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neuropathy (DPN) through ultra performance liquid chromatography-quadrupole-time-of-flight mass spectrometry
(UPLC-Q-TOF-MS/MS) and network pharmacology. UPLC-Q-TOF-MS/MS combined with Peak View™ 1.2 software
and Molecule Profiler™ software were used to analyze the the chemical components of Huoluoxiaolingdan and
blood-absorbed ingredients in normal rats and rats with DPN induced by high fat diet combined with low dose
streptozotocin injection. Swiss Target Prediction database, GeneCards and other databases were used to search the
corresponding targets of active ingredients and disease targets. The intersection targets were obtained using Venny
2.1 platform, which were then imported into the STRING platform and Cytoscape 3.10.1 software to construct the
protein-protein interaction network and the "component-target" network relationship diagram, and the core components
and core targets were analyzed. GO and KEGG pathway enrichment analysis of key targets were performed. All
experiments were approved by the experimental Animal Ethics Committee from Nanjing University of Chinese
Medicine (No. 202310A023). A total of 83 chemical components were identified, including 52 terpenoids such as
tanshinone II,, 11 phthalides such as Z-ligustilide, 15 organic acids such as ferulic acid, 4 coumarins and 1 phenol.
Additionally, 15 prototype components and 29 metabolites were identified in normal rats' plasma, and 17 prototype
components and 32 metabolites were identified in DPN rats' plasma. Network pharmacology results show that
5 core components such as 3-acetyl-11-keto-f-boswellic acid and 11-keto-f-boswellic acid may act through 27 core
targets such as TNF and IL6 to regulate AGE-RAGE and PI3K/Akt and other signaling pathways so as to play a
therapeutic role in treatment of DPN. The study efficiently analyzed the constituents in vitro and blood-absorbed
ingredients of Huoluoxiaolingdan and the cracking regularity of the main compounds, and the core components of
its treatment of DPN were analyzed in combination with network pharmacology, which can provide reference for
further research of the pharmacodynamic substantial basis and mechanism of Huoluoxiaolingdan in the treatment
of DPN.
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Table 1 Compounds identified from Huoluoxiaolingdan by UPLC-Q-TOF-MS/MS

No. #,/min Compound Formula m/z Adduct  Error/x10™ MS/MS

1 1.00  Gallic acid C,HO, 169.0140  [M-HJ -1.5 125.024 6, 107.014 0

2 242 Caffeic acid C,H,O, 179.0348  [M-H] -1.2 135.045 0, 117.032 4, 107.049 9

3 2.43  Danshensu C,H,,0Oq 197.045 2 [M-H] -2.0 179.034 7, 135.046 1, 123.046 0,
109.029 5

4 256 Coumarate C,H,O, 165.0546  [M+H] -0.2 119.085 6, 91.054 1

5  3.84 Vanillic acid C,H.O, 169.0496  [M+H]" 0.3 125.060 1, 111.007 1, 95.066 8

6  5.06 Ferulic acid C,H,,0, 195.0652  [M+H] -0.6 177.055 0, 149.059 2, 134.036 5

7 5.07 6-Methoxycoumarin C,,HO, 177.054 7 [M+H]" 0.4 149.060 0, 145.028 7, 134.036 0,
117.033 8

8  5.09 Isoferulic acid C,H,,0, 193.050 1 [M-H] -2.9 178.027 1, 134.037 4




oz,

1128 222224 Acta Pharmaceutica Sinica 2025, 60(4): 1124-1136
Continued
No. #,/min Compound Formula m/z Adduct  Error/x10™ MS/MS
9 5.39  3,4-Dicaffeoylquinic acid C,H,,0, 515.119 1 [M-H] -0.8 353.087 1, 191.055 7, 179.034 1
10 5.51  Salvianolic acid D C,,H, O, 417.0816  [M-H] -2.8 197.045 3, 135.044 9
11 6.16  7-Hydroxycoumarin C,H,0, 163.039 0 [M+H]* 0.2 135.044 7, 117.034 0
12 6.16 Rosmarinic acid CH,O4 359.076 5 [M-H] -1.9 179.035 3, 161.026 3
13 6.17  Isomer of umbelliferide C,H,0, 161.0239  [M-H] -3.0 133.028 7, 117.039 1
14 6.28  Azelaic acid CH, 0, 187.0972  [M-H] -2.0 125.096 7, 123.081 4
15 6.51  Isomer of senkyunolide I C,H,0, 225.1121 [M+H] -0.3 207.101 8, 179.106 3, 165.090 5
16 6.54  Senkyunolide I C,H,0, 225.112 1 [M+H]" -0.3 207.101 8, 189.090 5, 179.078 9
17 6.78  Salvianolic acid B C,H,,0,¢ 717.1430  [M-H] -4.3 519.093 3, 339.049 5, 321.040 2,
295.061 8
18 6.98  Senkyunolide F C,H,0, 207.1017  [M+H]’ 0.4 189.091 3, 179.106 0, 123.044 3
19 6.99  Senkyunolide H C,H,0O, 225.1121 [M+H]" -0.3 207.101 5, 189.091 1, 179.106 9,
165.089 5, 161.095 7, 117.069 4
20 7.09  New osthol lactone C,H,0, 195.1379  [M+H] -0.5 177.127 3, 159.117 1, 117.070 0
21 7.42  Salvianolic acid A C,H,,0,, 493.113 0 [M-H] -2.0 313.071 8, 295.062 9, 203.034 9,
185.024 7, 159.045 2, 109.030 3
22 9.04 Myrrhanolide B CH,0, 261.112 6 [M-H] =25 201.092 1, 187.076 4, 175.112 7
23 9.29  Coniferyl ferulate C,,H,,04 355.1170 [M-H] -4.8 311.128 1,296.104 6
24 9.44  Atractylenolide III CH,,0, 249.148 5 [M+H]" 0.0 135.080 6, 107.084 8
25 9.50  Myrrhterpenoid H C,H,0, 277.1436  [M+H] 0.4 245.120 1, 121.066 8
26 9.63  Commipholinone C H,O, 233.117 5 [M+H] 1.1 119.085 4, 105.069 9
27 9.76  Commiterpene D C,H,,0q 319.154 3 [M+H] 1.0 227.107 9, 156.093 4
28 9.89  9,10-Secoisohydro-xyaconido lactone ~ C,;H O, 247.1329 [M+H]" 0.2 159.081 8,91.0550
29 10.02 Isopimpinellin C,;H,,0q 247.0594  [M+H] -3.1 189.091 0, 161.095 7, 133.064 9
30 10.59 MCS134 C,H,,0, 285.147 5 [M+Na]" 49 187.038 6, 171.116 7, 159.116 4,
145.101 3
31 10.89 Przewaquinone A C,H,0, 311.127 8 [M+H]" 0.0 283.132 4,237.056 3
32 1091 Nortanshinone C,H,,0, 281.080 3 [M+H]" -1.8 253.086 2, 225.092 4
33 11.06  Tanshinone II, C,H,0, 311.127 8 [M+H]" 0.0 293.117 1, 283.1329, 275.106 7,
250.106 9,247.111 0
34  11.06 1S-Hydroxy-anhydride of 16R C,,H,, 04 327.1225 [M-H] -4.0 283.133 4,239.143 7
cryptotanshinone
35 11.38  Senkyunolide A C,H,0, 193.1222  [M+H] -0.5 147.117 8, 137.061 0, 119.084 9,
105.070 0, 93.070 7
36 11.47 Tanshialdehyde C,H,0, 309.1122 [M+H] 0.2 265.123 2, 250.098 6, 235.076 3
37 11.49 Canangaterpene VI C,H,,0, 223.1690  [M+H]" -1.0 119.0857,91.054 6
38 11.91 N-Butylphthalide C,H,0, 191.106 6 [M+H]" -0.1 173.097 3, 145.100 8
39 12.05 FSA CH,,0q 321.169 5 [M+H]" -0.4 185.096 7, 168.095 3, 159.083 4,
145.076 3, 131.086 0
40 12.06 Commiterpene B C,H,,0, 303.1594  [M+H] 1.0 211.112 5, 181.065 7
41 12.09 Dihydrotanshinone I CH,0, 279.101 4 [M+H]" -0.5 261.094 1, 233.099 0, 205.103 5
42 12.17 Z-Ligustilide C,H,0, 191.106 6 [M+H]" -0.1 173.096 3, 163.111 6, 145.100 8,
117.070 0, 105.069 8, 91.054 5
43 1227 (1E)-8,12-Epoxy-germacra- C,H,0O, 231.138 1 [M+H]" 0.7 145.065 1, 105.070 0, 91.054 4
1,7,10,11-tetraen-6-one
44 1237 2-Methoxy-furanogermacra- C,H,,0, 261.148 3 [M+H]" -0.5 175.112 3,161.1352,91.053 9
1(10),4-diene
45 1239 Danshenxinkun B CH,0, 281.117 1 [M+H]" -0.6 253.158 7,235.113 9
46 12.46 Epicurzerenone C;H,,0, 233.1534  [M+H] -0.9 145.102 5, 131.087 3, 95.086 0
47 1292 9-Methymyrrhone C,H,O, 259.132 8 [M+H]" -0.3 211.074 5, 189.092 1, 174.101 8,
161.060 2
48 1296 Myrrhone C;H,0, 229.1222  [M+H] -0.5 159.086 6, 145.066 9
49 13.03 Tanshinone I CH,,0, 277.0857  [M+H]" -1.0 262.063 2, 249.096 1, 221.096 3
50 13.08 Cryptotanshinone C,H,,0, 297.148 3 [M+H]" -0.6 282.126 4,279.140 0, 268.111 1,
251.144 4,237.097 3,227.071 4
51 13.17 Rel-3R-methoxy-4S-furanogermacra- ~ C, H, O, 261.1484  [M+H] -0.4 175.076 7, 161.060 4, 145.085 2,
1E,10(15)-dien-6-one 131.086 1
52 13.18 Myrrhterpenoid J C,H,,0, 261.1484  [M+H] -0.6 229.1253,201.110 2, 196.088 8
53 1336 Incensole oxide C,,H,,0, 323.257 8 [M+H] -0.7 163.147 1, 149.133 0, 121.102 3
54 13.46 Methylenetanshinquinone C,H,0, 279.1014  [M+H] -0.5 261.096 7,233.099 6, 205.103 1
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No. #,/min Compound Formula m/z Adduct  Error/x10™ MS/MS
55 13.66 Levistolide A C,,H,0, 381.2057  [M+H] -0.7 191.110 8, 173.096 4, 149.059 5,
145.100 8, 135.043 8, 117.070 0
56 13.75 Angelicide C,,H,.0, 381.2057 [M+H]" -0.7 335.200 6, 191.112 2
57 13.81 Olibanumol I C,H,0 4273565  [M+H]' -12 163.147 7, 149.131 9
58 13.82  Senkyunolide P C,,H,0, 381.205 8 [M+H]" -0.6 335.201 5,279.136 7, 191.113 4
59 13.85 Dehydromiltirone C,,H,,0, 281.153 3 [M+H]" -1.1 266.130 4, 253.158 5
60 13.90 Alismol C,H,,0 221.1899  [M+H] -0.6 147.116 7, 107.085 4, 103.054 0
61 14.04 Tanshinone II, C,H,O, 295.1327 [M+H]" -0.6 280.110 4,277.125 9, 266.094 9,
262.100 8, 249.127 6
62 14.19 (-)-a-Cubebene C,H,, 205.194 8 [M+H]" -1.2 105.070 8, 91.057 8
63 1422 Dihydro-cryptotanshinone C,H,,0, 299.163 9 [M+H] -1.0 281.153 8,253.158 9
64 1430 Miltirone C,,H,,0, 283.169 1 [M+H]" -0.7 268.145 3,265.159 0
65 14.46 Lupan-20(29)-ene-3a,30-diol C,,H,,0, 443.387 6 [M+H]" -1.8 297.247 6,217.195 1
66 14.68 11-Oxo0-24-norursa-3,9(11),12- C,H,,0 409.346 2 [M+H]" -0.6 219.174 8, 175.148 2
triene
67 14.69 Tsugaric acid A C,,H,,0, 499.3773 [M+H]" -1.8 439.358 2, 369.273 4, 329.276 2,
255.2125
68 14.76  11-Carbonyl-f-boswellic acid C,,H,0, 469.330 6 [M-H] =3.7 407.331 2,391.300 0
69 1479  Lupeolic acid C,,H,0, 455.3517 [M+H]" -0.7 437.3419,271.241 6
70  15.01 Boscartol C C,,H,,0, 305.247 2 [M+H]" -0.9 175.147 0, 159.116 5, 145.101 2
71 1523 Incensole C,H,,0, 3072630  [M+H] -0.6 123.118 1, 109.102 8, 95.088 4
72 1536 Boscartin X C,H,0, 3652682 [M+H]' -1.2 305.248 5,175.147 1, 151.111 6,
121.101 2
73 1579  p-Hydroxyman-subin-13(17)-ene- C,,H,,0, 3312629  [M+H] -0.8 189.163 6, 121.101 0
11-ketone
74 1636 a-Boswellic acid C,,H,0, 455.350 8 [M-H] =5.0 437.351 8,409.350 9, 361.063 9
75 1645  3-Acetyl-11-keto-f-boswellic acid C,,H, 0, 513.3573 [M+H]" -0.3 497.812 6,495.347 9, 470.005 9,
453.339 3,437.328 0
76 16.51  Verticiol C,H,,0 291.2679  [M+H] -1.2 107.085 3, 93.069 9, 81.070 5
77 16.53  3a-Acetyl-9,11-deoxy-f-boswellic C,,H,0, 497.362 2 [M+H]" -0.7 437.3421,391.3358
acid
78 16.67 p-Boswellic acid C,,H,O, 455.350 8 [M-H] -5.0 409.310 5, 367.391 6, 283.712 5
79 1691 Cycloartenol C,,H,,O0 427.392 8 [M+H] -1.5 189.163 6, 173.131 8
80 17.44 Commiphorane G2 C,H,,0 315.268 0 [M+H]" -0.8 145.100 5, 105.069 9
81 17.70  Epilupeol C,,H,0 4253770 [M+H]" -1.9 187.147 5, 135.116 7
82 17.72 Lupenone C,,H,,0 425.376 7 [M+H]" =23 203.179 2, 189.163 1, 147.116 6,
105.069 5, 81.070 0
83 17.85 Incensole acetate C,,H,0, 349.273 4 [M+H]" -0.9 203.1799, 163.148 2

2.1 WEELED
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SWANEY, TERAIS AE KLY b
GAEIE BTN G 5w R, S TR g
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437.328 0 [M+H-CH,COOH-0]". 4 &R MM s
SCHRM S HE A L, % AL AN 3- 2 RS- 11



- 1130 - 2% %R Acta Pharmaceutica Sinica 2025, 60(4): 1124-1136

A 100

=
G

1%
S

IS}
G

Relative intensity / %

=3

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Time / min

B 100

<
a

Relative intensity / %
5 8

4
7
0 T T T T T T T T T T T T T T \A\JSW T \‘N\
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Time / min
C 100
s
2
‘D
5 50
E
o
i A»J\MMW
<
Tl Al
0O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Time / min
D 100
575
&
‘D
g 50
E
o
225
=
o]
mor
0O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Time / min
E 100
Sos
2
‘B
5 50
E
o
225
=
3, e e
B e B B S s S S e e I LA m S s p |
0O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Time / min
F 100
575
2
‘D
£ 50
£
o
225
=
5}
“0—
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Time / min

Figure 2 Total ion current chormatograms in positive (A, C, E)
and negative (B, D, F) ion modes. A, B: Extract of Huoluoxiaoling-
dan; C, D: Normal rats' plasma after administration; E, F: Diabetic
peripheral neuropathy (DPN) rats' plasma after administration. The

peak number is the same as the number in the Table 1
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Figure 3
p-boswellic acid; C: Z-Ligustilide; D: Ferulic acid

Proposed fragmentation pathways of ingredients of Huoluoxiaolingdan extracts. A: Tanshinone II,;

HO™ "O

m/z 437.328 0

HO™ "0
m/z 497.812 6

HO™ O
m/z 495.347 9

B: 3-Acetyl-11-keto-

Table 2 UPLC-Q-TOF-MS/MS analysis of components in the blood of Huoluoxiaolingdan. 1-23: Prototype components; M1-M38: Metab-

olites; SL: Normal rats' plasma after administration; BL: DPN rats' plasma after administration; +: Detected; —: Not detected

t, Error
No. . Formula m/z Adduct 6 MS/MS Compound Phase SL BL
/min /%10
1 1.89 C,H,0, 165.0547 [M+H]" 0.3 119.0509,91.0549 Coumarate - + o+
2 241 CH, 0O, 197.0449 [M-H]" -3.4 179.0344,135.0456,123.0453, Danshensu - + -
109.030 2
3 349 C,H O, 193.0498 [M-H]" -44 178.0256,134.0379 Isoferulic acid - +  +
4 6.34 C10H1004 195.0651 [M+H]" -0.6 177.1635,149.0509,134.0339  Ferulic acid - +  +
5 6.96 C,H,,0, 207.1015 [M+H]" -0.4 189.0909,179.1068,123.0448 Senkyunolide F - + o+
6 8.15 C,H, O, 247.1328 [M+H]" -0.5 159.0807,91.0542 9,10-Secoiso-hydroxyaconido - -+
lactone
7 8.90 C,H O, 261.1133 [M-H]" 0.1 201.0928,187.0794 Myrrhanolide B - +  +
8 9.60 CMHZUO3 261.1485 [M+H]" 0.0 175.1121,161.0956,91.054 3 2-Methoxy-furanogermacra-1(10),4- - + -
diene
9 9.87 C,H,O, 249.1485 [M+H]" 0.1 135.6485,107.084 1 Atractylenolide 111 - + -
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t Error
No. . Formula m/z Adduct » MS/MS Compound Phase SL BL
/min /%10
10 10.14 C,H,O, 233.1174 [M+H]" 0.6 119.0851,105.0693 Commipholinone - -+
11 1077 C,H,0, 229.1221 [M+H]" -0.8 159.0805,145.101 1 Myrrhone - -+
12 11.00 C,H,O, 311.1275 [M+H]" -1.1 293.1160,283.131 1,275.099 7, Tanshinone II, - + o+
250.095 3, 247.119 6
13 1139 C,H,O, 309.1120 [M+H]" -0.4 265.1223,250.0989,235.1116  Tanshialdehyde - + -
14 1144 C,H,O, 279.1017 [M+H]" 03 261.0921,233.0959,205.1004 Dihydrotanshinone I - + o+
15 11.68 C,H, 0, 297.1485 [M+H]" -0.2 251.1426,237.0911,227.1054 Cryptotanshinone - + o+
16 11.87 C.,H,O0, 191.1067 [M+H]" 0.0 173.0986,163.1121,145.0625, Z-Ligustilide - -+
117.069 1, 105.067 9, 91.054 1
17 1243 C,H,0, 263.1636 [M+H]" -2.0 187.0749,171.1176,159.077 6, MCS134 - -+
145.100 6
18 1419 C,H,O, 4553515 [M+H]" -1.0 437.3413,271.2043 Lupeolic acid - + -
19 1461 C,H,0, 4693317 [M-H]" -14 407.2222,391.9526 11-Carbonyl-g-boswellicacid - -+
20 1585 C,H,O0 221.1899 [M+H]" -0.5 147.1177,107.0858,103.0552  Alismol - -+
21 1632 C,H,O, 5133572 [M+H]" -0.5 495.3541,453.3402 3a-Acetyl-9,11-deoxy-f-boswellic - +  +
acid
22 1640 C,H,O 4253762 [M+H]" -3.7 203.1786,189.164 1,147.116 3, Lupenone - + -
105.069 3, 81.069 3
23 17.60 C,H,0, 223.1690 [M+H]" -1.3 119.0860,91.0537 Canangaterpene VI - -+
Ml 229 C,H,O, 279.1010 [M+H]" -1.9 279.1002,205.087 4 Reduction of tanshinone 1 I -+
M2 2.38 CH, 0SS 277.0019 [M-H]" -1.6 197.0458,179.0350,135.0452  Sulfate danshensu 11 + o+
M3 292 CH,O, 181.0503 [M-H]" -1.9 163.0402,135.0453,119.0505, Dehydroxyl danshensu I -+
107.050 3
M4 332 C,H,0, 193.1224 [M+H]' 0.3 165.1273,123.079 7 Dedihydroxylation of senkyunolide I + o+
I/'H
M5 335 C,H,0, 211.0609 [M-H]" -1.3 193.0507,178.0272, 149.024 4, Methyl danshensu I + o+
134.037 5
M6 390 C.,H,O 219.1740 [M+H]" -1.5 145.1012,105.0695 Dehydrogenation of alismol I + o+
M7 499 C,H,O, 191.1067 [M+H]" 0.0 173.0951,145.1007,135.080 6 Dehydrogenation of senkyunolide A I + o+
M8 5.10 C,H,0, 207.1017 [M+H]" 0.7 189.092 0, 165.055 3, 161.094 7, Ketone formation of senkyunolide A 1 + +
133.101 2
M9 517 CH,0, 267.1590 [M+H]" -0.3 249.1479,231.1376,203.142 5, Internal hydrolysis of atractylenolide I + o+
185.132 1, 119.085 6, 105.069 9 1II
M10 553 C.,H,O, 265.1436 [M+H]" 0.4 247.1338,229.1236,105.0699 Oxidation of atractylenolide III I + o+
M1l 589 C H,O, 2631282 [M+H]" 1.5 245.1171,203.1185,175.1111 Ketone formation of atractylenolide IIl 1 + o+
MI2 695 C,H,O, 207.1014 [M+H]" -0.6 189.0918,179.108 4,161.0969, Hydroxyl Z-ligustilide I +  +
133.101 2, 121.100 6, 107.085 4
M13  7.06 C,HO, 1951374 [M+H]" -2.7 177.1275,153.051 1,149.1325, Hydrogenation of senkyunolide A 1 + -
139.110 4
Ml4 7.10 C,H,0, 209.0809 [M+H]" 0.4 165.0675,121.0654,109.0635 Methyl ferulic acid I + -
M15 7.65 C,H,O, 193.1221 [M+H]" -0.8 165.1257,147.1142,119.0851, Hydrogenation of Z-ligustilide I + o+
107.086 2, 93.068 9
Ml6 890 C, H,O, 2631281 [M+H] 1.0 245.1233,217.1270 Demethylation and methylene to I + o+
ketone of MCS134
M17 898 C,H,O, 209.1170 [M+H]" -1.3 153.0894,121.0626,107.0854 Dehydroxyl senkyunolide I/H 1 + -
MI18 9.08 C,H,0, 193.0859 [M+H]" 0.0 175.0738,151.1094,147.076 7 Demethylation and methylene to I + o+
ketone of senkyunolide A
M19 9.16 C,H,0, 263.1642 [M+H]" 0.0 189.0960,161.062 1 Methyl atractylenolide III I -+
M20 932 C,H,O, 293.1386 [M+H]" 0.7 275.1278,247.1320,187.1115 Demethylation to carboxylic acid of 1 + o+
MCS134
M21 954 CH,0, 313.1436 [M+H]" 0.6 271.0933,269.1524,267.138 1, Hydroxyl cryptotanshinone I + -
254.094 1, 253.085 6, 249.109 4
M22  9.82 C,H,O, 309.1124 [M+H]’ 0.8 265.1219,223.075 4 Hydroxylation and oxidation of 1 + -
tanshinone II,,
M23 999 C,H,0, 189.0909 [M+H]" -0.5 171.0805,161.0920,143.0859, Dehydrogenation of Z-ligustilide I +  +
115.053 4
M24 10.10 C_,H,0, 191.1066 [M+H]" -0.4 173.0932,163.0862,107.0873 Dehydrogenation of senkyunolide F I + o+
M25 10.11 C,H,O, 293.0809 [M+H]" 0.1 293.0796,249.091 4 Hydroxyl tanshinone I I + +
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t, Error
No. . Formula m/z Adduct 6 MS/MS Compound Phase SL BL
/min /%10
M26 1043 CH,0, 233.1533 [M+H]" -1.5 119.0859,91.0537 Dehydrogenation of atractylenolide IIl I -+
M27 1047 C.H,0, 237.1844 [M+H]" -2.1 163.1122,123.1165,119.0862  Oxidation of alismol 1 -+

M28 10.79 C,H,O, 251.1640 [M+H]" -0.8 233.1523,205.1576,187.149 8, Hydrogenation of atractylenolide III I + o+
159.119 6, 133.101 4, 105.069 7

M29 1099 C H,O
247.115 5
M30 1129 C,H,O

4713468 [M+H]" -0.2 453.3346,409.3569

311.1272 [M+H]" -1.8 293.1152,267.138 8,265.086 5, Hydroxylation and dehydrogenation I + -

of cryptotanshinone
Deacetylation of 3-acetyl-11-keto- I + o+
p-boswellic acid

M31 1139 C,H,O, 309.1124 [M+H]" 0.9 291.1010,281.1170 Dehydrogenation of tanshinone 11 I + o+

M32 11.66 C,H, O, 297.1484 [M+H]" -0.3 251.1440,237.090 8 Hydrogenation of tanshinone II, I + o+

M33 12.64 C,H O, 209.1170 [M+H]" -1.0 191.10638,173.1328,165.0678 Oxidation of senkyunolide A I -+

M34 1268 C,H O, 221.1171 [M+H]" -0.8 193.1247,137.0596 Methyl senkyunolide F 11 +  +

M35 1283 C,H,O, 471.3459 [M-H]" -4.4 471.3465,393.3147 Hydrogenation of 11-carbonyl-f- I -+
boswellic acid

M36 14.01 C,H,O, 4853254 [M-H] -3.8 4853269,423.32638 Hydroxyl 11-carbonyl-f-boswellic I + o+
acid

M37 1457 C,H,O, 529.3508 [M+H]" -2.9 511.3422,469.3337,423.3263 Hydroxyl 3-acetyl-11-keto-f- I -+

M38 16.38 C,H,O

4973615 [M+H]" -2.1 479.3643,437.340 8

boswellic acid
Dehydroxyl 3-acetyl-11-keto-f- I -+

32 FEEMRANMKEZIEE  7ESLAKRBAN
RO 29 AR =4, BL ZH K B PO A I HE 32 AR it
PR, 2 R AR AL BV RS THIAR s B 5
FA RBR A S IARAR S L, BARAH (5 B L& 2.
FE BL ZH K B A4S P9 Aar il 30 AQ =4 M2 M3 & M5,
1 SL 4K B RS IR AR =) M2 e M5, (&)
M2 (1, = 2.38 min), $1 8 5B R HET T B T 0N m/z
277.001 9 [M-H], tLIE B a5 FL 2 R HE S T 5 1 1%
m/z 197.044 9 3 Jin 80, il 4 ¥ X~ C,H,,0,S (1% %
N-1.6x10°), ZZREZHAR= 4 m/z 197.045 8 [M-H-SO,]
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