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Quality evaluation of Bergeniae Scopulosae Rhizoma based on fingerprints
combination with chemical pattern recognition and content determination of
phenolic compounds

REN Hui, HU Jing, CUI Xiao-min, LU Wen-jing, LI Ning, QU Tong, CHEN Zhi-yong
Shaanxi Academy of Traditional Chinese Medicine, Xi’an 710003, China

Abstract: Objective To establish HPLC fingerprints of Bergeniae Scopulosae Rhizoma and content determination of phenolic compounds,
and provide reference for the quality control and clinical application of Bergeniae Scopulosae Rhizoma. Methods The HPLC separation
was carried out by gradual elution with acetonitrile-0.1% phosphoric acid solution. The chromatographic conditions: Agilent 5 TC-Cis
column (250 mm <4.6 mm, 5 pum), flowing at 1.0 mL/min, the detection wavelength was set at 275 nm and the column temperature was
25 T. The fingerprints of 10 batches of Bergeniae Scopulosae Rhizoma were constructed. Based on the similarity analysis of fingerprints,
cluster analysis and principal component analysis, the content of arbutin, gallic acid, bergenin, catechin, 4-O-galloyl bergenin, 11-O-galloyl
bergenin and catechin gallate were determined. Results The HPLC fingerprints of Bergeniae Scopulosae Rhizoma were established, the
similarity of S5 was 0.752, and the similarities of other batches were above 0.92. A total of 14 common peaks were demarcated and seven
common peaks were identified as arbutin, gallic acid, bergenin, catechin, 4-O-galloyl bergenin, 11-O-galloyl bergenin and catechin gallate.
The 10 batches of Bergeniae Scopulosae Rhizoma were divided into three categories by hierarchical cluster analysis (HCA). According to the
principal component analysis (PCA), the principal components 1—4 were the main factors affecting the quality evaluation of the samples.
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Six differential components in Bergeniae Scopulosae Rhizoma were marked by partial least squares discrimination analysis (OPLS-DA). The
contents of arbutin, gallic acid, bergenin, catechin, 4-O-galloyl bergenin, 11-O-galloyl bergenin and catechin gallate were 7.30—63.24,
0.26—2.98, 15.96—78.04, 1.54—11.17, 0.97—2.54, 2.09—7.38 and 0.64—12.30 mg/g, respectively. Conclusion The established HPLC
fingerprints and phenolic compounds determination method are simple and reproducible, which can be used for qualitative and quantitative

analysis of Bergeniae Scopulosae Rhizoma and provide reference for quality evaluation of Bergeniae Scopulosae Rhizoma.
Key words: Bergeniae Scopulosae Rhizoma; Bergenia scopulosa T. P. Wang; fingerprints; hierarchical cluster analysis; principal
component analysis; content determination; arbutin; gallic acid; bergenin; catechin; 4-O-galloyl bergenin; 11-O-galloyl bergenin;

catechin gallate
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Table 1 Sources of Bergeniae Scopulosae Rhizoma

s 5L %P S H#1
S1 B vt JE £ 2019-09-16
S2 b 2019-11-12
S3 b 2019-11-15
S4 B vt JE £ 2019-12-13
S5 Bt JE £ 2019-12-14
S6 BRPEZ 4 2021-08-08
S7 (S ART ES 2021-08-08
S8 ok 76 3 P L 2021-10-20
S9 ok 176 ) 2 2021-10-20
S10 ok 176 ) 2 2021-11-08

2 FEFER
21 HEXF

It 60 H i KA - 2588 K 0.2 g, in 50%
PR 20 mL, FBAALEE 20 min, JEid. JEWZ%
T, BRI N 509% FEE 1.5 mL i& i, 1E N BER S E
FEIULER . AEER. R I ik
FE 4318 0.3 mg/mL FITRA S IR SRR, AR X i
Al VA R o RN BRI 5 L, PR VA 2 ul,
SR TR G MER b, D=8 -4mR
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1-mixed reference substances solution 2—11-sample solutions of
10 batches of Bergeniae Scopulosae Rhizoma  A-catechin

B-bergenin  C-arbutin

1 10 HREBRLHM L RREEE RIEE
Fig. 1  Thin-layer chromatogram for 10 batches of

Bergeniae Scopulosae Rhizoma and reference substances

2.2 EYENEHENL

221 ikt Agilent 5 TC-Cig fhitid: (250
mmXx4.6 mm, 5um); M (A) -0.1%M5EE KA
(B) Nz, BRI (0~12 min, 2% A; 12~
14 min, 2%~11%A; 14~40min, 11%~12%A;
40~85 min, 12%~24% A; 85~90 min, 24%A),
AR RN 1.0 mL/min, #1KA 275 nm; HEiE
925 C; #EFEE 10 L.

222 ARESIERIEE BORE R MR ok
K (L 60 Hif) 2019, MEME, ET 100 mL
HIEMETEHM A, RSN 60% F i 30 mL, FRiE )i
&, WAL 30 min, B4, FH 60% H EE RN E IS
JifE, H 0.45 pm FALIERIES, RI15.

223 REXTEBIERE S AR E. BET
BR. HHAER. LK. 40-KE TS B K.
11-0-% B FltE AR RALR R R E FREENT G
TSR, FEEMGE, I 60% P ELKIE A, B
R B E> BN 265, 75. 260. 150, 48. 55.
51.5 pg/mL [PJ7E G55 BE S I v

224 REEERE H 2227 WURFE—4 (SD)
BRI, KPS “2.2.17 TR kAR E, %
SRHERENIGE 6 IR, R SR R U gy B B DA SO AR
RAF, bR E e, WCLUA R R IG5 i a]
FETA N2 I, TR & AT W R AE T DR B B[]
FHXTIETEAL . Z5 5, 14 ASFEAG WA G B s a] )
RSD {ii} 0.15%~4.75%, AHXTIEHE A RSD N
0.20%~3.83%, KHARITIENGHE R

225 faEthilss H 2227 WRE-—4 (SD)
BEATIAWL D RIFESE 0. 4. 8. 12, 24. 48 /A
I “2.2.17 BUN g 26 FN0E, LA BRRIER
TR R AE AN S, TS AT W AR X R
B IS )M U T AR o 4528, 14 LA AR R Y
I 1A Y RSD {4 0.31%~4.88%, A X e [ AR i
RSD &~ 0.23%~3.69%.

226 BEEMWIKK BE-HAGMEES (S, #%
“2.2.27 TR Ik AR IS, AT 6 1
& “2.2.17 WURNEIEZARNE, LUE ESERIERR
RS [ FHUE T A O 2 R, THE S A W (A X OR B
I TR AR S U TR o S5 3, 14 AN IEA WA AR BE I
] ft) RSD A 0.18%~1.41%, AHXFI& A RSD &
N 111%~4.21%, KA GEELERLT.

227 HPLCRgrEmE gy W10 MR KBt
IR RESL, IR “2.2.27 TR J5 i A R
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2.2.8 FHRMEVEY SR 2 R a0 EIE AL
PE RS0 (2012 i) XF 10 ks oL 2k ke it
AL b, W3R 2. 45, S1~S4. S6~S10
RIARALEE 32K T 0.920, R HIIX 9 MR 254 ) ot &
R RR T, (A& A & EAPE IR K ZE 57 T S5 ¥
i IARABLRE S 0.752, KA S5 5 HABHLIRZM 2 7
B, HENRTRE S A KR SRI AL, A
TIEFEREA XK.

229 FLHERINGE @A SR A
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t/min
El 2 10 tREREHMEIELEE
Fig. 2 HPLC fingerprints of 10 batches of Bergeniae
Scopulosae Rhizoma
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Fig. 3 HPLC control fingerprint of Bergeniae Scopulosae
Rhizoma
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TS AR 12 50 OLRREETRED,
H 351 CAARR) 95U R T,
iR, HERM S, MOk 3 5 (RQ
XFR) TERBIRIE (S), T HALIE WG HIAR R
B BT [ FHAE K W TR A

2.3 WFRNIRA S

2.3.1  E243#r Chierarchical cluster analysis, HCA)
iz Fl SPSS 19 Guit 43 Mt A ) 10 K4 e L 2 i
i U S T 14 AN SR 0 (1 06 TR R R AT
HCA, VI RBEER IS, RRIKEE B o Fe A it AT
HCA, 455 WA 5. 45 R, HRKKEEE N 15 i,
10 LRI LM 2 25 S1~S4 B —
%, S5~S10 BMNH—2K, MWK E N 5 K, 10
HEKE LM RN 335 S1~S4 TA—3K,
S5~S7 EN—3J&, S8 Fl S10 BA—K,

&2 HETNESER
Table 2 Results of similarity evaluation

4o Ao
"
S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 R

S1 1.000 0.996 0.991 1.000 0.695 0.957 0.886 0.915 0.911 0.935 0.988
S2 0.996 1.000 0.997 0.997 0.700 0.961 0.903 0.922 0.919 0.941 0.992
S3 0.991 0.997 1.000 0.992 0.687 0.949 0.891 0.924 0.922 0.944 0.989
S4 1.000 0.997 0.992 1.000 0.695 0.960 0.895 0.918 0.913 0.936 0.989
S5 0.695 0.700 0.687 0.695 1.000 0.844 0.830 0.716 0.714 0.728 0.752
S6 0.957 0.961 0.949 0.960 0.844 1.000 0.968 0.928 0.920 0.937 0.978
S7 0.886 0.903 0.891 0.895 0.830 0.968 1.000 0.890 0.877 0.892 0.925
S8 0.915 0.922 0.924 0.918 0.716 0.928 0.890 1.000 0.999 0.997 0.959
S9 0.911 0.919 0.922 0.913 0.714 0.920 0.877 0.999 1.000 0.998 0.956
S10 0.935 0.941 0.944 0.936 0.728 0.937 0.892 0.997 0.998 1.000 0.973
R 0.988 0.992 0.989 0.989 0.752 0.978 0.925 0.959 0.956 0.973 1.000
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R 2-RBT]R 3-AANREK LXK T40-KET
WEa AR 9-11-0- B TA SR 12- )RR TR
2-gallic acid  3-bergenin 7-4-O-galloyl
bergenin  9-11-O-galloyl bergenin  12-catechin gallate
4 7R STEVRAXTERMAEY HPLC
Fig. 4 HPLC chromatogram of mixed reference substances
of seven components

1-arbutin 5-catechin

RRBEE
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o

S8
S9
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S3

LT T 1 ﬁ LT ]

5 10 #tREXELAMPNRESHHHRE
Fig. 5 Dendrogram of hierarchical cluster analysis for 10
batches of Bergeniae Scopulosae Rhizoma

2.3.2 R #r Cprincipal component analysis,
PCA) K MarkerLynx*s LA 10 #it K4 L 24544
FE b g SUEIE 14 AN LA 0 e 1 AR O A B
17 PCA, THHERHIEAE K TJ7 Z 5T R « DARFIE(E >1
N iE, 135 4 ADERr, HERRITETTIREIES
#| 96.445%, FWHET 4 NER W AERE L
MR i ) B AR A R R 7015 B . &5 R L3R 3.
4. W 4~6. 8. 10, 11, 13EEMN 1 FHAK
B IEEG, 1§ 3. 7. 9. 12, 14 EFS 2 b
AABSRIERST, 1§ 2 £ R 3 ERAEER
IERRAT, 0 1R 4 ERARERIERM. X
F MarkerLynx*s 2: ] PCA 1543, H45 55 HCA
SRR —3, WK 6,

233  IEAS A/ 3L F B 4 At Corthogonal
partial least squares-discriminant analysis, OPLS-DA)
10 #HERE LA MR TR AU EE b 14 DML IE

R3 FHEEMERSETHRE

Table 3 Eigen value and cumulative variance contribution rate
TR T KRR T E SRR % R ZE ST %

1 7.538 53.840 53.840
2 3.403 24.310 78.150
3 1.561 11.147 89.296
4 1.001 7.149 96.445

x4 EpSEFEEERE
Table 4 Load matrix of principal component factors

Sty —— M y
1 —0.407  —-0.505 0.310 0.658
2 0.369 0.307 0.860 -0.124
3 —0.496 0.799 0.187  -0.263
4 0.931 0.129 0.318  -0.023
5 0.801 0582 -0.013 -0.034
6 0.888 -0.028 —-0.422  -0.100
7 0.176 0.951 —0.052 0.114
8 0.919 0.193 0.309 0.135
9 —0.731 0531 -0.166  —0.033
10 0.943 0.063 0.007 0.273
1 0.909 0.105  -0.150 0.356
12 —0.613 0.675 0.019 0.339
13 0.817 0.259  -0.481 0.037
14 —0.723 0.546 -0.177 0.348
-
) 5253

t2]
b o
gf’
%ﬁ

o 86420246 8

t[1]

6 10 #tKEREAME PCA BHE
Fig. 6 PCA score plot for 10 batches of Bergeniae
Scopulosae Rhizoma
AR SN MarkerLynx* 1T OPLS-DA, {FiZ#i
R R% N 0.772, R% 4 0.819, Q24 0.668, ¥J KT
0.5, RUNZBEA HAAELFHITIMAEE /). 10 fRHE I
L) OPLS-DA AUy I 7, S55RE
5 HCA Hl PCA 73R4 —5. R)E, @4
OPLS-DA #A!rh 14 A4 & [ H 24 (variable
importance in projection, VIP), LA VIP>1 AkrifE,
et 1508 (RESRTF). 3 51§ CHAXR). 75
I (4-O-BBTBEAERER). 5 T JLFEEFD. 9
Sl (11-0-% & THE ASE) M6 Sk (& 8)
AIREE SEUX 10 KRB R-B2 M 2 8] A 2 7 1
FERHER T, 00328485 RBA RE R
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Fig. 7 OPLS-DA score plot for 10 batches of Bergeniae
Scopulosae Rhizoma
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Fig. 8 VIP vaule of OPLS-DA for 10 batches of Bergeniae
Scopulosae Rhizoma

24 ZHRAEENE

241 ik Agilent 5 TC-Cig thifi4E (250
mmXx4.6mm, 5um); ZMiF (A) -0.1%M R KA
(B) NP, BEEEYEHL (0~12 min, 2% A; 12~
14 min, 2%~11% A; 14~40 min, 11%~12%A;

40~85min, 12%~24%A; 85~90 min, 24% A);
PRFRRE A 1.0 mL/min, AN 275 nm; AR
J925 C; #EFEE 10 uL.

2.4.2 ARSI BORE R LM ok
K (i 60 Hif) #1019, WEME, BT 100 mL
HIEME A, R 60%F §E 30 mL, FriE i
B, AL 30 min, G4, F 60%FF ELANE IR
JiEE, H 0.45 um FfLIEMREIE, RBIfS.

243 RGNS BRERE. KET
R, HAER. JLER. 40-B 8 FlE AER.

11-0-% & FWEA FE R LR R BT RN IR
R, REFE, N 60% F EEK I H1 R K
JE 735125 530+ 150+ 520. 300. 96, 110. 103 pg/mL
R A 0t HEL B VA

244 BMERRFELE IR EUR A A
7% 0.1. 0.5, 1.0, 5.0. 10.0mL & 10 mL &,

I 60% H R RE R 20, $R5), $RIR “2.4.17 TUF
O PE S HERE T, DRI, e gmA. DL
VTR AR (YD, DU R S o SR R AL b
(XD, BRI, WK 5.

®5 TIHOHEMXFR

Table 5 Linear relationship of 7 components

e SR (ugmLY LA r
R 530~530.00 Y=35025X-15466  0.9999
LATHR 150~15000 Y=28.8380X—102.7900 09995
RORE 520~52000 Y=13.3680X—1511300 09995
A% 300~30000 Y=52199X—344450 09995
4-0-RE R A HRE 096~9.00 Y=141230X-17052 09999
1-0-BRFRAARR 110~11000 Y=205310X-33269  0.9999
NERRRE TR 103~10300 Y=161800X—76166 09997
245 FEEEIRR REWI “2.4.47 TR [R5

TRA NS, KYE “2.4.07 TR Ok S,
TR 6 K, dsRIEIAR . THEARERE. BE
TR HEFER. JLEER. 40- KB THEE AR,
11-0-% & FlbE AR RALR R TRERIE
FUH) RSD 18431 0.31%. 0.08%. 0.38%. 0.50%.
0.16%- 0.13%71 0.18%, &8 A 7 VI % R KL 4o
24.6 FaEtkilse  EE—ARE (S
EES 0. 4. 8. 12, 24, 48 htkElE, HEAE
H. BETR. HAEER. ILEER. 4048 Tt
FHXRVIL-O-RETRA R EMILRREET
PR Ik e [ AR Y RSD 873 7124 1.18%. 3.00%- 0.25%
2.08%. 3.68%. 0.47%AH1 3.17%, A7
BRI TE 48 h NEasE .

247 EEMRE WA R (SD), %
“2.4.27 BN MR MIET, PATHIE 6 47,
% “2.4.07 UM EIERAFNE, WEds, THEEE
RE. WEBTR. H0FE. JLER. 40-%ET
s AR 11-0- B TBES AR REMILAREE
TEREEN RSD fH4r 7N 2.85%. 1.43%. 0.59%.
1.93%. 1.55%. 1.56%F1 2.54%, &5 5H 3% H1% 5%
HEMRLT.

2.4.8  JNFEEISCRRLS  HURl—HERH e L2 A R
mo R (S1), FEEHMGE 6 47, & 0.059, Z37lhn
AL SRR RERE . WE TR, HEEER. LR,
4-0-% & TS AR 11-0-% & THeE ESEEM)L
KRB BTN S SA RS, 1% “2.4.27 T5
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P S BE A, TR “2.4.17 TR i SR RE
W5E, CFVETIAFEH B MR R 4558, B
P BETER. AR, )LER. 40-KETHE
FEER L0 B TFHEE AR LA R T TIR
B 1 7 32 A TRl i 26 23 03 2 99.09%  98.88%

99.10%. 100.93%. 102.05%. 98.39%7#! 100.34%, RSD
553 31N 2.40%. 2.83%. 1.36%. 2.75%- 1.46%. 1.79%

2.72%, FREASISTTVER LT

249 FEREENE RERDUKS -GS

%019, #%“2.4.27 U N7 &R, fk“2.4.17

TR S A AT E , ICSRIETAN, SRR
B, WETR. AR, LRE. 4048

THEA AR 1L-O- KB TS SRR AL REE

FERERN &2, 45RIE 6,

®6 REREAHMPIIEINSENELER (n=3)

Table 6 Results of determination of seven components in Bergeniae Scopulosae Rhizoma (n = 3)

s 8(mg g7

L
gﬁﬁ BEH  WATR HAXE  LEE 4OWBTHMAANE  LUOUETHMAAXRE ILEZUETEE
S1 7.30 2.98 77.42 5.93 1.69 5.61 497
S2 9.01 0.87 78.04 7.40 2.15 7.38 7.98
S3 9.81 0.91 75.08 4,75 2.54 7.01 12.30
S4 7.35 2.62 77.65 6.43 1.81 6.85 5.05
S5 18.42 2.86 15.96 11.17 2.00 2.09 2.24
S6 8.02 0.90 17.19 2.95 0.97 2.78 0.64
S7 7.98 0.26 16.42 6.24 1.21 5.22 0.92
S8 62.96 1.29 37.39 1.88 1.17 6.29 4,93
S9 63.24 1.36 36.69 1.54 1.08 5.59 6.00
S10 56.73 1.47 40.01 2.25 1.08 5.44 6.35
3 g Agilent 5 TC-Cyg 1341 (250 mmX4.6 mm, 5 um)

31 EIEEHMRK

ARSIV R M0 Th B 52T 3 F S e R R P 2
BT 2% = SALBRIA M- 1% F AL B (1 D
PIRA TR, 45K BT SO T, 2% — S fbek
-1 EALEIAT (10 D KBS E G
A, BERIEM, MR, BESSIR—H TR, AL
U527 PR (50%. 60%. 70%. 80%. 100%
). #7E (20, 30, 40. 50 mL) DL A2
EUIfIE) (15, 30, 45. 60 min) X435l 23 $ B AL
RIITEN , 254575 18 32 B0 3l 04 (1 e THIARURN 43 25
B 40 DL 60% H IR VA T, VRIS 30 mL,
75 30 min FEATHEE . B IE AR BRI AT 4
BT (190~400 nm), KIAES-Erhib 2
I3[ TG ISR A ERCARRL, B KRS 2 7E 275
nm Ak, KAHTE LS 275 nm Ay K8 - 2gh
B I E R . BRI SR T H K
CIE-K. HEE-0.1%HER/K. ZHE-0.1%F /K. &
JiE-0. 1% R 7K , 45 R DL 215 -0. 190 IR 7K Aok e bt
AR e 2 MR AR BN B A il

F1 Thermo Scientific Syncronis aQ Cig tiiAE (250 X
4.6 mm, 5 pn) AT H 5L, 20 Agilent 5 TC-Cas
R (250 mmX 4.6 mm, 5 um) i ki vt
PE i o % B 1 0 1) 43 B SR L s X R A AT IR
(25,30 C) @A7H%E, g KA trtmiE 25 C
IS 43 B R R
32 IBYEERAERXIRA S

ARSLESHIEE T 10 SRR A e B AR AU EIE,
KIA 14 NI, HAA T Hp 7 M EE,
W1 5E (RET). 2 518 GRETRR). 3518
CARZEZD. 55 JLEFR). 751 (4-0-%8
TREAEEZE). 9 591§ (11-0-% B TEHE AR
12 S OLRREETRED. T2
WCHMARSUERE PR B T A LBEVEARY, 38R
7 HCA. PCA #l OPLS-DA, MIfi 5 Jin4= i 25 W ith
AR G2 M R B AT T PP TEXT
10 #E KB B2 AR S AR AL A3 Hr . S1~S4,
S6~S10 FIARBLE KT 0.920, FHIIX 9 MLk Zh
MR EANFRE, (HERS & EAAERRER: M
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S5 FE i AU Sy 0.752, 8] S5 5 Hifthfth vk 2544
ZEFRER, MRS =, A KPR . SRS T
TSR EE <. HCA £, HRRIKHEE N
15 BF, 10 #ERB R LZAMEER RN 2 2K S1~54
BN—I, S5~S10 BNH—I HMIKEEEN 5
i, S5~S10 M 2 2%, S5~S7 TAN—3J, S8 Al
S10 RAN—Z, UL [F— =K B - 2id i =
B MESM, AR 2 R ER A
— ML, PCABRE 4TS, HRITTTE
TIHREEIA 2] 96.445%, FKEAHT 4 D F i AR K
BR-CAMEE G AR RERCRH 25 B d@id
OPLS-DA ffiik i 1 51¢ (RERFH). 3 5% (5A
KFEDT T (4-O- B TFMEA HE )5 S OL
FKFED) 9 Tl (11-0-EBFMAEHER) M6 5
IR RE R FEUX 10 HERBR-CEM 2 (877 A4 22 5
() BERFAE LS, %oy REE R EA B .
3.3 iEFRMERL ST RVIESE

JHid OPLS-DA fiiiie 1 5% (RERF). 35
I CAAZZD. 751§ (4-0-KBTEE AR,
5 50& (JLEZE). 9 S (11-0-K & TEHE H3EER)
16 ST e & FEOX 10 L RE e L2 # 2 a4
ZE 5 0 FBRFAE S, TEXT A ISR A IR R B 2
g GRETIR) 12 50 JLRREE TR
TE B #EIROR A - 2P R b w1 23 g 359 B R
2o BRI TR AR R UMY
ri . R PUBERWESEEALS, WETRAR
PR Bidk. DLt PUIERESAEAD, SH
NERAFPE. PUEER, JUE. RGO Es.
PUBE PRI S 18 AR S5 0, LR Z AR i fig 2
PEIE ) BV-2 A8 2 1% )WY, 4-O-% & 11
HAE R BERRITER: DPPH H HEERI6E /1122,
11-0-% & F Wi S8 = HA R Prst  fre i
PUAM SRR, LR G BT R B A B B
VI AR /R FH RS, (R, AU 28 ae 17 LALR &
B E SRR T R -2 2 S
FabrtERc sy, DABERF. WEBTR. FHEFE. L
REA4O-BETHAANRE. 11-0- B THAE B
KRERMLFRREETFREEE AR RCAM S &
W5 FEFR o

Z% LRI, ARSI M T 10 oK E b
MM SUEE, RIA 14 AN IEE 0 HIREL T
KERECFRRET . BETIR. 53R JLEER.
4-0-KETHEIAEARER. 11-0-KE TR A AR

JUARER B TIREE 7 Do & &I E 5%, IF

SE 110 HEXCREL B2 I 7 Ry 1S &,

R 2 KA e B R B R S R AR A AR
RBAR AL FAREEAGF R

£ 3k

[1] BrEEEEmAMBEEIR. BVEE A M
(2015 FFEHR) [M]. Pi<Z: BRPURLAEOR A, 2016:
109-110

[2] SEBZESEEDSRES RS PEBEECGEN
%) [M]. dbmt: Bl iR, 1992: 23,

[8] ZEth4. RIGELRAKZYE [M] PG5 BiiRbE4
A HifR AL, 1987: 262-263.

[4 (ELZimE) wmEEGS. BLAME M) Thzpk
VaRFEEHAR iR+, 1985: 458-459.

[5] FAKKE. HW-EZ5 [M]. THZ: 70225050 K22 A,
2011: 75-77.

[6] RAEE, Tk KALZARGEY M HE R
SRR AR AL, 2012: 208-209.

[71 #=. #bRa o) 3. &, 2011,
33(9): 1546-1549.

[6] E=ZE. &AL ERSFFA) [ 54, 2012,
43(9): 1704-1707.

[9] FF, 254, 250, & BRGEDZE S AN
Wb [J]. TRl R, 2017, 46(4): 396-399.
[10] 1TE, HE/ME, W5, 5. FIE O R 1
UHPLC-Q Exactive Focus MS/MS 4347 [J]. o7 szi&

JrivERAe ks, 2021, 27(9): 118-128.

[11] i, 228, EXME, & bR ILRENESEN
SE [J]. wEklRRE, 2011, 39(28): 17235-17236.
[121 &, 7&§%, THW, . HPLC e Aot
FR RTINS E [0 ZRURILEE, 2014, 42(32):

11276-11278.

[13] FRHk, #Ri%, FEE, & fE-LAMRRETN [
5 7 A 25 24 K 2 2441, 2021, 44(6): 61-66.

[14] 5, &o08F, /A, & RIKE BN M K
R 74 1 UHPLC-Q Exactive Focus MS/MS 4347 [J].
Fp ] 256 7 77 2 24 R, 2023, 29(1): 113-122.

[15] ZEfg, Migr, 2E, % ARFPHIFLA HPLC 154
Pl 1 g 57 R Al 2 AR AW T [J]. TR B2, 2021,
52(21): 6677-6682

[16] ZEWF, fT3ChE, FREF, %, 52T HPLC Z4absmisr il
TE K AR o 2 IR A O vE B A SE e AT ().
FRELZY, 2022, 53(1): 238-243

[17] ZEvf, BRfg, dklR, 5. 5 THaEiE4 & 3l
ol B 2 jeor-& s I B AT A BRI EE R [3].
7Y, 2022, 53(1): 231-237.

[18] Saeedi M, Khezri K, Seyed Z A, et al. A comprehensive



* 6460

¢E B 20236108 $54% H 19  Chinese Traditional and Herbal Drugs 2023 October Vol. 54 No. 19

[19]

[20]

[21]

[22]

review of the therapeutic potential of a-arbutin [J].
Phytother Res, 2021, 35(8): 4136-4154.

Choinska R, Dabrowska K, Swistocka R, et al.
Antimicrobial properties of mandelic acid, gallic acid and
their derivatives [J]. Mini Rev Med Chem, 2021, 21(17):
2544-2550.

Bajracharya G B. Diversity, pharmacology and synthesis
of bergenin and its derivatives: Potential materials for
therapeutic usages [J]. Fitoterapia, 2015, 101: 133-152.
EF, PEHR, ORI, 5F. JLRENIRZ RS S0
BV-2 4l g M S BLAE T [J]. 252243k, 2018, 53(2):
244-248.

Mu L H, Feng J Q, Liu P. A new bergenin derivative from

[23]

[24]

[25]

the rhizome of Ardisia gigantifolia [J]. Nat Prod Res,
2013, 27(14): 1242-1245.
Arfan M, Amin H, Khan N, et al. Analgesic and
anti-inflammatory activities of 11-O-galloylbergenin [J]. J
Ethnopharmacol, 2010, 131(2): 502-504.
Khan H, Amin H, Ullah A, et al. Antioxidant and
antiplasmodial  activities  of  bergenin
11-O-galloyl bergenin isolated from Mallotus
philippensis [J]. Oxid Med Cell Longev, 2016, 2016:
1051925.
Hui K C, Majid N I, Yusof H M, et al. Catechin profile
and hypolipidemic activity of Morinda citrifolia leaf
water extract [J]. Heliyon, 2020, 6(6): e04337.
(it %h4E

and

28]



