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Quality control of Tibetan medicine Baimai Ointment based on multi-component
determination, fingerprint and multivariate statistical analysis

LIANG Jun, LIU Cai-feng, LIU Dong-han, ZHONG Lin-ying, HONG Ting-ting, ZHANG Yu-ming, WU Hui-chao,
DU Shou-ying
Beijing University of Chinese Medicine, Beijing 102488, China

Abstract: Objective To establish a fingerprint method of Baimai Ointment (BO) and determine the content of its main components.
The BO of 14 batches from two production areas was scientifically and comprehensively evaluated based on multivariate statistical
analysis, which provided the basis for the quality control. Methods HPLC method was used to determine the content of liquiritin,
ammonium glycyrrhizinate, nardosinone and curcumin in BO, and the fingerprint of BO was established. The fingerprint similarity
analysis, cluster analysis, principal component analysis (PCA) and factor analysis were performed to comprehensively evaluate the
different batches of BO in two producing areas. Results The methodological determination of liquiritin, ammonium glycyrrhizinate,
nardosinone and curcumin met the requirements, and the content was 0.051—0.200 mg/g, 0.136—0.622 mg/g, 0.030—0.345 mg/g,
0.001—0.069 mg/g, respectively. The established fingerprints of BO were calibrated with 17 common peaks. Three chromatographic
peaks of liquiritin, ammonium glycyrrhizinate and nardosinone were identified by reference. The similarity of 14 batches of sample
was greater than 0.975. In the cluster analysis, 14 batches of BO from two producing areas can be divided into four categories, among
which batches S1—S11 produced by Linzhi City of Tibet were grouped into one category. And S12 produced in Lanzhou City of Gansu

Province was clustered into one class, and S13 was clustered into one class, S14 was grouped into one class. The results of PCA and
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factor analysis showed that the comprehensive scores of the three batches of S12—S14 produced in Lanzhou City of Gansu Province

were higher than the 11 batches of S1—S11 produced by Linzhi City of Tibet, presumably because of the changes in production

conditions or sources of medicinal materials. The result was consistent with cluster analysis. Conclusion This study is the first to

establish a scientific and reliable quality control method of Tibetan medicine BO based on multi-component determination,

fingerprint and multivariate statistical analysis. It can be used not only for the quality control of Baimai Ointment, but also for the

comprehensive evaluation of batch quality consistency. It provides reference for the improvement of the quality standard of BO and

the quality evaluation among Chinese medicine batches.

Key words: Baimai Ointment; liquiritin; ammonium glycyrrhizinate; nardosinone; curcumin; fingerprint; multivariate statistical

analysis; quality control; HPLC; similarity analysis; cluster analysis; principal component analysis; factor analysis
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pg/mL HTRA XTI SV, B R VR A R A R
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Table 1 Standard curve, LOD, LOQ of liquiritin, ammonium glycyrrhetate, nardosinone and curcumin

D% [ 475 R r

NI B (mg L)

LOD/(mg-L™") LOQ/(mg-L™")

HEH Y=0.025 2 X—0.001 1 0.999 7
HEmRZ Y=0.009 7 X—0.006 6 0.999 8
H e Y=0.029 1 X—0.025 4 0.999 4
LR Y=0.147 8 X—0.015 4 0.999 1

0.348~3.475

2.251~11.256
1.074~10.744 0.051
0.074~0.742 0.009 0.031
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0.002
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0.008
0.172
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» oo

254 nm

[SRexle]

430 nm

[SNealel
1

0 10 20 30 40 50 60
t/min
RS W R 3-HIOHE  4- 230
1-glycyrrhizin  2-ammonium glycyrrhizinate 3-nardosinone 4-curcumin
1 REXRSE (2. BKKERR (b) MBHETR (o
& 4 #EL ST HY HPLC
Fig. 1 HPLC chromatograms of four components in mixed

control (a), BO sample (b), and negative control (c)
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Table 2 Determination results of four components in 14
batches of BO
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S1 0.088 0.141 0.145 0.017
S2 0.078 0.149 0.122 0.012
S3 0.069 0.146 0.113 0.002
S4 0.099 0.147 0.183 0.005
S5 0.057 0.151 0.110 0.003
S6 0.072 0.136 0.148 0.003
S7 0.081 0.142 0.119 0.007
S8 0.081 0.139 0.116 0.008
S9 0.097 0.154 0.131 0.023
S10 0.069 0.211 0.135 0.017
S11 0.051 0.210 0.091 0.007
S12 0.051 0.189 0.030 0.069
S13 0.200 0.622 0.345 0.001
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Fig. 2 Fourteen batches of BO fingerprint and its control fingerprint (R)
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Fig. 3 Cluster analysis results of 14 batches of BO sample
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Table 3 Characteristic value and variance contribution rate
e VIGERFIEAE FRE AT~ 7
£2 —— — y — —
FFIEAE 7 Z TR Y% BRI Z TR R /% REE(E 7 Z TR %% BRI Z TR %
1 9.006 52.976 52.976 9.006 52.976 52.976
2 3.430 20.178 73.153 3.430 20.178 73.153
3 2.390 14.059 87.212 2.390 14.059 87.212
4 0.960 5.646 92.859
5 0.598 3.516 96.375
6 0.371 2.180 98.555
7 0.116 0.680 99.235
8 0.055 0.324 99.559
9 0.035 0.209 99.768
10 0.020 0.120 99.888
RENE, BUVEh Ak ERE. LR EH N *4 EEENETHERER
Eﬁﬁé*fi, q:%ﬁﬂay\jg})\gé*,ﬁﬁﬂ@, Hﬂ@ 43“%%51’: Table 4 Factor load matrix after rotation
o1 AR ER &, SRR A bKECE T 17 e B %ex e B oy
. e = e . N , =2 =2
MEAHE BRI RS, 56 4 N4 PG FRFIEE 1 2 3 1 2 3
BN, XFE BB TER N, ik 3 AN E 1 0186 0227 0502] 10 0933 0.082 0.301
A AE R . 2 0.844 0373 —0307[ 11 0945 0235 0.158
FERE T 3 DERSHANEE, EFHERE 3 3 0858 0456 0.035| 12 0735 —0.142 0.149
A F I FERIE T IRLLIE RN, R T 4 0891 0238 0332 13 0900 —0.131 0.343
WRLEE FCr, AN AT A TR R T . [N 6 5 0911 0330 —0.174| 14 —0.047 0.959 0.099
—H= 2ap, N N T A== ALY, [18] = 2
i e SRS SRR 3 BT TTRR IR R ANS, - A S R 6 0247 0047 0.884] 15 0262 0.932 0.127
=] > NE o/ =] s f  p N
PO 22 TR U e Jr B TR - B AR R B A 35 70204 0607 —0.597| 16 0337 0896 0.041
yeo i % s BH, 4 1 &R/ if=
gg’ﬁjﬂ%“fu 5o GIRERW, 51 IESZJJ\EME 8 0.853 0409 0.204] 17 0.136 0.949 0.142
HEFEkRETF %‘2 ‘(P2) jps: P8. P10~P13, 13 0 0109 0.09 0.944
HERK.H 2 ERMEREERA T P7.P14~
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g5 RIS B2 ) £ B9 P4 P8 P10 mifk T Lol piae’d]
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N o s — Pse@
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Fig. 4 Scree plot of factors
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Fig. 5 Factor load diagram after rotation
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LG AT 5 v R i i 2R 510200 — B L T
FEREE G ks, UOBZAE IR BT . 8
I THEL 3 O B B ) BRI [ &, 45 295 R AR
SRR . 21=0.123 X1+0.279 X>+0.319
X3+0.312 X4+0.300 X5+0.316 Xs+0.119 X740.321
Xz+0.109 Xo+0.296 X10+0.316 X;1+0.194 X;o+
0.254 X13—0.152 X14+0.236 Xi5+0.245 X16+0.204
Xi7: Z=-0.062 X;+0.070 X,-+0.020 X3—0.155 X4+
0.005 X5—0.244 Xs+0.371 X7—0.041 Xz—0.210 Xo—
0.225 X10—0.124 X;;—0.244 X1,—0.321 X13+0.406
X14+0.324 X15+0.315 Xi6+0.355 Xi7; Z3=0.282
X1—0.308 X,—0.105 X340.012 X43—0.257 X5+0.446
Xs—0.263 X7—0.016 Xz+0.524 Xo—0.047 Xio—
0.099 Xi;—0.130 X1,—0.056 Xi3+0.260 X14+0.193
Xi5+0.118 X16+0.233 X170

Hr, Zi~Zs RN 1~3 DB 1557,
Xi~Xi7 3AFRIR 17 AN A WG TH B bR AL 5
W, BB FEABIRMAN LR S, 535 HEIRFE
AW ERTR5 o F Rt ENDL758155, F=
0.530 Z,+0.202 Z,+0.141 Z3, X 0.530. 0.202.
0.141 3 BN FE RS 1~3 I ZETERE, ER5
DHEERLHZ NE 5. EREY, HRE22M
WA= 3 MR EIKECE S12~S14 15435
BT PR M AR PA A 11 R S1~S11, e A]
RS Pt AR P A R B 2 M SRR A R B e, X
BRI R— . PR FNAZFERE AR = HE

x5 HENERSBIRHR

Table S Principal component scores and ranking of samples

W

EEAs) Z Z Z3 V4 H&
Sl -0.984  —0.505 0.413  —0.565 14
S2 -1.088  —0.323 0.295  —0.600 8
S3 -1.735  -1351 —0.385  —1.247 11
S4 -0.326  —0.303 0.163  —0.211 5
S5 2380  —0917  —0.064 —1.456 13
S6 -1.072  -0.072  —0.070  —0.593 7
S7 -1372 —0.235 0367 —0.723 9
S8 -1.715 0396 —0.571  —1.070 10
S9 —0.646  —0.553  —0.445  —0.517
SI0 —0.052 0.493  -1.356  —0.119 4
SI1 —2270  —0.315  —0.631  —1.356 12
S12 0.040 6.022 1.536 1.454 3
S13 7.867 0.477  -3.156 3.821 1
S14 5734 —2.022 3.904 3.181 2

Bk s R ], RIERERENRE. B—.
3 e

NT fe s KRR gt S e KB R R (S
B AN L A A A v (1 e S AP RO BB 1 4y
B, ARSEEGRTHIEAT TIRIOT VS TiAhAE . A
ASIEZ Y E S v W % S 0k S S T =|
KB Th S W EM oy K2 IR sy, PRk
a3 5 PG MU 7 R B RIS TR O B AT R A R, 45
R, RS AR A3 AR B s, VAR £
PR R FH FR A T 3

FRAEE SRR T By iR S AR LS5 1 3 11k, A
T B2 AR N 23 B AR Y, BB R R 2R
gy, RILIRAIHE ST LK LIE-0.1%BER K
HE-0. 1% IR K . ZH5-0.05%EFR K . ZE-0.2%
BERRK TR 261, 45 R BoR, 1E ZME-0.1%E iR /K
(R M %At T R KR A 5 B0 40 B O B U
DR i F AR R

TEBATAS IS AR BRI, 29l 78 24 i ot 5 1Y)
KK 237, 254, 430 nm R IE A BKECE S H
AR HERE. HRHRE. Z2HRMEE; BL
P (i Kk i, SR DAD Kl 2832847 190~
450 nm P KFIH, B 20 nm FEEC 1 DMK ST
P, A5 BRERTE 237 nm K N ORISR, 1y
MAEE S B4, Rk 237 nm 1ENFREL
BEHERMK. 28 b, e T “2.17 UGS
PERT “2.37 TR B 5%

AW IRESL T FKECE = Z R 1 HPLC
SEWE T, HEFE. W, i, =
R IEFE R R FFEER, UL I E 77
VAE R T 4 BhE S R e B e T 14 A
W ERKE, BRI HEE, R,
M. 223 E RS 305 AN 0.051~0.200 mg/g.
0.136~0.622 mg/g. 0.030~0.345 mg/g. 0.001~
0.069 mg/g, HHr, VUM Z T4 H) S1~S11 4t
K 4 BT AR S BN —. g (HHITA
2N A S13. S14 LIRFRZEFRIMLR 3 4
DR A St N F =IO [ 0 e e e
TR R B AT

Fe S EEFRBLRE VPN 45 SR KT 0.975, AL
B BT 2 AP 14 MRS N 4 25, T
SR Z WA PSR S1~S11 B Rh—2, Hilta
TR B IX S12 BoN—3K, S13 FA—3, S14
BN, UIHE A 22N AP I A KRG S T



)

Chinese Traditional and Herbal Drugs

#Es13% B8 20200461 8 * 363 °

FERAR 2T 27 () BB o B T 22 5% - PCA 45
RETR, HIRA M A R A KRR 3 MiicE
JR I G A o 2 R T PR EOR ZE TAE P B 11 AR
HEFDITEIR— TR By 1 s 25 4
TSI ZE S, $en) SR A ™ %1
A2tk PRIERR I — 2k

LRE T TR PCA 2538, BT A KR € &
IIMTITENTR SR, ARSI 3L A E & T
TROUEE & 2 TGt o A B 7590 T A KR 1Y
R X B AR AERI S, T 254 R P
[ P S5 B VAN B T B A 25

SE 3k

] FSOE % B, B, % HRaEE. TR ER
s A & 1 EANG M RV (0], R E
2%, 2019, 44(5): 975-982.

2] XNEZF. FHFENREY (Q-marker): I E
Pl S o B s ) B AN e 2 P R 2 R Jg (0],
¥52j, 2019, 50(19): 4517-4518.

[3] Liu C X. Determination of quality markers is basis for
establishing quality standard and control of Chinese
herbal medicines [J]. Chin Herb Med, 2017, 9(4):
299-300.

[4] g, FRhdA, SK5EA. BT 2B EARMER SR R
X RHEMRITE 1] MARAME IR, 2013, 28(2):
258-260.

(5] AEIEXR, 750/0NEE, ZRqld, S5 b2y 7 o g i T
FEHERE [7]. Z5MIVEIBITAL, 2018, 41(3): 345-353.

[6] FRICHER, AL, & W, 55 FETRLERE T E
B3 TR 5 B 5 24 BT B AR R T ()], h
74,2017, 48(6): 1210-1215.

[71 LaM P, Zhang F, Gao S H, et al. Constituent analysis and
quality control of Lamiophlomis rotata by LC-TOF/MS
and HPLC-UV [J]. J Pharm Biomed Anal, 2015, 102:
366-376.

8] R B, £5F, e, L EE T kB IR AL
PIRERR (1) & &l 52 2 HPLC fast g o A [J]. %5
Mk, 2016, 36(12): 2190-2198.

[9] Duan B L, Zhao Z Q, Lin L, et al. Antidiabetic effect of

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

Tibetan medicine Tang-Kang-Fu-San on high-fat diet and
streptozotocin-induced type 2 diabetic rats [J]. Evid-
Based Compl Alt, 2017, 2017: 1-9.

% 5. UPLC-Q-Orbitrap HRMS & F B /i &
7 A B R FE i AT T [7]. L2, 2018, 49(19):
4552-4560.

A, WYL, B, S5 UPLC V[R5
o 7 AN SIS SR R R A (3], 2Ok
&, 2019, 39(2): 240-248.

ML, ERHEE, BERE, 5 RSO S &
E MRS R R RS [0 R ELZE, 2018, 49(24):
5923-5928.

Breunig J J, Silbereis J, Vaccarino F M, et al. Notch
regulates cell fate and dendrite morphology of newborn
neurons in the postnatal dentate gyrus [J]. P Natl Acad Sci
US4, 2007, 104(51): 20558-20563.

MR, s/, SKEZ. AKRCE SNER T SRR S
T R IT AU [J]. TLVEER 24, 2017, 52(2):
126-127.

WAL ARECEBCA BRI S Al BRI T
N BE J JE A Y 2 R i AT RO EL AT [0]. v s
FHEEZ, 2018, 13(36): 123-125.

PReER, X1 #, B3, 55 BKECE R AR T iR
JEAEIBEST (1], 29N HEIE, 2017, 40(2): 196-200.
22 %, R, HArsl, S5 ANRCE £ S
ZROE R (1] RERZAE, 2019, 44(12):
2486-2492.

TG E, i, 4RI, AF. eSS
BOBARTE SR X 5 Rl S e ()], E 2y
&, 2013, 38(16): 2690-2695.

B, 9 W, Uk, % BT HPLC fR4ERE.
Z By E B A G B INEEIN A F 7 =48 2
MHIF R [J]. B2, 2019, 50(7): 1682-1689.
PRigor, ik, 5, S PR E A A ]
UPLC 1RSI B 70 [J]. &5, 2017, 48(18):
3826-3832.

Escarpa A, Gonzilez M C. Fast separation of (poly)
phenolic compounds from apples and pears by high-
performance liquid chromatography with diode-array
detection [J]. J Chromatogr A, 1999, 830(2): 301-309.



