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Rapid Determination of Total Phenylethanoid Glycosides and Total Iridoid Glycosides in Rehmannia
glutinosa by Near Infrared Spectroscopy

GENG Xiaotong', WANG Fengging”, SU Xiuhong', TAO Xiaosai', LI Yajing', LEI Jingwei', XIE Caixia' (1.
School of Pharmacy, Henan University of TCM, Zhengzhou 450046, China; 2. College of Agriculture, Henan
Agricultural University, Zhengzhou 450000, China)

ABSTRACT OBIJECTIVE: To establish a method for rapid determination of total phenylethanoid glycosides and total iridoid
glycosides in the root of Rehmannia glutinosa. METHODS: The contents of total phenylethanoid glycosides and total iridoid
glycosides in medicinal material samples were determined by UV spectrophotometry. Quantitative model of total phenylethanoid
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glycosides and total iridoid glycosides in medicinal samples was established by NIRS-PLS method. The optimal pretreatment spectra
were multivariate scattering correction combined with first derivative method, standard normalization combined with first derivative
method. The optimum spectral ranged from 6 703.35-11 065.54 cm ™' and 3 999.63-9 102.36 cm ™ '. The optimum principal factor
number were 10 and 7. RESULTS: The content determination of total phenylethanoid glycosides and total iridoid glycosides in
medicinal material samples was proved to meet the requirements by methodological experience. The internal cross validation
determination coefficients of total phenylethanoid glycosides and total iridoid glycosides were 0.998 2 and 0.980 9. The correction
of root mean square error was 0.032 7 and 0.186 0. The root mean square error of prediction were 0.035 5 and 0.035 1. The root
mean square error of cross validation were 0.256 9 and 0.574 3. The predicted values of total phenylethanol glycosides and total
iridoid glycosides were 0.268%-1.636% and 3.424%-6.978% , respectively; the determination value of them were 0.299%-1.629 %
and 3.431% -6.952% , respectively; the absolute deviations were — 0.042% -0.067% and — 0.111% -0.088% ,
relative deviations were — 0.819% -0.076% . — 2.257% -1.672% , respectively; There was no statistical significance between
predicted values and measured values (P>0.05). CONCLUSIONS: The method is accurate and simple. The method can be used
for the rapid determination of total phenylethanoid glycosides and total iridoid glycosides in different germplasms of R. glutinosa.
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2 FAEELER

2.1 UVENEREXZEFENESE

2.1.1 PSSR T A A B R RE S R 2
1 g, BT HIEHEIE P, 1 60% H % 50 mL, FRE i &,
AR (TN 220 W3 45K ¢ 100 Hz) 40 # 30 min, it £ %
T, FRRFR 2 S, FH 60 9% FFBEAM AL D% 1) it , #2250
JEak, BUEEIE W 1 mL, BT 10 mL IR, i 609% H e
HRZIBE, B,

2.1.2 XRES AW BB ST XS B 1.21
mg, & T 10 mL 5, i e 28 2 205, RIS

2.1.3 ARMERRFEE FEEEPC2.1.27 TR X IR
7 0.5.0.6.0.7.1.0,1.2. 1.8 mL, 4> 7 & T 5 mL &),
T EERG R I A B2 B S A T R 4 o
0.012 1.0.014 5.0.016 9.0.024 2.0.029 0.0.043 5 mg/mL
FILRPE R R TAEIR I . LL60% I 25 1, T 332 nm
P E OB . LARF I T v (x, mg/mL)
BARBR OEIE () AR FR A TN [BH 15 B e b
HF 1E 5 )7 Tl y=25.94x+0.078 1(r=0.992 5), Z5H3%
B, B AERH ARSI T vk FE LR PRV R4 0.012 1~0.043 5
mg/mL,

2.1.4  JFEEEEEE 2015 AR R [ 2 ) (U )t
PRUEIET i 2e 5% . G5 R M R et (ER
PE 0 R B 1Y RSD ¥4/ F 3.00% , & BHAE RS % %
LSRR ENE R AT . BRI
[P TE A 99.83% ~102.11% ,RSD 4 2.12% (n=6).,
2.1.5 FEMEEINGE B0 N AN ATR 2 mL,
BF @M, F 332 nm PRI 2 W6, SPA
FE 3T R AR IR L,

22 UVENESZRERIEENSE

2.2.1 HHKMER T BRI MR SR 2
1 g, BT HIEHIEHP, N 70% LB 10 mL, FRE &,
AR (220 W3 41K ¢ 100 Hz) 40 #f 45 min, il £ %
IR, FRRFR B iR, FH 70% A I gk i) i i, g,
WS B , ] 70% LT E %5 2 50 mL s, $25), I
2.5 mL, # T 50 mL i+, I 70% L FEE 25 B2, ¥
57, BpAR,

2.2.2 XS AEI S BOREREXT BE AL 5.21 mg, B
TF25 mL B, N 70% 2 BLE R 220, BiS

2.2.3 RMEXRRFLE NHEERC2.2.27 5 X G E
W 1.5.2.0.2.5.3.0.4.0 mL, 435 & F 10 mL &,
0% L FER BT A B2, 3650 A5 Bt vk 2 43 il
0.031 3.,0.041 7.0.052 1.0.062 5.0.083 4 mg/mL A4k
KR THERI . BE2.2.3" W F 25 X I, T 462 nm )%
ORI E RO . DA BT f Vi E (x, mg/mL) A
AETR GRS () AR IES TZ P BT A5 REBE [l A
ol y=10.609x—0.091 8(r=0.995 5), 455K, by
JFA R LR PEVE L 0.031 3~0.083 4 mg/mL.,

2.2.4  JFEESEEEL 2015 AR R [E 2 ) (pu s )t

TEIEE 2019EFE0EFEE

Rl BEZEEIEVNELER(n=3,%)
Tab 1 Results of content determination of total phen-
ylethanoid glycosides(n=3, %)

s BRCEHY #5  BRZER || s BRCER
Sl 0.577 S44 1.625 S87 0.622
S2 0.597 S45 0415 S88 0.623
S$3 0.177 S46 0416 S89 0.746
S4 0.191 S47 1.629 S90 0.747
S5 0318 S48 1.630 891 0.143
S6 0.337 S49 0.225 892 0.144
7 0.350 S50 0.229 S93 1.094
S8 0.351 S5l 0322 894 1.095
S9 1.743 $52 0.308 895 1.019
S10 1.744 $53 0.306 $96 1.018
Si1 0.353 $54 1.602 897 1.558
S12 0.354 855 1.600 598 1.559
S13 0.380 $56 1.603 S99 0.553
S14 0.381 §57 1.025 S100 0.554
S15 0.708 S58 1.026 S101 0.930
S16 0.709 859 0.879 S102 0.931
S17 0.666 S60 0.880 S103 0.779
S18 0.667 S61 1.199 S104 0.778
S19 1.532 S62 1.198 S105 0.894
20 1.533 S63 1.283 S106 0.895
S21 0.488 S64 1.284 S107 0.420
S22 0.489 565 0.460 S108 0421
§23 0.770 S66 0.462 S109 0.721
S24 0.771 S67 1.821 S110 0.722
25 0.665 568 1.820 Si1l 0977
S26 0.665 S69 1.937 S112 0.978
827 0.232 S70 1.938 S113 1.760
S28 0.229 S71 0.746 S114 1.761
29 0.376 S72 0.745 S115 0453
30 0.377 S73 1312 S116 0.454
31 0.322 S74 1.304 S117 0.391
832 0.323 S75 0.299 S118 0.392
$33 0.376 S76 0.298 S119 0.726
$34 0.377 S71 0.300 S120 0.727
S35 0.512 S78 0.303 S121 0.409
36 0.510 S79 0.376 S122 0410
S37 0.430 S80 0.377 S123 1.236
38 0.431 S81 0.450 S124 0.235
39 0.431 82 0451 S125 2332
S40 0.432 S83 0.419 S126 2333
S41 0.650 S84 0418 S127 1.644
S42 0.651 85 0.590 S128 1.645
543 1.624 S86 0.591

PRUESEAT I e 2f 58 . SRR RS Fae B R
PRI I 6 BE A9 RSD 21/ TF 3.00% , 28 B AL A5 % 1
PSRRI E TR . SRR T
TAE 5] i 23 BBl 4 100.21 % ~102.76 % , RSD H7 2.21%
(n=6),

2.2.5 FESREENE  EC2.2.0700 LR 1 mL,
BT 10 mLEH A, 0 1 mol/L AR 2 mL, #2457, T-90 °C
JRVE RN 15 min, JiCE 2 I 0 TN IR 2 B R
0.5 mL,¥£57, F 90 CoK ¥ H RN 25 min, %R #E 15
min, i, T mol/L i AL EN 70 % LT CF &4
AN 70% Z BT R 1 mol/L B )3 mL, $54 , &8
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JEFE Lhe BL70% % 1 mL, #% FiR BT 10 mL &
TR R R 1 h B R A OO, T 462 nm K"
SEME WS ERE P TINE 3 U, THARE L & SR IR 2,
F2 BINGBIEEFSENELER(n=3,%)
Tab 2 Results of content determination of total iri-
doid glycosides(n=3, %)

#ts BIMERER || M5 RUMREEEE | M5 SIMAREET
Sl 3.988 S44 4.545 S87 4.908
S2 2.939 S45 4363 S88 4918
S3 4.756 S46 4.360 S89 5934
S4 4.539 S47 3.908 S90 5.941
S5 4.408 S48 3.904 S91 4.005
S6 4.556 S49 3.726 S92 4.011
S7 7.123 S50 4.559 893 4171
S8 7.120 S51 5.186 S94 4.181
9 6.881 §52 5.610 95 4.431
S10 6.882 53 4.100 $96 4.429
Sl 7.244 $54 4.889 897 5342
S12 7242 55 5733 S98 5355
S13 6.952 56 5731 S99 5220
S14 6.951 57 5318 S100 5217
S15 7701 S8 5321 S101 4.513
S16 7702 $59 5311 S102 4.508
S17 5.032 S60 5312 S103 6.024
S18 5.031 S61 4.745 S104 6.019
S19 5.963 562 4.747 S105 5273
20 5.962 563 4.566 S106 5.269
S21 5.899 S64 4.568 107 4.899
S22 5.898 S65 4.39 S108 4.896
S23 6.593 S66 4.399 S109 4.673
S24 6.592 S67 5.266 S110 4.669
25 5447 S68 5.263 Sl 5754
S26 4.840 S69 5.780 S112 5.759
27 4.889 S70 5.780 S113 5.924
S28 4.915 ST1 5774 S114 592
29 5452 S72 5.779 S115 5719
30 6.040 S73 3.279 S116 517
31 4.963 S74 2738 S117 5.075
$32 4.960 S75 7.123 S118 5072
33 4.857 S76 5.568 S119 6.124
S34 4.852 ST71 5.829 S120 6.127
S35 4.534 S78 4.49%4 S121 5.447
36 4.530 S79 5.022 S122 5450
37 4.889 S80 5.017 S123 5.055
38 4.883 S81 4.590 S124 5.057
$39 4.231 S82 4.588 S125 6.572
S40 4228 S83 4254 S126 6.569
S41 5.139 S84 4257 S127 6.140
S42 5.134 85 3420 S128 6.137
S43 4.549 S86 3431

2.3 NIREERBAE L 5WIE

2.3.1 NIRJEREMIRAE 43128 HEZG B il Ry AR 3
P TREAR , BT NIRA T, SR R BRiE [ ik
Kb o RS RN 8 om ™, FHHIE R 12 000~
4000 em ™", FHHERECH 64 Wk, BHHE 2L R AE 35K
T, 128 HZGMREE LT A I AR SN LI 1.

2.3.2 MIFSEMBUEER S ER MiER1 . £24
ARG R BT B IR Tk s 1 7 R e 2 R
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WAL, om ™

E1 128 HtZMEERIELINEIERIEE M E
Fig 1 NIR primordial spectral superposition of 128
batches of medicinal samples
MEACIE AR S IR AEAE Al LU 5] 4 ¢ 1 B0 UE AR A il Y 5 3
PRI LE AR i 5 YT P DA A B ) 20 31l 1436 99 4t L 26
HELGPIRE AR SR OB BB E AR RN IESE (S2.ST7
S22 2y b4 R il DR i 26 55 R W ANTT) 5 23Sl 1B 100 41
27 HE 25 B4 R il A iy JE TR A4 T TR Y 0 L AR AN TR AR
(S99 25 BB Al N 22 R Z AT, A5 L 3 R 4
#3 BRZEERESEMBIEISEES=TEE
Tab 3 Content range of total phenylethanoid glyco-
sides in calibration set and validation set

B s SR, % TSR, %
BIEE 99 SI.S3~S6.S9~SII,SI3~S21,$23,825~ 0.143~2333 0822
$30, $32~534. S36~543, $46, S48~S61,
$63~870, $72~S74, S76, S18~S79, S8I,
$83~589., $91~592., $94~895., $97~S101,
$104~5107,5109,S111,5113~S115,S117~

S118.5120~S121,5124~S5128
8,512,824, 31,835, S44~545, $47, 562, 0.299~1.629 0.726

ST1., S75, S77. S80. S82, S90, S93. $96.
§102~8103, 108, S110, S112, S116. 119,
S122~8§123

R4 BIAGREEREENRBIFESETEE

Tab 4 Content range of total iridoid glycosides in cali-

TEE 26

bration set and validation set

B M #S Sl % FHEE, %
FEESE 100 SI~89,SI1~S12, S14~833,$35~836, 938~ 2.738~7.702 5518
§39, S1~$43, 45~ 55, S57, $59~563,
$66~567,569~579,S81~ $85 587, 590~
$91,93~594,596~597,5100~ S101.5103,
$105. 5107, S109~S111. 113, S116~ $125,
s127

S10,S13,534,837,540, 544,56, 58, S04~ 3.431~6.952 5242
$65.568.,580,586,588~589,592,595.,598.,

$102, 5104, S106, S108. S112, S114~S115,

S126 5128

2.3.3  JGIEWALEE IRk SRR R E A E
N B 25 A FE i T BRI R R e A 2 5, 25 R
T SE 2 AL AR AR b, 1 1 52 Wi A5 7R (1 5 00
RE , PRI M A 5 0 PR R LR VAL R R R I 2 ), SR
FH NIR (UL A% TR G i A T AR B &5 FH 1) 73
Kb FE A R A 6% (Constant) . — [ S 5kE (FD) . £
JUHU R IE TR (MSC) B $: 803 (SD) (bR I — bk
(SNV) i gD 280 (SG) \HA%E2EE(ND) .

PIAG IE 4 A8 IR AIEAH 56 R 8 (RY) A IEH 5
2% (RMSEC) i 34 5 MR 22 (RMSEP) A 845 , ¥FA

WiEE 27
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FRETR A v mf P 38 A TR 5 3R 6, RABEIT 1, %
71 TR 55 90 2 {1 85422 35 ; RMSEC . RMSEP # /)y, 671
LT T R SRl 3 P MR PAR RS AT ZL A

LA 2 K3,
R56 AERIEFAEFEN DX ZETESHEMLE
A

Tab 5 Effects of different
methods on quantitative model performance

spectral pretreatment

of total phenylethanoid glycosides

LA R RMSEC RMSEP
Constant 09776 0.116 0 0.180 0
Constant+FD 0.997 6 0.038 1 0.0418
MSC 0.9750 0.1110 0.162 0
MSC+FD 0.998 2 0.0327 0.0355
MSC+SD 0.996 1 0.048 5 0.064 9
SNV+FD 0.998 2 0.1120 0.037 6
SNV+SD 0.996 4 0.046 8 0.064 6
F6 ARFNIETLIEFEX BINGERIE T ESRE
BERY M

Tab 6 Effects of different spectral pretreatment me-
thods on quantitative model performance of
total iridoid glycosides

ENEYSWA S 7 R NSRS SR SR Vi iR iPS
AR AR S, DA ST e (I ) SR AR, 36 A ] 5 35 el
PR R PEREEA T 5, TE LR T 3K 8.

0.006 4
0.004 4

0.002

0

my —0.002
—0.004 4
—0.006 4
—0.008 4
—0.010 1
—0.012 4
—0.014 1

S

L3

11000 10000 9000 8000 7000 6000 5000 4000
WA, om ™!

B3 SINGEEE AR ERILLINEEE
Fig 3 NIR spectra of pretreated total iridoid glyco-
sides
RT AEEEEEX BE ZEEHEESEE RN
Tab 7 Effects of different spectral ranges on the quan-
titative model performance of total phenyletha-

noid glycosides

G, om™ R RMSEC RMSEP
Bk Ly RMSEC RMSEP 5 003.00~10 998.90 09974 0.0422 0.1010
Constant 0.968 6 0.2380 02130 5402.63~10 99893 0.9971 00432 01220
MSC 0.8840 0.4470 04610 670335~ 11 065.54 0.998 2 00327 0.035 5
SNV 09726 02220 0.1850 7899.00~10429.15 0.9947 0.1581 0.0800
Constant+FD 0.9804 0.1880 0.0587 9376.21~10 28003 0.960 1 02046 0.2060
Constant+SD 09778 0.2000 0.1050 e Tt oA e e e B
SNV4ED 0.980 9 0.186 0 00351 F8 AENEEER BINGEEE E =R AR
MSC+ED 0.980 5 0.1880 0.0535 Tab 8 Effects of different spectral ranges on the quan-
MSCHSD 09804 01890 0.0493 titative model performance of total iridoid gly-
SNVHSD 0.9804 0.1830 0.0482 )
SNV+ED+SG 0.980 1 0.1900 0.068 0 cosides
SNV+FD+ND 0965 8 02480 02360 R, cm™ I§ RMSEC RMSEP
00005 3999.63~11998.93 09721 0.1870 0.0474
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Fig 2 NIR spectra of pretreated total phenylethanoid
glycosides
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Tab 9 Results of quantitative model validation of to-
tal phenylethanoid glycoside (%)

e Wil s Tl W
S8 0.351 0.364 0.013 0.037
S12 0.354 0.325 —0.029 —0.819
$24 0.771 0.769 —0.002 —0.003
S31 0.322 0.289 —0.033 —0.103
S35 0.512 0.470 —0.042 —0.082
Sd4 1.625 1.593 —0.032 —0.019
S45 0415 0.408 —0.007 —=0.017
S47 1.629 1.636 0.007 0.004
S62 1.198 1.192 —0.006 —0.005
S71 0.746 0.726 —0.020 —0.027
S75 0.299 0.268 —0.031 —0.103
S77 0.300 0.304 0.004 0.013
S80 0.377 0.377 0 0

S82 0451 0.477 —0.004 —0.009
$90 0.747 0.782 0.035 0.047
S93 1.094 1.110 0.016 0.015
S96 1.018 0.988 —0.030 —0.030
S102 0.931 0.930 —0.001 —0.001
S103 0.779 0.778 —0.001 —0.001
S108 0421 0.453 0.032 0.076
S110 0.722 0.719 —0.003 —0.004
S112 0.978 0.970 —0.008 —0.008
S116 0454 0.438 —0.016 —0.035
S119 0.726 0.781 0.055 0.076
S122 0410 0416 0.006 0.015
S123 1.236 1.303 0.067 0.054

2 9.3 10 0] 201, NIR Fif AR T A4 2 B

LR B A S A R S UV SR A 8 2 ST, 4
Xof e 22 S AR R 22 2955 /1N 5 48 SPSS 19.0 e 14K A4 B Xt ¢
K6 56 ?ﬁﬂﬂ' {500 5 E e 22 R LS 2208 (P>
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Tab 10 Results of quantitative model validation of to-
tal iridoid glycosides( %)

s e e Yot R 2
S10 6.882 6.930 0.048 0.697
S13 6.952 6.978 0.026 0.374
$34 4.852 4.879 0.027 0.556
37 4.889 4916 0.027 0.552
S40 4228 4.193 —0.035 —0.828
S44 4.545 4.582 0.037 0.814
$56 5.731 5.702 —0.029 —0.506
S8 5321 5247 —0.074 —1.391
S64 4.568 4.602 0.034 0.744
565 4.396 4.452 0.056 1.274
568 5.263 5351 0.088 1.672
S80 5017 4.966 —0.051 =1.017
S86 3431 3424 —0.007 —0.204
S88 4918 4.807 —0.111 —2257
S89 5.934 5.894 —0.040 —0.674
S92 4.011 4.027 0.016 0.399
95 4431 4.386 —0.045 —1.016
S98 5.355 5.349 —0.006 =0.112
102 4.508 4473 —0.035 —0.776
S104 6.019 6.036 0.017 0.282
S106 5.269 5281 0.012 0.228
S108 4.896 4.884 —0.012 —0.245
S112 5.759 5.756 —0.003 —0.052
Si14 5922 5875 —0.047 —0.794
S115 5719 5.653 —0.066 — 1154
S126 6.569 6.525 —0.044 —0.670
S128 6.137 6.058 —0.079 —1.287
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