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(FEE] a6 @S Esuin - BB RIS (LC-MS/MS) ¥k, Fl T J5 2 Ve T H 25 155 b 7 Fh S KM & &
F ik IMIERERCR SR CER R AE B, P AT AR LSS 5 . (@ iis4E 2 Agilent Poroshell 120 EC-Cis (2. 1 mm X
150 mm, 2. 7 pm)  JFSIAH R S0, 126 (V= V) FEER/K VR BB BE BRI 31838 0. 3 mL/min, A1y 35°C . B IEA IR I 3h 5 2
FN 5 WA (MRMD . 4 7 TS 2 AR O M R B Sk PT AA | SRR AR R R B R ERD £E 8 min P IA
FFELR MBS, FEAHI M 0 B N 4ot 56 R R M 56 R B =>0. 99, H P9 R H )RS %5 & RSD $4<C15 % $2 B 3] 4 2 g 80 %6 ~
11920 BEFUAUN Ny 8526 ~11206  FREFEAE 6 h JFACEE b = IR ACE 24 h.3 MRAMEIFLL K —80°CHRAT 30 d Sl i it
PRt R, B4 O AR08 45 SR o B 5 ML 3 FH R TR A R P S 2 KO
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LC-MS/MS for determination of seven steroid hormones in sera of primary hepatocellular carcinoma patients

QIAN Xian, LU Lei, ZHAN Qi, LI Yue-yue, LI Yun-ging, ZHANG Guo-ging, ZHAO Liang*
Department of Pharmacy, Eastern Hepatobiliary Surgery Hospital, Second Military Medical University, Shanghai 200438,
China

[ Abstract]| Objective To establish a liquid chromatography-tandem mass spectrometry (LC-MS/MS) method for
determination of seven steroid hormones in sera of patients with primary hepatocellular carcinoma. Methods The serum samples
were extracted with ethyl acetate, and then derivatized with dansyl chloride. Chromatographic column was Agilent Poroshell
120 EC-Ci5 (2. 1 mm X150 mm, 2.7 ym) column, mobile phase was acetonitrile and 0. 1% formic acid-water solution, flow rate
was 0. 3 mL/min, the column temperature was 35°C, and the MS detection was selected in dynamic MRM mode. Results
Seven steroid hormones (estradiol, estriol, estrone, hydrocortisone, testosterone, androstenedione and progesterone) were
baseline separated within 8 min, which possessed good linear relationship (#=>0. 99) within the linear concentration range; the
intra-day and inter-day precisions were less than 15%, the recoveries were ranged from 80% to 119%, the matrix effect was
85%-112%. The detection results were stable when the samples were examined 6 h after collection, 24 h after treatment at
room temperature, after three freeze-thaw cycles, and 30 days when stored at —80°C. Conclusion The current LC-MS/MS
method is simple, accurate, sensitive and reproducible, and it can be applied to determine steroid hormones in the sera of
patients with primary hepatocellular carcinoma.
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AL SR PR | 5 O R A B A B
ok ik 22 b R F AR ISR B R DT

AW GE S T — ol R A PR TR 1 VA
TE-HR IS (LC-MS/MS) 1 & A 1y 37 v Py I8
PEE I o B fl B A i R R R M I e R
RME AT 225

1 ##FF7EE

1.1 %  Agilent 1260 Infinity & #8 5 3% 4% .
Agilent 6460 = T U g% F Fi 3% 1% ( Agilent
Technologies, & E); M 55 & 3 2 .0 ¥l ( Abbott
Laboratories, f2[E) ; XW 80A HEUIIRHEIR & #% ( I
BRI R FALES T ) s Savant SpeedVac H.45 5.0 He 45
i (Thermo Fisher, £ [H) ; Mettler AE240 + 432
— M, TR (R -6 8] 22, B 1) 5 Millipore-Q #
i LB T K& A (Millipore, 5 ) ; Orion Model
828 # pH (A g . £ D

L2 XA SR I £ 5 MR CED L M =
(E.) M = (Es) VS2 5 (T s — i (AD) &4k
Y PR CHLC) s (R (P 1470 7 vl [ 24 A 0 1
o BT (Al EE =99 90) s A A= A7) PHEE BE 0 B 1
Nl R R Sl /N G O v | b 5 e €2
TE—20°CEREE T ) 5 N ARAE A KA X 58 BRI 4% (4-
PP B b B 3= 4k 7 w0 A R 2 | (4l i >
990>, W, M h 3% 4 (Honeywell 28 7], 3%
D, Ry (3% 4l (Sigma 23w SEED L K R 2l
BIK HAt iR S o pr ot

1.3 &i#E4&H A% H.: Agilent Poroshell 120
EC-Cis#:( 2. 1 mmX150 mm,2. 7 pm )i : A
FHR 8 S BAE R 0. 104 (V/V) B RR 7K ¥ R 5 16 B ok
B AEF W :0~5 min A : B=40 : 60,5~8 min
A:B=90 : 10; Jii#: 0. 3 mL/min; ¥ ffif 5 [&] . 3
min; FEf - 35°C ;s #EFERE 10 pl,

L4 Jrgfea B0 Bms%s s IR (ESD 7R
BT AR RS2 SO 1 I A (dynamic
MRM) #E47 Z 1 # 1T & e v &
MassHunter Optimizer # 4 H sh itk 515t . 7 F
SRR LNBR AL 4 B35 S 80 % T B I ) L3R
1, #58 MRM 35 & WA 1, Hh xR SR E A
WEVCER OME 1 fE = 1t L ME TR 7 8 1) P » 35 Al K
PR AR B R CRAL AT BALS  S2 0 s 0 B A

fi) %€ BN FR .
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Tab 1 Tandem mass spectrometric parameters and retention

time of seven steroid hormones and IS

. Fragment Collision energy Dwell time
Compound
o/V o/eV t/ms
HC 140 25 200
T 76 25 200
AD 86 25 200
P 88 29 200
E; 192 28 200
E, 175 28 200
E; 120 28 200
4-PP (1S) 110 27 200
BM (1S) 90 3 200

HC: Hydrocortisone; T: Testosterone; AD: Androstenedione;
P. Progesterone; E;: Estriol; E;: Estradiol; E;: Estrone; 4-PP. p-
Hydroxydiphenyl; BM: Betamethasone; IS: Internal standard

+TICMRM1 2 3
4 3 5 9
78

AN A

+MRM (287.00->97.00) f‘ 4

A

+MRM (289.00->97.00)

i

+MRM (315.00->97.00) 5

+MRM (363.00->121.00)
Al
W
+MRM (393.00->373.00)
Lz

+MRM (404.00->171.00)

+MRM (504.00->171.00)

+MRM (506.00->171.00)

+MRM (522.00->171.00) G

)\

0051152253 35445555 6 657758
Acquisition time #/min
B1 7HEXMERAIRH AR GAEE
Fig1 Typical MRM chromatograms of

seven steroid hormones and internal standard
1: Hydrocortisone; 2: Betamethasone (internal standard); 3:
Testosterone; 4: Androstenedione; 5: Progesterone; 6: Estriol; 7:
p-Hydroxydiphenyl; 8: Estradiol; 9: Estrone. MRM: Multi-

reaction monitoring mode
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L5 $ERUEFAEERANFERNTRE KE
FREUME = 20. 10 mg M — % 21. 42 mg HER/T19. 00
mg . FZ AL AT YA 18. 75 mg, 52 20. 60 mg. KM —
fiil 16. 58 mg . FEAAKM 21. 35 mg, 73l E T 25 mL %
SRR I VS A O A R R 2 B R AT A L RIS
7 s BE AT VR BE 0 ) Ol E =B 804 pig/mlL,
WE B 857 pg/mL MERH 760 pg/mL. &AL W] B A
750 pg/ml, %0 824 pg/ml, MK i 663 pg/
mL BRRR 854 pg/ml, FEHLAS BN BE A8 T
EEVOEAET 10 mL Rt M e s 24
JEE AR A X IR A A8 VR . BB A 8 VR S R BB
£ 10 mL F¥ T FH 205 MR UZ G R T8¢ 1l e B A
JE  BCRLTR G0 B R AR IEVS W . D3 oG 28 B BBOGT
BRI IR, 11, 09 mg, B F 10 mL &8,
MGG IR 2 208 3850 A5 2R 1. 109
mg/mL ) N AR 28 W s BBUR £ T3 Tt 188 A B A5
FIWE R 0. 551 4 ng/mL [ INFRFRAEMIE . AF%
PREUES oK FAXT B 12, 04 mg, BT 10 mL 85
W NG Sl R R R 2 L BB 5T, AR BRI
1. 204 mg/mL Y P BRI & TR s U A5 VRS T 8 M
B S 2 W E R 0. 602 ng/mL [ P FR AR UE 5 AT,
IR WARAET 4 CUKFER

1.6 BhAfEEEREG—BITH AR
BHEE B 2015 4F 2—8 A KB 24 FFE WG 09 -
R IS TR T R R I AR AR 45 4],
BE 34 4] (75. 5% s Lotk 11 4] (24. 5%0) » B 4 bl
Hp3. 1 1;4F 88 32~80 %, 44 (51. 249.9) %,
fit A B LV AR AR A AR BE I T2 IR o, 2Rl
443 ), Hop B 32 6] (74 490, & 11 il
(25.6%0) , B K 2.9 + 1444 30~81 %, F
Bk (50. 710, D%, B I B B4 B Y
I PR S 56 512 W o ] Bt 30 A7 52 1% 24 R UE S .
AHIFFE HR AN [ 1) B B B8] 5 e AR T 1) -2
BA L BIAL CRYE S R Bl 3+ 170D, i

SRR R 2 B AR A Uk S HAT 1IEH D RE . I
AR EEVEI A TRG 1k SR T P B 10 JH DL S HE At
PRI IR SRR ET 1 H AR AT AT
PR TN 25 . %515 255 —
=R 2R T R AR BE 5 = 22 A0 38 2% 51 25 L e
JIT A 2 A A 2H i34 28 2 A R

L7 Rl ERTRET % IAEZKEE
T RLHFPRAS TS B 2 mL, A fndosEsH .
B0 10 min J5 5356 RAF T — 80 C kA h . #F i i
HEFERG HEE R 200 pL F 1.5 mL &.08
B A 20 pl X FR AR (551, 4 pg/mL) R FI
1 mLZPR CBEVE W W IE 3 min $2HL, 4°C 5K F T
13 800X g B> 10 min, B LVEW 800 pl #5585
BB S B YRR T FE5R I o
A 100 pL NaHCO, /K (pH 10. 5) i3 JiE 1 min,
FRAIA 100 pL 1t P Sl PN PR o (R 2B AR aGRD S T
JiE 3 min JAT, B F 60°C /K H RSG5 min J5
B . 13 800 X g 5.0 10 min, IEHL 100 L FiH R E
TR, R 10 pl,

2 & R

2.1 FrAw&f &Ml I 200 pl,
IR 4 1. 7 TR B0 . 4 1.3 Al
L4 BUR AR ERE 0BT - 10 525 (LTS FEA 7 Ff
B MR I R E A AR . 53 B FIL 200
pL GBI 7 P RIVRFRIE 20 pL A AR
VAT 20 L IATRETR ST s 43 IC A 8 VA B2 1 b o &5
S RPN , AR O 5 Py FE S e 1L 7 TR
FrEEAC PR MG RE S 4% 1.3 F1 1. 4 T LC-MS/MS
SAFHERE AT Il IR B . DL Ik B2 (X0 S
AR S 25BN R 25 5 A 0 TR P b ) 06 TR
FAE (YD SAARRR SR /N 3fe i i AT et [l 1
[ U 5 i R R B A S R AR L 2, 25 SRR 7
T 2 A AR (MG B N 38 2 RIS R .

R2 T HEEMEHOIREBL

Tab 2 Standard curves of seven steroid hormones

Compound Regres'sion Linear rangf Correlation coefficient LOQ ) LOD B
equation os/(ng + mL~1) (r) os/(ng + mL~1) os/(ng + mL~1)
HC Y=0.005 0X-+0. 003 4 9.375-937.5 0.999 4 9.375 0 4,688 0
T Y=0.053 8X+0.026 5 1. 030-103. 0 0.999 5 1.030 0 0.515 0
AD Y=0.047 6X+0.015 5 0. 828 8-82. 88 0.998 7 0.828 8 0.414 4
P Y=0.045 6X+0.018 5 0. 854 0-85. 40 0.998 3 0.854 0 0.427 0
E; Y=1.269 0X—0.009 2 0.010 5-1. 05 0.996 5 0. 010 5 0. 005 2
E; Y=3.492 7X—0.003 7 0.010 7-1. 07 0.997 6 0.010 7 0. 005 4
E Y=5.5527X—0.019 8 0. 009 5-0. 95 0.999 0 0. 009 5 0.004 8

HC: Hydrocortisone; T: Testosterone; AD: Androstenedione; P: Progesterone; Es: Estriol; E;: Estradiol; E;: Estrone; LOQ: Limit of

quantitation; LOD: Limit of detection
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2.2 ZEMABRRE  PUSME(S/N)>5 1E N E
IR S/N>3 E ki B, AT 7 S R A
37 A s D B A HE B4 2R L3R 2.

2.3 MFERE ARSI PR 3 AR (L
LR 2. 06,20, 60,82, 40 ng/mL) W FREF 24
M3 » B HRBEATHRAE 5 O 4% 1. T00F Jrik b3,
HERE AT P4 DU 0 0 A B A e T AR LU AR Y H
PIBEATHRME T 207 R B SE R B 13 H RS %
FEAAXSBRE R 22 (RSD) . AR BC TG H L 3 Nk
JE CLL S A 49] : 2. 06,20 60,82, 40 ng/mL) )55 24
MIERESRA 5 0y 4% 1.7 TR Jy Pekb P, i 2290 % 3
dy FEAE T HR S R A bR B 0 T AR P AE 23 AR A 2 H Y
BEATARAE T2 5 A8, A4l S v B AR [RDAS %%
RSD, Z5R KW 7 FE KW R H N H % B
RSD #7€ 15 % LI .

2.4 RS LA EISCR LR 2B &
TR IR AR L R B (LSRR 4 2. 06,
20. 60.,82. 40 ng/mIDFRUES 25 M5 ¥ 1. 7 WUF )7
DAEE BRI EL S5 0, R BT il kg
TR R 4 A 0042 R P s 06 T R P LR AELAR A H B A T
PRt 7 R 75 30 1 S0 v R B i AR B 1
FUAE RIA AR [l e, 25 SR HH 7 Ff S 2 R i v
R AE 87 % ~113% ,RSD<15%,

2.5 KAz pfeREkE A HIME 200
pl 4% 1.7 WUR J5 484k P ATHAE 5y FERE S0P
197 B 2R 05 1E B R Set05 HUAS H L
200 pL IDA—E W EERY 7 F S 2 IR A0 B
VSR F 17 WU 7 AR e 3 SR EE
(LA Z2 R4 2 2. 06.20. 60.82. 40 ng/mL) FIARIES
HIMIE » B U SEATERAE 5 0y BERE 2 A 45 3] 06 i
FRPE Set3; BUAS FLILYE 200 pl, 4% 1.7 WK Jr ik
PR BORAE IS F3EWE MAAE L 7 Fh g il Ak
PIMIPRHEVS TR, JL28 e B 45 T LR B 5 Set3
FIBRAS S W AR DU e v B — 30, B VR B P AT #
VE 5 0y BERE S A A5 W T R AR Set25 ¥4 DL 7 Fp
FrAL G IR SR EE T SR R S
Set3 FIBRASJEE G (115 0 B 18 e B — B0, HEFE 4> 775
WA AR HE A HERE 5 UL ARl Setl, B BT AL N N
(Set2— Set0) /Setl X 100 % » 4 B [0] i % Ay (Set3 —
Set0) /(Set2—Set0) X 100% ., K. &5 3 Fhifk BF (LI
S 6] 2. 06,20, 60,82, 40 ng/ml)7 Ff S H 2= 1
PRI (0] i S B 7E 8096 ~ 11994 [, & Ji &% 1 ¥ 7
850 ~112%5 ], HARZE R IR 3. 4 G e 2K .

£33 7 HEEHERGIRINEB R FIE R
Tab 3 Extraction recoveries and matrix effects of

seven steroid hormones in human serum

n=>5, rts

Compound Concentrati?n Recovery Matrix effect
os/(ng + mL™D) %% ¢Z9)

HC 18. 75 80.08+5.71 87.76+3. 34
187. 50 96. 64+3. 87 86.3141. 95
750. 00 95. 64+2.53 94. 60+3. 28
T 2. 06 92.61+3. 64 90.30+4.73
20. 60 98.19+5. 16 109. 6541. 42
82. 40 108.94+1. 95 110. 08+£3. 97
AD 1. 66 90. 70+4. 92 107. 30+6. 89
16. 58 101. 30+3. 25 104. 4044, 57
663. 00 96.19+3. 67 111. 5245, 44
P 1.71 117.55+2. 55 86.22+2. 38
17. 08 88.69+3.70 96. 76+2. 06
68. 32 90. 16 4. 47 88.3642. 68
E; 0.02 91.62+1.78 90. 42+3. 87
0. 20 90. 63+3. 45 93.02+5. 07
0. 80 88.46+1. 22 102. 0244, 45
E, 0.02 118.37+5. 15 88.28+5. 10
0.21 106. 82+4. 45 85.86+3. 44
0. 86 114. 38+1. 69 94, 77+8.55
E 0. 03 91.76+7. 16 93.03+£6. 57
0.19 108. 68+4. 15 95.92+4, 45
0.76 106. 28+3. 51 109. 8243. 10

HC: Hydrocortisone; T: Testosterone; AD; Androstenedione;

P: Progesterone; E;: Estriol; E;: Estradiol; E;: Estrone

2.6 AEMEFE RS T RSB ML .
VR (L) 2R 4] < 2. 06,20, 60,82, 40 ng/mL)#x
WES 2T A IR 6 h 5 Ab B b B
FRACE 24 b3 NERELE R L K —80°C 47 30 d
B RS 1, I 25 SR 1 RSD #4115 % , FRIAFEA
FELL B S R IR E

2.7 HRMELER H1L3ML4TF LCMS/
MS X AR 7 i S SR AT B = (G
AR TE R 2 B0 b B AR T R I R PR PR e 7
ZERPAT IR . BRI SPSS 18. 0 B AR AT
Gt » S AR L AH EL L SR 2 R M K T
1o » AR R 7K WA o B B B R A AN I de .
rv O R R 7 T v (P<Z0. 05) , SER 7K ST B
fIR(P<C0. 05), KRR ST BN Z RS ¥E
S BRI 4,
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Tab 4 The difference of 6 steroid hormones between two groups
Tts
Compound PLC n=45 HV n=43
E; o/(pg * mL~ 1) 19. 30£9. 32 15.0347. 32
E; op/(pg * mL~ 1) 62.224+22. 14~ 28.95+13. 44
Ei op/(pg* mL™1) 41.13£19.49* 25.80+7.48
T ps/(ng s mL™ D) 2.45+1.30" 5.13%+1.50
HC pp/(ng + mL™1) 230.89+72. 69 220.06+46. 67
AD pp/(ng » mL™1) 1.6940. 84 1. 4840. 50
E;: Estriol; Ez: Estradiol; E;: Estrone; HC: Hydrocortisone;

T. Testosterone; AD: Androstenedione; PLC: Primary liver

cancer; HV: Healthy volunteers. * P<Z0. 05 vs HV group

RIS i

R I3 2R 0O B o B 2% N I v ) 35
TR BEARAR  HAH 56 SRR 3B -2k B2 2410 pg 2k
H 2R FAE W3k 64700 2, 412 W S5 56 = % Y
RIA, K FR AT 35 10 pg/mL7™, LK 45 R &M,
WMEWCR AR 0E . TEAE 52 EST AT APCI ?J?Tiﬁ?x/ﬁ
BTk T A5G 00 IR 34 35 AN 80 4 P A o T 7
ﬁiﬁﬂlﬁﬁiﬁéﬁﬁmik%ﬁ%%%ﬂtﬁ?%ﬁ%%ﬁ@ﬂﬁﬂj,
VP 38 AT A Ak a0 AT LR R i R A e
FHEE T S LA BRI 5 I, B F TE5 T S
1A A 3 B ¥ A0 9 1 0 5 S 7 2% TR
AR . MER R 2540 P (W i Y2 2 0T DL 5 PH
M%*E@@ﬁ%ﬁkifiﬁ it R R AR B
BET I A T LR R AT oA L 43 B 10 R R R R 1) I i )
IV Ela?ééﬁﬁﬁﬂm:ﬂ’ﬂri bR ARE PR 3 A 1
HRL SRR pH IRt 5 iR 43 B 0 R ) S e R
Fo ARSI R ALK oI A — R I R L A
JF R T AR AR RRERE b 42 0 B AL AT 3
TIIE o J0 g S R RRE . X i A ST ) O vk
FTIRAIE » 45 SFIE I LR L f B | [ AR | i Ak 7
IR MR AR 5 A A it I e

[Z& % 3 #k]

[1] FABREGAT A, KOTRONOULAS A, MARCOS ],
JOGLAR J, ALFONSO I, SEGURA ], et al
Detection, synthesis and characterization of metabolites
of steroid hormones conjugated with cysteine [ J .
Steroids, 2013, 78. 327-336.

[2] ZHANG Y. Understanding the gender disparity in
bladder cancer risk: the impact of sex hormones and

liver on bladder susceptibility to carcinogens[]J]. ]

Environ Sci Health C Environ Carcinog Ecotoxicol

[3]

[4]

[6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

Rev, 2013, 31. 287-304.

TANAKA K, SAKAI H, HASHIZUME M,
HIROHATA T. Serum testosterone: estradiol ratio
and the development of hepatocellular carcinoma among
male cirrhotic patients [ ] ]. Cancer Res, 2000, 60;
5106-5110.

BELAIDI N, GEORGES A,
CORCUFF ] B
comparison of a RIA assay and a CLIA assay[ ] ]. Clin
Biochem, 2015, 48. 89-92.

HAYES L. D, SCULTHORPE N, YOUNG ] D,
BAKER ] S, GRACE F M. Critical difference applied

to exercise-induced salivary testosterone and cortisol

BROSSAUD ],

Aldosterone  determination:

using enzyme-linked immunosorbent assay (ELISA):
distinguishing biological from statistical change[ J]. J
Physiol Biochem, 2014, 70: 991-996.

MORENO-PEREZ O, ESCOIN C, SERNA-CANDEL
C, PORTILLA J, BOIX V, ALFAYATE R, et al
The

testosterone (RIA) are not applicable to the evaluation

determination of total testosterone and free
of gonadal function in HIV-infected males[J]. J Sex
Med, 2010, 7. 2873-2883.

BUTTLER R M, MARTENS F, FANELLI F,
PHAM H T, KUSHNIR M M, JANSSEN M J, et al.
Comparison of 7 published LC-MS/MS methods for the
simultaneous measurement of testosterone,
androstenedione, and dehydroepiandrosterone in serum
[1]. Clin Chem, 2015, 61. 1475-1483.

KOAL T, SCHMIEDERER D, PHAM-TUAN H,
ROHRING C, RAUH M. Standardized LC-MS/MS
based steroid hormone profile-analysis[ J]. J Steroid
Biochem Mol Biol, 2012, 129 129-138.

HANSEN M. JACOBSEN N W, NIELSEN F K,
BJORKLUND E, STYRISHAVE B, HALLING-
SORENSEN B. Determination of steroid hormones in
blood by GC-MS/MS[J]. Anal Bioanal Chem, 2011,
400, 3409-3417.

SOLDIN S J, SOLDIN O P. Steroid hormone analysis
by tandem mass spectrometry[ J]. Clin Chem, 2009,
55: 1061-1066.

HANAHAN D, WEINBERG R A. Hallmarks of
cancer; the next generation[ J]. Cell, 2011, 144. 646-
674.

MCDONALD J G, MATTHEW S, AUCHUS R ].
Steroid  profiling by gas chromatography-mass
high
chromatography-mass spectrometry for adrenal diseases
[J]. Horm Cancer, 2011, 2. 324-332.

RAUH M. Steroid measurement with LC-MS/MS.

J Steroid

spectrometry  and performance liquid

Application examples in pediatrics [ J ].
Biochem Mol Biol, 2010,121. 520-527.
[(AxHmE] T+ %



