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Quality evaluation of Sauropi Folium by HPLC multi-index component quantitative
analysis combined with chemical pattern recognition
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Abstract: Objective To establish a multi-components quantitative analysis method for Sauropi Folium, and to evaluate the quality
difference of Sauropi Folium from different habitats by chemical pattern recognition methods. Methods The contents of
protocatechuic acid, caffeic acid, 6-hydroxycoumarin, hyperoside, isoquercitrin, quercetin, kaempferol, kaempferol-3-O-
gentionbioside, stigmasterol, and p-sitosterol in Sauropi Folium were simultaneously determined by HPLC method. Extract, total ash,
and acid insoluble ash were also detected. The CA, PCA, FA, and PLS-DA were used to distinguish and compare 18 batches of Sauropi
Folium from different habitats, and explore the difference factors for quality evaluation of Sauropi Folium. Results There were
significant differences in the content of various components in 18 batches of Sauropi Folium. 18 Batches of Sauropi Folium were
clustered into 3 categories, and the quality of Sauropi Folium from Guangdong and Guangxi Province was better. Kaempferol-3-O-
gentionbioside, caffeic acid, hyperoside, protocatechuic acid, 6-hydroxycoumarin, and isoquercitrin could be used as quality difference
markers for Sauropi Folium. Conclusion The established multi-index component quantitative analysis and chemical pattern
recognition can evaluate the quality of Sauropi Folium, and it provides reference for quality control and genuineness research of Sauropi
Folium.
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Table 1 Information on the source of Sauropi Folium

s CRIEHL R |45 R SRAEET(E
S1 mZEEKSE  2023-08 | S10 #nTAdSE  2023-08
S2 ZEHEE  2023-00 | S11 WHLHFME 2023-07
S3 mELKHE 2023-08 | S12 WHIFLE 2023-07
S4 mEEEE 2023-07 |S13 P ILE  2023-08
S5 HRMFHE  2023-10 | S14 JUUHAMINE  2023-09
S6 HIMELSE 2023-09 | S15 JUPEAIHE  2023-08
S7 EMETHE 2023-10 | S16 &) THE 2023-10
S8 VLRI 2023-08 | S17 JUZRFHILE  2023-10
S9 VLZMMBHE  2023-09 | S18 J A4EKE  2023-08

EHEEER. Gk, Bl xR L#E

1L Z58y-3-0- B0 — 4 ) F1 210 nm (45~60 min
IS S AR B-2 ) ; HEFEE 10 pL; KR
30 C; ABUAE 1.0 mL/min.
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i, B RZ) 05g, MEME, B M+, B
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AEERNE R, R, RIS
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R okt T, R, LEB. L%
Wy-3-O- W HH —HEH . S EEER -7 S EE 26.80.
40.50. 3.10. 31.80. 20.50. 19.60- 5.90. 13.50. 1.30.
2.70 pg/mL [R5 XS I b VAT o
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Table 2 Regression equations, linear ranges and coefficients of components

A& EVEpyE LR M ((ug-mLT) r

JRILAR Y=1.775 4X10° X4+-613.5 2.68~134.00 0.999 2
BN R Y=2.3059X10°X—1 036.4 4,05~202.50 0.999 5
6-FERFTER Y=1.2857X10° X+298.1 0.31~15.50 0.999 8
SR Y=2.449 6X10° X+-857.9 3.18~159.00 0.999 4
S R Y=2.1053X 106 X—1153.2 2.05~102.50 0.999 9
L& Y=1.587 7X 106 X+482.7 1.96~98.00 0.999 3
MIES Y=09.984 3X10°5 X+605.8 0.59~~29.50 0.999 5
L 22 1-3-O- W IH — 4 Y=1.151 2X10° X+941.3 1.35~67.50 0.999 1
T Y=6.254 9X10° X+-778.5 0.13~6.50 0.999 6
-7+ K Y=8.6716X10°X—485.2 0.27~13.50 0.999 8

A 4 T MR &M, L EE-3-0- B, B

! ' \ . B-H B E S E, H RSD {H 0N

’56 . 1.23%-+1.18%-+1.71%- 1.02%-. 1.35%. 1.29%. 1.51%-

| I‘ : H T o0 1.63%. 1.95%. 1.78%.

SN 0 U | G 2.1.8 FEtEiALE  BORRM (i S, il it

s ‘ . WA, HIECE 04 2. 4. 8. 10, 16, 24h ik

} | ’ BE, GREULRE. NG, cBERTE. 4

ll| 5 MR SR M= s, (L -3-0-k

\.‘J\ o | o 78 2 JIH . SR, B2 S B U i AR Y RSD {E 4371

P DL K 1L13%. 1.06% 1.75%. 1.09%. 1.26%- 1.57%.

0 10 0030 40 50 60 1.62%- 1.58%- 1.98%-. 1.77%, Z5HRFKH 24 h P

A VR P AR E
BULERR, 2R, 3-6FIEFT R, A-SLbkiE, S-S 2.1.9 [ERE BURRMH (G5 SO 9 41,
oty R PR O, SRR 29 025 g WEHE. BT IR

1-protocatechuic acid, 2-caffeic acid, 3-6-hydroxycoumarin, 4-
hyperoside, 5-isoquercitrin, 6-quercetin, 7-kaempferol, 8-kaempferol-

3-O-gentionbioside, 9-stigmasterol, 10-B-sitosterol.

E1 RExRE (A) MERH (B) WE3ikiEeIEE
Fig.1 HPLC chromatograms of mixed reference

substances (A) and Sauropi Folium (B)

2.1.6 FEEEWL BORRM (5 S fHlmiE
W, EBHRE 6 Ik, SRFILRER. MHEEE . 6-52
EHETR, Sothe. B RcE. kR, LEmH.
L 25Wy-3-0- e lH T . S HEE. B-25 S BEIg R
i) RSD {43518 0.96%+ 0.72%- 1.47%- 0.88%-
1.03%-. 1.10%- 1.39%. 1.26%-. 1.67%- 1.43%.

2.1.7 HEEMHERE BORFM (S5 S, BHE
0.5g, il 6 otk midl, #FE, THEE )L
KR MHEER . 6-F2 b/ TR, Stk Tk

WE LSRR AR . 6-F 3/ G R, &4t .
FM R MR R LY. 1L 25 -3-0- e iH ZkE
B SHEEE. B BRI E S8 0.298,
0.483. 0.032. 0.361. 0.219. 0.184. 0.059. 0.141.
0.014. 0.021 mg/mL) 0.8 1.0~ 1.2mL, &k
AR, HEREDNE VR TETARAE, THEAR 10 AN T
BIINARE[ENSCR 73531 98.35%. 100.09%. 97.65%-
99.15%+ 100.10%. 98.57%. 96.92%. 98.49% .
98.26%- 97.15%, RSD fH73r 514 1.32%. 0.80%-
1.05%-0.67%- 0.98%- 1.28%-0.76%- 1.38%- 1.33%.
1.07%.
2.2 #&NE

W45 S1~S18 MR MRIFHAE &L, )2 ik it v
W, SHREBIRE 10 uL BERE, SRAAMRIETT SRR &
R LRI WIHERR . 6- R EF TR, &2k,
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Table 3 Determination of 10 components in Sauropi Folium from different habitats (n=3)

[ #il(mg g7')

=
<

S1 S2 S3 sS4 S S6 S7 S8

S10 S11 S12 S13 S14 S15 S16 S17  S18

© 00 N oo O A~ wWw N B

1.204 1.333 1.263 1.165 1.231 1.130 1.051 1.064 1.024 1.051 0.956 0.993 1.543 1.636 1.475 1.604 1.569 1.507
1.918 1.766 1.994 1.959 1.893 2.096 1.950 1.655 1.576
0.129 0.149 0.162 0.147 0.159 0.162 0.140 0.106 0.092
1.428 1.541 1.744 1.640 1.590 1.735 1.645 1.351 1.331
0.891 1.003 1.362 1.202 1.138 1.257 1.306 1.408 1.445 1.232 1.474 1.291 0.872 0.745 1.075 0.808 0.726 0.946
0.735 0.797 0.752 0.876 0.815 0.842 0.937 0.548 0.669
0.237 0.215 0.243 0.226 0.232 0.243 0.214 0.193 0.201
0.576 0.691 0.697 0.573 0.634 0.671 0.599 0.531 0.604 0.436 0.561 0.548 0.536 0.523 0.505 0.486 0.468 0.455
0.052 0.055 0.057 0.069 0.062 0.066 0.071 0.044 0.040 0.042 0.033 0.037 0.090 0.093 0.087 0.097 0.083 0.074
10 0.093 0.117 0.101 0.106 0.111 0.099 0.093 0.081 0.123

1.649 1.527 1.495 2.309 2.412 2.459 2.507 2.360 2.098
0.091 0.100 0.076 0.141 0.109 0.151 0.125 0.083 0.137
1.385 1.284 1.234 1.986 1.938 2.118 2.050 1.839 1.890

0.751 0.690 0.641 0.943 1.172 0.994 1.136 1.055 1.024
0.206 0.194 0.187 0.299 0.313 0.294 0.321 0.306 0.285

0.090 0.085 0.082 0.077 0.073 0.069 0.063 0.060 0.056

LELZRRR, 2-UINERR, 3-6-23E @ TR, 4-G2BhiT, S-RWRTT, 6-MiE R, 7-iRm, 8-1LRM-3-0- eI —HHTF, 9-THEE, 10-B-73 T,

1-protocatechuic acid, 2-caffeic acid, 3-6-hydroxycoumarin, 4-hyperoside, S-isoquercitrin, 6-quercetin, 7-kaempferol, 8-kaempferol-3-O-gentionbioside,

9-stigmasterol, 10-B-sitosterol.
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B 4. 18 {4 R E (P EZ
H) 2020 FERR—EWCR IR FRE . 18 HEFE &
PR AN 47 W e 45 R 22 S 3K, BT B 5 e R
(7= A B %
2.5 WEITEFSH
2.5.1 CAFIPCA H3 3.4 JillsE 45 K4 N\ SPSS
26.0 WA, T RGURISE, PRI S 1E &
FE, #HAT CAIS, 1SRPIRE (B 2), 4R ER 184k
TeRIERE SRR ES A 10 B, FES IR N 3
Z5, MAEIX RN 1A, FoRkefh B &R
Bt

WA EHHEHEAT PCAIS], S5 IR KMO 18
0.781>0.6, MHFIEE>1, FHH 2 NERT, %

4 ERHPZEY. 2R BB MERSMNELER (n=2)
Table 4 Results of extract, total ash, and acid-insoluble

ash in Sauropi Folium (n=2)

i W% BKI%  BRAETEK %
S1 32.6 6.5 33
S2 30.7 75 35
S3 211 8.3 33
S4 25.4 7.2 3.7
S5 29.0 7.8 3.9
S6 24.7 8.1 4.0
S7 22.6 6.7 35
S8 17.4 10.3 4.0
S9 18.6 9.6 4.7
S10 213 10.0 4.6
S11 171 10.7 4.9
S12 19.5 9.2 4.8
S13 36.7 5.9 2.8
S14 38.6 5.6 3.0
S15 40.3 5.7 2.7
S16 45.8 5.4 25
S17 42.2 5.6 3.1
S18 34.7 6.3 3.2
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Fig.2 Clustering tree diagram

R5 BENDFE

Table 5 Total variance explained

ERGr KRR T ETTRRR% RS ZE ST %
1 9.488 72.987 72.987
2 2.061 15.854 88.842

®6 ERMEERERTETEY
Table 6 Principal component matrix and principal

component score coefficient

N Pl gt BT3B AL
ERA 1 ERS2 B L EES2
JRILATR 0954 -0.020  0.101  -0.010
Wi HERR 0.968 0.111 0.102 0.054
6-FREA TR 0275 0.880  0.029 0.427
KAy S5 0.938 0.192  0.099 0.093
SR AcT -0.872 0.144  -0.092 0.070
ik Bz 2 0926 -0.025  0.098 -0.012
Ll 251 0976  -0.050  0.103  -0.024
I Z5M@-3-0-  —0.379 0.857 —0.040 0.416
JeHE s
TR 0.963 0.121 0.101 0.059
B-75 S 1 -0.640 0.621  -0.067 0.301
2 0.954  —0.064 0.101  —0.031
SRS -0.936 —0.154 —-0.099  -0.075
RNy —0.922 —0.227  —0.097  —0.110

AR B R ] SIMCA 14.1 BA%F 18X 13 41
FEERIEAT PCA, 3l AFERSr 1. 2 A XL Y #il,
il e Er o B, WE 3. 4R CA 45
B3, Hrh 02 50.798>0.5, HrHHIEL A S

BLH o

S3
2 S6
S13@s15
@S16
osf
S18 @s17

{[2]
|

*‘8 I *I4 I 0 I 4I I 8I

t[1]
R?[1]1=0.730 R*¢[2]=0.159 Ellipse: Hotelling’s 7%(95%)
3 ERMHRERSES

Fig. 3 Principal component score of Sauropi Folium

252 HFoH AKX Yu=Xwm— Xn)/SD, (3
W X N m SRS S 0 AR B B A
Wi, Xn RIS n A B PRI B S T 3518
SDy NS n DAL S KIAREE s Yo N m
HEFE SO S n AN bR AL 5 B ) X5 3. 4
e FAm AT bR e AL B, bR AEAL B R AE P . &5
G ERTF7 RZEL B AKX Fon=Ym X0.101+
Y2 X 0.102 + Y3 X 0.029 + Vg X 0.099 — Y5 X
0.092 + Yyu6 X 0.098 + Y7 X 0.103 — Vg X 0.040 +
Yo X 0.101 = Y10 X 0.067 4 Y11 X 0.101 — Y12 X
0.099 — Y,13X 0.097 s Fpo=—Y,1 X 0.010 + Y,n X
0.054 + Y3 X 0.427 + Yyua X 0.093 + Vs X 0.070 —
Yime X 0.012 — Y,7 X 0.024 + Y5 X 0.416 + Yy X
0.059 4 Y10 X 0.301 — Yyu11 X 0.031 — Y12 X 0.075 —
Y3 X 0.110 0B 1. 2 TR EH10, 5
TR EERS, WE 7. 45 BER S16. S14. S15.
S13. S17. S18 Zx& i, HEAFER, KM
FRANT G 7 P B R A T B LT

2.5.3 PLS-DA 43#fr PLS-DA Fr#fr&—FpH T4
AT 2 'S M I, R B 2 )
e AR S N e S 1 N
L0, S2EGR A SIMCA 14.1 ¥ {4 PLS-DA
IR T X 3.4 10 Ao e 25 AR A
SRy BRANE K 53 M e 25 BRI 2 PLS-DA
TR, 5 RBIM S HIIT 0.5 (R2x=0.898. R>y=
0.826. 0*=0.722), Ut WA FAT s i) A e vl
T (E 4.
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Table 7 Comprehensive score and ranking of Sauropi

Folium from different habitats

G5 B 1 RS 2180 EHEs HiE

S1 -0.062 0.109 -0.032 12
S2 -0.277 1.367 0.016 9
S3 —0.310 1.584 0.027 8
S4 —0.165 0.700 —0.011 10
S5 —0.264 1.140 —0.014 11
S6 -0.231 1311 0.043 7
S7 -0.189 0.644 -0.041 13
S8 -1.101 -0.771 —1.042 15
S9 —1.336 —0.072 -1.111 16
S10 —0.918 —1.524 —-1.026 14
S11 -1.395 -0.859 -1.300 18
S12 —1.245 -1.314 —-1.257 17
S13 1.091 0.217 0.935 4
S14 1.365 —0.462 1.040 2
S15 1.198 0.211 1.022 3
S16 1.643 —0.429 1.274 1
S17 1.232 —1.424 0.759 5
S18 0.890 —0.752 0.598 6
oF 14
02 B
0.1 So/8803
o S1545] \’:\4
0.1 SIS s | 38.55%121
o2 S17 ms10
-0.3 -
-08  -04 0 0.4 0.8

t[1]
R 11=0.827 R%x[21=0.071 5 Ellipse: Hotelling’s 7%(95%)

B4 ZHIMHES PLS-DA B2 8 =E
Fig.4 PLS-DA score scatter plot of Sauropi Folium

AR ARG (VIP) (AR KRG — M EE
BUEFRERE, 4 PLS-DA L& 4ER VIP fH (K 5), 45
FVIP>1 25 My BURAR K L 25 183-3-0- e iH —
FEFE . UNMERR . S 228h . FLRIR. 6-3iEEE
FA R, AR IR )5 & 22 AR A,
VK EIR 6 N AN IR B AR HEE, DA
TR A2 A R P ) o

8 2 4 1 35 6 1011 7 12 9 13
izt

1-JFLRER, 2-NHERR, 3-6-BRIEF TR, 4-S4WF, 5-FHitk

H, oMt &K, 7-1IhZ45m, 8-11ZASEY-3-0-WBH —pHtF, 9-T iR,

10-B-5 681, 1182 MW, 12-8K5, 13-BRAVEMER Y.

1-protocatechuic acid, 2-caffeic acid, 3-6-hydroxycoumarin, 4-

hyperoside, 5-isoquercitrin, 6-quercetin, 7-kaempferol, 8-kaempferol-
3-O-gentionbioside, 9-stigmasterol, 10-B-sitosterol, 11-extract, 12-

total ash, 13-acid-insoluble ash.

5 RS VIP
Fig.5 VIP images of Sauropi Folium

3 e

FEFRSE Hout 7k A RO B R A, 45 SR
AR R R, RS EE T ANIE] B R
W (40%- 50%7#11 60%) FIi[E] (20, 40, 60 min) ,
45 1 5006 A 75 HE B 40 min B, JRIRI AR R LAS
. UNHERR . 6-FR 5/ TR Sl S .
Witz 2. 22y (L Z5y-3-0-JeiH —HH . SRS
B-1% B B (AR B R I ey, L LA R 0 B (K
TR A& R R TT V. SRS 42 AN AR B AH &
Gi: CHENEVIAE, PIBERRVE T ANAFAE AR I S,
JKAHIEFE 0.1%. 0.2%. 0.5%ERRIA . 455 M -
0.5% M RIS AT I, IR i i VA HPLC
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