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Establishment of rapid analytical models for total iridoid glycosides
and total phenethyl alcohol glycosides in leaves of Rehmannia glutinosa
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Abstract: This paper aimed to establish a quantitative analysis model for total iridoid glycosides and phenylethanoid glyco-
sides in leaves of Rehmannia-glutinosa. The content of total iridoid glycosides and phenylethanoside in 128 samples of Reh-
mannia glutinosa leaves with different texture and different growth stages were determined by UV-Vis spectrophotometry, and
it was used as the base value,combined with the near infrared spectra of leaves of Rehmannia glutinosa. The quantitative anal-
ysis models-of total iridoid glycosides and phenylethanoside in leaves of Rehmannia glutinosa were established by using TQ
8.0 analysis software and partial least squares (PLS). The internal cross validation determination coefficient ( R*) was 0. 998
19, the correction mean variance (RMSEC) was 0. 089 9 the root mean determination coefficient (R*) and the correction
mean variance ( RMSEC) of the quantitative calibration model for total iridoid glycosides in leaves of Rehmannia glutinosa
were 0.972 1 and 0. 125 9 respectively. The root mean square error predication was 0. 095 4 and the root mean square error of
cross validation( RUSECV) was 0. 869 4. There was no significant difference between the predicted value and the actual val-
ue. The quantitative model can be used to determine the content of total iridoid glycosides and total phenylethanol glycosides
in leaves of Rehmannia glutinosa.
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Fig. 1 128 near infrared primordial spectral superposition of

Rehmannia glutinosa leaves
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Fig. 3 Standard curve of total phenylethanol glycosides content in Rehmannia glutinosa leaves
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Table 1  Results of determination of total iridoid glycosides inleaves of Rehmannia glutinosa (% )

e TR
Sample serial number

R ERI

Total iridoid glycoside

GETE TR
Sample serial number

JSEIN g0
Total iridoid- glycoside

GETE TR
Sample serial number

ISEIN T
Total iridoid glycoside

1 4.399 44 3.225 87 2.533
2 3.195 45 5.060 88 2.225
3 5.107 46 5.375 89 1.801
4 5.886 47 3.007 90 1.898
5 5.152 48 4.018 91 3.914
6 5.240 49 4.114 92 4.445
7 6.207 50 4.076 93 4.650
8 6.449 51 3.346 94 4.704
9 6.302 52 4.267 95 3.428
10 6.199 53 4.226 96 3.465
11 6. 840 54 3.858 97 4.097
12 7473 55 5.630 98 3.871
13 4.709 56 5.837 99 4.776
14 4.778 57 3.393 100 4.697
15 4.562 58 4.219 101 5.303
16 4.974 59 3.233 102 5.297
17 3.089 60 3.732 103 6.251
18 2.750 61 3.393 104 5.701
19 5.844 62 3.229 105 3.707
20 5.502 63 3.730 106 3.201
21 4.551 64 3.922 107 4.983
22 4.517 65 4.065 108 4.886
23 4.225 66 4.612 109 5.776
24 4.313 67 4.137 110 5.443
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%245 1( Continued Tab. 1)
e IR RS AT e IR ERS A B G5 A Bk

Sample serial number ~ Total iridoid glycoside  Sample serial number  Total iridoid glycoside ~ Sample serial number  Total iridoid glycoside

25 3.739 68 3.643 111 4.125

26 3.751 69 3.943 112 4.578

27 3.294 70 3.925 113 3.862

28 4.485 71 2.860 114 3.789

29 1.183 72 2.910 115 4.746

30 1.516 73 4.056 116 4,671

31 4.486 74 4.165 117 4.325

32 3.942 75 3.270 118 4.042

33 3.002 76 3.292 119 3.862

34 2.986 77 4.294 120 3.755

35 4.382 78 4.640 121 4.228

36 4.238 79 3.518 122 3.847

37 4.891 80 3.232 123 4.054

38 4.558 81 2.528 124 4.017

39 3.283 82 2.697 125 4.257

40 2.824 83 2.558 126 4.467

41 2.445 84 2.778 127 3.880

42 2.740 85 5.102 128 4.172

43 3.765 86 4.480

R MEMARAERZEFSBMNELSR(%)
Table 2 Results of determination of total ‘phenethyl alcohol glycosides in leaves of Rehmannia glutinosa (% )

GEETE TR

Sample serial number

SR T

e TR

Total iridoid.glycoside ~ Sample serial number

MR R
Total iridoid glycoside

e TR

Sample serial number

MR W
Total iridoid glycoside

1
2

11
12

14
15

5.
5.

& &

w

I

009
375

. 730
2839
. 946
.497
. 695
.763
.303
.268
.257
.212
.674
.561
. 087

44
45
46
47
43
49
50
51
52
53
54
55
56
57
58

5.
3.

291
639

.614
.043
. 966
.380
. 756
.307
.364
. 403
.413
.383
.376
427
. 346

87
88
89
90
91
92
93
94
95
96
97
98
99
100
101

2.
2.
1.

815
851
859

.939

862
694

.637
. 605
.476
.553
.945
.955
. 159
. 165
.204
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2:5% 2 ( Continued Tab. 2)

B A2

Sample serial number

ML B

Total iridoid glycoside

B A2

Sample serial number

16 4.097 59
17 3.122 60
18 3.045 61
19 5.275 62
20 5.291 63
21 3.942 64
22 3.917 65
23 1.940 66
24 1.917 67
25 6.001 68
26 6.197 69
27 3.063 70
28 3.197 71
29 4.875 72
30 4.175 73
31 4.039 74
32 3.943 75
33 1.782 76
34 1.849 71
35 3.464 78
36 3.362 79
37 6.235 80
38 5.994 81
39 4.432 82
40 4.413 83
41 2.443 84
42 2.456 85
43 5.091 86

B L FE g5 ISS ISt
Total iridoid glycoside ~ Sample serial number  Total iridoid glycoside
2.494 102 4.162
2.591 103 7.409
2.717 104 7.197
2.842 105 2.681
5.176 106 2.668
5.147 107 6.089
5.033 108 6.005
5.187 109 3.562
2.832 110 3.527
2.780 i 6.881
3.633 12 6.955
3.540 113 2.406
19420 114 2.409
1. 465 115 3.288
47109 116 3.385
3.801 117 6.880
3.520 118 6.954
3.541 119 4.822
3.399 120 4.787
3.795 121 4.778
3.890 122 4.884
3.999 123 4.926
1.783 124 4.958
1.824 125 2.535
0.985 126 2.593
0.979 127 1.598
4.922 128 1.974

5.127

124 Jy 855 HuImATT I N AORE Al , 2548 Dy BI-1 B T N AORE A, 49-72 Oy S B 2L TR RO AE AL, 73-96 & JLHL TR 76 A T 3 N 9
Hedh, 97-112 g I ZR e B A T N B, 1134128 Oy QH-1 M B 7 A T U N AR A

Note:1-24 is 85-5 Rehmannia glutinosa growing period sample. 2548 is BJ-1 Rehmannia glutinosa growing period sample. 49-72 is Baibian Rehmannia

glutinosa growing period sample. 73-96 is the sample of Jinjiu Rehmannia glutinosa in the growing period. 97-112 is the sample of Shandong Rehmannia

glutinosa in the growing period, and 113-128 is the sample of QH-1 Rehmannia glutinosa in the growing period.
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Table 3 Distribution of total iridoid glycosides in calibration and validation samples of Rehmannia glutinosa leaves

i LEEIE SEIN T V-3
Sample Number of samples Total Iridoid glycoside( % ) Average content( % )
A S 103 1.183-7.173 4.15

Coallie S 25 1.89 8-6.199 4.07

x4 MEMHRREEMBIEEERERZETS LR

Table 4  Distribution of total phenethyl glucoside in calibration and validation samples of Rehmannia glutinosa leaves

i R AL SR LB V-4
Sample Number of samples Total phenylethanoside( % ) Average content( % )
B4R 102 0.985~7.409 3.89
Crallie S 24 0.978 ~5.29 1 3.42

2.4.2 RETRAIE G LG LF

AR AT N Rl T AR
WP O R SR A Y 25 5, S g R G IS L LY
TEAS DL R ARE 3R 1 A8 Ak, 8 17 5 i AR AR 174 T 00 M g
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Table 5 Effect of different spectral pretreatment methods on-quantitative calibration model of total iridoid glycosides in leaves of Reh-

mannia glutinosa

T TIAL 5 R RMSEP RMSEC
ZICHGTREIE MSC 0.951/8 0.303 0 0.3390
FRUEIS—1E SNV 0.957°3 0.265 0 0.3190

— S First derivative 0.972 1 0.095 4 0.259 0
W54k Second derivative 0.964 3 0.156 0 0.292 0
SNV + First derivative 0.966 4 0.130 0 0.284 0
MSC + First deriwative 0.961 7 0.200 0 0.303 0
MSC + Second derivative 0.968 5 0.167 0 0.2750
SNV + Second’ derivative 0.961 4 0.1830 0.304 0
MSC + SD + #:HFH SG 0.968 8 0.184 0 0.273 0
MSCA SD + B 452243 ND. 0.923 9 0.443 0 0.4220

RO ARNIETMAAETENMENF EXZEHFEEREREMRENZIM
Table6  Effect of different spectral pretreatment methods on quantitative calibration model of total phenylethanol glycosides in leaves of

Rehmannia glutinosa

FeE AL R TR R2 RMSEP RMSEC
MSC 0.997 0 0.160 0.116 0

SNV 0.997 7 0.170 0.101 0

MSC + FD 0.998 0 0.211 0.095 3
MSC + SD 0.998 2 0.142 0.089 9
SNV + FD 0.997 5 0.268 0.106 0
MSC + FD +SG 0.998 1 0.258 0.091 4
SNV + FD + ND 0.996 3 0.243 0.1290
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Table 7 Effect of spectral range on the quantitative calibration model of total iridoid glycosides in leaves of Rehmannia glutinosa

eI
Spectral range R? RMSECV
(em™
11 998.9 ~33999.6 3 0.972 1 0,869 4
8 072.12 ~4 034.35 0.930 2 0.676 6
6 615.30 ~4 317.49 0.968 1 0.628 9
11 793.64 ~7 906.57 0.959 0 0.849 7
9 482.59 ~ 5317.40 0.970 3 0.714 8

*8 RiEEEXMHMENFAXZEEESREEB RN

Table 8 Effect of spectral range on the quantitative calibration model of total phenylethanol glycosides in leaves of Rehmannia glutinosa

S
Spectral range R2 RMSECV
(em™
11 998.9 3 ~3 999.63 0.998 2 0.707 2
11239.10~6476.24 0990 4 0.817 9
10 687.7 8 ~8 184.69 0.997 1 0.769 7
10 406.0 1 ~9 272.07 0.998 1 0.655 4
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Fig. 4 Effects of principal factor numbers on RMSECV
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Note: A. Total iridoid glycosides;B. Total phenylethanol glycoside.
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Fig. 5 Correlation and deviation between NIR predicted value and‘reference

values of total iridoid glycosides in leaves of Rehmannia glutinesa
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Note: A. correlation ; B. deviation.
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Fig. 6 Correlation and deviation between NIR predicted value and reference values

of total phenethyl glucoside in leaves of Rehmannia glutinosa
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Note : A. correlation ; B. deviation.
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Table 9 NIR predicted values of 24 validation samples for total iridoid glycosides( % )
FE i MEE T & 2 X i 2% AHXS i 22 p

Sample serial number Measured value Predictive value Absolute deviation Relative deviation

6 5.240 5.243 0.003 0.001

10 6.199 6.188 0.011 -0.002

21 4.551 4.670 0.119 0.026

33 2.986 2.920 -0. 066 -0.022

35 4.238 4.328 0.090 0.021

50 4.076 4.088 0.012 0.003

63 3.730 3.851 0.121 0.032

69 3.943 4.034 0.091 0.023

72 2.832 2.760 0.072 -0.025

74 4.065 4.163 0.098 0.024

76 3.270 3.264 -0. 006 -0.002

78 4.294 4.396 0.102 0.024 0.813

83 2.528 2.524 -0.004 -0.002

89 1.898 1.698 -0.200 0. 105

95 3.465 3.539 0.074 0.021

100 4.697 4.677 -0.020 -0.004

102 5.297 5.331 0.034 0.006

105 3.707 3.1699 -0.008 -0.002

110 5.443 5.510 0.067 0.012

113 3.862 3.881 0.019 0.005

116 4.671 4.754 0.083 0.018

118 4:042 4.052 0.010 0.002

117 47325 4.052 -0.273 -0.063

125 4.257 4.240 -0.017 -0.004

128 4.172 4.042 -0.130 -0.031

£10 25 ) BEZ BT LM A NR FALR (%)
Table 10 NIR predicted values of 24 validation samples for total phenylethanol glycosides (% )
R s I 5E 15 T 2% e 22 AH X i 22 p

Sample serial number Measured value Predictive value Absolute deviation Relative deviation

11 3.257 3.161 -0.096 -0.030 0.207

15 4.087 4.181 0.094 0.023

17 3.122 3.034 -0.088 -0.028

20 5.291 5.246 -0.045 —-0.009

27 3.063 3.139 0.076 0.025

28 3.197 3.139 -0.058 -0.018

31 4.039 3.956 -0.083 -0.020

34 1.849 1.800 -0.049 -0.26
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B A2

Sample serial number

W5 (E
Measured value

e

Predictive value

Absolute deviation

Y X} i 25 AR A 22

Relative deviation

52 3.364 3.300 -0.064 -0.020
53 3.403 3.399 -0.004 -0.001
65 5.033 5.112 0.079 0.016
69 3.633 3.694 0.061 0.017
71 1.420 1.361 -0.059 —-0.042
71 3.999 3.907 -0.092 -0.023
84 0.979 1.014 0.035 0.036
91 4.862 4.802 -0.060 -0.012
94 3.605 3.625 0.020 0.006
100 3.165 3.137 -0.028 -0.009
101 4.204 4.116 -0.088 -0.020
102 4.162 4.116 -0.046 -0.011
105 2.681 2.653 -0.028 -0.010
114 2.409 2.413 0.004 0.002
121 4.778 4.808 0.030 0.006
125 2.535 2.557 0.022 0.009
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