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Abstract – Oxfendazole, methyl-5 (6)-phenylsulfinyl-2-benzimidazole carbamate, is a member of
the benzimidazole family of anthelmintics. Anthelmintic benzimidazoles are widely used in meat
producing animals (cattle, sheep and pigs) for control of endoparasites. The extensive use of
veterinary drugs in food-producing animals can cause the presence of small quantities of the drug
residues in food. Maximum residue limit or “MRL” means the maximum concentration of residue
resulting from the use of a veterinary medicinal product which may be legally permitted recognized
as acceptable in food. The FAO/WHO Expert Committee on Food Additives (1999) evaluations of
toxicological and residue data, reported that oxfendazole (MRL) has toxicological hazards on human
health. The toxicity of oxfendazole (MRL) was tested in male and female mice and their fetuses.
Chromosomal aberrations, teratological examination and biochemical analysis were the parameters
used in this study. The results show that oxfendazole MRL induced a mutagenic effect in all tested
cell types. Also, oxfendazole exhibit embryotoxicity including teratogenicity. The biochemical
results show that oxfendazole induced a disturbance in the different biochemical contents of all tested
tissues. So, we must increase the attention paid to the potential risk of oxfendazole residues in human
beings and should stress the need for careful control to ensure adherence to the prescribed withdrawal
time of this drug.
anthelmintic / oxfendazole / maximum residue limit / genotoxicity / embryotoxicity /
teratogenicity / biochemical changes

1. INTRODUCTION
Antiparasitic agents represent an important class in veterinary medicine. Among
them, anthelmintic benzimidazoles are widely
used in meat producing animals (cattle,
sheep and pigs) for the control of endoparasites. Some members of this class of drugs
have teratogenic and embryotoxic effects in

animal species. In order to ensure human
food safety, the European Union has set
maximum residue limits (MRL) for benzimidazoles and their metabolites in animal
products [1]. A Maximum Residue Limit or
“MRL” means the maximum concentration
of residue resulting from the use of a veterinary medicinal product which may be
legally permitted recognized as acceptable

* Corresponding author: makawy2000@yahoo.com

Article published by EDP Sciences and available at http://www.edpsciences.org/rnd or http://dx.doi.org/10.1051/rnd:2006007

140

A. El-Makawy et al.

in food. This limit is either based on the type
and amount of residue considered to be
without any toxicological hazard for human
health as expressed by the acceptable daily
intake (ADI), or on the basis of a temporary
ADI that utilizes an additional safety factor
[2]. Liver, kidney, muscle and fat are the
target tissues for residue control. MRL
range from 10 to 1000 µg·kg–1 depending
on compound and matrix [1]. FAO/WHO
Expert Committee on Food Additives [3]
convened to evaluate the safety of residues
of certain veterinary drugs in food and to
recommend maximum levels for such residues. The Committee’s evaluations of toxicological and residue data, reported that
oxfendazole (MRL) has toxicological hazards
on human health. Oxfendazole, methyl-5 (6)phenylsulfinyl-2-benzimidazole carbamate,
is a member of the benzimidazole family of
anthelmintics. It is the sulphoxide metabolite of fenbendazole and it is possible that
fenbendazole owes much of its efficacy
spectrum to oxfendazole. The probenzimidazole, febantel, when it is metabolized,
also becomes fenbendazole, and finally
oxfendazole, which is believed to be the
active metabolite. The compound oxfendazole reaches peak blood levels more slowly
following absorption from the intestinal
tract than many of the older benzimidazoles, thereby maintaining effective concentrations for a longer time in both the serum
and the intestinal tract increases its efficacy
[4]. The heat stability of the anthelmintic
oxfendazole in water, cooking oil and as
incurred residues in cattle liver was investigated. It was found that cooking did not
destroy residues although it may affect the
point of equilibrium between oxfendazole,
oxfendazole sulphone, fenbendazole and
some other metabolites in incurred tissue
[5]. The extensive use of veterinary drugs
in food-producing animals can cause the
presence of small quantities of the drug residues in food. Certain drugs can be carried
over into the milk of lactating cows or
deposited in the tissues of an animal intended
for slaughter [6, 7]. In recent years, there
has been widespread and increasing con-

cern that drugs, as well as environmental
chemicals, may present a potential hazard
to mankind by causing gene mutations or
chromosome aberrations. Genetic alterations in somatic tissues can have a number
of immediate effects upon the cells
involved, including cell death or transformation into malignancy. Genetic alteration
in germ cells leads to reproductive failure
or genetic disorder in subsequent generations that include heritable mutations lowering the reproductive output of affected
population [8]. So, the purpose of the present
study was to evaluate the competence of
oxfendazole maximum residue limit (MRL)
on the incidence of genetic alteration in
male and female mice and their teratogenic
effect in embryos of treated parents.
2. MATERIALS AND METHODS
2.1. Drug
Tyvert, Oxfendazole 2.265% is a broad
spectrum worm drench for cattle and sheep,
manufactured by Pharmacia au Upjohn,
Purs-Belgium. Oxfendazole CAS No.
53716-50-0. The dose equal to Oxfendazole maximum residue limit in liver
(1000 µg·kg–1) was used. Each animal gavages orally 0.01 mL daily.
2.2. Assay of genotoxicity in males
Twenty adult male Swiss mice weighing
(20–30 g) obtained from the animal house
of the national research center were used to
evaluate the oxfendazole (MRL) genotoxicity in male cells. The animals were randomly divided into two groups and had
food and water ad libitum. The first group
was given distilled water orally and served
as the control. The second group was orally
given the dose of oxfendazole (MRL) daily
for eight weeks. At the end of the time of
drug administration, all animals were
injected IP with a colchicine solution. Two
hours later, the animals were sacrificed by
cervical dislocation and the chromosomes
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of bone marrow cells and spermatocytes
were prepared according to Yosida and
Amano [9], Brewen and Preston [10].
2.3. Assay of genotoxicity in females
Adult male and adult virgin females of
Swiss albino mice were maintained on feed
and water ad libitum in the animal house of
the national research center. Both male and
female animals were divided into two
groups. The animals of the first group were
given distilled water orally and served as
the control animals. The animals of the second group were orally given a dose of
oxfendazole (MRL) for four weeks. After
that, males and females were caged by ratio
(1:1) according to the following groups:
Group I: control males and females.
Group II: treated males and control females.
Group III: control males and treated
females.
Group IV: treated males and females.
Successful mating was determined by
the presence of vaginal plugs on the next
morning which was designed as day zero of
pregnancy. Drug oral administration in the
same manner continued until day 18 of
pregnancy.
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2.5. Chromosome preparation
The chromosomes of bone marrow cells
of pregnant females were prepared by using
the methodology of Yosida and Amano [9]
and the chromosomes of fetal cells were
prepared according to the method of
Romagnano et al. [13].
The slides were stained with 10%
Giemsa stain and 100 good metaphase
spreads of each cell types for all animals
were examined microscopically to analyze the
different types of chromosomal aberrations.
2.6. Biochemical analysis
Total content of DNA, RNA, protein and
enzymes in different tissues (liver, kidney,
testes and embryos) of male and female
mice were determined. DNA contents were
determined according to Dische [14] using
the diphenylamine method; DNA giving
blue color was read using a spectrophotometer at 600 nm. RNA content was determined by using the Orcinol reagent method
according to Schneider [15] and read at
660 nm. Protein content was determined
according to Gomall et al. [16] and read at
545 nm. Enzyme activities of the liver
(GOT and GPT) were determined according to Reitman and Frankel [17] at 545 nm.
2.7. Statistical analysis

2.4. Teratological examination
On day 18 of gestation, ten pregnant
females of each group were sacrificed by
cervical dislocation. The uterine horns were
opened and the numbers of alive, dead and
resorbed fetuses were recorded according
to Gleich and Frohberg [11]. The body
weights of live fetuses were recorded just after
dissection. Also the fetuses were externally
examined to determine any deformities. For
skeletal examination, fetal skeletons were
prepared and stained in Alizarin red-S according to the method described by Weesner [12].
After staining, the skeletons were examined
under the dissecting binocular microscope to
detect any malformation in the bones of the
axial and appendicular skeletons.

Data of biochemical analysis and
cytogenetical examination of males were
analyzed by a paired- t -test. The data of the
fetuses morphological examination and
chromosome aberrations were analyzed
statistically by using one way analysis of
variance (ANOVA).
3. RESULTS
3.1. Effect of oxfendazole maximum
residue limit (MRL) in males
The data of the present study indicated
that oxfendazole (MRL) oral administration of male mice for eight weeks induced
chromosome aberrations in bone marrow
and spermatocyte cells as shown in Figures 1
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Figure 1. Different types of
chromosomal aberrations induced by oxfendazole (MRL) in
bone marrow cells: (A) gap (g)
and break (b) (B) deletion
(C) end to end association
(D) centric fusion (E) polyploidy (F) endomitosis.

and 2. Table I and Figure 3 illustrate the
mean values and standard deviations of different types of chromosomal aberrations in
bone marrow cells of control and oxfendazole (MRL) treated male mice. The data
showed that oxfendazole caused a statistically significant increase in the mean values
of the gaps, endomitosis, and centric fusions
at (P ≤ 0.05) when compared with the control. The results also revealed that oxfendazole showed a statistically significant
increase in the mean values of fragments,
deletions, and end to end associations, polyploidy and total chromosomal aberrations

at (P ≤ 0.01) than the control. However, the
statistical analysis of the other individual
chromosomal aberrations showed non significant differences between the mean values of the different treated groups and the
control. Table II and Figure 4 demonstrate
that oxfendazole (MRL) treated male mice
showed a statistically significant increase
in the mean values of autosomal univalent,
x-y univalent, aneuploidy and total chromosomal aberrations at (P ≤ 0.01) when
compared with the control group, whereas,
translocation, ring and polyploidy showed
non significant differences.
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Figure 2. Different types of
chromosomal aberrations induced by oxfendazole (MRL) in
spermatocytes: (A) x-y univalent (B) x-y univalent (C) autosomal univalent (D) hypoploidy
(E) polyploidy.

3.2. Effect of oxfendazole maximum
residue limit (MRL) in females

of the other types of chromosomal aberrations at (P ≤ 0.05).

The mean frequencies of different individuals and total chromosomal aberrations
induced in female bone marrow cells of the
treated group and the standard deviations
are presented in Table III and Figure 5. The
data showed that oxfendazole caused a statistically significant increase in the mean
values of endomitosis, centric fusion, fragments, deletions, end to end associations,
polyploidy and total chromosomal aberrations at (P ≤ 0.01) when compared with the
control. Meanwhile, it showed a statistically significant increase in the mean values

3.3. Effect of oxfendazole maximum
residue limit (MRL) on fetal cells
The data of Table IV and Figure 6 represent the mean values of different individual and total chromosomal aberrations
induced by oxfendazole (MRL) in embryo
cells. The results indicate that oxfendazole
oral administration for males or females
only induced a statistically significant
increase in all individual and total chromosome aberrations in the cells of their
embryos at (P ≤ 0.01) when compared with
the embryos of control males and females.

10

10

Control

Treated

M ± SD 1.80*
± 0.79

M ± SD 0.90
± 0.88

Gap

1.00*
± 0.82

0.20
± 0.42
3.10**
± 1.60

0.40
± 0.52
4.00
± 1.63

2.50
± 0.85
0.70*
± .82

0.00
± 0.00
0.60*
± 0.70

0.00
± 0.00
0.90**
± 0.74

0.00
± 0.00

End to
end

0.20
± 0.42

0.00
± 0.00

Ring

0.60
± 0.97

0.50
± 0.71

Hypoploidy

0.60
± 0.97

0.00
± 0.00

Hyperploidy

1.00**
± 0.82

0.20
± 0.42

15.10**
± 2.47

4.60
± 1.07

PolyTotal
ploidy chromosomal
aberrations

10

10

Control

Treated

0.40 ± 0.70 0.00 ± 0.00

x-y univalent Translocation

3.00** ± 0.94 3,10** ± 1.45 0.20 ± 0.42

0.80 ± 0.79

Autosomal
univalent

0.30 ± 0.48

0.00 ± 0.00

Ring

3.70** ± 0.82

0.90 ± 0.88

Hypoploidy

1.60** ± 0.84

0.00 ± 0,00

Hyperploidy

0.60 ± 0.84

0.00 ± 0.00

Polyploidy

12.50** ± 1.78

2.10 ± 0.53

Total chromosomal
aberrations

10

10

Control

Treated

1.00
± 089

M ± SD 1.80*
± 0.79

M ± SD

Gap

1.30*
± 0.95

0.66
± 0.81
1.20**
± 0.92

0.00
± 0.00
3.20**
± 1.43

0.50
± 0.55
4.20*
± 1.43

2.55
± 0.85
1.00**
± 0.94

0.00
± 0.00

Break Fragment Deletion Centromeric Endoattenuation mitosis

* Significant difference at (P ≤ 0.05).
** Significant difference at (P ≤ 0.01).

No.
of
animals

Groups

1.00**
± 0.67

0.00
± 0.00

Centric
fusion

0.90**
± 0.74

0.00
± 0.00

End to
end

0.60*
± 0.70

0.00
± 0.00

Ring

1.00
± 1.05

0.60
± 0.84

Hypoploidy

0.80*
± 0.92

0.00
± 0.00

Hyperploidy

1.10**
± 0.74

0.25
± 0.52

17.90**
± 2.42

5.56
± 1.97

PolyTotal
ploidy chromosomal
aberrations

Table III. The mean values of different chromosomal aberrations induced by oxfendazole maximum residue limit (MRL) in bone marrow cells of female mice.

* Significant difference at (P ≤ 0.05).
** Significant difference at (P ≤ 0.01).

No.
of animals

Groups

Table II. The mean values of different chromosomal aberrations induced by oxfendazole maximum residue limit (MRL) in spermatocytes of male mice.

0.90**
± 0.74

0.00
± 0.00

Break Fragment Deletion Centromeric Endomitosis Centric
attenuation
fusion

* Significant difference at (P ≤ 0.05).
** Significant difference at (P ≤ 0.01).

No.
of
animals

Groups

Table I. The mean values of different chromosomal aberrations induced by oxfendazole maximum residue limit (MRL) in bone marrow cells of male mice.
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Figure 3. Effect of oxfendazole (MRL) on bone marrow cells of male mice.

Figure 4. Effect of oxfendazole (MRL) on spermatocytes of male mice.

3.4. Teratogenic effect of oxfendazole
maximum residue limits (MRL)
3.4.1. External morphological
examination
The mean values of different teratogenic
variables are tabulated in Table V and Fig-

ure 7. The results showed that oxfendazole
(MRL) induced a statistically significant
decrease in the number of live fetuses in all
groups at (P ≤ 0.01) when compared with
the control, whereas, it induced a non significant increase in the number of resorbed
fetuses (Fig. 8) in the groups in which males
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Figure 5. Effect of oxfendazole (MRL) on bone marrow cells of female mice.

Figure 6. Effect of oxfendazole maximum residue limit (MRL) on embryo cells of all experimental
groups.

or females were treated only. However, in
the group of treated males and females,
oxfendazole showed a statistically significant increase in the number of resorbed

fetuses at (P ≤ 0.01). Since, all fetuses of
this group were completely resorbed. Meanwhile, there was no significant difference
between the number of hematoma (Fig. 9)

50

50

50

Control

Male
treated

Female
treated

M ± SD 2.28a
± 0.90

M ± SD 1.74b
± 0.94

M ± SD 0.22c
± 0.51

Gap

2.02a
± 0.87

0.86b
± 1.01

0.10c
± 0.36

1.30a
± 0.54

1.12a
± 1.12

0.00b
± 0.00

1.60a
± 0.93

1.20b
± 1.18

0.20c
± 0.45

3.80a
± 1.29

3.40a
± 1.46

2.48b
± 0.95

0.10a
± 0.30

0.14a
± 0.35

0.00b
± 0.00

Centric
fusion

0.14a
± 0.35

0.12a
± 0.33

0.00b
± 0.00

End to
end

0.24a
± 0.48

0.20a
± 0.40

0.00b
± 0.00

Ring

10
10
10
10

Control

Male treated

Female treated

Male + female treated

M ± SD

M ± SD

M ± SD

M ± SD

0.00 ± 0.00 c

7.70 ± 1.97 ab

7.10 ± 3.03 b

9.40 ± 1.26 a

Alive embryos

Means with different letters within each column are significant at 5% level.

No. of females

Groups

8.70 ± 2.06 a

1.40 ± 1.15 b

1.50 ± 2.01 b

0.20 ± 0.42 b

Resorbed embryos

0.12a
± 0.33

0.12a
± 0.33

0.00b
± 0.00

Hyperploidy

0.00 ± 0.00 a

1.00 ± 1.15 a

0.80 ± 0.79 a

0.50 ± 0.53 ab

Haematoma

0.66a
± 0.75

0.48ab
± 0.71

0.30b
± 0.58

Hypoploidy

Table V. Effect of oxfendazole maximum residue limit (MRL) on embryos of different experimental groups.

0.52a
± 0.61

0.22b
± 0.46

0.00c
± 0.00

Break Fragment Deletion Centromeric Endoattenuation mitosis

Means with different letters within each column are significant at 5% level.

No.
of
embryos

Groups

14.46a
± 2.77

10.54b
± 3.72

3.38c
± 1.60

Total
chromosomal
aberrations

0.00 ± 0.00 d

1.137 ± 0.115 c

1.523 ± 0.135 b

2.708 ± 0.324 a

Mean body weight

1.7a
± 0.95

1.00b
± 0.90

0.10c
± 0.30

Polyploidy

Table IV. The mean values of different chromosomal aberrations induced by oxfendazole maximum residue limit (MRL) in embryo cells of different
experimental groups.
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Figure 7. Teratogenic effect of oxfendazole (MRL) in all experimental groups.

Figure 8. Photograph of the uterus of a control pregnant female (A) and a uterus with resorbed
embryos of an oxfendazole (MRL) treated female (B) on day 18 of gestation.

in all treated groups and the control. However, oxfendazole (MRL) showed a statistically significant decrease in the fetal body
weights of all treated groups at (P ≤ 0.01)
when compared with the untreated group.

3.4.2. Skeletal examination
Alizarin red–S stained 18th day of gestation oxfendazole treated male or female
fetal skeletons showed an obvious decrease
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in the size and reduction in the ossification
of fetal skeletons as compared to those of
the control group. Sacral vertebrae showed
severe lack of ossification and caudal vertebrae were completely non ossified. The
bones of the pelvic girdle of the control
fetuses, illium, ischium and pubis were well
ossified, whereas in the skeletons of the
oxfendazole (MRL) treated fetuses, the
pubis bones were completely non-ossified
and the ischium bones showed a lesser
degree of ossification (Fig. 10).
3.5. Biochemical results
The data of biochemical studies on different parameters in all experimental tissues figure in Tables VI, VII and VIII. The
data show that oxfendazole (MRL) affected

Figure 9. Photograph of oxfendazole (MRL)
maternally treated embryo on day 18 of gestation showing an external Haematoma.

Figure 10. Photograph of fetal skeletons at day 18 of gestation showing (A) control fetus with well
ossified bones (B) oxfendazole (MRL) maternally treated fetus showing complete non- ossification
of sacral and caudal vertebrae (ca.v) and pubis (pb) bones of the pelvic girdle (alizarine S- red stain).

11.98**
± 6.24

Treated

9.27**
± 0.10

8.12
± 0.32

Kidney

Protein mg·g–1

9.45**
± 0.292

7.12
± 0.317

Testes

0.40**
± 0.010

0.46
± 0.017

Liver

0.28**
± 0.03

0.37
± 0.02

Kidney

DNA mg·g–1

0.27*
± 0.16

0.34
± 0.02

Testes

0.22*
± 0.01

0.283
± 0.17

Liver

0.21*
± 0.02

0.26
± 0.02

Kidney

RNA mg·g–1

9.01 ± 0.44
11.728**
± 6.24

Liver
7.19 ± 0.10
9.09**
± 0.11

Kidney

Protein mg·g–1

0.45 ± 0.02
0.28**
± 0.02

Liver
0.38 ± 0.02
0.280**
± 0.01

Kidney

DNA mg·g–1

0.26 ± 0.01
0.19**
± 0.01

Liver
0.24 ± 0.01
0.20
± 0.01

Kidney

RNA mg·g–1

7.28 ± 0.27
8.06* ± 0.12
8.98** ± 0.25
0.00 ± 0.00

0.32 ± 0.01
0.24 ± 0.01
0.22** ± 0.01
0.00 ± 0.00

DNA mg·g–1

* Significant difference at (P ≤ 0.05). ** Significant difference at (P ≤ 0.01).

Control
Female treated
Male treated
Male Female treated

Protein mg·g–1

0.23 ± 0.01
6.20 ± 0.01
0.16 ± 0.01
0.00 ± 0.00

RNA mg·g–1

24.60 ± 2.04
33.20*
± 2.39

20.80 ± 1.90
21.40 ± 0.98
27.800* ± 1.49
0.00 ± 0.00

GPT
23.40 ± 2.04
35.80*
± 3.18

21.00 ± 1.74
22.60 ± 2.04
31.20** ± 2.42
0.00 ± 0.00

GPT

Liver enzymes u·L–1
GOT

39.40*
± 3.18

30.20
± 1.71

GPT

Liver enzymes u·L–1

34.20*
± 2.39

26.20
± 1.49

GOT

Liver enzymes u·L–1

Table VIII. Effect of oxfendazole on total protein, total DNA, total RNA and liver enzyme activity of parentally treated embryos.

* Significant difference at (P ≤ 0.05). ** Significant difference at (P ≤ 0.01).

Control
Treated

Groups

GOT

0.17*
± 0.00

0.23
± 0.00

Testes

Table VII. Effect of oxfendazole on total protein, total DNA, total RNA and liver enzyme activity of female mice.

* Significant difference at (P ≤ 0.05). ** Significant difference at (P ≤ 0.01).

9.66
± 0.09

Liver

Control

Groups

Table VI. Effect of oxfendazole on total protein, total DNA, total RNA and liver enzyme activity of male mice.

150
A. El-Makawy et al.

Toxicity of anthelmintic drug oxfendazole residues

151

Figure 11. Effect of oxfendazole (MRL) on different biochemical parameters in male mice.

the liver, kidney, testes and embryo tissues
and caused changes in all measured biochemical parameters of mice.
3.5.1. Biochemical changes in males
The data presented in Table VI and Figure 11 showed that oral administration of
oxfendazole (MRL) caused a statistically
significant increase in the total protein content of the liver, kidney and testes at (P ≤
0.01) when compared with the control.
However, the total content of DNA of the
tissues was significantly decreased at (P ≤
0.01) when compared to the control. Meanwhile, a statistically significant decrease in
the level of total RNA content at (P ≤ 0.05)
was observed. However, the levels of liver
enzymes (GOT and GPT) of oxfendazole
(MRL) male mice tissues were statistically
significantly higher (P ≤ 0.05) than the
control.
3.5.2. Biochemical changes in pregnant
females and their embryos
The data of Tables VII and VIII,
Figures 12 and 13 showed that the total

DNA and RNA content of the liver of
oxfendazole (MRL) pregnant females and
their embryos, were significantly decreased
at (P ≤ 0.01) when compared with the control. The DNA content of the kidney tissues
was statistically significant decrease at
(P ≤ 0.05) when compared with the control. Whereas, RNA content did not show a
significant change. A significant increase at
(P ≤ 0.01) in the protein content of treated
pregnant female tissues and in embryos
obtained from them was detected. Also,
oxfendazole (MRL) significantly increased
the liver enzyme (GOT and GPT) content
of females and their embryos at (P ≤ 0.01)
as compared with the control.

4. DISCUSSION
The extensive use of veterinary drugs in
food producing animals can cause the presence of drug residues in food [7]. Certain
drugs can be carried over into the milk of
lactating animals or deposited in the tissues
of animals intended for slaughter [6]. A
Maximum Residue Limit is an amount of
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Figure 12. Effect of oxfendazole maximum residue limit (MRL) on different biochemical parameters in female mice.

Figure 13. Effect of oxfendazole maximum residue limit (MRL) on different biochemical parameters in embryo tissues.

residue that could remain in the tissue or
food product derived from a food-producing animal that has been treated with a veterinary drug. This residue is considered to
pose no adverse health effects if ingested
daily by humans over a lifetime [18]. In

recent years, there has been increasing concern that drugs may present a potential hazard to mankind by causing gene mutation or
chromosome aberrations. Genetic alterations in somatic cells can include cell death
or transform into malignancy. Genetic
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alterations in germ cells lead to reproductive
failure or genetic disorder in subsequent
generations [8]. In the present study, oral
administration of oxfendazole (MRL)
induced a statistically significant increase
in the frequencies of chromosomal aberrations in all tested cell types. This means that
anthelmintic oxfendazole has a possible
genotoxic activity. Crebelli [19] reported
that genotoxicity of benzimidazoles may
appear in DNA damage or involving multiple interactions with non-DNA targets.
Ardito et al. [20]) indicated that higher non
toxic concentrations of Thiabendazole cause
an increase in the sister chromatid exchange
frequency in lymphocyte culture. The
results of the present study indicate that
oxfendazole induced a statistically significant increase in the frequencies of polyploidy in bone marrow and spermatocyte
cells of male mice and also in embryo cells. The
literature reported that several anthelmintic
drugs have been evaluated for genotoxicity.
Crebelli et al. [21], Leopardi et al. [22],
Natarajan et al. [23], Parry and Sors [24],
Mailhes et al., [25] and Adler et al. [26]
demonstrated that thiabendazole is capable
of inducing numerical chromosomal changes
such as aneuploidy and polyploidy. At toxic
doses, thiabendazole increases the frequency of aneuploid in oocytes that impair
ovulation. Also, Schmid et al. [27] showed
that thiabendazole increases the frequency
of aneuploidy induction in the sperm of
treated male mice. Barale et al. [28] studied
the cytogenetic effects of three benzimidazoles, i.e., benomyl, methyl thiophanate and
methyl 2-benzimidazolecarbamate (MBC), in
mouse bone marrow cells. Benomyl and MBC
significantly induce micronuclei and aneugenic flubendazole causes a dose and time
dependent induction of polyploidy in
Chinese hamster lung cells. Mebendazole
interacting with tubulin interferes with the
assemblage of the mitotic apparatus in the
parasite cells, thus causing a possible genotoxic activity leading to chromosomal
malsegregation [29]. Also, Okamura et al.
[30] suggested that oxfendazole induces
apoptosis of meiotic spermatocytes, most
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probably due to disruption of the microtubules, and degeneration of the Sertoli cells.
Uppala et al. [31] indicate that chemicals
can induce cellular and chromosomal alterations, inducing early events in carcinogenesis. This means that oxfendazole genetic
alteration in somatic cells may lead to
malignancy. Our findings indicate that oral
administration of oxfendazole (MRL) to
parents for eight weeks produced developmental toxicity in their embryos. This toxicity appeared in the decrease in embryo
body weights and the less ossified skeletons. These results were in agreement with
Delatour et al. [32] and Delatour [33] indicating that benzimidazole anthelmintic
oxfendazole, the active metabolite of fenbantel, is embryotoxic and teratogenic in the
rat. Scholz and Baeder [34] demonstrated
that Fenbendazole showed fetotoxicity in
rats and rabbits dosed by gavage. Embryotoxicity was observed in the form of an
increase in the frequency of occurrence of
the 13th ribs and delayed ossification of cranial bones in rabbits given a dose of
63 mg·kg–1 of body weight/day. Lankas
et al. [35] reported that thiabendazole is
foetotoxic in mice. Delatour et al. [36]
reported that there is possible correlation
between embryotoxicity and the plasma
levels of identified embryotoxic metabolites, but not with the levels of fetal tissue
bound drug metabolites. Whittaker and
Faustman [37, 38] reported that the benzimidazole anthelmintic should be considered as potential developmental toxicants.
Since, they inhibit cell growth and differentiation of micromass culture of rat embryo
midbrain and limb bud cells. In agreement
with our result, Capece et al. [39], Navarro
et al. [40] reported that benzimidazole
induces a significant increase of resorptions,
a decrease of fetal body weights and an
increase in skeletal malformation. Mantovni
[41] and Teruel et al. [42] indicated that
the benzimidazole anthelmintic, albendazole, shows a dose related increase in
embryolethality, growth reduction and a
reduction in the ossification process in
the rat. Cristofol et al. [43] studied the
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disposition of albendazole and its metabolites, albendazole sulfoxide and sulfone in
the pregnant rat. The results indicated that
the presence of albendazole and its metabolites in the amniotic sacs and embryos at
concentration were higher than that in the
plasma at the same times. A significant correlation was found between the rate of
developmental toxicity and metabolite concentration. Also, El-Makawy [44] mentioned that embryotoxicity is mainly the
result of chromosome damage leading to a
loss of genetic material. The data of the biochemical study in the present work show
that oral administration of oxfendazole
(MRL) caused a significant increase in the
total protein content of the liver, kidney and
testes and decrease in the total content of
DNA and RNA of tissues. Baliharova et al.
[45] indicated that all benzimidazoles provoke an increase in the protein level of rat
hepatocytes. Also, oxfendazole (MRL) significantly increased the liver enzyme (GOT
and GPT) content. This result was in agreement with that of Tada et al. [46] who
reported that thiabendazole showed an
increase in concentrations of GOT and GPT
in male and female mice. Karmakar et al.
[47] mentioned that hepatic enzymes significantly increased along with an increased
percentage of chromosome aberrations in
the bone marrow. The results therefore
strongly suggest that oxfendazole exerts
genotoxicity in male and female mice.
Also, oxfendazole exhibits embryotoxicity
including teratogenicity. We can conclude
that embryo developmental toxicity of
oxfendazole may be a result to the increase
in the frequencies of different chromosomal
aberrations and biochemical changes. So,
we must increase the attention to the potential risk of oxfendazole residues on human
beings and should stress the need for careful
control to ensure the adherence to the prescribed withdrawal time of this drug.
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