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1.7 pm)E35E, LSRR 0.1%H BR/K IR I AR 43 55, TS5 1 B8 RN DL 22 SOy e R AR, A
W, R HAMEAYEE 0.1~100.0 ng/mL JEHEALMESCR KA, HCREE)BIKRT 0.999, KA
0.1~0.3 pg/kg, EEMR N 0.2~1.0 pug/kg; FEMPRE N 2. 8 Fl 20 pg/kg BF, FICE N 84.12%~109.75%, FHXHHR
W2 1.72%~9.62% 4518 1Z 7 ILRRUS IR e 4 FEvEILER, FATALBRIRI 08, HAT R A 0E B
HERR L, AT AR DGR I f ik 2 2%

K #17: QUEChERS; SRR AH (O3 - Rk, MEMENE, A

Rapid determination of 4 kinds of androgen residues in pork by ultra
performance liquid chromatography-tandem mass spectrometry
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ABSTRACT: Objective To establish a method for determination the 4 kinds of androgen residues, namely

testosterone, methyltestosterone, trenbolone and 17 f-trenbolone acetate in pork by QUEChERS-ultra performance
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liquid chromatography-tandem mass spectrometry. Methods The pork samples were homogenized after
comminution. Subsequently, water and acetonitrile solution were added sequentially for extraction by oscillation.
Anhydrous magnesium sulfate and sodium chloride were introduced for dehydration, followed by centrifugation. The
supernatant was collected and purified by adsorption using anhydrous magnesium sulfate and neutral alumina.
The purified solution was dried under nitrogen in a water bath at 45 °C, then redissolved by vortexing in an
acetonitrile-water mixture (1:1, V:V). After filtration through a 0.22 pum microporous membrane, the solution
was ready for analysis. For the determination of analytes, an ACQUITY UPLC BEH C;g column (2.1 mmx100 mm,
1.7 um) was adopted. Acetonitrile and 0.1% formic acid aqueous solution were used as the mobile phase for
chromatographic separation. Data acquisition was performed in the electrospray ionization positive mode with
multiple reaction monitoring, and quantification was carried out via the external standard method. Results The
target compounds exhibited good linearity in the concentration range of 0.1-100.0 ng/mL, with all correlation
coefficients (+%) greater than 0.999. The limits of detection were 0.1-0.3 pg/kg, and the limits of quantitation were
0.2-1.0 pg/kg. At the spiking levels of 2, 8 and 20 pg/kg, the recoveries were between 84.12% and 109.75%, with the
relative standard deviations varying from 1.72% to 9.62%. Conclusion This method can simultaneously determine
4 kinds of androgens and the pretreatment is simple. It has high sensitivity, repeatability and accuracy and can
provide a reference for related detection.

KEY WORDS: QuEChERS; ultra performance liquid chromatography-tandem mass spectrometry; androgens; pork
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£ 3% - BR G J3 3% 3% (ultra performance liquid chromatography-
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R, JoKGRRREE (S Hrat, EBeREE R A IR A,
N-N 3 Z — ¢ (N-propylethylenediamine, PSA)(ZE[E Agela
Technologies 7~ wl); HBR(fAI% %%, VO A BRIEA
Al); VKRGO HTAt, RHETT KU Ak 24 R B AT B2 D),
S K B Atk .
1.2 UE5E%

QSight 210 FEi%43Hr{X . QSight LX 50 8 & AR {4
WY (35 [# PerkinElmer 23 #]); ACQUITY UPLC BEH C g
(2.1 mmx100 mm, 1.7 um, 3 [E Waters /A #]); Allegra
X-30R 5 %R B O HL(SE [E Beckman Coulter 23 H]); Auto
EVA-30Plus AR 4E A [ B RHE B R T BA BRA | T
Multi reax BU 2 i 204 4k % #% (75 [ Heidolph 28 #]);
BS-124S ML RY-CR R 0.1 mg, 8 Sartorius 2 );
PURELAB Chorus 1 Complete #R47/K{(JEE Elga 22 Al)o
1.3 WA
1.3.1  ARAZR 6 B

FRUERE (1 mg/mL): 43BIFRER 4 Rt R priE
i 10 mgCKE B % 0.1 mg) T 10 mL 25 B, P s A -
TERBZE, 155 4 PRI, T-18 *CHROLIRAE .

TRGHRET (1 ng/mL): 73 5ITERRIR 4 FhbRifefit
W450.10 mL, & T 100 mL A S+, AR EREZZE, 2
59, Bl 1 pg/mL PTR-GARIERRNE, T4 CCHRMIRAT -

FE VG FCIR A AR TR BC ] HEDR IR IRGE &= IR
GFRMET AR, A FURE O B TR OB e 2%, C ) 0o o
WREN 0.1, 05, 1.0, 5.0, 10.0, 20.0. 50.0, 100.0 ng/mL
FHE T VC BC TR A b o AR 2K

TR b v R VA TR IC o - v R BB YR A A v
(BB R AARE R B R 4 FPRRNAL5r BTR A PR, 4 5
R 1 pg/mL), HZKERA:, VV)ER, I
R EWE N 0.1, 0.5, 1.0, 5.0, 10.0, 20.0, 50.0,
100.0 ng/mL AR APRIEMLE o
132 HRER54EK

FREL 5.0 g 35 AL AL RSB 2 0.01 @) 50 mL .0,
JA S mL #B&AKIRFERS 30 s, FEAARAERIIA 20 mL
ZIEVER, PRZIRE 15 min, A 1.0 g EALEAF 4.0 g ok
BREREE, TREURS), YRR 42X 10 min J5 T 8000 r/min
L 5 min, BH FIEW 10 mL F 55 —2A4 15 4k57(150 mg
PEEALER+50 mg JOKBRERES) I B, JR%IR2T 10 min,
8000 r/min £.0> 5 min. MEFBEL FIH 5 mL T 45 °CIHIR
KPEWRZELR T, WA 5 mL ZIKIEWRA:1, V:y), iR
%5, 10 0.22 pm ALIERES, R ERERI .

133 XA GRURGH &

IR Rr il P i DA O, $%0R 1.3.2 MR IR ILY
Ak b B, A5 30 5T AT AR IO, G SRR o AR
VW

1.4 {UERFMH
141 &#E&%4
{434} ACQUITY UPLC BEH Cig (2.1 mmx100 mm,
1.7 pm); FBIAH: AR 0.1%F B/KIEW, B R ZHE, BREEVE
PRI 1; Fi: 0.2 mL/min; FEIR: 40 °C; HEEEHR: 10 L.
*1 BEERRER

Table 1 Program of gradient elution

a.}@ ﬁﬁg. A /f‘ﬁg)’.‘l%[l] fiz K B (2 )%
/min /(mL/min) W%

0.00 0.2 90 10

0.50 0.2 90 10

1.00 0.2 60 40

2.00 0.2 10 90

4.00 0.2 10 90

4.10 0.2 90 10

7.00 0.2 90 10

142 FE&n
M iR X HLBE 55 (electron spray ionization, ESTY); $1
His: MRM; HLBSHLIE: 5000 V, PAGRIHETE S 220550 Tk
FETREE: 200 °C, #FIRIREE: 320 °C, TS 100
L/min, AL 180 L/min, HoAthFiig st 250003 2,
F2 AMEMERENRIESH

Table 2 Mass spectrometry parameters for the
4 Kkinds of androgens

S frEdet| BB FET ORHEfER ADHBE
/min (m/z) (m/z) v /V
i 96.9% 31 34
e 3.70 289.1
108.9 36 36
96.9* 6 40
FH S2 7 3.82 302.9
109.0 20 41
o 199.2% 31 31
Wk 3.50 271.2
253.1 36 31
LR ) 253.2% 11 27
B 415 313.0
T 2713 22 26

TE N ERE T

1.5 FAIE

LIS E R AL PR F Microsoft® Excel® 2019, il #%
F Microsoft® Word 2019, %K %#{4 K OriginPro 2024,
TIEEIRBKFET 60

2 HER55H

2.1 UPLC-MS/MS &#i%#%

211 Bk f A
G 500 pg/L L —bRUER (O3 BO)TEA RS T, 2t
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2.1.2 ‘AR ARAL

R RREA LA N %, TERTA I iE R L
PRTP0Ze T, R HRGR, BB SRR T st
(R 17 B30T iU, R 55 8 i R 28 Tk
PR A PR R AT AR Y A TR A I R RE ST . SERME
AR T F B, (HX 8 T A 2R PEDOUE M R R, A5 280k
B SO MR R A A R B, BRI AN, HEH S
SRR NN B, AEAR G FR thw] b Be 28 BT v L
RERE ML i T B X (B R A i T g, S £ 1A il
Ffir. ABRAHIRHBEL, 2055 0.1%F KB RAIEN

WA, WEEARER A D IS T | R g
AR5 . 25 RE I, CMEVE RIS AT, 4 R i
55 . BFIbaeR oy 5 B A B4R, HLREAE S e i ()
NSRRI, i 1, B 2, FERIIEE N TR SIHH B AHAT
T ERAEE | R EME TSR, HOBS 0.1%
R AR R B AR TG, AR B 2G5 0.1% H iR
IREETRAE R I S A A T8 B VR 5 o

2.2 AIRCEEERMMKL

BB A B AL

F R AN £ B v A PR T 4R BUA 2R ) pHGE H R 2 2~4),
TSR 33 3 5 3 R P B SR L R TR ) S B s KR L A,
WD BERYIIR S, B S A, e AR
YIRIRBGRCR . AR EET 25 2IE0.5%FR) . LIE
(0.5%Z.1R). ZIEO.5%HIRZIR, 1:1, V:V) 4 PR 42
B, SRk, SRMERBURACIS, BERRAEEIEi

2.2.1

A B
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60000} y 60000} 4
g S0000% égsoooo-
24 L
& 40000 = 40000 3
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WA HEE-0.1%H MK, B. ZME-0.1%H /K, 1 Rt e, 2 SEi, 3 S H SEi, 4 HEEmire b . & 8 [F.
B KRG s e

Fig.1 Chromatograms of different mobile phases

120,007 ORI, RRRALIIZIE SR, 4 ORI B
IFRBGICR, EUIR AT 85%, Z5H LI 2. HATAbF s
o000 i) . Fioh, SRR AR RIS, SR (L, TR
w000l o SRMEY R 2 IR, IR B S T A
@ JERR SRS R LR (AR LT
= 60,00 W, R R VR IR R SR LT 88 1A b, R T &
= LR, AR BRI (R, X T F— it
40.00 B, TABSECT I, 2 M7 T AR I 5 8 1
ool . SRR Z IR ARIGH, HOX 4 FERIEME H AR
LA PR BRI B R AT, BRI SoR thi LRy T30,
ol L B L BN 0

PO A 222 REAAEFHRA
o SV & KBS T 15, 20, 25, 30 mL 02, 4RI
o ~ S8 HRYITERIE 20 ng/mL (FIOICREN . HLIGH 4
wnc 15 mL B, S BEE I . MERREAN EARMURENE, IRy

fI&TF 80%. WEEFLHGR RN, 4 Fh B3R BGCR 4G
Frd e, BICRTE 87.00%~103.03%2 8], Y4B HE AT
20 mL I, 4 F BAR 00 VORI B i, 45 LA 3. % 18

K2 FEERIBGH X H AR & P 4R e
Fig.2 Extraction efficiency of different extraction solvents for the
target compounds
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FUFER A MARIBGICR:, B Z3E4% 20 mL LSRR o

ham
12000 ¢ ) )
_ O ) O
100.00 [
-

80.00
. +
5
= 60.00 -
[l

40.00

20.00

0
15 20 25 30
AT /mL

K3 AFERTRZ IR iR E Y R iR osioR
Fig.3 Extraction efficiency of different acetonitrile volumes for the
target compounds

223 RICRFKEHA

etk m i SO PR EBO X, ARSI 2E T 20 mL
ZIEHRI—IR, 20 mL ZJE4 PR EREL, LIKEEHRInA
20 mL ZJEHEBUT R AR 20 ng/mL (9 HFRY . A5 Kk
B3 FERIBOT E 4 Fh B AR SR IBCECR Y R AF, T
F2E, AR IWE 4. LRGP ] DL A
HEAR, 1EFE 20 mL 2SR I — R OM AT AR R IO 20

2
e
2000} Erae
% H
100.00 - K ]
_ 80.00}
é
g; 60.00 -
=
40.00 -
20.00
R e 3 U/ T

IGIERY
B4 REHRBOT 00 BARE S R R BCR

Fig.4 Extraction efficiency of different extraction modes for the
target compounds

224 HATA EG AL

£ QuEChERS RiAbFIJT ik, Jo/KBLRREEE R & H
HIUS NG, BRSO 5 7k REaE te, ML lia ML
EKAIPGH S 2, AWESEHRIE T R RIS 0 14 TC K 6 Rk
Xt F AR B BUCRCR o Bl TC /K B R 6 FH 1 i 34 i, 4 %6 H
FR4 0% [N S35 A Fr3 5 o 2 G K B IR ik B 4 g i, 4
FIHEPEILEE B MR IR 89.47%~95.12% 21, KT 4 g

I, ESCRICRE UG, SRILIE S, SNSRI 4 ¢
JeK B ERBEA R ER AT

R
RLE-
e
[ NEiviEzya
100.00 F - .
80.00 | N
§
¥ 60.00 F B
¥ co.
= *h
40.00 1
20.00 |-
0
1 2 3 4 5
To/K AL F e /g

5 JEKBREREEA M X H AR A& Y ro SR s
Fig.5 Extraction efficiency of different amounts of anhydrous
magnesium sulfate on the target compounds

225 HAA 0kt

fE QUEChERS RipACEAp, & FHAEAL ML m)C 2
FHh PSA AR PR AL . PSA 1R FH W I3 A JE R Fh ok i
PEEA R GRS, LBRIBWIRRIS RIS T4, Pk s
FH R W PR PR S P B M 2 I S AR M R, AR B
K2 GEZER BT . AV T PSA FIrh LR XT
S RREA BTG LRCR . PSA g LT, 4 FHEMSE Y
FISCRAE 92.51%~102.84% 2 [A]; Hrik S fkan hig ik, 4
FIEEMESER A RIERTE 95.38%~115.78%2I7]; PSA. R
BRI AL TR, 4 R E IR 88.77%~118.16%
ZiE, FERILE 6, 5HE, PSA Fih ST AREA

C1=#m
EGET
120.00 | I s e e
100.00 | .
80.00 |
°
£ 60.00 |
=
= s000f
20.00 |
0
PSA R EARES PSA+TPEEALER
LRI A

&6 ARl H ARS8 IR Y52 R
Fig.6 Effects of different cleanup sorbents on the recovery of
target compounds
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TR SO TC 25 R, FIEF] PSA Firh M A bss Yl
RS, ek Bk SR 1 g .
22.6 ALK # AL

% o M R AR R AR R A S R b OR, (Bt
i PR L AR VT RE 2 5 BEURE B S5 B VA M U 2R T B
Fo ARUFFEEL T A HE R PSS (S0, 100, 150,
200, 250 me)PEHbERCR . BlE T A AL ER i RS, 4
Tl EARYD 9 DGR A Firig i, Y08 B8 %) 150 mg B, £2
BUSCR R B e A, I RAE 96.73%~106.58% 2 i), Mt
150 mg J& BE#A SR = R3S, B AR I R T B 2
sk, SGERLIE 7, NI, SRR 150 mg R E AL B AR
T AE
23 FHEFWIE
231 AFEsm

# UPLC-MS/MS 1, BEpain 23k Hirairi 5 H
R R W SR A, E Z B, SR
[ A A R e e ey & S v & S e =
@FiT%m%%ﬁmﬂﬂﬁjﬁﬁﬁﬁmﬁoﬁTﬁ%
RN, A58 R FE B Am oAt i Ze A 22 5 bR o th 42
R EHE LR T BERYE ST 55 G sm sl il i
o T 1.3.3 WIRIR G TR WS RNR A bR i 2k

VW2 A M 2R R LM, S5 R ER 3, BERALN 7E
80%~120% 2 [] 2 B BL F g v s AR K, 45T 120%HF
SR BEFRIETRAN, 2 HAR T 80%H /% H I 2L .
SCER R 4 Rk S RE N 7 80%~120%22 18], TG i
FER, R AR SOR TR 2 Bl b o i 22

] =
] S2
[ e
120.00 - [ Wiy
10000 i + o )
< 80.00 ] EH
= 60.00¢
40.00 1
20.00 H
0
50 100 150 200 250
A AL A /mg

Bl 7 AR o F AR fb A [ 4 5 )

Fig.7 Effects of different sorbent amounts on the recovery of
target compounds
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Table 3 Regression equations for 4 kinds of androgens matrix curves, standard curves and matrix effect

Ew e i STy o o p £ [l 0 5 FE TR /%
S Y=7531.2X-1766.00 ¥Y=7130.3X+11059 105.62
P S2 TR Y=8888.3X+238.43 ¥=9579.4X-2330 92.78
W Y=1994.3X-803.00 ¥=2075.7X+2307 96.09
BEIR I Y=13011.0X-9869 Y =15037X+26104 86.52

232 AREHREHERA

i 8 Fm 4 FEMEIE 50 pg/L IRAPRUER RN
MRM a5, P aEs Rar, v T 4 Fibfi s s
B .

OE+05} N 3

= 760000} N 1
20000} N

o N
00 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 45 5.0 55 6.0 6.5
PR} i) /min

8 4 BhEfEk IR 19 MRM G &
Fig.8 MRM chromatograms of the 4 kinds of androgens

233 FEWEHEALZESKHER, TER
FEBCH B S AT SE 0 . B S . BEEh R . BEERTEE B
RRGY RS FREB VLI, DL 4 FlfEtEg R

A3 BT R BE SR B AR AR (X, ng/mL),  LAAR T R 075 A gl )
4143 0 1T B A EE AR A A AR B (), 051 45 A 06 R 8 0)
W 4, 5REBIR 4 FhHEME R ISTE 0.1~100.0 ng/mL £k
KRR, ML REAIITE0.999 DU E, i AR AR MERTLR
PR RIER

FREL 5.00 g ZAG A & 5200 . FHS2E . fEh e . SR
FEFER SRR OREA, WRINGE & 4 R SIR A bR b )
W, B8 1.3.2 TR ATAL IR AL . BT Tk s X
HE B X IS5, A T RRE S MRS e P, ABFST
DUSE P B T 345 £ 1 b (SYN=3) %o 197 1 ¥ AV A A4 ) B
10 f5EMELL SIN=10 X0y AR 1R b2 & IR, A RN
0.1~0.3 pg/kg, TN 0.2~1.0 pg/kg, R IZRER, W
*4.
234 IeAREDKEBRAEEE

FREL 5.00 g Zekr A2 5200 . P S2E . e e . BSIR
FEEh e I A A REAS, SIS & 4 PR A i E)
W, HEARQ ng/ke). H(8 ng/kg). Hi(20 pgkg) 3 NErhk
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AR IARRRE, FKFEEE M 6 W, %18 1.3.2 TR k7 84.12%~109.75%, RSDs b 1.72%~9.62%, 54 EH FAnifk
AN PRERVE BRI, G5 S, AR A B Mg R,

R4 ATEERRNEESRE BXRBURKGEHR, 2R

Table 4 Linear equations, correlation coefficients, limits of detection and limits of quantitation for the 4 kinds of androgens

28 P 2 =1
’ﬂﬁ{_u\% 3%@{11[%] Euﬂﬁﬁ 2 ﬁﬂjlgE /xl‘_;li_lgE
/(ng/mL) [(ug/kg) /(ng/kg)
SR 0.1~100.0 Y=7130.3X+11059 0.9991 0.1 0.3
FH S2 7 0.1~100.0 ¥Y=9579.4X-2330 0.9990 0.3 1.0
Wk 0.1~100.0 Y=2075.7X+2307 0.9994 0.3 1.0
Fi TR B ) e 0.5~100.0 Y=15037X+26104 0.9991 0.1 0.2

e X BRE N 2% (relative standard deviation, RSD),

RS54 FEMHERNEWETERERIEEE (h=6)

Table 5 Recovery ranges and precision of the 4 kinds of androgens (n=6)

ey 2 ng/kg 8 ng/kg 20 pg/kg
Bl /% RSDs/% Bl /% RSDs/% B /% RSDs/%
S2 i 108.50 6.80 108.78 4.45 94.65 7.26
FH 221l 84.12 9.62 86.21 1.72 100.73 5.16
R e 101.13 8.36 109.75 7.39 91.24 4.89
T R A2 90.90 9.28 106.89 5.10 98.92 3.92
3 4 it [3] SAKAI H, IMAI Y. Cell-specific functions of androgen receptor in
skeletal muscles [T]. Endocrine Journal, 2024, 71(5): 437-445.
BT GEAL Iy 2, ASOFFER i) H FR o 1 4 [4] Tl AR 0 KA. R R,
AR TR IR SICR B[R] e o L vk . 5 80 A O vk 2024(23): 87-93.
*ﬁ l:K, Zlgflﬂ:%){% 4 ﬁlﬁ)ﬁ %Fﬁ{%ﬁ%%ﬁ?lﬁ]—‘ﬁ%ﬁﬁ*ﬁbﬁ WANG YX. Hazards and detection methods of illegally added hormone
TR, REGRL T A BRI A B . RIS UE R, %k e drugs in feed [J]. China Feed, 2024(23): 87-93.
q&% Eﬁ}(&‘_. 12%~109.75%) . ﬂ%%ﬁ%ﬁ%(RSD < 9.62%), [5] GRANT B, HYAMS E, DAVIES R, et al. Androgen abuse: Risks and
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