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Establishment of NIRS Quantitative Model for Synchronous Quantitative
Detection of Contents of Three Alkaloids in Corydalis Rhizoma

GU Chao', YUE Xian-ke’, DU Wei-feng'“ , SHI Sen-lin' , GE Wei-hong'
(1. Zhejiang Chinese Medical University, Hangzhou 310053, China;
2. Zhejiang Chinese Medical University Medical Pieces Co. Lid. , Hangzhou 311401, China)

[ Abstract | Objective;: To establish the near-infrared spectroscopy ( NIRS) quantitative model to
determine the contents of dehydrocorydaline, tetrahydropalmatine and corydaline in Corydalis Rhizoma rapidly.
Method: High performance liquid chromatography ( HPLC) was used to determine the authentic contents of
dehydrocorydaline, tetrahydropalmatine and corydaline in Corydalis Rhizoma. The spectrum was collected through
near infrared diffuse reflection spectroscopy. Then the authentic contents were corresponded to the near infrared
spectrum one by one. The correction model was established by partial least squares ( PLS) and optimized by
multiple scattering correction (MSC) & first derivative. Result; Correlation coefficient ( R) was 0.987, 0.998,
and 0. 997 respectively fordehydrocorydaline, tetrahydropalmatine, and corydalinecorrection models respectively.
The validation set indicated that the correlation coefficient between predicted content and authentic content of
dehydrocorydaline, tetrahydropalmatine and corydaline was 0.943, 0.978 and 0.991 respectively, and their
relative deviation was —14.75% -18.08% , -4.73% -9.23% and —10.99% -9.70% respectively. Conclusion :

The established NIRS quantitative model had high prediction accuracy, and could be used to determine the contents
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of three alkaloids in Corydalis Rhizoma rapidly and synchronously.

[ Key words ] Corydalis Rhizoma; near-infrared spectrometry ( NIRS ); dehydrocorydaline;

tetrahydropalmatine ; corydaline
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it B E S mL B, R E 2, AL H
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6.43 mg, HEH R 7, % 7.75 mg, L HM 5. 75 mg, K
BRRAE o E T 10 mL g i P A A
S k28 W, Jo0 0 R B 43 ) o R R SR R 0. 643 0
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pg B RAFILE R, G EK

2.3.2 FEmERE XA KO 064 27 g-
L' JEH 2R 2, 20.07749 g- L' 2 #5§0. 057 46
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Table 1 Content range of calibration model and prediction model
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HPLC il Horp RS E i E AR O R R ER Y
WA BEALAI 10 HEAE S B UESE A 90 HEAE S i
ESE, RWLETEL,

%

B E4E (n =90) WIS (n =10)
o B /ME SN T4 1 RSD /M FA Al T4 1 RSD
F A 0.064 6 0.2755 0.177 1 32.4 0.102 7 0.244 0 0.167 9 28.2
TR FE 0.014 7 0.110 2 0.054 4 45.3 0.030 6 0.079 1 0.056 9 36.7
£ 0.010 5 0.210 7 0.076 4 71.3 0.021 0 0.138 8 0.084 8 59.7
1 em " FI6 940 em T'RIE 4> N-H F1 O-H i 45 4R
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Fig.1 HPLC chromatography of Corydalis Rhizoma
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Fig.2 NIRS chromatography of Corydalis Rhizoma
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(principle component regression method , PCR) J& i1 £T.
B 5 B4 T 2 e A IE AL T DU G
FH(R) 77 22 (RMSEC) , U ¥4 77 22 (RMSEP)
NG, WL AT B 5. i ER 2 AT LI R, L
PCR # 57 1 I B 8L I R 43 5k 0.498, 0. 837,
0. 822, PLS ¥k ¢ 37 & IE B AL I R 4351 4 0. 986,
0.997,0.997, XM PLS Fiill &4 & b PCR ¥ 4F,
SR T PLS #E A7 MIE AL

x2 AEAFITEENRERE NG

Table 2 Effect of different chemometrics on correction model

fbaE itk %y R RMSEC RMSEP
PCR FAEEW 0.498 0.049 0 0.036 2
EHELE 0. 837 0.013 6 0.005 2
Eg T 0. 822 0.032 4 0. 009 1
PLS FAEEW 0. 986 0.009 2 0.002 8
TR ER 0.997 0.001 8 0.003 4
S 0. 997 0.004 0 0. 009 7
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Table 3 Effect of different spectral intervals on correction model

A S REE L/ em ! R RMSEC RMSEP
A L 10 000 ~4 000 0.967 0.0063  0.0058

8 700 ~5 400 0. 986 0.009 2 0.002 8

5400 ~4 000 0.248 0.054 7 0.047 5

FEW R L 10 000 ~4 000 0.988 0.008 4  0.040 4
8700 ~5 400  0.997 0.001 8  0.003 4
5400 ~4 000  0.904 0.0106  0.006 1
T 10 000 ~4 000 0.799 0.0343  0.0105

8 700 ~5 400 0.997 0.004 0 0.009 7

5 400 ~4 000 0. 893 0.025 6 0.013 5

2.6.3 JCREHUAN R UL M BEAE  th T 2040

T8 DN R B3 R v A A v AR RS BT OL
AHIOG AN v 07 FOARE it RS A5 ) R ER L 79 31 190
RS T ABENGE B O, 7E 2SR OE
3 MRS TR T, 3 e 6 D G i 2R AT T AL B A B T BR
5 I PSR T T, A i R A S INORS BE Y H . AR S
K HILAR St 1% i 4b B8 J5 5« °F- ¥ ('smoothing) , 5% &
JT—A4kL (SNV) , — >R 5 (first derivative ) , 2 JCHLST
# IE (MSC) , MSC + first derivative 43 5| %} 5 3% ot 47
AbER, L R, RMSEC, RMSEP % 2245 45 , %f ot 47
5% L4, % MSC + first derivative [/ 7 i %5 &
B LR MSC + first derivative T Ab 3 J7 5 X%}
J iR 1 WAL B

R4 FESEBAE T 3R IEZE 0

Table 4  Effect of different preprocessing methods on correction
model
% ik Wikk B R RMSEC RMSEP

AR oAb 0.571  0.0464 0.0232
smoothing 0.571 0.0464 0.023 1
SNV 0.545 0.047 3 0.024 2
first derivative 0.993 0.006 4 0.0312
MSC 0.546 0.0047 0.024 4
MSC + first derivative 0.986 0.009 2 0.002 8

EWRLR AW 0.682 0.0180 0.0615
smoothing 0.692 0.0180 0.0615
SNV 0.803 0.0149 0.0657
first derivative 0.753 0.016 4 0.004 0
MSC 0.808 0.014 7 0.006 7
MSC + first derivative 0.997 0.001 8 0.003 4

£ A0 Tt Ak 0.756  0.0373 0.0655
smoothing 0.756 0.0373 0.0655
SNV 0.774 0.036 1 0.009 8
first derivative 0.777 0.0359 0.010 4
MSC 0.818 0.0327 0.0156
MSC + first derivative 0.997 0.004 0 0.009 7
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B 32 P B0 N TR 5 OB R T 2 AR 25 A K
MR IEERE B A B R 2, W ST A
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REFE 7 A DG (R B, S BUR AL BN B J1 5 2% . R
FH BB IR 325, LA P 6 28 56 UF ¥4 J7 22 (RMSECYV)
AR AR, 5 5% R O L AR R 5 L AR
ROFEMFmW, S EH T80k 8,9,9 i, FHY
() RMSECV S I , A5 76 751 I A J32 4 5

2.6.5 SEMEMHEE 24 outliers fifk, KL 5 [T
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Fig.3 Inspection result of outlier
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Table 5 Parameters of correction model

A FHTH R RMSEC RMSEP
EE AT 8 0.987 0.009 2 0.002 8
FEWR 2% 9 0. 998 0.001 8 0.003 4
S 9 0.997 0.004 0 0. 009 7

T 6 B F 2 8 700 ~ 5 400 em ™', o % T AL B 35 R )

MSC + first derivative,

0.29

TRBIE /%

0.05

FCIAE/%
B4 ESEEBMUESESENEXYE

Fig.4 Correlation between predicted content and authentic content

of dehydrocorydaline
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Fig.5 Correlation between predicted content and authentic content

of tetrahydropalmatine

2.6.7 FERIMIIE A IESE (n = 10) BE A
SE R o SR AR LT (L, 3 5 (5 S A Y
R OE 28 TN R 15 3 S 10 K G A 2% , ok % %€
AT S, b 2 A S E R R &
B AH O R B Bk 0.943,0.978,0. 991, #H % 1
EILFE6~8,

.64 -

PR/ %
0.22
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Fig.6 Correlation between predicted content and authentic content

of corydaline
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Table 6 Prediction results of dehydrocorydaline of validation

set samples by NIRS quantitative model %
No. HYAE T i 2 LERORITR=
1 0.244 0 0.2110 -0.0330 -13.52
2 0.102 7 0.106 2 0.003 5 3.41
3 0.139 1 0.141 4 0.002 3 1. 65
4 0.177 1 0.167 9 -0.009 2 -5.19
5 0.1823 0.159 1 -0.023 2 -12.73
6 0.162 4 0.163 7 0.001 3 0. 80
7 0.2115 0.180 4 -0.0312 -14.75
8 0.190 3 0.224 6 0.034 4 18.08
9 0.189 1 0.1819 -0.007 1 -3.75
10 0.1855 0.170 2 -0.0153 -8.25

®7T EAIEERBNBIEEFREHRZEZRN

Table 7 Prediction results of tetrahydropalmatine of validation

set samples by NIRS quantitative model %o
No. HIHH T {8 s 22 A X i 22
1 0.0317 0.0313 -0.000 4 -1.26
2 0.073 3 0.072 5 -0.000 7 -0.95
3 0.063 8 0.063 3 -0.000 6 -0.94
4 0.062 9 0.064 0 0.001 1 1.75
5 0.079 1 0.081 2 0.002 0 2.53
6 0.030 6 0.032 2 0.001 6 5.23
7 0.090 8 0.090 6 -0.000 3 -0.33
8 0.086 6 0.082 7 -0.003 8 -4.39
9 0.080 3 0.076 6 -0.003 8 -4.73
10 0.076 9 0.084 1 0.007 1 9.23
3 iFig

AR SC E 100 LY AEHA A 5, Horh 86 HEH
F AL IR 4 JEK 2 outliers £ 4k 5 Bk, 10 it
W T 56 UF B A, # ST A IE B AL R OBE A F
0.986,0.997,0. 997 , A KMk R 4F . 1k 56 3F £ 55 UE
T, REEER E RO R CEE 3 MY
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Table 8 Prediction results of corydaline of validation set samples o [ G Ak H R A, 2007 .37
by NIRS quantitative model %o (3] EoE, AR, BRI LT AN A AT 4 AR g 5 R
No. HSY T A T 2% HIXT i 2 RMHLT]. 4 Hr 4 45 ,2002(3) :9-12.
1 0.020 9 0.021 2 0. 000 2 0. 96 [ 4] Boirdd,Z=m. mLrih ek o or 8 R iy Js 3 K e vh 24
2 0.129 4 0.1201  -0.0003 ~0.23 PR R LD ] 25 4 53 B 2% &, 2011, 31 (2)
3 0.081 6 0.074 3 -0.007 3 -8.95 408-417.
. 0,100 8 o113 1 0,003 3 3 01 [5] REM. 45650 BH AR M40 583 4 8 3
BT D]. P52 . e k4% ,2014.
S (6] LR 20N 07 48 AR B b 30 7
6 0.028 2 0.025 2 -0.003 1 -10.99 [J].éTﬁF{{?K,ZOO7,174(6);345-348.
’ G132 0 Te o e0a LS [ 7] 3A Wil e B % L0 4 BT B AR A
8 0.1396  0.1381  -0.0016  -L15 24 ok O I R [T £ S 2
9 0.1218 0.121 1 ~0.000 6 -0.49 2013,15(2) :135.
10 0.127 9 0. 140 3 0.012 4 9.70 [ 81 M. UT 1 4h it 3 DR ol A I i 2 v 28 % v B 25
ml BT R FHAIFSE [ D] 8K« P M K2 ,2013.
JOY LSRG B AR A9 AR OC R BT A 0.943 ., [ 9] frakfh AR KEER .S MR P ENRLE S
0.978,0.991, #H X fw 2= 7 5 K - 14.75% ~ HAIE LA AT ST [T ] AR R R 22
18.08% , -4.73% ~9.23% , —10.99% ~9.70% , 11,2013 ,31(12) :2633-2635,2865.
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