Sz (2955 9 SToer pud (g Sy (sole dolilad

Oiaphd.sinaweb.net ISSN: 9AA--1 YYD

sl 53 C (ol g b o 95 pous sl Y ghen 31 Fichio (5o 3959381 S5l duumalilo

295 lo yaeul (gulais (sl Jglew yo puabslizs g st laas 5 lils sl
¥ el 4l O ool £ yalis ol asmas T,k dlga Sl 45,3
Ol el g ¢ oMl Bl5T oK1y cgutio Sl ¢ ol Comnsj 09,5 9
baharara@mshdiau.ac.ir. | slagie (oMl 3ljl oKiily cguio 3519 (69l (19S5 (63,8 (5e)gm Dlaing 38 y0 9 (wlid Cannsj 09,5 =Y

.Olﬂl ‘Ol)@ ‘@})‘?5 olKusly sy pols oSl « 89> pole 05; -y

WP iy &6 A/UTTICEL e & o6
o>

Ol N (53950 $3 Loyl ST Fl SO S Jgho Olgie 4 (SSCs ) (595 gilo ! 53Uk Sl Jghu 13U 9 Aigo
ool 9 92 ed 1 Ol T BT .38 (o0 35070 gl 9 B Joho o3l (it § Cadllsd 33 IS Ealy (EMF) sudobing 5501 (Sl
GB Joko 9 51l Rl i od AibSY (o0 S9a@ 9 TS| o sl BT §9 3 31 15 EMF 31 36 6la T C
P S Joku 3 diio S £939 51 9 C cpmoling 51 duglio 4 domi 38 .0518 wlul 485 BSSC plod g Lads> 58 I g
Al 4518 3 WSSC 53 EMF 51 o6 by counl g

25 BSSC (5360ud 0T Cudled . (S 3lolis LG 5 S g0 4w 3 (J95 i 9 S5 95l paul SI& ko 1) 59
Gl Lawgs § i T 515 385 g3 el 5 e 4 Vi o T/0 I § 5 48 0 Lpubolikng 3TN lius (2 %0 33 BSSC .
22 B Jobo 21 55801 5 (215 Gl (U1 (@b G D sled P339 iliske Slb Sdald 9 C il g dve
Yy

05 Ol I3 b oveT Cuwd 4 S (i oAb BSSC wud Sl pdi 9 215 Sol” (ol ) bl Salb EMF by 4l
WSSC 33 EMF tawgi 00 (S Ol i 39ag Eacl 1 £939 35571 9 C cpaobn g 039 31 .48 5w b SOD &35 sl 94 3luls”
399 C ool g b S (S gl (iR Sgugy O F1 (81518 Iy 939551 3929 (! b e

b 35 G cuwl Wilgi (0 4 310 OlE Wi Jlyd ole e Olgie 4 15 B 939551 it I by 48l 1S S e
W5 b EMF 5y 58 o588 5 518 31 s 1) WSSC

55T e mabliie s S (o Olton c355 8 ¢ 55 135 5o ol (3L sl I 2 SMS™ (S 0319

.

doudo
o SES Sl ShAS Ll e s Sl pdb 50 03Ul 5§35 585 T kg o sla o

Olts Sladlas (s dS gls ans (b .(8)355 O puims e S5 S S S SIS g 1033
EMF 5,2 53 e GV b o5 5 51545 Wil esls o3litl il o585 (SS bl el o3 S 5 esluly
wils Jio W5 e (0 e DIl S bl sl gla Ol W5 s oKaws opl

P Y R PER G PW-I(} JRE? Clial b 0T o me 53 53,5 415 &5 ol (EMF)



sl sSt g s a Jgw b Jshe (YO) !
Wﬁﬁlwew&.\ﬁ,ékw@.&a
G Jobo S o ) conlie Jasme sl s
Osr oo b (S mle 5 i)y Calidee Jolse (S 55
sl Johe 1 Grie Suias LS
(SCP)gsls sl Jsb 556 (GDNF)JLE
Ay 556 (BMPAF O gl &35 58550 552
5 (EGF)JUsy) s, 556 «(FGF2)Y ot s b
S5 Sl s S 3 (FPILST 0 e 5 0 b
5 ST i (ke s OOl G b )
L by (bl 5 SIS sla s 355 0 STk
W SSC L Lyl 53 S US55 il
e op (Y9)das (o 5l 3 30 o 1) 5355
wsd8 ans 53 53 S o Jml s S
T sl UKy Sose 4 S edd uiS
Sk 0303 DLl a1 28755 5 Sl (BV) he
ols adie (238 Jlo dix b 3 (Y¥)s)ls 1B
NOF ol dsbe ol la J5SS5s pl 487 Sl
gl (s Sl 5 b Jshe Calis ¢l
S ikt sla olge sl b IS5 0l 5 5,8
da mMRNA e 8 gl ol glay oSH dhox
s S Sl gy Jlad slad 5 s microRNA
5 SNidnr T Sl ol Wi
oo sl IS 0N K B3 55850
il oy BY 531 0T le olul 2 015 (o 1 sk
¢ (m 150 30 b paisST S s
S5 5 T plesr! 5 (nm 1000 -100)aJ 55555 S
—d g (55l s p 3555 1 0o 5 4,.(1#)(nm 1000<)
s slie Jgho p 8 ol OLS 551 o sl
25 e Gl gla Ol ply s py5s38T s
Wby A iliee (655G 5 (K5 b e T

LOT I (godaze Sbd s, Gl Oly s

EMF (% % 55 SB SSC » Comlag 9 poie sl amlis 72 _

Sl gl Syl 5 Sledals (Olgdl (ol
Sial @ e A5 o Jalse a5 Sl ol
Olados wls (F)o58 (H5b0 5 gz o Jshe
2320 Sy EMF 68555 D131 5550 5> Caliies
I n slo elSe L g o Bkes s 5 505
WelS” o 555 7 ol EMF & Jsho ely Loz
Sbe gls by sl S (YOl s o555
i sl 4,5 Wy EMF Calisee gla 05 5 &
Ll ST gl sl b s (ROS)5ST!
55 Lot ROS W5 21531 &7 ols 0l Slalllas
b s claded dile gl 6l ST T
@l posdle 00Dl ik ¢SS 5 ladnl
ROS s> I i g oS ol ol jadin o
5L 050k ok (b a5 2 53 Dl kS sl Zs
P s T ST (ST sl S
Sl O O er e el (10558
5 sl o G b 55 ga boliin s ST
(st SIS SIS (BT 265 (ola ot 55 I
wils 013 0 6595k 4o 53 5 55l sl AT 5 s
Sl (2 55 ook T 3 S 555 ke ] (YO) L
S (panad sl s gl OT Cr e 4 oS
(SSCS) 5.5 5l ol g3k sla Sl s 5 2S5
AL 8 (o M5 550 el 5 1 S $la ol e
Shs b AL esly gl Jske Olge o s SSC
Jsb )3 plhe 55 5k sl J gme el 53 (215503 5
o) (KSdsm sle Sl 5 dmes Ols e (S
Sl b g olesd 3lss 31 Cov Lly o bad b
plS s el om o8 el (YF)s,S 1
305 Ols e 6ok Lim 5 (g3b Caenl LSSC
b oo sy Lo g5 555k ol dob 53 e SSC s
L;Lmdjl,u}usscj'ufzﬁdmla:@@;
okd S J g gl dhe o e 4 Sl g



-

— M5 02 OO aneS Dlsuae Gb s s o)
dgde oty ol ST oKl S G sla
(IR.JAU.MSHD.REC.1398.088)L5 ¢!

S Floywl Sl Joho cis” 9 Silulor

Seslizal b 58 sl el glo Jghe (g5lulitr
S DA bl a0 5T s )
Sl g ady Sl jsb 4.l 8 S0
e B L
Syge 4y Blol s, Jla s DNasedV L35S
— 5 gad s A 0313 5 oS ST Dolabas 4 SIS
0 5 37° C LSSl S 5o akds 10 Soe 4
L5114 gad 4 o 5 9 L 0305 55 CO2 Aoy
b I s O gl g ccmlio Ol j S 51y i
£33 i pa 53 5 5 gy Sl 4 55 5331 Y 00 sy
230 an Lama )3 sdome (Joh Ty (oo 5T oan
S sk O gl v g i § gy 5l 5 405
Lo 53 2S5 or D) po 4y N5 e 5 S5 Sl
o315 CiS FBS o ys V+ (g 5l> DMEM-F12 cis”
YLl

£93951 S (A 9 Siluloe

Sl ko 51 Gitn (gla 0935587 51 adlllan ol s
WH&es 5 Sl g A5 adllas j5 & J 5
N Ls oslizal g olis S oluls 5 (gjlulis
el o538 1 ilulde Hshie 4 oS S s
Scarpino S5 5 51 eslizal b J 5w sl Jole
S sl g ad ok 4 LAl A Sl
S Sl oded g (gla Kb 4y gau 5T s 1 Jool
w I3 b Js Ol SOl Gl s s LS
L 51 55ks le e 5 oo &SN S
b 53 J5m sle dsho ol oo Ll Ol
s w-,,-?l gl Al Sgr DMEM-F12 s
S Sl dsm sl Jshlo S8 Lasee L 030>

A4 30l € oslod I W 0 ol osled (SH9il> (95 9 Sl 1 ARg R ol dolidad

—0315 QLS (gadaze Oolalllae pi - (V)5 S el
gls b Al OS5 ST (ST Conls &
Sl Ll s Sl LISy sIAlST el
T s la s (P ) a5 1, EMF s
Slp by b Sl |5t g Sl SIS
Sl Jaly pae SIS ol p 52 O la 3L aan
SoySul -LIC by S s 2l s 15T
A 53 e OS] (BT &S 0l e 4 (Vit C) (!
5 Splie ST 3 51 (Gl )3 5 555 o w35
Ao dhe Sl aS o il 6 550 A8 Sl
(YOLS o Sl Calibes 55luS|T Sledo
A5 5 0lebsl (1 A abeT Ll 5 53 C by
53,5 Jlb 5 5 52T 5lo S g ROS ol
BLol S s b 4 55T A8 sl S
G b IC el g (2 Calibes Solalllas (FF)5 550 e
~ ST sl w37 Sl s pg 5 ROS i b
3B sk b T 51 6,8 sl 55 GlST|
03,5 S5 1y s pisle el 0T 3 )5 Sladinds
lapsis S5 S5 o doho 25 4 4 5 LA
ol 31 (o S 5 dauly Jule oS 0lsis 4
S 3558 s Sl amlin 5 g anlllas
2 ST ST I sla b Sl eks G2
O 51 5L o T 5 C uluy O
SSC sl Jske ;3 EMF 5,8 0+ ubline s Sl
e

b w9y 9390

OBl gu

2 (o555 #¥INMRI 5l5 5 L6 s e
DS 63208 S laies S e Gl
— ol e Cela VY Ikl Ll 5 s o) gl
5T a sl wjiws 5 22 £2°C glos &S0

05 okl 3y50 gla Gy, adS LU G 1e



Hg/Ml40 agy CBAE Ll 5 5,800 zlsal (5 ,me
Tlsel some 390psisS) 05,8 5 (FEXC s
23 -(pjﬁjf‘ Calizes la SLLE b Hles 5 5 s 0
4 (el ) 550z gol 0535 LY mg s 03,5 40
S sab Ll i 53 65K Cer Celb FA S
38 Syge sy GlaT e 5 edile
(MY

MTT 95k b Joho (b (g

oslizal b 555 5l ol (g3Ls sla sk gl
Olds 4o 20 ;3 W SSC luwl s s MTT g, 5
Sl hlE by w8 815 e 0 ebline S
Gl o 0 85 a5 ¥ (V0 )psss 81 ke
5348 yshilen (o (s 2 085 Se ¥40C ol s 5
S S Hled g 0 0305 -0 bl cr
e bl b e sl GElT epss 0L
Sode s 5 L1 s J gl 28 Lame 4 MTT J sl
o b dske (g5 Lamms e Lk 4SSl sl ¥
0F+ 53 65 b s wlsl s Jle 4 DMSO
(VA ol 5 e 9205 Sl 5l oslizal b 2o g3

ST L OgasT

SEMF 56 Cov b SSC S48 S5 Uiy
SHS A 5 kB p b LS 2 555 50 bl
s S by SE bl gl
Image J 51530 p 5 5(cnl5 ¢ 555 ¢ sl o S

()38 513 s 3050
DAPI (5 Gty (&3m0l &Sy

ST 0555 51 s ten (550 35 g0 2500 skaie

ol 53 1%V +# w4 SSC .aé e3lizel DAPI
O e a b Jsho Hlas I ey s 03ls CiST wl>
Vo Sde 4 DAPT K5, L 5 Las ol Jgilia b aiss

Slwds Colg 3 Ldd (gl di?) 428>

EMF _p s 35 S SSC 5 Cigmoling 9 9395 1 dwlia 74 _

S 5 oy A JIVe 300 53 oS5 s e
FA JYF Sde 4 oo A O (s S CuS
s o3ls L2 o A iST Lase 3 Zela
5 6ol per S bow ) Jse e
gk gla o b Sk Bl b Lap s S
Sy alg 55 5 L35 il Lalls (100000
A5 J=PBS ;5 5555

6laud WIT Cudled b 3!

@b Jsle oluls ¢l bl SJSIT Clle
4 SSC la G5 s plonil JL S e el (ool
(318 o a3 F) 1F A5l b )3 4ids 10 Sk
s ot Jglomn bl 93 e 5 LS 0205 )3
Olind 2 (gl s g s J sk 4 5 (PH = AA) 50
Yo Sode g i Lol duo oo /08 g g <SSy 0/ )
(plowl o s 435Sl 518 Sl am s PV 3 i
s Sen 55 3 g i e ST L L 55 s e
(YL odtalive w Saa

b3l (A1

L pmeblinns SSU Ol S5 st
3 ) rebline s 2SI W g s 51 (EMF),S
2N el G Dl S e 53 0kl sl
030l (1,75l 575 Jamn 5 dgen oDl 33T ol
Ol 56 Cows JB S sle ol sl Jshe (P
YO s 5 (H2) 5,2 00 uilS 3 L pwsbline s 2SI
Y Sl as Gy 2 50 55950 Sl 4 (MTMS s
dale sl os 8 53 la Jghu s A 0305 5l 5 sl
Wals 05,8 =V 188 S5 s p 30p0 25 2 s
05,5 Y (Glag L6 5 Jsbo S acb Ll )
SNEMF o5 $-¥¢ i gals oans a&islojT dals
Wl o3 8 —F (Glad 3k 58 00 £lal o
Lol 5 5,80 zlsal (5 me 53)PBS aB2L5T
33C el 505 8 -0 c(()j);\dﬁb-db;chBS



DI = SRS 17 s )l i 300 55939 s e i

ot ol gl 055581 5C el 5 (slasles EMF
Obs el SSC sla Jskor 555 » 55 sl J sk
L 5 4 5LulS (6555 6T 5 SOD Oluws| =T 0
A sbisl s, Real Time -PCR g,

(s 8

Ssp ol sh G Sy Ko b g (S5 585 50

Real-Time PCR twgi 5 Oby O gudd (s 9
Tl )2 SN b0 sl ST slesl s
ool 2 CDNA i s RNA £ gl il 005 Ol

AU o S ol g ok ST ST

Real Time —PCR 3J6T 55 oolainl 3350 S goul y Jgi-) Sz

Gene Forward 5’ 3’ Reverse 5’ 3’
SOD TGGTCAGACCCGCTTATGTGTCAG ACCACAGAGCAGGGATTCAAGTACC
Caspase9 GAAGAACGACCTGACTGCCAAG GAGAGAGGATGACCACCACAAAG
B-actin GGCACCACACCTTCTACAATG GGGGTGTTGAAGGTCTCAAAC

4 S5 Sl ol b Jshe (2SI 5, ¥
Al S8 ) s jesie SIS Oyse
bl T o555 4 5 s ot 5l JIIT b

) ol s gy s BB sl sk Lol R o
S 3blind S ISIT YL b odins OLis b S 5
Sl G ol g3l gla ok sls 055

23y o oled 4 ol ke gla Sl

Sobl ks

Ose1 Prism 50 05 Loy LT JLT
b o3l (6 awslan, sl 4 Tukey cws s ANOVA
w5 s s ganP <o/ 0 mhaw 543 8 S50
A

oW

36ud T Cullad

(S Sl o3l lo Jshe S 51
a8 L 03 28 oSN pela 3 s e

T Sl (395 F-1) L6 (Sla Lbgo 4 3l oad !l Feiel SSC (Gl Joko Sl 09508 e 3 gl 1 II-1 TS

By el Cude (5561



ARalST wali)aals gl S gl awlis
AT i) xS 05 8 L il oSas
—05,5 cpl 3 ol ol (s odalie (EMF o S LPBS
A b o o s 05T le 5 dals ola

S OgasT

A3 Gy BSSC 15 S4iS Uy Jrags opl oo
035351 5obss sl 05,8 S3EMF b jms s 5 5
ol 5238 15 anlie s oy 23,50 C el s 5
Sl 53 4l gme S EeLEMF sls 0L )
Orelag 039530 5 P<e /o) 558 ol SIS L
S 5 3a 3 gy Lol S Lo 4y 0955815 C
il opl 48 LS EMF 05 8 L awlin j3 s S8
Sl (ug/ml\“)p)‘,fl 05,8 3l S8 sluw
C (40pg/ml) ool s 035 & Coms (5 5 daDe 5
938 55 G5 ks sl Sl s (Y Lls ged) il
Sl 55 P</oY 58 5 ety (oles 03 8

03035555 5 erly s Soled 05,8 i 03 (S50 o

120

100

80

60

40

Cell Viability [%]

20

EMF o 30 a SSC 5 Comitg s paigiriantis 7+ [

B Jobo (b
Oerls A sy O sl 5 o) ) el
2 s SSC Ly S 5l Gt sl 33381 5 C
o Seslemal bl b ol (ol 5 EMF 5 pne
3 3ls QU.J\»@\:J A gy sl ToLL s MTT
25 4EMF 05 £ 55 1aSSC b5 J 257 L anylie
gl &8 P<v /o)l wsl falS gy L6
pg/mly s cble 5 C ulyy ag cble ;5 s
23Sl P /o) P< /00 mla 55 05555
Q.llpjb'f\)‘\ug/mlﬁj\“ Gl cble 38 Jl
5 4 Orr e (V) Hls sxe el
O EMF 05,5 L awslis 55 b SSC & g,bT o
Clls o b Jole ol (gl 5 5l (fne SRl 3l odins
o 3 £35S pg/mlvs Chle 5 C by s age
apg/ml Y cble js il plaS Gl P<+/00
W 5l3 gaa P/ Y b 5 (g daSe LG ) 5b
RO RS-V W B JUCH SR I (P

23 6 G DB i ea A esli anjllos

9 (ug/mlg+) C ymbiyg due Sdalé b sk 9 EMF o o 50 (538 5 51,8 51 s SSC (sl Jokw (obiws ) (owy g =1 51805
ng/mlye. ¥ 1) Jo5 g S Jobo 3l ocd Giio 939551 Lalio (Sl cdalé

dals g S b awslin 3 1y (g lsline 5Dl (TP<e/e, ™ P<i/0,

sk

P<t/+ )P jltie .ol ol osls (2l SD £ (Kl &) 5o 4 La o3l

a3 o QL EMEF 65 81 anglie 531 g )lsbine Codstt (FP<a/e, # P<o/in, ##P< /i) P e ey o 0l



T 7| Wb osld T Az 0 (gl osled (S353r (295 5 3l b9 (oole dolibesd

Colony Diameter (pm)

140

120

100

80

60

40

20

Control

11EN

EMF+VitC EMF+Ex020

160/0 -

140/0 -

Colony Number

(o))

o

S~

o
1

120/0 -
100/0 -
80/0 -
40/0 -
20/0 -

0/0 -

Control

S S g2 Sl S wy g (Aol S 09 T 58 B SSC 15 gl blgT dwlio g w9 T 510508

AAas a0 dals 03,8 U gl 45 1y (g lsline (3| (P<e/e, TP<

P lie el sz o3l 5l SD # (Kl &y 4 a3l

a3 0 QL EMEF o5 8 L aglie 531 g ylsline Ot (FP<o/00, # P<u/oy, #P<. /0 )P i

S g SIS (BT le 05 Ol e

53 (Cas 98 5LulS (555 5T 05 5 (SOD) 3 gams >
Lo 035351 5 C ey b sles 5 EMF 4 el
313 0l Lo gl 4 6,8 o3l Real-Time PCR
2 B8 NF S S5 Sl gl b s S
23 e L3l Rl 314 5LulS oW EMF (5 pne
s odaline J 1S 4 Cai SOD Ol 2alS o5 5 o
5C ol sl og S o3l 0 pl ol & Jb 5
A5 eS| (ST 05 0y 5 3L 5 g 095555

A s se)sl 5304 5Lwls

DAPI (5 e &S
sy 0las ¥ S8 s 33 DAPI (65T o5, =t
et 3 olh dakes aaks EMF 65 5 )5 s SSC arus &5
el ST § B ks DL &7 Sl L
wn 53 Oluss pl b Jlo 5l (6 2SSl Hles
o5 5 5C bty e 18 Ol oS Wsls Olis 3
3 6 slnST o el 5SS e 53 09555 )

AiLEMF
Real-Time PCR twgi 05 Ol

adl

HiH

EMF+Vit C EM F+Ex020



EMF (% % 55 SB SSC » Comlag 9 poig sl amlis 78 _

[Eh"]:F]' '-l.J...»

-
SRR C oy 0l

bk Cwio WG g EMF o 20 50 oy 5 51,8 31 w SSC 6&J51uw;a,«£emagWDAPl Sl &Ky -F
A Ol g 38 (Jo5 g 3 Bl S £93955 19 C poling



T | Wb d okl T alr 0 (gl sl (S35 (295 5 S3gl i b9 (oole dolibesd

SOD

N

S~

(93]
J

N
1

1/5 -

0,

Control EMF+EXO20 EMF+VitC

Relative Normalized Expression
[y
1

Caspase 9

Relative Normalized Expression

.

Control EMF EMF+EXO20 EMF+Vit C

-1 -

o slow (595 95l el (5L S gl 33 (Ca59) A 3bwsls” § (SOD) 36 gowa 3 a1 39 gus S O3 Il youis 3ly 9N~V 513905
Olae oo 30 85 515 31w (E-pg/ml) C coloy dug cdalé 9 (Yopg/ml) S 31 3ide b 939551 b
IR0 ubliteg Il



0 )EMF it 31 gl andllas 5 el o i, 5 Lo
S T 5 G5 bl o3k sla b (50
SIS aia g Cs I8 Gl e OT 51 BU 5510ST]
sl ()}};‘LZJL‘*:J N b el ol & s 5
03 L ol e LB rals S S Grie
el sl eyl EMF 55T 05 310 8os hass,
4 gL 0)hs Ol e fse o gla O 90,58 5
Alawlie s ooy pa pol- Shags 5o Olllas aniy
S5 sl d e 5l i sl 055551 5 C el
Oldes 5,20 53 3.8 515 s SSC sla g 53
BN S Y/ Sds 5 5 a0 ebline s S
EMF 5ls 0l (o) ol s s s S,V
@5 045 Uls 5 ol Lls gae el sl
DAPI iy gl glas opl o she 1355 oo Ls SSC
)33 5 el il g ates 55 Ol el Ol
Olsie 48 5Ll Ol 2131 s ol el b sk
ST 050k 228 e o2 5 ST el o
2B b5 F Jee b b SOD SlS|
a&gw\ROS@eJ,@}:d:i\p\,u\}:@yu
bSe b6 als o wsl b Jybe 43 EMF Loy
SIS ol 5 ol § 5 50 ) S0 55 SOD
5 ddn g 53 ISl 4 e (ol pde pl 1 (5L
L el ¢ i o8 155 55 5l el 5 Slos
g H3EMF i b sdas Ol cCalides Olalllas
33 5510 ozl bl 28 5 513T ls JISSs1,
Bl 2 5 Sl 4wl ST e o3
Koziorowska cls (sls 4l aylie (FY)Asl oo Jsho
o 53 B8 5 Wsls i S oL Kes
ol s e /0 Skh 5 5,8 00 S5 LEMF
ol 58 Slo gl sk 035 55 255 5 iy JralS
EMF (5 ,m0 55 pslde 03,5 15 das o 0L

—andllas (YY) s i 1y 55 55l ol L5y Sl Sae

EMF _p s 35 S SSC 5 Cgmoling 9 9395 dwlic 80 _

S5 domi 9 Som

@V s o S8 sl 3l sle sk

Skl 5 ook gl Jshe 5 i s (1) 85 5
oo Olsis & Tosglsml 02685 53 255 Sl
J:’-Z'r-“‘(\’)*“ﬁs“‘i’;#ﬁ Soaok b= Lol
wdy by la Jobe Olge 4 (5w gl b
Sty b 0T Lol aiby 8 Leh s als
o) Sl L SSC iy (gl sl a5 5 gl ¢ (S 50
osb 4 W SSC Hl 5 iS5 J S skt 4 b Jsbe
cn S skl ehs Gy sSb mi 5 b 5l 5 it
a5 53 (V)L LU, OTL o S 515 o ST
Lo 5,6 WSSC 5 J5 sl Jsbe DL
5 PSS Ll e dS S e sl aln ya 1) Clie
S ol b (63 Sas (5o p ol 4015 B SSC i 5
O ¢ ame Jolse 36 ot by pl S
s ol Llg e eablies S gla Ol
It 4 e 5 3,485 36 1 SSC pbs 5 ol
Dbl s (53555 e 53.(1)3 58 555k el 5
23 Calien gl udlS 3 (9305 gueblinn s U1 s
Sysm 55 Calibes Sladlas 5,05 350 5 Lo Ul bl Lo
4 a3l ol (5 s e 5> EMF 3G
(S S 585 jab a4 Ol e g el 4Bl of jan
(YD)3,8 b 1) (el 2SI Olks oo b i
S Wl esls OLiS (g )lediy gake Slalllan 3425 ul L
53 b ol o 5 el 51 S50 oo ) 5 oS
33 BE A 5 el bl s S Dl
sle dobe 5 b SSC e 5, 4 EMF 5 ne
— AU Figle sl Ny p eSS 3 5 S
e Sl 3y se 53 Caltbes Slalllas s L(FY)s 108
b Jsbo olan (pilinST o gl b, EMF
ol Lo SIS ses DIk 5 T

S sla Eags s 6‘4{‘-:“@‘5 a&:'g-r.a.(\’)c,.wl



-

St 03 W 035981 5 ise Sl edins DL Sy e
BB 51 Ylas| .asb o EMF 51 56 gls oo
C ol s Ot (ST 4 o b 955 871 alaSho
S5 ge Calies gl 48 5 p STHL sla, gSB 5 s
Sl o p g5 514 0T Sl ba o g5 STl 53
s plE mle iy G, S6 5 gl epy plsd
ol e, 9 s IncRNA (la mRNA (s miRNA
Sy P o e (M)A 55 glite ke
2 b OT I SL Gblyl 5 Jsm gl sl
G Jobe Koo (V)Cwl ods aeiie Lo
SVt Olays 53 fge iy &S Olss 4 (5
@ 53B e Jgbu ol 15 el ols atlid 55555l eul
4= s (V4)uzea b SSC & sl T =7
Loy ods ST Jsha T sl Jsss 3,8
3L A 2 p SIS ALY (o S5 e sla ke
o3 18 b b &S a8 Jlesl s SSC |,
b awlie 3 Sl OT 53 552 50 sla) 586 5 DS 5
adls ;5. 2wl C bl 5 0 sz OIS (2T S
@3k sl sk 51 Grie sl 033381 5,8 5
Ry St b iliben D8 ey 5 a5 ganil e
old slgiiny Calies sl (golew 5 OV Ol
OV M XAl
S A B0k Sl s st b g
S sl Lo Ol bl s bl 280 s1a Ol
(ol osde il ba OT i 5 (555 Sl el (3L
Grie sla £33 81 5 C el s ke S 51 b s
skzis EMF I Lol sl T 550 53 J 55 5l
o 5 S5 5 it sla 035 S tos 4 kS oo
—dsbe Jige sl 56 I (o s sazme sl S 0l 4
S Sidu 35 OIS Ghls Sl S5 m gla
o ool s b T ol 2 C el 4 Sl

40l oy S ) G sla pa3s 8T el

A4 30l € oslod I W 0 ol osled (SH9il> (95 9 Sl 1 ARg R ol dolidad

b lin 5 2SI Ol Sl 31 d e 4 Y+ VY Jlo 5 (!
S e esy 6oy p (Ga 0 )pslhe 5
5 Poke sl Sy Bl e S5 Sl
ol @l sty AT Ll s s sbacti
35108 o il g EeLEMF oS 305 L andllas
“dske 53 55T 5 ko 2 B 5 0T L 45
A IS Vs S8 Sl el e
Lis gl dde ol b LS 5 5 eslizal 51 S
S Cwl EMF a0 OIS0 4l 55 5550 el Ly
oS lsdal (6y5bL 0Ly ae Lo Ll
C by st S gl ol 5o (YY)
Sl Jsbe 53 I 5l Grie la paisS)
o2 EMF (20 53 05 8 )13 oy 55 50
SRl s ol s el s s S alie
L oawlis ;5 b SSC 15 S5 oUly 5 ol
5SOD 03 0k (I3l i o 51> OLEMF 65 8
lles e Sl a8 G5Luls 0f el
SROS 2l G b 5145 Gl 355581 5C s
s 6 IT 31 g andlas o .l S8 Ll 5 5 e
ROS Jsles ,» 55,8 EMF 50 31 a0 Ol ,uss 5 g
Ol 1y 5T 5 sk 4 B 5 S e U
o ls Ciles ags ol sla Bl oY) 515
dogy bl oS ol Jateine Calibes Oladlas 5
o5 G b 31 Wz SSC 2t Lames 13 C il
Lly o5l b bse gle 0 0 s ROS Wy
coplposde (YNAS oy i 1y ool sl J g 255
S T 56,8 o 61, C by bl 2
LT s Oleiads bug odd @l Jole
035 (M)l okd (3518 b ge 55 5 el
5 Blim 15l Sllae I by oo 35 5l
€l (AST e dub 1y ST STl s s

Sl sk 5l Gt sla 0355 811 C by g lin



EIESELE R o)

63,05 Side Olids S 0L
gia Aoty oSl ST oKl gl o ST
3 o 6 Sl dloano

1. Abumadighem, A., Solomon, R.,
Stepanovsky, A., Kapelushnik, J., Shi, Q.,
Meese, E. (2018). Development of
spermatogenesis in vitro in three-dimensional
culture from spermatogonial cells of busulfan-
treated immature mice. Int J Mol Sci, 19(12);
3804.

2.Azab, AE., Khalat, AM., Ebrahim, SA.
(2018). Electromagnetic fields and its harmful
effects on  the male  reproductive
electromagnetic fields and its harmful effects on
the male reproductive system. Biosci Bioeng, 4;
1-13.

3.Azizi, H., Hamidabadi, HG., Skutella, T.
(2018). Differential proliferation effects after
short-term cultivation of mouse spermatogonial
stem cells on different feeder layers. Cell J,
21;186-193.

4.Bahaodini, A., Owjfard, M., Tamadon, A.,
Jafari, SM. (2015). Low
electromagnetic fields long-term exposure
effects on testicular histology, sperm quality
and testosterone levels of male rats. Asian
Pacific J Reprod, 4;195-200.

5.Baharara, J., Amini, E., Salek-abdollahi, F.,
Nikdel, N., Asadi-Samani, M. (2015).
Protective effect of date palm pollen ( Phoenix
dactylifera ) on sperm parameters and sexual
hormones in male NMRI mice exposed to low
frequency electromagnetic field( 50 Hz ). J
HerbMed Pharmacol, 4; 75-80.

6.Baharara, J., Hosseini, N., Farzin, TR. (2016).
Extremely low frequency electromagnetic field
sensitizes cisplatin-resistant human ovarian

frequency

adenocarcinoma cells via P53 activation.
Cytotechnology, 68; 1403—1413.

7.David, S., Orwig, KE. (2020).
Spermatogonial stem cell culture in
oncofertility. Urol Clin North Am, 47; 227-244.

EMF _p s 35 S SSC 5 Cigmoling 9 9395 dwlia 82 _

S 03 5 ol 3 b Sl Sl oS olge
Wl ol ks ST slgiig Ol o 550k Sl 30
Lis Gua b SIS o ol G5 S
s Oliw yﬂ)b(jlh)jiaa\{gég\}| Sl

sl (S35 8 L1313 ame bl g S

&Ko
8.Ding, Z., Li, J., Li, F., Mephryar, MM., Wu,
S., Zhang, C. (2017). Vitamin C and vitamin E
protected B95-8 and Balb/c-3T3 cells from
apoptosis induced by intermittent SOHz ELF-
EMF radiation. Iran J Public Health, 46; 23-34.
9.Duan, Y., Wang, Z., Zhang, H., He, Y., Lu,
R., Zhang, R. (2013). The preventive effect of
lotus seedpod procyanidins on cognitive
impairment and oxidative damage induced by
extremely low frequency electromagnetic field
exposure. Food Funct, 4; 1252-1262.
10.Fathi, E., Farahzadi, R., Rahbarghazi, R.,
Kafil, HS., Yolmeh, R. (2017). Rat adipose-
derived mesenchymal stem cells aging
reduction by zinc sulfate under extremely low
frequency electromagnetic field exposure is
associated with increased telomerase reverse
transcriptase gene expression. Vet Res Forum
an Int Q J, 8; 89-96 .
11.Fereshteh, Z., Schmidt, SA., Al-Dossary,
AA., Accerbi, M., Arighi, C., Cowart, J. (2018).
Murine oviductosomes (OVS) microRNA
profiling during the estrous cycle: Delivery of
OVS-borne microRNAs to sperm where miR-
34c¢-5p localizes at the centrosome. Sci Rep, 8;
16094 .
12.Fu, C., Rojas, T., Chin, AC., Cheng, W.,
Bernstein, IA., Albacarys, LK. (2018). Multiple
aspects of male germ cell development and
interactions with Sertoli cells require inositol
hexakisphosphate kinase-1. Sci Rep, 8; 1-13.
13.Gassei, K., Orwig, KE. (2016).
Experimental methods to preserve male fertility
and treat male factor infertility. Fertil Steril,
105; 256-266.
14.Gorski, R., Kotwicka, M., Skibinska, I.,
Jendraszak, M., Wosinski, S. (2020). Effect of
low-frequency electric field screening on



-

motility of human sperm. Ann Agric Environ
Med, 27; 427-434.

15.Guney, M., Ozguner, F., Oral, B., Karahan,
N., Mungan, T. (2007). 900 MHz
radiofrequency-induced histopathologic
changes and oxidative stress in rat
endometrium: Protection by vitamins E and C.
Toxicol Ind Health, 23; 411-420.
16.Gurunathan, S., Kang, M., Jeyaraj, M.,
Qasim, M., Kim, J. (2019). Review of the
isolation, characterization, biological function,
and multifarious therapeutic approaches of
exosomes. Cells, 8; 307.

17.Huang, B., Lu, J., Ding, C., Zou, Q., Wang,
W., Li, H. (2018). Exosomes derived from
human adipose mesenchymal stem cells
improve ovary function of premature ovarian
insufficiency by targeting SMAD. Stem Cell
Res Ther, 9; 1-12.

18.Javeed, N., Mukhopadhyay, D. (2017).
Exosomes and their role in the micro-/macro-
environment: A comprehensive review. J
Biomed Res, 31; 386-394.

19.Kaur, G., Vadala, S., Dufour, JM. (2017). An
overview of a Sertoli cell transplantation model
to study testis morphogenesis and the role of the
Sertoli cells in immune privilege. Environ
Epigenetics, 3; 1-10 .

20.Kesari, KK., Agarwal, A., Henkel, R.
(2018). Radiations and male fertility. Reprod
Biol Endocrinol, 16; 118.

21.Koziorowska, A., Koziot, K., Gniady, S.,
Romerowicz-Misielak, M. (2018). An
electromagnetic field with a frequency of 50 Hz
and a magnetic induction of 2.5 mT affects
spermatogonia mouse cells(GC-1spg line). Prz
Elektrotechniczny, 94; 132—135.

22.Liu, C., Duan, W., Xu, S., Chen, C., He, M.,
Zhang, L. (2013). Exposure to 1800 MHz
radiofrequency  electromagnetic  radiation
induces oxidative DNA base damage in a mouse
spermatocyte-derived cell line. Toxicol Lett,
218;2-9.

23.Mancuso, F., Calvitti, M., Milardi, D.,
Grande, G., Falabella, G., Arato, 1. (2018).
Testosterone and FSH modulate Sertoli cell
extracellular secretion: Proteomic analysis. Mol
Cell Endocrinol, 476; 1-7.

A4 30l € oslod I W 0 ol osled (SH9il> (95 9 Sl 1 ARg R ol dolidad

24 Marjault, HB., Allemand, 1. (2016).
Consequences of irradiation on adult
spermatogenesis: Between infertility and
hereditary risk. Mutat Res - Rev Mutat Res,
770; 340-348.

25.Masaki, K., Sakai, M., Kuroki, S., Jo, JI.,
Hoshina, K., Fujimori, Y., Oka, K. (2018).
FGF2 has distinct molecular functions from
gdnf in the mouse germline niche. Stem Cell
Reports, 10; 1782—-1792.

26.Navid, S., Rastegar, T., Baazm, M.,
Alizadeh, R., Talebi, A., Gholami, K. (2017). In
vitro effects of melatonin on colonization of
neonate mouse spermatogonial stem cells. Syst
Biol Reprod Med, 63; 370-381.

27.Pandey, N., Giri, S. (2018). Melatonin
attenuates radiofrequency radiation(900 MHz)-
induced oxidative stress, DNA damage and cell
cycle arrest in germ cells of male Swiss albino
mice. Toxicol Ind Health, 34; 315-327.
28.Salek, F., Baharara, J., Nejad
Shahrokhabadi, K., Amini, E. (2015). The
guardians of germ cells; the role of Sertoli-
derived exosomes on electromagnetic field-
induced oxidative stress in  mouse
spermatogonial stem cells in vitro. Int J Radiat
Biol Under review.

29.Saygin, M., Ozmen, O., Erol, O., Ellidag,
HY., llhan, 1., Aslankoc, R. (2018). The impact
of electromagnetic radiation(2.45 GHz, Wi-Fi)
on the female reproductive system: The role of
vitamin C. Toxicol Ind Health, 34; 620-630.
30.Sharma, G., Sisodia, R., Meghnani, E.
(2015). Radiation induced testicular injury and
its amelioration by prunus domestica in Swiss
albino mice. Iran J Radiat Res, 13; 45-54.
31.Solek, P., Majchrowicz, L., Bloniarz, D.,
Krotoszynska, E., Koziorowski, M. (2017).
Pulsed or continuous electromagnetic field
induce p53/p21-mediated apoptotic signaling
pathway in mouse spermatogenic cells in vitro
and thus may affect male fertility. Toxicology,
382; 84-92.

32.Solek, P., Majchrowicz, L., Koziorowski, M.
(2018). Aloe arborescens juice prevents EMF-
induced oxidative stress and thus protects from
pathophysiology in the male reproductive
system in vitro. Environ Res, 166; 141-149.



33.Sun, L., Li, D., Song, K., Wei, J., Yao, S., Li,
Z. (2017). Exosomes derived from human
umbilical cord mesenchymal stem cells protect
against cisplatin-induced ovarian granulosa cell
stress and apoptosis in vitro. Sci Rep, 7; 1-13.
34.Wang, J., Cao, H., Xue, X., Fan, C., Fang,
F., Zhou, J. (2014). Effect of vitamin C on
growth of caprine spermatogonial stem cells
invitro. Theriogenology, 81; 545-555.
35.Yahyazadeh, A., Deniz, OG., Kaplan, AA.,
Altun, G., Yurt, KK., Davis, D. (2018). The
genomic effects of cell phone exposure on the
reproductive system. Environ Res, 167; 684—
693.

36.Yang, C., Yao, C., Tian, R., Zhu, Z., Zhao,
L., Li, P. (2019). miR-202-3p Regulates sertoli
cell proliferation, synthesis function, and

EMF gy 55 G SSC 5 Comlizg 9 95951 . 84 _

apoptosis by targeting LRP6 and cyclin D1 of
Whnt/B-catenin signaling. Mol Ther - Nucleic
Acids, 14; 1-19 .

37.Yin, K., Wang, S., Zhao, RC. (2019).
Exosomes from mesenchymal stem/stromal
cells: A new therapeutic paradigm. Biomark
Res, 7; 1-8.

38.Zhang, W., Yang, C., Guo, W., Guo, X., Liu,
C. (2018). Protective effect of bone marrow
mesenchymal stem cells-derived exosomes
against testicular ischemia-reperfusion injury in
rats. J South Med Univ, 38; 910-916.
39.Zhang, XF., Choi, YJ., Han, JW., Kim, E.,
Park, JH., Gurunathan, S. (2015). Differential
nanoreprotoxicity of silver nanoparticles in
male somatic cells and spermatogonial stem
cells. Int J Nanomedicine, 10; 1335-1357..




Comparison of the Effect of Exosomes Derived from Sertoli Cells with
Vitamin C on Damage Induced by Electromagnetic Field (50 Hz) in

Spermatogonial Stem Cells

F. Salek !, J. Baharara? Kh. Nejad Shahrokhabadi!, E.Amini®

1. Department of Biology, Mashhad Branch, Islamic Azad University, Mashhad, Iran.

2. Department of Biology & Research Center for Animal Development Applied Biology, Mashhad Branch, Islamic
Azad University, Mashhad, Iran. baharara@mshdiau.ac.ir

3. Department of Animal Biology, Faculty of Biological Sciences, Kharazmi University, Tehran, Iran.

Received:2020.13.9 Accepted: 2020.22.9

Abstract

Inroduction & Objective: Spermatogonial stem cells (SSCs) as adult stem cells are crucial for
spermatogenesis. Electromagnetic fields (EMF) leads to biological activity disruption of these cells
and spermatogenesis. Antioxidants like vitamin C can reduce the damage caused by EMF through
oxidative stress reduction. Recent studies also reported the key role of Sertoli cell paracrine
signaling in regulating the maintenance and differentiation of SSCs. Thus, we examined and
compared the effect of vitamin C and exosomes derived from Sertoli cells on damage induced by
EMF in SSCs.

Materials and Methods: SSCs and Sertoli cells were isolated from the testes of immature male
mice. The alkaline phosphatase activity of SSCs was investigated. SSCs were exposed to 50 Hz
EMF intensity of 2.5 mT for one hour/five days and were treated with the optimal concentration of
vitamin C and various concentrations of exosome. Then the rate of viability, colonization capacity,
and apoptosis of these cells were examined.

Results:Our results showed the destructive effect of EMF by reducing viability, colonization rate
and alteration of SSCs nuclei. Also, these results were confirmed by increasing expression level of
Caspase 9 as apoptotic gene and down-regulation of SOD as antioxidant gene. The addition of
vitamin C and exosomes improved the alterations induced by EMF in SSCs; however exosomes
had more ameliorative effect in comparison with vitamin C on these alterations.

Conclusion: These findings demonstrated the capacity and effectiveness of exosomes as a new
therapeutic agent that can restore SSCs microenvironment damaged caused by EMF exposure.
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