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Abstract: An ultra-performance liquid chromatography quadrupole time-of-flight mass spectrometry
(UHPLC-Q-TOF/MS) method was established to identify the metabolites in rat plasma after oral administration
of Zhikebao tablets. The high-resolution mass spectrometer was operated in positive and negative ion mode,
respectively. First, full-scan was applied, which was dependent on a multiple mass defect filter (MMDF)
combined with dynamic background subtraction (DBS). These were utilized to trigger the information
dependent acquisition (IDA) function in the experiment. For the IDA criteria, the eight most intense candidate
ions of per cycle were selected to do a product ion scan.  Then Metabolite Pilot 2.0 software was utilized to load
data to seek possible metabolites. The analytical models employed by Metabolite pilot 2.0 were established for
representative compounds of the Papaveris Pericarpium and licorice in Zhikebao tablet. Finally, metabolites
were identified according to accurate mass measurement and retention time. 38 components from the rat
plasma after oral administration of the drug have been found, including 5 prototype opium akaloids, liquiritin,
glycyrrhizic acid and 31 relative metabolites. The metabolic transformation of Zhikebao tablet in rats was
mainly induced by glucuronidation, sulfation, methylation, amine to carboxylic acid, hydrolysis and so on. In
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this paper, the metabolites of the main active components of Zhikebao tablet were tentatively identified, and
the metabolic pathway was compared with that of single chemical drugs. Moreover, it laid the fundamental
elucidation of further metabolism study of Zhikebao tablet or other compound traditional Chinese medicine
preparations which containing Papaveris Pericarpium or licorice.
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Table1l Identification of metabolitesin rat plasma after a single oral administration of Zhikebao Tablet using UHPLC-Q-TOF/MS
Ple;k Tentative identification Formula m'z ppm /r;?n Fragment ion (m/z)
M1 Morphine C17H10NO3 286.1451 4.6 432 229 (Cl4H1303), 211 (C]_4H1102), 201 (C]_3H1302),
185 (C12H902), 165 (C13H9)
M1-1 3-Glucuronide Conj ugaII on Co3H27NOg 462.1757 -0.2 2.25 286 (C17H20N03), 268 (C17H13N02), 229 (C14H1303),
211 (C14H1107)
M1-2 6-Glucuronide Conj ugaII on C23H27N09 462.176 9 2.3 3.11 286 (C17H20N03), 268 (C17H13N02), 229 (C14H1303),
211 (C14H1107)
M1-3 Loss of CH,+ demethyIaIl on C15H17NO3 258.1115 —-4.6 757 240 (C15H13N02), 184 (CleloNOZ),
M1-4  phosphorylation CiHxoNOP 3661098 0.9 819 321 (CisH14O6P), 281 (C17H1sNOs), 113 (CHsO4P)
M1-5 N-Acetyl ation C19H21NOy4 328.156 0 5.0 951 297 (C17H1504), 237 (ClsH1302), 165 (Cl3H9)
M1-6 Lossof O + gl ucuronide conj ugaIi on C23H27N03 446.182 4 3.3 15.47 428 (C23H25NO7), 365 (C18H21Os), 355 (C20H1905),
352 (C20H160s), 233 (Ca17H1sN)
M1-7 Loss of O and amineto carboxylic acid C1gH1804 299.126 4 -3.4 21.91 281 (C13H1503), 151 (CanOz), 93 (C7H9)
M1-8 Amineto carboxylic acid ClusOs 315.122 4 -0.8 23.35 279 (C13H1503), 123 (C7H702), 107 (C7H70)
M1-9 Lossof Oand O and amineto carboxylic ~ CigH1503 283.1320 —2.9 2495 223(Ci7Hig)
acid
M1-10 Lossof O and amineto carboxylic acid Ci18H1804 299.126 4 —4.7 27.92 281 (CigH1603), 151 (CyH1105), 93 (C7Ho)
M2 Codeine C1gH21NO3 300.160 1 2.4 7.23 282 (ClgHzoNOZ), 243 (015H17N02), 225 (015H1302),
215 (C14H1502), 199 (C13H1102), 165 (C13Hg)
M2-1  Oxidative Deamination to Alcohol C18H2004 301.142 6 —2.8 34.62 199 (C11H1903)
M3 Thebaine C19H21NO3 312.158 9 -1.7 12.89 281 (C18H1703), 266 (C15H21N03), 58 (C3H8N)
M3-1 Loss of CH, + gl ucuronide conj ugation C24H27N09 4741770 2.4 5.37 284 (C17H13N03), 259 (C15H1903), 249 (C15H11N02)
M3-2 Loss of CH, + gl ucuronide conj ugation Co4H27NOg 4741756 -0.6 6.32 284 (C17H13NO3), 259 (C]_GH1903), 249 (C]_anNOz)
M3-3 Loss of 2CH, and amine to Carboxylic ClsHlijA 297.113 6 4.9 949 237 (C15H1302), 222 (C15H1002), 205 (C15H90),
acid 189 (C11H903)
M3-4  Sulfate conjugation CioH21NOsS  392.1152 —2.7 3139 332 (Ci7H18N0O4S), 330 ( C17H16NO4S), 274
(C11H16NOsS), 246 (C17H12NO)
M3-5  Loss of CH; and amineto carboxylic acid  CigH150s 327.1240 40 36.19 227 (Ci14H1103), 121 (C7HsOy)
M4 Papa\lefl ne C20H21NO4 340.1530 -1.8 15.04 324 (C20H21N03), 202 (C12H12N02), 187 (C]_ZH]_SNO),
171 (C11HgNO), 156 (C1oHsNO)
M4-1  Loss of 2CH,0 + loss of 2H C1gH15sNO> 278.116 3 -4.3 3.11 215(Cy6HoN), 144 (C1oH10N), 142 (C10HsN), 130
(CoHsgN)
M4-2 Loss of 2CH, and glucose conj ugatl on Co4H27NOg 4741756 -0.6 6.32 327 (C]_9H21NO4), 284 (Cl7H13N03), 249 (C]_eH]_]_NOz)
M4-3 Loss of CH,0 + inernal hydrOIySlS C19H21N04 328.1560 5.0 951 297 (C17H15NO4), 282 (C15H12NO4), 265 (CmHuNOg)
M5  Nascapinet CuHzNO, 4141557 23 1520 353 (CaHiNOs), 220 (C12H1NO3), 205 (CuH1NO3),
175 (CuH1NO)
M5-1 Loss of 2CH,0O and amine to Carboxylic C21H1307 382.114 2 45 14.62 308 (C19H1504), 201 (C12H1903), 188 (C11H303)
acid
M5-2 Loss of 2CH,0O and amine to Carboxylic C21H1307 382.114 3 4.7 14.84 308 (C19H1504), 201 (C12H1903), 188 (C11H303)
acid
M5-3 Amineto carboxylic acid Ca3H2,09 4421316 —-4.6 16.95 267 (C13H1505), 199 (Cle70)
M6 quulrltln C21H2209 417.1171 -4.8 14.81 255 (C15H1104), 241 (C15H1303), 135 (C8H702),
121 (C7Hs0,)
M6-1 Sulfate Conj Ugation Co1H2»,01,S 497.0740 -39 12.03 417 (C21H2109), 321 (C15H13068), 241 (C15H1303),
175 (CH70¢)
M6-2 HydrOgenatiOn C21H240g 419.1329 -4.3 16.92 243 (C15H1503), 175 (C5H7OG), 117 (C4H504)
M6-3 Loss of C5H1005 C15H1204 255.065 8 -1.8 1795 135 (CsH70z), 119 (CsH70)
M6-4 Internal hydronS|s and di-oxidation C21H24012 467.117 2 -5 19.35 421 (C20H21O]_o), 399 (013H23010), 256 (015H1204)
M6-5  Lossof 20 CatH20; 3851285 -2 22.85 249 (CyHi0y), 119 (CgH-0)
M6-6 Loss of C5H1005 C15H1204 255.065 2 4.2 23.33 135 (C3H702), 119 (CgH70)
M6-7  Loss of O and O and methylation CoH2407 399.1453 09 2510 217 (Ci6Hy0), 163 (CeH1105)
M7 GlyCyl’I’hiZiC acid C42H61016 821.3937 -3.4 24.48 645 (C35H53010), 351 (C12H15012), 289 (C11H1309),
193 (CHsO5)
M7-1 Loss of C12H16013 C30H4503 453.336 5 -2.1 23.65 407 (C27H3503), 405 (C23H3702), 389 (C23H370),
371 (C24H3503)
M7-2 Loss of C12H16012 and oxidation C30H460s 485.326 1 2.4 26.93 467 (C29H3905), 371 (025H3902), 291 (Cl7H2304),

213 (C12H2103)




+ 1540 - #j 2424 4)  Acta Pharmaceutica Sinica 2018, 53 (9): 1536 —1544

A Morphine-TIC
2.6e5

1.8e5

Intensity / cps

1-4 M1-6M147 MI-10
1[. I MK

-1
1.0e5
M
2.0ed4| IF 1] &
2

10 18 26 34
Time / min

(

O OH
0Glu C o ,|\"I

B
Codeine-TIC
. 00c4
g
E 5004
s
= M2
Mﬂ M2
1.0e4 1 i L i .
2 10 18 26 34

Time / min

0@

NH,

07 "OH
JH

M1-7 HOOC,

MI1-9

Figure1l Total ion chromatogram (TIC) of Zhikebao Tablet in positive mode. (A) TIC of morphine-related metabolites; (B) TIC of
codeine-related metabolites; (C) The possible metabolic pathways of morphine and codeine.  The peak numbers were in accordance with

Table 1
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Figure2 TIC of Zhikebao Tablet in positive mode. (A) TIC of thebaine-related metabolites; (B) The possible metabolic pathways of
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BTN (IM+H]" miz 414.1557), T 819 m/z 353
(CooH19NOs)+ 220 (C1,H14NOs). 205 (CyyH1NO). 175

Papaverine-TIC
A 2.6¢5 M4-3

1.8e5
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1.0e3

2.0e4

Figure 3 TIC of Zhikebao Tablet in positive mode. (A) TIC
of papaverine-related metabolites;, (B) The possible metabolic
pathways of papaverine. The peak numbers were in accordance
with Table 1

(CuH1sNO) . FE%5E H M5 AHSAR =4 34 | AR
. AU B IR R E AR LA 4.
AT T 3 A | AR, NER N-HIEG
R =Y. M5-3 [HED T8 T I8N miz
4421316 ([M+H]*, CxH,0q), 1R H A 16.95 min,
¥ M5 % 28 Da (COOH-NHj), T 5T~ miz 267
(C13H1506)~ 199 (C1,H,0), HEWTH M5 E Kk N-H A5
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BRBAACE 2. M5-1 F1 M5-2 [FIifE o F B F Uk H
m/z 382.114 2 ([M+H]*, CyH150-), 13 B4 i) 23 51 9
14.62 F1 14.84 min, % M5-3 /> 60 Da (2CH,0), T &

T} M2 308 (C1gH1604) ~ 201 (C1oH1905)~ 188 (C11Hg05),

HEWT H Ky M5-3 £ %k 2CH,0 Ja ARl =4 .

A Papaverine-TIC

2.6e3 M4-3
o
=%
218§
'EI
S 1.0 R
M4-1
2.0e4 -lI\;H-. L
3 9 ISESR=E =i =50

MS5-1~M5-2

Figure 4 TIC of Zhikebao Tablet in positive mode. (A) TIC
of nascapine-related metabolites; (B) The possible metabolic
pathways of nascapine. The peak numbers were in accordance
with Teble 1

5 HEHERHEBXKRE~Y
HEA (M6) FIfREEEN 14.81 min, #E5+
BTN (IM-H] miz 417.1171), 751N m/z 255
(C1sH1104)+ 241 (C15H1303)+ 135 (CgH705)+ 121 (C7H50y) -
LU E M6 AR 7, Hodh L AEARI Y 6
/l\, [ ARACH =4 1. AR =1 8 8 7 B A AR
B IE 5
HEH EMHRER 1 T REENE, RN ST
T 9 R RE T K T it el AR Me-3 A
M6-6 #E 4> F B F kN miz 255.065 8 ([M—H],
CisH1,04), fRBEISE 20514 17.95 Al 23.33 min, #
M6 /b 162 Da, 5 SCHRHRIE — 8, oK w4 b
PR =) . M6-1 1HED T 5T I8N miz 497.074 0
(IM—H]", CxH»04,S), fREHITE]A 31.39 min, Hi
ST ETIES M6 % 80 Da (SOs), HifiE T &+ A
miz 417, 241, 5 M6 W51 —5, HEWr A HmER
AR =W . M6-2 I #E5> 5 TR mz 419.132 9

(IM—H]", CxH20g), TREES A 16.92 min, FHHE5>
THETIEE M6 £ 2 Da, FHIET TN miz 243,
B M6 £ 2 Da, il N M6 (AL 4. M6-4
HIHE 73 1 B 118y mVz 467.117 2 (IM—H] ", Cx1H24010),
{REE IR 19.35 min, % M6 £ 50 Da (20 F1 H,0),
TB TN Mz 421 (CyoH21010)~ 399 (CigHp3010)« 256
(C1sH120,), HEWT N M6 XUEAL G /K& AR P24

M6-5 (k> F B F &8 miz 385128 5 ([M-H],
CoiH20,), {#FE I E Ny 22.85 min, % M6 /> 32 Da
(20), T BTN 249 (C17H130,)+ 119 (CgH,0), HElTHy
M6 E%& 20 KR, M6-7 HIHED T3 T8N
m/z 399.1453 ([M—H]", CyH,,0;), R[4 25.10
min, ¥ M6-5 £ 14 Da, ¥ &1} 217 (C16H0). 163
(CeH1u1Os), HEWT A M6 £ 2K 20 J5 H AL AR 24
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Figure5 TIC of Zhikebao Tablet in negative mode. (A) TIC
of liquiritin-related metabolites; (B) The possible metabolic
pathways of liquiritin. The peak numbers were in accordance
with Table 1

6 HEBKZHEBXNKE
HER (M7) MORE R EN 24.48 min, #E51
&k (IM—H]™ m/z 821.3937), T &1~ m/z 645
(CgHs3010)+ 351 (C1oH15012)+ 289 (CiiH130g) 193
(CeHoOy) . FLEEH M7 AHARM ™9 2 A~ (1 AR
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HER R AS® =0 KB, Ko TFaudh s
— O H BRI 43 A R A, TEAR A
5T T 2 43 T 150 B S IR T A AR A H B R
R M7-1, #5158 18y m'z 453.3365 (M-
H] ", CaoHas0z), TR [A]2 23.65 min, %t M7 /) 368
Da, T TN 407 (Cy;Hzs03). 405 (CsHaO,). 389
(CagH370)+ 371(CoaHzs503), 7K il 1 43 - i 46 4k 1
M E% O WA ). M7-2 [IHES T3 TI6 5 miz
485.3261 ([M—H] ", C3oH4s0s), T B i [H] 24 26.93 min,
2 M7-1 £ 32 Da, T T A 467 (CxHs0s). 371
(CosH3905)+ 291 (Cy7H2304)+ 213 (CioH205), N M7 7K
FR PR 4 R SRR IR N O AR =4 o

Glyeyrrhizic acid-TIC
2504

M7

1.5e4

Intensity / cps

5.0e3 M7l M7-2
| eElE)

210 230 250 270 290

Time / min

M7-1

Figure 6 TIC of Zhikebao Tablet in negative mode. (A) TIC
of glycyrrhizic acid-related metabolites; (B) The possible
metabolic pathways of glycyrrhizic acid. The peak numbers
were in accordance with Table 1
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el E T A AR R R A, S R R A A R
B, HRATRE 5 5 07 2 R 2 st A A EAR
EEP

EIEETHMEET (5 Fhbi A 2K4ED) S
i1 22 MR A 9 MR YN E K N-HIJE
JG TG BOR IR AR =4, & N-FREER BT 5 28
B (EHE, AL BET) B REAEY), X
TE R v A4 N AR 7= 4 5 5 I 5 Hp 25 R o e
KAWL P& AL, PR ER 14
OCHj, # B &4 24> OCHg, HAI T4 3> OCHs,
I EH 44 OCHse %552 AR 4 R EoR, AR
PRV 5 T 5 O B AR IS A8 0 — 25 5 A W I TR A
ETE AR B 1 FAR =4 o K BRI 2% Hp T 28
A WIEAR A B | AR A A, 1 AEAR A DA
B FERE TR AR =8

FEGURS PR, H S AREAE A A DUH B
A B N E, SL%e 9 MR, B A4
B K MR AR P2 4, R T K AR — 0 A b
(M6-3 1 M6-6) TEMFFe™, H BRI NE
K 2 5 TR RERETR J5 PR EAT A4k . 2B AR
Yo AT AR KRR ML A 1 AR AR ER AL

SRR, Z A a AR S R — 1k
LR A P R — R X HI0E . g
RO AT E AR B H R AT AR, B 5 2
FIZIRE L, A 308 5 BE T DAAE fA P9 kA 4R L B Ak,
AT S A o AR . DRI, 3 — 25 X H AR
MU REAT RN 20 T, LA 4 T B B b =% a2 28 5
Fo H B Ty o 2 R 0 2 A AR I R

References

[1]  Chinese Pharmacopoeia Commission. Pharmacopoeia of the
People's Republic of China (4 A\ RILFIEZjL) [S]. Vol
1. 2015 ed. Beijing: China Medical Science Press, 2015:



< 1544 - #j 2424 4)  Acta Pharmaceutica Sinica 2018, 53 (9): 1536 —1544
624. Nat Med, 2009, 7: 394—-400.

[2] Chen M. Clinical application and management of Papaver [10] Wang N, Hassan H, JaYM, et a. Identification of polygala
somniferum [J]. China Pharm (FF[E%j/53), 2016, 27: 3461— oligosaccharide esters and their metabolites in rat plasma
3463. after oral administration of ethanol extract of Kai Xin San by

[3] LiuGR, Qiao S, Liu TB, et al. Simultaneous determination UHPLC-MS [J. Acta Pharm Sin (Z§%%%%4k), 2017, 52:
of 18 chemical constituents in traditional Chinese medicine of 1592-1598.
antitussive by UPLC-MS-MS [J]. J Chromatogr Sci, 2016, [11] Cheng YX, Chen LJ, Wang ZM, et a. Analysis of major
54: bmw099. bioactive components and their metabolites in rats’ plasma,

[4 Geng J, Da Y, Yao ZH, e a. Metabolites profile of urine and feces after oral administration of the agueous extract
Xian-Ling-Gu-Bao capsule, a traditional Chinese medicine of Euodiae Fructus by UHPLC-QTOF-MS [J]. Acta Pharm
prescription, in rats by ultra-performance liquid chromatography Sin (Zj2£544#)), 2017, 52: 1157-1164.
coupled with quadrupole time-of-flight tandem mass spectrometry [12] Su LL, Cheng X, J D, et al. Analysis of lignans and their
analysis[J]. JPharm Biomed Anal, 2014, 96: 90—103. metabolites derived from Schisandra chinensis and vinegar

[5] Zheng C, Hao H, Wang X, et a. Diagnostic fragment- Schisandra chinensis in rats’ plasma, bile, urine and faeces
ion-based extension strategy for rapid screening and identifica- based on UHPLC-QTOF/MS [J]. Acta Pharm Sin (Zj242%
tion of serial components of homologous families contained in ##), 2016, 51: 1600—1608.
traditional Chinese medicine prescription using high-resolution [13] Li J, Hua ZD, Wang YM. Analysis of metabolites and
LC-ESI-IT-TOF/MS: Shengmai injection as an example [J]. metabolic pathway of 5F-AMB in vitro using UPLC-HR-MS
J Mass Spectrom, 2009, 44: 230—244. [J. ActaPharm Sin (2% %4i), 2017, 52: 1743-1747.

[6] Bosch ME, Sanchez AR, Rojas FS, et a. Morphine and its [14] Zhang Z, Yan B, Liu K, et al. Fragmentation pathways of
metabolites: analytical methodologies for its determination [J]. heroin-related alkaloids revealed by ion trap and quadrupole
J Pharm Biomed Anal, 2007, 43: 799—-815. time-of-flight tandem mass spectrometry [J]. Rapid Commun

[71  LiuYZ. Metabolism of morphine in vivo [J]. Heilongjiang Mass Spectrom, 2008, 22: 2851 —-2862.

Med J (2 g 115 24), 2010, 23: 252-253. [15] Xiang C, Qiao X, Wang Q, et al. From single compounds to

[8] LiL, Chen XY, Zhong DF. Applications of liquid chroma- herbal extract: a strategy to systematically characterize the
tography-mass spectrometry in drug metabolite identification metabolites of licoricein rats[J]. Drug Metab Dispos, 2011,
[J. J Chin Mass Spectrom Soc (Ji i 2:4K%), 2017, 38: 39: 1597-1608.

375-387. [16] Xie PS, Leung AY. Understanding the traditional aspect

[9) Wang YX, Hao HP, Wang GJ. Application of Q-TOF and of Chinese medicine in order to achieve meaningful quality

IT-TOF mass spectrometry technology in identifying the
natural products and the biological metabolites [J]. Chin J

control of Chinese materiamedica[J].
1216: 1933—-1940.

J Chromatogr A, 2009,



