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ABSTRACT: AIM To establish the quantitative models for gallic acid, mononucleoside, loganin, resveratrol,
and rhein in Yishen Xiezhuo Mixture. METHODS HPLC was adopted in the content determination of various
effective components, after which the near-infrared spectroscopy ( NIRS) data were collected in 128 batches of
samples and pretreatment was conducted, competitive adaptive reweighting sampling ( CARS) algorithm was used
for screening wavelength, partial least square method ( PLS) regression analysis was performed. RESULTS
There were no significant differences between the predicted values obtained by PLS models and measured values
obtained by HPLC for various effective components ( P> 0.05). CONCLUSION The quantitative models
established by NIRS combined with chemometrics display good predictive performance, which can be used for the
rapid determination of effective components in Yishen Xiezhuo Mixture, and provide a reference for the rapid
monitoring of other traditional Chinese medicine preparations in production processes.
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(NIRS) ; partial least square method ( PLS) regression analysis; competitive adaptive reweighting sampling

(CARS) algorithm
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R s MRS, BARZT G R, R
BORE R, AR ) R, 0k PR A A% b S R
MW, ALLLAMETE (NIRS) HAHRAERME | S
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1.1 A %E  Antaris I NIRS Y6i%4% (22 [ Thermo
Fisher Scientific 7 7)) ; MATLAB %I5G 1% 73 Hr 4k 1
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Fig.1 Average NIRS spectra for 128 batches of Yishen

Xiezhuo Mixture

2.2 AAERHAEMNE S HRIEEA MR
M R HPLC %,

2.2.1 {Ai%F  Agilent Eclipse XDB-C,, {03 4E:
(250 mmx4.6 mm, 5 pm); MM NG (A) -
0.1% B2 (B), BSEEVEME (0~10 min, 98% ~
96% B; 10 ~ 15 min, 96% ~ 94% B; 15 ~20 min,
94% ~93% B; 20 ~22 min, 93% ~90% B; 22 ~32
min, 90% B; 32 ~40 min, 90% ~ 87% B; 40 ~ 50
min, 87% B; 50 ~90 min, 87% ~ 48% B; 90 ~ 95
min, 48%B; 95~100 min, 48% ~98% B); AR
& 1.0 mL/min; £ 30 °C; K%K 254 nm; #F
e 10 pl,
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Fig. 2 Plot for abnormal spectral exclusion
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Tab.1 Results for sample set partitioning ( pg/mL, X+s, n=3)

S RS o S
RS - ; N
WIF& IFSE WIF% IF4E WIFE & Lioanies
BETR 28.519 8 28.599 1 51.185 4 51.975 3 40. 785 9+6.954 4 42.605 8+8.031 7
BT 62.902 5 63.163 8 126.727 8 121.196 2 90.512 3+19.578 3 89. 631 4£19.350 0
TR 29. 608 8 29.760 1 71.286 5 70. 565 8 52.108 6+12.360 8 50.072 2+14.199 1
B S 5.0219 5.004 3 9.157 6 8.916 3 7.288 6+1.2359 7.112 9+1. 406 7
KER 4.830 1 6.240 8 10.941 3 10. 995 2 7.983 6+1.819 7 8. 646 0=1.456 5
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DI 25 I A8 TP RO S R ], A5 R
B3, FHIEATEn, HoRAEUCEUN 0 3] 10 ¥
B, ik i R A e s s b e T g2, R
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i8>, RMSECV 5G4 3240 5
HF30 R (B 3C HhiELbrid) ARSI/ ME, 1
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2.3.5 REARVEST 5T R [GHE B ARt
S RIF A WAL CARS BL AR RS,
SR AE RO AL NIRS [, e el g
37 PLS GERRIR SAEEBSHILER 4, XM
MriLlE 4, mUBLATHEN, BIESE . BiFSEREAR S
ATTEEEZEPIM, KPR EAG R 470 0 A
Hr &7/ R* }0.947 0, RMSEC Jy 1.941 2,
RMSEP 4 2.396 1; R R* 5 0.970 7, RMSEC
by 4.727 4, RMSEP N 4.727 1; D4kH R* A
0.953 3, RMSEC 4 3.402 5, RMSEP 4 3.780 0;
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EHESFEITF R? 4 0.956 2, RMSEC & 0.333 2, 0.811 4, RMSEP 24 1.068 9, FIIFAIHA R
RMSEP 4 0.418 2; K& R* 5 0.8357, RMSEC  HFRYTRIMAE /7,
x2 AETAEFEFIELER

Tab.2 Results for preprocessing method screening

- . K IESE IUFSE
R AL B RMSEC I RMSEP I
W TR None 2.505 1 0.879 1 2.197 1 0.862 6
MSC 2.069 9 0.917 7 2.370 6 0.891 3
SNV 1.986 4 0.924 4 2.2119 0.897 4
SG 2.134 6 0.910 1 2.559 9 0.884 1
1D 1.744 2 0.937 6 2.381 8 0.908 0
2D 3.022 1 0.823 0 3.543 3 0.808 4
MSC+1D 1.917 3 0.927 1 2.276 3 0.910 1
MSC+2D 2.5515 0.875 6 3.427 7 0.859 3
SNV+1D 2.658 1 0.942 8 2.404 5 0.920 8
SNV+2D 2.548 2 0.8759 3.428 0 0.859 2
TOY None 5.818 0 0.905 2 6.8315 0.8859
MSC 4.882 3 0.939 9 5.657 7 0.910 1
SNV 4.992 4 0.935 8 5.880 2 0.908 3
SG 5.0213 0.928 1 6.230 9 0.902 3
1D 4.9329 0.941 3 4.690 5 0.9119
2D 7.469 9 0.839 0 12.498 7 0.8220
MSC+1D 5.899 5 0.933 6 5.687 2 0.929 5
MSC+2D 6.852 6 0.876 1 10. 491 8 0.836 1
SNV+1D 4.682 7 0.945 8 6.133 4 0.9212
SNV+2D 6.394 0 0.888 0 11.431 8 0.850 8
TR None 4.078 6 0.890 9 4.841 1 0.861 6
MSC 3.516 7 0.921 4 4.15717 0.892 0
SNV 3.5172 0.924 1 4.069 5 0.894 6
SG 3.334 4 0.926 5 3.943 3 0.9229
1D 3.4342 0.9259 3.962 4 0.902 9
2D 5.200 3 0.8312 5.9922 0.826 2
MSC+1D 3.3223 0.928 5 4.269 0 0.910 2
MSC+2D 4.620 7 0.862 1 6.652 6 0.855 6
SNV+1D 3.073 7 0.940 8 3.979 4 0.911 1
SNV+2D 4.316 8 0.881 3 6.555 5 0.860 8
BB None 0.479 5 0.8535 0.5113 0.824 4
MSC 0.334 1 0.929 7 0.376 3 0.924 1
SNV 0.360 3 0.916 3 0.376 8 0.918 2
SG 0.406 1 0.901 4 0.433 3 0.874 1
1D 0.470 5 0.862 0 0.5313 0.833 7
2D 0. 668 3 0.7229 0.829 3 0.709 7
MSC+1D 0.443 1 0.878 0 0.459 4 0.873 2
MSC+2D 0.564 2 0.788 7 0.930 6 0.703 1
SNV+1D 0.443 8 0.880 3 0.456 9 0.874 0
SNV+2D 0.534 4 0.824 7 0.761 5 0.730 2
KR None 0. 800 6 0.779 5 0.9459 0.759 3
MSC 0.7255 0.811 4 1.000 6 0.827 2
SNV 0.566 2 0.877 8 0.563 9 0.855 1
SG 0.836 7 0.764 0 0.883 0 0.786 3
1D 0.856 7 0.763 8 0.940 9 0.738 4
2D 0.908 1 0.703 0 1.138 6 0.689 7
MSC+1D 0.917 1 0.728 0 0.940 4 0.723 1
MSC+2D 0.741 8 0.797 3 1.2827 0.743 1
SNV+1D 0.881 0 0.750 2 0.936 1 0.744 8
SNV+2D 0.779 5 0.793 0 1.105 1 0.748 3

TE: 1D Rm—KrS8, 2D Fon Rl
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Tab.3 Models for wavelength variables g*( 1000 K
s BESE R % : ‘ .
b RMSEC RZ RMSEP RZ 0 10 20 30 40 50
WETR 19412 0.9212  2.39 1 0.947 0 . 8 RFFIBAT UK
S 47274 09411 47271 0.9707 g .1°
R 3.402 5 0.923 4 3.780 0 0.953 3 %’ sl
BEFHEIAH  0.3332 0.926 5 0.418 2 0.956 2 . - " = - 5'0
KHTR 0.811 4 0. 809 1 1.068 9 0.835 7 %ﬁéi@ﬁ&ﬁ/&
, . " ;g 5000 fFC
R4 BEUROIRERESH =
0
Tab. 4 Optimal modeling parameters for various §
-5000 : . .
effective constituents st 0 10 20 30 40 50
BRURS HAbELT i /em™! FHFH KEEBAT B
WEFER  SNV+ID 5 762.26~5 700.55.9 966.32 ~ 4 20 ¢
7 220. 18 b — i Lk
LA MSC+1D 9 962.46 ~8 658.82.7 852.72, 9 © BHEER
7 117.72.7 625.16 7 281. 89
Ok SG 8 651.10.8 346.40.8 072.56, 7
7771.72.7 764.01.5 777.69 .
5769.97
EEFHEH  MSC 9 958.60.9 650.05.9 634.62, 8
9599.91~7 308.89.5 793. 11
KR SNV 9970.17.9 920.03.9 908. 46, 8 18 000 9000 8000 7000 6000 5000 4000
9 788.90.9 773.47~7 335. 89 e /om
2.3.6 FERISNEEUESEN R 10 RS 5 W A~DZMHIBIALAS RS RMSECY | [l R, HRAENK
BERE §, DASSTFAE R S i T . S0 (1D 3 EEHEKEEMEAER
HPLC {J“M:E}ﬁ) FE AR A ] ] g %Mﬁzﬂ , sEH 2 Fig. 3 Results for wavelength variable screening
5. BUCTT A, U, S E S 4 i R 8 1 of mononucleoside
55 A e 1307 B " 75 C
L7 A 039" ZR
P o 0 o * %% %o
E . ol
o /% o oo e
= 0 3 ® g R g g
= . °®;9‘.’°° = ° :oao = °'.§_oe“; e
o o RIEAR S o RRIEHE ek c © BRIESE
& © WESE i3 - RS P - WiEs
25 60 25
25 55 60 130 25 s 75
S E SEPME SEPME
12
0r o E e
3o o‘;ooa‘:
@é ™o - oo 2 o 8 .
ig o ® & DQ g . 98 05
@ P = : "Soo"o ® o
» PRI G » b; * .24 )
oo /% . % ©
Q o o % © BEIE%
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Fig. 4 Correlation analysis plots for various effective constituents
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*5 WIEEHHEMBUNER (n=10)

Tab.5 Results for sample prediction in validation sets (r=10)

BRI HYME/(ng-mL™) WA/ (ng-mL™")  4aXFiR22/(ug-mL™") FXT R ZE/% IRTISCR /% SR/ %
BETFR 28.490 1 26.951 6 -1.538 5 -5.40 94. 60 98. 64
35.376 9 34.527 8 -0.849 0 -2.40 97. 60
44.044 7 42.547 2 -1.4975 -3.40 96. 60
46.787 3 44.962 5 -1.8247 -3.90 96. 10
28.359 1 28.756 1 0.397 0 1.40 101. 40
35.552'5 34.734 8 -0.817 7 -2.30 97.70
43.9825 45.873 8 1.8912 4.30 104. 30
46.829 5 49.217 8 2.388 3 5.10 105. 10
31.933 5 30.592 3 -1.3412 -4.20 95. 80
45.416 0 44.144 3 -1.2716 -2.80 97.20
O 63.601 0 64.873 0 1.272 0 2.00 102. 00 100. 50
118.037 0 114.495 9 -3.541 1 -3.00 97.00
126.754 6 121.557 6 -5.196 9 -4.10 95.90
133.931 5 138.619 1 4.687 6 3.50 103. 50
63.701 1 64.784 0 1.082 9 1.70 101. 70
118.159 0 121.940 1 3.781 1 3.20 103. 20
126. 593 3 123.301 9 -3.291 4 -2.60 97. 40
134.115 2 141.223 3 7.108 1 5.30 105. 30
90.819 0 93.543 6 2.724 6 3.00 103. 00
130.343 0 125.129 3 -5.213 7 -4.00 96. 00
B 29.788 1 29.996 6 0.208 5 0.70 100. 70 100. 56
65.942 1 67.195 0 1.2529 1.90 101. 90
73.652 8 71.001 3 -2.6515 -3.60 96. 40
77.377 7 77.996 7 0.619 0 0. 80 100. 80
30. 149 5 31.174 6 1.025 1 3. 40 103. 40
66.962 4 65.623 2 -1.3392 -2.00 98. 00
73.767 2 77.160 5 3.393 3 4. 60 104. 60
77.762 0 80.328 2 2.566 1 3.30 103. 30
47.865 1 48.583 1 0.718 0 1.50 101. 50
75.515 2 71.739 5 -3.775 8 -5.00 95.00
B T 6.580 9 6.442 7 -0.138 2 -2.10 97.90 100. 50
6.118 3 6.259 0 0.140 7 2.30 102. 30
6.153 5 6.393 5 0.240 0 3.90 103. 90
6.556 3 6.215 4 -0.3409 -5.20 94. 80
6.584 1 6.834 3 0.250 2 3.80 103. 80
6.1052 6.056 3 -0.048 8 -0. 80 99.20
6.060 0 6.3327 0.2727 4. 50 104. 50
6.507 2 6.3315 -0.1757 -2.70 97.30
6.349 6 6.470 3 0.120 6 1. 90 101.90
6.354 9 6.316 8 -0.038 1 -0. 60 99. 40
KEm 8.024 0 8.4573 0.433 3 5.40 105. 40 101. 53
5.037 4 5.243 9 0.206 5 4.10 104. 10
8.257 6 7.8529 -0.404 6 -4.90 95. 10
8.9850 8.697 4 -0.287 5 -3.20 96. 80
7.9815 7.885 7 -0.095 8 -1.20 98. 80
5.110 3 5.355 6 0.245 3 4.80 104. 80
8.064 8 8.516 4 0.451 6 5. 60 105. 60
9.016 9 9.485 8 0.468 9 5.20 105. 20
6.530 7 6.850 7 0.3200 4.90 104. 90
8.621 3 8.1557 -0.465 5 -5.40 94. 60
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