[ Downloaded from ijem.sbmu.ac.ir on 2025-12-09 |

Oln! pdgrlio g 325009,% 308 (gdloxo
(i e (o0 = Swilagg Clesd g (S i ke alBWIS
(VFAD oyliws) F5O = YVY ladodio F 50l pinid (5059

9 322 Oslag )3 508 slad o8 S el Suiss w5

Al 3150 L OF (Gamalie 5 (SAds 5 uh

adlis

-

GBB0)

(suaa (suge SIS a8 GlHL8 (el Jasl SS (S g LA ko IS0 (alsaal)y s S

E356 OsasE S

g et Sloso - Adlag slead 5 (Kt osle slils i e 5 5050509 908 SlEET X 5
el 9alGe g 3500959 9k SEAT 3K 50 AATAD —FVAY iy Fodin )5 i shens (580w 55 (s4lSe Slas
e-mail:zahedi @erc.ac.ir Jool ual) clls 53S0

ChL Sl o ul 4 ar S b dies S oS Slrs Ads,s 65eS 5 O 4 e Ol Sl (gala el .
oS 5 e sd oS5 505 5 ATPASE sl ke (Slaaay Clad 5 oldas 55 1 Al b Ay gladse, 50
Canslie andllas ol 55 das 13 Sl o | Lk ponial 55 5 e 4 plaw Sl WS 03 slad S slie
S s, 5 ol el o anlie Aald 05 S L US55 O86S 5 GO 4 D Olilen jo 3 slad s
A g5 o 3 ke il il duglis oa b (Sl 5 Y 5 Ul g, e sles Y2 s g sl YV o3 slad 58
SRSl L3S ol B paae g 55l3 Gasnis Olo3 53 Olilew 31 oS a3 AKLLST 5 Al glaasil slue
oS g G s Sl el 5 ad bl mly lagts Sl eslinul b e e plasd s eSO se, 50
Slacdals) Cilisen (g poml slaylis lie 55 505 SladplS S5 el SeSls 05051 i laasil b x3liS s
S LS ,5 ()50S4 N Ollaws 503 Glad palS Cuaslin 45 5ls OLES (oo 53 05 /8 b io tpndan )5 IS Cilises
ped el iy red S 51 U89, 61 4 e Ollan 5o Ld skl Caglie 45T Jl 55 5510 Wl S13IL
13 Olonn Gl ol 2 50) VE/SRY /Y Ao 5 0,8 4150 Sl 53 4y 5 518 5 40 s Dbt 30,3 slad 5elS
Lo 53 p S /0 Chle 53 (P<A/0Y) s 2eS (JAY/ARA/N) dald sl 31 s Clle Olas 3 5 ged Ol Sl s ine b
(LEYI0£YV/0) dali 05,8 5l (s ls smn 55k a5 (LYVIARYE/2) 5,5 (6,18 5 4 Dis Olslasy 5 50d Ol jps 50 NENTP
A58 GO b SIS 4 M Olslens 53 (555 eS dinls 0L aalllan ol Slaasily 16 S s Pt/ 0 ) 25 5208

3,8 parys >)}»J.1QL5J.<.L>J{Y:)¢.....:J6}@..~IJL:.§J:.;$.J&wjayﬁdudﬁujwﬂﬁqbﬁf

Sy S gilod opi B SoieS (3oy8 o odlS ( Sigew] (SAuSE g 6y p Mgy S eS (SIS 51y
AD/A/NO e (o5ds - AD/A/VY taaa Nl @il 0 - AD/V/D callis bl 5o

-

dodldo
o0 el sud ol o olagl 5o adicne p2 5 i slan s slacuaS (o SI Haas b adg o0 sla A
Ak aladh VAAY Jla Ha GILKea 5 Sy b 55 S leallls 03 s aule ssas S oS g tama Ly ol
GBS © Wi Ohlan 53 Gms S us S Juals sk © adsos slagsesse A Al gla


http://ijem.sbmu.ac.ir/article-1-356-en.html

[ Downloaded from ijem.sbmu.ac.ir on 2025-12-09 |

1PAQ Olews :f&‘oJL,J ;/,.:JiéL;oJ}J

Oyl pauplgslio g jyyi19s3 3£ |galao Yrs

23 OKen 5 LIl Vsl e slid slags s s o
oy e s lasd &S wuls LS glallias 5o V4T Jlo
o8 5 ORalS a5 Glhlay 5o ATPESE mully —asaes
3 1sos Mnbioe I adssSans & M ollay
callad €€ il 5Las VA Jlw 5o glalllas 5o o
Oolan 38 lad sl Hu ATPasE avully —moss ey
Sams cele ¥ cae B 5 whee (288 558« M
sl dalal UMEAT Cpl w555 Gas sl

SO Cardy Hudl S sas oo olis Ladallls
o8 sl glae culliw 5 saml sliae 5 w8508
g clalae Hu «S wols Glas LK 5 Lo sl 5 a)ls
WhsoBsms i GolsS JLbyl ladshe ) sad
© JooilS H¥ 50 cud 5 80 S ks Con laal Hlake
S wals Hlas oS8 55 ol ol so s SieS w5l
o5 Ladsle glae culbiw sud S5 alhnss dils @
e

sliae Ho JosiawlS 5 laandsdis Hlade Ho Huis
rneal sud g 5 a8 s Sl Sae slag o
slag s slae Ho cullin € el sud suls las
Buase 1) (2ol onl 5 ool A wissSsms slagise
5 Ol Sl (SIS Jpaslied e 3 S 5 3G
Joailicad canead 53 5003 B aiils o Gael J 301 Joasilacas
sl shend 4 0500 b JssielS @ 0l S

claansd siesd Hlale S Ho ad g0 lagse s i
5 S I8 s aoe il 58 a8 slad sl slat
Wl ol8aS 5 Ll slacdla Hu S sad sl
Wl gSce 308 slad sl slae 5 Lol o Josiwk
Lo 51 Js il i 558 (o850 wlla 5o s dule
5 ol uSe 53 w550 SOSES oy a s e S Ll 4
JoielS Hlile Gaaas o Wigee Jd ols © b

YY&Y

Oi 4 da 95 b dadlao ol Ho T aal ally (38 L
sl ana 5 Ji5e Jalse 5 adsos slag se s
s cglie olrae el slid culliw 50 5 3o 3
buae o ad o 5580 5 oSS L Wae (lsless 058
Q::|JJomi-bMLiw@J$‘;Sl:J4SJJﬁLQ&A3U@.u\bm
Jolse b cal 008 slad sl Sau€s b Lo olsles

aiieed Jias Al ol Lo 0%

oo T sl ollas opl s Ssa oS ele Glsie o
Sres St Sy Sue (SsaaS sadgobisma Glhlay
el b slyen Sians Sle 59308 5 al 050 L ol sen
obely cae Nl sud sws By cueliny asS 5 Sl
S ad g8 s (llan 5o (e 4as) 308 slad sl
23 08 slad s S sen Sal sen sonian s € 0 sd e
dash O BSMEA) Ko sladallbe 45 1 el ollass oyl
aald o8l 5 abgsmsms Ohlan e08 sladnf e
St pan b alasly 50 ad olagiolS 50 ¥ el sas saaline
Tasls s sa s w858 s Ololan 59 (55308 9

6ol 4 e hlan Lo S uols ssay gl
Ladalllae A0 Lo 0 pd oo sualiio S5a oS 50 udg,0
Tl st (i1 wienS 6,0 b elieas Gede SsdaS
SaeS Bals aladl GlSen 5 ey € slaallls L
S cndls sy wiens oS0y 4 We phhlan 5o s
Jlas S8 lKea 5 B € at praaiad (s5lan olosa b
6ol 0 MW ghlan Lo € Wu X 5,5 VaaY
waboos wa slagol b gl Jos @ (sadsoS
Ol cu Ssilea 5 o8 sladmf lasd (pusK sen
asosmd Ohlan 59 (SseS Gusr Siilsan b
S sse S ohlea 5 LSl ol sud (3518 50
S5aeS O b € wu S IR 1, wiens 6,l85
sl nl (Su€a 5 a5 6,80 Oless b Hlan Sl gea
Vsl 1S 50 e 8

gy callad 5o w9508 slag ses 58 3l oo SIS 4
oSe 508 sladel slae o ATPase ally s
ey cnllad € ol sad suly plis sl S glacsl
A g8 ohlay 308 sladml las 5o ally —aaw
Ay o asae chle Gneas Tape lay Ghal
N el salis W3 ) St olslas ol slacia i)

o8 E3BeoSemd o sad 0 Wie Ghhlay (puo L9
—pades ey ulaas oS b suls las aald ol L anlEs
a5, ma © Wie (lolan o8 slad K sla avliy
S 9 i 4 Sl g8 e Golas Ko A e Ly (el
5 ABLLL s S Viags Slagine Ll culs asay Gl
orcally s cay calla (2alS 4 sl L 35 oS
Ol 535 g a5 508 s w13l 5 8 slad K L0 ATPase
O oo 308 slad B slae o bl Jlasl glhee

wosae S5 3 il s et ealaial 31 S ollas


http://ijem.sbmu.ac.ir/article-1-356-en.html

[ Downloaded from ijem.sbmu.ac.ir on 2025-12-09 |

YV S5 Olley 53 a8 sd sl (Sl Sass

UO@}U[&/‘;MOC/&/)

0 a S AL Lis) man 50K Gilide glackle Sl
o0 a5 Hlba o a KA Jslas a0 (O1a
S el 5l 5 Jsand (o Yoo ol Ly sl ;¥ sansd
cble b gladslae 5 ol 5l Lasdly ¥ sanl b
9 B0l Lacsdly 51 50wl oY senl muaw 5558 S
B o 0 geuns S 55 sad

898 4 pliardisn 5 (Sseosa slag,Se)lal al
{TTs) ol bsuSsaes salie ad aladl 48,0 S 5o
O oo (Ta uptake) Ta wia ol 5 (TTa) a3 e g5
oheo b TSH 5 ulsisalssls Gioo b e
OS5l 5l sad 4ags lacS Sl suliinl b S 5o s5al 5 55 5
e Sad goSell (Ol - 0e) oy Las
FIV Va5 e ol gl s Se il JAls ol yuis
g ds 5o VIV 5 F/Y

L Sosie sl el Ghao © Ol 5 o s s
Jals olimis csed b DRG LS glacaS 51 soliiol
Wad S5l ds 50 VO gAY 5 4 (s ,Se 5l

oAl & Jlail S el g ool Jsinl w5
Sl glaaS Sl ol b i S5 (i, pulels
3RS aSe)ll YAl almis coys b) Geedl ol
ad g Se sl (Y/0

(Ol Bl = Silie) ) o 5 Lag S lul ol
3 LS o LAl steanlio gl el sud suls Sl
5 oewd LIS pale pully BT obel slagiy,
OolEl mh e 4 da s b sulinal Tukey post-hoc
GBeo 3 eSS Gl olel eedl sl TSH slachle
40 5 S bl Sl i gl i suliieal U i 50ye
i s Kl

laassly

Golasine & glE 5 ou s Edde sy 3y se 38 (sdan

S5 e (Gl Blsadl £0:800e) WBEIS (e SIS )
5 (Y=alaad) wd g, (,KaS @ s (Y=ulaal) sals
FO/ALN [V B3 4 (Yr=olaad) wd g 58 (o8 4 Mo

a8l S (gougane s Jlu YY/FENY/S 5 YO/ARN /Y

Laghisn 5 Wlse

O 5o € cul ekl - Bun g g ) aallae ol
GoSsa b adons Ll 5 oSS @ M olas
SR b las sz 8Kl s 4 GBS daal 5o 5 sl
panadlie 38 il b @olas g et oA
Slaxs LagialesT alash sl cubis, 330 51 Guy 5 paddie
a0 Hlelsl sliae s ol Gl ek (8 5me s 5T @
Lod wiag Ll 1 ool adle s sl & 31 Jolaa
2 655 b s 8aS anli (Sl @l 31 saliial
aald 58wl ass Gl wdle 5 (Sses58 SISl
olidal e 5 Olwlas Jiwsy olay Glales a5
ST (e aed s meadplie 5 Sas0s00 wat
058 L (00 & O comia LIS ) aald 65 S 08 Lk
VAT Al e o 0 el St 3k GLeSs lan
al Aal oS0 DB g 58 b ad s

oo O O Slle 0w Gsn G Ghlan 3
st i & ew b las ayes 51 s 5sd 50l 48 5 "EDTA
wos A o pladsn ol Skl ol B
Goo € Gsa O Sl ¥l oSl S il
b e 538 0 A w55, b sy s 4 S EDTA
s suliicul 3o 3 slad al Sankls a5l 5
slacusS EDAT (g5, sud 48 (55 0500 sl )
ot 1S e oS8 Sole gl slius 5 suliiod L 5ysa
-2

o g plos i) 3058 sla sl (St (sl (sl
09 G 9 D Gewd 515 50 a8 a5 KL LG
G (U1 58 a8 A B Jia) a5 K Lilite glaclile
G YV slos Hu el and @8 S 518 o 4w &) 50
5 Sshile by gue Sad 48 oS5l
Sl OF goe Jsb oo VYL s Syl sl
Sl saiedls 4 s e gad Sul gad simjyu il
wd WS L s sl o alyes S e iyl

59 3008 sl cuaslie i, onl 5o s S dulas

i- Cross-sectional

ii- Ethylen diamin tetraacetic acid
iii- Merck

iv- Supernatant


http://ijem.sbmu.ac.ir/article-1-356-en.html

[ Downloaded from ijem.sbmu.ac.ir on 2025-12-09 |

1PAQ Olews :f&‘oJL,J ;/,.:JiéL;oJ}J

Oyl pauplgslio g jyyi19s3 3£ |galao YEA

Al 5 05950 a8 b 905 saa Glolass 9 (plasdisn 5 Seeoss sladil - Joaa

aals

A 955 aad A 955 saad saiie
(MeantSD) (MeantSD) (MeantSD)
RV YV/A\0/0 \IFALN /O (5 oo 5o a3 slie) w555 Spma () 5058
\o/asy/of v/o:v/\F /N £Y/Y (il slis sam 50 o S 5 S0 (2 5 55
YYY/veya- jof VVAIF£VO/\ \YV/0LYA/¥ (il slio wam o a S 5L Gosigosi s 558
Y5/ 2Y/5t vy/vey/at Ye/ax\ /¥ (7) Ta wia Ol3ee
FA/O£FE/A Ya/F+\4/- YO/\£Y0/\ (i so a S 5b) oo
AV/ALYF/D 45/¥£V4/0 AQ/FEYN ¥ (Sl sbee aumyu a K5 Sas) ol
YYY/VEVY/D YOV/T£04/ YYE/FEES) (sl o wam o o S5 Sae) 58T Jluasl JS il
Ve4/-£¥V/0 YAVE T YA VVF/AXFY/A (Sl sle wm 5o a S lie) w5 5
vra/asry/y! YEY/ - 1vy/o! YoN/oxva/s (sl s s 5o a8 ks) sl
TR /¥ ¥ F/Y /0 (2o sielie 5o O sales) yasd sla s wluss
\Y/¥£N /Y \Y/YN/F \IAERIAY (s 53 2 S) G5 son
YA/N£Y/A YV/A£Y/Y Ya/0xY/Y (e 50) cu S gilaa
va oo/t AO/¥=5/¥ 4./-£0/0 (53 530 MCV) 303 (sla s bass 530 ana
YO/A£Y/Y+ YA/ YN Ya/AL\/F (aoSsSa MCH) 308 Jsal 5o 53 G s san Gl

aals 09,8 L dewlio 5o v /oo 5SS P of caalis o 9,8 L diwlio 5o /o) 31 1S P T aala o5 S L awwl@s o /-0 3 1Sp*

o ds 2l w3l Bl IS an 81 adsn e all
Gloime halae wry Hlgre pha 4 ool
S aasge Glad 308 glad sl 5l Al 58 sk ses
A58 sa Ololan o8 lad sl Ha Gl 5o s sen ks
) el LS aald o5 8 51 ladne sl 4 ash s s
(Y doan) (P<e/+ oY 5 (P<+/+0 5 53

A3 Lo (coSsles) 308 slads cana wis o
bl ol Are Sl ad s 50 sd 5wl gon s wald
658 a5 sl basio ana €S ol Jla Lo ol
S S Slaaae ok 4wl s 65 S 5 as s st
(V Jsan) (PS/+ 0N 5 P</+0 s 5 4) w s aalis o5 S

Sl p e ol 4 Jlail cud sl 5 oal (i sl
SEAIS abesBna 5 wSeotana W He ol S
aald o8l as wsenlg 5 cble Cpiaas (V Jsun)
5 eofsma il s ol cble b (g liee B
S8 oo JosielS clile o o o ol ad5 50 e
A aals 65 8wl 5 golpne sl 4 s
SATL denlie 5o o955 sad W3 9 o iulS Sl s

.JJ{MJ'J&MJ}JQQJALL

s Jlas \W=F0 V=FV A8-00 (a5 4 b oidh sy
oSS 4 MWie W) (TTa) Cuuls58 Hpespa bl
598l S80S S (P 1) s sk 4 b
(P<=7+28) Slagane sk 4 a8558 LS 4 Wi wldl 5y
() Jsan) el s i

ook @ adeos ol @ M ) 5o Ty chle
Sl oo sidas aald s 58 aldl S (P<-/+ 4 V) Lo aae
Mgine a4 absotsns oblay o o (S
Ts Oliee € sas e olis Lag,Seplal mld s
A58 58 9 SRS Hlabre Hsb 4o a0 s ol il Uptake
(P<e/e2N 59 58) s (amb sl 51 il ad 550 e
(Y dosa)

G sastot ol (dshe 5o MIU) TSH clile
S8 Lo s wals sss€ udl 3 Siiw Lliges Lsb
(N Jsan) (P70 1) ase S3aS w555 50

A 58508 5 A s, spa Al 5o e slad s alass
09 Ol ol ganbs ulyal Hu lanT lasd b sols ae olis
ook ad g saa W58 o K sen Hlie € il s
s san Hlads L(P<-/+0) 0 SiS gaub ol 51l Sae


http://ijem.sbmu.ac.ir/article-1-356-en.html

[ Downloaded from ijem.sbmu.ac.ir on 2025-12-09 |

Y#4

x5 Ot 53 a8 Gl (Sysanl SaSs OLs 5 Lol ctal) Sl 35

o 35508 Glolan Ol sud wags LA s Sl gas (e
‘\/\"i\//\ %Jf:): ‘L} &'//\ w/VO ('/v &'/a n/\"O GLAC_JA.‘.C

_}‘ )‘JL;KA.A ‘)\,Jo ‘L} O/fi'//"v :O/Oi~/VY :O/Oi'/f (YV/ViO

FYEO/F AYEVA S5 4 aald a5 S Lo Salses Gl
(P<-/-0V) ass 5ieS V/F2-/YY 5 VIAL-/¥\ N/Fx-/¥4

(Y s & Hlasa)

slsen wens (Glas GBlank o SSle) Y Jlased

1o afoosinna 5 abssssua wald o8l 5e 8 slad s
p S A G Lhs ms 590K geanly lacble Lla o
slavsyn crawlie sas e plas il e ae o
308 a5l Salsan lise S wase Glis Ladyses
lesT Lshle 51 oS ga 55 ad it ohobas
S oo aales aalis 55 8 L gl e osld su

3008 slad s Sul gad wam 50 =Y Jgan

A5 55 a8 S5 955 5208 sals i o 9fS cble
SD)olare alyait + (Sikie olare Bl (Sl olare Bl xSl (Sl i Hs 0 5)
V- FIVEYY /A \SY/YEY /0 V- Y/ £0/A -0
V- Y/ /O \e-/s2a/8 Ve \/ALF)¥ <\
\-V/EEYN )Y V-V /AA/Y Ve [¥LV/E -1\0
\-YNE\A/F AA/ALV/¥ AV/A4 /5 i
\-0/\EYF/A 44/Y2V/- AV/0LV/F -I¥0
V- Y/0£YY/\ AF/VEY /0 aV/a4/A <Y
A0/¥£YF/F ARRYAERY/ ARRVAET VLY -/yo
V-V /E ANIDEA/ - AV/F4/¥ /¥
ve/peye Yt A /Y£VA/ AY/A£A/\ <[¥0
YV/ALYF) - E BY/-2YVV SY/0£YV/0 /0
V< JO£\AIY VEIYEVA/N NF2Y/- -/60
Y/A£YA/A \Y/A£Y -/ V/as\ /Y -5
a/-£\4/Y VY/A£\V/0 VIVEV/Y -I50
o/s+v/a" AN£V/F V/FEV /0 ‘v
o/sev N A¥£N/0 VIALN /5 - IVO
o/oxv /¢! A+ £\/F VIV “IA
o/sav/\' AY£/¥ V/ox- /4 < JA
O/VEY/¥ A £\ Y V/FEN] - -/A

aalis 69,8 L dewlio 5o v/+ o) 51 2SS P caals 69,8 L dwlio Hu /o) 31 1S P o aali o5 8 b awnlie o /-0 3 1S p F


http://ijem.sbmu.ac.ir/article-1-356-en.html

[ Downloaded from ijem.sbmu.ac.ir on 2025-12-09 |

1PAQ Olews :f&‘oJL,J ;/,.:JiéL;oJ}J

Oyl pauplgslio g jyyi19s3 3£ |galao YV

A9y )5S

[ I—

33955 (5,5 y
- ‘- - A-bl_‘:') ba)f

D A A A A A S S Y R
o S e T T TR T 9 Yy = T T T Ty Y
= (-
(M)Jre;)wim)s)lf;,‘ja.]&

pOS 1= /A) pade a0 alide glacile o adh o5 sa 5 Ao saaa wald o158 S8 (slad s Salsan wshu =Y Hlagad
dias g s AA slas g S 50 1) Sal et ws Ho S0k Laakads (L (L ss o

GO adeosisma Ghlan O gaess 5 1 GsaeS
Ol O s san (adsisisma Oloss b oS wols lis wa S
SoKea 5 sus Tafeil b clls 4 glles
dallle sy 5n Gholans ) sam s AID €S 0 S (3 I3S
35 olKaa s Hambsch 7w jla 55368 LT b 53 sast
Ollas 3l s S Sy su 1 PudaS 5l il gl
S o oblSes 5 ey Tasu S a0y, e
Sl wiols alad) wdg s sna Hlan YV (s, S aalles
solie Giale b dasly 5o Ohlas (nl 49 81 &€ W
08 oalh Cpl wilia JKa) Hlaa o8 slas€ S5
08 asde pSaie Ghlan cuSglea 5 G sen
Ll seos8 Ol O (a3 ikl HS3e sladalllas
peogle (o dils wny Bty cble 5 adsss
Olsaiedd Sae (LS e tul 59 (B! Guse YU
O o Lo s 9 sl o wald cullad 4 508
Ol 81 oo lse 4 15 G sssi) callad Ho (el
5 lussd ol cans Brp el 5 oal sl swy
L W 05 Dler o0 L SRS s o OKes
ose Oblay a8 wa S (LIS G SauS 55508
SR ssy o 35 b all @bl LT gaallas
oD aalllas u)se Ohlan o (SsaaS 4 U S el
Sy St sandly b S b8 o805 (oo solan

Y4 ..
el b‘).é.&):u

2l o0 ceglie Sl B 4 sas el dalllhs il
0 MWise Glolan 3008 Sl e glie (el Hlis LuaK
Oblax 5 (b W3 b wlle 5o wdeS O
ojs Omly el glasldd o s il adg 0 sl
ol 59 s s J8l Al ol LS LT S sas
olts ol 0Sile stmlie 5 Wus Sife dallls
ala wlaals plobee ool S s 51 S s e
Obel U9 (piuu S0 SBeoBsmd 5 wsooma Glhley
Bly o9 5 WS bas ool G Sma dallas
walles Glod oo 5 pob Glose bug BT oo anias
oS adidie 30 (gudgus slagse)] @l wd alasl
o oo Obhlan 9 3808 b a8 o0 e
il o
23 o8 slad s Suika o glallas (586
Lol il sud alasl aas L shamd LLas i
8 0o slacesS Gus abot goasie gladallls
S wles S Qs 1) wbso8 gl Slas glhley

ol b3 3590 LGELIS Sose © LgT B s
©oad olagl (BeaaS Sl ee S OISen 5 goadl - s
Logleos € € WS GBI 1) a8, Jlos

g. we. ¥ “ e L s -
Ssy Oles 5 JSS Tag aslie 55 s sh))


http://ijem.sbmu.ac.ir/article-1-356-en.html

[ Downloaded from ijem.sbmu.ac.ir on 2025-12-09 |

YV G555 Ol 53 508 (L5 (K el S

UO@}U[&/‘;MOCMJ}{)

Jals 4 w5 g 503 (slad s Sul sen wimju (aK
o8 S ATPase ascliy - poscs oy callas o DG
o8l sad (E51S wih g s Glhlan 38 slad K
5" T abe GuAS lagaey onl alass g omioma ollan
5 sl pud oS e Mupige oS 30 LT cullas
JaIs paaes e Gral B8] s ey Gl 59 59 8 b callad
ool JAls mae olse Gildl Pusdipe Sas slad s
OhalS i Gpa s Aol paa GBIN o Lo ol
S GBS e o wpde | paa @ pha cus
08 3008 s nf Jasd € g0 BB paaa 4 plw
G dadlas ol 5o oS osd S (gl Hld SlalS Jle
oS Gl il (60500 Jole gl s byl a0t Sl (S
S a5

arelly - mnw ey olaad p callad LhalS A
s Lo oF callad asgo8 LK cuasy Lo ATPase
08 slad sl daa 5 ladglas pdas 50 (s g5 sea
Mol Ol 53!

9 Slasl Gudg S sna 5o S aas e L aallle S
Ol 33 sl e (I8 353 slad s 5oy 0ol llad
S S 15 3058 s paa wb Baclh uy cullas
0% oS G (bl 5 aas (RSN paa 4 plas
o8 U coglio wl 35 Bucl pas & o oS
OialS e G ana gosias Gial38) Jelse Llis Hu )
03 oS dallls ol Lo 4 WS b)) hsae (el LS
A sas afgotsma Obhlay 508 ladslS e lis
L1y sdle stallas mlih olsts € gl slacallias
SIS S L o st alas) 5SS elie LT
Slan S oo 58 slads (SaiKa 5aaS s5se Lo
SGL pals s @l ol ssay abss ss
S enls da s wb s wSa anl 1 hiKen 5 155
odbusen Hlas S dalllae a0 Hlan Gual (BHIS Lo
5500 Jalse € 0ol uay sub) Jlaal ool 5 s o
2alS) Ll coglie (ral38) Ho sadgomiss O n2
olis sad ol gaadlhe Lo anal Gty Gl (Saks
Gl slite wulsaiud 4 oly] J s il o oS wd sals
08 Sl Wlge (ol aSe il Shs sladil
il Bl G T alSatial 4al 5y sl oladla

slie el Wl 55 oo liie J o alS Gloae 5o Hmis
o sols olas aalllae S Lo aas L8 8B cas 1, Jsle

28 pala gaalllee Glhlan 5o 3058 slad B dlaxs

pradslio © 4a 5 b ot (Sl aald 05 S L el
GOl e ooy whoisms Ghlan slacsl 5o YL
308 sladnf slaxd (ral€ HUaml L G ol G 5ees)
PP VR o PR P PRV [P TS S R BN
Koo glatalllas g € 55208 opl 5 b adie
bV e gt Hadl dalllas o s ead i LIS
el il o8 5K Lo gad aala JSde 5l
oo Ol o9 sad (oSesll s e Laisgie 4 S
s o Sme &gl el 1S aald s 9 K L 4wl o
Obae Blasl Uil 4 el (See Gug Dl e aae Gl
Oyl cose o € aal laguKses godlul YL
Wedn sl gae cuwl s o dalllae uy5e Glslan ulaas
aald 05 S L Hladne ol 50 ollass (pl Ho o S silea
coSlaa Lo DEA) Ldallle i Lo 4o S cuils

© [A.c YY.¥o

@il sad (5518 o5 @ Wise ololan
Ol 09 3e08 sl K ana 5 s sen bgie Gl
$55pS) o G san chle an oS als lds dallas
E:eS) 28 sl ana aa 5 (e Ssua
asas ol SIS aald ol b danlie Ho (S s S
o8 whestisna 5 oopd Ohlan o8 Sy Sae (SeaeS
O odla ol BT e sas S5 50 Sis gladallas
croslin (a8l (S0l dum g5 il ol €S ey ad Lk
el aal whisoisma ohlay 308 sladnf o
9 omd ohlas Lo Ssn oS Jele € sud sl
Jals 4 YLaial ol aTeal Sho cullad o JYEAS 4555 s
Mol UK ale @l @osre dlse oo 35S
59 ol @ Jlasl cadsl 5 i s ol Lluis g Se il
O Bl sine BVER] €S aly e Lt dallhs o0 o las

IS L glaadlle Ho ool s ga g aald a5 S 5 ol sles
485585 5ol 4 Wise Glslass L olISas s Hambsch «<
Gal L9 oad molie 5 pday oS Vol alasl
Salgdasal 5 Brz (pallns ol wiile a3 sla ssf (ot
sl b € ud GaliS IS (900 al e Cpl el
Dlagne (ualS dallas S G pls Jlsdas dalles o
o9 0l o Jlasl S cudh s i oal slacasS
bodcolie Ho Sl cad gadsoSsns & Wae Glhley
0235 Lo dallls ol Al L «S w sws aald a5 <

R

ey


http://ijem.sbmu.ac.ir/article-1-356-en.html

[ Downloaded from ijem.sbmu.ac.ir on 2025-12-09 |

1PAQ Olews :f&‘oJL,J ;/,.:JiéL;oJ}J

Oyl pauplgslio g jyyi19s3 3£ |galao YVY

ELassassn S Foso 53 el sadl o) WelS s,
oSels Blal b 3 Lo Sy, ones b gadsns
Bl asl 5 ey sl clid Lo\ oesls)
slad s slae o 1) gy (ol slasd (ualS o)l 55 o
s (ol oo S cdly UGN k550 e llass e 8
coplie (Rl 5 O @ L s nkish (hall ¢ e
il aal g (g el HLas (alK BlEe 5o e 8 slad K

Jlael b 45 spdo aleidiy 51 ool ools ol sl
308 sladml cueslie Slas Jao Ho adgnsl oS5
Oose ccreslie LEal3d) wnli cgee so s Ssd dalllae
55 Cdlaie anlllas 550 Ladsls ol sLiie V (o sesS)
RS

5 ot e OB 4 s Gl B e es L
308 sladsl Suuks ju 5uas Gk 5 (sadgosi s
el oo Jllal SeaaS 4 el Hlis lyuis il o
o9 sad poke (5o 5 LN A WS S ollay
© MWise Ghhlan Lo 3008 sl B oo glie wallls oyl
Sla Glas Gaal38) pals slH8l b anlie 5o wbgns8 o8
sladallls b dallhs caoslio 5o yuis ool cle a4
alle o 1) (5500

oISl

sak Slada 3pe Gask 3l aallhs ol alasl sei3a

olan 5 (Sady asle ol sl plie 5 550509
eob) ol sad el Ade aed Sless - Al
G € ol ol 6,Ken 3 Huiw s (+AT s lad
B 53 € andd Sl SIS0 s Gl gls sals ol sie
w8 5 oS ol 1) ok Glsae dlie alii
olKan Hlu e auny 5 solel Sllas alasl Hu € Olak

..\.\;sl.mw u.’a‘d_)ﬁ A3 gad

References

1. Utiger RD. Hypothyroidism. In: Degroot LJ, Besser GM,
Cahill GF, Marsha JC, Nelson DH, Odell WD, Potts JT,
Rubonsten A, Steinberge E, editors. Endocrinology. 2nd
ed. Philadel phia: Saunders 1989. p. 703-732.

2. Bremner B, Fandrey J, Jelkmann W. Serum

immunoreactive  erythropoietin - in  hyper- and
hypothyroidism: clinical observations related to cell
culture studies. Eur J Haematol 1994; 53: 6-10.

3. Fein HG, Rivlin RS. Anemia in thyroid diseases. Med

Clin North Am 1975; 59: 1133-45.

o slagise 308 sladpl glie colbu
O Latlind cund 5o oniS ale @ a8
S wpdie oS el b Basliid 5 Gl Sidil
JosiulS chle i3 WS sliin 50 Ko alles
Sol JEBl s @ s slagsessa 31 5o Ll
Vol e b Jsbes slind 4 Lasdly

2915 0T ceslie il 5 o Lt cullis 5o 53 4 S
cad bS50 3 Hae wile (SOl glaguiwl Sl
ol Jlaial pola gaalllas p o8 4 4a s b aas 8 b
Jlie 5o Ladsal cae lie (rul 33l Guels callis 5o 5u35 S
b 1 Jlaal ol Gl el oS 0 pd el HLES Huis
slie JosialS Gliee 5o suis b S cdls o0 Lk 5
O3l slad 5o wal gied 4 J s 5ielS s (5T Gl )
Slaala Sl 51 8 5ok 4 ol (Kee € 0S80 lay
GOl podge Gl Al s sl sl e slie Rl 38 5o
ol i geallas

coglie Gal38l b 5e 8 slad S Saus (mal$ Juls
© ol (Sae ghawl Hlad ShalS LB o ladsle ¢l
308 slad sl slie gowdlu @lial sula 5o 5uis Jals
bl LUK ghls 3e3 slad n slae aal
Viasdie saeli V GuumlE € el U7 e gl
JUIS olsie 4 4 cacal oliid 5ol 55 A O 556
S8 ¥e0 Gl 308 U a5 aS e Jae O e
arisi) S sad sl las ™ el WJLK gl 3 sae
sladsle slae o (Y (o slSI) (S 55 Col O S0
el HLES Al 0 5 usls D3 gLlal sladl Hlas
o3 ol e llas ol 35k ) ol &89 Oloe 9 1LY
ol Il Gme 5o Tl (8l ads o sua BBl
sl @ ool sladsl olee Jlaial Gills
a8 glagsersa chle Al Jlos 4 sad i s
slagsessr aficns 31 €S lhaan ol sk sols cs

4., Ruso R, Olavarrieta ST, Suarez RM. Studies on the
pathogenesis of the anemia of hypothyroidism. J Clin
Endocrinol 1958; 18: 501-5.

5. Cline MJ, Berlin NI. Erythropoiesis and red cell survival
in the hypothyroid dog. Am J Physiol 1963; 204: 415-8.

6. Kiely M, Purnell DC, Owen CA Jr. Erythrokinetics in
myxedema. Ann Intern Med 1967; 67: 533-8.

7. Leone NT, Narasimhan P, Watson-Williams EJ
Hypothyroidism and atypical spherocytic hemolytic


http://ijem.sbmu.ac.ir/article-1-356-en.html

[ Downloaded from ijem.sbmu.ac.ir on 2025-12-09 |

YVY

a8 Oliley 53 308 S (S mnl Sass

ubL(«de[J/L;M/JC/LéJJ{J

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

anemia with high-sodium, low-potassium red cells. J
Clin Endocrinol Metab 1971; 33: 548-50.

Nomura S, Eimoto T, Osawa G, Yawata Y, Horino M.
Case report: hypothyroidism as a possible cause of an
acquired reversible hemolytic anemia. Am J Med Sci
1991; 302: 23-7.

Justo Firvida E, Maceda Vilarino S, Lado Lado F,
Devesa Barreira JR, San Miguel Hernandez A, Torreiro
EG. Hyperthyroidism as a cause of chronic anemia. An
Med Interna 1995; 12: 442-4.

Perlman JA, Sternthal PM. Effect of 1311 on the anemia
of hyperthyroidism. J Chronic Dis 1983; 36: 405-12.
Kubota K, Tamura J, Kurabayashi H, Shirakura T,
Kobayashi |I. Evauation of increased serum ferritin
levels in patients with hyperthyroidism. Clin Investi
1993; 72: 26-9.

Ogihara T, Katoh H, Yoshitake H, lyori S, Saito I.
Hyperthyroidism associated with autoimmune hemolytic
anemia and periodic paralysis: areport of acasein which
antihyperthyroid therapy alone was effective against
hemolysis. Jon JMed 1987; 26: 401-3.

Cole CH, Waddell RW. Alteration in intracellular
sodium concentration and ouabain-sensitive ATPase in
erythrocytes from hyperthyroid patients. J Clin
Endocrinol Metab 1976; 42: 1056-63.

Smith EK, Samuel PD. Abnormalities in the sodium
pump of erythrocytes from  patients with
hyperthyroidism. Clin Sci 1970; 38: 49-61.

Goolden AW, Bateman D, Torr S. Red cell sodium in
hyperthyroidism. Br Med J 1971; 2: 552-4.

Deluise M, Flier JS. Status of the red cell Na,K-pump in
hyper- and hypothyroidism. Metabolism 1983; 32: 25-
30.

Arumanayagam M, MacDonald D, Cockram CS,
Swaminathan R. Erythrocyte sodium fluxes, ouabain
binding sites, and Nat,K(+)-ATPase activity in
hyperthyroidism. Metabolism 1990; 39: 952-7.
Ogasawara H, Nishikawa M. Evaluation of peripheral
metabolic status by determination of NaK ATPase
pump activity in circulating erythrocytes in patients with
thyroid diseases and nonthyroidal illnesses. Endocr J
1993; 40: 27-33.

De Riva C, Vircici F. Impaired Nat+,K+ATPase activity
in red blood cells in euthyroid women treated with
levothyroxine &fter total thyroidectomy for Graves
disease. Metabolism 1998; 47: 1194-8.

Brasitus TA, Dudeja PK. Effect of hypothyroidism on
the lipid composition and fluidity of rat colonic apical
plasma membranes. Biochim Biophys Acta 1988; 939:
189-96.

Tacconi MT, Cizza G, Fumagalli G, Sarzi Sartori P,
Salmona M. Effect of hypothyroidism induced in adult
rats on brain membrane fluidity and lipid content and
composition. Res Commun Chem Pathol Pharmacol
1991; 71: 85-103.

Ruggiero FM, Cafagna F, Quagliariello E. Exchange of
free cholesterol between plasma and erythrocytes from
hyperthyroid and hypothyroid rats in vitro. Lipids 1990;
25: 529-33.

Engesaeter LB, Asserson O, Molster A, Gjerdet NR,
Langeland N. Stability of femoral neck osteotomies fixed

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

35.

36.

37.

38.

39.

by von Bahr screws or by compression hip screw. Eur
Surg Res 1984; 16 :37-40.

Jyo-Oshiro Y, Nomura S, Fukushima T, Tamal H, Fueki
H, Osawa G. Primary hyperthyroidism induced
erythropoietin-resistant anemia. Intern Med 1997; 36:
903-5.

Nightingale S, Vitek PJ, Himsworth RL. The
haematology of hyperthyroidism. Q JMed 1978; 47: 35-
47.

Reddy J, Brownlie BE, Heaton DC, Hamer JW, Turner
JG. The peripheral blood picture in thyrotoxicosis. N Z
Med J 1981; 93: 143-5.

Hambsch K, Fischer H, Langpeter D, Muller P.
Hyperthyroidism and anemia. Z Gesamte Inn Med 1981,
36: 203-8.

Das KC, Mukherjee M, Sarkar TK, Dash RJ, Rastogi
GK. Erythropoiesis and erythropoietin in hypo- and
hyperthyroidism. J Clin Endocrinol Metab 1975; 40:
211-20.

Justo Firvida E, Maceda Vilarino S, Lado Lado F,
Devesa Barreira JR, San Miguel Hernandez A, Torreiro
EG. Hyperthyroidism as a cause of chronic anemia. An
Med Interna 1995; 12: 442-4.

Ruggiero FM, Cafagna F, Quagliariello E. Exchange of
free cholesterol between plasma and erythrocytes from
hyperthyroid and hypothyroid rats in vitro. Lipids 1990;
25: 529-33.

Fein HG, Rivlin RS. Anemia in thyroid diseases. Med
Clin North Am 1975; 59: 1133-45.

Duntas LH, Papanastasiou L, Mantzou E, Koutras DA.
Incidence of sideropenia and effects of iron repletion
treatment in women with subclinical hypothyroidism.
Exp Clin Endocrinol Diabetes 1999; 107: 356-60.
Arumanayagam M, MacDonald D, Cockram CS,
Swaminathan R. Erythrocyte sodium fluxes, ouabain
binding sites, and NatK(+)-ATPase activity in
hyperthyroidism. Metabolism 1990; 39: 952-7.

De Riva C, Vircici F. Impaired Na+,K+ATPase activity
in red blood cells in euthyroid women treated with
levothyroxine after total thyroidectomy for Graves
disease. Metabolism 1998; 47: 1194-8.

De RivaC, Virgili F, Frigato F. Increased sodium influx
and calcium uptake in erythrocytes in hyperthyroidism:
role of abnormal membrane lipid levels. Metabolism
1996; 45: 707-11.

Hoffman JF. On red blood cells, hemolysis and reseaed
ghosts. Adv Exp Med Biol 1992; 326: 1-15.

Zeidel ML, Ambudkar SV, Smith BL, Agre P.
Reconstitution of functional water channels in liposomes
containing purified red cell CHIP28 protein.
Biochemistry 1992; 31: 7436-40.

Smith BL, Agre P. Erythrocyte Mr 28,000
transmembrane protein exists as a multisubunit oligomer
similar to channel proteins. J Biol Chem 1991; 266:
6407.

Schmitt R, Klussmann E, Kahl T, Ellison DH,
Bachmann S. Rena expression of sodium transporters
and agquaporin-2 in hypothyroid rats. Am J Physiol Renal
Physiol 2003; 284: F1097-104.


http://ijem.sbmu.ac.ir/article-1-356-en.html

409/ Abstract Shaheed Beheshti University of Medical Sciences & Health
Services Endocrine & Metabolism Research Center

[ Downloaded from ijem.sbmu.ac.ir on 2025-12-09 |

Original Article

Osmotic Fragility of Red Blood Cells of Hypothyroid,
Hyperthyroid Patients and Control Subjects

Zahedi Asl S, Khalili N, Ghasemi A, Fargji F, Hedayati M, Azizi F.

Endocrine Research Center, Sheheed Beheshti University of Medical Sciences, Tehran- Iran
e-mail: zahedi@erc.ac.ir

Abstract

Introduction: Many hypo and hyperthyroid patients are anemic. Changes in concentration of
thyroid hormones can affect Nat+- K+ ATPase number and activity and also phospholipid
composition of the cell membranes leading to changes in the surface to volume ratio and strength
of membrane. In this study, the osmotic fragility of the red blood cells from non-treated hypo and
hyperthyroid patients diagnosed on the basis of clinical examinations and paraclinical data were
compared to that of control subjects. Materials and Methods: Written consent was obtained from
all subjects. After washing three times with normal saline, red blood cells were placed in varying
sodium chloride (NaCl) concentrations (0-0.9gr%), following which, fragility was assessed with
routine colorimetry methods. To do this, after the incubation period, tubes were centrifuged and
the optical densities of the tubes was measured. Hemolysis percent in tubes was calculated on the
basis of 100% hemolysis in the tubes containing 0 gr% of NaCl. Results: The results indicate that
the osmotic fragility of the cells from hyperthyroid patients in 0. 45gr% NaCl (74.6%+30.2) was
significantly (p<0.01) lower than control subjects (93.8%x9.1). Osmotic fragility of red blood cells in
0. 5 g percent concentration of sodium chloride in hyperthyroid patients (27.8%%26.0) was
significantly less (p<0.001) compared to the controls (63.5%+27.5). It appears that this change
cannot be explained by changes observed in red blood cell indices (micrococytosis hypochromia).
According to the results of this study one can conclude that anemia reported in hypo- or
hyperthyroid patients is not due to high osmotic fragility of the red blood cells and other causes
need to be investigated

Key Words: Hypothyroidism, Hyperthyroidism, Osmotic fragility, Red blood cells, Anemia, Ferritin,
Hematocrit
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