7 N
o St o531 9l oINS dlone
@ CTOSSMark “'QV UMB ‘V o)lo& “‘ °)3° LJ

g 3 Al

0w Tobaw $9) O 30 (ow g 39 9 (BT Hb ABLS! 31 il (S Cuno gowno Juto Syt
951 g 315 9 (I 90 g0 4O p3hmd

0 ande oly e Lo, F tems e 5 sl (s pte 5,1 ¢ sdlis o0y, L ooly Sle 3904

Olnl eyl e Jdyl (S ple olRails (39055l g gy pole 09,5 «salgilan wib )l wlit IS

Olrl e deoyl ol (S pole olStsls oty gordigns 09,5« tells (oo 0] Luli) 57

Olrl e deesyl ol (S pole olStsls ¢ il oo 09,8 o tally (somdgns o)l Lulid IS

Olnl e Jdyl oyl (S pole olSsls ¢ by gonign 09,8 s Lol T

Ol ety ) ety l (S pole o8l o il porbinns 09,5 il cordym jbolil ©

el ool eyl eyl (S psle oAl (b cerdan 058 paiie oly (e Lo, gt oyl ”

alipanahreza9@gmail.com
DOI: 10.29252/nkjmd-010029

oS>

¢ VRASL VY el s gl

Db sl 5 9,0 038 5 B LS 059 4 g G il sla Bl ,o al gezs 10 el b Cusgene dodde VAV YA by Gyl

Geiod cpl jo Lo ogd co (B Lol g (608 G ol ol talS aile sege (2)lse slml el DS
oales w3 LS| ol b ablie slbaol, lulis sl 1) aee; ol (6,L a8Lal Jus sbxl L b alosges oxw (el B3l

0 b hge b eolital p)S YA Yoo 30 L il s8]l ol 5 salyomo Lbge oo VY 5l anlllas cnl 43 S o) orl sk <l

- - Sl o
OlrSs ool (Blao (1o 5,55 5 ol )k adlol slnl Gl wiod et alslae 5 J 208 Jolds (b5 7 05,5 90 Forlilme o

4 et g0 ol 40,8 eolinul Gl — S gilen sl ) ) ool gy (o e b eslinad —
B (5505 oIl (i S5y gy b o8 (oa e gsba 10 (655 o3l 151 b,
Olymess 5ol b aldlas 09,5 lagise a5 il sladises ;o ool axgi L gozs gouims (L gl :baidly
G o 03 25585 < NYE L) Jlie )3 < VY £ +/0F) (o (oo obiw llioe S35 09,5 b i )0
JysS 09,8 5l pin alslas 05,5 10 (id (g jo o5 Lo VAPEYIYY Llis o YOA £ £/VA) ool o o g
(P <]+ B)asztls o] (65 (o, 4ol L (6 o sine alayly 0,5 9 ;o 5 003
Lol slml el Wiy oo T8k o I3l 4 0,5 (oo VO Oliee 42 olyeSs ol (Blao S35 535 16 5 o
9 55 sl Go g 53 rdemd (s Tl SR 5 08T ()L

Aonio

5 830 5331 (o] 88 yas 48) SzrsS 009 oz slo Jsho (23,
&85 sl colaiS] Soiele b menilSe o 2905 Juds 4 [F Ylogs
O 0y 2l 3y skl b Jhie 4 el & Syge o oal
Soye oL g anil el S o &“T ogilin (Sl o 58
250 e G5 4 il (oW Rl ol (5 Lo D] I 5 05 a8
Cragama ol el 5 oo ailil oy yo Lol ol sl atsls (g5
09,5 95 45 ol s )b adlal gleil [0 Flogs oo o) sk adlal 5 ool b
(SN adgl ol 5l Bl Sigd o a5 5 (S 4yl Lo
(HFE) sl asiles S yom i wiile (ol 05 00 ez 515
SUSTUST (1) 50 A b g b OIS OS5 e il pgen
ool 4l )b aslal JKal [F] sgd o sl sy gen uSs

255 e GenST S w555 05 (sl 590 paie S plsie 4 oo
(0 Dy 03y Ldgge 0 (S sl Sulad 25T plonl 5 o oo
S7y 0B pé 5 0B D90 9 & A ) o pate cal [V]ogs
s 90 31 S5 039, pg3g50 Cuowd 5o Jolu lawgs Laes g 85l
ooloains Jiodl bugi (o0 2 5 (w0 ouid Jlitl Lawsgi) s (i
ol 08 o o o ¥ Vlogs o i (DMTL)L bk 5o
Ll slojls G 5 3058 sl JsalS sl 1o 0y 8] pges 30 31 i
JoelS 05 sl o2l o) (oo YooY dg iy, 5 col by IS o,
s B ade & el Jo o cnl [l 5Ls 590 036 3,3 slo
st 308 b Jo:lS ool 8Lk 5l il 3 Sl 3l 0y9e o8] ]
alis; ool o5 oo 1=V 099> g3 5 93,5 (o0 (el a3lég Slo gy
159 0003l 65220 Jlms polia ojlsen 098 o iz o 03y, 3k 5|


https://crossmark.crossref.org/dialog/?doi=10.29252/nkjmd-010029
http://dx.doi.org/10.29252/NKJMS-01029
https://orcid.org/0000-0002-6621-0452
https://orcid.org/0000-0002-1407-4831

OB g 0ol Slo

ool regh cpl 3o Bas .l o oolaiwl ouds ol Slalllas 4y o
$9) Foo DhaS 5 Grizmes Gl (pl b oaisS ablie WloS 5 g
bl g0 00 &l Jaw 10 pdsnes ol tals

FLRvIY)

S5 Ly ey o adlhe g8 o g o
oSl ] £0aS cupes 4 IRARUMS.REC.1394.125
Sl b1 Jool coley by onem) o)l (Ko psle
o5 5 glagise 5l GialesT ol jo .l sas plail al&islesl
S ige ol 0ol ooliiwl Lialesl 8590 (o (ylgie 0 Tl
S yaald oaSiils aliule;] Sllgas (6 g Jidu 5l ki o900
Sllgs 6,4 pgaze Jzeo j0 9 ol ol oKl
Ll b a5 s s ) oS pole oKl alSitle]
Sl slouid 0 b (hge S o (S sl ase
3 il oz 30 o1 yo5 g gy a5 Jame 4o egate ol
b b g aslllas £9,0 )0 ol (6 IS o ol pedal
DD s b F 09,5 g0 a4y Bolay

ol (lo3T 2)90 slaog S

Sislsnred prm (o (o ) oS Sl i ge p B L J5US 05
Slao Jls & )50 4

B oo oo ) oS Sl ibge e B L alslas 0g,F Y
2l apsS oo 75 590 L s5slnaind e ) sbe ol
Olge> O 035 eSS 5kS

lo)l5 @ azgi b g Dehl (ralesl el (ialejl plosl lej ke g 590
A 93 Dk 4 g Ailjg, o 4 G5 AV NV E] wl Ol alie
lostse dam glain 55 oloj (bl o 2855 plail s S50 &9
e &l S S8l Gladisel (6 xSig> s 4 g Wb Shster
Orlle g 3o (S Gladigas csilulaz jlam s 5 gilulaz (ol s
oS5l el YA (bl i858 (0d (S8 Sz w0 V-
W Qe A Ve Jolts S alies coz slodio ;o (o ddiges (oo
Gl Blas sl o b S 15 Sl Ca @lae JSU 5 0oy
625 AB 531G 0 aigas s o plonl J5h 5 Joloro 0 laaiged
Sy g At g San T lulnd 4 plagty S8 slaSsh Sl was
Srel Sy Jole i gl gl = GebeeSles el
Doy Jsk S Jslome 55 (23S Jold a5 ) (koS slen
Wigds O Soe 4 738 USI el b 5 IS e @ids O
ids AD Se & oebnSlon oo 3 GRAS T b gz
b gtitnnd el Yo oo i JSU el Jglome 5 (522138 (T L gty
I L gt adl Yo e 4y gy Sl b 4o 53l08 oo
SRS OT L gl Fe-00 Sae 4 o8l Jgloro po xBIS
Y- Soe Ve ST o niliS addo Y-) Sowe 4 A7 S o
o 480 0 Do Jsh S Jolme po (gile Blad ol o g 4o
S8 asllls 550 laeY (55 oo sl (2] ey sl (sl a2k
CUSBDIO =5 1 S | (b (0o s (5550l gl 285
ooy a5 asliad 1M1 g, ol , (CSA-ELO1010124RA,)

55

Ot (0w Tobaw 595 (3] F1 g T 5L ABLSI 3 (LB G Cowgommmo

sibe oV by el g0)l5e b5 8] (Dlae b sl 5 o JoSio
GoF 445 a5l (oo Stdlenrdghos pg i b S sl Jshoo o]
Sl (2o ansilSn a0 o2l jlimgen [V Flas)ls 5 g5 5o
Sras pal same 0iz g 33l el pad Sl el (Llaé Cie a5
s SBpanly ol oS gla Jsko oo Lo [Flanls Jpus 1) eas
eSSBS 5o b a5 (ol 1) ol oS ol Jsho 5 w8
o bl Olye 4 Gaees 6b 4 (seysm 3l 3s9e (ol 0 5 990
oS5z AL 058 o 03 66 (o] jluaged 00l il (3000
4ol ol csmline b g a3l laz Lawsdly 0 ild 120l 51 5L ol
O [0l (35 6L 08 53 00k o (9S00 38wty e
"Bes 5 035 (s Sl (536 45 A3l 0 ST S O90r9n S
slo Jobo aile lo 2l plo Jy 398 (0 B3 oS sl Jsbo
O podm WS (o0 F ) (90590 (nl WlE (o0 o8 (2 b
RO AR Y RS NI (RN ROV RO JPSIEVS Rtgge =
i SzsS evg Jlkiyl sladske 0 DMTL U 5e 2057
JUS) G5 4 JLail b g a0 oo (20151, 0] (6l 03,
1ol o olsT il cel )T o 595 9 (Bj3g S 51 T saisS ol
o e o Gliee GRS Cales o 5 (aglbs L) (ol 053 sl Jove
o 2 BT sle JISaol, ads Gl el ol b Eumgans [V Jogs
O30 9 (0%) aeeSTgmr (30l o3yl 5 Jloy Ly o 33,5
il (ylouanST 5T (sl o 3T Jawgi oy 50 0 oy (H202) anst
O 3l g 00 03dglie SIS g jlanuSTyy (9505l b gonnd 20T 900
o3l b ol ol sl g ol )b adlol el o IV ] Wy, o
o oSy (b (H202) 39,8008l 5 (0%) anSTom
JSeol, g ols 2Ty (FE2 + Ho0, 111 Fe¥ + OH" 1+ OH")
INT S o a1, (OH) JeS 502 5y (255 5 i soms slo
eSSl 5955 030 yeukyd el JouS 9,008 (o SIS0,
ladd gembinST €955 5 el 9,5 Jlub e DNA loass,
oo slalad 55 b 39> g 4 o JiSosl, ol VY ) Y] s 00
b isSon pojord 5 6 S ge Jro ok slo Saludl (glalas
Sy e g o Sl Sndsmisn sloml psisid slié
@ ool )b Lol Lol o D31 58 k5 o b DV Ylagt o Jsho
& Sl goleite sl Sundg b ablie ladl, (8L pslate
Odlizee jl (B ilos S )M (Gilisee (slaJae i ool ) (e
et 5 yseiss alax 51 los, osliil (sl dis Jow 515,90 el
98 w35 o ol b (g Cuagliie 13 (pdrand B () » sl
Bl sl o oge 55 5l (e Shge 4w 17 e 4 ol 5l (8
o yskie & liSes 5 (2o izmen [V F] sia S sl ol (st
e D90 4 ol JeSo 0o b punoliS gm0 ool 55k il 3k
oiizes 51 [V 0] w5 slonl yaT (6 b a8lal st 1o 59,1 ) o ay
ol ol Lol slml gl ool slodeSe ol S50 3,5 5l o2
g oads obml sla Joe 4y g5 oo i) (l Ho a5 Wilooges eolatl
Ko b LV NPl S o lal ) Ses 5 ol 5 g o Ko 5 5
ool diey el 50 0als (il gl slo ige pi e 3 (S
155 OLKed 5 sl Lasgt s bl sla e 4 si oo 4 Wilos S
iy ol e oad al)l Jaw 50 114V Alsges o)Ll oS 5 b0
ool ik a8l slwl sl 508 (o 8 5 oo S 590 B



\yay ob.m.gli' Y O)Lo.a:) de 090

FoS (6 IS girs s aiid T 18 Lo g 4y 5o0 o590 ool Jiie
IRCR W] ra NP POy YA

sl

el ol Sy ool glasan g0 &,5 a5 wols plis b slaaisl
288 Gshilen 05b 0 S Sl o jaie (pl 4y BB g
Jloie sl Joil 5 51 soz g5 BB paz ol oads ools (ylas Va3
3 Fh kS lad (550l S5 50 (S5 0,5 (B o S5 4,
b loadh faizmen ol Cug) JB oS looho madly gion
ool b Blal sloul b losed ol inSs ool G,y a5 wols olas
05,5 L duglio 0 (sl (coyu sl ;0 Jlo ime (l38l el 05 o
25 08 (o Tshas 5eSlee (¥ 5a) P<e/00) 95500 J 8
oo YOAEEINA 5 VASEYITE o 5 4 allio 095 5 S 09,5
Tobe &5 35 o5l (S Lo @l Grizes 05 ) g 0 08
dliia 5 028 0T b onds o (labige ) Crdeed (50
(8 o) P<e1+0) catls o osimn Gialidl S og)5 L
@ a3l 09,5 5 JSUS 09,5 50 pdeed (oo Tsban (Sl
3 i) s 5 oSSy IYYR[Y SNV E [N g

T2 % Vbl

T/ AR TN/ g
R P T 5V
300

250

200

150

100

50

0
Jogss A

(mg/dl)oa!  cams 7 sl

el o 0l L5 2l b T slaJgil,T amgi L g 5Tl Sise oS digas o 1) pgadd

ot plul > Kby pale oliils aloo

IOV Y+ e s 230 3.8 il 90 Ladlges Tl oS 0053l ol 5o
Celos g0 g 00l disy ) Ll 050 glaSal> jo bao ikl g aiges ;)
5l g ool il gy gle L 3l ()l YV C Ogles o
sl YV O C Gl jo el ST g o adlil gm0 Jeaio g0k
Y Voo g ond dind )b aw Sl aan oo oyl 5l ar el
L0 5 aw 5 sl s us 5 adlsl laSal> aJs 4 HRP-Avidin
boSaly aon 4 TMB (glisgs S (oo (o 3+ ke 3 L g2z
o.\.qaléa}l.\gjmul;\f\‘VOC6Lg¢)¢4.5,.$¢\“' 9 asdlsl
G399 23 g 9 D A Sl 4o @y oS gt Jolone lu
81 olizm ol o, Il s gl T+ r5m oo 5 ISl
Sleslaal b (lpl = o5 pleys o8 15) o lasbiwl oS 5l eolazul b oy
Sl sl b 65eSoill 52osl 560 gse Jsbo o (i S5 s,
Sdiges 1 ol Cguy odalive g o ol (6 pSojlail 5l ol 6L 48lsl

20 S eolanl 3l
453 SPSS (51581 05 aali py alewsy (655 gz 51 dns laools 5T
ool 5l eslaul b bdiges aje og Jloy lal ol bl VF

& 055! Gy sl eoliiwl b s 0 cany yp B ol By S galsS

I

.'.

=

-’j:-..l.la “'J..)§

dslae g J 7S 09,5 99 )0 (2] (sa e sbas alio 1Y gl
Sl ige slaai ((P=+/+1) 558 o ;S 05,5 b aunlio 10 alslas 05,5 10 58] oy zobaw ;0 b e ialidl el oSy ol &5
09 yw VY adlas Sy90

Y



1) g 0315 Sho b (50 3 Tk (59 3T 19 T )b ABLSI 1 (Ll (G’ Cerngomno

DS oy K dilues, £

Ao g 7S 09,5 93 50 Gaded (o0 Tsbaw dulie 1Y guad
g VY anlllas 5590 slo yige olows .(P=e/e¥) ciils g,lo sme (yialjal J S 09,5 b dunlio 10 aldloe 09,5 10 (pdud (0w zolaw #

o s il Gimgi cnl yo oo 4l Jow o VANV Vol sl coy
S oo Fge Sl plo & Cond 75 )5 i &5 o5
Slalllas 4 o 57205 Sl 5 olieSs 2l 550 Sl 5l 5
plo 4 cod Jow o) Gl 952 Wlgs o a5 ol oolainl alin

a5l b Jse
ool g,k Lol Jow j0 a8 ol Glis Lo sy p mls ;50 )b
it ol oo 455 jshailen b oo il (it (so s zolan
LF] 0,8 0 S50 e 06 & (Gg0)90 bwgs (2] silie
otals wil el wieil s o aulyd ) (90,90 (il G5 b
5 gl @l o sl ) e ool ©de A B ke
Thy Ol 23k axals Gl oy el pld plie oS Sl
IVA] s (6 sl 8Lol ol Gd 516 Wb oo 2l 58] (et
Ll ool )b alsl a5 el o 51 Sl saxie Slidss glbs

OlieSs ool gy S5-I Bo)3 45 a0 o0 (i adlllas nl b
@lme Shee o i eSS o sl 4 p S e YO lie @
Dedgo &S 0 ol g b adlsl sbnl cel atan 9o Sae 4y 6515l
oSty el ln pge o polis 51 (S ool 4l o
3 yaie (nl e Wiles oy Dlogzge ST Sl g (e lie
ST sla sl sl Gk 51 6)LS 5o I3 Wlgi oo a S5k S5-I
@l 05 S o 35 Sl gl 4l (G gemlonaSTh 5
laae (S ENAYA Jlo jlogd 4l g (ul S cld oS’ Jo3 |
slael, (8L jslate 4 Q—"’] 6k Aol obml gl il g
5 adgl sladae ,o V] wilaxs 15 b5, 0y0e o b alilis
ogp 85 gaip 455 93 glime (hge Sy 4sS aiile (Sllg>
Las oy, oolital (plyoeo (oo Jlimss 45 55 5 (2lo (Ao

Aoy 4O .[Yq ,/\].) (Y 1 S .~,“l.~| L ] -
=) ) PhANS Z L;‘)"“C}Ja-wu*“)s ) )chol}KJ‘uQ‘é)L)ﬁL@lps‘—ﬂefLﬁwb%Mﬁx@by

e lon 5l glos s il b T BL3 )15 ool (6L a8Lal 35555,
Lolb j 5l gl lgil 5 Colis (ol (ko «g0S jg 50 alox
Lve] ogs o o)lal 15 50 a5 ceul oa plowl goomie lidos
e Wl (o0 8550 ol g, oS wisls i e 5 (i Lo
Jsks ol 31581 5 35 L 5 ot Stellate slo Jolo (0,5 Jlb ¢,
A5 8L sl (sl 1) ake) Doy pde ad sl Joko 40 o

doe )b Lol b gaim axSe> 5 alime (hge ) 95
LYe-vyT wis sl (g, Jlinas 5 (wge 5l oolitusl a4y e o Sl
OO S 9 SzS i Jod 5l ouste DS S92y 4 xS
e koo Joliie 0bj (mge jlesliinl 825 9 655 9>
sl el s S b 51 sl oL 5 ens alyl (sla oo o
Jdo a4 a5 el oad oolul ol puSs el 9 SO 8 cliulg s
S8 S 5 9 Vb 0z o PH s (g lal Jod 51 oblse
5o @b LYY LYY ol el g slae lxaSs oal 5l ssliia
S0P (S Jed 5l silize slahs, ol )b ol sl o
5 Seol 8,5 18 Sl 0y5e Sl slagise 5 Olsnn S5
2 Sz adlbiee olun 3 Gop aie) ol o S e
e sl Bro Gl (puiz) 63k Sl by (Shsr slaoe
e (595 w8 2 ey o S5l ST e 5 99300 ol ()L il
S8 Pl Llyd (B s sl des ol peddslie (b

S35 D955 oz oy e 5 SIHTE V] w8 eal 3
et oime j el gl adlol s ol Bl a5 wisls olas a5 VY.
Oy Ka g GualoT ¥V siien b cous s polos 5 oS ol oo 4 Sl
(S 9, b yls gae b5, ol (o)L adlasl a5 wsls olis
488 plowl (gl ool [YY] 00 (B gl (s )lo 5 2ol
ol 00 0015 LaS (60uS gm0 b o] LUl g JSII 55950 dia 4o
S G5 ol Sl o JSU Sl sais b el o b aslsl as
Olime axiwn ol (6,b a8lol g pudSUl >0 457 0l Bl Jo .0 )lo ik

A



IWAY Ll (¥ oylods e 090

5556 Glsin) (g olo G0l 55 g0 Sl 5 izen (0]

3ga5 03l (58] gl 0aisS S salS
L lr a3 o GRdls & (g oe aslllas (nl slacasgase Sl
32 S50 Slabge S pe Jleizl g 1l oallaslesl slabge
o)lal GialojT oy e s (SYsbo 5o (s 8l Carons 51 50

.bs.ou‘

L
2l 08 oo VO (liee 4 S ol Blao J31s 55
o Tob Gl 5 ool )b Aol olml tely g oo 0 S 5LS
e ol @ lgiee O 5l g 09 51l sl tse )0 s
i 03l 8] somlsslio YN L allie slool, sy s sl

S5 Pl

Jbo ol L IRRARUMS.REC.1394.125 s L g3 oy
axly 5l abawgnay sl ool bl ool (Sag psle oRisls
ld |y (SIoya8 5 Sas LS Joo )l (KB pole oAl gl

References

1. Moll R, Davis B. Iron, vitamin B12 and folate. Medicine.
2017;45(4):198-203. DOI: 10.1016/j.mpmed.2017.01.007

2. Abbaspour N, Hurrell R, Kelishadi R. Review on iron and its
importance for human health. Journal of research in medical
sciences: the official journal of Isfahan University of Medical
Sciences. 2014;19(2):164.

3. Lane D, Merlot A, Huang M-H, Bae D-H, Jansson P, Sahni
S, et al. Cellular iron uptake, trafficking and metabolism: key
molecules and mechanisms and their roles in disease.
Biochimica et Biophysica Acta (BBA)-Molecular Cell
Research. 2015;1853(5):1130-44.

4. Ganz T, Nemeth E. Hepcidin and iron homeostasis.
Biochimica et Biophysica Acta (BBA) - Molecular Cell
Research. 2012;1823(9):1434-43. DOI: 10.1016/j.bbamcr.
2012.01.014

5. Puliyel M, Mainous AG, 3rd, Berdoukas V, Coates TD. Iron
toxicity and its possible association with treatment of Cancer:
lessons from hemoglobinopathies and rare, transfusion-
dependent anemias. Free Radic Biol Med. 2015;79:343-51.
DOI: 10.1016/j.freeradbiomed.2014.10.861 PMID: 25463
277

6. Siddique A, Kowdley K. the iron overload syndromes.
Alimentary pharmacology & therapeutics. 2012;35(8):876-
93.

treatment  of
Arzteblatt

7. Gattermann  N.  The
hemochromatosis.  Deutsches
2009;106(30):499.

8. Girelli D, Nemeth E, Swinkels DW. Hepcidin in the
diagnosis of iron disorders. Blood. 2016;127(23):2809-13.
DOI: 10.1182/blood-2015-12-639112 PMID: 27044621

9. Ganz T. Hepcidin, a key regulator of iron metabolism and
mediator of anemia of inflammation.  Blood.
2003;102(3):783-8.

10. Nakanishi T, Hasuike Y, Otaki Y, Kida A, Nonoguchi H,
Kuragano T. Hepcidin: another culprit for complications in
patients with chronic kidney disease? : Oxford University
Press; 2011.

11. Winterbourn CC. Toxicity of iron and hydrogen peroxide:
the Fenton reaction. Toxicol Lett. 1995;82-83:969-74.
PMID: 8597169

12. Britton RS, Leicester KL, Bacon BR. Iron toxicity and
chelation therapy. Int J Hematol. 2002;76(3):219-28. PMID:
12416732

13. Chatterjee N, Walker GC. Mechanisms of DNA damage,
repair, and mutagenesis. Environ Mol Mutagen.

secondary
International.

£

ot Ll 3 S pale olSiils alxa

OAT b alal jleo as cul ol 8l 5l yiig Jlews jg e o
S oy 4 oal a8 cal T 51 S by [YV-YY] s

glel b (Suls LLyl ol ) a8lal g 00g: (g5 pate
w5 g ol pedglie S8 Gyb 5l L[FYAL 5 bl
3 (e ) g a3 5 oledl S cod raees
Ll pd cal 5o crlpli b oo Gl e e Sleill oo el Ll 23
L oleys 4y a8 053 e 5ol 0guaS 3 230 soil 4 Wilgh o0 0,8
S Sl s 4z g5 bl LFY AT il pglie oyal slo foSe
ool L Gloys JaSo @ pglia (ooil 0925 525 5 ool (g b dlal Lk
557 2] (comadlio joae SYNSI L abilio (6l comnilSio 8L
SIS I b allie aree ;0 098 o0 Dgmine (S slopl ol
O 3l S Jy Sl ead ot il slapanlSe
oaiS S gk el 1 eslaiul wilg oo bapundSo
M WIS 8 k(190558 Ainy (3o 5 0Bl 2] e pilie
ol e aallae b @ azg b L] wsl asls gloaisS pyanns

6 b LT L oasS allie SlaS 5 ooy Sl Olsiss (Slse> Jore

2017;58(5):235-63. DOI:  10.1002/em.22087  PMID:
28485537

14. Dongiovanni P, Ruscica M, Rametta R, Recalcati S, Steffani
L, Gatti S, et al. Dietary iron overload induces visceral
adipose tissue insulin resistance. Am J Pathol. 2013;
182(6):2254-63.

15. Macchi C, Steffani L, Oleari R, Lettieri A, Valenti L,
Dongiovanni P, et al. Iron overload induces hypogonadism
in male mice via extrahypothalamic mechanisms. Mol Cell
Endocrinol. 2017;454:135-45. DOI: 10.1016/j.mce.2017.
06.019 PMID: 28648620

16. Das SK, Patel VB, Basu R, Wang W, DesAulniers J, Kassiri
Z, et al. Females Are Protected From Iron-Overload
Cardiomyopathy Independent of Iron Metabolism: Key Role
of Oxidative Stress. J Am Heart Assoc. 2017;6(1). DOI: 10.
1161/jaha.116.003456 PMID: 28115312

17. Gao W, Zhao J, Gao Z, Li H. Synergistic Interaction of Light
Alcohol Administration in the Presence of Mild Iron
Overload in a Mouse Model of Liver Injury: Involvement of
Triosephosphate Isomerase Nitration and Inactivation. PLoS
One. 2017;12(1):e0170350. DOI: 10.1371/journal.pone.
0170350 PMID: 28103293

18. Duarte TL, Caldas C, Santos AG, Silva-Gomes S, Santos-
Goncalves A, Martins MJ, et al. Genetic disruption of NRF2
promotes the development of necroinflammation and liver
fibrosis in a mouse model of HFE-hereditary
hemochromatosis. Redox Biol. 2017;11:157-69. DOI: 10.
1016/j.redox.2016.11.013 PMID: 27936457

19. Flores SR, Wang X, Ha J, Doguer C, Wang T, Collins JF.
Characterization of a Hepcidin Knockout Rat, a Novel Model
of Iron Overload. The FASEB Journal.
2017;31(1_supplement):637.6-.6. DOI: 10.1096/fasebj.31.
1_supplement.637.6

20. Vu'o'ng Le B, Khorsi-Cauet H, Villegier AS, Bach V, Gay-
Queheillard J. New rat models of iron sucrose-induced iron
overload. Exp Biol Med (Maywood). 2011;236(7):790-9.
DOI: 10.1258/ebm.2011.010298 PMID: 21685238

21. Polson CJ. The fate of colloidal iron administered
intravenously. Part 1l: Long experiments. The Journal of
Pathology and Bacteriology. 1929;32(2):247-60. DOI: 10.
1002/path.1700320207

22. Elmi M, Rahimi-Moghaddam P, Abdi K, Shafiee-Ardestani
M, Mahmoudian M. Ciprofloxacin: a novel therapeutic agent
for iron overload? Turk J Haematol. 2009;26(3):114-7.


http://dx.doi.org/10.1016/j.mpmed.2017.01.007
http://dx.doi.org/https:/doi.org/10.1016/j.bbamcr.2012.01.014
http://dx.doi.org/https:/doi.org/10.1016/j.bbamcr.2012.01.014
http://dx.doi.org/10.1016/j.freeradbiomed.2014.10.861
http://www.ncbi.nlm.nih.gov/pubmed/25463277
http://www.ncbi.nlm.nih.gov/pubmed/25463277
http://dx.doi.org/10.1182/blood-2015-12-639112
http://www.ncbi.nlm.nih.gov/pubmed/27044621
http://www.ncbi.nlm.nih.gov/pubmed/8597169
http://www.ncbi.nlm.nih.gov/pubmed/12416732
http://www.ncbi.nlm.nih.gov/pubmed/12416732
http://dx.doi.org/10.1002/em.22087
http://www.ncbi.nlm.nih.gov/pubmed/28485537
http://www.ncbi.nlm.nih.gov/pubmed/28485537
http://dx.doi.org/10.1016/j.mce.2017.06.019
http://dx.doi.org/10.1016/j.mce.2017.06.019
http://www.ncbi.nlm.nih.gov/pubmed/28648620
http://dx.doi.org/10.1161/jaha.116.003456
http://dx.doi.org/10.1161/jaha.116.003456
http://www.ncbi.nlm.nih.gov/pubmed/28115312
http://dx.doi.org/10.1371/journal.pone.0170350
http://dx.doi.org/10.1371/journal.pone.0170350
http://www.ncbi.nlm.nih.gov/pubmed/28103293
http://dx.doi.org/10.1016/j.redox.2016.11.013
http://dx.doi.org/10.1016/j.redox.2016.11.013
http://www.ncbi.nlm.nih.gov/pubmed/27936457
http://dx.doi.org/10.1096/fasebj.31.1_supplement.637.6
http://dx.doi.org/10.1096/fasebj.31.1_supplement.637.6
http://dx.doi.org/10.1258/ebm.2011.010298
http://www.ncbi.nlm.nih.gov/pubmed/21685238
http://dx.doi.org/10.1002/path.1700320207
http://dx.doi.org/10.1002/path.1700320207

OB g 0ol Slo

23.

24,

25.

26.

217.

28.

29.

30.

31

32.

Hershko C, Link G, Konijn AM, Huerta M, Rosenmann E,
Reinus C. The iron-loaded gerbil model revisited: Effects of
deferoxamine and deferiprone treatment. Journal of
Laboratory and Clinical Medicine. 2002;139(1):50-8. DOI:
https://doi.org/10.1067/mlc.2002.120364

Martin L, Bates C, Beresford C, Donaldson J, McDonald F,
Dunlop D. The Pharmacology Of An Iron-Dextran
Intramuscular Haematinic. British Journal of Pharmacology
and Chemotherapy. 1955;10(3):375-82. DOI: doi:10.1111/j.
1476-5381.1955.th00887.x

Obejero-Paz CA, Yang T, Dong WQ, Levy MN, Brittenham
GM, Kuryshev YA, et al. Deferoxamine promotes survival
and prevents electrocardiographic abnormalities in the gerbil
model of iron-overload cardiomyopathy. J Lab Clin Med.
2003;141(2):121-30. DOI: 10.1067/mlc.2003.18 PMID:
12577048

Schwartz KA, Li Z, Schwartz DE, Cooper TG, Braselton
WE. Earliest cardiac toxicity induced by iron overload
selectively inhibits electrical conduction. J Appl Physiol
(1985). 2002;93(2):746-51. DOI: 10.1152/japplphysiol.
01144.2001 PMID: 12133887

Bacon BR, Tavill AS, Brittenham GM, Park CH, Recknagel
RO. Hepatic lipid peroxidation in vivo in rats with chronic
iron overload. J Clin Invest. 1983;71(3):429-39. PMID:
6826715

Loreal O, Haziza-Pigeon C, Troadec MB, Detivaud L, Turlin
B, Courselaud B, et al. Hepcidin in iron metabolism. Curr
Protein Pept Sci. 2005;6(3):279-91. PMID: 15974953
Nicolas G, Bennoun M, Devaux |, Beaumont C, Grandchamp
B, Kahn A, et al. Lack of hepcidin gene expression and
severe tissue iron overload in upstream stimulatory factor 2
(USF2) knockout mice. Proc Natl Acad Sci U S A.
2001;98(15):8780-5. DOI: 10.1073/pnas.151179498 PMID:
11447267

Barton JC, Chen WP, Emond MJ, Phatak PD, Subramaniam
VN, Adams PC, et al. GNPAT p.D519G is independently
associated with markedly increased iron stores in HFE
p.C282Y homozygotes. Blood Cells Mol Dis. 2017;63:15-
20. DOI: 10.1016/j.bcmd.2016.11.009 PMID: 27936396
Martinelli AL, Ramalho LN, Zucoloto S. Hepatic stellate
cells in hepatitis C patients: relationship with liver iron
deposits and severity of liver disease. J Gastroenterol
Hepatol. 2004;19(1):91-8. PMID: 14675249

Fracanzani AL, Conte D, Fraquelli M, Taioli E, Mattioli M,
Losco A, et al. Increased cancer risk in a cohort of 230
patients with hereditary hemochromatosis in comparison to
matched control patients with non-iron-related chronic liver

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Ot (0w Tobaw 595 (3] F1 g T 5L ABLSI 3 (LB G Cowgommmo

disease. Hepatology. 2001;33(3):647-51. DOI: 10.1053/jhep.
2001.22506 PMID: 11230745

Adams PC, Deugnier Y, Moirand R, Brissot P. The
relationship between iron overload, clinical symptoms, and
age in 410 patients with genetic hemochromatosis.
Hepatology. 1997;25(1):162-6. DOI: 10.1002/hep.510250
130 PMID: 8985284

Fletcher LM, Dixon JL, Purdie DM, Powell LW, Crawford
DH. Excess alcohol greatly increases the prevalence of
cirrhosis in hereditary hemochromatosis. Gastroenterology.
2002;122(2):281-9. PMID: 11832443

Fletcher LM, Powell LW. Hemochromatosis and alcoholic
liver disease. Alcohol. 2003;30(2):131-6. PMID: 12957297

loannou GN, Dominitz JA, Weiss NS, Heagerty PJ, Kowdley
KV. The effect of alcohol consumption on the prevalence of
iron overload, iron deficiency, and iron deficiency anemia.
Gastroenterology. 2004;126(5):1293-301. PMID: 15131790
Rodriguez-Moreno F, Gonzalez-Reimers E, Santolaria-
Fernandez F, Galindo-Martin L, Hernandez-Torres O,
Batista-Lopez N, et al. Zinc, copper, manganese, and iron in
chronic alcoholic liver disease. Alcohol. 1997;14(1):39-44.
PMID: 9014022

Huang X. Iron overload and its association with cancer risk
in humans: evidence for iron as a carcinogenic metal. Mutat
Res. 2003;533(1-2):153-71. PMID: 14643418

Kallianpur AR, Hall LD, Yadav M, Christman BW, Dittus
RS, Haines JL, et al. Increased prevalence of the HFE C282Y
hemochromatosis allele in women with breast cancer. Cancer
Epidemiol Biomarkers Prev. 2004;13(2):205-12. PMID:
14973098

Shaheen NJ, Silverman LM, Keku T, Lawrence LB, Rohlfs
EM, Martin CF, et al. Association Between
Hemochromatosis (HFE) Gene Mutation Carrier Status and
the Risk of Colon Cancer. JNCI: Journal of the National
Cancer Institute. 2003;95(2):154-9. DOI: 10.1093/jnci/95.
2.154

Mogadam RA, Nemati A, Amani F, Ghorbanihaghjo A,
Argani H, Bashardoust B. Association between hepcidin,
haemoglobin level and iron status in stage 4 chronic kidney
disease patients with anaemia. J Pak Med Assoc.
2015;65(4):354-7. PMID: 25976565

Nemeth E, Rivera S, Gabayan V, Keller C, Taudorf S,
Pedersen BK, et al. IL-6 mediates hypoferremia of
inflammation by inducing the synthesis of the iron regulatory
hormone hepcidin. J Clin Invest. 2004;113(9):1271-6. DOI:
10.1172/jci20945 PMID: 15124018


http://dx.doi.org/https:/doi.org/10.1067/mlc.2002.120364
http://dx.doi.org/https:/doi.org/10.1067/mlc.2002.120364
http://dx.doi.org/doi:10.1111/j.1476-5381.1955.tb00887.x
http://dx.doi.org/doi:10.1111/j.1476-5381.1955.tb00887.x
http://dx.doi.org/10.1067/mlc.2003.18
http://www.ncbi.nlm.nih.gov/pubmed/12577048
http://www.ncbi.nlm.nih.gov/pubmed/12577048
http://dx.doi.org/10.1152/japplphysiol.01144.2001
http://dx.doi.org/10.1152/japplphysiol.01144.2001
http://www.ncbi.nlm.nih.gov/pubmed/12133887
http://www.ncbi.nlm.nih.gov/pubmed/6826715
http://www.ncbi.nlm.nih.gov/pubmed/6826715
http://www.ncbi.nlm.nih.gov/pubmed/15974953
http://dx.doi.org/10.1073/pnas.151179498
http://www.ncbi.nlm.nih.gov/pubmed/11447267
http://www.ncbi.nlm.nih.gov/pubmed/11447267
http://dx.doi.org/10.1016/j.bcmd.2016.11.009
http://www.ncbi.nlm.nih.gov/pubmed/27936396
http://www.ncbi.nlm.nih.gov/pubmed/14675249
http://dx.doi.org/10.1053/jhep.2001.22506
http://dx.doi.org/10.1053/jhep.2001.22506
http://www.ncbi.nlm.nih.gov/pubmed/11230745
http://dx.doi.org/10.1002/hep.510250130
http://dx.doi.org/10.1002/hep.510250130
http://www.ncbi.nlm.nih.gov/pubmed/8985284
http://www.ncbi.nlm.nih.gov/pubmed/11832443
http://www.ncbi.nlm.nih.gov/pubmed/12957297
http://www.ncbi.nlm.nih.gov/pubmed/15131790
http://www.ncbi.nlm.nih.gov/pubmed/9014022
http://www.ncbi.nlm.nih.gov/pubmed/14643418
http://www.ncbi.nlm.nih.gov/pubmed/14973098
http://www.ncbi.nlm.nih.gov/pubmed/14973098
http://dx.doi.org/10.1093/jnci/95.2.154
http://dx.doi.org/10.1093/jnci/95.2.154
http://www.ncbi.nlm.nih.gov/pubmed/25976565
http://dx.doi.org/10.1172/jci20945
http://dx.doi.org/10.1172/jci20945
http://www.ncbi.nlm.nih.gov/pubmed/15124018

Z

II Journal of North Khorasan University of Medical Sciences @ CrossMark

Volume 10, Issue 2, Summer 2018

Research Article

Establishment of Hepatic Iron Overload Model and Its Effect on Serum
Hepcidin Levels in Male Sprague Rats

Vadod Malekzadeh *
Alipanah- Moghadam >*

, Farideh Manafi 2, Arash Mehri-Pirayvatlo 3, Ali Nemati *, Reza

! Master of Hematology, Department of Anatomical Sciences and Pathology, Ardabil University of Medical

Science, Ardabil, Iran

2 Master of Clinical Biochemistry, Department of Clinical Biochemistry, Ardabil University of Medical

Science, Ardabil, Iran

3 Master of Clinical Biochemistry, Department of Clinical Biochemistry, Ardabil University of Medical

Science, Ardabil, Iran

4 Associate Professor of Nutrition, Department of Clinical Biochemistry, Ardabil University of Medical

Science, Ardabil, Iran

5> Assistance Professor, Department of Clinical Biochemistry, Ardabil University of Medical Science,

Ardabil, Iran
* Corresponding author:

Reza Alipanah- Moghadam, Department of Clinical Biochemistry, Ardabil

University of Medical Science, Ardabil, Iran. E-mail: alipanahreza9@gmail.com

How to Cite this Article:
Malekzadeh V, Manafi F,

DOI: 10.29252/nkjmd-010029

Mehri-Pirayvatlo A, Nemati A, Alipanah- Moghadam R. Establishment of

Hepatic Iron Overload Model and Its Effect on Serum Hepcidin Levels in Male Sprague Rats. INKUMS.

2018; 10 (2): 65-71

URL: http://journal.nkums.ac.ir/article-1-1522-fa.html

Received: 22 Oct 2017
Accepted: 08 May 2018

Keywords:
Iron overload
Sprague rat
Hepcidin

Abstract

Introduction: Iron toxicity is caused by the accumulation of iron in different organs,
especially the liver, heart and endocrine glands. This disorder causes side effects such as
growth retardation, hypogonadism, diabetes, cirrhosis of the liver and heart failure. This
study paves the way for identifying the ways of overcoming this disorder through iron
overload model.

Methods: In this study, 12 adult male Sprague rats weighing 280-300 g were used. 12
Sprague rats were divided into two groups: control and iron overload groups. To create
iron overload, iron dextran was injected. Hematoxylin and Eosin (H&E) staining was
used for the examination of iron deposits in the liver tissue. Serum hepcidin levels were
measured by ELISA method. Serum iron levels were measured using the photometric
method.

Results: The results showed a considerable iron accumulation in liver tissue of the
Sprague rats in intervention group compared to the control group. Serum hepcidin
(0.22+0.02 versus 0.12+0.01 pg/dl) and iron (258+6.18 versus 186+3.34 mg/dl) levels in
the iron overload group were more than that of the control group and both groups had a
significant relationship under iron overload conditions (P<0.05).

Conclusions: Intraperitoneal injection of 75 mg/kg iron dextran creates iron overload
model and increases serum Hepcidin levels in Sprague rats. This model is used for the
investigation of iron metabolism pathways and its disorders.
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