[ Downloaded from jair.gonbad.ac.ir on 2025-05-24 ]

[ DOI: 10.22034/jair.11.1.70]

A 69 (wlbalo slapaghy 4 545 @
Journal homepage: http://jair.gonbad.ac.ir 9t 5 S 45t 39
cwaals wuS olRiSts

Gl (b Lo g oS! 71901 llizko SLOOIW b (0 30 46190 o (Danio rerio) 139 Blo oylowosts O ki

\Y . \ g . #).Y . \
Gy 39 0 SLo,y gl T el e 9k ¢ (Gawse Cmmns pol
k)‘)"‘ ‘Ca..f:) ‘UM al.i.':.jlo adul; ‘asl.c aSisloy as.aLHde) os)f !

Qlﬁ'l ‘k:Aon) sQ)Lf oLl ‘)}5 614.,)'5 @T Aog> o.)&;’;..%}i “j.b,)o fa9J.c 05; v

Sasli 5l gl » ond b dlo (59) SQIglgrud OISl g Olpdi jep o (SN Glagl >
anlllae ol 30 5,138 0 il (yloes 3,5 has 3 Wiy yiuslsSad 3o gedanw cnlf CorS’ alaz 31 ltoodgi
U i 09,5 A Wad axsyy 6 oy VB ggl (Sasdly B 5 1Y [0 1y oalo ankad YA Sl
53 (595 FA) a0 & y90041 (s oo Y18 98, Y/B locsiis b) smunblitng S 1ol 31 citkicin 595 duw
SIS i (laess Cdly (owlibicdly (o) 2 8,50 €L )0 Elgol 3 (5399 @ J A (lgedr B og,S.wiusd S
Clb oM (Lo 8 9 Y/B slacud & cows ‘SW,Jb S Lo V/O ©uds jo Gow SYeb B0 5l
igdn $351 3B 0)lg 9 oud )l (rab g 3 gl 31 (g pi o )0 45 (g aba 0,10 ylnadd
2105 M= oo V/B o 53 45 5yl Consl of yod Conmwgal 0301 iy 581 b gmnmbliio (3libmo ok i 39!
SYgb 0 Gl (S (b liko Zlgol 09279 sy o0 i) £ 97000 iy 0 995 (3l5w0 (0 FYL 49 Camigl

bl )18 35 3T Jresdgi ke

laesss b crnyo 68 ST L] cmsblisko zlgo!

ouS :allio &g
Jeol sty

https://doi.org/10.22034/jair.11.1.70

o azesw U

VARV OIS
SYYIYY by

24550 J ghonno 0 0unns g5
saslisls ‘@L...uw) 05; ‘J%‘jﬁ‘ @5]0
Oyl sy S oKl sy psle

wsolS slosly t.mirzapoor@guilan.ac.ir : J.|

(Krylov et al., 2014) sl o Jlods 0,505 0 (cblize yloce
ol Joo (oSN bz Jelo p2 Loy (eghan (pumboline Gloe
S 59, b 5 IS 55 by lablS 53 oad (5L (S 2SI
5 slo0s00 sladaiss ay pl jo aSL) 4 Az g b ogd go ddgi by
i 3lom] o Yool bl ol QS oo (S35 Sls) 3 0 seen o
(Feyetal., 2019; Krylov et al., 2014) w0 Slogzge oyl o
ol (5 e el i) o (Wl B L atws Tay GuilS )8 el
Yooy K V) b (bl 5 (5ye Ko Vempipa Yo ) Lagie
dy; ole (Wang and Zhang, 2017) wigds o puds (55,0 K5
040 5l milE ) 51 S 05l o Lt s Danio rerio lgicqs a5
T 55 wiS 5 lgtes 103 S5 el 4 yits 45 A3l
5 Ol 5 Loy (Bl psis e oo Ve Slaos (Slis Glain
Ml Trhe Jao S plee A oS (e el (izpes
oalgils 5l Slgsnl ale G ol ol (Marinovic et al., 2019)
LSl e oS > b 0 g 6lyT slao] o a5 el Cyprinidea
g sla-as g (Parichy, 2015) ogi o il (oodSs 4 JLs
5 0uS oo (S ol Xl ax 0 YAIF B YF/F slos o ole g9 0

doudo | )
Loyl Jole o215 sl )5Sl 4 (o ol od uly aig5 y0
S99 58 S STy 5 (slos S o sl cacly 457 355 0 000l
(T S e 4 Sielsed e STy Gl g 9sdise plele o
3 ahhs plol e Jhlie 10 0055 Slog>ge a5 aims e ¢, Slej
ol sles x5 (Schreck, 2000, Schreck et al., 2016) & .5 .~
Hur, ) J& ¢ Jo=> do ole O Ll (6 Cws omax o515 (5,00
Magnetic) wblise sloylone 5 slowd GloS 5 o Hlids, (2018
oz 3l o ale ,li3, a5 aas 1 e il slaailge alox 5l (Fields
Krylovetal., ) aes oo )13 50 cou ) b ale oo adgs 3,
a5 s e lis saste lidss gl (2014, Lerchi et al., 1998
oS alox 1 (e a5 slaat i 5l gl 2 g S w ]
Gallo) s s ylowss o Slos g ooy il 3 555 abaw &l s «alS
2 ombliae slagloe et al., 2020; Palomba et al., 2018
2 3szge mlbo jload Jols cwibline slaglae 5l lasgons
Ve il omablitegsy (lae D0l (550 w09d oo Sl (e 0,5 Sl
lacad (Soo5 50 Mad 9,500 Vo b lgiul Lo So5 50 M 5,500
Sz B )3 e (295 050 )3 (omabliie (lase Bl oo yuiie

o093l A oKils | \f.v ©

V1) Vo=V ) Fe ¥ 50,5 owlids colo slo ying sy 4 i


http://dx.doi.org/10.22034/jair.11.1.70
http://jair.gonbad.ac.ir/article-1-843-fa.html

[ Downloaded from jair.gonbad.ac.ir on 2025-05-24 ]

[ DOI: 10.22034/jair.11.1.70]

0502 g 59 l5 yme

GO (ol plo b g 4 pis A

Sod a5 Woew, 4l pl 4 (SOaSI Sed aas 5l oo il
Jelse o S a3 crsn adsl il slgl 5 el (S 25
o ol 5 sl 5o slfitalesT 7 098 oo LDl 4isS 5 500 52
O 59, 1) 9,50 ) Sl b 5 Ve eblisieg 28Ul e S
S ge Gali8l (Ll lolRislel soles sboosls tain S )y € 50
(Alakhras et al, 2006) wis,S 5,155 1, b e Glo i 0
Lol (gboline (laes o3o sloads J1 ) aslllas ol 5l Boo
o 055 Cales 5o 5 oloass s S sl i 31 lagl alie
Zlgol caiiS ot laoliws mws 0 )5 4y az g5 bl o 1y olo
LU 685 sl s 55 il oo by o bliieg Sl
ol ey SIS (@98 ol pod plyieas aslllae ol el 590 ol
Sy Olalllas slonil S o aseiia | G s O Slogzge 1 Zlsel
» Shiasdse plla gl ol Sl oLy Shezge 65 2

0,5 wles  ooig |y o e jo SiS 5 g el o ls

b gy golge | ¥

50 31 005 VB iy s b 1y oale aalad WA+ arllias il 1o
ouSasls b)d Siglsm oL A 0ny 9o a4 S lele (9
Srad 00 laans OB 9,0 9 w5l Jiize (LS oRiils 4l pgle
Sl Ve ()55 0,90 ;3 PH=Y 5 ol Sl az o YV (slas b s 50 o]
bl glo ale .sins s, (10L/D14) 5oL el VF g olisg,
)‘ O G PR IY éJlJ 9 ole Y-0 = u..fal.m 6‘)“’ (oslo 9 p) odd
Lila b o)l ca wlaaly g, w50 olfilel 4 bl
b Baiges o (5l Cardg (pl 48 55,0 Dow 4 olKisles]
P 5 (Eloel reye dess (80 S Sjgo ) 055, YA 090 S,
225 15 bl pblidn ase

Pneumaic tube

b liog uiSI! zlgol audgi olliws 31 (g1aigoi Cowly Coomw JSo - JCo
S 2l diges W o S SN sl pole 0uSCUGIS Ho D95 g0 Liws]

o 1y

Jo Jobo oles o (S (slyg b i ls (sloo i &l Jos
Fad b canb o (ale (nl Wy 5 005 ax ST ls Wy g 005 Ul
slos o1y ple oz (6SS (Meyers, 2018) col ol jor  cowsso
SB35l G g wilise 093 lej e 5o SRl 4z s YA
0,99 b odums lis aS 0ed oo g2 (3,95 5l @ el VY L FA
45 AIS oo 59, 0y30 Bpo |y eail i ¥ 15 ale ail e St
Wil §0 Slatglis 5 JEz doo 5l Sl alo e cnl o a8,
IS & lal o oliS 15 ole sla > asn 1o (Meyers, 2018)
Lo &) (oiz G alo o S 153851 g il (o0 00655 plaess
Sga> ;0 g aidly plad olS 5 iz j0 (ol g2 5l G aiae O-Y
Vargas et al., ) aub o 2555 Jloy sloadcy & (0555 pgw olo
So olseay Slgmaal lale ez ol )lso e b alie (2018
lolaess T oo o5z gy (Bl 0yi il — iy il ) daas
oud Jood Jagh g ez slaplail 4 g Wigd oo > 0 W) (Do
Sl (oS5 0y 53 LS dS aSh oS Jobo gz o S
syl (555 Al o 5 33l 4 a5 Ly (Mokhtar, 2017) oily o
Jolee Jols a5 oy ools awis o ale () lawss (o a> e #
3 el 00,5 5 s 123 sla gl 5 ) a5l 56 s adgl 56
JolSS 5 &5l g, (Mosavi et al., 2021) sl o 55,51 56 5 &5b
S el glaolyy, Kol Jg ams Jhess b sSsd
65 o amse A 8l 2os ) 1S sladshe 5 g
Mansouri et al., ) sas o yuti |, So3ele 58 9l s ] w3l
1Sy olale s oblise 5 2SIl o ilises slacas 31,2019
5 0ad mad ale 59y il cly Gl 3y 4z ool (byd
Moo lPl (2lo 2 Gbyz )15 Sl i ole Jobo 4z 0
5 jd Jawgi oals bl asllle (Aminian Fatideh et al., 2016)
Y ob,> as ols las (Lines and Kestin, 2005) oS
Sl o 55 a5 4l leale (59, 2 hie 3 Ay S
Ple S o e Sale )3 g 0ad Ld 4S5 (b daosy; wile
Sl a8 wisls lis (Sedigh et al., 2019) )l San 5 3y0u0 09 o
Syme Sy plgie 4y YL sle Dal o ofyg 4 (Sl bl
P85 0 1y sy 908 Joe 0 s Wl oo eyl ot
SYob ()5 )13 L Jre 0y w2 0 Fe SIS Jie (ale
Olas s lasdllas ;5 b oo (IR (pneblise Glae )3 (oale Do
ELF-MF o 55,0 0+ uilS,8 (om0 10 (6,5 1,845 o oold
@ e (oo o Sd>) 59) V) e 40 Ml 9,800 Ve e al
Sl )3 palS L olyem YL 5 5bgenss wunST g Sudlid o oS
wlis>s (Saadeldin et al., 2011) 0od co oyl (i) 5 S,
4 oyi8,8 18 as ol olas (Khaki et al., 2016) 2l Sen S
S5 g (5 pian D pboliins 2SI olaga oyme 5 Vs ks
9 75505 (i, phe 0T B8 Sl g o)l plaess sla JoSdsd
$5,b 5 $3ldls 098 o0 (559,b0 L 5 559,k by e 4 e Azl yo
eleil ol 5o Lol ale oyols 1,3 L (Barreto and Volpato, 2011)


http://dx.doi.org/10.22034/jair.11.1.70
http://jair.gonbad.ac.ir/article-1-843-fa.html

[ Downloaded from jair.gonbad.ac.ir on 2025-05-24 ]

[ DOI: 10.22034/jair.11.1.70]

vy |

we (o0 30 a4 lg0 caxi (DANIO FErio) 1y Bl ¢yliwss &l ks

5 s plenle ol 5 (onle 25 55,0 b (Jtass
a8l 8l 25 sl 1 bl bl laliag
ooSd 590 0ailS Condl Jolome 10 g w5 0ole ) 2l oy
By -SOR A YA RVA RV R U RGPS S CpUA E R W
il Blis Joe b5 Joloa 51 ool b g o ooliiwl (6 ,u50] Jos
S5 3Rl el ol il el pn 5k ool oo 23l
ol&iws jl oolaiwl b ays )3 plowl 8L b (6,05 B e g 0
O sk sl B DS 4055 Juw (Sl (53,) e S
a0 Fo-F0 Ol ax o b a5 Ol s (59, (ol,T 0 ool ags
ozl ] oz 5l ooliinl b .adad sols 513 gl &g 4 ol Sl
ek lan b, b cbolie bl 3 0503 S oY (55, 5 ntiges
an 0550 325 (5558 58y S 5l okl b 5 (550l S 553
25 53 @l laammssl b8 5 ST (sl JsSuls olasi iz S 15
S50 (sblioeg s8Il Zlgel Galizes slocals ;o peie (295 Il
-‘JBS"I}‘) sloss LS Joy)—o 6)Lo" LngcDL) J.:.M...Q.: u_‘); MLM 9
Ol e Sl £ Sk sl (il Syl b 5 S 5T sl
osls o4 Jle,s KOIMOGOrov-Smironov :yse;l 51 eolaswl b .o
3loslaal b deools Jloyi (FausSTy Coro 4y axgi b aayd 5 s
Shd S e (One-way ANOVA) aé,bS, il )y (95
09 IS cre (050 Latiine jskaieds DUNCAN (o3l 5l ol s
obos 90 T colarl bog,S 5l S o, A0 lawedl oo L
Loy ayloges amy g SPSS-24 158l o5 lawg o)l slapll
ué)f Pl:ul Excel-2013 )‘P‘f’)”

@Y

plo s asglboole (lis 1y ool jo Glaess cdly wlbibcdl o)y
4 jobay a5 wdly o osalive JB 1 7 lacemgsl (2555 Al 1o 4
N ot sl a8 5Silo T (b 48 5, adyl 36 51 s e
plo al>pe ol po a8 b agl 6wl e dee (NY L
i 3 e sl VP 5 VY a8 i) a5y 3l s
o5 S g (cendlgiw Las LS 0 S5 PeSly S batanssl
B e e 510 el o) BB el )3 (sled)) JoSons
5115 g Lamaggl b Siln ol (5,23 (slaJygll JoSits
0 12355 M g9l 5o Vil 5 sla Sl il o yie Lo +/TA
(o (shoo IYF L +/TA) locammggl Hhad 1. Sbeo o381 (g 5lwos ) 58
Eo g oo odaline S 5 (o n PSS Jds 4
5 a8l Gl el S sl Jsbe Culied e il Lo,
S o oy JS gladg) jalls

obol 1050 30 (Gl ] (o liko (slimo (2 po 5o Lodigod (y31s )3
(Helmholtz Coil) 5sele azy 5,55 a0l 51 (2 zlgel e ,
csolioeg miSUl Zlgel gy olSiws G jolaie (pl gl ol ik
399 b g o 90 ol ol (ol oolannl (V JSCs gillae) L
S8 39y 485 )18 (5w D jgots o Wle S 3 AT 3 Ve
Slg o pammr (nl 09 o (Tl Be 2902 g plp laazy (s
ol e e 99 (e (gatiio alold o 1) 5190 cwnblse o
L] g line loe ilgie a8 glalols o g aSSlsl 5l ass
oleas ol Juw jo cwl rasy el (e b ply wiS sl
L] smmrbolizo Jlaie B0 )8 o brdzey ,lg muiine 31 2 ¢ puil 5 SO
) 699)9 3y i b olCiwd (o Dol 098 Jolo azey 99 (e
2,8 ool Lo Ve BF Joleo Slaws ((cdg ¥om VY- 055000
30 D SYeb oolaiwl alawly 4 azen 0uijle (Gl aSG1 4y az g3l
Gl I s co Caws 51yl ades S o 1) 0es SIS YL 5Ly
sobie ol Gl s b oled 4508 pimns 0Kiwd (g3le age
5 05 ol O] 50 & (a2 dges Sazr ) Soilesiy sladly)
i Jate (e 2l ) Ol aie 4 5395 Olsie 4 o o S
lso g oads olfiws 8,1y Sz Ol colfiws 51 oolaiwl plfin ol 5 (s
e )5 (25,5) 4y s 5o
VYoo Jolis adb glyy ool axkad YA« Slasd s io (20,51 0590
0Fbe L) 5 ala 7o (o5 IV 17 (S59 (eSilie L) oole (o2l
(OS5 ey ) i oleale Ghyg 355 3l (05 N0 1D s
0aSzils Lo cwlid Gy olF )15 4y Sl 58T SSB L oy & g0
VYo daoe b 6,85k 5l e ol Jiiie LS oRiils 4yl pole
0;99,Y gl @ 5 oL, Kale ax 0 YV oles Lyl b Sodly &)1
Sy e g SV e b (oL el VF oLl el Ve )90
o3ls )13 wlflan &jgo 4 0ol olo5 05 s o 1) VIO sgime
WA (g dlwa( B, 1) calizee 1S5 4w bog 5 Y a4 lacd, b asuds
gloel Dles cos BL Y slane cnl sl wS 1E Gege
O o bl cod B, Y s o VIO ol b plolising oS!
aan ¥ e 4 s Lo VIO ol b jles cow B Y 5 Ms L
cel SG o oy, 0wz, 5 1,8 el G Do 4 59, 2 9 (G, YA)
Vel 5l Gtala S5 5 e j2 (sl Gialesl £5,8) 59 5l e
St (6 ) 90 ol A iy SO Bl o (aib oo VY el U o
Oilesl b ¥ oS o (slp aixs S 13 il canbline olae )“U
B e JAS Oy b B)b o ol je gl a1
shailyey w8l o lale 4dss 0l a8 Jai s swablse las
ezl ( S5 sl ple o bS5 aS) /0 leg o ulinaS
0di) 03¢5 (339 Jo,of jlade 4 (W1 P ey pAiS qugew g 9olS
plxil (pas g oo glaml) oli saey g0 4o (Nekoubinet al., 2012)
O35 Mz g (Bb i polaiedy (20 Sl oye8 plesl 5l w288


http://dx.doi.org/10.22034/jair.11.1.70
http://jair.gonbad.ac.ir/article-1-843-fa.html

[ Downloaded from jair.gonbad.ac.ir on 2025-05-24 ]

[ DOI: 10.22034/jair.11.1.70]

3502 g 55 ymo

SO (lid plo sl gl sy | vy

a5 & £a b (slo0y Lad Hlislo S 5T JsSulgh Sy pgad ¥ JSC
Glody) Lal. wigligo canS i ;N0085 b 1959 455 s9ba 03,5 s
B+ 0VM (5 LodS 5 39) D9 o0 @A 005 g 0ol AlwS

GVl o e Gl Gal 5 cesl (il 5551 5B @ baosg
MalS &y ge0 o mrloline e [0 00l Jlasl Olus Lo Y/O) Sals
(¥ JS5) (0<0.05) wuS' o 1oy 595 Sgguinn

20 plas ols las wnblise (o iz glacals anlis
slead 4y o (g ity UM Lo VIO ool jo o SYsb
Ol ol glacads o)l laess cdl s e O 4 VIO
Lol oas S 31 glacummggl sl cely (oo Cllo )0 55 cwnblise
S8 45 s Sl 5% 58 05,5 b 5 o Lina Y31 15
«(f

Yo

cliso Joyo b (2 camggl o 55 a5 15 (alo laesds 31 g g Y S
¥ 4 gl 58 50 Camgal Y adgl 31 50 Camggl 1) Laigi oo cuplice o oST

D (55w 00,5 aloyo )0 Comggl :F (5SSl gigll Al o 50 Camwggl
Scale (“"’}‘*.‘.‘ )“ w&c) ‘5)}’T )lﬁ L) Cz.:.w," i ‘;A*w) 41’).0 ) GA,,..»j,‘
bar=135.51pm

ol Ay 4 baumggl Jhd (o She (Sonm) b ok 51 0
I 53 sy Gl (o WIVF B IVE ) 5500l (b 50 Sanmagl
L Gdl @ bles sloo ) slaJoulS 5 oo 4saSCl dtd (oDl giens
(VD) wlo Sebadgi sl JSo (o sloodgs (polo JSb o0y
O a3 4 9,8 sles ) Las Ll (55T 51) et 5B o Lol
LSl glos 5 Lid gl oo S 5 RaS b Leles b J9Sij9 5 00,5
AV JS5) 05 g0 iz 00,5 9 00l
il Sl eyl olas o 165 5T Gl
e By 3 D Yok Djgo oS 1y (ale (laess
Sy5 gy Sl cal jo ol (las Wagy a8)F 18 eje cenbline

Y.

i il sl sSalgh 13 a8l

i d

a

7

R b

a .
via &

Y/ e

Lol nblis ofos slaoials
Olos M (Lo VD 98 ¥/ sauds b cwablzo ylowo coio B0 H1 50 xS.e,:T S oS gd dluxi (1 Kileo gz —F o
WS o0 sl 1 10 Sre S W ygiw sYL


http://dx.doi.org/10.22034/jair.11.1.70
http://jair.gonbad.ac.ir/article-1-843-fa.html

[ Downloaded from jair.gonbad.ac.ir on 2025-05-24 ]

[ DOI: 10.22034/jair.11.1.70]

ve |

wte (030 &1 g0 i (DANIO Terio) 1) plo yliess &l i

Ol 5 (6 lolire 2ulidl Lol (0>0.05) 0o loline s Jue Y/
a8 oanlin J7US 05,5y o M (Jhea VB 09,5 ;5 Causgl b
(p<0.05)

Ol Ly oole o (gmmblive Zlael Galides sloj9s croje 20 ]
S8l ool 0l ool Vs 20 il peje Sl o aS ol
b Wg, 5l aamgsl 5l (i wojs aS (5 b 4 atily e
e s Lid o al g3 Wisdioe 55T 5B 35 5 e )5
a5 Sl o S e ablol 1 Wacepuggl Gl a5 Blol, bsj s
D)0 50 alanmaggl (pl digh go plesl o )3 slos ) slaJsil S g 0592
sl walgss Jb szl g5k ol

S
<

o 95 e A gyl S8

' b
a a
o -
¥
..
Y.
\..

Comdy 50 Ml Comggl Jlad Giomiw ol 18l bcumwgs! jhad

=S il 58I Ms Lo VID Sald )0 Cawggl Jad aS sl lid o e
A Cowd e rog )T ple (O JSB) ol Ko sleeg, S Ll
oeSilon Jahe it ly 53 AEE (5o Line BT RS,
csmblize als o 3YL & bogy e gl Hhad a6 ,.5 o3l
a8 1 Sheo e (g 5eS Olud o VIO o) aiily oo a8, S
4 SDlpss W3g, aioly lid 0g5 51 Ds (Lo VIO Gals bog 51
VIO 09,8 1 Syl yhad o3lail jo ;. Kai 2als lanl a5 ogr slasss
0 i bog,S 50 s .o oddlive J S 09,5 4 Cornnd Ml s
gy ol )5 ST gl S8 liee o (ptalil g, M Lo
Sl b jles 05,8 4 e s (Lo O ol b jles o caulidl

Control Yo mT

a
omT V.0 mT

s ekiliang! gunblio loigo 5lo

oo 3L 3L 3050 (5line] smmrblihs 5,250 ol yl5 s Al (om0 eSilan — JSC
bl oo Hlolmo OIS sudde (yLLS

St 8l il M e VIO glal (225 51 Jool gl bl b
- G351 B 1) (le (slacurmgsl 99,5 g, 2 oblite Glage
@ bgiye Jb slacamgsl Jhd (oSl e (n i (eizpen L
09,5 b Llo Liee Mt (lls a5 ol pundbline lows 5l o pen
o VIO 51 S slacads s a5l Il o ol il e J S
5355l L8 ol 5 alanl sl jo (g i Goe 4 laguwggl Slus
g0 et oD (B3] e &y oS

(Krylov et al., 2014) ;Ko 5 Bols ,S Lo anllas b 38155 o
(seblise (lace ad Sllagi 5 (egmas (oublisn (e 05 Blge
oo Ll (i g0 9 035 (59) (St Sulae s ey (b
s o )l 5t cow 1) gl slacegsl 5 (et (5SS 5 05
He et al.,) ;J,Ke2 5 42 4 (Han et al., 2010) Koo 5 ;o
SaJsSIsh 555 2 emeblitos S e Il 850 45 (2020
Ay oS wsle plas g wols plxl gldlae 1y ale Slawss
s g odd S SsS Comgsl dtad (punblineg SSUI el (Al
oo,55 (Roshangar et al., 2014) il Sen 5 5y, oo JS
SSe558 50 Sy a4t il oo (smnnbliins Sl lyel a5 s S
55 IS (sl Jols (gl @515 il 5 gl 53

S Sz g ey | F

Gl prez gsla ;5 il 5 hea VT ool Sl 3l oo
S 5 pBRile] Sldllas wieils o1 (S5elsST sbao >3k
Sz odlitl 3590 sla g, 5l (o (S (6 Keale el (5oL
@lailog) 5 a0l Ol Glaaiss 5l Slii glacs)loy: aiges
Olowe 31 eslatwl  Sbys slalase  yo uimes 0l oo
slac b sinban Gl 5 e dro a5 g mrboliins S
wiloe Johiie 0l sloaist logases wios sbaaiss sobw
Dol (S Ol @ (Sl e S o laale HU8, L sl
0k adlor dinly 698 (o9 @ (ae layeSl g 0L
sy Sislsrid Sl s Dt Sen e wilgi oo (Sl lo
Sl 5l eslitul Jloisl Slss oy ol by wisd o abe
g aigS (owlid Conyy Sl 5l oo lale SLS (59) 2 dmn ySU]
(Formicki o,ls coeal S sladiss Coran (2iSTy s 3l o
and Winnicki, 1998; Krylov et al., 2014)

o Sl 5 bl glel il slojes Sl Lol> adllas o
bl 485 )15 axllan 350 125 e e 355 anns 2 (3050
Ol aamgsl Sl 55 5 5551 sloJsSelsd olass yy (cugblits sl
Ol @lizee slamals ;o awablise flawse o, Sles .l 00l o0lo


http://dx.doi.org/10.22034/jair.11.1.70
http://jair.gonbad.ac.ir/article-1-843-fa.html

[ Downloaded from jair.gonbad.ac.ir on 2025-05-24 ]

[ DOI: 10.22034/jair.11.1.70]

3502 g 55 ymo

63 (ol alo g dg sy 4 i | ve

<4k ;1 (Panagopoulos et al, 2002; Pomerai, 2000) .55
azlye 3 Jobo (23,5 15 alanls 4 of3T la ol ()l (2ol
Sl (Eleuteri, 2009) el suis sdnlice ju cmabline Hlows b
S e Jite 5 |y %00y & lauls Jlail anl bl
el sl wils b o> wes e plis walgs (Drozdov, 2008)
- o e Yo 33 35 emabliie nd jlos sl e 5 (S S
Sy Sl g a8 8l o 1) (Siglsn slapian aily
Pawel, 1986, Barnes and) ol atils Slogzge Caadlo
(Greenenbaum, 2016

ol o a5 (Cecconi et al., 2000) il )San o SIS Baiizs ,o
9 oo VA= Sl b (pmblising 2T (los 1 (o) 0 0
bazo )3 plaeds sl oad lax slaJoSl9d (59, 2 5 TY (W52
G s Do 4 b JoSds8 i) 0o T lgie al aSl e
g oo A )10 0 i al> 10 3y (G 4 b JSIgd 5 b oo RS

-0 ulas (Pecoraro et al., 2022) Ko 5 5,1, Olailas
03guzte ;O gmmblitog uSI sloylae (B0 jo (i35 18 a5 aws
59999550 5 o 9 S 3 k29 HB U e (06) 5 el8S YV
b SIS S By o g Y 15 0 S5 sl bl e
Ol 1) oads auilojle (9% 4 lataege 5 B (lpo 3529 o
isls

oles (Mosavi et al., 2021) ], Sen 5 gowge Slalllas gl
Sy S 0 s VI0) gueblie laas YL slocas a5 aas so
2 53 ee 00d (6351 slaamgsl st (al38 5 ons; slacissl
sl )“’5)“[’ 125 ole sk

(Monsefi et al., 2005) Koo 5 hais danlllas o 5L
PRSP PC e FOUN FEPUUCL ¢ [N VORLNUN SO WOR 38 JRCIES
o ol s Slaess slaJgSdgd b 6 w3l , e olisS
0399 50 Olee (3 Jl &5 85 A Uy (o0 OhlSen 5 hate
S8l 50 6y Ll 09l (0 85 pe S8 talS o Do olgS
ool s & s a4 amg Lo i8S o iz Sladgs 90 5 loess
5 S oligS (58,5 1,8 a5 C8 S Al g oo shaie dslllas
Syzge S e Sl obml b bbby 2SIl gl ploee 552
S8l o (6 s Ol s agzlge loy LinliEl 5 090 dlesu of e 0
Comdg 4 Ay (bl STl slgiloe a8y ;o 05 geolon] oz
5 ez 45 b glad ( g38l Colas caslllan 5,50 Jsho (Soolse
o S8z bels plae slaadls pizmen WS o 5 O]
G g g ol el 58 5 laue 508 pwnblize slagloce 5l ol
DS Jos 0aiiS Jd b oasS Lo g0 4y 3lg o a2 lge e

Olawe a8 azzdl, o (Cecconi et al., 2000) il Koo 5 SIS
o9 3lml L9598 45 (et SeAS ity g pge 39, B 55,2 O
9 oo b JsSgd olaws Jls Line (215 o (6 35,8 TF o Lol S
pis o Lo 5558 Ul GRalS Gyl 31 55 ol

&1 wsls olzs (Cecconi et al., 2000) S 3 SIS
ez pe daglaass o 5155 sl sk Sl Jedoar (JsSJsd
OLSen 5 LI bl go 3las] gunbolisios 2SIl o (220 p0 (285
SFp 0 53 e 0 85 1B a5 isls Las VY Lo o
Wi g Sae Ao 5 Fee ev e ¥ lacass LELF-MF Slae
5 & 0 w2l A e (Geie Sexdg) el A7 ploj Do o
Sebes 1y (Ble iz a8y sl Jole o B (e als
oz lmal g e g S lie )3 Gl e BT &S >
(Lietal., 2014) sgi ai onnlin 1,5 ol

olas (Piccinetti etal., 2018) ) )San 5 S dnlllas ass
Sy ple (cuim a5 el 0B 51086 Ve - EMF (S oS 0l
5 a5 550 6l yees plos ;5 (NPF) 2 5 ey sl VY b YF
Gl oy aalS NPT FA al> po 5o oy joboas 0,8 3B Julow
Sl 5msT slasnl b gs,d seilinnsT (ol slap] swsis)
oSV Ly 45 i 05 00y JgyiedS dpalie 45 peei s
S8 ol las ol sl eole slaybse (g5, » (Alakhras, 2001)
b omeblieg 28Ul lase (oyae 55 555 A0 e 4 5 Ghge 25
233k Gl g o)l slassls slass als cely 50 B0 LS8
Dydge ol o (i

Hemayatkhah and ) ool 8L 4 elgscoles anlllas olulp
Szt sl JsSdsd o551 mabliae zlsel (Bagerzadeh, 2017
I8 3l s 1) (650,k dacyge,em by NS5 asls 2l
9 a5 slagSgh olass p (cubolineg Sl glgal (ou) 2 020 o0
sass yo o Lixe palS Wb (plme hge iz slapgesen
o s olaw o pSasiz Gilil g B 5 456 olaJsSIsd
s ge L 1) S5

30 D SYeb (oo Jldaies ol anglis (o0l aslllhe o
Ol e 4 Cud 50w U Olus (Lo VIO) YU slajeo
2l aoys o] e 5 anils laess <l s OLs Lo 8 5 VIO)
Copsgsl 05181 T8l b pgbliie e i i3l il oo alS
555 Olyee VL 4 Md (e VIO ol jo 4G 5k 4y 05 ol e
Sl o bliio gloal 3525 45 S Glgi e S 5k
lye Slagzse Jo ol (59, p Dae (SYsb )0 Conl (Sae (2ly0
il 3,56 Ly ol Logase

oo a3 SLalS ELF-EMF oobline slaglane i1 panilSs
4o Sy Bk p e grhae (Folite slaans B Il b et
slis mhw o5l lagyg olraly del publieg xSl slo (o
s g ot Lad (SO Sl s o ol 45 Wigd (oo lensdly
IS 0gd oo W 4 ataly (S0 Sl U (ornb 28 b b o
O 037 il pelS O Zolae 3 i slml Gl lasaly
et g Ml oo (31 (ool (A5 (Job (lad 2 50 penlS
s RNA (g)loy s Golidl ( Joko pouili a5 > loj 0
ok o S lf 4 it S g a0 9 DNA (s


http://dx.doi.org/10.22034/jair.11.1.70
http://jair.gonbad.ac.ir/article-1-843-fa.html

[ Downloaded from jair.gonbad.ac.ir on 2025-05-24 ]

[ DOI: 10.22034/jair.11.1.70]

vs |

we (o0 30 a4 lg0 caxi (DANIO FErio) 1y Bl ¢yliwss &l ks

fields on mammalian follicle development, Human
Reproduction, 15(11): 2319-2325.

Clelland E., Peng C. 2009. Endocrine/paracrine control of
zebrafish ovarian development, Molecular and cellular
endocrinology, 312(1-2): 42-52.

Drozdov K.A., Khlistun O.A., Drozdov A.L. 2008. The
influence of ultrasound and constant magnetic field on
gametes, zygotes, and embryos of the sea
urchin, Biofizika, 53(3): 513-518.

Duan W., LiuC., Wu H.,ChenC., Zhang T., Gao P., ...and
Zhou Z. 2014. Effects of exposure to extremely low
frequency magnetic fields on spermatogenesis in adult
rats, Bioelectromagnetics, 35(1): 58-69.

Eleuteri M., Amici M., Amici L., Cecarini V., Cuccioloni
M., Grimaldi S., Giuliani L., Angeletti M., Fiorettil E.
2009. 50Hz Extremely Low Frequency
Electromagnetic Fields Enhance Protein Carbonyl
Groups Content in Cancer Cells: Effects on
Proteasomal Systems, Journal of Biomedicine and
Biotechnology, 2009: 1-10.

Fey D.P., Greszkiewicz M., Otremba Z., Andrulewicz E.
2019. Effect of static magnetic field on the hatching
success, growth, mortality, and yolk-sac absorption of
larval Northern pike Esox lucius. Science of the total
environment, 647:1239-1244.

Formicki K., Winnicki A. 1998. Reactions of fish embryos
and larvae to constant magnetic fields, Italian Journal
of Zoology, 65(S1): 479-482.

Gallo A., Boni R., Tosti E. 2020. Gamete quality in a
multistressor environment. Environment international,
138p.

Han J., Cao Z., Liu X., Zhang W., Zhang S. 2010. Effect of
early pregnancy electromagnetic field exposure on
embryo growth ceasing. Journal of Hygiene Research.
39(3): 349-352.

He Y., Tsang K.F.,, Kong R.Y.C., Chow Y.T. 2020.
Indication of Electromagnetic Field Exposure via RBF-
SVM Using Time-Series Features of Zebrafish
Locomotion. Sensors, 20(17):4818p.

Hemayatkhah Jahromi V., Bagerzadeh P. 2017. The Effect
of Cinnamon Extract on Ovary in Adult Rats Treated
Lead Acetate. Journal of Animal Biology, 9(2):1-10.
(In Persian).

Houston B.J., Nixon B., King B.V., Aitken R.J., De luliis
G.N. 2018. Probing the origins of 1800 MHz radio
frequency electromagnetic radiation induced damage in
mouse immortalized germ cells and spermatozoa in
vitro, Frontiers in public health, 6: 270.

Hur JW. 2018. Stress responses of olive flounder,
Paralichthysolivaceus by sudden rise of temperature in
low and high water temperature conditions, Int. J. New
Innovations Eng Technology, 9: 74-86.

lorio R., DelleMonache S., Bennato F., Di Bartolomeo C.,
Scrimaglio R., Cinque B., Colonna R.C. 2011.
Involvement of mitochondrial activity in mediating
ELF-EMF stimulatory effect on human sperm
motility, Bioelectromagnetics, 32(1): 15-27.

Khaki A.A., Khaki A., Ahmadi S.S., 2016. The effect of
Non-ionizing electromagnetic field with a frequency of
50 Hz in Rat ovary: A transmission electron
microscopy  study. International  Journal  of
Reproductive BioMedicine, 14(2):125p.

s (§ 50 VT asbolising Sl (lane 098 oo Jo adgi 50 Cunddge
F g 0ad S5l Jgol il jlade falS g pg il wad glaces]
ard s a5 cownilSe .ap0 co ialS | 1585l S sla Jsluw ;o DNA
S8 ol s eiin o wloss Sl ol g gl 435S
Ol Al Sl (pubolisng STl Zlgal (1 15l a5 )lie oS 00 £ )las
oxd Sl eis gy 45 39500 CMYC Jio 55501 (slagss | (o5
DNA (55le asilon 5 (Joho JSom 280 Jotnsd 22l 05 00l ags
E5ose o> Jloiml as 8 (Sakhaei, 2007) o4 o S al> o yo
Ls glos inliil czrgo glasl a5 Lol 5l sl o Lo il
Celd 50 5 5% UE)T dende O Wl oo Wsd oo (g e S
P ek 3G Wl g (a9 et Guizmen LBL Sge (L s
(Piestun, 2008) awsl azsls

eilSe Lol 5 0l 31 Vol a6l 00 S sla gl a0 5L
Mol 5955 2 b B osige el alas ol o3l (SisSz 5 Jae
4 azg oyl Cussy Slogzge clidlre gly e 268 ol
e g LS Jud sl po (ol — (e oy pitas Cooal
555 50 amabliiog 2SI s 3,15 53l g LT LiSTy g Cormes
bz 9 15 Gyl Jelse SIS adlllas jiicy )95 o559 0) 50
g bel G 5l G s 00l 2
O s 5 ST yiSI Conny

biggg.marinebiologist@gmail.com (S350 (yaam yaal

t.mirzapoor@guilan.ac.ir Helime sk
javid.rezaei70@gmail.com 2, o,y ael
behrooz1072@yahoo.com (6> 3940
REFERENCES

Al-Akhras M.A., Darmani H., Elbetieha A. 2006. Influence
of 50 Hz magnetic field on sex hormones and other
fertility parameters of adult male rats, Bio Electro
Magnetics, 27(2): 127-131.

Aminian Fatideh B., Golmohammadi Manjili N., Shafiee
Sabet S., Vahdati N., Jafari M.V. 2016. Impact of
electric field exposure and salinity on behaviour of
common carp (Cyprinus carpio) during entanglement
of fishing gear. Veterinary Researches & Biological
Products, 29(4), pp.100-109. (In Persian).

Aytekin Y., Yiice R. 2008. Ovary maturation stages and
histological investigation of ovary of the Zebrafish
(Danio rerio), Brazilian Archives of Biology and
Technology, 51(3): 513-522.

Barnes, F. and Greenenbaum, B., 2016. Some effects of
weak magnetic fields on biological systems: RF fields
can change radical concentrations and cancer cell
growth rates. IEEE Power Electronics Magazine,
3(1):60-68.

Barreto R.E., Volpato G.L. 2011. Ventilation rates indicate
stress-coping styles in Nile tilapia, Journal of
biosciences, 36:851-855.

Cecconi S., Gualtieri G., Di Bartolomeo A., Troiani G.,
Grazia Cifone M., Canipari R. 2000. Evaluation of the
effects of extremely low frequency electromagnetic


javascript:;
http://dx.doi.org/10.22034/jair.11.1.70
http://jair.gonbad.ac.ir/article-1-843-fa.html

[ Downloaded from jair.gonbad.ac.ir on 2025-05-24 ]

[ DOI: 10.22034/jair.11.1.70]

OlSed 9 y3l3 o

SO (bl plo oo 4y A

Krylov V.V, lzyumov Y.G.,, lzvekov E.l,
Nepomnyashchikh V.A. 2014. Magnetic fields and fish
behavior, Biology Bulletin Reviews, 4(3):222-231.

Lerchl A., Zachmann A., Ali M A., Reiter R.J. 1998. The
effects of pulsing magnetic fields on pineal melatonin
synthesis in a teleost fish (brook trout,
Salvelinusfontinalis), Neuroscience Letters, 256(3):
171-173.

Li R.,, Ma M, Li L., Zhao L., Zhang T., Gao X., Wang M.
2018. The protective effect of autophagy on DNA
damage in mouse spermatocyte-derived cells exposed
to 1800 MHz radiofrequency electromagnetic
fields, Cellular Physiology and Biochemistry, 48(1):
29-41.

Li Y., Liu X, Liu K., Miao W., Zhou C,, Li Y., Wu H.
2014. Extremely low-frequency magnetic fields induce
developmental toxicity and apoptosis in zebrafish
(Daniorerio) embryos, Biological trace element
research, 162(1-3): 324-332.

Liang J.O., Abata K., Bachelder E., Bartley B., Bozadjieva
N., Caskey V., Eckwright D. 2011. Original research in
the classroom: why do zebrafish spawn in the
morning?, Zebrafish, 8(4): 191-202.

Lines J., Kestin S. 2005. Electric stunning of trout: power
reduction, Aquacultural engineering, 32 (3-4): 483-491.

Mansouri E., Keshtkar, A., Khaki, A., Keshtkar, E. and
Khaki, A., 2019. Effects of extremely low frequency
electromagnetic fields and simultaneous treatment with
Allium cepa on biochemical parameters and
ultrastructure of ovarian tissues of rats. Iranian Journal
of Medical Physics, 16(2):158-165.

Marinovi¢ Z., Li Q., Luji¢ J., Iwasaki Y., Csenki Z.,
Urbanyi B., ..& Horvath A. 2019. Preservation of
zebrafish ~ genetic  resources  through  testis
cryopreservation and spermatogonia
transplantation, Scientific reports, 9(1): 1-10.

Meyers J.R. 2018. Zebrafish: development of a vertebrate
model organism, Current Protocols Essential
Laboratory Techniques, 16(1): e19.

Mokhtar D.M. 2017. Fish Histology: From Cells to Organs
(1st ed.), Apple Academic Press.

Monsefi M., Bahauddin A., Pirooz M., Haghighi S. 2005.
The effect of electromagnetic field on ovaries and sex
hormones in female rats, Journal of Birjand University
of Medical Sciences, 11(4): 26-33. (In Persian).

Mosavi S.A.H., Heidari B., Mirzapour T., Valipour A.
2021. The effects of different intensities of static
magnetic fields on ovarian tissue in Zebrafish (Danio
rerio), Journal of Aquatic Ecology, 11 (1):73-83. (In
Persian).

Nekoubin H., Gharedaashi E., Imanpour M.R., Nowferesti
H., Asgharimoghadam R. 2012. The Influence of
Synbiotic (Biomin imbo) on Growth Factors and
Survival Rate of Zebrafish (Danio rerio) Larvae via
Supplementation with Biomar, @inproceedings
{Nekoubin2012ThelO,

Nofouzi K., Sheikhzadeh N., Jassur D. M. Z., &Ashrafi-
Helan J. 2015. Influence of extremely low frequency
electromagnetic fields on growth performance, innate
immune response, biochemical parameters and disease

resistance in rainbow trout, Oncorhynchus mykiss, Fish
physiology and biochemistry, 41(3): 721-731.

Palomba S., Daolio J., Romeo S., Battaglia F.A., Marci R.,
La Sala GB. 2018. Lifestyle and fertility: the influence
of stress and quality of life on female fertility, Reprod
Biol Endocrinol, 2;16(1):113.

Panagopoulos D.J., Karabarbounis A., Margaritis L.H.
2002. Mechanism for action of electromagnetic fields
on cells.Biochemical and Biophysical research
communications, 298: 95-102.

Parichy D.M. 2015. The natural history of model
organisms: Advancing biology through a deeper
understanding ~ of  zebrafish  ecology  and
evolution, Elife, 4, e05635.

Pawel O. 1986. The monitoring of radioactive substances
in biological food chains by the veterinary service in
Czechoslovakia (No. INIS-XA-C--069).

Pecoraro R., Pavone S.C., Scalisi E.M., Ignoto S., Sica C.,
Capparucci F., laria C., Salvaggio A., Sorbello G., Di
Donato L., Brundo M.V. 2022. Multimarker Approach
to Evaluate the Exposure to Electromagnetic Fields at
27 GHz (5g) On Danio rerio larvae.

Piccinetti C.C., De Leo A., Cosoli G., Scalise, L.,
Randazzo B., Cerri G., Olivotto I. 2018. Measurement
of the 100 MHz EMF radiation in vivo effects on
zebrafish D. rerio embryonic development: A
multidisciplinary study. Ecotoxicology and environ-
mental safety, 154:268-279.

Piestun Y., Shinder D., Ruzal M., Halevy O., Brake J.,
Yahav S. 2008. Thermal manipulations during broiler
embryogenesis: effect on the acquisition of
thermotolerance, Poultry science, 87(8): 1516-1525.

Pomerai D.D., Daniells C., David H., Allan G., Duce I.,
Mutwakil M., Thomas D., Sewell P., Tattersall J., Jones
D., Candido P. 2000. Non-thermal heat-shock response
to microwaves, Cell Biology, 405: 417-418.

Roshangar L., Hamdi B. A., Khaki A.A., Soleimani Rad J.,
Soleimani-Rad S. 2014. Effect of low-frequency
electromagnetic  field  exposure on  oocyte
differentiation and follicular development, Avd
Biomed Rec, 3(76).

Saadeldin I.M., Fadel A.M., Hamada M.M., EI-Badry A.A.
2011. Effects of exposure to 50 Hz, 1 Gauss magnetic
field on reproductive traits in male albino
rats, ActaVeterinaria Brno, 80(1): 107-111.

Sakhaei A., Salehi H. 2007. The effect of low frequency
low frequency electromagnetic waves on the tissue
structure of NMRI mice, Journal of Babol University of
Medical Sciences, 8(6): 7-13. (In Persian)

Schreck C.B. 2000. Accumulation and long-term effects of
stress in fish, The biology of animal stress, 1: 147-158.

Schreck C.B., Contreras-Sanchez W., Fitzpatrick M.S.
2001. Effects of stress on fish reproduction, gamete
quality, and progeny, In Reproductive Biotechnology in
Finfish Aquaculture, 3-24). Elsevier.

Schreck C.B., Tort L., Farrell A.P., Brauner C.J.
2016. Biology of stress in fish. Academic Press.

Sedigh E., Heidari B., Roozati A., Valipour A. 2019. The
effect of different intensities of static magnetic field on
stress and selected reproductive indices of the zebrafish
(Danio rerio) during acute and subacute


http://dx.doi.org/10.22034/jair.11.1.70
http://jair.gonbad.ac.ir/article-1-843-fa.html

[ Downloaded from jair.gonbad.ac.ir on 2025-05-24 ]

[ DOI: 10.22034/jair.11.1.70]

YA |

we (o0 30 a4 lg0 caxi (DANIO FErio) 1y Bl ¢yliwss &l ks

exposure. Bulletin of environmental contamination and
toxicology, 102(2):204-209.

Shefer G., Oron U., Irintchev A., Wernig A., Halevy O.
2001. Skeletal muscle cell activation by low-energy
laser irradiation: A role for the MAPK/ERK pathway,
Journal of cellular physiology, 187(1): 73-80.

Vargas R., Mackenzie S., Rey S. 2018. 'Love at first sight';
The effect of personality and colouration patterns in the
reproductive success of zebrafish (Danio rerio), PloS
one, 13(9): €0203320. doi:10.1371/journal.
pone.0203320.

Wang H., Zhang X. 2017. Magnetic Fields and Reactive
Oxygen Species, International journal of molecular
sciences, 18(10): 2175.doi:10.3390/ijms18102175.

Zeng Y., Shen Y., Hong L., Chen Y., Shi X., Zeng Q., Yu
P. 2017. Effects of single and repeated exposure to a
50-Hz 2-mT electromagnetic field on primary cultured
hippocampal neurons, Neuroscience bulletin, 33(3):
299-306.

:lio ol 4 ol o9

Iy ol Glawess Olpss o Gyu vz o J 8L, Wb el czl (Sswse
Lyl bl xSl zlgal calises slacsas b pete 49230 o (Danio rerio)
VO V=Y ALY Luglfansd oRadls (68,0,5 culid ol slo togh a0

Mousavi A.H., Mirzapour T., Rezaei Lord J., Heydari B.
Changes in the ovaries of zebrafish (Danio rerio) under chronic
exposure to different intensities of static electromagnetic waves.
Journal of Applied Ichthyological Research, University of
Gonbad Kavous. 2023, 11(1): 70-79.


http://dx.doi.org/10.22034/jair.11.1.70
http://jair.gonbad.ac.ir/article-1-843-fa.html

[ Downloaded from jair.gonbad.ac.ir on 2025-05-24 ]

[ DOI: 10.22034/jair.11.1.70]

3102 g 95 ymo

02315 (b Pl o g} 4 pisi AL

Changes in the ovaries of zebrafish (Danio rerio) under chronic exposure to different intensities of

static electromagnetic waves

Mousavi A.H., Mirzapour T'?",, Rezaei Lord J'., Heydari B*?,,
! Dept. of Biology, Faculty of Science, University of Guilan, Rasht, Iran.
2 Dept. of Marine science, Caspian Sea basin research center, University of Guilan, Rasht, Iran.

Type:

Original Research Paper
https://doi.org/10.22034/jair.11.1.70

Paper History:

Received: 28-12-2022
Accepted: 17-05- 2023

Corresponding author:

Mirzapour T. Dept. of Biology, Faculty of
Science, University of Guilan, Rasht, Iran.

Email: t.mirzapoor@guilan.ac.ir

Abstract

Electric currents cause changes and physiological effects on fish, affecting many
reproductive indicators such as gamete quality, corticosteroid levels and ovarian
function. In this study, 180 pieces of zebra fish were poured into 12 plastic containers
containing 1.5 liters of city water. Three groups were affected by three different doses
of electromagnetic waves (with intensities of 2.5, 5 and 7.5 milli tesla) chronically (28
days). Group 4 did not receive any dose of waves as a control. The histological
examination of the ovarian tissue showed that long-term exposure at the intensity of 7.5
milli tesla has a greater effect on the ovarian tissue than the intensity of 2.5 and 5 milli
tesla so that a higher percentage of oocytes go out of the normal process and enter the
atresia phase. The increase in the intensity of the magnetic field is associated with the
increase in the size of the oocyte, so that the diameter of the oocyte reaches its highest
value at an intensity of 7.5 millitesla. In general, it seems that the existence of magnetic
waves may affect the reproduction of aquatic animals in the long term.

Keywords: static magnetic waves, chronic effects, ovarian tissue.



http://dx.doi.org/10.22034/jair.11.1.70
http://jair.gonbad.ac.ir/article-1-843-fa.html
http://www.tcpdf.org

