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Metabolic Analysis of Tongfengding Capsules in vivo Based on Sequential Metabolism

CHEN Hongjiao', YANG Wenning', YIN Renfang’, ZHU Yan’, QI Dongying', LI Xueyan',
LIU Huining', YU Shuang', PAN Yanli*
(1. School of Chinese Materia Medica, Beijing University of Chinese Medicine, Beijing 102488, China;
2. Institute of Information on Traditional Chinese Medicine, China Academy of Chinese Medical Sciences,
Beijing 100700, China)

[ Abstract] Objective: Based on sequential metabolism and ultra-high performance liquid
chromatography-high resolution mass spectrometry (UPLC-HRMS) , to identify the prototype components and
metabolites of Tongfengding capsules in rat plasma. Method: An ACQUITY UPLC BEH Shield RP18 column
(2.1 mmx100 mm, 1.7 pm) was used for gradient elution with 0.1% formic acid aqueous solution (A) -
acetonitrile (B) as the mobile phase (0-1 min, 5%B; 1-2.4 min, 5%-10%B; 2.4-13.5 min, 10%-32%B; 13.5-
18.5 min, 32%-90%B; 18.5-19 min, 90%-5%B; 19-21 min, 5%B) at a flow rate of 0.3 mL+min", injection
volume of 2 pL and column temperature at 35 °C. The heated electrospray ionization (HESI) was applied under
positive and negative ion modes, and the scanning range was m/z 100-1 500. By comparing the differences

between the administered plasma and the blank plasma, the prototype components and metabolites in intestinal
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metabolism sample and liver metabolism sample prepared by intestinal perfusion with parallel blood collection,
and comprehensive metabolism sample prepared by intragastric administration method were identified. Result:
A total of 76, 53, 74 chemical components were detected in the intestinal metabolism sample, the liver
metabolism sample and the comprehensive metabolism sample. A total of 100 components were identified from
these different plasma samples, including 64 prototype components (34 alkaloids, 12 terpenoids, 9 organic
acids, 6 flavonoids and 3 other components) and 36 metabolites. The main metabolic reactions involved in the
formation of metabolites were glucuronidation, deglucosylation, dehydrogenation and hydroxylation.
Conclusion: The chemical components of Tongfengding capsules can undergo a series of metabolic reactions in
the intestine and liver, and a large number of metabolites are generated, among which alkaloids may be the

leading component group for efficacy, which can lay the foundation for systematic elucidating the material basis

of Tongfengding capsules in vivo.
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Table 1 Identification of prototype components absorbed into plasma of Tongfengding capsules by UPLC-HRMS
& . i 8 - N 7 | Y
Y TR B EE AT A fE R
1 083 C,H, N0, 268.1032 [M+H]" -0.7 136.0618 JhA N N Y
2 090 CHO, 133.013 1 [M-H]" -4.6 115.002 4.89.023 1, 71.012 5 R Y N Y
3 1.09 CH,O, 191.018 8 [M-H]" -2.2 173.008 4.129.018 2,111.007 5 P Y Y Y
4 255 C,H,0,, 373.1139 [M-H] 1.1 211.060 5.167.070 3.149.059 7.123.043 9 5{J& F-FF '™’ Y N N
5  3.77 C,H,NO," 314.1748 [M]" -1.0 298.106 4,269.117 2,237.090 0,107.049 4 lotusine'**’ Y Y Y
6 379 C,H,0, 375.1289[M-H]" 1.0 213.0762.169.086 0.151.075 5 LEHR Y Y Y
7 397 C,H,0, 353.0876[M-H] 2.4 191.0553.179.043 0.135.044 0 et 2k J5 1 S 4 >0 Y N N
8 399 C,H,NO, 298.1436[M]" -0.7 283.119 8.255.123 8, AP Y N N
9 412 CHO, 137.023 1 [M-H]~ -1.2 119.0124,108.020 4.93.033 3.81.0332  JLJLASHE® Y N Y
10 429 C,H,NO," 356.148 7 [M]" -1.4 206.0810.,191.057 5 AL A Y Y Y
11 442 C,H,NO, 342.169 6 [M]" -1.2 192.101 7.177.078 3 B Y Y Y
12 449 C_H,0, 417.1400 [M+COOH]™ 1.9 209.0812.194.0577.179.0342.161.023 4 ¥ T & " Y N Y
13 452 CH,0, 389.1085[M-H]" 1.6 345.118 7.209.044 6,165.054 7.121.064 6 secologanoside Y N Y
14 458 C,H,0, 541.1528[M+Nal]" 0.0 365.105 1.347.094 4 A, Y N Y
15 4.84 C,H,NO, 448.1963 [M+H]’ -0.7 286.143 3,255.101 3,107.079 4 A Y Y Y
16  4.89 C,H,NO, 342.169 6 [M+H]" -1.2 297.111 7.282.088 3,265.085 6,237.090 7 A =1L 6k * Y Y Y
17 5.08 C,H,0,, 4951507 [M-H] 2.1 465.1407.137.023 2.93.033 2 BHAEA LA Y Y Y
18 5.4 C,H, 0, 401.1082[M+COOH]™ 1.0 179.0552.149.059 5.119.033 8 i Y Y Y
19 552 C,H,NO,” 314.174 8 [M] -1.0 298.106 4.269.117 2.237.090 0.107.049 4  oblongine'*’ Y N Y
20 5.57 C,H,N,0, 226.154 9 [M+H]" -0.6 208.144 3.84.056 1 2 iR Y Y Y
21 570 C,H,NO,” 356.1852[M]" -1.3 311.127 0.296.103 5.279.101 0,264.077 7 i i £ 1£ 7 >" Y Y N
22 582 C,H,0, 353.0872[M-H] 1.5 191.0553 SRR Y N N
23 5.88 C,,H,,0,, 525.1605[M+COOH]™ 0.5 357.118 1,283.0829.121.028 3 AT N Y Y Y
24 6.19 C,H,NO," 344.1851 [M]’ -0.2 299.126 6.206.117 1,175.075 0,137.059 4 tembetarine'>*’ Y N N
25 6.54 C,H,O, 5251603 [M+COOH]™ 0.1 449.1450.327.108 1.165.0547.121.028 2 AjZiti* Y Y Y
26 6.63 C,H,NO, 356.1851[M+H]" ~1.4 340.1539.192.101 8.177.078 4.165.090 9 JE#i Fok H kA=Y v N Y
27 6.67 C,H,,NO, 342.169 8 [M+H]" -0.5 326.138 0,192.101 8.,178.086 2,163.062 7  PU A #i 7 & o> Y N N
28 681 C,H,NO, 356.1851[M+H]" 1.4 340.1531,192.101 8.177.078 4.165.090 9 TTH T HHME> v N Y
29 7.05 C,H,NO, 354.133 1 [M+H]" -1.4 336.123 1.206.0812.188.070 5.189.078 3 J5LFT A i * Y N Y
30 7.15 C,H,NO," 352.1173 [M]" -1.9 336.086 3.337.092 8.322.070 6.308.091 3 /hAE=E17) Y Y Y
31 734 C,H,NO, 324.1229 [M]" -0.4 308.091 3.294.075 8.280.096 5.266.080 9 I T 3L /) B >/ Y Y Y
32 756 C,H,0, 337.0927[M-H]" 2.6 191.0552.,173.044 5.163.038 9.119.048 9 A" Y N Y
33 7.68 C,,H, 0, 367.1022[M-H]" -0.4 191.0552.173.044 6.134.036 1.111.043 8 5-O-FEAEE% R Y Y Y
34 771 C,H,NO, 370.164 3 [M+H]" -1.7 352.153 7.336.122 3,206.080 7,188.070 1 Il Fa ff 5" Y N N
35 788 C,H,0, 3350768 [M-H]" 2.0 179.034 0.173.044 6.161.023 3.135.043 9 5-O-WIMEBEZE R iR Y N N
36 7.90 C,,H,NO,” 370.200 8 [M]" -1.3 354.1692.206.117 4,190.086 1.165.091 0 N-I MU=l v N Y
37 7.98 C,H,NO, 356.184 9 [M+H]" -2.0 340.1540,192.101 7,177.078 2.165.090 9 WKL F* Y Y Y
38 8.07 C,H,NO, 356.1854 [M+H]" -0.8 325.143 1,310.119 5.294.124 5.279.101 2 ¥ $2 55> Y N N
39 8.6 C,H,NO, 320.0917[M]" 0.0 292.096 4.277.073 2.262.086 0.234.091 1 % 7% * N Y Y
40 837 C,H,NO,” 338.1384[M]" -0.8 323.114 3.,322.107 0,308.090 6.294.111 6 Y B ok * Y Y Y
41 8.59 C,H,NO, 338.1384[M]" -0.9 323.114 3.322.107 0.308.090 6.294.111 6 Zj AR fi * Y Y Y
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G S 5/ - N 7 ey

T TR VT BRI A R
42 8.67 C,H,NO, 340.1539 [M+H]" -1.2 324.1223.,176.070 4.165.090 7 eI Y N N
43 870 C,H, ,NO, 322.1072[M+H]"  -0.6 307.0834.279.088 7 thalifendine'*”’ Y Y Y
44 897 C,H,NO, 370.200 8 [M+H]’ -1.2 354.1699.192.101 7.179.106 5.165.090 9 E#IFH % * Y Y N
45 9.09 C,H,NO," 334.1069 [M]" -1.5 319.0842.306.111 8.291.088 1.276.101 4 Zi 4 1 i i 1) N Y Y
46 922 CH NO, 322.1074[M+H]"  -0.1 307.0834.292.060 4.279.088 4.264.065 8 /NEEZL fif >’ N Y Y
47 928 C,H,,NO," 352.1538 [M]’ -1.5 337.130 0,322.106 0,308.127 3.293.104 2 13-HIJEBIA % %X v N Y

ﬁﬂwm]

48 9.53 C,H,\NO,” 336.122 6 [M]" -1.4 320.091 4.306.075 7,292.096 3.278.080 8 /)¢ i * Y Y Y
49  9.53 C,H,)NO,” 352.1537 [M]" -1.8 336.122 6.322.106 5.308.127 5.294.111 8 L LhyT* Y Y Y
50  9.99 C,H,0, 187.096 6 [M-H] 0.6 169.086 0,143.106 6.125.095 9.97.064 5 —fiz">* Y Y Y
51 10.11 C,H,0, 5653016 [M+COOH]™ 1.5 501.2894.319.190 5.301.181 0.199.096 7 #F 5 {5 i * Y Y Y
52 10.12 C,H,,0,, 449.1084 [M-H]" 1.3 303.050 8.285.040 3,151.002 6 PRI S (D Y N N
53 1023 C,H,NO,” 366.169 1 [M]* -2.5 350.138 4.336.1222,322.143 3.308.127 6 M Al &L H " Y Y Y
54 1036 C,H,0, 449.1082[M-H]" 0.7 303.050 8.285.040 3.151.002 6 b2 R SR Y N N
55 10.57 C,H,O, 137.023 1 [M-H]" -1.9 93.0332 IR R Y Y Y
56  10.63 C,H,,0,, 449.1084[M-H]" 0.7 303.050 8.285.040 3.151.002 6 AT Y N N
57 11.75 C,H,0,, 433.1133[M-H]" 0.8 287.055 6.269.045 4.,259.060 8.,178.997 7 i # i >¢ Y N N
58 12.04 C,H,,0,, 433.1132[M-H] 0.6 287.056 0.269.045 7.259.060 6 .178.997 7 At * Y N N
59 1449 C,H,0,, 629.1868 [M+COOH]™ 0.6 553.171 6.431.1352.121.028 2 A AT 2507 Y N Y
60 14.54 C.H, NO, 230.081 1 [M+H] 0.3 215.057 0.200.033 6.186.054 4.172.038 9 L HH > Y N N
61 1473 C,H,,0,, 629.1869 [M+COOH]™ 0.6 553.172 6.431.1359.121.028 2 A AT 25 0 Y N Y
62 16.06 C,H O, 939.4961[M-H] 0.8 777.4437.715.443 5.569.384 9 .551.373 5 Mufk 7218 1 ,°* N N Y
63 16.64 C,H, O, 269.0454 [M-H] 3.6 225.0553.,151.002 6,117.033 3,107.012 5 FF3EHE" Y N N
64 1722 C,H O 939.4960 [M-H] 0.7 793.4410.,551.376 9.455.353 4 Wk FRIFL, % N N Y

1‘@{2{&“8]

TE 5 0 B8 HE XS %20 505 OTCML R %878 3 Y. G T 2 3% W43 s N AR A T 3 3% 10 43 5 A |3, 4-dihydro-1-[ (4-hydroxyphenyl) methyl]-
7-methoxy-2-methyl-6-isoquinolinol; A,.6'-O-8-D-ij 4 #% 3 J& N #5 1F ; A,.N-methylhigenamine-7-glucopyranoside ; A .4-p-coumaroylqu-inicacid

3.0 AW RS AN [ IR S b s
34 S A W B Ry, AL AR 12 A D/ BE g B AR )
B (L4 97 30,31 .39~41 .43 .45~49 .53) 9 PU S 5
/N BEE A A W) AR (fk 59 10 .11 .,26~28 .36 .37 .42,
44) 3ABTFR S 2 A Yk (L5 ) 16.21.38) (243
ALY (LS 29 .34) 5 FE SR Rk
W (LS9 5.8.15.19 .24) 1 34 HoAh 25 7 iy A=
Yo (LA %1.20.60) 38 5% B HOX, S8
T HEAIB R 2 AR R BT R A . AR X
S S ) R i U 6 L T i R R AT
20 R 25 0, 7 5 S e bk S 5 e D SR 2 A 2
)¢ 42 (CH,),NH 5% # CH,NH, ) 1 JE B, [ M—45] 5% %
[M=31] IR B, 7% 5 5 s bk 2 20 0 &5 kA PR A%
B B0 W 2T I B m/z BN A K A
5, T B RR S 2 A W A B Y D 2 E AL
U AT DX 3 R AR W 38 2 2R 5 U D
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BB TR A ) 2 o % A K R T - BT R 7 i i (RDA
J N ) B, 8 B S 2 W oA e [MAH-18]"
([M+H-H,0 ") -, 105 D4 &S5 /)N BE fig 8 2 ) Bk
ANAEAE MR AE PERE R, 48 0 7T X 20 X PR 2B A 9
B 5 J5E /0N BE B R AR W B TP AF TR C-5-C6 ar B ik 5
L o ZR 2N A R e R n R E, ™
A IM=2 " ([M=2H 1) B -, 8 e mT o T /)N B i 754
AR LR DR AR Y X Ay o B R AT LA
C /N Wi E3 i SR R R RS e RS
RY Ay Je Sk A B2 B 1 A 0 6 03] 25 S A o

3.2 BEIEALSY AN [ I R R S E 12 4
i Ao (k& 4.6.13.14 .17 .18 .23 .25 .59 .61,
62.64), T 5 XIS T LA 6.17.18.23
2553 IS G O SR AT IR R IEATZG AT e IR A
HNBRTT 5251 . LUMEE Y 6 i, ok rF 5
T K m/z 375.128 9 [M-H ], 3k 1 45 H 4 i 4 1
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B P sk C H,,0,,, H BB AR R N
m/z 213.076 2.169.086 0.151.075 5, i f 5 X i iy

t BT B X LG 80 AR S N SRR . i
SLfigp ok T Ry BE B O 25— 43 W TC R A R
A B F m/z 213.076 2 [M-H-Glc] , Z J5 & 4 & 3t
Wr 2 I 2k — 43 F CO,, A L HE F 2 F m/z 169.086 0
[M-H-Gle-CO,]", 43+ 1 iy J& 1 5 40 <8 057 1 it +
KA RN, R E—7F H,0, 4 iF R B+ miz
151.075 5 [M-H-Glc-CO,-H,0 |, it i 42 WK 1.

-H _
OH -H
ﬂi HO ™y oK
HO OH OH
OH
m/z 119.033 6 miz 89.023 0

—‘H‘_

f —_—.
Q-~OH / /\OH
Ho_o ~H s OH/ miz59.012 5
(:/?:E;

o OH / miz 179.054 5
HO N OO “H|
HO OH ﬂ; HO 0
OH
_-H,0_
D4R R m/z 375.128 9

0.

m/z213.076 2 m/z 195.065 1

| -cozi |

OH OH OHC
m/z 151.075 5 m/z 169.086 0 m/z 195.065 1
H| l -H|
oy~ o _‘- H HOIO
—_
—_—
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B1 SDHRERMRIERBERE

Fig. 1 Fragmentation pathways of loganic acid

3.1.3  AMLERZE WS AR SRAE bh i 2 2
HOMNEHERRIE N (k& 2.3.7.22.32.33.35,
50.55) . a3 5% R Le o, A P 22055 43 0 2
ERGIETR 5K . DAL 22 ), s+
B IR m/z 353.087 2 [M-H ™, B4 45 4 ofE 4%
F BT F Xk C,H,,0,, H 5% = U E % A
Sy m/z 191.055 3,38 3 15 %6 HE 5 o R0 533 B0 X LG
YA W) 22 AR R |, T G 2R A R DL G R
i B b R

3.4 BEEAIEELS MASTRLI AR i b 4 64>
B 26 B4 (5 W) 52,54 .56~58 .63) , i i 5 %) IR
i EE XS S AR A W) 56 .58 43 il T BT IO S E A

m/z71.012 5 m/z101.023 0

o LIk & W56 B, ok r F B 1E R miz
449.108 4 [M-H ], H 515 45 1 B9 #fE 5 + &5 F i 43
T Xk C,H,0,, FEIFE R B F A m/z 303.050 8
[M-H-CH,0,] .285.040 3 [M-H-CH,,0,-H,0] .
151.002 6 [M-H-CH,,0,~C,H,0,]", i# i 5 % B 5
to RS B XF L, B A A W R Y R I R
Tk S i 3% A2 AL 1 e R T A e
3.1.5 FHABZE  BR T EIRAEAE R Ah L DR RUE I
& 10K FE G TR @ AT R 3 LA 2R A Ak A (A
AWo.12.51) . (kB IWES T & T %K m/z
137.023 1 [M-H 1", H 345 th 09 HE 53 + 25 1 U 4y
TR CH0,, H =% R A m/z 119.012 4
[M-H-H,0] . 108.020 4 [M-H-CHO] ., 93.033 3
[M-H-CO,] .81.033 2 [M-H-2CO] , 5 OTCML
B FE X I R LA EE . A 1245
B T8N m/z 417.140 0 [M+COOH |-, H.#F 45 1
B UE 5> B 108 53+ X8 CH,s0,,, H 32 % T 90
fE #E A7 A 209.081 2 [M-H-C.H,,0,] . 194.057 7
[M-H-CH,,0,~CH,] . 179.034 2 [M-H-CH,,0.-
2CH,] .161.023 4 [M-H-C,H,,0,~2CH,-H,0] , 5
OTCML ¥4l FE Lo %t 4D H o 5 T/ i . k&
Yy 51 #ESy T8 116 K m/z 565.301 6 [M+COOH ],
HAR AR 45 1 B UE 3+ B 108 5 1 00 C,,H,,0,,, H
FE R AR 7 m/z 519.295 8 [M-H] |
501.289 4 [M-H-H,0] .319.190 5 [ M-H-C,H,0,] .
301.181 0 [ M-H-C,H,,0,-H,0 ]~ .199.096 7 [ C,,H,,0, ],
55508 BRS¢ 0B BCHE X L, %8 5 R AR T S B
3.1.6 S ALG W AE A [F] 13K o3 A A5 B ﬁﬁﬁ k.
AL A P AE A TR) I AR b e B A A I B R RAEAE
6 Tt 43 A 18 B - O Ak 2% 43 78 I A 15 B A
RS Y TR 25 A AR RE e OR A I i AR A
53 TE R it v B e B AIG,  1E E  OFAT SR M e 2
TR 25 2, (045 B o R 6 B AIK 8 Ak 2 B o B A A
WAL G W 21, @1k 2% B 76 B AR RE b R A6
M 7E AR5 25 G AR & v A 48 D32 1m0 72
205 O — FE L s A 2 A4S B 1 AR
Y, A& Wy 46, SCHR 53 B A B, /)N BE 21 g 2 /) B
Bl (kA5 4 48) 7 JIF I v (1 32 B4R 7= 0 T AR SC
TF 5% 45 5 & /N BE Ak L T 76 2] 58 JiF Ok 2 i £ 388
UESE T R A # . B Fk 2= o A B AR
JHEAR I 5 256 AR I 3 A o b e o BT R |
B3 25 8 1 18 WSO AT DA D AL A I A B
WAL G 6. @Ak 1 o3 76 i AR RE oAt
FE AR 5 25 G ACHHRE i h R R B DL b B4y
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22 i W WS kB AEE v A 245 4 A A, e B
22, YRR , LR AE /D i i LU B A i
FLAE B iz AR E S8 T bk e Y A 3
Yo Ok o 7E i AR5 25 5 AR i P A
T AE AR il P OR A 3 2% A 5 ) 3 28 /)
i P B A i BEAE AT WA, T A 2 AN AF 5 B S
T B, [ Bk A A A JEF B o K 2R T R — AR AR, A
M T ERAR, k529, CHBITEERY,
Jir e 7 (] fi B W e i+ AR B IR,
FLAE 18] iz B 1 2 W32 28 28 0 A i B A b 22 S
A GETE B B AN BT e A R B AR
A%, 76 BT E v % Al il 22 Rl AR 9 IESE T B id
)& BAE . BT RAE T =R a Y
A WAL R OAR SOV I 8 S i B R AT BT
FT B A Wy BALPE A [R] A ) i B 45 46 &
Y i W W BE D TR A5 AN AT o @k 2 08 ox e i AR
AR Al R R R H AR 28 S A AR R AR
x2 BREREARMEFRPRF=WHERE

L HEN R A Y B AE B R O A I
AW iE e Al e 2 iz AU, ik s 1.

3.2 AR e Ve I E O T AT R M 3%
1l AR5 ARG A 5T, — 2 X 7E T 1l 3% B il
B A7 11, Jon AU BIF 5 IF 235 FLRF 10 i ki 2% o ik
SR ML, T HEAT A I F 53 B, N 45 L kR
BRAL SR o BEAh 5 i 45 25 LE , i T R
FAT R R SEVETE 45 25 A B TR I — L8 55 i Al
XA B B o3 o 4l 2R DS [a) L A i v 3 S 5
36 F AL My o e, M AU A AN 2 A AU
BE i 23 ) 4 18,23 29 AR T . AR
W He e A R R it AR B T A B T TR
o LA A S R, LR 20 XTI
oA A B, A A P AR W 2 T e A
2, R RO JTEIIE PP A B R A T AR T AR A
Mo 2R AR A P AR ) 2 T IS
X g2 PR Sy i T T RE L BE 2 45 AR A A W B AR

Table 2 Identification of metabolites in different plasma sample of Tongfengding capsules

w5 " wET st ° S i R
/min /ppm R A s
M1 1.24 6942349 [M]°  C,H,NO, 1.1 5182025.342.169 6.178.086 1.163.062 7 ¥ b1 ) XU 25 b 1 12 1.+ N N Y
M2 1.84 5182026 [M]"  C,H,NO, 1.1 342.1698.192.101 8,177.078 3 CHEC YR 4 ] 0 R i A Y Y Y
M3 3.27 174.055 1 [M+H]" C,,H,NO, 0.7 146.060 0.128.149 6 o A g -2 Y Y Y
M4 3.64 195.0652 [M+H]" C,H, 0, 0.2 177.0545.149.059 7.131.049 2 121.064 6 £T {4 4x 1 P4 ik ity 6 2 Ak iy 4 Y Y Y
M5 3.64 177.054 6 [M+H]" C H,O, 0.0 159.044 0.149.059 6.131.049 2 ,121.064 6 41 {4 4x 4£ I} BE™* Y Y Y
M6  3.66 373.113 6 [M-H]™ C (H,,0,, 1.9 193.0337.149.059 6.119.033 7 BT -2H Y Y Y
M7  3.75328.1544[M]"  C,H,NO, 0.4 283.096 1,265.085 6.251.069 9 A 2 FE G TP 214 N N Y
M8 437 371.098 1 [M-H]™ C H, 0, 23 195.0654.175.023 9,136.023 2 BT M2 -4H Y Y Y
M9 437 371.098 1 [M-H]™ C,H,0,, 2.3 195.0654.175.023 9.113.023 2 Te R B M 2H Y NN
H B mERR T
M10 4.40 358.1651[M]*  C,H,,NO; 0.6 340.153 7.313.106 4.295.096 1.263.070 1 A 2% 558 2 3 fh. 47+ N Y Y
M1l 4.61 5182025[M]"  C,H,NO, 0.9 342.1697.178.086 2.163.062 7 . 151.175 3 B A fi i) 7 45 i 1 Tl 1. Y Y Y
M12 4.85371.0982 [M-H]" C,H,0,, 2.4 195.0655.175.023 7,113.023 2 TR B A 2 Y NN
AP R
M13 5.55336.0867[M]"  C,H NO; 0.2 318.0756.308.091 1,290.081 0 0 A N N Y

M14 5.71 639.156 6 [M-H]™ C,H,,0,, 1.5 463.124 8.317.066 4,178.997 7.152.010 5 3"-O-F JE AL 4 3 10 1 S 44 1k
{7 0 R AL A

M15 5.96 195.0654 [M-H]™ C,H,,0, 1.2 177.054 8.133.064 8.123.043 9 Jo BEL S 4 2 e +2m

M16 6.03 639.156 9 [M-H]™ C,H,,0,, 2.1 463.1249.317.066 5.178.997 8 .152.010 5 3"-0-H1 J& Ak 3% 3 40114 14 7 25

M17 6.11 498.1397[M]"  C,H,NO,, 0.4 322.107 1.307.083 5.279.088 6

257724

M18 6.15 174.0550 [M+H]" C H,NO, 0.3 146.0600,128.149 5

M19 6.22 500.1555[M]"

C,H,NO,, 0.7 324.1227.308.091 4.280.096 6

R B
thalifendine B/NEELLHA A N N Y
i i Ak -
e 217
T/ INBER A A R R R A
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w5 " awT fert 0 3= fe it R
M20 625 514.0713 [M]°  C,H,NO, 1.1 338.1384.323.1142.322.107 1.294.1122  FEMPIC k2R 4MmE N N Y

7

M21 7.06 322.1075[M]°  C, H,NO, 0.3 307.0835.279.088 6 JINGET I Y Ak ) N Y Y
M22 7.13 195.065 0 [M-H]™ C,H,,0, -0.8 177.054 6.136.051 9.,121.028 3 i JEL 0 7 2 0 21 Y N N
M23 734 368.1495[M]°  C,H,NO, 0.6 352.1177.338.101 6.324.122 8 WM T2 R N Y Y
M24 831 193.049 8 [M-H]~ C,H,,0, 1.2 178.026 3,149.059 7.134.036 2 B AR > Y Y Y
M25 8.35197.0811[M-H]" C,H,0, 1.6 179.070 6.153.091 1.135.080 4.111.043 9 A7 {740 % | S FME v v N
M26 8.58 193.049 8 [M-H]™ C,H,0, 1.2 178.026 3.149.059 7.134.036 2 e R A Y N N
M27 8.59 197.0812[M-H]" C,H,0, 2.1 153.0911.118.028 6 AT [ R A N Yy
M28 8.91 193.0499 [M-H]™ C H O, 1.8 178.026 3.,149.059 7.134.036 1 S AR Y Y Y
M29 9.03 193.049 9 [M-H]" C,H,0, 2.1 178.026 3.149.059 7.134.036 2 T R I A BT Y N N
M30 9.78 176.070 8 [M+H]" C H,NO, 1.3 130.0653 T A Y Y Y
M31 10.92 447.093 3 [M-H]~ C, H,0,, 2.5 271.0613.151.002 7. 113.023 2 il B 3% 00 3 A R AR Ak T N Y Y
M32 11.06 199.096 8 [M-H]~ C H O, 1.4 181.0863.155.106 7.121.028 3 SETR RN/ E N Y Y
M33 11.45 463.124 6 [M-H]™ C,,H,,0,, 2.7 317.0667.299.056 4.178.997 7.152.010 5 3'-O-H HAFEH T HMAEST N v v
M34 12.08 463.124 6 [M-H]" C,,H,,0 2.3 317.066 7.299.056 4,178.997 7.152.010 7 3"-0-H B AL 3% 7 41415 N Y Y
M35 12.16 398.123 9 [M]*  C,H,NO, 1.3 380.112 5.365.088 0.336.086 1.306.071 6 [T it % i = Fe KAk 4y %) N N Y
M36 12.39 137.023 3 [M-H]" C,H,0, -0.5 93.0332 e f gt N Y Y

4 itig

A WE 5T R Fe 5T AC U5 1 45 % UPLC-HRMS
FAR i IXUE I 2 v B A I o3 R AT o3 A, S e
64 Fi SR A I B 43 AT 36 R AR A AR 18 5 £
ERA RIA BT R 5 AR A Ay T
AR A A o T R b B T AR, b, AR
MY 1 i HE>50% , H A i 35 A ks 0 5 B A A AR
22 AR L B B /) BE S A ) B DS o3 1) T
BEMR AL R AL Tl Y 3R Al 55 B R AR AR =
ACHE D A= W) B2 A8 23 T BE R R X E I R K 24 3L
M B o o AN A ST T O R A
AR AN 25 5 A 3 Bl A [a] I 2 B a2 25 (2 R
A% i 1 BT KU B 2 v A o B A L AR A% T AL
F8 R S A 19 DL

AT, i PR b = 20 38 2o i 7 3 1R 0% 4 AL 1 15
P B PR R Y A G 2R T PR R LT 5 KLY
FoBg o Sl , bk A i 43 b i 3 8 3 170 OF
SRER S /NBERR T T T A A 5 A ]
NS W 0P Tl 5 P8 5 T A, S DR AT 21 30 e A A il 35 0
] S 56 A B DX I 2 K W 0 o IR 0 AR AL Tl A
R p Ml BE 7 o DRI, I b A nl g T B R i XL
SE T B IR T e DR R LA 5 KR 255 . AL
PEAGE , R A MRS PR BB R L TR (s

SR B VE BT A OB IO OB AT BAC T
FEAFR R AR K TR I, A5 A3 T AR T
P JH T A8 A= 04 A TR A 8 6 1 A 45 36 T XY 24
B BR B SPT9E RUE B AL RS B AR A 43
F1% A A T Ay 2 T ) PP HL 24 00 T il B Al

T RUE 5 2 T Al 2 1o S 2% AR BiE 5 2R T B
AR T ik A T HAE R A G SO A I 8 2 A
PR o %05 7k AT HERR b 24 rp OB 0 vk B i Y
o B, AR /NS T L, B B B A R
T AE 25280 73, 2 ) W v 2 24 2550 T R ik — oA
07 25 o H 2 W B R B AW 5T o E B4 XUE
52 3 AL F A 53 I AN 45 [ T 1 e AR DR 1R 19 25 2%
Y o AN TR R SR 5 R KUE T B RS
A AL T T AE R AR E O JE ) o JORY 8 2 A 40 19
D, 450 30 R T B BOR HE— 20 B U XUE i B T
AR PN AT RE 25 204 5, I A5 1R Sh e 3l 1 K F Bk I 2
o3 B
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