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Abstract: The quality of Panax notoginseng medicinal herbs affects their clinical treatment efficacy. At present,
the quality of Panax notoginseng varies greatly, and its quality control mainly relies on saponin compounds, which
cannot systematically reflect the quality of Panax notoginseng medicinal materials. This study is based on the

collection of Panax notoginseng medicinal materials from different production areas, using micromethod, UV
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visible spectrophotometry, and high-performance liquid chromatography to quantitatively analyze multidimensional
indicators that affect the efficacy and formulation of Panax notoginseng. The results showed that the production
area with high content of macromolecules (amylum, cellulose, lignin) in Panax notoginseng was Yanfangxiang,
Zhanyi, Qujing, Yunnan. The production area with high content of total polysaccharides was Malipo, Malizhen,
Wenshan, Yunnan. The production area with high content of total flavonoids was Qinglongzhen, Huaning, Yuxi,
Yunnan. And the production area with high content of Panax notoginseng was Dianshaxiang, Xundian, Kunming,
Yunnan. The production area with high content of total saponins was Malipo, Malizhen, Wenshan, Yunnan. Based
on hierarchical clustering and orthogonal partial least squares-discrimination analysis (OPLS-DA), dencichine,
total polysaccharides, amylopectin, and cellulose were identified as potential biomarkers for distinguishing Panax
notoginseng medicinal materials from different production areas. Using the global geographic information system
for medicinal plants, 19 ecological factors of Panax notoginseng production areas were obtained, and the impact of
ecological factors on the accumulation of various components of Panax notoginseng was determined through
correlation analysis. Among them, the annual precipitation, the isothermality, the mean diurnal range, the min
temperature of coldest month, the mean temperature of warmest quarter, the precipitation of wettest quarter, and
the precipitation of warmest quarter were key ecological factors affecting the quality of Panax notoginseng. In
summary, this study comprehensively evaluated the quality of Panax notoginseng from different origins, revealed
the key ecological factors that affect its authentic quality, and provided a reference for subsequent quality control
and rational site selection of Panax notoginseng.

Key words: Panax notoginseng; different production areas; multi-dimensional indicator content; multivariate
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Table 1 Panax notoginseng sampling information

Origin number Geographical situation East longitude/° North latitude/° Altitude/m
Cl Xiaolongtan, Shilin, Kunming, Yunnan 103.419 24.903 1 886
C2 Walnut Garden, Shuanghe, Jinning, Kunming, Yunnan 102.431 24.523 2212
C3 Long Ga, Ba Dao Sao, Qiubei, Wenshan, Yunnan 103.976 24.057 1939
C4 Great Fire Zone, Qinglong, Chengjiang, Yuxi, Yunnan 102.931 24.465 2114
C5 Longde, Santang, Luxi, Honghe,Yunnan 103.829 24.409 2150
C6 Shayu , Huopu , Panzhou , Guizhou 104.422 25.611 2125
C7 Ashahei, Mazheshao, Kaiyuan, Yunnan 103.354 23.714 2131
C8 Qingxiangshu, Nijiao, Qiubei, Wenshan, Yunnan 103.906 23.901 1694
Cc9 Xiaobantian, Guishan, Shilin, Kunming, Yunnan 103.575 24.720 1991
C10 Wanmu Grassland, Qianxiang, Anlong, Xingyi, Qianxinan, Guizhou 105.460 25.212 1363
Cl1 Shumidian, Longqing, Shizong, Qujing, Yunnan 104.076 24.682 2057
Cl12 Zuozuobi, Nazhang, Malong, Qujing, Yunnan 103.654 25.288 2137
Cl13 Dagqinghe, Diansha, Xundian, Kunming, Yunnan 103.100 25.667 2135
Cl4 Pipo, Mazheshao, Kaiyuan, Honghe, Yunnan 103.448 23.690 2150
Cl15 Yiyi, Changhu, Shilin, Kunming, Yunnan 103.405 24.622 1942
Cl6 Yanfang, Zhanyi, Qujing, Yunnan 103.998 26.002 2090
C17 Xiaoshama, Xiangyang, Luxi, Honghe, Yunnan 103.900 24.527 2071
C18 Shuomele, Xiangyang, Luxi, Honghe, Yunnan 103.921 24.544 2021.5
C19 Shaguo, Huoshui, Luliang, Qujing, Yunnan 103.867 25.094 2246.3
C20 Xinzhai, Qinglong, Huaning, Yuxi, Yunnan 102.938 24.334 20273
C21 Shicha, Malipo, Wenshan, Yunnan 104.683 23.116 1506
C22 Xialiangshuijing, Mali, Malipo, Wenshan, Yunnan 104.651 23.155 1377
C23 Yandengjia, Mada, Malipo, Wenshan, Yunnan 104.634 23.111 1592
C24 Panlong, Malipo, Wenshan, Yunnan 104.665 23.171 1286
C25 Nanla, Daping, Malipo, Wenshan, Yunnan 104.597 23.074 1347
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Table 2 Reference standard curve. NG-R1: Notoginsenoside R1;
G-Rgl: Ginsenoside Rgl; G-Re: Ginsenoside Re; NG-R4:
Notoginsenoside R4; G-Rf: Ginsenoside Rf; G-Rbl: Ginsenoside
Rb1; G-Rc: Ginsenoside Rc; G-Rhl: Ginsenoside Rh1; G-Rd: Gin-

senoside Rd

Reference 5 .

Standard curve R Linear range/pg
substance
Dencichine  Y=882.83 X-1.3354 1 0.025 8 - 0.600 3
NG-R1 Y=300.59 X+4.8902 0.9999 0.2415-7.5152
G-Rgl Y=346.11 X-43145 0.9999 0.2538-7.509 4
G-Re Y=35935X-75892 0.9999 0.261 6-7.5095
NG-R4 Y=219.81X+04521 1 0.0504 - 1.504 4
G-Rf Y=42885X+0.7043 0.9999 0.0488-1.5033
G-Rbl Y=246.89 X+4.5098 1 0.2396-7.5121
G-Re Y=298.06 X+09132 0.9999 0.0481-1.5038
G-Rhl Y=486.77X+1.6464 0.9999 0.0479-1.503 6
G-Rd Y=252.69 X+55301 1 0.238 1 -7.4989
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Agilent A &), I 25 °C, #iik | mL-min™'. JEzHAH
ARNCNE, BN O0.1% B R /K, B FE 3B, 0~15 min,
60%~15% Ao il K 220 nm, FEFEES pl.
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PWEFE (4.6 mm x 250 mm, 5 um, Eclipse XDB-C18, [



+ 2356 -

252 %4} Acta Pharmaceutica Sinica 2025, 60(7): 2352-2366

Agilent 2 ), i 25 °C, #iti# 1 mL-min". FiZIAH A
NG, BRLEEIK, BEEEGENL, 0~40 min, 18%~21%
A; 40~42 min, 21%~26% A; 42~46 min, 26%~32%
A; 46~70 min, 32%~36% A. il 203 nm, FEFF:
10 uL.
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Analysis of macro-molecular content. A: Content distribution; B: Complex heatmap; C: Principal component analysis (PCA).

C1-C25 are in accordance with those in Table 1. PC1: Principal component analysis 1; PC2: Principal component analysis 2
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Figure 2 Analysis of total polysaccharides, general flavone, and dencichine content. A: Distribution of total polysaccharides and general

flavone; B: Bar chart analysis of total polysaccharides and general flavone; C: Cluster analysis; D: Bar chart analysis of dencichine; E:

Distribution of dencichine. n = 25, x £ s. Different letters indicate statistically significant differences at 0.05 level
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Figure 3 Saponins fingerprint, similarity, and content distribution analysis. A: Indicator component fingerprint spectrum; B: Similarity

heatmap; C: Distribution of various saponins contents; D: Bar chart analysis of PNS. 2: NG-R1; 3: G-Rgl; 4: G-Re; 8: NG-R4; 9: G-Rf; 10:
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PPT: Panaxatriol saponin. n = 25, x + 5. Different letters indicate statistically significant differences at 0.05 level
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Table 3 Nineteen ecological factors from 25 production areas. AMT: Annual mean temperature; MDR: Mean diurnal range; [SO: Isother-

mality; TS: Temperature seasonality; MTWM: Max temperature of warmest month; MTCM: Min temperature of coldest month; TAR:

Temperature annual range; MTWQ1: Mean temperature of wettest quarter; MTPQ: Mean temperature of driest quarter; MTWQ2: Mean

temperature of warmest quarter; MTCQ: Mean temperature of coldest quarter; AP: Annual precipitation; PWM: Precipitation of wettest

month; PDM: Precipitation of driest month; PS: Precipitation seasonality; PWQI: Precipitation of wettest quarter; PDQ: Precipitation of

driest quarter; PWQ2: Precipitation of warmest quarter; PCQ: Precipitation of coldest quarter

Origin AMT MDR ISO TS MTWM MTCM TAR MTWQ1 MTDQ MTWQ2 MTCQ AP

number /°C  /°C /°C /°C /°C /°C  /°C /°C /°C

PWM PDM PS PWQI PDQ PWQ2 PCQ
/°C /°C /mm /mm /mm /mm /mm /mm /mm /mm

Cl 15,6 105 45 45 251 1.9 232 205 9.2
C2 140 104 4.7 4.1 228 09 219 186 8.2
C3 147 9.8 44 45 240 1.8 222 19.6 8.3
C4 152 104 46 42 243 2.1 222 199 9.2
C5 13.8 10.1 44 45 232 0.5 227 187 7.4
C6 136 95 40 50 231 (0.1) 232 192 6.5
C7 144 9.7 45 41 232 20 212 189 8.5
C8 163 99 44 45 256 35 221 210 9.8
C9 150 105 45 45 245 1.3 232 200 8.5
Cl0 163 8.6 35 56 27.1 32 239 226 8.4
Cll 138 10.0 43 4.7 232 0.2 23.0 189 7.1
Cl2 143 103 44 46 236 04 232 194 7.8
CI3 141 109 46 45 236 0.0 236 19.1 7.6
Cl4 141 95 45 42 230 1.9 21.1 18.6 8.1
CI5S 154 105 45 44 248 1.9 229 202 9.1
Cl6 138 102 43 49 234 (0.1) 235 193 6.9
Cl7 142 102 44 45 236 0.7 229 19.1 7.6
Cl18 143 103 44 46 238 0.8 23.0 193 7.8
C19 13.6 10.1 44 46 228 0.0 228 18.6 7.1
C20 16.1 104 46 43 254 32 222 208 10.1
C21 158 79 3.8 45 247 44 203 208 9.3
C22 174 8.1 39 46 266 6.0 206 224 10.8
C23 160 79 38 45 250 46 204 210 9.5
C24 174 82 39 46 267 6.0 20.7 225 10.9
C25 179 80 39 45 27.1 6.8 203 229 11.5

19.3 92 9950 203.0 13.0 84 570.0 45.0 570.0 45.0

19.1 82 1076.0 232.0 14.0 8.8 631.0 43.0 631.0 43.0
19.2 83 1078.0 219.0 15.0 8.0 595.0 51.0 595.0 51.0
19.4 9.2 1038.0 219.0 14.0 8.5 600.0 45.0 600.0 45.0
22.6 7.4 1081.0 220.0 15.0 8.1 6050 52.0 605.0 52.0
18.6 6.5 1174.0 223.0 15.0 83 652.0 49.0 652.0 49.0
20.5 85 1182.0 260.0 14.0 85 677.0 50.0 677.0 50.0
20.0 9.8 1014.0 206.0 13.0 7.9 556.0 48.0 556.0 48.0
18.9 85 1013.0 205.0 14.0 83 5750 47.0 575.0 47.0
20.2 8.4 1352.0 260.0 18.0 7.8 7240 66.0 724.0 66.0
19.3 7.1 1096.0 215.0 15.0 8.0 608.0 53.0 608.0 53.0

19.1 7.8 996.0 203.0 12.0 84 570.0 42.0 570.0 42.0
18.6 7.6 938.0 213.0 9.0 89 558.0 35.0 558.0 35.0
19.9 8.1 1207.0 265.0 14.0 85 689.0 51.0 689.0 51.0
18.7 9.1 1011.0 208.0 14.0 83 577.0 47.0 577.0 47.0
20.8 6.9 979.0 193.0 11.0 84 553.0 38.0 553.0 38.0

19.6 7.6 1063.0 212.0 15.0 8.1 592.0 52.0 592.0 52.0
21.0 7.8 1058.0 209.0 15.0 8.0 588.0 52.0 588.0 52.0
18.9 7.1 1059.0 213.0 13.0 83 600.0 46.0 600.0 46.0
18.6 10.1 1013.0 212.0 13.0 84 582.0 450 582.0 45.0
22.5 93 1438.0 326.0 12.0 8.8 828.0 50.0 828.0 50.0
22.4 10.8 1352.0 303.0 11.0 8.6 772.0 49.0 772.0 49.0
20.8 9.5 14240 324.0 12.0 88 819.0 51.0 819.0 51.0
21.0 10.9 1342.0 299.0 11.0 8.6 765.0 49.0 765.0 49.0
22.9 11.5 1391.0 319.0 10.0 8.7 800.0 50.0 800.0 50.0
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Figure 6 Correlation analysis between multiple components and ecological factors. A: Correlation analysis between saponins and ecologi-
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and ecological factors; D: Bubble chart showing the correlation between multiple components and ecological factors
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