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Quiality evaluation of Taxus xmedia fermented materials (Mandiyahongdoushan
Qu) with different fermentation degree based on fingerprint and chemical
pattern recognition
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Abstract: Objective To establish the HPLC fingerprints of Taxus < media fermented materials (Mandiyahongdoushan Qu), so as to
provide the scientific basis for the quality control and resources development of Mandiyahongdoushan Qu. Methods The fingerprints of 45
batches of Mandiyahongdoushan Qu were established by HPLC. The common peaks were identified by comparison with reference products,
and seven methods for the determination of active components were established. On the basis of the fingerprints, clustering analysis,
principal component analysis (PCA) and orthogonal partial least squares-discriminant analysis were combined to analyze the differential
markers of Mandiyahongdoushan Qu with different fermentation degree. Results There were 32 common peaks in 45 batches of Taxus %
mediaQu, identifying 18 components. The similarity was all greater than 0.9. Mandiyahongdoushan Qu with different fermentation degrees
were classified into five categories by clustering analysis; Four principal components were extracted by PCA; The comprehensive analysis
screened 10-deacetylbaccatin 111, baccatin 111, cephalomannine, paclitaxel, 7-epipaclitaxel, ginkgo biflavonoids, and sciadopitysin as the
active components, the contents of which ranged from 0.071 5—0.123 7, 0.124 5—0.117 1, 0.113 5—0.126 1, 0.122 5—0.162 7, 0.071 0—
0.089 3, 0.809 1—1.110 2 and 1.003 1—1.994 8 mg/g, respectively. Conclusion The established fingerprinting and multi-component
content determination methods were exclusive, stable and reliable. It can provide reference for the quality control and resource development
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of Mandiyahongdoushan Qu.

Key words: HPLC; fingerprints; fermentation; paclitaxel; Taxus > media fermented materials (Mandiyahongdoushan Qu);
10-deacetylbaccatin I11; baccatin 111; cephalomannine; paclitaxe; 7-epipaclitaxel; ginkgo biflavonoids; sciadopitysin
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Table 1 Appearance characteristics of Taxus xmedia
fermented materials fermented in different time
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Fig. 1 Difference of appearance characteristics of Taxus xmedia fermented materials fermented in different time
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Fig.2 HPLC chromatogram fingerprint of Taxus xmedia
fermented materials fermented in different time
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Fig. 3 Chromatograms of sample (A) and reference (B)
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Table2 HPLC chromatograms similarity evaluation results of Taxus <media fermented materials fermented in different time

T AR 5 AL 5 AL i AL HiT AL
Al 0.984 B5 0.988 D4 0.996 F3 0.985 H2 0.947
A2 0.986 C1 0.993 D5 0.865 F4 0.925 H3 0.950
A3 0.983 C2 0.990 El 0.996 F5 0.929 H4 0.962
A4 0.801 C3 0.989 E2 0.977 Gl 0.977 H5 0.969
A5 0.984 C4 0.861 E3 0.995 G2 0.976 11 0.920
Bl 0.994 C5 0.997 E4 0.996 G3 0.974 12 0.923
B2 0.994 D1 0.950 E5 0.856 G4 0.905 13 0.930
B3 0.993 D2 0.996 F1 0.989 G5 0.981 14 0.937
B4 0.856 D3 0.995 F2 0.993 H1 0.949 15 0.937
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Fig. 4 Clustering analysis diagram of 45 batches of samples
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Table 3 Principal component factor eigenvalues and
variance contribution rates of 45 batches of samples

. YIGAFRFEE
R —— — —
Hi TETTERRI% RITT Z TR R %
1 17.297 54.054 54.054
2 5.427 16.959 71.014
3 3.354 10.482 81.495
4 1.991 6.220 87.716
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Fig.5 Scree plot
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Table 4 Factor loading matrix

St 2
1 2 3 4

12 —0.984 0.125 0.051 —0.026

7 —0.976 —0.096 0.054 —-0.077
24 0.956 —0.243 0.000 —0.057
21 0.951 0.232 —0.023 —0.025
20 0.949 0.173 —0.119 —0.185
10 —0.939 0.313 0.048 0.045
4 0.908 0.099 —0.099 0.252

9 —0.890 —0.398 —-0.079 —0.091

2 0.887 —0.389 —-0.194 —0.055
13 0.853 —0.401 —-0.108 —-0.210
16 —0.849 —0.215 0.174 —0.323
32 —0.843 —0.020 0.423 0.148
27 0.823 0.033 0.285 0.379
23 0.823 —-0.211 0.194 —0.254

8 —0.815 0.216 0.065 0.154

5 —0.811 —0.425 —0.212 —0.230
22 0.805 —0.294 0.198 —0.394

1 —0.798 0.461 0.105 —0.249
18 0.782 0.566 0.013 —0.147

3 0.718 0.456 0.200 0.299
17 0.663 0.547 0.232 0.011
26 0.557 0.458 0.535 0.007

6 0.115 —0.858 —0.098 0.311
14 —0.335 0.828 —0.165 —0.143
11 —0.592 0.769 0.049 0.117
15 0.556 0.688 0.047 —0.228
30 0.077 0.086 0.920 0.198
29 0.095 —0.562 0.797 0.066
31 —0.668 —0.046 0.674 0.102
19 0.286 —0.398 0.655 —0.437
28 0.195 —0.162 —0.219 0.693
25 —0.105 —0.174 0.069 0.420

SRR IR A ZE S ROR . REE 12 h FUR I 24 h
A E S, REBHEUX 5. N T HELFH
AN[F R I (0] B P 4T S A #h 22 (A 4 2 5%, R IE
A2 /> Z 3 - A 43 B Cpartial least squares-
discriminant analysis, OPLS-DA) ik AN ] & Bt
(i) &2 b 7. 21 2 42 i [ 1 22 SR P 1 4 o

2.83 OPLS-DA LT PCA 4553, Nitt—LaiiA
I R T 1) 2 1 7 21 A2 B 1R 22 S b 6, R AR
M1 JEli b, SRR M2, DA ST LT S A&
PR P () BB PR . OPLS-DA 13445 1 LK 8,
R%[1]=0.783, R%[2]=0.108, iR HLAT Bt 1)
fE RN 77, JEE 200 K BHIGIE (B 9) , REAI
Q? I FNALZE R R IR T 0, R A Q? f[ml JH Lkt
9 0.224 F1-0.728, FLHEHIHES LEVHE, A
ARSI EIR B, R%=0.999, R%=0.980, THiill
SR Q?=0.903, HA R4 1) m] Tl i .
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Table 5 Principal component factor scores and ranking of
45 batches of samples

My TR 1 B2 Y 3 RS 4 AR ﬁtr?

Al -6.465  4.587 1.247 1.715 —2 479

A2 -6.539  4.503 1.462 1141 -2547 43
A3 -6.475  4.269 1.064 1360 -2580 45
A4 -6.524  4.532 1.489 1445 -2511 42
A5 —6.347 4.352 1.421 1245 2466 40
Bl -3.747 084 0.059 -1557 -2.258 34
B2 -3.653 -0.874 -0.053 -1491 -2221 33
B3 -3975 -0.703 -0.128 -1359 2366 35
B4 -3.775 -0.488 0227 -1434 -2189 32
B5 -3579 -0.720 0014 -1460 -2146 31
Cl -3563 -0.897 -2.013 -1576 -2.387 38
C2 -3.776  -1.087 -2113 1585 2545 44
C3 -3.555 -0.836 -2.057 -1717 -2386 39
C4 -3.625 -0.858 -1564 -1.683 -2.374 36
C5 -3593 -1.065 -1591 -1531 -2.384 37
D1 -1.348 -0.985 0.026 0914 -0.836 26
D2 -2111 -1.621 0.048 0492 -1.380 29
D3 -2.183 -1171 0213 0662 -1.397 30
D4 -1.786 -1.160 -0.024 0505 -1.196 27
D5 -1.948 -1.493 0350 —0.403 -1.295 28
El -0.249 -2.588 1909 -0242 0389 21
E2 -0.501 -3.101 1.961 0.004 -0591 23
E3 0427 -2.241 1665 -0.449 0465 22
E4 -0.752 -2.877 1407 -0.071 -0.751 25
E5 -0.585 -3.207 1.605 0347 -0.670 24
F1 1589 -3.016 0.949 2.073 0576 19
F2 1874 -2.662 1.791 1.665 0.853 16
F3 1581 -2.828 1.058 1.656 0589 18
F4 1939 -2439 1.209 0.929 0819 17
F5 1584 -3.292 0.907 2.542 0.551 20
Gl 3.076 0.003 -2.190 2.017 1559 14
G2 3.539 0.069 -2.199 1.861 1810 12
G3 3487 0249 -2.052 1.944 1748 13
G4 3.705 0.603 -2.083 1411 1974 11
G5 2.602 0.051 -2.273 2.093 1307 15
H1 5.014 1770 -2919 -1.266 2625 8
H2 3.916 1540 -2987 -1117 1995 10

H3 4.832 2061 2775 0.023 2.672 7
H4 4.835 2323 2752 0.034 2.721 6
H5 4,122 1.652 -3.168 0.411 2.202 9
11 7.128 1.902 2702 -1.663 4.355 1
12 6.983 2.365 2462 2942 4,251 3
13 6.472 1.708 2600 -0.584 4.024 4
14 6.118 2.629 2376 —0.917 3.944 5
15 6.687 2.378 2.720 0.00 4.303 2
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Fig. 7 PCA scores of Taxus xmedia fermented materials
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Fig. 8 OPLS-DA scores of Taxus xmedia fermented
materials

-
-
-

p(corn[1]
S o
(é2)
\
\“\
‘\
\
B

-2.0 t
-20 0 02 04 06 08 1
200 permutations 8 componenrts

B9 ST S428 OPLS-DA BRI E
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Fig. 10 VIP value from OPLS-DA load diagram of Taxus xmedia fermented materials
29.1 MRS [ “2.37 TR

2.9.2 XMMVERINHIS R EIE 10-i L
ERZ0L BERE0L ZRE TR, KEE. 7-F
HIORE . AR . SAANCERNE S, I RS
f s RSCERL— 0 R  REV, R R LS o TR i BRI
W, I G 5 SR 43 0l v 606.70. 280.00
250.00. 163.30. 66.70. 380.00. 440.00 ug/mL [¥]7E
A X BRI TR

2.9.3 fil%f:  Waters 2489UV/Visible %! 5 5]
B €A, (i Waters Symmetry Shield
RPig £ (250 mm>X4.6 mm, 5um) ; ¥izhtH: 0.1%
BERRAK (A -2 (B) , BEEWEM: 0~15 min,

65%~45% A; 15~22.5 min, 45%~30% A; 22.5~
32.5 min, 30%~10% A; 32.5~35min, 10%~65%
A; BEFEE 10 L, #EiR 30 'C, Pk 232 nm. i
KA 11,

294 HMXRRELE KEWR “2.9.27 T FR
A XIS TATE 1. 075, 0.5, 0.25. 0.05. 0.01 mL
SERZ 1mL, HFEEREE 10 uL, % “2.9.37

-

0 5 10 15 20 25 30
t/min

1-10-fli 2 WERE R 10 2-E K200 3-Z R T 4-5 0
5-7-RENME: 6-RA BT 7- SRR .

1-10-deacetylbaccatin I11; 2-baccatin 111; 3- cephalomannine; 4-paclitaxel;
5-7-epipaclitaxel; 6-ginkgo bioflavonoids; 7-sciadopitysin.

F 11 & (A) FUEEXEB&E (B)HPLC &
Fig. 11 HPLC diagram of sample (A) and mixed
references (B)

XD, WETERUNMARER (V) , ZHilbaeihsk, 1 6.
295 Fi# AL #*MH&EX “29.4” T NIRA
X HE LI 10 uL, SRR 6 IR, 1T 10 S Bk
EERZOL. BRE0L ZRETH. S2E. 7-

TR il 2 e, DAXTHIR

JF IR B AR AL AR
®6 THMRONEMEASESEMERE

Table 6 Regression equations and linearity of seven components

gy EEpy r 2RV Y /(g mL )

10-it 2. B B R =11 Y=16 704.82 X+12.37 0.999 9 6.07~606.70
EREI Y=15 635.49 X+3.69 0.999 9 2.80~280.00

=R TR Y=14113.40 X+0.49 0.999 9 2.50~250.00
EY A Y=14 957.48 X+1.60 0.999 9 1.63~163.30
T-RENRE Y=15766.64 X+1.31 0.999 9 0.67~66.70
HRAT U Y=29 788.22 X+15.23 0.999 9 3.80~380.00
KA =T Y=36537.77 X+40.12 0.999 9 4.40~440.00
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RESEE . WA XCER . 44 W HH IR RSD A
0.59%~1.99%, KHIUIHKEEE RIT.

29.6 HEEMRAE AFHERIE —B A KBS 6
By, 1% “2.37 TINS5 “2.9.37
TS 2R, T 10-i o BE R B R =, &
RENL =ZRET. B2, T-RELE. B4
WUBEI A4 XU i JoT 243 4 RSD 43734 0.83%~
2.84%, RUNZHIEELEVERLT.

29.7 FUEMEIRAL RS AREUR — A IR, 1%
“2.9.37 TUNAIEFMA 5T 00 2. 4, 8, 12, 24
h b, THE 10- OB R 21 EREIL =
RACTH EAEE . T-REVEE. BREXCEE. &
FAXUEEER AR RSD 435114 0.73%~1.49%, K
17V A& AR S VRTE 24 h INFROE .

29.8 IR FEIRIE -T2 K
Fzdl 6 47, &3 059, MMARAEXIRMER, ik
AR AR “2.37 TUT, DIE S AFR “2.9.37 I
T, WRAEEmATHE 10-MoMEE-REIL BEFR
T =R T B, T-RECE. &I

W . ER A OUEE R IRF 2 0 A B R 4y i R
97.85%~104.96%; RSD 4374 0.14%~0.96%.
210 ARELZEREESENELER

HUAS TR) K T Wk ) 2 S0 20 A2 Bh FE B, 3%
“2.37 RN,  “2.9.37 Wi@ig&E it
FEGE, S5 NR 7. BRI SHTA G2 7
FhZE RFIE RO B EBAPEZE T . KIERT 24 h, AJF]
IR 1] 2 N 21 A2 i~ 38 5 o S U I >
HRAS XU I > A2 I > B R S 11> 10- it B 2+
> =942 T > T- R K% 36~96h, =
KT S EST 10-DAB &&E. M2V EH
AL 22 AR AT O h S LT HIME AL AR B R B, 7
TR 732 B A RIS [B] ARk R AN ] . 10 LT
EARFUIS AT 24 h 2%, 36~96 h {f4L T
B ERFIIL ZRE TR 7-RESES ZFAR
R GAZMAHEL, 1696 hikFxeE, KEBESE
MUK O h AHLL, A BONITT, 7EKEE 48 h
RIS B AR DU S 4 R A A ]
iz 0 h MiLL, & &R T, WIMEALALFESE R L3 8.

F7 TRILZEEESHTLITHZM 7RI ESENESER (n=3)
Table 7 Determination of five components of Taxus xmedia fermented materials fermented in different time (n = 3)

Ji 5y %l (mg 97)

R MR Rl BRSN SRpTi RN TREDE R Shu i

0 0.1179 0.1171 0.1147 0.142 6 0.087 7 1.1102 1.994 8
12 0.1237 0.139 2 0.1135 0.1447 0.082 5 1.056 1 1.922 8
24 0.124 8 0.134 4 0.108 3 0.1398 0.078 3 0.9910 1.7750
36 0.102 1 0.136 0 0.1157 0.156 5 0.0851 1.096 2 1.907 5
48 0.1056 0.1416 0.1194 0.162 7 0.0871 1.078 9 1.798 5
60 0.102 8 0.138 4 0.126 1 0.1625 0.088 2 1.067 3 1.792 6
72 0.087 3 0.126 5 0.1211 0.1271 0.0796 0.9505 1.476 8
84 0.0715 0.1245 0.1205 0.1225 0.0710 0.809 1 1.003 1
96 0.0930 0.167 9 0.156 6 0.1570 0.089 3 1.022 2 1.261 8

3 itig %5 25, A8 PCA Rl OPLS-DA 4 #, XHARK

A S0 B U AN R R B 2 b 0 41 A i
MFRac i, Emtham, M S, AhRME At
PR, JFERIRIAN T 2O 2T 18 Fhk
Iy. IBHEFEHHT. PCA K OPLS-DA ZEANH 5
THEXFRSUERE AT b, AN [R] A BEAE 2 Hh TP 21
TAZ R i 5 0 HE S AR AL E 0.947~0.997,
VL BH 45 HURE SRR A 43 22 S AN K, ANRE R FR &L
VI R AR P85 6T A [) A I B i) 2 b T 21 A il AT X
ar. Bk, JEERTI NS, 4 45 #HURE R RS

PR BE 2t 7 21 A2 it 22 e e R AT e . 25 51
R, NEKRBFALE ST SR L& &
SR, EEURIE 4, MR, 1§ 2, XREIKH
FR. 1§ 13, 7-REBEE. L&EW. 1§ 3. L.
10-t . WE B B R 2 10 MR HF . RN = R_42
THR AR RAXGERR, W T XA
RIS A S LT G AZ M. J5 HART DACL b B4 N
FEFRbR, 0% B B R B IR e AT RN, AT
5 19 BE 20 R B 2 b S0 21 A2 i A A e SR AR
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*8 AT EIAEERTESMI LI TAE 7 D VIELESER
Table 8 Primary valorization results of seven components of Taxus xmedia fermented materials fermented in different time

R WME AL &5 /%

10-in Z, e 3 B0 R 52 1 ERZI ZRETH KNP 7T-RECEE RESGEEN S XEE
0 100.00 100.00 100.00 100.00 100.00 100.00 100.00
12 104.92 118.95 99.00 101.51 94.11 95.13 96.39
24 105.90 114.83 94.45 98.05 89.26 89.26 88.98
36 86.64 116.18 100.90 109.78 96.99 98.74 95.62
48 89.56 120.95 104.13 114.14 99.32 97.18 90.16
60 87.21 118.24 109.95 113.98 100.62 96.14 89.86
72 74.07 108.06 105.59 89.14 90.82 85.62 74.03
84 60.69 106.34 105.06 85.95 80.94 72.88 50.28
9 78.91 143.40 136.54 110.17 101.88 92.08 63.25
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