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4 -Extremely low frequency
5 -High frequency
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1 -Electromagnetic field
2 -Electromagnetic radiation
3 -lonising radiation
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2 - Voltage-gated calcium channels

104

............................................... 29! 5 51 Bl jn oS andllae

opam pde g oyam 3 ) eae L DL Co
Oldop Dy il slacgr 53 555 S £l
oSl 200 51 he s p s S s L0 S
S laline 151 Lol 555 Sbe 250l oS ls OLES
Spdsh rzmen 5 A0 Ol G5 slayd S >
[45] 55 10y SRl e sl 5 a0 58T LS
b ind a5 Sl glsal ol S8 Sl 1;1 5 ks
Ol Ll slasdalin (oS )z s Sl
L Sl A5l (S 25 Ll e sl (pl &S ol
JEl (sla s e 55 sl oy ol S 5 S
5 Jes Jeily 5o e a4 e 5 edd HLAE sl
bS5l [46] sak s s sle s s ol il
Oar 5 s fen dhst s 555 ,Sn sl
ol ol eolgin JSosle.as ) 2015 JLe s
By Slosss 5 ol dsSpe ol gl b
Sl o 3 Sl O Gad Sge o 55
B T I VI~V I S PN PR
[47] 55 el pal Jeilty o 306 5 W e 5555
ol oS SUE L 55,8 gl oo S 8 U
Db sl st o Slas T e @Dl Sl S 5 sl
53 Ol badny 5 0,0 5 SiS e 1998 UL s
ook ol OF 51 5 asdllas |5 Sl o) 2001 JLa
S o3\l ) e ool [49 8] wis ol s S
w o (Wlas S 3 s S 'yl o 2
RIS el o (St 335 e a3l pladlil s
2ol @l a0l s oM s s
s 5L S s s R axlpe Sl e en Sl
s Sy i e s 198071970
wlie Ol fpioen LS DR el il sl
Ol B R sasSe lasl GEme 534S sl o
2010 o 55 aalisn 55 55 cdidls S5 i) Jams

1 -Shneider and Pekker


https://biot.modares.ac.ir/article-22-61648-en.html

[ Downloaded from biot.modares.ac.ir on 2025-04-16 ]

1402 }ﬁ,L.’, ‘4 Ulmi 514 09

N (T SR RO LEC SC o) B R W
Ao bl (5, 83L  B) s ae sla el
(o Wl IK8) was e (e S~
ooyl plo 51 zi 2el,L 45 48 513 OLES ey o o
45 nl Ol Sl dimen 0y ST blines Sl 2Ll
Wxdls 1y g pdo 3 Sl op mi &S (galaw uell
o o esls Olis s ] b SKe lssed o
53 el sk esls il ISl ys &S boles
s e (IS s sk gl s
SISl 7l AU palS 418 L 5T el
O )5S 346 U sslanST ozl 5 O3ST sl
ol 5 Jske Sis (31S BL L et
DNA U535 a0 ool 5 S8 555 SUT 187 J s
S o5 5suml e 144 05 0l Ol a0 154
2 A ey Bl il amal s 960 S
o 24 S Ly Lz s e 3D (658 e
Shlp i Lozl Sl (@ 1K)
ko ST s s bl s S el 51 (s i
i gzd 5 s BT s, s amils | ST s
2w Sl Al Gl i (e e
ol 5 S il i (171) e S6T 5 ks,
oS 5 LT 65 aasl s Il (93) sxe st sbl
opes Ol 35, B8 Ll G 62 plples
Pl 39 e o 4l Sex A4 e
Sopdl S0 ze slaedasdlinl 3132 Lled
1 ) w28 5,50 16 g0 s a5 23

(<

105

............................................. JeIMe S S o&ils EY] LRGNy

GLadlie Lodga 2 5 Ol ebline S
o @L:.'. S bl s g Al astls s esls alﬁnl_i
(25 S plal adlas

0313 el (slaanills 2-2
s et el lesls oK TORSAA wls oS0
T & by e gladlio gl szt LB 5 slazasdir
ol ool ol Ol b bl s 2SO gl
OF 4 i sladlin 5 m 5 bas 5 ol 035 Ly 0303
GV RO SV o u;jd Copohs 5 dgh e BLS
Olsn oS Cosl ol b sl Sa oLl unman
28 Jdsa s 5 e 2l b b baesls
il [ il 3wl Gl pe [ 30 ) sons bt
e s adlae g (SoSdsm BT (508 (5050
03 S A g 51 [58] wiss e w1 e el
O3 dOIS 5wz v 4 baaddlas wals oKLyl
Sl aSUAS ghuatws (€ Lasial ol Jh 5 ¢
55 el i Oy slaasdllas ol 4 SIS I sladllis
S A s ORSAA osls oL s axlzs 2651 Js
aallies 888 (467) _aKilos i Loanllias Auss 18
sldas ol 5l s s 04 50> 45 oki3 Slas e S
Ao 360 S Sl b sbaaddlas 1296 055 108 3
S i a3 gz p lael BT L NS L
Sy Sl o slaasllbs

5 bl e & de opl gl el 8L
gl S ot ae it 51 alay Sl
el el e Sl 3,5 o 13 bliie s S
ORSAA osls oL 53 e cnl & &b @l p
o Ol 03 S e sl ol ) Laasdlas
S pleell) JoSse - Jhe s 5o 4 bl

1- Oceania Radiofrequency Scientific Advisory
Association


https://biot.modares.ac.ir/article-22-61648-en.html

[ Downloaded from biot.modares.ac.ir on 2025-04-16 ]

o e S

F oy

Ao .:)}z P

N
B4

=10l bl 7S 2ol 5l 8y Ay e 0 1SS (ldllis St 1 e b ol el 1 S
[58] Lorbis 5 oz o el — ot JsSIse 5 Jshor gl el

Coletl 45 s e 0L LUl Ll el eslizad 5
A Ol 53 eddeslinal e g5 50 nl o S Sadr
osls OLis 2 I 5 6 5sbokea syl e (IS
A plsel 52 SIS Gl S Ol el e
g5 32 2 03 Hle LIS Sl ply S ol en
DS sl &S J s sl 505 0 5 505 dlas
per il s Slaand lgel 53 g 5 LIS A Gl
2 S E Sl ) es zse S b Bl
53 3 se ladlie ) ol z's! S8 S Ol s

68) U il & das s 0Lz ORSSA osls oL
A dos BA) wsn glpsl 4 s (SIS As s

ks (5 i 58 (G108

.35 Jlse ) se)

100 - In vivo

80

60

40

20+

T
~

3

aed glaal g ol en il gl (65138 31 aylie 3-2

oo ol akts
el 03 elea a0 S eslanal 05855, SRl L
3y50 ey ol 5l eslizal Izl gle cond (g5
3 T Ol ool slaaddles ol 03y x5
Db o5 e 4 ras e 2 SE o pate
STl s ool 4l Oley 3w 4 olen
S das e Ol ool °L<L 2 e SbElS
2ol G5 S0 s sl By 53 )OSR
e D O g
a5 53 el sl eslizal BB e Olsea ol en
o Ol oo il sl (giluand sl 51S0s

B Jlse 203 (o b 4l ) 5l

100 In vitro
80+
60
40
20
o
4\0‘} Q\Oc} 60('}
< < &
o
0@

[59] (5050 5 FOsss anllan g5 53 5 ol on i oddluand Zlgel 5 (3l ol pod S 2 gol (s BT amlie 2 S

106


https://biot.modares.ac.ir/article-22-61648-en.html

[ Downloaded from biot.modares.ac.ir on 2025-04-16 ]

1402 }ﬁ,L.’, ‘4 Ulmi 514 09

sled dm a8 das e OLES a3 ol (6,18
ot DUl Lol i Gl 2 sl B8
Slackb wos) A6 S cos Sl 8 5l 2l
Oljen 5 058 o Ul bl iU (0135 52 58 o
59 5805 s w53 cnl o3 sl (SIS

(1 Jsuz) il e dso s

............................................. g S S o&ils (5,5l )

NI 3 Ol addllas g 55 3G 4-2
adlae ¢35 o  Laj515S ORSAA osls oL o
adllas guloains s diledd gluais 4ib L 4
el Sl 5 Glam slaaddllas s 55 4 b
S e Sl gbadlas s 3 LLAS U
Ok ¢ s (e o Kl Sl
Ol s dulis 5 (bl oy [60] ol ot oslizl

P 2 glsel G F Bl 5 Sle b 5 Glg slaanlllas wws g3 5 0ol KL 5 0k s laanillas sliaas 1 J g

[58] andlas azws
Laaallas slaes SIS s Sl oaial 6T RGN
Sl slaandllas 888 718 144 26 80,855
Sl b laanlllas 1296 767 372 157 59,182

Sl s SIS 87,33 Jple slis gl sl
Slaaallas wws 3 34 dwo s 81,33 05 0L 5 83,3
Fose 5 ke Gl bl s plel OIS 50552
adasl- B Ly peae Gla el Sl i sl

(2 Js92) 55 500 S A 5 5550

107

s AEL > s sbadlie S eslind L

0953 ardlas ates 93 4 L ) Laasdlze ORSAA
2 Jpir 53 o8 se0len vt o500, s N
LN RSN WS L SO RCI N S R T
Ao 68 5 i addllae ja 55 bl Sl
P28 gl el anlis oy sdlplnl slaadlas
C\}e\ S Aas e ol oy SJ:...':.A w93
PO saasdlas 5o b el )l pl o blisey xS
gl SIS 52 Sosba cnl LIS iy L
2 oS5535 8ISt il (Jshe S e
5203625 5925 818 s a 505 oWl
s 2ol Ola o (6,108 31 Oln 505 0 (slaarllas o
eamen Sl A3 B35 60,71 51,28 s e
505 laaddlas o)l sddelnl ST s
plil glaardllas 51 doys 97 51 iy oS das e OLS
R PR PO U PPN

ol A edaline el cpl s ge 3 (IS ST ri

1- In vivo
2- In vitro


https://biot.modares.ac.ir/article-22-61648-en.html

[ Downloaded from biot.modares.ac.ir on 2025-04-16 ]

&‘)&A,}Md)b ---------------------------------------------------------------

................................................ 9! 6138 3 Ol oS alas

6)‘.\?}‘ d‘ﬁﬂ_’ axdlan slaas . "f&jﬁ} OSQ}JAA;JLE.A ty‘g.\ﬁgiﬁaﬁﬁ& u«.;.b\.ﬁu},‘ﬁ‘ CI_,A,;L* A“.LE.A 2J}-\>

[59] ol et asuitie dpukr )3 dtmns o sla ol ol 5ol

In vivo

Ales ST 3 e eldllas slass

5ol g Jobe e LAY A AA
alaS] oyl 7aY,0 \YWF
S 8 S Fgi5 ol 177,06 of
—ae glaossns Jlazl /4.4 "
S5k 708 YY

3y OayS Ssas VAL ¢ AT
lad alail> AL Yo
] o 173,A oY
O eSS 4 g5k JAX f-.
S5 3 i S it Yo
Eonna (Nle) /A fAF

[61] e s OF (glasJUT b wiaa J 8
ORSAA o305 oL s gl 6l gls (slaanllas
XL ebliie s 2SIl sl T s opl 02 ey 2
ol e s eslizad (52 KS 3 6 5,8 300) UHF
ORSAA osls oL 3 35250 dlis 5,50 219 3 5361
ﬁML:«.ﬁ _/,Sl C}J j}a.a )‘ R Lﬁ‘ B .M‘J um'mb
s (EEG) ¢l S Jlivils S UHF wly b was
L 8 3 as s 87 50> 39 dggea les Ol
39 78 LYy U’i| B a.\..::r[;u‘ axllzs 90 )|j sls olas
SIS saseial BT L 5,50 5 5 Sl g syse T S
5 0Ll 5 UHF Ll #lsal (8 3 Ol oo amslio .
3145 A3 ol ORSAA o3l oSSl 3 633U s ol
@:_ic)))ﬁ37 Sloes dhﬂ‘fdf‘ﬁ“w)ﬁ 4&“.19.»51
S5 19 Sl s s as a8 I8 S as s 72,5
o on lanyds b Lad e bl Saen sladsllas
A bB 3 0s 5 08 3 sla b 1S oS das e OLES
o go ool Saan glaaddlas 5155 SJUT[62] ool

108

Fles SIS P ohe | Sl Slass

sl s el S e JOV,YA Y
5T e YAZRY YA
S s S p s ] FOY,- AY
o ol LAY Yo

Sl St gla ey 708,Y4 £y
ok Oays SIS LAY.YY 1Y
slas il LAY, ¥
S 2 e YAV 1N As

Eoone 15D VY

bl s S sl 6 esls sl slaaallias

sl s lbaadlae pl 5 Conl ol plxl Ol 8
Sutiws o Sy b (Sl (GO (PO e
ot 3 e 0Ll &y s 5 Lnaalllan ) ol ok
N Ol 535 glodl ol S Sl iy S5 g
sdipll slaaallae Ul ol & el sl S0,18 30
Sardlas . L5 i ORSAA o3l oKL s 0Ll 655
Llodd ghuaib s 53 4 ey oKL opl s L
bk Saen slaadlas 5 Ll sllbyls slaaslllas
Cales b Gl aldbgls glaaadlls s (S35 e
o oo Oldbsls el ST e 8 S oo
Slaasllas 53 0,8 o 3 ame Ol e 5 el
03 Ol s ba sl BT ol Suas
Eod on oo Gl opdp on A Ll
S sl dSs (Sonp o &S ol s e Ol (gl
S S e (S el ekiSUS S e by 68
Vb sy Kl s e o] Laaalllas
Axea s Cod sl s sl Gl sl 6l e

b o S 5 el it Bl el (il i o

1 -Epidemiologic studies


https://biot.modares.ac.ir/article-22-61648-en.html

[ Downloaded from biot.modares.ac.ir on 2025-04-16 ]

1402 J":lL.’, ‘4 ejl.m: 514 09

ST s sy e LIS slaaadlas 5 L
5l doss 66 s sl oS! by sl i)lS
ool ST L oady 5 Sl o do 3 65 108 1 Laaadllas
60 b ;2% 300) UHF-SHF .3 kb b
Slaosess pled el en dl A s S (52K
3 j‘& ))jﬁ 52 )\ij.';l ))}A 55 LC,.\A‘ ol )lS 6;&0

C,.w\ ol u::)\; U'ml" )UTVA))).A 15

........................................... JeIMe S S o&ils EY] LRGNy

-85 gl K& 4 ORSAA ols nK_le 33
2ol b slaaalllan 5l ¢ g ol 53 plol Ciliss
s 03 S G35 (5 K300 6 30) sl
(o B Ly G KS 3L a3 2l
o3ls 0L B Jsir 3 S b 5 Sl i bz p
2 0 g NSl S e el 0l
05 Wl sl 3ylse L2l 53 il Saen slaaslas

S ol 5250 Slaaallle 5 o 3 glakil 5l

Sl )b 6T g5, 6T ul s (s gl & ool addllas KB 4wl pSaen slaadlas 36T 3 Jyu
“ @L‘b S A f‘au‘e‘}mh di.u Lshu.'.'ai ‘bﬁj}h‘gﬁbb C‘}d‘ em‘;éq: LsLhJS.S ‘\A)st J._..;) C‘}A‘ e&f&b —alises

[58] sl o 03ls Jrales paseial BT 5 51 Osk H108 51 o) g

S uail [ anllas g 3 S aseials U S8 Sl s
VHF (33~ 300 6 30) 030555 5 3, 1 1 - 50
(55,5) 5,255 3— 5 »3ELF —UHF 7 26 6 18
(é_iﬁsb5&&\5))3,&@53—)5}&3UHF-ELF 8 8 - 50
i sla IS5« 0540581 (3,850 300- 5 s 3) ELF-VHF
iy sl S8 (S5 8581 (5 523 c 0 3 625
05550
(5,100 5 3) ELF 21 29 10 35
55,5 (3,255 60— 5 » 3) SHF-ELF 4 1 4 45
S35 (i m 2300 — 5 2 3)HF- VHF 3 5 2 285
s (3 ~5x 30-3)WHF 1 1 0 50
el (5,255 3 - 5 2L 300) MF 2 2 1 40
1515 5 el (5,255 60 -3) SHF 1 0 0 -
505 5 2k selSes ( 5 155 60— (5. 300) UHF-SHF 19 3 7 655
Lt Sans sloelis (5 25 3- 5. 300)UHF
5 S slaellen (525 ) 17 | 10 3 629
4l Ty
Jor A5 sla S i (5 ~55 3 . 300) UHF 92 83 50 40
Jon dh ik Seon cbaaalles (5 55 3- . 300) UHF
s A s sloalles (5065 ) 5 | 52 15 45
Sre SLayse s slaaddlas plos
Joon b _bts Saun aallles (5 255 3 £.300) UHF
o A “sfs o el (45 ) 13 | 20 5 342
W8 gle gt IS
A5 s Seen o) g0 anlllas (5 55 3- . 300) UHF
A s S 525 ollen (085 ) 15 | 9% 53 435
ab.a.h

WS o0 e ke b g6 0 oS sl (635 0 (omae wieaes Al a3y y095 o pmls - 1

109


https://biot.modares.ac.ir/article-22-61648-en.html

[ Downloaded from biot.modares.ac.ir on 2025-04-16 ]

O‘)&A}Md}b ............................................................................................................... C‘}“GJ‘KJ?‘O‘FJ”S“JU"

[59] 5,0 15 (6 138 31 ep i UHF S 5 Ly . owlid

U S8 S Oak oasial T
slies S ls e slies S 5ls e slies S 5ls e
b b b
ELF (3Hz- 100Hz) 5 5 0 2 2 0 3 2 1
ELF-UHF(3Hz-3GHz) | 5 1 4 1 1 0 2 1 1
ELF - SHF(3Hz- 4 0 4 1 1 0 4 0 4
60GH2)
ELF - VHF(3HZ- 1 1 0 0 0 0
300MHZ)
UHF(300MHz-3GH2) 36 10 26 18 15 3 9 7 2
UHF-SHF(3OOMHZ- 1 0 1 0 0 0
60GH2)
VHF-SHF(30MHz- 2 0 2 0 0 0
60GH2)
gy 54 17 37 22 9 3 18 10 8
sl ils s Sl el Lcl e S Ll st w

5 (MPBS) el an 1dli sl slaolSanl 3 5055,S0le
Sob sl B b Sl el cal 05l B AS
COSLie (2SS 555 3 m Ml ade S5 K03
DS s as ool s ol (s (Bl ol
b Saen adlas S o Su5 belSansl ol
Ol 1 Lol s Wol&ayl ol LS ma (slaos S
& el abliin g S gl JUT ey 53 il 038
odgdme a3 5 plal 1 ik s S e
el Cganl 5l s |y NS oy ity S
5 0553 L 53 S ORSAA a3l oL (s bl LT
Lb &S das e OLLS S f"'“}‘ oy Ol g e (g,
5y Mo L beaddlas o iy UHF 0S5
eskid DLl 5 65 udlS 3 Al ol oS 1 Ol s
by il S5 Sl e Sl iy osde
33 sl Ao 33 16 550 WL cpl I8 Sle S
sk S 5 sty L (I Sl &S s
100 — 3) ELF .85 &b s .aib e dwo s 60
o 5260 550 (slo ol 3 g5y baanlllas iy (55,0
5 Sl S by s gl ol 58 e

110

Uye g gloal (5 il slanily ST 5-2

S8 1
2 NS Gla mbly 5 (S Ol b gl 6
bl s Glapi 2 glael n) 6 O
L Ol nd gloel elial 5 5 Cmo puS
ST s 40 St ol 53 (ELF) (o5 s 085
15 gl o o ax 5 55,8 60 U 50 1l
oS iie sl JS3 dewsa S HF 5 VHFE sl
bt S aen Glaadllae 5 35d e ime Gk
cloadlas glass o s 5l baJSs cpl Slbl
Gl ol g il ans g3 3wl Sees
55 1990 was b (555,50 sla,lg) UHF S 3
odliial ol jan ils DL lacs b Al say S35
aod 53 [1] s et i plst 4 2000 JLu G 5 oS
4l ot g Olkails Gy 05 Ji) s g
esial L3S S ate WI-FT 5l ads sblo lainls
ol S s e b (S5 s el e slagdls
L laiass 5l ol a8 Oler el 53 LaolSans

1- Extremly low frequncy


https://biot.modares.ac.ir/article-22-61648-en.html

[ Downloaded from biot.modares.ac.ir on 2025-04-16 ]

1402 }.‘?.’,L.’, g4 OJM g14 09 i

LU pasial U1 5 3 o OIS S gla s ,l8
Cos UHF 08 5 0L ol 0l enls OLES il 3
s badlee sl oy iy G5 glanl sl 4
plowil slaasdllan shiws = szl | (8 o iy
3 UHF (06 5 il (o 08 31 Ol e cpiomas 5 0
S ks Ol S B slakl ple psesee b acylio

o 00 Jlis 53 4oy 755 Wb o) (6 1081 sy

............................................. o S S NERHN Y] LG

A_)'»’J 2 QMJ::)‘Jg A.Vijﬂ 14 jﬁ 39 A <=L‘>u‘ ‘_;)lDJ
ocnll clesls OLES 1y WL ol 055,108 31 esls alﬁnl{
el edd (S A S5 gladil ple w
(e s W15 Jsax)

Cilites (gladll (6,108 Sl Ol anslie O s
axlllas g5 Olm e (seblie s I iyl 5
S0ss shadlas awslie ol sl 5518 aen 3
2 ORSAA o313 oL s bail58 =l s ol

[59] st
&l
wils 4 PRt Pl wadeial Ol i
ELF-UHF(3Hz-3GHz) | y
ELF (3Hz- 100Hz) \F
ELF - VHF(3Hz- Y
300MHZ)
ELF - SHF(3Hz- $
60GHz)
ELF - MF(3Hz-3MHz) | v
VLF (3kHz-30kHz) \
LF (30kHz-300kHz) |
UHF-SHF(300MHz- ¥
60GHz)
UHF(300MHz-3GHz) | ypy ). v
SHF (3GHz-60GHz) Y
Microwave ¥
P A5 \e Y

asdlas cnl 53 Ladije ol & mul Gln S5S
5 pmge gladlie (555 2la s 5 oS SlapUl
OLE W st ol gl 1k Ll ORSAA 63l oS
2l AU ey s b sl Cls i oS ol
O sl AnS| ezl 5 O35S sT sladSGsl,
B P VN AP S CH i | IR
S i DNA U se & ol 5 S 5535
Sla bl Ole 53 1y eabline s 2SN sl 51 (s 2y
s oba BT sy g amals S5 5 sl
Sl AL SUE ke (omas e S5l b
ST s Sl s e bl Sl gl 5

111

BEL ) <l i GIAS plaus o
axllias £ o5 Sl 51 i el
owls 8 avy \FY YA Ya,0
UHF
rle WYFH FA Y\v 7o
by uils )8
G5 et -3

glel o= s B osld s e i L
DB S S 5 Ulsad peeblaes S
D G e 5ol wil (S
bty ol w3y e oDy el ol sl a
x C‘r" o glasks syse 50 &S (ol Slaanlllas
late 28 s s 4 bl il el ol el
IS oS 258wt 05 s ol b Lnaalllas
2 B iy S e b gl ) aes
e Sl laell A b Al e aten
o I blias 1S el b o mly eas


https://biot.modares.ac.ir/article-22-61648-en.html

[ Downloaded from biot.modares.ac.ir on 2025-04-16 ]

oy dgmdl Oslscwssl ol Chal ol
5 e S ol sl Sl S
e e 0ol denS1 5 [69-67] 558 (g 5ae e
Ol i Lid sladlinl s It byl placanl o
Sl sy el Wb Lt 3 pdlw (il
Slaw 3l b 3 i 5 olie Sl 53 a8
gl obe 5 [71-70] 558 0 Jde lis
S and ple Sl mie s b 4 ke il
0 e 3,8 e )3T cdGsl, 5 ROS 6T 5
ROS iy Ay dwtes 05mS| VU G yme e
A5 98 T 5 (S s 05,801 Uil o s - o
ST s S s aseze 3 1) S5 05
Ooaoder deeSlyy 4y olilaBl O50S) 5 LS o0 B e
b A ey el ST s GGl
deS| g odliie glas Shas 5 b e sle
7 O3 LSy ediSuSt 5 O3St G
D My s S a5 (H02) JSSsl,
Ol 3L cpl 53 VU 0 555 e @ oomen
Opb SES1s glp oS ool Op s g a0y
M5 Ol amZy cwl mis el ol
b oA ey Rl e s sl sWdIsl,
Sl ol K25 o 5 ire 3L ) ool oo
Ored & kit O greldonS]y 4 el Lo 2 00l
oreblitas S el ol 5o ey ol s
[72] st s
J J;"u ol SIS AT slals il 5 s (S
a5l oS andllas 26 sl qodS 05 0L > ol
gl ol Sl s el 2l cpl rae U
1, (VGCC) 5Lds & atly LoundS sLAJUS i
S el (ileals (55058 S8 a5l o 5 Jatme Olse
OLES fse mlsel BT 2alS 3 WadUS ol oS lga
a5k 55 1 enedS GadUS (2 45 ol 03l

112

............................................... 29! 5 51 Bl jn oS andllae

e Sl sdsgbla mlsal 5 pl S Il O i (s
e alles 5 S 5 BT kil s o
sdalin (Srhe B 5 (Saad (SiRe sse 33
e i Uy i sba b 2l ) el
(ROS) 03581 Jles slaai S 5 sl sadCaly o
bl 5 SoSI e s Nsh e b
A BT sl s bl 2SI el
G 5 SimS o b ol e 16,108
e bl SISl oS plad gla ST
5 NS el sy AiSTy laul s Ol seas Wb S
[63] was o s 1 Ll cdls ol cpl
b e 05 1y 5 oles Al ) o' oren
ST GdGsly pee ans 5 ol ke (1
S e s &S Loy S [64] wss e
Bl SSG $5 5 sl it s ) aten J
bt Ol S e bl S b U
Sl @Al Ao mae WS s I 2l
Frosn S Al spms 4 sl a glass Sl
o2 4 b ) Glob b bl spd e el
bl Ol S glagsl 5y (Wmes SOs3
2L Oless 1 Olse b ST cnl 5kl sy 0 )l
s e il 1 alT GadIGsl, e des oS 355 0
deSly 85 Sl (6555l S O SRS
23 L kS s sldenST udS Jsamee (055 A
ot JeeS oden SUT I, S a8l 05 g
15T L dISeal, Olee 2ol 31 [65] S o s o
O g1 4 e (ROS) 0581 Jlad slawi S 5
S5 gladenl 5 Sy 0adS) e
05 0l 5wyl Clad 53 ks by cpimen 35 00
G e Llge pase ol S [66] spi
Il b3l s slagsslon 5 LA 51 (6 5kas

1 - Zeeman effect


https://biot.modares.ac.ir/article-22-61648-en.html

[ Downloaded from biot.modares.ac.ir on 2025-04-16 ]

1402 }ﬁ,L.’, ‘4 QJL»...::A 514 09

St I8 LB L el S S (b S e
3 SIS Ao s i Gl sl s es 4
Wl 3L 3 g s anllln g5 cnl 53

sddpll Sla sy 5L A 0Ly & 5 bolen
2o @i lely ol oKL s e ladllis o
s 3 1y el iz ladlli S ol Ladllis )
ol o3 aS il esls 3 asial BT L 5 Sl IS
shas abal s andllas g5 5 sl o 5IUT (sl anlllae
Ll ol A5 bl anglie azes o sladlie Jlsl 5 5
e olg mls oS 35 sy pa alapize 5 Ll a
o gl as o 515 50 o 1) sid e la
il 3 3 eblines S el & el
ik Jals ebliaes S ol ol sl
S ol eblina s S el U oo 5 s
T I e N N
Ao o 0L baaallas s [50] sl sl & as
Wil o goe wOle zlgal (o pma 53 313l 5l oS sl
@bl ol @S e (S 5555 (K )3 e
Lo O ) e @Dl (s B el o
B3l el e ey ) shiee glanllas [76]
s 33 4 OBUSES 5 adlae ol s s plonl
Sl eslizad sl 4i3s 20 53 1, wdle & (ol b
OELSES 8 IS 05,8 5 L 0L el an (pdS
B L e s s DL | e o oS
Sl a5 S 53 ol S sl Ol adlae
Sl pand Jan L [TT] Wl (S350 508
S b L& Opde 2 03 350 L 5l bl S
23l (S Bl s il 4 (Conex 3l Ao
[78] sl LIS 1 Ladllis 1

Lo Spony oddpize gladlis olg mb
GlacS i ol arly adlas Jb Olel> 4 (g5l

plos bl p’\}J oijle glacs b L3l gmo

113

............................................. JeIMe S S o&ils EY] LRGNy

o=l a8l [75-T3] s e L e
Gl o 5 Zll S 3 oS sladuls
S e0gessn 3Ll zman 5 e 53 s el 555
oS15 cde 4 [57 D6] 355 e on S5kl 5 lad s
o=l 3 Ses (pizman 5 sRe 53 erndS aJUS (VL
ol b el e e L LadlLls
R G SUBIRTS T TSI S
ol Y5 51 G [26 25] ol ens 20158 sl
s 4SSl GiRe Glad b Sl eendS s 23 )
DU 5 o e [27] 3t e S e 5 355
Lol oo e o (S5 d 5 LS
ol JsSge Lae eblina s U1 25l
ladlie LT 5l otelse s andllae cpl 3
GOMS I Olpe Jlol 3 o) s 03ls oL 3 3 9 0
oo hedddme bl ol ml s oS
oals oL L3 Lasiel U1 5 o SIS S o
Sl calizee gla el )l anolis (gl o S (ghgatas
DS 3 ladllis sl Cand i candllas g5 (S
woandllas g5 m sl bos bl a gl edd 1S
Olgsas andllas 5 oyl Oles ol ) laanlllas JS
sddplosl glaasdlas VT A5 jasets 108 3 Ao s
slaadlas S 3 Aoy &S sl Ol Ol
b, Saen gbadlas 4 cond Sl ldbsls
Sl eslizal Ol cpl e o Sage ol VL Sl
ol S5l slaasllas ;3 UHF 585 &b ool
Glail ple o cad gie @S AL ) &S
Lyl i pa Ll Slbsls slaandlas s syls il
5 oMU Ok e e LU 4 ansls gla el
g aly 8 sbaubl a5 N0 dlesl gla oy
Cole acd Ja5 LB cair e LB 51 A0
Slr s odkd st Siagy by Lyl b wes Ko
slaadlls 53 S s el LSS ulbgls ann


https://biot.modares.ac.ir/article-22-61648-en.html

[ Downloaded from biot.modares.ac.ir on 2025-04-16 ]

Ovarian Cancer Cells in Presence of Static
Magnetic Field. 2021;

[7] Satari M, Javani Jouni F, Abolmaleki P,
Soleimani H. Influence of static magnetic field on
HeLa and Huo2 Cells in the presence of Aloe Vera
extract.  Asian  Pacific J Cancer  Prev.
2021;22(S1):9-15.

[8] Syafiq M, Azizi N, Azlan MAN, Salleh A,
Othman A. Non-ionizing electromagnetic radiation
effect on nerve fiber action potential of human
body-A  review  Wireless  Electrical  via
Electromagnetic Induction View project antenna
View project. 2015;

[9] Abodolmaleki P, Cancer NH-M, 2018
undefined. =~ The  Effects of  Synthesized
Superparamagnetic Iron Oxide Nanoparticles and
Electromagnetic Field on Cell Death of MCF-7
Breast Cancer Cell Line. mcijournal.com [Internet].
[cited 2018 May 30]; Awvailable from:
http://mcijournal.com/article-1-64-en.html

[10] Johnson C, IEEE AG-P of the, 1972
undefined. Nonionizing electromagnetic wave
effects in biological materials and systems.
ieeexplore.ieee.org.

[11] Barth A, Winker R, ... EP-S-O and, 2008
undefined. A meta-analysis for neurobehavioural
effects due to electromagnetic field exposure
emitted by GSM mobile phones. oem.bmj.com.

[12] Cardis E, Dosimetry MK-RP, 1999
undefined. International case-control study of adult
brain, head and neck tumours: results of the
feasibility study. academic.oup.com.

[13] Schiiz J, Waldemar G, Olsen JH, Johansen
C. Risks for central nervous system diseases among
mobile phone subscribers: A Danish retrospective
cohort study. PL0oS One. 2009 Feb;4(2).

[14] Lai H. Neurological effects of non-
ionizing electromagnetic fields. 2012;

[15] The Effect of Microwave on The Central
Nervous System”. - Google Scholar [Internet].
[cited 2020 Oct 22]. Available from:
https://scholar.google.com/scholar?hl=en&as_sdt=0
%2C5&q=The+Effect+of+Microwave+on+The+Ce
ntral+Nervous+System”.+&btnG=

[16] Warille AA, Onger ME, Turkmen AP,
Deniz G, Altun G, Yurt KK, et al. Controversies on
electromagnetic field exposure and the nervous
systems of children. Histol  Histopathol.
2016;31(5):461-8.

[17] reviews PK-C treatment, 2010 undefined.
Epidemiology of childhood cancer. Elsevier.

114

............................................... 29! 5 51 Bl jn oS andllae

bl g S el Oslse sl g sl 1y 2550 5005
ok iz gladlis o) S o 58] Lo 8w
@ WT M Clj,al j.:SU 3550 5> ORSAA osls alﬁnl_i 33
Ul Cilees Jlo Oluel> S5 4 DNA J 5S040
Ol Sl oade gla i85 ol Sl ey ) 2
Sty gl s mlaal 3l s) 5 53 s Jl
Sl gy oS (6 sbas dils (g lslas O okel
Olien (AR A2l) Lot o dowsay slicoles
i S Aoy 12 5 TT 55w Jl o s )8 3
gbe dewse clicsles sladlie js &S Jb> s
L79] 55 40,362 31 o 5 o y5 22 (6,108 3 cCilass
o Sulgns Wl 4l e b tasn b Olel>
I8 U Sl o gt o b I8 1 glazws

asdllan ol 53 eddplol GlasdUT s by 5

@l:a

[1] Philips A, Lamburn G. Natural and
human-activity-generated electromagnetic fields on
Earth. Child Cancer. 2012;

[2] Teknologi J, Syafiq M, Azizi N, Salleh A,
Othman A, Azlan N, et al. NON-IONIZING
(ULTRA-WIDEBAND FREQUENCY)
ELECTROMAGNETIC RADIATION EFFECT
ON NERVE FIBER ACTION POTENTIAL OF
HUMAN BODY. Vol. 78. 2016.

[3] Ng K-H. Non-lonizing Radiations-
Sources, Biological Effects, Emissions and
Exposures.

[4] Juutilainen J, Research SL-MR-R in M,
1997  undefined. Genotoxic, carcinogenic and
teratogenic effects of electromagnetic fields.
Introduction and overview. infona.pl.

[5] Gaestel M. Biological monitoring of non-
thermal effects of mobile phone radiation: Recent
approaches and challenges. Biol Rev. 2010
Aug;85(3):489-500.

[6] Ashoori F, Hajipour-Verdom B, Satari M,
Abdolmaleki P. Polyethylenimine-based Magnetic
Nanocomplexes Enhanced Cisplatin Toxicity on


https://biot.modares.ac.ir/article-22-61648-en.html

[ Downloaded from biot.modares.ac.ir on 2025-04-16 ]

1402}.3L3:‘4 QJLM:514 0 ) g w)h%;ﬂmbd)jwwj

Electromagnetic Fields " ZV ..., 1974 undefined.
Investigation on the susceptibility of animal to
microwave irradiation following treatment with
pharmacologic agents.

[32] Albert EN, DeSantis M. DO
MICROWAVES ALTER NERVOUS SYSTEM
STRUCTURE? Anén N Y Acad Sci.
1975;247(1):87-108.

[33] Chang BK, Huang AT, Joines WT,
Kramer RS. The effect of microwave radiation (1.0
GHz) on the blood-brain barrier in dogs. Radio Sci.
1982;17(5 S):165S-168S.

[34] Lin JC, Lin MF. Studies on microwave
and blood-brain barrier interaction.
Bioelectromagnetics. 1980;1(3):313-23.

[35] Lin JC, Lin MF.
Hyperthermia-Induced Blood-Brain
Alterations. Radiat Res. 1982 Jan;89(1):77.

[36] Finnie J, Blumbergs P, Manavis J,
Pathology TU-, 2002 undefined. Effect of long-
term mobile communication microwave exposure
on vascular permeability in mouse brain. Elsevier.

[37] Neilly JP, Lin JC. Interaction of ethanol
and microwaves on the blood-brain barrier of rats.
Bioelectromagnetics. 1986;7(4):405-14.

[38] Williams W, Cerro M Del, Reviews SM-
BR, 1984  undefined. Effect of 2450 MHz
microwave energy on the blood-brain barrier to
hydrophilic molecules. B. Effect on the
permeability to HRP. Elsevier.

[39] Ward TR, Ali JS. Blood-brain barrier
permeation in the rat during exposure to low-power
1.7-GHz microwave radiation.
Bioelectromagnetics. 1985;6(2):131-43.

[40] Williams W, Hoss W, reviews MF-B
research, 1984 undefined. Effect of 2450 MHz
microwave energy on the blood—brain barrier to
hydrophilic molecules. A. Effect on the
permeability to sodium fluorescein. Elsevier.

[41] Frey A, Feld S, Sci BF-ANA, 1975
undefined. Neural function and behavior: defining
the relationship. ehtrust.org.

[42] Merritt JH, Chamness AF, Allen SJ.
Studies on blood-brain barrier permeability after
microwave-radiation. Radiat Environ Biophys.
1978 Dec;15(4):367-77.

[43] Sirav B, neuroanatomy NS-J of chemical,
2016 undefined. Effects of GSM modulated radio-
frequency electromagnetic radiation on
permeability of blood-brain barrier in male &

Microwave
Barrier

115

[18] Lai  H. Neurological Effects of
Radiofrequency Electromagnetic Radiation
Relating to Wireless Communication Technology.

[19] Preece AW, Ilwi G, Davies-Smith A,
Wesnes K, Butler S, Lim E, et al. Effect of a 915-
MHz simulated mobile phone signal on cognitive
function in man. Int J Radiat Biol. 1999;75(4):447-
56.

[20] Volkow N, Tomasi D, Wang G, Vaska P,
Jama JF-, 2011 undefined. Effects of cell phone
radiofrequency signal exposure on brain glucose
metabolism. jamanetwork.com.

[21] Rubtsova N, Perov S, Belaya O, Kuster N,
Balzano Q. Near-field radiofrequency
electromagnetic exposure assessment. Electromagn
Biol Med. 2015 Jul;34(3):180-2.

[22] Dimbylow PJ, Mann SM. SAR
calculations in an anatomically realistic model of
the head for mobile communication transceivers at
900 MHz and 1.8 GHz. Phys Med Biol.
1994;39(10):1537-53.

[23]. Dimbylow PJ. FDTD calculations of the
SAR for a dipole closely coupled to the head at 900
MHz and 19 GHz. Phys Med Biol
1993;38(3):361-8.

[24] Martens L, Moerloose J De, ... DDZ-R,
1995 undefined. Calculation of the electromagnetic
fields induced in the head of an operator of a
cordless telephone. Wiley Online Libr.

[25] Frey AH. Headaches from cellular
telephones: Are they real and what are the
implications? Vol. 106, Environmental Health
Perspectives. Public Health Services, US Dept of
Health and Human Services; 1998. p. 101-3.

[26] Terzi M, Ozberk B, Deniz OG, Kaplan S.
The role of electromagnetic fields in neurological
disorders. J Chem Neuroanat. 2016;75:77-84.

[27] A review of the potential health hazards of
radio... - Google Scholar.

[28] Pathological Effects of Radio Waves - M.
S. Tolgskaya - Google Books.

[29] Roberti B, Heebels G, ... JH-A of the N,
1975 undefined. Preliminary investigations of the
effects of low-level microwave radiation on
spontaneous motor activity in rats. europepmec.org.

[30] Kaplan S, Deniz OG, Onger ME, Tirkmen
AP, Yurt KK, Aydin |, et al. Electromagnetic field
and brain development. J Chem Neuroanat.
2016;75:52-61.

[31] YA Lobanova - Effects of Radiofrequency


https://biot.modares.ac.ir/article-22-61648-en.html

[ Downloaded from biot.modares.ac.ir on 2025-04-16 ]

OINKa 5 WSS (6t wormiermsermsesmsesmsesssessssssssssssssssssssss oo ssse s ssssssss oo o 29! 5 51 Bl jn oS andllae

al. Pulsed electromagnetic field enhances brain-
derived neurotrophic factor expression through L-
type voltage-gated calcium channel- and Erk-
dependent signaling pathways in neonatal rat dorsal
root ganglion neurons. Neurochem Int. 2014;75:96—
104.

[56] Llinas R, Sugimori M, Hillman D,
neurosciences BC-T in, 1992 undefined.
Distribution and functional significance of the P-
type, voltage-dependent Ca2+ channels in the
mammalian central nervous system. Elsevier.

[57] Neuronal Calcium Signaling Review.

[58] Leach V, Weller S, Redmayne M. A novel
database of bio-effects from non-ionizing radiation.
Rev Environ Health. 2018;33(3):273-80.

[59] ORSAA website. Data Dictionary for use
in selection of fields for downloading in CSV files.
Available  from:  http://www.orsaa.org/orsaa-
database.html.

[60] Hao Y-H, Zhao L, Peng R-Y. Effects of
microwave radiation on brain energy metabolism
and related mechanisms. Mil Med Res.
2015;2(1):1-8.

[61] Toledano MB, Auvinen A, Tettamanti G,
Cao Y, Feychting M, Ahlbom A, et al. An
international prospective cohort study of mobile
phone users and health (COSMOS): Factors
affecting validity of self-reported mobile phone use.
Int J Hyg Environ Health. 2018;221(1):1-8.

[62] Morgan LL. Estimating the risk of brain
tumors from cellphone use: Published case—control
studies. Pathophysiology. 2009;16(2-3):137-47.

[63] Betskii O V, Devyatkov ND, Kislov V V.
Low intensity millimeter waves in medicine and
biology. Crit Rev Biomed Eng. 2000;28(1&2).

[64] Crutcher RM, Kemball AJ. Review of
Zeeman Effect Observations of Regions of Star
Formation. Front Astron Sp Sci. 2019;6:66.

[65] Dasdag S, Akdag MZ. The link between
radiofrequencies emitted from wireless
technologies and oxidative stress. J Chem
Neuroanat. 2016;75:85-93.

[66] Haghighat N, Abdolmaleki P, Behmanesh
M, Satari M. Stable morphological-physiological
and neural protein expression changes in rat bone
marrow mesenchymal stem cells treated with
electromagnetic ~ field and  nitric  oxide.
Bioelectromagnetics [Internet]. 2017 Dec 1 [cited
2017 Nov 18];38(8):592-601. Awvailable from:

116

female rats. Elsevier.

[44] Roth BJ, Basser PJ. A Model of the
Stimulation of a Nerve Fiber by Electromagnetic
Induction MRI Project View project Diffusion
exchange spectroscopic imaging for biological
applications View project. 1990;

[45] Hinrikus H, Lass J, Annual TT-P of the
25th, 2003 undefined. Low-level microwave effect
on nerve pulse  propagation  velocity.
ieeexplore.ieee.org.

[46] Shneider MN, Pekker M. Non-thermal
mechanism of weak microwave fields influence on
neurons. J Appl Phys. 2013 Sep;114(10).

[47] Hinrikus H, Bachmann M, Karai D, Lass
J. Mechanism of low-level microwave radiation
effect on nervous system. Electromagn Biol Med.
2017 Apr;36(2):202-12.

[48] Johnson Liakouris AG. Radiofrequency
(RF) sickness in the lilienfeld study: An effect of
modulated microwaves? Arch Environ Health.
1998 May;53(3):236-8.

[49] Hocking B. Microwave sickness: a
reappraisal.

[50] Khurana VG, Hardell L, Everaert J,
Bortkiewicz A, Ahonen M. Epidemiological
Evidence for a Health Risk from Mobile Phone
Base Stations Epidemiological Evidence for a
Health Risk from Mobile Phone Base Stations. Int J
Occup  Environ  Health.  2013;3525(March
2016):263-7.

[51] Blake Levitt B, Lai H, Lai H. Biological
effects from exposure to electromagnetic radiation
emitted by cell tower base stations and other
antenna arrays. Environ Rev. 2010;18:369-95.

[52] Pall ML. Electromagnetic fields act via
activation of voltage-gated calcium channels to
produce beneficial or adverse effects. J Cell Mol
Med. 2013 Aug;17(8):958—-65.

[53] Walleczek J. Electromagnetic field effects
on cells of the immune system: the role of calcium
signaling. FASEB J [Internet]. 1992 [cited 2017 Jun
11]; Auvailable from:
http://www.fasebj.org/content/6/13/3177.short

[54] Lisi A, Ledda M, Rosola E, Pozzi D,
D’Emilia E, Giuliani L, et al. Extremely low
frequency electromagnetic field exposure promotes
differentiation of pituitary corticotrope-derived
AtT20 D16V cells. Bioelectromagnetics. 2006
Dec;27(8):641-51.

[55] Li Y, Yan X, Liu J, Li L, Hu X, Sun H, et


https://biot.modares.ac.ir/article-22-61648-en.html

[ Downloaded from biot.modares.ac.ir on 2025-04-16 ]

1402}.3L3:‘4 QJLM:514 0 ) g w)h%;ﬂmbd)jwwj

http://onlinelibrary.wiley.com/doi/10.1111/jcmm.1
2088/full

[74] Sun Z, Ge J, Guo B, Guo J, Hao M, Wu Y,
et al. Extremely low frequency electromagnetic
fields facilitate vesicle endocytosis by increasing
presynaptic calcium channel expression at a central
synapse. Sci Rep. 2016;6(1):1-11.

[75] Li Y, Yan X, Liu J, Li L, Hu X, Sun H, et
al. Pulsed electromagnetic field enhances brain-
derived neurotrophic factor expression through L-
type voltage-gated calcium channel-and Erk-
dependent signaling pathways in neonatal rat dorsal
root ganglion neurons. Neurochem Int. 2014;75:96—
104.

[76] Leszczynski D. Review of the scientific
evidence on the individual sensitivity to
electromagnetic fields (EHS). Rev Environ Health.
2021;

[77] Rubin GJ, Hahn G, Everitt BS, Cleare AJ,
Wessely S. Are some people sensitive to mobile
phone signals? Within participants double blind
randomised provocation study. Bmj.
2006;332(7546):886-91.

[78] Levallois P, Neutra R, Lee G, Hristova L.
Study of self-reported hypersensitivity to
electromagnetic fields in California. Environ Health
Perspect. 2002;110(suppl 4):619-23.

[79] Leach V, Weller S. Radio frequency
exposure risk assessment and communication:
Critique of ARPANSA TR-164 report. Do we have
a problem. Radiat Prot Australas. 2017;34(2):9-18.

117

http://doi.wiley.com/10.1002/bem.22072

[67] Mattson MP. Metal-catalyzed disruption
of membrane protein and lipid signaling in the
pathogenesis of neurodegenerative disorders. Ann
N'Y Acad Sci. 2004;1012(1):37-50.

[68] Fedoce A das G, Ferreira F, Bota RG,
Bonet-Costa V, Sun PY, Davies KJA. The role of
oxidative stress in anxiety disorder: cause or
consequence? Free Radic Res. 2018;52(7):737-50.

[69] Yin H, Xu L, Porter N. Free radical lipid
peroxidation: mechanisms and analysis. Chem Rev
[Internet]. 2011 [cited 2016 Jan 27]; Available
from:
http://pubs.acs.org/doi/full/10.1021/cr200084z

[70] Catald A, Diaz M. Impact of lipid
peroxidation on the physiology  and
pathophysiology of cell membranes. Front Physiol.
2016;7:423.

[71] Van der Paal J, Neyts EC, Verlackt CCW,
Bogaerts A. Effect of lipid peroxidation on
membrane permeability of cancer and normal cells
subjected to oxidative stress. Chem  Sci.
2016;7(1):489-98.

[72] Ando K, Fujita M. Reactive oxygen
species and the central nervous system in salt-
sensitive hypertension: possible relationship with
obesity-induced hypertension. Clin Exp Pharmacol
Physiol. 2012;39(1):111-6.

[73] Pall M. Electromagnetic fields act via
activation of voltage-gated calcium channels to
produce beneficial or adverse effects. J Cell Mol
Med [Internet]. 2013 [cited 2017 May 4]; Available
from:


https://biot.modares.ac.ir/article-22-61648-en.html

[ Downloaded from biot.modares.ac.ir on 2025-04-16 ]

Tarbiat Modares Biotechnology-Tarbiat Modares University
University

Quantitative study of the effect of non-ionizing
electromagnetic radiation on nervous system

Mohammad Satari Keykeleh!", Mohammad Naseh Talebi?, Farzaneh Zarrin®, Mehdi
Fakhimi Kamran®, Shadi Akbari®

" Assistant Professor, Department of Biology, Faculty of Basic Sciences, Malayer University,
Malayer, Iran
2- Assistant Professor, Department of Cognitive modeling, Institute for Cognitive Science
Studies, Tehran, Iran.
3- Postgraduate student, Department of bioscience and biotechnology, Malek Ashtar University
of technology (MUT), Tehran, Iran.
4- Doctoral student, Department of Social cognition, Institute for Cognitive Science Studies,
Tehran, Iran.
5-Assistant Professor, Department of Neurocognitive Sciences, Faculty of Modern Medical
Sciences, Tabriz University of Medical Sciences, Tabriz, Iran

* Correspondening Author

email: m.satari@modares.ac.ir
Received: 2022/5/20  Accepted: 2024/2/5

Abstract

With the wide spread of electromagnetic waves in living environment, concerns
about the harmful effects of these waves on human health have increased.
However, many studies have been conducted on the biological effects of non-
ionizing radiation, but there is no certainty about the effects of these radiation,
especially on the nervous system. The achieved results from studies have many
differences and even conflicting results have been reported. According to the
previous studies, it is not yet concluded whether non-ionizing electromagnetic
radiation damaging to the nervous system. The purpose of this study is to analyze
published articles about the effects of non-ionizing electromagnetic radiation on
the nervous system in order to extract quantitative data on the effects of these
waves. The purpose of this study is to analyze published articles about the effects
of non-ionizing electromagnetic radiation on the nervous system in order to extract
quantitative data on the effects of these waves. At first, the articles published in the
ORSAA database were reviewed and divided into two categories: cellular and
molecular parameters and neurological and cognitive parameters. The results
obtained from the reviews and quantitative analyzes of the articles in the ORSAA
database showed that in the category of cellular and molecular parameters, non-
ionizing electromagnetic waves have the greatest effect on the change of enzyme
activity and damage to proteins with 418 cases. Also, in the category of
neurological and cognitive parameters, non-ionizing waves have the greatest effect
on behavior and cognitive effects with 171 reported cases.

Keywords: Non-ionizing electromagnetic radiation, nervous system, frequency
bands, ORSAA database
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