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The effects of electromagnetic fields on alpha-fetoprotein expression
in the amniotic fluid of mouse embryo
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Abstract. Amniotic fluid (AF) is essential for fetal development and maturation during pregnancy. The levels of
proteins in AF have been determined in many studies to screen for potential biomarkers of pregnancy-associated
abnormalities. Alpha-fetoprotein (AFP) isamajor AF and plasma protein produced by the yolk sac and the liver during
the fetal period. APF serum concentrations are commonly used for screening of many syndromes. Electromagnetic
fields (EMFs) were reported to change gene expression in the embryo and in adults. The aim of this research was to
assess the effects of 50hertz/Imillitesla EMFs on AFP expression in the AF in the mouse embryo. AF samples were
obtained from pregnant mice in gestational days 16 and 18. AFP relative expression was studied by western blotting.
The results of this study showed that AFP relative expression increases in the EMF-treated AF as compared with either
SHAM or control groups. It is concluded that EMF increases the AFP relative expression in the AF. It is also suggested
that EMF may change the AFP expression in the AF by altering the expression of genes, including AFP, and/or by
affecting the permeability of blood barriers.

Keywords: biological effects, embryonic development, magnetic field, protein expression, Western blot

Received 10.06.2019/ Revised 20.02.2020/ Accepted 29.02.2020/ Published 01.07.2020 AAASIEA /ARWREEIAL CVVAR FARAP VR TUAL SVVAR FRR TP WAL CVVES V) SR

169174


http://dx.doi.org/10.52547/nbr.7.2.169
https://dor.isc.ac/dor/20.1001.1.24236330.1399.7.2.8.2
https://ndea10.khu.ac.ir/nbr/article-1-3273-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-26 ]

[ DOR: 20.1001.1.24236330.1399.7.2.8.2 ]

[ DOI: 10.52547/nbr.7.2.169 ]

Esmeeilnezhad & Mashayekhi. The effects of electromeagnetic fields on alpha-fetoprotein expression .54, 508-lll s cwnblineg 55U glagfone 1. Solie g ok Lnan]

QT clale 6)1.3)1.3 Pgw ole BN aS el O Py O uJJBJJ
(Tomasi, 1977) s, o yd duo 1o 0,5 Lo ¥ iSTo> &
rlo g (0935095 slag el (mae Ayl i
W e GmlEl bl e 1y e slas,lual
MizgewsKi, ) ol asis Sigial wle j0 iy pgd
abl) GeSgned-Wl oy 5 Jeke iS5 (2002
eiSgped-lWl 1M «(He & Keel, 1994) s s 045 o3
i Cg 4 sl ol aSLd joest (gl S ey 5
9 ol sladee mma lajges Gloyo p ool
0,5 oo I8 ool oje0 suS sl sl sl eFo
sooxie Jloel (59 -l (Morimoto et a., 1988)
ol slsle calls 4 x5 b lass b 3b p waas 0 plxl
oy ol dexil s Slixl Jll o ‘Q—:-“?—:-ﬂ L
S Sl plareay g o)ls i oKiw Sl3lE 5 laasg il
0,98 (b 45w Lowdly (Lol 5 pe 9 p 99 el g
odls oald uL""‘ Nigl oo o8l Gcb'd—dl‘..;.a éch 59 u.a9$.;
3,00 yga 3o 50 sy (2555 090 (b (g bl o
Bble ;o (iigp (pl (ol (hge )0 (i VOB 35, 40 4
O9men bl o o594 (Caudal Regions) e oo
J& 0o ooy ol o o GilSsmn 5 SISl (usa¥liseen
BT RV TY) 3w QT cdale g o4l jeas wie ples
boy G20l oy Gresedl Clale o aad (Bl L plojen
O jgo & g ot L ol sl Syl il jae 5 S e
GAP- s (a3 5l e g pgtd-ll sasl bLs )| 55 usSiae
Ol oS dsd o0 e ladsb o Sl j9a> 5l (2643
6w Sl Sdoisis S les b Gen onl 9ao e
GaciaGacia el ) wS o Jos |y jre dd,y p» ppw Gmogad]
et (B Ng> jre cwiz pled 0y50 )0 hegh Gk )l
L))S)"“J‘ u‘):‘ )"‘)’ )é ools )x..o )l g)“‘i’ﬁj’ k)"‘ oS wl AW
(Bakker et dl., 2006) oS o liblxe

21y omabolieg 131 slaclas St oldlas 51 sk
ST cleal @ oazg Loy wleols las eady Slogge
Al owyp Girgi onl 5l B (055 By o g ngi
—J1 obe (o 00) M Lo Vbl iSI o
el g iz SSgaial mle (naigpoiid

L gy g9 dlge
S gn] o (sLrdiges dugd

dodfo

glsl oyme o Jilo 5555 dome po s0bs (e & bap Ll
Electromagnetic fields )  wobliegzSI slagloge
@ ol ol oy o sl gycnl 5 wils 13 (EMFS)
Gye & Park, ) coul oods Jows codle )0 pto alies S5
F ke 2 08 G L (prblinog 2SIl laglogs (2012
5 Pk mle GESS 05 Ol abeal Jske slas Shes
& L3 4 spiydshs anle Joho slid Sopdom ol
asin b ow, » (Destefanis et al., 2015) s,165 o ,sb
ooyl Gl BIL Wl oo (omblising Sl plage a5 el 03,5
Syl 50 Sl giunn SV slm) i ge gelannS]
slglos (Guney et al.,, 2007) o4s hge o>,
Jloel 32 g a3 (o0 S9& 8L p o5 (S B b (prblisieg 2SI
«eSsn o DNA ziw RNA - censis; abozl Jobo
5 pled 2SS dalgs See DU (g n gDl yind
Wi et a., 2016; Martens et ) s,138 oo 56 Jsbo j9b]
Sloee a5 Cwl oad ool las pimen (@, 2018
2 ¥ g P 0)9d (b oligS Sl punblineg Sl
Sydiss Axgx ek 09> e 0 Logeyee (Sp il
(Pawlak et al., 2018)

Slas 5 bl sle (Amniotic fluid (AF) Ssgael sbo
355 sl Sgel @le WS 0 1) Sigetal 08 o oo
Underwood et d., ) el 555,50 )0k b o sk 5 o
S Sgeiel wile e s (2005; Tong et d., 2009
Slr me Sl g Shx g G Sidnid 0 sk E9ose
Schrimmer & Moore, ) cul s (Sl slacdlye
s S0k 0gs b Sigiel mle aliesdsn oS 5 (2002
5 St Sl le (nl )3 39290 lagtisn 5 WS (o0
Shan & d., ) wS e oSate |y ole g iz )0 (Slglsly
OlaS 5 ol e iz a5 Sl ools lis b o, (2012
S0 DS 35 i Jelo rpe 4y el Sgitel mlo 1 09250
b by @loSbhsn SJbg jshiet Sl mle o
D8 smp 950 Slalllas 5l 5k 30 I3k (50 Slas lnial
(Tong et d., 2009) ol a8 5

=55 5505 (AlpharFetoprotein (AFP)) (.59 5 58l
Sl glloglss Voo JsSse (3 b anelacud 01) (ool
Slewdl ol iy ontign onl (Mizgjewski, 2001)
s 3 09,5 oS sk gy ol o 4 Canl i
S e QOIS oliws 5 eSS sl sl lawgs
rolelS e mend-lal (Hong et d., 1998) 54 o

170/ Y-


http://dx.doi.org/10.52547/nbr.7.2.169
https://dor.isc.ac/dor/20.1001.1.24236330.1399.7.2.8.2
https://ndea10.khu.ac.ir/nbr/article-1-3273-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-26 ]

[ DOR: 20.1001.1.24236330.1399.7.2.8.2 ]

[ DOI: 10.52547/nbr.7.2.169 ]

Nova Biologica Reperta 7(2): 169-176 (2020)

Sy (s o9y by Heigngted Wl e Gl
S g

S Yy (b9 el

90 ) Ssgaial wle sloguisg p Sl ¢ sy plol (sl
Sl ol o ST L-SDS ss o V- 5 Lwgs (UO/lane
ol ools Jsl wlislses (pakins sk lid g5y » g b
(Bio-Rad Laboratories Ltd. Hertfordshire, UK)
Yo oss oy [0 el dleclind Bl ey bles
bug 5 o S asye O Sas i o4 (Tween 20)
@46799) ige (ignyd WI- il JUslSsige goli s
oL sl 5 (1:1,000 :é,) (Abcam, Cambridge, UK)
(I IS lsisa) Ghse s Lol JUslS sise
(1:10,000 dilution) (Abcam plc, Cambridge, UK)
oSy b oads 45938 a5l ol BT b (g 9 0 e
w)uw (i )| salazul L: W )Lo.u LSQBSU)"

Chemiluminescence  Western blotting  detection
B edsline LB Immunoreactive sl .25g, System

.(Amersham Pharmacia Biotech, Piscataway, NJ)
ploxil polas 3T 5 eedbgigesl Sl b (s yogipmils 5T

P55y ,See 4 Jate JLuzms (jeo Sl eslal b pslad wl
(Pixel Cooled CCD Camera, Princeton Instruments)

ol polie g ol s pSojlasl g polas pJUT ol a3 5
Metaview V. s 5 ol J33le 5 5 eoliial b is5is
A bl 4.0

N ERY]

sylaibisl gl * (Sl Oige a4 ad 4@l mls
L osolel Judos g ases ool oo oo "(SEM) .5l
plsl (ANOVA) a8, G uilylg 5061 cyge;T 51 oolawl
L opolae Lud 0gd qwyyp Wog)S (o S U cul o
ol 00l ax8 3 lai s o e P<4/00

iy, ;0 Seigiel mbe o g pytd-Wl s oo

hgy fawg J5S 5 md ol gloeg S 0 VA 5V i
095 (o Ol () JSB) Cenl 0ad nd S () s
59 0 S g md Glerd) (gmnbliseg xSUl ploe coxs
VIAD s YNIYO £ Y-8 MINY £ YVY by 4V o>
i e WA i ey 0 5 () Jgoz o ¥ S VYA L
JSE) Casl YYIYO £ Y/AY o YYIEY £ YIOA 03/0- £ 0/90

OYAD)VFANYE ¥ o lad V ol o iy psle > g sloazily

Ol yly sl 51 BAIDIC ol alStslojl slajbge
oBisls by pele ouSiils wllsu> 3U1 jo0 5 0l (5,0 >
(gl lx Jobx o ,e) FoxFoxVe slal 4y oo yudd j0 5 (S
GBI sles 5yl 090 (b wad (6l e gile
& 59, Aled JSew 5 5,5 il a3 YO B YY oy Sllge>
500908 e SO U cel VY g glidgy celu VY g0
3 &ly sorte S840l Ghge egatte 13 090 oal (b
A gl ol

Solal g aesle 5 S Gl ise (S Cux
oals S8 uad S yo il Job jo el Ve i 4y g Sl
EO) iz Jsl 59, lser Jlajly SO ovslin wiud
OFB Blhe ool a8 5S4 gla by, den ol aid)F iy
b ol (Sl VAAS Lo il L IS

B 8 b adgdgm I (publisng xSl ploe Sl (sl
Balb/c jls)l (sge ¥+ ol soliiwl s Lo V So g 35,0
S EMF) Lo 095 aw 4 WV 5 10 (i 55, 55 )0
B0 hse V) Wad eewis (SHAM) i 4 (Control)
SNV 5 V0 iz g, 99 wliplail 0)90 4 a2 b (og)S
Ot lp clie e gl oad ady Sasetel mle
Jle jo el 0 ue a4 les 09,8 ol bl cul
Oles By 50 Oluddhs V555 00) oy, Sdgilgw
e Jyere (S5 e 3 0 0ol 1 puoliies 1|
g 35, e B0 boliws lawg colaiwl 0,90 (uils 8
0 T sl o paal Vo B8 s 3 by ] o,z s
Sad 4 Ay Loliws pl 51 Jols cwgblseg oSUI las
ool e St oo A B ) ey olfiss 5 alols o ol
59 oad plil ragh (wlely crizes (Salzinger, 1994)
$logs oo Moo ) puabolisog 1S e 3l 350
oz 585 J 5o e WS5yS e Dabl s redlin
ey S Oldwe 5l Sl ol (Hemmati et al., 2014)
dHl cele 0 Cowe 4wl 09,8l okl Ll o440
Sgidsm S J7uS 09, 5wk ools H13 (Bl wdglgw
09,5 635,18 5l am el YT o)L slo yige s oals 1,8
VP s slajg) 5o amabliseg pSUl Glass (o yxe 3 Lo
9 WD g AT g IS b s st 5l s eyl VA
o el b pslesr borr Sl gl
ok slooaile 3L (s3luliz Cuz «Sgial wlo 5 slaex
Vo Soe dy gl e sladiges ool o 20 sloJsbo 5
ol F il az,0 F o sles ;o g VY- RPM o0 L 4ddo

SIS oS (il az 0 Ve 5508 50 e 5 0D S e

1711V


http://dx.doi.org/10.52547/nbr.7.2.169
https://dor.isc.ac/dor/20.1001.1.24236330.1399.7.2.8.2
https://ndea10.khu.ac.ir/nbr/article-1-3273-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-26 ]

[ DOR: 20.1001.1.24236330.1399.7.2.8.2 ]

[ DOI: 10.52547/nbr.7.2.169 ]

Esmeeilnezhad & Mashayekhi. The effects of electromeagnetic fields on alpha-fetoprotein expression .54, 508-lll s cwnblineg 55U glagfone 1. Solie g ok Lnan]

sols Lt (P < 0.0001) o 5 (P < 0.0001) S o5,
GRIBI A (i 59y 50 eBen pl e Oy Sl
P <) Urss os)8 bawglio o Jlasd 098 0 1) g)logime
Sl ks 4z S il o3l s (P < 0.0001) o 5 (0.0001
5 o 09,5 Geignged Wl (e Ol 50 )l
P=)0A (i 59,9 P=0.90) VP i 59, 50 S8

el 00 somlive (0.84

Day 16

Control FEMF

Dav 18

Control EMF

e coB 058 0 Sagiel mle 0 uSspyid
ol oaalie S 5 ol 09,5 b anslie )3 (cuebliieg S]]
0 Jgaz) (P <) o
T s gl 45 el ool i adllle ol b
S 0g S o s i Simiel mle )0 eiignstd
ORI U5 g o 09,5 b analie 1o (punblines 2SIl (o
395 5° et peid-ll s Lo s e Glid 1) gl e
boaslio )5 jlosd 095 55 1) il sme SRl VP (o

SHAM
AFFP
p tubulin
SHAM
AFP
F-tubulin

ont BY VA 5 (A) 18 iz lagsy 0 EMP) ceiblions oSl o cod Jige (uir Sfgie] mile 50 uip -l s ol VIS

A s g (6, N5,L S plyieas BOKD@) B-TUDUNN ¢ty ol . J 555 5 o Lo sloog S
Fig. 1. Relative expression of Alpha-fetoprotein in amniotic fluid in the mouse embryo under the electromagnetic field
(EMF) on embryonic days 16 (A) and 18 (B) between control, SHAM and EMF-treated groups. The expression of -
tubulin (50K Da) protein was determined as a control of protein loading.
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Fig. 2. Alpha-fetoprotein relative expression in amniotic fluid in the mouse embryo on embryonic day 16. The relative
expression of Alpha-fetoprotein in the embryonic day 16 showed a significant increase in the emf-treated group (under
the field) as compared with the control and SHAM groups (*= P <0.05).
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Fig. 3. Alpha-fetoprotein relative expression in amniotic fluid in the mouse embryo on embryonic day 18. The relative
expression of Alpha-fetoprotein in the embryonic day 18 showed a significant increase in the emf-treated group (under
the field) compared with the control and SHAM groups (*= P <0.05).

WA G859y 50 Uhge etz Seisetel gole j0 ey nad Wl e Lo SV Jgu
Table 1. Relative expression of Alpha-fetoprotein in amniotic fluid in the mouse embryo on embryonic days 16 and 18.

Average SD P value
EMF 21.13 3.72 EMF - Control 1.11x10%
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Control 23.25 3.92 SHAM - Control 0.84
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