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Effects of Roxarsone on Na'—~K*~ATPase Activity and DNA Damage in Carassius auratus

WANG Zhi-qiang, LI Hao, ZHANG Bin

(College of Veterinary Medicine, Yangzhou University, Yangzhou 225009,China )

Abstract : Roxarsone is a veterinary feed additive with a long history of use as a growth promoter in stock raising. Although this drug has been
widely used for its low price and convenient usage, roxarsone is actually still under evaluation because of the uncertainty regarding the mech—
anism involved in the biochemical toxicity and genotoxicity to aquatic organisms.In this paper, experiments were conducted to study the ef-
fects of roxarsone on the Na*~K*~ATPase activity in tissue(gill, kidney and liver Jand DNA damage in kidney cell of crucian carp( Carassius
auratus ). Firstly, all fishs were divided into 4 testing groups and were exposured to solutions with different concentrations of roxarsone (0, 4,
16, 64 mg-L™")respectively.Gill, kidney and liver of crucian craps were collected for determination of Na*~K*~ATPase activity at 48, 96 and
144 hours after exposure. The result showed that Na*~K*—ATPase activity of three tissues were significantly inhibited by roxarsone. The de—
gree of sensibility of Na*~K*~ATPase to roxarsone was expressed as following: gill >liver>kidney. In addition, Na*~K*-ATPase activity de—
creased gradually as roxarsone doses and exposure time were raised, which showed dose—effect relationship and time—effect relationship.Sec—
ondly, the single cell gel electrophoresis test(SCGE, comet assay )of crucian carp kidney cells in vivo and vitro were conducted to evaluate
the toxicological effects of roxarsone on typical aquatic species. The results of the SCGE showed that roxarsone at the dose of 0.5, 1, 2 mg- L™
could induce DNA damage in crurian kidney cells in vivo. The damage caused by roxarsone were obvious.The extent of DNA damage in—
creased gradually as roxarsone doses were raised, which showed dose—effect relationship. At the same time, roxarsone at the dose of 1, 10,
100, 500, 1 000 mg-L™" could induce DNA damage in crucian crap kidney cells at 3, 6 and 12 hours after exposure in viiro. The action of
DNA damage showed a dose—effect relationship and time—effect relationship. The above results showed roxarsone might have potential bio—
chemical toxicity and genotoxicity to aquatic organisms.
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PP L 5E I R DK 56 2 IR Koncak 532 At
S 6L R AE B F VKR TP R 20 min, SRS 7R LR
25 V. HLJE 90 mA 514 F L jk 40~60 min, JH 0.4
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b FE 3500 I ZR (P<0.05) o X TSR], [l —Ab 2
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Table 1 Effect of concentrations of ROX on ATPase

activeities in tissues

WEpmE a1 {FfE] Time/h
Concentration/mg-L™"  Tissue 48 926 144
0 iR 10.33+2.26  9.93+£2.47 10.83+2.36
=} 6.47+1.24  5.60+1.33 6.71x1.43
g 11.11+1.92  12.24+2.71 14.11+2.79
4.0 o 10.17£1.27° 9.43+1.46" 9.83£2.05
= 6.55£1.36" 5.44+1.30 6.19+1.49
il 11.07£2.17° 11.35£2.54 12.74+1.79
16.0 i3 8.02+0.94  6.98+1.27 6.85+1.43
= 5.60+1.29  4.53x1.15 4.76+1.11
il 8.40£1.46 9.25£2.06" 8.82+1.43
64.0 Jiia 6.75+1.21  5.88+1.59 6.24+1.18
=1 4.73£1.25  3.55+0.78 3.99+0.34
il 7.71+2.15  7.92+1.12  7.87+2.05
e * IR % 5 535 (PS0.05),* 15 48 h A HL 2% 5
F(P>0.05).

R 2 AEREETIL T & ZHL Na™-K—ATP
EEMEIIHIZE (%)
Table 2 Effect of concentration of ROX on its inhibition rate of

ATPase activeities in tissues

WSV H if 1] Time/h

Concentration/mg-L™"  Tissue 48 92 144
4.0 JiF 1.56 4.99 9.27
B -1.19 2.81 7.68
i 0.36 7.29 9.73
16.0 JiF 22.31 29.64 36.75
55 12.55 19.08 28.99
il 24.36 24.43 37.47
64.0 lilg 34.63 40.81 42.44
% 26.86 36.63 40.36
i 30.64 35.35 44.22

R 3 EED M & S DNA i
Table 3 DNA damage of kidney cells exposed to ROX in vivo

VDI R JER Tal  JEDNA o
. P ive
Concentration/ Number of  length/ =2 Tail M 0
mg- L™ samples wm Tail DNA/9 00 omen
0 250 8.20+2.95 3.36+1.75 0.78+0.33
0.5 250  23.80+4.2°  8.67+1.35" 2.86+0.52"
1.0 250  40.07+4.47° 13.02+1.62"  5.01+1.27"
2.0 250  75.56+7.44" 29.45+1.38" 15.89+1.55"

T % 50 IR A IR i 3 2253 (P<0.01 ).
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Table 4 DNA damage of kidney cells exposed to ROX in vitro

5iH LR ] WP FE Concentration/mg 1!
Time/h 0 10 100 500 1 000

JE4 Tail length/pum 3 2.98+0.89 3.29+1.11 5.46x1.73 7.08+1.32 11.48+2.91 12.68+2.26

6 3.12+1.10 7.77+2.33 10.2243.75 12.77+2.62 18.35+2.43 29.64+2.38

12 4.85+1.12 9.87+2.89 17.69+3.25 19.72+3.77 22.39+4.21 33.28+5.34

J ¥ DNA % 4t Tail DNA/% 3 1.77+0.44 2.21£0.73 4.50£1.12 5.65+1.04 11.09+2.77 12.032.45

6 2.65+0.98 7.33%1.67 10.11+2.99 14.231.47 22.4024.07 31.1124.71

12 4.17+1.01 14.0123.92 19.65+4.27 20.33+3.76 23.91+4.88 34.70+6.19

OTM(Olive Tail Moment ) 3 0.22+0.09 0.30+0.09 0.5620.12° 0.80£0.21° 1.44+0.58 1.63£0.45
6 0.37+0.29 0.91+0.13*  1.5520.46*"  2.65:042*"  6.01+1.87*"  13.63x1.77*"*
12 0.450.12 1.62+0.33*  3.78+0.81*"  5.85:x0.88*"  823x132*"  14.83x1.63""

T a 525 IR IR L2553 25 (P<0.05 ), b A5758 FAX IR sl B AR BELRAR L 28 53 35 (P<0.05) , o A5 HiT— RS N TR AR HE 28 52 (235 (P<0.05 )

R ARG G A FE AR A, DTS IS P8 P B A B RER A
L IX IR A AR A, R TSN JEE ) -5 Tl 1) S a0 K )
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F, RN, v O BERE S A£G AT DNA 44
A , R -0 e R,

ZE LTI, % SO UD AT B G A0 4 A% 212U
Na*~K*~ATP FG 2 , F-%H £ 5 400 DNA 7244514
VERE, XA oK A R G A RS A
WA N A B B T LA R A M v Ay 18 FH 5
AR

S 3k -

(1] B ¥ st v IRAE FRAE P 0 T[T, T 4 3 i BE R, 2005,
30(4):9-10.
LIAO Qiao—xia. Use of roxarsone in graziery|J]. Guangdong Journal of
Animal and Veterinary Science, 2005, 30(4 ) :9-10.

[2] PR, WAL, IR R, S5 3 say b ot S ey S8 52 B ) R PEAARE (.
AT PR (F SRR ), 2004, 25(3): 101-104.
SUN Yong—xue, CHEN Zhang-liu, CHEN Zhan—fei, et al. Toxic effects
of roxarsone on Carassias auratus|]J]. Journal of South China Agricul -
tural University, 2004, 25(3):101-104.

[3] EATES, 5K B, BRALHA. AL IR /N BRI SR R 5 114
SPEREMENISE]. AERE ROl R4, 2007, 28(2) : 103-107.
WANG Fu-min, ZHANG Lu, CHEN Zhang-liu. Studies on acute toxici—
ty of organoarsenics to Chlorella pyrenoidosa and Deaphnia magnalJ].
Journal of South China A gricultural University, 2007, 28(2):103-107.

[4] = i, T, SEIRAE . AT BUE St 1 i ]
JEEAS - AL - 5845, 2001, 13(1):58-61.
WU Qiang, WANG Ai-ping, DONG Zhao—jun. Methodology for repro—
ductive toxicity of chemical substances in fish[J]. Carcinogenesis, Ter—
atogenesis and Mutagenesis, 2001, 13(1):58-61.

[5] Lowry O H. Protein measurement with the folin phenol reagent[J]. J Biol
Chem, 1995, 193:265.

[6] Koncak, Lankoff A, Banasik A, et al. A cross—platform public domain

PC Image2 analysis program for the comet assay [J]. Mutation Research,

2003, 534(12):15-20.

(7] RUAFIEL, 2], E AR, WK JUREE 4 4 v [ 0) R 4l 7
TR PERERREEFI ATPase BR[N] K72#4]z, 2001, 25(4) :298-303.
LIU Cun—qi, WANG An-li, WANG Wei-na. Influences of metal ions in
seawater on activities of alkaline phosphatase (AKP) and ATPase in
mysis and postlarvae of Penaeus chinensis|J]. Journal of Fisheries of
China, 2001, 25(4):298-303.

(8] AT B A MU 7K Az 2R e e A= s SR RIE S [D). M < A e
Aol R il A-183L, 2003,

WANG Fu-min. Studies on Toxicity of Organoarsenics to Aquatic Or—
ganisms and bioconcentration[D]. Doctoral dissertation of South China
Agricultural University, 2003.

(9] -2k PF, XUZIAR, X35 5, 4. W £ X A 20 21 Na'—K'—-ATP G

Pk B ALFE R SE ML) A A R F24417, 2005, 24(2):197-
202.
YE Ji—-dan, LIU Hong-bai, ZHAO Ji—weli, et al. Changes of body com—
position, plasma biochemical indices and Na*-~K*-ATPase activity in
Gill after feeding diets with different doses of olaquindox to Cyprinus
carpio L[J]. Journal of Huazhong A gricultural University, 2005, 24(2):
197-202.

[10] BYF5 0%, MR, 4 ikt 86 4141 Na'— K'—ATPase [ Pk 52 1
[J1. BHAE AR, 2003, 19(1):50-53.

JIA Xiu-ying, CHEN Zhi-wei. Effects of copper and cadmium on Na*-
K*—ATPase activity in tissues of Carassius auratus|]J]. Bulletin of Sci—
ence and Technology, 2003, 19(1):50-53.

[11] =I5, £, BRAUR, 5. A =T 58 %) 0 20 21 Na*-K*-

ATPase WIFEPERFIE[I]. M HF K224 (B /B2, 2001, 34(2) .
104-109.
YUAN Jin—fang, WANG Zhong, CHEN Xu-long, et al. A study on toxic
effects of TBTCI on Na*-K*~ATPase in different tissues of Cyprinus
Carpio Linnaeus|]). Journal of Nankai University, 2001, 34(2):104-
109.

2] 20, BRIERN, 15 5, 55, 3 b2y K fab RS n) o £ 25 i 2 2
ROV LA S AR PRI 2741, 2006, 22 (1) : 84-86.

LI Zhao-li, CHEN Hai-gang, XU Yun, et al. Toxicological effects of
three veterinary drugs and feed additives on fish[J]. Journal of Ecology
and Rural Environment, 2006, 22 (1) : 84-86.

(3145, ZJEA, BRI, S5 S 25 RI e Z Bx /K 2B A 1 2 21
ST PR AR H AR ), 2004, 40(6):728-734.

XU Yun, LI Zhao-li, CHEN Hai-gang, et al. Toxicological studies of
the veterinary additive olaquindox on aquatic species|J]. Journal of Nan—

jing University ( Natural Sciences ), 2004, 40(6) . 728-734.



