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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.
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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).
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Table 1. Relative expression of Alpha-fetoprotein in amniotic fluid in the mouse embryo on embryonic days 16 and 18.

Average SD P value
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DNMT3A s CCL27 slayy; ahox 5l loys obe ,o Lials
097 el o lags cnl wgd oo plail Cumgise ladobs 5o
by o255 ¢ JUms JUEDT Sy5)50528 sloats]d pomdiilie
Lupke et a., ) aiis Lo Jobo jlingien 5 om0 4
;5 RANTES § MCP-1 Ll 1sS5eS 5o oLy .(2006
Mesghes N Glae oy 53 48513 Sl Glacemgise
Sl (Di Luzio et a.,, 2001) ol e ol
eSS lasme 40 CF0S (Lo (ialidl coge (amnblineg xSl
oezmen (Campbell-Bechler et al., 1998) o458 o
LM oo /) camsboliing i8Il lae a5 ol 00l jaseiee
ez 2555y Ghge o 5o CFOS I MRNA (L a8l
Yeof Jlo o ciagh (Shiet d., 2005) cul i sl
c2929)y lS 3 abolineg iSUI lase 45 sl 00,5 jateine

omabolising Sl sla o 45w oo yLas saxie Slalllas

slaws ymalS .ad)ls J.»Jl) A, Jb 0 ek Slogzge (59,
5 sloiste dlyf sladshe 53 59T I 5 Ko slasle
oudlie pupblibog 2SIl plage (2yme ;5 oanly slaJsbe
o plil Gllllae b (Saygin et al., 2011) col oo
el coge alpme e jd (canblineg S Glae
Ozguner €t ) sgi oo (555 gilo ol SL15 slo Jsbo Coxoz
Sl &5 cal w0 akie s, .@., 2002
I oo F oz (S5 g (RTAY (59, (omrbliieg xSl
oain 0dd plxil sla cwyn 3L (Gye & Park, 2012)
cogo s ooV canbliieg 5 o a5 el oud
s USP2 5 s PAMC2 L20RA (5= lagys ole (iljl

1731\ VY


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://system.khu.ac.ir/nbr/article-1-3273-en.html

[ Downloaded from system.khu.ac.ir on 2025-12-06 ]

[ DOR: 20.1001.1.24236330.1399.7.2.8.2 ]

[ DOI: 10.52547/nbr.7.2.169 ]

Esmeeilnezhad & Mashayekhi. The effects of electromagnetic fields on alpha-fetoprotein expression .54, 5u8-l (ls »  owablineg iU glajoe i Solie g ok Lo

Ol 50 i b (oeboliing i8Il lage 285 ais (oo
Szles o058 Jl 0 55,55 5o Dabl gredlin glags
;o (Hemmati et al., 2014) 5,035 o 56 oac slo ok
Ol )2 olosime Dlpss (unbliseg i8I o @ Gly
sl sk ,o P16INK4a 4 p21CIP1 cyclin D1 x4,
a5 bty ol sl oo saslive Sl mb
paie 29> 4 (Lange et dl., 2004) ol s Jsle
et ol b a9 0553 (e o o5 sl ons
P bl o gl bL3 o i So3slsily 5 Sodslen
s Sigeial mle 53 oeBn ol gl (S5 5 il

.(Darouich et a., 2015) w5’ »

G5 AT

wablieg iS o oS Sl 0als ools ylid Gudod ol o
gl o oeSgps-Wl glo Bl coge Masdee )
Jo a4 el (S pal 1l o5 090 00 e iz Sseal
2 i by e ngdlall eaiiSaS 5 le y0 e
Sl g b (g S93 s 0 g n (6230348
Wl e e ol 23Y o (S A sl Sl 00y
P 5 Ol Ole Olee iz 9 RNA mhaws o 0555 508

Do axlllas )«)Lo § e 8>

&l 35wl
oBiily sl pale ouSlidls cwlidicuns) 05,5 ;o aslas
S5l sollialesl (o) en 5l aliwgonay 0 plxil (IS
LS oBils 5l 0gh oo (S8 eaSlidls ) SGY 5 2SS

Dydon St (o Colos

REFERENCES

Bakker, J., De Mees, C., Douhard, Q., Balthazart, J.,
Gabant, P., Szpirer, J. & Szpirer, C. 2006. Alpha
fetoprotein protects the developing female mouse brain
from masculinization and defeminization by estrogens.
Nat. Neurosci. 9: 220-226.

Bortkiewicz, A. 2001. A study on the biological effects of
exposure mobile-phone frequency EMF. Med. Pr. 52:
101-106.

Campbell-Beachler, M., Ishida-Jones, T., Haggren, W. &
Phillips, J.L. 1998. Effect of 60 Hz magnetic fidd
exposure on c-fos expresson in simulated PC12 cdls.
Moal. Cdl Biochem. 189: 107-111.

Darouich, A.A., Liehr, T., Weise, A., Schlembach, D.,
SchleuRner, E., Kiehntopf, M. & Schreyer, 1. 2015.
Alphafetoprotein and its value for predicting pregnancy
outcomes - are-evaluation. J. Prenat. Med. 9: 18-23.

slagsys ;o Map2 o5 ple Gl czge 5 K5 VA
2 kyh @b (Zhao et al., 2006) sgi o olyo Lige
b omblinng 2SIl o a5 ol oads sanlie Yoo A Jlo
e sy o o (Fr ey » alie (W8
ooy ol o GRIFl cge Glae (nl )18 oo Sl (olre
S9se EQr-1 Lo jo (2alS g (izeen 5 PlD s Mbp
00,5 Latuine Yo+ Jlo ,o o o, (Zhang et d., 2008)
cge s boo £ Dol b cenbliieg 2SI o 45 Cand
5 h70 sl ol (2al5 5 baX 5 P53 slagy ol 13
(Tenuzzo et a., 2009) 545 . bcl-2

orbliseg S slaplage a5 Cunl 0357 (asive by o)
ol il az 0 Y 5l o Ul e <l sles oy oo
S S0 )3 pI i il corge 45 iy Sl
in vitro oldlas (Stam, 2010) s4i 0 S0 95
) Sl (oabliseg 2SI slaploage a5 Canl 03,5 atine
cxge g WS e Sbml S-S e il e
peelS G5 5 el e Slogg Jbs Jal s Pz
(Bortkiewicz, 2001) o5 oo Joko slic Lawgs

orbliing 5T las a8 el ool Lz IN VIVO axdllas
2 D70 jigegy @slodld L) shacs 0F Ole Wi
Rodriguez-De la ) aas s [ige yu,liz slaazale
UalS Cge cmabliaeg xSUI o (Fuente et al., 2012
MRNA (L 5 35500 Serdgbnd 5 JyiedS olowdly ol
oS 0 1, (DGAT2) Y el 5 Jewl JgpuelS Joliss (35
5 ey o5 ole (Hori et al., 2012) sas o ials
oes e Sl INER37T sl Jobe
Mher ol S L awlis o punblieg xS
Olose &5 Sl sals asin (Heredia-Rojas et al., 2010)
Al b JoSse Skt Sl Coge rbiliieg oS
b pe Sl (S o5 098 o0 (i (omas ool slasle
Johoslimgion oaiiSmlais (cumgig) I m Slapacilo L
g omabliong xSl o (Ma et al., 2014) sl
£ i 0SS 0 C-Fos 3 B -Catenin Lo alaw zals
Slass 3 i 92 GAPDH (ly o5 Jlo s 55500
(Lahijani et a., 2011)

2 555 Jl o e ¢ eblineg 2SI Glie ik
oSl ous slgii el oad ool ylas Sldlas 51 (g ke
;o 1, Dabl o relin ol Mus e ) cesblisng S loe
05 5% Ol e oo Gl i (sSS b )0 sre S5,55
S aS oo Wl ) pope A (rae gladshe Sy2les o

174\ V¥


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://system.khu.ac.ir/nbr/article-1-3273-en.html

[ Downloaded from system.khu.ac.ir on 2025-12-06 ]

[ 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)

Destefanis, M., Viano, M., Leo, C., Gervino, G., Ponzetto,

A. & Silvagno, F. 2015. Extremely low frequency

dectromagnetic  fields  affect  proliferation  and

mitochondrid activity of human cancer cdl lines Int. J

Radiat. Biol. 91: 964-972.

Luzio, S., Felaco, M., Barbacane, R.C., Frydas, S.,

Grilli, A., Castellani, M.L., Macri, M.A, Di

Gioacchino, M., Merlitti, D., De Lutiis, M.A., Masci,

S., Di Giulio, C., Cacchio, M. & Reale, M. 2001. Effects

of 50 Hz sinusoidal eectromagnetic fields on MCP-1 and

RANTES generated from activated human macrophages.

Int. J. Immunopathol. Pharmacol. 14: 169-172.

Garcia-Garcia, A.G., Polo-Hernandez, E., Tabernero, A.
& Medina, JM. 2015 Alphafetoprotein (AFP)
modulates the effect of serum abumin on brain
development by redtraining the neurotrophic effect of
oleic acid. Brain Res. 1624 45-58.

Guney, M., Ozguner, F., Oral, B., Karahan, N. &
Mungan, T. 2007. 900 MHz radiofrequency-induced
hisopathologic changes and oxidetive sress in rat
endometrium: protection by vitamins E and C. Toxical.
Ind. Hedlth. 23; 411-420.

Gye, M.C. & Park, C.J. 2012. Effect of eectromagnetic
fiddd exposure on the reproductive system. Clin. Exp.
Reprod. Med. 39: 1-9.

He, Y. & Keel, B.A. 1994. Biochemical characterization of
bovine dphafetoprotein and comparison with human
aphafetoprotein. Comp. Biochem. Physol. Biochem.
Mal. Bial. 108: 327-336.

Hemmati, M., Mashayekhi, F., Firouzi, F., Ashori, M. &
Mashayekhi, H. 2014. Effects of dectromagnetic fields
on redin and Dabl expression in the developing cerebra
cortex. Neurdl. Sci. 35: 1243-1247.

Heredia-Rojas, J.A., Rodriguez de la Fuente, A.O.,
Alcocer Gonzalez, J.M., Rodriguez-Flores, L.E.,
Rodriguez-Padilla, C., Santoyo-Stephano, M.A,
Castafieda-Garza, E. & Taméz-Guerra, R.S. 2010.
Effect of 60 Hz magnetic fields on the activation of hsp70
promoter in cultured INER-37 and RMA E7 célls. In
Vitro Cell Dev. Biol. Anim. 46: 758-763.

Hong, S.M., Yu, E., Ahn, H. & Kim, 0.J. 1998. Alpha-
fetoprotein producing rendl cell carcinoma: a case report.
J Korean Med. Sci. 13; 321-324.

Hori, T., Harakawa, S., Herbas, S.M., Ueta, Y.Y., Inoue,
N. & Suzuki, H. 2012. Effect of 50Hz electric field
in diacylglyceral acyltransferase mRNA expression level
and plasma concentration of triacylglycerol, free faty
acid, phospholipid and total cholesterol. Lipids Hedlth
Dis. 11: 68-73.

Lahijani, M.S., Farivar, S. & Khodaeian, M. 2011. Effects
of 50 Hz dectromagnetic fields on the histology,
apoptosis, and expression of c-Fos and B-catenin on the
livers of preincubated white Leghorn chicken embryos.
Electromagn. Biol. Med. 30: 158-169.

Lange, S., Viergutz, T. & Simko, M. 2004. Modificationsin
cdl cycle kinetics and in expresson of G1 phase
regulating proteinsin human amnictic cells after exposure
to eectromagnetic fields and ionizing radiation. Cell
Pralif. 37: 337-349.

Lupke, M., Frahm, J., Lantow, M. Maercker, C.
Remondini, D., Bersani, F. & Simkd, M. 2006. Gene
expresson andyss of ELFMF exposed human

Di

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

monocytes indicating the involvement of the dternative
activation pathway. Biochim. Biophys. Acta. 1763: 402-
412,

Ma, Q., Deng, P., Zhu, G,, Liu, C., Zhang, L., Zhou, Z.,
Luo, X,, Li, M., Zhong, M., Yu, Z., Chen, C. & Zhang,
Y. 2014. Extremdy low-frequency electromagnetic fields
affect transcript levels of neurond differentiation-related
genes in embryonic neura stem cells. PLoS One. 9:
€90041.

Martens, A.L., Reedijk, M., Smid, T., Huss, A,
Timmermans, D., Strak, M., Swart, W., Lenters, V.,
Kromhout, H., Verheij, R., Slottje, P. & Vermeulen,
R.C.H. 2018. Modded and perceived RFEMF, noise and
ar pollution and symptoms in a population cohort. Is
perception key in predicting symptoms? Sci. Totd
Environ. 639: 75-83.

Mizejewski, G.J. 2001. Alphafetoprotein structure and
function: redevance to isoforms ~ epitopes, and
conformationa variants. Exp. Biol. Med. 226: 377-408.

Mizejewski, G.J. 2002. Biological role of o-fetoprotein in
cancer: prospects for anticancer therapy. Expert Rev.
Anticancer Ther. 2: 709-735.

Morimoto, H., Tanigawa, N., Inoue, H., Muraoka, R.,
Hosokawa, Y. & Hattori, T. 1988. Alphafetoprotein-
producing rena cell carcinoma. Cancer 61: 84-88.

Ozguner, I.F., Dindar, H., Yagmurlu, A., Savas, C.,
Gokcora, ILH. & Yucesan, S. 2002. The effect of
dectromagnetic  fild on undescended tedtis after
orchiopexy. Int. Urol. Nephral. 33: 87-93.

Pawlak, K., Nieckarz, Z., Sechman, A., Wojtysiak, D.,
Bojarski, B. & Tombarkiewicz, B. 2018. Effect of a
1800MHz eectromagnetic  field emitted during
embryogenesis on chick development and hatchability.
Anat. Histol. Embryoal. 47: 222-230.

Rodriguez-De la Fuente, A.O., Alcocer-Gonzalez, J.M.,
Heredia-Rojas, JA, Rodriguez-Padilla, C.,
Rodriguez-Flores, L.E., Santoyo-Stephano, M.A,
Castafieda-Garza, E. & Taméz-Guerra, R.S. 2012.
Effect of 60 Hz electromagnetic fields on the activity of
hsp70 promoter: an in vivo study. Cell Bidl. Int. Rep. 19:
€00014.

Salzinger, k. 1994. Behaviord effects of eectromagnetic

fields in anima. Biologicd effects of Electric and
Meagnetic fidds New York Academic Press, 1% ed. pp:
315-319.

Saygin, M., Caliskan, S., Karahan, N., Koyu, A., Gumral,
N. & Uguz, A. 2011 Tedticular agpoptoss and
histopathologica changes induced by a 245 GHz
eectromagnetic field. Toxicol. Ind. Hedlth. 27: 455-463.

Schrimmer, D.B. & Moore, T.R. 2002. Sonographic
evaluation of amniotic fluid volume. Clin. Obget.
Gynecal. 45: 1026-1038.

Shan, L., Fan, Y., Li, H, Liu, W.,, Gu, H., Zhou, F. &
Yuan, Z. 2012. Proteomic anadysis of amnictic fluid of
pregnant rats with spina bifida aperta. J. Proteomics. 75:
1181-1189.

Shi, Y., Bao, X., Huo, X, Shen, Z. & Song, T. 2005. 50-Hz
magnetic field (0.1-mT) dters c-fos MRNA expression of
ealy post implantation mouse embryos and serum
estradiol levels of gravid mice. Birth Defects Res. B. Dev.
Reprod. Toxical. 74: 196-200.

1751\ Vb


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://system.khu.ac.ir/nbr/article-1-3273-en.html

[ Downloaded from system.khu.ac.ir on 2025-12-06 ]

[ DOR: 20.1001.1.24236330.1399.7.2.8.2 ]

[ DOI: 10.52547/nbr.7.2.169 ]

Esmeeilnezhad & Mashayekhi. The effects of electromagnetic fields on alpha-fetoprotein expression .54, 5u8-l (ls »  owablineg iU glajoe i Solie g ok Lo

Stam, R. 2010. Electromagnetic fields and the blood-brain
barrier. Brain Res. Rev. 65: 80-97.

Tenuzzo, B., Vergallo, C. & Dini, L. 2009. Effect of 6mT
gtatic magnetic field on the bcl-2, bax, p53 and hsp70
expression in freshly isolated and in vitro aged human
lymphocytes. Tissue Cell. 41: 169-179.

Tomasi Jr, T.B. 1977. Structure and function of apha
fetoprotein. Annu. Rev. Med. 28: 453-465.

Tong, X.L., Wang, L., Gao, T.B., Qin, Y.G, Qi, Y.Q. &
Xu, Y.P. 2009. Potentid function of amnictic fluid in feta
development novel insights by comparing the composition
of human amniatic fluid with umbilical cord and maternal
serum at mid and late gestation. J. Chin. Med. Assoc. 72:
368-373.

Underwood, M.A., Gilbert, W.M. & Sherman, M.P. 2005.
Amniatic fluid: not just fetal urine anymore. J. Perinatol.
25: 341-348.

Wei, J., Tong, J., Yu, L. & Zhang, J. 2016. EMF
protects cardiomyocytes against hypoxia-induced
injury via heat shock protein 70 activation. Chem.
Biol. Interact. 248: 8-17.

Zhang, S.Z., Yao, G.D., Lu, D.Q., Chiang, H. & Xu, Z.P.
2008. Effect of 1.8 GHz radiofrequency electromagnetic
fields on gene expresson of rat neurons. Zhonghua Lao
Dong Wei Sheng Zhi YeBing Zazhi 26: 449-452.

Zhao, R., Zhang, S.Z., Yao, G.D., Lu, D.Q., Jiang, H. &
Xu, Z.P. 2006. Effect of 1.8 GHz radiofrequency
eectromagnetic fields on the expression of microtubule
associated protein 2 in rat neurons Zhonghua Lao Dong

We Sheng Zhi Ye Bing Za Zhi 24: 222-225.

*kkhkk

How to cite this article:

Esmaeilnezhad, Sh. & Mashayekhi, F. 2020. The effects of electromagnetic fields on alpha-fetoprotein expression in
the amniotic fluid of mouse embryo. Nova Biologica Reperta 7: 169-176. (In Persian).

‘aslr. 30 e sl | Jige i AS.»JW" @La 5o ij}mﬁ—w] ole » WJaL.mj}.&” 6[&:&.}.& ).:| Avae L@ “ﬁau.«.o 9 ufo ‘QI;WI

NFANVF Y

176/\ Y8


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://system.khu.ac.ir/nbr/article-1-3273-en.html
http://www.tcpdf.org

