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Study on the applicability of gas chromatography-mass spectrometry and
liquid chromatography-tandem mass spectrometry for the determination of
bisacodyl and its analogues in health foods

JIANG Li-Wei, YAN Xin, ZHAO Yi-Zhe"

(National Narcotics Laboratory Beijing Regional Center, Beijing 100164, China)

ABSTRACT: Objective To discuss the feasibility of analyzing bisacodyl, desacetyl bisacodyl and bisacodyl
dicycloproyl carboxylate in health foods by gas chromatography-mass spectrometry (GC-MS) and liquid
chromatography-tandem mass spectrometry (LC-MS/MS). Methods After ultrasonic extraction with acetonitrile,
the sample was analyzed by GC-MS and LC-MS/MS. Results GC-MS could be used for preliminary qualitative
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analysis of bisacodyl and its analogues, while LC-MS/MS was suitable for qualitative and quantitative analysis of

bisacodyl and its analogues. The 3 kinds of target analytes showed good linear relationships between 0.1-20.0 ng/mL by
LC-MS/MS, with correlation coefficients (r) better than 0.998. The limits of detection were between 0.003—-0.006 ng/mL

and the limits of quantitation were all lower than 0.020 ng/mL. At the 3 kinds of spiked levels, the recoveries ranged
from 83.35%—116.90% and the relative standard deviations were 0.48%—8.22% (n=6), respectively. GC-MS analysis

was applied in 10 suspected samples, while bisacodyl structural analogues were detected in 3 samples. LC-MS/MS

analysis showed that bisacodyl and desacetyl bisacodyl were present in the 3 suspected samples, with content in the

ranges of 0.12%—-1.92%. Conclusion The developed method is accurate, simple and rapid, which can satisfy the

requirements of related identification work and provide a reference for the qualitative and quantitative analysis of

substances with similar structures.

KEY WORDS: gas chromatography-mass spectrometry; liquid chromatography-tandem mass spectrometry;

bisacodyl; desacetyl bisacodyl; bisacodyl dicycloproyl carboxylate
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Fig.1

Structural formulas of the 3 kinds of target analytes
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GC-MS QP2020NX “AHE - B A . SH-5MS
{632 F:(30 m=0.25 mm, 0.25 pm), SH-35MS {4 3%4:(30 mx
0.25 mm, 0.25 um), LC-MS/MS-8060NX I {4 1% /5 1 1k
FA{X. Shim-pack GIST Cis f43%4(100 mmx=2.1 mm, 2 pm)
(H A A H]); Milli-Q Reference ## 4l /K & 4 #% (3£ H
Millipore Z2v]); KQ-500E ## 75 i v ViR (B LT i 75 A 5%
AR T]); Sigma 3K15 RIS B2 VR B OHL(FE ) Sigma
4y Hl); VORTEX GENIE 2 ] ¥ 3 18 We 1R &) #% (3£
Scientific Industries 2 ).

1.2 LWHEE
1.2.1  ARAERRBLH

BRI T AR PRI AR e S R, 533
CIEERT 1 mL 28, 13 3 A A9 sk ik
10.0 mg/mL (B —ArUERE 2, 253}, 20 °CIRFF

TRAHRE TAER: AU 10.0 mg/mL
1 EE VD AT BE K SR S — AR MED) A, FH I T
AT FE R 100 pg/mL MR A PR IEY) T TAERR, % E,
20 °CHAF, = EIR 100 pg/mL BIR-GFRUED R TAER
WG, FCRERRIBEERE R 1.0 pg/mL MIRARIE
VIR TAR R, TR 1.0 pg/mL IR SFREVIR TR R
FH 2557 Ky B B Mk 2 200 ng/mL YR S FRUEY) B TAE
W HEE 200 ng/mL BIRGPRUED T TAE S WOE R,
IR, Foh e B 4350 0.1, 0.2, 0.5, 1.0, 2.0,
5.0, 10.0. 20.0 ng/mL [ RINEARHER L LC-MS/MS
#=H.
122 Hain

FREC1.0 g BIALRE S T Has B 048, A 2 10 mL,
FEHIEHFT 10 min, 4000 r/min Z5.0 5 min BFER A, BA
VW1 mL, RIS 1R AR A W, HE GC-MS 43 HT; HCA
VW 0.1 mL, JHZIERFEZE 100 mL I ety ), BOE i
WL S AR AR SR, fE LC-MS/MS 4347 5
123 BBEH

(1) GC-MS 4 #fr

WIHRIRE A 150 °C, f£4F 1 min, L 20 °C/min FHEE
300 °C, #4321 min, BEFE TR EE 250 °C, #HA AR AL,
W 1.2 mL/min, 23R 10:1, ¥EHRIGER 2 min, ALK
1L,

H, F-%5% 7 % T (electron impact ion source, EI), Hi &
AER 70 eV, B FURIRJE 230 °C, {BMIZRIEIE 250 °C, HHE
JE Y 40~500 amu, FA TR A

(2) LC-MS/MS 43 #7

sl A A 5 mmol/L ZFREKEW, Wshtl B
I, WA 0.3 mL/min; FEIRN 40 °C; HERER N 1 ul. B
BEBEFEF: 0~1.5 min, 35% B; 1.5~5.0 min, 35%~90% B;
5.0~8.0 min, 90% B; 8.0~8.1 min, 90%~35% B; 8.1~10.0 min,
35% B.

FH, 5% 2% L, B4 V)5 (electrospray ionization source, ESI): 1F
BFAER (), W2 £ &N W (multiple reaction
monitoring, MRM); &k <: 3 L/min; T4 10 L/min;
I 10 L/ming 42 FRE: 250 °C.

1.3 BERMETENEE

TEIBCAS A i A PR AR BT 4% 1.2.2 D BRAL B, 7 123
ZAF N AT LC-MS/MS J3r, i D IO A £ it R oA 2
3RE R . DIRAGH 3 Rl H AR B9 PR AV S BTk
N A HEREE L, HIFE LSRR 0.2, 1.0, 10.0 ng/mL
S5 3 AT W B BUIMARFE o SR AR 0 33 (B PPN T
BONE, RRFREAR (DI

FE SRS/ %=A s/ A 0% 100% (1)

A A BRI LE L 5T A B0 A Ao B AR
YAE NG I A . R B0 YE FETE 80%~120%2 [H]
IF, PEAN A 58 R BT AL, WM I B 250 T 220 5 R B A
BEEFEITE 80%~120%Z AT, 3B A7 76 Bk 5T &40 H AN AT
23031

1.4 EHEALE

AT TR Origin 2021 3X{4F1 ChemDraw 2023 %1 {4
VEE AL BRE e, LT % 55N 3 UOPATINE, Jr
BRI 6 YORATINE .

2 HREHR

2.1 GC-MS 53

AWFFE S T SH-5MS BN (i (5% A 5E-95% %
TR M SH-35MS BN OIS (35% K FE-65%F
TR SERE UGG SE R . b ] 22 A 2b RN, 4 f R AR 1
i) SH-5MS B4 (O3 F 58T, 7€ 100 pg/mL BTtk e
T, LU AT REFNIR DN R 2 2T L v R RE B A e
SN AR Nl o T DA R S S
SH-35MS kR, AR 288 ELvb ol i A KA fy, T
HLEE Vb AT i FNER PN BE =k 2L Ik H Vb o] i g g 1o B4 (R,
BEPE SH-35MS k1T GC-MS 47 .

SER RPN, A0 ISk 2 R, B B RIS,
GC-MS B P FiR BT 3 A ARHE(E 2a), AEAT
TEH R R g e O E TR AR 1 AL X SR
W ELAT VD AT BEAZ O 2530 BT RHAIE 25 F-(nvz S 199, 276,
277), HEMEAT R LY O RERTAE Y . e HARIRIE(E 2¢), &
I 1 P FLYD AT E R A, R 2 R 3 RN
2 LWL VP TP (B 2d) X AT AR H T GC HERELT |
CIEHE . LR RS T AR TR, (L YD T BERIER Y
I 2 Tk L Vb AT BE S R AR S, AR OB R B, i R
RESRAIE H T FME0A R0, 78 TR 4500 T 17 4 fik S o B B
o HeAh, YT GC-MS BT L VD AT BE BRI,
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Fig.2 Total ion chromatograms

F1 3WHERYS 3 FRIHREREUR MS ST

Table 1 Retention time and MS characteristic ions of the 3

kinds of target analytes and 3 kinds of unknown compounds
Lt PR it 7o)

/min

o 2L LD Rl i 14.025 277,276,199
RENY) 1 14.189 319,277,276, 199, 183
H Vb Al g 14.266 361, 319, 277, 276, 199
KA 2 16.944 345,277,276, 199, 69
KEY) 3 17.031 387, 345,277, 276, 199

FATRLLE 22.032 413, 345,277,276, 199
Hovb mr g T ET e

GC-MS &8 IR B i B0 T 5 20k Eb Vb ] BE 1 o i,
R 2 T LU VD BT e i 2 HL VD AT RE A SRS T ) 2 — o 4R
RHERE TR, B2 3R T, K S R A1 06 1y 0 17 L e
WS AR, (TS JC b G, LA 106 g e v R /N B A 1
BELE, RUIABF S S AT GC-MS FEANE T He vl g |
R 2Tk HL V0 AT WE AR Y R G2 20Tk b V0 R W A TR A S 1 A
ERIMT LR E, RS GC-MS oIk T e vb ar e & H2
I VRS R R A BT, AR AT AR S EL VD AT BEAZ O 253K
HAREWE(vz S 199, 276, 277), ¥R T L Vb il nE 44
FAD R PRI

2.2 LC-MS/MS 5%

221 &#EEHami

SR FATG B AR AR R AR S B RS, ARFST ISR T 2
A VLRSI, IR T4k, 0.1%H 2. 5 mmol/L
ZREEFN 0.1% P 2-10 mmol/L 2 FREAE Jy K AR 4> B ik
Ho GEREBL, LY RBERE 4 FhR SR A AR T, T
Z L HL VD n] nE IR Bt 2 ZBE LY AT ELE 5 mmol/L 2R
AR P Lo DU B S AR A, EATIAE 4 RhishiAE
FP AR R KR K: 5 mmol/L ZERE#>0.1% FF iZ-10 mmol/L
IRE>0.1% R >k XFTRERHTIMARR ., JMRESFH
YERIE, WA pH &4 T s, (4280 5 0 i1 o
TR LEERN, Hit, REEFERT S mmol/L Z R
PRAER7KAR . 3 Fh BFRPIAT MRM A8 0 ] L 3.
222 LKA

KRR B S 200 ng/mL AIFRIESL AR, 75 miz R
200~500 35 [l PN [E] S DA IE 85 7 F 6 88 AUtk TRk s
i, TR 36 R BT E 9 HESY T 8 T [M+H] " B [M-H]
Ve, SRR BN F B RN B Tl T P F RS
Br, REREFEFEREESERTFE T Bk
e RS, WG G R RIERE R B Xk
B, PoAb)s i RS 2 2% 2.
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Fig.3 MRM mode chromatograms for the 3 kinds of target analytes

®2 3 MBI MS S8
Table 2 MS parameters for the 3 kinds of target analytes

Hay ERE MHERE EVEE pEw e

A{:A
wew (mz) Fz) IeV Fmz) eV
Hevb ] e 362 184 27 226 19
JIiE 2, 1% He Vb AT e 278 184 19 167 37
TR RREZE 414 184 32 252 21
e vb ] g
a OH b
() .
7\ 'C6H60 7 \__+
—N —
i
OH
OH
miz 278 m/z 184 miz 362
c O
% o
7\ -CHO  /\

RAPS
(¢}
miz 414

(0]
m/z 346

J

0 OH
C,H,0 -C6H60 VN
= =N
e )
4 go
-CHOQ %—QH@ %

Wi 2.k YD AT IE | EL VDT BE RN IR P H 2K 2k L vb AT
WE (1) B SRR AR W 4. thIEL 4 AT mvz 184 S Hib T
WERY I RAE . SETABIZE TG 3 Fh BRI TE
BAMF TARGE, #0031 By 3 FhiEAE R =Y it 4
IEBF(n2) 319, 345, 387], SLfE ESLIEEFHUT, LU
VORI IE R R AR B 1 184 TS Fb T A, 450 RAG
WE) 3 FRREME=Y). X ATRESE TS5 GC-MS &ififEmiEAH L,

-CHO /\

o

m/z 184

OH

m/z 320 m/z 226

OH

m/z 252 m/z 184

Bl 4 BROMELLIPATIE(R), LI AT IE(D)FIER Y H Bt 25 S 1 LD AT IE (o) MS 2R 1R
Fig.4 MS fragmentation patterns of desacetyl bisacodyl (a), bisacodyl (b) and bisacodyl dicycloproyl carboxylate (c)
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LC-MS/MS 1% MS kb F&iiEz, Hivgent ki, i
A BE IR B 3 2 2T Lo 1 AT I £ A5 1 43 BT BsS T P R AN
KR A AR, T LC-MS/MS 2454 LC 2515 MS &
TN, DRI T ER LD AT S A T4 B 2 B L U T A AR
P R E) 10, 5 B Vb AT W 4 4 B8 B PRV AR TR, (RLAF A el AR v R
B ER 5, i — 2 3 B VD AT e 2R Y T R AR B ST Y
LC-MS/MS #M4F NN
2.3 LC-MS/MS 75 &% 3N
231 AR

PREEE B AT AT ERE, BERS
R R 7. A, B, ok E Y. REE
HYESE, A, ERE SRR IS A . Al iR
Y55 (AN A SR IO . ) o M T OR A A () R BT
RE R, LHRX TN AT T EE . MBS AIAL,
LC-MS/MS 5L TR AE AL T 80%~120%2 111, 3 Ff H A4
B A0 Xt b5 ME MR 22 (relative standard deviation, RSD) K
0.78%~2.36%, X W] fE & th T 42 BURE & 2843 1000 575 B¢
JE AL T RN, R LC-MS/MS % FH B3 MRk
FE
232 AWEE. HEREEER

I VE B F Mk B A 0.1~20.0 ng/mL 4 29 IR-& 5 v TAE

TR 50t 3% 3 AT, 7E 0.1~20.0 ng/mL B,
3P ARG R BT, AHCRE()H 0.9981~0.9988, Fi
R AN & BR 2 %A 0.003~0.006 ng/mL (SN=3) .
0.010~0.020 ng/mL (SN=10), % LC-MS/MS ik H A
B R,

1o HebBE
X 5 2 Bk v v e

ool PR K Z R b
X 80r
g
B
= 60
iy
B

40

20 +

0

0
TR BT BV B/ (ng/mL)

P53l H AR BTN (n=3)
Fig.5 Matrix effects of the 3 kinds of target analytes (n=3)

*3 3MBEMYNEMEEXRE. BER. TER. EUWEF RSDs (n=6)
Table 3 Correlation coefficients, limits of detection, limits of quantitation, recoveries and RSDs of the
3 kinds of target analytes (n=6)

ey MERE  HHBR TR 0.2 ng/mL 1.0 ng/mL 10.0 ng/mL
0] /(ng/mL) /(ng/mL) EIC%/%  RSDs/%  BICH/% RSDs/% [EIXR/% RSDs/%
Vb Al BE 0.9981 0.003 0.010 86.82 8.09 104.80 0.48 113.40 0.75
JIE 2Tk e v R 0.9986 0.006 0.020 87.07 3.03 83.55 0.96 83.35 0.61
NP EEE SR ATIE  0.9988 0.006 0.020 85.03 8.22 105.80 1.26 116.90 0.69
233 HEHEBRMEE Wk 4,

BEMOR B T CGREG B AR, A —E B i th i
AIBEZEI R, HIVE AL EWEE S 0.2, 1.0, 10.0 ng/mL
PIBRAEE S o 7E 1.2.3 2608, 3 NIARFEEATINE 6 1K,
TR R Sk B . S5 R 3), 3 MM
bR [ S F kS B OB 4> B A 83.35%~116.90% FI
0.48%~8.22%, FHA PLvER . NI 45, BEWE R In 2R AR fd i
h R EC VD RTRE 2Tk L U ET E FNER P I 2 2k e Vb AT
WE S 3 R A BT 23K
24 LhRtEmaIH

KA 1.2.3 B9 GC-MS 44, X E R ML= Iy
UL E 10 GRS IE 2 OR A B SRR S EA TR, R BRI
O3 RREAR I EA vz g 199, 276, 277 BUERARNE,
FERTRE S A LL b Al e i 258 . R LC-MS/MS %I 10
DyFE SR RIE 0T, BRIA 3 0] Bere i P38 & B 2 e e v
A BERTEL VD AT IE, S AT 0.12%~1.92% 27 8], HAARH

F 4 LFREERENLER(%)
Table 4 Test results in actual samples (%)

e e RCMID SRARREZRE
L He b I

1 ND ND ND

2 ND ND ND

3 1.89 0.12 ND

4 ND ND ND

5 1.85 0.13 ND

6 ND ND ND

7 ND ND ND

8 ND ND ND

9 1.92 0.12 ND
10 ND ND ND

TE: ND ARG
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AR EEST. GC-MS Fl LC-MS/MS Il 5 FL Vb Al BE | i

Z LV BT E NN H B2 2 Bt L VD T EAY 5 . GC-MS
FRAEfRT o, (E LD AT i FNER P R I 25 2 1k L Vb o] i e AT
5% GC-MS M 5 kA Bfft, 1GE 914 € M i
LC-MS/MS HR Wb, R, RERSHERIE s b
YORIIE W T Vb AT e R ER P R R 2 IR E YD T e Y B
i, AT . X SR A SE PR SR A TR
M, HIE T GC-MS FI LC-MS/MS B3 e, 7] Il S22k
H L U AT E 2 R AR 1 T AR S
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