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combining chemometrics and grey relational analysis (GRA). Methods With sophoridine as the
internal reference substance, HPLC-QAMS method was used to simultaneously determine the
contents of sophocarpine, matrine, oxysophocarpine, sophoridine, oxymatrine, magnoflorine,
phellodendrine hydrochloride, berberine hydrochloride, aloeresin D, aloin B, aloin A and
pseudolaric acid B in Shezhi Shenhuang ointment. Chemometrics was used to excavate differential
markers affecting the product quality of Shezhi Shenhuang ointment. The compositional data
of each index of different batches of Shezhi Shenhuang ointment was analyzed based on GRA
method, the relative correlation degree was used as measure and the comprehensive quality
of Shezhi Shenhuang ointment was evaluated. Results The linear ranges of sophocarpine,
matrine, oxysophocarpine, sophoridine, oxymatrine, magnoflorine, phellodendrine
hydrochloride, berberine hydrochloride, aloeresin D, aloin B, aloin A and pseudolaric acid
B were 0.47-23.50 ug-mL", 7.05-352.50 ug-mL", 4.28-214.00 pg-mL", 1.36-68.00 pug-mL",
13.65-682.50 pg-mL", 0.24-12.00 pug-mL™", 0.36-18.00 pug-mL™", 2.68-134.00 pg-mL", 2.85-
142.50 pg-mL", 1.24-62.00 pg-mL", 1.96-98.00 ug-mL" and 3.67-183.50 pg-mL", respectively
(r>0.999 0). The average recovery was between 96.75% and 100.26% (RSD<2.0%, n=9).
There were no significant differences between the calculated values and the measured values
(P>0.05). The main components that distinguish the quality of Shezhi Shenhuang ointment
were oxymatrine, matrine, berberine hydrochloride and aloin A. The relative correlation
degree of 12 components were 0.310 8-0.637 8, and there were some differences in the quality
of Shezhi Shenhuang ointment. Conclusion The established HPLC-QAMS multi-component
quantitative method combined with chemometrics and GRA is convenient and accurate, which

provides a basis for the quality control and quality evaluation of Shezhi Shenhuang ointment.
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Figure 1. HPLC chromatograms of mixed reference substances(A), Shezhi Shenhuang ointment(B),
sample without sophorae flavescentis radix (C), sample without phellodendri chinensis cortex (D),

sample without aloe (E) and sample without cortex pseudolaricis (F)

W VMBEARG 2.5 AW 3 AMARER; AT 5AMERB; 6. KRZ10M; TR A MR 8. B 9. F 2HHD; 10.F %
HFB; 1. FRFA; 12135 % TR

F1 &MFE. AXREREETEHE

Table 1. Linear equation, correlation coefficient and linear range

% EVEp¥H r LM (pg - mL™)
FRALOK ¥=3.383 4 x 10°X+293.1 0.999 4 0.47~23.50
T ¥=5.382 6 x 10°X-851.9 0.999 3 7.05~352.50
AR ¥=5.733 5 x 10°X+1 401.8 0.999 6 4.28~214.00
TR i ¥=3.598 5 x 10°X-251.9 0.999 4 1.36~68.00
AL S Y=6.229 5 x 10°X+2 123.5 0.999 6 13.65~682.50
NSV Y=1.738 4 x 10°X-496.9 0.999 3 0.24~12.00
EINICE T Y=2.434 4 x 10°X+726.4 0.999 4 0.36~18.00
ERIR/INEEGK ¥=4.179 0 x 10°X-1 306.6 0.999 6 2.68~134.00
FEHTHD ¥=4.620 5 x 10°X+363.5 0.999 3 2.85~142.50
FEETB ¥=3.039 1 x 10°X+1 755.8 0.999 5 1.24~62.00
FIEEHA Y=4.446 2 x 10°X-1 330.0 0.999 3 1.96~98.00
T TR ¥=5.068 0 x 10°X+729.1 0.999 5 3.67~183.50
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FR2 UK BEIEEXTEXR B EMERN R (7=6)
Table 2. Effects of instruments and chromatographic columns on relative retention time (n

:6)

ZHA R

2.3828

IR

AL/

HhRPR E AR

WE AR A

BRA T

RS
Waters ODS C,q

1 4%

2.7300

1.1929 1.5193 1.590 5 1.765 6 2.086 1 2.2493
1.2195
1.2218
1.186 1

0.8427

0.694 4

0.566 8
0.576 1

LC-20AD

2.7329
2.759 1

2.3915
24261
2.3709
2.3894

22675

2.098 3
2.1234
2.0718
2.0935

1.789 1

1.604 9
1.628 3

1.5315

0.853 4
0.869 1
0.8306
0.8419
0.8653

0.7019
0.713 8

0.5508 0.6822

Dikma Platisil ODS
Hedera ODS-2 Cq
Waters ODS Cq

2.2819
22161
22578

1.798 2

1.743 5

1.5497

0.5813

27162
2.728 0
2.746 3

1.5714

1.501 4

Waters e2695

1.1896 1.5136 1.586 1 1.7629

1.193 5

0.6917

0.5591
0.5684 0.703 2

Dikma Platisil ODS

22742 2.394 6

1.624 7 1.786 4 2.1077

1.5302

Hedera ODS-2 C,4

0.850 5 1.200 6 1.5243 1.601 0 1.774 3 2.096 8 2.2578 2.392 6 2.7354
0.55

0.697 9
1.56

0.567 1

T

1.32 1.10 1.41 1.15 0.85 1.04 0.77

1.75

1.95

RSD (%)
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K3 WIESERER 12BN LENELER (mg- g™, n=3)

Table 3. Determination results of 12 components in Shezhi Shenhuang ointment (mg + g™, n=3)

Ji%ix P S1 2 83 S4 S5 S6 ST S80S9 S10 SIlI S12 ¢t P

B AE R ESM 0318 0300 0.248 0241 0.182 0.191 0208 0.167 0376 0393 0.447 0411 - -

R ESM 0.107 0.123 0.113 0.129 0.091 0.092 0.094 0.086 0.157 0.155 0.176 0.151 0.114 0.910
QAMS 0.104 0.120 0.115 0.130 0.089 0.090 0.092 0.087 0.153 0.159 0.171 0.147

WS ESM 1873 2169 1.772 1.669 1272 1206 1291 1203 2769 2.634 2989 3.011 0.085 0.933
QAMS 1.821 2.118 1.726 1.625 1301 1222 1257 1219 2714 2591 2937 3.034

FALMEB  ESM  1.136 0.989 1.101 1.241 0.927 0.885 0.936 0.894 1.415 1.381 1.468 1394 0.092 0.928
QAMS 1.105 1.017 1.129 1208 0908 0.861 0.950 0.880 1.389 1416 1.444 1.360

FALTTSH ESM 3.872 4.158 4.412 4.507 3.609 3.338 3.743 3.326 5236 5510 5.529 4.733 0.116 0.909
QAMS 3.768 4.066 4.328 4.579 3.513 3256 3.655 3.387 5.115 5589 5410 4.851

ARZIEHL ESM 0.054 0.059 0.072 0.071 0.042 0.040 0.043 0.036 0.101 0.091 0.101 0.090 0.025 0.980
QAMS 0.055 0.058 0.073 0.069 0.043 0.039 0.044 0.035 0.099 0.092 0.102 0.088

IEEREAAGN  ESM 0.081 0.084 0.092 0.077 0.115 0.117 0.107 0.116 0.073 0.064 0.060 0.073 0.049 0.961
QAMS 0.079 0.085 0.090 0.075 0.112 0.115 0.109 0.118 0.071 0.065 0.061 0.074

h/INBERE  ESM 0.652 0.807 0.715 0.778 0.531 0359 0.546 0408 0.694 0.482 0.629 0.468 0.007 0.994
QAMS 0.635 0.814 0.732 0.762 0.517 0364 0.560 0.397 0.709 0.495 0.612 0.477

FEBATD O ESM 0738 0.766 0.873 0.806 0.672 0.644 0751 0.692 1.116 0989 1.084 1.003 0.002 0.998
QAMS 0.719 0.780 0.857 0.824 0.654 0.627 0.734 0.675 1.147 0972 1.111 1.032

FSHB ESM 0281 0254 0259 0290 0239 0.223 0235 0231 0357 0339 0381 0364 0.131 0.897
QAMS 0275 0250 0263 0282 0233 0217 0239 0226 0363 0341 0372 0.355

PIEETFA ESM 0.525 0.601 0.594 0.629 0362 0309 0.355 0401 0421 0.611 0487 0336 0.064 0.950
QAMS 0.511 0.589 0.581 0.642 0365 0301 0.359 0.394 0430 0.599 0.495 0.328

+II M ESM  0.807 0958 0.768 0.931 0.805 0.763 0.609 0.781 0.702 0.669 0.681 0.572 0.079 0.938
QAMS 0.785 0.941 0.781 0914 0.823 0.747 0.594 0.765 0.713 0.688 0.663 0.588
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Figure 2. Dendrogram for CA of 12 batches of
samples
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Table 4. Analysis of variance of principal
components in Shezhi Shenhuang ointment

ERIr

FHIEE

TETHCR RBUSZ TR

(%) (%)
1 8.809 73.406 73.406
2 2272 18.932 92.338
3 0.354 2.949 95.287
4 0.268 2.231 97.518
5 0.182 1.513 99.031
6 0.062 0.520 99.551
7 0.022 0.181 99.732
8 0.014 0.117 99.849
9 0.012 0.099 99.947
10 0.005 0.045 99.992
11 0.001 0.008 100.000
12 —3.463x 107" —2.886x 107" 100.000
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Figure 3. PCA score chart for 12 batches of
Shezhi Shenhuang ointment
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Figure 5. VIP images of 12 batches of Shezhi
Shenhuang ointment
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Table 5. Normalization results of content data of 12 components of Shezhi Shenhuang ointment
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Figure 4. Score chart of OPLS-DA model for 12
batches of Shezhi Shenhuang ointment
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DL 12 $ik i BE 2 8 0CE A P FR bR AR AL
Wb PRI (W e RAE N RS H E 0, I/ ME N e
S, RS A, RIS %F51N 1.408 6,
1.5450,1.267 9, 1.540 3, 1.301 9, 1.536 1, 1.344 0,
1.3808, 1.3585, 1.3066, 1.3771 f11.2543, #%
EBFZIFHH 0.716 6, 0.6207, 0.756 0, 0.5755,
0.758 4,0.527 1,0.694 8, 0.617 5, 0.742 6, 0.762 2,
0.645 6 1 0.783 8. 4 3Ciik "™ v il 2% e 3l G Bk
REOTHE AL SN BT S i 25 7
P RIEX i e == =P IEX 8
iRk e, £,

AP
Y5 3 %%% D
HT PLRB WS o

AL

PLAE TR 2%

A=A

EEN TN U IR
PIZEHHD M EHB EHA
MR BE LR

S1 0.8567 0.9273 0.9702
S2 0.9885 1.0785 0.8930
S3 0.9473 0.8789 0.9913
S4 1.0708 0.8275 1.0607
S5 0.7331 0.6625 0.7973
S6 0.7414 0.6223 0.756 0
S7 0.7578 0.6401 0.8341
S8 0.716 6 0.6207 0.7727
S9 1.2603 1.3820 12196
S10 1.3097 13194 1.2433
S11 14086 14956 1.2679
S12 1.2109 15450 1.1941

1.0958 0.8777
1.0338 09471
0.8546 1.008 1
0.8305 1.066 6
0.6272 0.8183
0.6582 0.758 4
0.716 7 0.8514
0.5755 0.788 9
1.2957 1.1914
1.3542 1.3019
1.5403 1.2602
14163 1.1300

0.828 3
0.873 5
1.099 4
1.0392
0.647 6
0.5873
0.662 7
0.527 1
1.4910
1.3855
1.536 1
1.3253

0.8998 1.0772 0.8516 09659 1.0961 1.0464
09681 13808 09238 0.8781 1.2634 1.2543
1.0251 12417 1.0150 09238 1.2462 1.0411
0.8542 12926 09760 09905 13771 12183
12756 08770 0.774 6 0.8184 0.7829 1.0970
1.3098 0.6175 0.7426 07622 0.6456 0.9957
1.2415 09500 0.8694 0.8395 0.7701 0.7918
1.3440 0.6735 0.7995 0.7938 0.8451 1.0197
0.8087 12027 13585 1.2750 09224 0.9504
0.7403 0.8397 1.1512 1.1978 12849 09171
06948 1.0382 13159 13066 1.0618 0.8838
0.8428 0.8092 1.2223 12469 0.7036 0.7838
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Table 6. The correlation coefficient between each evaluation unit and the optimal reference sequence

B B S O g TCH gy U EIRR ey g
S S HE SR 21
S1 0.3853 04280 0.4623 0.5204 03905 04162 04222 0.5570 0.3779 0.444 1 0.5655 0.5309
S2 04516 04977 04057 04878 04337 04323 04634 1.0000 0.4147 0.3885 0.7629 1.0000
S3 04286 04096 0.4806 04130 04805 0.5360 0.5044 0.7329 0.4727 04156 0.7364 0.5246
S4 0.5060 03918 0.5526 04046 05359 0.5038 03986 0.8123 0.446 0 0.462 7 1.0000 0.8673
S5 0.3387 0.3437 0.3523 03457 03598 03622 0.8260 0.4310 0.3453 0.3580 03810 0.5993
S6 03415 03337 03333 0.3535 03333 03471 09047 03333 0.3333 0.3333 0.3333 04764
S7 03471 03381 03711 03694 03763 03661 0.7600 0.469 8 0.386 4 0.368 2 0.376 0 0.3372
S8 0.3333 03333 0.3407 0.3333 03463 0.3333 1.0000 0.3505 0.3552 03468 0.4074 0.5007
S9 0.7000 0.7393 0.8412 0.6635 0.7109 09179 03775 0.681 8 1.000 0 0.8960 04458 04363
S10 0.7777 0.6720 09123 0.7216 1.0000 0.7701 03497 04136 0.597 7 0.7144 0.7987 04110
S11 1.0000 09034 1.0000 1.0000 0.8670 1.0000 0.3333 0.5270 0.878 5 1.0000 0.5370 0.3884
S12 0.6364 1.0000 0.7762 0.7955 0.6125 0.7053 0.3931 0.4004 0.693 3 0.820 1 0.3519 0.3333

K7 BIMBETERESEFIINXEKRY

Table 7. The correlation coefficient between each evaluation unit and the worst reference sequence

& A % 5 4
e PR B igf B i;; A2 TEM ﬁ;f i;;‘ﬁ§ﬁﬁm ﬁ%ﬁ%iﬁ%ﬁA:iif
S1 0.7118 0.6012 0.5444 04811 0.6949 0.6262 0.6129 0.4536 0.738 6 0.5720 04481 04725
S2 0.5600 0.5024 0.6514 0.5128 05902 0.5929 0.5429 0.3333 0.629 6 07014 03719 03333
S3 0.6000 06416 0.5210 0.6335 05211 04685 04956 03794 0.530 6 0.6275 03785 04776
S4 04941 06909 04565 0.6542 04686 04963 0.6707 0.3612 0.568 9 0.5439 03333 03513
S5 09545 09171 08611 09032 0.8194 0.8072 03585 0.5953 0.9059 0.8289 0.7271 0.4289
S6 0.9331 0.9965 1.0000 0.8537 1.0000 0.8934 03455 1.0000 1.000 0 1.0000 1.0000 0.5261
S7 0.8936 09597 0.7662 0.7736 0.7450 0.7882 03725 0.5344 0.708 3 0.778 8 0.7460 0967 1
S8 1.0000 1.0000 0.9387 1.0000 0.899 1 1.0000 0.3333 0.8720 0.844 0 0.8960 0.6471 04993
S9 0.3889 0.3777 03557 04011 03856 03436 0.7403 0.3947 0.3333 03468 0.5692 0.5854
S10 0.3684 03981 0.3444 0.3825 0.3333 03702 08771 0.6320 0.429 8 03846 03639 0.6383
S11 0.3333 03456 0.3333 0.3333 03513 0.3333 1.0000 0.4757 0.349 4 0.3333 04677 0.7017
S12 04118 03333 03688 03646 04224 03873 0.6868 0.6656 0.3910 0.3596 0.8631 1.0000

253 AAATRBEEIHE
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Table 8. Ranking results of relative correlation degree of 12 batches of Shezhi Shenhuang ointment

TR SRS H P KR E HRZESH IR AR SCHR HErp

s1 0.458 4 0.579 8 0.4415 8

2 0.5615 0.526 8 0.5159 6

3 05112 0.5229 0.494 3 7

S4 0.573 5 0.507 5 0.5305 5

S5 0.4203 0.758 9 0.356 4 9

s6 0.396 4 0.8790 03108 12

s7 0.405 5 07528 03501 10

S8 04151 0.827 5 03341 11

s9 0.700 9 0.4352 0.6169 2

S10 0.678 2 0.460 2 0.5957 3

S 0.786 2 0.446 5 0.6378 1

S12 0.626 5 0.5212 0.5459 4
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