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2 o N E Fo W 5228 AT FEHE o]&3te] 53 F HPLC/DAD/ESI-MS (high-
performance liquid chromatograph/diode array detector/electrospray ionization-mass spectrometer)S AF-8-3}
o] A3t 759 thyroid hormones®] HPLC #2371 Hypersil ODS A% (4.6 mm LD., 250 mm
length, particle size 5 um)& AF&-3}32 ammonium formate buffers} oFH| BV EL S o] 5402 3o 7]
=7] &8 Ax & Be7t 78 e, UV spectra 3 2 av\ﬁj]ea_o_ A 4 Ak LAY
FEW o AAE HE 21E AR A3 A EE pH 302 & ¥ CI8 JAVES AHEsto] 4 mL
o WigheZ &2 3¢ 3480] 74.5-115.7 %= YERSTE HPLC/ESI-MSE ©]-8-31¢ 20-500 ng/mL
oM AL 2T AT 2ghS 0.9939-0.99780 8 VEREO ™ HAEE7A1E 20-50 ng/mL (38.1-162.8
pmol/mL)E AXFE T} AAFele] FAoA thyroxine®] & #o] 7FsdlRew = A} 50.98-112.97 ng/
mLE HEH 3

Abstract: An analytical method for the determination of thyroid hormones in plasma samples has been studied
by solid-phase extraction and high-performance liquid chromatography/diode array detector (DAD)/electrospray
ionization (ESI)-mass spectrometer. Seven thyroid hormones were successfully separated by gradient elution
on the reverse phase Hypersil ODS column (4.6 mm LD., 250 mm length, particle size 5 pwm) with ammonium
formate buffer and acetonitrile. In addition, these compounds were confirmed by UV spectra and ESI-mass
Spectra. The extraction recoveries of thyroid hormones in the plasma sample (at pH 3) were in the range of
74.5-115.7 % with solid-phase extraction by C18, followed by elution with 4 mL of methanol. The calibration
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curves showed good linearity with the correlation coefficients (r*) varying from 0.9939 to 0.9978 and the
detection limits of all analytes were obtained in the range of 20-50 ng/mL (38.1-162.8 pmol/mL). As a result,

thyroxine was found in the range of 50.98-112.97 ng/mL in normal plasma samples.

Key words: thyroid hormones, HPLC/DAD/ESI-MS, SPE, plasma
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A Wel Fas in 713 5 shel e
o] =m otefol ek, HaelE WSt
g5 ZEAE AL ‘F—ffii FA s s 3
th 20EE AFR st AN AP EE
X5 2 F(thyroid hormones) ZJILHJ EAF-Q o A 5k
ZHgol dojub= v TEEENE 2, A
el e 2AHA gkl A e o|gAEE
X8 F hAEFS STHIA ALS EolH A9
SEAS Zsteith! ek, 9uld S3kE FaL 7kl
Ae FE IS EHE FA7H A ‘ﬂ’“"ﬂ/\]@ﬂ
#odts T OFT 8-S Tsﬂ“‘ﬂ‘:} .

Thyroid hormones &Y WollA] =2 tf o] At

=2 5 3(TBG : thyroid hormone binding globulin), E}
o4l A3 Z LHTI(TBPA : thyroxine binding
prealbumin)3} &% (albumin)s-9] T 3} A gs}h
o &3l F3] dFE F, 3,3'5-triiodothyronine
(T3)e] ¢F 0.3 %9} thyroxine (T4)2] <F 0.03 %5ro]
Wyl AZEeER] ke 2] d (free form)e] FE|Z Al
S ¢l Ik BF 139 T49] B3 W= 47
0.8-2 pug/Let 50-120 pgl W= LdHA lom,
3,3",5-triiodothyronine (--T3)9] &X& 0.25-0.75 ug/L
i T3] °F 13 A= EATTE’ T39F T49] 42
¢ A= 5 2 #(TSH : thyroid stimulating hormone)
of o M 1 o] A=A gAY 5T
AL AN 71537 = = A sl=o] WS

ole} Zro] AU Fas 9&S dh= thyroid
hormonesol|] °|3 75 AW E= thAte]dS Awts)
7] §1%F A5 2A doolut & Fo] YA EFoA 9
thyroid hormones®l| th3t gt JA 2 AHFE e
u)-- F a8k 53] YA ol 3= o] A= thyroid
hormones®] 2] B 1S 915 A4 o] 4
Z o|t}. Thyroid hormonesS #433}7] ¢ A=
FE FEE Al AFH oS Hzo o
Qox= 57 He]7}8 Soll A thyroid hormonesS &
A5k /\]-?ﬂlgol R E 3 T} Thyroid hormones<

2287 93 247 <l 3bE © 2= jon-exchange,’
gel chromatography,'® liquid partition,
tography(PC), Thin layer chromatography(TLC),'"* Colo-
rimetry” 5°] oW, HIZ=
(GC),"*™ high performance liquid chromatography

' paper chroma-
gas chromatography
(HPLC),'*'" capillary electrophoresis(CE)!® 2 immu-

noassay 5= ©]&3 WHEo] AFEHI T} GColl
BEAubie 7le Eo)A Ald

o5t B4 o=, £ HoAM H
A& FE oy o] t=Ee F71%e] wlg
7] g o] GColl &gt £ ellE Alshs whet) o]
23 EAH S sl A7) fIsiAE= Richard 5] B
gk upo} 7hol" f A st #A 3 AR ofsts ©@ido]
ATH ¥FA, HPLCE AHEE 7% GCoF &8 fr=A]
3}8l0] thyroid hormonesS A% #4138 &= 9loL} 7

FAA Y AT e
o)
PAA .

HPLCS] 734, thol 2= mid 227y 33327
5o 42718 AT 5 911} o] A$ Mg n
°] 3t peak®] WF-F A7 € 1 Holo] osARE A
A 2 Aol 7MsslnzE e Bz 9 Bl
o] shelol #hsd vl sl ol ¥ LoMS
£ AR HPLC/DADOﬂ o8t BAwo 2= Fo)

£ T3} Tae] BAJo] ek o]

7] olelg 2 BAY BAF 2 B U 4
WE Qg 5 9 Wit e} ofe] 7k el el

ot AZntE e ulgd e 5o #AAE A
sk &= e Aol Ak 2 vl immunoassay©ll ] 3
Ho]—]:ﬂzoo] /\}-_g. "‘ 01L:E—]] o] H]—HJ_Q_ EO]A‘]_TL]— 7]-1:
7} 2o o] ot o] 79 thyroid hormones
< FAlol #2837 ofele ©o] it

T B2k A A FZHE thyroid hormones?HS
HFHom FF, AAE7] Al ANE8AAT FHe]
gasith = 9 g3 22 AAA ] AA =
WA -HH FEHol dE] AREEIL Yo}, o] WS
AE W] EEE AA7E A5 AESA7E molA
= ©o] At} ¥HA| solid-phase extractiong AR

(¢}

t‘p{t
<

A5 AT 3AS D $AS A8F AF Ao
Q1 F53 AA} 7bsse B4 olel Ao g
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HPLC/DAD/ESI-MSE o] &3 8

A = A= FHol Atk

oo B AFoME AN TE2ES
HPLC/DAD/ESI-MSE o]-&3lo] &<l AF
£ AT, @AM A %j/]ge— =
d FEYY HAH 20E ZARI B3] A
Tl sl H S A sksdnt

2.4 #
A2t

1 01:rL°ﬂ AHEE 79 =42 BT Sigma-
AldrichA}(Steinheim, Germany) o] A ZFS AFESI A,
odotAH|o] E, oAl E, HEhE:, o|ehE gl ofA Ent
o] E¥ -2 Burdick & Jackson*]-(Muskegon, MI, USA)
9] HPLC gradew & AF8-3}% T Ammonium formate
+ Aldrich*K(Steinheim, Germany)2] A|&& Y3l
AFEBIA L, FFSE Milli-Q 2 Milli-RO system<
%338k 32} 5745 WhatmanAFS] membrane filter
(pore size 0.2 um)Z J37}3t A& ARESIA T A
FEo AHE-s FFEZA = WatersAtoll 4] Y3t AL
&3kt

22. 717] ® X

B Ao ARE-E HPLC/DAD/ESI-MSE AgilentA}
o] AFSZ Agilent 1100 Series LC (DRS5 solvent
delivery system, variable volume autoinjector, temp-
erature controlled column compartment % T}o] = uj
g HAZE7D)9 1100 series LC/MS Trap2 AA3Fd Ab
451t 23S AgilentAF2] Hypersil ODS Column
(5 um, 250 x 4.6 mm)S AH&-3F T LAY %%2
WatersAFe] vacuum folderE ©] &3l 0H, AR &
< 93] BiichiAte] RE111 ZE3|A=d7] 9} Zymark
AF] Turbo Vap LV éli?ﬂgﬂ% A& T

79 FF=EE 727 0.IN NaOH& 9 o
1000 pg/mL7tF M55 AgEdE BhE &, o5
et 100 ug/mLe] SFHEFZLN S FHEo] AR5}
Aok WEEFEZ9 ethyltheophyllineS 1000 pg/mL
WELSZ A 23] 8451 A3 T).

232 22|do| XM=
o] 548 ammonium formate (FW=63.06, 97 %) 1.3
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Table 1. HPLC operating conditions for analysis of thyroid
hormones

e Instrument : Hewlett Packard HPLC 1100/DAD/MS Trap
e Column : Gold Hypersil (250x4.6 mm 1.D., 5 um)
® 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)
e Flow rate : 0.8 mL/min
e Injection volume : 20 mL
e Jon source type : ESI (positive and negative)
e Scan range : 40-800 m/z
® Drying gas(N,) : 4 L/min
® Nebulizer gas pressure : 10 psi
® Source voltage : 3.5 kV
® Vaporization temp. : 325°C
e Relative collision energy : 25%
e Column oven temperature : 40°C
® Run time : 25 min
® Post time : 5 min
e DAD Wavelength : 230 nm

g& 1 Lol 3o 20 mM(pH 4)°] HEE A%
3} ol B ER S ALgSl AT

@ g9

233. A2 HXZ|H

g AlE 1 mLE pH 302 - &, 1
EZXA|E vacuum folderol] &l o ek-&-=}
(pH 3)E A Z 10 mLY E¥F U AEE
ol loading3tAth A2 Yoz o dola gl o]
mLE ARt EEES Aol ¥ 2087
2 ARGS9 Axsdth WEE 4 mLe F
7184 83 o W HEFE 2 (ethyltheophylline
100 mg/mL) 40 uL.E F7ksle AaFE7]2 100 uL
7HA] &Z3F 0.2 um membrane filter2 o 7}3}¢
vialell E¢trt.

OIN%’
M Rk o o
2 (6o 2y N

2
of]

oo

234. HPLC 2AMuitH

Ao 4 g9 20 uLE HPLCO] FY &L
Table 19 YERA 71712 A we} 7187 £33y

Halst & 7z AR yv AHEY @ ALGAHEY
S Ak

235 AHzM =Y

FZAIE 1 mLol| thyroid hormones &892 &
T2 dAFe 2 747t 20-500 ng/mLe] WEE H7)st
I A2 ¢ T HPLCO] 93] 43t 7+ A9
FTxe go|a Holeke] #AAS Ft] AFHS
R4
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24. MAHAIE M
el AAel 159 S Yo r A A3 s
HPLCZ B4 el w7 ahelth. 84 Ame A4 4

7EA] -20°Ce] WE ALl Basknt.
3. &1 & n&
3.1. HPLC/DADGI 2|8t thyroid hormones2|
22| ¥ A"E
2 AFdAeE 2AEERL 7E9Y  thyroid
hormonesS & 02 EA|EA 317 ¢+ HPLC

£ AR Table 19] Wil wiet 71&7] &2 0}
o] a3t A3 Fig. 13 7ro] 7% UIERA] oA
g7} Vsl wa 7k 2H9) yv )\,g]Ea_o_
Qs A3} Fig. 20 Vel i} o] tiFEe] 2
o] 230 nm®] IFoM HANFHEE Hehfo] o] 7
A& Adeste] 4951t

7%9] thyroid hormonesl i
g AL 98t BEE
mLel B} S Az
of FYT F HF-E AITHE At FtH} CV(%)
e Fetdth L A3 Table 29 YERA npe} 7o)
0.43-0.79 %] C.V. (%) #< ERR o] uhaago

Jﬂ

3 o
4 &
o 5 7
_g_

|

=

DIT
T0

12 14

12 14

3

Fig. 1. Chromatograms of thyroid hormones by HPLC/DAD.

3] - %3]

3.2. LC/MSOl 2|t thyroid hormonese| &9l
LC/MSE A3} thyroid hormones<
HPLC/DAD®]| 9|3 E4nto 2= 3}o]
7t B4 0] A " #ATR g
F US Bk ope} oy 7R Wl E
AZntE o] v A ‘:°] *Z]@% a4
AR o] o) wEA] &
hormones®] HAEEHAS A5 ¢ & &
LC/ESI-MSol| 9|3t A FAsEH
A3 AL s Aaste] AR O}J_;(} sk},

42221 thyroid hormones2] ion trap MSell <]&F
A 2H9EYS Fig. 300 JERAT WA, Fol
2HEHS AEW RZE thyroid hormonesol A
[MH]9} [MH"-46] E2to]2-o] L}EbETE Monoiodo-
thyroning(MIT)2] 7% [MH*-46]°] base peakZ L}E}
wow o] [MH'elA HCOOH7F @ojA yzk Eut
olgo 7 FAHTHFig. 4).

DIT, T2, T3, r-T3 ¥ T4= [MH']7} base peak > =
Uehd Wk, thyronine (T0) o} =4k kA o]
E 5 7] (fragmentation)2] 571 [MH Tl A NH;7F
Hojx U7k AdE o202 FAEE [MH-17]0]
©| base peak> = UE}HTE

S0l 2HEHME EE thyroid hormonesol] 4]
[M-H] 7} vrebd 9k Ex}eo] vlwa] 2k 291

e}
e
o
s
_Q_

£

2~ 1

mlo Jg{ r_l.u

STD
N
|—
P e
n hu
16 18 20 min
Blank
16 18 20 min
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HPLC/DAD/ESI-MSE o] &3l AN 5 & 74 S 23 54 428
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Fig. 2. UV Spectra of thyroid hormones by HPLC/DAD.
Table 2. Retention time stability of thyroid hormones by 33. F&3|5F8 =M
HPLC/DAD AAN RS AR BAGFEA] £8E
Relative retention time (min) 2| EPAA matrix2H-E thAIEZE S BEEty 5=, A
Compounds C.V.(%) ] o >
mean SD Aske 34 So ETPE. & Aol LAY &
MIT 0.738 0.006 0.79 e Pﬁé}oq /g matrix?] FGAIFelA thyroid
DIT 0.912 0.007 0.71 hormones 0]—7] -r]b']— 74]7(4 Zj—%— }_A]—TS‘]—S&E}.
TO 0.946 0.006 0.59
T2 1.215 0.007 0.59 331 THAN o5t 3|42 H|m
T3 1.384 0.006 0.43 W = - ~
T3 L7 0.007 051 C18, C8, cz,_ cyanomethyl 2 silica 5 oJ2] 7}A]
T4 1.498 0.009 0.62 IAGE AHEEt] B Wl A3t Table 39
¥ o Algs Ao 72
ISTD : ethyltheophylline (tx = 9.723) (n=7) UERA ule} 7ol C18 IA S AHE-d = 9]

C.V. : coefficient of variation

tdEdoel tist F&F&0] 74.5-115.7% %li e}
7P A Al Aoz Jehdt) 3 &

MIT9} TON A [2(M-Hy'Na]” el dimer7} UERd 9 A@A = RSD7} 7.1-10.6 % H 92 e} 0%
AL AQstH ohE B peake] YERFA] AT 431 TH(Table 3).
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429 ZAg - 23 - 73
MIT (MW = 307.08)
Positive MS Negative MS
261.8 x109
x10; IM}1-46]+ 101 05.8
] 0719 = ] M-11-
3.0 [M+1]* 0.8 [M=11
T 1 90(8 £0.6]
c MA1-17F =]
0.5 44 é ] 0.4 (2 x [M=1]")+23
] 1 43.8 35.1
J@%Bi%ﬁ?."s.... 2024 1372{8 | 8'(2) etk 320 S _(L _
0.0 120 160 200 240 280 m/z : 200 300 400 500 600 700 m/z
DIT (MW = 432.98)
Positive MS Negative MS
x10] A 431|8
8 1 [Iﬁ q']a x10P [M=11-
| [M+1-4B]+ ]
26 87.8 2°
c (2]
241 82
= [M+11 B7]+ i
2] 189 8 ;] ‘ 1
117.9 223 40018 3L 14 o} TV wpmm s
LI B I B LB [IIII]IIII|lIi|IIII]IIII|IIII|IIII|
100 150 200 250 300 350 400 m/z 100 150 200 250 300 350 400 m/z

TO (MW = 273.29)

Positive MS Negative MS
x1 [516_'?7]+ X125 [72.0
3 = [M=1]-
> [%]
e g

100 120 140 160 180 200 220 240 260 m/z

Fig. 3. Mass spectra of thyroids by LC/ESI-MS.

332 2|0 UE T8 H|I

g9l A9 Al wer f5gol b EAW
CI8 AL 8T A% S e
wHeg ALY A M BE
weel 44 vekes) vl
RSD7} 10.4-

vl gt A3 v
& BRI H(Table 4).
£

3 29 3]
21.9 %= Mrﬂ

1= =2

333 A|RQ| pHO| ME 3|2

=1l

¢

5] 2=O
TE

3

o

=

¥

T

<]

an

C18 ZAF geldoz WEhE 4 mLE ARS-3HAL

Al &e] pHE

E&o| 7H%

Zkol <F 2.120] 3, -NH,”

1,3,5 7,9 502 WsA7|HA =
3 A3}, Table 59 YERA uvle} 7+o] pH 30|41 ] F
=7 YEhstth o]& -COOH7] ¢l pKa

200 300 400 500 600 700 800m/z

==
T=
=

19] pKa g2 oF 6482 4]

thyroid hormone®] pKa %to] HE 3} =HA] <F 342
frA = o] pH 3d ] o]23tE o] o] AeoA FZo]
7 E o2 ke

.M o

Thyrond hormones
=2 x3HE dAZANE 1
= Ax2 37 ut

71

qEE

EEIEERCETEEIREE

HEBH =AL

o} o] 20-500 pg/mL
mLE 233004 AEE A
F&3 & LC/MSE A 3}
SE9 Fola
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HPLC/DAD/ESI-MSE ©]-&3F S4A 8

T2 (MW = 525.08)

Positive MS
a1 AR
>1.5
2

M+1-45]*+

g.o [ s ]
05 [M41-17]]*

SOOI V- AT i Y

0.0 100150200250300350400450500550n/z

T3 (MW = 650.98)
Positive MS

500 600 m/z

r-T3 (MW = 650.98)
Positive MS

x
Y

Ity

Intensit

©

0. 200 300 400 500 600 700 m/z

T4 (MW = 776.87)

Positive MS
x1
1.0
2
B [M+11%
D.5 71.2 777.8
c +1-46]*
= (M-8

Intensity

x

Intensity

430

Negative MS
] 24.0
X1(§ M-11]-
6]
P
21
T T Ay
100150200250 300 350 400 450 500 55fn /2
Negative MS
| 4919
10 [M-1]
2
Py
0 LINLINE N I N N I
100 200 300 400 500 600 m/z
Negative MS
[M-1]-
x1d5_ 49,
3
2
B ]
%2
£ ]
1
T T T 4 T T l‘
01 00 200 300 400 500 600 700 m/z
Negative MS
x10° ]
2
2 [M=1]~
31.07 775.8
£
0.5
0.0 IIII|IIlI|Illl|IIII|llII|||III|I‘III||"I"i.I"l‘||III|

100 200 300 400 500 600 700 800 900m/z

Fig. 3. Continued.

00500 300 400 500 600 700 m/z
HCOOH
+H2N\7H\
R—CH2 - COOH —L» R—CH='"NH,

Fig. 4. Formation of [MH"-46] ion in the ESI-mass spectra
of thyroid hormones.
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Fig. 5. HPLC chromatograms of thyroxine (tg=

400 500 600 700 800 900 m/z
21.0 min). (a) blank, (b) spiked standard, (c) extracted sample, (d) mass spectrum

Table 3. Extraction recoveries of thyroid hormones in plasma with SPE

Extraction recoveries(%)

Compounds C18 C8 C2 cyanomethyl Silica
mean RSD mean RSD mean RSD mean RSD mean RSD
MIT 79.3 7.1 61.2 5.6 74.8 6.6 53.8 6.2 64.8 17.9
DIT 81.3 73 59.8 7.6 62.8 9.5 69.7 6.7 73.1 14.6
TO 101.2 8.9 58.9 5.9 62.6 10.6 71.9 6.8 60.9 14.1
T2 101.1 10.2 59.0 5.9 58.7 9.3 72.7 8.1 342 63.3
T3 100.5 10.6 55.9 6.0 50.3 7.4 71.7 10.0 3.6 17.5
r-T3 115.7 10.4 54.0 8.2 49.0 9.6 68.4 103 0.0 -
T4 74.5 9.2 50.4 13.4 37.4 9.4 62.3 14.0 0.0 -

conc. = 2 pug/mL (n=5)

35. AMAIE o] A4 E negative modeoll 4] interference”l {191
2o} 7+e vpH o 7 Axjg|sla HPLCE A& 24 positive mode®l] H]3 FA o] 7F53FATE. negative
sttt 72t 4 E4 ¢ ‘ﬂ—r% A7k} ESI-MSE 4 scan mode® -2 A7 o] & Fsto] A7 A
Y312, throxine] 7% MSe| &7/ o] [M-H]” ANF g oA thyroxineol] theh A =F £40] 75
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HPLC/DAD/ESI-MSE ©|-&% @A & F 144 28 &4 432
Table 4. Effects of eluents on the extraction recoveries of thyroid hormones from plasma with SPE
Extraction recoveries(%)
Methanol/Ammonium
Compounds Methanol hydroxide (90:10) Ethanol
mean RSD mean RSD mean RSD
MIT 79.3 7.1 82.7 2.1 123.5 10.4
DIT 81.3 7.3 50.0 0.6 101.5 219
TO 101.2 8.9 68.0 0.8 88.0 13.3
T2 101.1 10.2 69.6 2.6 86.4 14.2
T3 100.5 10.6 62.1 1.7 84.4 13.5
r-T3 115.7 10.4 59.6 2.9 82.8 17.1
T4 74.5 9.2 49.5 0.8 79.3 16.2
conc. = 2 ug/mL (n=5)
Table 5. Effects of pH on the extraction recoveries of thyroid hormones from plasma with SPE
Extraction recoveries (%)
Compounds pH 1 pH 3 pH 5 pH 7 pH 9
mean RSD mean RSD mean RSD mean RSD mean RSD
MIT 69.8 1.2 79.3 7.1 77.0 3.4 67.5 8.8 62.6 12.8
DIT 66.0 1.3 81.3 7.3 76.2 33 52.8 14.4 50.0 15.1
TO 64.8 1.4 101.2 8.9 74.0 3.8 70.1 4.2 70.3 2.1
T2 35.1 2.8 101.1 10.2 72.5 4.8 69.7 59 71.6 2.8
T3 31.7 8.9 100.5 10.6 68.9 7.9 67.0 7.6 70.4 35
r-T3 31.3 10.5 115.7 104 65.4 39 64.0 6.8 64.8 3.8
T4 27.8 7.7 74.5 92 59.7 7.6 57.0 7.1 57.8 4.0
conc. = 2 ug/mL (n=5)
Table 6. Calibration data and detection limits of thyroid hormones by LC/MS
Calibration data (Y = aX + b) MDL
Compounds Ton (m/z)  Conc. range ng/mL
a b r ng/mL pmol/mL
MIT 306 50 - 500 638.4 2784.4 0.9939 50 162.8
DIT 432 20 - 500 1137.4 3196.9 0.9978 20 46.2
TO 272 20 - 500 2649.9 4275.7 0.9970 20 73.2
T2 524 20 - 500 1622.8 13282.0 0.9957 20 38.1
T3 650 50 - 500 857.7 1724.0 0.9959 50 76.8
r-T3 650 50 - 500 841.0 15915.0 0.9946 50 76.8
T4 776 50 - 500 355.2 1902.6 0.9960 50 64.4
MDL : method detection limits
&1%1.01, 50.98-112.97 ng/mLE A& H At AT 759 thyroid hormonesS AZ&317] 913
HPLC/DAD/ESI-MSE AH&-ate] 71£7] &2 23}
4.4 B PR} P A OR] BRE ALY WY TG

C.V7} 043-0.79 % 2 $-5=319 ).
H%4 AR Z3FE HPLC/DAD/ESI-MSE ©]&3l Thyroid hormones®] €<41& #13 LC/MSE AH&-gH
thyroid hormones®] £4] ¥ F & tjst HH =4S A3}, E thyroid hormonesol| Al [MH']7} &% %
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[MH™-46]% NH,7} o]zl [MH'-17] °]2 o] F&
VERgTE H8 Sol 22 E Y] 9= [M-H] 7}
BE AEEAT

JAG FEHoN 23t thyroid hormones®] A 2] <]
HHZAL ZAS A3 pH 3914 C18 AL A}
|3l7 MeE 4 mLE &8 4$ 3580 745-
1157% BHIZ 74 =4 Jebsdth. 7% thyroid
hormones®| ESI-MS(negative scan)ol] ]38t 7 A&
20-500 ng/mL ol A P=0.99 o]4Fe] AXAHE
e, AE3A = 20-50 ng/mL (38.1-162.8 pmol/
mL) W92 ZH =}

B4 15%8E e s S AP 3 A5

thyroxine®] 50.98-112.97 ng/mLZ 7 &= AT}
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