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Logistic Regression Analysis of Environmental Factors Influencing the Content
of Inorganic Elements in Radix Astragali seu Hedysari
Tang Shu,Chen Yonggang,Zou Jili
( Wuhan Third Hospital , Wuhan 430060 , China)
Abstract Objective: To study the environmental factors influencing the content of inorganic elements in Radix Astragali seu
Hedysari and to conduct logistic regression analysis. Methods: A total of 20 batches of Chinese herbal medicine Radix Astragali seu
Hedysari from different collection sites purchased from Wuhan Third Hospital from March 2016 to March 2018 were selected for mi-
crowave digestion and full emission X-ray fluorescence spectrometry to determine the inorganic elements in 20 batches of Radix As-
tragali seu Hedysari. (including the contents of K,Ca,Cr,Mn,Fe,Ni,Cu,Zn,As,Cd,Ba,Pb). Through the stepwise logistic regres-
sion analysis, the relationship between the content of inorganic elements in Chinese medicinal materials Radix Astragali seu Hedys-
ari and the 5 ecological factors of altitude, longitude , dimension, aspect and slope was analyzed. Results: There were some differ-
ences in K,Ca,Cr,Mn,Fe,Ni,Cu,Zn,As,Cd,Ba and Pb in 20 batches of Radix Astragali seu Hedysari. The ecological factors of
20 batches of Radix Astragali seu Hedysari collection points were used as independent variables ,and the inorganic element content
in the sample was used as the dependent variable to remove the independent variables with no significant influence ,and a multiple
linear regression equation was established. The 5 ecological factors of altitude, longitude , dimension , aspect and slope are recorded
as X1,X2,X3,X4 and X5, respectively. The contents of 12 inorganic elements were recorded as Y1 (K),Y2(Ca)and Y3 respec-
tively. (Cr) ,Y4(Mn),Y5(Fe) ,Y6(Ni),Y7(Cu),Y8(Zn),Y9(As),Y10(Cd),Y11(Ba),YI2(Pb). Among them, Y4,Y6,
Y9,Y10,Y12 had not selected any independent variables,and the remaining 7 inorganic elements may be closely related to envi-
ronmental factors. The regression equation was as follows: Y1 = — 1. 829 x 105 +6.031X1 +4.516 x 103X2(R =0.725); Y2 = -
1.533 x 105 +3.930 x 103X2 (R =0.895); Y3 =2.386 +5.260X4 (R =0.747); Y5 = —13.800 + 6. 812 x 103X5(R =
0.438); Y7 =1.877 + 1.409X4 +70.006X5 (R =0.688); Y8 =1.288 +2.801 x 102X5(R =0.639); Y11 =42.477 -
0.036X1 +3.412 x 102X5(R =0. 654) . Conclusion : The content of inorganic elements in Radix Astragali seu Hedysari is signifi-
cantly affected by the environment,and is closely related to altitude , longitude , dimension , slope direction and slope , which is worthy
of clinical attention.
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KRR, FEF ARG 5 e B 22 25 mL Rl R
IR 81K (el [ 0 A i i b O 343 8 2
RERE AT A 2 ras R . 2) ST A RO
fEBITA 0.9 mL BLLAE T BEIS A 10 mg/L 1952
PRUETCER AR 10 WL RETR ST G K 10 pL iR
Y0 T A0 S B A L, >R ZL A AT AL B
R X LGOI SR A I 5k B,
] 1000 s, FHSCZSHANT - UK 50 kV, B
10 ~30 mA, il H#5 £ 4% K, Ca, Cr,Mn Fe Ni,
Cu.Zn As Cd Ba Pb, B 3 Ik, BCOFIME,
R1 20 MAAMERNERBEZGEIT

s MR (m)  ZE(°)  HiE(°) e W)
1 1 640 39. 49 113. 67 531 30
2 1598 39.56 113. 64 B 30
3 1 688 39. 44 113.65 58} 40
4 1819 39. 50 113. 66 B 35
5 1 640 39. 51 113. 67 531 30
6 1 685 39. 49 113.75 R 45
7 1455 39. 50 113. 80 Sk} 35
8 1709 39. 49 113.77 53] 25
9 1734 39. 47 113.76 B 35
10 1413 39.82 113. 80 [H 35
11 1 650 39. 64 113. 85 B 35
12 1658 39.23 113.77 FF 35
13 1 764 39.57 113.71 R 30
14 1633 39.70 113.90 53} 30
15 1362 39. 69 113. 81 53 40
16 1307 39. 40 113.79 2 FH 50
17 1419 39.42 113. 34 [ 35
18 1 470 39. 43 113.33 B 30
19 1671 39.32 113.29 53] 40
20 1750 39.34 113.30 L[] 45
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R2 0HFARGM B ENTEEEBE RS (mg/kg)

%5 K Ca Cr Mn Fe Ni Cu 7n As Cd Ba Pb
1 4 671.38 2 686.61 14.43 37.76 1165.11 4.82 15.01 44.73 0. 66 179. 34 58.76 0. 68
2 5163.80 3 610.59 7. 66 18.24 454.10 5.41 11.93 25.18 0.43 308. 41 11.34 0.58
3 5156.10 2 214.09 11. 44 20.91 535.82 4.09 11. 48 21.93 1. 18 214.09 33.82 3.19
4 4393.61 2401.19 5.40 20. 09 443. 82 2.69 7.18 33.01 0.49 207.77 12.01 0.42
5 4423.11 1177.76  20.76 20. 24 463. 59 5.49 13. 69 28. 61 0.91 345. 60 19. 02 0.51
6 3211.02 1 805.01 12.77 28.43 804. 40 3.82 7.59 27. 69 0.44 231.32 26. 10 0.59
7 4502.41 2041.07 33.60 33.44 895. 94 5.40 8.49 39.26 0. 69 300. 04 30. 49 3.41
8 6 397.68 3 084.31 18.76 44. 10 1256.47 13.06 9.48 24. 68 2.01 203. 69 33.91 0. 68
9 4 965.76 2 069.24 2.26 29. 68 763.77 4.82 10. 74 26. 09 1. 08 224.10 12. 69 2.01
10 4522.82 1463.90 21.09 14. 69 206. 24 3.68 11. 15 20. 26 0.51 185.24 6.32 0. 26
11 6476.01 1249.84 27.82 32.01 942. 02 4.52 15. 41 24.19 0.57 244. 66 12. 49 0.59
12 4205.10 1226.19 11. 09 20. 34 469. 69 5.41 14. 59 19.51 0.34 231.43 13.01 0.50
13 5163.42 1 875.91 4.26 22.35 752.09 3.90 7.41 38.18 0.68 175.77 17.33 0.31
14 4925.18 2 138.43 14. 60 20. 41 383.26 3.60 16.01 33.10 0.24 300. 10 10. 43 2.61
15 5711.30 1592.59 5.24 33.82 886. 61 5.10 11.41 12.49 0. 68 256. 61 27.60 0.59
16 4048.18 1910.77 .26 20. 76 488. 44 5.91 9.43 30.91 0.58 239. 44 5.77 0.33
17 5099.09 1 310.91 9.90 18.77 437.09 4.26 9.09 33.18 0.59 301. 19 8.74 3.49
18 5013.23 2 146. 61 5. 68 24.76 723.18 4.01 16. 34 30. 60 0.74 280. 61 17.09 0. 68
19 6250.60 1561.32 27.18 22.19 503.01 3.49 14. 41 35.41 0.18 366. 09 17. 66 1.09
20 8593.15 1510.15 8.24 28.39 872.19 11.68 16. 09 36. 32 0.58 212.34 23.49 0.24

2.2 P RE TR JOHLOT R O R Y PR R e R R
B Logistic [MJA734fr 45 20 HLE ORI A4S
1Ry A28 K R il P Y LT R & A E o
AR, RRTCRE LW B AL, @ Z e
Titte IR AR YRR Hin) AR S AR
SWETrE oy X1 X2 X3 X4 X5, 85 12 Fpetloc
A& R Y1(K) \Y2(Ca) Y3 (Cr) Y4
(Mn).Y5(Fe) Y6 (Ni) ., Y7(Cu).Y8(Zn).Y9
(As) . YI0(Cd) . Y11 (Ba).Y12(Pb), H+H Y4,
Y6.Y9 Y10, Y12 A3k FARf] {AE &, 4 7 FhICHL
JUR & A RES BT [ R A AR U0 AH G, L ml )5 07
FEUNER 3 7
x3 PHMERPENTRSENHERWER
ZE 4 Logistic B354
Y1 = -1.829 x105 +6.031X1 +4.516 x 103X2(R =0.725)

Y2 = -1.533 x105 +3.930 x 103X2(R =0. 895)

Y3 =2.386 +5.260X4(R =0.747)

Y5 = -13.800 +6. 812 x 103X5(R =0.438)

Y7 =1.877 +1.409X4 +70. 006XS5 (R =0. 688)

Y8 =1.288 +2. 801 x102X5(R =0.639)

Y11 =42.477-0. 036X1 +3.412 x 102X5(R =0. 654)

3 g

=] P A1 % T H 24 B4 B 5 S R FE T LA
43, 28 T TCAILSSY , W& 25 LT R B R
WIRA B 2 1 2 3 R BLCHL T 2 A rp 25 /97
RAFAE BT o Herb G A4 5 008 35 3 4

WHEILR JREICRUMNME TR, EIR TR AMES
Xt 2 28R AR AR [R] A U A A
TERAR TP S PR 6 7 A W A S B ) R A K
TR P 24 v 45 S A AR P P 9 2R A i
IR, FF A PSR BN R & R a2 2R
Wi 17 £ B 2 5, v ) — b e 2y, LR ) R RE o0 A
T4 FELAN [ 8 1 DX T A [ P e X i A ) e A5 5
DGR [ FSR T M K B S A S5 AR ER
BEARAALR , AT AT BEXS TEALTC R & & A B
M AR e LG L P A R T
R FE AR R AR, AT 712X ) LSRRI T,
LS A W Im) LA R S R A B A DR
THLICER &R, B 7256 T i TR R b 32
BES AR , LAORIEAR 7 ST SN A 2447
ARTCE R 7R 20 LB K (Ca Cr Mn
Fe Ni.Cu.Zn.As . Cd . Ba.Pb i —EEZ R, X5
W BRSO BR ST AGE A B TR )R
HOAR IR B B RT3 A R LT R & i HoA 22 5 bk
JE PR F2 2 5 AR RIS AR I B . SRR,
He 20 B ECR A ARSI TR A AL i BRE
HRYTCHLICZR & A O PR AR 6, 22 BR 0 18 25 R0 Y
HAS R, S Zond RO f . JRIS IR R
EHEE Yl A RIRE S AN ST lie o XX,
X5 Xy X5, ¥ 12 FhEHLT R A & & e Y,
(K).Y,(Ca) . Y;(Cr) . Y,(Mn) . Y;(Fe) Yg(Ni),




AR EEZE 2019 4F 12 5 14 855 12 1)

- 3163 -

Y7<CU) \Ys (Zn) \Yo ( AS) \YlO ( Cd) \Yu ( Ba) \le
(Pb) o HH Y, Y Yy Y, Y oKk FARAT A A2 5,
Pz T FICHLICER &l g 5B R R AR VI
X, Hom g AW R Y, = - 1.829 x 105 +
6.031X, + 4.516 x 103X, (R = 0.725); Y, =
~1.533 x105 +3.930 x 103X, (R =0.895); Y,
2.386 +5.260X, (R =0.747); Y, = — 13.800 +
6.812 x 103X, (R =0.438) ;Y, = 1. 877 +1. 409X, +
70. 006X, (R =0.688) ; Y, =1.288 +2.801 x 102X
(R=0.639);Y,, =42.477-0. 036X, +3.412 x 102X,
(R=0.654), XU THED K iR ERmMZ D
FIRE SR 2 B 6, HLEE T HACRN 28 B 1) e i
BN Ca JTTR F M Z/0 N T4 B fEE B AH
KA, RO Bl 25 B (AN T g i Bl 22 3 05 Cr 63
TR EZD EERMBE AN 5 Zn TR E D
2/ B A G, RIS b 3 R IoC R &
T Cu JUE TR A Z A S LK A AR
K, BB 3 B R 1) 1 o e HL % o W 1S 5 Ba
JCR G RN Z /DR S AHDG , H A R A
W iR DA B B 1) ) 32 A, % o0 R B
N SN ([F=Pl 4D o0s| WV O R g o
ZZMAESHE T, 5 3 h i eylc €&
I DA SR SR ARG, T AT IR A5
g5 LR, h e M i LT R F RS2 B

SRR B W RERNEAR (2R AR W D)
JEAEAE—E ARG, SR 1T PR 555 1R 2 %) o 8 it SO
T A HORH OG il 5 A b R 1 R e A R — A e F
GEo T LG H I A S L S 7E T R0H M b ik
T 20 #EE LG AT ICHLIC R & R, X
M B ICHLIC R & B IR B R N K TR
Logistic [11J5 437 , 3 AN AR £ T A6 0 25 5 1 o 1
P, R R4 b 43 B T 52 A B R b JE LT R B
A R S 7E T ARESE HAL By T ML A T
FANE 2 )2 BT S AT, 3 AT REXT A SR 45 AA Y )2
PR —TE R, WA SO SR BRPE T fE . A Ja T
BEX R G 8 22 vp o B D[RR 5T, D TG 745 3] B
TR B 12 2518
5% 30k
(1] Pt RIS S, 45, SETF CRRM 25 0 R Cop A AR SE R

FE 2 ) v 36 R A 0 BB RE [ 0] ¥ B 24,2018, 39

(3).77-82.
(2] B, S0, 55, 45 HPLC 30 7R 7 7= B 3 26 P 0 1

A R[] P25, 2016,7 (1) 17-19.

(3R, MEZ, ARk, 45 J T B AR 527 728 5T A 245 44 3 b
PR —— U SR [)]. hE 2 2¢a5,2016,41(17)
3202-3208.

(4], X0 264, pRE i , 55, 3k T ICP-OES/MS A Ay 11 8L H:
Pt BB LT R 28 Sk 3 BT [T ]. 25 #1,2016,39 (11)
2462-2468.

[STRAET, B3, A2, 55, S ST 5 ik RNA34116 £k
BHLAEJFEF 4 AR 0 e [T ] IR BERE R 2727 41, 2019,49 (4) : 263-
266.

(6] Bliiei , R PRyt , ARIRAR , S5 N2 |3 EERUR) 0 412 3004y 3o B 2 44
ROPE I BALHI[ )] sPEE2AAR,2019,34(7) 1429-1435.

[7 ] IMERIGE 3, M o, 6. 6T ARISA 4820 B HOR (1Y % U5 3
FEARBRIAE W B R ST [T ] PR 24, 2016,47 (12) :2157-
2162.

(8] A=mig, B Ak, Tk W, 5. vp R A 46 0 - O B o2k ) I 7 PP 2
Mg 29 FocR [T]. hE BE2G Tl 28 7, 2015,46 (9) : 999-
1003.

(9 I BKAENT , PR, 5 E , 5. BRI TE Iy v 20 FpIEHLIC R #5345 M
MMV )] 255, 2017 ,40(3) :329-334.

[10] Shmmds , &2k, XYL, 45, ICP-MS % [l bl i s H- B2 244 v 21
FICHLICE &R 1], FPE 265 ,2017,28(15) :2115-2119.
CITIX0E, 2228 T/, 4. B3P JEHLIC 5 X AN ) 77 b 3 5 v
TEHLICR A A T s [ 1], hRE25,2017,48 (6) : 1225-

1228.

(12 14RS2 18, ShFH, ERESS , 55 AN TR) 77 R 2 25 b1 B AR B 4 45
TAICR AR [J]. BB 25,2016,18(6) :766-771.

(13 ]2, KA, da B2, 55 ICP-MS 1 23 Hr A A it Y <o 1 i At
RirpIEHCR 25 )] 1 R25,2016,38(4) :950-954.

[ 14 ]38 AR, Som v fE L 5y s 25 A h EHLOC R & B PRI A
ZaMrLT]. P EE2ER,2018,33 (1) (111-114.

[ 1S J3IEFE, FallE, 30, 4. Z A WA KA R 4 B el
FAARFFAE AT [ T]. HH25%F,2016,39(1) :53-58.

(16 ] Bk, i85 HPLC-ELSD Ll & 2 IR ¥ A B Y
[ J]. IR BE 25 30k (SRR T 1)) ,2019,6 (20) - 148-
149.

(17 1B, 24, e 5, 45 6 P B I 0 8 2 0 197 T e B
AR R[] AR 28 4R, 2019,54(6) :31-34.

(1814 IR, T3 AR, 5. A2 il 5 A 8 R - AR 5G4
[J]. A 24,2015,26(3) . 732-738.

[19] 902252, HPLC 1k [a] i I %8 FE 10t AL Hh 2 86 H I A N IR R 38 2
PR S []]. aR T E22%35,2019,40(6) :78-81.

[20 1R, X , Bl A, 45, TR A TCP-MS 3 0 5 B B T 6 TR
Hs PG EOTR AR PEZIN,2013,16(4) :494-496.

(21 1Wkae, Sl , 225 4R, 45, HPLC [a] i 5 B B E 5 URE A7 i
P K B S M A A e wE () ] b E B 25,2019, 21
(6):814-816.

[22]Li L,Zheng S, Brinckmann JA ,et al. Chemical and genetic diversity
of Astragalus mongholicus grown in different eco-climatic regions
[J].PLoS One,2017,12(9) :184791-184792.

(2018 - 12 - 18 A FHSBHE . HT)



