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Intensity of Liver Tumor Promotion Effects in Rats Given Repeated
Oral Administrations of Benzimidazole Compounds

Hiroshi Onodera, Kunitoshi Mitsumori, Chikako Uneyama, Kazuo Yasuhara,
Kiyoshi Takegawa and Michihito Takahashi

Liver tumor-promoting effects of anthelminthic agents, febantel (Feb), fenbendazole (Fen) or
oxfendazole (Oxf), were investigated in a rodent 2-stage carcinogenesis model. Five-week-old male
F344 rats were initiated with or without diethylnitrosamine (DEN) and one week later given diet
containing Fen (3600, 1800, 600, 200 or 70 ppm), Feb (2000, 1000, 500 or 100 ppm) or Ox{f (500, 250, 100
or 10 ppm) for 8 weeks. Induction of CYP1A1/2 was observed in treated groups of DEN +Feb and
DEN+Oxf groups, and its induction was most marked in DEN+Oxf groups. CYP2B1 and CYP4Al
were also induced in these treated groups. The number or area of Cx32 positive spots per hepatocyte
was significantly decreased in treated groups except for DEN+Oxf 100 ppm group, as compared to
DEN alone group. GST-P positive foci was significantly increased in DEN +Fen groups treated with
1800 ppm or more, DEN+Feb groups treated with 1000 ppm Feb or more and DEN +Oxf groups treated

with 250 ppm Oxf or more.

These results suggest that these three compounds have liver tumor

promotion effects and the promoting action in Oxf is most strong among them.

Keywords : Fenbendazole, Febantel, Oxfendazole, connexin 32, tumor promoter
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Fig. 1.

Chemical structures metabolic pathway of anthelmintic agents, febantel, fenbedazole and oxfendazole

Animals : Male F344/DuCrj rats, 5 weeks old

* Fen, Feb, Oxf * v

: Intra-peritoneal injection of 100mg / kg body weight

of DEN(diethylnitrosamine)

* : Sacrifice

[ : Diét containing Fenbendazole, Febantel or

Oxfendazole was fed to rats.

* Dose levels for the studies with DEN initiation :

Fen: 3600, 1800, 600, 200 and 70 ppm
Feb: 2000, 1000, 500 and 100 ppm
Oxf: 500,250, 100 and 10 ppm

# Dose levels for the studies without DEN initiation :

V[ o omm ¥
[ #Fenont ¥
| control (o ppm) L
T -

Fen: 1800, 600 and 200 ppm
Oxf: 500, 250 and 100 ppm

Fig. 2. Experimental design
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Table 1. Body weight, absolute and relative liver
weight of rats given diet containing fenben-
dazole, febantel or oxfendazole with or

without DEN initiation

Table 2. Induction of liver P450 isozymes in rats
given diet containing fenbendazole, feb-
antel or oxfendazole with or without DEN

initiation

Liver weight

Dose levels Body weight

(ppm) ® Absote  Relative
DEN+Fen
3600 275.3+ 8.2**%  9.30%+0.18 3.38+0.05**
1800 285.2x 7.3** 9.57+0.22* 3.36%0.08**
600 287.7+ 5.9* 9.27+0.45 3.22x0.11**
200 301.7+ 6.4 9.31+0.25 3.09+0.06*
70 309.8+12. © 9.57+0.66 3.09+0.09*
DEN+Feb
2000 286.8*+ 9.7 10.68+£0.56** 3.72+0.09**
1000 285.6+17.7* 8.95+0.72 3.13+0.10*
500 277.8+10.6** 8.37+0.65 3.01+0.15
100 292.6+15.2 8.41+0.83 2.87+0.14
DEN + Oxf
500 280.8%10.9 9.87+0.44** 3.52%0.07**
250 289.1%21.1 9.51:£0.90 3.284+0.10**
100 288.1% 7.4 8.40+0.38 2.92+0.08
10 281.0+10.4 8.09%+0.30 2.88%0.06
DEN alone 304.7%+12.0 9.04%0.50 2.97+0.11
Fen
1800 294.8£11.0 10.17£0.47** 3.43+0.03**
600 296.1+14.2 9.57+0.82* 3.23£0.12**
200 300.1x11.6 9.16x0.52* 3.05x0.06*
Oxf
500 302.8+24.6 10.51+0.85** 3.474+0.08**
250 295.4%33.5 9.20+1.39 3.10+0.14**
100 305.6+22.0 9.16+0.62* 3.00%0.09*
Control 283.8+46.2 7.95+1.28 2.81+0.18
* Mean+S.D

**.*. Significantly different from the respective control
group values at p<0.01 and p<0.05, respectively.
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Fig.3.1. Changes in number of Cx32 Spots per hepatocyte in rats given diet
containing fenbendazole, febantel or oxfendazole with DEN initia-

tion.

Asterisks represent significant differences from the DEN alone
group values (**, p<0.01; *, p<0.05).
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Fig. 3.2. Changes in area of Cx32 spots per hepatocyte in rats given diet
containing fenbendazole, febantel or oxfendazole with DEN initia-

tion.

Asterisks represent significant differences from the DEN alone
group values (**, p<0.01; *, p<0.05).
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Table 3. No. of liver GST-P positive foci in rats
given diet containing fenbendazole, feb-
antel or oxfendazole with or without DEN
initiation

Dose levels

(ppm) Single cell Multiple cells Total
DEN+Fen
3600 48.2+3.3**# 21.2+1.8** 69.4+ 3.5**
1800 26.0+6.1** 8.2+1.5** 34.2% 7.3**
600 10.0*+1.4 1.8+1.6 11.8+ 2.3
200 11.0x2.6 5.0x1.2 16.0+ 2.2
70 13.0%3.7 6.0+4.5 19.0£ 7.9
DEN+Feb
2000 21.8+9.9* 8.8+1.6* 30.6+10.7*
1000 12.8+0.8* 3.4+1.8 16.2+ 1.1
500 14.8+4.0 3.842.2 18.6+ 5.5
100 13.0%2.0 2.8x1.9 15.8+ 2.2
DEN +Oxf
500 14.8+4.1* 5.0x3.4 19.8% 7.5
250 22.6%8.2 13.846.8** 36.4414.4*
100 10.8+4.1 4.2+3.0 15.0+ 6.9
10 10.8*2.8 4.0+1.9 14.8+ 3.4
DEN alone 11.4%2.3 4.6£2.2 16.0+ 3.3
* Mean+S.D

**+*. Significantly different from DEN alone group val-
ues at p<0.01 and p<0.05, respectively.
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Table 4. Summary of the toxicity and carcinogenicity of benzimidazole compounds

Febantel  Fenbendazole Oxfendazole
LD, (mg/kg) 10605 10000 6400
Minimum dose inducing hepatocellular * F
hypertrophy (mg/kg) 40(1/250) 15(1/650) 7.8(1/800)
NOEL (mg/kg) 8(1/1300) 5(1/2000) 0.8(1/8000)
High dose in carcinogenicity study (mg/kg) 40(1/265) 135(1/75) 6.6(/1970)
Result of carcinogenicity study - + -

* Number in parenthesis represents the ratio of each value to LDs, value.

—: negative, +: positive
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