. Niknafs, et al. Med J Tabriz Uni Med Sciences. 2024;45(3): 248-255.
Medical 10.34172/mj.2024.030
]Ournal https://mj.tbzmed.ac.ir
of Tabriz University
of Medical Sciences

Original Article

Effects of fingolimod on heart injury induced by renal ischemia-
reperfusion

Bahram Niknafs!® Yasin Bagheri® Seyyedeh Mina Hejazian'( Parya Niknafs> Neda Roshanravan®
Mohammadreza Ardalan'@: Sepideh Zununi Vahed®*

!Kidney Research Center, Tabriz University of Medical Sciences, Tabriz, Iran
2Faculty of Medicine, Tabriz University of Medical Sciences, Tabriz, Iran
SCardiovascular Research Center, Tabriz University of Medical Sciences, Tabriz, Iran

ARTICLE INFO Abstract

Background. Renal ischemia-reperfusion injury (IRI) is one of the inevitable
complications of surgery. The evidence shows that fingolimod, with its anti-
inflammatory effects, can play a protective role in renal IRI. The main aim of the
present study was to investigate the role of fingolimod against renal IRI in the heart

tissue.

Methods. Twenty-four male Wistar rats (220+20g) were treated with a single
dose of fingolimod (1mg/kg) by intraperitoneal injection before the
induction of kidney IRI. At the end of the reperfusion period, the oxidative
stress biomarker (malondialdehyde) and antioxidant biomarkers (catalase,
superoxide dismutase, glutathione, glutathione peroxidase, and total
antioxidant capacity) were evaluated in the heart tissue.

Results. Fingolimod pretreatment could increase cardiac glutathione enzyme
activity in the fingolimod+IR group compared to the IR group, which was
not statistically significant (P>0.05). The level of total antioxidant capacity
in the heart tissue was also significantly increased in the fingolimod+IR
group in comparison to the IR group (P<0.05).

Conclusion. Fingolimod was able to prevent oxidative stress damage in the
heart caused by kidney IR induction by increasing the level of total
antioxidant capacity of the heart tissue. It is suggested that future studies
evaluate the effects of this drug in clinical trials.

Practical Implications. The total antioxidant capacity of the heart, as a distant
organ affected by kidney IRI, is increased following fingolimod pre-
treatment.

Article History:
Received: 4 Jul 2023
Accepted: 2 Sep 2023
ePublished: 19 May 2024

Keywords:

¢ Fingolimod

¢ Ischemia-reperfusion

e Acute kidney injury

e Sphingosine-1-phosphate

How to cite this article: Niknafs B, Bagheri Y, Seyyedeh Mina Hejazian S M, Niknafs P, Roshanravan N, Ardalan M R,
Zununi Vahed S. Effects of Fingolimod on Heart Injury Induced by Renal Ischemia-Reperfusion. Med J Tabriz Uni Med
Sciences. 2024; 46(3): 248-255. doi: 10.34172/mj.2024.030. Persian.

Extended Abstract

Background for preserving kidney function after renal ischemia.

Renal ischemia-reperfusion injury (IRI) is one of
the inevitable complications after surgery. Distant
organs, such as the heart tissue, are often affected
after renal IR. Several studies have identified that
cardiac involvement is the main cause of morbidity
and mortality associated with renal IRI, which is
currently an incurable complication during surgery.
Therefore, it is necessary to develop new strategies

Fingolimod as a sphingosine-1-phosphate receptor
agonist is a suitable immunomodulator, and it seems
to be useful for preventing heart injury after renal
IRI. Previous studies have suggested the protective
role of fingolimod against cerebral, cardiac, and
hepatic IRl and have shown that it can properly
prevent oxidative stress, apoptosis, and inflammatory
responses in damaged tissues. The present study
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determined the impact of fingolimod on the heart
tissue of rats after renal IR by examining antioxidant
activity in the heart tissue.

Methods

In this study, 24 adult male Wistar rats (220+£20g)
were maintained in standard conditions (21+2°C)
under a light/dark cycle (12 hours) and had free
access to food and water. The animals were
randomly divided into Sham (1), IR (2), fingolimod
(3), and IR+fingolimod (4) groups. One hour before
the induction of IR, treated mice in groups 3 and 4
received a dose of fingolimod (1mg/kg body weight,
respectively) as an intraperitoneal (IP) injection. To
induce kidney IRI, the rats were anesthetized (IP)
with a xylazine/ketamine mixture (10 and 90 mg/kg
body weight). The animals in the Sham group were
manipulated only inside their renal arteries, but no
clamp was used. In groups 2 and 4, ischemia was
achieved for 45 minutes by clamping the renal artery
using a non-traumatic vascular clip. Then, the
occlusion was removed, and the animals were
returned to their cages to allow for the reperfusion
phase (6 hours). Finally, mice were euthanized, and
the heart tissue was dissected for further analysis.
Oxidant biomarkers and the level of antioxidant
enzyme proteins were investigated to evaluate the
effect of fingolimod on the antioxidant capacity of
the heart tissue. In this context, malonaldehyde
(MDA) levels as an important biomarker of oxidative
stress, along with antioxidant enzymes, including
catalase, superoxide dismutase (SOD), glutathione
peroxidase (GPx), and levels of glutathione (GSH)
and total antioxidant capacity (TAC), were measured
using commercial Kits (Zellbio, Biocore, Germany).
The data were analyzed using SPSS software
(version 23) and reported as means + standard
deviations. The groups were compared using the
analysis of variance test, and P-values less than 0.05
were considered statistically significant.

Results

It was found that the enzyme activity of SOD
significantly decreased in the IR group compared to
the Sham group (1.47+£0.12 versus 1.9310.11,
P<0.05), and there was a significant increase in the
fingolimod group in comparison to the IR group

(1.90+0.13 versus 1.47+0.12, P<0.05). However, the
activity of this enzyme did not change much when
comparing fingolimod+IR group mice with those of
the IR group (1.62+0.16 versus 1.47+0.12, P>0.05).
The enzyme activity of GPx (8.92+0.53 versus
8.62+0.53, P>0.05) and catalase (3.10+0.25 versus
3.06+0.06, P>0.05) in the heart tissue of the
fingolimod+IR group mice did not significantly
change compared to the IR group. The level of GSH
in the IR group was decreased in comparison to the
Sham group (31.12+1.64 versus 36.40+4.11), while it
was increased in the fingolimod+IR group compared
to the IR group (35.52+5.51 versus 31.12+1.64), but
the recorded changes were not statistically significant
(P>0.05). The increased levels of GSH in the
fingolimod group were statistically significant
compared to the IR group (39.64+3.61 versus
31.12+1.64, P<0.05). Regarding MDA levels, there
were no statistically significant changes between the
IR and Sham groups (0.59+0.13 versus 0.51+0.12,
P>0.05), and the MDA levels were not statistically
changed in the fingolimod (0.53+0.10 versus
0.59+0.13) and fingolimod+IR (1.02+0.11 versus
0.59+0.13) groups in comparison to the IR group
(P>0.05). Finally, the TAC level in the IR group
showed a significant decrease compared to the Sham
group (1.38+0.13 wersus 1.88+0.09, P<0.01).
Conversely, the TAC level of the heart tissue in the
fingolimod (1.84+0.17 versus 1.38+0.13, P<0.01)
and fingolimod+IR (1.76+0.21 versus 1.38+0.13,
P<0.05) groups had a significant increase compared
to the IR group.

Conclusion

The obtained results indicated that fingolimod
treatment before the induction of kidney IR can
reduce mouse cardiac tissue damage, increase total
antioxidant capacity, and thus prevent injuries caused
by oxidative stress. It seems that this issue should be
investigated in clinical trials to prevent heart damage
in the clinic. Moreover, it is suggested to examine
and compare the effects of different doses of
fingolimod in future studies. It is better to focus on
other molecular mechanisms and related signaling
pathways associated with the functions of
fingolimod.

249 | Med J Tabriz Uni Med Sciences. 2024;46(3)



YOO-YFEA ((Y)FF ) Fo¥ ygiyai g 3loye )J)uu.fw).vﬁ}[c oLl iy dzo oy Sas g (uai s
doi: 10.34172/mj.2024.030 X B
https://mj.tbzmed.ac.ir /y
‘.‘ L 4

N
U
ZF kit

655 55985y oSuntl 51 6 B Bl CornT 33 S90dgKid 3

*‘.\>|3 9955 0w L1Vl Ldgaame T lg yeping g 15 M pudi Sl by sl bire oaw 19 638 pmnly (U i 3 Pb@;

Oll 52y oy (Sibsy pole ol&ails (e oaSiisls”
Oll Sox3 Gand (S pole olutils g9y 9 B wlidas 3Sye”

o1z

pdhbolis] glaasle 5l ssudS (Ischemia-Reperfusion injury, IR1) ¢y5os950y- soSwnl cowl .dicoj Ao wleibl
Gaw ol awsls IRI )3'): 3 U,\hslz.o By JJ|9;UA c.\lQ,JLbo L.)')J' b Jgn.,JgiuQ (59)“3 el L_>>|)>

byu.lsusb)a LSSr?lSIRl)?I):’)é sgaajgiuswmw)yyob dsllho L_.,.1.4-o| :dlio adslu

39 SS b @S IRE Glall 51 8 (00 YYeiYe) shing 3 oo ise sz 5 cane LU iy
SSilegs «riosdmy 0393 bl 53 18,5 5118 las o (Blao 51 G35 iz (IMIKG) dgarsSid

i oyl Bl 55 (S lamST 8T by g sl enlighs «o:slislS
duglie 33 IRTI5005558 09,5 35 |y (8 (195l il cedlled nsls 35050 slasd iy - loisly
8 cdl S GilaanST ool cudsbs adaw (P>o/0) 395 ylime gslel 4 3l 45 ams yiwliél IR 69,5 b

VRV FY iedlyy
VR V/2/N 2 yisyads
VEaY/Y/ Vo sasyy L]

(> ojlgads

S90u5%is

(P<e/ol)) cunls glabamNo 8 (y2uli8) IR 06,8 b dunlio 43 IRT0I6508 09,5 43 35
39 gyl ol @yl 4 ST wlellas 43 dgas 50 Slgriiny -l 53S9l IR gl 51 b guslawsST oyl

OisdyeSul @
697315 K ES u.u.uT L]
um-\-ogjsmd .

29 lag b 53 o 3l g s
55 e 65 595 ) S oies et sloyige b bl LlawS BT cadyls . slas slovoly

S b 3929 8 5 S s loanzy Sigland dhl,

o ol ol calibsS JhE 4ol S50 el Lo
O 4 a5 39 4503 el @ ol el cawl (Sae @il SO
So yols Jle 55 S IRI a0 @bl JbyeslS g
s obls el Phe oo dlos e asle
o 39° syl o 4lS 3Slac b gly waz glagilyil
o «(Fingolimod) 35058 el (5y910 (s5ulS (soSum 3
Sphingosine-1-)  wlawd-V-pje5dwl 0358 CunigST
b wlgiso &5 el suwlio ool a5 Jsa=s g (phosphate, S1P
3o Slgise d9edeSiue Mawbaials byl IRI 53950
sphingosine kinase-2, ) Y-3LuS cpje3atwl bawgs yassdlyyaws
39 SIP Sl yaumo "398 uaie SIP1-5 03545 4 (SphK2

ko sles 5 5 dlas J Galie Siglse slaaSles

doddo

Ischemia-Reperfusion injury, ) y35u8yu=soSwol ol
el Pl Jlacl 5 s pigbolin] sloasle 5 gauls (R
uaswie (Acute Kidney injury, AKID) 4dS s> Cowl b o5
Sz SBoye b T4l Wan 55 el GoudS IRI Mg 0
3Sloe 3o Ml @ ymio Wlgipe 45 39de 0 G b
Sl o Bl g liplan 3> waeGVshb griwy @S
wdl L35 Sho Lly 5 5u (Bilse (soalS pose gilew
9 0398 Sy hol wde Ygamo 395 (5355 4 (5o4lS (2l
ol (S solS Z)l5 sloplal 4 ol wese Jloss!
oilie Uoylse o s Jlas phlaw sly ©IsSE slosely
Jele y il 5353 asllino (ppsic Y53 slowl 55 8 .l
haldse IRIL badiye ye9She o sl Lol

sepide.zununi@gmail.com : Jeol ¢ Jgsuue sdiung *

(http://creativecommons.org/licenses/by/4.0)CC BY 4.0 5olS gy jomo e 3y Sty pale olKatals bawgs Sl uyiens b alliio oyl Lgame falso gly b 3>
sl 00w 0315 glaml g Sliiww] idio 955 4 Lol 33l 4 oS sl jlme Siygio 3 g ealiiu] G5y o slas Eub S s yitiine


https://doi:%2010.34172/mj.2021.045
https://doi:%2010.34172/mj.2021.045
https://mj.tbzmed.ac.ir/
http://creativecommons.org/licenses/by/4.0
https://orcid.org/0000-0002-8476-0482
https://orcid.org/0000-0002-7971-4254
https://orcid.org/0000-0001-9154-9581
https://orcid.org/0000-0002-8173-6532
https://orcid.org/0000-0002-6851-5460
https://orcid.org/0000-0003-0179-4562

hen g uaiSs

3131557 glosT b oot 5:5lass] uyisl oo sSilogs
sldedS il salaiwl b TAC g GSH «GPx «SOD VG Jolis
i (53150315l (yLeJT Biocore «Zellbio) (sl

S okl VY dses SPSS Lli8loy SoS 4 boools Juls
9oyl 3l Baw yliS Jhee Bl Slhe wiygod lwosls
S S (9305l 5 (ANOVA) aylaSy (uilyly 3T (gl
soalio .o ealaiuwl oogyS s 33 lwosls Judoxs cgs (Tukey)
QiS5 43 s ime gulis ylgie 4 +/+0 3l yieS P

>asl

el culled un §l Jol @ls gelel
clled dellhe S0 glogise b wdl 4> Sl T
i 09)5 4 s IR 095 35 g2 b8 ysky SOD el
33 g (P<+/+0 MA¥+/N blao 43 VEYE/NY) 5,5 law Lol
BB Gili8l IR 0g)S b dunlio 1 55 S90dsSud og)S
(P<fo0 NeYENY Dlae 35 V/A£NW) cunly gldasNo
390409558 +IR 09,5 sla g0 dumlio 33 @l ol colled Lol
sop] called swyy 33 (P>+/40) 3,55 6ol yuss IR 09,5 b
B g (P>/-0 MaAYE/OY Llio yo Y-£VY/AY) GPx
s ol ( P>/oo W/ Llae g WYe2/Y0)
oinlidl peyle ad pamie wlie (glaeg)S slasbge
09,5 b dunlio 13 39000558 +IR 095 33 @5l 93 ¢l wudled
39 GSH @il olled 20395 4loimo gyl JB5 5l wlyuss (IR
blao 3o VIWWEV/TE) 03 GaalS 0 09,5 a s IR 09,5
IR 09,5 b duplio 4o 35 IRT90095508 69,5 15 ¢ (YV/€£/1)
—opl b NYEVE Blao jo Y0/00Y/0Y) oo éwliél
(P>+/:0) 395 yld im0 gylol b5 5l oo il wilyusi >
3 350558 09,5 35 T ol e Jlsime Linlidl g
MNYE/TE blao yo Y/TEEY/TY) g IR 09,5 b duslio
6log)S 35 MDA b ol uyy ol yogdle .(P<-/+0
slda>Yo b8 yues gylel Jhas 5l ols s delllas 3590 alize
09,5 33 TAC o culys 33 (P>+/+0) 3)l85 392 ogyS (4
Ay plas ly azes BB pielS b oS @ wwws IR
ahw wgdedy (P<o/s) VA A Dlae y3 V/YAL/NY)
blio 45 VAEE/VY) 35006558 laog,S yo s sl TAC
Blao 33 VY E/YY) IR+390d65508 o (P<+/+) V/YA£/VV
BB Lwliél IR 0g)S b awnlie y> (P<o/:0 O/ VALY
() Jgaz) sl glada>No

5 JUsssl Joks s Kl sk 25l oo el
Tl S redl sl ol youe
Ry 35 |y S90dsSiad silidlone 35 16 lallias
3l Wlgise a5 wals s 9" e,S slgring G0 g 8 «gie
sloedh 3 Sl glagwl o jenel sl Gosil
39005518 136 ols 4o 43 MaS g1Sols sasuwl
G50l ol 2 S IR i1 53 o5 la e (B wél 4
ooy ghwl/eled 3> ol 038 pues Wb
9 (Malondialdehyde) (MDA) as3Tsongdle  wailauws]
3Bgeumnd duSTpgw GYBE Jolis calizeo glocilamwS] 5o
Sty ooslisls (SOD)
wudyls g (Glutathione) GSH «(Glutathione peroxidase) (GPx)
S3So3ll (Total antioxidant capacity, TAC) S sulawuS] T

«(Superoxide  dismutase)

SBobs,

gy I @l y Ghee bge YE wellho ol o
doys VEYY) oylsbil bl js mad 3)ly (@5 YeEYYY)
@ g oawd (5l (el VW) )b/ 45 asy s (3lyS sl
slaz @ Polas jghy wllges assls ST wyiws 3¢ g Of
IR+ 39009558 (€) 9 390d9Su8 (¥) R (V) o (1) 09)S
oloys e gl yige R lall 51 L8 celis SO 3o
eSekS 5 slil 4 @S ke 1) 350405558 (5951 595 S € 0g)S
(IP) (Intraperitoneal) Slaw 515 &35 wyga WMoY o9
) 950405558 3l 595 plom 38 ¥ 095 slasbge .30y wlyd
03,5 edbys IR 8l (g

bolso b layoge € g ¥V slaogyS 3 IRI sll ¢ly
(IP) (0% 0i9 @SekS 6lil & @Sl A0 9 )0) aeliS/ il
GolS ol JB1s 55 g3 0 09 slagyge - Hbogs
€ gV cloogyS 3o .aus salaiwl 6,5 5l Lol aws (6ySiuws 395
ookl b 4885 £0 wae 4 oSl S o)lgns iy 3l pue
SiyeS' b g bzl (soulS Sy @hab g o 93 Boxe oS
o dadidlsy dlawsl (o 3l e i a0l baldS Ky as
doye gly @Y kol B asaSih a9 uid @ wllse
o yige weoly 55 09 pald (celw ) damo Gluyes
b prapitd JaloxS g 4 (gly 8 b g oas 3L

el BlaaSl BT b 550sSid 5l byl gl
Gl GT oy aaw g GBlamsST laySlogy « 8
S2 loim MDA shu «iney ol 33 28558 (o paye

YOV | W oylods €1 0y93 jupd Sty ogle ol Kb alo



Sam 5 i S

aalllas 3y50 (slog)S b il 5 lacilams| T o ol abw ) Jgio

TAC (mmol/mg MDA (nmol/mg  GSH (mmol/mg

Catalase (U/mg

GPx (U/mg SOD (U/mg

. . R . X 1 oogyS

protein) protein) protein) protein) protein) protein)
VAN £/-4 /0Ny ¥/Eex8/1) WALE AN /¥y /AY VarE/) )
VAZ AN VevE 1Y

- Joax 1V hVANE3Vatd Yk MAY./oV . IR
VAsx/\Y LCVAtEL Al Va.x/\Y

JovE./y. v/00.£./¢¢ Vo V£V 39006858

#it # #
VY /T .

4 VA EAN Yo/oY+0/0) \WALETIAL Mavr./ov VAVEAR IR+3g0J9Si8

2 )5S (SD) slemo Slymsl £S5k wiygiods 2ol

P<o/o) 9 P<o/o0 oy 4 gldime a.bw Lg (o °9)§L dunldo 3 I3 20 @)Lol),fiu SRk 9 *
{OPX jBgaus 3usSTyse :SOD asallgisslle ;MDA P<efe) g P<e/odd (g3 sime b b i @ IR 03,8 b duanliia ;3 loiimo M) iy s# o #

b 390558 18 cdadloe 43l 45 sais (o desl QLS 4
w38l o (reperfusion injury salvage kinase, RISK) (gjlw Jled
loL?.’al (survivor activating factor enhancement, SAFE) ,giS1é
9 @l BlaST BT g Sgisal 6T 3l 93 3o oS iz
9 ool dagllae y3 Mamse pEalS |y 8 des i
B> 3> ege U 504d5Sid Mb (et (8 ohSes
5 el a0 ssua LialS (b Solse glas,Slac
b 8 sl bl ounilSe 35 lannS| gy (pagis
syiolyl g 039y badiye SAFE clayumo g RISK o Jled
5 oolinal Sl 33 sy 6 sl Sealussen
] canssST b 5 PMsgadsid ot s
aioly siadleo @yl 3900558 wline wilgsso 35 TSIPL
3 39290 SIPL claony S solais! gaw Jled .ol
3Skee Jale ol (Koo loemuasi) b 5 sla sk
sl S90S 18 islone
9 SIE ugils buwg sais plxl oy aellhe o
69 » 3o IR Jao 3l eolaiwl b YT Jlo 33 oySen
44,5510 350558 31525) wao olisS gy S daSos
GYab JSas o o (xS 09,5 33 pallis b (yiaudymy 5l S8
35 ollen b o 3| 6 4885 10 39055 52023) e
(Goy ¥ @so 4 39y 13 5k So ploys lad ugs 1JyuS 0g)S
dog> 30 cuwgrenylS jee)l 4o b (il 4 =i
ailanST oyl (ials b 3g0)gSis s SoSiuwl 3)S5m0
cos glbSes 1 38aw weSiwl olul Huels Js @
colled oS WSie ll |y oulf oonSediblne is loy
ol dallhe ™ am3 0 inli8l 55 1y SOD ol Gl 6T
3929 b g cily leeslawsT ol slbedled wyp o 30

IS G5l T 55T cadyls - TAC (55:566I8 :GSH «laswSlyy (you36918

ooyl Blgise 390dSiud a5 By i yols aellho
D95y b w8l BlaaS 5T wadis Galisl b Iy gxslass]
IR 51 il (8 ol ol ply o sibibles 3l Sy g wiS
slagise 33 5adsSid S ey gl oS
sl 3l lovedlasanST T s Giolidl b wlsige oolKnlos]
ol yols dellho 3> Suzya . wles 61Sol> L8 wéb o IR
s o138 yldime gylel 4k I ialidl

9 swilaasSl Guyiwl o laudgyig e o Sl £oy
<8l 33 e JWy oai adg ST JSly sladwsS
ol 4 yio 45 i IRI Sleul pao puucilSo 99« SoSuyl
aadJled <5 wlosls Hlas in vitro wlellhe \aigie 5i8b
Slee Somel @l gslawsS] el GialS b SIP 0k
30 breawgognlS (3l cws | Gials g el slodawlg
o sl o3l s S olalllae el slyon SawSoumn bulyd
ool 55 SIPL cloosyS luled b sgadoSis
Wi boggh onl (&ly 0 TS e Jee 3 Sy
Gelluin glolsiw Gl lhille glaySlogs
33 Slgige BlanSIl cullad so 9 ssua 5l 6xSol>
ooyl g M eodS IR I b 4oy cowol Vegie IRl ol ply
Jleb S el ladlre it " g Sl Jawidle sl
sl g Bgye JLbigwl gladglo slas g 355 sl SIPL (o
9 339y Ml Sl sl 38 liws wS] Sy eapl
o] (55330 sob 4 Wlgise dgaleSid waly Gl )Se
S 03535 e gasb 3l ) 530w Glagise 8 IRI I ik
ooyl Genal of CBlsie g 00 S sl gyls Y/
Nabise pielS Hlad! Gl g gty s

¥ oylouds €10y93 s (i ogle ol&iils ;S lmo | YOV



hen g uaiSs

oligTansy el

Loydomo g udiSs pliar «68b ool 2y G935 e
63 el sbaplol |y asllhe ol 5 glosend oY)
o cdld eage p |y of Glee layls plil g 25k (gl
oal 353908 Bl |y dlie Gl bise sdws g 32y g
 aellho glwosly Jul=s g dias wzly G935 odmm 9 (8L
oS Ly 9 ooy gy I aly (g3 e ials el
 dlie ol s Sauwg soled 233508 Ginlg |y dllie
lo3yS 3l g dlllao wdges Julo

o glie
69l o wlidss wiglee bwgs 2ib onl Glo gl

yyevn o)LouJ‘J L_/d)f) xg)fwt))y iny ‘091; oS sls

L03ld g3y (swyiwd
dio cpl o delle gl o cawbdlzl glaosly  eles

.cMu|cJ.».Z:o.>3Lj>.'5

S| wlasMo
allae (pl 33 Sap wlidss 33 3N Sl dwdel
o dunsge sloxslial Goluly oSy 5 w35 el
ol i elel aBanleil wlilss I cadlye gly caslag
@l 3L 3005 (St pole olSatsly @V axieS 1> asllao
Cogai & Ve Y VY. @)B 3> IRTBZMED.AEC.1403.001

.M)
&b (oylss
ol slawl g wJb 3l Ghliie g8l a5 auS Lo 4lgbl Hlalso
3yl 399 e
References
1. Malek M, Nematbakhsh M. Renal

ischemia/reperfusion injury; from pathophysiology to
treatment. Journal of renal injury prevention.
2015;4(2):20.

2. Pabla N, Bajwa A. Role of mitochondrial therapy for
ischemic-reperfusion injury and acute kidney injury.
Nephron. 2022;146(3):253-8. doi: 10.1159/000520698

3. Nieuwenhuijs-Moeke GJ, Pischke SE, Berger SP,
Sanders JS, Pol RA, Struys MM, et al. Ischemia and
reperfusion injury in kidney transplantation: relevant
mechanisms in injury and repair. Journal of clinical
medicine. 2020;9(1):253. doi: 10.3390/jcm9010253

GPx, Jolis laedlananSTsul yolo b 9 SOD o3l clled aSil
IR+390095508 09,5 sloyige 8 b yo LI g GSH
shagime gylol J 3l Lol sl yinolidl IR 0gy8 @ cuwsd
ol gale cuilss ga> B 39adsSiud e sy L200es
3 635 ploy o Lol 33,8y B 8l 13 Iy soulS IR I ks
195 Ko 5l g5 dslllae Job 45 wogdleds 39y oliS aslllan oy
liiS 45 cun Il 33 ol o i ooliiwl d5adsSid 53
4 SIP1 slocuuigST plw g 35055508 45 25,5 o)Ll s
gy Mamdse pladl |y cdlxe 593 @ diwly oy
s 950405558 iz sloigd il gam wilallbo 55 dgdi0
ST wlallae 3 cusl yigy uizan 035 J8 dulio 390 o
F L ke SilSuw glapuwe 5 J5se (slopussSe sl
s el ol w8l 59y 3 950dsSid lauS| BT
Gibitle (B Gy ly i olinlel wolg 55 008
b o el 5l 390 Gluil wlallhe 15 35805 ogsll
b ool slaslu 331 Bosb 3l 95005558 LT o 50 jaseiio

Syl osae ply wdl 5l edadlxo (siagl yue

xS s

aleyd &5 el oo aellas (il 33 sdelway 2o
codls ol b sl IR Gl 51 L8 dgedeSiud
exSolm asilanwST Goyial Sl gl 5l ilaswST ol
s 390 3 plusl 33 dalllae ol Giunl e sk bled
ool (3l 33 Gl ool 31 63K gl st b 25 )1h8
903

u.’ab).\é

ol 3l ly g GIoyas g Sis Cilye dlae Bawg
3 g 03908 oles llho ol pailuy pladl @y oS SluS

iyl jlpl (30355 210 395 slgSeS

4. Olivero JJ, Olivero JJ, Nguyen PT, Kagan A. Acute
kidney injury after cardiovascular surgery: an
overview. Methodist DeBakey cardiovascular journal.
2012;8(3):31. doi: 10.14797/mdcj-8-3-31

5. Peerapornratana S, Manrique-Caballero CL, Gomez H,
Kellum JA. Acute kidney injury from sepsis: current
concepts, epidemiology, pathophysiology, prevention
and treatment. Kidney international. 2019;96(5):1083-
99. doi: 10.1016/j.kint.2019.05.026

6. 6. Doi K. Kidney-heart interactions in acute kidney
injury. Nephron. 2016;134(3):141-4. doi:
10.1159/000447021

YOV | Voylodds €10y95 iy (Kb oo olCtils (St aleo


https://doi.org/10.1159/000520698
https://www.mdpi.com/2077-0383/9/1/253
https://doi.org/10.3390/jcm9010253
http://doi.org/10.14797/mdcj-8-3-31
http://doi.org/10.1016/j.kint.2019.05.026
http://doi.org/10.1159/000447021
http://doi.org/10.1159/000447021

Sam 5 i S

10.

11.

12.

13.

14.

15.

16.

Caio-Silva W, da Silva Dias D, Junho CV, Panico K,
Neres-Santos RS, Pelegrino MT, et al. Characterization
of the oxidative stress in renal ischemia/reperfusion-
induced cardiorenal syndrome type 3. BioMed
Research International. 2020;2020:1605358. doi:
10.1155/2020/1605358

Neri M, Riezzo I, Pascale N, Pomara C, Turillazzi E.
Ischemia/reperfusion  injury  following  acute
myocardial infarction: a critical issue for clinicians and
forensic pathologists. Mediators of inflammation.
2017;2017:7018393. doi: 10.1155/2017/7018393
Ronco C, Bellasi A, Di Lullo L. Cardiorenal
syndrome: an overview. Advances in chronic kidney
disease. 2018;25(5):382-90. doi:
10.1053/j.ackd.2018.08.004

Foster AD, Vicente D, Clark N, Leonhardt C, Elster
EA, Davis TA, et al. FTY720 effects on inflammation
and liver damage in a rat model of renal ischemia-
reperfusion injury. Mediators of Inflammation.
2019;2019:3496836. doi: 10.1155/2019/3496836
Pérez-Jeldres T, Alvarez-Lobos M, Rivera-Nieves J.
Targeting  sphingosine-1-phosphate  signaling  in
immune-mediated diseases: beyond multiple sclerosis.
Drugs. 2021;81(9):985-1002. doi: 10.1007/s40265-
021-01528-8

Huwiler A, Zangemeister-Wittke U. The sphingosine
1-phosphate receptor modulator fingolimod as a
therapeutic agent: Recent findings and new
perspectives. Pharmacology @ &  therapeutics.
2018;185:34-49. doi:
10.1016/j.pharmthera.2017.11.001

Luo YT, Liang YF, He H, Zhang MT, Wang R, Li HL.
The immunosuppressant fingolimod ameliorates
experimental autoimmune myasthenia gravis by
regulating T-cell balance and cytokine secretion.
American  journal of translational  research.
2020;12(6):2600-13.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC73440
92/

Qian Y, Gao C, zZhao X, Song Y, Luo H, An S, et al.
Fingolimod Attenuates Lung Injury and Cardiac
Dysfunction after Traumatic Brain Injury. Journal of
Neurotrauma. 2020;37(19):2131-40. doi:
10.1089/neu.2019.6951

Liu G, Bi Y, Wang R, Yang H, Zhang Y, Wang X, et
al. Targeting S1P1 receptor protects against murine
immunological hepatic injury through myeloid-derived
suppressor cells. The Journal of Immunology.
2014;192(7):3068-79. doi: 10.4049/jimmunol.1301193
Rungatscher A, Linardi D, Naseer A, Mani R, Hoxha
S, Luciani GB, et al. Sphingosine-1-Phosphate
Receptor Agonist Fingolimod Reduces Myocardial
Ischemia-Reperfusion Injury and Apoptosis Increasing
Long-Term Left Ventricular Function after Heart
Transplantation. The Journal of Heart and Lung

Transplantation. 2019;38(4): 223. doi:

10.1016/j.healun.2019.01.546

17. Zhang L, Sui R, Zhang L. Fingolimod protects against

18.

19.

20.

21.

22.

23.

24,

25.

cerebral ischemia reperfusion injury in rats by reducing
inflammatory cytokines and inhibiting the activation of
p38 MAPK and NF-xB signaling pathways.
Neuroscience  Letters.  2022;771:136413.  doi:
10.1016/j.neulet.2021.136413

Shi ZA, Li TT, Kang DL, Su H, Tu FP. Fingolimod
attenuates renal ischemia/reperfusion-induced acute
lung injury by inhibiting inflammation and apoptosis

and modulating S1P metabolism. Journal of
International Medical Research.
2021;49(8):03000605211032806. doi:

10.1177/03000605211032806

Karliner JS. Sphingosine kinase and sphingosine 1-
phosphate in the heart: a decade of progress.
Biochimica et Biophysica Acta (BBA)-Molecular and
Cell Biology of Lipids. 2013;1831(1):203-12. doi:
10.1016/j.bbalip.2012.06.006

Muller H, Hofer S, Kaneider N, Neuwirt H,
Mosheimer B, Mayer G, et al. The immunomodulator
FTY720 interferes with effector functions of human
monocyte-derived dendritic cells. European journal of
immunology. 2005;35(2):533-45. doi:
10.1002/€ji.200425556

Yevgi R, Demir R. Oxidative stress activity of
fingolimod in multiple sclerosis. Clinical neurology
and neurosurgery. 2021;202:106500. doi:
10.1016/j.clineuro.2021.106500

Morales-Ruiz M, Lee MJ, Zollner S, Gratton JP,
Scotland R, Shiojima I, et al. Sphingosine 1-phosphate
activates Akt, nitric oxide production, and chemotaxis
through a  Giprotein/phosphoinositide  3-kinase
pathway in endothelial cells. Journal of Biological
Chemistry. 2001;276(22):19672-7. doi:
10.1074/jbc.m009993200

Ahmed N. Pathophysiology of Ischemia Reperfusion
Injury and Use of Fingolimod in Cardioprotection.
Academic Press. 2019;2019:101-21. doi:
10.1016/B978-0-12-818023-5.00005-4

Ahmed N, Laghari AH, AlBkhoor B, Tabassum S,
Meo SA, Muhammad N, et al. Fingolimod plays role
in attenuation of myocardial injury related to
experimental model of cardiac arrest and
extracorporeal life support resuscitation. International
journal of molecular sciences. 2019;20(24):6237. doi:
10.3390/ijms20246237

Thangada S, Shapiro LH, Silva C, Yamase H, Hla T,
Ferrer FA. Treatment with the immunomodulator
FTY720 (fingolimod) significantly reduces renal
inflammation in murine unilateral ureteral obstruction.
The Journal of urology. 2014;191(5S):1508-16. doi:
10.1016/j.juro.2013.10.072

¥ oylads €10393 jupd (Kb ool ol&iils Sy alxo | YOE


http://doi.org/10.1155/2020/1605358
http://doi.org/10.1155/2020/1605358
https://doi.org/10.1155/2017/7018393
http://doi.org/10.1053/j.ackd.2018.08.004
http://doi.org/10.1053/j.ackd.2018.08.004
http://doi.org/10.1155/2019/3496836
http://doi.org/10.1007/s40265-021-01528-8
http://doi.org/10.1007/s40265-021-01528-8
http://doi.org/10.1016/j.pharmthera.2017.11.001
http://doi.org/10.1016/j.pharmthera.2017.11.001
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7344092/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7344092/
https://doi.org/10.1089/neu.2019.6951
https://doi.org/10.4049/jimmunol.1301193
https://doi.org/10.1016/j.healun.2019.01.546
http://doi.org/10.1016/j.neulet.2021.136413
http://doi.org/10.1016/j.neulet.2021.136413
https://doi.org/10.1177/03000605211032806
https://doi.org/10.1177/03000605211032806
https://doi.org/10.1016/j.bbalip.2012.06.006
https://doi.org/10.1002/eji.200425556
https://doi.org/10.1002/eji.200425556
http://doi.org/10.1016/j.clineuro.2021.106500
http://doi.org/10.1016/j.clineuro.2021.106500
https://doi.org/10.1074/jbc.m009993200
https://doi.org/10.1074/jbc.m009993200
https://doi.org/10.1016/B978-0-12-818023-5.00005-4
https://doi.org/10.1016/B978-0-12-818023-5.00005-4
https://www.mdpi.com/1422-0067/20/24/6237
https://www.mdpi.com/1422-0067/20/24/6237
https://doi.org/10.1016/j.juro.2013.10.072
https://doi.org/10.1016/j.juro.2013.10.072

OhSen g uai s

26. Awad AS, Ye H, Huang L, Li L, Foss Jr FW, receptor agonist fingolimod increases myocardial
Macdonald TL, et al. Selective sphingosine 1- salvage and decreases adverse postinfarction left
phosphate 1 receptor activation reduces ischemia- ventricular remodeling in a porcine model of
reperfusion injury in mouse kidney. American Journal ischemia/reperfusion. Circulation. 2016;133(10):954-
of Physiology-Renal Physiology. 2006;290(6):1516- 66. doi: 10.1161/circulationaha.115.012427

24. doi: 10.1152/ajprenal.00311.2005
27. Santos-Gallego CG, Vahl TP, Goliasch G, Picatoste B,
Arias T, Ishikawa K, et al. Sphingosine-1-phosphate

Y00 | Woyleds €1 0393 _ippd (Kb pgle ol&uily sy dlxo


https://doi.org/10.1152/ajprenal.00311.2005
http://doi.org/10.1161/circulationaha.115.012427

