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Abstract: Objective To establish HPLC-ELSD fingerprint of Zhenwu Decoction(ZWD), screen out the signature components of
ZWD through chemical pattern recognition, so as to establish the content determination method of ZWD based on this index.
Methods The fingerprint of 16 batches of ZWD was established by HPLC-ELSD method. The similarity evaluation system of
traditional Chinese medicine chromatographic fingerprint (2012 Version) was used for similarity evaluation to determine the
common peaks and its attribution. Cluster analysis (CA), principal component analysis (PCA) and orthogonal partial least squares
discriminant analysis (OPLS-DA) were used to select the index components of ZWD. Results The fingerprint of ZWD was

established, 38 common peaks were confirmed, and the similarity was > 0.95. The results of CA, PCA and OPLS-DA were consistent
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and the samples were divided into three categories. Benzoylmesaconine, benzoylaconitine, benzoylhypacoitine, polyporenic acid C,
pachymic acid, atractylenolide 11, atractylenolide III, oxypaeoniflorin, albiflorin, paconiflorin and benzoylpaeoniflorin were identified
as the 11 index components with significant difference contribution in different batches of ZWD samples. 6-Gingerol and 6-shogaol
were the main active components of ginger, so the above 13 components were taken as the index components of ZWD. The
chromatographic peak separation degree and linear relationship were good. The average recovery rate was 96.46%—99.80%, RSD <
3.15%. The mass fraction range of benzoylmesaconine, benzoylaconitine, benzoylhypacoitine, polyporenic acid C, pachymic acid,
atractylenolide II, atractylenolide III, oxypaeoniflorin, albiflorin, paeoniflorin, benzoylpaeoniflorin, 6-gingerol, 6-shogaol in 16
batches were 283.93—576.86, 25.05—147.39, 62.96—303.37, 31.24—131.27, 9.76—44.04, 32.15—83.55, 76.55—333.13, 17.48—
146.61, 456.58—1554.14, 3 322.48—5 590.01, 158.21—556.50, 525.85—582.92 and 68.52—74.73 mg/g, respectively. Conclusion
The fingerprint combined with PCA, CA and OPLS-DA can comprehensively evaluate the quality of ZWD. This method is stable
and reliable, providing reference for the quality evaluation.

Key words: Zhenwu Decoction; HPLC-ELSD; fingerprint; chemical pattern recognition; similarity; cluster analysis; principal
component analysis; discriminant analysis of orthogonal partial least square method; benzoylmesaconine; benzoylaconitine;

benzoylhypacoitine; polyporenic acid C; pachymic acid; atractylenolide II; atractylenolide III; oxypaeoniflorin; albiflorin;

paconiflorin; benzoylpaceoniflorin; 6-gingerol; 6-shogaol
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Fig.1 HPLC chromatogram fingerprint of 16 batches of ZWD and its control fingerprint (R)
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Table 2 HPLC chromatograms similarity evaluation results of 16 batches of ZWD

HLUE
SI S22 S3 84 S5 S6 S7 S8 89 SI0 SII SI2 SI3 Sl4 SIS Sl6 R

S1  1.000 0.925 0.926 0.937 0.936 0.948 0.938 0.939 0.919 0.925 0.934 0.938 0.914 0.955 0.953 0917 0.959
S2 0.925 1.000 0.984 0.980 0.968 0.960 0.964 0.943 0.953 0.964 0.958 0.943 0.987 0.953 0.951 0.987 0.983
S3 0926 0.984 1.000 0.961 0.959 0.952 0.969 0.931 0.940 0.957 0.946 0.939 0.967 0.943 0.947 0.964 0.974
S4 0937 0.980 0.961 1.000 0.962 0.951 0.937 0.946 0.950 0.952 0.953 0.941 0.985 0.946 0.945 0.984 0.978
S5 0936 0.968 0.959 0.962 1.000 0.966 0.949 0.966 0.976 0.979 0.961 0.953 0.962 0.959 0.960 0.959 0.986
S6  0.948 0.960 0.952 0.951 0.966 1.000 0.954 0.958 0.966 0.976 0.969 0.967 0.958 0.960 0.953 0.949 0.984
S7 0938 0.964 0.969 0.937 0.949 0.954 1.000 0.939 0.935 0.948 0.941 0.931 0.937 0.942 0.940 0.935 0.967
S8  0.939 0.943 0.931 0.946 0.966 0.958 0.939 1.000 0.956 0.954 0.948 0.949 0.938 0.945 0.943 0.935 0.972
S9 0919 0.953 0.940 0.950 0.976 0.966 0.935 0.956 1.000 0.977 0.980 0.969 0.958 0.948 0.950 0.948 0.981
S10 0.925 0.964 0.957 0.952 0.979 0.976 0.948 0.954 0.977 1.000 0.975 0.970 0.967 0.960 0.955 0.960 0.986
S11 0.934 0.958 0.946 0.953 0.961 0.969 0.941 0.948 0.980 0.975 1.000 0.980 0.964 0.967 0.967 0.958 0.985
S12 0.938 0.943 0.939 0.941 0.953 0.967 0.931 0.949 0.969 0.970 0.980 1.000 0.952 0.957 0.959 0.941 0.978
S13 0914 0.987 0.967 0.985 0.962 0.958 0.937 0.938 0.958 0.967 0.964 0.952 1.000 0.946 0.945 0.988 0.981
S14 0.955 0.953 0.943 0.946 0.959 0.960 0.942 0.945 0.948 0.960 0.967 0.957 0.946 1.000 0.981 0.958 0.979
S15 0.953 0.951 0.947 0.945 0.960 0.953 0.940 0.943 0.950 0.955 0.967 0.959 0.945 0.981 1.000 0.950 0.978
S16 0917 0.987 0.964 0.984 0.959 0.949 0.935 0.935 0.948 0.960 0.958 0.941 0.988 0.958 0.950 1.000 0.978
R 0959 0.983 0.974 0978 0.986 0.984 0.967 0.972 0.981 0.986 0.985 0.978 0.981 0.979 0.978 0.978 1.000
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A-REX RS B-HHE@ZMAN C-HF (Bk) DK% E-AKR F-A4 GA4ZE H-#8MF % J-8aAR K-8@aAy  L-svE

£ O3REAY 9O AT NIRRT
£WH  32-AARNERI
A-reference substance
Radix Alba

1A

34-HARNEE T 35-6-FJiE  36- 355 C

G-Zingiberis Rhizoma Recens

38-TRE IR

18-2E FE T 2 S 0 20- 28 FORE LS S JEh,  21-ZE F MRS KB, 25-2E FREAS 251 31-6-

H-negative sample without Aconiti Lateralis Radix Praeparata

B-sample of ZWD  C-Aconiti Lateralis Radix Praeparata D-Poria E-Atractylodis Macrocephalae Rhizoma F-Paeoniae

I-negative sample without Poria

J-negative sample without Atractylodis Macrocephalae Rhizoma K-negative sample without Paeoniae Radix Alba L-negative sample without

Zingiberis Rhizoma Recens 3-oxypaeoniflorin 9-albiflorin

25-benzoylpaeoniflorin

& 7

31-6-gingerol 32-atractylenolide III

11-paeoniflorin

34-atractylenolide 11

18-benzoylmesaconine
35-6-shogaol

20-benzoylaconitine ~ 21-benzoylhypacoitine

36-polyporenic acid C  38-pachymic acid

RAaxBa. ERZHMA. BIKZ. AN REXMAIERN HPLC-ELSD &i%E

Fig. 7 HPLC-ELSD of reference substance, sample of ZWD, single herb and negative control solution

TR J7 i AT il g s s I 6 43, % “2.17 TR
SR HEREIE , 1O SR TR F H bR v Y 2155
FER R 13 AN B . SRR S, RFATE
HEMERLT .

2.5.6  NRERISCERGRGS R I O AN B A

(S9) 7.5 mL & 60 mL 7w+, L6, 7l
FEEMAN 7.5 mL KEEST, B A% MA 10 mL
A HE S K R IR T BvA R R RT3k R sl
280.27 pg/mL. KL LB 62.74 pg/mL. 2K H
kYR 2 3L 5, 160.54 pg/mL 58 %512 C 48.78 pg/mL.
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Table 4 Linear regression equation and correlation coefficient
)% G Epy r L PEVE R/ (ugmL™) E IR/ (ngmL™) R R /(ug-mL™")
2R R 5 Kk R Y=1.11 X+598  0.999 6 34.90~698.00 1.74 0.58
7% AT 2 3K SR Y=1.52X+531 09995 9.62~192.32 1.20 0.36
2R IR G K SR Y=1.14X+457  0.9992 18.00~360.00 1.50 0.40
EER C Y=1.83X+6.50  0.9995 7.84~156.83 0.65 0.18
RER Y=1.68 X+6.66  0.9992 2.69~53.74 0.54 0.16
FIR A B 1T Y=127X+6.19  0.9994 4.98~99.53 0.33 0.12
FIZR A i T Y=1.74X+561 09997 19.90~398.00 0.98 0.25
BREEATHE Y=2.62X+6.10 09995 9.10~182.02 1.14 0.35
AT N BEE Y=181X+560 09999 96.70~1 934.00 1.61 0.46
S Y=106 X+6.16  0.9997 313.40~6 268.00 2.03 0.54
RBEAT 2 Y=1.65X+595 09993 33.70~674.00 1.32 0.40
6-%M Y=295X+6.56  0.9999 38.01~760.18 0.50 0.15
6-Z Il Y=2.00X+5.17 09996 4.97~99.39 0.95 0.27
#®5 SENERZE. REM. EEMH. MERKRERIEER
Table S Results of precision, stability, repeatability and recovery of determination
S Fh % FeE E’%ﬁ‘ i AEL &S
RSD/% RSD/% RSD/% PR IR/ (ugmL ) SEIE % RSD/%
R B % =K R 1.25 1.23 1.30 445.49 99.77 0.73
2% AT 5 3K JiR B 1.32 1.43 2.04 97.80 98.19 2.01
8 B I 55 2K R 0.53 0.90 0.99 254.94 98.87 1.18
LW C 1.42 1.33 1.59 77.82 97.40 1.46
TR 1.92 1.91 1.83 36.58 96.83 3.15
EENLLER 1.02 2.03 1.69 42.69 96.46 2.24
EENLLER 0.36 0.49 0.92 257.02 99.80 0.66
BREEATHE 0.80 1.38 1.93 62.72 97.67 1.62
AT N B 0.22 0.62 0.65 1241.35 99.66 0.26
AJUHE 0.09 0.14 0.19 4693.10 99.73 0.29
7R AEAT 25 0.33 0.47 0.47 467.41 99.46 0.51
6-Z M) 0.34 0.33 1.47 454.32 99.57 0.40
6-Z Ty 1.11 1.47 1.23 60.43 98.12 1.68
RZEMR 23.31 pg/mL. EHARNAEE 12651 pg/mL. H  #tEEZG MM T 13 MR EE, R NE 6.
RS I 161.77 pg/mL. AT 251F 40.04 pg/mL. 3 g

A5 245 N EETF 783.15 pg/mL. 25251 2 958.24 pg/mL.
K ERAT 251 294.50 pg/mL. 6-ZMy 286.11 pg/mL.
6-ZJAily 38.28 ng/mL), % “2.2.27 Wi KI5kl
R ST, TR “2.17 TR Gl AR BERE D E
T SRUE T AR R BOMAE s e, S5 W3R 5.

257 FERMEENE % “2.227 BUR AR 16
ME R PRI, FHR “2.17 TR (a2 fF i
FENISE, 10 RIETAR I AMRZE BT R 16

ZOROGHUR R IS o ot B Ak 2, & T
AR ISR A3 ) 1 T AT . A 2B 1
VA, (R B A8 A 25 IR % =ik R
By RZERD) ToERAMRISE 1022, X ELSD %
JE MR . BARE A HPLC-ELSD EM5E A A A g
I, EATREE . RS AR IR 2 B R S
I SCERIRIE B, AR SRS U5 AR I I 45 R R R
ELSD Al #5 v] i 2 5 iz o Ve g S AL 2R .
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Table 6 Determination results of 16 batches of ZWD

RS/ (mg-g ™)

G JRHIBERT RS R L FARNE AARAE F2EAT AN L ARHT
. LW C IRER BT 6-2Z1) 6-F 4

B SRR 5 Sk R 11 11 E27h = R < SENE
S1  322.24 45.86 74.64 3526 9.76  33.93 94.18  19.37 506.00 3 322.48 175.27 539.50 68.52
S22 290.63 62.42 99.23 31.24  16.75  39.19 76.55 17.48 456.58 3401.44 207.38 525.85 74.73
S3  576.86 25.05 80.79 46.75 11.77  46.81 142.05  30.71 786.71 3 707.68 183.27 582.92 69.93
S4  383.38 3543 62.96 33.65 14.68  40.95 163.48 2130 983.21 3429.81 221.68 563.60 71.11
S5 358.10 50.14  133.65 74.65 15.12  47.70 228.23 2425 910.04 4 000.85 187.18 530.36  72.40
S6  333.24 87.40 92.19 73.71 19.86  44.32 206.37  40.63 991.51 3717.13 178.21 567.39 70.36
S7  299.49 58.12  151.74 67.05 22.80 32.15 188.15  24.19 1001.70 3 804.81 199.38 540.94 71.67
S8  414.79 10549  232.90 98.17 40.15  57.50 263.93  48.67 1554.14 4783.21 403.58 548.51 68.90
S9  529.58  118.58  303.37 92.18 44.04  50.08 305.68  75.64 1479.88 5590.01 556.50 540.63 72.32
S10  473.57 14739 27793  131.27 38.89 3827 283.93  88.27 1307.55 5056.23 506.43 576.25 72.62
S11  283.93 59.87 76.62 91.25 2271 69.44 202.98 125.67 1100.26 4 995.29 194.18 546.18 68.81
S12 320.74 31.60 68.20 53.20 10.87  46.05 333.13 146.61 1083.69 4 780.37 158.21 564.11 74.29
S13 396.36 76.61  159.24 56.37 1748  63.42 240.65 129.44 1031.76 4 409.67 248.82 546.55 71.36
S14 41438 59.06  132.75 60.67 12.94  83.55 197.50  21.40 564.81 3 838.39 188.51 561.36 69.81
S15  457.30 87.20 168.69 101.74 1523  41.58 127.46 2280 534.39 3982.88 171.01 557.89 73.14
S16 392.62 102.54 190.35 66.57 18.46  58.98 181.62 2739 71537 4121.31 222.55 543.89 71.67

ARSI 6 SR B R AR B 0t L iz B AT b
B, BRTAFZEDER (E. BERORE. BT
B2, SRR, KIBMIE T R EE Y, BEAEACHER
HZR A R sy, SCRERD R 5T, I R 4G
Phge I B A, L EE R B BE
i 58, WOEEE NG AANAE, S OGS 0.1%
TRV~ 5 mmol/L ZFRE/KEEW . 10 mmol/L L&
B+0.1%F BRI A S, RAEROES
10 mmol Z &% +0.1% F BR /K ¥ R 4L & 15 N 3l
s B2 T M (Waters Symmetry Cis. Agela
Venusil ASB Cis. Thermo Hypersil GOLD Cis)+ £
I (30, 35, 40 C), w&HE “2.17 Wik
PN ATE . SR RS, 45 R BRI N
30~40 C, HRRIEBAEISECN 0.07%~0.13%,
LR¥ N 8~12 mmol/L, WK EAN 08~1.2
mL/min i}, FE5E 2R RSD<3%, Aeii 2 &2
E SEIR R

A Sz6 3T B HPLC-ELSD 40, Hi
ET 38 MNMLFHUE, fAikig 1. 2. 5. 18, 20, 21
BT CRIAD, fikg 36, 38 B THRE, &
W 3, 6. 8. 32, 34 BT AR, MifgE4, 7. 9,
10~17. 19, 22~28 J& T-F1~], il 29~31. 33,

35\ 37 JE TR, ARRHERRAM 5 S
ZRAFAEREUT AR D s (il 27, 28 FEBRIF
R AT B P R R R P R A Y, (HAE LR B
AR P A mT R e, WX 2 AN ] B
AJRTB TR S R A EAE AR, A Rt
— A

16 #E K7 e SO B AR YK T 0.95, &
L R AL 2 il o LA R o AT R
FE L R, AR SEE6 A AL S B R0 3
U AT 04T, PCA. CA. OPLS-DA 4
AL ¥ 16 MM A 3 K BATHERS
FEf Al & 22 51 11 Mabsks> (OPLS-DA VIP
H>1), 50 BRI SE AR R I 1 <k S 6
2% R 2 Sk D e 24 FR I R 1 Sk D) AR 28 =il CF
g C. IREWD. ARNAEE (HANEE . ARA
fig D EATE CREEATAHE . AANEEE . AS
1. RHBATAT, . RRE. AR, B4
(1) 1 TG o U700y PRI S 3% FH )2 R — b AR
%, Hs VIP ERAK, M bR airss Bl
PR AR G EE P T STy, B 6-E) . 6-
LW N A 20 BSR4 HLAE HPLC & &I E
sz e P EPLUOB2 Wos —E WE N E R TR



23

Chinese Traditional and Herbal Drugs

FE51% F23H 20200512 A * 5989 -

B 4 o

bEE NITAZ) 2wl it e, b4
JR B DA R R, SRy K S 2 S E
MEAGE A, LB ANETE R B AR L R A% 1
PRifE, PERS A RO B 2R 1 R 2G5 R A T R
TR, RECRIEIG AR 2 %2 4 2k U510, ARt s
it 3 iR HPLC-ELSD fR40/di, k2
PUMERE FLHEAT 20 B R0 36t 31 G2 I AR 26 M AR
5y, JEm B Em AT R E ], MO ERE K&
LR o 2w v ) ) PR pE SRR, N AR
75 TR S I FE AR (1 PR A — T R

SE 3k

(11 skfbst fi%Eid (M) dbut: AR HARAE, 2005.

[2]1 Liu B H, He Y, Lu R R, ef al. Zhen-wu-tang protects
against podocyte injury in rats with IgA nephropathy via
PPARY/NF-kB pathway [J]. Biomed Pharmacother, 2018,
101:635-647.

[3] Liang C L, Wu J B, Lai J M, et al. Protection effect of
Zhen-Wu-Tang  on

adriamycin-induced  nephrotic

syndrome via oxidative lesions and
inflammation damage [J]. Evid-Based Compl Alt, 2014,
131604: 1-11.

[4] LiuBH,LuRR,LiHL, et al. Zhen-wu-tang ameliorates

membranous nephropathy rats through inhibiting NF-xB

inhibiting

pathway and NLRP3 inflammasome [J]. Phytomedicine,
2019, 59(152913): 1-12.

[51 R4, MR, REY, & Lz s E R
TPOAb [H {4 R i 2 B B AT ST R0 S 4 LA I
REZKSERsZm ()], ARG R E, 2020, 153):
478-483.

[6] LFIWH, 5Kk Bk, E 15, 55 FT RAAS/NF-«B/RAE
P57 B S5 R AR 5 S S 18 O S 9 R BRVR T AR
F O[] B4, 2020, 51(3): 1279-1285.

[71 Liang C L, Zhang P C, Wu J B, et al. Zhen-wu-tang
attenuates adriamycin-induced nephropathy via regulating
AQP2 and miR-92b [J]. Biomed Pharmacother, 2019,
109: 1296-1305.

81 £ i & Iy, Fkedk, 5 kzsaa @ o
J13E 3 AT U DAL 4L I R 52 7], sk
54, 2018, 24(11): 173-178.

[91 KFFI5. E K IuRIG 7 1% 1 B 28 i s A B R

iE 31 %1 [1]. W RS EE, 2015, 35(12): 2904-2905.

FERME, ZRR. BRI GNE T2 IMR0E 7 RS B

RE AR PSS i 2 IR RINE (7], "PERIRERBETT, 2018,

10(11): 48-49.

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

RIEEE, SAERETE. WEIRIR A4 AR5 1 2= 25 0F A
J& 7). WiE R4, 2018, 34(9): 189-191.

FE R, TR, HERimX W LE & e 8ok R
HMGB1/Beclin-1 {55 @ &2 m L ALE 5 [J]. S E
PG RS A B 24, 2020, 21(5): 388-391.

E O REE KRV BRSNS A
ML 0] B STIR oA A 4, 2020, 26(1):
217-225.

BB B, M . e g A ik
b [J]. ZEuRRE, 2017, 45(16): 203-205.
RRESY, LA, £ Bk, % S ka luyimit
FARGUEIE K 9 Bl & EMEN R [J]. hEZ,
2020, 51(3): 653- 660.

FEM, T, MER, 5 2RATTEARYRE
W HPLC ¥E4rBEERI ST K 3 ks &8l E
[7]. HEEZY, 2020, 51(11): 2946-2953.

R, BOW, BHER, % HR#KIRH HPLC
A B BE I 0 S FR AR B A U8 [0]. v ) S8 g 7 2
&, 2014, 20(18): 45-49.

PE%, £ W, =395, % HR&BN HPLC {9
WA (7], 2 ik, 2011, 31(5): 892-895.
MM, 5 JF, 5k L, % HPLC LRI B
w1 MEEESR S EE I REZ S, 2019,
30(18): 2491-2496.

BRI, 1 R, XFEE, F. 20 AT HIRES = HE RS>
RP-HPLC-ELSD fagrEit [J]. HESLI A AR E,
2013, 19(21): 65-68.

THEN, 5, #EF, % HPLC-ELSD vENIE ¥
TR A D R AR IR RN 25 B v 5 il AR e ) £
[7]. 252k i, 2018, 38(6): 935-941.

DM, HIH, EEF, T M FKEEEDMEE
M€ 5IEHAEA R (7], RABIHREIFR,
2019, 31: 1704-1711.

o FF, MM, dkih, % 43 HPLC-DAD $84UA
TERRALEE T (1], B EEEZ, 2017(9): 2051-2054.
B WL AR, TR MRS EE AR TR KR
YA SR AR A [D]. A WEFHEZ K
%,2018.

wRiggE, & T, Pk, 4% RS AR HPLC
frar BT & 10 FRbRR SEMEH A ] Y,
2020, 51(10): 2448-2459.

ERRM, 5% #, 7K A, % T HPLC fBgEigss
H Ak SR R B K e B e 0 B A R a2 ) A A
[1]. H%E24, 2020, 51(10): 2842-2850.

R, S, B, & fRAERE R R EE
G BRI A R S SR & 1],
1025, 2020, 51(4): 1082-1088.



