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Abstract  Objective This study aimed to evaluate the therapeutic effects of Zhenwu Decoction on a cisplatin toxicity model
and an H22 tumor-bearing mouse model, elucidating its mechanism of action through metabolomics to provide a foundation
for its clinical application. Methods A cisplatin toxicity model was established in KM mice, utilizing body weight, tail
suspension testing, organ weights, and platelet counts as indices for efficacy evaluation. Additionally, an H22 tumor-bearing
mouse model was created, with tumor weight serving as the efficacy index. Liquid chromatography-mass spectrometry
combined with multivariate statistical analysis was employed to screen and identify differential metabolites based on the
human metabolic database. Results The extract of Zhenwu Decoction significantly mitigated weight loss (P < 0.0001),
depressive-like behavior, reduced organ weight (P < 0.05), and abnormal platelet counts (P < 0.05) in mice subjected to
cisplatin-induced toxicity. Additionally, it had a certain inhibitory trend on tumor growth in H22 tumor-bearing mice. Serum
metabolomics indicated that two differential metabolites were downregulated following extract of Zhenwu Decoction
treatment in the cisplatin group, while five metabolites were downregulated after treatment with the alcohol extract.
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Conclusions The extract of Zhenwu Decoction significantly alleviated cisplatin toxicity in mice and showed a certain
inhibitory trend on the growth of mouse tumors. Its efficacy may be associated with the modulation of substances such as 7-
HDoHE, (E)-8-(4-hydroxy-6-methoxy-7-methyl-3-0xo0-1h-2-benzofuran-5-yl)-2,6-dimethyloctano-6-enoic acid and N-acetyl-
carnosine. These findings provide a theoretical basis for further research into the clinical application of Zhenwu Decoction
and its combination with cisplatin in cancer treatment.

Key words Zhenwu Decoction; olefinic acid; metabolomics; cisplatin toxicity; LC-MS; H22 tumor-bearing mice; N-
acetylcarnosine
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68 - SPF Z¢ 6~8 iy KM MEPE/NE, A& (2545) g, WHFEAN KM EE AR A A
[SCXK (&) 2022-0006]. 246/ R34 F% T & B SPF ¥ 5 [SCXK (&) 2021-0036], SKi
WA FE A BENIRE 20~26 C, FEXTIEE 40%~50%, 12 h/12 h BARSPERR . S04 3% T bRtk 55
fh, 5 3~4 R W, DNREEERHK A SPE 2/ L A K EE Wk K. AR A
SISV S R BN SE G 28V M 5 2 B sl AR A 4G 3L 22 2 /e (TACUC 2024-2074) , B A sSEEaHfESY
AF 3R R
12 FEAFESNE
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HILE RACFREARBR AR ) ; FEUREE (AifF>99.5%, b5 : C16738624, [H Zj4E BIb =il R
NED  BIER S, FEE. HEE (fitS . JB150630. 11368207436, 243922, ZI[H Fisher Scientific
AT o FA 2204 Jinr 2z —RFWHEHHBEARSEAT; VET 950 Il HoHr X B KF 5 MASCOT
AT ZenoTOF 7600 VU AR AT A5 5 & AT B[R] 2 o3 15 A% 8 1 55 [ AB SCIEX A F]; LCA40D X3 i i 24 AH
s H H AR A A s Centrifuge 5430R Ry 3 250 HLIW H 78 [ X A48 A &) 5 Merck Milli-Q
Integral.5 47K {3 W [ 4 5 25 3 A 7] ;. SCILOGEX RE100-Pro Jig#% 25 & A At 5t 71 U5 F 4 RS A R
NG

1.3 ZELWHZE

1.3.1 ZHl&E

HRZKIEVIBESR Y : BIRE. A5, A£FE. AR, T 5 RGBS . BAIRE.
AjYy. K 1059, AR T g, M 3.5 gl Ak, mIAEZFIMA 80 mL FEIEKIT5% LEEAETR, fF
ZiMIRIE 30 min/l h LR /riRi%E . BEJG, 34T 1 h BN e de, DR SR 0 e Vi fid . 58 i el
WhE, REBEMEE ARG R AE 4B S, REER. TR, BABEHETAESY, FOA
320 mL ZEIB/K/TS% L0, EAE LR al m fs s g ik B, PRI EE RV . B IR BT 1S R A
I, WIS AR LR Z RIOEBK, RGBT R . A, 4 CAEH .

1.3.2 MRiE#E

(D AR NRAET . B4 1 K, 1% 2 mg/kg B K/ BUIE S5 0.9% %00 AR 77 i i )
0.2 mg/mL AR ¥ W -

(2) H22 fap /MR : 8 8x10° AN/ R H22 s an e flh T8 R KM /NR A R, #37 H22
far 98 7N BB A
1.3.3 A5 FH %

(1) MEAFEE AN BRAEAL . K/ NN NS A4, A . KIRERA A, BB a . 7adE M
IR 5 d Ja, anixEAaa. e O ZE, 2 malkg) ML KIREEA YL (2 mglkg JiE1+3.74
mg/g Bz /KI—WE ) « BEIRBEA A (2 mglkg Ii4A+2.58 mglg BERH BRI 25D 2 BAK 5T & 57
EIRRG 2, I R E RS2, BRGERY SRR ES#EE TGy, IEEFEFE 29 do K
WP G, 2EaAEK 12 h, ST RREE G A5 5

(2) H22 fp R /N R KM R A 1 H22 far e /N BB B BE WL v 2 . IR AR . K324 . K
RVBRS AN . FERAL . WEIR MBS AN . RS 3 RO E A4 (0.9%E AW iE w4
Zy) . AR (EAZZE, 2 molkg) B4 KEEMIA (ARZKIEWYS Y, 3.74 mglg)  KIRVIEES
JETZH (2 mg/kg WiEH+3.74 mglg H Rz /KWL 25  BERVA (ARGERDS 2, 258
molg) « FERIBESINAAA (2 mglkg %H+2.58 molg ERHEEIRME 2 LIBAKR EHER RS
74, ETE I IE i A A 2, BRI S KRBl A 2, IEWEIE 1T do RIRGH G, 2%
NEEIR 12 h, ZRRAT T BRI S AL SE .

1.3.4 HARRE

RS R 35 /N BRI B s K 1 mL FAF R Pt s b, SO0 LiE WG S E 200 pL #r s
Y R T DA o 7 =l ol s AN 1707 4 o I 5 9 e N S D T 5 A N RN S VN = 2 |
2 H22 RN RS HE IR . KN RIS A7 E-80 C AV A 2R e, BN R A RE 4 CH T
AN BRI IE T 4 h IERE .

1.3.5 MEIEHR

(L HERARKEN: MIFEREZE LR, BRM/NRAEREHEERETRN (R g) .

(2) BRSLE: £ 14 R4 1 h )5, ¥R EEES L, kel FE#mL 25
cm, =2 6min, 035 5min K/NRIBEILIRTE (AL s) .

(3) FEERENE: EERAEHETRIE, WA /NREEATE 5T I G50, SRR ST W
0B O R R B B, RIS A 0.99% &AL BN VA T 1 2% 2R T A4 I 35 5 FH 8 4R T 2% B R T 2 R K
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gy, HATHEEEENNE (B mg) .

(4) IM/NRTHEREI : SERCRIN S, KM 4 CHRAY, 3T 4 h Wik, A %% 28 i i i
AN

(5) H22 Fi g /NG MR BB sE . 7R 58 X H22 iR /N BRI 25 5 B Ja, R /N AT BT 3B T
RIS AR FE, T IRGE R SR AR, R 0.9% Sk BV IA A Ve T FH e 4R 3R TH 2 R K4y, BT
JifJ SRR R (AL mg)

1.3.6 RBTAFST

(1) MIEFE S HER: M-80 CIUKFAEEUH MKFEAR, 4 CHVRIG, EHL 80 pL, MATA M HE-2
i (1:1) 240 pL JUEHEH, WREAZ/E, 0 CREA 10 min. A5 4 °C, 14 000 r/min & 15
min, B E3EE T 1.5 mL HPLC # ke T, FH T4,

(2) WAHEE-F 3% (liquid chromatograph mass spectrometer, LC-MS) 43 #7

A% 25 KM HSS T3 fifk: (2.1x100 mm, #iff 1.8 um, Waters) aiffiktibtr o & AN
40 C, # 0.3 mL/min, FEMERERE 4 C, HEMHHEERN 8 uL; BB FE AN E 0.1%H
RRIAER (A AT 0.1% TR ZIE (B) » FE THRAXRINH NABER (A Mg (B) « BhfE
PeMiFEF (0~1.5min, 5% B; 1.5~16.5 min, 5%~99% B; 16.5~20 min, 99%~5% B) .

JRnE 2. R SCIEX ZenoTOF R4 & 70 ¥ B i 4X , BC#% TurbolonSpray Hi W 55 B 1 YA
(electrospray ionization, ESI) , 437 7E 1E B 15 f70 8 745 20 0 L35 AR A ik 47 JE 51 1) 45 S5 4 K
£ (information dependent acquisition, IDA) 43-#, [FIEJ5 FH Zeno & & ME, VAR 5E — 20 551k Il R 5
i

ESI RHIE. & FH#HENR, TERSAERE 8 L/min, THRSMKIREE 480 C. EE AT,
% HL RN 5 500 V, Z#s k77 310.3 kPa; B F#HiUN, WiZ LN 4500 V, Fib#E 7] 241.3
kPa. —Z¢figFAiuE (m/z) :50~1 000, —ZSRiEFH#TEE (m/z) :25~1000.

(3) Hdfs b3

KH MS Dial 4.9 BB BEAT ISR EL . VT ST RIS R s e CHOHE 2R R PN 2R AR Al e 2 (
human metabolome database, HMDB) . MoNA Rk ) SEAbER . 3k — 20 o 48 e %5 v 1) 2504 33t 1o
BRI YA B M (variable importance in projection, VIP) {&, 5% #r Pearson
MRREAMEH R BT AT, R ET corrplot HF 02l AH o1t Bl . 22 S AR A 0 32 1 BR A b v Ry
P<0.05, VIP>1, FC>1.2 8 FC<0.83. ¥/ GraphPad Prism 9.5 # x4 ¥kr £ & B AT it %0
Mo Z R R LW BCR R &R 07 2504, WAEERF ISR t /S, FrA EudE 3 L1 35 Hoebs ik
¥ (X +5) Fir. P<0.05F5% 7 HEGHH%E L.

14 HITEFHE

FIT A S 56 B0 LT S B e 1 25 (xasx ) %o, F GraphPad Prism 9.5 {5k 47 54 G it A E

B, 2 0 R PR B R 25 5 Z2 00 M, PR AL (Rl LU SR ) t 456, P<0.05 N A B M E R .

2 &R

21 RS IMRERNEANREREBERTURITAZEER

B 1A ATEn, KERECEA. BERECA A, AR BB IEW AL H —E FHF@H, HE
MM, AR R T RS (P<0.000 1) ; S5, HRZKED B
(P<0.000 1) F¥il)5, f&—EfEE EgM /R E T RIS

=R R N RS FOIR A, $ LA R, /N BRADER £ S RS R S B 08, I 1B W)
M, fERESEI R, B4l (P<0.01) /NRIEILI ALk A, BHRmERY TG, e
E R T DRGSR MRES, BERi¥EE L.
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Note. A, Weight curve of mice in each group. B, Tail suspension time of mice in each group. Compared with control
group, ""P<0.01, "P<0.000 1. Compared with cisplatin group, *#P<0.000 1.

Figure 1 Body weight curve and tail suspension experiment
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Note. A, Liver weight of mice in each group. B, Kidney weight of mice in each group. C, Heart weight of mice in each group. D, Spleen
weight of mice in each group. Compared with control group, “"P<0.01, ""P<0.001, ""P<0.0001. Compared with cisplatin group, *P<0.05.

Figure 2 Organ mass of mice in each group
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Figure 3 Results of platelet count in mice of each group
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Figure 4 Tumor weight of H22 mice in each group
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Note. Chromatograms in blue and TIC in red.

Figure 5 LC-MS results of cisplatin toxicity mouse plasma samples in each group
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PA VIP>1. P<0.05. FC>1.2 5 FC<0.83 Jyifii 5l )], it HMDB fEZ % ¥ e % 2, & 8A~8C
P, 5B, WAL SR L 37 MERAEY, H 26 FABAEIEHA b LI, 11 F
R T I SBEAXN L, KRG HILEE W 11 PR Ay, Hrb 2 MBI K SIS 4H
R, 9 MR N BERBEAAILE e 23 MESRUY, Ho 4 MR R IR B S AR
i, 19 MUY A

BE— 0K SRR 2 5 IR 20 B B 22 AR e e S5 AR 2R 11 A AR pE AT R, Hodp
A 2 PR AW ST QA A ES (WE 8D) 5 X EFHE A 2H 5 H 2 X L i i
BRI 23 MR AU T EE, Hdf 5 MERARUYEIREHE %*Eéﬂxﬁttt{ﬂﬁﬁi% Chn &
8E) : DL AR FWI B RAHEIRY) 5 /KR B A S8 UEH B 2500 B 7 8 1 7).

FEBERE A 415 I 0 41 1 ) B AT I EE 40 45 2 A B 0T e B SR 1 5 Fh 22 AR, IR
A1, 35 (E)-8-(4- % FE -6- H 4 9k -7- FP 2 -3- S0 A0 -1H-2- 8 JF Wk I -5- 96 )-2,6- — F L % -6- 15 82 ((E)-8-(4-
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and cisplatin group and control group.

Figure 8 Volcanic map of metabolites in different groups and identification of differential metabolites
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