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Abstract: [Objective] To establish a method for quantitative analysis of multi-index components in
Saposhnikoviae radix (Saposhnikovia divaricata), and for comprehensive quality evaluation of the medicinal
materials from different areas, using the contents of multiple-index components as evaluation indexes, and the
contribution of different components to the anti-inflammatory activity. [Method] The concentrations of 6

chromones and 4 coumarins from Saposhnikoviae radix were quantified by high-performance liquid

Wk H . 2023-11-24; &I H#: 2024-04-22

HEWH . HAHE R & EIRITE (20210204011YY); sl B R HET /R IET H (JLT2024-30); FZ AL
Al =k B ARAR R BB H (CARS-21)

EF A I (ORCID: 0009-0001-6686-9871), M= H1 25 B YR AF 5% . E-mail: 448573685@qq.com, 15 1EH :
i} LB (ORCID: 0000-0002-2971-3923), #4%, M P28 MF5E, E-mail: hanzm2008@126.com


mailto:448573685@qq.com
mailto:hanzm2008@126.com

716 WroIL R R K A R 2024 4E 8 F 20 H

chromatography (HPLC). The quality was comprehensively evaluated using cluster analysis and principal
component analysis. The correlations between 10 chemical components and their anti-inflammatory activities
were analyzed in a lipopolysaccharide-induced macrophage inflammation model in RAW 264.7 mice. [Result]
The 10 kinds of chemical components had good linear relationship, accuracy, and separation in their respective
ranges, respectively. 17 batches of samples were grouped into 4 categories by cluster analysis and principal
component analysis. The quality of 2-year-old S. divaricata grown in Inner Mongolia (S5) and Jilin (S8 to S11)
were relatively better. 17 batches of S. divaricata alcohol extracts differentially inhibited NO, IL-6, and IL-1p
secreted by lipopolysaccharide-induced RAW 264.7 cells. Prim-O-glucosylcimifugin, 5-O-methylvisammioside,
cimifugin, sec-O-glucosylhamaudol, 5-O-methylvisamminol, and imperatorin were positively correlated with
anti-inflammation. The anti-inflammatory effect of S. divaricata is the result of the combined action of several
components, and the correlation degrees among prim-O-glucosylcimifugin, 5-O-methylvisammioside,
cimifugin, sec-O-glucosylhamaudol, and 5-O-methylvisamminol with three cellular indicators of inflammation
(NO, IL-6, and IL-1 B) were over 0.8, which were the main material basis for the anti-inflammatory activity,
according to the gray correlation analysis. [Conclusion] A comprehensive evaluation model of the quality of S.
divaricata based on biological activity and combining the anti-inflammatory activity and gray correlation
analysis was established, which provided a new method and scientific basis for the establishment of quality
standards for a comprehensive evaluation of the quality of S. divaricata. [Ch, 3 fig. 7 tab. 30 ref.]
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Table 1 Sample information of 17 batches of Saposhnikoviae radix

Fedh s ol A RAERR /a || BEALF S 7oL ARAERR /a

St PG 3 DX AR T A L DX R A 1 S10 EME FIHTREMY 2
S2 ST IR DRI TR L X I AR AT 1 ST PR FSRTI AR w2561 P S o 2
S3 ST 3R DX ARG AR L DX PG E AT 1 S12 b RPET R E MR A, 1
S4 WS AR KIEIT T RERID KRR 1 S13 AL RN T W A iR B WURE R 1
S5 ST IR DX AR T AR £ 2 S14 LA R RIS E R 1
S6 GRS e v N 1 S15 KA YRR R FA DX EIZR S LI S 1
S7 AR H TR X 1A 1 Sl6 B YEE K FG X BRI L Sk 1
S8 A LR PR 2 S17  HUEEAE AR R FA DB IR T L 2
S9 M IR R AR 2

FHRRE AT . 5-O-H A MBOREETT . FHRRE . P . #MEIEER . AEHEER . BT AEE . BT
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Figure 3 Hierarchical clustering analysis of 17 batches of Saposhnikoviae radix
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Table 4 Comprehensive score value of 17 batches of Saposhnikoviae
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RS IL-6 Rk It W5 sl 3 TONISG, JHREH . 5-O- U RAEIBDRBE . 2P B 5 1IL-1B Rk
R D E AR E A, RUITURET . 5-O-H B4R KRR | THRER . 2P B . 5-O-H1 B4k i
PR EE . BRATAZR SPURIETER LA, JERT KA R A A E 2SN

x5 17 HEBHRERBKELE

Table 5 Anti-inflammatory capacity of 17 batches of Saposhnikoviae radix

215 NO/(umol-L™")  IL-6 /(ug-L™") IL-1B/(ng-L™") A NO/(umol-L")  IL-6/(ug-L™") IL-1B/(ng- L")
IEHXTIR 2.57+0.32 2.00+0.55 63.53+2.60 S9 20.02:£0.94%* 28.50+1.68** 138.09+17.62%*
ceibapiist 37.57+3.394# 57.88+1.35##  227.92+26.06## S10 19.02+0.71%* 24.45+2 29%* 125.46+6.26%*

S1 29.60+1.30%* 40.97+£2.22 207.76+5.80* S11 10.0242.36%* 24.21+2.36%* 127.43+7.70%*
S2 20.77+0.82%* 42.07£1.89%* 181.862.09%* S12 24,8543, 54%* 45.73£]1 28%* 140.71£14.37%*
S3 35.10+0.35 45.40+2.56%* 178.25+1.62%* S13 35.35+0.47 35.54+1.41%% 180.71+10.66**
S4 23.43+0.12%* 38.02:+1.82%* 138.25+20.17** S14 26.77£1.77%* 45.83+7.21%* 167.92+8.35%*
S5 26.35+2.36%* 36.59+3.03%* 112.35+3.48%* S15 25.60£0.82%* 57.50+1.75 159.07+28.28**
S6 36.93+0.82 40.26+0.27%*  214.32+5.80 S16 25.5242.83%* 36.11:£0.34%* 176.94+6.72%*
S7 24.35+4.71%* 29.59+1.21%* 173.33+9.51 %% S17 20.43+2.71%* 34.88+3.17** 147.605.10%*
S8 18.02+1.41%* 35.59+0.54%* 135.46+7.42%%

Vi BRI A 200 mg- L' HIERXTRRALHLES, *P<<0.05, **P<<0.01; SHERIAI I, #P<0.01,

2.7 REBXBESH
R 7000 5 NO ik &4 BRI K

x6

Table 6 Canonical

correlation

analysis

HEBSETEASHYETRANBXRY

of components and
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. N e THREH -0.512%  —0.392  —0.736**
R ZorWs 56 RIABIOIRIEN I T s o ipmmmmkms osse 0703w 0787+
BN R BRI R Z F B AF . 5-O-FF JL4EIT R K gy P Py
B 5-O-HU 4R BR BT . FHRRE . FHRER . Zem ~0.534%  —0456  —0.690%*
TEEEZR . BT R . PR . #hEIEER . == 5-O-MAEAEIFDRREE —0.599*  -0.540*  -0391
FW; 5 Il Feak A ROCH I STk IR 0.268 0.319 0.424
KEVIME R Z AT . 5-O- IS4 Sk i T ;ﬁﬁﬁ 0322 0424 0329
‘ N e Z M 0.212 0.219 0.346
R 5_;0-ﬁ3 T 2 B BT K Y . AN 4&‘@1% - 0349 0350 0307
. OBRATOIER . P AER . AMEIRR . XM gz Py

FACZA NI 5 PR PRI IR EE X R T 0.6, Uil

Pl . * R BEAIE(P<0.05); **FIRHUE M EP<0.01),
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Table 7 Grey correlation between chemical composition contents and anti-inflammatory index

FON NO IL-6 IL-1B

TR IR He4 TRAO IR He4 TR IR He4

FHREH 0.801 4 0.813 4 0.801 5
5-O-F JEAE T DK i 11 0.806 3 0.818 3 0.806 4
THRER 0.800 5 0.809 5 0.819 3
ZA W 0.849 1 0.862 1 0.859 1
5-O- F B 7 AT K i 0.842 2 0.853 2 0.840 2
FiINE S 0.737 9 0.762 9 0.732 9
MEEER 0.781 6 0.793 6 0.778 6
ZA 0.700 10 0.703 10 0.675 10
R 0.758 7 0.769 8 0.757 8
GIEES 0.753 8 0.775 7 0.769 7

3 4tk

HHT, TR X258 BT AR R K 2 B — B o il e, ELAFSE o B e A 0o, AR
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FRLE) . A HEE 60 min BF B XU A2 BT SR BBOR Sy o 78 b [ 245 8)(2020 Rig) FRSCHR [22-23] A BERG
D7 IR EE AL, R EUMARIR N 25 °C, WM 1 mLemin ! BPIEERSERS, IETE R4S, BB E
Bio ZTEREMESR, WM B E R, R mA SO ITEMm PR, RS %
WA
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2t i R AR, (AR R AR TR BRI B S AR KA 56, 5 A RARRRA 562,
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4 4

ABIFEHESE T B5 25 HF 2298 b i 3 B I s D35, DRI e MR H L 5-O-F BEZE S B R s |
THRE . ZPEH . 5-0- W B IT BT K 15y B X2 IR T A8 SC B P B 200 AS [ 7 M A [ A A AR FR B



722 WroIL R R K A R 2024 4E 8 F 20 H

B B~ iy T o B BERIEYEZ IAIAF 2257, 17 HE25M4 v LN Sty S ARG 2 47 A= B M2 4 25
AR, HILAZST, ZEEEo 25 8B MR A R ARRR A BEPRUE R PRI U E 1

5 5%k

[1] CHEN Yanchun, CHEN Zhiling, WANG Gan, et al. The effects of Saposhnikovia divaricata aqueous extracts on the
inflammation and intestinal microflora in allergic rhinitis mice[J/OL]. Evidence-based Complementary and Alternative
Medicine, 2022: 1052359[2023-11-10]. doi: 10.1155/2022/1052359.

[2] URBAGAROVA B M, SHULTS E E, TARASKIN V V, et al. Chromones and coumarins from Saposhnikovia divaricata
(Turcz. ) Schischk. growing in Buryatia and Mongolia and their cytotoxicity [JJOL]. Journal of Ethnopharmacology, 2020,
261: 112517[2023-11-10]. doi: 10.1016/j.jep.2019.112517.

[3] SUN Yan, JIANG Peng, JIANG Yikai, et al. New chromones from the roots of Saposhnikovia divaricata (Turcz. ) Schischk.
with anti-inflammatory activity[JJOL]. Bioorganic Chemistry, 2023, 134: 106447[2023-11-10]. doi: 10.1016/j.bioorg.
2023.106447.

[4] MATUSIEWICZ M, BACZEK K B, KOSIERADZKA 1, et al. Effect of juice and extracts from Saposhnikovia divaricata
root on the colon cancer cells caco-2 [J]. International Journal of Molecular Sciences, 2019, 20(18): 4526 — 4549.

[5] YANG Min, WANG Congcong, WANG Wenle, et al. Saposhnikovia divaricata-an ethnopharmacological, phytochemical
and pharmacological review [J]. Chinese Journal of Integrative Medicine, 2020, 26(11): 873 — 880.

[6] KREINER J, PANG E, LENON G B, et al. Saposhnikoviaa divaricata: a phytochemical, pharmacological, and
pharmacokinetic review [J]. Chinese Journal of Natural Medicines, 2017, 15(4): 255 — 264.

(7] RBAE, XFAL, B, 2. AN TRl v JBE X - S BRAR 1 e B B IXUAE R 24 6 i s A 52 ) [0 A2 B ARl R 2741, 2022,
43(3):59 - 67.

HAO Jia, LIU Yuhang, YIN lJie, et al. Effects of different phosphorus concentrations on soil physicochemical property,
growth and medicinal materials quality of Saposhnikovia divaricata [J]. Journal of South China Agricultural University,
2022, 43(3): 59 - 67.

(8] FRH, BT, M, 45, AN IR b B X S 5 5 R T A O 2 (0] AR AR 22441, 2020, 41(4): 30 — 37.

GUO Xu, TIAN Xin, HAO lJia, ef al. Relationships between Saposhnikovia divaricata chromone content and soil factors in
different regions[J]. Journal of South China Agricultural University, 2020, 41(4): 30 — 37.

[9] LI Yazhen, CHEN Jiahong, TSAI Chengfang, et al. Anti-inflammatory property of imperatorin on alveolar macrophages and
inflammatory lung injury [J]. Journal of Natural Products, 2019, 82(4): 1002 — 1008.

[10] ERDENEBILEG S, SON Y I, KIM M, et al. Saposhnikovia divaricata root and its major components ameliorate
inflammation and altered gut microbial diversity and compositions in DSS-induced colitis[J/OL]. Integrative Medicine
Research, 2023, 12(4): 100998[2023-11-10]. doi: 10.1016/j.imr.2023.100998.

[11] WEI Jianxu, ZHANG Xiaomeng, LI Yuan, et al. Novel application of bergapten and quercetin with anti-bacterial, osteo-
genesis-potentiating, and anti-inflammation tri-effects [J]. Acta Biochimica et Biophysica Sinica, 2021, 53(6): 683 — 696.

[12] DUAN Juan, HU Xuantao, LI Tao, et al. Cimifugin suppresses NF-kappaB signaling to prevent osteoclastogenesis and peripro-
sthetic osteolysis[J/OL]. Frontiers in Pharmacology, 2021, 12: 724256[2023-11-10]. doi: 10.3389/fphar.2021.724256.

[13] ZHU Chan, YANG Yang, SONG Yizhi, et al. Mechanisms involved in the antinociceptive and anti-inflammatory effects of
xanthotoxin [J]. The European Journal of Neuroscience, 2023, 58(7): 3605 — 3617.

[14] LIN Yimu, XIAO Shuyi, YAO Wei, et al. Molecular photoacoustic imaging for early diagnosis and treatment monitoring of
rheumatoid arthritis in a mouse model [J]. American Journal of Translational Research, 2021, 13(8): 8873 — 8884,

[15] JIN Shangyi, LI Mengtao, FANG Yongfei, et al. Chinese registry of rheumatoid arthritis (CREDIT): II . prevalence and risk
factors of major comorbidities in Chinese patients with theumatoid arthritis [J]. Arthritis Research & Therapy, 2017, 19(1):
251 —259.

[16] KONG Chaojun, JIA Longfei, JIA Jianping. y-mangostin attenuates amyloid-p42-induced neuroinflammation and oxidative
stress in microglia-like BV2 cells via the mitogen-activated protein kinases signaling pathway [J/JOL]. European Journal of
Pharmacology, 2022, 917: 174744[2023-11-10]. doi: 10.1016/j.ejphar.2022.174744.

[171 LEE Y T, YUNUS MHM, UGUSMAN A, et al. Natural compounds affecting inflammatory pathways of


https://doi.org/${refdoi}
https://doi.org/10.3390/ijms20184526
https://doi.org/10.1007/s11655-020-3091-x
https://doi.org/10.1016/S1875-5364(17)30042-0
https://doi.org/10.1021/acs.jnatprod.9b00145
https://doi.org/10.1093/abbs/gmab037

5 41 5 4 ) SyNNAE B TR ) 2R AR LR A PR 723

osteoarthritis [J/OL]. Antioxidants , 2022, 11(9) [2023-11-10]. doi: 10.3390/antiox11091722.

(18] ¥, #I5LL, ZERE 2, 2. Db TSR A, ST A ROC R WPFE [I]. ey, 2023, 54(23): 7841 — 7852.

HE lJiang, SHANG Fanghong, LI Longyun, et al. Establishment of fingerprints and spectrum-effect relationship of
antioxidant activity of Citri sarcodactylis fructus [J]. Chinese Traditional and Herbal Drugs, 2023, 54(23): 7841 — 7852.

[19] Hasthatk, 25T, £k, 45 LRIy sCRARBRX B Ak B i s (V] o [ 2525, 2023, 48(15): 4106 — 4114,

YANG Linlin, LI Qian, WANG Xuan, ef al. Effects of growth patterns and years on quality of Saposhnikoviae radix samples
[I1. China Journal of Chinese Materia Medica, 2023, 48(15): 4106 — 4114,

[20] sk, BRI, sk, S5 B UG DR 2 X R4 M & b SOHCAE R 2 e 4 1 b B BT ). op B b 2520,
2021, 46(21): 5658 — 5664.

ZHANG Jinhua, LIN Tianfeng, ZHANG Yu, et al. Calibration on chromone reference extract and application on quality
control of Saposhnikoviae radix [J]. China Journal of Chinese Materia Medica, 2021, 46(21): 5658 — 5664.

[21] FEik, FRUNE, i 2%kb, 5. He T B KINUAPAR AN A LEFEARTE 23500 70 B A2 R 3 ot MU 25 52 (7). vh R 2, 2020,
51(20): 5320 — 5327.

WANG Hao, GUO Lingge, SHANG Xingpu, et al. Based on appearance and index components to study on standards of
commodity classes of Saposhnikovia radix [J]. Chinese Traditional and Herbal Drugs, 2020, 51(20): 5320 — 5327.

[22] BATSUKH Z, TOUME K, JAVZAN B, et al. Metabolomic profiling of Saposhnikoviae radix from Mongolia by LC-IT-
TOF-MS/MS and multivariate statistical analysis [J]. Journal of Natural Medicines, 2020, 74(1): 170 — 188.

[23] WANG Simao, QIAN Yuexin, SUN Mengxiao, et al. Holistic quality evaluation of Saposhnikoviae radix (Saposhnikovia
divaricata) by reversed-phase ultra-high performance liquid chromatography and hydrophilic interaction chromatography
coupled with ion mobility quadrupole time- of -flight mass spectrometry-based untargeted metabolomics [J]. Arablan
Journal of Chemistry, 2020, 13(12): 8835 — 8847.

[24] SAEA, MACT, KRS, 2. v bl BB 25 B RO AR D], ThRE2Y, 2023, 54(3): 939 — 947.

MENG Xiangcai, DENG Daigian, DU Hongwei, et al. Scientific connotation of high-quality genuine medicinal materials
[J]. Chinese Traditional and Herbal Drugs, 2023, 54(3): 939 — 947.

[25] CHEN Bingrui, ZOU Hui, ZHANG Boyang, et al. Distribution pattern and change prediction of Saposhnikovia divaricata
suitable area in china under climate change[J/OL]. Ecological Indicators, 2022, 143[2023-11-10]. doi: 10.1016/.
ecolind.2022.109311.

[26] YIP Kaman, XU Jun, ZHOU Shanshan, et al. Characterization of chemical component variations in different growth years
and tissues of morindae officinalis radix by integrating metabolomics and glycomics [J]. Journal of Agricultural and Food
Chemistry, 2019, 67(26): 7304 — 7314.

[27] SRHy, LBE, MWH, . LT 2805 — I Z VP45 & (5 B -NE ST 5 B B K25 0 B b it 5 (1], b 252058, 2021,
46(10): 2537 — 2546.

GUO Mei, AN Qi, SHEN Yajun, et al. Quality evaluation of Saposhnikoviae radix based on QAMS combined with
information entropy-response surface method [J]. China Journal of Chinese Materia Medica, 2021, 46(10): 2537 — 2546.

[28] LIU Guiming, XIE Jing, SHI Yurui, et al. Sec-O-glucosylhamaudol suppressed inflammatory reaction induced by LPS in
RAW 264.7 cells through inhibition of NF-kappaB and MAPKSs signaling[J/OL]. Bioscience Reports, 2020, 40(2):
BSR20194230[2023-11-10]. doi: 10.1042/BSR20194230.

[29] LIU Aimin, ZHAO Wei, ZHANG Buxin, et al. Cimifugin ameliorates imiquimod-induced psoriasis by inhibiting oxidative
stress and inflammation via NF-kappaB/MAPK pathway [J/OL]. Bioscience Reports, 2020, 40(6): BSR20200471[2023-11-
10]. doi: 10.1042/BSR20200471.

[30] KONG Xiangying, LIU Chunfang, ZHANG Cun, et al. The suppressive effects of Saposhnikovia divaricata chromone
extract on rheumatoid arthritis via inhibition of nuclear factor-kappaB and mitogen activated proteinkinases activation on
collagen-induced arthritis model [J]. Journal of Ethnopharmacology, 2013, 148(3): 842 — 850.


https://doi.org/10.1111/ejn.16119
https://doi.org/10.1007/s11418-019-01361-0
https://doi.org/10.1007/s11418-019-01361-0
https://doi.org/10.1016/j.arabjc.2020.10.013
https://doi.org/10.1016/j.arabjc.2020.10.013
https://doi.org/10.1021/acs.jafc.9b01910

	1 材料与方法
	1.1 材料
	1.2 供试品、对照品与药物提取液的制备
	1.3 色谱条件
	1.4 方法学考察
	1.4.1 标准曲线的制备
	1.4.2 专属性试验
	1.4.3 精密度试验
	1.4.4 稳定性试验
	1.4.5 重复性试验

	1.5 对脂多糖(LPS)所致RAW 264.7细胞炎症模型的影响试验
	1.6 数据分析

	2 结果与分析
	2.1 方法学考察结果
	2.2 不同产地防风药材质量分析
	2.3 聚类分析
	2.4 主成分分析
	2.5 不同产地防风醇提物抗炎活性
	2.6 双变量相关性分析
	2.7 灰色关联度分析

	3 讨论
	4 结论
	参考文献

