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Determination of 23 Laxative Ingredients Including Oxyphenisatine
in Food and Health-care Food by UPLC-MS/MS

ZHANG Qiu-yan, LUO Hui-tai", LIAO Jun-tao, HUANG Fang, LIANG Wei-wei, WU Hui-qin
(Guangdong Provincial Engineering Research Center for Quality and Safety of Traditional Chinese Medicine ,
Guangdong Provincial Key Laboratory of Chemical Measurement and Emergency Test Technology , Institute of
Analysis, Guangdong Academy of Sciences (China National Analytical Center, Guangzhou),
Guangzhou 510070, China)

Abstract: A novel method for the simultaneous and rapid determination of 23 laxative ingredients in-
cluding oxyphenisatine in various food and health-care food matrices using ultra high performance lig-
uid chromatography—tandem mass spectrometry (UPLC—MS/MS) has been developed. The different
matrix samples were extracted with 80% methanol ( containing 0. 1% formic acid), and the filtrate was
analyzed using an Agilent Poroshell 120 PFP chromatographic column(2. 1 mmx100 mm, 2.7 wm).
The mobile phases were 0. 2% formic acid aqueous solution and acetonitrile under gradient elution.
The mass spectrometry conditions employed an electrospray ionization source and positive ion scan-
ning with multiple reaction monitoring mode (MRM) for 23 laxative ingredients including oxyphenisat-
ine. Representative matrices such as drink, tablet candy, hard capsule contents, fruit and vegeta-
ble powder, substitutional tea, enzymatic plum and jelly samples ware selected. The correlation co-
efficients () for linear calibration curves of 23 laxative ingredients ranged from 0. 997 1 to 0. 999 9 in
their respective concentration range. The limits of detection (LODs) of 23 laxative ingredients were in
the range of 0. 001-0. 5 mg/kg, and the limits of quantitation (LOQs) were in the range of 0. 002—
1.0 mg/kg. The recoveries at low, medium and high concentration levels ranged from 77.5% to
114%, with relative standard deviations (n=6) ranged from 0. 81% to 12%. The established method is
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simple, effective, rapid, high sensitive and accurate, making it suitable for the determination of
23 laxative ingredients in food and health-care food.
Key words: UPLC-MS/MS; food; health-care food; oxyphenisatine; phenolphthalein; laxative

ingredients
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Fig. 1  Chemical structures of 23 laxative ingredients including oxyphenisatine
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FrAOH . o BB LB VDol ng | 4-GFONEEIT . MEETT . O EHT . AORC B BT
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1 BT 23 FhEIETE ) CAS S . 273 PREEINTR) B BTl REZH
Table 1  CAS registration number(CAS RN) , molecular formulas, retention times and MS parameters of 23 laxative

ingredients including oxyphenisatine

Reten-

No. Analyte CAS RN Molecular ton e/ Parent ion  Production  Fragmentor Collision

formula min (mlz) (mlz) A% energy/V
1 Desdiacetyl bisacodyl Bt LB FLIPFIBE)  603-41-8 CeHNO, 2.63  278.1 184.0°, 167.0 95 12, 40
2 Prucalopride (3 2] ) 179474-81-8  C,H,CIN,O, 3.34  368.2 196.1", 133.1 100 36, 60
3 Ttopride (FHELF)) 122898-67-3  C,H,N,0,  3.36  359.2  166.2, 72.2" 115 16, 24
4 Domperidone ( £ 7. ) 57808-66-9  C,H,CINO, 4.16  426.2 175.17, 147.1 160 28, 52
5 Mosapride (B A7 ) 112885-41-3 C,H,CIFN,0, 4.36  422.2 198.17, 170.1 80 24, 48
6 Cisapride (P4 7P LF]) 81098-60-4 C,,H,,CIFN,O, 5.09 466.2  234.2, 184.1 115 24, 36
7 Bisacodyl ( LV AT BE ) 603-50-9 C,,H,,NO, 5.6l 362.1 184.0%, 167.0 110 28, 60
8 Oxyphenisatine (B7]) 125-13-3 C,H,,NO, 5,99 318.1 224.17, 196.0 80 12, 40
9 Bisoxatin (VS T) 17692-24-9  C,H ,NO,  6.44  334.1 240.0°, 212.0 65 8, 36
10 4-Chloro-oxyphenisatine(4-ZM{T)  861070-76-0 C,H,,CINO,  7.05  352.1 258.2", 223.2 75 12, 36
11 Phenolphthalein (k) 77-09-8 C,,H,,0, 7.10  319.1 225.07, 141.1 100 20, 48
12 3, 3'-Dimethoxyphenolphthalide 467-25-4 C,H,0, 7.18  379.1 255.17, 181.1 125 24, 40

(3, 3'-ZHUELLE)
13 o-Cresolphthalein(3, 3'-"HIALMAL)  596-27-0 C,H,0, 8.25  347.1 239.0", 165.0 110 24, 56
14 Oxyphenisatin di(acetate) (X EEETT) 115-33-3 C, H NO, 8.91 402.1 224.17, 196. 1 140 24, 56
15  Bisoxatin acetate UV T BEMRNR)  14008-48-1  C,H ,NO,  9.37  418.1 240.17, 212.1 140 24, 52
16 4-Chloro-oxyphenisatin diacetate 2910823-02-6  C,,H,,CINO, 9.85 436.1 257.97, 223.0 135 16, 52
(4-FBEBRTT)
17 Oxyphenisatin dipropionate (XX PNEH{T) 2943075-86-1  C,H, NO, 10. 41 430.2  224.07, 196.0 145 24, 60
18  Bicyclopropofol dibutyl CBURATT)  2943075-87-2  C,H,NO,  10.66  454.2 292.2, 224.2° 150 12, 20
19 Thymolphthalein (77 FLAF k) 125-20-2 C,H,,0, 10.96  431.2  281.0, 239.0 140 28, 36
20 Phenisatin( =i§77) 18869-73-3  C,H,NO,  11.03  444.2 224.2", 196.2 120 32, 60
21 Oxyphenisatin dihexylester (B C 7T) - C,H,NO,  13.74  514.3 224.2°, 196.2 175 24, 60
22 Bicyclohexanoyl phenol butyl - C,,H,,NO, 13.78 538.3  224.17, 196.1 190 24, 60
U P BEBTT)

23 Oxyphenisatin dioctanoate (BT ) - C,H,NO,  15.41  570.3 224.0°, 196.0 195 24, 60

*quantitative ion
2 HRS®
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FRAAL 1E B RE T VC AR V2 W DC I 55 T BOR DA L R B o (H R AL B gk 20 BR T REFRAR AL S i i)
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PRI B G 3R, IS TR T . A PRIEE B A R T, H IR R SR E M, i
PRI DT B AR IR 2 LA R AR I 28 7 K1) 520
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0.999 9. 43 A LIFEME LY (S/N) =3 F1S/N=10 B (R B 1R Rk H PR (LOD) FllE & F R (LOQ) o £ R EIR,
ZRIF I LOD 450. 001~0. 5 mg/kg, LOQ 470.002~1. 0 mg/kg( WLFE2),
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T3 ) 2 [ SR A AR U (R 2% (RSD) o HI 30T, Hokh . BB . SN SY . RE .
R R L T 2SR VR 2L B IR [T WSC 2R 43 3l Ry 77. 5%~98. 5% . 86. 0%~110%. 80. 9%~104% .
84.5%~103%. 80.9%~113%. 88.6%~114% LLFz 87. 9%~106%, MUK IYLE 75%~115% 2 18] ; RSD (n=6)
43 9 R 1. 2%~12%. 0. 85%~12%. 0.81%~10%. 1.2%~8.6%. 1.2%~9.3%. 0.83%~7.4% LL &% 1. 0%~
7.4%, RSDIEJ/NT 15%. S5HRFW, AT7 i dEmh ARG S R IF, &M T Lk 7 P2 f & o S p (g
B 23 PRSP s R

#£2 BT 23RBS HER A MRS . AR, R AE B R

Table 2 Linear ranges, correlation coefficients, LODs and LOQs of 23 laxative ingredients including oxyphenisatine

No. Analyte Linear range/(ug:L™") r LOD/(mg-kg™") LOQ/(mg-kg™)
1 Desdiacetyl bisacodyl 0.2~4 0.997 1~0.999 5 0. 004 0.01
2 Prucalopride 0.2~10 0. 998 0~0.999 6 0. 005 0.01
3 Itopride 0.2~10 0. 999 0~0. 999 8 0. 005 0.01
4 Domperidone 0. 8~40 0.998 5~0.999 8 0.02 0.04
5 Mosapride 0.4~20 0. 998 7~0. 999 5 0.01 0.02
6 Cisapride 0.2~10 0.998 8~0.999 7 0. 005 0.01
7 Bisacodyl 0. 08~4 0. 998 7~0.999 5 0. 002 0. 004
8 Oxyphenisatine 8~400 0.999 3~0.999 8 0.2 0.4
9 Bisoxatin 8~400 0. 999 0~0. 999 9 0.2 0.4
10 4-Chloro-oxyphenisatine 20~1 000 0.998 8~0.999 8 0.5 1.0
11 Phenolphthalein 2~100 0. 998 3~0. 999 6 0. 05 0.1
12 3, 3’-Dimethoxyphenolphthalide 2~100 0.998 4~0.999 6 0.05 0.1
13 o-Cresolphthalein 0. 8~40 0. 998 5~0.999 6 0.02 0.04
14 Oxyphenisatin di(acetate ) 2~100 0.998 7~0.999 8 0.05 0.1
15 Bisoxatin acetate 0. 8~40 0.998 1~0.999 5 0.02 0. 04
16 4-Chloro-oxyphenisatin diacetate 2~100 0. 998 2~0. 999 2 0. 05 0.1
17 Oxyphenisatin dipropionate 0. 8~40 0.998 7~0. 999 4 0.02 0.04
18 Bicyclopropofol dibutyl 2~100 0.998 6~0.999 5 0.05 0.1
19 Thymolphthalein 0. 8~40 0. 998 9~0. 999 6 0.02 0.04

20 Phenisatin 2~100 0. 998 7~0.999 7 0. 05 0.1

21 Oxyphenisatin dihexylester 0. 04~2 0.998 2~0.999 5 0.001 0. 002
22 Bicyclohexanoyl phenol butyl 0. 8~40 0.998 2~0.999 8 0.02 0.04
23 Oxyphenisatin dioctanoate 0. 8~40 0. 998 5~0. 999 3 0.02 0.04

3 T AR 23 PSS R AEAN R b S [l AR R B HE i 22 (n=6)

Table 3 Average recoveries and RSDs of 23 laxative ingredients including oxyphenisatine in different matrixes (n=6)

Hard capsule Fruit and vege- Substitutional

Drink Tablet candy Enzymatic plum Jelly
Spiked contents table powder tea
No. Analyte /(mg-kg™) Average RSD Average RSD Average RSD Average RSD Average RSD Average RSD Average RSD
recove recove recove: recove: recove: recove: recove!
e ORI e ORI e ORI e ORI e TR me O
1 Desdiacetyl 0.02 9.9 9.1 99.9 6.0 90.0 5.6 91.9 5.7 103 9.3 94.6 41 96.4 6.1
bisacodyl 0. 04 94.3 2.2 103 4.9 90.2 5.4 957 4.5 105 6.1 99.5 4.3 101 4.2
0.1 93.4 2.4 98.8 2.5 954 3.7 99.8 6.0 103 2.3 102 4.6 102 4.8
2 Prucalopride 0. 025 90.8 2.8 96.1 4.4 98.9 4.9 855 8.6 106 4.2 95.5 2.5 101 3.2
0. 05 90.1 5.4 94.9 3.7 888 59 9.6 1.2 100 4.4 93.8 4.9 98.0 4.9
0.25 94.7 2.0 93.9 1.9 9.5 0.81 97.5 3.4 106 1.4 97.0 1.2 96.8 2.4
3 Itopride 0. 025 91.8 1.9 92.6 4.0 883 6.8 87.0 3.3 106 1.3 98.8 2.4 100 2.4
0. 05 87.8 4.0 91.4 2.2 837 46 926 2.6 107 4.2 97.7 4.6 95.2 2.3
0.25 93.0 1.5 92.9 1.1 87.7 1.6 97.7 4.6 107 1.2 102 1.2 93.6 2.0
4 Domperidone 0.1 78.6 6.9 95.5 2.4 90.9 57 847 57 102 3.6 103 3.8 97.5 4.8
0.2 71.5 5.7 96.3 4.7 830 4.8 8.6 5.2 104 4.9 97.6 3.4 87.9 3.4
1 8.9 2.4 927 1.9 91.0 2.7 97.6 4.6 107 1.6 103 2.1 94.2 2.5
5 Mosapride 0. 05 90.2 3.6 95.3 4.9 945 4.2 90.5 6.0 97.5 2.9 96.8 3.7 949 3.9
0.1 7.1 9.3 92.5 2.3 89.3 47 90.8 40 980 3.1 925 4.0 92.8 3.5
0.5 92.3 2.5 96.7 0.8 104 4.3 93.9 3.1 105 2.0 97.2 3.2 951 1.0
6  Cisapride 0. 025 88.9 7.5 97.4 2.0 9.6 3.8 939 2.8 988 50 931 51 99.5 3.9
0.05 8.5 2.1 951 2.6 87.8 3.2 90.7 29 102 2.6 94.9 3.0 949 23
0.25 94.5 1.6 97.7 1.5 99.8 1.9 96.2 4.6 107 4.2 98.7 1.9 959 2.0
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(53)
Drink Tablet candy Hard capsule Fruit and vege- Substitutional Enzymatic plum Jelly

Spiked contents table powder tea

No. Analyte /(mg-ke™) Average RSD Average RSD Average RSD Average RSD Average RSD Average RSD Average RSD
recove recove. recove recove recove recove recove

e Y e TR g TUEY e R g TORE my TR
7 Bisacodyl 0.01 90.7 2.2 944 51 84.4 57 9.6 2.4 104 63 91.3 52 983 23
0.02 88.1 4.1 93.0 2.7 845 57 937 4.7 102 2.4 92.4 2.5 931 3.2
0.1 94.5 2.5 948 1.2 949 2.4 986 3.9 105 4.7 97.8 0.83 959 2.0
8 Oxyphenisat- 1 89.6 7.6 93.0 11 91.0 5.2 96.7 6.7 99.3 3.4 99.8 51 96.0 3.5
ine 2 88.4 4.9 91.8 4.8 87.8 3.1 944 3.2 964 54 96.4 45 97.3 4.5
10 92.9 2.1 92.8 3.5 945 1.9 963 42 99.6 6.4 10l 3.0 99.8 2.1
9  Bisoxatin 1 86.8 4.1 99.7 3.5 937 3.0 92.5 3.9 89.3 4.3 101 2.3 102 4.8
2 8.0 3.4 98.1 4.2 89.9 3.6 927 2.6 932 1.9 99.5 2.9 96.6 4.3
10 92.9 1.2 985 2.2 96.7 1.7 100 3.0 98.7 2.9 106 2.6 99.8 1.6
10 4-Chloro-oxy- 2.5 94.0 3.5 98.8 3.3 99.7 53 982 31 958 24 920 58 97.5 1.6
phenisatine 5 90.4 2.8 95.9 2.0 95.0 4.1 930 2.8 968 52 934 1.8 99.1 4.4
25 95.6 2.3 97.0 1.1 103 2.1 953 2.8 939 3.3 97.0 3.0 101 2.1
11 Phenolphtha- 0.25 89.6 4.4 950 2.7 89.4 54 945 2.8 936 2.1 99.3 2.0 105 2.2
lein 0.5 88.5 4.1 947 2.8 840 3.0 922 2.4 955 2.8 941 3.2 986 3.5
2.5 94.1 2.6 954 1.0 97.6 1.9 99.0 2.6 96.4 2.1 101 1.4 101 1.3
12 3, 3'-Dime- 0.25 88.6 4.1 981 3.3 884 6.3 993 41 97.8 4.9 100 58 987 4.9
thoxyphenol- 0.5 8.5 50 951 2.2 837 52 91.4 50 99.0 2.8 93.1 42 949 56
phthalide 2.5 97.1 2.9 98.8 1.0 91.6 3.2 957 3.4 106 3.7 99.2 2.3 99.7 2.5
13 o-Cresolphtha- 0.1 88.5 6.0 99.6 4.0 884 6.3 97.9 4.1 80.9 6.7 93.6 4.7 101 2.2
lein 0.2 87.1 3.9 8.0 9.7 837 52 943 2.7 864 52 954 3.1 967 4.6
1 97.0 3.3 90.2 3.2 91.6 3.2 10l 4.4 939 29 102 2.3 98.5 1.9
14 Oxyphenisatin 0.25 85.7 5.5 101 45 91.1 3.2 8.5 1.3 107 2.1 96.0 3.1 97.9 2.3
di(acetate ) 0.5 88.2 4.2 950 3.5 8.8 2.3 9.2 3.3 102 2.9 9.0 1.4 92.5 5.0
2.5 95.7 1.9 95.3 1.7 884 1.9 97.6 3.5 105 4.4 98.3 1.4 91.9 1.5
15 Bisoxatin ace- 0.1 92.7 5.5 98.6 2.2 87.2 55 845 4.1 100 6.5 93.6 5.0 101 3.0
tate 0.2 83.9 3.4 956 52 809 7.4 8.7 48 99.8 3.4 930 3.9 934 41
1 96.1 4.4 959 1.9 84.0 2.0 940 3.6 104 48 980 1.1 90.1 1.8
16 4-Chloro-oxy- 0.25 96.4 7.1 101 4.1 8.6 82 9.1 3.5 102 2.2 957 1.8 104 2.6
phenisatin di- 0.5 8.8 7.4 92.3 3.7 852 41 91.3 3.4 97.3 4.2 92.6 40 91.8 3.3
acelate 2.5 90.3 2.2 98.3 2.3 89.2 3.7 96.2 29 104 3.8 9.1 3.9 91.4 1.7
17 Oxyphenisatin 0.1 97.9 1.9 102 5.2 97.4 4.6 889 32 987 55 99.9 5.3 104 4.4
dipropionate 0.2 89.5 6.9 101 3.2 87.6 5.6 90.4 3.7 100 4.3 941 53 989 4.8
1 9.4 1.9 101 229 91.4 3.6 97.4 50 113 3.6 96.9 2.6 97.6 3.7
18 Bicyclopropo- 0.25 92.5 5.5 105 2.2 950 4.1 938 29 103 5.8 948 51 99.4 6.4
fol dibutyl 0.5 86.9 4.6 98.4 2.8 868 4.3 9.1 3.9 101 3.1 92.6 2.9 93.4 4.2
2.5 95.1 2.5 102 1.8 91.5 2.1 98.4 2.8 109 2.5 97.0 1.4 94.2 2.6
19 Thymolphtha- 0.1 98.5 3.9 103 4.8 91.7 4.8 9.9 1.7 107 3.9 89.6 4.2 995 2.4
lein 0.2 88.9 4.0 953 1.8 849 46 99.4 3.7 106 4.8 836 4.3 988 4.1
1 97.1 1.4 98.6 1.4 93.3 2.1 101 3.8 111 1.9 95.9 2.3 101 1.2
20  Phenisatin 0.25 87.7 5.1 100 4.1 88.7 4.3 9.1 49 99.3 9.1 92.2 2.1 106 3.6
0.5 84.4 6.2 944 1.3 82.7 56 8.4 3.0 945 2.8 90.6 3.8 940 3.4
2.5 90.5 1.7 96.7 1.6 857 4.2 8.0 6.7 103 1.3 950 2.4 90.5 1.9
21 Oxyphenisatin 0. 005 87.3 12 110 6.2 92.7 10 940 4.3 97.5 7.1 97.6 7.4 100 6.1
dihexylester 0.01 84.1 6.7 104 6.1 90.4 2.3 91.5 82 985 3.7 105 3.5 96.6 4.8
0.05 91.8 2.6 106 2.6 941 51 983 3.9 109 1.8 114 3.5 98.3 2.2
22 Bicyclohex- 0.1 95.5 9.3 108 6.6 96.4 7.2 98.0 4.5 103 5.4 986 53 99.1 7.2
anoyl phenol 0.2 89.9 4.5 101 5.7 91.1 4.8 091.7 6.3 111 2.6 959 1.0 9.2 7.4
butyl 1 95.4 3.0 105 4.6 94.8 2.2 103 3.6 102 1.5 98.1 3.2 96.5 2.1
23 Oxyphenisatin 0.1 93.4 6.8 98.1 4.5 922 6.7 92.2 4.3 102 2.3 97.2 6.3 99.4 5.2
dioctanoate 0.2 91.7 2.8 92.6 4.6 8.6 3.7 9.5 4.1 100 3.6 91.9 4.7 96.7 4.0
1 96.6 3.2 110 12 941 4.1 101 3.7 108 1.3 96.3 3.0 96.5 2.1
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Table 4 Measurement results of typical positive samples

No. Sample name Detected component Content/(mg-kg™")
1 Collagen enzyme jelly Oxyphenisatin di(acetate), 4-chloro-oxyphenisatin 0.083, 0.052
2 Fruit and vegetable slices Oxyphenisatin dipropionate 0.18
3 Enzyme powder Oxyphenisatin dipropionate 6.9
4 Probiotic fruit and vegetable powder Oxyphenisatin dipropionate 87.6
5 Enzyme powder Oxyphenisatin dipropionate 6.5
6 Probiotic yeast gummies Oxyphenisatin dipropionate 5.6
7 Green lemon powder Oxyphenisatin dipropionate 151
8 Apple enzyme jelly Oxyphenisatin dipropionate 0.70
9 Probiotic collagen peptide jelly Desdiacetyl bisacodyl 33.0
10 Stachyose Desdiacetyl bisacodyl 31.8
11 Pink pills Bisacodyl 3.77x10*
12 Tablet candy Desdiacetyl bisacodyl 55.0
13 Qingsu enzyme fruit and vegetable jelly Oxyphenisatin dipropionate 270
14 Enzyme jelly Oxyphenisatin dipropionate 470
15 Enzyme jelly Oxyphenisatin dipropionate 440
16 Goddess SO jelly Oxyphenisatin dipropionate 310
17 Enzyme green plum (preserved fruit) Oxyphenisatin dipropionate 620
18 Prebiotic carman orange collagen jelly Oxyphenisatin dipropionate 670
19 Prebiotic enzyme jelly Oxyphenisatin dipropionate 650
20 Probiotic enzyme tablet candy Oxyphenisatin dipropionate 1. 50x10*
21 Fruit and vegetable pressed candy Oxyphenisatin dipropionate 4.10x10°
22 Probiotics Ximei drink Oxyphenisatin dipropionate 160
23 Composite fruit and vegetable solid beverage Oxyphenisatin dipropionate 670
24 Sodium hyaluronate fruit flavored fruit and vegetable drink Oxyphenisatin dipropionate 76.0
25 Enzyme jelly Oxyphenisatin dipropionate 700
26 Prebiotic jelly Oxyphenisatin dipropionate 440
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