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[ Abstract] Objective: To investigate the quality regionalization and environmental impact factors of
Stephaniae Tetrandrae Radix based on main active ingredients, and provide a reference for the determination of
high-quality production areas and the dominant environmental factors affecting the content of Stephaniae
Tetrandrae Radix. Method: Partial least squares regression analysis (PLS) and principal component analysis
(PCA) were used to study the quality regionalization and environmental impact factors based on the main active
ingredients of tetrandrine and fangchinoline, and investigate the environmental factors of the producing areas.
Result: The content of fangchinoline was positively correlated with soil pH and annual average temperature,
negatively correlated with latitude. The content of tetrandrine was positively correlated with soil pH, negatively

correlated with annual rainfall and longitude. The total content was positively correlated with soil pH and annual
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average temperature, but negatively correlated with annual rainfall, latitude and longitude. Principal component
analysis showed that the 50 production areas could be divided into four groups of quality formation. The groups
with the highest scores were Shixing county in Guangdong, Shexian county in Anhui, Songxi county in Fujian,
Nanxiong city in Guangdong and Xiangxiang city in Hunan, all of which were best areas for accumulation of the
two main active ingredients. Conclusion: Soil pH, annual average temperature, annual rainfall, latitude and
longitude are the main environmental factors affecting the main active ingredients of Stephaniae Tetrandrae
Radix. The best areas for accumulation of tetrandrine and fangchinoline are Shixing county in Guangdong,
Shexian county in Anhui, Songxi county in Fujian, Nanxiong city in Guangdong and Xiangxiang city in Hunan.
[Key words] Stephaniae Tetrandrac Radix; fangchinoline; tetrandrine; quality regionalization;

environmental factors
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Table 1 Environmental factors from different habitats of Stephania tetrandra

MR Y R R R FHHER Bl

- S o o
e IR HE A BE/m ReC IREESC WREESC /mm /h JM pH
S1 ZRAREL R 116.787 4 29.575 6 28 16.9 28 1 1554.4 1288.0 1 4.86
S22 LHARERHAKZ 117.055 1 29.774 1 148 16.9 28 1 1554.4 1288.0 2 5.20
S3  BHARITE L £ Wk 117.670 8 29.693 2 223 156 41 -13.2 1781.4 1277.0 1 5.62
S4  RHEARTTE Dy AL 117.532 7 29.910 1 397 15.6 41 -13.2 1781.4 1277.0 1 4.99
S5 THRARITHE = 117.6217 29.9250 399 15.6 41 -13.2 1781.4 1277.0 2 4.92
S6 T BH i i A 0 W7 117.863 1 30.640 4 15 16.1 40.6 -0.1 1 600.0 1286.0 3 6.11
S7 A KU RS 117.468 2 30.150 6 204 16 40 -18 1624.4 1286.0 4 4.79
S8 LUK ARG E I 118.416 3 30.0153 295 164  40.8 -12.7 1477.0 1275.0 2 6.26
S9  EERT HH 117.748 4 29.641 8 328 16.3 33 -3 1536.2 1277.0 5 4.73
S10  ZEHEUAT IR DA R 117.992 2 29.663 9 217 163 33 -3 1536.2 1277.0 1 5.05
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W5 HE G e P Wk Y AFRE R EREWLE EXHE M ii%e 13

BE/m o ik/eC JEEESC REE/SC /mm /h KAl pH
S11 2208 HLIR R4 )5 117.910 1 29.974 6 315 158 33 -3 1686.0 1275.0 3 6.42
S12 tEadA AR APk s 117.186 0 27.239 1 495 18.0 40 -5 1 800.0 1 668.0 3 5.53
S13  fRAA ApatT 117.486 6 27.3326 196 18.3 30 5 1863.4 1 668.0 6 5.13
S14 R MR B IUE A 118.791 1 27.651 1 548 18.0 40 -5 1 600.0 1.900.0 5 5.07
S15  fEadE g By 117.791 3 26.788 8 206 18.5 31 8 1756.0 1740.7 4 7.22
S16  J7 7R v I 17 Pl i e v 0 114.595 1 25.1613 265 199 404 -4.1 14952 1622.5 3 7.67
S17  J7ARERRIG S B R T b 114.060 7 24,9839 124 19.6 403 -4.3 1543.0 1582.7 3 6.23
S18 i md i B B 51 9% & 112.593 8 27.3819 80 18.7 40 -7.9 1470.9 1531.7 1 4.40
S19 Wi & i b Y EYEFE 112.381 3 27.534 5 279 17.1 39.6 -4.6 13268 1558.7 2 5.22
S20 I mE A EL Bk K LB K 113.224 8 27.082 6 73 17.8 34 3 1410.0 1677.1 1 4.39
S21  YLPq{E4TT 117.806 6 29.086 8 82 18.0 409 -10.6 1869.6 1775.4 2 5.16
S22 VLPUAENLE A IR I 117.686 2 28.786 3 162 18.0 409 -10.6 1869.6 1775.4 5 4.78
S23  VLVUAENLE T HH R IE Sk 117.787 7 28.866 6 593 18.0  40.9 -10.6 1869.6 1775.4 5 5.23
S24  VLPEEXTTREW N2 117.887 8 28.954 2 219 18.0 409 -10.6 1869.6 1775.4 7 5.71
S25  YLVGHSE H i g2 K 116.525 4 29.376 1 36 17.1 41 -4 1391.5 2076.3 4 4.90
S26  VLVUVEZE) S 0 )E B 117.283 0 29.804 9 106 170 418 -10.9 17635 20098 5 4.69
S27  {LVY 4R ELBE Sk AT 114.589 7 25.010 5 212 18.6 39 -3 1695.0 1.690.0 1 4.90
S28  YLPH SRR 117.293 1 28.533 9 85 179 34 -3 1350.0 1749.9 1 5.69
S29 VTV A 0eg B YR 4 117.6559 28.576 8 222 160 433 -14.3 1850.0 1 940.0 1 4.76
S30 VLPG#FRTH =S 116.376 3 28.679 7 23 17.3 40.5 —-12.1 1 650.0 1771.5 2 4.69
S31  IT.7G S fi4 BT X 25 X 117.096 0 29.127 6 86 170 38 -2 17635 20098 3 5.22
S32 YLV AR 117.264 7 28.802 9 57 183 39 -5 1672.3 1766.3 6 4.82
S33  VLVYVRIT S PE K 116.2129 28.681 1 16 173 37 -2 1650.0 1771.5 6 4.55
S34  JLVGEPKH S H & 116.981 4 28.978 9 29 16.9 39 -5 1.500.0 2098.0 7 4.91
S35 VLV L B HESE 117.799 7 28.745 6 329 17.8 39 -3 2 066.1 1711.2 6 4.92
S36 YLV JT A EL 3L Ay 117.114 1 28.614 8 80 174 412 -12.8 1 808.0 1.803.5 7 5.27
S37  VLPGZEURE 117.561 8 29.268 7 99 16.8 41 -10 1962.3 1715.1 3 4.92
S38 VLM X & & 115.879 0 28.980 4 39 173 37 -2 1 650.0 1771.5 6 5.42
S39  VLPGRMHE 117.457 6 28.484 4 58 17.8 41.4 -11.2 2 066.1 1711.2 5 5.18
S40 VLV 4 Hofy B 116.805 1 28.717 6 17 17.8 37 -2 1586.4 1872.0 7 5.01
S41 VLI AT B AR S X 116.877 0 28.370 3 23 17.6 4112 —1542 17394 1788.8 6 4.57
S42 VPRI IL S KAk 118.133 9 28.798 9 278 17.8 38 -3 2 066.1 1711.2 5 4.73
S43 VLY Il R RIS 118.411 0 28.691 5 207 17.8 35 -3 2 066.1 1711.2 4 5.01
S44  WIVLITIL LA H A ARG 118.735 7 28.685 7 691 17.0 38 -3 2063.3  2000.0 6 6.31
S45  WITLIFAL B 42 R B e 118.076 0 29.090 1 151 164 37 -4 1814.0 17125 2 5.51
S46  WiVLIFAL B ILAT 118.427 5 29.120 8 320 164 37 -4 1814.0 17125 3 5.80
S47  WRTLIFAL B R FE 118.239 4 29.000 4 237 164 37 -4 1814.0 17125 1 4.86
S48 WTVLIF AL ELJ5 LB 118.129 5 29.174 4 196 164 37 -4 1814.0 17125 3 5.90
S49  WiVLIFfL B 5KkiE & 118.208 1 29.119 5 261 164 37 —4 1814.0 1712.5 3 5.07
S50  WiVLIE R TlA R S Bk 118.996 3 28.159 3 620 17.8 37 -4 1568.4 1676.6 2 4.99
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2.3 FEHYT G ENE A% KM Agilent
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Table 2 One-way ANOVA of chemical constituents of Stephania
tetrandra(X £ s,n=3) %
%> Bjs L v bRk ¥y By & 1 ISR
S1  1.25+0.18 F 1.78+0.29F 3.03+0.47 "¢
S2  1.29+0.23 FE 1.74+0.33 FE 3.03+0.48 "¢
S3 1.36+0.21 MFED 1.66+0.16 "FED 3.02+0.34 "€
S4  1.18+0.26 MFED 1.31+0.20 "FED 2.48+0.41 he¢
S5 1.11£0.13 hefED 1.57+0.19 heFED 2.68+0.78 hefeC
S6  1.37+0.28 ihefED 1.46+0.33 iheFED 2.83+0.60 hefec
S7  1.49+0.23 ihefED 1.6140.22 heFED 3.1040.40 hefec
S8 1.90+0.63 ihefED 2.28+0.90 heFED 4.18+1.53 hefedC
S9  0.97+0.10 heFEDE 1.58+0.22 ihefFEDC 2.55+(.27 hefedeC
S10 0.99+0.53 ihefFEDC 1.30+0.13 ihefFEDC 2.29+0.13 hefedeC
S11 1.00+0.66 heTEDE 1.2840.22 heEDC 2.28+0.27 hefedeC
S12 1.55+0.32 iheffEDC 1.26+0.20 hetfEbC 2.81+£0.5] hefedeC
S13 1.27+0.18 MhefelEDCB ] 4140 25 hefeFEDCE 7 68+().38 hefedeCB
S14 1.65+0.12 MhefelEDCB ] 944() 24 hefeFEDCE 3 504() 34 hefedeCB
S15 1.2940.2] hefedFEDCE ] 894() 4] ihefedEDCE 3 1 84(), 6] hefedeCB
S16 1.72+0.08 ihefed!EDCB ] 934() 27 thefedFEDCE 3 654() 32 hefedeCB
S17 2.58+0.39 hefedFEDCE 5 (84(),29 thefedFEDCE 4 664().62 hefedeCB
S18 0.87+0.24 hefedFEDCE 1 574.() 4() hefedFEDCE 5 434(), (4 hefedeCB
S19 1.56+0.73 hefedFEDCE 5 (84(),43 hefedFEDCE 3 6341 1] hefedeCB
S20 0.91+0.34 hefedFEDCE 1 494.(), 24 thefedFEDCE 5 44,36 hefedeCB
S21 1.38+0.13 thefedFEDCE 1 334() 1] ihefedFEDCE 5 714,22 hefedeCB
S22 1.30+0.36 hefedFEDCE 1 344.(), 15 ihefedFEDCE 5 64.4().47 hefedeCB
S23 1.7440.35 thefedFEDCE 7 734() 32 thefedFEDCE 3 474(), 63 hefedeCB
S24  1.1440.11 MhefedeFEDCB 1 494,22 ihefedeFEDCB 5 634, 2() hefedeCB
S25 1.1140.22 ihefedebFEDCE ] R74() 35 ihefedebFEDCE 5 4(),53 hefedebCBA
S26 1.26+0.16 hefedebFEDCE ] 574(), 13 hefedebFEDCE 5 77.4(),63 hefedebCBA
S27 1.86+0.16 hefedcbFEDCE ] 374.() 14 ihefedebFEDCE 3 53.4(), 27 hefedebCBA
S28 1.37+0.16 hefedebFEDCE ] 674.(),24 ihefedebFEDCE 3 (93.4(), 38 hefedebCBA
S29 1.4940.10 thefedebFEDCE ] 464:(),12 ihefedebFEDCE 5 540,20 hefedebCBA
S30 0.65+0.12 hefedcbFEDCE ] 354.() ] 5 ihefedebFEDCE ] Q.4(),27 hefedebCBA
S31 0.78+0.07 thefedebFEDCE ] 954.(), 09 ihefedebFEDCE 5 (04:(),]5 hefedebCBA
S32 1.02:+0.69 hefedebFEDCE ] 944,12 ihefedebFEDCE 5 D 6:+(),] 7 hefedebCBA
S33 0.96+0.14 hefedebFEDCE ] 174.(), 22 ihefedebFEDCE 5 ] 44().35 hefedebCBA
S34  1.35+(.18 thefedcbFEDCE ] 8()4(), ] hefedebFEDCE 3 ] 5.4() 3 5 hefedebCBA
S35 1.05+0.07 hefedcbFEDCE ] 394:() 37 ihefedebFEDCE 5 44.4(),38 hefedebCBA
S36 0.87+0.11 hefedebFEDCE 1 (64:(), 1] ihefedebFEDCE ] 4.4(), 0 hefedebCBA
S37 1.2440.07 ihefedebFEDCB ] 464() (9 thefedeDFEDCE 5 7()4(), ] 5 hefedebCBA
S38 1.25%(.17 ihefedebFEDCE 5 (54() 59 ihefedebFEDCE 3 374() 74 hefedebCBA
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&x2 R AR H B AR SRR B B AR AR i H A )

% By C T M B s ik B Ak 73 B
S39 1.01+0.09 ihgfedcbFEDCB 1.12+0.17 ihgfedcbFEDCB 2.13+0.25 hgfedebCBA

S40 0.80+0.09 hgfedecbFEDCB 1.51+0.22 hgfedcbFEDCB 2.31+0.25 hgfedecbCBA
S41 0.75+0.06 hgfedecbFEDCB 1.29+0.16 hgfedcbFEDCB 2.03+0.21 hgfedcbCBA
S42 Osgio 11 hgfedecbFEDCB 1 30:&01 1 hgfedecbFEDCB 2 19+0.20 hgfedcbCBA

S43 137i010 gfedcbFEDCB 161i019 gfedcbFEDCB 298i027 gfedcbaCBA

S44 0.92+0.09 gfedcbFEDCB 1.14i0.17 gfedcbFEDCB 2.06+0.26 gfedcbaCBA

S45 1.04+0.06 fedcbEDCB 1.06+0.13 fedcbEDCB 2.11+0.15 fedcbaCBA

S46 1.50+0.12 cdcbEDCE 1.71£0.24 ¢debEDCE 3.2040.18 cdcbaCBa

S47 1.02+0.13 debDCB 1.05+0.09 debbCB 2.0740.22 debaCBA

S48 0.78+0.08 bCBA 0.860.07 cbCBA 1.65+0.15 cbacBa

S49 0.80+0.10 *BA 0.97+0.14 84 1.77+0.21 baBA

S50 0.91+0.1642 1.10+0.08 A¢ 2.01£0.21 4

R RS SRR A 22 5 (P<0.01) . R [l
NG FRACERA BFE 2 5 (P<0.05)
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Mo (HARRET &, 138 pH, 25 B, 28 8 SAR R 19 AL - ®  wGroup1
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Fig. 2 PCA score chart of main active ingredients
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Fig. 3 Main active ingredients score clustering diagram
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