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Abstract: Objective The HPLC fingerprint was established to distinguish Baitouweng (Pulsatillae Radix) from its common
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adulterants. The spectrum-effect relationship between the HPLC and antioxidant effects was established to identify and validate the
antioxidant quality markers of Pulsatillae Radix. Methods The HPLC fingerprints of 18 batches of authentic Pulsatillae Radix and
its common adulterants were established, and similarity calculations were conducted to distinguish the genuine samples and its
adulterants. The chemical composition of Pulsatillae Radix was characterized by the UPLC-QTOF-MS/MS method. A spectrum-effect
relationship model between HPLC fingerprints and 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical scavenging assays of authentic
Pulsatillae Radix was established to preliminarily screen potential antioxidant quality markers, then the contents of quality markers
were determined. Furthermore, a lipopolysaccharides-induced RAW264.7 cell oxidative stress model was utilized to evaluate the
biological effects of potential antioxidant quality markers of Pulsatillae Radix. Results The fingerprints of authentic Pulsatillae Radix
and its common adulterants were obviously different, and the similarity was between 0.667 and 0.321. Analysis of the HPLC fingerprint
of these 18 batches revealed a similarity ranging from 0.994 to 0.959, with a total of 21 common peaks identified. Mass spectrometry
characterization and analysis identified 21 chemical constituents among the authentic Pulsatillae Radix samples. Pharmacological
experiments demonstrated that all authentic Pulsatillae Radix samples exhibited excellent antioxidant capabilities. The spectrum-effect
relationship analysis indicated a close relationship between peaks 17 and 21 with antioxidant activity. Upon comparison with reference
standards, peaks 17 and 21 were identified as Pulsatilla saponin B4 and Pulsatilla saponin D, with contents ranging from 15.99% to
8.86% and 2.55% to 0.97%, respectively. Antioxidant activity verification results showed that Pulsatilla saponin B4 and Pulsatilla
saponin D significantly reduced the levels of NO and ROS induced by lipopolysaccharides in RAW264.7 cells (P<<0.0001).
Furthermore, their combination exhibited varying degrees of superiority over individual components. Conclusion The study of the
HPLC fingerprinting method can accurately identify authentic Pulsatillae Radix samples, integrating pharmacological experiments to
discern quality markers. The study’s systematic evaluation method can serve as a reference for assessing the quality of low-potency
ingredient, difficult-to-control traditional Chinese medicine.
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Sk S M &I RS E R, &
RIEBIW K% & HAERET NALRS
Pulsatilla chinensis (Bge.) Regei & 3 & WiE Y
i 7 Rhaponticum uniforum (L.) DC. BAfE
3k %5 P cernua (Thunb.) Berch et Opiz.. 7 M3k 5
P. millefolkium (Hemsl et wils) Ulbr. % [k %
P. ambigua (Turcz. ex Hayek) Juz.. M%K% P
dahurica (Fisch.) Spreng., EAKILFE 1. 2.

#1 BBHEZALSHMHRKREER
Table 1 Source information of 18 batches of authentic
Pulsatillae Radix

R FE Pl | dEE FE R rrih
S1 Bk% LT | Sslo AkE U
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S6 Hk$H 7| S15 FkH BT
S7  Bk#H LT | S16 AkH BRI
S8 Bk% LT | S17 Ak BRI
S9 Hkd W7 | S18 HLEH EIIT

#2 BREMRERKEER
Table 2 Source information of Pulsatillae Radix and

its common adulterants
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Fig.1 HPLC chromatograms of Pulsatillae Radix and its

common adulterant samples (A) and 18 batches of
Pulsatillae Radix samples (B) and HPLC chromatogram of

Pulsatilla saponin B4 and Pulsatilla saponin D (C)
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2.3 UPLC-QTOF-MS/MS FA{E

231 Bl R kA
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Waters ACQUITY UPLC® BEH Cis (1.7 yum); ¥i5h
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(2) Bl BN BB 5 B 1R (ESD;
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24 EYXRSH

24.1 DPPH % Lss  HU 2 mL DPPH %
(0.04 mg/mL), JIA 2mL Z&1EK (4o)o ¥ “2.1.17
TR Ak S WS, &I 2mL, 27NN 2mL
ZRIBIK (4y) 12 mL DPPH IR (A41). Eid RN
30min J&, T 517 nm &IREE (O ET AR
AR (D BREPEEIIHIRE (Cs) 18, 4R NE
4-A, 18 #iE it H LS B A BRIUEARE )T, 1Cso
N (1.796+0.12) ~ (14.433+0.23) mg/mL.
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Fig. 2 Cluster analysis tree diagram of 18 batches of Pulsatillae Radix samples (A) and Heat map of principal component

score coefficient matrix and Gravel diagram of principal component analysis of Pulsatillae Radix (B)
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Fig.3 Total ion flow diagram of genuine Pulsatillae Radix sample in UPLC-Q-TOF-MS/MS in positive ion mode

£3 BALEPUERS UPLC-Q-TOF-MS/MS £ ELR
Table 3 Identification of chemical components UPLC-Q-TOF-MS/MS in Pulsatillae Radix

=] . *Exd‘éj\%ﬁi% (m/z) i%%/ A
g5 AR W¥  wmin T THE  (X10°) aEMm MS/MS
I CiH0; [MFH]T 108 3170663 3170661 0.6 %“3 301.090 5,256.130 0, 175.119 6
2 CyHwOr [M+H]" 155 4813101 4813165 -36 B ecdysterone!! 452.179 4, 445.191 4, 434.169 0
CisHiOs  [M+H]" 646  287.0544  287.0556 %?“3 265.030 5,252.091 9, 242.154 9,
3 42 2330130
4 CsoHoO  [M+H]™ 1119 12216261 12216268 -08 [Ik$H2HB4 913.5154,751.4621,711.3170,
471.220°2, 437.34 20, 336.123 6
5 CuHeOnn  [M+H]"  11.20 751463 7514633 04  FLHEFAM 711.316 5, 601.409 6, 587.394 3,
437.341 6
6 CpHs0s  [M+H]" 1133 4993746 4993787 -54  3-O-acetyloleanolic acid('® 497.3623,456.355 8, 437.341 7
7 CsHgOn  [M+H]" 1134 10755686 10755689 2.2 ﬁD glucopyranose B-D-glucopyranosyl-(1-6)-1-  915.522 0, 914.518 6, 913.515 4,
0-[(3p)-3-{[2-0-(6-deoxy-a-L-mannopyranosyl)- ~ 911.325 7, 751.463 1, 601.409 §
0-L- arablnopyranosyl]oxy} -23-hydroxy-28-
oxolup-20(29)-en- 28 -y1]-p-D-glucopyranosel'6]
8 CyHuOs [MAH]" 1218 4733619 4733631 -1.5 23- &EE il 456.356 0, 455.352 8, 437.341 8,
409.346 9
9 CuHwOs [MAH]" 1405 4553524 4553525 023 betulonic acid!'® 437.341 8,409.347 |
10 CxHusOs  [M+H]" 1612 4573667 4573682 -19  betulinic acid!® 440.360 7,439.356 8, 437.342 3
11 CxHsOs  [M+H]" 1624 4573682 4573682 0  FFEREM 439.357 4,437.1207,271.061 2
12 CyxHusOs  [M+H]"  17.13 4573619 4573682 -78  A&RmlC 437.3412,429.118 1,409.347 2
13 CuHeOn  [MAH]" 2085 7514637 7514633 05 o1 B iR R A0 69%1333816’ 395.259 6,437.3399,
5.
14 CyH0O17  [M+H]" 2095 913.514 8 9135147 142  leiyemudanoside ['* 869.9403 39, ;51.460 6,6093.33 2,
595.25
15 CoHiOn  [MAH 2014 9135156 9135161 —05  FAkEEHDM 751,464 2, 715.440 2, 476.737 0,
455.3533,437.342 5
16 CxHgOs  [MHH]" 2235 4733617 4733631 -18 WHBEEF L 471345 1,456.355 8,437.341 7
17 CxHiOs  [MHH]' 2415 4713472 4713474 02 23-F0L TR 453.336 4,435.326 5,407.330 0
18 CuHs0,  [M+H]" 2568 1610605 1610603 12 3-HEFGEMD 133.065 5, 123.055 3
19 CiHnOs  [MAH]" 2574 3092423  309.2430 -2.3  Afeffihed 306.279 6, 162.063 8, 161.060 8
20 CoHOi [M+H]" 2638 8975206 8975212 —0.8 hederasaponin B7!S! 584.4709, 512.503 5
21 CxHiOs  [MHH] 2832 4893561 4893580 -23 =HEEAMARLY 488.353 7, 459.302 3, 443.205 9
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Ai(k)= (k) —xi(k)| (3

&(k)=[min(i) min(k) Aik)+p max(i) max(k) Aik)]/[Ai(k)+
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55 1Cso RERE R T =0.75 N 2538, MG i
P AAHCERIA 14 Mg, RIE 9, 6. 8. 10, 4.
15, 17, 5. 1. 19, 11, 3. 2 F121 (M 4-B),

2.4.3 [R5 (pearson correlation analysis
PCA) LA SPSS 26.0 B, AT HAFUER 1Cs0 2
] PCA 2041, W 17. 20, 19, 21 5 ICs M55 5%k
“HHE KT 0.5, INASHUEA RIS (P<0.0D),
L 4-B.

2.4.4 iz’ 3k (partial least squares, PLS) 7347
N SIMCA 14.1 i, DAILA ISR A A &
X, B ZTBER bR A AL & Y, JE LG ROR R
iR E 4-C Pos, HRUCAIE 17, 18, 21, 4. 15,
20, 1. 13, 10 [y VIP B KT 1081,

WK 4-B A N AFR, 17, 19, 21 Y GRA i
PCA %24, 254 PLS 524 VIP {HAL[FHCCER, R
%5 DPPH S8 S M2 8RR IR R e e (1 WAy Uee
17 #1 21, AIEENESLERERPUE Q-Marker.

A B - c
209 ’ 2 '
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' 41 p
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w49 2
7 -3
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5

"P<0.05, *P<<0.01; P& B i (AL A5 HIZR GRA Fll PCA £5 5.
“P<0.05, "P<0.01; The blue and red dots in Fig.3-B represent the results of GRA and PCA, respectively.

El4 18 HELSHE L ICs (A)» GRA 5 PCA $#7[E (B). PLS 547 VIP [E (C)
Fig. 4 1Cso for 18 batches of Pulsatillae Radix (A), GRA and PCA (B), PLS analysis chart (C)
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Table 4 Results of Pulsatilla saponin B4 and Pulsatilla

saponin D
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S9 9.56 1.08 SI8 10.71 121
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C ExELSEH B4 5ELGEHEH D KR—H v FELSEE B4 5EAGEE D MAFLLFIFCHZ MR HE: ™ P<0.001 vs4 © 1; #p<

0.001vs.8 1 1; ""P<<0.001vs 16 : 1.

Panel C illustrates the comparative effects between the single-component treatments (pulsatilla saponins B4 vs pulsatilla saponins D) versus their different
combination ratios: “**P<<0.001 vs.4 : 1; ##P<<0.001vs 8 : 1;""P<<0.001vs16 : 1.

5 BAHBEFB4(A). BLHEH D B) MARLLAHIEE (C) ) DPPH BHREBRE
Fig. 5 DPPH free radical scavenging of Pulsatilla saponins B4 (A), Pulsatilla saponins D (B) and different proportions (C) of

the formulation

2.6.2 LPS %311 RAW264.7 40 A AL 351075 5256
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Fram, & EC AT 4 35 fig I 35 PR ARG ST B B84 2 A 2
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(14 : D EEAEZEN TR B k521 B4
ERIEA (P<0.001).
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A, C B L5 2 H B4 M1 D F— AR EFIEXT LPS 7 51 RAW264.7 4015 AL R AR iR i NO &8 A1 ROS ZOG BRI, "P<
0.05 *"P<0.001 FRGHAAELLEKE BEEFENEEER, #P<0.001 RRBHAMARILBEAEWREZZER: B. D BRMNALS ST B4
5 D AR LLBIFLAG LPS 7551 RAW264.7 41 SE A0 B AR 3£ NO & &=/ ROS 2GR MM : ™ P<0.001 R SR LA ) &5
EEF, URAKHEE B4 MALFEHE D B—K0 v LG EH B4 5L EH D WARELFIE L A NO & &M ROS %%
& #P<0.01 *P<0.001 FRGAHAAR AR EEZR; EBT a AR b AAL; c~e ADA (F. P, KFIE); f~hN
B4 40 (. . KFIED; iAB4+D (14 1) 4H; jAB4+D(10: 1) 4; k AB4+D (6 1) 4.

Panels A and C demonstrate the effects of different doses of the single components pulsatilla saponins B4 (B4) and pulsatilla saponins D (D) on nitric oxide (NO)
content and reactive oxygen species (ROS) fluorescence levels in the lipopolysaccharide (LPS)-induced RAW264.7 cell oxidative stress injury model. *P < 0.05 and
**P < 0.001 indicate extremely significant or significant differences compared with the model group, respectively; ##P < 0.001 denotes an extremely significant
difference among treatment groups. Panels B and D illustrate the influence of different combination ratios of pulsatilla saponin B4 and D on NO content and ROS
fluorescence levels in the LPS-induced RAW264.7 cell oxidative stress injury model: “**P < 0.001 indicates an extremely significant difference compared with the
model group, while #P < 0.01 and *#P < 0.001 represent extremely significant or significant differences, respectively, between individual components (B4 or D

alone) and their various combination ratios (B4+D). Panel E: a-control group; b-model group; c—e-D group (high, medium, and low doses); f—h-B4 group (high,

medium, and low doses); i-B4+D (14 : 1) group; j-B4+D (10 : 1) group; k-B4+D (6 : 1) group.
6 HBLEEFH B4 D xf LPS & IEA RAW264.7 485 NO (A, B) #1 ROS B0 (C, D) LAK ROS 3EHE (E)
Fig. 6 Effects of Pulsatilla saponins B4 and D on NO (A, B) and ROS (C, D) and ROS fluorescence plots (E) in LPS-
treatedRAW264.7 cells
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