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Quality evaluation of Paeoniae Radix Alba from different habitats based on
UPLC-Q-TOF-MSE combined with multivariate statistical method
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Development of Classic Prescription of Ministry of Education, Heilongjiang University of Chinese Medicine, Harbin 150040, China

Abstract: Objective To analyze the difference of the chemical components of Baishao (Paeoniae Radix Alba) collected in different
places of origin, and provide the basis for origin discrimination and quality evaluation of Paeoniae Radix Alba. Methods The total
component analysis of Paeoniae Radix Alba samples from different habitats were analyzed by ultra performance liquid
chromatography-quadrupole time-of-flight mass spectrometry (UPLC-Q-TOF-MSE). Combined with the principal component
analysis (PCA), orthogonal partial least squares discriminant analysis (OPLS-DA) and cluster analysis (CA), multivariate statistical
analysis was performed to analyze 15 batches of samples from three areas: Bozhou of Anhui Province, Zhongjiang of Sichuan
Province and Pan’an of Zhejiang Province. The significantly different chemical components of Paeoniae Radix Alba were screened
according to the VIP > 1 and t test (P < 0.05). Results A total of 44 chemical components were identified from Paeoniae Radix
Alba of different origins, mainly monoterpenoids, tannins, triterpenoids, flavonoids and volatile oils, among which monoterpenoids
had the highest content. The differences of chemical components in Paeoniae Radix Alba from different habitats were significant. A
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total of 15 differential chemical components have been identified. Among them, mudanpioside G was the unique component from
Bozhou of Anhui Province, 1,2,3,6-tetragalloylglucose from Pan’an of Zhejiang Province, and 1-O-B-D-Glucopyranosyl
paeonisuffrone from Zhongjiang of Sichuan Province; the common components were citric acid, 1-galloyl-glucose,
8-debenzoylpaeoniflorin  or isomers, gallic acid, oxypaeoniflorin, catechin, albiflorin, paeoniflorin, methyl gallate,
galloylpaeoniflorinor or isomers, 1,2,3,4,6-O-pentagalloylglucose, albiflorin R1 and mudanpioside B, but their contents differ in
variation rules. Conclusion Quality of Paeoniae Radix Alba from different production areas differs significantly. Based upon
common components, the unique chemical components of Paeoniae Radix Alba, such as mudanpioside G, 1,2,3,6-tetragalloylglucose
and 1-O-B-D-Glucopyranosyl paeonisuffrone, can support habitat identification. Content of common components and differential
components can be considered as the criteria for quality evaluation of Paeoniae Radix Alba.

Key words: Paeonia lactiflora Pall.; mudanpioside G; gallic acid; oxypaeoniflorin; catechin; albiflorin; paeoniflorin; methyl gallate;

UPLC-Q-TOF-MSE; different sources; multivariate statistical analysis
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Table1 Sample information of 15 batches of Paeoniae Radix Alba
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Fig. 1 Basic peak intensity chromatograms of Paeoniae Radix Alba from different origins under positive and negative ion mode
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Fig. 2 MS? spectra (A) and fragmentation pathway (B) of paeoniflorin
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Table 2 Constituents and relative contents in Paeoniae Radix Alba from different origins
HR RE %
55 tmin BB miz SIE miz YRk AR e Eit S QYT i
2 L B
1062 3411084 3411093 341.110 6 [M—H]", 179.056 5 [M—H—CsHioOs]", 161,045 1 CuoHxOn FEEE SRR 350 393 324
[M—H—CsH1205]", 119.034 4 [M—H—CsHw07]
2 067 1910192 1910164 173.006 0 [M—H—H.0]", 129.019 5 [M—H—CO—H0[, CeHeOr IR ANEE 160 125 106
111.005 3[M—H—C0;—2H,0]"
3090 1910192 1910202 173,006 0 [M—H—H0]", 129.019 5 [M—H—CO—H0]", CeHsOr  SHITHMR ANEE 148 124 107
111.005 3[M—H—C0;—2H:0]"
4097 4211378 4211350 313,056 2 [M—H—H.0]", 179.056 0 [M—H—C7H:Od], CusHauOn S5 FREAAT A A BEER 019 027 0.3
169.013 7[M—H—CgH00s]” Eafi
5 100 3310665 3310673 313.056 2 [M—H—H.0]", 179.056 0 [M—H—CiH:Oq], CusHisOn -5 R FRBE AR BFEE 180 049 055
113,023 8[M—H—CgH07]
6 127 4211378 4211351 345.118 0 [M—H—CH.0]", 195.064 6 [M—H—CsHzOf] , CusHauOn S5 FREAAT A A BEER 022 040 030
165,055 5[M—H—C7Hu01]" bl
7 130 4051319 4051406 179.056 0 [M—H—CuoH10s], 122.036 3 [M—H—CeHr:O7], CisHaOy  1-0-B-D-glucopyranosyl pagonisuffrone  E4#%  0.01 002 0.02
85.028 6 [M—H—CuzHis07]
8 135 169.0137 1690141 169.013 1[M—H]", 125.022 0 [M—H—COy]", 107.0102 CHsOs BB HEE 200 219 233
[M—H—CO0;—H0]", 97.019 2 [M—H—CsHs0]"
9 139 1970814 197.0816 179.0708 [M—H—H.0]", 169.086 5 [M—H—CO]", CoHuO: AFZjAR A BEER 125 125 14
137,060 3 [M—H—CH\0z]
10 168 2430427 2430503 182.0215[M—H—CHg|", 166.998 2 [M—H—2CHs], CoHuOs  RRTRLE HEE 003 003 003

153,018 8 M—H—C:Hi0]"
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10173 3891448 3801454 1810730 [M—H—CeHuOs]", 161.045 1 [M—H—CioHse0q], 1510763 CiHuOs  HLFHRHF e 008 007 007
[M—H—CiHyz0g

12200 4071476 4071553 3611467 [M—H], 101023 1 [M—H—CiaxQs]", 89.025 1 [M—H—CusHOs|” CeHsOy  6-0-p-D-glucopyranosyl- gk 002 005 004

[actinolide

13202 1530188 1530189 12003 [M—H—0g",109.03 [M—H—COq", 108.02 [M—H—CHOZ" CHiOr  FLRR Ynz 000 002 0.00

14 214 3431393 3434387 1810489 [M—H—CgHisOs]", 161,023 7 [CeHuoOs—H] CiHuOs  HLRH G e 021 0.00 000

15 249 2850399 2650402 2670293 [M—H—HO[, 164047 3[M—H—CsHO3[", 151003 1 [M—H—CaHiO]  CisHuQs 1% i 025 037 032

16 254 4951503 4951509 4651432 [M—H—CH.O]", 345.118 6 [M—H—CH,0—CHi0 ", 1370239 CoHaOn  HHATT LY 191 261 261
[M—H—CasHz0s], 333.097 4] M—H—CsHuos]

17263 2090712 2800716 2450828 [M—H—CO[", 179.033 1 [M—H—CsHsO], 165,055 5 [M—H—CeHiQj .  CusHuOs  JLKE Rk 005 0.08 008

18 274 1830293 1830296 1830298 [M—H],169.013 1 [M—H—CH|", 125,028 3[M—H—COZ CHbOs AT e 295 112 107

19 277 551608 5251613 3411236 [M—H—CgHsOs]", 294.110 3 [M—H—CoHO7], 1930501 CaHaOn  HLAHETE Lz 003 0.04 003
[M—H—CaHg0s—CeH1z04]"

20 345 551609 551617 4491447 M—H—CHOT" 327.106 3 [M—H—CH:0—CiHs0x], 165.0555 CoHOu AR HEiER 153517051598
[CeH03—H], 121.029 7 [CrHe O —H]

21 382 551609 551617 4491447 M—H—CHOT, 327.106 3 [M—H—CH:0—CiHs0x], 165.0555 CoHOu A B 206721792874
[CaHisOs—H]", 121,029 7[CrH0r—HI

2 444 7870094 7871003 6351948 [M—H—CiH:Ou]" 617,075 6[M—H—CiHe0e], 483074 YM—H—2CHO CuHnO  L236-T0-0-%&FREP- B 000 0.00 0.0
465,068 5 [M—H—CrHi0s—CrHs0]” DR Al

23 562 6311633 6311663  631.1672[M—H],597.160 8 [M—H—H:0z]", 569.165 9 [M—H—CH.0q CaMeOss  6-0-BFREAATHY HEiER 15,60 12.01 1057

24 578 9391104 9300116 9391128 [M—H]", 7670042 [M—H—CHOJf, 6170754 M—H—2CHO:~HO], CaHuOs  123460-LRATHA  #R% 027 021 02
480.0425 [M—H—CatHisOz] kil

%5 623 6311663 6311669  613.1535[M—H—H:Q]",491.121 8 [M—H—H0—CHe0s]", 3130630 CaMeOs  BRFEATAHEGRG B 414 309 271
[M—H—CizHss0s]", 169.013 1 [M—H—CasHzsO1a] ", 165.0555 [M—H—CarHz202]

26 638 6311663 6311672  6131535[M—H—H:O],491.1218 [M—H—H:0—CHe0r]", 3130630 CaMeOs  BRFEATAHEGRMG B 329 355 309
[M—H—CurH120g]", 169.013 1 [M—H—CzaHasO] ", 165.055 5 [M—H—CatHOrz]

21 677 479553 479561 283097 0[M—H—CeHO7]", 209.0814[M—H—CuhO7], CotaOn AN R HEiER 531 7.38 631
1210290 [M—H—CusHz0q]

28 707 5071503 5071507  447.129 1 [M—H—CHgJ", 443,134 2M—H—H.O", 417,154 9 [M—H—CO" CothsOn A2 Lz 005 001 0.0

29 741 6151714 6154714 3411236 [M—H—CuHiOd", 281.081 4 [M—H—CuHusOu], CaHzOn  HEfHEFFH iR 016 012 0.1
191,034 4 [M—H—CaHuOu]

30 743 5991765 5991771 393,025 9M—H—CehuOg], 3411236 [M—H—CuahuoOs] CaHeO LR C Lz 028 035 034
313,070 8M—H—CehQg]

31 774 6451820 6451825 393,025 9IM—H—CehuOg], 3411236 [M—H—CuahuoOs] CaHuOn  AFBEAMATZH Lz 021 022 028
313.0708[M—H—CasHuOs]

3805 4912129 4912132 293,087 6[M—H—CuohQ], 233.066 6[M—H—CeoHa0d], CaHOn  (D-(1SSR)ppinen-10-  Hix 113 118 089
191.0552[M—H—CuH204] yl-p-vicianoside

33 850 6201871 6291880  583.1773[M—H]"553.071 2 [M—H—CH.O]", 431137 4 [M—H—CHO—CHiOJ” CaHeOp  KHRAZINEET itz 019 026 0.20

3% 852 6201871 6201880  583.0773[M—HI, 5531712 [M—H—CHO], 431137 4[M—H—CHO-CHO~  CaHuOp  KFRAZH Lz 82510871045

3% 860 6291870 6201873 3411236 [M—H—CisHeOsl", 193.101 7 [M—H—CighnOse], CaHaOu  AHFHEHB i 324 433 392
1210290 [M—H—CasHz01

3% 984 2872246 2872223 2412168 [M—H], 153.127 9 [M—H—CeHiO] CoHnO2 TR FERIE 005 007 006
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45 timin ZR{E miz SEME miz “HwR URES A R 2B
L B 2
37 1012 4553532 4553158  329.248 1 [M—H—CsH1O]", 316.276 6 [M—H—CoHuO2]", 285.221 8 CaHgO3 AR SHEE 026 040 029
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Fig. 4 OPLS-DA scores plot and permutation test of Paeoniae Radix Alba from different origins under positive and negative

ion mode
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&3 OPLS-DA RIS
Table 3 Model parameter of OPLS-DA

OPLS-DA ##7 R2x(cum) R2y(cum) Q?(cum) R2 Q?

EEF LA vs PO )1 YT 0.85 0.998 0.932 0.578 -0.670

LN vs WriT & 0.808 0.997 0.977 0.690 -0.897

DY I HT vs WL AR 22 0.708 0.998 0.968 0.561 -1.009

T LM vs PO)1 T 0.711 0.990 0.908 0.883 -0.410

RN vs WL % 0.705 0.987 0.850 0.930 -0.371

VU YT vs HRVT A 22 0.751 0.999 0.849 0.986 -0.248

4 FRFMBENERUFERTEELER
Table 4 Identification results of differential compounds in Paeoniae Radix Alba from different origins

i &Y VIP | %5 B VIP
S1 IR 496 | S9 BT Y 12.06
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S3  RIARHIMEEEATAT R 401 | S11 AEH 13.94
S4 EETFR 379 | S12  1,2,3,6-D9-O-% & T Hk-B-D-8 % # 6.73
S5  1-O-B-D-glucopyranosylpaeonisuffrone 146 | S13 WA TBATAFE ST 9.09
S6  HSHEIFG 416 | S14  1,2,3,4,6-O-TLi & T ELHEIE B 2.38
ST RMATAET 282 | S15 HATFR. 11.24
S8 JLFHR 1.25 | s16 HSHYHB 5.49

“x” ool b x I HO R R A S

“*” means a compound is determined by comparison with a control substance
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Fig. 5 Analysis of differential compounds in Paeoniae Radix Alba from different origins
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