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Wik RHPEI QUEChERSHAR, LIZJ-— /KR ZRIL, C s BiEAHZEEGS 1k, Agilent Eclipse Plus C {4,
HEFE (4.6 mmx100 mm, 1.8 um)FEAT43ES, 10 mmol/L HIFEER-0. 05% FH R 2 A ShAHBE EEVE I, R IE
BT, 2RV IR (MRM)BERAGI, DAL e e TR EM, EMENREEE. 48
B, 11RP4ESRIFEO. 1~1 000 ng/mL YT BN &R R R IF, HHRRE(A)IRT0.998; Jiidka iR 4 0. 04~
25. 0 nglg, 2 FRM0.2~80.0 ng/g; TEZ HARIETEH 3 NINFRAKTE T B RICR 4 60. 2%~119%,  FHX bR
HERZE(RSD, n=6)4 1. 2%~11%. W H1Z 7% 11 AR TR b s 20 FE S AT, S iRE S 1 E A o
TR RTAC PR . R . EIELF, & T ORI v i 2 v S Bl A 0 DR T S R ST
KHEF: QuEChERS; [IMIZEAbR; MEMIEAGIE-HEOTNE; 2R s, Hzh

FESZES . 0657.7; 0657.63 XEAARIRED: A XEHS: 1004-4957(2026)04-0860-09

Determination of 11 Doping Agents in Soft Capsule-type Chinese
Patent Medicines by QUEChERS/Ultra Performance Liquid
Chromatography—Tandem Mass Spectrometry

ZHANG Wei', LI Chun-yu", FEI Qiao-ling™, ZHAO Xue-jun™
(1. School of Investigation, People’s Public Security University of China, Beijing 100038, China; 2. Food and
Drug Testing Laboratory of Anti Doping Center of General Administration of Sport of China, Beijing 100029,
China; 3. Shanghai Key Laboratory of On-site Physical Evidence, Shanghai 200072, China)

Abstract: An analytical method using QuEChERS/isotope internal standard-ultra performance liq-
uid chromatography—tandem mass spectrometry was established to determine 11 doping agents in soft
capsule-type Chinese patent medicines. Optimized QuEChERS pretreatment was adopted: samples
were extracted with an acetonitrile-water system, purified by C,; dispersive solid-phase extraction,
and reconstituted sequentially with 200 L initial mobile phase and acetonitrile. Separation was per-
formed on an Agilent Eclipse Plus C,; column (4. 6 mmx100 mm, 1.8 pum) with gradient elution us-
ing 10 mmol/L. ammonium formate—0. 05% formic acid aqueous solution and acetonitrile. Detection
was conducted in positive ion mode with multiple reaction monitoring (MRM) ; qualification relied
on retention time and ion abundance ratio, and quantification on the isotope internal standard meth-
od. Results showed that all 11 doping agents had good linearity in 0. 1-1 000 ng/mL(r*>0. 998). The
limits of detection was 0. 04-25. 0 ng/g, and the limits of quantitation was 0. 2—80. 0 ng/g. Average
recoveries of the 11 doping agents in blank soft capsules at three spiking levels were 60. 2%—-119%,
with relative standard deviations (RSD, n=6) of 1.2%-11%. This method was applied to detect 11
batches of soft capsule-type Chinese medicine samples, with the target analytes identified in 5 batch-
es. This method, with simple pretreatment, high accuracy and good reproducibility, is suitable for

rapid screening and quantitative analysis of multiple doping agents in soft capsule-type Chinese patent
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medicines.
Key words: QuEChERS; isotope internal standard; ultra performance liquid chromatography—tan-
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VR AR RN EL T, DR TR IR A 2 BR )2 R o ARG 43 v k24 J5OR} BT g
AR, Ho 2y T R A KL (WADA) BRI it . 122 B P S 7 1 Hh 24 )
FIE, W% S 2 A SH WADA ZS W™ . B i e R 2578 B WADA 25 W oA 4% . Rk
W, OWRREEAR . RS, AW OB, HIOREm. LT e SRR TE . RKEy . U
PRI FI 25 W 205 . 2 IRR B TR 2S S F W o i vh 246 ClUpR ) B &Pl . B e . AR b
BT ST R 2k Cin ek 1) W A B R . BT RO TR S At 2k (B 5K
o) HAW R . SUmIbTE . IRRATHRC s SUUERRREY . RBE B . RBREN A 250 (i KRR1)
AT Bl . TR A Th . BEE IR T H AR 3, OB b 250 e 5
WADAZEF sy, IR, 525, 1024, #EF EO0F 72 EHE AW g, Wik, @k,
TSR AR BT v 2 P LA RS R E i, MR 2 e PR R R A E R E

OB BT I 2 08, HA AN RO L SR 2 R Tk R SR TR W R S A
HENFY 2 RHREER, &SI Ui . HD™, 225 Frksin s 263 B bR rdnr=4
ST, A e A A SRS AR . ) R AL PR AR I A B (LLE )™ | [ AH AR HL (SPE) ™
TR EYIF M. QUEChERS FikRERESE . MR E, & 2NV HTE . B R0,
(HTE B T IR A e B 5 S b 4 B I e AT o B =2, eI 40Tdek , A8 mon S0V €0 1% — Hf B i (UPLC-
MS/MS) HEARSEE i R . et AR 55 o0 B R E o )20 I IR Sk e i AR g vk . A5 IEIAr
FNIRE, ZBORT AR HE B bR RO, ST SRR

PEdt, AT T —FPEET QuECKERS BARBERZE & R 2 W FR-UPLC-MS/MS 434 5%, BT
[F] s 00 R A e R F v Bl 2 v 11 s D4 ¥, DA Tf RS T PR AR 7 DL EBRIE T, RE%
TR ENE . REE . MR SRS, JERH T SRR E I, B A R FE TR v 2 v 2%
TR B W s PR AR T RER) H AR S g

1 KEls

1.1 UBEEE

1290 Infinity II LC System, 6460 Triple Quad LC-MS(ZE[E Agilent 24 ] ) ;  Q-POD Millipore—Q 2
K Z G (3£ [H Millipore 23 7)) ; CLT55R K25 8K & 28 Uiz OAIL (T8 F A SE 30 A T & A BR 28
H)); LC-SK-0360T & X3E IR (1 B 1 IR FHEA R 2 1)) 5 KQ-700DE 8 r I8 T s (R 1L i e 4%
AR ZT]); JA103P LT RP (bR iR i P RHE A0 5] 5 VORTEX -6 B e A 418 1 a (HLAR LR
B HER R AT ; 36 L N-EVAP-24 BV R IWAE SR 454 (3EE Organomation 237 ) o
1.2 KFI S5+

ERIERHRES . 23062411, MOSZHLERGRAR) . FPFFE PR EGS . 20240401,
PGB 25 IR A BRI E AR (5. 20241057, St E R Ak 4 B 25 By A R 2
m)) . ERRRETE (S . 240710, HREARBIZIRMAIRAT) . SURHIE HOKTE (5. 24170728,
s s B & R AR 2 ) 25T ) . RS ZE (5. 240511, Kigtii a2l AR A A |
JEE R (5. 24032551, MUEZGHILEERTA R E]) . HEAE I EZ AR (LS. 20231204, JTPGHER
HZAERATR]D) . HIF RIS 24040851, #EZHLERAGIRAF) . B2 O0THRIKEGS .
240607, NPT RZDEAEG AR T]) . EATRELEA 2 BRI (S 240311, JbRURME 422 (i
PHEABRTHEL 0] B 5 R RIETF6 .

FRvfe (it Ay B vp R 102 5 W RR S IS T (35 . B136885, 100 pg/mL) . IS 3R 185 25 B O JBR 36 Bk
B (5. FB1630509, 100 pe/mL) . HEEAER IR RS B (iS5 . S197785, 100 pg/mL) . HIfiEH
B JFR V8 A (15 B113607, 100 pg/mL) . H S R 98 A5 i £ R 25 i i (415 . B205763, 100
pg/mL) . B ep R IR 0 A T (HE S . FS1603626, 1 mg/mL) . HEE op 25 B 2 08 (S
FS1635104, 1 mg/mL) . ZHEHHHTIHER (5. FS1625133, 100 we/mL) . HIEEH DU &K BRI IR



862 SR AR (http://www.fxesxb.com) o453

(#5: 8065765, 100 wg/mL) . H S KR AV (PS5 . S128021, 100 pg/mlL) . HEEH KBRS IA
W (5. S140953, 100 pg/ml) o Horp H e ER IR 26 B RREE T . b R IR 25 B DO RR el i . |
PR T B B RR S A . I PRI O RS BT ) 2 bty CRi8) BHBCA IR 2w, AR IE H R
Bl REERHE AR w5 PIbRY A R RS R R RR S I D, i (31%5-: S102207, 100 pg/mL) . HIFFEH LIRS
ME-D, %5 (5 S150365, 100 pe/mL) . HIEEHEREE 2 H 224508 D 55 (5. S048107, 100 pg/mL) .
I b ) SR 22D, B (5. $190149, 100 pe/mL) WA BT JRIEFHEATIR A ]

0. 6 mol/L i) HCI¥ WK . W ¥ (HPLC 2% )ttt Zh B (Dikma) $2; 5. LR HE . BUT JE H ik
(MTBE) 2848 (Agilent) A FIRAEE, BIHHPLC Y ; +/\kekenbbi(C,) . N-NZEZ i (PSA) . £1
LR (GCB) . MgSO,. MgCl,. NaOH HiBiH; T (Aladdin) ik W44t 0. 22 wm SE/KIEIEFIA DL IENE
D se SN w3 47k i Q-POD Millipore—Q #B4l/K 240 &, HLSEK: <0.01 pS+em™,

1.3 FREAREL T

3 i) e R e R IR O ORI . HP b R I 2 DN R A . W R IR PR B R AR
B Pt e B REORR BRI . R TP SRR AT DA RR B v . P I rp S W 2Rl . R R P B IR N ki
W, ISP TER 100 LB T 1 mLAEABEEDHR, LIHE A FITAEZ 1 we/mL B BAbRbRIESRE
B, TUKFEP-20 CAURGRAE . SBUH RS DY S R RRI A . S KRR . RS KRR
B4 10 pL B T 1 mLARABEIRE T, DLW R AE FIHS 10 ne/mL B9 SRPRbRIEGE 7, T UKAT
-20 CRHRIRTT -

1.4 #HmibiE

FRELO. 5 ¢ LT ZSY T 50 mL P (PP)EH, DA S mL ZHERIS mLoK, JRIZIE S 40 i 8
WA BB, WHEL min, #7A 30 min, FMIA 2 ¢ FEK Mg,SO, fl10.5 g NaCl, #AJE 1 min,
4 000 r/min 50> 8 min, WZHL4 mL _EIEWF 10 mLiREH, JIAN 100 mg C,,LLJ% 300 mg 7oK Mg,SO,, i
Ji€2 min, 4 000 r/min &0 8 min, B EFIET 50 CRSKT, H 200 wLAIERAAHE R, WHE 1 min,
F0.22 pum FE/KIENE D I8 2 200 pL#EFHEH, BRI 200 pL ZHEE#, WHE L min, F0.22 pm A AL
JENR I P8R 200 WL HFFERR R, AIFPIIRE IR
1.5 RiEBIE-BERIEEG
1.5.1 Bi%&MHE  Agilent Eclipse Plus C, {034 (4. 6 mmx100 mm, 1.8 wm); AEW#L40 °C; HahtHA:
10 mmol/L FHERE%-0. 05% R K/KAH, JhAHB: Z85; 0. 5 mL/min, #FFEE3 pl. BREVEN: 1~
12 min, 6% B; 12~18 min, 6%~90% B; 18~23 min, 90% B; 23~23. 1 min, 90%~15% B; 23. 1~26 min,
15% B; 26~26. 1 min, 15%~6% B; 26.1~28 min, 6% B,

1.5.2 JRiE&MG WM EmBIZE (AISESD &1, IEE TG 2R I (MRM) RET; T
A5 Liming PSR4 300 °C; AT 11 Liming $HFAURE R 250 °C; ZALEH
310 kPa; BANE N LISHHEE A4 000 V; BEHEFHE A 500 Vo 11 RS E 515 5 B bR &015 B 5 it
WESHWEL,

F1 VUFRLTTH SFRPAFREI CASS . 43T, (R IR i RAE S

Table I  CAS numbers, molecular formulas, retention time and mass spectrometry acquisition parameters of 11 doping agents

and 5 internal standards

Molecular Retention Parent ion . Fragmentor/ Collision en-
No. Analyte CAS No. i . Product ion(m/z)
formula  time/min  (m/z) \4 ergy/V
1 Higenamine (23 F & 255 5843-97-0  C,HNO, 15.02 272.0 107.0°, 255.0, 100 20, 10, 15
161.0
2 Ephedrine (353 299-42-3  C,H,,NO 11.55 166.0  148.0", 133.0, 80 10, 20, 20
117.0
3 Pseudoephedrine (£4JFR # %) 90-82-4  C, H,NO 12.20 166.0  148.0", 133.0, 80 10, 20, 20
117.0
4 Methylephedrine ( F & Bk 5 ) 552-79-4  C,H,NO 14.11 180.0  162.0°, 147.0, 80 10, 15, 20
117.0
5 Norephedrine ( 2 H1JBR %) 14838-15-4  C,H,NO  8.04  152.0  134.0°, 117.0, 80 10, 15, 25
115.0
6 Cathine ( 25 F O FRECTL) 492-39-7  C,H ,NO 8.8l 152.0  134.07, 117.0, 80 10, 15, 25

97713

115.0
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(gE1)
No. Analyte CAS No. Molecular R.etenti(.)n Parent ion Product ion(m/z) Fragmentor/ Collision en-
formula  time/min  (m/z) \4 ergy/V

7 Strychnine(#95°) 57-24-9  C,H,N,0, 15.90 3352  184.0", 264.0, 120 40, 25, 30
234.0

8 Morphine (M) 57-27-2  C,H,NO, 4.64  286.2  201.0", 229.0, 100 30, 20, 40
165.0

9 A’-Tetrahydrocannabinol (P& KJFREY)  1972-08-3  C,H,,0, 23.11 3152 193.07, 259.0, 100 25, 20, 20
135.0

10 Cannabinol (KRR ) 521-35-7  C,H,0, 22.02 311.1 223.3", 293.3, 100 25, 20, 20
241. 4

11 Cannabidiol (JfE 1) 13956-29-1  C,H,0, 20.98 3152  193.0°, 259.0, 100 25, 20, 20
135.0

12 Higenamine-D,( X 524-D,)  2249814-83-1 C,H,,D,NO, 14.97  276.0 108.0° 100 20

13 1S, 2R(+)-Ephedrine-D, (FR#H%-D,) 285979-73-9 C,H,NOD, 11.48  169.0 151.0" 80 10

14 Selegiline-D, (77 *4-D,) 14611-51-9  C H,D.N 16.33  191.0 119.0" 100 10

15 Morphine—D,(1&#:-D,) 67293-88-3 C,H,NO,D, 4.60  289.2 165.0" 100 40

16 A’-THC-D, (PUSEKIME-D,) 81586-39-2 C,H,,0,D, 23.08 318.2 196. 0" 100 20

*quantitative ion; the internal standard corresponding to No. 1 is No. 12; the internal standard corresponding to No. 2, 3, 4, 5and 6is No. 13;

the internal mark corresponding to No. 7 is No. 14; the internal standard corresponding to No. 8 is No. 15, and the internal standard corresponding

toNo. 9, 10and 11is No. 16

2 FHRE5ITiR

2.1 IUEB&EmMmK

2.1.1 FE&M ARSCIEFHBIEE R, SR EEIEFE R, BEERIR 1) 8 B dx 741 (0. 01
pe/mL) A 3 Fh KRR (1 pg/mL) B 2425 FIR A AR MENE TP, 7E1E ., 7008 PR R kT
e, B R B Sy 5 0. SCIRRIH, KBS . 0T G MEYE IE
BT A 7 34 Y2 2 i T s AR, L G A 5 AR ST B e B SR IEAR S 40%, AR
RN 1) R ) IE B AR AST I, A i o 5 I M+H I+ il ASGES H A A A Ak S ik 7
FOS 2 A it @ e e BE T, R TR ERHMER R T, JRLBE R
HERAN B E SR, m&RA &G0 a ERE & 70 . Bl 38 68 2 A0 24 B 55 500 24
(1),

2.1.2 BIEEMHE T 11 F%EFITE Eclipse Plus C,, L2 14
(4.6 mmx100 mm, 1.8 pm) . Eclipse Plus C,,(4. 6 mmx
150 mm, 1.8 pm) WK A i b 005y B i B B 00 . 45 5 e
R 1 RP%d RIFE RS EREE R I, REARY
2, B H 2GR 1) THE 150 mm K A S A LAY
JAE ™ &, HIiESE Eclipse Plus C,,(4. 6 mmx100 mm,
1.8 wm). #5ET HRE- /KB, WiEE. & 26 4
A MUAR X EH bRd o 5 R R BB A 5o . 45 8 15 L 1
BEIR: AR PRI, MR e e el ]
Hoa SRR, M7 R &M R GER, AU 0 >0 00 fin OO 0 B0
K CRERT & H bR i HE e, iR iE R B LR R S R BRI A bR
WU KA N R T A R e, (IR o RETRE
ISR 1 RSN, IR ) T e
ERIHE 7 10 mmol/L. FEM/KFHZEAE T, A 0. 05% H standards

T BT 58 N S B 2 R O S, RS2 R 10 Fhe number denoted was the same as that in Tablfe 1; ep.hed—
mmol/L -0, 0% HUB KA. 1UR LR B S PTG it
13%{5'3%5%7@{@{&9@,‘3%?0%% 1o sustances and one isotope internal standard: 1 pg/mL

Intensity/10°
o
i

o
i

11 916
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2.2 HMETAIEEERMmL
2.2.1 ERBRERE

NGl BREE BRI X W B 20 K ) T By 2 ERE I R e L AT BLA

BT, 00 3R R BRZE D W AASZ e >, 27 BRIV A MUEERE, SS30EE0R . A
IR S e B R A ), PR, FSEEE R AU )G 200 wL AR TR BN AR S HERE, BE WV 4 SCnT
WE AU L B A2, H R RS R A ROR 220 3@ 3R R RS e iR, IRIRIEE &
LB (6%, 15%. 30%. 50%. 70%. 100%) MNIECHIASFE R EHETR, 765 pLEFERE T, &I 30% &

LI 2 E ) e A g o2 BRI TG T AN T R
WG RRIKFEE 4, 3. 2. 1 pl, Z55REH 50% 2B
LB, SR 3 wL EFE I B AR T K iF H R RR2E
Py R R IR E 7k E RIS
TANARTE i S PR AE KRR T, 55 IR LA 100% & N s i
RIRZEYTT, A PIIRE ETE a3

2.2.2 BIRIBAEMERE ASCHH T 6 Fraid R Tk
(MF2), ZiRER(CME?2), FRERIMGFRE2RXH
QuEChERS Ji ik JG iR s R B 40 /0, il C JER TR &
PrABC B kG, (HO7 % 1 R IE Qv lilg, %
S B 1 BUR T 2B RUK B4R . 7 & 3 A Cap-
tiva EMR-GPD RIS 5% 51 /0, (H 2 B 5 24l [ i 58
Z%, WTREDERPRIM TS . J7 R 4 R O ALEGE , 5k
DUIE e brig, i MR BuL a3, Hipsot
LR CTEA AR A LB, AR TG 0GR, H
Gy B IR AR . 75 58 5 SR M 0 55 14 O
BERERRERR, HE AR IR BCSCRANE . TR 6 H

30% LA T S HL I RSP B I Wi 3R A1

120

= Higenamine

® Ephedrine

A Pseudoephedrine
v Methylephedrine
@ Norephedrine

< Cathine

» Strychnine

® Morphine

* A°-Tetrahydrocannabinol
# Cannabinol

@ Cannabidiol

80

A o ® 000 @

Recovery/%
Acmdpeoy <
Q mve o

407

P m °

v 2\6 ©

RS
N N S
@Q/ @Q/

ANFEFEEUT I TR 11 A R0 i
BT HE

Fig. 2 Comparison of peak areas of 11 doping agents

&2

in soft capsules under different extraction

methods

PR E AR A A, ATRED BRI AR AR s S H AR AT A A AR e o A, ARSI LT 52

A — A A

2 HRERRIMR I 6 BhETALRE 5 ik 25 TR
Table 2 Six pretreatment methods and steps for oil removal of soft capsules
Step Method 1% Method 2! Method 3" Method 4 Method 5 Method 6"
LS " 0.5g>50mLPP  0.5g—>>50mLPP  0.5g—50 mL PP 0.5 ¢g—>50 mL PP 0.5¢g—>50mLPP 0.5g—50 mL PP
- oAmping tube tube tube tube tube tube
2. Defatting/ 4 mL n-hexane, - - 4 mL n-hexane, - -
initial treat-  shake vigorously 1 shake vigorously 1
ment min— add 10 mL min—add 10 mL
water, vortex 1 0. 006 mol- L' HCI,
min, centrifuge vortex 1 min, centri-
(4 000 r/min, 8 fuge, collect lower
min), collect lower aqueous layer
aqueous phase (4 000 r/min, 8 min)
—add 1 mL 20%Na,
CO3/NaHCOs3 to
adjust pH=8~9
3. Extraction 10 mL acetonitrile, 5 mL acetonitrile+ 5 5 mL 80% acetoni- 10 mL ethyl acetate, 10 mL20% Na;:CO¥ 10 mL methanol,

trile—water (ACN:
H,0=4: 1), ultra-

sonicate 10 min

mL 1% formic acid

shake (200 r/min,
30 min) in water, ultrasoni-
cate 30 min, centri-

fuge (4 000 r/min,

8 min)

shake (200 r/min, NaHCOs, vortex 1 ultrasonicate 10
30 min), centrifuge min—add 10 mL eth-

(4 000 r/min, 8 min)

min
yl acetate, vortex

Imin, shake 10 min
—centrifuge(4 000

r/min, 8 min)
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(8:32)
Step Method 1% Method 2! Method 37! Method 4 Method 5 Method 6"
4. Phase sepa- Salting out: 4 g Mg- Salting out: 4 ¢ Mg- EMR-GPD column Collect upper organic ~ Take supernatant— Methanol extract+
ration/clean- SO4+1 g NaCl, SO4+1 g NaCl, clean-up: take 4 phase Evaporate to dryness 2mL 0. 1 mol-L™!
up shake vigorously 1~ shake vigorously 1 mL supernatant, under nitrogen MgCl+4 mL 0. 1

min—Centrifuge
(4 000 r/min, 8
min), collect aceto-
nitrile phase—dSPE
clean-up: take 4
mL ACN phase+
(100 mg C ,+300
mg MgS04) —vor-
tex 1 min— centri-
fuge(4 000 r/min,

8 min)

5. Concentra-  Take cleaned ex-

tion tract, evaporate to
dryness under nitro-

gen stream (50 C)

. 200 L initial mo-
6. Reconstitu- .
bile phase+200 pL

tion .
acetonitrile
7. Filtration ~ Through 0. 22 pm
membrane filter
8. Injection  Filtered solution in-

jected for analysis

n-Hexane defatting,
dSPE clean-up

Key features

min—centrifuge
(4000 r/min, 8
min), collect aceto-
nitrile phase—dSPE
clean—up: take 4
mL ACN phase+
(100 mg C,,, 300
mg MgS04) —vor-
tex Imin— centri-

fuge (4 000 r/min,

8 min)

Take cleaned ex-
tract, evaporate to
dryness under nitro-

gen stream (50 C)

200 p.L initial mo-
bile phase+200 nL
acetonitrile
Through 0. 22 pm

membrane filter

Filtered solution in-

jected for analysis

dSPE clean-up

pass through EMR—-
GPD column, col-
lect filtrate. Then
pass 2 mL acetoni-
trile through the
same EMR-GPD
column, combine

both filtrates

Take the filtrate
from previous step,
evaporate to dryness
under nitrogen
stream (50 °C)
200 wL initial mo-
bile phase+200 pL
acetonitrile
Through 0. 22 pwm

membrane filter

Filtered solution in-

jected for analysis

EMR dedicated col-
umn for lipid remov-

al and clean-up

Take upper organic
phase, evaporate to
dryness under nitro-

gen stream (50 “C)

200 wL initial mobile
phase+200 L aceto-
nitrile
Through 0. 22 pwm

membrane filter

Filtered solution in-

jected for analysis

n-Hexane defatting,
acid/alkali pH adjust-
ment liquid-liquid

extraction

stream (50 °C)—Re- mol-L™' NaOH + 4

constitute in 1mL
ACN: H,0(1:1)
—TFreeze (-20 C,
30 min)—Centrifuge
(4 000 r/min, 8

min)

Take the lower clear
solution, filter
through 0. 22 pm
membrane filter
Filtered solution in-

jected for analysis

Freezing for lipid re-

moval

mL H,O—shake
(200 r/min, 30
min)—>centrifuge
(4 000 r/min, 8
min), collect up-
per organic phase
—add 10 mL MT-
BE, shake(200
r/min, 30 min)—
cntrifuge(4 000
r/min, 8 min),
collect upper MT-
BE phase
Take upper MTBE
phase, evaporate
to dryness under
nitrogen stream
(50 °C)

200 wL initial mo-
bile phase+200
L acetonitrile
Through 0. 22 pwm

membrane filter

Filtered solution
injected for analy-
sis
Methanol extrac-
tion—alkaline sa-
ponification for
lipid removal gen-
erating precipitate
—MTBE liquid-

liquid extraction

—: omit steps
2.2.3 HIREFEH ML

D37

KT 2#—H k. QuEChERS J7 % HI B AL FIA PSA. C,.

GCB. 4L EREE ™, PSA IWREH Z IEPE U HEIATR . BE2E . MR AR5 C R KBRIEK
PENRIWG B g tEZe it GCB W KPRz, (HXZEIRISP LSS A WM . LT 485%: D100
mg C,+300 mg Mg,S0,; 2100 mg C,+100 mg PSA+300 mg Mg,S0,; @100 mg C,+100 mg GCB+300 mg
Mg,S0,; @100 mg C,+100 mg PSA+100 mg GCB+300 mg Mg,S0,, Z5 54 7r, PSA X} 11 Fl 2% 75 700 it % ff
R, CRAR, GCB X 2% B 2 25 SR, i C Al Mg, SO, MR R e i, IR RO
BEFTERE

TEFFE BT T S 40 . D5 mL ZHE+5 mL 0. 006 mol/L HC1; 5 mL Z i§+5 mL 1% ({4
#)Na,CO/NaHCO, /5 ; @5 mL 1% HIEZ5+5 mL/K; @5 mLZJE+5 mLAK; &5 mLZ. Z558%
WY, JFiEQFIGNT 11 A i R AT, ORIGRENESE R MR B B iR, (HEEE T AW 5
SHIRAINDIE RO RECR . SRR ARE S R ORR S B S A AR v, T AR, T2 W 2 2 e S AR
S A 2GR RGeS R, R TTE@,
2.3 AEEEE
2.3.1 ER¥M(ME)

2

Sl A AR B AR AN £ 54 B0 23 1 B T v B i T A P (8 Al R
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IR R S 4 BN AR A 250 ng/mL, 3 FR KBRS Gy S H: 1 RPN FRA 500 ng/mL) , iR B IR ifE
WP I E bty ) 0 TR HEAB B3R LA 100% VR A28 BN, (ME) PEAT (R . ME Z8XHETE 80%~120% 3
A2 5 <80% K RAFAERL NG ; >120% RRFA7ER g . 45 WoR: 1A HARY I MEE A
24.7%~95.3%( WL 3), Hr LH 2508 WS R . KERE . KRR A 7E 5 iy, . Rk,
SEB R FBE D B A i 2 LA AIR RS o s
2.3.2 &MEHE. WHRSEE TR T ROZE D R 1L FR SR I 5 5 Fh ARSI,
25 9 ANV EERR B AR RIS R A T o0 AT o LABRUEVE I ) ot 20 B R AR PR (v, ng/mL), € & &1 XF g
HBUHIARIR(y), BrhRiEdh T Re . 3 LB ML SIN=3 . S/N=10 B &AL 5 8 555 % BT AT i)
FES B THEAT IR (LOD) AE & FIR(LOQ) . 4RI /R, 1A HEFRINARIFHEE R, r¥X
F0.998, LOD40.04~25.0ng/g, LOQ 0.2~80.0 ng/g( W% 3),

3 LIRS SPONPRINZME R R | B . @ S T RIS TR

Table 3 Linear relationships, limits of detection, limits of quantification and effect matrix of 11 doping agents and

5 internal standards

Compound Linear equation Linear rar_l:ge/ 2 LOD_/1 LOQ_/1 Matrix ef-
(ng-mL™") (ng-g") (ng-g™) fect/%
Higenamine (25 H 2 27 y=1158. 1x-15 679 3~500 0.998 4 2.0 6.0 24.7
Ephedrine (FRE#H) y=32 759x-132 078 1. 5~500 0.998 8 0.4 3.0 88.3
Pseudoephedrine (D} bR 5 i) y=37 118x—152 598 1. 5~500 0.9989 0.4 3.0 88.7
Methylephedrine ( F 55k #5% ) y=13 387x-56 798 1. 5~500 0.998 4 1.0 3.0 89.9
Norephedrine ( 23 H1JFR 2 ik ) y=6 869. 4x-23 117 8~500 0.999 0 4.0 16.0 95.3
Cathine (2 HF Oh R B 68 y=6599. 1x-38 304 8~500 0.998 5 4.0 16.0 92.8
Strychnine (+117*) y=2 875. 6x+7 543. 8 0. 1~500 0.999 4 0. 04 0.2 89.4
Morphine (R ) y=598. 75x-162. 54 0. 3~500 0.999 5 0.2 0.6 89.9
A°-Tetrahydrocannabinol ( 1% KPR ) y=21. 83x+74. 522 15~1 000 0.9992 10.0 30.0 56. 1
Cannabinol (JJFKER) y=28. 744x-34. 521 40~1 000 0.999 7 25.0 80.0 64.7
Cannabidiol (K JfR 1) y=53.383x-349. 7 15~1 000 0.999 8 10.0 30.0 65.3
Higenamine-D, (25 5 245§-D,) ¥=2007. 2x+3 101. 5 3~500 0.9999 2.0 6.0 24.8
1S, 2R(+)-Ephedrine-D,(FR#-D,) y=51 126x-36 985 1. 5~500 0.999 9 0.4 3.0 87.9
Selegiline-D, (7K # *£-D,) y=37 095x-8 935 0. 15~500 0.999 2 0.1 0.3 83.6
Morphine-D,(IHE-D, ) y=1192x+2 399. 5 0. 3~500 0.999 3 0.2 0.6 89.9
A°-THC-D, (PU S RJFRE-D,) y=28. 42x+184. 66 15~1 000 0.999 7 10.0 30.0 56. 1

2.3.3 EER, HNBZEEMHEBEE RASAZKERES, 200N 8 FhaE MM 247577 (20
100, 200 ng/g)$n3$r|1jtm‘< LA (100, 400, 1000 ng/g) TR S PRIEEEIL, LLIAH IR EERY 5 Fh N bRizs
W, A NIRRT & o ke, FIR “1 47 FRTRTAbRE, THE-F IR SHPRE R 22 (RSD) .
LA EFRYITEAS. . SRR IR 4 514 60. 2%~119%. 72. 8%~112%. 63. 5%~108%, RSD %33l
31.3%~8. 3%, 1.2%~8.9%. 1.2%~11%, H PURERRE (1 RN ES 3 IREE5) 1 RSD 4304 2. 8%~9. 6%.
2. 2%~10%F1 3. 4%-~9. 7%, H [BIK5% (4L 3 KA RSLH 1K) B RSD 2305114 3. 8%~30%. 2. 3%~21% Fll
1. 2%~16%. ZARFHH, 1ZIr TR AR S B R, W SR,
2.4 ELEREFRNE

FERR 147 i 1R B RE S b ARSI, 76 “1. 57 S TR, Ho SRR SLAT H
Hirdy, &I RN B HARYE/NT LOQME .. rE i 2 A% 4 i 28 v i B by 51 02>
FERON s, ATl )7 % BRI TR OE . FREE O, 5g1‘$nn, ] BRAZ AR N 200 ng PY S
KRIRI-D,NbR B AT NN 500 ng FREEB-D, PIbR . HEAE IR RZEEE H N 50 ng GHE-D, A AR,
AP 64y, FFEP &2 L B BOFRVE A0 . BRI B 0 2 v JBR 2 BRI AR A 11 P 5k
JegErp e s Bt 5 S BN R IRENLET YL, AT 1L ox10° 65 . 1 Ox10 (R B EFEAL B
B E A FVR I FE T I HFRIG S S8, RSDH0.90%~12%, RS ERIF(W#E4),
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Table 4 Quantitative test results of five soft capsule samples

No. Sample Formula Excipient Detect component fz;lt;?lt ; RSD/%
1 Hemp Seed  Hemp seed, bitter apricot kernel, Palm oil, hydrogenated palm oil,  A’-Tetrahydrocannabinol 2. 6x10° 7.2
Soft Cap-  rhubarb, stir-fried immature orange, beeswax, soybean lecithin, soybean Cannabidiol 1 8x10° 91
sules ginger-processed magnolia bark, stir- oil, gelatin, glycerin, ethylpara-
fried white peony root ben, ethanol, fumaric acid Cannabinol 1. 7x10° 12
2 Huoxiang  Atractylodes, tangerine peel, gin- Gelatin, glycerin, chocolate brown, Higenamine 1.2x10° 0.90
Zhengqi  ger-prepared magnolia bark, angeli- amaranth red, corn oil, soybean lec-
Soft Cap- ca, poria, areca peel, raw pinellia ithin, beeswax
sules tuber, licorice extract, pogostemon
oil, perilla leaf oil
3 Qingkailing Cholic acid, nacre, hyodeoxycholic  Gelatin, glycerin, grape purple, Higenamine <LOQ -
Soft Cap- acid, gardenia, buffalo horn, isatis cornoil, soybean lecithin, beeswax
sules root, baicalin, honeysuckle
4 Cold Soft Notopterygium, ephedra, cassia Gelatin, purple iron oxide, glycer- Ephedrine 5.2x10° 2.5
Capsules  twig, schizonepeta spike, saposh- in, cornoil, soybean lecithin, Pseudoephedrine 3 1x10° )3
nikovia root, angelica, sichuan beeswax
lovage, grassleaf sweetflag root, Methylephedrine 1. 0x10° 2.5
kudzuvine root, peppermint, bitter Norephedrine 2. 5%10°* 2.6
apricot kernel, chinese angelica,
skullcap root, platycodon root Norpseudoephedrine 2. 8x10* 2.0
5 Loquat An- Loquat leaf, stemona root, willow- - Morphine 2.5x10° 5.3
titussive leaf swallowwort rhizome, mulberry
Soft Cap-  root-bark, platycodon root, men-
sules thol, poppy husk

: omit or unknow

% it

RGN T BT B R v e 2 b 11 #2443 55 QuEChERS/UPLC-MS/MS J7i%, itk T

FIFpR b &, EPR O R R C R R i w8, IF H IR 2R N bRiE S Tt e S uE i
J7 A B AN E 2 F R 43904 0. 04~25. 0 ng/g A1 0. 2~80. 0 ng/g, “FIJEILE A 60. 2%~119%, RSD Ky
1. 2%~11%. %7715 T HETRI E AR e BRI v i 2 vh X6 ar RIS i, g 3l Db oo Hb k2l v 47 751 i JXUBS:
Rt T %,
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