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[ Abstract ] Objective: To establish a rapid analysis method for determining the contents of rehmaionoside
A, rehmaionoside D and leonuride in Rehmanniae Radix. Method: Near-infrared spectra of six varieties of
Rehmanniae Radix ( 108 samples) were obtained by near infrared diffuse reflectance spectroscopy ( NIRS)
technique. By using high performance liquid chromatography ( HPLC) method, the contents of rehmannioside A,

rehmaionoside D and leonuride were detected and their values were correlated with the spectra information by using
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TQ Software. Then the quantitative models of rehmaionoside A, rehmaionoside D and leonuride in Rehmanniae
Radix were built by partial least squares ( PLS). Result: The correlation coefficients ( R*) of the models was
0.924 67, 0.934 96 and 0. 951 54; the root mean square error of calibration ( RMSEC) was 0.016 6, 0.015 9
and 0. 022 8; the root mean square error of prediction (RMSEP) was 0. 017 00, 0. 007 86 and 0. 012 50; the root
mean square error of cross validation ( RMSECV) was 0. 032 13, 0.030 36 and 0.069 22; and the performance
index (PI) was 92.5, 82.7 and 83. 1 respectively. Besides, paired sample i-test showed that the P value of NIR
and HPLC was 0.422, 0.549 and 0. 131, all higher than 0. 05, indicating that there was no significant difference
between the two methods. Conclusion; The NIR method is accurate, rapid, and green. It can be used for
quantitative analysis of rehmaionoside A, rehmaionoside D and leonuride in Rehmanniae Radix.

[ Key words | near infrared spectrum instrument; Rehmanniae Radix; rapid detection; partial least

squares ; rehmaionoside A; rehmaionoside D; leonuride
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Table 1 Information of Rehmanniae Radix

No. TR/ No. FE ALK No. [ETEIR/Y

1 07/10.85-5 D 37 07/10. (kT © 73 07/10. 4 @

2 07/10.85-5 @ 38 07/10. (R T @ 74 07/10. (4% @

3 08/02.85-5 D 39 08/02. (kT @ 75 08/02. (4 @

4 08/02.85-5 40 08/02. (kT @ 76 08/02. (4 @

5 08/21.855 D 41 08/21. (kT @ 77 08/21. i @

6 08/21.85-5 @ 42 08/21. [T @ 78 08/21. 11 @

7 09/10.85-5 D 43 09/10. F1k 7T @ 79 09/10. (% @

8 09/10.85-5 @ 44 09/10. (kT @ 80 09/10. (4% @

9 09/30.85-5 D 45 09/30. (kT @ 81 09/30. (43 @
10 09/30.85-5 @ 46 09/30. (R TT @ 82 09/30. (4 @
11 10/10.85-5 47 10/10. (k5T @ 83 10/10. (i @
12 10/10.85-5 @ 48 10/10. (1R 7T @ 84 10/10. (4 @
13 10/21.85-5 49 10/21. (T @ 85 10/21. Hik @
14 10/21.85-5 @ 50 10721, (R IT @ 86 10/21. (% @
15 10/30.85-5 @ 51 10/30. (k5T @ 87 10/30. (43 @
16 10/30.85-5 @ 52 10/30. (R 7T @ 88 10/30. ik @
17 11/11.85-5 @ 53 11/11. [kt @ 89 /11, [ @
18 11/11.85-5 @ 54 11/11. (R T @ 90 11/11. {4k @
19 07/10. b3 1 5 @ 55 07/10. 1 @ 91 07/10. I ©
20 07/10. k51 5 @ 56 07/10. 0% @ 92 07/10. 3R @
21 08/02. b5t 1 %5 @ 57 08/02. b @ 93 08/02. I F¥ ©
22 08/02. 451 5 @ 58 08/02. I @ 94 08/02. Ib R @
23 08/21. 4t 15 @ 59 08/21. 34 @ 95 08/21. IMF R D
24 08/21. 4t 1 5 @ 60 08/21. I 1F @ 96 08/21. WA @
25 09/10. b5t 1 %5 @ 61 09/10. i F @ 97 09/10. IR ©
26 09/10. k5 1 5 @ 62 09/10. i 1F @ 98 09/10. W @
27 09/30. b5t 1 5 @ 63 09/30. i 1F @ 99 09/30. I HH ©
28 09/30. Jt5t 1 %5 @ 64 09/30. i1 @ 100 09/30. I RFB @
29 10/10. b5 1 2 @ 65 10/10. 10 @ 101 10/10. 015 D
30 10/10. b5t 1 5 @ 66 10/10. 0 F @ 102 10/10. 10T @
31 10/21. 4t 15 @ 67 10/21. 148 @ 103 1021 ¥ ©
32 1021. 4t 12 @ 68 1021, 10 @ 104 1021 DR @
33 10/30.db 5t 1 5 @D 69 10/30. W1k @ 105 10/30. 30 TR KR D
34 10/30. b5 1 5 @ 70 10/30. i 4F @ 106 10/30. IR F @
35 1114t 12 @ 71 11/11. 0% @ 107 111105 @
36 1/11. k1 2 @ 72 1117 @ 108 1111, IR @

30 C, ¥k E 20 pl, 390k 0.270,0.344,1.224 g+ L' (18 & % B8 5
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AP D, R R AT X IS E R, e R R 2.2.3 MMM RS RS B AR 2

5 mL MR E A H D, b H REWRE  0.50 ¢, BHIEHRI P K E A 60% H 50 mL,
. 49 .
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Fig. 1 Near infrared spectrum overlay of 108 batches of

Rehmanniae Radix
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Table 2 Linear relationship investigation

% ml )9 5 72 MIRRE LA/ /mg- L
MEHF A Y=12.115X-9.5933  0.9997  10.8 ~64.8
WHEAF D  Y=0.8175X-12.773  0.9996 13.76 ~82.56
RSP Y=8.1179X+27.56  0.999 6  48.96 ~293.76
2.2.5 WY K B WO IR R

2.2.1IﬁTé1aa~{¢J§é§Eﬂ‘ﬁ6{A TSR TR R, 4
S EETT A ML BT D, 25 BE RO 9 04 AL RSD 4351
H1.2% ,1.1% ,1. 0% , B RS 2% BE R4
2.2.6 faE s R [R R TR A
#J50,4,8,12,16,24 h 4% 2.2.1 T F 0 3% 2 14 ik
FE IO SR IE TR, 45 R 34T A M 81T D, 25 BEREAT
f I T B RSD 23 32 1.0% ,1.2% ,1. 6% , 32 B {1t
A WAE 24 h WARE .
2.2.7 BmEMIRE SR —H D A 6
0y, 4% 2. 2. 3 TN J7 il £ i v e % 2. 2.1 T
TS SRR I M B A M BT D, 4F B
TR i, S5 M B T AL BT D, £ BERD O O O
() RSD 4> %1k 1.3% ,1.4% ,0.7% , W% )y i &
BRI
2.2.8  fAE [l i RO
- 50 -

K PR 50 S ke AL 9

By, B0y 0. 25 g, 43 S %5 0 GG S b B A b B
17 D, £ BFFF IR A 0 IR WS i, #6223 TR
Tkl g o 4 202, 1 TN 385 Z% 4 1 RE, D S b B
1AM T D, 5 BF RO 09 & A T RDE B A [l
W RSD, 25 R ML B A, Mb B D, 25 B S OF
Brm e | i R 4 W) Sk 100. 83% , 100. 84%
99.55% ,RSD 35K 2.3% ,1.8% ,1.2%

2.2.9 FESEEWNE B FE S 2.2.3 TR
B W, i 2. 2.1 TR 3 S AT I L 3
B ETT A M AT D, 45 RO 0 B 6 R &
FE b HPLC (A gS i WL 2, & il e 45 R L3 3,

gu N
Mg

t/min
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Fig.2 HPLC of Rehmanniae Radix
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Table 3 Determination of rehmaionoside A ,rehmaionoside D and leonuride in Rehmanniae Radix %
No. MW M fRRE No. T HETE fRBE No. W M fRbE No. B M i B
A D T A D FH A D A A D L
1 0.143 0.167 0.429 28 0.151 0.301 0.540 55 0.131 0.290 0.477 82 0.066 0.168 0.292
2 0.147 0.175 0.452 29 0.105 0.228 0.500 56 0.149 0.281 0.444 83 0.098 0.136 0.327
3 0.183 0.167 0.444 30 0.103 0.215 0.478 57 0.201 0.230 0.567 84 0.098 0.171 0.341
4 0.178 0.169 0.453 31 0.143 0.241 0.436 58 0.191 0.252 0.585 85 0.101 0.137 0.389
5 0.244 0.136 0.465 32 0.136 0.255 0.430 59 0.161 0.189 0.574 86 0.095 0.134 0.385
6 0.238 0.140 0.459 33 0.091 0.259 0.396 60 0.158 0.171 0.576 87 0.066 0.126 0.296
7 0.170 0.168 0.509 34 0.089 0.266 0.398 61 0.107 0.269 0.503 88 0.079 0.126 0.290
8 0.168 0.175 0.511 35 0.127 0.263 0.480 62 0.112 0.255 0.504 89 0.080 0.138 0.296
9 0.145 0.193 0.423 36 0.122 0.255 0.478 63 0.107 0.203 0.497 90 0.074 0.143 0.301
10 0.140 0.191 0.423 37 0.118 0.210 0.518 64 0.127 0.201 0.495 91 0.070 0.229 0.318
11 0.150 0.220 0.455 38 0.117 0.191 0.528 65 0.096 0.259 0.473 92 0. 065 0.230 0.320
12 0.135 0.219 0.440 39 0.159 0.166 0.462 66 0.102 0.254 0.474 93 0.980 0.162 0.533
13 0.133 0.200 0.374 40 0.188 0.152 0.468 67 0.089 0.194 0.375 94 0.215 0.153 0.515
14 0.134 0.202 0.375 41 0.201 0.158 0.523 68 0.101 0.187 0.376 95 0.182 0.172 0.421
15 0.145 0.165 0.363 42 0.206 0.158 0.533 69 0.127 0.204 0.456 96 0.192 0.162 0.418
16 0.151 0.168 0.363 43 0.154 0.204 0.530 70 0.122 0.196 0.456 97 0.116 0.190 0.435
17 0.119 0.183 0.416 44 0.164 0.210 0.527 71 0.069 0.202 0.322 98 0.121 0.182 0.456
18 0.123 0.185 0.420 45 0.140 0.164 0.490 72 0.069 0.200 0.322 99 0.092 0.189 0.341
19 0.195 0.264 0.462 46 0.148 0.165 0.476 73 0.090 0.189 0.348 100 0.089 0.218 0.340
20 0.197 0.271 0.471 47 0.129 0.188 0.418 74 0.082 0.200 0.357 101 0.111 0.189 0.362
21 0.257 0.145 0.555 48 0.136 0.183 0.409 75 0.115 0.125 0.443 102 0.099 0.256 0.375
22 0.268 0.139 0.544 49 0.124 0.195 0.363 76 0.117 0.131 0.443 103 0.097 0.213 0.382
23 0.241 0.170 0.513 50 0.101 0.226 0.376 77 0.188 0.153 0.453 104 0.099 0.208 0.387
24 0.218 0.170 0.520 51 0.126 0.189 0.433 78 0.206 0.168 0.468 105 0.072 0.231 0.366
25 0.153 0.270 0.531 52 0.113 0.188 0.400 79 0.148 0.122 0.438 106 0.072 0.232 0.411
26 0.131 0.300 0.530 53 0.077 0.183 0.413 80 0.142 0.119 0.428 107 0.072 0.237 0.445
27 0.159 0.284 0.528 54 0.078 0.187 0.371 81 0.065 0.161 0.293 108 0.073 0.259 0.456

R4 HWEFASEEESHER

Table 4 Distribution of content distribution of rehmaionoside A

215 RSB/ mKME/% w/ME/ % EHE/ %
e IF 42 76 0.257 0. 066 0. 162
Wi 4R 11 0.159 0.079 0.119

PERE MSC + FD + SG Ay e A3 5t 3 i b 3 5 3k
2.3.3 GGV RIS U4 AN G B Uk BEE
JE RS 12 000 ~ 4 000 em ™", £ 24 D B R i
WL TU A (S B LR R R 5 T 3, AL DL R,
RMSEP, RMSEC, PI £ 4y 1 B8 48 #5 % 28 K R Ol 1% 3iE
] T A5 3 52 ) AN () 1 i 31 T X A 7R 1 B 1) 52 i
VL2 6, 25T REHE AR A 25 L, £ 10 967. 47 ~
7019.78 em ' N dRc A G T
2.3.4 EWAaBMERE R R/D RS
(PLS) @ 57 ¢ 1E A5 A, 32 5l 43 50GF JIT 42 455 784 (v i 300
MR K, EMsr S 2 KRS 1Y s

RS FEBALE T % X2 BE Y 7500

Table 5 Effect of different pretreatment methods on model
performance

i T Ak By R? RMSEC RMSEP PI
MSC + FD + SG 0.972 40 0.010 2 0.014 80 93.5

constant + FD + ND 0.713 38 0.

0305 0.010 64 92.8

SNV + FD 0.953 16 0.013 2 0.016 90 92.6
MSC +SD 0.768 15 0.027 9 0. 023 60 89.7
SNV + 8D +SG 0.938 63 0.0150 0.023 50 89.7
constant + SD + ND 0. 684 31 0.031 8 0.021 70 90.5
SNV 0. 692 00 0.031 4 0. 020 70 90.9

A BRI B A R A R BLG 5 E A k
Pl A ANBETE o B it Bl 4 53 7 A B0 0l 1 A
A, RS 8 FUI P BE R B o AR SE G LSS R TR 4
77 25 (RMSECV ) LA 240, 6 4% 4 3 i £ 170 4
¥ RMSECV {8 B = i 7 BB (AR 2k

.51 -
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Table 6 Effect of different spectral ranges on model performance

S B/ em ! R? RMSEC RMSEP PI
6 099.64 ~4 007.06 0.65248 0.0330 0.022 60 90. 1
8 328.00 ~5455.39 0.71451 0.0305 0.021 70 90.5
10 967.47 ~7 019.78 0.92467 0.016 6  0.017 00 92.5
9713.41 ~6 114.48 0.93253 0.0157 0.033 20 85.5
10 284.79 ~6 418.72 0.31997 0.041 3  0.031 00 86. 4

x7 WIFEHRMERF A B NIR F &S HPLC S 2 EMLE

Table 7

and HPLC reference

Comparison of rehmaionoside A of NIR predictive value

24 RMSECV {8 fiw /) BF, BT 6 & AR 43 8l 1
RMSECV =0. 032 13 A&/, Bt 450k 6.
2.3.5 b A NIR @RS RmEsr 2 H
TQ Analyst 8. 0 3 Hr 8 f 45 & PLS 1, sk ¥ f A 1Ot
T TR B T OGN R S R O T b v
A ) NIR &5 Fr Rl . NIR Hil{E 5 HPLC &%

(EL AR AH G 18] B fi 22 DL I 3
0.26 o
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& 4 o NS ; ©o ° &IE%
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YOk s EVer
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0.05 < :
0.05 0.26
B .
002{ o %
o
o +O 04° 8,0 PR o o
o ©° © 000 04 o o
E o ?)*O 3 o 4@0 S o - og
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& Lo ° B oo o
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-0.04 .
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B3 #h#EHF ANRBRMNES HPLC SEHERHEX(A) RIEZE (B)
Fig.3 Correlation ( A) and deviation ( B) of rehmaionoside A NIR

predictive value and HPLC reference

2.3.6 MEAIREGIE ARSI BERE 11 A MR RE SR
SRR AE i A B 2 AR b O B A S
NIR #AS T 5 HPLC ZEE A R WK 7, |
T AR LA FUNAG 5 22 (H 46 % D 22 5/, LA
P30T 3 I 0 ] SPSS 19. 0 i Fi il 1 F1 2 % {8 A5 BE %o
ARt KW, g5 BB/t = -0.834,P =0.422 >
0. 05, & B 5 il 7 ¥k 1 Ao ) 25 SR B AR — 3, T b
25,

2.4 HWEAF D E AT AR T AR M AR
rin B B D& A0 A, AN 108 £ B rp B B 93
ANFE SR IR AT HEBE, BE P HORS IE 4E 81 A4S, B UF 4R 12
A I X T AL vk IS Y R 32 A oy B A

- 52 .

No. BNE/ %  SHE/ % HX 2 P
14 0.151 0.159 -0.008

23 0.091 0.092 -0.001

41 0.105 0.107 -0.002

62 0.150 0.151 -0.001

67 0.129 0.131 -0.002

70 0.135 0.136 -0.001 0.422
72 0.120 0.122 -0.002

79 0.096 0.099 -0.003

87 0.094 0.098 -0.004

89 0.078 0.079 -0.001
104 0.152 0.148 0.004

A 4T 4k, UL Constant + FD, 11 701.94 ~
7101.94 em ™', E B o B oh 7 # 5L B, R,
RMSEC,RMSEP, RMSECV & PI 43 5 7 0.934 96,
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*8 WIEEHMWMLES D NIR FIES HPLC SEEMLL K
Table 8 Correlation( A) and deviation ( B) of rehmaionoside D NIR

predictive value and HPLC reference of proof set sample
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WIFSEFMIHETEHR NIR UlES HPLC 2 2@/ R

Table 9

Correlation ( A ) and deviation ( B ) of leonuride NIR

predictive value and HPLC reference of proof set sample

No. BE/ %  SHE/ % X2 P No. W/ %  ZHE/ % AXRE I
23 0.190 0.189 0.001 9 0.435 0.416 0.019
38 0.234 0.230 0.004 12 0.517 0.513 0.004
44 0.206 0.204 0.002 22 0.443 0.435 0.008
45 0.207 0.202 0.005 26 0.362 0.366 -0.004
49 0.203 0.204 -0.001 37 0.477 0.477 0.000
55 0.180 0.175 0.005 0.549 59 0.419 0.423 -0.004 0.131
56 0.165 0.169 ~0.004 78 0.387 0.375 0.012
59 0.181 0.191 -0.010 80 0.409 0.411 -0.002
70 0.252 0.255 -0.003 82 0.358 0.357 0.001
77 0.214 0.218 ~0.004 100 0.520 0.528 -0.008
105 0.191 0.183 0.008 101 0.478 0.468 0.010
106 0.198 0.189 0.009
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