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Abstract: Ultra-fast liquid chromatography—quadrupole—time-of-flight tandem mass spectrometry
(UFLC-Q-TOF-MS/MS) was employed to analyze the prototype compounds and metabolites of
Zhangyanming Tablet extract in the urine and feces of Beagle dogs. The mobile phase consisted of wa-
ter and acetonitrile, both containing 0. 1% formic acid (volume fraction). Gradient elution was per-
formed on a Kinetex C,,(2. 1 mmx100 mm, 2.6 wm) column, with a flow rate of 0. 3 mL/min and
the column temperature maintained at 40 “C. An electrospray ionization (ESI) source was used to
scan the m/z range from 50 to 1 500 in both positive and negative ion modes. A total of 36 prototype
compounds and 13 derived metabolites in Beagle dog urine and feces were characterized by analyzing
retention time, MS fragments, reference standards, database, and literature data. The main meta-
bolic reactions included phase I (hydrogenation, deglucosylation) and phase Il reactions (glucosyl-
ation, methylation, xylosylation, glucuronidation, sulfation). This study revealed the in vivo meta-
bolic biotransformation of Zhangyanming Tablet extract in Beagle dogs, providing scientific evidence
and references for elucidating the pharmacologically active substances and facilitating clinical applica-
tion of Zhangyanming Tablet.
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1.3 XIGz
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Fig. 1 Total ion chromatograms of blank urine (A) and urine after oral administration of Zhangyanming Tablet extract(B) in

Beagle dogs
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Fig. 2 TIC of blank feces(A) and feces after oral administration of Zhangyanming Tablet extract(B) in Beagle dogs

1 Beagle R I IRFEAREH 158 5 PRIGS S48 Hh 00 J5 8 o B AR = 45 e
Table 1  Identification of prototype components and metabolites in Beagle dog urine and feces after oral administration of
Zhangyanming Tablet extract
Metabolic 7,/ Adduct MS/MS Compound Biological Herbal
No. Compound ¢ Formula - - " -
type min ESI ESI ESI ESI type sample  source
1 SERER J5% 0.94  CHO, ND  133.0143° ND  115.0036 HHLERSK  F  ##F
71.013 5
2 Frigm JFR 1,07 CH0, ND  191.0197°  ND 87.0087 HHLEEE U HE
3 P H F Ji® 266 C,H,0, ND  487.1457° ND  340.0927 #EHNZEFE F  HKE
294. 081 9
4 LR JRAL 2,99 CHO, ND  153.0193° ND  109.0288 HHLERK  F b
5 190 7 B T B 3,14 GH,0, ND  181.0506° ND  137.0619 HHLERK  F  #H#TF
122.037 5
6 WHERR JRAL 3,70 C/H,0, ND  179.0350° ND  134.0455 HHLEESK T apia
116. 0437
6-M1 Wi+ F A IAAfRE 9.07 €, H,0, ND  193.0506° ND  179.024 8 ALK F ND
134.036 5
7 LT JFR 3,92 C,H,0, ND  435.1508' ND = 227.0992 W% U P
8 B JFR 3,99 C,H,0, 417.118" 415.1035° 297.0754 295.063 1 #¥[% U, F &
8-M1 B AN MHHRHE 4.31 C,H,0,, ND  547.1457° ND  253.0672 #HEiZ U ND
9 AL AR C1 JAAl 4,05 CWSH%OZI ND  801.2459° ND  783.2310 RFHEK F  HWHHE
10 IR JEH 413 €, H,0, ND  375.1297° ND  212.0882 %k F e
11 % e JFR 421 CHL0, ND  191.0561° ND  147.0655 F#LiKk F o 4T
12 BREAdrsEEERE R 4.20 C HNO,  ND  190.0510° ND  146.0614 ‘4 F A
13 BB JEi 4.35 C,UHnNo ND  340.1554° ND  325.1350 =¥k F HA
310. 1107
14 5 e T Y JRR 4,46 C,H,,0,, 447.128 6" 445.1140° 327.080 8 283.0713 iM% U BTN
268. 051 2
149.072 6
14-M1  BESEET-BEE MRS 8.61 € H,0,  ND  283.0612° ND  235.0289 #fEIJ U ND
L
14-M2 B35S WA A0 AR 9.65 CL,H,0,,  ND  459.0933° ND  283.0609 #{E2E U ND
m At
15 AUBFHIR JER 4.47 C,H,0, ND  373.1140° ND  211.0613 %k U T
193.071 2
16 BN aSER JE# 13.81 C,H,0, ND  481.1715° ND  449.1395 %k ¥ HAT
17 AR JER 4.56  CH,0, ND  147.0452° ND  103.0549 AH#HLEE U, F H#Y
18 K e JEKS 4.82 C,H,0, ND  639.1931° ND  621.1830 KA F o R
161.024 0
19 X R JER 4.93  CH0, ND  163.0401° ND  119.0508 H#HLEEK U, F HfTF
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Metabolic ./ Adduct MS/MS Compound Biological Herbal
No. Compound ! Formula - = - =
type min ESI ESI ESI ESI type sample  source
20 BIERRR J#A 5.63 C,H,0, ND  193.0506° ND 178.028 5 HHLERIE U, F 5
133.0425
20-M1 BB R+ A Ak ARG 4.79 C,H,,0, ND 1950663 ND  178.0259 FHLEZK F ND
20-M2 Py B2+ H B Ak MY 8.90 €, H,0, 209.0808* ND 1959021 ND  fi¥ligk U ND
21 SRS JFA 8.22 CH,0, ND  255.0663°  ND 133.0080 MK U, F [
21-M1 HER+HE M+ THIC 5.64 C,H,0, ND  431.0984° ND  255.0669 HESE U ND
MR RR 1L
22 HAETA JEE 6.01 C,H,O,  ND  827.2615 ND  665.2332 HHNEE F  AWHE
23 2 - LR A Y JFR 6.57 C,H0,  ND  811.2666° ND  665.1965 ZKFN#FEZK F o ReT
24 TAER JRRS 11.72 C,H,0, ND  267.0663° ND  252.0448 % U, F €
24-M1 WA R+HAE L+ A{CE 7.87 C,H,0, ND  443.0984° ND  267.067 1 % U ND
HIBRETR AL
25 KREHIT Ji 8.31 C,H,0, ND  253.0506° ND  224.0539 #E2% U, F  EAR
25-M1  Ku#yo+iimk MMM 11.62 ¢ H, SO, 333.0075"° ND  255.0519  ND EEES U ND
25-M2  KGFFoe+aizmifb+m AR 4.91 C,H,,0,  ND  429.0827° ND  253.0524 #¢f02% U ND
HIPERERR AL
26 NN G JERY 8.83 C,H,0, 226.1172" 207.1027° 191.1064 163.0399 Bk U =
27 ARBRFH JiA 6.88 C,H,0,  ND  447.0933° ND  285.0594 Hfi3k U ##T
153.026 3
135.052 5
27-M1 AR - ARG A 8.39 CH,S0, ND  364.9973° ND  285.0367 2 U, F  ND
miA L
27-M2 ABRECF-BEAARAL+  TAICHE 10,88 C,H,,0, ND  299.0561° ND  284.0339 ¥k F ND
kAL
27-M3 AFREETF-BiAAI L THMCS 8.61 €, 1,80, ND  379.0129° ND  284.0348 HEA F ND
TR fh+ P Ak
28 EHUR A JEH 9.85 CH,0, ND  913.4802' ND  867.3153 f§{k% Foo PR
29 P B2 2. 16 JRRS 11.48 C,H,0, ND  221.0819° ND  121.0290 A#HLEEK U, F  #E
77.038 9
30 B S JFR 12,15 C,H,,0, ND  469.2232° ND  423.2844 [ F W
31 R JAAl 12.89 C,H,0, ND  871.4697° ND  825.4581 %k F Eiyie
32 Frlg e JFEHL 16.04 C,H, 0, ND  469.1868  ND  425.1973 i3k F HAY
33 Tataroside Ji®  16.16 C,H,0,,  ND  443.1923° ND  397.1920 i3 F o B
34 EvE A 16.52 C,H,0,  ND  453.1919° ND  436.1842 % F A
35 SESPAT JERL 17.34 C,H,0,  ND  441.1766' ND  395.1743 HHJk F ik
36 - R JiAl  23.31 ¢ H,0, ND  277.2173° ND  162.9731 HHLMRI F  RHTF

*validated by standards; a, b, c, drepresent the adduct ion forms of [M+H]*, [M+NH,]", [M-H]", [M+HCOO]", respectively; U and
F represent urine and feces, respectively; ND represents not detected C*3E/R X R IHIE; a. b, c. drAMEEIM+H] . [M+NH,]". [M-
HI™. [M+HCOOI & H TR U, FARUCRIRM . 280F; NDIVEARKGH)

2.2 RBEIFHEE

2.2.1 EEZERS EHIZELL C6(AIR)-C3(CIR)-COo(BIR) M EAZLEM I KR =Wy, EALHE K
MR, SR ECE ERA RS, ARSI R R AR RDA ROV PR AR iR R DS
Y14 A6, HAEGE AT S T35 FUE R m/z 445. 114 0[M-H ], EEM L 1 0 FRaiEis =4
B m/z 283. 071 3[M-H-CH 0,1, Bl 14 H 3724 m/z 268. 051 2[ M-H-CH,,0,-CH, ] & F
WEF, B& A RDA ZY RS HE I miz 149. 072 6 Ml m/z 137. 110 1 AOHRAEYE S T8, 454 Eak 2k e+
W 15 B TS 2R s BACERIGE, BB 14 BRI . LEW 27 RS TR 2
Az miz 447.093 3[M-H ] Wl 7> 8106, I 257 % 5 58 5 72 AR B 70 2 1% Jr m/z 285. 059 4[M-H-
CH,0.1", F%E RDA Rl = A 85 118 F m/z 153. 026 3 Flm/z 135. 052 5, 5 CRIEHISF", S$EH
FRBEAT

2.2.2 BEEBS SR R B R E S & T RGE R ARG, B
UG RS FNERIGEE GG, O S R P AR I PR PR R AR B R IE T B TR
& THEGE TR MG 1A HCOO F2AE m/z 435. 150 8[ M+HCOO | B 310, Wi 1 or 1%
B P2 A B R miz 227,099 2[ M-H-CH,,0,]", @i 55X S BOREE B, S Hoh Dk, 1k
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AW 15 e TR T PR 4 8 W m/z 373. 114 0[M-H ", & 56 B M2 m/z 211. 061 3
[M-H-C,H,,0,] B T H, SRIGMEZ 14> T K= m/lz 193. 071 2[M-H-CH,0,-H,0 ] & T-#EF, 45i&
b R R BRI B R, A 15 A R e TR .

2.2.3 AHERERS AIREZHEET MR, SHIANRSMRBER, ks
P E £ COOH, CO, M H,0 ZmE K™, LIb&Y 6 ), HARGE THF P24 m/z 179. 035 0[ M-
HWES T35 108, WiZs 1 20 THRIL P A2 88 T - miz 134. 045 5[ M-H-COOH |-, 4¥&:FE 1 MK TG
FEHE m/z 116. 043 7[M-H-COOH-H,0 | & F# Jr, 5 SCHRIGEAHFT ", S HopmiEmz . LIb&9 20
), ARG AT IR S B T8 miz 193. 050 6[M-H ™, FR 10 FH R RS TR mlz
178.028 5[M—-H-CH, ], ZkK&Ei 2 1 NRILFH m/z 133. 042 5[M-H-CH, | 5 7REF, S5RHIRGE) 2
T g R 3, S H AP

2.2.4 FRREMST FWNHEERZEL COo~CIHEZLAMMLEY, FEUFTMENMREMETLERE,
TE T i B2 v s e L W LR W L 55 3 e o b B 3FE U AR U4y 58 108k m/z
487. 145 7[M-H]", 214 FRZEPEFEE m/z 340. 092 7[M-H-CH,,0,] B Fi% )y, k& 155+
H,0 Fl 1 43F CO F2AE 35 F-1 Fr m/z 294. 081 9[ M—H-C,H,,0,-H,0-CO 1", S53CBRIEMMAF", SEH K
WK o LS 22 M), HAEGE TR N OOHES T8 T84 m/z 827. 261 S[M-H |-, i 14
) % B B PR A miz 665. 233 2[M-H-CH,,0,] & T Fr, 4REEME 2 15> F R 205 A i3 7188 i mlz
518. 142 4[M-H-CH,0,-CH,0,]", ESCHRREAHTF >, S HMWEHEF A,

2.2.5 EWWEERS EVEZE - RERNBEEY, WA Lo, USSR AR
FE . AW 1248508 TR P> T8 T8k m/z 190. 051 0[M-H |, E& 141 CORMINH G774
mlz 147. 057 1[M-H-CO-NH | & 7% i, 5 kol —20", S oAbt S mm . U s
W13 05, HAE A T F P2 AR miz 340. 155 4[M-H ] e F 25106, PSS B0 2 N HISE4
FEAE mlz 325. 135 0L M=H-CH, ] Fll m/z 310. 110 7[ M-H-2CH, | & F# -, 455 CfiE", L& H A%
ISl

2.3 KRi=HWEE

2.3.1 EKRE=Y HERSFEARFEA . BIREFE KSRV A, GENE 5 I NELETR 2R
RIS WA e B RER] , A HARYENE N, A0 AR R B SR AR mb ™ . DR AR 32 S i 4 i 0 3%
PASO A AL SE K, RERENCAS T 2 8 28 o AR BRTE M , BUMBEINZGRL, SONRRIRE M. DL
P120-M1 M), HAE B T ey 185 704 M m/z 195. 066 3IM-H]1", HAb&Hr 20 (BIBRER ) i ik
Gy B FUER 2 Da, HENECHBTER M SRS, 7> FX8C H,0,, HER1STOHE A
WF T miz 178. 025 9[M-H-OH |", S5 3CRREAFF", S HoMP B SR r=Y . H 2%k
& 534 i D 3

80 178.0259
ES
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Fig. 3 Secondary mass spectrum and proposed fragmentation pathway of metabolite 20-M 1
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A 14-M 1 E G TR R IOHESY 725 T8 Ky m/z 283. 061 2[M-H ", A& 14(BAE R &)
(Y HESY 71 TU8 /N 162 Da, $RINHO BB 2 1 2 TR &R R, 201304 C,H,,0,
QRZENE 2 1 70 FHEFAN 1 53 7 H R 577 A 0 m/z 235. 028 9[M-H-OH-CH,0 ]", Z55 3CikiiiE ",
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Fig. 7 Proposed metabolic pathways of compounds in Beagle dog urine and feces after oral administration of

Zhangyanming Tablet extract
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