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ABSTRACT

The ability of the tyo organophosphorous insecticides “Dursban” and “Dichlorvos” to
induce chromosomal abnormalities in mouse spermatocyltes was investigated. Male swiss
nice were intraperitoneally ( i.p) injected with the doses 2. 4. 10 mg/kg! body wr. of
“Dursban” (dissolved in 0.1 DMSO) and 2.8, 3.5, 7 mg/kg! body wt. of “Dichlorvos™ and
samples were taken 6, 24 and 48 lirs dafter the trearment.

The percentage of chromosomal aberrations in diakinesis - metaphase I cells increased
by increasing the concentration of both insecticides and reached its maximum 24 hrs
Jollowing i.p. injection. Its highest value was 19,3 + L.61 (P <0.01)and 16.5 £ 0.63 (P <
0.01) 24 hirs after treatment with the highest dose of “Dursban™ and “Dichlorvos”
respectively. Compared with 25.5 + 0.97 (P < 0.0] ), 24 hrs after i.p. injection with
“Mitomycin C™ ar 1 mg/kg™! body wt. The two insecticides induced abnormal chromosomal
associations including univalents (autosomal and X-y univalents) and chains, as well as
structural and numerical chromosome aberrations.

Dursban and Dichiorvos induced a dose-dependent increase in the percentage of
abnormal sperm heads. Its lughest value was 15.48 +0.73 (P < 0.01) and 10.8 + 0.89 (P <
0.01) after oral treatment with Dursban and Dichlorvos respectively, compared with 18.3 +
L 1O(P < 0.01) after trearment with “Mitomycin C".

INTRODUCTION
The organophosphorous insccticides Dursban is effective against a wide
chlorpyifos “Dursban™ and “Dichlorvos” range of insccts e.g. cockrooches (Rust er
(DDVP) are well known insecticides. al., 1991) and Mosquitos (Sinegre er al.,
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1990). The insecticide controls insect
pests which attach economic corps e.g.
potato (Parihar & Singh 1993) and comn
(Guillebeau and All, 1991). It is used in
Lgypt to control several pests (Programme
ol pest control, Ministry of Agriculture,
AR.E. 1973/1974 - 1980/1981).

Dichlorvos is used mainly for (he
control of insects in tobacco and other
warehouses, mashroom houses, green
houses, animal sheliers and homes
(Hayes, 1982). The insccticide is used
also for control of houschold and public
heath pests stored-product insects and
mosquitos (Royal Socicty of Chemistry,
1983).

The cytogenetic cffect of “Dursban”
was studied in both plant and animal
systems. It induced a significant
percentage  of  abnormal cells  in
root-mitosis of Vicia faba plant (Amer and
FFarah, 1983a) as well as in meiosis of
barlcy and Vicia faba plants (El-Metainy
and Badr, 1981; Amer and Farah, 1983b).

The potential of “Dursban” as a
genotoxic agent on the basis of
chromosome damage and rates of sister
chromatid exchange in coltured human
lymphocytes was determined {Nelson,
1990). Dursban induced a significant
percentage of chromosome aberrations in
the spleen (Amer et al., 1996) and in
cultured spleen cells of the mouse (Amer
and Aly, 1992),

Dichlorvos has also received marked
altention from the cytogenetic point of
view, particularly as a mutagen, but
unlickely the results obtained in this
respect, were apparently problematic and
contradickory (Lofroth, 1970). But
nervertheless, a communication was
presented by Bignami et al., (1977)
indicating that *Dichlorvos” had induced
obvious mutations a high frequency of
mitotic crossing-over and non-disjunction
of the meiotic chromosomes in
Aspergillus  didulans similarly,
basc-substitule mutations were noticed in
Salmonella by Byeon ef al.. (1976) due 1o
“Dichlorvos™ exposure.

Plants were also revealed by some
researchers to respond to “Dichlorvos”
trcatment by the development of
chromosome aberrations in the root tips of
onion (Sax and Sax, 1968) barley (Bhan
and Kaul, 1975) and Vicia fuba (Amer and
Ali, 1986).

Dichlorvos induced a significant
percentage of PE with micronuclei
(Aboul-Ela, 1985), chromosome
aberrations and sister chromatid exchange
in bone-marrow, as well as, chromosome
aberrations in cultured spleen cells of the
mouse (Aboul-Ela, 1992),

The aim of (he present experiments is
o study the cffects of Dursban and
Dichlorvos on germ cells and sperm-shape
abnormalities of male mice are studied.
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MATERIALS AND METHODS

Animals :

Male Swiss mice aged 8 - 10 weeks
and weight 25 - 30 gm + 2 obtained from
a closed randome - bred colony at the
National Research Centre, were used.

Insecticides :
Purificd Dursban and DDVP (purity
100%) were kindly supplied by Prof.

S.M.A.D. Zayed Department of Organic
Chemistry, National Research Centre.

Treatment :

There were three experimental groups
tor each insecticide. Mice were L.p.
injected with the doses 2, 4 and 10
mg kg'! body wt. of “Dursban” (dissolved
in 0.1 ml DMSO) and 28,35 and 7
mg kg'! body wt. of “Dichlorvos”
(DDVP) diluted with distilled water. LDs
of “Dursban” is 40 mg kg'! body wt. for
i.p. injection (Fakhr er al., 1982) and 152
mg kg™! body wt. for oral (Hayes, 1982)
and the 1.Ds, of DDVP for i.p. 28 mg kg-!
body wt. (Hayes, 1982) and 145 mg kgl
body wt. for oral (Hayes, 1982).

A non-treated group of animals was
used as control and another control group
was 1.p. injected with 0.1 ml DMSO in the
same  way for each fixation time.
Moreover, a group of animals was i.p.
imjected with “Mitomycin C” at 1 mg kg'!
body wt., killed 24 and 48 hrs after i.p.
trcatment and was used as positive
control.

Fach cxperimental group included 5
males. Mice were killed 6, 24 and 48 hrs.

after treatment and were injected with
colchicine at 3 mg kg! body wt. 2 hrs.
prior to sacrifice.

For sperm shape abnormalities, 3
groups of animals (5 animals for each
group) were treated by gavage with
Dursban for 5 consecutive days at dose
levels 2.5, 10 and 20 mg kg-! body wt. and
2,9 and 18 mg kg'! body wt. of DDVP.
Animals were killed 35 days after
administrating the first dose. A non-
treated group of animals was used as a
control, another group was i.p. injected
with I mg “Mitomycin C” kg! body wt.
and used as positive control,

Slide preparation and scoring :

Chromosomal preparations were made
from testes according to the technique of
Evans et al., (1964) and stained with
Giemsa in phosphate buffer (pH 6.8). 50
primary spermatocytes / mouse at
diakinesis - metaphases I were analyzed.
Types of diakinesis - MI abnormalities
recorded included Chains, sex-
chromosomal univalents (x-y Univ.),
autosomal univalents (A.U), polyploidy,
gaps, breaks and fragments,

For sperm - shape abnormalities, mice
were killed, the epididymides excised and
minced in isotonic sodium citrate solution
(2.2%), dispersed and filtered (o exclude
large tissue fragments. Smears were
prepared after staining the sperms with
Eosin Y (Wyrobek and Bruce, 1975). At
least 500 sperm per animal wrere assessed
for morphological abnormalities included
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triangular, without hook., banana shape,
amorphous, small and big head.

Statistical cvaluation ;

The significance of the experimental

from control data was calculated using
student (-test.

Significant (P < 0.05).
Highly significant (P < 0.01).

RESUTLS

The results indicated that “Dursban” a(
the tested doses is a potent inducer of
chromosome aberrations in
spermatocytes.  The percentage of
metaphases with chromosomal aberrations
was found (o be statistically significant 6,
24 and 48 hrs after Lp. injection with the
woncentrations 2, 4 and 10 mg/kg! body
wit. (Table 1),

“Dichlorvos™ at the lowest tested
concentration induced a low percentage of
chromosome aberrations 6h after i.p.
injection. This percentage increased,
reached 9.2% 24 hrs after the treatment
and was found to be Statistically
significant. The (two higher concentrations
of the insecticide induced a statistically
significant percentage of chromosome
aberrations 6, 24 and 48 hrs after the
trcatment (Table 2).

The pereentage of the induced
chromosome  aberrations was  dosc
dependent, it reached its maximum 24 hrs
alter treatment with (he different
concentrations tested of both insecticides.
lts highest value was 193 + 1.6] and 16.5

* 0.63 (P < 0.01) after reatment with
highest tested concentration of “Dursban”
and “Dichlorvos” respectively. These
values decreased and reached 14.3 + 0.97
and 9.03 + 0.40 (P < 0.01) 48 hrs after Lp.
injection  with  “Durshan” and
“Dichlorvos” respectively, compared with
255+0.97 and 14.25 +0.76 (P <0.05)24
and 48 hrs after i.p. injection with
Mitomycine C (Table 1, 2).

The two insecticides induced abnormal
chromosome associations including
autosomal and x-y univalents as well as
structural and numerical chromosomal
aberrations (Table 1, 2).

Diakinesis - metaphase 1 cells with
chain IV were observed after treatment
with the two higher concentrations of
“Dursban” (Table 1).

Sperm head abnormalities were
observed in control and treated mice. The
two higher concetrations of Dursban and
Dichlorvos induced a dose-dependent and
statistically significant increase in the
pereentage of sperm head abnormalities
over the that of the control (Table 3, 4).

DISCUSSION

All the used concentrations  of
“Durshan” and “Dichlorvos” increased

chromosome aberrations si goificantly (P <
0.01 at most dose-time points). Dursban



induced chromosome aberrations in bone
marrow (Amer ef al., 1996) and spicen of
the mouse (Amer er al., 1996). Dichlorvos
induced breaks, translocations and rings in
Chinese hamster fibroblasts (Ishidate,
1976). The insecticide induced also
chromosome aberrations in bone marrow
and cultured spleen cells of the mouse
(Aboul-Lila, 1992).

I the present study, a low percentage
of chain 1V was observed in diakinesis-MI
spermatocytes after treatment with the two
higher concentrations of “Durshan”. This
indicates that Dursban is one of the few
chemicals that can induce chromosome
damage in germ cells,

Chain IV was not observed in animals
treated with Mitomycin C (MMC) at |
mg/ka! body wi. This result is in
accordance with that of De Luca er al,
11990) who reported that, the frequencies
ol quadrivalent chains induced by MMC
atler single treatment (2 mg/ke ! body wt.)
were very low (0.62%). Chromosome
translocations expressed in diakinesis
metaphase I spermatocytes (rings and
chains) have been observed in animals
whose spermatogonia were treated with
1onizing radiations (Van Buul, 1983,
[984). Rarely in those (reated with
chemicals e.g. adriamycin (Au and Hsu,
1980) and grisofulvin (Fahmy and
Hassan, 1996) have been shown to be
positive in this respect,

The most common type of abnormality
observed in spermatocytes after treatment
with both insecticides was the presence of

univalents. This may be the result of
precocious separation of the chromosomes
from the bivalents (Tates and Natarajan,
1976). It was observed that X-y univalents
were more often separated than autosomal
univalents. This phenomenon was
obscrved in spermatocytes of mice after
treatment with uranyl fluoride (Hu and
Zhu, 1990) and Pirimiphos-methyl (Aly
and I'ahmy, 1995),

A statistically significant increase in
the  percentage of sperm head
abnormalitics occurred in Dursban and
Dichlorvos treated animals. It may be
mentioned in this respect that the
organophosphorous insecticide Curacron
(El-Nahas e al, 1989), (amaron
(Abdel-Aziz et al., 1993) and malathion
(Hassan er al., 1995) have been reported 10
increase sperm-head abnormalities in the
treated mice.

Sperm morphology assay is said to
provide a quantitative method for locating
genctic damage in male germline cell
(Lock and Soares, 1980). The relevance of
this assay in evaluating mammalian germ
cell mutagens is well accepted (Wyrobeck
etal, 1983). .

In the present study, the dose
dependent increase in the percentage of
chromosome aberrations in spermatocytcs
and sperm head abnormalities induced by
Dursban and Dichlorvos emphasises the
positive correlation between cytogenetic
damage and sperm abnormality which was
previously reported in mice by Lavu et al.,
(1985) and El-Nahas er al., (1989).



The resulys indicate (he mutagenic
potential of (he Organophosphorouyg
insecticides “Dursban” anq “Dichloryos”
in germ cells of mice.

Accordingly much more care should
be taken ip using “Dursban” and
“Dichlorvos” in agricultural aspects.
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Table (1): Mean percentage of chromosomal aberrations, number and percentage of the different types of
aberrations in mouse germ cell 6, 24 and 48h. after i.p. injection with different concentrations of
“Durshan™ dissolved in DMSO,

Metaphases with :
No. of Mean%
Treatment mice | Avtosomal X-y Autosomal | Frag, Dipio- | Trip- +8S.E.
univalent univ., univ. + fand/or | Gap | Chain Idy loidy
X-y univ. | break
I Non-treated S 3012 4(1.6) - - - - - - 2.8£0.30
. DMSO
oh 5 5(2) 712.8) - - - 2008y 5.6+0.39
240 N 3(2.2) 4(1.6) - - Li04) - 52£048
48 b N RIS Ti2.8) - - - 1(04) - 4.4£0.39
1 Mitomycin ¢
Diig kg-1 body wi,
Positive controly
240 5 GHe16) | 21525 401y 21051 - - eI | - 25.5£0.79%
48 h s 389.5) [ 111275 2100.5) - - 6(0.25) - 1425 £ 0.76*
IV Durshan
a2 mg kg' body wi.
Gh S 832 9(3.6) - L4y )210.8) - 4(1.6) - 9.6 (158
2 h 5 1T (4.4) 12(4.8) Iy - 3(3.2) - 13.6 £ 0.67**
45 h N 913.6) 712.8) - 1(0.4) 2(0.8) 7.6 £0.50
Pedmg ke body wi.
6h Bl 12 (4.8) [N - - Loyt 7028 - 12.4 £ 0,50%*
RERT 5 150 14(5.6) . 20081 7028 - 1522 1.24%
48 h 5 14 (5.6) 6(24) - - - 312 - 9.2 # (.40
crlnmg kgt body wi,
nh 5 15(6) 20(8) - sy | e | O] 173+ 1.31%%
40 5 1305.2 18172y SO 416 208 ) 13(5.) 4(LO)| 1934 1.61**
mh 5 150y 1352y Tan| oy | 708 - 14.3 £0.97%*

 Siamficant at 1P < 0,059 Jevel, ** Significant at (P < 0,01 level {t-test).
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Table (2): Mean bereentage of chromosoma) aberrations, numbey and percentage of the different types of
aberrations in Mmouse germ cell 6, 24 and 48h. after ip, injection with different concentrations of
“Dichlorvos™,

——
r Metaphases with ;
No. or Mean %
Treatment mice | Attosomaj X-y Autosomal Frag, Trip- *S.E.
univalent univ, uatv. +  fand/or Gap Diploldy loidy
X-yuniv, | break
———— ]
L. Non-treateq 3 32 411.6) - - 28030
It Mitomyein ¢

Lmgkg! bady wi,
iPositive control
24h N 04 (16) 21(3.25; 40l 205 . 112.75) . 25.5+0.97%
43 h 5 WO Litprs | o (0.3) - - 610.25) . 14.25 + 0,76+
T Dichlorvey

@28 mg kg 'I\)d)’ wi,

Oh A\ St 7428 2(0.8) - 4(1.6) . 724050
24n 5 ¥(3.2) 1045 3L 2(0.8) 9.2  0.40%x
48h 3 Gi2dy ¥(3.2) - 0.4y 200.8 - 6.4 £ 050

b3S mg ket body wr,

6h 3 943.6) 4.4 16 [208) 6(2.4) . 10.66 + 0, 5%
24 5 1248 | 16164 60241[4116 702.8) N 12.84 % (.45%*
a8h 3 723 104 : 10 200.8) - 8.0+ 058
7 mg kg body wr.

Gh N 4.4y 14{5.6) 7(2.3) 3Ly 6(2.4) - 14.14 £ | 20%*
24 h 5 14(5.6) 12¢4.%) 8(3.238¢32) 104(4) RIS 16.5 + 0.63%+
4 h 5 104y 9369 L0412 08 6(2.4) . 9.03 % 0 40w

— L [ e |

* Signiticant af (P <insy level. *x Significan( y (P <001 level (t-test),
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Table (3): Mean percentage of sperm abnormalitics in control and mice treated with different doses of Dursban
(dissolved in oil).

No. of No. of ‘Types of sperm head abnormalities :
No. o NOL O N
Mean %
Dases sper 4 ma - i
sperm thnormal + Sk, amor- without | Triun-| Banana | Small | Big
examined sperm phous hock [ gular | shape | head | head
L Mitomyem ¢ 2970 543 183110 (11 109 120 96 58 49
IL Connolroin 5 1o 334027 14 6 24 4 13 9
Hi. Durshu
23my i.g'lmdy wi. 250 125 496 = 0.66 4 30 79 3 6 !
10 ng l\g]bmly Wi, 2528 254 10=0.97* 12 69 146 12 i 4
20 mg kgl body wi. 2527 391 15,48 £ 0.73* hl 103 243 26 4 5

* Significant o (P < 001 level.

Table (4): Mean pereentage of sperm abnormalities in control and mice treated with different doses of DDVP.

No. of No. of T'ypes of sperm head abnormalities :
Mean %
Doses sperm abnormal ] ] )
+8.E. amor- without | Trian-} Banana | Small | Big
examined sperm phous hock | gular | shape | head | head
[ Mitomyen ¢ 2970 343 18321140 i 109 120 96 58 49
Il Contrat 2520 113 432013 33 40 21 6 6 5
L bhve
2mg kg Thody wi, 2742 163 6.1 x0.53 60 4% 28 3 16 g
Ymg kg Ib(vdy wi. 2773 259 9.3 0.67* 73 69 64 15 26 10
13 mg ke Thody wi. 1747 296 11,8 0 85 95 68 78 12 17 ] 2

CSwgnificant at (P < 001y level
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