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A FED LA InGaAs R 2% FR 23 BRI G RAE RS, Result
FRAERA s Agilent 1260 35 850 AH (3% (X (35 (B Z5E B
Al s Agilent Eclipse XDB-Cys 84 H: (5 pm, 4. 6 mm X 250
mm) ; FEAEHE L U AL BJ-400A B, BP211D By ¥
RV (GEEFEZ AR A S AR ARD .
1.2 #R5iK7

O Ak, #5 175157, FEER KRB (P ED A
FRA D, 228K O e B R E S OB R WD, i (4
Mraf, #t5 20170515, dbatfb T) ), FFEAR BC L R4
PR AR A R, A =>98% ., 5 P10J9F52565) ., F15 24
MBI KA RA R, S M EN RS, B
W, NS0, IR TR & .
1.3 AHEBHMEENE
1.3.1 &4

KAl Agilent Eclipse XDB-Cys 8§ #1: (5 pm, 4. 6 mm X
250 mm) , FEHHA LM CA) AT 0. 1% 8 BR K BT (B) , B
PEBL(0~20 min, 23% A; 20~25 min, 23% ~95% A; 25~
35 min, 95%~23% A; 35~40 min, 23%A), ¥l £ 286
nm, Ji# 1.0 mL » min™', FiE 30 'C, #EFEE 10 uL,
1.3.2 MBI ERH&

R BT B R B Yo R SR i 80 Vo Y L ok 8 vk i
7 2.002 mg « mL ™! X BE A .
1.3.3 HBEAZBERHNE

BWFER ML 0.5 g, KiwMRE, BT HIEHIEM T,
BIMA 806 iy BB 50 mL, FRE & i, M A 4RI 30 min, L
e, MR ER. F 80 H b B E AL, #E5, Ik
b, WL . RIA .
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ESFHHR B &, ENEEHEHEL; RERR 6 MO & &
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B A R AR, R AT, WE FF IR BT AR, AR
Jy R,
1.3.5 Hdaeml &
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The chromatograms of salvianolic acid B reference
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Fig. 2 The raw spectra of Salvia miltiorrhiza samples
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Table 1 Experimental factor levels and response

variables for the D-optimal design

Variable Type Levels

X, K-S Continuous 1:1 41

X, LVs Discrete 1 2 3 4 5 6 7 8 9 10

X3 P Nominal Raw 2D MSC SNV SG9 2D-snv

X, \ Nominal siPLS iPLS mwPLS Full
Response variables R%; RMSEC R}. RMSEP RPD

o K-S REA LR 3 LB (R EAR = BUEHE) s LVs A AR F
B PONJGIEBAL IR )y vk s VO AR I % Oy
Note: K-S: Partition ratio of calibration set and validation set; LVs:

Latent variables; P: spectra pre-processing; V: variable selection

RS B I S PR IR B TR, DLOC R AR S B
AR BB (XD L WA B T ECXL) L DG T AL B O
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A T R 2 NIR 5 i A R A A D) i T AR R mh, xd
FHEZN AT HATRE . DR RIS R EZKFRILE L
2 iR H5ihe
2.1 HPLCH A EZEEER
WRAE 1. 3.4 75 BT 38 Jy v 6f 3R 40 % BV W AT A
SE s LAWREE (mg » mL™") S B AR B, 0 TR A G0 AR A 42 i A
LR, IHRAAR &Ry y=11 7122 —124. 35, LR K
R*=0.999 9, FHFFMHER B %I 5 E7E 0. 020 0~1.001 0
mg « mL 'Y N M OGO AT R B S A b 45 X TR
VTR AR Y RSD 2y 0. 80% , & B % I RS % ) R4 fa et
g P I S P B R B W T BUA RSD J 0..95%, FEA IR
FRVRTRTE 24 h AR E PR R AF s T A M2 4 A5 i & b
Bz B Y & 4> # Ok 0.065 42, 0.066 48, 0.067 19,
0. 066 38, 0.065 38 i1 0. 066 21 mg » mg ', RSD 4 1.04%,
FA DL A M R A AR SR AR B A WAL F 99 %6 ~
103 %G I, RSD N 1.38%, W Jr ik AR B KL 4F . 5 i%
ARG RN, KRR BEE. REtk. EEM KN
REBISCR B G 20K, RSP IR B & & I ik 4.
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Table 2 Experimental results of D-optimal design

run X Xe X; X, 2 RMSEC R:. RMSEP RPD
1 1. 45 1 2D-snv sipls 0.176 8 0.016 0 0.080 1 0.017 0 0.944 4
2 3. 10 7 SG9 full 0.983 0 0.002 9 0.990 0 0.002 4 6.823 7
3 4. 00 10 2D sipls 0.994 1 0.001 8 0.998 7 0.003 2 5.239 6
4 2.58 5 MSC mwpls 0.986 3 0.002 7 0.987 7 0.003 3 4.905 4
5 1. 66 8 RAW ipls 0.980 4 0.003 3 0.969 4 0.004 3 3.937 4
6 1. 00 1 SG9 full 0.647 8 0.017 9 0.460 0 0.015 6 1.126 2
7 3.50 9 MSC full 0.993 4 0.001 9 0.995 1 0.001 7 9.868 5
8 2.56 6 2D-snv full 0.992 2 0.002 0 0.993 2 0.002 1 7.467 3
9 3.33 3 MSC ipls 0. 966 2 0.004 2 0.990 2 0.002 3 7.075 0
10 3.92 8 2D mwpls 0.981 3 0.003 1 0. 995 6 0.003 0 5.478 0
11 1. 00 1 SNV sipls 0.259 4 0.017 8 0.309 7 0.014 7 1.229 3
12 4. 00 2 2D-snv ipls 0.831 5 0.008 8 0. 865 3 0.009 2 1.753 3
13 1. 00 1 2D mwpls 0.322 9 0.016 8 0.441 5 0.016 8 0.993 8
14 3. 10 7 SGY full 0.983 0 0.002 9 0.990 0 0.002 4 6.823 7
15 1. 00 10 MSC ipls 0.988 7 0.002 7 0.958 0 0.004 4 4.137 8
16 2.50 6 2D-snv mwpls 0. 986 0 0. 002 6 0.991 0 0.002 4 6.596 6
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17 1. 08 2 SNV ipls 0.469 2 0.015 6 0.429 0 0.013 3 1.356 9
18 2.81 1 SNV mwpls 0.220 0 0.016 2 0.104 9 0.016 5 0.998 6
19 2.47 5 SG9 ipls 0.982 5 0.003 0 0.9615 0.004 8 3.3650
20 1. 00 9 RAW full 0.994 0 0.001 9 0.982 3 0.003 0 5.798 0
21 2.37 5 SG9 sipls 0. 946 2 0.005 3 0.943 6 0.006 1 2.722°3
22 4.00 5 SNV full 0.976 6 0.003 5 0.988 0 0.002 7 6.167 0
23 2.26 9 2D mwpls 0.981 9 0.003 1 0.992 6 0.003 0 5.499 7
24 2.71 2 2D sipls 0.776 4 0.010 2 0.830 0 0.009 7 1.694 9
25 1.23 2 MSC full 0.714 4 0.012 0 0.732'5 0.010 5 1. 668 6
26 2.47 5 SG9 ipls 0.982'5 0.003 0 0.9615 0.004 8 3.3650
27 3.85 10 2D-snv sipls 0.996 0 0.001 4 0.995 3 0.002 4 6.605 1
28 4.00 1 2D mwpls 0.334 9 0.016 8 0.7827 0.016 7 0.987 3
29 4.00 1 RAW ipls 0.368 0 0.016 5 0.382 4 0.018 0 0.899 4
30 1.08 9 2D-snv ipls 0.941 3 0. 005 6 0.956 6 0.005 0 3.3327
31 2.42 6 2D full 0.990 0 0.001 9 0.992 8 0.002 1 7.880 1
32 1.65 4 2D-snv ipls 0.8811 0.007 4 0.939 2 0.006 0 2.665 0
33 2.50 6 2D ipls 0.974 8 0.003 6 0.988 7 0.003 4 4.804 2
34 3.66 9 SNV ipls 0.982 7 0.003 0 0.985 2 0.002 9 5.761 3
35 3.45 8 SNV sipls 0.992 6 0.002 0 0.992 6 0.002 2 7.628 7
36 4.00 1 MSC sipls 0.126 0 0.016 2 0.033 1 0.016 9 0.966 1
37 3.22 1 RAW full 0.573 0 0.016 4 0.504 3 0.018 0 0.900 0
38 1.23 3 SNV full 0.945 4 0.005 6 0.948 9 0.004 8 3.659 8
39 1.68 2 RAW sipls 0.356 1 0.015 6 0.360 8 0.014 8 1.140 1
40 1. 00 10 RAW mwpls 0.993 8 0.001 9 0.965 6 0.004 2 4.217 6
41 1. 00 8 SNV mwpls 0.993 7 0.002 0 0.961 3 0.004 5 4,017 4
42 1.52 7 MSC sipls 0.978 7 0.003 5 0.989 7 0.002 8 6.111 6
43 3.63 10 RAW sipls 0.991 7 0.002 1 0.992 9 0.001 9 8.640 9
44 3.71 1 SG9 mwpls 0.372 9 0.016 5 0.388 8 0.017 8 0.915 5
45 1. 00 10 2D sipls 0.996 8 0.001 3 0.986 6 0.003 2 5.2010
46 2.37 5 SG9 sipls 0.946 2 0.005 3 0.943 6 0.006 1 2.722 3
47 1.08 8 SG9 mwpls 0.984 8 0.003 0 0.967 8 0.004 0 4.416 5
48 2.02 10 2D-snv sipls 0.996 7 0.001 3 0.993 3 0.002 9 5.368 7
49 2.27 7 RAW sipls 0.975 0 0.003 6 0.988 5 0.002 5 6.652 9
50 3.15 10 SNV full 0.994 3 0.001 7 0.994 5 0.001 8 8.978 0
51 1.89 1 2D ipls 0.278 3 0.016 0 0.526 4 0.018 0 0.877 9
52 4.00 5 RAW mwpls 0.982 3 0.003 0 0.956 2 0.004 9 3.329 1
53 2.71 2 2D sipls 0.776 4 0.010 2 0.830 0 0.009 7 1.694 9
54 2.42 6 2D full 0.990 0 0.001 9 0.992 8 0.002 1 7.880 1
55 4.00 10 SG9 mwpls 0.985 1 0.002 8 0.969 4 0.004 1 3.925 8
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% A Design Expert 8. 0. 6 &% {f %t 56 5 P8 #E 47 1004 Table 3 Model fitting and analysis results
S7E R FE AR S R SRR AT, B FHE R B e W . {1 i P4 R? Rig
B R RESHNT . SR G 50 Rk 3, 1 Y SR <0.0001  0.9958 0.977 4
%ﬂ%iﬂ%*ﬁ&! P{Eﬂ]d\:}: 0.000 1, 5&:!;?1%( R? i”JE 0.99 Y, TR AR Y <0.000 1 0.999 0 0.994 9
B b 2T A B AR ] B OB T B D P R 0L 4 Yoo UGBS S0.000 1009947 09715
. e ) ) o Y, ZWREEHEL <C0.000 1 0.998 7 0.993 2
B BTSRRI IR R s Ry RPD Jede/hy RM- Ys TR <C0.000 1 0.990 6 0.949 0
SEC. RMSEP Jy H A5 #F 17 21 S 80900 e, 005 45 0 130 U
I — 5P _ 3 Ca AN R s b 25 )
25 R BR R K-S L 56 AR A P ik % 3/4 AL IE S+ 14 EREEETSEH
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DI 356 Fl A5 2 RO e ST PR R B E B AL, AR Y
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FE/N, RE T E IE B BE A ek R R M s AR IE P R



%11 4

Wik 2% 5 61 4 Hr 3577

2o 0.994 0, FM P E REL R A 0. 995 2, RPD 24 9. 19,
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Study on Establishment of Near-Infrared Quantitative Model for
Salvianolic Acid B in Naoxintong Capsule Based on the System
Modeling Idea

GAO Rui-lin', YANG Peng-shuo' , XU Gang®, WU Xiao-wen', YANG Chang', SHI Xin-yuan'”
1. School of Chinese Pharmacy, Beijing University of Chinese Medicine, Beijing 102488, China
2. Shanxi Buchang Pharmaceutical Co. , Ltd. , Xi’an 710075, China

Abstract NIR quantitative modeling mainly involves four process parameters: the selection of sample set, spectra pre-
processing, latent variables and variable selection methods. And in the traditional method, the optimization of the PLS modeling
parameters was step by step according to the model evaluation indexes and the inter-influence among the parameters was rarely
considered in the model development. This is risky because the modeling path is not necessarily the best approach to step by step
optimization. The system modeling method is global trajectory parameter optimization idea based on the correlation between the
parameters, which is a systematic approach to improve the efficiency and accuracy in the development of a quantitative model.
The purpose of this study is based on the system modeling idea to develop a NIR quantitative model for the analysis of salvianolic
acid B in Naoxintong capsule. The content of salvianolic acid B in 56 samples of Salvia miltiorrhiza was determined by high-
performance liquid chromatography (HPLC) . and the near-infrared spectra were also collected. D-optimization design method
was used to optimize the modeling parameters including the sample set partition, spectral pre-processing, latent variable factor
number and variable selection. The global optimal parameter trajectory was applied in the preparation of the quantitative analysis
model. The results showed that the best quantitative model was developed by the spectral data pretreatment of 2D+ SNV (2
Derivative + Standard Normal Variate), choosing the latent variable factor number of 7 and spectral region of 4 000~10 000
em ' in combination with the 56 samples were randomly divided into a calibration set and a validation set according to the propor-
tion of 3 ¢ 1 by a K-S algorithm. Its standard deviation of calibration (RMSEC) and prediction (RMSEP) were both 0. 001 8,
which demonstrated the high analytical accuracy and robust fitting. The calibration coefficient of determination (R%;) and the
prediction coefficient of determination (R%.) were 0.994 0 and 0.995 2, respectively. The ratio of the standard error of
prediction to the standard deviation (RPD) was 9. 19, further confirming that the model can be used for high-quality quantitative
analysis. Based on the system modeling idea, the D-optimal design approach was adopted to implement the global trajectory pa-
rameter optimization in the process of establishing the quantitative model in this paper. Furthermore, a quantitative model for
salvianolic acid B was developed with robust predictability and high accuracy. The model provided an efficient and rapid method
to quantify salvianolic acid B of Naoxintong capsule, which was of great significance for the quality control of intermediates and

products of Naoxintong capsule.
Keywords System modeling; D-optimal design; Near-infrared spectroscopy(NIR) ; Naoxintong capsule; Salvianolic acid B
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