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Rapid determination of paeoniflorin and albiflorin in red peony root by
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Abstract: Objective To develop a method for the measurement of the content of paeoniflorin and albiflorin in red peony root (the roots of
Paeonia lactiflora, RPR) by near-infrared spectroscopy (NIR) for quality rapid assessment. Methods A total of 65 RPR samples were collected
from Sichuan, Zhejiang and Anhui of China, and then quantified the content of paeoniflorin and albiflorin by NIR and ultra-high performance
liquid chromatography (UPLC). Fifty-three samples were chosen as the calibration set, while the remaining 12 samples were assigned to external
validation set. The calibration model of paeoniflorin and albiflorin was further developed by modified partial least squares (MPLS) using UPLC
data as reference based on optimized spectral regions, pre-treament of spetrum and the number of principal divisors. The content of paeoniflorin
and albiflorin in unknown samples (validation model) was predicted according to the validation set of NIR. Results The standard errors of
prediction (SEP) for the contents between the predicted value of NIR method and the estimated value of UPLC method were 1.437 2% for
paeoniflorin and 0.784 3% for albiflorin, and their correlation coefficient (R) were 0.990 2 for paeoniflorin) and 0.994 4 for albiflorin in 53
calibration set samples. Moreover, the SEP and R of that in 12 validation set samples were 0.714 5%, 0.988 0% for paeoniflorin, and 0.632 4,
0.994 6 for albiflorin, respectively. The sum of paeoniflorin and albiflorin in RPR cultivated in Sichuan, Anhui, and Zhejiang province in China
were 5.49%, 5.33%, and 4.81%, respectively. Conclusion NIR can quantify the amounts of paeoniflorin and albiflorin quickly and
simultaneously in RPR for quality rapid assessment. The quality of RPR cultivated in Sichuan, Anhui, and Zhejiang is similar based on the sum of
these two bioactive compounds without significant differences.
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Table 1 Source of Paeonia lactiflora root

FEimdn S FE = H SRR 1] i g5 FE 77 SRS ]
1 PN REZE S 2014-09 34 WL AE B BT R 2015-11
2 B R EHT 2 2014-09 35 WA B2z ELTR 8 2015-11
3 PIEEEFMW S 2015-11 36 WA B2z ELTR 8 2015-11
4 WINEREEEMNS 2015-11 37 WL RIS B 2014-12
5 WINEREEEMNS 2015-11 38 WL R S B 2014-12
6 PIEEEFMW S 2015-11 39 WL R S B8 2014-12
7 PNEHET A2 2014-11 40 WL R S B 2014-12
8 WiEHLEEMs 2015-01 41 WL R S B 2014-12
9 JNERTEEM 2 2015-01 42 WL R S B 2015-11
10 JNERTEEM 2 2015-01 43 WL R S B8 2015-11
1 WiEHLrEaMe 2015-01 44 WL RIS B 2015-11
12 WiEHLEEMs 2015-01 45 ZRAE R E T 2014-11
13 PO 1148 rp L B4R R 2015-01 46 GRE KB H & 2014-12
14 Y1148 T B RV 2015-01 47 GRAB KB H 2 2014-12
15 Y1148 T B RV 2015-01 48 GBI X K 2014-12
16 VU114 rp T B R 2015-01 49 GREERIX 4 )\ BLA 2014-12
17 VU 1148 rp T B R 2015-01 50 GREERIX 4 )\ BLAA 2014-12
18 Y1148 T B RV 2015-01 51 GREER X 4 )\ B 2014-12
19 Y1148 T B RV 2015-01 52 LREER X 4 )\ B 2015-11
20 VU114 rp i B4 R 2015-01 53 GREERIX 4 )\ BLA 2015-11
21 Y1148 T B RV 2015-01 54 RE R IX )\ B 2015-11
22 Y1148 T B RV 2015-01 55 GRE R IX )\ B 2015-11
23 VU 1148 rp T B R 2015-01 56 GRS L 2015-11
24 WiTAg B2 Bz U 2014-12 57 GRS L 2015-11
25 WL A B 22 B2 4 2014-12 58 LR I PE BB 2014-12
26 WL B2 BRES 2014-12 59 GRE RIAE ST 2014-12
27 Wi Ag 22 BopE B 2014-12 60 GRE RIAE ST 2015-11
28 WL B2 BT R 2014-12 61 LR IRIEE ST 2015-11
29 WL B2 LR 4 2015-11 62 R IRIEE ST 2015-11
30 WriTAg 122 BLopE B 2015-11 63 R IRE B ST 2015-11
31 Wi Ag 122 B R B 2015-11 64 R IR E B ST 2015-11
32 WA B2 LR 4 2015-11 65 R IRIEE ST 2015-11
33 WL Ag B2 BopE B 2015-11
1.007 65 A 2
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Fig. 1 NIR spectra of 65 P. lactiflorat samples
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Fig. 2 UPLC Chromatograms of reference substance (A)
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R 2 53 MKESEMMS NIR NS UPLC U E /Y ELER
Table 2 Comparison on NIR predicted value and HPLC quantified value for calibration set samples

e AT E % A 25 N TR /%
NIR il 5E 1] UPLC J5E1H A5 w2 NIR il 5E1H UPLC J5E1H A5 2=

1 4.34 4.34 0.00 1.47 1.33 0.14

2 3.65 3.63 0.03 0.63 0.67 —-0.04

4 3.64 3.86 -0.22 1.22 1.12 0.10

5 3.70 3.60 0.09 1.19 1.13 0.06

7 3.72 3.79 -0.08 0.73 0.73 0.00

8 5.36 5.21 0.15 152 1.61 -0.08
10 418 4.06 0.12 1.67 1.71 -0.04
1 4.65 4.77 -0.12 157 1.51 0.06
12 4.15 3.99 0.16 1.18 1.14 0.03
14 2.49 2.34 0.15 1.59 1.61 -0.02
15 408 3.93 0.15 1.16 1.04 0.13
16 5.90 6.05 -0.15 1.70 1.60 0.10
17 4.03 3.92 0.10 1.78 1.68 0.10
18 3.58 3.64 -0.06 1.43 158 -0.14
19 3.81 4.17 -0.36 1.36 1.28 0.08
20 3.81 3.92 -0.12 1.38 1.40 -0.02
21 3.84 4.07 -0.23 1.41 1.42 -0.01
22 454 4.46 0.08 0.91 0.89 0.02
23 250 2.54 -0.03 2.01 1.91 0.10
24 1.17 1.04 0.13 1.97 1.81 0.16
25 2.13 2.25 -0.12 2.80 2.93 -0.14
26 2.70 2.82 -0.13 1.15 1.09 0.05
27 3.19 3.19 0.00 3.35 3.41 -0.07
28 3.20 3.10 0.10 2.72 2.88 -0.17
29 4.89 491 -0.02 3.44 3.39 0.06
30 2.74 2.71 0.03 2.60 2.67 -0.07
31 4.43 4.48 -0.05 3.02 2.98 0.05
34 4.25 4.30 -0.05 2.60 2.66 -0.06
35 4.76 4.94 -0.18 0.40 0.38 0.02
36 1.65 1.43 0.23 0.49 0.52 -0.03
37 3.15 2.96 0.18 0.68 0.73 -0.05
38 4.19 4.24 -0.05 1.00 1.05 -0.05
40 0.90 0.97 -0.07 0.40 0.33 0.06
41 3.32 3.14 0.18 0.62 0.69 -0.07
42 2.69 2.68 0.01 1.17 1.10 0.07
43 1.87 1.90 -0.03 0.48 0.52 -0.04
44 3.40 3.64 -0.24 1.48 1.46 0.02
45 2.86 3.00 -0.13 0.53 0.58 -0.05
47 3.35 3.47 -0.13 1.19 1.21 -0.02
48 3.45 3.40 0.05 1.31 1.33 -0.02
49 3.29 3.35 -0.06 0.85 0.81 0.04
51 3.27 3.31 -0.05 1.41 1.40 0.01
52 3.60 3.52 0.09 1.41 1.55 -0.14
53 458 4.60 -0.01 1.68 1.57 0.10
54 4.41 4.26 0.15 1.50 1.54 -0.04
55 461 4.60 0.02 1.76 1.76 0.00
56 4.60 455 0.05 1.88 1.93 -0.05
57 4.74 4.69 0.05 1.32 1.38 -0.06
60 3.99 3.99 0.00 2.00 1.91 0.09
61 3.97 4.27 -0.29 0.50 0.49 0.01
62 456 4.25 0.31 1.84 1.97 -0.14
64 418 4.18 0.00 2.18 2.10 0.08

65 4.17 4.17 0.00 1.77 1.73 0.04
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Table 3 Comparison of NIR predicted value and UPLC quantified value for external validation set samples

p— AiZE Y% ATZNERE 1%
NIR Wl %2 {8 UPLC 513 20w 22 NIR ¥l 52 {8 UPLC il 5 {8 7 0] 22

3 5.29 5.12 0.17 2.35 2.35 0.00

6 3.87 3.87 0.00 0.87 0.85 0.02

9 430 4.24 0.07 1.82 1.89 -0.08
13 3.78 3.72 0.06 2.17 2.23 -0.06
32 4.29 4.41 -0.12 0.70 0.68 0.02
33 4.26 4.40 -0.14 2.20 2.13 0.07
39 3.78 3.78 0.00 0.67 0.66 0.02
46 3.83 3.91 -0.08 1.35 1.26 0.09
50 3.62 3.89 -0.27 1.39 1.32 0.07
58 4.24 4.41 -0.17 1.55 1.61 -0.06
59 3.03 2.92 0.12 0.70 0.80 -0.10
63 4.15 4.16 -0.01 1.38 1.30 0.08
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Table 4 Effect of different NIR spectral regions on model performance

- SE RS A {2 3E SRR bR ZE B SRR K R B
SEL SETSLE SEL SETSLE SEL Sl

850~1 100 2.189 2.344 3.926 4.173 0.866 9 0.692 1
1100~1 900 2.222 2.601 4.118 3.890 0.8426 0.7325
1900~2 200 3.683 3.891 5.866 4.376 0.699 1 0.661 4
2200~2 498 4.240 3.967 5.371 5.157 0.720 4 05298
1400~1 900 1.733 1.028 3.426 2.349 0.894 4 0.8955
1420~1890 1.853 1.780 2.808 3.236 0.9277 0.8149
1360~1900 1.744 1.081 3.599 2.296 0.8835 0.9019
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Table 5 Calibration results by different multi-scatting correlations for paeoniflorin
Z LU L IE JE b b iR 22 A& I UE AR i 22 2 XEHIER] 25 R 5L
PR 1E Ak AL 2] 1.835 2.797 0.928 2
BRI IE #Ab 25 & 25 BT b 3 1.853 2.808 0.927 7
KB b B 2.095 3.308 0.900 5
FrUEAL 2 JUHUR AR IE 1.838 2.779 0.929 2
2R IE 1.727 2.799 0.929 5
AEEDN:¢ g s 1.850 2.814 0.927 3
#*6 PANBEEARS THSKREREHNER
Table 6 Calibration results by different multi-scatting correlations for albiflorin
Z LU R SE bR bR R 22 A& X IGUEARE (i 22 2 XEAIE A% R 3L
PR 1E Ak AL 2] 1.441 2.395 0.893 2
PRl 1E R Ak 45 G J i b 2R 1.081 2.296 0.9019
B b 1.682 3.729 0.754 2
FrRUEA 2 JUBURT I IR 1.461 2.860 0.855 3
B Z U R IE 1.512 2.847 0.856 7
S 2 LR I T 1.380 2.781 0.863 3
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2T RBR A IE 5 A4S & R U b
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Fig. 3 1-VR value with different main factors
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Fig. 4 Correlation between NIR predicted data and UPLC values for paeoniflorin
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Fig. 5 Correlation between NIR predicted data and UPLC values for albiflorin
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AUR[E; (B, 4 SPSS 21.0 Gl #AEJ7 22704t
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F T ZKFEHHHIRARE LR
Table 7 Comparison of quality for samples cultivated in three areas

" AjUE % AjENTE T 1% AJUIE 5ATH N TRE 2 1%
NIR 52 {4 UPLC Ml E {4 NIR 2 1A UPLC & 14 NIR 58 & UPLC JI5E 5
il 4.05 4.05 1.44 1.42 5.49 5.47
WL 3.19 3.20 1.62 1.62 4.81 4.82
2 3.93 3.95 1.40 1.41 5.33 5.36
3 itig HEMATANER S &, POETEM AT A &

AHFFELL 65 M ATZIIR (FRAT) ARER, MA
NIR 7%45 4 UPLC v, JEIEXt NIR # B J6ik il
AFR TV FFHONIE RS, AL T NIR [RIB i
WG E AT Z BRI e A AL FdEd NIR
FTIME S UPLC 20 a2 {8 2 IR0 AR v 22 . AH
KABEEINAE, %08 br 58 1 T 14 B R 4F
RIFATZI NIR “FELR” B “ELR” ] T As

[FIE, s 23 g PUJIRE S . 21 i A A 21
I WO L IR LR s, R I BLIX 2 i 2 R0 43 2 A
NAERR, DU 22, WivaRis A5 258 it i 2 A
i, ZRARE. HRE (PEZ) 2015 4K
FE AR AT AT 251 A dabr, TR = K #3511
AU B2 5, VU1 RD 22 3R 3% 1 A5 24
FRAL T W VLR 55 AT 26 4R



¢ %% Chinese Traditional and Herbal Drugs

49K HEIW 2018FE 2 H <707 «

5230

[1]
(2]

(3]

[4]

5]

[6]

[7]

(8]

4]

[10]

HE 2t [S]. —#. 2015,

SRR, 2, EWE. AAGMEAATRR DR
RN R PE O[3+ B 22k &, 2013, 38(20):
3595-3601.

TV RIS BRI SRR R R [3].
JeHHEE, 2011, 26(11): 2356-2357.

He C, Peng Y, Feng Y, et al. Quick comparison of Radix
Paeonia Alba, Radix Paeonia Rubra, and Cortex Moutan
by high performance liquid chromatography coupled with
monolithic columns and their chemical
recognition [J]. Pharm Mag, 2012, 31(8): 237-243.
Martey O N K, Shi X, He X. Advance in pre-clinical
pharmacokinetics of paeoniflorin, a major monoterpene

pattern

glucoside from the root of Paeonia lactiflora [J]. J Pharm
Pharm, 2013, 65(12): 1679-1804.

ZFWAR, BHIER, ER, 55 AR 2PN D-F-FUpERL/ R
ZHEE SN R SEFR R ER 0], T EIRR 2
22 51597 %, 2015, 20(8): 854-858.

XK5E, T B, S, . UHPLC W E A R 7= A
IR R [9]. 2544, 2016, 39(5): 980-985.
RMEE, FMOT, ERE, & AT N ERE N BB
B K A R F AR R L] [3]. R B,
2016, 31(5): 1892-1896.

KEZE, ERE, F 6, 5 AT IO IE A
WSEERAT TS [J]. 2 51K, 2011, 2(6): 35-37.

Fang X H, Wu X, Zhu X M, et al. Albiflorin attenuates in
flammatory injury by regulating the TLR4 signaling
pathway and its negative regulating factor Tollip in
experimental models of ulcerative colitis [J]. J Chin
Pharm Sci, 2016, 25(5): 366-372.

[11]

(12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

XK. 25 IEET AR N HPLC #] UHPLC [M]. dt
e NRTPA A, 2012,

FERTRE, BR O, RORIN, 2 BUARIELLAMEIE S i 1
JRIEHARSRA [M]. dbst S ER Tk R, 2013,
IhIRME, AR, TRi#E, & LA sMbER T2
FAMBER [J]. 4% 5KV, 2010, 18(6):
534-536.

&b, 24, XEH. EAINE RS E R
R e MR [3]. 2o Bk A&, 2009, 29(4):
656-658.

EHRE, T, WHEE, S NIR FEZRRGINNIE 15 2 ith
FRBK BRI R AL [J]. HRHEZY, 2009, 40(2): 224-228.
FREA, BRI, REA, & IEAIDGIEL S AR
% 7 T AR SR IO A 4 R R B TR 2R
M [J]. *h%2Zh, 2017, 48(16): 3317-3321.

ik WO, EES. ELAMNGE ST RARE AR
KPR FE A AR R AR R BE R[] Z MR, 2015,
34(5): 272-275.

Wiz, 515 8 32080 o b o et K ik
RSN [J]. %55 HT44E, 2010, 30(5): 968-975.
REI, Bk E, INEE, % QA2 B
JEATHT [J]. A4, 2008, 25(5): 34-36.

RERAR, Jr/bM, e R SR AATKIRIE RE A AT E
RN NIRS PUEM AR [3]. H E S0 7 7 5 4 4,
2011, 17(21): 52-56.

XIFREs, B, TREIRME, & NEMTUT M R
G 5T [ Jeil 5 0eik 4, 2013,
33(1): 92-97.

HOE, ZVNK, BT LA e E 5 A
AT AR [0 RAFMH ARSI K, 2013, 25(3):
358-362.



