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0. 1% F B KR A A A, ¥ JE M, h AR E 1.0 mL - min ™', 428 25 °C, #4220 pL, &£ A Tk K25, 25 A A% R
Felk 5 ROUFER ootk BR L CF LB A A AR g AR X AR B B F SR AT T AR XA B I T 69 A R A E SR, R R S AT K (external
standard method, ESM) #= QAMS 3 4 31 M 2 R B kR 2 10 2 55 M P2 5 AR 5 09 45 2L 4E QAMS 3k 49 /f #
LR RASPSS 5 Origin Pro #4T £ M 4 2T AAME S Fe R E S, BRET, SRS F B MFEE ELHE AATHE,
ZMEE (7 >0.999 0) ¥ BAF . F B mAFEEILE 99.74% ~102.78% ,RSD 1.34 % ~2.92% , vARILEEEA A5, RILE
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Quality Evaluation of Sanghuangporus by HPLC Fingerprint Combined with Quantitative Analysis of
Multi-Components with a Single-Marker Method

PENG Siyuan', DENG Yuanhui’, DING Chan'*, MENG Junhua'?, CUI Peiwu'" (1. Mycomedicine Research Lab,
College of Pharmacy, Hunan University of Chinese Medicine, Changsha 410208, China; 2. Tertiary Research Lab of TCM Property and
Efficacy, National Administration of TCM, Changsha 410208, China; 3. Changsha Agen Medical Analytical Lab, Changsha 410000,
China)

ABSTRACT: OBJECTIVE To establish a quantitative analysis of multi-components by a single-marker method ( QAMS) for simul-
taneous determination of protocatechuic acid, 3,4-dihydroxybenzaldehyde, caffeic acid, osmundacetone, and hispidin in Sanghuang-
porus based on HPLC fingerprint analysis of Sanghuangporus samples. METHODS The analysis was performed on an HPLC system
equipped with Wondasil C g Superb column (4.6 nm X250 mm, Spum), the mobile phase consisted of acetonitrile and 0. 1% formic
acid solution, and gradient elution procedure was employed. The flow rate was set at 1.0 mL + min~", column temperature was main-
tained at 25°C, and the sample injection volume was 20 pL. The relative correction factors of protocatechuic acid, caffeic acid, osmun-
dacetone and hispidin were calculated with 3 ,4-dihydroxybenzaldehyde as the internal reference, and the durability of the established
method were also investigated. The contents of these five compounds in ten batches of Sanghuangporus from different producing areas or
batches were determined by external standard method (ESM) and QAMS method, respectively. RESULTS SPSS, SIMCA and Origin
Pro software were employed for principal components assay, similarity evaluation and cluster analysis. The specificity, precision,
repeatability, stability and linear range (> >0.999 0) of the five components were all good. The average recovery was between
99.74% —102.78% and RSD value was between 1. 34% -2.92% , respectively. Then 3 ,4-dihydroxybenzaldehyde was chosen as the

internal reference for calculating the correction factors for the other four components, the average relative correction factors of protocate-
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A M TR 4V B (20222 P07 ) 5 WIREHH B2 K2 I T 40 B TR RTT TV B CReAT R (202302 )

FEE R L L DI BRSO I TR R K AR BRI, , BSE,  R
BRGE 1 161 252 AR S S A el (0731)88458225

+ 531 -

T E 224 2024 4E 3 H 5 59 #4556 1Y Chin Pharm J, 2024 March, Vol. 59 No. 6



chuic acid, caffeic acid, osmundacetone, and hispidin were 0. 851 9, 1.446 9, 1.615 7, and 0. 774 7, respectively. Student’s t-test
results showed that there was no significant difference between the data analyzed by ESM method and the data obtained from QAMS
method. Through data visualization analysis, the cluster analysis indicated that samples from Tibet and samples from Guangdong were
clustered in significantly different categories. However, there was still one batch Sanghuangporus sample from Guangdong and one
batch from Changbai moutains showing more similarities to Tibet category. This indicated that there was a certain relationship between
the quality of Sanghuangporus and the origins of Sanghuangporus samples, but there were still other factors affecting the quality of San-
ghuangporus such as the confusing species or unclear basic sources. The contents of hispidin, 3 ,4-dihydroxybenzaldehyde and osmun-
dacetone in different samples showed significant differences, indicating that these three components might be the main quality markers
of Sanghuangporus for giving more contributes to the principal components. CONCLUSION Based on HPLC fingerprint, the method
of QAMS established in this study is a simple, economical and practical method with scientific and applicable characteristics for evalua-
ting the quality of Sanghuangporus efficiently and scientifically, which can also provide a certain scientific basis for the quality evalua-
tion of its germplasm resources.

KEY WORDS : Sanghuangporus ;fingerprint analysis; quantitative analysis of multi-components with a single-marker; external standard

method ;relative correction factor; quality evaluation
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1.2 %% 5KA

Xif BE A B L AS R (45 RP190605 , Jit i 43 4k
99.99% ) . 5t JLZ% 1 (it : RH456013, Jit & 43 %k
98.00% ) . Wi Mk iR (4t 5. RP20061, i & 4 %
99.32% ) 2 FH R (#t 5. AF21052102, JiT & 47 KX
98.00% ) . 4 3 B ik (L5 AFBJ2606, it 2 43 %X
98.00% ) ; L A o i ali, K Mt alivgok , Havik
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MR EAES (B LR D), HEEPRE S
RSN AR, Ry 2 Rk, AN
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Fig.1 Pileus diagram of 10 batches of Sanghuangporus samples

&1 I0HREHEERER
Tab.1 Information of 10 batches of Sanghuangporus samples

No. Origin(in Chinese ) Lot No.
SHO1 Changbai mountains ( MK [1101) 20220820
SHO2 Xizang ( 75 5) 20220910
SHO03 Xizang( Vi) 20220910
SHO4 Xizang ( 75 5) 20220828
SHO5 Xizang ( i) 20230420
SHO6 Guangdong ()" 7) 20230519
SHO7 Xizang( Vi) 20230420
SHO8 Guangdong ()7 %%) 20220428
SHO09 Guangdong( ] %) 20220915
SH10 Guangdong (] %) 20230510

2 [ OE

2.1 g &H

{354k Wondasil C,q Superb (4.6 mm x 250 mm,
5 wm) HEIAH ZNE (A)-0. 1% HERK (B) , 16 B Bt
At :0 ~12 min,13.0% A;12 ~21 min, 13.0%~20. 0%

T E 22 2024 453 HA5 59 B 6

A;21 ~28 min,20. 0% A ;28 ~50 min,20. 0%~ 40. 0%
A;50 ~ 54 min, 40.0% ~ 55.0% A; 54 ~56 min,
55.0%~58.0% A ;56 ~60 min,58.0% A ; 60 ~67 min,
58.0%~65.0% A ;67 ~70 min,65. 0%~ 13.0% A,
Mm% £ 0 ~ 8 min, 260 nm; 8 ~14 min, 240 nm;
14 ~16 min,300 nm;16 ~30 min,344 nm;30 ~35 min,
380 nm;35 ~47 min,370 nm ;47 ~70 min,415 nm,
2.2 ARG E A

A3 OGS BE i 25 38 i, R B AR, AR R4 4
50% FH s Ao B JRLASER R L AS B ol R
S8 LR A0 A 4 A R BE 43 5] Ry 0. 159 40,209 5,
0.178 6.0.153 4 0. 287 4 mg - mL ™' [ 1E 4 X B i
VSR AE TR A X BRSRVA TR 1445 T o 0 il e BUR A
XFHE G S W 1 # 0.80,0.67,0.57,0.50, 0.44
0.40 mL, % 1 mL )i, R4 4 50% H i &
ZRE FEA) A IR A0 A AR 24 ~ T A
XPRAE R () I sE A
2.3 R B R 4

IRF WA AR 2.0 g (5 60 H i) , K % FK
E BT 100 mL TR 2 ZEHER I A B I AR TR
35 50% W 10 mL, FRE it i, 60 °C A [a] 3t b
P30 min, 58, FFRE BT, TR 20 %k 50% s
AR B R, FEAD, 0,22 wm B EL , B sk
TETR, N1 o
2.4 LMXZEEE

PR R BT T # ORI B 2 4/5.3/5
2/5.1/5 1710 .1/20 . 1/50 , 43 BIHE 25 0% B 20 wL,
TN TR SO AH € A3, 100 7 %o FE T £ i e TR R
DL ] HR TR BE (p ) X1 RE B e T AR () iR A7 2 [l
H53 4, A5 2] S8 b S Rl 4y 1 (815 5 F B 2k
WHI(%£2),
2.5 HREHEER

3 PR 2 WS A DR LZR R L SR LAS 1 | i e
TR | 5% 3 ) R 2 W5 AR Bl P TR A5 0T R VA T 5 L R B
PR TR (SHOT A5 ) 28 I Il (AN & &
BRI PRI ) | FRAS S 8 1% SR A I A
2.6 HEERE

i 25 B B[] — (44 7 U (SHOT7 A 47) 20 L,
HELEVERE 6 YR, BRIR 20 L, j SR i AR, 115 AE X
PrifEf 22 (RSD) fH.
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TR AT 6 b iA i, 2 i A20 pL
HERETHT e S ik (B, DA LAS B g ol 2 B0 i
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L1 RSD fA .
2.8 REMHRR
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O, A R I 83 T AR e, Ry R 0 G 23 BE O
W AN ST, c NS PIRIE

AR TEREXT f ) FE0A < IR 5 % BRI R, 12F
R 20 wL, 433 % %5 1. Wondasil C g Superb 4,
JEFE (4.6 mm x 250 mm,5 um)  # 2: Agilent STC-
Cis(2) 4354 (4. 6 mm x250 mm,5 pm) F£ 3. Wa-
ters-Symmetry-C , {4,354 (4. 6 mm x 250 mm, 5 um)
I3 M TSR S S B SSr f RIS
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FEP S BT S E

AN TR S AR AR X f (A2 0 < >R ] Won-
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R2 REPSHRLMEMERE )R

Tab.2 Linear regression equations of five components from Sanghuangporus

Component Regression equation re Linearity range/p.g + mL ~!
Protocatechuic acid y=17.635x —46. 299 0.999 4 4.72 -236.00
3 ,4-Dihydroxybenzaldehyde y=20.013x —4.543 7 0.999 3 15. 00 -300. 00
Caffeic acid y =29.33x - 28. 662 0.999 7 4.00 -200. 00
Osmundacetone y =33.495x - 81. 005 0.999 8 4.00 -200. 00
Hispidin y=15.542x-7.919 3 0.999 8 4.00 -200. 00

0 10 20 30 40 50 60 70

1/ min
B
1 7
| i
0 10 20 30 40 50 60 70
t/ min

1= JFULZRRR;3 — RULZRTRE 4 - MNRERR ;7 - S 38 - Wik i;2,5,6,9,
10 - KAl

| — Protocatechuic acid; 3 — 3,4 — Dihydroxybenzaldehyde; 4 — Caffeic acid;
7 - Osmundacetone; 8 — Hispidin; 2, 5, 6, 9, 10 - Unknown .

B2 ZHHFL(A)RREXEG(B) 5 R EAMEEE
(HPLC)

Fig.2 HPLC chromatograms of Sanghuangporus samples (A)

and mixed reference substances (B)
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RSD /341] 0. 66% ,0.42% ,0.83% 1. 04% , #H X I
T AL RSD 43411 4 2.93% 1. 60% 2. 96% 2. 66% ,

R E BN AT o
3.L.5 REMSE JFULAMR. RIJLZKEE . i

PR B L | AR 5B B 0 T AR RSD 4351 Ry 1. 84%
1.93% 4.25% 1.02% 1.35% , WA {Hiat i v v 1
24 h FEAE

31,6 AERICRSLES  JRIJLASER R LASEE
MERR 5% A | 25 05 06 A A ~F- 35 0 A [T 3 43 )

rPE 242 2k 2024 4 3 55 59 55 6 )

102. 78% . 100. 81% . 100. 15% . 101.36% . 99. 74% ,
RSD 435114 1.34% 2.82% 2.92% 1.86% 2.80% .
3.2 HMRERET() NN E

SRR JF LA EEVE NS LA R o
MERR | 5¢ R 2R W5 B B f 43 Sl 0.851 9
1.446 9 1.615 7.0. 774 7,RSD #/NF 2% .,
3.3 fHuim AN
3.3.1 RFEEREMEXT £ g JFLZREEE N N
St LA IR RS | 8 LR | AR R B S 43
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x3

matographic column, column temperature and flow velocity conditions

TR EERE T RAER T BRRE AT REHF G T 4 MR R E E Z(Ar) fo Al x4 8 o B (2p)

Tab.3 Retention time difference and relative retention time values of the four components from Sanghuangporus under different chro-

Protocatechuic acid Caffeic acid Osmundacetone Hispidin
Project Factor
At IR At tR At tR At IR
Chromatographic column Wondasil C;g Superb 2.977 0.707 4.837 1.476 14.019 2.380 22.823 3.247
Agilent 5 TC-C g 3.280 0. 687 4.631 1. 441 13.992 2.334 21.793 3.077
Waters-Symmetry-C g 3.091 0. 648 2.746 1.313 13.135 2.495 18. 421 3.097
Column temperature/°C 20 3. 066 0. 706 5.209 1. 499 14.243 2.366 23.485 3.252
25 2.977 0.707 4.837 1.476 14.019 2.380 22.823 3.247
30 2. 856 0.711 4.424 1. 448 13. 660 2.383 21.733 3.200
v/ mL - min ~! 0.8 3. 004 0. 708 5.009 1.487 14. 156 2.377 23.244 3.261
1.0 2.977 0. 707 4.837 1.476 14.019 2.380 22.823 3.247
1.2 2.553 0. 698 3.980 1.471 14. 088 2. 666 22.391 3. 648
Average value 2.979 0. 700 4.456 1. 446 13. 807 2.394 21.946 3.211
RSD/% 0.07 0.03 0.17 0. 04 0.02 0. 04 0.07 0.05
F4 I ZFE(QAMS) FushAr ik (ESM) ME R EF L S MR QWA E
Tab.4 Contents of five components by QAMS and ESM in Sanghuangporus
3 ,4-Dihydroxybenzaldehyde Protocatechuic acid Caffeic acid Osmundacetone Hispidin
No. /mg + g~ ! /mg - g~ ! /mg - g~ ! /mg g~ ! /mg - g~ !
ESM ESM QAMS ESM QAMS ESM QAMS ESM QAMS
SHO1 0.378 3 0.174 1 0.1752 0.081 2 0.083 4 0.292 4 0.297 2 0.226 0 0.224'5
SHO2 0.397 8 0.177 2 0.178 8 0.078 9 0.080 7 0.376 3 0.390 1 0.360 1 0.360 6
SHO3 0.3523 0.190 2 0.194 4 0.085 1 0.088 1 0.270 0 0.2725 0.178 0 0.175 8
SHO4 0.512 4 0.240 8 0.253 8 0.086 9 0.090 0 0.274 8 0.2773 0.2343 0.2325
SHO5 0.609 2 0.2813 0.3015 0.077 2 0.078 7 0.241 0 0.239 7 0.211 1 0.208 8
SHO6 0.4219 0.287 2 0.309 0 0.065 8 0.065 4 0.218 6 0.2153 0.360 1 0.360 5
SHO7 0.324 9 0.172 4 0.173 3 0.075 2 0.076 5 0.3233 0.3318 0.398 9 0.400 5
SHO8 0.2157 0.106 7 0.095 8 0.048 5 0.045 5 0.192 4 0.1873 0.695 7 0.704 8
SHO09 0.289 0 0.1343 0.128 2 0.049 5 0.046 5 0.1816 0.174 7 0.498 4 0.502 1
SH10 0.240 6 0.109 3 0.098 7 0.056 3 0.054 6 0.214 7 0.2119 0.6225 0.629 5
Student's ¢ test 0.895 8 0.8850 0.853 1 0.964 4
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5 B B B 4y B, DA HAE R AR &, 5 A Origin
2021 ARAFVEATHE S AR DG 43 B 5 AR 5 Fh B o0 o1 ot
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Fig.3 Superimposed HPLC fingerprints of 10 batches of Sang-

0 5 10 15 20 25

huangporus

Hh [ 2205 2024 4 3 H 5 59 5 6 )



SHOL | SHO1 /
SH02| 0.94  SHO2 ,

SHO3| 0.97 0.84 SHO03
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1.00 099 SHI10

S W ¢ ¢ © & © ©
S TS S

LI - TR ; B 6 — SRR B g 1 £ Q3 OE SRR S, B K 3 3 /s A
KRB BEBACFA A BT ; P (AR LA I 5
B, DP<0.05,2P<0.01,3P <0.001,

Red - positive correlation; Blue — negative correlation; the direction of the circle
represents positive and negative correlation, the larger the circle is, the smaller the
absolute value of the correlation coefficient is, and the larger the value is, the clos-
er the correlation is; The P value represents the significant degree of sample corre-
lation, P <0.05,2)P <0.01,3) P <0. 001.

B4 10 R &L AL R A

Fig. 4 Correlation coefficient diagram of 10 batches of Sang-

huangporus
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Fig.5 Heat map and HCA analysis of 5 component in 10 bat-

ches of Sanghuangporus ( standardization line)
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Fig. 6 Heat map and HCA analysis of 5 component in 10 bat-

ches of Sanghuangporus ( standardization column)

3.8 F & 4 4 #f (principal component analysis,
PCA)
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HEFT IR 70 A , L 238 R 0t A 4720 S [ 14 R G 2R 8 >
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Tab.5 PCA eigenvalues and variance contribution rate in 10 batches of Sanghuangporus

Initial eigenvalue

Extract the sum of loads squared

Principal
Variance Cumulative variance Variance Cumulative
component Eigen value Eigen value
contribution rate/% contribution rate/% contribution rate/% variance contribution rate/%
1 3.787 75.733 75.733 3.787 75.733 75.733
2 0. 865 17.299 93.032 0. 865 17.299 93.032

RO N0 BMREM G E RS HTHTE
Tab. 6 PCA factor loading matrix in 10 batches of Sanghuang-

porus
First principal Second principal
Component
component component
Protocatechuic acid 0.2213 0.597 2
3 ,4-Dihydroxybenzaldehyde 0.298 4 1.877 8
Caffeic acid 0.261 2 0.273 9
Osmundacetone 0.5819 -0.482 6
Hispidin 0.646 5 -1.6755
A WA
4+ | I
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A - Changbai mountains; B - Xizang; C — Guangdong.
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Fig. 7 Score plot for principal component analysis of 10 batches

of Sanghuangporus
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Fig. 8 Score plot (A), VIP plot (B) and permutation test (C) for orthogonal partial least squares-discriminant analysis of 10 batches

of Sanghuangporus
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