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Abstract: Objective This study was designed to explore the therapeutic effects and underlying mechanisms of Zexie Tang on vertigo
through Chinmedomics, with the aim of elucidating its effective constituents. Methods Based on a guinea pig model of vertigo with
endolymphatic hydrops, biomarkers and associated metabolic pathways were identified. This enables an evaluation of the therapeutic
effects and mechanisms of Zexie Tang from a metabolomic perspective. Under the effective state of Zexie Tang, a network relationship
between the constituents absorbed into blood and endogenous biomarkers was constructed to reveal the effective constituents for its
treatment. Results Thirty-three biomarkers were found in endolymphatic hydrops model. Among them, 14 biomarkers were
significantly reversed after treatment with Zexie Tang, thus substantiating its therapeutic efficacy from a metabolomic perspective.
Furthermore, 33 prototype constituents of Zexie Tang in vivo were screened, and six compounds with a high correlation between
endolymphatic hydrops biomarkers and constituents absorbed into blood after oral administration of Zexie Tang were identified as the
main effective constituents for the treatment of vertigo. Conclusion This investigation identifies orientalol F, alisolide, alisol C,
atractylenolide III, 13,17-epoxy alisol A and alisol P as the main effective constituents for treating vertigo. The mechanism was initially
clarified, laying a theoretical foundation for the development of new drugs from the Zexie Tang preparation.
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atractylenolide III; 13,17-epoxy alisol A; alisol P
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Table 1 Detailed information of potential biomarkers in urine of EH guinea pig model

el R RE B HELT i
K5  tmin fe R VIPE Rl
(mfz) mz) (X109 #d g jeed]

1 064 3480724 3480720 10 ESIF 3470631  CuHuNsOP  2-BiELSH 5-HBER 1188 " ERH

2 080 1910205 1910192 41 ESI 1920270 CsHsOr TER 16754 7 WERER

3 13 1660739 1660721 02 ESI 1650651  CeHiNsO No- 1 B 00 10863 1 -

4 186 1630415 1630384 25 ESI 1640473  CoHiOs KT 11207 | KRRRAH

5 180 1750252 1750243 25 ESI 1760321  CeHeOs D- I E-6,3- P T 2408 | T MR

6 189 2610088 2610069  -45 ESIF 2620147  CeHuOrS ARG 28006 1 -

7 200 1580830 1580817 13 ESI 1590895  CrHuNOs SRR R e -

8 222 165058  1650%2  -48 ESI 1660630  CoHuOs AR 11060 " -

9 208 360722 3360719 -10  ESI 3370798 CisHisNOs SRR 11006 [ -
10 249 1510412 1510395 24 ESI 1520473 CeHiOs -RERLR 12008t KHERRH
1 257 1070513 1070407 29 ESIT 1080575  CiHeO p- 106842 " -
12 326 2550730 2550721  -49  ESI 2560821  CuHuNOs R D-Wfb o wumr " R
13 378 2011238 2011239 46 ESIT 2021317 CoHusNaOs PR 1087 |” -
14 385  137.0046  137.0239 49 ESI 1380317 CiHs0s L-RIERRIR 1482 1 -
15 421 1490619 1490600 39 ESI 1500681  CoHuO: AMRER 15928 " KRARRHE
16 435 3752150 3752145 24 ESF 3522250 CauMxOs AisIlRE E2 14048 7 TEINRERR
17 480 2001308 2001279 23 ESI 2011365  CuHioNOs FRHER 2 | -
18 613 3731999 3732003 39 ESI 3502093  CooHaOs AiINRE E3 25838 | Al v
19 755 3154972 3151962 44 ESI 3141882  CauHuOs GBI AT 26183 | WRERH
2 174 3072024 37219 39 ESK 3162038 CaHaeOs 15-Mi delte- 12,2405 12453 | Al v

fi% 2

il 778 3052130 3052150 32 ESIF 3042038 CuHasOs Ta AN A RIE ST 26004 1" HEREENA N
2 807 3151976 3151968 06 ESI* 3141882  CuHsOs AR, 84306 1 WRERH
3 807 3332075 32072 41 ESIF 3321988 CuHasO L1p-F 7 52601 SEREED AN
2 827 2872026 2872011 49 ESI 2861933  CuHu: g 8720 1 SEREED AN
% 827 4632341 4632316 32 ESI 462254  CosHOs 6 A 2B 39609 1 Dl g
% 840 3012182 3002172 34 ESIF 3002089 CuHxO: 2 RAMER 63074 | WRERH
i 841 4112499 4770502 34 ESIF 4762410 CosHiOs VLB BRI B0 [ WRERH
iy 850 2992024 299.2009 05 ESIF 2081933  CauHsO: 4R | WRERH
9 03 3172152 3172129 25 ESF 3182195  CaoHaOs A=H A 3948 | TEHE MR
0 131 3012181 3012180  -46  ESF 3002089 CaoHO: 0,13tV e | WRERH
3 15 012176 012152 44 ESKF 3002089 CaHa: 4R 25052 | WRERH
2 161 3032336 3032367 43 ESF 302246 CaMuO: ZER 17639 " RENEEREDAR
B 175 303245 303262 <10 ESI 3022246  CaHyOz AR 14624 | WARARH

17 AT AP ARBRT ETECR s SRR AL "P<<0.05 *P<0.01.

“1]” The relative content of biomakers which are increased or decreased in the urine of VEH guinea pig model; “P < 0.05 P <0.01 vs control group.
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Fig. 3 Content changes of EH urine potential biomarkers on the 7th day of treatment
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A-metabolic pathways of EH biomarkers, 1-retinol metabolism, 2-phenylalanine metabolism, 3-steroid hormone biosynthesis, 4-pentose and glucuronate

interconversions, 5. citrate cycle (TCA cycle), 6-arachidonic acid metabolism, 7-glyoxylate and dicarboxylate metabolism, 8-purine metabolism, 9-

phenylalanine, tyrosine and tryptophan biosynthesis, 10-ascorbate and aldarate metabolism, 11-nicotinate and nicotinamide metabolism, 12-alanine,

aspartate and glutamate metabolism, 13. biosynthesis of unsaturated fatty acids; B-major metabolic pathways of ZXT pharmacodynamic biomarkers, 1-

phenylalanine metabolism, 2-steroid hormone biosynthesis, 3-pentose and glucuronate interconversions, 4-citrate cycle (TCA cycle), 5-glyoxylate and

dicarboxylate metabolism, 6-purine metabolism, 7-phenylalanine, tyrosine and tryptophan biosynthesis, 8-nicotinate and nicotinamide metabolism, 9-

alanine, aspartate and glutamate metabolism.

4 ET MetaboAnalyst B EHEE SR
Fig. 4 Metabolic pathway analysis based on MetaboAnalyst
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Fig. 5 Main metabolic network map of treatment of EH guinea pig models by ZXT
%2 BRPEMEETUKBRORESARLABITRS (FR)
Table 2 Constituents in EH guinea pigs serum after administration of ZXT (prototype)
e R GikSpisn
5 tmin L EMATE InATEs b MS/MS £ ¢ S
e Hamen [ T (X109 fezE R R K
1 405 HBAEB 493.2285 [M+ HCOO] 13 CaHsO10 4485045 493, 447,290, 210 HA
2 432 BAIEA 4932285 [M+HCOO] 13 CaHsOw0 4485045 493, 447, 285, 207, 158, AL
109
3 8.66 HARNEIV 307.1545  [M+H]* 14 CiHz0s 306.146 7 307, 293, 249, 217, 159, HAR
131
4 8.98 IEFEM 239.2011  [M+H]* 0.4 CisHar02 238.1933 239, 221, 203, 175, 147, 5
119, 95
5 936 FEIGHEE F 281.1783  [M+HCOO]- 24 CuHxOs 236.1776 281,236, 219, 171, 116, s
99
6 1003 THEMEEHEC 2991330 [M—H] 07 CisH20:S  300.1395 299, 201, 80 5
71052 10-O-FABEH 2751987  [M+Nalt 0.2 CisHa02 2522089 275, 252, 244,199, 70 pEE
8 1088 415-EFMEH 2631283  [M—H] 2.6 CisHaO4 2643169 263, 245, 219, 201, 178, HAR
AW 116, 87
9 1267 23-ZBEFGEEK 5273373 [MAH] 2.4 CsoHurOg 526.3294 527,487, 469, 451, 415 5
10 1269 16-HEBEERE A 505.3529  [M+H] 2.4 CsoHssOs 504.3451 505, 487, 469, 451, 415, 5
397, 353
11 12.80 alisolide 4112535 [M—H] 14 CoHss04 4125616 411,367,329 e
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12 1336 B REH 4352749  [M—H] -0.3  CxsHwoOs  436.2825  435,375,327,283,265  #i5
221,116
13 1428 16-#RHE-10-fik-  487.3423  [M+H] -1.1  CxoHeOs  486.6832 487,469,451, 415,397, &5
RIER A 383, 353
14 1468 alismanol E 4693318  [M+H]* 06 CxoHaOs  468.6680 469, 451, 413, 395 F5
15 1490 #EEEC 487.3423  [M+H] -0.4  CaHswOs  486.3345 487,469,451, 415,397, &5
327
16 1502 FRELEANE 2471346 [M—H] 12 CisHxOs 2483175 247,233,203,187,147, [HA
73
17 1505 HANEI 2471343 [M—HJ 03 CisHxoO0s 2481413  249,231,213,185 163, AR
143,105
18 1505 HEEEF 489.3580  [M+H]* -0.2  CxHsOs 4883502 489, 471,453,399,381,  #i5
363, 339
19 1507 13, 17-FFE 5203505  [M+Na]* 0 CxoHs0s  506.3607 529,506,471, 453,381, &5
iz A 363
20 1509 16, 23-HfL-EE 4713474 [MAH] 18  CxoHeOs 4706838 471,453,381, 339 b
¥ B
21 1568  16-PikAE-11-fH4-  489.3578  [M+H] -0.2  CaHspOs  488.6991 489,471,453,399,381,  #i5
FERE A 363, 339
22 1663 FEEP 519.3322  [M—HJ -0.5 CaHsO7  520.6979 519,501,475, 413,381, &5
339, 313
23 1793 PREEB 4733631  [M+H]* -21  CaHsOs  472.6997  473,455,437,383,365 5
339
24 1848 13, 17-FFEE 5053529  [M—H] -11  CaHso0s  506.7144 505,483,461, 415,397, &5
EEEA 306
25 2000 23-ZFEFEEEM 5433322 [M—H] 14  CaHwxO7 5443400 543,517, 487, 463 5
26 203 25O0-FAEEGEEA  549.3777  [M--HCOO] -2.0  CaHs0s 5043815 549,504,487, 469,341,  #i5
325, 309
212032 FiEEE 4553525  [M4H]* -0.6  CaoHswOs 4543447  455,437,419,383,339 {5
28 2058 EEEEG 4953450  [M+H]* -0.1  CaoHsOs 4723553 495, 473,455, 437,419,  #i5
401, 383, 365, 339, 321
29 2158 24-ZWEEREF 5313686  [M+H] -0.7 CaHso0s  530.3607 531,513,495, 471,453, &5
399, 381, 365, 339
30 2163 16p-HIAE-23-4  567.3646 [M+H] -1.0  Cs;Hs0s 5443764 567,515,497, 437,419,  #i5
WA B 365
31 2169 23-ZFiFEEEB  537.3556  [M-+Na]t -0.9 CaHso0s 5143658 537,515,497, 437,419,  #i5
365
32 2369 1317-ME-24-4 5493791  [MAH] 35  CypHs0; 5487511 549,521,499, 481,439, &5
BETERE A 421, 341
33 2372 1L-BE-23-2F 5213599  [M+H] -0.2  CaHsoOs  498.3709 521,499,439, 421,341,  #i5
FIEE B 313
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Fig. 6 Heatmap plotting of correlation between EH urine biomarkers and serum constituents in ZXT
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