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Abstract: Objective To establish an HPLC fingerprint and multi-component content determination method for the seeds of Taxus
wallichiana var. chinensis produced in Shennongjia. This method was applied to compare and analyze the seeds of four other plants
from Taxus genus (T. cuspidata, T. wallichiana, T. wallichiana var. mairei, T. media), and further combined with chemical pattern

recognition to compare and analyze the seeds of 7. wallichiana var. chinensis and T. wallichiana var. mairei, a closely related plant.
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Methods The standard fingerprint and content determination method of 7. wallichiana var. chinensis were established using HPLC
method, and the similarity of each sample was analyzed using the Chinese Medicine Chromatographic Fingerprint Similarity
Evaluation Software (2012 Edition). And the methods, including cluster analysis (CA), principal component analysis (PCA), and
orthogonal partial least squares discriminant analysis (OPLS-DA), were used to analyze and evaluate the fingerprint spectra of seeds
between 1. wallichiana var. chinensis and T. wallichiana var. mairei,. Results The standard HPLC fingerprint spectra R was
established for 14 batches of seed samples of 7. wallichiana var. chinensis produced from Shennongjia, and on the method, the
fingerprint overlay spectra of 26 batches of seed samples from five Taxus species were collected. And a total of 16 common peaks were
calibrated for the 26 batches of seed samples. Six major paclitaxel alkanes with high contents were recognised by the control
fingerprints, including 10-deacetylbaccatin 111, baccatin III, 7-xylosyl-10-deacetylpaclitaxel, 10-deacetylpaclitaxel, trichothecenes and
paclitaxel, and a method was established for the simultaneous determination of the contents of these six major paclitaxel alkanes. The
similarity between the fingerprint spectra of the seeds of Taxus chinensis and four other plants in the same genus and the standard
control fingerprint spectrum R is 0.885—0.995, indicating a high degree of similarity in the main taxane active ingredients they contain.
Chemical pattern recognition could distinguish seeds between Shennongjia 7 wallichiana var. chinensis and T. wallichiana var. mairei,
seeds, and screened out five differential components. Conclusion The main active paclitaxel alkanes compounds contained in the
seeds of these five species of the Taxus genus, including 7. wallichiana var. chinensis, have a high degree of similarity, and these seeds
can be considered as medicinal resources of the same type for development and utilization. The established fingerprints combined with
chemical pattern recognition can be used to identify the seeds of 7. wallichiana var. chinensis from T. wallichiana var. mairei,.

Key words: Taxus; Taxus wallichiana var. chinensis (Pilger) Florin; Taxus wallichiana var. mairei (Lemee & H. Léveillé) L. K. Fu &
Nan Li; fingerprint; chemical pattern recognition; UPLC; content determination; paclitaxel; 10-deacetylbaccatin III; baccatin III; 7-

xylosyl-10-deacetylpaclitaxel; 10-deacetylpaclitaxel; trichothecenes
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ERZI (S CFS202201) « =RETH (LS
CFS202201) . 7-A¥EHE-10-Ji W20 (S
CFS202301) T ENRAEAEDHAREGIRAF]; T
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T cuspidata Siebold & Zucc. PHik 4L B &2 T
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Table 1 Information of samples

W R SRAERTI] CRAEM IHREE/m
S1 4 Ek 2023-11 Wb se 831
S2 “AEkK 2023-11 Wb e 800
S3 4Tk 2023-11 WidbriR4e 893
S4 LTk 2023-11 WidbriR4e 822
S5 4Gk 2023-11 WidbriR4e 830
S6 LGS 2023-11 WidbriR4e 832
ST “AEK 2023-11 Wb e 830
S8 Ak 2023-11 Wb e 839
S9 4B 2023-11 b A e 870
S10 5k 2023-11 b AR e 841
S11 4.8k 2023-11 JHJbFhA 48 851
S12 48k 2023-11 JHJbFhA 48 860
S13 4.8k 2023-11 JHJbFhA 48 884
S14 4G4 2023-11 b fdfe 4e 836

D1 AKAta Tk
D2 AKRALaTA

2022-11 FHHK AL 1121
2023-11 HHK AW 1010

D3 ARiLaEr 2023-11 FHHK AL 996
X1 PR EAS 2023-11 PHjE EN
X2 VUIRLLGAS 2022-11 PEIK AHn
X3 VURLLGAS 2023-11 FEHIEAARZ 3 194
N1 FgHLGHK 2023-11 WL % 380
N2 FHLGHK 2023-11 FREEE 447
N3 R4 ENK 2022-11 #HTHIM 58
N4 R4 EN 2023-11 WiFE K% 74
Ml EHTOEY  2022-08 WAL D FEE 695
M2 2L G 2023-08 WdkEE 830

i 0.22 pm FRFLIERE, VRN RIS
2.2 MTERSRARRSIE

R EMRBUERAZEE . 10-5£ BB R 2101, =R
THE. BRI 7-ARHERE-10-8 2B L. 10-
it 2B AZ IR IR 5 10 mg, FHEIER P EAE
10 mL &=, ELH R 2R EN 1 mg/mL 15 I
MBI, 4 CUKAETP & .
2.3 IEYEERENL
231 %M A~ ZORBAX RRHD SB-
Cig (o3 (100mmX2.1 mm, 1.8 um) ; Wzhk N
K (A -2 (B) , PEEEEN 0~4min, 5%~
10% B; 4~25 min, 10%~30% B; 25~30 min,
30%~40% B; 30~32min, 40%~46% B; 32~34
min, 46%~48% B; 34~37 min, 48%~55% B;
37~43 min, 55%~63%B; 43~51 min, 63%~71%
B; 51~57 min, 71%~95% B; 57~62 min, 95%
B; 62~65 min, 95%~5% B; AR EAN 0.2
mL/min; FEMIPEAKA 227 nm; #EECN 25 °Cs 3
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TR i g A, 1E R “2.3.17 TR Al
S, EBERE 6 1R, DL 2 Sailkig S IRIE (S),
THEAS 35 34T WA XS OR BE 1N [R] ) RSD<<0.08%,
AEXF I I ALY RSD<2.96%.
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WUR 7 PAT 46 6 il i, 4% “2.3.17
TN s SRRl , BL 2 Sk S g
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0.78%, HHXTUEHIAR A RSD<4.80%.
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TS AR AT, R 2307 TN a1
SYRIFE 0 24 44 8. 12, 24h HEEENSE, LL2 Sfhif
WERZRRIE (S) , THEAR B &I WA OR BE I [A])
RSD=<0.21%, AHXTUEITFAH RSD<4.64%.
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WD 7, ¥ Sl St R NS RERE, KA
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IE#E4T Marker WEILEC, 257 14 LA B2 S
TnFe o B R br v BB (R) , LK 1. &5
L 14 A GAZ AP FE S HPLC &3 B bR e H
16 MW, ZXERIL, HA 5508 10-
FBEREUL 6 SWEE RO, 7 50§ 7- Kb
F10-i ZBEFEE L. 9 SIE 10- 2B
. 10 SIE=RETH. 11 SIEEEE, BE
X HE e B LI 2. S3AGER 1 Hh R EAZ HoAth 4
el SRR A5 M FE M 12 fibi) HPLC it 5 L
B 14 LA G A Z M) HPLC ik BT S
o, 153 26 #LFE &S e sc g, WK 3, bR
EH 16 AN LH IR,

242 MBUEVFY DR BRI 05 AZ 250 ) B F
SUEE R bnitE, X 26 #URE S-S50 IR FE o Bt
FTABEE 23T, LR 2. AHALEEVPAN 45 oM 0.885~
0.995, RN FLLGAZ B ZiM A 2 o 22 S A
K, ARIEUE AR /NI F o] REAE & & EARAE
ZE5t.
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251 ik iy ZORBAX RRHD SB-
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Fig.1 Overlapping fingerprint of Taxus wallichiana var.

chinensis seed samples and control fingerprint
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5-10-X LB EREL 6-ERFL 7-7-RBEH-10-Mit LB KA
B 9-10- CERRAZEE: 10-=REZ T 11-RIZHE.
5-10-deacetylbaccatine III; 6-baccatin III; 7-7-epi-10-deacetyl

paclitaxel; 9-10-deacetyltaxol; 10-cephalomannine; 11-paclitaxel.
B2 REXES HPLC B (A) MAZHHHF HPLC
TRIELEIE (B)
Fig.2 HPLC chromatograms of mixed control products

(A) and control fingerprint of 7. wallichiana var. chinensis
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Fig. 3 Overlapping fingerprint of 26 batches of Taxus seed

samples and control fingerprint

Cig (o (100mmX2.1 mm, 1.8 um) ; Vzhk N
K (A -2 (B) , PelikhEN 0~2min, 5%~
10% B; 2~4min, 10%~25% B; 4~18 min, 25%~
45% B; 18~25 min, 45%~54% B; 25~27 min,
54%~64%B; 27~30min, 64%~95%B; 30~31
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Table 2 Similarity of fingerprints of 26 batches of Taxus

seeds

T AHALLE Eikel AHALLE
S1 0.885 S14 0.948
S2 0.916 Dl 0.978
S3 0.938 D2 0.991
S4 0.945 D3 0.969
S5 0.923 X1 0.973
S6 0.995 X2 0.991
S7 0.983 X3 0.968
S8 0.948 N1 0.968
S9 0.909 N2 0.988
S10 0.940 N3 0.983
S11 0.979 N4 0.974
S12 0.959 M1 0.987
S13 0.969 M2 0.986

min, 95%B; 31~33min, 95%~5%B; A E
AN 0.3 mL/min; FMBEKN 227 nm; AR 25 C;;

HEFERN 3 ul.
252 RMRAREL REEEI 227 DUNXAHIE

fiti 2, P E v 2 PR T e FEE R 1 R 919k B2 )0
PR VAR, IR “2.5.17 TF B & RE S HT e
SRV, DI FE S AR IR BB bR (X0, U
MBCAARER (V) , ZhilbriEthZ, 18 10-% 4%
EARFIL BRI 7-ARHEHE-10-l LA A2 BT
10-Mt SR ZEAZBE =942 T 00 SEAZBER =] A 7R
R RBCRIZE MV, S5 Rk 3.

253 LREMERK BURSXIRMER . HL5NE
W W, IR “2.5.17 T SRSy
BT, DA 38 75 AR SR B B ) Ab A AR ) (i i, R

®3 6 HATHZEMTD 6 MASMEITHFESHIAY

Table 3 Regression equations and correlation coefficients for six components in seeds of 26 batches of Taxus

D%y Bl 5 7 72 R MR (e ml™) EERAugmL) AR/ (ugmL™)

10-% 2B BRI Y=16.246 X-3.614 6 0.999 2 0.8~16 0.025 0.01

E R Y=17.207 X-1.341 1 0.999 2 0.8~16 0.02 0.05
T-ARBEHRE-10-OBAELEE  Y=16.192X-0.0709 0.999 8 0.8~16 0.05 0.03
10- 2B A2 B Y=19.730 X+0.656 8  0.9992 0.8~16 0.05 0.03

R T Y=16.727 X-6.699 8 0.999 4 1.2~24 0.10 0.05
EYA Y=24.962X+9.1001  0.9999 2.4~48 0.05 0.025
HZE L EE R (B4 . A 6
254 FEEERL RS ERL “2.5.27 TR RE S 1 2 34 5

VL IR 92507 DU GIALE, AR 6 K, b 4 Lt
W5 5 U T AR RSD,  10-25 2Bk B2 2211, u .

BRI, 7-AREAE-10-5 L BEEESAZEE . 10-6 215 AT | nn
LMBE, =005 E I BEETTRUN RSD 450y ;J MNP
0.13%- 0.13%- 0.30%. 0.12%. 0.28%. 0.12%, & 0 5 10 15 [/m2ig 25 30 35

RR AR T R UT

255 EEMRE RBEKI 6 MM, % 1.0g,
i “2.17 BUR AT HIAE 6 Bk s, 1%
“2.5.17 T RS SR ERE S A, DU E TR TE L i
A RSD, 10-% 4B E -2, BRI 7-A8E3
-10-Ji ZBRIE SR AZEE . 10-l OB RE. =R T
Bl A2 T B2 B RSD 233114 0.17%- 0.15%-
0.12%-+ 0.26%- 0.19%. 0.29%, 455HFHZ)7iEER
SEYERLT,

2.5.6  FRE RIS KT A B ) — A S
W, R THEO. 1. 2. 4. 6. 8. 12, 24
h, %8R “2.5.17 TN G &R, e IRt

1-10-%£ 4B AR5 L 2-2 5 11 3-7-AHEEE-10- L4
2B 4-10- CFREEAZEE: 5-= RIS T 6- 51207
1-10-deacetylbaccatine III; 2-baccatin III; 3-7-epi-10-deacetyl
paclitaxel; 4-10-deacetyltaxol; 5-cephalomannine; 6-paclitaxel.

B4 RAWMRSE A) MtiKmER (B) HPLC EiE
Fig. 4 Chromatograms of methanol solution (A) and

mixed control (B)

AL RSD, 10-2: 2 B4R 211, BRI,
T-ARBEIE-10-IE CBEFEERAZBE . 10-i CBEEAZEE
ZRAZ T RAZEERAY RSD 73704 0.01%-
0.02%+ 0.12%. 0.01%. 0.14%. 0.03%.

257 IFEEWCRIRL RIS =R 9 6
FEdl, % 1.0g, 8 BIIIAAR S TR i b & o & =
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) 80%- 100%- 120%FRI%F & SV, % “2.17 T
TSRS BRI, 2 “2.5.17 TR B %At
HERES T, THECEYI IR EIYSC% & RSD fH. 45 %40
e 10-F 4B E RS0, BRI, 7-AKE-10-
LRI 10-B CBERAZRE . = RE T £
2BV I RE U 107.82% - 108.20% -
99.79%. 104.78%. 100.25%. 100.57%;: RSD 43|
790.10%- 0.05%- 0.04%- 0.07%- 0.04%-. 0.04%,
T VR RIUER B AT

258 FEMEEINE REEPREL 26 ILFEM, & 1.0
g, % “2.17 BURN i sl s, 4% “2.5.17
TR il S RE b AN S O
&, MWESRNE 4.
2.6 LEENIR7

FSEARGR ST D RANSY S| Civs blikz 31 b7/ W il
TAEE B B2 RIS, HAEZGM R X
BARRE_E AR ICARAUAS 55 2500, it DU R 7 4L
GRS AT A U R R AL

T4 260HOEREMT 6 MRS EHESENELER

Table 4 Results of average content of six components in seeds of 26 batches of Taxus

%%

F S B/ (mg-g )

10-E2BERZEI ERZFM 7-KREE-10-M OB EEE 10-BHOMERE  =ZRETH EPE
S1 0.024 0.004 0.025 0.010 0.149 0.082
S2 0.045 0.011 0.016 0.021 0.090 0.122
S3 0.030 0.011 0.010 0.033 0.046 0.109
S4 0.053 0.007 0.008 0.035 0.093 0.171
S5 0.051 0.010 0.044 0.036 0.197 0.240
S6 0.013 0.028 0.038 0.036 0.095 0.163
S7 0.051 0.013 0.062 0.043 0.203 0.195
S8 0.058 0.011 0.011 0.070 0.166 0.247
S9 0.051 0.009 0.020 0.060 0.124 0.148
S10 0.043 0.010 0.036 0.085 0.123 0.182
S11 0.057 0.002 0.021 0.042 0.144 0.107
S12 0.009 0.010 0.030 0.105 0.263 0.225
S13 0.052 0.014 0.062 0.073 0.236 0.218
S14 0.038 0.014 0.033 0.064 0.141 0.198
D1 0.029 0.027 0.034 0.024 0.125 0.204
D2 0.037 0.011 0.040 0.052 0.181 0.203
D3 0.030 0.022 0.031 0.075 0.134 0.221
X1 0.034 0.012 0.025 0.038 0.108 0.161
X2 0.032 0.026 0.022 0.022 0.095 0.189
X3 0.027 0.016 0.025 0.064 0.135 0.227
N1 0.029 0.024 0.030 0.026 0.123 0.209
N2 0.037 0.017 0.030 0.048 0.146 0.205
N3 0.036 0.020 0.029 0.077 0.134 0.173
N4 0.037 0.028 0.028 0.125 0.145 0.252
MIl 0.021 0.027 0.046 0.022 0.101 0.264
M2 0.110 0.007 0.182 0.011 0.164 0.097
2.6.1 FIrHT (cluster analysis, CA) ¥ 18 it (IRTHR R, I PR AL BRIA B WA AR bR 1) T T

ikt (R 1 14 A G 4 HETLAER) 1R
SUEIE 16 AN ILAIEEmMANE R, FA SPSS
25.0 B4, SRHMIREREE, 256 TR R
FERBFMEHT RARL T, SRIE 5-A. HER
RRERE =25 I, 18 #MZikbem Iy 2 2, S1~
S14 (ZLEAS) BN—K, NI~N4 (FTLAER)
FA—K,

2.6.2 ER5 5 #T (principal component analysis,
PCA)  Er 5 W2 £/ AT Be O Fe I A HR 15 B

EP, A SPSS 25.0 A, DL 14 #HELL G A 4 Hik
M A GASZIM 16 N IEHIERAUYERRE, X
FRUEA AL B 5 34T e oA, DA O R AR fE >
1 VENARAE, $REULH 5 AN, 7 ZE Tk 5
N 29.286%- 19.138%. 15.266%- 9.124%. 7.620%,
LR ETTINE N 80.434%, FHIX 5 D EE AT
RBLRIRTRSUEINE 16 AN LA R E B, FF
TEEATTRRR 45 R W3 5. IR TR AR S ik 1 4%
FRAT 5 16 AL WERD R IHAR &2 [/ A 5C R 4L,
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5 ASHEMTFREFLEEMFELRSHT (A). PCA(B). OPLS-DA (C) X VIP {EE (D)
Fig. 5 Cluster analysis (A), PCA (B), OPLS-DA (C) and VIP value plots (D) of seeds of 7. wallichiana var. chinensis and T.
wallichiana var. mairei

xS AEEMTFNEAASEMFRSFEEMZERAE
Table5 Eigenvalues and cumulative variance contributions
for seeds of T. wallichiana var. chinensis and T. wallichiana

Fz 6 AEHEMTFIERLIEZMTFHEFEEER
Table 6 Factor load matrix for seeds of 7. wallichiana var.

chinensis and T. wallichiana var. mairei

var. mairei g | ) %63{ 1 2 5
Z B TEERR% B AR % 1 0552 0301 0275 0441 —0276
) 4,686 29,286 20286 2 -0.002 0802 0173 0367  0.060
3 5443 15.266 63,690 4 —0561 0313 0380 —0.127 0263
A 460 o124 814 5 0774 0079 -0.137  0.110  0.399
: : : 6 0516 —0339 —0554 —0.082  0.423
5 1219 7.620 80.434 7 0.642 0422 —0373 —0.139 —0.357
gRWE 6, FAD 1 FESEIEE S, 6. 7. 104 8 0.574 0587  0.083 0209 —0.106
14, 15, 16 IRz, FRH 2 FEEAEEE 2, 8, lz ‘g-"é; 8-;2; _8'22? 8-?21 ‘8}33
13405, FI) 3 BRSO 3. 4 AR, T 1 0475 0098 —0.172  0.667 —0.030
Iy 4 FEEOBERE 1,9, 11 M, WSS TEE 12 0178 0237 0468 0241  0.620
el X 13 0310  0.607 —-0.018 —0.535 —0.060
ik lziﬁ%; ‘ 14 0908  0.141 —0.013 —-0.087  0.128
2.6.3 [EA Wi/ 3iE-H 5] 43 #1 Corthogonal 15 0.678  0.497 0417 —0.060 —0.241
16 0635 0525 0338 —0.120 —0271

partial least squares discriminant analysis, OPLS-DA)
N T e S WA AN R RE i 2 TR ) 22 57, et
Xt 28] 22 5 DT R BRI Ry, A SPSS 25.0 Bk
FEXE 14 SCLLTAZRN 4 HEFG 7 4L AZZM I A 0
TR HEAT AR AEAG AL PR, KRtk A I LA W 0 T AR
T SIMCA 14.1, KA HE BT OPLS-DA 5
RN 18 L EAZ SRR AT A 0 Hr, OPLS-
DA 13- EIWKE 5-C, HEIhraIFE H 2 K24
REF, AMERLRE, 23T 200 KEHKK, 0
[ A 2 5 Pl FRARSE O e, B RSB ANA A AE i

WG, BRUUEA R, RN 5-C. BEEEM
#&5% (variable importance in projection, VIP) {fj&
ik 22 AL S VDI B AR AR, Ay VIP (EHEOR,
FWIZ Lo 0 20 8] 22 5 (R R M K 0L VIP (4597
SR I 5-D, DL VIP fH>1 AffidiniE, ikl
SAZERIEST, R0 14, 5. 7. 15, 6, IXH]
R RBATEMTHETASEM T = EER
() E R T
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&, BRI AT IR BT G AZ 25 4 () N AE TR
o (EFAT IR SUETE AU 23 BTt I, BRALEAZ
Tl S1 IAHLEE A 0.885 4, 4 GAZ HAxdibik 5 H:
b [ J8 R A MR S AR LEE 35 >0.9, 26 HIEA &
I B R ¥ AL ELE 0.885~0.995, XK
TR B 1 32 B AZ e 80 1 B o B A v I AR AL
PE, BT LB A D[R] — S8 B A1 2R 24 B
BEATIFR AR 10 TR SR 20 SAZ HFa SISt mT
FA - HoAth =] J #1100 3
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HEENE
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FRRAEE . =R T0EE 5 DN EEEE il
I3 E U AZSBE R TR AU, Bk
PR RERNIX 5 PR AL A S E N U8 &
HERfebs, HTaE2E S MEYF 7128
JREE . ARSLIRE L T ENE E, e TR
AN E B TR MR TE R (R 4) , IEXT
26 MFEME 6 ANECT T TIE (R 3. BI5) .
WM 5E 4 3R BH L1 SAZ J& MR 5 (PR i T8 2808
e R R ER, WA GEMTFF S12, S13
(L EAZ IR Ry & I B T HAb Ak, T S5,
S8 AL & B i, 1 A2 S (1) JiR R AT e A
X 3ok 11 22 S A R A S R R o p U e 45 SR mT DA
T 7 SRS TRIRE it 5T B 1 22 7 o
3.3 IEWENEAE E0E S HaEE

A SIS AE AL A I, S AN [FHR
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BE. 90%IE 100% 40 « AFREREEL (105,
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WA (0.5 1. 1.5. 2h) « ASFEFRBUREL (1. 2.
3D, MRAE AR B RE RS w e g Sk B U 7
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1:25) « REUTE (1. 1.5. 2h)  $RERE (1.
2. 30 BATIER R /0T, B A B 1 )
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3, BFIX 2he TERHT &SI EMFRSUEITE R,
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0.1%HR/K-215) « ANEAER (25, 304 35 C)
AFEBEFERE (1. 20 3pl) o RREEFRFE (0.1,
0.2, 0.3mL/min) , FERMEKSIEBRIAT 72K
4, RN FRRREL R T, OilgE 2
BAM, #E TR 227 nm FELECATF
B, @igg(E BBON ST . K& B0 E R A r G
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AR E 0.3 mL/min; F5SCEIE G 40 il 5% 44 N
WA ZJE-7K . AR 25 C. #ERER 3 uL. AR
& 0.2mL/min, 7ELLLEGEEMET, SEMENA
SRR 43 EE T VA R 0 PRI 1) €00 06 0 3 25 R S
FLUEFREUT, REREIH S S e A SC I (1 ST
R,
34 AEH5REHLAEHEHTHAFERRITZ

R4 A2 5 1 5 4L 542 R R R IRRE ), B
PLEATTI AT FIEAN IS B BRI AR 9 AL,
KA FEAEFR SIS b Al b, RSN
S TTER AT TR T, CA b4 SRt B
HEA—EERIFREDSNT 235 PCALRF S
AN E R R AR T 2 DTk EE N 80.434% . OPLS-DA
WIBTRER T 5 NSRS, A& 14, 5,
7. 15, 6, RIPIX 5 ADEITELE 2 FhZp it 3 &
BER . AT G Sk d i V5 B b S5 B
X A ) B 2 S o AT S E

g5 b, AWt FUE I S KA A i %
AL TG AR F HPLC $e 8BS A2 Fa ks & 2 0
SETTVE, G H AR, REE N B R
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