[ Downloaded from ioh.iums.ac.ir on 2024-03-20 ]

\yag QL{"))@.&& a)la.i: Y 093 AA\JALA)A

SS9 owgNe (F32 polhe i S (i ilo @bo T Sl 3y gy (S Hlwding
ST 8 yhos b @b (15 glog o5 Al gy

7 Sloss 4oy Parego dow (fpee & Sligyd euy ol B Slo lan F g yalb ol cpall Jlas dew ¢ s yg ol ppce

LA i bl fu)b AN 2 il g oyl A0/ ¥IVS il ol

L gy Juio 4 adllas ol bl piliolizn] pol S Gl sladigas )3 (igidhe Lo (s sl (St 3JUT plosl j| I3 digai (gjloslel
pity pa LS plgiedn 3l 50 s Mo (S gok e Sl (Jgeme sloolylol )3 2990 i Sl ealisl b Wlst o g Yl €55 g oo
Disspersive Liquid-Liquid) sy glegle gl 5o, goey (s5luwdings 4 j9laie o 43,5 51,8 oalitul 3,90 oylus] y3 325 ppun
A5 451 39 o5 o3l LBl (igMe sl 48t &S (MiCroextraction

390 < oo cul Sl 09 DLLME (g, 50 550 Julo ot gy Jols (gjlosiane als o Bl (99,0) adlllae Sy > adlllas oy 22 (09
A o) Copgmots 03 (5 jlutingg g (Pies ] iomed 0D e distg p3lin g €85 18 oy 2y90 o 5y 3 PH By g o o o lag]
23,5 plol ) (e )5S YO 9 Ve e il A (el Ol b dulona b gy So 53 0L GRS 5 Jlgie Jg) (b D 4 )

03y P CAle o Sy g b ool dpaslne b o (gildige gy €83 5 Cono il Gy gy 3y90 Jolgs P o (gl gy olie Bl
D92 VAY g VIZA XA o5 & 59y o 5> 6 3pliSS Gl 9 VAY 9 YR EIV G5 40 o) 4 59y s dlySS slp Sl oy a2
Jeelse (ojlsdinns 4l 3925l sl 0391 1555 53 (lio 85 § Como I odd (gjlwdings (B, el Candy Ol pis oy pdlie 4y dngi b 16 g8 dSulS

28 ool lyess SWIL alie olosd LSyl Glgioo |y b pusio cpl bl 0,8 &0 jlaine bl sz Ll zlzewl o 55

e aySlas b mlo (81,5 55log S ¢ opdlS paw w3l o iy mlommlo g5l 51y (oMo (185 1ganlS

S Yol oids oslainl (o 8cug b g 8
Ot |y 9o (90y92 (oloend ELo ) o)l
2 OS5 plo S92 09 g mly clale cle o,

i Qs o apgMe e (s (o Clale
OlFe ly geyer oyl [O]cwl 034 U] &l
J-d3 4 Gl ) S iges Jcnll 0,8 (6 o5l
353 93«09 o2t Jed I ablje il
o3> g p5 1503 slasbyy 4 9 bl 5 (92
a S alealy s aslles pain [V ]e b 0
o=l g 9 Bl oMo Gl (298 (Ksen

doddo
-N-acetyl-methoxy) (s Mo (j9—0)s
B399 sldiwn pb & ja0 5l gewd I (triptamine
Sl 13 ol b ol g 295 0 iy alewls
Gl V] 398000 055y jgy 199 13 5 LI34
g5 Gk 3l 03 e o) Glen b G (S
S JojingS 9 owgMe Jd Sl alayge)n
b 0ol yebds (9ol puw wiy jo JMS] [V ]00,5 o
oMo )l ataly 5oy 555 (y9an 5L alles )
ol pleled gl ad Shles Ko lgiea,
el )3 cplply g Conl oad @l (308 o o)
5l b 08 s MBS 5o oy (gl Slellas

'O‘)‘il ‘«_'}‘)'9(7 ‘J).Q('«‘ uS"“’)t‘ 391:— olKssls ;cd:h.gg saSisly .J\AQP wb.@f (paass L;).'.‘Sb dgc&;}lb -\
'Ol)—.’-l ‘Ql)—@ ‘O‘)_e; Lfi—‘“)f F}_Lc oKl PO RECYS amy}i ‘J)Q(’i Léw:): f}k— oKl ‘wf)l.l.ee 0l ¢l 8 w\w W bg)f bl (J?:AM o,\}ungy) -y

shahtaheri@tums.ac.ir

Ol eyl hhle (Sigy pole olSuiily cubling 0aSiily ((gldd > Cubligy (pwdige Al wlid)lS (goomaily —Y
Oyl (O RG RS Sbzs pole oSl ccdling 03I ((gGlamedml g (simj ol 09,5 bl —F

Ol el s (S pale oKy cuiling 0aSily ¢ glad > Culing (awdige 04,5 iyl il S —0

Ol el olyts (S pale oKl cuiligg oSl ¢(glad o Cadiligy (wdizs 09,5 ¢ yolids )l —F


file:///J:/G%20works/Iran%20Occupational%20health/vol%2014/no%204/w/9article%20A-10-1830-1.docx%23_ENREF_1
file:///J:/G%20works/Iran%20Occupational%20health/vol%2014/no%204/w/9article%20A-10-1830-1.docx%23_ENREF_2
file:///J:/G%20works/Iran%20Occupational%20health/vol%2014/no%204/w/9article%20A-10-1830-1.docx%23_ENREF_3
file:///J:/G%20works/Iran%20Occupational%20health/vol%2014/no%204/w/9article%20A-10-1830-1.docx%23_ENREF_4
file:///J:/G%20works/Iran%20Occupational%20health/vol%2014/no%204/w/9article%20A-10-1830-1.docx%23_ENREF_5
file:///J:/G%20works/Iran%20Occupational%20health/vol%2014/no%204/w/9article%20A-10-1830-1.docx%23_ENREF_6
file:///J:/G%20works/Iran%20Occupational%20health/vol%2014/no%204/w/9article%20A-10-1830-1.docx%23_ENREF_7
file:///J:/G%20works/Iran%20Occupational%20health/vol%2014/no%204/w/9article%20A-10-1830-1.docx%23_ENREF_8
file:///J:/G%20works/Iran%20Occupational%20health/vol%2014/no%204/w/9article%20A-10-1830-1.docx%23_ENREF_9
file:///J:/G%20works/Iran%20Occupational%20health/vol%2014/no%204/w/9article%20A-10-1830-1.docx%23_ENREF_10
file:///J:/G%20works/Iran%20Occupational%20health/vol%2014/no%204/w/9article%20A-10-1830-1.docx%23_ENREF_11
file:///J:/G%20works/Iran%20Occupational%20health/vol%2014/no%204/w/9article%20A-10-1830-1.docx%23_ENREF_12
http://ioh.iums.ac.ir/article-1-1825-fa.html

[ Downloaded from ioh.iums.ac.ir on 2024-03-20 ]

1 4 S (DLLME") iy mlem o gl
ol b 3,8 o3l sl atbldnwgs ] cla Lo
oSl lyisan ol > Jolousl (S i)
b b diged ool (ol laze 51 4 SSpo by
ol e 32y b g0 oS 235 0 52,5
5 4590 (ol loee 5l c Ul gl il cage Jos
33,5 oo 008 gl el Mo 1 oo 45 ] Ui
9 ey iz (39 (i 53 g (SOl
5 Db Bran g (ol 4 (g, bl Cgpe
V] asloe gy ol oze M

Sl osgMe glzel gy (58T 555 b,
ols aalllae )3 5 gl sl g ol okt o3kt
gl Gl i3y plemgle glygnl ) by,
il §lim srasses 5l 8o (g )gn
9 59 ol (B alin aslles s .05
= U9y ilwdinge 4 VY Jlo 5 o)L S
09198 Tohw Sl (i plegle gl
S b ey L ol )3 39200 (igiMle
o> 4 (Central Composite design) (¢5-5
Alalid 4o joeme Vb 3 Slas b glo (S5 leg S
[V]sssls,, UV

Ot Sl 89y il Jld 4 adllas ()]
Ay pemd 4S5 000 Gl 3 Oeghe i e
Ll ol glse Y cds g como (il 5 (9
Soaxo colitslojl 15 3950 g0 5l oot
—abe gzl j)y gy sskaie cnl sl ol ploxl
Sblze (oolod 125 «8)5 )13 (o) 390 (54 @le
b 5L b o sb e Dy 1y o el S
One-) "als 0,0 5> Joole S " 2l iyl
L oo (31,55 ,S olKuss 4 (factor-at-a-time
05 o3lits] il ygld Sloliss 4y jaoe YU 5 Slac

I3 U9

3 Dispersive liquid-liquid microextraction

(=
V
OhlSed g pae 50 ()l oo

HsC—o

HN HN.__CHs

T

(0]
opgMe JoUge (pland ,l3 Lo =) JS

LIV N Doy 5959 lewdls 50 90,90

LSS {1 3 PR g S SR
Jlse Bl o Sojodon slaatses (BT glag S
polie e JUl ST .adl o diges j 29350 p 50
Sl dly; polis Bl il Dy g0 diged 2 i
o slaince bl L3k ps SIS g Selslas
A Aiged 5038 (Sl 05dhn Al e (s St
oo 15y s Ul cbale 218 HPLC oSt
IV sl o 5T S8 (sl g5 5 9o

el 28 3T sl 1 LS wises (gjbsodle]
ol SO bz sladiged 2 pigMe Jlude pus
gl 5| (L8 Slalas )3 a3l o il
sely L8 2l l o[ VA] (LLEY) mlom il
3 we—Me g5laweslel (gl [YY ¥+ V)(SPET)
odlawl Syl Lol 0l odlatwl Laliseo sladiges
lre b bsy ol plaS e LLE 5 SPE I Jhue
a5l g Yb A g pScdg LLE Coleo 550
Ao (o (AT sl M g dige5 VL o2
5 0115 Ju o | slo Y o S pno o e SPE
&y SPE ) ooliuol 0gM sy el ), s
Sl o polan 0 A.mb& JLOVIN ISP 0N L sladiges
easa)s e 4Gl o Hhainyee olewd oS 5
Oii bl y ol ol cde abled Hee OOl e
IV] a8l o 3l

2 009y 3l Ol iRl gy St e

! Liquid-liquid extraction
2 Solid phase extraction

Y48 LT o ¥ oyl OF o9 |Ulg el | aslale 5



file:///J:/G%20works/Iran%20Occupational%20health/vol%2014/no%204/w/9article%20A-10-1830-1.docx%23_ENREF_10
file:///J:/G%20works/Iran%20Occupational%20health/vol%2014/no%204/w/9article%20A-10-1830-1.docx%23_ENREF_13
file:///J:/G%20works/Iran%20Occupational%20health/vol%2014/no%204/w/9article%20A-10-1830-1.docx%23_ENREF_14
file:///J:/G%20works/Iran%20Occupational%20health/vol%2014/no%204/w/9article%20A-10-1830-1.docx%23_ENREF_19
file:///J:/G%20works/Iran%20Occupational%20health/vol%2014/no%204/w/9article%20A-10-1830-1.docx%23_ENREF_1
file:///J:/G%20works/Iran%20Occupational%20health/vol%2014/no%204/w/9article%20A-10-1830-1.docx%23_ENREF_20
file:///J:/G%20works/Iran%20Occupational%20health/vol%2014/no%204/w/9article%20A-10-1830-1.docx%23_ENREF_21
file:///J:/G%20works/Iran%20Occupational%20health/vol%2014/no%204/w/9article%20A-10-1830-1.docx%23_ENREF_7
file:///J:/G%20works/Iran%20Occupational%20health/vol%2014/no%204/w/9article%20A-10-1830-1.docx%23_ENREF_22
file:///J:/G%20works/Iran%20Occupational%20health/vol%2014/no%204/w/9article%20A-10-1830-1.docx%23_ENREF_7
http://ioh.iums.ac.ir/article-1-1825-fa.html

[ Downloaded from ioh.iums.ac.ir on 2024-03-20 ]

wSp oMo (o polie a6l ity ple mle gl 1) B9y (silodire

o o &y Gialejl 350 gobas 5 o 05 dapiite =) Jpo

Jole 2 sl talesl 390 s g S Sl a3 fge Jolge
) ¥ ¥ ¥ \
- Ozl Jstl Jglee # gl A oS sy S g
- Y Vo ) -/o B (Ml)ossss” iz S we
- ORI ey e S c oS gl P> 48
- Yoo VO~ Yoo . D (M) ousiS” 2l sl Mo poxs
- v o Y \ E (Min) ooy 485 by e
- A 5 A Y F (MiN) 5,8 59a0 ko oloj oo
- v/o o/ Yia . G (NaCl%, WIV)ors 034331 S ljs0
) Q \ o ¥ H A Sl

o waiS gl S g9 S iy M
Olesde ¢l GG e jide w0aiS Tzl el M
Cled )3 g oaB0d9 38l Sod (je 35 Syl
ool 3y90 sk dayiiie (V) o)lad Ja> PH
Sl 033 pldl ()5S (pizmen 5 jiite o sl
RSP W P LR PYSe

One-factor-at-a- g, wlwl yo aallas ]
15 5 sy cpl sl .5 plocl time (OFAT)
S g b wd)F )l )3 ol g Jole Cin als e
3)9-0 ilitte zolaw )3 dingy jlude e sl Jele
2y A oah OBl 5lge S 5 ol
3y5-0 b jalde plsicdn (gam Jolpe ) alspo
ads o gl iolejl A slass 8,3 1,3 eolisel
Jole Cdin oy ol oS 08 el (g loaine
3j9 i oo (pl jl o DLLME b9y %
s iy 2 PH Byo 5 o Ly o L]
oo b ilwding Jolye plod ()5 )18 (o) 03590
e jlaisl Sl romen a8 bl S5 L
Ol 33 J9y 4 j9) gk ol (5jludingy ()
plosl palasl 72 gy o 3 )b i 5 Jlgze s,
sl 0ad ploxl sl yialejl ggeome cnlply 03,5
Do s 10 VO ol adlllas

L oMo gl sl e palafl Jolpo (olos 5
Ve b (P/ml) jid e o )5 9SS Ve clale
A5 plodl Wiges gl Jslome yi e

il o sl e saiS iy M o5 amd Lo bt AL 5z Jlies

Karlsruhe, Germany) .,LoJl ;s La)T 8,
La il pbl gl i (yln 5 (Alfa Aesaer,
oS Ve Bl b igdle Sl Jybna
gl JoUl Jilie 1o S eslel Jgite 53 2l
o3 0 L Son) el Ko 5 Josiigid
Ao oS iy M s gl (HPLC grade
3V 9 ) oS IS e B IS (lieg IS (3
O Sl (AT (ol a2 yd L (Sen) (309,08
4250 L) WLl et g g oaiS gl Sl JMo g
Seos e 53 Ol sloul gl (A7 Logls
ST SEYP RS NERS EPPENCH MRS
(Merck, Lol Syo e84l (Son Lo M
LA gl 5 (Darmstadt, Germany

S oy 4 e HPLC oSy 1 :ljpss
o5 o Knauer (Socorex, Germany) &g
RF_10AXL il ygils jL_,S51 5 C18
PH lade .o ookl ladiges 3JUT (¢l Knauer
Sl e pH jleali ol Ly La Jolxe
& xSoila— sl Metrhom744(Metrhom,USA)
Sl ol dewgas 5 b yne g 0lge )5
L, Startorius CP225D (Sartorius, Germany)
WNAD pigi p)S e e Cdd

Ay Jolge Gl jslaieds ladiges dlaxi puss
Slol f3e Jolo cudn (oighe gl Sl ) S5
o 0l iS sy M go 1l Wil e a8 wu

WA OUT 5 g oF o5l OF 055 [l asliale 5



http://ioh.iums.ac.ir/article-1-1825-fa.html

(=
V
OhlSed g pae 50 ()l oo |

[ Downloaded from ioh.iums.ac.ir on 2024-03-20 ]

Ly

P Jolge gilwainy

s ssbito ol (sl 0 iy Il g5 55
=390 o9l 9 Jobl e Jplie o piogial Mo
Hlate oy o b yidgiwl coles H s olsal
e M plw sl Iy (ER%=44/Y) cél sl
YN O|9.1_04_g J)).wy_w‘ L’xl){l_;.g ol UL.M; d¢>
ubu;‘ dalllao L) J>|)A d‘).) wl.m aJ.Mfu,uDo

AU syl 008 iy e o 556
Y A,& ) :',a M‘> )LQ? ‘oJ.HSu,oo JM> p.’>l.>
i 4y o5 iy MU il 5l e
oy pdyge b s S8 alsye )3 &5 o gt
sl e e cslys ) 8
el Gy ;) o ¥ ey (ER%= 44/V-)
s aape w2 glysa il Ve lnle
W ul?w‘ dxlllao L) J>|)A LS‘)’ OJ\JJ\.{M

DI i sl ym zoaisS gzl il M g4 4036
oSS M las aupy eaiS gl el
ol——09,l5" (63 (CHCl3) p,—_38,IS (CCLu)
&y (CeHaClz) 5309,)5-Y 4V 5 (CH2CI2)
PR R ubc.ol by OMC‘M‘ JM> Oy
Ol O sy 48 loniiSzl el M colys
S ST el 1y (ER%=2Y/0+) gl sl
aoldl gl dupe eaiiSl el M lgieas &S
A bl ke

WU oy sl 008zl sl Mo w3l
\a' 6\" ‘0~ W )LQ? ‘o,\;;fc‘)m1 JM> m.?&
Adapo owc‘)z;_wl JM_'> L51)—’ ).«.,Jg)gwa Yoo 9
b el JB adope )3 48 0 S ST g
e cp pidin e 3 BT )8 w2390
=idgSuo Voo s 10 (ER%= AY/Y) cdlil
Olsan ;g See Yoo o oyl pln el sty
Gz Jle gl oSzl muiwl M digy oo
A bl adllhe

ool IS oo laasiges 50U o (gjlasoslel
25 Ty 42 DLLME (g, 40 diged (gjloodlel
i ol 1SS inlojl s e ya )3 Ll
248 e g g9 5l (ure sl 59y 03 Pl
BUTH W) rv_\a.u ] 045 030> ul.wu ) o)Lo.sz J9J.>
o Sl S oS iy sl (e oo
L Sy gy Cunl 008zl sl M 5l no
Giges gols Ltalojl alg) 50 4 Lt g s o
P oS Ldd g Ce i )l B il M B0
Sl (45 o) el Slajosa 1) g Jolye plos
k> yo plonl jlam il 48)S a3 )3 )55 ples
Sl o elyd )38 g sl g0y Jole 593
IMs s ages 51 g gl el Al s plo]
odl> Ol_i? u.,ol)i 4 (S J9.L>u Q,g‘ m.&;.:fal):}d.wl
5ot yilw 4885 10 5ed YO+ Cio o by o
ol > goad s 5B g0 4 Joloo 5 055
olalefl g Yl )3 wises ol B g by 5> g
015 W12 S bags Mo (i3l 6 85 )15
olar g 5 00d 4y, e Gilel g )5
Wb Sid ol P Gy Slee B wdle

sl g o Jplie )3 0a5ledl gl e
D ) C)“’ L oS 4 Joy),o u‘..w..‘a.u W &P
Syt S8 L18 (ygiw pidgySee Vo 52y o2
1Y «5)_7@0 )L‘B & ;)...EJ.: )L~9> u]—JyL.o Fei¥.
T Job Ly (puiliwygld 585> By 5>yl o
SLod gl YOV VAP b 4yl 5 Su 28
LS ol a0 VY g

HPLC o5s 3l osliwl b asges LT ¢lp
8 a5l ST gl plgieay S o e
25 o daslio b (ER%) cljl olie 8,5
;i_u ) C.E_w 9 035 Cl)?u_.w] L;Lmd_,w ;iu
LYY ]ih o dwlre B 5 )lsliw! sladiges

Lged Sy 52
calsk (%) = ’M—W x 100
.\)‘J;L.ul«_gv.v)i)claw
b3l Loty duslee .Y oyles dolas

Y48 LT o ¥ oyl OF o9 |Ulg el | aslale 5



file:///J:/G%20works/Iran%20Occupational%20health/vol%2014/no%204/w/9article%20A-10-1830-1.docx%23_ENREF_23
http://ioh.iums.ac.ir/article-1-1825-fa.html

[ Downloaded from ioh.iums.ac.ir on 2024-03-20 ]

w3 oMo (i ol s sl iy wle wlo glysuisl 1) Bg) (ilwaie

OFAT e jl odlatul b «dlbjb losily dsmlos b ¢ opigiMo diges (g5l 0dlel (lp dingo (sl yiol,b yuns =Y g

(%) gdaw 2 3 8Lk o Aoy )3 0 4dyS Jlas )3 el Jalge dl>ya lgie

s ¥ ¥ ¥ \
- Y. Y&/A Y¥/o- Q./v.® B4, C1, D4, E2, F1, G1, H3 oS iy M bl
(A)ee
- /Y. FYIV- INVAR YAIA- Al", C1, D4, E2, F1, G1, H3 I gy wor> sl
(BJosss” iz
- - vo/s - AR /o Al", B4", D4, E2, F1, G1, H3 oS gl sl M sl
(Chassee
- av/y-s WA INIE YA/ - Al", B4%,C1%, E2, F1, G1, H3 I g oo bl
(D)b.k;if C‘)Ml
- AN SV - ay/A.* OF/VF Al", B4", C1%, D4%, F1, G1, H3 Sl dinge gloy e sl
(E)gpls o5
- Y/ - av/ane YA/RS va/jay Al", B4", C1", D4%, E2", G1, H3 A oloj e bzl
(F)osS sni o
ISV MY+ YY/\- Al", B4", C1", D4", E2", F3", H3 Sod e olpwe ol
(G)b.\.\:} 539)@]
FAN- AV Q0/AT a5 F0/IvY Al", B4", C1", D4", E2", F3", G3" (H) iz sl Sl

D 4B S a5 ol Jole Glgi dmy al> po 53 ) QL] A plgin dl> po y2 53 & (el ¢ dinge <Ll o]

Seai e &5 15 Lol olSin (ER%= 20/YY)
Ol 990 2o )d B diges WS ile & o a8l
Sl onds Blsl Sad i (e lpeas Hlade oyl
5 ol adllas gasy slye

ges PH 150 (o2 (sl 45905 PH b
slaslono sy 3o Jako s 5 glyil ol
VW gV gd gV jlihe m ,o lagl pH &S iges
e (i Coled jd 0,5 plil g 00 pulas
s Jols pHEV 3 (ER%= A0/A-) eyl
S PH a5 Glyisans jlade ool nlnli
(Y) oyl Jgas i bl addllas (gimy Jolye
s e |y OFAT o jl oolizl b b ialesl gl
A2 o i dalllas 3y50 Folaw (olad )0 jusio

s ls ]
(8l sladges lm pleogle i3y gl Pl
idlie] 0ad (gilwdingy by 45 Sl oY
Day-) 5, 4 59y iS5 ssbite (ol sl 92,5
5 Jls—te jgy i, (reproducibility to—day

/u;l_’ )2 L;‘)_g :Obb Ql_is OLo)'C.)A_A ).gb
N loj ol Hles ;o anlyd cpleply GG lojee
coleg 50 .cd)S 18 iolejl )9 (glaaEI Y 9 O o
Sl ol ,d (ER%=AYV/A+) ol jlade oy yiddi
ol (Y o)l Jodn) sl oty (glaids ¥
)= 4o Extraction time aads ¥ jlejcis
b ool adllae (gam o lse

e 536 oy sl ot il Glajose b
e Sloj ojl ez o Sl cnl (03,8 Foud yl
88> )0 ;0 Y0 e Ceypw g glaaddA g F XY
slaads & lej oL o (ER%= aY/aA) cél ;b
olej Olged 4ads £ lojoose cplplo fael Cavy
A bl adlas (g Jolye (gl i

EON] U‘)"p ).«)L ey le)‘.’ :o.)u.f,o.)g}él N )u;Lv
o )J.)l_a.o 4_l>).n \c ).) 439.0.3 L)Mg’)jl'o 4{ mJ..JBoJ”é‘
Seas (WIV ) (o (S39 o yd YD 50 /0
bbb Hlate e ol 4 a0 )3 plodl

WA OUT 5 g oF o5l OF 055 [l asliale 5



http://ioh.iums.ac.ir/article-1-1825-fa.html

[ Downloaded from ioh.iums.ac.ir on 2024-03-20 ]

(=
V
OhlSed g pae 50 ()l oo @

Fd oo Ve iged oo «(3l3r 4 0l 039381 (igMe o) 4 9y (603 Y Jga>

(pg/ml) clate 59

YO Voo I
WA/VA A./y V-a/¥0 \
Voot /s aF/ay Y
Yy 20/ Voo ¥
A/ a¥/vo VoY/A- ¥
aa/as ag/s- ar/a- 0
a8/AD A¥/OA yoa/r. 5
aa/5¥0 ar/ay V-V/AS Sibe

/AN AT SIEY SD

\/AY AAR £Iva CV (%)

b (oo Ve el pom o3l 4 0l 03938 poeiMe 59y S 43 (61,5 - gl

(pg/ml) clale oielesl
Yo- Voo [\l
av/on V-Y/S¥ 4+ /A )
A/sD VeYIvS AF/Y ¥
VeY/a- VoYY ay/y. ¥
QY VeV/FE av/a- ¥
av/a. Ve V/Ee A/ )
VooV A g5 5
Qa/¥y VeY/AY ay/ay nSle
\/AY YIvs \7AN SD
VAY Y/SA AR CV (%)

2 (=) 0 5B sl jd saiS iy M g4 Within—day) jo, 5 50\ )y

oS sy Mo ol 180 550 o Jgoxo
I IS 5 (k) ignd (o] s
S 0l sy M 43 (okeB pug) saiSz ] il
(CH5-CO-CHa) gl (g gy )90 SN ¥
B ysgiwl (C2HsOH) Jailsl (CH30H) Jgibio
Hisluw blad ay a8 was bl (g54b (C2H3N)
b8 e e S (b e o Gl JsSdge
Slas By aS wd sdaline ol & ase b .aisl
W3 )3 edlatwl 0aiS isy M leisay b gl
e 2l Jolors 5l igido (y0y0m CBLSL 30
Ol 2 550 Jelse I j oS yig Pl o2

9 Vv b+ clale aw jloolazwl b (reproducibility

Jshe > mls .cd)5 )18 b)) 3)90 pg/ml vo.

S 35 4 9 Sy

o g Bl gy e dlgg palie (s (4l
DLLME (gjlusoslal (29) 5 (pigMe (g0 )92
Pl 52 i3S i, o g5 Joli it ot
D o S gl o g5 it iy
Olesdo b LT lojcuio waiS gl sewl
PH g 008 $LSI S Glie 2,5 Joui ol
2 2 Sk A by cilisie gslaw ) ¢ gl
WB)S )18 (w390 gedaw

Y48 LT o ¥ oyl OF o9 |Ulg el | aslale 5



http://ioh.iums.ac.ir/article-1-1825-fa.html

[ Downloaded from ioh.iums.ac.ir on 2024-03-20 ]

oslawl o.\;.lfa‘)éd_w‘ I Q‘s.l.cAg u;)fJa)lf‘)y
Al olie ple 4 Cowd 0SSl
e o ydies o030 OIS Glejode ySb gy
Ly 5 e Joloxo 85 35 Jols olSim bl
aS Bl g b o S5 andy ¥ e 4 (g0
oaalS endlh e cdl iolidl ol IS5 e
DLLME _jsg, 40 dige5 (gjwodlel ai])d 55 by
J> xSz el Mo 3 a8 e JUl 1 6 polio Lass
ol 05,1 e cpan g LT cgblE aisl o
oljde Job inli8l &y bl Lials s
oss Jo cdbl 1 (gylate a8 canl oyl gl sl
) g ol KN ‘_’j ! .\_,19;u.o o.xu.fcl):id_w‘ YN
Opiid S9ps Qlpiedr (95 Jouds il (lojte
Cod] u_JlJ Sols oaiS gl sl M oaisS
P92 PO & g b bl )08 (ol
odaline ¢ duddddd & Oi Flad g oSl el M-
S aBS O )go ol Ll o e & 0900
P Y0 g atddf Gue d Hlaidyge Jolw
2 plab S (Y by JMosl el x5 L
e dsged Jyloe 4 NACH 3938l ¢ ol Jglone
2 gl Mol gl slge L b o) slx
S 5 oMo ghseinl wljd Cosls g @y o
4 g o 01S gzl el M JT 56 4 diges
Sod 3l aliseo polde 0958l 15U jolaio yed
gl Gl g9y 22 4903 Jsloxe 4 (NaC) plab
0958 b bl bl s b oy g
b ol dges 4 0dle oyl 5l ez i duoyd O
Nl Jﬁ_lm &0 Sl lade A pH ol Lglﬁ
S losl Jcd s 15 Gialel )50 ume ol
Adb o (B M SO eaiSyl sl M
alags b sl cosbilb el cow ¢l
OSan (=9 & apgle Jsge sl Sl
o 6l SO Slg ) aass Al cwy (il e

w3 oMo (i ol s sl iy wle wlo glysuisl 1) Bg) (ilwaie

I g w2 e sl Al o cUT bl
ke /0 ) yieS polie MBS )15 () 3)9e
2oL 5 cuslio (g pl) S8 5 10,55 sl cle &
JI> s s ol cde @ yio oo V1 i
5l csilon 5 oSzl i wl M s a a8 sy
)y 61)_: co.ﬁwufcl)}o_w‘ JM_'> T B geALY
b5l op i @uls d s g b Lauis bl
Jyginl yl e ¥ oo 5l 48l Jobs olSn
A oalasiol 0asS iy M laica
Shl> &5 Cunl laigs @ Mo oliend L
Gl stig0d 2l 5B K00 (sgw 3l (o8 nlad
0 53 3)lee 4 dngi b bl o YU Coulad (gl
u_..‘aﬁ).._c cht‘M‘ JM> ul.’xul LS‘)’ LB)L:.A
@l (i e e Al oo (Bl S gileg S
Sy 5l &S Wb e sloniiS gl el M (gl
Do S0 9 b o & s et oigidle
s 51 505 g9 il g 3> (—had e
U [ W LV SUWIPSIN Y SV VL 3 JCS
g o3 b Jolowo 5l (Sl ay 9,5 Joud oo
(CHCI3) p,—_8,Is (CCL4) cp S 515
O—5,0555=Y 5V 5 (CH2Cl2) )L _—teg 5o
MYA NOA s LS b s & (CeHaClp)
O b Coled )0 s ol digy 0liiS 7l ]
Sl S 25 a8 A Jols (eln 8L
sl b ul)_.yo 2 DAJC]M1 RPN
Cole any g Sin 00 ) oS ol il oo e
3y polie g cuslio () 48 Sl bl pas
0liS gyl Mo s oLy e 4 g o Yo
gy Seo Vov oo a5 0l Job ol Kn

WA OUT 5 g oF o5l OF 055 [l asliale 5



http://ioh.iums.ac.ir/article-1-1825-fa.html

(=
V
OhlSed g pae 50 ()l oo | @

[ Downloaded from ioh.iums.ac.ir on 2024-03-20 ]

) DLLME gy sty S5 45 e
22 YO NF Vailals posl [, olewsds dlge (sl
23 53,50 bl glsl ) S50 sl ite | S
Ol ol 4B )18 () 10)90 gl 4 b 93
o olsal Gy (See @Y S 51 g8 Y
)3 d\jéb)ﬁ cJ._)"DJb )l)_B L)»JLO}T .))9.0 w J&LC
oMo zlytiwl j3 5o jusio Cuda (ol dalllas
DB B (ypdy9e gaw O L ¥ 50 dige
PH Clscsl als po 50 03 pol Cladllas Jliolgica
Py g dw 1) adged Jodore dndp il i
)wl> axlllao I Lol J.;‘O.)w ) VY 9 ALY )).)Ln.o
9rv.‘a.u\\ 9:‘\4\/4&4\“)).)19,0146.‘94»@ ).)pH
ot (g5 Ne ygeygn CBLL (lie PH y2 )
A adllae B> il ol abo

B9y 4 (lsiwd Ay yoxie Baiod oyl s le
oMo (5ySoilil (sl (Joeme slaelKitylojl
Oldl (393 o w3 Slos (gl asli lgicd
255 5l)8 edlatwl 590

» S plemplae (s gl 1) ()
sla ey 5l (S5 g cl 0 glul pal sla Lo
sl 098U il e 4 ges (gilooslel >
390 (K> 3BT 51 L3 Bl sgiMe (gjlwodlel
adllas 3 odol Counds ol g 48,55 13 eolazul
9y 4o dsges (gjlwodlel 48 amy o LS pols
3y9 li= slaged ) wieMe (i90y9p S
Joloe (gilwding &5 cunl oy 5,5 )8 oolaiul
Sygmo e cbl canlsa LUzl sl 3 phe
alie olerd OlS 5 lp Jolge ool a5
il ealawl JoB  Sasl ol L alg e
slacose s DLLME g, 4 ige5 (g jloodlel
» P9 plasl J= g (Solw Jd I (gl
Lo M oS oz 5l oolitl ¢ Jooxo (slaolSiioles]
S plw L ()55l 08 ploj 4 5L

P& b pH S 5l cwl o )le uw”, J9§J9p
Lol oo Ly pl bayesls 5 bgyssl liee o
wialejl Jolye pbsl g igas Joloxo PH (315 pois
cle el cants PHEY o zlscinl e oy pida
sLagssls g Lagyas! oy Sl an pol ol
ASb o PHEY j0 igie
2393 4 j9) Cygods 0dd (gjlwding () slicl
P90 59y S, b g Jlgie jgy i
Sy Mo (g0y9m e (yoad gl c8)S 18
Slge jg) & Sde 4y g 5oy o (sl 3kl e
Solaol Gl MEYe o b sladiged 03,5 w5
A5 A pg/ml Yo g Ve by glacdale b
VO« g Ver - slaclle L5|)—f L.)‘)_uuu Cu yd
4 jo) 4 oy iy 0 il e g p S oSy

Caots MAY 5 YIYA SR i 4 5, S 5 b

o Ay gy Y s g oo ,Sly 4 el
Al o

&l DLLME g, 45 ol o 4alllas )
3)9—o lo—dy (slaaSged I (ig—Me gl el
aS Cuwl a0y L (ol 48 )3 413 g slwdigs
Gt 5 A (S )55 5 (ACN) Lyl
oS gl il I 5 015 i, o (i
b e bl Ly o ol 48 {Y]asb
ol o plool 131 a8 Slalllae (3 3y Slgsean
zlywl gl (SPE) sels L6 glyseiwl 3,
SPE gy [V) @ ol sad edlatwl pigMe
s e ay o sl S o Gopae ol
5 3l g0 oS LS o plorl (s Y e
eBolS dse g Sliaes 45l ol o izmen
aS 0 b o ool SPE g, oyl plo il .
S0 > ghaw (55, jl Wiged I 3L e (B
il sylaie o)y el 54u5 03ly youe SPE (cdlg) jo
IYY g m cawd jl g o ls ] 51 oas Gl Ul
sols adllas )> odlaiwl Dyg0 405, 0 a5 by
5,05 3939 0 pel ML

Y48 LT o ¥ oyl OF o9 |Ulg el | aslale 5



file:///J:/G%20works/Iran%20Occupational%20health/vol%2014/no%204/w/9article%20A-10-1830-1.docx%23_ENREF_7
file:///J:/G%20works/Iran%20Occupational%20health/vol%2014/no%204/w/9article%20A-10-1830-1.docx%23_ENREF_1
file:///J:/G%20works/Iran%20Occupational%20health/vol%2014/no%204/w/9article%20A-10-1830-1.docx%23_ENREF_5
file:///J:/G%20works/Iran%20Occupational%20health/vol%2014/no%204/w/9article%20A-10-1830-1.docx%23_ENREF_21
file:///J:/G%20works/Iran%20Occupational%20health/vol%2014/no%204/w/9article%20A-10-1830-1.docx%23_ENREF_23
file:///J:/G%20works/Iran%20Occupational%20health/vol%2014/no%204/w/9article%20A-10-1830-1.docx%23_ENREF_7
file:///J:/G%20works/Iran%20Occupational%20health/vol%2014/no%204/w/9article%20A-10-1830-1.docx%23_ENREF_24
file:///J:/G%20works/Iran%20Occupational%20health/vol%2014/no%204/w/9article%20A-10-1830-1.docx%23_ENREF_25
http://ioh.iums.ac.ir/article-1-1825-fa.html

[ Downloaded from ioh.iums.ac.ir on 2024-03-20 ]

Endocrinology & Metabolism. 2000;85(2):666-
70.

9. Grundy A, Tranmer J, Richardson H, Graham
CH, Aronson KJ. The influence of light at night
exposure on melatonin levels among Canadian

rotating shift nurses. Cancer Epidemiology
Biomarkers & Prevention. 2011;20(11):2404-12.

10. Bagci S, Mueller A, Reinsberg J, Heep A,
Bartmann P, Franz AR. Saliva as a valid
alternative in monitoring melatonin concentrations
in newborn infants. Early human development.
2009;85(9):595.

11. Kakuei H, Zamanian Ardakani Z, Karimian
S. Twenty Four-Hour Circadian Melatonin Profile
Among Women Shift Work Nurses. ZUMS
Journal. 2009;17(68):75-84.

12. Benloucif S, Burgess HJ, Klerman EB,
Lewy AJ, Middleton B, Murphy PJ, et al.
Measuring melatonin in humans. Journal of
clinical sleep  medicine: JCSM: official
publication of the American Academy of Sleep
Medicine. 2008;4(1):66.

13. Faassen, Martijn van, Rainer Bischoff, and
Ido P. Kema. "Relationship between plasma and
salivary melatonin and cortisol investigated by
LC-MS/MS." Clinical Chemistry and Laboratory
Medicine (CCLM). 2016.

14. Omidi F, Behbahani M, Bojdi MK,
Shahtaheri SJ. Solid phase extraction and trace
monitoring of cadmium ions in environmental
water and food samples based on modified
magnetic nanoporous silica. Journal of Magnetism
and Magnetic Materials. 2015;395:213-20.

15. Omidi F, Behbahani M, Samadi S, Sedighi
A, Shahtaheri SJ. Coupling of Molecular
Imprinted Polymer Nanoparticles by High
Performance Liquid Chromatography as an
Efficient Tech- nique for Sensitive and Selective
Trace Determination of 4-Chloro-2-
Methylphenoxy Acetic Acid in  Complex
Matrices. Iranian Journal of Public Health.
2014;43(5):645-57.

16. Hamidzadeh S, Torabbeigi M, Shahtaheri
SJ .Removal of crystal violet from water by
magnetically modified activated carbon and
nanomagnetic  iron  oxide.  Journal of
Environmental Health Science and Engineering.
2015;13(1):8.

17. Ghavidel F, Shahtaheri SJ, Jazani RK,
Torabbeigi M, Froushani AR, Khadem M.
Optimization of Solid Phase Microextraction
Procedure Followed by Gas Chromatography with
Electron Capture Detector for Pesticides

w3 oMo (i ol s sl iy wle wlo glysuisl 1) Bg) (ilwaie

dlor (g2 Cedd i)l oo 2

&be

1. Rocio-Bautista P, PinoV, Ayala JA , Jorge
Pasan J, Ruiz-Pérez C, Afonsoe AM. A magnetic-
based dispersive micro-solid-phase extraction
method using the metal-organic framework
HKUST-1 and ultra-high-performance liquid
chromatography with fluorescence detection for
determining polycyclic aromatic hydrocarbons in
waters and fruit tea infusions. Journal of
Chromatography. 2016;A 1436: 42-50.

2. Macchi MM, Bruce JN. Human pineal
physiology and functional significance of
melatonin.  Frontiers in  neuroendocrinology.
2004;25(3):177-95.

3.Jensen MA, Hansen AM, Abrahamsson P,
Ngrgaard AW. Development and evaluation of a
liquid chromatography tandem mass spectrometry
method for simultaneous determination of salivary
melatonin, cortisol and testosterone. Journal of
Chromatography B. 2011;879(25):2527-32.

4. Setyaningsih W, Saputro IE, Barbero GFn,
Palma M, Garcia Barroso C. Determination of
Melatonin in Rice (Oryza sativa) Grains by
Pressurized Liquid Extraction. Journal of
agricultural and food chemistry. 2015;63(4):1107-
15.

5.de Almeida EA, Di Mascio P, Harumi T,
Spence DW, Moscovitch A, Hardeland R, et al.
Measurement of melatonin in body fluids:
standards, protocols and procedures. Child's
Nervous System. 2011;27(6):879-91.

6. Rizzo V, Porta C, Moroni M, Scoglio E,
Moratti R. Determination of free and total (free
plus protein-bound) melatonin in plasma and
cerebrospinal fluid by high-performance liquid
chromatography with fluorescence detection.
Journal of Chromatography B. 2002;774(1):17-24.

7. Talebianpoor M, Khodadoust S, Rozbehi A,
Akbartabar Toori M, Zoladl M, Ghaedi M, et al.
Application of optimized dispersive liquid—liquid
microextraction for determination of melatonin by
HPLC-UV in plasma samples. Journal of
Chromatography B. 2014;960:1-7.

8. Kovacs J, Brodner W, Kirchlechner V, Arif T,
Waldhauser F. Measurement of urinary melatonin:
a useful tool for monitoring serum melatonin after
its oral administration. The Journal of Clinical

WA OUT 5 g oF o5l OF 055 [l asliale 5



https://www.sciencedirect.com/science/article/pii/S0021967316300371#!
https://www.sciencedirect.com/science/article/pii/S0021967316300371#!
https://www.sciencedirect.com/science/article/pii/S0021967316300371#!
https://www.sciencedirect.com/science/article/pii/S0021967316300371#!
https://www.sciencedirect.com/science/article/pii/S0021967316300371#!
https://www.sciencedirect.com/science/article/pii/S0021967316300371#!
http://ioh.iums.ac.ir/article-1-1825-fa.html

[ Downloaded from ioh.iums.ac.ir on 2024-03-20 ]

OhlSed g pae 50 ()l oo

Butachlor and Chlorpyrifos. American Journal of
Analytical Chemistry. 2014;5(09):535.

18. Ghavidel F, Shahtaheri SJ, Torabbeigi M,
Rahimi Froushani A. Microwave Assisted Head
Space Solid Phase Microextraction for Analysis of
Butachlor and Chlorpyrifos Pesticides in Urine.
Analytical Chemistry Letters. 2014;4(4):224-31.

19. Pothinuch P, Tongchitpakdee S. Melatonin
contents in mulberry leaves: Effects of sample
preparation, cultivar, leaf age and tea processing.
Food Chemistry. 2011;128(2):415-9.

20. Sastre Torafio J, Rijn-Bikker Pv, Merkus P,
Guchelaar HJ. Quantitative determination of
melatonin in human plasma and cerebrospinal
fluid with high-performance liquid
chromatography and fluorescence detection.
Biomedical Chromatography. 2000;14(5):306-10.

21. Mercolini L, Addolorata Saracino M,
Bugamelli F, Ferranti A, Malaguti M, Hrelia S, et
al. HPLC-F analysis of melatonin and resveratrol
isomers in wine using an SPE procedure. Journal
of separation science. 2008;31(6-7):1007-14.

22. Sobhi HR, Henry H, Bruce SJ, Esrafili A,
Rochat B. Simple Measurment of testostrone in
male saliva samples using dispersive liquid-liquid
microextraction followed by liquid
chromatography—-tandem mass  specrometry
detection. Journal of Liquid Chromatography &
Related Technologies. 2014;37(9):1278-86.

23. Shahtaheri S, Abdollahi M, Golbabaei F,
Rahimi-Froushani A, Ghamari F. Optimization of
SPE for Analysis of Mandelic Acid as a
Biomarker of Exposure to Ethyl Benzene. Iranian
Journal of Environmental Health Science &
Engineering. 2004;1(2):70-80.

24. Ebrahimzadeh H, Yamini Y, Kamarei F.
Optimization ~ of  dispersive  liquid—liquid
microextraction combined with gas
chromatography for the analysis of nitroaromatic
compounds in water. Talanta. 2009;79(5):1472-7.

25. Khodadoust S, Hadjmohammadi M.
Determination of N-methylcarbamate insecticides
in water samples using dispersive liquid-liquid
microextraction and HPLC with the aid of
experimental design and desirability function.
Analytica chimica acta. 2011;699(1):113-9.

Y48 LT o ¥ oyl OF o9 |Ulg el | aslale 5



http://ioh.iums.ac.ir/article-1-1825-fa.html

=
Abstract | V

Optimization of dispersive liquid-liquid for determination of trace
salivary melatonin using high performance liquid chromatography
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Abstract

Background and aims: Due to low concentration of melatonin and also the existence of other
compounds in body fluids, measuring the amount of melatonin is a serious challenge for the
analysts. Before measurement of melatonin amounts using chromatographic method, sample
preparation is unavoidable. The aim of current study is develop a new sample preparation
method that not only have high accuracy and validity, but also can using by conventional
equipment available in the laboratory to determine trace levels of salivary melatonin. For this
purpose, the dispersive liquid-liquid microextraction (DLLME) method, that has not been used
so far to preparation of salivary melatonin samples, were optimized.

Methods: Optimization procedure involved evaluation of eight factors affecting DLLME
method. From these factors, seven were examined in four levels, and just pH was done in five
levels. Accuracy and precision of the optimized method was evaluated at three concentrations of
50, 100, 250 pg.ml-1 by achieving CV% for day-to-day and within-day reproducibility.

Results: Optimum values were determined. Accuracy and precision of the optimized method
was investigated at three concentrations of 50, 100, and 250pg/ml by achieving CV% of 6.29,
2.39, and 1.82 for the "day-to-day" and 4.49, 2.68, and 1.83 for "within-day" reproducibility.
Conclusion: Due to the results of this study for Coefficient of variations, the optimized method
was provided with proper accuracy and precision. Although optimized extraction factors must
be fit analyte, but these factors can be used for similar chemical compounds with a slight
modification.

Keywords: Melatonin, Dispersive liquid-liquid microextraction, Saliva, Circadian rhythm,
HPLC.
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