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Abstract: In order to explore the effects of chronic arsenic (As) exposure in food on organisms, in this study, As-treated feeds with the
proportion of the arsenic composition in rice were prepared and three arsenic-containing dose groups (Simulate dose group: 0.91 mg/kg, Low
dose group: 9.10 mg/kg, High dose group: 30 mg/kg) were designed according to the dose gradient, which were used to feed C57BL/6 mice
over three months and the contents of total arsenic and five arsenic species (iAs™, iAs’, MMA, DMA and AsB) in blood and brain tissues of
mice were determined. In groups of C, S, L and H, the total arsenic (tAs) contents in blood were 0.022, 0.023, 0.068 and 0.132 mg/kg,
respectively, and the total arsenic contents in brain were 0, 0.006, 0.075 and 0.172 mg/kg, respectively. While the five arsenic species can be
detected both in blood, and only DMA and some unknown As species (uAs) were detected in the brain in groups of L and H. The results
presented a clear dose-related accumulations of total arsenic (tAs) reflected both in blood and brain, the detoxification process of arsenic in vivo
also accelerated with the increase of exposure dose, and the ratio of organic arsenic/inorganic arsenic (0As/iAs) can reflect the dose of arsenic
exposure. Thus, the current study indicated that although the toxic iAs in food could not transfer across the blood-brain barrier and the toxicity of
As in food especially for the staple should be concerned.
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Fig.1 The overview of the method and the major results

AUREH R ORI, AT/ MR 1AW
YIRS, BRREYE BRI B e o & R,
it — A SIS PR BRI W UAR IS, AT U G
BRI K Z 3 AN H, i#id ICP-MS # HPLC-ICP-MS
Xof LA BT A RN & B EAT I E ,  PEAl S i 22
FRHIMEREARS, LABE— T REICK IR EE S LA A

290

AR IFE o
1 MRERE

1.1 RA
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HNOs (69%) HHATFEMIEA, i HNO; (1%) #E7H
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Table 1 Concentrations of total As and As species in Feeds, Blood and Brain

48 5 iAs\z’1 \ iAstl MMA DMA AsB uAs Total As
(mg/kg™)/% (mg/kg) /% (mg/kg) /% (mg/kg) /% (mg/kg) /%  (mg/kg) /%  /(mg/kg)
C 0.307 (80.79)  0.069 (18.16) BDL! 0.004 (1.05) BDL BDL 0.38
o S 0.471 (36.34)  0.699 (53.94)  0.003 (0.23)  0.123 (9.49) BDL BDL 1.296
L 2.585(25.34) 6.279 (61.55) 0.107 (1.05)  1.23 (12.06) BDL BDL 10.201
H 4473 (15.10) 21.286(71.86) 0.27(0.91)  3.593(12.13) BDL BDL 29.622
C 0.010 (45.45)  0.012 (54.55) BDL BDL BDL BDL 0.022
. S 0.011 (47.83) 0.012(52.17) BDL BDL BDL BDL 0.023
L 0.019 (27.94)  0.023 (33.82) BDL 0.027 (39.71) BDL BDL 0.068
H 0.011(8.33)  0.038(28.79) 0.006 (4.55) 0.061 (46.21)  0.005 (3.79) 0.011 (8.33) 0.132
C BDL BDL BDL BDL BDL BDL BDL
i S BDL BDL BDL 0.006 (100.00) BDL BDL 0.006
L BDL BDL BDL 0.048 (64.00) BDL 0.027 (36.00)  0.075
H BDL BDL BDL 0.099 (57.56) BDL 0.073 (42.44)  0.172

iE: 1iAsY, iAs™, MMA, DMA, AsB, uAs Fo8. /55| 2 Fhig 3,
FnFife EARYE G

TAvELth, —FARLAPEY, —WRARER, APELGEAR, R

2IREABG T AT, AsHARERE (RSD) T 7%, 344 0A 483t 3+ /%; 4 BDL ATk TAMIFRAA.
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2 1CP-MS Xt RFHAY ST RERT HPLC- | CP-MS 33 & ISR I AE
Table 2 Analytical performances for total Arsenic by ICP-MS and Arsenic species by HPLC-ICP-MS

2T LT B /(ug/L) K5 A2 MMERHR A d R LOD/(pg/ke) & F M LOQ/(ug/kg)
Total As 0.5-500 y=804.166x+5.55 1.0000 23 6.9
iAs! 0.2-300 y=2690.89x+280.53 0.9999 1.0 3.0
iAsY 0.2-300 y=2682.78x+1279.2 1.0000 1.1 3.3
DMA 0.2-300 y=3891.14x+0 1.0000 1.3 4.0
MMA 0.5-300 y=2792.50x+40.12 1.0000 22 6.6
AsB 0.2-300 y=2972.19x+85.02 1.0000 1.1 3.3

R 3 NG ER BRI ZE
Table 3 Recovery and precision of the method

SHT # = Ah/(mg/kg) FAmE/(ug/L) M2 AH/(ug/L) R /% RSD/%(n=6)
5.00 8.03~8.56 92.1~102.8 4.1
Total As 0.17 10.0 12.2~14.1 87.3~105.7 4.7
50.0 51.9~54.7 96.1~103.3 1.8
2.00 1.98-2.22 91.3~104.3 42
AsB 0.0026 10.0 9.03~9.82 88.4~95.8 2.6
50.0 45.6~54.6 89.3~108.1 5.3
2.00 7.83~8.21 90.8~110.1 4.4
DMA 0.12 10.0 15.2~17.1 91.4~108.8 3.6
50.0 56.7~59.9 101.1~107.2 1.4
2.00 3.28~337 89.2-95.6 5.1
iAsi 0.029 10.0 10.3~12.3 86.8~106.9 5.9
50.0 48.6~55.2 93.5~106.6 3.3
2.00 2.29~2.36 95.0~98.3 2.1
MMA 0.0077 10.0 10.5~11.2 100.7~107.6 1.5
50.0 46.3~49.9 91.2~98.2 2.0
2.00 2.19~2.44 96.4~110.1 6.3
iAsV 0.0047 10.0 10.4~11.1 101.1~108.0 3.8
50.0 47.6~55.6 93.1~110.2 4.6

F 4 EIRESEYRE (ng/kg, FHELFRERE) DUREMFTHMENERE
Table 4 National Standard Reference Materials values (mg/kg, mean + standard deviation) and determined values for total and inorganic

arsenic (n=5).

H KA BE AT AR (mg/kg) A/ (mg/kg) EIE /%
P GBW10049 0.52+0.11 0.513+0.10 98.7
bi2in GBW10051 1.4+0.3 1.43+0.17 102.1

B povivnc A GBW08573 5.08+0.39 5.02+0.20 98.8
) 0.16+0.02 (total As) 0.166+0.012 103.8
KAG GBW(E)100358 )
0.13+0.02 (iAs) 0.141£0.010 108.5
RSTRT NRC TORT-3 5950043800 (total As) 54900+2500 (AsB)  63422+26452496+4352  106.695.6

= T VERE BT IR, A#ffed, ¢, S, LATH
23 BRI R LRI R B A H0 A T P 4 51N

AN CBEFEAR) SO REEMNE, KLHE 0.004~0.0051 mg/kg, 0.0069~0.0091 mg/kg, 0.0465~
JHiEmR I, FiE RS e, HRZHmh B 0.0584 mg/kg, 0.1158~0.1432 mg/kg, L4004,
PRANZEEHES,  — /NI ffa s & Fh B A AR S5 LM HAPmEREREST C 4 (C&L: p<0.01;
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C&H: p<0.001). [FRf, MER|NRAG SEE YR
FEERE, MR rh B e R R R B R T B
BItE, R EERFEACHE (B 20). 45 R
5 Juarez-Reyes 2 [T 78— 2L,

AL, AR SRR FE R LG 1:3:18:54,
AR H e A 1:1:3:6, S1aREEL, A HIER
PR (B3d). XFRICRI, /NS ATREAFTES A

AT A T PR A1l 6 22 97 S A5 2 v A P e T A
B IE R LR R, X FTREA LA R AR P (D
T S g, R E A gAY,
ARG EEFIEABEN, EASSEREE I RA
BT, AEAFILAR T ARl B A S Eh s @/ T
iR S BO iR EaE i s, B DRE
RS ST R S SO b s 2P0

75 AR R SHIKE (REERKER)
Table 5 Concentrations of total As and As species in Feed(after subtracting the base level)
5] iAsV (mgkg))%’ iAs" (mgkg)% MMA (mgkg)% DMA (mgkg)% AsB (mgkg)% uAs (mgkg)% Total As/(mgkg)

rice’ (7.30) (72.70) (1.00) (19.00)
0.164(17.90)  0.63 (68.78) 0.003 (0.33) 0.119 (12.99) BDL* BDL 0.916
L 2278(2320)  621(63.23) 0.107 (1.09) 1.226 (12.48) BDL BDL 9.821
H  4166(1425)  21217(71256)  027(0.92) 3.589 (12.27) BDL BDL 29242

7E: LiAsY, iAs", MMA, DMA, AsB, uAs febfhg) 2 Abisth, LAvEgdh, —WAANER, —WREAER, AR, K4
HAF A G ARG B, 2R E VAR T HE AT, ARl £ (RSD) I F 7%. 344 Artq4a3t %% ; 4 BDL AFKTAME

FRA94E; 5. ) KAG R R A A 6 e

F—J7H, IR RS (2R Rpk
M, REFE/NREETHMIEEST, BERER
T )/ BRI P REAS U B X FORMREAS, 75 C Fl
S 4GNS 2 AL GAsY F1iAs™), 7E L4
RIS 3 FEIEZS GAsY, iAs" I DMA). 5
2., FHTEAS TP SR e 2 R 7 8 N T3
KR, WTEYE, VAT RS R
FEEEARIT R AE AL, A R T £ D e
RETZEME (FIn LA H 4D P, YREREL
FIFEANRERS, MRS B SR AL SRR
R AR 35-3- F IR AL R B (ASIMT) & —FivRE 1)
TR, AT SEL RIS A Y GAS
MMA"™ #1 DMA™), 7EmffRETE T, AS3MT mRNA
(I SRS,

BeAh, RUETAR AN iAsY BN, (B7E
REMRERE T, R iAs" SERFRE (F
BEVUHEITE 10~19 ng/g WD, BG83, &41E iAs’
SRS HER (p>0.05), FH/NRIKATELE iAs
PR EALIE. %8S AJudrez-Reyes S5 AT
MEE, AR ATIHE PR IRL RE R RE IR O U 67 4
(IR IEN

B iAsY 4h, IR AR SRR GAs", DMA,
MMA Fil AsB) TEANAISLI0 IR R R ] & 1
ThEa%s (B 3c). iAs™ & C A1 S AR 10 3= Eft
B, O SRR 54.55%F1 52.17%. {EL AT H 41
, iAs™ BUERBI L R RE, T DMA R 4 E )
FTF 235 39.71%H0 46.21%. FEE F R HIIG 0, iAsY
ME LS R N IXTHER T BB R iR

294

e, LR P AR EE 1Y) TR B R AR R B, T
MR AR R S BL iAs™ [ R A M,
B H KA ) i 4k & DMA"Y, JEEAL N E 1
DMABY, H1F MMA 5 &AL ST, I
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L. H A& 5 DMA 5K&E MMA KI4RYS
Twaddle 25 \455R—8. BI, AHUES TR
Bl (oAs/iAs) BHZEF B KIMARIG I (K 3b),
RO R AT BRI RS, /N RIS
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TERS MR i E: N REERVF R KA DMA ZFid
FSCEEA P I J57 s AT 12E ARG, IX 28 DMA 5 iAs #H
ELxs KA 2 ma il e bb /. K. Yamanaka S5
FKI DMA lEFEMEA, HEA A Sy fak
AT DNA #5455, FEEAEUEIE. RIS



MK EmBHL

Modern Food Science and Technology

2020, Vol.36, No.7

F K - BRI B K BRIE S AT, AR
JRANAE K 5 BA 5 1E ™, Kibum K. H3@ R
78 4 KR FE X G 117 2R HIR A 2R P22 0
LA A BN, DU FR 2 AN e
ﬁ FOUAGFRME A B g, I Hisid g

YHAUTAE R PR 28 R AR RAT HER AR, Rk, Kk
A A DMA 5K (13 UG & IR 1 1
%,I@%ﬁ XEERIE R 1) DMA & 75 5

BAT MR 0 R A i T i — 2B IR A 5T

a c:Aanzazzazzazo--

e ———
L YA A A AA : . =2 miAs
HPZZZA B g

sEMMA
C 77777777774 %
Sk = mDMA

E
H
C

e S

N
H
0% 20% 40% 60% 80% 100%

1.5 11.5
L

o I

3 NI «
S1of 110 &
3 B
i 3
= =
Iy <
Z0.5) 105
iy

0.0 L : 0.0

S L H

c 020
B
)
£

i)

&

=

=
¥
h\é

R

3
d

0

0

0-—

sT =

or =

4r =

2k ——
C ==l

S/ (mg/kg)
S
S

C SLHGCSTLEHTCSTLH
e it K

3 Ak MRFIAR S SRR SR &
Fig. 3 Concentrations of total As and As species in Feed, Blood and

o =A Al
X

Brain
VE: adAHf, Anik e K &L T AR A 6 b5 (% );

R 3 — LR RN 2

36%F1 42.44% . X LSRN FIFHEAS (uAs) I BE & DMA

FERI e i R AR =)

(CEGEE P

DMA AR FNIHIERS

bAAE AR P 89 0AS/iAs b (£ Y F4) Fo KA 49 uAs/DMA
b (Y $4) ; ¢ KB4 8] do i o K s of B A fa bl A 694
=5 AN, A KR AR R

EFRERRE, ABTFAE L A1 H AL/ RO
(uAs), 7373 o S B i

o AWTFLIRH, KIKTTRE
HA R DMA [IBLEIT. tbah, RAE A Ll

ISJE—*%A PR (RO T 2 M 3R] AT H A
RIAT R A 13— B B IREE e IR T 1 et
RIS LA AN A S LB R OR L2, i&~¢
ﬁﬁ%ﬁ%%ﬁ%ﬂ%%ﬂﬁlﬁé SRS R, XLEERAT

A BT B Ao 2 iﬁrmﬁﬁm@,ﬁﬁﬁ
%ﬂﬁﬁﬁ%k*%ﬂ&o
3 #ip

FER TG 7T, B R AR A B2
R T B aM K RET 2 MmMES
(iAs", iAsY, DMA F1MMA) £/ R I AN A g
STARAE A KT o 5 SR B A3 0 A v s ff
(tAs) F i i 7R 7 S W AR S, AL AL A
5 FEH U B AT S M LA 55 R, T
A 25K BELBES v PR T U N R o B A 5 )
(uAs), EFEHE—SHf
Fto

P

[1] Abernathy C, Chakraborti D, Edmonds J S. Arsenic and
Arsenic Compound. Monographs on Evaluation of
Carcinogenic Risks to Man [M]. IPCS, 1987

[2] Y Jia, H Huang, M Zhong, et al. Microbial arsenic methylation
in soil and rice rhizosphere [J]. Environ Sci Technol, 2013,
47(7): 3141-3148

[3] M Kuramata, F Sakakibara, R Kataoka, et al. Arsenic
biotransformation by Streptomyces sp. isolated from rice
rhizosphere [J]. Environ Microbiol, 2015, 17(6): 1897-1909

[4] Y Jia, H Huang, Z Chen. Arsenic uptake by rice is influenced
by microbe-mediated arsenic redox changes in the rhizosphere
[J]. Environmental Science & Technology: ES&T, 2014, 48(2):
1001-1007

[5] T Llorente-Mirandes, J Calder6n, JF Lopez-Sanchez. A fully
validated method for the determination of arsenic species in
rice and infant cereal products [J]. Pure and Applied Chemistry,
2012, 84(2): 225-238

[6] B O'Shea, M Stransky, S Leitheiser, et al. Heterogeneous

295



MK EmBHL

Modern Food Science and Technology

2020, Vol.36, No.7

[15]

[16]

[17]

296

arsenic enrichment in meta-sedimentary rocks in central Maine,
United States [J]. Sci Total Environ, 2015, 505: 1308-1319
TPRF R ] 2 O 7 X R R SRR 2540 o FA A6
IR He RV HAS D] iDL DU TR 5#,2013

XIE Ke. Arsenic and arsenic speciation detection and exposure
assessment for rice from Chinese major rice-producing areas
[D]. Wuhan: Wuhan Polytechnic University, 2013

Y Huang, M Wang, X Mao, et al. Concentrations of inorganic
arsenic in milled rice from china and associated dietary
exposure assessment [J]. Agric Food Chem, 2015, 63(50):
10838-10845

Liang Feng, Li Yu-Lan, Zhang Gui-lin, et al. Total and
speciated arsenic levels in rice from China [J]. Food Addit
Contam Part A Chem Anal Control Expo Risk Assess, 2010,
27(6): 810-816

Marie Vahter. Species differences in the metabolism of arsenic
compounds [J]. Applied Organometallic Chemistry, 1994, 8(3):
175-182

Ni Dhubhghaill O M, Sadler P J. The Structure and Reactivity
of Arsenic Compounds: Biological Activity and Drug Design
[M]. Springer Berlin Heidelberg, 1991

Zhu Yong-guan, Yoshinaga M, ZHAO Fang-jie, et al. Earth
abides arsenic biotransformations [J]. Annu Rev Earth Planet
Sci, 2014, 42: 443-467

Cubadda F, Jackson B P, Cottingham K L, et al. Human
exposure to dietary inorganic arsenic and other arsenic species:
state of knowledge, gaps and uncertainties [J]. Sci Total
Environ, 2017, 579: 1228-1239

Jia Chao-Nan, Wei Ya-Ping, Lan Yuan, et al. Comprehensive
analysis of the metabolomic characteristics on the health
lesions induced by chronic arsenic exposure: a metabolomics
study [J]. Int J Hyg Environ Health, 2019, 222(3): 434-445
Smith A H, Hopenhayn-Rich C, Bates M N, et al. Cancer risks
from arsenic in drinking water [J]. Environ Health Perspect,
1992, 97: 259-267

Lai M S, Hsueh Y M, Chen C J, et al. Ingested inorganic
arsenic and prevalence of diabetes mellitus [J]. Am J
Epidemiol, 1994, 139(5): 484-492

Naujokas M F, Anderson B, Ahsan H, et al. The broad scope of
health effects from chronic arsenic exposure: update on a
worldwide public health problem [J]. Environ Health Perspect,
2013, 121(3): 295-302

Escudero-Lourdes, Claudia. Toxicity mechanisms of arsenic
that are shared with neurodegenerative diseases and cognitive

impairment: role of oxidative stress and inflammatory

[19]

[20]

[21]

[23]

[25]

[26]

[27]

[29]

responses [J]. Neurotoxicology, 2016, 53: 223-235

Rosado J L, Ronquillo D, Kordas K, et al. Arsenic exposure
and cognitive performance in Mexican schoolchildren [J].
Environ Health Perspect, 2007, 115(9): 1371-1375

Nino S A, Morales-Martinez A, Chi-Ahumada E, et al. Arsenic
exposure contributes to the bioenergetic damage in an
Alzheimer’s disease model [J]. ACS Chemical Neuroscience,
2019, 10(1): 323-336

Tyler C R, Allan A M. Adult hippocampal neurogenesis and
mRNA expression are altered by perinatal arsenic exposure in
mice and restored by brief exposure to enrichment [J]. Plos
One, 2013, 8(9): 73720

Schoof R A, Yost L J, Eickhoff J, et al. A market basket survey
of inorganic arsenic in food [J]. Food Chem Toxicol, 1999,
37(8): 839-846

ERECIIT: TR LS i e G o AN R EEAG B T
AU A1 S PR BRRAE A S [T A i AH2,2020,36(4):
9-17

WANG Jia-ting, FANG Heng, YANG Lin-jie, et al. Effects of
arsenic species in rice on arsenic metabolism distribution and
pathological feature in mouse tissues [J]. Modern Food
Science and Technology, 2020, 36(4): 9-17

Shrivastava A, Barla A, Singh S, et al. Arsenic contamination
in agricultural soils of bengal deltaic region of west bengal
and its higher assimilation in monsoon rice [J]. Hazard Mater,
2017, 324(Pt B): 526-534

Althobiti R, Sadiq N, Beauchemin D. Realistic risk
assessment of arsenic in rice [J]. Food Chem, 2018, 257:
230-236

Huang Y, Mao X, Wang M, et al. Concentrations of inorganic
arsenic in milled rice from China and associated dietary
exposure assessment [J]. Agric Food Chem., 2015, 63:
10838-10845

Kumarathilaka P, Seneweera S, Meharg A, et al. Arsenic
accumulation in rice (Oryza sativa L) is influenced by
environment and genetic factors [J]. Sci Total Environ, 2018,
642: 485-496

Lewchalermvong K, Rangkadilok N, Nookabkaew S, et al.
Arsenic speciation and accumulation in selected organs after
oral administration of rice extracts in wistar rats [J]. Agric
Food Chem, 2018, 66: 3199-3209

Nookabkaew S, Rangkadilok N, Mahidol C, et al.
Determination of arsenic species in rice from Thailand and
Asian countries extraction and

other using

HPLC-ICP-MS analysis [J]. Agric Food Chem, 2013, 61:

simple



MK EmBHL

Modern Food Science and Technology

2020, Vol.36, No.7

[30]

[31]

(32]

[38]

[39] S=F s MEREARNSHNT DNA A 2N

6991-6998

GUO Lian-xian, ZHANG Gui-wei, Wang Jia-ting, et al.
Determination of arsenic species in ophiocordycepssinensis
from major habitats in China by HPLC-ICP-MS and the
edible hazard assessment [J]. Molecules, 2018, 23(5): 1012
Ravenscroft P, Brammer H, Richards K. Arsenic Pollution: A
Global Synthesis [M].
Ravenscroft P, 2009

North America and Europe:

Wang J, Hu W, Yang H, et al. Arsenic concentrations,
diversity and co-occurrence patterns of bacterial and fungal
communities in the feces of mice under sub-chronic arsenic

exposure through food [J]. Environ Int, 2020, 138: 105600

Juarez-Reyes A, Jimenez-Capdeville M E, Delgado J M, et al.

Time course of arsenic species in the brain and liver of mice
after oral administration of arsenate [J]. Arch Toxicol, 2009,
83(6): 557-563

Twaddle N C, Vanlandingham M, Churchwell M [, et al.
Metabolism and disposition of arsenic species from
controlled oral dosing with sodium arsenite in adult female
CD-1 mice. L. Pilot study to determine dosing, analytical
measurements, and sampling strategies [J]. Food Chem
Toxicol, 2018, 111: 482-493

Shen S, Li X F, Cullen W R, et al. Arsenic binding to proteins
[J]. Chem Rev, 2013, 113(10): 7769-7792

Wang J, Zhang G, Lin Z, et al. Determination of arsenicals in
mouse tissues after simulated exposure to arsenic from rice
for sixteen weeks and the effects on histopathological
features [J]. Ecotoxicol Environ Saf, 2020, 200: 110742
Csanaky 1, Nemeti

B, Gregus Z. Dose-dependent

biotransformation of arsenite in rats-not
S-adenosylmethionine depletion impairs arsenic methylation
at high dose [J]. Toxicology, 2003, 183(1-3): 77-91

LI J, Packianathan C, Rossman T G et al. Nonsynonymous
polymorphisms in the human AS3MT arsenic methylation
gene: Implications for arsenic toxicity [J]. Chem Res Toxicol,

2017,30(7): 1481-1491

[40]

[41]

[42]

(43]

[46]

(USR] PR 85 5 i A ,2012,29(1):20-25

WU Jun, SHI Zhe, ZHENG Yu-jian, et al. Effects of sodium
arsenite and sodium arsenate on expression of DNA and
arsenic methyltransferases in rats [J]. Journal of Environment
and Health, 2012, 29(1): 20-25

Twaddle N C, Vanlandingham M, Fisher J W, et al
Metabolism and disposition of arsenic species from
controlled dosing with sodium arsenite in adult female CD-1
mice. II. Toxicokinetic studies following oral and
intravenous administration [J]. Food Chem Toxicol, 2018,
121: 676-686

JIN Ya-ping, XI Shu-hua, LI Xin, et al. Arsenic speciation
transported through the placenta from mother mice to their
newborn pups [J]. Environ Res, 2006, 101(3): 349-355
Yamanaka K, Kato K, Mizoi M, et al. The role of active
arsenic ~ species produced by metabolic reduction of
dimethylarsinic acid in genotoxicity and tumorigenesis [J].
Toxicol Appl Pharmacol, 2004, 198(3): 385-393

R R 5 55 S R R R KRR CA3
TS FA ISR M558 5 f Bk ,2008,6:517-519

LI Yu-fei, KANG Chao-sheng, ZANG Gui-yong, et al.
Effects of chronic arsenism on ultra-structure of rats
hippocampus CA3 [J]. Journal of Environment and Health,
2008, 6: 517-519

Kiburn K H. Arsenic exposure and health effects [J].
Neurosci, 1997, 14: 159-176

Kalia M. Brain development: anatomy, connectivity, adaptive
plasticity, and toxicity [J]. Metabolism, 2008, 57 Suppl 2:
S2-5

R i, T 75 22, 5 AN SR 2RO K T 2 i
7N B A A il T 285 23 A FR) S T [0 30858 45 4 R 4 35,2000,
26(12):1061-1063

ZHAO Feng-hong, ZHONG Yuan, YU Xiao-yun, et al.
Effects of exogenous methionine on arsenical distribution in
female mice exposed to sodium arsenite through drinking
water [J]. Journal of Environment and Health, 2009, 26(12):

1061-1063

(E3EE 183 70)

(30]

JRILE, TS S A A R SE ST A AR AR T Z[0).

HRERHR L FAR 22 B 244,2016,29(1):53-59

SU Xian-bo, WANG Geng-xian. Response surface method to
optimize the enzymatic hydrolysis process of fish tail fin
antioxidant peptidase [J]. Journal of Handan Vocational and

Technical College, 2016, 29(1): 53-59

[31]

WS AT, 25 I, 5 T IS T V2 A A A P LT o 2 S L
TEEEFRILI]. A i 541,2015,15(12):83-90

YANG lJie, GU Xin-xi, LI Chen, et al. Response surface
method for optimization of the value-added culture medium
of lactobacillus plant-based gram milk [J]. Chinese Journal of

Food Science, 2015, 15(12): 83-90

297



