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[ Abstract] Objective To establish a method for comprehensive quality evaluation of
Tongjing ointment by multi-component quantification combined with chemometrics and grey
correlation analysis (GRA). Methods With curcumin as the internal reference substance, HPLC-
QAMS method was used to simultaneously determine the contents of limonin, evodiamine,
rutaecarpine, bisdemethoxycurcumin, demethoxycurcumin, curcumin, 6-gingerol, 8-gingerol,
10-gingerol, tetrahydropalmatine, dehydrocorydalin, dorydaline in Tongjing ointment. The quality
of Tongjing ointment was evaluated by cluster analysis, principal component analysis, orthogonal
partial least square discriminant analysis and GRA. Results The determination of 12 components
manifested a good linear relationship in the range of mass concentration (720.999 1). The average
recovery was between 96.58% and 100.19% (RSD<2.0%, n=9). There were no significant difference
between the measured value of external standard method and the calculated value of HPLC-QAMS
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(P>0.05). Tongjing ointment samples were classified into three eategories by chemometrics and

it showed that curcumin, 6-gingerol, bisdemethoxycurcumin, demethoxycurcumin, limonin and

tetrahydropalmatine were the main potential markers affecting the quality of Tongjing ointment.

GRA showed that the relative correlation degree was in the range of 0.317 3-0.624 8, and there

were some differences in the quality of Tongjing ointment. Conclusion The established method

can comprehensively evaluate the quality of Tongjing ointment.

[Keywords ] Tongjing ointment; High performance liquid chromatography-

quantitative analysis of multi-components by a single marker; Chemometrics; Grey relational

analysis; Comprehensive evaluation
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2.1 HPLC-QAMST k%%
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20540mg - mL™, ZE# % 3.7300mg * mL™', 6-
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10- 2 M 0.530 0 mg *- mL™', ZEH R X
0.184 0mg - mL™", KE %5 #6% 0.270 0 mg * mL™
B 0.072 0 mg » mL™") o AF 25 W B 4%
W i, 28 75% WO R ORE 20 15 15 IR A X IR
AR FT R 15.60 pg - mLT, SR 2 B B
4.90 pg - ml™", 2 R, 7.80 ng * mL™", AE
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70.0%—82.0% £ i ; 54~60 min, 82.0%—11.0%

https://zgys.whuznhmedj.com

321

ZNE) 5 YRR 1oL, FEE: 30°C.

KB “2.1.17 TR IR 4 R IR A
“2.1.27 WUF 5 A4S 10 pL, SERERIN, i
SR TSR] R A OR R T AR X B VA AR
() % B4 (] &b A A O 1 e i e, L €2 i DG U T o)
PR, SAHSR AT SE A 255 BIPERE SR 3
FHR ke (1) o
21.4 AWK H5EMETERE

R “2.1.17 T M RA X BRI 2 0.1,
0.2, 0.5, 1.0, 20 #1150 mL, &T 6120 mL &
i, 1 75% MBS EZIEL, HF Rk iERR
IR I-VI, 5% “2.1.37 T (A3 2 vhke
10 plL, oSG, LI SR i Ak br (X,
pg - mL™ ), WEHIBURIARSR (V) BEAFLbEmIE,
GEWLLFE 1, SRR, 12 DAER I ETS
FRI N R R AT
215 AHE iK%

BURLHE (5. S1) BHR SIS 10,
e PR SR T B IR 6 W, M 1A,
SERATB TR . RACHL . RASH R, WA
AAELWER ., AWHEELNER, ZiER. 6- LH
. 8-FEW. 10- £8, EHRLE, FAXE
BBl RN 5% mR e [ AR Y RSD 435118 1.20%, 1.38%,
1.32%, 0.95%, 0.87%, 0.59%, 1.02%, 1.19%,
1.21%, 1.32%, 1.25%, 1.46% (n=6) , % WY
Ak AT
21.6 FHMHIRE

BUmaE (4%, S1) W, % “2127
TR 5 2 A A A A 6 1, e e TR,
FHAMRE: (external standard method, ESM ) 315545
FPBE 2R . RO . SRR BT . AL F A
LR, AWHEEZNE, ZTHE, 6- THE.
8- M. 10- £y, EHRLEK . KE LM
SEHERR Y 5 O IE 4 B8 04330, 0.094 0,
0.180 0, 2.365 0, 3.076 0, 5.145 0, 2.854 0, 0.517 0,
0.721 0, 0.221 0, 0.298 0, 0.078 0mg - g, RSD
WK N 1.47%, 1.83%, 1.72%, 1.22%, 1.18%,
0.94%, 1.47%, 1.65%, 1.58%, 1.71%, 1.63%,
1.92% (n=6) , FHFEHEEMHERL.

21.7 REMEIXE

BURZHE (95 S1) Fedh, % “2.1.27
TUT Jr il s e s, il = RE, I
THI#50, 2, 5, 9, 14, 20, 24 h MEWEHET,



322 China Pharmacist, Nov. 2023, Vol. 26, No.11

A 6 B
5
4
1
) JLJ 10 1 L—Aﬂ 10 11
| \/kJ LMAJLJLJL -
0 5 10 15 20 25 55 s f/min ° 5 45 50 55 6 f/min
C D
7
1
3 8
X h. N Lt
11
‘\L/, N e N IMWLM S
B t/mln 0 5 0 5 20 25 30 35 40 45 50 55 © (/min
E 6 F
6
1
45
A 7
JU\ J\/ M t L] V\_H JJJ 9
_ ) LJM wb JL J J AT J "
5 T ) 5 50 t/mm 0 5 0 15 20 25 30 35 40 45 50 55 ® ¢/min

B1 BENEA (A) . BEHREMHAR (B) . RRFEMMEMER (C) . BREEPMEHR (D) |
RFERAMEER (E) . REFAZRAMEER (F) HHPLCEILE

Figure. 1 HPLC chromatograms of mixed reference substances (A), Tongjing ointment test sample

(B), sample without euodiae fructus (C), sample without curcumae longae rhizoma (D),sample without

zingiberis rhizoma (E) and sample without corvdalis rhizoma (F)
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Table 1. Standard curves and linear ranges for 12 components

T EVEpy s LRI (pg - mL™) r
& Y=5.714 6 x 10°X+1324.6 1.56~78.00 0.999 4
RIEBI, Y=2.104 3 x 10°X+558.5 0.49~24.50 0.999 3
e TN ¥=1.928 6 x 10°X-1 038.9 0.78~39.00 0.999 6
WL AFELER Y=2.249 6 x 10°X-735.1 8.35~417.50 0.999 1
IR MR ¥=2.940 5 x 10°X+1 662.5 10.27~513.50 0.999 6
LR Y=4.236 5 x 10°X-1 373.8 18.65~932.50 0.999 3
6-LHE ¥=2.629 1 x 10°X+905.7 9.46~473.00 0.999 4
8L ¥=5.3503 1 x 10°X-374.8 2.34~117.00 0.999 7
10~} ¥=5.883 9 x 10°X+1 383.1 2.65~132.50 0.999 1
FEARCFR ¥=3.232 1 x 10°X-932.4 0.92~46.00 0.999 6
FEUE ¥=3.520 6 x 10°X+248.1 1.35~67.50 0.999 4
EgAT Y=1.661 2 x 10°X-546.3 0.36~18.00 0.999 1

SRR . RACHL . AR . WA 1.53%, 1.26%, 1.12%, 0.98%, 1.34%, 1.58%,
AR WAL EER ., ZHER. 6- LH 1.75%, 1.94%, 1.81%, 1.97% (n=7) , %* Wl
2. 8- M., 10- £, EHRLR, LALE LB ER AR 24 h INFAENE R

B 25 R4 T AR Y RSD R 1.37%, 1.51%,
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1.25%, 1.12%, 1.10%, 1.13%, 0.97%, 1.10%,
1.03%, 1.26%, 1.77%, 1.54%, 1.55% (n=9) .,
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A RSD (H, S5HEE 3, NIRRT A A%t i
ST AARNIRE IE I JCH 2320 (RSD < 2.0% )
2111 &gk

0 “2.1.107 TR SR w0 A £ A
( Primaide 1430 %Y 1 Agilent 1260 %Y ) 1 {4 %
#: (Cosmosil C;g #£. Agilent Eclipse PlusC g1 Fll
Prevail Cyq ¥ ) B @ EIGELLRE R ], DIZEE N
WS, KA B A e {3 X €0 e b A 7 o
O, AR g b (o, FORMIXT IR E
1 FREEZ DAL BIRME, ¢ R A iR
BAEFIRME ) , 25K 4,
2.2 ESM5QAMSi%LEER

Y12 L AR (g5 S1~S12) , ## “2.1.27
T 7 il s A i T, MRV, DN i T A
439132 FH ESM Fl HPLC—QAMS B3 1008 24508 vh
120G & i, BRSP4 T 3 0y, SRR 5.
iz A4 45E SPSS 26.0 X WiFh 7 ik A5 54 ik
TTmEXT e K5, R X +s Fn, P<0.05 82
SAEGERE L SRR TR E SR
TGt E X (P> 005), 7B HPLC-QAMS
P F TR A D 12 AU & el 22
2.3 FIHEF12HBELRRENSHT
231 RESH

KRB, PL Buclidean HH 25 A0 B,
iz JH SPSS 26.0 B AE X 12 4 2 808 12 Mk
FAT E B R HETT RIS T (cluster analysis,
CA) , CAEIUWLKE 2. Z55RLIEEE/NF 10 JhsifE,
W12 HER S 40 325, S5, S7. S8 Al S6
—2&, S3, S4, SI I S2 k—3&, S10, S11, S12
1S9 h—3K,

K2 UERRFRANSYHEH S HIENRIERF

Table 2. Relative correction factors of each component with curcumin as the internal reference substance

TRA XTI P p— RAH REHAA R 6 EHE 5 EE 10-28 FEAR  FEE P
THREaR11d Whl  EEWER  EMR ZFE W

I 07485 20151 22356 18914 14726 16282 0.8029 0.7095 13444 12207 25624
I 0.7444 20055 22306 19029 14687 16242 08065 0.7124 13403 12149 25740
1 0.7550 20125 22460 18884 14696 16290 08135 07137 13455 12068 25536
v 07396 20089 22197 18479 14574 16133 08057 07162 13258 12001 25039
\Y% 07359 20174 21523 19045 14089 15968 07703 07269 12797 11998 25802
VI 07421 20128 22021 18815 14445 16131 07943 07191 13147 12039 25479
SEHME 0.7442 20120 22144 18861 14536 16174 07989 07163 13251 12077 25537
RSD 0.91 0.21 1.53 1.10 1.67 0.76 1.92 0.87 191 070 1.07

(%, n=6)
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Figure 2. CA dendrogram for 12 batches of
samples

232 ERHOHOM

K H E W53 43 A (principal component
analysis, PCA) 7%, DL 12 itV & 8d+ 12 1~k
SN O O AR R, A5 E] 12 x 12 B SR IR RO A
P, A SPSS 26.0 A #4140 Hr, DASFIE(E K
T 1 AR ERRAE, 12 #UR L POFREUE 2 4~ E
HL53 (PC, FIPC, ), HARRIEAA 2351 4 8.996 il
1.826, J5 22 TTHR 35301 R 74.966% F1 15.214%,
ST 5T R L 90.180%, FEHATEET 2 4> T
Ay AR 2B T 12 A2 R i 90.180%
MM B, TR AEGEA R (£6) .
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R SEAR BB . RASHEUR . W H AR
EHEEZER . BWE . 6- THE. 8- L.
10- 8y, R AR ERAIE EH PC, TRk,
PG E FAERH R L 25T PC, DMk 3 (£7)
FELL PC, Fil PC, N7 ALAR R THEEAT 12 it
EFE PCA 0 (B 3) o 45 BIR S9~S12
B T840 B 22, S1~84 137 T 1543’ 45 ),
S5~S8 fii FAR A ™, S —E I,
5 CA G5 R EA 3.
233 EXmE A ZFE-FIR 5T
ARG 12 HibIR 2 BOF 12 SR R
B BRI S A SIMCA 14.1 8F, A7 IERS
s i/ 33k — FN5153Hr (orthogonal partial least
squares discriminant analysis, OPLS-DA ) , 45AH
ABEAY AR AT R G ) i R AR B A o U e
(R’X=0.987, R’Y=0.946, 0’=0.848) , 194344
KDL 4, oRiX 12 Do i S A B 25
Hr AR TEEE B N, KRR
Mo SRRV Y (VIP) 35, DL VIP
> | Ak brifE, #— 2kl 6 2 Rinik
Y (F5) , HA VIP Ly =1.603 4, VIP, yyu=
13697, VIP ypmsmpsne=1.3343, VIP jpops =
13305, VIP s =1.1689, VIP s, »=1.0099,
FEIHIX 6 A B 532 05 R 6 08 L 2 S ) R

R6 BARBEPERNSHESH

Table 6. Analysis of variance of principal components in Tongjing Ointment

NN PG FFAE(E PRI T
FAEE TR (%) BROFZE5R (%) FREE rE5keR (%) BRUrE5RE (%)

1 3.996 74.966 74.966 8.996 74.966 74.966
2 1.826 15214 90.180 1.826 15214 90.180
3 0.462 3.852 94.032

4 0.297 2.479 96.511

5 0.250 2.081 98.591

6 0.075 0.624 99.216

7 0.048 0.397 99.613

8 0.025 0.205 99.818

9 0.016 0.137 99.955

10 0.005 0.039 99.993

11 0.001 0.007 100.000

12 -6.977x 1077 -5814x107" 100.000
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R7 BEREHP 12 S HHETEREE
Table 7. Composition matrix table of 12
components in Tongjing Ointment

FEAG>
%
1 2
Frigg -0.445 0.776
e YL -0.674 0.605
B VN 0.946 0.173
WAL HR -0.905 -0.017
EHEIEENER 0.970 0.062
WK 0.975 0.070
6-FEHER 0.943 0.068
8—F} 0.967 0.053
10— 0.986 -0.083
IEFHR R 0.207 0.881
T 0.979 0.097
SR 0.971 0.138
I
0.2 -
0.15
S2 S1
0.13 ﬂ sS4
= 0.051 S3
z 0
g _0.05
-0.11
0.15
0.21
-0.25 T T T . T v
-2 -1.5 -1 -0.5 0 0.5 1 1.5
1.00002 * t[1]
R2X[1]1=0.878 R2X[2]=0.0203  Ellipse: Hotelling's T2 (95%)

B4 12#t B AR EHMOPLS-DAIKE G 5)
Figure 4. Score chart of OPLS-DA model for 12
batches of Tongjing Ointment

2.4 GRAFEMMERBIEIL

SrEILL 12 HER L 88 T 12 AL &
el 2% 55, 35 GRA ¥E 7 AH B0
it pinl, e
241 RERILLIE

S SCHR PR 12 U S PO R R R
RN, RN, WEFAREEER, £
FEREER, BWE, 6- LHE. 8- LW
10- £l MEARLE, AL BN E R
R T IO R NN B AR E R, WA 8.
242 XRIKZFNIHE

DL 12 IR 4 R 45 A 45 A G i 4R Ak Ak
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R2X[1]=0.75 R2X[2]=0.152 Ellipse: Hotelling's T2 (95%)

E3 12#tEEHEHPCAG T E
Figure 3. PCA score chart for 12 batches of
Tongjing Ointment

VIP[2+2+0]

6 7 4 5 1 10 9 8 3 11 2 12
12
E5 124tBEEREFRVIPE
Figure 5. VIP images of 12 batches of Tongjing

Ointment

Er VATREE 2R R 3R RH ARG A RETAKAER
F 5 EVTRAEEF; 6544 1.6-FMF; 88-Fm; 9.10-%
By 10383 & L& VAR EEM; 128 Em

HS B KA A RIS E I, S/ ME N RIES
FRPH, $LSCHk ™ S FPIRHER B AR (1) |
(2) HEAIFMRITHX TR, &ESFHF

G IR R EOR
; Awin + p Amax .
cC, =— N 1
i) Yij _Ysj + p A max £ it ( )
i A'mn +pAlxmx
i©~ Yi— Y +pA;mx 2~ (2)
Hor, A=minl Y=Yl A =max! Y=Y 1

A =minl ;=Y. A =maxY,-Y, |, p NP REL,
WU 0.5, Cy, o S ST T8 0 5% P 91
YHEREC o, KA T RITHIA T 555

B RHR R
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243 XBRERARN RBEGTH

SEBR B R AL IR OB R R 12 L4y
KR RF I, AL (3) . (4) IR
TN X RARRT F i . 2S5 )79 0 CHR
PR (5) TR IEM T SR S R
R BUEMR, FERZEA TR, Rz, W
F 9, BEI 12 it 28 BOB AR S X OCER BE 0.317
3~0.624 8,S11.S10.,S9 F1S12 43 Wi T-HEA Ay 4 47,
S2. S3. S4 1 S1 i THEZ hIEAE, S5, S7. S6

China Pharmacist, Nov. 2023, Vol. 26, No.11

F1 S8 i THEA S 4 1.
1 11 . .
Rip) = HZ%) Nl (3)
=]
] 11 X
Ri(s>:ﬁzl:cj(s> N (4)
=
— Ak (5)
Ri(b)+Ri(s) ?

H, Ry WIS FEFIIRIRERE, R, M
RESFHIFINIIRIKEE, R, BTN RAYAHXS

*8 MANEH 120 HL S BHTERHELET

Table 8. The mean value series of the content data of 12 components in Tongjing Ointment

TR N C 1 e N SEMER EEE ;
Gis IR SRR K EEEE EEE LR LR 8-£W 10-£H o L AT
St 1.0572  1.0391 0.8349 08165 09550 09890 0.8396 1.1165 09761 1.1008 0.8795 0.9854
S2 12672 13073 0.8868 09188 1.0569 09104 09108 1.0524 0.8873 12706 1.0178 1.1451
S3 1.0522 11844 1.1038 1.1011 09243 10103 1.0006 08711 09317 12500 0.9748 0.9321
S4 11322 1.0726 11604 12212 08626 1.0349 1.0961 08070 09109 12294 0.9287 0.8256
S5 1.1072 13743 0.6462 13246 08124 08127 07643 0.6390 0.8289 0.7870 0.7565 0.5326
S6 0.7998 1.0056 0.6698 1.1285 0.8338 0.8501 0.8574 0.7318 0.8484 0.7716 0.7780 0.5726
S7 1.0297 09497 05330 13506 0.7583 0.7873 0.7880 0.5859 0.8012 0.8488 0.7319 0.5193
S8 1.0072 09162 0.5849 1.1836 0.7874 0.7710 0.7321 0.6699 0.7692 0.8025 0.7595 0.4527
S9 0.8348 09609 1.1934 08670 1.1957 1.0816 1.1697 1.1895 1.1761 1.1677 1.1900 1.3449
SI0 09598 08156 14953 06829 12977 12435 13390 13221 12885 0.9259 12946 1.4647
SI1 0.8923 07039 15566 07401 12721 12926 12976 15698 13205 1.0648 1.4453 1.5846
SI2 08598 0.6704 13349 0.6652 12440 12168 12048 14437 12608 0.7819 12423 1.6378

R 12HRAREEN KBKEHFHER

Table 9. Ranking results of relative correlation degree of 12 batches of Tongjing Ointment
T SRS 7 R H#ESH I CHRE FRRS IR BE HEF
St 0.462 3 0.572 1 0.446 9 8
S2 0.578 5 0.5145 0.529 3 5
S3 0.524 3 0.5187 0.502 7 6
S4 0.5322 0.528 7 0.501 6 7
S5 0.472 8 0.750 7 0.386 4 9
S6 0.391 4 0.770 7 0.336 8 11
S7 0.420 2 0.8116 0.341 1 10
S8 0.387 3 0.8333 03173 12
S9 0.5759 0.483 9 0.543 4 3
S10 0.695 8 0.478 7 0.592 4 2
S11 0.778 9 0.467 8 0.624 8 1
S12 0.635 4 0.560 9 0.5311 4
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3 e

X T8 2O R S R s, AR
U6 22 THRBUE R (70% LW, LB, 75% H
FE . HEE) | 2Byt OB, [l ) o $EEu
[ (30, 45, 60 min) , 5% &% B 75% W B 48
FEAREL 45 min I, BT 12 Foft a0 A 0 7 (1 25 95
o, RN I Ay B B S S8 8, B 75%
FH B 75 2 45 min Ry 9 28 00 R A AR 4
By X sh ik ss, ARREemxt T
FEERMRA ZIE AR R 2E -k, &
5 -0.1% Wiz . 20 -0.1% MR . 20§ -0.1% 7K
BEHR, 455 KBS O -0.1% BEIR A i sh A,
12 AT IR AChT, WIS, 4y B,
BT

RAHE R R, £, TERAMEHRA
Jrmips, Jr iR AER T EGE, R IR,
T2 R B, ZEBIMATR . @
ZabdE; WA, LEEMRZE, WAEIFZ
Rk, AR SCHEBU R R HE TR R R
BRI S A B R, 22 BRI B o WL A
FZWER, LHEEZERZMERER, TREENE
PERRGY 6- ZEBE . 8- ZWAN 10- =1, MEHR
REEBITIETAR LR . R K ERAE ERN H
Pemsy, RS ZEERZAzdR &R, W
LR O R N Z BRI, O R
BoHPAR, ARG EELE R RZIENNSY.

A AZE R INSY), KA HPLC-QAMS
BRI 2 08 AT R . R, =
ZEGRAE . WA AR EER, SIPEEEER.
LWE | 6- EHE . 8- LW, 10- LW, EHER
LER ., FAEEWMME LS R, HPLC-QAMS T
PAE S ESM SEE 22 5 E4e =B L (P> 0.05),
SIS T TR R AR EE | S5 AR

fE2FT Rk 12 HERE S R O 3 2%, TRIAT4E
I REE, 6- LK. WEPHERENE,
FHAREZER | IrESRAEHRCENRS
OB TR A K, GRA BRI 254 1T 25 5
7N S9~S12 v THEFF T 4 7, S1~S4 2 F-HEF H[a]
i, S5~S8 1 THEP G 4 . fb it mias s
GRA ZEAPEM AR AL AT vl 58, 3Bk T Ak 0,
B 24 d A Al 5 A T 24 A DR U R il ) A e
SUN SRR IR S 2 G ok =t B =111V N4 YRGS U, L R0
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Fedex, d—DRUERAMME, 7 HaE, 583%
TR TR A R R SR, R R TR
IRy 7 i o R AR E ME A R — Bk, Akt
LA GRA LR G PR AR AL iR IR 2 80F
B LR a NI ik

S ik

1 aRAd, SRR, AR . v 24 i AR 4 24 i R 64
ST 9E (0], P P2 2R ik, 2017, 42(9): 1652-1658.
[Zhang K, Zhang YT, Feng NP. Research progress
on Chinese medicines with topical administration in
umbilical region[J]. China Journal of Chinese Materia
Medica, 2017, 42(9): 1652-1658.] DOI: 10.19540/j.cnki.
¢jemm.20170223.004.

2 HE R E &R B RS bR i WS-11402(ZD-
1402)-2002-20127[S]. 2012.

30 BT, FH, BOLRK . HPLC I i 4 HOF b I
WK LRI AR AR 2 5 gk, 2006, 21(5):
478-479. [Huang JY, Li L, Rao GL. Determination of
tetrahydropalmatine in Tongjing cream by HPLC[J]. West
China Journal of Pharmaceutical Science, 2006, 21(5):
478-479.] DOI: 10.3969/}.issn.1006-0103.2006.05.026.

4 I, FRRNE . — I 2Pk A r 2 R A R ARG ]
FHTFEHERE (1] AR HOR - rp B2 BAAL | 2022,
24(6): 2378-2387. [Yan Y, Du CH. Recent advances in
quantitative analysis of multi—components by single marker
on quality control of traditional Chinese medicine[]].
Modernization of Traditional Chinese Medicine and
Materia Medica—World Science and Technology, 2022,
24(6): 2378-2387.] DOI: 10.11842/wst.20210430005.

5 0 T, B BERE . At es e b 2 B R
U 1] HZh |, 2018, 40(5): 1139-1142. [Yu Y,
Li J, Li BG. Application of chemometrics in quality control
of traditional Chinese medicine[]]. Chinese Traditional
Patent Medicine, 2018, 40(5): 1139-1142.] DOI: 10.3969/
j.1ssn.1001-1528.2018.05.028

6 Iy, W XN KOS AL T 2518k
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1584.[Li L, Pan QW, Liu H. Application of grey relational
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