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Abstract: The effect of 3,4-Dichloroaniline (3,4-DCA) on chromosome aberrations in both bone-marrow cells
and spermatocytes, sperm quality and histopathological changes in male mice was investigated. Eighty male
Swiss albino mice were divided into four groups (n = 20), one was considered as control and the other three
groups  were  administered 3,4-DCA by gavage at the dose levels of 13.83, 27.67 and 55.33 mg/kg bw/day for
30 consecutive days. The doses were correspond, respectively, to approximately 1/32, 1/16 and 1/8 of LD  value50

determined for male mice (442.6 mg a.i./kg bw). Results indicated that oral administration of 3,4-DCA
significantly increased the frequency of structural and numerical types of chromosomal aberrations in both
bone-marrow cells and spermatocytes. Similarly, there was a significant increase in count of abnormal
spermatozoa in all 3,4-DCA treated groups of mice compared to respective control. On the other hand, 3,4-DCA
caused a significant decrease in the sperm count and motility as compared to the control. Furthermore,
histopathological changes in liver and testis were observed. All adverse effects were in a dose-dependent
manner. In light of the aforementioned results, it can be concluded that 3,4-DCA has the potential to produce
genotoxic effects, reproductive toxicity and histopathological alteration in male mice. Accordingly, strict
limitations on the use of this compound must be put.
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INTRODUCTION concentration increased ~10 times after chloramination

The  aromatic  amine, 3,4-Dichloroaniline (3,4-DCA) chlorinated agents as disinfectants in Spain [5]. It has
is widely used as chemical intermediate in the synthesis been detected as an environmental contaminant in surface
of several herbicides (e.g. diuron, linuron and propanil), waters and in the effluents from dye-manufacturing plants
azo dyes for polyester fabrics, textile and pharmaceuticals [8]. DCA has been detected more frequently in
[1-3]. It is also a degradation product of environmental  samples  than  its  parent compounds [9].
trichlorocarbanilide,  a chemical used as active agent in It is not readily degraded by micro-organisms and, due to
the  cosmetic  industry  [4]. Diuron, linuron, oxyfluorfen, its persistence in the environment, is considered to be a
2-methyl-4-chlorophenoxyacetic acid, terbuconazol and reference xenobiotic [10]. DCA can persist in the
difenoconazol can lead to the formation of chloroanilines environment as insoluble residues in soil and plants and
including  4-chloroaniline  and 3,4-dichloroaniline [5]. can also photodimerise to form carcinogens [11]. DCA
Thus, 3,4-DCA is a model environmental contaminant [6]. endangers growth, development and propagation of

3,4-DCA often gets into the environment from aquatic organisms and furthermore is potential harmful to
agricultural activities, either subsequent to the application humans [12, 13]. Studies in vitro and in vivo have shown
or to the industrial production processes of chemicals [7]. that DCA has nephrotoxicity and reproductive toxicity to
3,4-DCA was detected in raw water at low levels but its mammals  [14, 15]. Consequently, DCA has been classified

within a full scale drinking water treatment plant that used
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as a compound of environmental concern. Furthermore, and observed for 14 days. The LD  values were
due to its toxicity both to invertebrates and vertebrates calculated according to the statistical method of Weill
and to its high production rate, it was included in the [25]. Results demonstrated that, The acute oral LD  for
European Union priority List one of chemicals considered male Swiss albino mice was determined as 442.6 mg a.i./kg
particularly troublesome for the environment [16]. bw, with 95% confidence limits of 342.58 to 571.78 mg/kg.
Chromosomal aberrations may be used as an early
warning signal for cancer development and it has been Experimental Design: Eighty male Swiss albino mice were
suggested that the detection of an increase in divided into four groups (n = 20), according to
chromosomal aberrations, related to an exposure to approximately equal mean body weight. The first group
genotoxic agents, may be used to estimate cancer risk served  as  vehicle  control  and  was administered orally
[17]. Bone marrow, with its rapidly renewing cell by corn oil, while the other 3 groups were administered
populations, is one of the most sensitive tissues to 3,4-DCA by gavage at the dose levels of 13.83, 27.67 and
cytotoxic agents [18]. In humans, the decline and well 55.33 mg/kg bw. The doses were correspond, respectively,
known regional differences in semen quality [19] and the to approximately 1/32, 1/16 and 1/8 of LD  value
increasing incidence of testicular cancers [20], during the determined for male mice (442.6 mg a.i./kg bw). Dose
last five decades, have been related to environmental concentrations  were  adjusted  to  a  mean body weight
contaminants [21]. Moreover, diuron, linuron, 3,4-DCA (10 ml/kg bw). All groups orally administered 3,4-DCA or
and 3,4-dichloroacetanilide (3,4-DCAc) have the capacity corn  oil,  once  a  day  for  30 successive days and then
in vitro to connect to androgen receptors, permitting 10 mice from each group were sacrificed for
action as endocrine disruptors [22, 23]. On the other hand, histopathological and chromosomal aberration analysis of
very little information is available regarding sperm quality, both somatic (bone marrow) and germ (spermatocytes)
cytogenetic and histopathological changes induced by cells. The remaining animals (10 mice) from each group
this compound. were left without treating for 35 days from the last dose

Therefore, this work has been designed to evaluate (duration of spermatogensis), then the animals were
the potential effect of 3,4-dichloroaniline on chromosome sacrificed for analysis of sperm count, motility and
aberrations in both bone-marrow cells and spermatocytes, abnormalities.
sperm quality and histopathological changes in mice.

MATERIALS AND METHODS to determine the rate of cell division. The slides prepared

Chemicals: 3,4-Dichloroaniline (3,4-DCA, 98% ) was used for calculating the mitotic index. Randomly selected
purchased from Tokyo Chemical industry Co, LTD, Japan. views on the slides were monitored to determine the
All other chemicals were of analytical grade and were number of dividing cells (metaphase stage) and the total
purchased from standard commercial suppliers. number of cells. At least 1000 cells were examined in each

Animals: Male Swiss albino mice weighing 28±5 g were of the number of dividing cells to the total number of cells,
purchased from the Theodor Bilharz Research Institute multiplied by 100 [26].
and were housed in polypropylene cages (43×30×15cm,
five mice per cage). Mice were maintained under Chromosomal Aberration Analysis: At the end of the
controlled temperature (23±1°C), 50–55% relative treatment, animals of all treated groups were injected
humidity, a photoperiod of 12 h light: 12 h dark and intraperitoneally with colchicine to arrest cell division at
permitted to freely consume water and food ad libitum. metaphase. Two hours after injection, animals were
The mice were acclimatized for 2 weeks before dosing. sacrificed by neck vertebra luxation for preparation of the

Assessment of Oral LD : An acute oral toxicity study Chromosomes of bone-marrow cells were prepared by50

was performed in accordance with OECD [24]. Twenty using  the  methodology  of  Yosida  and  Amano [27].
animals were divided into four groups, each group Both femurs were dissected out and cleaned of any
contains five mice. 3,4-DCA was dissolved in corn oil and adhering muscle tissue. Bone-marrow cells were collected
administered orally by gavage at four different doses i.e., from both the femurs by flushing in saline solution and
222.2, 333.3, 500 and 750 mg kg  bw. Following dosing then incubated at 37°C in hypotonic solution (KCl 0.56%)1

the animals were allowed free access to food and water for  35min, fixed  in  methanol:glacial  acetic acid  (3:1).

50

50

50

Mitotic Index Determination: The mitotic index was used

for the assessment of chromosomal aberrations were also

preparation. The mitotic index was calculated as the ratio

chromosomes of bone marrow and spermatocyte cells.
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The cells were resuspended in a small volume of fixative, field (400×). In each semen sample, 10 microscopic fields
dropped onto chilled slides, flame-dried and stained with
10% buffered Giemsa (pH 6.8).

Spermatocytes were prepared according to Brewen
and Preston [28]. The tunica of the testis was removed
and the tubules were transferred to a small Petri dish
containing isotonic solution (2.2% sodium citrate) and
teased  out  with  curved  forceps  on  a  piece of mesh.
The  cell  suspension  was  transferred  into  a  conical
tube  and  centrifuged.  The  supernatant was removed
and the pellet was re-suspended in hypotonic solution
(1.1% trisodium citrate) for 20 minutes and fixed in cold
fixative. The cells were resuspended in a small volume of
fixative, two or three drops of cell suspension were
dropped on a clean slide stored in cold 70% ethanol and
dried on hot plate at 60°C. Slides were stained with 10%
buffered Giemsa (pH 6.8).

One hundred good metaphases for somatic and germ
cells of each animal were examined microscopically for
scoring different types of aberrations.

Sperm Characteristics 
Sperm Collection: After 35 days of the last dose
(duration of spermatogenesis), the animals were sacrificed
by neck vertebra luxation. The epididymides from each
mouse were removed and sperm was collected as quickly
as possible when each mouse was dissected. The sperm
count was assessed from right cauda epididymides while
sperm motility and morphology were analyzed from the
left one. Epididymis was excised and minced in 1 ml of
phosphate buffered saline (pH 7.2) to obtain sperm
suspension. The suspension was filtered through a nylon
mesh [29].

Sperm Count: The cauda epididymal sperm count was
performed according to Narayana et al. [29] using a
Neubauer hemocytometric chamber. Layered slides with
semen were viewed by bright-field microscope with
magnification of 400×. The total sperm count in squares of
1 mm  each was determined to express the number of2

sperm/epididymis. Epididymal sperm counts were
expressed as number of sperms per epididymis. To
minimize the error, the count was repeated three times on
each sample [30].

Sperm Motility: Approximately 10 µl of sperm suspension
with a micropipette was layered onto a warmed
microscope slide. Sperm motility was assessed by
counting all progressive motile (effective), the non
progressive motile (non-effective or sluggish) and the
immotile (dormant) spermatozoa in the  same  microscopic

were examined with at least 100 sperm/field was counted.
The number of motile sperm cells in each field was divided
by the total number and the average of the fields was
assayed. The percentage of motile spermatozoa was
determined [31].

Sperm Abnormalities: To assess the spermatozoa
morphological abnormalities, a drop of sperm suspension
was smeared on a slide and air-dried and made permanent.
The smeared slide was stained with 1% eosin Y and 5%
nigrosin. Morphological sperm defects were evaluated
and examined on optical microscope using 400×
magnification [32]. At least 100 spermatozoa from different
fields in each slide were examined and classified for
criteria  of  morphological  abnormalities  (head, tail and
tail-head) according to Filler [33]. Abnormal sperm cells
were counted and the percentage was calculated.

Histological Study: At the end of experiment, liver and
testis from each sacrificed mouse were dissected out;
trimmed of excess fat. All tissues were fixed in 10%
buffered formalin and were processed for paraffin
sectioning by dehydration in different concentrations of
alcohol, cleared with xylol and embedded in paraffin
blocks. Sections of about 5µm thickness were stained with
Harris haematoxylin and eosin (H&E) for histological
study [34].

Statistical Analysis: Statistical analyses were performed
with SPSS software. Data were analyzed using one way
analysis of variance (ANOVA) followed by Duncan’s
post hoc test for multiple comparisons between pairs.
Results were reported as mean values ± S.D. and
differences were considered as significant when (P 0.05).

RESULTS AND DISCUSSION

There was no mortality, morbidity or distinctive
clinical signs observed in any of the experimental animal
groups during the study period.

Chromosomal Aberrations: The results of the present
study showed  that  the  treatment  of  male  mice  with
3,4-DCA induced significantly dose dependent reduction
in the activity of mitotic index in both bone marrow cells
and  spermatocytes  (Figure 1). The mitotic index factor is
used to discover the toxicity for several physical and
chemical agents which mostly affect the average of
division or cleavage [35].
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Fig. 1: Mean values of mitotic index in bone marrow and spermatocytes of control and 3,4-DCA treated male mice

Table 1: Mean values of different types of chromosomal aberrations in bone marrow cells of control and 3,4-DCA treated male mice

Numerical abnormalities
Structural abnormalities ------------------------- Total Total
------------------------------------------------------------------------------------------------------ Total structural Endo- Hypo- Poly- numerical chromosomal

Treatment Gap Break Deletion Centric fusion End to end Centro meric Frag-ment Ring form aberrations mitosis ploidy ploidy aberrations aberrations

Control 2.0 ±0.7 2.0 ±0.7 2.2 ±0.8 0.6 ±0.9 1.0 ±1.0 0.2 ±0.4 2.4 ±0.5 1.2 ±1.1 11.6 ±4.0 0.6 ±0.9 0.6 ±1.3 0.6 ±0.5 1.8 ±2.5 13.4 ±4.2a a a a a a a a a a a a a a

1/32 LD 4.2 ±0.4 4.2 ±0.8 3.2 ±0.4 1.2 ±0.4 1.4 ±0.5 1.0 ±1.0 4.4 ±1.1 2.8 ±0.8 22.4 ±3.3 0.6 ±0.9 1.0 ±2.2 1.4 ±0.5 3.0 ±1.9 25.4 ±4.650
b b b ab a ab b a b a ab ab ab b

1/16 LD 5.4 ±0.5 6.4 ±0.5 3.8 ±1.0 2.2 ±0.4 2.6 ±0.5 1.4 ±1.3 5.8 ±0.4 5.0 ±1.2 32.6 ±1.6 1.0 ±1.0 1.8 ±1.1 2.8 ±0.8 5.6 ±1.7 38.2 ±1.950
c c b c b abc bc b c a ab cd cd c

1/8 LD 6.6 ±0.5 6.8 ±1.6 6.8 ±0.4 3.6 ±0.5 5.2 ±0.8 2.4 ±0.9 7.0 ±1.5 6.4 ±1.9 44.8 ±5.6 1.4 ±1.3 3.0 ±1.7 3.6 ±1.1 8.0 ±2.0 52.8 ±5.950
d c c d c c c b d a b d d d

Values with different superscript letters within columns represent significant statistical differences (P < 0.05)

Table 2: Mean values of different chromosomal aberrations induced in spermatocytes of control and 3,4-DCA treated male mice
Structural abnormalities Numerical abnormalities
-------------------------------------------------- Total structral ---------------------------------- Total numerical Total chromosomal

Treatment X-Y univalent Autosomal Chain aberrations Hypoploidy Polyploidy aberrations aberrations
Control 1.8 ±0.4 0.6 ±0.9 0.0 ±0.0 2.4 ±0.5 1.4 ±0.5 0.4 ±0.5 1.8 ±0.8 4.2 ±0.4a a a a a a a A

1/32 LD 3.2 ±0.8 2.2 ±0.4 0.0 ±0.0 5.4 ±0.5 2.0 ± 0.7 1.0 ±1.0 3.0 ±1.2 8.4 ±1.550
a b a b a a a A

1/16 LD 5.2 ±0.8 5.4 ±0.5 0.0 ±0.0 10.6 ±0.5 5.4 ±1.5 4.0 ±1.2 9.4 ±2.7 20.0 ±2.550
b c a c b b b B

1/8 LD 9.6 ±1.8 6.8 ±1.1 0.6 ±0.9 17.0 ±3.6 9.2 ± 1.9 6.0 ±1.2 15.2 ±3.0 32.2 ±6.650
c d ab d c c c C

Values with different superscript letters within columns represent significant statistical differences (P < 0.05)

Fig. 2: Different types of chromosomal aberrations
induced by 3,4-DCA in bone marrow cells: (A) Fig. 3: Different types of chromosomal aberrations
control metaphase (B) gap and break (C) deletion induced   by    3,4-DCA   in   spermatocytes of
(D) centric fusion, ring and end to end association male  mice:  A)  control, B)  autosomal  univalent,
(E) centromeric attenuation (F) fragment and C)     x-y       univalent,     D)      hypoploidy    and
hypoploidy (G) endomitosis (H) polyploidy E)  polyploidy
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Bauchinger et al. [8]  tested  the  clastogenicity of
3,4-DCA in human lymphocytes in vitro. They indicated
that 3,4-DCA might induce aneuploidy in mammalian cells
by interaction with the mitotic apparatus. Meanwhile,
there  are  very  few  published  reports  on  the potential
in vivo cytogenetic effects of 3,4-DCA. The results of the
present study illustrated that oral administration of male
mice by 3,4-DCA for 30 successive days induced dose
dependent  increases  in  the  frequencies of structural
and  numerical  and  total chromosomal aberrations in
both bone marrow cells and spermatocytes (Table 1&2).
The observed structural chromosomal aberrations in bone
marrow cells were gaps, breaks, deletions, centric fusion,
end to end association, fragments, ring and centromeric
attenuation (Figure 2A-E). The observed types of
numerical aberrations were endomitosis, hypoploidy and
polyploidy (Figure 2F-H). The most observed types of
structural  chromosomal aberrations in spermatocytes
were autosomal univalent and X-Y univalent, while
numerical aberrations were hypoploidy and polyploidy
(Figure 3A-E).

The induction of structural chromosomal aberrations
may result from: (i) direct DNA breakage, (ii) replication on
a damaged DNA template, (iii) inhibition of DNA
synthesis and other mechanisms such as topoisomerase
II inhibition [36]. The chromosome malformations are
either quantitative which include decrease or increase of
the number of the chromosomes, or qualitative such as
the exchange of the chromatid [37]. Our findings are in
agreement with the result of Federico et al. [38] who
showed that fenuron, chlorotoluron, diuron and
difenoxuron at high concentrations induced an increasing
number of chromosomal aberrations in non-metabolising
Chinese hamster ovary cells. In addition, the four
herbicides at the lowest dose-level induced chromosomal
aberrations  in  the  exposed  epithelial  liver  cell  line.
Also, diuron has caused genetic damage in developing
embryos and in bone marrow cells in mice [39].

Sperm Quality: Sperm count and motility were
significantly reduced in mice following treatment with
different doses of 3,4-DCA when compared to that of
respective controls. There was also a significant
difference  in  sperm count and motility among different
3,4-DCA treatment groups. Lowest sperm count and
motility were found in high dose, followed by medium and
low dose (Table 3). Sperm count is one of the most
sensitive tests for assessment of spermatogenesis and
fertility [40]. A decrease in sperm count in men over the
last  few  decades  is  correlated  with  a steady increase in

Table 3: Mean values of sperm count and motility percentage in control and
3,4-DCA treated male mice groups

Treatment Count 10 /ml Motility (%)6

Control 504.0 ±29.8 75 ±3.5a a

1/32 LD 359.8 ±51.4 67 ±6.750
b a

1/16 LD 290.0 ±46.8 58 ±8.450
c b

1/8 LD 220.8 ±24.5 36 ±5.550
d c

Values with different superscript letters within columns represent significant
statistical differences (P < 0.05)

use of pesticides and other environmentally active
chemicals [41]. It is possible that a steady decline in the
sperm count over the years in the future might lead to
oligospermia and infertility [42]. Suppression of
gonadotrophins might have caused decrease in sperm
density in testes [43].

Sperm motility is one of the most important
parameters used in the evaluation of sperm quality [44].
Sperm motility is also an important functional
measurement to predict sperm fertilizing capacity. Any
negative impact on motility would seriously affect
fertilizing ability [45]. Marked inhibition of sperm motility
in 3,4-DCA treated groups may be attributed to the low
level of ATP content [46]. Sperm motility may be affected
by altered enzymatic activities of oxidative phosphorolytic
process. Oxidative phosphorolytic process is required for
ATP production, a source of energy for the forward
movement of spermatozoa. Full ATP pool is crucial for
normal spermatozoa movement and a slight deprivation of
ATP leads to reduction in motility, which may cause
infertility [47].

Results showed also that there was dose dependent
increase in the frequencies of sperm head and tail
abnormalities in all 3,4-DCA treated groups of mice
compared to respective controls. The frequency of
abnormal spermatozoa also differed significantly among
different  3,4-DCA treated groups, the highest number
was in high dose followed by medium and low dose.
Treated mice with 3,4-DCA at high and medium doses
showed a significant increase in the frequencies of all
types of abnormal spermatozoa, whereas the low dose
treated mice showed significant increases in amorphous
head, pin head and coiled tail type (Table 4 & Figure 4).
These results are in agreement with those of Bo et al. [48]
who reported that 3,4-DCA administered to male rats
showed dose dependent decrease in sperm consistency,
viability, motility and increase the sperm aberration rate.
Sperm abnormality assay, a sensitive and reliable
endpoint is widely used to identify germ cell mutagen [49].
The presence of abnormal sperm heads suggests
induction   of  genetic    damage   in  the   male  germ cells.
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Table 4: Sperm abnormalities in control and 3,4-DCA treated male mice groups
Type of sperm abnormalities
--------------------------------------------------------------------------------------------------------------------------------------

Treatment Hook less head Amorphous head Small head Double head Pin head Coiled tail Total sperm abnormalities
Control 1.0 ±0.7 4.4 ±0.5 0.4 ±0.5 0.0 ±0.0 1.2 ±0.8 0.0 ±0.0 7.0 ±2.2a a a a a a A

1/32 LD 1.4 ±0.5 8.4 ±0.5 0.6 ±0.5 0.0 ±0.0 3.2 ±0.4 2.0 ±0.0 15.6 ±1.550
a b a a b b B

1/16 LD 4.4 ±0.5 15.6 ±3.8 2.4 ±0.5 0.0 ±0.0 8.2 ±0.8 4.6 ±0.5 35.2 ±4.850
b c b a c c C

1/8 LD 7.8 ±0.8 23.4 ±1.1 4.2 ±0.8 0.6 ±0.9 10.4 ±1.7 10.4 ±1.1 58.8 ±2.650
c d c a d d D

Values with different superscript letters within columns represent significant statistical differences (P < 0.05)

Fig. 4: Graph of sperm abnormalities of male mice treated with 3,4-DCA show A) normal sperm, B&C) amorphous head
sperm, D) hock less head sperm, E) pin head sperm, F&G) coiled tail sperm

Fig. 5 I: Section in the liver of control mouse showing (a): normal architecture of hepatocyte radiating from central vein
(C.V) with central vesicular nuclei (arrows). The hepatocytes are separated by narrow blood sinusoids (irregular
arrows) and kupffer cells (head arrows). (b): Portal area between hepatic lobules with a branch of bile ductule
(Bd) and branch of the portal vein (Pv). II) Section in the liver of mouse treated with 1/8 of 3,4-DCA LD  value50

showing (a): aggregation of lymphocyte infiltration (irregular arrow), large size of kupffer cells (head arrows),
some inflammatory cells (arrow) depressed in congested blood vessels (Bv). (b): dilatation of portal vein (Pv)
and proliferation of bile ductules (Bd). III) Section in the liver of mouse treated with 1/16 of 3,4-DCA LD  value50

showing (a): degeneration of hepatocyte (*), karyolysis of many nuclei (arrows). (b): proliferation of bile
ductules (Bd), dilatation and congestion of portal vein (Pv) and depression of some inflammatory cells inside
it (arrows). IV) Section in the liver of mouse treated with 1/32 of 3,4-DCA LD  value showing (a): normal50

appearance of hepatocyte (arrows) and congested central vein (C.V). (b): normal portal area; bile ductule (Bd)
and branch of the portal vein (PV). (H&E X 400)
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Fig. 6 A: Cross section in testis of a control mouse showing normal structure of the seminiferous tubules (st) with
different types of spermatogenic cells (Sp) and spermatozoa (S). Also, interstitial tissue with Leydig cells (L)
and blood vessels (Bv) are noticed. B) Cross section in testis of mouse treated with 1/8 of 3,4-DCA LD  value50

showing irregular boundaries (short arrows) of seminiferous tubules (ST), degeneration of spermatogenic cells
(*) accompanied with absence of spermatozoa and proliferation of Leydig cells (arrows). C) Cross section in
testis of mouse treated with 1/16 of 3,4-DCA LD  value showing disarrangement of spermatogenic cells (*) and50

reduction in some seminiferous tubules (head arrow). Thickening wall (arrow), dilatation and congestion of
blood vessels (C) are also noticed. D) Cross section in testis of mouse treated with 1/32 of 3,4-DCA LD  value50

showing normal appearance of primary spermatocytes (head arrows) and many of spermatozoa (arrows). Also,
reduction of some spermatogenic cells (*) is noticed. (H&E, X 400)

Sperm head abnormalities may arise due to small deletions This breakdown is carried out by the endoplasmic
or point mutations, physiological, cytotoxic or genetic reticulum of the hepatocytes and as a result the hepatic
mechanisms [50], or alteration in testicular DNA which in cells get damaged severely [52]. 3, 4-DCA was found to
turn disrupts the process of differentiation of spermatozoa induce free radical generation and antioxidant depletion
[51]. and caused oxidative stress and lipid peroxidation in liver

Histopathological Examination: The evaluation of No histopathological changes were observed in the
histopathological alterations in liver and testes of treated specimens collected from the control mice’s testes which
male mice basically confirmed the genetic results as well. exhibited a normal testicular structure (Fig. 6 A). Testes of
The  results  of the histopathological examination revealed the high dose treatment exhibited degeneration of
that control  mice  show  normal  architecture    of  the spermatogenic cells accompanied with absence of
liver (Fig. 5 I). Liver of the mice administered with 1/8 of spermatozoa and proliferation of Leydig cells (Fig. 6 B).
3,4-DCA LD  value exhibited aggregation of lymphocyte Similarly, testes of medium dose treatment showed50

infiltration, large size of kupffer cells, some inflammatory disarrangement of spermatogenic cells and reduction in
cells, dilatation of portal vein and proliferation of bile some seminiferous tubules, dilatation and congestion of
ductules (Fig. 5 II). At medium dose treatment, the liver blood vessels (Fig. 6 C). In contrast, the low dose
showed degenerated hepatocytes, karyolysis of many treatment displayed normal appearance of primary
nuclei, proliferation of bile ductules, dilatation and spermatocytes and a reduction of some spermatogenic
congestion  of  portal  vein  (Fig.  5  III).  At 3,4-DCA low cells (Fig. 6 D). It is a well-known fact that the
dose,  the  liver  revealed apparently normal portal tract testosterone secreted by the Leydig cells is essential for
and  normal  hepatocytes  (Fig.  5  IV). The liver is an the growth, division and differentiation of the germinal
organ of detoxification which breakdown toxic substances cells [52]. A testosterone deficit is expected to interfere
and   metabolites    of    the   administered  substances. with  the  completion  of  meiosis by a direct action on the

of crucian carp [1].
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germ cells [53]. Thus, it seems possible that 3,4-DCA 5. Jurado-Sanchez, B., E. Ballesteros and M. Gallego,
might have affected the Leydig cells which in turn
reduced the production of the testosterone as a result the
spermatogenesis gets inhibited. Also, toxicants have
direct effect on sertoli cell function, which appears to be
involved in the control of spermiation and when disturbed
caused  epithelial  disorganization  and subsequent
tubular atrophy [54]. 3,4-DCA caused some histological
damages in Esturine mysid Mesopodopsis slabberi,
especially on eye, gonads and muscular tissue and the
presence of 3,4-DCA accumulations, causing rather oval
to spherical forms, which are visible in some essential
structures. The destruction caused on the structure and
organization of the muscular tissue and on gonads was
also considerable [12].

CONCLUSION

Our data indicate that 3,4-dichloroaniline induces
chromosome aberrations in both the bone marrow cells
and spermatocytes of mice. The repression in mitotic
index indicates the potential for 3, 4-dichloroaniline to
induce growth arrest or to inhibit cell growth. These
findings demonstrate that 3,4-dichloroaniline has a strong
clastogenic/genotoxic potential. Also, our study indicated
that 3, 4-dichloroaniline showed reproductive toxicity and
histopathological alteration in male mice. Accordingly,
strict limitations on the use of this compound must be put.
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