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ABSTRACT

Aging is one of the important factors in the development of age-related diseases. Acryl-
amide can be produced during carbohydrate-rich foods prepared at high temperatures. Recently, studies

Received: 06 Sep 2021 showed that acrylamide can induce cellular senescence. On the other hand, Rutin as a natural flavonoid,
Accepted: 15 Des 2021 : has a potent antioxidant activity.
Available Online: 01jan 2022 LILSZ4= This study aims to evaluate the ptotective effect of Rutin on oxidative-induced cellular senes-

cence induced by acrylamide.

[VETEEE NIH3T3 mouse embryonic fibroblast cells were used in this study, which treated by differ-
ent concentrations of acrylamide and Hydrogen Peroxide (H,0,). Oxidative stress was assessed by
measuring the malondialdehyde and glutathion concentrations. To evaluate the senescence process,
B-galactosidase activity was measured by enzyme staining and B-galactosidase activity assay kit. The
MTT assay was used to evaluate the cell viability.

[{EENTE Exposure of cells to acrylamide and H,0, significantly reduced the cell viability, and Rutin signifi-
cantly improved cell viability in cells treated by acrylamide (P<0.05). Rutin also increased glutathion level

Keywords: in cells treated by acrylamide and H,0, (P<0.05). The rate of lipid peroxidation was significantly lower
Senescence, in the group treated by rutin and H,0, than in the H,0, group (P<0.05).The B -galactosidase activity was
Rutin, Acrylamide, ¢ increased in the H,0, and acrylamide groups. The use of rutin with acrylamide significantly reduced the
Oxidative stress, © activity of B-galactosidase enzyme compared to the acrylamide group (P<0.05).
B-galactosidase [&TTIMELT) Oxidative stress may be an important mechanism in acrylamide-induced senescence in NI-
activity, Hydrogen i H3T3 cells. On the other hand, Rutin, as a potent antioxidant, can reduce cellular senescence by inhibi-
peroxide :  tion of oxidative damage.
Extended Abstract proceed cell cycle while they are metabolically active [1].
According to various studies, the Reactive Oxygen Species
1. Introduction (ROSs) have an important role in the induction of cellular
senescence [2]. Acrylamide is an industrial chemical com-
ellular senescence is a phenomenon that pound that can be found in carbohydrate-rich foods during
occurs after cell maturation. Senescent their preparation at high temperatures [3]. Recently, acryl-
cells have no DNA replication and cannot amide’s genotoxicity, immunotoxicity and carcinogenicity
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have attracted attentions. Various studies have indicated
that oxidative stress is as an important mechanism in acryl-
amide toxicity [3-5].

Rutin (3,3',4',5,7-pentahydroxyflavone-3-rhamnogluco-
side) is a flavonoid with high radical scavenging activity
and antioxidant capacity [6]. These properties are potential-
ly beneficial in protecting the stability of the genome. How-
ever, few information is available on the protective effect of
Rutin on cellular senescence. Therefore, this study aims to
investigate the capability of acrylamide in the induction of
oxidative cellular senescence, and examine the anti-oxida-
tive properties of Rutin attenuating cellular senescence in
embryonic fibroblast cell line NIH3T3.

2. Methods

In this experimental study, NIH3T3 cells were incubated
at 37 °C under humid atmosphere containing 5% CO2. Af-
ter the third passage, the cells were seeded in culture plates
and divided into following groups: control (Cells cultured
in DMEM medium with 10% FBS, Pen/Strep and vehicle),
positive control (cells exposed to 400 uM H,O,), acrylamide
(cells treated with acrylamide 5 mM), Rutin + acrylamide
(cells treated with 50 uM Rutin plus acrylamide), positive
control + Rutin (cells treated with 50 uM Rutin plus H,O,).
After cell treatment, MTT assay was used to evaluate the
viability of the cells. Furthermore, senescence-associated
[-galactosidase was evaluated by -galactosidase staining
kit and quantitative identification of B-galactosidase activity
via ELISA kit (MyBioSource, CAT number: MBS703814).
To assess the oxidative stress, lipid peroxidation and glu-
tathione concentration were measured in cell suspensions’
homogenates. Malondialdehyde (MDA), as an end product
of lipid peroxidation, was calculated by using thiobarbitu-
ric acid. Moreover, DTNB reagent was used for measuring
glutathione concentration. Finally, the statistical signifi-
cance was determined using one-way Analysis of Variance
(ANOVA) followed by Tukey’s post hoc test. The P<0.05
was considered as the significance level [7].

3. Results

Acrylamide and H,O, significantly decreased cell viabil-
ity in comparison with the control group (P< 0.001). Fur-
thermore, Rutin increased the acrylamide-treated cells’ vi-
ability at concentrations of 10, 25 and 50 uM (P< 0.05). At
concentration above 50 uM, no any significant effect was
reported. Hence, 50 uM concentration was selected as the
most effective concentration of Rutin.

Staining of cells with p-galactosidase at pH=6 showed
that acrylamide and H,O, caused higher level of bluish-
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green color compared to the control group. On the other
hand, the cells treated with Rutin showed a lower level
of bluish-green color. Similarly, both acrylamide and
H.,O, groups revealed a significant increase in the level of
[-galactosidase activity compered to control group evalu-
ated by ELISA kit. Treatment of cells by Rutin significantly
decreased P-galactosidase activity in acrylamide-treated
cells (P<0.05). Overall, the results showed that Rutin inhib-
ited acrylamide-induced cellular senescence.

After evaluation of oxidative stress parameters, an in-
creased concentration of MDA was observed in cells treated
by acrylamide and H,O,. Moreover, the amount of cellular
glutathione in the acrylamide and H,O, groups had a sig-
nificant decrease compared to the control group (P<0.05).
After treatment by Rutin, the Rutin + acrylamide group
(compared to the acrylamide group) and the Rutin + H,O,
group (compared to the H,O, group) showed a significantly
higher concentration of cellular glutathione (P<0.05).

4. Conclusion

Acrylamide can induce cellular senescence via oxida-
tive stress. Rutin, as a potent natural antioxidant, can effi-
ciently decrease acrylamide-induced cellular senescence in
NIH3T3 cell lines. Rutin may be effective in reducing the
adverse effects of food impurities, such as acrylamide.
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30. Thiobarbituric acid
31.TBA

32. Glutathione

Sleat loxe Bl S jg0 4 odlo H0, 5 sl o ST (bl 10 (Bge (gtaizr Cadlagyead (slaslos 1o (g (iblons 5l (gus)ye Jogi ) yrguad
P<lo V) agal 5T 0,5 L Joline YS! (P<r/+ ) agal 5T a5 L oline GHES1* (P<eo + 1) )5S 09,5 s jolixe IS wloud sl
Do e | (ysig) R 50 Vaag Kao YO e  cysig) R 25 . Vaag,Sae Vo e b 559y R 10 (Vsn oo 8) dual Ju,STACR fobine e 1ol

VgogSee Vev Ll L (g, 5 Ve Yge9 S

(NIH3T3) g0 (gui ConBlig pusd S Jgbuwt 13 ol 11 ST 200 il 5u51aaunST (6 put il 31 (o9 (silalmo 331 (33 r9 0t gy 32 -0y K0B 9 199 (Shoades (S0 s



http://journal.gums.ac.ir/index.php?&slct_pg_id=38&sid=1&slc_lang=fa

F oyl e 090 NFee oyl

yA
Wby
o Colled onimsplis JB g slaals (<Fe -

Lﬁ/‘u"/ﬂ‘ (Z b I

(52loi,5) PHE 1o (9o (i Casdligred slagbos yo S 3enSYE by 03T (6500155, ¥ p1g0ad

<l H,0, +agal J1,STL s caos (gloog,S 10 (5 5m slao sla ol 5 5l ;S YISL,

JB HO+0059, 5 Seel i STrinsey sWog)S o s

141 o)l.o...fa nead) d..fsla‘sn PXVARDY
b dau 3o s 5955V o0 55T (o0 Codllod 55
(SA-B-gal) 3o

bl sloog,S 0 Sl VS Ly Collad oS (ki
syt <ol 00l 00ls LS ¥ ol gl oged yo Caliee
9 deel JoST 09,5 ols plis jlay;asYBL w3l collad
ol (P<e/+B) JyS 09,8 i Jloline LS| 4lls H,0,
dlise Jobo 6rm il o ol M esimoplis &5
(ool o ST 39 095 19) o9y b sl Jlogs ailliser o>
L o o 09,5 4y S ] Cedlad ol (5 peRair IS0 4
e300 ol Sl (P<e/+ 0) oo (2alS” (e 4 sl Jo ST
adl adls sladloee Sl 6y aisl )8 o Wilgs so (yaigy aS Cul

o )l.o..f: nead)

o AL &)
Wby

Sym Slyd 599 Oyl jae (5, S

b daud o 3l 595 L o 3T Cadlad S i35l s
(SA-B-gal) g s

3 e 35V Ly il Codlad s a2 057 jbo o

bl oo b Jobos (65 (e Ghian 3 e ”6%53 ol
JUss 4y ol oo talidl o o sla el 4o o1 e g
P4 pbples 5 )98 @SS L laJslus gs“:s R
— e S0y oy aes ol 0dl atede Y ojleds pgal
a3 H,0, 9 aal o STL ploys e slaJshos o
3 gn 38l 5 05,5 b asllin 5 (5 s L o
3ol go sl Ly collad gelas o tali8 ,Siles o8
Cudlad ebans A8l g oy b b Jobes lous So0 B,b
Ol 45 Sl oud ) oS (2alST Aot )3 5 g SV

34, Bioindicators

Ol eSileat lmo ol 5100 mosls aallans j50 (sloog S 15 Shge stz Cowdlg b (sl Johos 0 5y 55mYEL o 3T Collad (e (a5 g
O cdald beipdgy (Vgo oo ) apel o ,STACR (P<e/o 1) aual 5T 09,85 b jfoline (M # (P<o/e o 1) J58 89,5 b jloline <M *** ailons

Y90 9,50

YAY (NIH3T3) g0  gwia Condlag uud sW g 13 tal 3 ,5TL 05 ) 9u51ansST (g S021 )3 1 39 (B0 T (5 3930 (o2 03K 9 109 (AnS9E (G340



http://journal.gums.ac.ir/index.php?&slct_pg_id=38&sid=1&slc_lang=fa

. / V 5
Wby

g
Wopbs

Fojlous Yo 0590 NFee yliuw

OeSileat Jlane Blyoul &gt Laosls dalllaed 5o (sloog S 45 (Shge (g Cundliy b slodsle 15 o) gl Gliwe (o) o903 F 190
ACR (P<+/+ ) H,0, L (olas 15 09,5 by Jfolime IS S (P<e /1) 55 09,5 L lolins ST ™ (Peo/+ ) i 09,8 b Joline S ® o ol

(¥ ojlod pgad) (P<:10) 35 25 41 H,0, 9 e &
09U lgiono (6503101 b

ghaw aslllas opl o Gbs)l 8590 syl 5l s (S
391 (hge (i Cawdlyg pusd (sla Joho jo Jokos (1.5LglS

J2s5T 09,5 amo g0 Lt aaidly o o)lass g0 4 azg5

093695 gelans «(P< [+ 0) Joline & y00 43 H,0, 09,5 g s
JeS iy 5l eolid ol S8 09,5 dy cus |y (528
Sgrte 90 (6 peSaiir oboas el ST 09,5 4y Coad 0
[+0) 05 corge |y 6L (153b5lS el 5 0 sl
5 H,0, b ploys coxi gloog,S jo lasl ol alies (P>

g A
Wipbns

Y50 955 0 Clalé iy (Ve (oo 0) el s 5T
985101 o yaw (30l )y (6 525 03151 U

Oy dud ool s
aslllas ol 45 gailacnST oyl (g2 slo el 5l (S
Cuadlig b (sl 58 gaslannSTyy S Gliae ()2
g oyl o el Ja ST Golad Sl (g0 i
sl Jpazmo a5 sealligociglle (5 5T o il F o Lot
STl Golas wd (asmiie oo gpslionTy S
Cedlygyead sl Jslos 0 MDA (ulidl g H,0, g gl
095 9 el JaySTripeds ) sloog S 50 09 00 9o (i
ool Jo5ST 05,5 5l y2aS (5 folins yobo 4 MDA 520 H,0,

aloads b (Sl Lo Gl ol & jguods Laools aalllaes jge (slaog S o Giige (G Coawdlig yd (S Johu 1 (556 olS phaws oy Jl000i O y39uad
Sloline B 555 (P<o/oB) el 3,57 05,5 b Jloline 8Dl (P<o/o o V) ;25 09,8 b loline B *** (P<o/o V) 58 09,5 b Jloline DI ™

(Ysm slea 0) aal Jy STACR : Voo 5,500 00 clali b ziyy, (P<e [+ + VY HL0, b obed 13 09,5 L

(NIH3T3) (yige gwiar Cundag yumd s Jolaw 50 pol I3 55Tl panl ] gu5apmnST (6 yup 130153 33 (yaFg (Hadlono 231 (151909 (om0 y 32 -0y K02 g 04 (lrides (S340



http://journal.gums.ac.ir/index.php?&slct_pg_id=38&sid=1&slc_lang=fa

F oyl e 090 NFee oyl

—
YAO

0955 99 il reizpan il (2133 HO, g ol Ju STl oy
o9y b pleye oo (glmeg,5 g J S (sloeg,S g oyt
Azl 1) (62845 Gliee (ryieS

Sy sl 5p b alady 0 oob Jalge il Sl o
ool @ Ol Ol Guipte 3 45 ced e (Jshes
T o ISsl; 5 ()3emST Jlad (54355 055 0 )L geslagas]
Calae glo a9 b5 g So Gl 5o Sl ol L
gt oyl cnlplis g oo Jolow 55m 4 e ply
g S g LYY S o Ll (6 s 0000y 39 40 (oot i
bl o o1 gla el adgs o o etes 3l S lpieay
b Sl 523 guilanST sl 5l o6 Glocssl @
4 guilianST ol wims o olis clalllae [YF] arsl o
(oo 255 B3 o Jshes (651 S| cmge b S ge
3 AP YOl oo ok (6rm 5o 50 (onte B 9 0dd
dzed e Jed 3l 9510 ool (gl el s dalllas
2285 15 ) 94 0sbalS el 5yl
o9l gebans 2al31 L of3T sla JISGsl, 0t aseioe aslllas Sy
Croe SLBGhge Jhe )3 S Syt > ot URE el g
o Wilgs oo el o ST ol s anlllas ol [YF] W)l
oSl plys 4 45 aas (Ml ) gelinSTy sl
I¥VYAL 92 0 0010 s S 5 ol guiliunnST oy
2 OgeehienSTyy sl o 35 by (25, b ley
o ols 2als |, HO 15 9 ool JoySh sy slog S
il 31 65eRay 5 gy ST (5T G oo lay
oo ol JoyST51 (26 6y

2 09UslS Chle (fSen 5 ks aslllae (ol
sy aiile Slogarge [V wil o (281 (553 oo sl Jolus
Lagylusl 5 (2o Ghge (g oo (Ko (@l (S e
0950515 s o] 10 45 s logrge sl digas iz o3
e abaly o [P ] b go 2lS” s &) iy & 90 4
odd oualidis (s g (2156 (5300 gale y3 (y9lglST e
33 09lalS molaw (saulS (i sanmaylis a5 [FA] cud
b sless cod (Jaha sloog 5" calllas (ol o ol (53 39,
ol iy 9:3U8lS o j1alS 90 0 HLO, g sl Jo ST
Jle lgreas [F+0 FA] ol 33l allive Slalllas ol b as’
JST a5 ol )f55 bagige (sasl 0,kes (5 glaalllas
0930918 e 2alS” 53,k 3I ) gl Copans Sl el
39 carge b tge Jlrbo 8 (S GogmmsliunSTyy (]33l 9)
3 8ual Ju,ST 51 ol o 30 guiloanST o ytiis [£Y]
LEVerA fY] o oo ol lalllas b

ot als cilisee Y ) (g, (lawnST T @l 3

39. Cell Senescence
40. Sastre

° / V &)
Wby

(0 o)@ﬁj.as‘) (P<ef«by) o somlie HZO2 AT TY)
S5 4ol g Sy

5 o Lol yo oS Cansl g ity 9 (SIS O] B SG 55
L) )L'J.wj.o.ﬁ 9 GO)S.LQ.G ‘53.‘)[5 u:&lS 9 alises GLQ%»T
A sk 65y IYF] el o Jgbo o ozl 5 Lo sls
QST 500yl Jaal s 2y (Pl Ggaeds ool 35 p0 o5
15 Caoglite o Jolos il LiBgF 00l s (slo Jylus s 38| oo
e sl L8] oy o s 5 ol 50 34l 5 s3]
ol S Slicgn eatS Sy sl ST ol s
23] Cllad (S 5 oS oy 2 o 3l B ] 45 by o
oyl cdallae pal ol g cpizmad 0l i3 5lay 5SS
Sodyb 13 5503 Sl 13 paer paailSn S, Hlgaeds gl
K3 Gyl 3 a2 hae NIH3T3 ige i Candlig pud
e b il g (598 ColanST T o) o), Wb paseie
LS (655 5l (6 3l e glienST ]

ol 08, (raiz 5 sk (6 Slalllas jl 5k o

2 3laesVE Ly colld ol a8 f5 G 5550
s JB e (Glb s sl Jgbs aiile 1yl (slo Jolus
slagts; b s Ghaiw slp ladshe ol 4l e 2o
Socdlg pd [TV YV g (6,5  gloond b  SC53
Pl wites calie (Jobo 5 b $ln seir
Joe G plgiedy g atiwd o pws ;o Slilgas slaplal den
35525 (50 1,8 08litl )90 (Jolo 6y 42 Loy 0 (glor g 2 50
(7S 2025 ol yon 4 Sl 9,8 a9 Sy (5 [YY]
6ulS 25 Joks 6 m LY2YV] ol o oo o lacdly
$Soal [YAL 3l s &) gy 0 slaslons 5 s 5
&l e "l Silticnss 3l (gm0 Sl 3rSYSLy ou5]
el Ival sl o ol faiting slasbo ;8 (pm Lhoxiw
Jles pPHT ;0 Pouss (6 ym 2o sla sk jo sl eV,
SA-B-gal Lbs, 39y 5 g Slalllae o [¥ ] wsly o
St QAR 0 (oo SISy 5 (lgias (glod oS 5oy
ol aslllas o [¥V] codl 4383 1,5 oolizuls g0  Jolos
ieS 5 5o5 slacshg, 3 oslizal b eSSy Collad
oS it L3 aslllae alie gulis ol [YY] 0t (6,080l
0 Vs g Wl g 5l ;e cullad aal Jo,ST ol olzs
] e e Gl ™l 6 5 Jlubigad glo Job
o Sl sk 3 3y 5555V o3 31 Codlad 55 asdllas 0yl

35. Biomarker

36. Senescent Cells
37. Senescence

38. HUVECs

(NIH3T3) g0  shuier Comdlsg pmad sUaJoluw 13 daol s o5 U 0.5 ) guilanmnsST (g gag Sisly g2 (i (Aablono 331 (5 90 (o592 -3 K0 g y91 (Arudes (S0



http://journal.gums.ac.ir/index.php?&slct_pg_id=38&sid=1&slc_lang=fa

. / V 5
Wby

13535 g S5
Wl 58S alinbly 2b 5 sts oleieds Shagh ol

oKils 6)5L‘\.§ 9 C)Lﬁ.ﬁ’d’ C,Jsl.uo )| aS Sl 0l fl?u‘ u)l;
oS (0 S5 LS (Sjupsle

Fojlous Yo 0590 NFee yliuw

S Gsl) (SauS gyl cools ils 4y azgi by g ol
yas Sl g 68,8 i3 1y o] sla ol wilgs se ol
ot caalllas oyl 50 [V FFF] balss 0y 50 guslagasT oy
clale &‘P‘ 9 Qj:}-“’b::-ms‘);’, A.:?.:J J&K lg 259, A eols
o0 U ¢ 9o (st Cadlag yead (gl ol 50 (4923515
Sy gy 20 el Jo ST 51 (2l gy e cblax o
uLm.t‘ Lgb.’ U’°"~‘~‘ R )| (AW &:JL:‘ di.tl.u Li (5'*"‘9 Js.»a;u
0uiiS lgnal (30l G gy Wlgiion el plis oo
9438 5 5 50 Jeid e 5 5l oo sl

2 Gy el Wl o el S5 ST ol lits aalllas (ol

oyl g (NIH3T3) [hige (S Cadlig pund (slo Jolow
2 ogde 3,5 ol Jsho (553 £, 39 (soter (25 g2kipnS]
ks St 580 s5bts g gm cosiny o (s ol
OadlS guilianST o yil 2alS” 5, I NIH3T3 Jolu 4o
st 3 00 0l sieal b a5 ST sy 2 e
Al S oyl 0 auel o ST oms aiile 32 (sla Sagll

B Slaade

oARg3s BT Jao! 3l (595w

! Lo 450aS (gl il 5 Jgeo! 418 allan o) 5o
u;i‘f‘)it“Sb olKslo é)l:-‘ eSS C)-‘G Q‘l‘ I PR ole,
<o 00 b 43 IRGUMS.REC.1397.413 oS b LS

S ol

W PR fl:u‘ Qﬁ; GS.&).“Q’J.G

ol 59 s9a gly (P Gl pol s g ooled
‘5>|).|o adls Q.:Jg.i.m.n o 4.‘:‘)‘ 6‘33.>u 29 adls |) alis
sy 6l Hnladse e 5 (Gloy Glusl sGuios
Szl e (drdge sage 9 K (5 anr Lo, 5 Jloj oyl
St OIS e dsls g 098l 5 S8l £g)3 18 2,
5 Utalng tesSdy JBT £9)3 5 o ! 14yl sy
Sl Ghast 5 9 (adge (G iallie Lo

&lo 0,5

WSladlas sy ol jo (28l (6 )la5 digS zan (8 S o8

(NIH3T3) (yige gwiar Cundag yumd s Jolaw 50 pol I3 55Tl panl ] gu5apmnST (6 yup 130153 33 (yaFg (Hadlono 231 (151909 (om0 y 32 -0y K02 g 04 (lrides (S340

YA?



http://journal.gums.ac.ir/index.php?&slct_pg_id=38&sid=1&slc_lang=fa

Winter 2022. Vol 30. Num 4

References

[1] Trougakos IP, Saridaki A, Panayotou G, Gonos ES. Identification
of differentially expressed proteins in senescent human em-
bryonic fibroblasts. Mechanisms of Ageing and Development.
2006; 127(1):88-92. [DOI:10.1016/j.mad.2005.08.009] [PMID]

[2] Kujoth GC, Hiona A, Pugh TD, Someya S, Panzer K, Wohlgemuth
SE, et al. Mitochondrial DNA mutations, oxidative stress, and
apoptosis in mammalian aging. Science. 2005; 309(5733):481-
4.[DO0I:10.1126/science.1112125] [PMID]

[3] Lu T, Finkel T. Free radicals and senescence. Experimental
Cell Research. 2008; 314(9):1918-22. [DOI:10.1016/].yex-
€r.2008.01.011] [PMID] [PMCID]

[4] Friedman M. Chemistry, biochemistry, and safety of acryla-
mide. A review. Journal of Agricultural and Food Chemistry.
2003; 51(16):4504-26. [DOI:10.1021/jf030204+] [PMID]

[5] Cao J, Liu Y, Jia L, Jiang LP, Geng CY, Yao XF, et al. Curcumin
attenuates acrylamide-induced cytotoxicity and genotoxic-
ity in HepG2 cells by ROS scavenging. Journal of Agricultural
and Food Chemistry. 2008; 56(24):12059-63. [DOI:10.1021/
jf8026827] [PMID]

[6] Jiang L, Cao J, An Y, Geng C, Qu S, Jiang L, et al. Genotoxicity of
acrylamide in human hepatoma G2 (HepG2) cells. Toxicology
in Vitro. 2007; 21(8):1486-92. [DOI:10.1016/j.tiv.2007.06.011]
[PMID]

[7] Jahani M, Shokrzadeh M, Vafaei-Pour Z, Zamani E, Shaki F. Po-
tential role of cerium oxide nanoparticles for attenuation of
diabetic nephropathy by inhibition of oxidative damage. Asian
Journal of Animal and Veterinary Advances. 2016; 11(4):226-
34. [DOI:10.3923/ajava.2016.226.234]

[8] Coccimiglio J, Alipour M, Jiang ZH, Gottardo C, Suntres Z. Anti-
oxidant, antibacterial, and cytotoxic activities of the ethanolic
Origanum vulgare extract and its major constituents. Oxida-
tive Medicine and Cellular Longevity. 2016; 2016:1404505.
[DOI:10.1155/2016/1404505] [PMID] [PMCID]

[9] Shahidi F, Zhong Y. Measurement of antioxidant activity. Jour-
nal of Functional Foods. 2015; 18(Pt B):757-81. [DOI:10.1016/j.
jff.2015.01.047]

[10] Young IS, Woodside JV. Antioxidant in health and dis-
ease. Journal of Clinical Patholology. 2001; 54(3):176-86.
[DOI:10.1136/jcp.54.3.176] [PMID] [PMCID]

[11] Ozsoy N, Candoken E, Akev N. Implications for degenerative
disorders: Antioxidative activity, total phenols, flavonoids,
ascorbic acid, B-carotene and B-tocopherol in Aloe vera.
Oxidative Medicine and Cellular Longevity. 2009; 2:315091.
[DOI:10.4161/0xim.2.2.8493] [PMID] [PMCID]

[12] Korkmaz A, Kolankaya D. Protective effect of rutin on the
ischemia/reperfusion induced damage in rat kidney. Journal
of Surgical Research. 2010; 164(2):309-15. [DOI:10.1016/].
j$5.2009.03.022] [PMID]

[13] Enogieru AB, Haylett W, Hiss DC, Bardien S, Ekpo OE. Rutin
as a potent antioxidant: Implications for neurodegenerative
disorders. Oxidative Medicine and Cellular Longevity. 2018;
2018:6241017.[D0I:10.1155/2018/6241017] [PMID] [PMCID]

Journal of
Guilan University of Medical Sciences

[14] Al-Rejaie SS, Aleisa AM, Sayed-Ahmed MM, Al-Shabanah OA,
Abuohashish HM, Ahmed MM, et al. Protective effect of rutin
on the antioxidant genes expression in hypercholestrolemic
male Westar rat. BMC Complementary and Alternative Medi-
cine . 2013; 13:136. [DOI:10.1186/1472-6882-13-136] [PMID]
[PMCID]

[15] Ma JQ, Liu CM, Yang W. Protective effect of rutin against
carbon tetrachloride-induced oxidative stress, inflammation
and apoptosis in mouse kidney associated with the ceramide,
MAPKs, p53 and calpain activities. Chemico-Biological Inter-
actions. 2018; 286:26-33. [DOI:10.1016/j.cbi.2018.03.003]
[PMID]

[16] Wei SM, Yan ZZ, Zhou J. Protective effect of rutin on testicular
ischemia-reperfusion injury. Journal of Pediatric Surgery. 2011;
46(7):1419-24. [DOI:10.1016/j.jpedsurg.2010.09.044] [PMID]

[17] Evazalipour M, Safarzadeh Kozani P, Safarzadeh Kozani P, Sha-
bani S, Rezaei Soufi B, Zamani E. Acrylamide induced oxidative
cellular senescence in embryonic fibroblast cell line (NIH3T3):
A protection by carvacrol. Jundishapur Journal of Natural Phar-
maceutical Products. 2021; 16(4):e109399. [DOI:10.5812/
jinpp.109399]

[18] Sahinturk V, Kacar S, Vejselova D, Kutlu HM. Acrylamide
exerts its cytotoxicity in NIH/3T3 fibroblast cells by apop-
tosis. Toxicol and Industrial Health. 2018; 34(7):481-9.
[DOI:10.1177/0748233718769806] [PMID]

[19] Magalingam KB, Radhakrishnan A, Haleagrahara N. Protec-
tive effects of quercetin glycosides, rutin, and isoquercetrin
against 6-hydroxydopamine (6-OHDA)-induced neurotoxicity
in rat pheochromocytoma (PC-12) cells. International Journal
of Immunopathology and Pharmacology. 2016; 29(1):30-9.
[DOI:10.1177/0394632015613039] [PMID] [PMCID]

[20] Patil SL, Swaroop K, Kakde N, Somashekarappa HM. In vitro
protective effect of rutin and quercetin against radiation-in-
duced genetic damage in human lymphocytes. Indian of Jour-
nal Nuclear Medicine. 2017; 32(4):289-95. [DOI:10.4103/ijnm.
IINM_30_17] [PMID] [PMCID]

[21] Yoon S, Han S, Jeon KJ, Kwon S. Effects of collected road dusts
on cell viability, inflammatory response, and oxidative stress
in cultured human corneal epithelial cells. Toxicology Letters.
2018; 284:152-60. [DOI:10.1016/j.toxlet.2017.12.012] [PMID]

[22] Baeeri M, Mohammadi-Nejad S, Rahimifard M, Navaei-
Nigjeh M, Moeini-Nodeh S, Khorasani R, et al. Molecular
and biochemical evidence on the protective role of ellagic
acid and silybin against oxidative stress-induced cellular ag-
ing. Molecular and Cellular Biochemistry. 2018; 441(1):21-33.
[DOI:10.1007/511010-017-3172-0] [PMID]

[23] Zamani E, Mohammadbagheri M, Fallah M, Shaki F.
Atorvastatin  attenuates  ethanol-induced  hepatotoxic-
ity via antioxidant and anti-inflammatory mechanisms.
Research in Pharmaceutical Sciences. 2017; 12(4):315-21.
[DOI:10.4103/1735-5362.212049] [PMID] [PMCID]

[24] Dorman HD, Surai P, Deans SG. In vitro antioxidant activity of
a number of plant essential oils and phytoconstituents. Jour-
nal of Essential Oil Research. 2000; 12(2):241-8. [DOI:10.1080
/10412905.2000.9699508]

Evazalipour M, et al. In Vitro evaluation of Protective Effect of Rutin. J Guil Uni Med Sci. 2022; 30(4):276-289.



http://journal.gums.ac.ir/index.php?slc_lang=en&sid=1
https://doi.org/10.1016/j.mad.2005.08.009
https://www.ncbi.nlm.nih.gov/pubmed/16213575
https://doi.org/10.1126/science.1112125
https://www.ncbi.nlm.nih.gov/pubmed/16020738
https://doi.org/10.1016/j.yexcr.2008.01.011
https://doi.org/10.1016/j.yexcr.2008.01.011
https://www.ncbi.nlm.nih.gov/pubmed/18282568
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2486428
https://doi.org/10.1021/jf030204+
https://www.ncbi.nlm.nih.gov/pubmed/14705871
https://doi.org/10.1021/jf8026827
https://doi.org/10.1021/jf8026827
https://www.ncbi.nlm.nih.gov/pubmed/19012407
https://doi.org/10.1016/j.tiv.2007.06.011
https://www.ncbi.nlm.nih.gov/pubmed/17692500
https://doi.org/10.3923/ajava.2016.226.234
https://doi.org/10.1155/2016/1404505
https://www.ncbi.nlm.nih.gov/pubmed/27051475
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4804097
https://doi.org/10.1016/j.jff.2015.01.047
https://doi.org/10.1016/j.jff.2015.01.047
https://doi.org/10.1136/jcp.54.3.176
https://www.ncbi.nlm.nih.gov/pubmed/11253127
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1731363
https://doi.org/10.4161/oxim.2.2.8493
https://www.ncbi.nlm.nih.gov/pubmed/20357932
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2763252
https://doi.org/10.1016/j.jss.2009.03.022
https://doi.org/10.1016/j.jss.2009.03.022
https://www.ncbi.nlm.nih.gov/pubmed/19592016
https://doi.org/10.1155/2018/6241017
https://www.ncbi.nlm.nih.gov/pubmed/30050657
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6040293
https://doi.org/10.1186/1472-6882-13-136
https://www.ncbi.nlm.nih.gov/pubmed/23773725
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3717094
https://doi.org/10.1016/j.cbi.2018.03.003
https://www.ncbi.nlm.nih.gov/pubmed/29522708
https://doi.org/10.1016/j.jpedsurg.2010.09.044
https://www.ncbi.nlm.nih.gov/pubmed/21763845
https://doi.org/10.5812/jjnpp.109399
https://doi.org/10.5812/jjnpp.109399
https://doi.org/10.1177/0748233718769806
https://www.ncbi.nlm.nih.gov/pubmed/29734925
https://doi.org/10.1177/0394632015613039
https://www.ncbi.nlm.nih.gov/pubmed/26542606
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5806739
https://doi.org/10.4103/ijnm.IJNM_30_17
https://doi.org/10.4103/ijnm.IJNM_30_17
https://www.ncbi.nlm.nih.gov/pubmed/29142345
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5672749
https://doi.org/10.1016/j.toxlet.2017.12.012
https://www.ncbi.nlm.nih.gov/pubmed/29277570
https://doi.org/10.1007/s11010-017-3172-0
https://www.ncbi.nlm.nih.gov/pubmed/28887692
https://doi.org/10.4103/1735-5362.212049
https://www.ncbi.nlm.nih.gov/pubmed/28855943
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5566006
https://doi.org/10.1080/10412905.2000.9699508
https://doi.org/10.1080/10412905.2000.9699508

Journal of

Guilan University of Medical Sciences

[25] Campisi J, Di Fagagna FDA. Cellular senescence: When bad
things happen to good cells. Nature Reviews Molecular Cell
Biology. 2007; 8(9):729-40. [DOI:10.1038/nrm2233] [PMID]

[26] Romano AD, Serviddio G, de Matthaeis A, Bellanti F, Vendem-
iale G. Oxidative stress and aging. Journal of Nephrology. 2010;
23 Suppl 15:529-36. [PMID]

[27] Vifia J, Borras C, Miquel J. Theories of ageing. IUBMB Life.
2007; 59(4-5):249-54. [DOI:10.1080/15216540601178067]
[PMID]

[28] van Deursen JM. The role of senescent cells in ageing. Na-
ture. 2014; 509(7501):439-46. [DOI:10.1038/nature13193]
[PMID] [PMCID]

[29] Debacg-Chainiaux F, Borlon C, Pascal T, Royer V, Eliaers F,
Ninane N, et al. Repeated exposure of human skin fibroblasts
to UVB at subcytotoxic level triggers premature senescence
through the TGF-B1 signaling pathway. Journal of Cell Science.
2005; 118(4):743-58. [DOI:10.1242/jcs.01651] [PMID]

[30] Llana-Ruiz-Cabello M, Gutiérrez-Praena D, Puerto M, Pich-
ardo S, Jos A, Camedn AM. In vitro pro-oxidant/antioxidant
role of carvacrol, thymol and their mixture in the intesti-
nal Caco-2 cell line. Toxicology in Vitro. 2015; 29(4):647-56.
[DOI:10.1016/j.tiv.2015.02.006] [PMID]

[31] Itahana K, Campisi J, Dimri GP. Mechanisms of cellular senes-
cence in human and mouse cells. Biogerontology. 2004; 5(1):1-
10. [DOI:10.1023/B:BGEN.0000017682.96395.10] [PMID]

[32] Sellier C, Boulanger E, Maladry F, Tessier FJ, Lorenzi R, Nev-
iere R, et al. Acrylamide induces accelerated endothelial aging
in a human cell model. Food and Chemical Toxicology. 2015;
83:140-5. [DOI:10.1016/j.fct.2015.05.021] [PMID]

[33] Kim DB, Shin GH, Kim JM, Kim YH, Lee JH, Lee JS, et al. An-
tioxidant and anti-ageing activities of citrus-based juice mix-
ture. Food Chemistry. 2016; 194:920-7. [DOI:10.1016/j.food-
chem.2015.08.094] [PMID]

[34] Cui H, Kong Y, Zhang H. Oxidative stress, mitochondrial dys-
function, and aging. Journal of Signal Transduction. 2012;
2012:646354. [DOI:10.1155/2012/646354] [PMID] [PMCID]

[35] Liguori I, Russo G, Curcio F, Bulli G, Aran L, Della-Morte D, et
al. Oxidative stress, aging, and diseases. Clinical Interventions
in Aging. 2018; 13:757-72. [DOI:10.2147/CIA.S158513] [PMID]
[PMCID]

[36] Leutner S, Eckert A, Miiller W. ROS generation, lipid peroxi-
dation and antioxidant enzyme activities in the aging brain.
Journal of Neural Transmission. 2001; 108(8-9):955-67.
[DOI:10.1007/s007020170015] [PMID]

[37] Elblehi SS, El Euony Ol, EI-Sayed YS. Apoptosis and astrogliosis
perturbations and expression of regulatory inflammatory fac-
tors and neurotransmitters in acrylamide-induced neurotoxic-
ity under w3 fatty acids protection in rats. NeuroToxicology.
2020; 76:44-57. [DOI:10.1016/j.neur0.2019.10.004] [PMID]

[38] Yang Y, Zhang L, Jiang G, Lei A, Yu Q, Xie J, et al. Evaluation
of the protective effects of Ganoderma atrum polysaccha-
ride on acrylamide-induced injury in small intestine tissue of
rats. Food & Function. 2019; 10(9):5863-72. [DOI:10.1039/
C9F001452G] [PMID]

[39] Sastre J, Pallardd FV, Vifia J. Glutathione, oxidative stress and
aging. Age. 1996; 19(4):129-39. [DOI:10.1007/BF02434082]

[40] Sohal RS, Weindruch R. Oxidative stress, caloric restriction,
and aging. Science. 1996; 273(5271):59-63. [DOI:10.1126/sci-
ence.273.5271.59] [PMID]

[41] Cudkowicz M, Sexton P, Ellis T, Hayden D, Gwilt P, Whalen J,
et al. The pharmacokinetics and pharmacodynamics of pro-
cysteine in amyotrophic lateral sclerosis. Neurology. 1999;
52(7):1492-4. [DOI:10.1212/WNL.52.7.1492] [PMID]

[42] Zamani E, Shokrzadeh M, Ziar A, Abedian-Kenari S, Shaki F.
Acrylamide attenuated immune tissues’ function via induc-
tion of apoptosis and oxidative stress: Protection by L-carni-
tine. Human & Experimental Toxicology. 2018; 37(8):859-69.
[DOI:10.1177/0960327117741753] [PMID]

[43] Manouchehrabadi M, Farhadi M, Azizi Z, Torkaman-Bou-
torabi A. Carvacrol protects against 6-hydroxydopamine-in-
duced neurotoxicity in in vivo and in vitro models of Parkin-
son’s disease. Neurotoxicity Research. 2020; 37(1):156-70.
[DOI:10.1007/512640-019-00088-w] [PMID]

[44] Yang J, Guo J, Yuan J. In vitro antioxidant properties of ru-
tin. LWT-Food Science and Technology. 2008; 41(6):1060-6.
[DOI:10.1016/j.lwt.2007.06.010]

Evazalipour M, et al. In Vitro evaluation of Protective Effect of Rutin. J Guil Uni Med Sci. 2022; 30(4):276-289.

Winter 2022. Vol 30. Num 4

288



http://journal.gums.ac.ir/index.php?slc_lang=en&sid=1
https://doi.org/10.1038/nrm2233
https://www.ncbi.nlm.nih.gov/pubmed/17667954
https://pubmed.ncbi.nlm.nih.gov/20872368/
https://doi.org/10.1080/15216540601178067
https://www.ncbi.nlm.nih.gov/pubmed/17505961
https://doi.org/10.1038/nature13193
https://www.ncbi.nlm.nih.gov/pubmed/24848057
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4214092
https://doi.org/10.1242/jcs.01651
https://www.ncbi.nlm.nih.gov/pubmed/15671065
https://doi.org/10.1016/j.tiv.2015.02.006
https://www.ncbi.nlm.nih.gov/pubmed/25708581
https://doi.org/10.1023/B:BGEN.0000017682.96395.10
https://www.ncbi.nlm.nih.gov/pubmed/15138376
https://doi.org/10.1016/j.fct.2015.05.021
https://www.ncbi.nlm.nih.gov/pubmed/26070502
https://doi.org/10.1016/j.foodchem.2015.08.094
https://doi.org/10.1016/j.foodchem.2015.08.094
https://www.ncbi.nlm.nih.gov/pubmed/26471635
https://doi.org/10.1155/2012/646354
https://www.ncbi.nlm.nih.gov/pubmed/21977319
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3184498
https://doi.org/10.2147/CIA.S158513
https://www.ncbi.nlm.nih.gov/pubmed/29731617
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5927356
https://doi.org/10.1007/s007020170015
https://www.ncbi.nlm.nih.gov/pubmed/11716148
https://doi.org/10.1016/j.neuro.2019.10.004
https://www.ncbi.nlm.nih.gov/pubmed/31647937
https://doi.org/10.1039/C9FO01452G
https://doi.org/10.1039/C9FO01452G
https://www.ncbi.nlm.nih.gov/pubmed/31464322
https://doi.org/10.1007/BF02434082
https://doi.org/10.1126/science.273.5271.59
https://doi.org/10.1126/science.273.5271.59
https://www.ncbi.nlm.nih.gov/pubmed/8658196
https://doi.org/10.1212/WNL.52.7.1492
https://www.ncbi.nlm.nih.gov/pubmed/10227642
https://doi.org/10.1177/0960327117741753
https://www.ncbi.nlm.nih.gov/pubmed/29168405
https://doi.org/10.1007/s12640-019-00088-w
https://www.ncbi.nlm.nih.gov/pubmed/31364033
https://doi.org/10.1016/j.lwt.2007.06.010

This Page Intentionally Left Blank



