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2 9 E AFME ZAEE IAN FEYOE F23 F HPLC/DAD/ESI-MS(high-performance
liquid chromatograph/diode array detector/electro-spray ionitation mass spectrometry)S AF&-3le] #2939
t}. 759 thyroid hormones®] HPLC #2]Z71-& Hypersil ODS(octadecylsilica) 2% (4.6 mm L.D., 100 mm
length, particle size 5 um)S AFE-5}3. ammonium formate buffer$} acetonitrile ©]5/32.2 sl 7]8-7]
493 A3} 91 227}t 7Fs3l9e ™, UV spectra 2 FFAdER S g1 = Itk TAG 35
ol o3t A A 2UE 2A AT A EE pH 322 & ¥ CI8 ZAGE ARE3te] 4 mL9]
methanol/ammonium hydroxide(9:1) £3-8-N o2 823k A9 3|98-°] 89.0-113.1%=Z YEFLTE HPLC/
DADE ©|-83t4 10-1000 ng/mLH FlellM A& 2 A3 ribe 0.992-0.998 o= vestow 3
3= 2-4 ng/mL(3.8-13.0 pmol/mL)E AXFE ) Th

Abstract: An analytical method for the determination of thyroid hormones in urine samples has been studied
by using solid-phase extraction and high-performance liquid chromatography/diode array detector/electro-spray
mass spectrometry. Seven thyroid hormones were successfully separated by gradient elution on the reverse phase
Hypersil ODS column (4.6 mm 1.D., 100 mm length, particle size 5 um) with ammonium formate buffer and
acetonitrile, and UV spectra and mass fragment could be confirmed. The extraction recoveries of thyroid

hormones in the urine samples (pH 3) were in the range of 89.0-113.1% with solid-phase extraction by C18,
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followed by elution with 4 ml of methanol/ammonium hydroxide (9 : 1). The calibration curves showed good

linearity with the correlation coefficients (%) varying from 0.992 to 0.998 and the detection limits of all analytes
were obtained in the range of 2-4 ng/ml (3.8-13.0 pmol/ml).

Key words: thyroid hormones, HPLC/DAD/ESI-MS, urine
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AA W Fa3 WERZH F shuel e
o] Egw olgfol] x|, HAEE HAStaL
5 g E Ads ‘F—ffii A s dEE 3
th 80EE ARE 3t AN APEE
X1 & 2 ¥ (thyroid hormones)< ZJILHJ EX QoA
o] dojuts e sEESFHE 2, AAWY
Aol BRE ZA A ZHgate] AlX W9 o]3}z8-&
X138 F ALFS S7HA A2S Foly 9
TEAE Aelein. w3, dld F3lE F31 b
A= FYIARAL A E FXIATIH AGA AL =
#oJeh= 5 ThdS 28-S e

Thyroid hormones< &< UjellA] 1 tjFito] Ag}
<2 5 3(TBG : thyroid hormone binding globulin), E}
o4l A3 Z GHRI(TBPA : thyroxine binding
prealbumin)Z} &1 (albumin)s-2] T A 3} A3ts}
o &l F3] dFE =, 3,3'5-triiodothyronine
(T3)2] °F 0.3%%} thyroxine(T4)2] °F 0.03%%Fo] T
I AR Fe F2 ¥ (free form)e] Je| = AAS
w3l Ak 5 T39 T4 B4 W
0.8-2 ug/Le 50-120ug/L ¥ 9= OLEW o
3,3',5"triiodothyronine(r-T3)2] F =& 0.25-0.75 ug/L
2 T39 ¢ 13 AER EATTE’ T39} T49] 42
A= 5 2 E(TSH:thyroid stimulating hormone)l|
o] =W 1 Fo] H=3H BAY FE5T A5
A 75 R = AslEo) uugzshz}_

o] &} zro] Aol Fadt JFS s thyroid
hormones®l] ©]&F 715 AW Hi= A} oS whetst
7] 9k A5 2A] o} = 5o A EZA 9]
thyroid hormones®l| thst gt A 2 AHFE e
¢ Fa3t 53] A Wl 23=o] A= thyroid
hormones®] 2] H 1S 95 A4 sido] I
Z o]t} Thyroid hormonesS #+43}7] 93t A++=
FE IFTFE AP AFH oy A2 E]
o] &% =, w7t &
A% AbElEo] HaiE

-
A= 2=

oA thyroid hormones<
Sl t}. Thyroid hormonesS

22817 93 247 <l 3bE © 2= jon-exchange,’

gel chromatography,'® liquid partition,'" paper chro-

matography(PC), Thin layer chromatography(TLC),"
Colorimetry”® 5] glow, FZod&=
graphy(GC),'*!* high performance liquid chromatog-

gas chromato-

raphy(HPLC)'*"'7 capillary electrophoresis(CE)'® % im-
munoassay 5& ©]83 W Eo] A7E 1 9t GC
o elgk wAME 7k, Sol, A&de] oA
A Zue wyoly o] skgEEe F71%rl v
L 7] w & GCol| 93 BA &= A|gHS wr=t)
ol@lgt EAIH < s)4sl7] $1s4= Richard 0] 1
et uieh el HEAS F4& AHoFshe wel
it} Wi, HPLCE AHE-8 A9 Gest 2a) G54
3}glo] thyroid hormonesS 217 £ 4= 9loL} X
MR 9] AFE HEE T39 T49] Ao =3ty o]
oh;}_
HPLC®] 7
detector 5¢ AZ7)E LT
gl ol 98t peake] HE-E AJZF 2

4%, diode array detectorl} fluorescence
slovt o 3¢ 4

2 Helol ¢

AT A R Aol bssns Jue BT
3 B Holo] Brkse wlel drk. olo] w3

LC/MSE A& 79 HPLC/DAD®] €3 £t
2E S olele 74 BA #AF 3 AR

of HE RS Ae g Bk ofyz} oY 7HA
e EQo) os ARuE ] uEA s 59
EAAS 48 4 9= ZAdPo] gtk 1 ubd
immunoassay©l] 2|8t Wg2o] ALE-E 4= 9l=d| o]
HHH O Eo|AQ3) et £& AAHo] o) o F
2] thyroid hormonesS Al #2]at7] o] 8- o
Aol et

gk Bghsl YA FZHE thyroid hormonesTHS
aRH o &, Ak A8 Fgo) et
o k9 @%’4 2 AN EL] Al liquid-
liquid extraction®] d&] AF&E L Ao}, o] W&
Alg el B8 A7 89 A&7 EokA
= @o] Arh. WHA, solid-phase extractions AHE-&

A% Ade AN 2 §YAL AT A9 EH
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HPLC/DAD/ESI-MS & A4 3

Q1 F&3} AL s B4 g ] NEE
1218 4 9l A7) ek,

Sis
o B AFNHE A BEE

S Qo=
HPLC/DAD/ESI-MSE ©]4-3le] 21, A sl Wy
< AR, mARdA Y AlE AAEE $e

A FEHe HH

221% 2AFT,

2.4 #
A2t

= °4:rL°ﬂ AHEE 7ES =42 25 Sigma-
AldrichAK(Steinheim, Germany)2] A& AL&-3}%1 7,
ethyl acetate, acetone, methanol, ethanol % acetonitrile
< Burdick & JacksonAH(Muskegon, MI, USA)<]
HPLC graded < AFH&-3}%TF. Ammonium formate:=
AldrichA}(Steinheim, Germany)2| A|3&& Y 3le] AL
43R, TFFE Milli-Q 2 Milli-RO system= %
3t 32} FHFFE WhatmanAle] membrane filter
(pore size 0.2 um)Z 333+ A& A& A
FEo| AHE-3 FHERIA = WatersAFoll A F 8k A
B33t

22 7171 ¥ ZX

E AT A-&% HPLC/DAD/ESI-MSE Agilent
ALe] A|FSF HP 1100 Series LC(DRS solvent
delivery system, variable volume autoinjector, temp-
erature controlled column compartment % diode array
detector)2} 1100 series LC/MS Traps 14 3le] A&
stk 2] &2 Hewlett PackardAF] Hypersil ODS
Column(5 um, 100 X 4.6 mm)< AF&-3FA Tk A48
F2L2 WatersAF9] vacuum folderE ©]-83}32H, Al
B =2 939 BichiAte] REI11 33 AZw7] 9}
ZymarkAF2] Turbo Vap LV A 45475 A3t

23. A8 E,FE*.

231 EEA

79 Efm—% < 7t7} 0.IN NaOH& 9o %
1000 pug/mL7} H =5 AFEAS Tt & o]l5ES &
3+sled 100 ug/mL"] B3 FEANS WEo] AL
Aok WHETFEZ2 ethyltheophylline 1000 mg/mL

methanol 89 & 2 A 23| 8435} ARSI T

2 M=

J

F

—\—‘

232 £z M=
o] 54 ammonium formate(FW=63.06, 97%) 1.3
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FEHE o] 83 wAEF ] SEE 2 521

g2 1L 54 20 mM(pH 4)°] HE= Az
7} acetonitrileS A3 T

rot
o
2

233. AR HXZ|H

A8 10 mLE pH 322 %43 % sodium
chloride 2 g& 7lste] &A1zt A} 7HEZ A
£ vacuum folderoll %2}35}3L methanol @t 5 F4(pH
3)E AdZE 10 mLY EHF o Y E 10 mLE
LA ol loadingsl AT} A2 A S 2 ethyl acetate 10
mLE ARgsle] Eeag Aol & 2087 IFHE
2 AL 1S A A TE Methanol/ammonium
hydroxide(9'1) |9 4 mLg THATIHEA &2 $ o
& W #3554 (ethyltheophylline 100 ug/mL) 100
mLE #F7lete] da%FH7]12 200 uL7kHA] & 53tk

0.2 um membrane filter= Z 2] vialol] Bt}

234. HPLC —Er'ﬁtért.';.

A oA 4L &9 10 uLE HPLCO) FY 3t
Table 19 YERA 7]712 A6 wal 7]187) 825k
B3 & 7} YR uv 2HEY 9 AgadEy

LAt

235 ZdZIM =M

EA]E 10 mLol thyroid hormones 5842 F%
£ SAIF o2 717} 10-1000 ng/mLe] W2 H7}s)
A2 & F HPLCO ola) EAste] 7k Ao
Bre} wo)a yolgtel AA S Fate} AFUE

}}\é O]'Mq.

‘..

3. &dn ¢ nE

3.1 HPLC/DADO|| 2|8t thyroid hormonese| &
2| ¥ AHEH

ATl s ZAINEAER] 7E9  thyroid
hormonesS &2 o7 EAEA317] $35le] HPLC
g A3k Table 19] ol wet 7187) &3t
o] 28t A7} Fig. 13} 7bo] 155 ool 7% it
249 SbAE 7} sMssd w7 A9 uv
2HEHS I8 A3 Fig. 20 YERE HEol 2o
hE-2o] EZo] 230 nme] oA AT =S
Ehljo] o Thg-e Melsle] 24 st

7%9] thyroid hormones®l| Tt HFE-E A|
de 2AE) sl 2E28E ETEAL
mLe] FE7F HES Axd & 7H 94502 HPLC
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Table 1. HPLC operating conditions for analysis of thyroid
hormones

+ Instrument : Hewlett Packard HPLC 1100/DAD/MS Trap
- Column : ODS Hypersil (100x4.6 mm L.D., 5 pm)
- Mobile phase :
Ammonium formate, 20 mM (pH 4.0) / ACN =
100/0%(v/v) (5 min hold) — 60/40 %(v/v)(1.33 mL/min)
- Flow rate : 1 mL/min
- Injection volume : 10 pL.
» Ton source type : ESI (positive and negative)
- Scan range : 40-800 m/z
- Drying gas(N2) : 4 L/min
- Nebulizer gas pressure : 10 psi
* Source voltage : 3.5 kV
* Vaporization temp. : 325°C
- Relative collision energy : 25%
- Column oven temperature : 40°C
* Run time : 16 min
- Post time : 3 min
- DAD Wavelength : 230 nm

of Y3 T HFEE AZHE Z4 st Ha} RSD
(%) #e T3t L A3 Table 20 Ve vhe}
7¥o] 0.43-0.79%2] RSD(%) #ES WER o] whE-Aj o]
e Ao & FRlsn

e

3.2. LC/MSOfl 2|8t thyroid hormonese| 2F
A

ot
4
ot

o~
-

AZvtE 2o uiekd F 5o A3
T e -] At wmEkA B A4
hormones©] AEHAE A+ ©l& lsts WHoR
LC/ESI-MSel 9§t AFAHERS 2ALste] 249
Ae gz AEAgE skt skt

th/4E2 9 thyroid hormones?] ion trap MSel| |3t
A7 2 ERQ S Fig. 49 YePH AT WA, Fol2
2HEHS A4HHEE RE thyroid hormonesol] A
[MH 19} [MH"-46] E2o]20] YE}yT}. Monoiodo-
thyroning(MIT)2] 79 [MH*-46]°] base peak©.Z .}
ERton o] [MH']lA HCOOH7F Woj#x Uit &
o] 20 7 FHETHFig. 3).

DIT, T2, T3, r-T3 ¥ T4= [MH']7} base peak > =
Uehd WA, thyroning(TO) ofv|i=4ke] AUkl &
B} 7] (fragmentation)] 5391 [MH']ollA4] NH;7} &
oA U7k AAFE o] 202 FPHE [MH-17]0]20]
base peak &= LEFRITE,

S0l 2HEHL TE thyroid hormonesol| 4 [M-
H]7F Vet whd Expego] vl 22 £221 MIT
S} TOA A [2(M-H)'Na]” @el= dimer7} YERS A&
A9k = 54 peake] YERA] 4T

3.3. FE3|TE At

LC/MSE A& 3}¢] thyroid hormonesS 48 7 AANAES] AP ol= BANTERDY] &48 W
< HPLC/DAD®|| &3 A gto 2+ 213}7] o A 3HAA matrixZ2H-E AMEES 23 55, 4
&7t 2R BAT 9 BArzol g AuE @ Aske 34 Sol T ¥ ApdNE TA 3
& 5 e wer ol o7 A el Aol 9 BWE ALl thAF marixg) A Bl thyroid

L R o
‘\ ﬁ ﬂ ks
300 E ‘ f =
= ] | 2"
200 ‘\" I I s
100 | o I (-
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mAU
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100
80
60
40
20
0
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Fig. 1. Chromatograms of thyroid hormones by HPLC/DAD.
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20 To 12 T,
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U
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100 e
4
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P T —————————————
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Fig. 2. UV Spectra of thyroid hormones by HPLC/DAD.
Table 2. Retention time stability of thyroid hormones by /H HCOOH
HPLC/DAD - )\.
Relative retention time (min) 2\‘\( /
Compounds RSD (%) R——CH——COOH R—CH=WH,
mean SD
Fig. 3. [MH"-46] fragment by rearrangement in thyroid
MIT 0.738 0.006 0.79 hormones.
DIT 0.912 0.007 0.71
TO 0.946 0.006 0.59
7 1215 0.007 0.59 hormones F%317] 918 HH2AL ZASIAT
T3 1.384 0.006 0.43
r-T3 1.427 0.007 0.51 331, DA 9E 3t H|m
T4 1.498 0.009 0.62 .
T e - C18, C8, C2, cyanomethyl & silica 5 o1& 7F4] L
: Monoiodotyrosine MAFO 218 =) gm0 6 _
DIT : Diiodotyrosine AdE AHgste] 3gaS vad ?1} Table 39 1}
TO : Thyronine Rl npe} o] C18 AAGE AHEE A5 759 o
T2 3,5-Diiodothyronine AEA e FE&0] 89.0-113.1% ¥ = e

T3 :3,5,3-Triiodothyronine
r-T3 : 3,5',3"-Triiodothyronine
T4 : Thyroxine

Vol. 19, No. 6, 2006
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MIT (MW = 307.08)
Positive M3 Negative M3
261, 8 %105
108 [M}1-481+ s 05, 8
3 0re oz [M-11-
%‘.0 i +1+ gn.a: [M-11-
T 308 20.6]
= M- 7l =]
T. 54 dE.é 0.4) (2w [M-1]1"1+23
3 134 9 0, 2] 43,8 i35.1
1L3 g Pory grzfs o g e Ll Aates L
oo ' T LN A B e i A i i e e | ,
150 160 200 240 280 m/z 200 300 400 500 600 700  m/z
DIT (MW = 432.98)
Positive MS Negative M3
210 | 431]8
8 1 pAF® o di-1r-
. [M+1-4F]* ]
=6 87.8 28
= w
24 521
Ed [M+11—3'-"]+ E
27 ﬂss 8 1 ' 1
11T G 423 HEU 5, AL, L?i'l" g 0 e o L LAl L Lk e L L e e
LSRN BRLRLI ML LB L i | v |IIII|IIII|IIII]IIII|III||IIII|IIII|
100 1850 200 25|:I BDD 350 4DD miz 100 150 200 250 200 2350 400 miz
TO (MW = 273.29)
Posilive MS Megative M3
A 956, 9 11 P
10 1Y EEES 2.0
€l 2 [M-11-
=7 21 @3
= 27.9 a5 "
£3 £1-4] +1]D*E .
E{
b 1] (2w [M=-11")+23
1 h!Q l'-L — b el l sl 21.IIIP i Eﬁ?'l

L T T T

100 12El MIJ 160 180 200 220 240 260 m;’z
Fig. 4. Mass spectra of thyroid hormones by LC/ESI-MS.

332. 2| mE s H
1o A8 Aol we}t Fego] 7 =W C18
JAAGE AT S ST mE &S Ha

3+ A 7} methanol/ammonium hydroxide2] H]-&©] 9:1
1 A7 7P =& 35ES BAtK(Table 4).

333. A|29| pHO| M= 342 BT

C18 ZANIY LA FE  methanol/ammonium
hydroxide(9:1) 4 mLE AF&3}3L Al E9] pHE 1, 3,

7,9 522 WA IIHA FE35 A3, Table 50

200 300 400 500 B00 700 B00M/z

UERA vk} 7o) pH3el A <)
257

FE& M =AY

334. Washing S0fHof mE 3|+ H|n

C18 ZA|’de] thyroid hormonesS F2AI & &
2ol kA AAS7] $18F washing o=
ethyl acetate, acetone ¥ acetonitrile 52| &vj& &
SAEE AT gubd o R gujo] 4
g Yeiile FH=<l

%):0] acetonitrile(5.8) > acetone(5.1) > ethyl acetate(4.4)

ErES

ey

=
o T

R

solvent polarity parameter(p')
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HPLC/DAD/ESI-MS ¥ 314

T2 (MW = 525.08)

Positive MS
x1d bk e
>1.5
2
1 M+1-4B]+
g_o [ 4 ]
0-5 [M 1 17]+
................. ECTE U -

0y 1 001 50 200 250 300 350400450 5OO 55(Dn/z

T3 (MW = 650.98)

o83 BAEFT I S2EE A 525
Negative MS

| 24.0
x1(§ M=11-
> 6]
2
o 4
€

21

T T A

100150200250 300 350 400 450 500 55fn/z

Positive MS Negative MS
y 4
x1075] [E§_]|]8 x1O’5 [M-1 49,9
> 2 2
c C
— ] -_— 2-
1 M+10538]+
24. 27 1
OMq gq ‘nlu..‘.l.lh.‘ ﬁ O"llllI|II|I|IIII|IIII|I|II|.IIII
100 200 300 400 500 600 m/z 100 200 300 400 500 600 m/z
r—T3 (MW = 650.98)
Positive MS Negative MS
x1 (M-1]-
x10] 49.9
an 2"
e [ 4
2 52
<o. =
1
0 e e
7 200 300 400 500 600 700 m/z 01 00 200 300 400 500 600 700 m/z
T4 (MW = 776.87)
Positive MS Negative MS
X193 27 1 1P
2 ]
] @ [(M-1]"
;'0_ 1.0 775.8
:% 71.2 el =
57 : 777.8 0.57
£ [M+1-46]¢ ] 15.2
731 0.0 bl
. ||||||||||||||||||1||||||||||||||||||||||||||
O‘0200 300 400 500 600 700 m/z 100 200 300 400 500 600 700 800 900m/z
Fig. 4. Continued.
o #OE dTht AL 97 A% YRS 2 Lo BAS ASEE LT veht SH g0

=o

O

acetone?} acetonitrile 5
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Table 3. Effects of solid phase on the extraction recoveries of thyroid hormones from urine with SPE

)

d

o .

Mo

Ug_
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ot

o~
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Extraction recoveries(%)

Compounds C18 C8 C2 cyanomethyl Silica
mean RSD mean RSD mean RSD mean RSD mean RSD
MIT 112.8 8.9 56.5 3.7 29.0 4.6 18.6 2.0 12.2 1.0
DIT 99.2 6.3 47.2 2.4 473 5.4 39.5 6.1 13.4 23
TO 113.1 8.1 83.1 1.8 82.2 33 60.9 10.7 8.9 1.2
T2 103.5 6.3 64.0 1.8 68.0 2.9 99.3 4.8 0.3 0.6
T3 107.5 7.2 43.1 5.6 47.8 2.6 76.3 1.3 2.9 1.7
r-T3 98.6 6.2 433 1.0 455 44 79.6 8.6 35 0.6
T4 89.0 83 37.8 1.3 51.8 10.6 67.3 0.8 4.1 1.8

conc. = 1 pg/mL (n=3)

Table 4. Effects of eluent on the extraction recoveries of thyroid hormones from urine with SPE

Extraction recoveries(%)

Methanol/Ammonium hydroxide

Ethanol/Ammonium hydroxide

Compounds Methanol
90:10 70:30 90:10

mean RSD mean RSD mean  RSD mean RSD

MIT 50.5 1.3 112.8 8.9 62.3 1.3 62.5 3.4

DIT 50.7 9.1 99.2 6.3 439 4.0 81.1 49

TO 52.6 1.7 113.1 8.1 64.7 59 85.9 2.1

T2 47.6 1.8 103.5 6.3 424 1.4 75.2 6.6

T3 48.9 1.6 107.5 7.2 28.8 6.2 78.3 6.2

r-13 453 0.3 98.6 6.2 40.6 3.7 88.0 6.1

T4 39.5 1.6 89.0 83 24.4 32 80.7 3.7

conc. = 1 pg/mL (n=3)
Table 5. Effects of pH on the extraction recoveries of thyroid hormones from urine with SPE
Extraction recoveries(%o)

Compounds pH 1 pH 3 pH 5 pH 7 pH 9
mean RSD mean RSD mean RSD mean RSD mean RSD
MIT 82.8 5.4 112.8 8.9 69.7 7.0 71.8 7.3 57.0 5.1
DIT 10.9 2.6 99.2 6.3 74.4 9.1 56.4 8.8 49.1 7.3
TO 41.2 29 113.1 8.1 87.1 103 85.9 7.4 93.0 1.3
T2 18.9 42 103.5 6.3 79.4 5.7 82.0 5.0 88.1 48
T3 11.5 8.5 107.5 72 71.0 5.0 96.8 59 104.6 0.3
r-13 12.6 3.5 98.6 6.2 96.9 2.8 98.1 1.8 93.0 5.6
T4 16.9 10.6 89.0 8.3 74.0 2.7 78.2 3.5 73.3 1.6

conc. = 1 ug/mL (n=3)

Tl WHA ethyl acetateS AFE-3}o] washing® 7
= thyroid hormones®] £ 5 %]

tH(Table 6).

3.35. 32|We

24oi|

e

Thyroid hormonesS C18 Aol 23t &

2}

ol © 2 methanol/ammonium hydroxide(9:1

9:
mLA F2] §A7IHA EHet] 7 el o]
zA skt 2 A3} Fig. 59 LFeERd nfel

[eJie)
T
2E o] 2 mLAENA 98%c]d &2 ¥

) &)
2}

A

fo m N tlo oo
o e o W

_"
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Table 6. Effects of washing solvent on the extraction
recoveries of thyroid hormones from urine with
SPE

Extraction recoveries(%)

Compounds Ethyl acetate Acetone Acetonitrile
mean RSD mean RSD mean RSD
MIT 112.8 89 179 94 157 73
DIT 99.2 6.3 31.2 105 215 7.8
TO 113.1 8.1 244 7.1 23.1 4.0
T2 103.5 6.3 294 1.5 354 10.6
T3 107.5 7.2 312 89 426 4.8
r-T3 98.6 6.2 315 7.8 456 2.7
T4 89.0 83 23.7 85 53.8 3.1
conc. = 1 pg/mL (n=3)
120
& I ——MIT
I = ========gpa
s 80 K ——T0
2 60 | ——T2
5§ w0 | ——T3
3 ——1T3
= 20 ——T4
0
0 5 10 15 20

Solvent volume(mL)

Fig. 5. Effects of solvent volume on the extraction recoveries

of thyroid hormones from urine with SPE.

&

et m 4 mL ol Fole B5go] FrhekA go}
ge9le 4 mL2 T,

34. A2 =M A HESH =AML
Thyroid hormones 3£=-89°] 10-1000 pg/mL ¢

527

2 ¥3tE HAE 10 mLE 233004 AdE A3 A
2] Zgol wel %3+ & HPLC/DADE 243},
Wit FFE=d gk 7+ 29 sxe 7oA Yol
ofe] FAA S Tt AYFAE At Table 790
Uehdth 759 tdEde] A3 daA ot
r=0.99 o]’Fo 2 A o] Fs o HESH=
10-40 ng/mL(15.4-61.4 pmol/mL) ¥ 9|2 YE}stT).

4@ =

A B EHE] HPLC/DAD/ESI-MSE ©]£-3) thyroid
hormones®] 4 8 F&o) gt HAHx1E AT
Atk 759 thyroid hormonesS ZHZE3l7] 98|
HPLC/DAD/ESI-MSE AH&-3te] 7]1%-7]&2 ¢ A3}
AR} 7o RS A7ke] whEAd et
RSD7} 0.43-0.79% = -3} t}.

Thyroid hormones®] &1 ¢J3] LC/MSE AH&-3t
ZA 3}, BE thyroid hormonesol] A [MH']7} & = %)
o1 [MH'91A HCOOH7} @olA uZk Euto] &<l
[MH"-46]3} NH;7} o] % [MH'-17] o] 5°] =
VERSTE B o] AHER Y 9= [M-H] 7}
R AEHAT

IAG FEHl 23 thyroid hormones®] 3] 9]
HAZAS A A3 pH 3914 C18 A4S A
4-3}l3 methanol/ammonium hydroxide(9:1)2] &34
A4 mLE ST AFF 3580 89.0-113.1% HH
2 71 =7 JYERsTE 7% thyroid hormones?] 7 &
212 10-1000 ng/mL 1A P=0.99 ©]4+e] A
S Uelflen, A4&3AE 10-40 ng/mL(15.4-61.4
pmol/mL) HLIE ZH =t}

Table 7. Calibration data and detection limits of thyroid hormones

Compounds RRT Concentration Y=aX+b MDL
Range (ng/mL) a b 2 (ng/mL)  (pmoL/mL)
MIT 0.738 10 - 1000 0.985 0.0150 0.998 10 32.6
DIT 0.912 10 - 1000 0.568 0.0298 0.992 10 23.1
TO 0.946 10 - 1000 1.545 0.0345 0.996 10 36.6
T2 1.215 10 - 1000 1.174 0.0467 0.994 10 19.0
T3 1.384 10 - 1000 1.007 0.0109 0.998 10 154
r-13 1.427 40 - 1000 0.543 0.0165 0.995 40 61.4
T4 1.498 40 - 1000 0.488 0.0162 0.997 40 51.5

*ISTD : Ethyltheophylline (tg = 9.723)
MDL : method detection limits
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