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[ Abstract | Objective; To establish the content determination method of 11 heavy metals in Alstonia
scholaris leaves, oleanolic, ursolic acid content determination methods and HPLC fingerprint, and explore the
heavy metals content and overall quality of the A. scholaris leaves in order to provide the reference for the harvest of

medicinal material. Method: All the samples were divided into two groups: S1-S12 were from different
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plantations, and S13-S22 were collected from different streets greening. ICP-MS was used to determinate the
content of heavy metals, and HPLC fingerprint combined with similarity evaluation and principal component
analysis was used to evaluate overall quality variation of two groups of samples. Result; Except Se and Hg in few
samples, all the other metals were detected in which the content of Fe and Mn was higher and the content of As,
Se, Pb was lower. Hg element was detected in street green samples with the average of 0. 1 wg-g ™' but lower than
the limit of detection in plantation samples. The content RSD of As and Se in plantation samples was more than
120% , and Cr and Ni content RSD was higher than 60% . Contents RSD of Cr, Mn, Fe, Ni, As and Se in road
greening samples was higher than 70% , and such variation was bigger than that in the plantation samples. RSD of
Cu, Se and Pb was equivalent in two groups. The contents of Pb, Cd, Hg, Cu and As in 22 samples were not
beyond the standard according to the requirements in Foreign Trade and Economic Standards of Medicinal Plants
and Preparations ( WM/T2-2004 ). However, these toxic heavy metals in the road greening samples showed an
increasing trend. 16 common peaks were marked in plantation samples and the fingerprint of street greening samples
had marked 13 common peaks. Two groups of samples had significant differences in chromatographic peak number
and absorbance. The similarity was higher in plantation samples, > 0.95 except for S1, S4 and S11; the similarity
was lower in greening samples, only S18 >0.9, with discrete distribution between 0. 557-0. 895 for the remaining
samples. 12 common peaks were marked in two groups, and the common peaks areas of plantation samples were
larger, with RSD of common peaks areas less than that in greening ones. The results of PCA revealed that two group
samples were separated in two parts. Conclusion: The results indicated that heavy metals contents and the content
variation in the samples from street greening were increased as compared with the samples from plantations, and at
the same time, their chemical compositions and contents were relatively lower. In order to ensure drugs safety and
clinical efficacy, it is suggested that the A. scholaris leaves from road greening shall not be used as a source of Dai
medicine.
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Table 1 Measured and recommended value of 11 elements in

spinach leaves and bush branches and leaves (n =6) pgeg !
. skt AR

5 HIME (5 £5) 5 {H HYE (2 £5)
Ni 0.87 0.92 £0. 12 1.9 1.7+0.3
Se 0. 094 0.092 £0. 024 0.16 0.12 £0.02
Cd 0.18 0.15 £0.02 - -
Hg 18 20 +£3 - -
Cr 1.7 1.4£0.2 2.49 2.6+0.2
Mn 40 41 £3 63 61 5
Fe 564 540 £20 1129 1070 £57
Cu 9.2 8.9+0.4 5.9 6.6+0.8
Zn 33.9 35.3+1.5 19.6 20.6 £2.2
As 0.25 0.23 £0.03 1.17 1.25 £0. 15
Pb 10. 8 11.1£0.9 51 47 £3
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Table 2 Heavy metals contents in different branches Alstonia scholaris leaves(x +s,n=6) ne-g
No Cr Mn Fe Ni Cu Zn As Se Cd Pb Hg
S1 1.88+0.22 102.83 +4.22 436.08 £10.05 0.83 +0.21 5.18 £0.51 11.04 £0.44 0.55+0.04 0.29 +0.03 0.06 +0.01 1.98 +0.39 -
S2 7.11+0.79 86.49 +2.31 550.87 £33.70 1.04 £0.11 9.06 £0.46 20.12 +0.69 1.00 +0.26 0.17 +0.02 0.08 £0.00 2.05 +0.62 -
S3 2.15+0.43 168.31 +17.8 237.68 £10.70 3.11 +0.13 7.06 £0.27 12.17 £0.12 0.19 +0.07 0.51 £0.03 0.15+0.02 2.33 +0.38 -
S4 2.13+0.14 77.57 £3.60 504.69 £50.85 0.99 +0.13 8.64 £0.15 13.18 £1.80 0.96 +0.04 0.15+0.01 0.07 £0.00 1.49 +0.06 -
S5 5.55+0.81 101.22 +6.05 432.88 £31.90 1.29+0.26 7.52 £0.28 17.38 £1.21 0.60 +0.03 0.20 +0.04 0.07 £0.01 1.56 +0.24 -
S6 2.29£0.13  75.74+2.76 280.60 £9.21 0.75+0.04 7.00 £0.47 14.45 £2.32 0.27 £0.08 0.10+0.03 0.09 £0.02 0.62 +0.06 -
S7 1.21+0.37 64.11+1.23 182.42+14.34 0.62+0.08 5.12+0.11 10.96 +1.15 0.17 +0.06 - 0.09 £0.01 0.49 +0.09 -
S8 3.20£0.30 90.30 +2.32 286.86 £28.56 0.98 £0.14 7.41 £0.19 13.90 £1.73 0.24 +0.02 - 0.10 £0.02 0.72 0. 19 -
SO 0.75+0.01 95.06+1.38 206.41 £17.30 0.60 £0.05 4.96 £0.11 11.49 £1.07 0.22 +0.03 - 0.07 £0.00 0.68 +0.06 -
S10 1.77 £0.28  99.29 +0.91 305.05 £24.80 0.73 +0.03 5.48 £0.12 11.77 £0.32 0.46 +0.09 0.04 +0.00 0.08 £0.00 1.16 +0.06 -
S11 4.64 £0.47 93.62+2.46 454.85+£24.70 0.82+0.01 6.37 £1.43 13.39 £2.28 0.89 +0.03 0.28 +0.01 0.07 £0.02 1.49 +0.04 -
S12 3.43+0.14 92.13 +5.30 491.54 +57.30 0.89+0.05 6.34 +0.99 13.60 £3.53 0.65+0.02 0.09 £0.01 0.06 +0.01 1.57 +0.14 -
SI13 7.79 £0.31 96.62 +£8.001 178.57 +18.36 2.50 +0.14 7.76 +1.18 18.12 +4.18 1.47 +0.17 0.74 £0.26 0.05 +0.01 2.35+0.26 0.12 £0.03
S14 4.75£0.56 123.42 +23.90 541.11 £38.98 3.11 £0.20 5.85+0.73 13.11 £1.85 0.68 +0.17 1.33+£0.29 0.04 £0.01 1.52+0.76 0.11 £0.01
S15 6.24£1.32  76.82+2.04 649.82 £47.17 1.82+0.09 6.38 £0.42 13.45£3.34 0.74 £0.07 0.09 £0.01 0.06 £0.02 1.51 £0.14 0.11 £0.02
S16 0.03 £0.00 211.05 £25.54 234.31 +42.43 2.69 £0.10 5.57 £0.43 8.08 £0.83 0.22+0.04 1.25+0.12 0.10+0.02 1.06 £0.10 0.11 +£0.01
S17 4.33£0.53  60.60 +12.57 649.45 £31.71 1.25+0.11 6.05£0.36 17.49 £2.04 0.97 +0.05 0.16 +0.02 0.04 £0.01 1.86+0.20 0.10 £0.04
S18 3.08 £0.96 52.67 £5.79 407.13 £91.26 1.02 +0.35 6.50 +0.56 12.73 £1.37 0.37 £0.12 - 0.03 £0.01 1.03 £0.67 0.10£0.02
S19 0.82+0.05 140.65 +10.45 304.02 £29.57 0.73 £0.07 5.31 £0.81 7.43 £0.55 0.50 +0.18 0.18 +0.08 0.08 £0.03 0.77 +0.10 0.11 £0.04
S20 0.81£0.18 77.12+7.58 149.56 £6.64 0.41 +0.13 4.16£0.75 9.11 £1.12 0.11 £0.06 0.36 +0.05 0.05+0.02 0.81 +0.11 0.10 +£0.01
S21 2.98 £0.42 369.84 +63.22 365.23 +71.13 4.77 £0.37 6.74 £0.50 13.04 £5.68 0.27 £0.08 1.78 £0.22 0.04 £0.00 0.62 +£0.07 0.10 +£0.02
S22 0.55+0.13  68.45+7.29 117.58 £8.62 0.41 £0.14 3.58 £0.10 10.34 +1.35 0.08 +0.02 - 0.13+£0.07 0.69 +0.10 0.11 £0.04
W =7 FRZITTR AP F]

245 AR B ) 700 B0 22 B2 4 (4 b o ) (WM
T2-2004) i #5E Pb,Cd, Hg, Cu, As %5 4 /8 & R R

Syl 5.0,0.3,0.2,20.0,2.0 pg-g ', 2015 4E
o R 2 B b 2 TR o0 F R e (P B 2 -
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B T B 5 B S S A AR T W 287 o,

Zi#f Cu, Pb, As, Cd, Hg A5 R 735 21.0% ,  2.2.2 W& REE & 05 B R AT &

12.0% ,9.7% , 28.5% , 6.9% F [& & 1.476% ,
3.967% ,4.819% ,1.872% ,1.08% ">, & I 47 U
HHL,22 AL Pb, Cd, Hg, Cu, As IR R R E,
P N G2 T

%3 AAMEETAHHTESESETRME(n=12)

Table 3 Deviancy of 11 heavy metals contents in different

plantation samples(n =12)

HE)R P S35 ng g AR5t BB e
Cr 3.01 63
Mn 95.56 27
Fe 364.16 35
Ni 1.05 64
Cu 6.68 20
Zn 13.62 20
As 0.85 156
Se 0.14 121
Cd 0.08 25
Pb 1.35 45
Hg - -

x4 FAEHENEHERTESERAEETRM(n=10)
Table 4 Deviancy of 11 heavy metals contents in different streets

greening samples(n =10)

4R TR RE B w7 AR5 R P
Cr 3.14 84
Mn 127.72 76
Fe 459.68 69
Ni 1.87 75
Cu 5.79 21
Zn 12.29 30
As 0.54 82
Se 0.57 118
Cd 0.06 50
Pb 1.22 47
He 0.11 9

2.2 fRYUEE

2.2.1 f(oi% % 1f Agilent ZORBAX Eclipse XDB

C fOi%AE (4.6 mm x250 mm,5 pum) ,0. 1% H g 7K

(A)-ZJE (B) R s A B FEVE L (0 ~5 min,5% B

5~35 min,5% ~26% B;35 ~40 min,26% ~56%

B),#iREf 7 pL, i 1.0 mL-min ", 4R 30 C,
. 80 -

MR 0.5 o KB AR, B s B2 b R %
A& K 10 mL, @ A 4H2 H(53 Hz)40 min, B, &
UELUEVRH 0.22 pm Gl AL B B OE 2o, B A Sy AR
VW o
2.2.3  HEAb B ASTRIHE URORE S R 4G AR e
SN 2 6 1% g A 1R RS A AL T M R 48 (2004 A
Jie) AT AR ABLEE PE A [R] B R A SIMCA-P ™ 11,5 %k
AT T £ 135 AR E AT 3 LA A BT
2.2.4 fREOCKEE ke g LS FESL, FR IR
2.2.2 W RO iE AR AR SO L R 2.2. 1 R (8
TS SRR 6 IR, 75 58 4% T 04 AR X R B I )
FUAH XoF g 1 AR, &5 SR [A) — Sk 0 A 0 R B B[]
RSD <0. 8% , A% 14 i A1 RSD < 1. 9% , 32 AL 24 kS
W R A, CPATARIL ST AR, 6 £, R 2.2.2 T
(75 o A A A R, A I T L R HE R, B 5
A% A W A X i A S TR T AF 0 0 v AR 4 SR ] — 3
A7 W AH X R B8 B[] RSD < 1. 1% , AH X I 1 A RSD <
2.3% KWL EE R, ST MG, e 2.2.2
TR 7 ik i AR A L 40 T 0,2,4,8,12,24 h
HEREIC SR A0 15 1, 25 45 45 2L 06 A X (O B IS ] 11 AH
XU T AR o 45 R ] — 2 A g A X O] B8 ) ] RSD <
0.4% ,AHXTIET AL RSD <2. 1% , 3 B4 5 i3 W 7
24 h e R AT
2.2.5 HPLC 45 & |51 38 AH AL EE 3F e K 3 Bl 43 43 B
P 2.2.1 F1 2. 2.2 thy vk @ AN R AE KRB AT
& it HPLC #8205 , 70 04 s i B s A b 2
WG o S A L RS TE A R 48 (2004A jiL) 7O
SIMCA-P* 11.5 {4 i 47 A8 0L BE P 4 B 3 1% 43 43
Mr &R 1,2 F3 5, K& 1 AT LLE H A el A
AR L 16 AN A W T A I 2 A A A 13 >t
AW, TR i 7 €8 3 UG AR RO B R AR
B 2 5 RIAAT A KBS T W — 9 Fh b 4k 27 1%
oy K i BRI . 3 5 0] LU R FE R
il 22 (6] BLBE 85 0 , 2 8008 T 0. 95 (S11 BRAR) 5 4%
FERE AR RLEE /N HE 0.5 ~ 0.9 B HL AT A, 32 7 Fil
L ) ARt R Tt 3 Ol AR A, T R AR o T R 2
SRR K . PHALRE S 3R A 0 TE BURT RSD L3R 6, 3%
TRl LA LR S 12 AN SR 0 R AR R Y R
FFT) T FofoA el A o g T RR X R T B Ak R o, HL
12 A~ A7 0 1E AR RSD ¥/ T F 30 11 38 B SR AL AE i
R FE AR SR 2 B, 22 50 iR
5 AL BE PP A 45 S — B B P AR A R B 5
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Fig.2 Principal component analysis scores of 22 branches samples

2.3 FERPRAIGFHCRMR & e
2.3.1 % &  Agilent ZORBAX Eclipse XDB

Cy (I HE (4.6 mm x 250 mm,5 pm) , i 30 4 7 -
0.1% HIfR/K (12:88) , #FFEH 10 wL, Wi 1.0 mL-
min "' AE IR 30 C K% K 210 nm,

r5 ABRHERBCETEM

Table 5 Similarity evaluation of different samples

No. AL No. AL
S1 0. 884 S12 0. 986
S2 0.977 S13 0. 588
S3 0. 968 S14 0. 608
S4 0. 888 S15 0.557
S5 0.978 S16 0. 895
S6 0.927 S17 0.615
S7 0.962 S18 0.923
S8 0.965 S19 0.721
S9 0.949 S20 0. 864
S10 0.981 S21 0. 829
S11 0. 691 S22 0.876

2.3.2 fEM A ROAH S R S RS LR B

MR AR AR AL 0.1 g T il il 4 b, 6 2% 7% O e
2 mLOR 6 B 9% B, R R PR &, FROE BT i, B R R I
(53 Hz)30 min, JCH & 02 J8E BT, b3 A
0.22 pum flCFL 8RS 8 AL, 22 08 Vo A3 T A TR

2.3.3 LRAYEMIUTREEL FREURMR . &k R
Y=4 031.55X - 62.08, r = 0.999 6, £ % i [
0.0336~1.200 0 g-L~" & BR 0.009 7 g-L°", 5
PR 0.026 6 g-L~" K% RSD 0. 5% , % & ¥ RSD
1.2% ,fa &P RSD 1.3% , AERMR:&MEIrfE V=
10 622. 36X -4. 81, 2Pk 0.01 ~1.0 g-L™", r
0.999 8, KPR 0.002 1 g-L ™", 5Z &R 0. 006 16 g-L ",

®6 WHAERILFEMMI RSD

Table 6 Common peak areas and RSD of two group samples
No. 1 2 3 4 5 7 8 9 10 11 12
S1 94.73 1138.02 178.43 2860.20 311.23 45.05 1416.57 241.75  521.37 93.75 177.37  285.82
S2 117. 54 1457.97 103.92 3334.89 694.40 179.70 1181.62 1292.59 547.32 52.73 193.91 159.71
S3 155. 86 1734.95 121.78 3097.89  600.21 179.31 926.84 2726.21 844.41  261.01 336. 24 123. 88
S4 127.99 698. 00 24.24 819.08 610.86  102.27 593.20 215.63  280.37 26.21 88.46 135.27
S5 150. 35 1 234.68 54.59 2890.94 1015.11 139.78 788.39 1530.67 831.17  260.03 135.82 140.73
S6 81.31 633.70 50.92  1128.94 645.19  120.20 288.02 1250.01 320.03  358.47 88.98  269.38
S7 146. 11 1230.13 58.52  1067.19 546.80  159.21 576.99 884.62  354.71 142.73 99.72 148. 83
S8 139. 86 1 125.95 37.02  1159.85 682.02 136.71 717.98 1207.03 512.70  105.55 119.92 126. 62
S9 85. 64 1567.71 132.48 1490.73  340.91 159. 06 662.34 1415.60 612.30 88. 87 26. 28 91.82

.81 -
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No. 1 2 4 5 6 7 8 9 10 11 12
S10 87.84 827. 64 48. 81 1 387.55 180.90 93.73 494. 88 652. 61 303.75 90. 84 125.27 202. 08
S11 96. 40 652. 48 21.88 61.90 161.02 74.95 376. 68 586. 21 79.29 104. 63 121.99 323.94
S12 132.71 1481.97 91. 81 2285.27  320.86 129. 54 656.51 1 371.00 473.92 139. 37 203.99 103. 31
S13 46.79 101.95 10. 46 12.02 17.97 8.93 49. 45 104. 44 41.62 18.17 17.82 130. 78
S14 83.72 156.70 10. 45 45. 86 65.23 24.94 182. 14 103.97 206. 20 70.74 58.36 346. 33
S15 42.08 84.95 9.79 119.77 58.62 17. 46 70.51 150. 74 44. 46 63.53 102. 52 552.04
S16 137.50 1 087.06 62. 84 3211.90 350.70 85.12 1083.83 1658.12 856. 56 199. 01 155. 68 154. 69
S17 96. 40 652. 48 21.88 61.90 161.02 74.95 376. 68 586. 21 79.29 104. 63 121.99 323.94
S18 52.93 848.78 92.18 2770.16  717.52  212.86 1 356.77 425.80 1 739.36 175. 61 175.09 281. 01
S19 167. 80 521.68 31.49 654.42 64.35 41.02 665. 54 231.79 377.39 28. 80 62. 24 101. 84
S20 60. 33 124. 06 44.59 1075.23 184.72 17.42 1 738.96 22.45 603. 43 74.25 49.72 221.08
S21 73.05 133.15 37.63 445.86  171.67 50. 89 429.23 166. 59 445.52 58.90 136. 87 109. 38
S22 60. 66 119.93 97.74 1 762.46  200.71 50.71 1264.51 39.87 521.76 54.23 41.30 325.89

K% & RSD 0. 8% , # &2 ¥ RSD 0.9% , fa &

P RSD

x8 MAMPRRBRINTHRBRIENE

1.9% j]nﬁ Eﬂ&/n%‘)l%% 7, Table 8 Contents determination of oleanolic and ursolic acid in
leaves of Alstonia scholaris mg-g !
R7T MEMHHFHRBMAERBHMERKERE (n=3)
Table 7 Added sample recovery test of oleanolic and ursolic acid No SRR HE LR No. R 6B
(n=3)
s B op A e ] i 3% RSD S1 7.91 8.20 S12 8.23 8.77
/mg /mg /mg /% /% S2 8.25 9.34 S13 7.96 8. 64
FHORRR 1. 666 .42 3.1162 101.81 0.4 53 4. 84 5.95 S14 8.02 9.15
L63 33002 10031 L5 s4 9.96 11.50 slis 11.03 10. 28
196 3.7040 9856 1.2 S5 9.17 10. 66 sl6 5.28 6.07
AE LR 1.930 1.57  3.5283 101.46 1.3 56 8.33 9. 65 517 7.31 8.76
Lol 37789  96.83 0.8 s7 7.68 8.58 sis 7.92 9.32
226 41366 9723 0.7 S8 8.30 9.16 S19 7.50 7.46
S9 8.07 7. 81 520 6.24 7.54
2.3.4 REARRFIFFHCRRR G REIMESIR R $10 9.12 9.32 21 7.06 8.35
FFEHIOR R & 5 e 25 R W3R 8, WAL A i rh B R s11 9.91 10. 33 $22 6.52 7.72
R B3 5 43 1 4 11.50,10. 28 mg- g™, Fr B AR B 7
43514 9.96,11. 03 mg-g ™' FlAf FE KE S 55 BLR SR ALKE G A R B A e T RO B A L IR

TR 1 A8 SRR T 24 I ik 4 H0K 8.32,9. 11 mg-g ',
AR ALK i T 7 1y o

Bk 7.49,8. 32

iH e T R

REIR TR 57 BUR TR &

T AR TR e R A
L8 EASR BRI TR RIS Qe s b 7

mg-g " RUIGALFE S SRR S AR, W
ZHAE i BB JL R & B RSD 43 %Ik 15.9% ,20.3% ,
R Z T TEGAE P & B RER, DL R4S
RUITE AT B AR T REZ B TR ARG
e FBOHAL L 1 G S RRZ
PR 2R it v R 4 e L T S L S A U T
Y H 0 i 28 0 o3 ¥ (8 DL RT3 Fﬂ*ﬂﬁtﬂ,iﬁ“%
- 82 .

FAEY RN E SR S AW AR B 30 AE ) A AR
B G S 2R IZ R RS e B ]k
il S A A AR A G
3 it

AT B ARG A R AR Y S A
Fel B i AH LU A T a3, AR R OR b e 5 B A&
b HA ROy S AR AR . S IR 2 4 A R A



A

5523 %45 15 3 RESEAFERE Vol.23,No. 15
2017 48 H Chinese Journal of Experimental Traditional Medical Formulae Aug. ,2017

A EHL R B EB. Bt
B3 E£RE

Fig. 3

= il el B
T B AR AR

C
A VT B

C. &SR AN 55 R R L
RE.BHAEARMELERSTEEXR

Pie charts of common peak areas and contents of heavy

metals, oleanolic and ursolic acid

i PR Y7 24, S DT i S A AT 15 B AN A0 D 88 e 24 # 4T
ELINIE ST

(1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[%%S‘Cﬁk]

s RN, B . R (M
Eé‘ﬁtﬂﬁﬁﬁ,zom: 35-45.
TR ERE S PEMBYEIM]. L
R A, 1977 90.

FREMIM. A A (M. RO = R LA,
2003 ; 20-29.
Kandhare A D,Patil M V, Bodhankar S L. Ameliorative

Jodest: i EH

R

effect of alkaloidal fraction of leaves of Alstonia scholaris
against acetic acid induced colitis via modulation of
oxido-nitrosative and pro-inflammatory cytokines [ J ].
Pharmacologia, 2016, 7(4): 170-181.

SIS VI RN, S S WAT AhE
B2 ar [T]. o B 25 J¢ 3K, 2009, 34 (9):
1111-1113.

QIN X J,ZHAO Y L, SONG C W et al. Monoterpenoid
indole alkaloids
Alstonia scholaris [J].
(4): 185-193.
Arulmozhi S, Mazumder P M, Lohidasan S, et al.

from inadequately dried leaves of

Nat Prod Bioprospecting,2015,5

Antidiabetic and antihyperlipidemic activity of leaves of

R. Br [J]. Europ J I Med,

Alstonia scholaris Linn.
2010,2(1); 23-32.

WANG CM, CHEN H T, WU Z Y, et al

Antibacterial and of pentacyclic

(1]

synergistic activity

triterpenoids isolated from Alstonia scholaris
Molecules,2016,21(2) : 139
FENG L, CHEN Y, YUAN L, et al. A combination of
alkaloids and triterpenes of Alsionia scholaris ( Linn. )
R. Br. leaves enhances immunomodulatory activity in
C57BL/6 mice and induces apoptosis in the A549 cell
line [J]. 2013,18(11): 13920-13939.
Eﬂiﬁ T R, 5. ﬁ%?ﬁﬁéiﬁﬂﬁﬁﬁﬁ?ﬁﬁ’ﬂ

SR ZER [T]. A B R ,2009,28 (6)

Molecules,

(11]

[12]

[13]

[14]

[15]

[18]

[19]

[22]

[23]

562-567.

SRR, AR, RIAETE, AE. ROk AR AR B S R
FEEERBREXRENR [T]. LR,
2014, 35(4) ; 472-476.

BEVEME. DA AR 2B B 2 A 2 43 B R0 T5 Y XA 9 i
R BAEY W AESE R [J]. @Iiﬂ‘ﬂ‘ikﬂ&, 2007,

27(1) : 40-42.
LT, MG AR R ASTS e m BE AL LT ] v
ek B2 2013 ,41(4) : 394-396.

e I O a I I N il Rl o LI C g = v
B & a0 e oy B [T]. o B b 2 44 ik 2014, 39
(20) : 4001-4006.

MIAO W, ZHU B, XIAO X,

et al. Effects of titanium

dioxide nanoparticles on lead bioconcentration and

toxicity on thyroid endocrine system and neuronal

development in zebrafish larvae [ J].

2015,161: 117-126.

Aquat Toxicol,

Pamphlett R, Kum J S. Different populations of human

locus ceruleus neurons contain  heavy metals or

hyperphosphorylated tau: implications for amyloid-8 and
tau pathology in Alzheimer’s disease [ J]. ] Alzheimers
Dis,2015,45(2) . 437-447.

Mathew B, Krishnamurthy N B. Health effects caused by
metal contaminated ground water [ J]. Int J Adv Sci
Res,2015,1(2) : 60-64.
HE B,YUN Z,SHI J, et al. Research progress of heavy
sources, analytical methods,

Chin Sci Bull,2013,58(2) :

metal pollution in China:
and toxicity [J].
134-140.

status,

Davis L E, Kornfeld M, Mooney H S, et al
Methylmercury poisoning ; long-term clinical ,
radiological, toxicological, and pathological studies of

an affected family [J]. Ann Neurol,1994 35(6) : 680-
688.

WANG Y, CHEN A, Dietrich K N, et al. Postnatal
exposure to methyl mercury and neuropsychological
development in 7-year-old urban inner-city children
exposed to lead in the United States [ J]. Chd
Neuropsych,2014,20(5) ; 527-538.

Strain J J,Davidson P W, Thurston S W, et al. Maternal
PUFA status but not prenatal methylmercury exposure is
associated with children’s language functions at age five
years in the Seychelles [J]. J Nutr,2012,142 (11):
1943-1949.

Michalak A. Phenolic compounds and their antioxidant
activity in plants growing under heavy metal stress [ J].
Polish J Environ Stud,2006,15(4) : 523-530.
Vatamaniuk O K, Mari S, LU Y P,

Mechanism

- 83 .

et al.



23 B 1S5 1

2017

FESBRAFELE Vol.23,No. 15
FE8 A Chinese Journal of Experimental Traditional Medical Formulae Aug. ,2017

[24]

[25]

[26]

[28]

of heavy metal ion activation of phytochelatin ( PC)
synthase blocked thiols are sufficient for PC synthase-
catalyzed transpeptidation of glutathione and related thiol
[ JJ]. J Biol Chem, 2000, 275 ( 40):
31451-31459.

peptides

Kinjo Y, Akiba S, Yamguchi N, et al. Cancer mortality
in minamata disease patients exposed to methymercu
through fish diet [ J]. J Epidem,1996,6(3) : 134-138.
WANG X,Sato T,XING B,et al. Health risks of heavy
China via

Sci Total

metals to the general public in Tianjin,
consumption of vegetables and fish [ J].
Enviro,2005,350(1) . 28-37.

FU R,YANG Y,XU Z,et al. The removal of chromium
(VI) and lead (II) from groundwater using sepiolite-
supported nanoscale zero-valent iron (S-NZVI) [J].
Chemosphere ,2015,138 ; 726-734.

HUANG Z, KUANG X, CHEN Z, et al. Comparative
studies of tri-and hexavalent chromium cytotoxicity and
their effects on oxidative state of Saccharomyces
cerevisiae cells [ J]. Curr Microbiol ,2014 ,68(4) . 448-
456.

Wise JrJ P, Wise J T, Wise C F,et al. Concentrations

.84 .

[29]

[30]

[32]

of the genotoxic metals, chromium and nickel,in whales,
tar balls, oil slicks, and released oil from the gulf of
Mexico in the immediate aftermath of the deepwater
horizon oil crisis: is genotoxic metal exposure part of the
deepwater horizon legacy? [ J]. Enviro Sci Technol,
2014 ,48(5) : 2997-3006.

Viapiana A, Struck-Lewicka W, Konieczynski P, et al.
HPLC-fingerprint  and

An  approach  based on

chemometrics to quality consistency evaluation of

Matricaria chamomilla L. commercial samples [ J].
Front Plant Sci,2016,7(1561) :1-11.

XU N,ZHOU G, LI X, et al. Geographical classification
of Epimedium based on HPLC fingerprint analysis
combined with multi-ingredients quantitative analysis
[J]. Biomed Chromatogr, 2016, doi: 10.1002/
bme. 3871.

20, SR HE TR, S 2 o 2 B A A 1R s
Br T ASR] 7 e i B B e AR (] v [ v 2 2
#%,2015,40(8) :1529-1534.

KIRAR. M ESEREEPRFELAIN]
HoPEPEZR, 2015-08-12 (001).

[=EHE BET]



