[ Downloaded from rjms.iums.ac.ir on 2025-07-18 ]

G293 gh9) SY i pllogen Oblow U (paold (olowwlly mbw (yuuss
S 25,5 L B1,5 g5k S

ol ol e Lagasl iy poal ol 5 olasS seslie @i b ool S 3ika slaglass idan g die)

oy Bl 55 € e oy em 30 ST s (g s € 65l holan & Lol 5 3 e Sasa3
S Ly S 5S35 gy o aalllae () 53 sl Jlan (S35 Sandy sl (oo SSLES (el
Ohslas 51 58 53 el alacadly Slhle st (53hsl, Olasil 53 aalsh (solonsdy SIE aand sl e

®
IOW g0  jwio i8>
@llussan Olhlas (s 53 el Gloae uSelnl ha sy (ol pladl 5 Bas ol s (s (s Dallos set N N

o el (S ol sladeaSe 4 Ollay 0l 5L pae b 5L (pLou1 Hokie 4 (e [ )gam Caic 2S5
SIBT O Gaels lise S s1os (Plol 5albosan Hlaw 5B A slawsdly (a3 aalllas (ol Lo 1oy 12 BB,
9500 3 a8 el O speslaneanSI Gulasl 5y ae Bl ad dilie Sl plls Glbgls 85 S S L 5 sa I o pi5 g 55>
b 5 Lamiadly 51 Sl e Vg i 5 Dl e 5 (2l G 5 2SS 4 O S 5 s
aglesr 05k G A0l 531 Jlen b 55 (el 5 st 40 5y (90 sl Sl 55K 6 53 Voslj JU> (> S5
O S s (5 Se Vo) Ladipas oS ou S g S0 1) Gaeld LS wd il (bl Lo +/Y)
L (DY 5o slin Vo ) oiliwd 530 1 s3lie Jold S jake 35U .ad 33,55 Novapak Cy, ¢ um (¢/1 x Yo. mm) VQL_{),-&’M S 9Rumo ).ZS)

ANOVA  Student t-test 51 saliiul L sual cons 45 bl a5 olil s Jissd puans 7 +/20 5 00:80 cud
ceead 4358 &5 90m SPSS V. 13 dalis 51 suliiend b eleds) 5ul0T ad 5007 46 b S

9 380 b (i ey Hu el e (yaaad (gl s eud sulail (B, 4 aan e LIS S ladadls
53 A0 s paa oil3L wims 5 SRl 53 a8 S0 /Y el 5 S ll Bl ke JBlia ) i 1S3
Lo INY=Y/AE s0game 50 Lawsdy 50 (elS @olSA] SbIE Y gl (6500 Guos 8 90 O Slowds il ol
Obobas 59 5 SRl ie 59 f SFLIY/ AV E /R0 allcs Cllgls 581 58 el (plasadly clile :Ske o5
dalllas s gs 5allos saa 5 aas Si Lo 5u a S0 /YA NV 5 5ullis goa 51 U8 53l Lie 50 a S50 E/VYENV/NY
Oaalla sho b (5500 @5l (Sl (53alba san Glolan Ho (el (plewdly wlile (Kile o was o plis yuala
WS pad (Shia 508 50 5l Slans 5 U8 Giaes 5 ool Sl pll

5 ol 52315 5 BB guliaa (g, Lacdly o el (sosSe Il (ghhs said solinal i) 15 pSaaaia
S Shlay € 2 S e Gnia Ol Gaiad Gl sladiil el ol culio Gaals (S lallls 6l
ool Al w81 L el e Bl2 55 90 58 (sola e &gl i yS o I3 Sullis sad ma3 Gede G see 4
Sled) Gl g adliyo g a0 B3 4 (SIS Gas LS ad (s a1 Gl (lae asB) 58 s se aeli g Ol
s 5552 Ololan ()l baes 53

Sallssan —¢ slacdl cdile -7 e 35S, U 318 55e 5 S - el -\ Lao 5l guals

o

do 0
a3 o e by S (lan Mans o i Lol 4 S (gul il € s 28 3l (S ula At
Tl e AL cle b Sl sl smione cifid 3als sl 0 58 A 5 L e 0T e 9 Solan s
3ol S gy (el 9 g Jlaial by caS g0 Gokas 50 skl glie 5 OlaS palic eSS uiS oy K W Kila

it ol oot alall (5a/A0 s5la 5b) ol (s psle sl€ails a3y o slae 5 555 ol pole Slidiad 350 e culan cias alie o)
ol 53 B0 s i 5538 53 (IUPHAR) (535080005 5 555158 Ml s S5 55 \TAS Jlow 5 3 o

(U 3w il poe) Sl o5 el il po iblsgs Slasih 5 (K3 asle oIS 5l a5 iad g oS 550 ol Sty 0K 55 oS 5,8 Llusiaal (T
ol el 0o (S asle olES 55l sle SLEEAT 3K ye (55l s SUSLES gy ol parid 05,8 il (1T

Ol oyl (eodheal 13T sl&zils (g 5len g lo g0 e (s13Su (ITT

Ol 1o OIS Sleos - Adlag slead 5 (S asle sl&a3 ¢ o195l psle SBT3 50 5 g5l gl suSaily ¢ o 9ol oo 05,8 HLalind (IV
o) 01563 el less itlsgs Slos 5 (K85 o sle ol€ails ol yan s coas wagd oS50 abliS (S5 00315 3 5158 La 5l 85,8 lind (V

IVY Ol (S iy pole olitils dloxa WA Obianoj 9 3l / £1 95+ ojlods / o333 593


https://rjms.iums.ac.ir/article-1-1078-fa.html

[ Downloaded from rjms.iums.ac.ir on 2025-07-18 ]

Ol8es 5 Ll sie 0500 S3o

Sidbdgen Olilow )3 ol o lowwlly b (paasi

48880 (glom £ e TPM 0 Lo ups 5 80d (S5 55
S o aia ;590 sl Jlss Y s 5sh il
9 S8 gusaa gl 4 o) Y 5 Sy S Y
Bl (s S Y ¥ s +/T) aslegn 353k
I ol B ad il 361 ol pa Ju d@ide Ve y s S
(0mdssSee Y1) ¥ e N s S JouS a5 S8
OF 5 il s sSae Yo 5wt (S5 BB ) (gl 5 WL

£ 3,3 HPLC i &

SPS 9ileg S bl i

ey Jolit o 3 Sae 53 gy S Lo el 5]
Sl g3l 803K 3, 5 S A Ly oy - Jus Waters
Ja—s Waters ey o6 Olsy 5 VIV Jo—o Waters
sl Ls Novapak Cy oy gicu .o S oy 9un §VE
Jobie Jolds S alie 3 5w soldicdl yie s Yoo xE/1
Zol-0 g00:t0 cuus b (PHEVA Y so e Yo ) clieud 13l
Ale L St 518 8 peme 51 U8 0 g Sl g i 8! e
O3 e SLS LS Yk aloss o 5w 53ld 5 S0 <80
9 R8s o A e ) S ade 5 (b e pes ad sases
S5l Sl pome Job w Sl s Sae YO 33,55 paas
s el EY0 gae (gl 5 SR b YO S 5a3 (6l
w28 8 o sBala 3T o loa das 5o LG, alas
bl

laedly o ol 5508 GaelS 51 poslas suolie
slac il 15 ad 6lal ol (S) sslad) @ole
R R Y R I N S A LT T
O o oY lagaa s o8 S o) gloai
S =l slapan bade 55 s .l 33,55 HPLC
alie aa b st gATnl 5 st glyatol slachle
Yoswds ploAtl 5 sad lhadal bl ja gl s S

s S g Jolae cu g

OiloiT s 9 B3 (O gamwl pullS

o8 B o el S sl Gl punllS (iate

sols s lalllae NS o ulal 3l il 4 e oS
s 4 15 K3l M (slacilins (paols 505 oS el

Ha e o o Jal

3253 S byl sslie
sbaeadly S Ble (g S lal (g5l san Glhlass 4 (el
Sl ol 3l b g <8 S aladl (50l san slass & 5o (el
tallie i b il o (el g sl (50l slasa g8
el sl slagtgy b el o lale (it
A (T8 e e (S5l 5 lian

(High Performance Liquid Chromatography - HPLC)

il e g3 ool Al 51 e M al s b
el (goSe0lal (6l ulesan 5 BB Ghs S glslel,
el s Se ol L Gl (b)) upes sHPLC L
Lo o deslio 5 sl sen lolan 5o (el (olewsdy
Ol 5Lt pae Lo 5LS (sl g 59 (Sl alle Gl s

sl (el gl sladeSe 4 Olas

WIN UPI)

=8 (el G pnelaneasl 330k 5l qpaS dalllas gl 5o
Sss a5 290855 0 O o 5 G sies 9 g0 0
28K oo plulid a5l Gbas b s o
3 l35bl sl slone dugs

Lo oo O Lo w50 Gaals il Jslae
Sosma 4 g ad g 5 e o a S ) clale
SV ey glacile LS st 38, JU e
o9 bl alile T s 4 53 e o a Kb Ve
ik (5ol £ °C L Jleas
Ol glosiel hs)y

VYo g6+ ) anead Siieal 55K (658 dacadly Sid e S5 4
boslae ad (G55 4l Y (gl 5 sad ailial (a5 Sae
£0-1pmM 50 b Gupew 5 80 (5,068 Jlado o BB Y-
le O oS 00 d b 558 50l B85 VO (5l
asbY. 5oad sl 3l Jwlgs a Le Yo o)

VWAV Olaoj 9 sl / #V 95 o )leids / o203 35k 595

Ol sl S 3 poke olEtils dxo | VA


https://rjms.iums.ac.ir/article-1-1078-fa.html

[ Downloaded from rjms.iums.ac.ir on 2025-07-18 ]

Ol8es 5 Ll sie 0500 S3o

Sidbdgen Olilow )3 ol o lowwlly b (paasi

SPSS (version 1Y) aeli s 31 soliic) b eleMs! 5ab1

38 8 o maobiae slba 5 :Silae Sl asliiwl L
Crmalle gl 5l suel ey 0 i JLla3 SIGT o ead
Gob 5 5alba Shass 5 U8 (5l ser Glolen 5 alle
Soge b S il )y 5uIBT g Student t-test o))

ol sad 8B Hls S P<e/0 5438 S 513 O3

sl

b (ol @iine Bl Guy (pel co s slaclile
JraS a5 S8 1 el e S sl 05 3k
ot 53 IS5l s,S i, ) salind L L1990, <
RV 6,):.5":)"-‘:"

onlsl s shl e s a Sl Vo By cdile (ails 5o
Sy sasm ba uolulicd Jadie ead g ,Ke 5l adadi 0
(= /A0 )l Sl a s YL G S s
S (i o el (g0l Do Ll () ool S8
N o ladn K (V-0 o la—d JK &) 9 5 4888 §/V
L s S5 (sl 355 3 amla S 5ias S
JIal aas o L 1 o 5o sad dlsl el o S50 Y -
33 ) Jamla 2l S 5as S 3 5500 S 5 ¥ o skast
e i 1 ullos pa 3 ns U ol slousdly
S shandl 355 ) Jeala ol Sles S 0 0 slat S
J_..alA L;JJ LS:“—JJJ‘MJU_A uL.Zu‘J 's.“.a.uc)tt.UQJLJJ‘
&)= L INO=N/AE (as (6550 O 5 (8550 39 Sl omis
Al lie 5o a S BB V-V0 mlale au gans Hu LSS b 4w
Ol @dlsl GSilie (Y 5 ) eplac Jglan) el Hlas a5
CA—HJ‘ bJ\HZ/\ciV/E J_‘:.‘LACA_H}. Ao 3 L)‘::"JJ L.)J..‘J"‘
o Sl e 5o a g+ /Y (5805 5 clale filaa

3 e by slesdly 5o aels suulie Sk
5allsa san 51 U Ls dcwlio Lu (£/¥4E /1Y) 5allia san
Sl U (sla a5l Lol £ g5 SisS (E/VYEV/VY)
Voo sslad JISal (< /- 0) cuslas (F/VE-[A) all

ey Lacdly 5o Sl e 58 a S 0 V=10 80 gass
il S Yo S L) b oy paal IS slas i)
s el 5 sl sLa s las
O80T S 4 sl Ll S slacdy il s )
Sl o a Koo 5V 0 ¥ A ol slackle
e s s ALl ATl 58 G o gl
6o Aline lacille 5wl K ua (el Jas
S 5 S S suliil s lelin) ate avy
slacdly o iline cble 4w 5l soldinl b (6555 Guos
s (ol e Haa S la V0 50 ) leasl S
ol Jae Gpad and 1SS L 4 cbile A 5 ul
i 8 ym als gl 5 siy sl L
38 IS8 (500 O

(Coefficient of Variation - CV) &l yais oy b o gy 89
98 ol 5 K5 4 66w s

WOV = Standard deviation %100

Mean measured concentration

ﬁj&JJpH(%CHOr)MeMMJJJ

(Measured concentration -Expected concentration)

Mean % error = %100

Expected concentration
Sl g5 5 jlwrsloT
o3 s g IS gl s S (g, Gl Lokiie &
olan A 3l Sea slad sa ey oo el (5588 5l
e Sl L (03 Y 5 90— V) e ie (s0allns sea
S Cn—ined 5 Sallosen Slaay 8 (Jlows YYE /YA
A S (Il V- ) ase pllw b gla y
38 S s S yeme el g sl (290l 8955108
SLaEa3 5€ 50 VAN iaeS b 5 Gl 3T J 5SS 5
5SS wbioula; Gulb gl oolad 5 sud aul (315 (290l
508 Lol 38l ol 5o oS gl el 3 Sla
008 o9 5 e 5ok Bl dlalidy Ssa sladsa
el ol GiabeT ole)y B ol il dayu-Y-

v olsl tfg‘“')" Ip,l.r. 2Kl Ao

VWAV Olimoj 9 5L / #1957« o)l / o355k 3,95


https://rjms.iums.ac.ir/article-1-1078-fa.html

[ Downloaded from rjms.iums.ac.ir on 2025-07-18 ]

e 5 ol sie 85000 S0

Sidbdged Oblow )3 el (lowlly s uas

my

) A

chl

\ ¥ \d £ o A min
(0ob)) 3alles sa

Amv

chl

—

o 1 min

ﬂ

Ol sl 5 (S slacadly Al S il s S 40 pad =0 o jladds Jsub
(Oxels -Y) plles

Wi 02
e
_'_].
kS
ERTR
S
Ties
T T T
sles 3 S e slles 3l e Slew Jas
JaS 7 e

(0l hae 53 p S8 Crn ) GaelS slaclile —F o jladk St
JAS 5 ololass slass S slacdly o

SisSa 5 e ol 5 Glhlass 4o b e sladiily

s e ol 1 ol s

Ve
q. '
A Y=6.3512X-6.3421
R2=0.0062
Ve
2
T ,.
3
< i
'
\K)
Y i a A A\l Y Ve 1
clale (ng/mi)
(1=2) Loy 5o ol 5K 55008 (yaals ol Jiaie =\ o jladd JSid
AIMV -
f
I !
] M
i L—v
\ 3 v 1 H 1 min

(02l =V ) o 805380 (el Sl Lo o

AV r

) Y v ¢ o 1 min
(0o =) Sallys s

WAV Olinnoj 9 35l / #1 95+ o)loid / o233 593

Ol sl S 3 poke olEils o 1A


https://rjms.iums.ac.ir/article-1-1078-fa.html

[ Downloaded from rjms.iums.ac.ir on 2025-07-18 ]

Ol8es 5 Ll sie 0500 S3o

Sidbdgen Olilow )3 ol o lowwlly b (paasi

S8 saliiwal u) e s el Glae LSS (lsie 4
5 8T JLosd 3l Somly oallad (K b o MVos8
Ol ol saalBe G pas Lo cllas ol (il 53
a saaay () il el 8 gaeS swian s lis slans gu
0l 53 gl (il 5 sgtis Sl (g0 Gaals 53
O el Gl paline 5ud (SSlis S S Y S
O 0aS alulil .ol ol yan placus gans b
5 T sl a5 w5 e 0 (s slan Ml <2
SLag smalisls 2o M i 1 0T ¢ peeadl i
loms 5538 ol S el st sl ol T g
S oliend gu el SIS Gl by 5 ol el
oSas GpelS Sae (Y sl o5 M s e ssalin
el 531 5 s w3l gl wl (BalS 4 et ol
© oS Houlie oS e 4 Maas (RS, Slins g0
ol S e Gaolos Slle uiSuSake 380 5k
ERRCH L AP ,(“)_\_MU_A ol 15 a3l sl ol
eolie (el 5o Gladl 4 sate Sl e gl sucds
Lagiss ol Do B8 o ale o u s el S
gk Ol gusSelal sl (SIS sl S slagis,
Lo 5a 5o Gaels s (s 5Sesll nle 5o 4S wl
ool (Jle 0 SHLS L Gl glos S i ) 5058
samssy (IS Sla s S L ol s3lulan Mala
SIS Sles S LA a6l 5 Gnsd v sle)b
o e M S laa 15 el sl a2l
5 IS B S sl S o SHLs Y SISl oy S
35 el soluwlan (gl 50 il (81 S sile s S
S Ol (bl ¢ saealannaS) T S 158 sl
3 st o el iy 418 Tasas oS o g K o3 ool el
Moz Gl Va¥0 Lu GlSen 5 K55 b s 5L ol
9 Sl s pold Lol il cal G srslasnS) GESI
by oSl ol M e JalS el Ve 31 3

(YasYA

91ax3 Tl e el (sS850 plsard (i

saliicul a5 S 95 4 el G reslaniaSh sl Sae

Vieed o
e
% © [
o e 9
3 : g :
s}
= o o o
£ o
=h $/00d
=] © o
= o 8
2 o
Tiesd @ o
L L T L
\ 1 A
JEE e

e 53) el slaclile a5 (S5sS5 -V o jlamd JSidi
SV =8 -Y) JS s Glolas o555 5o (Lawdly 3l s 5o a S0
(Il 91031 5 5alboa san 5 aay =Y Sallos son

el sSell 53 (5555 O SlowiS ol ra -\ o jlad Jgaa
cll L 1S 9 pasa Galas
oudion g ¥l wlady  (gyaSelul Glilé s wsj
2 pA8L) LSS 2 (pSilbe)osd Jolymis pus

(il slse (33 biel sUad PN
ng/ml ng/ml
\
Jol Sso Y \/-YE-/ oY Y/A¢ Y
XY Y AYRE-EVES ¢ Y/A °
PO D90 Y AVRE-E2V RN ¢ V/A- °
o]
Jol Sso Y ¢MNE- 0 \/-V VA
XL Y §/enE /N AR -\ /A
I CPRYS Y EIVAEL/A VY- —o/A
\o
Js! Suu Y Vo/Y £+ /\e VY A\
a9% 590 Y Vo/YVE- /1 AR Y/o
ICYYS) Y \IAREVAYS AN Y/

el oS3 53 (5555 s SliwsS il =Y o jlads Jgaa
clild L 1S 9038 (el

oudioa g ¥l wlady (Sl Gldlé s ws e

HpSHL) S = (aSile)cad Jolyudd pas

(A Lo (9 fitical sUaa Oaus
ng/ml
\ Y \VRRE2VE0 ¢ Y/AA H
0 Y ENENY Y/A- =VIA
Vo Y VO/YYE-/\Y /Ao Y/Y

3o Laca g5l 5o SY RS Ll 5wl cullad

1AV olsl ‘;iw).:lp,lcoli.wbtd:u

VWAV Olimoj 9 5L / #1957« o)l / o355k 3,95


https://rjms.iums.ac.ir/article-1-1078-fa.html

[ Downloaded from rjms.iums.ac.ir on 2025-07-18 ]

Ol8es 5 Ll sie 0500 S3o

Sidbdgen Olilow )3 ol o lowwlly b (paasi

i s 4 55 PRP-1 ) i 31 suliil s,
OSis gy (oA 5 cal Hlasly Hlacws AV BN 5IpH
0 9~ o swsu silica based slag, gics ;,uYLPH L <
saate slagt gy s s ol sus G st ol 5
3 o LT eslal (e s SIS L 318 sk S
atoals 1y S5 ) loasle 5o gpalss uoliaial
AT el st suliio oS usale slags, absle
Sl ol (10 Lawadly o Cals 3BT (sl (s
=SS Sl (G glae 59 a SSU Y sgan 59) oS
PO USES Gl (2l G prelanan ST 51 sulii
S el cuaal Bla Sl GuelS (S Hlae (S 615
b 58 panlly 51 G preslaninST sl Bl Gl o
5 w08 soliial 5o 58 (LB Wl (5 3k 5 LB
Sl G350k b sual s € s S ol )
o9 ale s O3k Sl Hlas A A s
pOSsS 4 el G anelann Sl gl (oLl bvae
o S soliiod

1= 380 5 pulaan (g ousl s @ by
LA el el slaeadly La paelss g oS3l
3 (Vo) ool Jolaa) Gl cams 5 &80 (a5
O L9 LU 055 slackle Giaiass o oUIs
03 p S el /Y S dlanl s e ble wa) ol
Ol Ot 59 o 8BS 5k ole) ssdle 4 (S L
o Opeles s (il e onlie (B5 1 G,
olaee 55288 e e lolan

35150 o8 60ales Ololass slos Laielis il go 503
bl o Ble o g o aladl (48 55 ) e 40 Sl
sl cunsy olod)) 6l clie (5 SELES (el
Olobas 3 (858 59 Gaels placdly mhac ol lass
Ol slacs gans 51 ass S Gaaad 358 Gl O saldial b
S s Loy 5o Gaels il (paad (s SSikie (1 55
wd S oo ooy ey s b bl o gaeS Bls 4

09 Ol S0l e S way o LS dalllas ol

S (K3Fe(CN)g) sl a5 58 au el t0 55
SIS S (BICN) wilo g 553l cmnanlas] (535 sein
(HECl) wllS S5 8 50 5 0l SUoba Wl 5o T b
s bl (s oS e a5 (g i (il 5l ma a8
@l Ol S Hlaoly anbei 58 il
el ) (oS goua JSES Sl anibies (558 panliy
Oy b 038w b parelann Sl aS 50 o
GSesl Hu i ol o Mg a slanl 1 S
PO ISES (s LA e casal Pl (el
S b denlie 5o 48 ol s Gl @ (s ) U3
3l s 0 i clS b e Ay (s
» s M s Sl Bl 4 5 Jla Cae o
092 S ol s Shiel Cpl gt 5 aas § saulannS)
9 ol A YL GaelS (sl aneSl 515 5L 95 50 pH
OopeularaSI Ly ey oo dosus HPLC (53w 45 pH 00
S sh oLl Soate 5 L ¢ sie e (sien 3l ans
DS L IS 5l s S Goae slagh s, oo a s aalsa
5990 AAVA L3 5L Sl el @Se3lal gl e
T80 S s3It 15 el Jlosi 56 La olslSan
pamesliy S ol Ls 5 s 51 Jo ) saeslanenSI )
@olslaa i s 53S0 L (ploas 5 asbws s
23 poSsSue /oY (Hllia wi By oS S o e
od e 438 S LIS @ g, b anlio 4SS L
el Sl s 55 =30l 10+ 3 uala dalllae
Y pala dallbe Hu o Se5lasl Jols e bile o a)
S L il VAAE o (ol S8 e Hoa S8l
ead M5 Sl 1) Gaels (o sSa 5L oSS
8B NaOH 5 wilis (558 auculiy cooliiond o5 5a a2
ks el (5la0b Gle) g (PAade ) s 5s 50l
Ssase el (Jle s 5B (a5 b S0 sS 5 s VAN Lo
Lo ololSan 5 sy 5 M S s5lal 1, LoDy Sa
S o=Se3lasl Kl S g5l o sSae HLE hgy 5 suliil
Ol SLel s (Y s el 53k Loy s

VWAV Olaoj 9 sl / #V 95 o )leids / o203 35k 595

Ol gl S 3y poke oEiil> dlxa |AY


https://rjms.iums.ac.ir/article-1-1078-fa.html

[ Downloaded from rjms.iums.ac.ir on 2025-07-18 ]

Ol8es 5 Ll sie 0500 S3o

Sidbdgen Olilow )3 ol o lowwlly b (paasi

Omelss 53503 4SS ol Glbae 0l SOLES usla dalllas
oled bl 5 sl o5 5l sar lolas was 4
Ololas ol 53 o o Jsdas slagaslin g Gloe 45

:)L_QJJH@‘:)JJJJJJAJJ‘J_:LQQQQM‘A

SS9 gy A

NS TR S ISR
Sy psle olSaily a3y e slae 5 Ol (2usle
(& & IA0 s5lad k) o) ey — lags olosd
S 4 aila e aph diils i 55 caal s ala)
Blasaio (o gad Gl 5o (ot 55y p e cislae
wula <

llallgas o 5SS Hu VYAC s 5o Giiad Gl
o suS 53 (IUPHAR) (5551 sSLesld 5 (6551 50508

1- Hung SC, Hung SH, Tarng DC, Yang WC, Chen
TW, Huang TP. Thiamin deficiency and unexplained
encephalopathy in hemodialysis and peritoneal dialysis
patient. Am J Kidney Dis 2001; 38(5): 941-7.

2- Thara M, Ito T, Yanagihara C Nishimura Y.
Wernicke’s encephalopathy associated with
hemodialysis: report of two cases and review of the
literature. Clin Neurol Neurosurg 1999; 101: 118-21.

3- Ueda K, Takada D, Mii A, Tsuzuku Y, Saito SK,
Kaneko T, et al. Severe thiamin deficiency resulted in
Wernicke’s encephalopathy in a chronic dialysis patient.
Clin Exp Nephrol 2006; 10(4):290-3.

4- Allman MA, Truswell AS, Tiller DJ, Stewart PM,
Yau DF, Horvath JS, et al. Vitamin supplementation of
patients receiving hemodialysis. Med J Aust 1989;
150(3): 130-3.

5- Boeschoten EW, Schrijver J, Krediet RT, Schreurs
WH, Arisz L. Deficiencies of vitamins in CAPD
patients: the effects of supplementation. Nephrol Dial
Transplant 1988; 3(2): 187-93.

6- Esi Y, Koyaman S, Shikata H, Kawasaki K.
Content of thiamin phosphate esters in mammalian
tissues — an extremely high concentration of thiamin

Ol gla b Sls fae o e 4 sl san Sl Globan
3 3 (5 (el e 050 0l el Al
S L by el IS i 5 5l e
9 et 5590 Ghlaw Gl 4 (el 5u5a5 4S i oo
2l 03 0T s e slagpaling (lie 45 ilo) i
3 L assme 4l 90 aa 5o wadls Bl (ralS () las
(Recommended Dietary 430}, sads dan 53 5l ds

354 3 923 Intake - RDI)

Slasle Hu (el (s 5Se5ll (5l suanie slagsy,

e 0 S L 1S 5558 Bl suliind b S35l o
slagis, b dawlio o yala () ol sad (31
olols ol 5 iy o 5 culesa S s e
ol o= 5 ol Hlas s Gt 5o aels el S

e SR 4 ilie (6 Glolas Ko aelS (S5

triphosphate in pig skeletal muscle. Biochem Int 1986;
12: 385-390.

7- Miyoshi K, Esi Y, Shioda T, Kawasaki T.
Evidence for in vivo synthesis of thiamin triphosphate by
cytosolic adenylate kinase in chicken skeletal muscle. J
Biochem 1990; 108: 267-270.

8- Bettendorf L, Peeters M, Win P, Schoffeniels E.
Metabolism of thiamin triphosphate in rat brain:
correlation with chloride permeability. J Neurochem
1993; 193: 423-434.

9- Bettendorf L, Hennuy B, DeClarck A, Wins P.
Chloride permeability of rat brain membrane vesicles
correlates with thiamin triphosphate content. Brain Res
1994; 652: 157-160.

10- Shikata H, Esi Y, Koyama S, Yamada K,
Kawasaki T. Properties of the thiamin triphosphate—
synthesizing activity catalyzed by adenylate kinase
(isoenzyme 1). Biochem Int 1989; 8: 943-949.

11- Esi Y, Koyama S, Shioda T, Yamada K,
Kawasaki ~ T. Identification, purification and
reconstitution of thiamin metabolizing enzymes in
human red blood cell. Biochem Biophys Acta 1992;
1160: 171-178.

TAY Ol ] (S5 pole LA TES

VWAV Olimoj 9 5L / #1957« o)l / o355k 3,95


https://rjms.iums.ac.ir/article-1-1078-fa.html

[ Downloaded from rjms.iums.ac.ir on 2025-07-18 ]

Ol8es 5 Ll sie 0500 S3o

Sidbdgen Olilow )3 ol o lowwlly b (paasi

12- Ishii K, Sarai K, Sanemori H, Kawasaki T.
Analysis of thiamin and its phosphate esters by high-
performance liquid chromatography. Anal Biochem
1979; 97: 191-195.

13- Morita M, Kanaya T, Minesita T. Simultaneous
determination of thiamin and 2- (l-hydroxy ethyl)
thiamin in biological materials. J Vitaminol 1969; 15:
116-125.

14- Wyatt DT, Lee M, Hillman RE. Factors affecting
a cynogen bromide-based assay of thiamin. Clin Chem
1989; 35: 2173-2178.

15- Sanemori H, Kawasaki T. Purification and
properties of thiamin pyrophosphokinase in paracoccus
denitrificans. J Biochem 1980;88:223-230.

16- Gibson S Thiamin. Gibson S, editor. Principles of
Nutritional Assessment. 2" ed. New York: Oxford
University Press; 1990, p.424.

17- Baines M, Davies G. Standards of thiamin
diphosphate effect. Ann Clin Biochem 1988; 25:698.

18- Fennelly J, Frank O, Baker H, Leevy C.
Metabolism of thiamin triphosphate. Am J Clin Nutr
1967;20:946.

19- Kaczmarek MJ, Nixon PF. Properties of the
thiamin triphosphate—synthesizing activity of adenylate
kinase. Clin Chem Acta 1983;130:349.

20- Bailey AL, Finglas PM, Wright AJA, Southon S.
Vitamin supplementation Br J Nutr 1994;72:111.

21- Kjosen B, Seim SH. Thiamin in methods of
vitamin Assay. Am J Clin Nutr 1977;30:1591.

22- Levin LM, Wei R. High performance liquid
chromatographic analysis of thiamine & riboflavin in
dietetic foods. Anal Biochem 1966;16:29.

23- Waring PP, Goad WC, Ziporin ZZ. Modified
thiochrome procedure for the determination of urinary
thiamin. Anal Biochem 1968;24:185.

24- Schlemmer W, Kammerl E. Vitamin analysis for
the health & food sciences. J Chrom 1973;82:142.

25- Van De Weerdhof T, Wiersum ML,
Reissenweber H. Content of Thiamin Phosphate esters in
mammalian tissues. J Chrom 1973;83:455.

26- Berger G, Bergel F, Todd AR. Evidence for
in vivo synthesis of thiamin triphosphate by cytosolic
adenylate  kinase in skeletal muscle. Nature
1935;136:259.

27-  Wielders JPM, Mink CYK. Chemical
derivitization of thiamine. J Chrom 1983;277:145.

28- Defibaugh PW, Smith JS, Week CM.
Simultaneous determination of thiamin and its
metabolite in biological fluids. J AOAC JNT
1977;60:522.

29- Sebecic B, Vedrina-Dragojevic J Oxidative
derivitization of thiamin. Nahrung 1989;30:527.

30- Roser RL, Andrist AH, Harrington WH, Nation
HK, Lonsdale D. A new method for detection of thiamin
in plasma. J Chrom 1978;146:43.

31- Bontemps J, Philippe P, Bettendorff L, Lombet J,
Dandrifosse G, Schoffeniels E. Reverse phase
chromatography  of thiamin esters. J Chrom
1984;307:283.

32- Weber W, Kewitz H. Analysis of thiamin with
normal phase by high-performance liquid
chromatography. Eur J Clin Phamacol 1985;28:213.

33- Bettendorff L, Grandfils C, De Rycker C,
Schoffeniels E. Analysis of thiamin with reverse phase
chromatography. J Chrom 1982;382:297.

VWAV Olaoj 9 sl / #V 95 o )leids / o203 35k 595

Ol ! S 3 poke olEiils dxo | AF


https://rjms.iums.ac.ir/article-1-1078-fa.html

[ Downloaded from rjms.iums.ac.ir on 2025-07-18 ]

OolSan 5 L st 83aie S Sidbdgen Olilow )3 ol o lowwlly b (paasi

Determination of Thiamin Level by a Sensitive HPLC Method in
Plasma of Chronic Hemodialysis Patients

*M. Motevalian, PhD! E. Souri, PhD™ N. Tafreshi, PharmbD'™
H. Jalalizadeh, PhD'Y M. Mahmoudian, PhDV

Abstract

Background and Aim: Renal replacement therapies are usually associated with changes in trace
elements and metabolism of vitamins. Multivitamins are administered routinely to dialysis patients in
dialysis centers. Thiamin plasma level is a good indicator of nutritional state of the patient. In this study,
a sensitive high-performance liquid chromatography HPLC method for determination of the concentration
of thiamin in human plasma has developed by which thiamin level is detected in plasma of hemodialysis
patients. The aim of the study was determination of thiamin blood levels in chronic hemodylysis patients
in order to evaluate their need for thiamin supplements.

Materials and Methods: In this experimental study, the plasma of nine Iranian patients on
hemodialysis were analyzed for their thiamin levels and compared to the thiamin levels in a group of
healthy Iranian subjects. The procedure was based on pre-column oxidation of thiamin to thiochrome
followed by fluorescence detection. Plasma (1ml) was deproteinized with trichloroacetic acid and thiamin
was extracted with diethyl ether. Then, cyanogens bromide (0.3 M) was added to convert thiamin to
thiochrome. Samples (25ul) were applied to a Novapak Cg, 4um (4.6 x 250 mm) column. The mobile phase
consisted of methanol: phosphate buffer (30mM) in the ratio of 45:55 and 0.05% sodium lauryl sulfate.
Data were analyzed using SPSS V13. Statistical analysis was done by t-test and One- way Anova test.

Results: A precise and reproducible HPLC method was developed for determination of thiamin in
plasma. The minimum detection limit was 0.2 ng/ml and percentage recovery was 85%. Inter and Intra
day assay variabilities were determined for 1,5 and 15 ng/ml thiamin spikes in plasma and coefficient of
variations were in the range 0.2-2.94%. The average plasma thiamin level in 10 healthy Iranian subjects
was 3.07£0.95 ng/ml and in Iranian patients was 4.72+1.12 ng/ml and 4.29+0.67 ng/ml before and
after hemodialysis, respectively. Our study has shown that the mean plasma thiamin level in Iranian
patients on hemodialysis has no significant difference with its level in healthy Iranian subjects. The
thiamin level also remained unchanged before and after the hemodialysis.

Conclusion: The HPLC method used for determination of thiamin in plasma was sensitive, accurate,
reproducible and suitable for kinetic studies of thiamin. According to our findings the thiamin level in
patients undergoing hemodialysis has no significant difference with healthy subjects and it seems that
dietary vitamin is sufficient for the normal functions of the body, and taking viamin supplementation is
not necessary for these patients.

Key words: 1) Thiamin 2) High Performance Liquid Chromatography (HPLC)
3) Plasma Level 4) Hemodialysis
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