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Medical Products Administration Center for Innovation and Research in Regulatory Science, Shanghai Institute for Drug
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ABSTRACT: Objective To establish a method for the determination of 19 kinds of sex hormone residues in
Pheretima by QUEChERS combined with enhanced matrix removal-lipid (EMR-lipid) and ultra performance liquid
chromatography-tandem mass spectrometry (UPLC-MS/MS). Methods The samples were pretreated using a
QuEChERS dispersive solid-phase extraction combined with an EMR-lipid solid-phase extraction cleanup method.
Separation was achieved on a Zorbax Eclipse Plus Cig column (3.0 mmx150 mm, 1.8 pm) using a gradient elution
with a mobile phase consisting of 0.02% ammonia solution and methanol. Detection was performed by multiple
The 19 kinds of

analytes were showed good linearity within their respective concentration ranges, with correlation coefficients all

reaction monitoring (MRM) in positive and negative electrospray ionization modes. Results

above 0.999. The average recoveries at 3 spiked levels ranged from 71.39% to 118.78%, with relative standard
deviations ranging from 0.90% to 14.33%. The limits of detection were 2.5 pg/kg to 25.0 pg/kg, and the limits of
quantitation were 5.0 pg/kg to 50.0 pg/kg. Conclusion This method exhibits high specificity and accurate results. It
is suitable for the complex matrix of lipid-rich traditional Chinese medicines such as Pheretima and has been
successfully applied to the detection of practical samples.

KEY WORDS: Pheretima; sex hormones; QuEChERS dispersive solid-phase extraction; enhanced matrix

removal-lipid solid-phase extraction; ultra performance liquid chromatography-tandem mass spectrometry
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1 MR5ERZE

1.1 MR5RF

HoJpRE 3L 197 E, A T ES Mg &g
WAz Al

KN IE ., Wk K RME W, GURMERE . ot
Bk . CUAMERD . BE TR, OBURMERS . FEEh e . SEEW . RS2
Fil . BRFER | BEPRSAMBARER | ZCHO AR . O e | R
ECTE . PILEEE . FORIRBERECREPT /RIS R FRA
al); BROERE R S 2 E R BE), AR S
A ENR 1 WEE(TREAE, bt E RERHE A R FD;
FOK[EIGAE, POk PR R %5 (R S AR A HL, 2 .
PR ME . WA T 2. —HFA . SAbBI(NaCl), il
H(MgS0y) . TN (Na:SOL) (S iral, [ 2hsEF kit
FRZSF]); PSA. Crg(faiifali, il TR A FR2 ]); EMR-lipid
& AR AL BUR: (BEA% 600 mg/6 mL, 3£ Agilent 2 7]).
12 UFE5EE

1290/6495 T8 5 OB AH (L% - R BE T4 . Zorbax
Eclipse Plus Cg fAi4:(3.0 mmx150 mm, 1.8 pum)(3E H
Agilent A 7]); MSU225P-1CE-DU H, TR F-(F5 ¥ 0.01 mg).
CP224S HLFRFE(REE 0.1 mg)dL = FRZ MW RS A
B2 HD .
13 WA
1.3.1 &iEf i

Zorbax Eclipse Plus C5 3% (3.0 mmx150 mm,
1.8 pm); #3RN 35 °C, W 0.3 mL/min, #FAEE 10 pL.
TS A R 0.02%Z /KIETR, B W HI B, B SR

0~15 min, 50%~99% B; 15~20 min, 99% B.

FAL % 2% % -1k (electrospray ionization, ESI)IE i &+
K TRA(AES)WME 13 Lmin, BJE 210 °C; F6S
(A S)0.24 MPa; ¥ (AW 12 L/min, JREE 380 °C;
EMEHREIER TR 3.5 kv, MEFH40 kV. RHAZR
W W 5 2 (multiple reaction monitoring, MRM)#&:ll, Wil
BT AR ESHOLE 2,

132 AREmERH & F =

WE R SURHERE . CURBERY . RURGMER . BT
CUREMERD . 2R DN R E R IRV A, T I . S R e
PR . BEE I . SEER . PIRRSEMA . BRI . R S 2
B, ZEHO 2o . BEERE G0N . LM . FORARALRE
A Iu R, FEBCHIY 100 pg/mL A -

()RS (AR HE I T

B A P I P 2R A AR s 0L ) I HE R, R D
il 3 LR R BE TR A R R AR VA T o B T i 75 T
ity WO 2 G BIR &, 4 2NR A h bR e W, H
HRORNIRE o . W e . PR IR ME L G MERE L
Tk . UMM . M RS DU MER R Y SO v R
10 pg/mL; HEFIRAYBTIREE Ny 2 ng/mL; =27 | PIERSEM |
BRI . SRR G2 | AR . bRy . BERRSE G
Zof . FRILSEEN . FORARERE RN 1 pg/mL.

Q)FRUERN R TAE

R 1.5 g 25 FIHbIERE SR AR (8 iR B 25865 ),
BT 50 mL BRI LM HIER L, Hebik il £ o ikab
L, 1575 IR . AR 0.5 1.0, 2.0, 5.0, 10.0 pL
MR A Hh AR HETR W, FHZS O O RE S 1 mL, BP75
PRI 2R TR

Fz1 9YMERERERER

Table 1 Informations of 19 kinds of sex hormone standards

&Y CAS &5 b2 it LlRE /%
HfE 50-28-2 Ci5H240, S113083 99.9
i T S 1t 25 302-22-7 Cy3H,0ClO, S163927 98.0
S ME Rk 569-57-3 Ca3H,,ClO; S113475 99.4
sy o 7 el il 797-63-7 C,Hy0, S149171 98.0
WU W 84-17-3 Ci5H 50, S113083 96.1
s I 73 56-53-1 Ci5H30; S113083 98.7
7 TR e — 50-50-0 CysHy505 S161971 99.3
L P 57-63-6 CaoH240, 100052-200308 100.0
L e e 84-16-2 C3H,0, S113083 99.1
it % 25 22 1] 2919-66-6 C,5H3,0, $109411 95.8
FH L 52 58-18-4 C,0H300, S109411 98.0
RINIRHIE 62-90-8 Cy7H3,0;5 S140595 99.0
ez 68-22-4 CaoH60, S146103 98.7
Wile 434-22-0 Ci5Hy0, S135375 99.0
R 152-43-2 C,sH3,0, $222215 98.6
S 58-22-0 C19H50, S170601 99.3
PN 2 S 57-85-2 CpH3,0;5 S146101 99.9
B (a-,B- SR IA) 10161-33-8/80657-17-6 CisHy,0, S109411 99.0
FATREERE (-, B- 5 A ) 26538-44-3/42422-68-4 Ci5H2605 S109411 99.9
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Table 2 Spectral parameters of 19 kinds of substances to be tested

Ny BEBSF(ml/z) F BT (m/z) A4 4 5} 8] /min WS RV Tl i L e/ v Ha 2 151

W — 271.2 183.2/145.1% 10.71 380 45/49 [M-H]

i 1 S . 25 il 405.2 309.3%/301.2 12.76 380 21/25 [M+H]
SN M Tk 381.1 345.2%/227.2 15.87 380 17/77 [M+H]"
Ze Bt 22 313.2 245.2/109.0% 11.70 380 17/29 [M+H]"
XU e 19y 265.1 249.2%/236.0 10.70 380 33/21 [M-H]
s I 73 267.1 251.2/237.2% 10.41 380 29/33 [M-H]
7% R M — 377.2 105.1%/77.1 16.44 380 41/65 [M+H]"
R 295.2 159.0/145.1* 10.58 380 37/49 [M-H]
L HE 269.2 134.1/119.1%* 10.97 380 13/53 [M-H]
it % 2 22 1 397.2 337.2%/221.0 13.10 380 13/48 [M+H]"
FH 35 2 303.2 109.1/97.1% 12.00 380 32/32 [M+H]+
KN 407.3 257.2/105.1% 16.57 380 18/36 [M+H]"
R 299.2 231.2/109.1% 10.48 380 17/27 [M+H]*
7y)4 275.2 257.2/239.1% 10.59 380 17/21 [M+H]

o ik 365.3 158.9/107.1% 17.27 380 25/49 [M+H]"
ST 289.2 109.0/97.0* 11.27 380 32/36 [M+H]*

PN R S ] 3452 271.1/97.1% 15.48 380 16/20 [M+H]"
e 271.2 253.2%/199.1 10.18 380 20/28 [M+H]"

FOKIAREGE 321.2 277.2%/259.1 7.30 380 21/25 [M-H]
FE: N R,
1.3.3 #ikdmism b &7 ik
2 HBRE5RH

FERFREL 1.5 g Wi FEAB R T 50 mL SRR L5 L3
B, TR 10 mL 2, M ZBR L ER-H AT 56
(1:1, V:V)IRAEW 15 mL, RERA GBIk # LR 2R
¥ (500 ¥X/min) 10 min, FfiJ5 FokEH A 5 g NaCl:MgSO,
(1:4, mm)iRG R, BIRGH LRZIRE (500 K /min)
5 min, 4000 r/min B.0> 5 min (RS K% R BCL
10 mL F 15 mL BRI HEEOEF, IASOuL =
AN, RHEIRAT, 18 40 CCOKB Pk RiE T . FIER
BIFEARZE 2mL, K 0.5 mL, IRA, MEKRTIMA 05 g
QUEChERS ¥HEAL(PSA:Cs=1:1, w:w), B FRIZIRE
(500 ¥X/min) 5 min, 4000 r/min Z5.0> 5 min, F—IELIR
FEH 1 mL — 4L EMR-lipid AU 600 mg/6 mL),
R TR, K% 3 mL 80% HEEMLAE, K5 LARIR AN LB
€ 1 min Y82, 4000 r/min B> 5 min, RIS,

1.4 BIEALE

JRIE R E R R A Agilent MassHunter LC/MS Data
Acquisition (B.08.02)# 45/, &4 # Kl MassHunter
Quantitative Analysis (B.09.00) 4K {4 &b B , 52 56 %5 5 L)
Microsoft Excel 2013 #FAT4E# 561 % . K% 4 4R A
GraphPad Prism (8.0.2), RSN EL 2 1K,

2.1 BIEMBRIEEHMIL

AW T T MR | R AR 3 Kk
G Hrb, REHMEEEIAE YO R . SURHER |
U MERD | BRMERE . CBEMER . TORIREEDAUR s
BERCR AL 7 BERAS BEAR 0 S0 1 . S ShAR pH X2k
BV BERCRE MR K, K 0.1% P RET . K.
0.02%Z /KW 3 FIm s KAH, 455 KHH 0 0.02% 2K %
TS R Z2 A S PR W 5 (P 1) o T A R FH AE B A
KA B Y Z TS pH WA K, FIt, &k
0.02% 2 KIFAE RKH . LAk e is s L 2.,
2.2 EIRIBGEMAL
22,1 RBEAHER
AR GE A AR P 50 /1, R OIS 790 1 e X R B o
SRR . BFFEXT L T BRI AS [ A Y LR AR BB ) 1%
HR 6 5 F 3R T 2Rl - L TR B (1:1, Vi) F&Abad
PR, S5 RFWI(A 3), HILRUT B - R O BRI A
TR Z X B AR R R A SR B R, RN REAT K
Yok A R SR T PR A, DR A e Y AT Bk
-LIR ORI A R R AT SR SR 5T
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10°r RFR I AV R AT, TECRUERR /KB M [R] I R 1
” A ot BRI OB 4).
o 223 REGRIABEH
&0 S VCRC AL SRR 55K, ABFSER AT T S -V
€ 4544 5 -QUEChERS ¥+{L-EMR b 3R E AR . v abym
10° BT I A VR B, L[ B, S O T N R
10! St A& W aE SN, BESE 5 TR Uk
10° 45 5.0 f%5 . 7.5 4%, 10.0 15 3 KK, RBL(E 5)4i 5.0 1

WE T XURMER CURMERD BRMERS COEHERR FORIREE RS
sy
BT AR AR KR T e TR AR LL 4%

Fig.1 Comparison of peak areas under different aqueous
mobile phase conditions
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Fig.2 MRM chromatograms of 19 kinds of sex hormones
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Fig.3 Comparison of peak areas under different extraction solvents
222 FR#HLOER

R # %L T NaCl-Na,SO, (1:4, m:m)tj NaCl-MgSO,
(L4, mem) PR ER LR ZR . SEBR R B, MgSO, IR R HA B
BRI AE ST, (FH R R T BERE AL & AR E 1 T
Na,SO, PR R M BRAKBCR AR A, X BT AR,

I A A5 5 i 7 -5 SRR K B e Pl [R5 88 T
SHFR, RBUREEEZ LA YITE 75% H BEA 80% 2
AR P SRR HIAR, TSIV R N S G 2.5% 1
RO BE R 3 5 H AR 9 [l

== MgSO AR == Na,SO,AKZR
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Fig.4 Comparison of peak areas under different extraction salt kits
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Fig.5 Comparison of peak areas under different
concentration multiples
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ARG G, A KEZTTZE. IS, EOAMR
LIRSy, 1 BRI RN o BFST T 0 HL A T 3R
Ji AN¥4k . {L QuEChERS #tk . {{ EMR-lipid BRAgEH1L, 45
JERESL T 2 FhETA AL BRAN RS, A )2 L
S )E, TCIEEREE; M EMR-lipid BRAREHL SRR
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bRz, (RHALTIRY PR RS, FEOE R . &5
TR . DU . CUSHER . KRR RME . BRMERE. O
S | T K I B I S ST oy AR 4 22 Ak S TR IR
K BRK ST, JEik 0, T S — A5 R B B
K- F R EN T RBIESE R, HEAFLET
QuEChERS 43-# B AH AL U A EMR-lipid [0 2 BCAT Ak
FeAb ik, MBS BR R E BN F TP Mg T, A
ARk 2 R AT IRAS i A 0 Il
23 FEFRWIE
231 “&MxA

HUPRAE 2 T ARG RE I 2, SR MR i, DA
VTR U AR BR(Y), J i R AR AR AR (X, pg/L)2 il b ife
TAEMIZE . S5 RAEA B T U VU L Y L R4k,
R REKTET 0,999, LML SRR, W
SRR, WK 3.
232 FEK

SRHHZS (A RE S iR TR A TIRIIE . 2 (I 3EJ
B EI7E EAR A% R P R s a4k, ARSI ) i
233 KRR E

PR BTN (matrix effects, ME)XT 19 Ffk &40
FEMSZ BRI, 43 50 ] 8 2 1 O DG e s o 1 2 55 0 7R A
WERMLR, T8 ME/%=(Z5 3L 5 VT Behn v il 2R 4 23R i 57 A e
iR AL )x100%3H 5 . 2551 19 R k&9 MEs 78
5.50%~190.93% [l N, Hrh 8 Fi{b54 MEs /)N, MEs
TE 70%~130%35 [ 4 ; 9 Fh k59 MEs IR T 70%, 235

JFEAMFIVEI; 2 bG8 MEs /T 130%, 5B H LR 3
YEF, PRLIGOR FH 2 S VG bR o 2R E T TR o, 255 L3R 3.
234 HdmEEEMR

R HE R BE T S s R 1 B AR 5 A B (i
KO, 2 B R LA SE B it 2 A2 R I A S (I 7K
ih, G S/N=3, BARXTE T EE RS e
SR R RGN s B4 v R B X SR B R A2 b
HERF, BTXs L SRR AT o 25 19 Rk G4 ke ik R
A 2.5~25.0 pg/kg, EEMRHA 5.0~50.0 pg/kg, WL E
FER I E R, TR 3.
235 HEHE

KBRS B SO0 AL HERfE . BRas (RES, 2 BIE
IMEGERRR) . FQ FERR). MO0 fFEabR)3 KF
BIXT BRI, IR 6 ANEATRE, i IR A
W 7 IR AT R S A T AT, T e, AR
CAC/GL 71—2009 {5 & FHslis25 8 A e B R &5
LARBEIE T R BTH S THE RS ) ESR, E2G5RER T
P RN B2V SRR R EEARE, ST 1~10 pg/ke
HIFR BB ACE, BRIV A 60%~120%; T 10~1000 pg/kg (K
A, BICRBA 70%~120%, 255K 4), iy
) EISCRTE A 71.39%~118.78%, J5 MR
23.6 FHM

FEAR. o w3 ANIARACE T, X4 19 Fik G
WATT —RK 6 MEE LR 45 RFEWEER 4, TG hs
Y)Yy RSDs TG [FI N 0.90%~14.33% (< 15%), JiikEE LT,

R3 19MUSYNREIR, EER. &EFEREE. ERYKN

Table 3 limit of detection, limits of quantitation, linear equations, ranges and matrix effects of 19 kinds of compounds

Ew G BR /(ng/kg) R/ (ng/kg) By MR/ (ng/L)  HXRZRE BRI/ %
i 25.0 50.0 Y=1191.68X-1106.79 5.0~100.0 0.999 13.50
i T S 1t 25 2.5 5.0 Y=47368.44X+6606.08 0.5~10.0 0.999 80.29
SRR Tk 25.0 50.0 Y=7068.79X-22945.29 5.0~100.0 1.000 5.50
s rieel ] 2.5 5.0 Y=85580.49X+70136.90 0.5~10.0 0.999 69.31
XA M 1y 25.0 50.0 Y=3174.40X-7786.67 5.0~100.0 1.000 14.56
L 1 25.0 50.0 ¥=9536.89X-3661.61 5.0~100.0 1.000 13.56
i R e — e 25.0 50.0 Y=482858.92X+103895.96 5.0~100.0 0.999 41.99
S 25.0 50.0 Y=8724.59X+1121.33 5.0~100.0 1.000 131.36
e 2.5 5.0 Y=2256.32X+722.97 0.5~10.0 0.999 58.73
it 1% 2 22 1) 2.5 5.0 Y=163993.51X+4843.62 0.5~10.0 0.999 83.84
FH 52 il 2.5 5.0 Y=250488.93X+22369.73 0.5~10.0 0.999 80.91
RINIRE 25.0 50.0 Y=1544498.09X-8931.54 5.0~100.0 1.000 75.48
SN 2.5 5.0 Y=2248782.43X+23686.55 0.5~10.0 1.000 9.88
e 25.0 50.0 Y=1077135.95X+237019.84 5.0~100.0 0.999 91.23
e Tk 25.0 50.0 Y=25507.43X-7893.14 5.0~100.0 0.999 37.18
E=0 ] 2.5 5.0 Y=262740.12X+118234.52 0.5~10.0 0.999 77.91
PRS2 2.5 5.0 Y=96184.57X+25422.29 0.5~10.0 0.999 82.22
e 5.0 10.0 Y=1167320.17X+344950.28 1.0~20.0 0.999 95.37
FKIRERE 2.5 5.0 Y=645.18X+323.68 0.5~10.0 1.000 190.93
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Table 4 Recoveries and RSDs for 19 kinds of compounds at 3 spiked levels

152 HEFR

2 fEE R 10 fif 7 B R

fea [E1 i 3 /% RSDs/% (BT /% RSDs/% I8 e /% RSDs/%
W 108.51 12.09 79.95 11.36 86.10 5.88
it 1 S b 242 1l 89.36 7.30 85.08 4.08 112.73 2.06
SR W Pk 118.08 1.48 85.97 4.17 73.53 3.78
R 2T 89.67 10.54 84.26 9.42 115.55 3.25
XUA HE T 118.20 6.64 89.82 9.06 85.38 438
s 73 103.32 6.52 101.73 1.79 83.20 231
7% R MfE — B 74.24 3.55 71.39 3.15 90.27 4.29
R 96.21 10.36 79.89 8.08 99.16 3.03
e M 93.47 12.21 97.94 13.72 115.51 3.18
i R 2 £ 24 i 103.77 4.18 88.34 4.06 102.18 5.32
FH B 22 105.36 8.91 91.52 9.68 109.80 2.03
KN 97.18 6.11 79.57 1.45 77.82 4.02
R T 110.85 4.46 95.60 3.00 112.37 5.37
Wik 87.22 14.33 83.17 3.92 114.48 1.67
SR K 76.97 3.74 78.72 7.66 72.03 1.81
ST 86.48 13.45 75.52 4.79 118.78 0.90
P TR S ) 87.65 8.68 76.85 8.25 72.84 2.41
[y 100.14 11.82 86.24 5.81 107.90 5.44
FKIREGHE 85.11 9.42 78.53 3.94 100.57 6.20

1 RSD g AHXI AR I 2% (relative standard deviation)

2.4 EPREESNE
BB L B RN AT 197 S IRFE S A,
R 19 FIPEERIRE . B I AE =, N T REN
M, SRR A B I R R A2 B A BE TS e W )
RO, FEGH AT RE P IR AAE P I 2

3 FH5iie

A5 K H QUEChERS 43 H [ AH AL B & EMR-lipid
EAHZER, T UPLC-MS/MS vy T ik 19 Fplig s
B BA ARG I i o T2 BT M U S R SN L B
g 0 % 90 A3 (A R i, BB R B B Ak ik, o T
DA SRR A FH BT v A 3 T AR A5 T T TR AL 3 1 ]

JENNTNE TR R g AR O I TR 2 R €1
GB 31656.14—2022¢ B il & = E bR AF=dh 27 Firik:
BRI =MW E WM OG-SR
GB 31658.28—2025 { & & e EZARE i a i &R
W R PR R 2R B R A2 ORI
%) M GB 31658.9—2021 { &M &ZEE R it &
il B R P I R 2 ) 2 R R IS RO T - R B
e Y, Hrh, GB 31656.14—2022 F1 GB 31658.28—2025

43 IR C g F1 EMR-lipid [ AHAE BT WL BRAR, AT e
BT R BRIy T, 5 B U AT AR B
M GB 31658.9—2021 WIRAS5AGFFEZAASARE, HE
HLB FIESEREAHAEI, 5. MEmE, A58 R AR
QuEChERS J5 7L {A{#, X F EMR-lipid J5 :BRARE €& .

L 3h Wy 4 1A A 25 1) v 24 38 3l EL A R AR ) R R
- AR AR, AIFSOR B TR T O S E BRI
02 R T R 2 AR BRI BRI 22, DT s 25 rh 2 vh
HRIR LA W PR R S
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