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Abstract Objective : To base on the method of HPLC fingerprint, multi — component quantification and chemical
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pattern recognition, to evaluate the quality of leaves of Cunninghamia lanceolata from different producing areas
and to provide basis for further development and utilization. Methods: High — performance liquid chromatography
(HPLC) was used to determine the contents of amentoflavone, bilobetin, hinokiflavone, ginkgetin, isoginkgetin
and sciadopitysin in the Cunninghamia lanceolata. Fingerprints of 10 batches of Cunninghamia lanceolata from
different habitats were established. Based on the common peak area of the fingerprint, the overall quality of Cun-
ninghamia lanceolata was evaluated by principal component analysis( PCA) , orthogonal partial least squares dis-
criminant analysis( OPLS — DA) , statistical analysis, and pattern recognition chemometrics methods. Results: A
total of 14 common peaks in 10 batches of leaves of Cunninghamia lanceolata, and the similarity ranged from
0. 955 to 1. 000 with good consistency. The mass fractions of six biflavones in the sample were 2.42 -5.24 mg -
g',0.10-0.24mg - g, 1.55-3.67Tmg-g',0.21-0.89 mg - g~', 0.10 —0.24 mg - g~' and 0. 51 —2.39
mg + g~ respectively, including amentoflavone, bilobetin, hinokiflavone, ginkgetin, isoginkgetin and sciadopity-
sin. According PCA, the difference in the quality of Cunninghamia lanceolata from different habitats was further
evaluated. Ten batches of medicinal materials were divided into three major categories, and four main factors affect-
ing the classification of Cunninghamia lanceolata were found. Finally, OPLS — DA screened the excellent spectral
peaks 6, 12, 7 (7 — demethylated ginkgo biloba biflavone ), 13 (kumatsu biflavone), 5 ( Amentotaxus argotaenia
biflavone ) , 9 ( chamaecypress biflavone) and 2, etc, seven differential markers can be used to distinguish different
batches of Cunninghamia lanceolata. Conclusion: The established method is simple to stable and reliable.
Combined with chemical pattern recognition, it can be used for the quality evaluation of Cunninghamia lanceolata.
Keywords :leaves of Cunninghamia lanceolata ; fingerprints; similarity evaluation; content determination; chemi-
cal pattern recognition; cluster analysis; principal component analysis; biflavone; orthogonal partial least squares

discriminant analysis
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Tab.1 Source of medicinal materials of leaves of Cunninghamia lanceolata

H's 7o LieSiny |
(No.) (habitat) (collection date)
SI T PEHIMI Tl /K B (Rongshui County, Liuzhou 2020 -11 - 16
City, Guangxi Zhuang Autonomous Region)
2 Pk ETIS N E (Xiangzhou County, Laibin 2020 -11 -13
City, Guangxi Zhuang Autonomous Region)
S3 T PSSR ( Pingnan County, Guigang 2020 -11 -12
City, Guangxi Zhuang Autonomous Region)
4 TP ST E RS E (Pingnan County, Guigang 2020 -12 -17
City, Guangxi Zhuang Autonomous Region)
S5 ARG (Fuqing City, Fujian Province) 2022 -07 -18

%' 7o [heSinya|
(No. ) (habitat) (collection date)
S6 M KT (Liupanshui City, Guizhou 2022 -07 -20
Province)
S7 J ViR T4 H (Quanzhou County, Guilin 2022 -07 -16
City, Guangxi Zhuang Autonomous Region)
S8 T VEEINTT (Qinzhou City, Guangxi Zhuang 2022 -07 -19
Autonomous Region )
9 TURIBATE P A (Jiexi County, Jieyang 2022 07 - 17
City, Guangdong Province)
S10 ERATE + R A6 ( Xiangxi Tujia and 2022 —05 -21

Miao Autonomous Prefecture, Hunan Province)
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Fig. 1 HPLC overlay fingerprints(S1 —S10) and reference fingerprint (R) of 10 batches of the leaves of Cunninghamia lanceolata
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Fig.2 HPLC chromatograms of mixed reference substance solution ( A) and test solution (B)
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Tab.2 Inspection the linearity of six biflavones of leaves of Cunninghamia lanceolata

J843 ( component ) [8] 9 75 2  regression equation ) r 28478 B ( linearity range) /g
FETEAZ AL (amentoflavone ) Y =3.448 x10°X +6. 123 x 10° 0.999 4 0.124 ~1.24
7 — 2= B SEAR AT U R ( bilobetin) Y =4.560 x 10°X +6. 758 x 10° 0.999 5 0.005 76 ~0.057 6
Ji HIXUELER ( hinokiflavone ) Y =4.826 x 103X +7.950 x 10* 0.998 9 0.071 68 ~0.716 8
RS WL F# i ( ginkgetin ) Y =1.692 x 10*X +2. 720 x 10* 0.997 8 0.010 8 ~0. 108
SRS W (isoginkgetin ) Y=9.072 x10°X +1. 561 x 10* 0.999 8 0.003 68 ~0.036 8
AP XU R (sciadopitysin) Y =2.226 x 103X +3.074 x 10* 0.999 3 0.036 08 ~0.360 8

2.6.4 FUETERE BUZAM254 (ST K2 0.3
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1.8% 2.6% 1.4% 1.9% 1. 6% , 5% B i 5 Wk
£ 24 h ARGETE AT
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2.6.6 JMEEENCRIAE BOCHSEMEZARNZ  RHISUHE R, 2. 6. 17 TR @3 2R 0E , 11
BOSL) Ky oK 6 4y, By 2 0. 15 g WG FRE, A B meR, 501 W3 3, M2 3 nl A, %5 ki
“ 3T NIRAX ISR 2 mL, $5 2. 2" R 7 MERE RAF

®3 KARMHZMH 6 AN WEFMEELCLER(n=6)

Tab.3 Recovery results of six biflavones of the leaves of Cunninghamia lanceolata

% B2 JMAEE HURG S HEVES S [l i RSD/
( component ) (content) /mg (added)/mg  (measured)/mg  (recovery)/%  (average recovery)/% %
FHAEAZ WGE E (amentoflavone ) 0.617 0. 620 1.226 98.2 98.7 0.99
0.615 0. 620 1.237 100. 3
0.610 0. 620 1.225 99.2
0. 624 0. 620 1.236 98.7
0. 621 0. 620 1.225 97. 4
0.631 0. 620 1.241 98. 4
7 — 2 B SLAR 75 X T ( bilobetin ) 0.027 5 0.028 8 0.056 8 101.7 101.0 1.6
0.027 4 0.028 8 0.056 9 102. 4
0.027 2 0.028 8 0.056 3 101.0
0.027 8 0.028 8 0.057 2 102.1
0.027 7 0.028 8 0.0559 97.9
0.028 1 0.028 8 0.057 1 100. 7
FRHIRLEE R ( hinokiflavone ) 0. 366 0.358 0.720 98.9 99. 1 1.6
0. 365 0.358 0.725 100. 6
0.362 0.358 0.725 101. 4
0. 371 0.358 0. 721 97.8
0.369 0.358 0.722 98.6
0.375 0.358 0. 724 97.5
ERA WU TR ( ginkgetin ) 0. 107 0. 108 0.212 97.2 99.7 2.2
0. 107 0.108 0.214 99. 1
0. 106 0. 108 0.212 98.2
0. 108 0.108 0.215 99. 1
0. 108 0.108 0.219 102. 8
0. 109 0.108 0.219 101.8
AR WL (isoginkgetin ) 0.036 6 0.036 8 0.072 8 98. 4 98.5 2.0
0.036 5 0.036 8 0.072 4 97.6
0. 036 2 0.036 8 0.072 0 97.3
0.037 1 0.036 8 0.072 9 97.3
0.036 9 0.036 8 0.072 9 97.8
0.037 5 0.036 8 0.075 2 102. 4
SN WU ( sciadopitysin ) 0. 365 0.361 0.720 98.3 100.3 2.1
0. 364 0. 361 0.716 97.5
0. 361 0. 361 0.725 100. 8
0. 369 0. 361 0.738 102.2
0. 368 0. 361 0.739 102. 8
0.373 0. 361 0.735 100. 3
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2.6.7 AEMMIITE B 10 HEA R HU A AZ AR 2541
B 3552. 27 U J7 ikl 5 A A v, AT 2 4,
2.6, 17 TN @35 A AN E , 10k ik g AR, 3t

SRR TP REAEAZ DU A 7 — 25 F B AR XTI
FARUBE R AR AT X | S A RS i | <5 XLl 6
MRS AR 4,

x4 HRBENEER(n=2)
Tab. 4 Determination results of samples

JF it 534 (quality score)/(mg - g~")

.
(niil;) FEACAZ WL TR 7 = 5 HU AL DU Jd AR R AR KU T SEER A B SRR TR
(amentoflavone ) (bilobetin) ( hinokiflavone ) ( ginkgetin) (isoginkgetin ) ( sciadopitysin)
st 4.04 0.18 2.42 0.70 0.24 2.39
2 5.22 0.12 2.71 0.46 0.13 1.43
$3 3.60 0.10 1.55 0.32 0.14 1.18
4 3.71 0.10 1.65 0.35 0.14 1.23
S5 4.17 0.19 2.20 0.68 0.13 1.28
S6 2.42 0.11 1. 60 0.21 0.10 0.51
s7 4.04 0.12 3.67 0.86 0. 10 1.94
S8 4.10 0.24 2.05 0.89 0.12 1.30
$9 5.24 0.19 2.53 0.86 0.16 2.34
S10 3.90 0.11 2.06 0.56 0.11 1.05

2.7 ApEERIRA T

2.7.1 RASHr 10 HEAZ AR ML SR SCEL g
14 A7 0 1 B A8 0 S A SPSS 25,0 #f4, R H
R, AT 7 B HE s i AT R i (CA)
SR IE 3, 45 R BN, YRR A 5 I, 10 bR
ENATAR A 3 2, S1.S3 ~ S5.S8.S10 WA [ 2%, S2,
S7.89 JiE 125, S6 Ji 2,

0
s3 1 I 1 1 L

S4

S8

S10

S5

S1

S2

59

S7

S6

3 10 fik#ZARRE CA BHRE
Fig. 3 Dendrogram of CA of 10 baches of leaves of Cunninghamia

lanceolata
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A U T RR O A2 o, fifT ] SPSS 25. 0 ARk kAT &
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FERBET 1.5~7.9 ~13 SEN{EE; Fs 2
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R 2,10 14 S {5 B £ 3 IRHEE
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LETTHRA K 10.956% , FE BT 2.3 SIS
Bo 4 NFar BT 2R 86.915% ,
R 4 A~ F2 53 B A% S WLAZ AR I 25 61 2 B K
w5, B U ER 10 #L2h #f v 14 A A 0 iy g
1A, W 4R 7R 2 A 4 5 T RS R M 25 M
iR LEERS 6,

a1 SPSS 25. 0 B4R 10 HEAZ AR Y 32 B S3
1955 AR A TR DTERR TR ZR AR FL L
AR F =37.771F,/86.915 +22. 845F,/86.915 +
15. 343F,/86. 915 +10. 956 F,/86.915 (F, .F, .F, .F,
WUR TR 1.2.3 4 91547) 250 W3R 7. HEFP
T 3 ALARE R 430 R 85,89 .82, i B IX 3 ALk 1)
FEARM 250 T 30 5 i S2 F1 89 £55 HE2 ST,
5 HAWARE 22 8K, X 5 CA 51— —FL,
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®S5 WHEESRITEEHE

Tab.5 Characteristic value and cumulative contribution rate

FRIr FHIE(E TUHREE ATk
(‘principal component) (eigenvalue) ( contribution rate) /% (accumulated contribution rate )/ %
1 5.288 37.771 37.771
2 3.198 22. 845 60. 616
3 2. 148 15. 343 75.959
4 1.534 10. 956 86.915

®6 ETFHEEMRE

Tab. 6 Factor load matrix

WG EN %! FHSr2 F Y3 FSr 4
( common peak number) (principal component 1) (principal component 2) (principal component 3) (‘principal component 4)
6 0. 902 0. 057 -0.109 0. 160
12 0. 890 -0.366 0. 007 0.197
5 0. 860 0. 127 -0.129 0. 196
13 0. 746 -0.283 -0.399 -0.276
10 0.711 0.522 0. 002 -0.423
9 0.700 0. 347 -0.294 0.113
11 0. 689 -0.439 0.401 -0. 159
7 0.576 0. 347 0. 465 -0.538
14 0.231 0.790 0.558 -0.012
8 0.270 -0.776 0.279 0.423
2 0. 181 0. 689 -0.105 0. 548
1 0. 583 -0.589 0.170 0. 064
3 0.072 0.292 0. 764 0.536
4 0.262 0. 355 -0.696 0.280

®7 10 HEARMBERSEFESEF

Tab.7 Factor scores and sorting of principal components of 10 batches of leaves of Cunninghamia lanceolata

45 (No. ) F, F, Fy F, F HERE (sort)
S1 1. 040 -1.755 1. 099 -0.824 0. 081 5
S2 0.767 -0.803 0.019 1.552 0. 321 3
S3 -0.537 -0. 689 —-0.485 -0.038 -0.505 9
S4 -0.503 -0.733 -0. 406 0. 045 -0.477 8
S5 -0.063 1. 400 1.953 0. 885 0.797 1
S6 -2.075 0.014 0. 109 0. 445 -0.823 10
S7 0. 691 0. 893 -1.626 —-0.100 0.235 4
S8 -0.001 0.818 0. 483 -2.159 0. 028 6
S9 1.281 0.912 -0.445 0.442 0.774 2
S10 -0.601 -0.057 -0.701 -0.248 -0.431 7
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Fig.4 PCA plot (A) and scattered score plot of OPLS - DA (B)
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Fig. 5 OPLS - DA replacement test chart (A) and VIP chart of each component of 10 batches of samples (B)
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