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Effect of Arsenic in Realgar on Rat Ability in Novel Objects Recognition Test

YANG Zhao, LIU Jie-yu, HUO Tao-guang, SUN Gui-fan, JIANG Hong’
(China Medical University, Shenyang 110122, China)

[ Abstract ] Objective: To determine the contents of inorganic arsenic (iAs) , monomethylarsonic acid
(MMA) and dimethylarsinic acid (DMA) in brain tissues and blood by using hydride generation-cold trap-
atomic absorptionspectrometry (HG-CT-AAS) , and to explore the toxic effects of Realgar on central nervous
system of rats. Method: The 96 Wistar rats were randomly divided into 4 groups:normal control group,0.3,0.9
and 2.7 g-kg"' Realgar groups. They then received intragastric administration for 14,28 and 42 days respectively,
so a total of 12 groups were formed, with 8 animals in each group. The normal group was given the same dose of
sodium carboxymethyl cellulose (CMC-Na) by gavage. The contents of iAs, MMA and DMA in blood and brain
tissues were determined by HG-CT-AAS. The novel object recognition test was conducted to observe the learning
and memory ability of rats. The changes of hippocampal neuron ultrastructure were observed by transmission
electron microscopy. Result: There was no difference in the growth, weight and hippocampal coefficient of the
experimental animals. The method of HG-CT-AAS showed a good linearity, precision, accuracy and recovery in

content determination of arsenic (at various forms) in rat brain and blood. MMA and DMA were detected in the
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brain of realgar groups at time-dose-effect relationship. iAs, MMA and DMA were detected in the blood of
Realgar groups. The nuclear membrane, mitochondria and endoplasmic reticulum in hippocampus neurons of
rats were gradually damaged with the increase of Rhubarb exposure dose and time. After 14 days of exposure to
Realgar, compared with the normal control group, there was no significant difference in the novel object
recognition index among Realgar groups. After 28 days of exposure, only 2.7 g-kg"' Realgar group showed
statistically significant difference with the control group (P<0.05). After 42 days of exposure, the novel object
recognition index of 0.9 and 2.7 g-kg"' Realgar groups was significantly lower than that in normal control group
(P<0.05). Conclusion: The metabolites of Realgar in rats are iAs, MMA and DMA. MMA and DMA can be
accumulated in the brain tissue through the blood-brain barrier, causing the decline of the ability of learning and

memory and leading to damage of hippocampal neurons.
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F1 BEEBEUUIREFEESMATE (3£5,n=8)

R3 BEFRBERIXEHPESHAKFEER (G+s,n=8)

Tabal 1  Morphological arsenic levels in brain at 14 days of Tabal 3  Morphological arsenic levels in brain at 42 days of

realgar exposure (x+s,n=8) g Lt realgar exposure (x+s,n=8) g-L!

B /g kg! MMA DMA TAs A5 kg kg! MMA DMA TAs

E - - - i3 - - -

i % 0.3 0.294+0.231 3.243+0.573  3.473+0.482 iy 0.3 0.443+0.064  4.322+0.814  4.761+0.830
0.9 0.528+0.113 4.572+0.947" 4.753+1.152D 0.9 0.754+0.145"  6.396+1.923"  7.138+2.063"
2.7 2.71240.423D  5.176£0.812" 5.963+1.723" 27 1.3060.413" 11.654+0.674") 14.345+4.922"

WA A AR K E] iAs, 5 0.3 g-kg ! HEEE 4 L #L D P<0.05
(F2~3d).

T2 HERBIXMPESHAKE (x£5,n=8)

Tabal 2 Morphological arsenic levels in brain at 28 days of
realgar exposure (x+s,n=8) g L!
415 /g kg! MMA DMA TAs
I - - -
e 0.3 0.343£0.121  4.749+1223  4.646+2.102
0.9 0.524+0.110Y  6.153+£2.431"  6.496+2.653")
2.7 1.227+0.344Y 10.532+2.321" 12.945+3.292"

R4 HERBE4dMPHEEMKE Gs,n=8)

R34 774 iAs, MMA F1 DMA , H._Fifi 1 55 5% 5% 5 6] 1
FEK: iAs, MMA ,DMA fll TAs K2 7 LG i ¢ =
S o T B R R A W) B[R] £ 20 v, 5 R 2 A B
A K UM iAs, MMA ,DMA il TAs ¥ J& 14 1] i,
Tt & (P<0.05) . 5 03 g-kg!' M B4 M &, 0.9,
2.7 gk b v A DR BRI R P A& O 2 R R
Th i (P<0.05), 15 0.9 g-kg ' 4H L #5,2.7 g- kg HE 2
ZH R BRI P A5 RO A PR A T B 22 e s

2RO S, G4 SR R e TP T ZE AR N AR R A,
MMA HIDMA, H 2 FH W KR, Wk 4~6,

Tabal4 Morphological arsenic levels in blood exposed to realgar on 14 days (x+s,n=8) g-L!
Eipi]| /g kg! iAs MMA DMA TAs
EH - 0.863+0.224 9.123+1.834 9.975+3.213
I % 0.3 4.091+1.243 38.617x1.005" 318.265+45.004" 361.396+48.432"
0.9 9.482+2.026% 51.532+3.067"% 389.473+56.132"-% 450.290+52.716'2
2.7 10.145+1.571% 53.423+3.442"%) 476.136+34.259"2) 539.433+64.051"%

S IE W 4LV P<0.055 5 0.3 g kg MEBE 4 L5 2 P<0.05( 3%

x5 HERE28dMAPEEMKE G+s,n=8)

5~611) .

Tabal5 Morphological arsenic levels in blood exposed to realgar on 28 days (x+s,n=8) g-L!
4151 Ml h /g kg! iAs MMA DMA TAs
EH - 0.843+0.130 8.124+2.217 8.964+1.643
T 3% 0.3 4.123+1.191 37.825+10.354" 323.508+61.779" 365.378+38.235"
0.9 9.94542.143% 52.632+7.029" 394.083+41.229"2 456.467+22.083"%
2.7 9.268+1.573% 56.665+2.693"2) 488.365+61.231"% 553.215+81.073"2

*6 HBEEBBENRIMPEEMATE (x+5,n=8)

Tabal 6 Morphological arsenic levels in blood exposed to realgar on 42 days (X+s,n=8) g-L!
4151 FhE/ g kg iAs MMA DMA TAs
TEH - 0.852+0.335 9.123+2.847 9.913+3.647
T 0.3 3.992+1.503 36.628+9.536" 338.223454.443Y 374.257+63.336"
0.9 9.840+2.401% 50.497+5.722"2) 397.354+49.653"2) 458.518+53.29712)
2.7 8.074+1.571% 54.428+7.734"2) 487.432+72.325% 550.469+79.321"%

3.5 fifE B AR OE R AL B 2o

AN e e B AR . NG R
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A Qe A s (] 3, 45 0 MR WL

A IEH 4 ;B~D.0.3,0.9,2.7 g-kg ' B 4]
E1 BEREVAREIBREMMZME CRBHH, <8 000)

Fig. 1 Effect of realgar exposure on the ultrastructure of hippocampus in rats (TEM, x8 000)

3.6 NP SR U sZ w0 A A R L 1 G
W23 09 RIKEE 1, 80 0 E 0 AT LLPPAk ik 14 2 5l
YRIANRIRE J1 . DFR e R s I g 14d)5 .5
IEW AR, S M DI 2R XS F T R
28 dJE , SIEH A # A0 2.7 g- kg Ml 20 DI L %
R (P<0.05); B 42d)G, EHAHMHEY DI N
56% , 7 W I 20 K R T ERR B Y IR i 1) 2 T8¢
RIHYR ], 51E % 4 L$5,0.9,2.7 g kg IifE &
ZH KB DIRA B AR (P<0.05) o 7% 1K ) 35 B 5%
ATV ECE B IR R EIRe ) PR, k7.

#7 BEARBEESAARFEMRILE (tis,n=8)

Table 7 Experimental results of new thing recognition in rats

after realgar exposure (X+s,n=8) %
415 AE/g-kg'  14dDI 28 d DI 42d DI
IEH 0.58+0.22 0.58+0.13 0.56+0.19
T HE 0.3 0.54+0.20 0.52+0.11 0.44+0.12
0.9 0.57+0.11 0.46+0.17 0.32+0.04"
2.7 0.59+0.26 0.39+0.12"  0.25+0.09"

TE: 5IEH H ILE 1V P<0.05,

ff 5 e — b I 2, R 1 55 B e (BRI

2 2 o A BRI ) v R SR A A 28 M b 2
Z—o MEEVEWR W AR, BA R RE
e ABUE M TR . MR ARG R B T A
AR Z2 v i 24 4 96 — 2 25 B4 O 8 AR L LR
B 2 AL LA B LR o 2l &= 0 N LR E
JEELHACAE R A MR AT S A R B Y S 5
PR K R o] R BOE T OANA AT W
Fag g T M bR P EE S RECE TR FR%E K
P28 R R BB, B 0 2 A 4 i, HE X pR 22 R G
DIt AN 5 IR 2 1E W o WF 58 R WA M Bk ADLIR S,
NG5 R U= I £ 1 A S e T IR N S B
FAALUERE L XA Y RE & bR A R
IR 32 2R FH 5 OB €835 - 55 8 R R OGSk
SAE T - R O R R g - S e
& A - BT WU Bk R HG-CT-AAS 28 5 3k
HG-CT-AAS [y 3 2 J5 LR 76 B2 A ot v, 0 Akl
¥ iAs, MMA, DMA #; {k & AsH,, CH,AsH, #ll
(CH,),AsH, R J5 870K ol AR TE IR A iy U 2
PO (NI N RESE ) BN . U DY
B 2 U5 MR SR SR AN TR T B o B S BE
17 5 F WOETE 20 1. BT HG-CT-AAS H A # i
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b BT PR D SRR SRR A SO B R R
HG-CT-AAS 6 I I 2 5 # K B I A 1 I v b A [
JE 50 (1As, MMA F1 DMA) 4 7K 3, {H JG 125 % 3 £
TE AT A A HEAT A . PR, AR 5 LA DB 3L K
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1,3, 95 AE Jy S 56 50 £, B 90 M B 3 15 O B o A R
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BT ) W7 LK R 22 2R 48 Bk S R R
6] (4 56 22, o0 B I v i oxk rp b 28 2R G 1 1
A FHBIL i AF 9 4 Ak S 50 356 il 40 232 K 40 -

R NG N e S oy T e L Y A AW
1 B WS R, iAs 1EHLIR A AC I AR
B IASTE =M R B Bl (ASSMT) BIAEHT T,
 S- R T HY AR 24 R (SAM) 42 4k Y 5 Ik 1K 480 1k Y 5
16 A2 B T M BT BE AR MMAY , MM AY 75 45 106 H Ik a7 %%
B w-1(GSTw-1) MAE T 838 J5 o = 4 F 3L i
MMA" , MMA" 7E N-6- it £ /% DNA H 5 5% % il 1
(N6AMT 1) ME T B 48 Ak B 56 Ak AR Bl — W S
DMAY, DMA" X 7£ 4+ Jbt H Rk 09 7 T 3 a8 i, B ¢
A =M R SRR DMAMTS jAs K H R A AR
PR BEE RN — o D MMA Y 8 1 SR

TEA S5 v DR AR T I A i W T Y iAs,
MMA Fl DMA B 2 , K I 25 5 & 3 iAs, MMA Fl
DMA [R5 B EB0 B | T ISR R 2 M 6 R R A,
G AR W RE R DU A SR . O L AE I 4 2 Uk
2 MMA Fl DMA , A& A6 I 21 1As, {02 7E 1 % R
R T iAs, $& 75 B 3 iy JCHL AR AE R 9 28 5 AR
Ji . ol LL#5 46 MMA F1 DMA . 1fif MMA 1 DMA
AL L S i A 5E R R A RUTE I P, O L R
MMA Fl DMA 1Y & B % b 85 5% 5 7] 5 (0% 35 0 i g
[i) %) 2 T 3, B 0 e P e 4 ) T 7 R e
RO . MG A I B 1A, & iAs AN AR o 1
0 5t W, 3 S 1A s 7E R o AT D s — 20 AR A AL
5 MMA FI DMA , AR JE A 75 T3 — P48, B
F T S8 5 2 i TR BRUTE [A) I 422 52 B S ) S 3
Y (IHF Y ) i RSS2 A6 2 19 B ] R &R
Y. MR REX A RET R, ZIE T HEY
PN S R AR B 2 P % R PR IH S
B AR 2R I ] ok BE o HOAR BIC 12 T e o AR 5L 5%
25 WL 3% B M A R R 0T DA O R TR g
T B 2 B M O A R 8 R G — o R 5 1
FH o T EL R T L n] LB 04 UE BH X — A, M B R
ST b 22 T B A 5 4 1k B 1R T L LR B G g
FR) £ S R[] B 3 453 495 4 FH ™ 5
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