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ABSTRACT

Background and Aim: Statins are among extensively used medications in diabetic patients.
This study was designed to assess the outcome of atorvastatin pretreatment in renal ischemia-
reperfusion in diabetic rats.

Material and Methods: Wistar male rats (180-230 gr) were divided into 5 groups: normal
control (CN), atorvastatin control (5 mg/kg) (CA), diabetic control (CD), diabetic group
receiving atorvastatin 0.5 mg/kg (DA/a), diabetic group receiving atorvastatin 5 mg/kg
(DA/b). Affter induction of type Il diabetes by injection of nicotinamide and streptozotocin,
the rats received daily atorvastatin or normal saline gavage for 2 months. Then, under
anesthesia ischemia was induced for 45 min followed by reperfusion for 24 h. Blood and
urine samples were collected for the measurement of lipid profile and renal function indices.
Statistical analysis was performed by one-way analysis of variance and Tukey post-hoc test.
Results: Total cholesterol and LDL were reduced in the group receiving atorvastatin (5
mg/kg) (P<0.05). Serum urea levels were higher in the diabetic groups especially in DA/b
group compared to those in the non diabetic groups (P<0.001). Serum creatinine levels were
also higher in DA/b group than those in the control groups (P<0.05 and P<0.001).
Conclusion: Atorvastatin pretreatment slightly worsened ischemia-reperfusion injury. It
seems that low dosage and short duration of the treatment in this study had not resulted in
serious effects on the kidneys.

Keywords:Ischemia-reperfusion Injury, Kidney, Diabetes mellitus,Atorvastatin

Received: Nov 9, 2019 Accepted: Feb 12, 2020

How to cite the article: Leila Pirmoradi, Saeed Purdian, Ramesh Rahagh, Foruzan Hosseini. Evaluation of the
effects of atorvastatin on renal ischemia-reperfusion in diabetic rats. SIKU 2020;25(5):11-21.

Copyright © 2018 the Author (s). Published by Kurdistan University of Medical Sciences. This is an open access
article distributed under the terms of the Creative Commons Attribution-Non Commercial License 4.0
(CCBYNC), where it is permissible to download, share, remix, transform, and buildup the work provided it is
properly cited. The work cannot be used commercially without permission from the journal



N-P1/1W99 (53 g )31 / @niy § Cunyy 0)9y / olw)5 (bl eole slElils (alc alas

RS (130 S 9o 30 A5 (5394 3y (oSl T g3 (puilinng 3 93T Il (i

E g 01598 T @ ofy ol 31359 e ¢ (S5 50 9 W

e Yo FYOF-SY PSSOl Ol S (ST ke oSl o (b odSTis (35055 Lasb 5 (550 58 05,8 Skl )

O 21 €O 5 01 oS p sle oSl gl Sy 5 05,5 byl (gl IS (6 gl ¥

P YO WYY S S0 e Al S (S psle oty o Sy Sl (535 03,8 Slakel ¥

EMail: AV -IYPPEFFOC L il Ol i dimilins S (Kb pade o8 tils o Sty odSiils (55055 Lasle 5 555 g i 03 8 slsbnl ¥
Cereme o FoFe A48 1Sl us” hosseinif@yahoo.com

o

S Sladialy (o) Cgr aalllae ol Bl o (s Ol 55 O pan s glas )l dhe Il lal 18O § i)
A3 8 b 2l plme Gl hge 53 S 05 s s (oSl T s 3 ks 5T

Jle i 08 s s 05,50 4 (p SYF IADWISHAr 315 51 5 ol o slgbisn (g 205 asdllan (53 5w 3 (90
sy 5T oS L3 Kl o CD) ¢Knls J =S «(CA) 5 MOIKG 535 b oty 5T oS il 55 J 8 «(CN)
LY g5 cnbs sl 31 ey (DA/D) 5 MK 553 b olin s 5T oS b 55 eSabs «(DA/R) 0.5 mglkg 55 L
ol s 3, 558 Syl Wl Jli b sbingy 5T ol ¥ oo a4 Sl ¢ w9555 53 2l 5 ool S5 51 oLzl
Ul g dcar 534S 0558 5 Colu YF 5 oSl 4855 FO ¢ 15 5 el b s b el 55 05 L U5 S
Sl o s 8 e als 65 Shoe sla Lol 5 o Ll 655 03100 g 15l 5 0 4ged OLY 53 s | ]
S il (S5 i 03T OT JLs 5 4,b <S5 il 515 5IUT 5 e3lizal b (55T

Cbale (P<e/+0)cmils s e 2aLS (b, 5T 5V 555 oS il s Dbl 55LDL 5 Iy il 0150 1l 4Bl
eSS ke ey Ol o i 4 oy 03,8 53 5 P/ Vs VL abs b sl o3 851 2ls sl o 8 p )l
(P<e/eny sP<e/00)s5 J S laos 851 o (p 5 (hn 0) by 5T oS 3L ps (s 058 53 55 p

Olas a5 gl ady 5SS 595 AT (oo i 0 s T L iS o (6 s lulie &0 (5l gy 5T ) g2 (S i~ Aol
el a2l ST gl Ol ST s pen 4 g e il addllas ol s 5l

o535 e ed Sobs adS (035 ) (S o T ST (S 0519

QAN o s AMVA/YY 2 oL 4 Dol SWAN A s J 505



1B Glama pligye

= 5555055 S ez 51Ul el b o sre S
oalS s i a8 JUL 5t gl s 53 L3S
Ul n s Slgn 0355 (e ST G150 5
0 gmellenS T DY pamme 5 AT (65 Ol 5 Shals”
o3 sl sla U5 sm lgn s sb man 5 S5
CIs IR sloul 53 & s 5 30 EKSTb s
ol 355 3 53 Fbize DL 4l (B-V )l
/R T 3 L cplial 31 i (63 s Sl 1 odkaline
(O)Lls 5 4

Sl s Ol oo b olanl 510 53 Sl Ll
ety ol 03 5,8 oLl 55 5T A, 5s OT
05,5 o155 1y La ol 51 ol 68 55 Ol 31 Sladllas
36 3> Do 4 FinFT AT 8 00 8 g ol 4l
Sl el by slasss )3 & pmensl & ST (0 foe
S Xes e OT Slge o YU slajss 3 5 5557
235 B ,e 5l Gide Ay 5 S L Ol el oS ST
L asS ol S sl T s 51555525 Sler Sulgs
b s (e 25 (s Ohbes 53 (i S
Candy Bl g o Yzl Ol opl 43 plinl 1 eslinal
OVl 5 >0

o Manls IS5 e SIS o sl
Lasobs cpl 5o 5o iy Sdo 5 blast eyl s pilend
odas QL:JmaAJ:MbeJUm.AiLQU.e:}Z;U
e GV g oslizal 55 Y g5 Cabis 5 ezl 2l
OFN0) sl o s o5l

2 855800 goSes) T o Sl G a5 L
5 0bles cpl 53l il 03 28 5 s 5 b5 Ol
Sl g e D13 g0 53 3 e SIS w a5 L
FNO] 38 5 Sl T S5 I 525851 02 Lo
e Uy B D1 ) g 3l
0550 5 oS! 31 5L T gy 55 bl Jlaz>|

..\.L.ajfua-b]o(\’ C)S)digl.l.soja.:l{):

85—~ 2| s o
o> 3l La csi(Ischemia/Reperfusion[I/R])
Sy S A e Combge 1SS Olpes &S
O S s (051 50 (sla o508 Js 4 o8 LSl o0
LR WT;L?Q\ RS (0 B mes sl s> L
OLej 53 i ol 5 Olgdl aslsl js 5 oSl O
L o adS Loyl sbul odes Jle 31055 55
P e il (ol per ol de) e olen 32
S 213 Dby 03 4K sb 435 8 e pliosl O
b o 03 RCT 3 g gumme 2131 Wl s 31 4,
S 53 Sl akds Y aST Sl esls Ol Oladllas
2 A3l (r S T 515155 age el (2bs D)
wl;\@uWT@L{;ﬁ;éu Sy &S Syse
(Nblos 350 Bl 55b a0 oSl Olo ot

Ao 03T sl 5 IR T pazs LY
a8 Uil (oo (2L Ohlew slgd gl (U8 sze 55 LS
= 5 S 0955 IS el 55
Il ol s aS el 5158 Ks o b sl 5
AP men (M55 (a0 s NO 4 ey 5 a5
S5y o Jlal 5 s oIS S5, 8 s 0l sla
Pl 53 5 dehe sla U258 mezs o, CDA4
(Fas F LRCLT

= Ol 53 Il lyls s Olylew K3 o b
g LSl mle D) pe 4 el sinea 05
Slealiad 55k 4 pd (o 5y T s 2l (o o
o8 e JLa Fr VL (als Olsles plas (s ba el
s & ol 281> b3 4) O o 31 Ole
Sl S0 e Olallas 55 .(O) Ll sl 4o 5 (8 5 5S6
N G| I P [ N W PN PO g P
Sl S Sl g e S o (e
A1l Ol 3 s Aol s iSRS 5T
0598 = soSms) 5 5L s T 55 b ol

w.\_.:_—hd)\ﬁ‘@‘@ﬂ\a_u g;“)juf“"‘;‘).‘&?ﬂ):

1199 (53 g )31 / @43y § Cauy 2)93 / olwy)S (Sib)y eole slEils (alc alas



0N Gwlg)e3T 3G oy 1K€

s Slasin 45 SUle> 5 4b ¢ -5 o3lul 055
05,5 6ol p b g s Oodo lesT ) dmsl
lST 555 plas 5 Rl St sla 55 s
5 S o T (gl 1l 5l db g je 0 8 b Gollae
el ¥ Ol a4 Dbl g (b L;Lah)'!m‘..m,',,;\
ol Jle i L oS e slajsn b ol G158 G b
L st b ol ola ¥ 51 e ((YY)s 7 3L s
Lo alS e slgy a5 5 sl e D15 5 (nlS
Sl b S5 5T S s ) (oSl 5 0 OL L.
iSO I ey s S dlael (65 5 5 0L 2
s B i b Jme s et il el oS
YE e ag g old Jitie ESCblie S 4 Ol g puoras
LT olyal Slajoysn opl 5o .3l anlsl 05 5 Cslar
oot 5l dms s 8 03T oo (a2l YF 5150 45 500)
S 055 45 503 s Ll - 53 0558 55 Ol
O Slp Gsmid 4 5 ol dg sLs 05T
O3 B 51550 (gls & gas 5 0k I v A3 8 5 sl
s AV 5 b 3 sl g sla St
bt s Slalas

NOVE ) oy S oS s aloung ) 3L O 5 A5 Ol oo
o sl chle s ¢ 8 o5l (Max Plus, USA
5 003l p3lie eomes HDL 5 LDL oJy ks
A3 8 e it b s 4 13l 5 e 1S
Jsep ool GFR s ) st 4 5157 i IS
()3 § anlons 5

GFR= (Urine Creatinine X Urine Flow/
Serum Creatinine)/ Body Weight

bl Jdows
Jbws 5 4 25 sl SPSS (version 18 ) Lt e s Sl
L oaalas 5, 50 gla pize Jloj 5 5 b 3Ll La o3l
5o Sl s 55 8 5l S 0T Sl eslin
One-way )as b S il s JUT.(P<e/v0)as

sl = TUkey'S gs"l‘a’J Q}J)T ol JLvJ-v j(ANOVA

IR 9
(S0 S 5 bl
WiStar s155 51 5 &y w0 slin o o0 andllas ool o
Y RO P P VA S PR PR
Sl g L HLS 30 il 3 4 IS (WY VA s
oty GO 4aS” Jonlly g b pollas 2Kt Le3T
s S e,
05,5 0 ;503w 3las 5,8 aigei oy amla oy
LAk w55 (N=1)
(CN) Jus Jps s 8 )
ol el w8 C sl s J xS ey 8 Y
(CA)emg/kg/day
(CD) Sabs J 28 5 & -
5530 ol aans il s oSCalses 8 -F
(14)(DA/a)+/omg/kg/day
553 L ol edS ol s eSabs ey 8 -0
(v+)(DA/b)omg/kg/day
2l 95
NENE R O TS| PGPS PPN PRGN PP TCHH PV
DI o syt (S50 5 50 ide Dbl g 4l s
TEEY 5,Iukul sles codd (g e 5 O 4
Cela Y 5 Kb Colu VY Lol b g amjn §0 Cusb,
Jlael 51 o ¥ g Cols @l s 8 ol 5 gl
S Do ol d A el Cele A Do 4y 13U
553 p S AS I3l p 5 ke MY Ssa b T 5SS
s N0 d o) (Sl 1 S ge 4 Ol O
L ¥ /) Dl 5L 55 e 58553 el OT 51 g
L;l;lgpfd_p%mg@ﬂ,au J>pH=4.5
GoF Slie J5s ) po 00 D p S S
Loy 855 A8 s I ey gy 4 (T3 S
ps 3l Oliabl Cgr 5 405 8 (6,8 o3Il s S
Yoo Ops AL sls Sy VSl ey s 8,
2> DUl Olpe a0 GYLL A (s 530 8 s

&)%@}Jﬁdu)bo)jédk)é.-uﬁ;'JBJJ"

1099 (53 g 31 / @41y § Cuny 093 / olw)S (Sibjy eole 2Bl alc alas



10 s plig)d

PR S CPWN .m\v\i)b@méhﬁ)jwuajfja
J:i\)_;l..wwowqh;udu,,,?)at,rﬂw\
oy o (A5 sLa 05,8 55 o o5l Ol a1 (e
e ol (028wl b slsey, 8
by s es, S o3 sl ool (P<e/oiv)sss
Gosb a3pbos S Ll e bl 5YU S5 oS
N3 a3 J S ey, § L 0T Sslis oS
Lo 03,5 55 p o 0318 Ol aglie (P<2/00)5
SYU 930S by mbseg F 48 sls Ol Calies
dle s d=8 5 2l IS le 0 8 4 o il
-P<id)cisls asli ol 5s (gyls e ol
sl o);)JGFR dloee S Y 15 503) (P<e/e 0
bl Ol s dmr S il 0t S F 15 pa 5 Calies
S il s mbses 8 s bs IS 58 55 GFR
e D m) (Ao s i | AL YL S b Sl

RS PWISIEY

<o /v0lgdses w,;..\pﬁwum 45‘.?.\.;2- S aws s
ﬁ)}@b@ﬂfﬁ)})‘}@ﬁ@)wd‘ybp
0Ly (SD) s lastenl ol il e oy g0 41 05 5

Sl 0

& bl
a.\_;zfcﬁ.élipgua)}_f):t.iuo‘,}vt_ﬁﬂaun
3L a0 55 Ve 5 ey el S s 59 55 ]
R e e Y S P A SR [*
Jsds) P<o/001) 54 ab gy 0 la 05 8 Sl O
05,5 ;3LDL sHDLJs 2udS ,slin ) s sai ()
09,5 53 JU 5 JsiadS das o Ol 1y Calibes (sla
09,5 0 o olial SYL G93 0diS 5L s (2>
Ol (P<e/00) Ciils Hls ixe 2alS s J 8
5 oStal YU 555 08 Sdl 55 s sla ey S LDL
03,5 3 S s (e S ay il J S0y

G by i sl (P<e/00)s 5 abs 28

Aliseo (S 09 5 58 LoL g B polie ) Jeuo

(mg/dD) o a3

>

Ny
23535 Jdst 555

VYA FEFO/AY VVA/VEEOF/YY CN

VYN VEVE/AY VANYEYY VY CA

* KK YOV/EARYY/OY Hith VVY/V YY) F CD

*OK K ARV O/YY HitH VO YEFY/SA DA/a

* kR Yoy PvEs0/\ Y HitH VY /AEAS/FS DA/b

ST CP<o /e V) st 55 5T U5 05 S L ls i Soslis HHHE ((P<o/0 1) Jl i J 287 05 8 b s ime oglis ¥ % % (130 055 5 3l O3l il & . S0Ls

S F i 05T 5 6 b & s
(CD) abs J x5 (CA) st oS 3L 53 J x5 ( CN) Jo 3 J 287

(DA ;55 L optint oS 3L 53 ¢Sabs (DASR) /0555 b oplial oS 5L 55 ¢Sl s

1199 (53 g )31 / @43y § Cauy 2)93 / olwy)S (Sib)y eole slEils (alc alas



- 033Gwlg)e3T 3G Ly 1Y

120

[y
0 O
o o

Lipids (mg/dl)
P
© o

N
o

o

M Cholesterol

§ HDL

= LDL
. §
TT T T L i
& 5 12 i A
& ] % = [
CN CA cD DA/a DA/b

Groups

56,0 S uilsls T C(P<e/00) s J S 05 5L s ime S5 § o g (SN SRS 8 Hliliw! B il £ 1uSluo 1) 51003
<Sabs «(DAJR) /8555 b lal ouS” i 55 ¢Sl s «CD) eKals J 285 (CA) it aaS” il s J 285 (CN) Jboj J 287 S5 ouios 05037

(DA/D 355 b cplil oazS” 5L )3

60

50

40

30

20

Serum urea (mg/dl)

10

k k%
wrx k% Hit
it #i [

CN CA cb DA/a DA/b
Groups

05,8 s ima o glis HHH (P<0/001) Jlo 3 J 58 0 8Ll e sl ¥ ¥ ¥ (0 g 0391 SdAlE 8 yllinl Bl il E Tl Y 51005
il 3 J S dCND) Jbe 5 J 587 (S5 s 05037 5 40b &G il s BT d(P</08) (2bs J 287 05 8 L yls ome slis § «(P<o/00)) 5l 5, 5T J 287
(DA/DY 555 b plial S 5L 53 ¢Sl s «DASR) /8555 b il ouS” 3L 53 6Sals (CD) eSals J 28 (CA) ol eaiS”

1199 53 g 31 / @41y § Cuny 093 / olw)S (Sibjy eole 2Bl alc alas



1V s pligd

Serum creatinin (mg/dl)
= N w H

o

il

DA/a DA/b

Groups

05,8 15 ime o glis HHH (P<1/40) Jlo i U5 05,5 Lol ime sl ¥ o P gy |87 CBALE B 5llinl Bl il 1 Sluo 1 51005
(CD) eSalis J 25 (CA) sl oS il 53 J 28 (CN) Jle i J 287 (S5 adind 09037 5 2k &K iyl IUT «(P<e/e V) il s, 5T J 287
(DA ;93 L plenl oS 3L ys ¢SCubs (DAJA) /0553 b p5liwl oS 3l 55 ¢Sl

TRI0]

0.6 q
0.5
E"
.E 0.4 T
£
= 0.3 -
£
E 0.2 -
(V)
0.1 -
0.0

DA/a DA/b

Groups

&Sl J 8 (CA) it 0aiS” 5l 55 J 8 (CND Jle i J 287 (S5 oasiios O s3T5 40,1 ¢S5 iyl 50T ¢ GFR 5 jlastead Ol st 80k 2F s yos
(DA 555 b cplint oS 5L 55 <Snbs «DAR) /8535 b opslinl oS ol s Sabs (CD)

SLa ooy ot o (1 YDl e ol pen (63 Shes
5380 oSl T Sl g e o i
s TLS cobs 5 s sPreconditioning .
Lsls Ol ol,Ken sSUleOzbilgins ¢ 5b « &l
(=) 4iss ¥ Co s F) oSl Sse sla o9 el o
la Oy adS 5 (ool 0558 5 (oSl Jlast 51 )3
T 5 g5 2 ot sl es B L alie s 2L

(YO) s LialS |y Cdlae 05900 55 coSms) 51 G50
58S Gy 3 SShes 3 I L cmls (sobes

b Cmla il 1 Jool Jolse 5148 Sl ol jon 555

&

—x
JoymdS ialS Ol i odias QLS S5l anlllas ok
5 ks 5T oS il s slaey S 55 LDL 5 Jb g
soss) m S 5 Shes sla el 3 i M
oSl SYL 555 00 Sl 53 09,8 53 o 02518

2y
oSl gy 53 OT ezl Ol blses 5 ol on
()l 03 g5 Slades 4 6 3580 i Sldlo 51 0558 5
oz 3l oS e Loyl 5 53 ST 0558 5 oS

sl Suds gl oL 55 5 6K b

1099 (53 g 3T/ @43y § Cauy 2)93 / olwy)S (Sib)y eole slEils (alc alas



033 Gwlg)e3T 3G Ly 1A

bl ol patial o 5 ¢S5 (e SV 5b) bs
sl 515,50 53 01, 5 Y Fan e
lod 5 Bl sl Sy LB s il 5T e
(1O MOI/L ;55 ¢S5) Soda ol S 51 gus 457 5l OLiS
sl 2l o Sl 055 5 Ola) 53 by 5T
2333,8 8 Lol Slas 35 5 o551 4t
Logazin ¥ Oloj 3 b, 5T Suajl)s o S
S sloul 1y elie Ol 51 sl s Y emg/kg/d s
e e i by Dol ol s B 98 el Ol
2T 0Dl s 5 B LS s 1 SIS
5 53 (AKUENOS) I st e LS &K 25
Q) Ll 0305 S 513 oIy

L S Sl 5 53 il gy 5T 1 eslizal azdl
35 0Les s WIQQErs .l o3 o jon i slize =
S lS AT 0558 25 (oSl 05155 5 55 anllle
Cadiben (6La3 b 5w g) 5T 5 o 45 L5 god oalin
Juie 55 U8 Sl sl 31 am b L5 (YO-0mMQ/KQ)
Ol 5 Pl T Sl gl s o0 &G lS
AV)das zals L;,\,S‘.,_;T

O T e 5l ek L Sl anllles
FYL 530S 3l y5 0 8 53 by 5T g JLs
3, 80es gla Lastla 5o Lais el plas & AiL o gl
Sal a5 L db ol 5518 50yl m a8
L 5y, 5T odiS 3Ly Sbl g 55 o x bl 2
o ols OLE Hls gme JialS 2l J xS e 8 4 S
o) 03 sl Oley e g gyls a0 AT e
A i DS s per 4 g 035 i 4l
el suane Oldllas Lal)y e 53 ol il
oaliiul 53 (S (o) o 5 Clis §g s Jlaz
Slr Come 5o 1y s lenl (VL joa by e SV b
OVF N0 )Wl 03505 )15 0858 5 LS 5 Sl
O gl A Ol e 5l (Fae O i odalin pike omen
pls odins OLES (5l 5T 5 o Jlis & Jo 06

ol andllan 53 (8 gn o 53 0T 5 J6 e g 30

Joole Olsie 4 s 5 0 51 eddl (on 0558 55 (oS!
YE)C a4l S sl Lyl sl sl s
3 o a1 ST 08l sl 8l s bl aslllae 55 (VA
(mls slaos, S 55055 ) oS! ol LI
I b T s 53 Cls o bee OIS0 5

AL (0 0558 55 (oS
s B s Il s ol Kos o)ls
N0 o knsl oml las,ls s s (TV)AEL
sodss 4y (6 el db g0 Olles (81 s s il e
L ol SIS o (gadaie Slalllan 3 A8l (0 pul
Sl OB S 035 15 (oSl T L35 53 36 ala |
Julian Luke .coutas 8 51,5 w50 Calises
23 i g 25 1 adlllas s 01, Les ,GOQQI
48T L3 god autaliie oy Slaly 0k W 0558 55 (oS
Slaos, S 33055 0L o 35 5 )5 S, SlpIL
LS 0558 ) (Sl T Ol 551 Sl
Sl 51 g aalllas s O, LS s Hassan (YA)c sl
053 s (oSl ol 3 by 5T 53 o lablous
Salite ly mlis b 5 s sla Syes,S 55 lS
593655 Gy L Oliises ol L(V8) s S 5,158
3 e Bliw 515 S ge 4 (VemE/KE) sl 5T
Codes 5 0530 1) o 5 Sl B Ole 40 oSl (Al
O Ts0s 8 55 m sl Sud el (ell YF
Ly gl G218 i 3 gd S Dslize O s
33385 ppe S1aS sl el iz 0, Sea s Wang
52l aiss Fr WSl W1 LS aids ¥ sl 5T
—or s sl s gla &) ael e YW 05 )
0Lt 5 arsls Sl giman (S andllas L OUT sl . dis sas
oSl T 53 gy T (bl il onkins
e e asdllas 55 Je I L .(OWV)ASL 0 adS” 0558 5
S 358 T 5168 Sl o il 5 s 5T
L 1 g guls Cglime 500 S s 4 Yl | Wil
a8l g5 o8 asle b s 8 s sl sl

Q‘)Laﬁ))})‘babw_m‘aﬁ@))‘Jk}_?d'j‘dd_»d‘

1099 (53 g 31 / @41y § Cuny 093 / olw)S (Sibjy eole 2Bl alc alas


https://www.ncbi.nlm.nih.gov/pubmed/?term=Hassan%20SS%5BAuthor%5D&cauthor=true&cauthor_uid=30412424

19 s pligd

IS b 5o L (s DUl 4 o5k, 5T 5 o
WS e 03 5 o s aalllan ] 5 4,
2L DUl 55 alS 0555 1) (Sl T o s
$Lasss 53 o i ST R el 4 8 s S

3,03 559 Oloman 5 SV sb sl Ol 5 9505 YL

S1038 g U5

é&ﬂf#@@‘)ﬂ)ﬁrﬁm@jbéu

sy Sals 13y 50 55 S Slalllas 4 8 il e
B35 53, Nhas 5 (Sl Sl 05 s 5 (oS
ol s J,m8 0,8 Sll g 53 (¥ 15 o, Ll
Oals Cde i edaline gyl mme gl aallls
@Q;oujtj_sj\.ul}:w@};{wbuuw
ElE 48 pkilen |5 il (6 0se5T 53 okl sl
shoul olaw Sl das 0 OLES 05 A3 (5,5 051l
MH:ML{YWU;:}{V{QU}?—));.&

sl 0l Jamie (Gl | 5 adST S5 e

S5 domd

(be
1. Malek M, Nematbakhsh M. Renal ischemia/reperfusion injury; from pathophysiology to
treatment. Journal of renal injury prevention. 2015;4(2):20-7.
2. Yang YY, Gong DJ, Zhang JJ, Liu XH, Wang L. Diabetes aggravates renal ischemia-
reperfusion injury by repressing mitochondrial function and PINKZ1/Parkin-mediated
mitophagy. American journal of physiology Renal physiology. 2019;317(4):F852-f64.
3. Melin J, Hellberg O, Fellstrom B. Hyperglycaemia and renal ischaemia-reperfusion injury.
Nephrology, dialysis, transplantation : official publication of the European Dialysis and
Transplant Association - European Renal Association. 2003;18(3):460-2.
4. Melin J, Hellberg O, Funa K, Hallgren R, Larsson E, Fellstrom BC. Ischemia-induced
renal expression of hyaluronan and CD44 in diabetic rats. Nephron Experimental nephrology.
2006;103(3):e86-94.
5. Katsiki N, Athyros VG, Karagiannis A, Mikhailidis DP. The role of statins in the treatment
of type 2 diabetes mellitus: an update. Current pharmaceutical design. 2014;20(22):3665-74.
6. Yu SY, Tang L, Zhao GJ, Zhou SH. Statin protects the heart against ischemia-reperfusion
injury via inhibition of the NLRP3 inflammasome. Int J Cardiol. 2017;229:23-4.
7. Zhu Z, Fang Z. Statin protects endothelial cell against ischemia reperfusion injury through
HMGB1/TLR4 pathway. Int J Cardiol. 2016;203:74.
8. Gueler F, Park JK, Rong S, Kirsch T, Lindschau C, Zheng W, et al. Statins attenuate
ischemia-reperfusion injury by inducing heme oxygenase-1 in infiltrating macrophages. The
American journal of pathology. 2007;170(4):1192-9.
9. Sharyo S, Yokota-lkeda N, Mori M, Kumagai K, Uchida K, Ito K, et al. Pravastatin
improves renal ischemia-reperfusion injury by inhibiting the mevalonate pathway. Kidney
international. 2008;74(5):577-84.
10. Wu K, Lei W, Tian J, Li H. Atorvastatin treatment attenuates renal injury in an
experimental model of ischemia-reperfusion in rats. BMC nephrology. 2014;15:14.
11. Wiggers JK, van Golen RF, Verheij J, Dekker AM, van Gulik TM, Heger M. Atorvastatin
does not protect against ischemia-reperfusion damage in cholestatic rat livers. BMC surgery.
2017;17(1):35.

1199 (53 g )31 / @43y § Cauy 2)93 / olwy)S (Sib)y eole slEils (alc alas



033 Gwlg)e3T 3G oy Pe

12. Zhou J, Cheng M, Liao YH, Hu Y, Wu M, Wang Q, et al. Rosuvastatin enhances
angiogenesis via eNOS-dependent mobilization of endothelial progenitor cells. PloS one.
2013;8(5):e63126.

13. Li H, Lin H, Zhao H, Xu Y, Cheng Y, Shen P, et al. Statins use and risk of new-onset
diabetes in hypertensive patients: a population-based retrospective cohort study in Yinzhou
district, Ningbo city, People's Republic of China. Therapeutics and clinical risk management.
2018;14:823-32.

14. Joyce NR, Zachariah JP, Eaton CB, Trivedi AN, Wellenius GA. Statin Use and the Risk
of Type 2 Diabetes Mellitus in Children and Adolescents. Academic pediatrics.
2017;17(5):515-22.

15. Casula M, Mozzanica F, Scotti L, Tragni E, Pirillo A, Corrao G, et al. Statin use and risk
of new-onset diabetes: A meta-analysis of observational studies. Nutrition, metabolism, and
cardiovascular diseases : NMCD. 2017;27(5):396-406.

16. Hassan SS, Rizk A, Thomann C, Motawie A, Abdelfattah S, Ahmad Z. Preconditioning
with atorvastatin against renal ischemia-reperfusion injury in nondiabetic versus diabetic rats.
Canadian journal of physiology and pharmacology. 2019;97(1):1-14.

17. Wang Q, Su YY, Li YQ, Zhang YF, Yang S, Wang JL, et al. Atorvastatin alleviates renal
ischemia-reperfusion injury in rats by promoting M1-M2 transition. Molecular medicine
reports. 2017;15(2):798-804.

18. Kim SH, Jun JH, Oh JE, Shin EJ, Oh YJ, Choi YS. Renoprotective effects of
dexmedetomidine against ischemia-reperfusion injury in streptozotocin-induced diabetic rats.
PloS one. 2018;13(8):e0198307.

19. Colakoglu T, Nursal TZ, Ezer A, Kayaselcuk F, Parlakgumus A, Belli S, et al. Effects of
different doses of statins on liver regeneration through angiogenesis and possible relation
between these effects and acute phase responses. Transplantation proceedings.
2010;42(9):3823-7.

20. Fujii M, Inoguchi T, Maeda Y, Sasaki S, Sawada F, Saito R, et al. Pitavastatin
ameliorates albuminuria and renal mesangial expansion by downregulating NOX4 in db/db
mice. Kidney international. 2007;72(4):473-80.

21. Masiello P, Broca C, Gross R, Roye M, Manteghetti M, Hillaire-Buys D, et al.
Experimental NIDDM: development of a new model in adult rats administered streptozotocin
and nicotinamide. Diabetes. 1998;47(2):224-9.

22. Hu YY, Ye SD. Experimental models of type 2 diabetic nephropathy. Chinese medical
journal. 2013;126(3):574-7.

23. Shid Moosavi SM, Barmaki B, Geramizadeh B, Fallahzadeh MH, Johns EJ. <Effect of
Endothelin-A Receptor Blockade on the Early Phase of Ischemia/Reperfusion- Induced Acute
Renal Failure in Anesthetized Rats>. IIMS. 2004;29(1).

24. Muroya Y, He X, Fan L, Wang S, Xu R, Fan F, et al. Enhanced renal ischemia-
reperfusion injury in aging and diabetes. American journal of physiology Renal physiology.
2018;315(6):F1843-f54.

25. Ozbilgin S, Ozkardesler S, Akan M, Boztas N, Ozbilgin M, Ergur BU, et al. Renal
Ischemia/Reperfusion Injury in Diabetic Rats: The Role of Local Ischemic Preconditioning.
BioMed research international. 2016;2016:8580475.

26. Muratsubaki S, Kuno A, Tanno M, Miki T, Yano T, Sugawara H, et al. Suppressed
autophagic response underlies augmentation of renal ischemia/reperfusion injury by type 2
diabetes. Scientific reports. 2017;7(1):5311.

27. Akan M, Ozbilgin S, Boztas N, Celik A, Ozkardesler S, Ergur BU, et al. Effect of
magnesium sulfate on renal ischemia-reperfusion injury in streptozotocin-induced diabetic
rats. European review for medical and pharmacological sciences. 2016;20(8):1642-55.

1199 53 g 31 / @41y § Cuny 093 / olw)S (Sibjy eole 2Bl alc alas



Pl Ghama oljg)d

28. Goggi JL, Ng M, Shenoy N, Boominathan R, Cheng P, Sekar S, et al. Simvastatin
augments revascularization and reperfusion in a murine model of hind limb ischemia -
Multimodal imaging assessment. Nuclear medicine and biology. 2017;46:25-31.

29. Fan Y, Yang S, Zhang X, Cao Y, Huang Y. Comparison of cardioprotective efficacy
resulting from a combination of atorvastatin and ischaemic post-conditioning in diabetic and
non-diabetic rats. Clinical and Experimental Pharmacology and Physiology.
2012;39(11):938-43.

30. Benes LB, Bassi NS, Davidson MH. The Risk of Hepatotoxicity, New Onset Diabetes
and Rhabdomyolysis in the Era of High-Intensity Statin Therapy: Does Statin Type Matter?
Progress in cardiovascular diseases. 2016;59(2):145-52.

31. Abu-Saleh N, Awad H, Khamaisi M, Armaly Z, Karram T, Heyman SN, et al.
Nephroprotective effects of TVP1022, a non-MAO inhibitor S-isomer of rasagiline, in an
experimental model of diabetic renal ischemic injury. American journal of physiology Renal
physiology. 2014;306(1):F24-33.

1199 (53 g )31 / @43y § Cauy 2)93 / olwy)S (Sib)y eole slEils (alc alas



