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Spectroscopy and Spectral Analysis

12 3 E LSRR 5 RU LD SN S 1R TR IE 53 4

BB, AR, X x, 0 E, KER . EMAEREN, A OB, DERF

1. % AL AL T B A PRI 010021
2. WHEKEALAER . L3 100084

B OE BRI AR G BT A SE A B SL R 2T AP G X o 4 AR 2 M B 3R AR
SR Y HEAT R GE B AR M0 O o DA R ROTRA T o AR A R A TEAE R AR R o (R L AL M S B AE N
SHRAE . DA EL AR SR 2T AN B AR AR LT AN S 1 1B AR AR b AR A2 T R O I R AR A S
2L A0 T B B S 16, F R A A 43 R T AR Y . DS R HG ) B AR R AR SR AR IR IR L e E
i R LA SR IRAT 36 0 A AL 25 M BRI . R R AT e 3 ok T 3 e I 4 T A 4R TR Y 28
BRI IR S & I LA FL AR e 2T AP G RS AN LK O 58 8 A R T R I A A5 R R B 4T AN G RE 1R L 43 )
HEHL 29 MRIUYAE SAE IR . HANKIESE, RA TQ Analyst EZ Edition 3R 47 28T, DLAE LK TE
AR F B (R A28 UG HIE 32 22 24 75 AR (RMSEC) Sy 48 b5 e BEOG 35 BUAL B 77 1k« o 5 40 0 Ty i F R e B . T
T35 22 349 07 M (RMSEP) 25 A% 450 0 1 30 28 SR o 308 3 077 32 75 310 000 A 190 506 338 3904k 3 07 32 A o o T 25 43 A A% 1
(SNV) R Z [y 80 (13 S0 o 8 WL 7 1 D i/ — 3 (PLS) Jy 5, 25 B0 3 R AL 360 1 1 fa 6 ik B 4 31
H 2 050~650 Fl 1 900~650 cm™', DL PLS ik #4 # (1 25 55 A1 4L I 3 85 10 14 A1 56 R 8043 510 0.919 8 I
0.970 8. H 0 T ) 25 5 Py M ) A 22 43 B AE — 2. 0% ~3. 2% il — 3. 4% ~4. 7% Z Al . % F 40 /b3t 5 AR &
I T BOUL S AR SRR L s i AT A0 AT . W IR B JC TS Y SR A A, R L0 A S Ik T ) A 2 4
T B 8 b A3 AT DR W . R ORI AT v 2 JB s o AR AL TR S R A e
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4 % 4 SEAE (Trollius ledebouri Reichb) & B K Bl 4 ¥ AE
Ry, EESAGTRERIEIL R NS RILE X, L1k
A2y, BAWERME. WM, WHMR, FEHTHRITS
B R ARL . AP E R, SR EEREE . B
WP RY, FM LR G HUE . PR BUR . PUEL N
PES L SRR R AR A B ()2 MR, F
BH, RZRE. BEMFEZFFERSTY . BHEXHZZ M
B AR E I B 5Y 22 0 DL R0 AR €435 75 Chigh performance
liquid chromatography, HPLC) Il & H 48 F5 i 4y, WnF B,
FEIRHE ST o AR A B R  E  T AA  4
BrEeR , SR B B 438 J7 vk 1 s o B I ik 1 1 9%

s B 2018-09-28, f&ITHHER: 2019-01-06

BB, P R A (e, 25 AT, M B R
FHAZ R 8 P 43 BT IS8 R B B TR M I A RE e AL,
W, R AP AR VAT R T 2 SR L) AT R
R G 53 BT K& — %51 .

ZLAP G T A8 R [ Y 3R AR [R] 43 7 R A 1 06 1% 1R
B BRI LA G £ 02 X B — RS B AT B4 23 9 AT M A
FER AT MR LD X B 2 R A R R
T FE i, A SAFIH A B G Bt
HER-TTHER, BN A, i 588
W TFENUR T BT B B AU R U R A T B R
AEHCHE » I 30 A i A 00 2 A0 e R E b M i IO S ) R
M tE, S, BA . Sl EET . HeAh, Rt A e
H#h 6% (Fourier transform infrared spectroscopy. FTIR) 4% A&
B8 SURF R . BORE S/ R VR AT Dl L X PR R

=

ELWA: X ARE %L H (81760710), MW HRRH#IE LI H (2016MS08121) . P52 A i X & & 48 BF 2= H R BF 5235 H
(NJZZ13015) F N 52l K22 8 2K A A 51 #EBHIE S 25 H (220100108) ¥F B)
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ToT5 R SE R L. RG . BUARLLAN G o BT R &5 G AL 20t &
U5 BB Ay | AR AT R IR R I AL L A B T R AL
HE. R, AR TB . BRETZEARTE M. PR,
PRI R ERFEERERNBRPCA T K E
e,

LK F 3 9 4 I 5) Chorizontal attenuated total reflec-
tion, HATR) B4 0 328 5 8 4 5% A6 AN 7] 52 O 8 o 9 20 50O
TP, i Bl IO AR (% 7 N0 1A A R O 20 B T AL
i, I GE G AT i A T TR R R s 2 A 1Y 21 5T A 5
R, DL T ) T LA 3 i X% 2 4 1 48 B B4 AT B
e P TR T

ISRy

L1 K7 5NE

4 SEAE (Trollius ledebouri Reichb) 25 # Wy T 2= M 7
B ZRR)T GF b KAL) . A hEE(bp. 30~60 C). G
KT, 95% B, WEE, BEIR, W9 @ R ET LTS 40 1k 2
m P RABRA T, B o B s Gk . RE T XU L
AR AR A A . 4Kk d Milli-Q Direct 8 # 4K & 48 )™
Ao ZERAFCLL 97. 9% 3 L AEIRIHE (L 94, 96 ) bR ifE SR, R
[ i 24 i R E BT T B

Nicolet 6700 fif B A5 #6221 486 i 4% (35 |& Thermo Fish-
er); U-3000 /& s AR €638 (X (36 E 3 %) s RE-52 e % &
AR 2% 5 SHB- I 36 /K 3 3 %8 48 (P LT 48) 5 DZF-
6090 H.25 T M4 ( i —1H) ; Milli-Q Direct 8 #4li /K #8 (3£
Millipore) ; PTHW #43 i By #4 (JL X F4) 5 VFD-1000
AR T AL AL U B B s SK6210LHC BUL I #4248 75 I
WHYEAR (LR .

1.2 AHiE
1.2.1 #H&%H %

AR 4 AL T R, AR I RRIBUE I, R E R R
$ o I [l AR S A B 3 R R T 20, A1 M (b p. 30~
60 CHBEME IS » MW 4r M 100% ., 95%, 90%, ==, 20%.,
10 %6 Rk A0 25 B F /KR I, 45 3 IR, $RIBURAT I8 . W vk
ARV IR TR B 36 DI .

1.2.2 HPLC & E3EF A gt 4 F

{3 #: . Agilent Technologies ZORBAX SB-C18 4.6 X
250 mm, 5 pm; FEhAH . HEE—O0. IO BEBRISIRBR BEVERG . O
min f B EE—0. 1% MR IAE 10 ¢+ 90, 17 min B I L —0. 1%
BRI 35 ¢ 65, 40min I FHEE —0. 1 %0 B BR 80 = 205 ik
1.0 mL « min~'; P K 340 nm; #EJE N 35°C; #EAEE 10
uL.

FH 60 0 B TR il — 2R 200 W WA VR AR VA VR, 2T BT AR ME
VWV VR B 43 9 R 150.0, 75.0, 37.5, 18.8 fil 9.4 pg »
mL b IR AR A K e B 439 R 170,05, 85.0, 42.5,
21.2 F110. 6 pug - mL™"5 JH 60 % HY [ fC il J6 % 42 74 46 4% 2
B %R (0.1 mg » mL "), L BRSS9 0. 45 pm B HL
FUB M v S R
1.2.3 s kb k%

Nicolet 6700 f# HL it A% 46 21 40 56 3% 13U LA K SF- 22 38 4 )R
5} Chorizontal attenuated total reflectance, HATR) [ff 1, &
WL 4 000~650 cm™ 'y DTGS #l4%, R 4 em™ ', H
EREL 64 K, OPDEER 0.2 em '« s ' GBS SCHS FIBR
K CO, TS
1.2.4 @ikt r ks E R
1.2.4.1 K®ERXLK

W) — A S . T HLATR B £ 3% 2 5 . SR
OMNIC 8. 2. 388 % vfv 33 J&] 57+ A6 0 2 B L 4% 5 K 204156
TP, T P A AR & 2R B0 3k 0,995 6, 0.998 2, 0.998 6,
0.998 1, 1.000 0, RSD=0.16%,
1.2. 4.2 BEEMHIRXEK

) — A s 23R 5 vk, A HATR B 5E o >R
OMNIC 8. 2. 388 % v 33 J&] 57+ A6 0 2 B HL 4% 5 K 204158
T, BE R oG & sy B 1,000 0, 0.996 0, 0.997 0,
0.998 4, 0.998 4, RSD=0.15%,
L.2.5 HEEE

SR FALAR A7 TQ Analyst EZ Edition 8 {4 47 #4855, R
it HPLC 5 4 43 Br 20 B 8 FAL IR E A 45 21, 40 e B 7 A48
WYIRE Ve AR, HAR BRI PIAC R IEH ¢ R B
(R*) 128 LI IF % 22 3 J5 MR (root mean square error of cross-
validation, RMSEC) 248 b5 Fb#AS 8] 5 1% 191 4 3 7 1k FiAS ]
U B RE B IR A B2 A X A R A Y 00 55 2R D ) 2R 2
1175 2 (root mean square error of prediction, RMSEP) % #; ,

2 #ZRHHE

2.1 ERSEXARRIYNEIETMHATEE

H 20 5 ARV R s o A VA P R O A € 1% AL 43 T
3 UK. ZAAES B A PO TS 6 5 0 B3 T AR I 4 1E
VLW TAT FR A A8 A A, Wk BE A 0 Al B 2 T A A il £k 5 R 4
. dEIIFEE . v=0.100 72+0.009 6, R*=0.999 4; ZFELF,
y=0.200 12—0.32, R*=0.999 7,

V5 55 2 A 2% PR I SR P AH IR) € 3% 2% R 0 A7 0 3K )
B S 20 AT R A, WA 1,
2.2 EESWHEMWLET ENIEE

TSRV W) 0 5 & 0 M 5 ¥R . WA LR A A (simple
Beer’s law) . ffi &z /N .3 3% (partial least squares, PLS) fil 3
J&43 91 )3 35 (principal component regression, PCR); 4R 5 ik
FEA A 1R D61 WAL $T7  «  H0AL B (derivative) . £ TEELU
% 1E (multiplicative scatter correction, MSC) Fl#x ¥ IF 2575 &
# IE (standard normal distribution verification, SNV), i &
7 B AN [R) 1) A 0 A O i OGS WAL 3R Oy s, AR B TR
A 0 25 B E RS A AT A IE AR RS, SR PLS Jr ik
REAY, FRUEIEZ 4340 SNV BIE FI Z B 350 (13 8073 Bl kb
i,
2.3 RERHERE

PLS J7 i 7T DLk 4 8 By Bl 7 o = 2 A IX ), IR ]
VLSS AR 03 BV o R A BT IX ) . 3 45 e 2 i Be
0 AT DL AR AR S E R, HRIT & RE AL,
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Table 1 Contents of orientin and vitexin in the different extracts of Trollius ledebouri
S AREHFHERE/(mgg D) HHE S/ (g gD
ERE R P B IR 8 7 4l 1 R R P B 7 7 Al D)

LB TFK 59. 38 87.92 70. 58 18. 87 26. 20 21.75

10 %% F -7k 68. 38 63.73 81.67 23.05 22.03 27. 41

20 %6 I -k 72.63 65. 83 68.78 19. 25 24. 26 23.79

30 %% F - 7K 71. 98 73.38 61.78 20. 73 25.63 24. 63

40 %% H -7k 71.03 72.03 81.77 22.77 22. 68 21. 84

50 % -7k 73.58 66. 48 86. 37 22.03 22.03 27.32

60 %6 I -7k 70.18 83. 52 72.98 23. 88 27. 04 22.77

70 %% F - 7K 71. 23 72.33 77.52 23. 24 21. 94 24. 44

80 Y0 F -7k 84. 92 98.01 58.53 26. 67 26. 95 23.70

90 % -7k 84. 42 85.17 68. 68 24.07 26.11 20. 73

95 % F - 7K 88. 02 75.78 78.72 25. 28 26.58 23. 24

100 % i -7k 97.11 110. 91 99.91 26. 95 33.90 27.97
SRS MAAE T s 3k HOGH 4 Dk Bt BN B AL & 2 BB 0 R L 1 R 2 N7 T 2 T R IR B X A T A AT IO, 2

B (B i B WA 32 M TR R TR BN . BT DL, FEESE
FE i AR Y I S O S U R e AR R BB . R 2 AR 3
I3 590 O 22 RO AL B 5 BOR SNV AL B A i 16 TR
TR i B B A SR SR . TT L

[ T SO

EE

5 B Al SNV i

Ak B85k W fme A P B 2 050~ 650 em ' HEIFIH B 54K

SNV Fi4b #7711 e AR B R 1 900~650 em ',

g 4 ML 5 FiR,
—2.0%~3. 2% 2 [A], b 3R] AR Y T 45 SR G A X O 22 72
—3. 4% ~4. 7% Z ],

2E R R B TIN5 5 A AR X i 22 7R

R2 FAREREEAMNEEHFEEERNZM

Table 2

Influence of IR spectra wavelength

ranges on the model of orientin

BB/ em ! R? RMSEC RMSEP
4 000~650 0.919 9 3.71 1.81
3 720~650 0.920 1 3.71 1.81
2 000~1000 0.606 8 7.53 6.75
2 000~650 0.918 2 3.75 1.65
2 100~650 0.918 1 3.75 7.93
2 050~650 0.9517 2.91 1.65

®3 FREREEHATERERNYZM

Table 3

Influence of IR spectra wavelength

ranges on the model of vitexin

WBIEE/em ! R? RMSEC RMSEP
4 000~650 0.856 9 2.53 1.91
3 720~650 0.941 2 1. 66 1.04
2 000~1 000 0.895 1 2.19 1. 44
2 000~650 0.973 0 1.13 0. 691
1 900~650 0.973 0 1.13 0. 683
2 050~650 0.973 0 1.13 0. 688

2.4 RESBHES

WAERT R LA 728, DL PLS Jy gty TRIRI, 27 81 A%
ERREE R % 0.919 8, RMSEC Sy 3. 75, Tl i% 2% ¥ AR
RMSEP Jy 1. 65; 413 F & IERLE Y R 2 0. 970 8, RMSEC

x4 AEHFHEIWTAMNER
Table 4 Prediction results for the model of orientin

o A HPLC iﬂﬂ%{ﬁ 2U|~fﬂ1‘iﬂﬂifé ?FF{AXMﬁ
/(mg g 1) /(mgeg ) 2%/%

B R-RE T KRB 59. 38 58. 44 —1.6
T 90 20 H R HL ) 68. 68 68. 06 —0.9

H k30 0 HY RS LA 71. 98 72. 86 1.2
R 50 %0 HEE SR IR 73.58 73. 45 —0.2

[l 60 Y0 F B L) 83.52 86. 18 3.2

R 95 %0 BRI IR 88.02 89. 27 1.4
FEA 100 % I ELE ELY) 99. 91 97. 90 —2.0

RS HAFEEMTNER

Table 5 Prediction results for the model of vitexin

LRl HPLC ? B 2k ﬂi‘w!ﬂi AR i
/(mge+g 1) /(mgeg ) %/%

R 20 %0 B AR IR 19. 25 20. 15 4.7

B 50 % W B IR B 22.03 22.38 1.6
R 10 % H B IR B 23.05 22. 85 —0.87

H ik 90 V0 Y EE SR B 24.07 24. 44 1.6
8] 7 90 26 F BE4R L) 26. 11 25. 22 —3.4
375 60 % B4 B 4y 27. 04 26. 95 —0.33
B 100 % H EEARELY) 27.97 27.16 —2.9

AN

25 B

1,18, TR 22 5 55 RMSEP ) 0. 704,

HENL T — T R EL AP T SR B o 24 44 8 bR o0 9 7
% AR BB RT LA T <5 2t A8 25 A4 3R U (K 2041
TS AR RIS Z A AFFEARBF WA G . RP>0. 915 H BRI

25 SR (AR R 2 A £ 500 Z N . £ AN B R B 4 Sk
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PR BORERE/D  BRAE TR GE L T e W BRI RIS g, R M REN—FARG B 2 B R e T B BB S b
HER SR o AR SCH TR E R 2B P B P RN R AR AN HE 25, B E R IR R AL O AT T AR A L L A K
777 B . TR AR BOR A S RO i e dh L, %07 85 T X R Mg T B, WL IS E . P BT AR

R A L B AR AR 8 25 0 2 R A R AT B0 AT
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Rapid Analysis of the Quality Control Components of Trollius ledebouri
by Infrared Spectroscopy

GENG Shu-qin' , FAN Zhao-sheng?, LIU Hao', ZENG Sheng', ZHANG Yan-ling'* , DONG Alideertu' , ZHOU Qun®,
SUN Su-gin®

1. College of Chemistry and Chemical Engineering, Inner Mongolia University, Huhhot 010021, China

2. Department of Chemistry, Tsinghua University, Beijing 100084, China

Abstract Combined with chemometrics methods, rapid quantitative analysis of the quality control components of Trollius lede-
bouri was developed by modern infrared spectroscopy. The reference data of the representative components, orientin and vitexin,
were obtained by HPLC method, and the infrared spectra were obtained by Fourier transform infrared spectroscopy. On this ba-
sis. the index components were correlated with the infrared spectra data by chemometrics methods, and the fast prediction mod-
els of the index components were established. Thirty-six extracts of Trollius ledebouri were obtained by room temperature ex-
traction, heating reflux and ultrasound-assisted extraction with different ratios of methanol-water as solvent. The contents of
orientin and vitexin in the extracts of Trollius ledebouri were determined by HPLC method, and the infrared spectra of the sam-
ples were measured by Fourier transform infrared spectroscopy (FTIR) aided by horizontal attenuated total reflectance (HATR)
accessory. TQ Analyst EZ Edition software was used to establish the models, in which 29 extract samples were as test set and
the rest as calibration set. Cross validation correlation coefficient (R*) and cross validation error mean square root (RMSEC)
were used as indexes to select spectral pretreatment method, quantitative analysis method and modeling wave range, and root
mean square error of prediction (RMSEP) was used to evaluate the prediction effect of the model. The optimized spectral pre-

treatment methods were standard normal distribution verification (SNV) correction and second derivative (13-point smoothing)
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of standard normal distribution. The quantitative analysis method was PLS. And the optimal wave range of orientin and vitexin
were 2 050~650 and 1 900~650 cm ™', respectively. The correlation coefficients of orientin and vitexin models constructed by
PLS method were 0. 919 8 and 0. 970 8, respectively. The relative deviations of the predicted results were —2. 0% ~3. 2% and
—3.4% ~4.7%, respectively. Since the possessing has unique advantages, such as rapid measurement, fingerprint characteris-
tics, qualitative and quantitative analysis, being environment friendly, the infrared spectroscopy can be used to indicate the rep-
resentative ingredients of Chinese herbal extracts quickly, accurately, environment friendly and efficiently, thus providing a new

idea and a feasible solution for the quality control of traditional Chinese herbal medicines.
Keywords Infrared spectroscopy; Fast analysis; Trollius ledebouri Reichb; Orientin; Vitexin
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