmoghaddas, A. and Hekmatnia, A. (2003). The relationship between QTc interval and
cardiac autonomic neuropathy in diabetes mellitus. Molecular and Cellular Biochemistry,
249: 125-128.

e Rodrigues, B., Cam, M.C. and McNeill, J.H. (1995). Myocardial substrate metabolism:
implications for diabetic cardiomyopathy. Journal of Molecular and Cellular Cardiology,
27:169-179.

YYA


http://www.sciencedirect.com/science/journal/03788741
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%235084%232006%23998929996%23632593%23FLA%23&_cdi=5084&_pubType=J&_auth=y&_acct=C000055263&_version=1&_urlVersion=0&_userid=4082875&md5=b5ff0626c31c365759660688689f08f9

WA 5ol FY ols ¥ o)ledd ) o) SSbjaly (alleyd il

e Takeda, N. (2010). Cardiac disturbances in diabetes mellitus. Pathophysiology, 17: 83-88.

e Turner, R.C., Millns, H., Neil, H.A., Stratton, .M., Manley, S.E., Matthews, D.R., et al.
(1998). Risk factors for coronary artery disease in non-insulin dependent diabetes mellitus
United Kingdom Prospective Diabetes Study (UKPDS: 23). British Medical Journal, 317:
693-694.

e Vasiliadis, 1., Kolovou, G., Mavrogeni, S., Nair, D.R. and Mikhailidis, D.P. (2014). Sudden
cardiac death and diabetes mellitus. Journal of Diabetes and Its Complications 28: 573-
579.

e Zhang, L., Cannell, M.B., Phillips, A.R.J., Cooper, G.J.S. and Ward, M.L. (2008). Altered
Calcium Homeostasis Does Not Explain the Contractile Deficit of Diabetic
Cardiomyopathy. Diabetes, 57(8): 2158-2166.

yya



Veterinary Clinical Pathology, VVol.11, No 43, Autumn 2017

Evaluation of cardiac injury biomarkers of serum in alloxan induced
diabetic rats

Haji-Sadeghi, Y.%*, Fartashvand, M.?

1- Member of Veterinary Scientific Association, Tabriz Branch, Islamic Azad University,
Tabriz, Iran.
2- Assistant Professor, Department of Clinical Sciences, Faculty of Veterinary Medicine, Tabriz
Branch, Islamic Azad University, Tabriz, Iran
*Corresponding author's email: y.hajisadegi@gmail.com
(Received: 2017/2/15 Accepted: 2017/11/8)

Abstract

Diabetes mellitus is a metabolic disorder and its incidence is considered to be high all over the
world. It causes increase in blood glucose levels and subsequent damage to various tissues and
blood vessels. The aim of the present study was to evaluate cardiac injury biomarkers of serum
in rats with experimental diabetes. Thirty male Wistar rats were randomly assigned into 2
groups including healthy control and diabetic rats. Diabetes was induced with a single injection
of alloxan (120 mg/kg IP). Four weeks after induction of diabetes, levels of cTnl (cardiac
troponin 1), AST (Aspartate aminotransferase), LDH (lactate dehydrogenase) and CK-MB
(keratin kinase) were measured in serum. At the end of the experiment, mean blood sugar levels
were 263.1 £ 36 and 96.7 + 12 mg/dl in diabetic and control groups respectively that reveals a
statistically significant difference between the two groups (p=0.000). Serum cTnl level in
diabetic rats was significantly higher than healthy control group (p=0.002). Other cardiac
biomarkers of serum in experimentally induced diabetic rats were significantly higher than
control group. There were significant correlation between blood glucose levels and serum cTnl
(r=0.685; p=0.010), and with serum activities of enzymes, including AST (r=0.862; p=0.000),
LDH (r=0.760; p=0.008) and CK-MB (r=0.590; p=0.014). In conclusion, elevated level of
serum c¢Tnl and enzyme activities in diabetic rats in comparison to the control group suggests
some degree of cardiac muscle damages.
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