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Abstract: Objective To establish a method for the simultaneous determination of quercetin, kaempferol, isorhamnetin, chrysin,
tribuloside, terrestrosin K, terrestrosin D, terrestroside B, (25R)-spirost-4-ene-3, 12-dione, hecogenin, diosgenin and tigogenin in
Tribuli Fructus, and to explore the application of principal component analysis (PCA), orthogonal partial least squares-discriminant
analysis (OPLS-DA) and grey relational analysis (GRA) in the quality difference evaluation of Tribuli Fructus. Method HPLC
method was used with acetonitrile as mobile phase A and 0.05% phosphate acid solution as mobile phase B in gradient elution mode;
the detection wavelengths were 360 and 203 nm. Through the chemometric analysis of the results of multi-index component content,
the GRA model was established to comprehensively analysis the quality differences of Tribuli Fructus from different producing
areas. Results The results of methodological verification were in line with the requirements of Chinese Pharmacopoeia; There were
good linear relationships (r > 0.999) when the 12 components were in their respective ranges, and the average recovery rate (n = 9)
were 96.92%—100.18% (RSD < 2.0%). Chemometric analysis showed that (25R) -spirost-4-ene-3, 12-dione, isorhamnetin,

kaempferol and quercetin were the main potential markers affecting the quality of 7ribuli Fructus. The relative correlation degree of
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GRA were 0.3397—0.5971, and there was a certain difference between producing areas of Tribuli Fructus. Conclusion The HPLC

method can simultaneously determine the 12 components in Tribuli Fructus, which is simple and practical, PCA, OPLS-DA and

GRA can be used to analyze the quality differences of Tribuli Fructus from different producing areas.

Key words: Tribuli Fructus; HPLC; grey relational analysis (GRA); principal component analysis (PCA); orthogonal partial least

squares-discriminant analysis (OPLS-DA); quality difference analysis; (25R)-spirost-4-ene-3, 12-dione; isorhamnetin; kaempferol;

quercetin
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Table 1 Medicinal information of Tribuli Fructus

s CREH S |gT RAEH: it 5
S1 SR E 220810 S10  TEFEMOE 220805
S2  ZEAIEE 220901| S11 BN E 220902
S3  wEUEINE 220003)| S12 BHIHAETE 220903

S4 B E 220802| S13 WFE LWL E 220804
S5 JFGIEEE 220901|| S14  MZHEEHEJIE 220907
S6 Vb B 221001 S15 WS & AU 220902
S7  WdbERE 220905 S16 A EEME 220802

S8 ddbEE 220902 S17  HMkEEE 220903
SO TEAKTEHE 220803| S18  HAFHEE 220901
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Fig. 1 HPLC chromatograms of reference substance (A) and test substance (B)



$F47% F4H] 2024F48 %Kl"iﬂ'{ﬁti Drug Evaluation Research

Vol. 47 No. 4 April 2024 © 795 -

F2 RAVTEEZEXZR (n=6)

Table 2 Linear relationship of 12 reference substances (n=6)

it B e MEVu R/ (ug-mL ™D EYEWRE: r
E N 2.08~104.00 Y=3.903 2X 10° X+263.4 0.999 4
Ll 220 3.65~182.50 Y=4.501 6X10° X+1 096.3 0.999 1
FRER 4.26~213.00 Y=4.9853X10° X+891.5 0.999 8
SE7E 1.89~94.50 Y=4.109 6 X 10° X —694.1 0.999 3
PR AT 1.57~78.50 Y=3.2835X10°X—1 637.8 0.999 5
PHRBHK 0.95~47.50 Y=3.573 2X 10° X+764.2 0.999 7
PEHBED 0.23~11.50 Y=2.307 9X 10° X+961.4 0.999 9
D dUHE Nt 0.54~27.00 Y=2.596 1 X 10° X+256.1 0.999 3
PR G 26.35~1317.50 Y=3.730 4X 10° X+1 196.5 0.999 8
A R TG 0.68~34.00 Y=3.101 5X10° X—914.2 0.999 5
EH R G 0.31~15.50 Y=2.854 9X 10° X+362.7 0.999 7
BHRETT 0.19~9.50 Y=1.9247X10° X+1 146.2 0.999 2
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K3 TRFHMEZFSENESER (n=3)

Table 3 Determination results of Tribuli Fructus from different origins (n=3)

%5 W L R - ﬁ%% ﬁfl % Lo %ﬁﬁiﬁé‘é SR jﬁ;% %#ﬁ:% %%;%
E H HK D BB o Hx Tt
S1 0.957 1.983 2.516 0.812 0.629 0.413 0.091 0.236 14.721 0.312 0.137 0.074
S2 1.226 2.378 2.926 0.936 0.696 0.465 0.105 0.215 13.551 0.338 0.129 0.079
S3 1.366 2.458 1.969 1.045 0.679 0.644 0.089 0.249 11.744 0.329 0.093 0.077
S4 1.103 1.972 2.385 0.923 0.609 0.557 0.101 0.225 15.039 0.372 0.107 0.084
S5 1.181 2.181 2.789 0.998 0.643 0.527 0.099 0.231 14.526 0.346 0.122 0.087
S6 0.99 1.994 2.904 0.775 0.661 0.456 0.090 0.212 13.941 0.259 0.114 0.097
S7 1.148 2.309 2.246 1.020 0.590 0.583 0.084 0.242 16.090 0.358 0.104 0.089
S8 1.026 2.122 2.112 0.906 0.568 0.618 0.096 0.220 15.405 0.407 0.099 0.082
S9 0.779 2.079 1.360 0.580 0.535 0.670 0.078 0.200 12.098 0.284 0.078 0.105
S10 0.844 1.500 1.454 0.571 0.549 0.571 0.080 0.205 12.655 0.319 0.090 0.102
S11 0.599 1.932 1.310 0.627 0.499 0.683 0.076 0.194 11.719 0.293 0.072 0.111
S12 0.549 1.888 1.167 0.479 0.519 0.599 0.079 0.186 11.477 0.272 0.082 0.108
S13 0.882 1.845 3.848 0.890 0.806 0.404 0.144 0.298 17.723 0.400 0.154 0.063
S14 1.068 1.801 3.749 0.683 0.855 0.345 0.134 0.311 18.510 0.498 0.162 0.067
S15 0.746 1.738 3.580 0.951 0.771 0.498 0.139 0.292 18.871 0.422 0.169 0.061
S16 0.922 1.674 4.058 0.787 0.838 0.374 0.150 0.319 19.242 0.482 0.193 0.057
S17 0.719 1.611 4.192 0.522 0.819 0.337 0.129 0.305 18.113 0.448 0.177 0.070
S18 0.812 1.567 3.425 0.862 0.788 0.438 0.123 0.284 16.099 0.435 0.146 0.072
x4 IEOBEERFTERBHE )
Table 4 Principal component eigenvalues and variance 4
contribution rate ;

ERSY  FHEE TETTRE%  RBUTETTIRE/ %
1 8.177 68.145 68.145
2 2.420 20.164 88.309
3 0.508 4.233 92.542
4 0.278 2319 94.862
5 0.212 1.767 96.628
6 0.165 1.378 98.006
7 0.089 0.745 98.751
8 0.068 0.563 99.314
9 0.038 0.313 99.627

10 0.025 0.210 99.837
11 0.012 0.104 99.941
12 0.007 0.059 100.000

103 GAH R T L 2% 7 B 0 25 2 ) 1 2%
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10 -8 —6 —4 -2 0 2 4 6 8
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R*x[1]1=0.681 R2x[2]=0.202 Ellipse: Hotelling’s T2 (95%)

2 PCABSHHE
Fig.2 PCA score chart
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N IS 8] (30,4560 min) , £5 5 52 7~ H S HE 76 42
B30 min I 12 AN 70 B 32 B 2R 250 iy, () I 4% o 48
b I S R ) R 4, B B0 B B AR A, (H 44
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Fig. 3 Score chart of OPLS-DA
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Fig. 4 OPLS-DA model permutation test chart
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Fig.5 VIP plot of OPLS-DA model
TILWIR RN, [ o E 2 80002020 4 fi— 5
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PERYCE R R . sk B T IR A S
30 min AR AU M R TR HE T AR
TLBH AR 2 G0 CHIIE-0.1% Tl R VA VB H - K 20K -

R5 BHEFHREHF
Table 5 Quality sort of 18 batches of 7Tribuli Fructus

G 5 R | W5 R, Hy
S1 0.443 6 13 S10 0.370 4 17
S2 0.510 1 10 S11 0.3779 16
S3 0.5186 7 S12 0.3397 18
S4 0.486 1 11 S13 0.560 0 4
S5 0.514 8 8 S14 0.578 3 2
S6 0.441 4 14 S15 0.564 0 3
S7 0.5132 9 S16 0.597 1 1
S8 0.484 5 12 S17 0.526 8 5
S9 0.3917 15 S18 0.518 7 6

K~ 2 -0.1% B BR 5 900« 2. 115 -0.05% T 2 V5 W) AN
[F) e JB0 A2 3 0 (3 o VA VR B B R R e . 5 SR
IR G -0.05% T BR VA WO AT I, B 45 (it P v 3 2
PR H g g AR

M TS A O AR 2 L IS T P
L) D7 2 A DR 2 S ), L PR T U 2 o P IR
FH B85 5, 6] i 245 20 i & & e Ik B R i PR VA
ITROR o ARSI I8 A7E 5 ROBAH 1% 2 5 3 7€ &k DU
el E SR PCA M2 OPLS-DA 5% 5 28 rhifil fz %
WER FRER AR FEHEEH EEEHK.
PEH B D PR B B T o0 A BT
TG E PR LM E S B ou e ma BT b,
2 5] AR R B 2 R I AR ) 9
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