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Lipid peroxidation and decline in antioxidant
status as one of the toxicity measures of
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The rapid emergence of various pesticides in the market is inevitable due to the demands from agriculture
industries and domestic needs to control nuisance pests and to sustain green resources worldwide.
However, long-term exposure to pesticide has led to adverse effects on male fertility. Organophosphate
diazinon (O,O-diethyl-O-[2-isopropyl-6-methyl-4-pyrimidinyl] phosphorothiote) is an often abusively used
pesticide, as it is effective and economical. This study is to determine the adverse effects of low-dose
diazinon exposure on the male reproductive system. In this study, 72 Sprague–Dawley rats were
segregated into 1, 2, and 8 weeks of exposure groups and further sub-grouped (n= 6) to receive 0, 10,
15, and 30 mg/kg body weight diazinon treatment. Rats were gavaged orally with diazinon and sacrificed
under anaesthesia the day after the last exposure. Our results showed that consistent diazinon exposure
decreased glutathione and catalase, and increased lipid peroxidation which together lead to diazinon-
mediated oxidative stress. Additionally, diazinon increased serum lactate dehydrogenase and decreased
serum testosterone, which may have caused sperm and histopathological anomalies. In conclusion,
exposure to diazinon caused changes in lipid peroxidation and sperm, and these two effects might be
causally linked.
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Introduction
The emergence of various pesticides in the market is
due to the crucial need in the modern community to
control invasive, nuisance, and destructive pests. The
synthetic organophosphate (OP) pesticide diazinon
(O,O-diethyl-O-[2-isopropyl-6-methyl-4-pyrimidinyl]
phosphorothiote) was established as a warfare agent.1

Even though diazinon (DZN) was officially banned in
2004,1 it is still, illegally, widely used in the agricultural
and domestic field2–4 due to its effectiveness and com-
paratively cheap cost.5 DZN is well known as an
acetylcholinesterase inhibitor as evidenced by the
accumulation of acetylcholine at cholinergic synapses,
which leads to activation of nicotinic and muscarinic
receptors.6

DZN also acts as an oxidative stressor, affecting
overall health. Recently, Ogutcu et al.7 reported that

Wistar rats treated with 10 mg/kg body weight (b.w.)
DZN orally, increased malondialdehyde (MDA), the
end product of lipid peroxidation (LPO), in heart
tissue after 1, 4, and 7 weeks of treatment. The signifi-
cant increase in MDA might have been caused by
DZN inducing LPO or an increase in reactive
oxygen species (ROS).8

DZN exposure shows a positive correlation between
MDA level and biochemical and histopathological
changes.9 Numerous studies have shown that DZN
alters liver transaminases activity,10,11 serum
amylase, and lipase.10 It was proven that DZN
affects the sex hormones in females2 and testosterone
in males.12 The biochemical changes paralleled evi-
dence of histopathological changes. According to
Videira et al.13 histopathological damage is associated
with internal changes of the lipid constituents of phos-
pholipid membranes. The modification of membrane
permeability allows DZN to penetrate and affect the
intracellular components. This physicochemical
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change of lipid is facilitated by the autocatalytic
process of LPO, which is caused by the presence of
excessive free radicals.8

The low amount of DZN in the environment is
unnoticed over time, becoming a silent genotoxic
agent. Over the past five decades, male fertility has
halved and has been correlated substantially to pesti-
cides. There has been little evidence, however, of the
reproductive toxicity of DZN.14,15 Testis is highly sen-
sitive to a variety of stressors,16 which may intensify
the negative manifestations caused by DZN exposure.
This may lead to the disruption of spermatogenesis.15

In a study of liver toxicity, oral DZN exposure
caused pathological and biochemical changes
although the dose was only 10 mg/kg b.w., which is
below the agent’s LD50.

11 A low level (0.25 mg/l) of
DZN in the aquatic environment has a significant
effect on the reproduction and development of carp.3

It was reported that, although insecticides do not
necessarily kill the fish, they affect the reproductive
system, hence limiting the number of offspring the
fish can produce.17

Therefore, in this study we investigated the effects of
low-dose DZN in male fertility and the influence of
LPO in antioxidant defence. This may help to create
awareness about the deleterious effect of DZN
exposure thus alleviating the fecundity index of
humans in the future.

Materials and methods
Chemicals
DZN was obtained from Devidayal (Sales) Limited
(manufacturers of pesticides), Mumbai India. The
LD50 of acute oral toxicity of technical DZN (≥90%
active ingredients) is >5000 mg/kg b.w. thiobarbituric
acid (TBA), reduced glutathione (GSH), 5,5′-dithio-
bis-2-nitrobenzoic acid (DTNB), sulfosalicylic acid
(SSA), bovine serum albumin, hydrogen peroxide
(H2O2) and trichloroacetic acid (TCA) were purchased
from Sigma-Aldrich Corporation, St Louis, Missouri,
USA. All other solvents and chemicals used were
either of analytical grade or the highest purity com-
mercially available.

Animals
Thirty adult male Sprague Dawley (3 months old) rats
obtained locally from Tesjaya Laboratory Services,
Penang, Malaysia were used. Animals were segregated
into three groups according to the determined dur-
ations of exposure, which were 1, 2, and 8 weeks,
and again segregated into subgroups (n= 6) treated
with saline or 10, 15, and 30 mg/kg b.w. DZN. The
animals were housed in polypropylene plastic cages
and each cage was limited to three animals to
prevent overcrowding. Animals were fed with standard
laboratory chow and water ad libitum. The animals

were treated in a humane manner, and maintained
under standard ethical principles of the National
Institute of Health, Malaysia, approved by Universiti
Malaysia Sabah, 12:12 hours light/dark cycles, 28±
2°C temperature and 50± 5% humidity.

Body weight and testis weight
Each animal was weighed before, during and after the
last treatment to monitor their general health by using
a weighing scale (Mettler Toledo PB8001-S,
Switzerland). Animals were sacrificed under anaesthe-
sia at the end of the treatment and laparotomy was
done to expose the reproductive system. Both testes,
each with epididymis were removed and weighed.
Left and right testes were subjected to biochemical
and histopathology analysis respectively.

Biochemical analysis
Preparation of 10% post-mitochondrial supernatant
Testis was weighed to determine the volume of cold
phosphate buffered saline (PBS, 0.1 M, pH 7.2)
required to make 10% homogenate (w/v). The organ
was homogenized (Ultra Turrax T25 Basic, IKA
Labortechnik, Germany) for 15 seconds. The hom-
ogenate was then centrifuged (Eppendorf Centrifuge
5810R, Germany) under 1157 g at 4°C for 15
minutes followed by 12 857×g for 30 minutes. The
clear supernatant was used and the sediment was
discarded.

Determination of lipid peroxidation
The LPO assay was performed according to the method
of Buege and Aust.18 The LPO level in testis post-mito-
chondrial supernatant (PMS) was determined by
measuring the rate of thiobarbituric acid reactive sub-
stance production (expressed as MDA equivalents).
One volume (ml) of testis PMS (10% w/v) was mixed
with 0.5 ml of TCA (10% w/v) and centrifuged
(Eppendorf Centrifuge 5810R, Germany) at 12 857×g
for 30 minutes at 4°C. Supernatant (1.0 ml) was
mixed with 1.0 ml of TBA (0.67% w/v). All the tubes
were placed in a boiling water bath for 30 minutes.
Next, the tubes were immediately shifted to an ice
bath for a few minutes. The results were expressed as
the amount of MDA formed in each of the samples
and was assessed by measuring the optical density of
the supernatant at 535 nm using a spectrophotometer
(Varian UV-visible Spectrophotometer, Germany) at
37°C and was calculated using a molar extinction coef-
ficient of 1.56 × 105 M/cm.

Determination of reduced glutathione
Reduced glutathione (GSH) was measured according
to the method of Jollow et al.19 An aliquot of 2.0 ml
of testis PMS (10% w/v) was precipitated with
2.0 ml of SSA (4% w/v). The samples were kept at
4°C for 1 hour and then subjected to centrifugation
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(Eppendorf Centrifuge 5810R, Germany) at 1157 × g
for 30 minutes at 4°C. Then, the assay mixture con-
sisted of 0.2 ml of clear aliquot, 2.6 ml of PBS, and
0.2 ml of DTNB (4 mg/ml of PBS) with a total
volume of 3.0 ml. The yellow colour developed was
read immediately at 412 nm on a spectrophotometer
(Varian UV-visible Spectrophotometer, Germany).
The result was expressed as μmol GSH/g tissue
using molar extinction coefficient 13.6 × 103 M/cm.

Determination of catalase activity
The catalase (CAT) activity was measured according
to the method of Claiborne.20 One part of PMS was
diluted in four parts of PBS. The reaction mixture con-
tained 0.025 ml testis PMS (10% w/v) and 0.975 ml
H2O2 (0.019 M) and was adjusted with 1.0 ml PBS
to a total volume of 2.0 ml. The decrease in CAT
absorbance was recorded at 240 nm every 30 seconds
for 30 minutes using a spectrophotometer (Varian
UV-visible Spectrophotometer, Germany). The result
was expressed as μmol H2O2 consumed/min/mg/
protein by using molar extinction coefficient of
6.4 × 103 M/cm.

Determination of serum lactate dehydrogenase
The serum lactate dehydrogenase (LDH) was deter-
mined using Biovision LDH Assay Kit (CA, USA).
The detection range or sensitivity was 1–100 mIU/
ml. Samples were read by using a microplate reader
(SpectraMax M2 with SoftMax Pro 5, CA, USA).

Determination of serum testosterone
Serum testosterone was determined using T ELISA
Assay Kit (USCN Life Science Incorporation,
Wuhan, China). The detection range or sensitivity
was less than 0.03 ng/ml. Samples were read by
using a microplate reader (SpectraMax M2 with
SoftMax Pro 5, CA, USA).

Sperm count and sperm morphology
The epididymis was cleaned and minced in 1 ml of pre-
warmed (35°C) PBS and filtered through 80 μm pore
nylon mesh. The filtrate was used for the evaluation
of sperm parameters as follows. For sperm count,
dilution of twenty times was made prior to counting.
An aliquot of suspension was carefully discharged
into the new improved Neubaeur’s counting
chamber. Total sperm was counted in eight squares
(except the central erythrocyte area) of 1 mm2 under
20× to 40× objective lens. Calculation was expressed
in millions/ml.21 The sperm abnormality was assessed
as percentage abnormality, counting the normal and
all the different types of abnormal sperm based on
the standard procedure described by Narayana
et al.22 The total percentage of abnormal sperm,
which comprised head, neck, and tail defects, was
expressed as the percentage of abnormality compared

with the normal sperm. Two hundred spermatozoa
were counted and assessed into normal and abnor-
mal.22 The total sperm abnormality was expressed as
percentage incidence (%).

Histopathology
Testes were fixed in Bouin’s fluid. Tissue fragments
were dehydrated in graded series of ethanol, embedded
in paraffin and sectioned using a microtome (Leica
RM2255, Germany) at 5-μm thickness. Sectioned
tissues were stained with haematoxylin-eosin for light
microscopic examination. The sections were examined
qualitatively (signs of necrosis) and quantitatively
(seminiferous tubule diameters), and photographed
on a light microscope (Olympus BX41 with
Automatic Photomicrograph System, Tokyo, Japan).
A total of 50 seminiferous tubules were randomly
measured in each animal.22

Statistical analysis
Statistical analysis was done using SPSS (version 17.0,
2008) software. Data obtained were analyzed first for
Normality test, then, continued with one-way analysis
of variance (ANOVA) and two-way ANOVA post hoc
analyses for dose and time–response relationship,
respectively. All the results were shown as mean±
standard error mean (SEM). Results were considered
significant if P< 0.05 (a and b), in which (a) indicates
significant increase or decrease of DZN dose-depen-
dent toxicity effect when compared to the control,
and (b) indicates significant increase or decrease of
DZN time-dependent toxicity effect when compared
to the 1 week exposure group.

Results
Our experiments showed that DZN had deleterious
effects on the exposed animals even though the doses
of exposure were very minimal based on LD50. We
observed that there was no significant reduction of
the animals’ body weights. Instead, there was a signifi-
cant increase (P< 0.05) of the body weight in the 8
weeks of exposure group when compared to 1 and 2
weeks of exposure groups. The accretion of the body
weight was up to 30% and considered as the normal
gradual growth of the experimental animals over
time. However, the weight of the animals’ testis –

demonstrated as testis index (organ weight/final
body weight in percentage, %) – is only shown to be
significant in the 30 mg/kg b.w. DZN dose after 8
weeks of exposure (Table 1).
Oxidative stress status subsequent to DZN exposure

was assessed. The levels of antioxidants – CAT and
GSH – and pro-oxidants – LPO – were measured in
the 10% homogenate testis. In the testis, LPO activity
was increased. Significant formation (P< 0.05) of
MDA was evident in 30 mg/kg b.w. DZN dose after
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1 week of exposure. After 2 and 8 weeks of exposure, a
significant dose-dependent increase (P< 0.05) of
MDA formation was obvious in all the DZN-treated
animals (10, 15, and 30 mg/kg b.w. doses) when com-
pared to the controls. Significant increase (P< 0.05) of
LPO by 32 and 55% was observed in a longer duration
of DZN exposure, 2 and 8 weeks, respectively, when
compared to 1 week’s exposure. The provocation of
LPO in the testis caused the natural defences in the
body – GSH and CAT – to gradually decline by
scavenging the free radicals (Table 2).
The decline of GSH in the testis tissues was dose-

dependent. Animals exposed to DZN for 1 week and
2 weeks (15 and 30 mg/kg b.w. doses) depleted GSH
activity significantly (P< 0.05), which was about
15% lower than the controls. In 8 weeks of DZN
exposure (10, 15, and 30 mg/kg b.w.), GSH was

greatly reduced (P< 0.05) when compared to the
control. In the time–response relationship, animals of
8 weeks’ exposure showed significant decrease (P<
0.05) in GSH when compared to the 1 week of
exposure group (Table 2).

Generally, CAT activities were halted dose-depen-
dently after the exposure to DZN but only animals
of 30 mg/kg b.w. dose showed an exceptional decrease
(P< 0.05) of CAT after 8 weeks of DZN exposure
when compared to the control. In comparison with
animals treated with DZN for 1 week and 2 weeks,
time-dependent analysis showed a significant decrease
(P< 0.05) of CAT in DZN-treated animals after 8
weeks of exposure (Table 2).

Table 3 shows a dose-dependent significant increase
(P< 0.05) of serum LDH after 2 and 8 weeks of DZN
exposure (10, 15, and 30 mg/kg b.w. doses). The level
of LDH in DZN-treated animals was 55% higher than
the controls. The duration of DZN exposure critically
influenced the LDH of the animals. A significant
increase (P< 0.05) of LDH in time-dependent
exposure was observed to be 40% higher in 2 and 8
weeks of DZN exposure than the 1 week of exposure
group.

The serum testosterone level was significantly
increased (P< 0.05) in the animals exposed for 1
week to 15 and 30 mg/kg b.w. DZN doses when com-
pared to the control. However, after 2 weeks of
exposure, the testosterone level in all the treated
groups declined. However, only the 30 mg/kg b.w.
DZN dose, testosterone level declined significantly
(P< 0.05) when compared to the control. The
decline in testosterone level was amplified (P< 0.05)
in animals after 8 weeks of DZN exposure (10, 15,
and 30 mg/kg b.w. doses) when compared to the
untreated animals (Table 3).

Table 2 Effects of diazinon on testicle antioxidants and pro-
oxidant (lipid peroxidation) level

Groups 1 week 2 weeks 8 weeks*

Reduced glutathione (μmol/g tissue)
Control 6.52± 0.02 6.49± 0.16 6.31± 0.08
10 mg/kg 6.00± 0.20 6.15± 0.06 5.08± 0.06**
15 mg/kg 5.80± 0.09** 5.75± 0.13** 5.37± 0.07**
30 mg/kg 5.71± 0.02** 5.62± 0.18** 4.18± 0.09**
Catalase (μmol H2O2 consumed/min/mg protein)
Control 0.21± 0.03 0.23± 0.03 0.57± 0.27
10 mg/kg 0.16± 0.02 0.21± 0.03 0.56± 0.03
15 mg/kg 0.13± 0.02 0.19± 0.03 0.48± 0.36
30 mg/kg 0.12± 0.03 0.17± 0.02 0.38± 0.03**
Lipid peroxidation (nmol MDA formed/g tissue)
Control 2.37± 0.19 2.17± 0.16 2.03± 0.04
10 mg/kg 2.88± 0.11 3.49± 0.16** 4.17± 0.08**
15 mg/kg 2.57± 0.16 4.12± 0.19** 4.83± 0.13**
30 mg/kg 3.15± 0.21 5.02± 0.19** 6.14± 0.04**

Results are expressed as mean± SEM (n= 6).
* Significant (P< 0.05) increase or decrease of DZN time-
dependent toxicity effect when compared to the one week
exposure group.
** Significant (P< 0.05) increase or decrease of DZN dose-
dependent toxicity effect when compared to the control.

Table 3 The influence of diazinon on serum testosterone
synthesis and lactate dehydrogenase activity

Groups

Testosterone (ng/ml)

1 week 2 weeks 8 weeks

Control 1.40± 0.02 1.65± 0.08 1.75± 0.04
10 mg/kg 1.33± 0.02 1.60± 0.09 1.39± 0.03*
15 mg/kg 1.59± 0.04* 1.54± 0.10 1.32± 0.04*
30 mg/kg 1.53± 0.03* 1.15± 0.10* 1.12± 0.03*

Lactate dehydrogenase (mIU/ml)

1 week 2 weeks** 8 weeks**

Control 146.97± 11.05 147.82± 10.21 151.54± 9.56
10 mg/kg 143.92± 11.94 209.63± 8.56* 214.74± 10.08*
15 mg/kg 144.71± 12.26 219.76± 11.96* 216.06± 12.68*
30 mg/kg 144.36± 8.32 232.85± 9.78* 231.09± 12.73*

Results are expressed as mean± SEM (n= 6).
*Significant (P< 0.05) increase or decrease of DZN time-
dependent toxicity effect when compared to the control.
**Significant (P< 0.05) increase or decrease of DZN dose-
dependent toxicity effect when compared to the one week
exposure group.

Table 1 Diazinon toxicity impacts on body and organ weight

Groups 1 week 2 weeks 8 weeks*

Body weight (g)
Control 151.83± 10.92 159.17± 7.66 204.67± 19.09
10 mg/kg 156.00± 7.51 160.50± 11.88 203.00± 12.08
15 mg/kg 151.67± 9.24 150.83± 7.80 175.67± 12.75
30 mg/kg 135.00± 7.87 159.50± 11.74 175.67± 8.57

Testis index (%)
Control 1.94± 46.75 1.80± 0.13 1.75± 0.15
10 mg/kg 1.96± 29.59 1.95± 0.13 1.80± 0.11
15 mg/kg 1.98± 31.22 1.90± 0.10 2.19± 0.10
30 mg/kg 2.08± 21.00 1.88± 0.16 2.32± 0.10**

Results are expressed as mean± SEM (n= 6).
* Significant (P< 0.05) increase or decrease of DZN time-
dependent toxicity effect when compared to the one week
exposure group.
** Significant (P< 0.05) increase or decrease of DZN dose-
dependent toxicity effect when compared to the control.
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The significant increase of LDH with concomitant
decrease of antioxidants may indicate cytotoxicity
effects of DZN. Histopathological observation of
DZN-treated animals showed necrosis in the testis.
The manifestations include the shrinkage and slough-
ing of seminiferous tubules. Shrunk seminiferous
tubules were smaller than the normal tubules.
However, the number of shrunk tubules was insignifi-
cant in DZN-treated animals (Table 4). Sloughing,
which appears vacuole-like (halo appearance) was
observed in some tubules (Fig. 1). Disorganized and
disintegrated cells were observed with higher
dose and longer duration of DZN exposure. This was
characterized by the unusual migration of the second-
ary spermatocytes (immature cells) into the lumen,
where only mature cells, the spermatozoa, generally
seen. In more severe cases of DZN exposure, abnormal
sperm formation in the lumen or loss of cells was
observed in some of the tubules (Fig. 2).

Table 4 Diazinon induced gonadotoxicity effects

Groups 1 week 2 weeks 8 weeks*

Concentration (millions/ml)
Control 72.50± 2.14 67.50± 4.74 69.83± 4.23
10 mg/kg 68.00± 5.20 69.33± 4.56 95.67± 4.57
15 mg/kg 72.50± 5.86 57.67± 5.12 72.83± 5.59
30 mg/kg 64.50± 4.75 74.83± 4.78 87.00± 4.78
Abnormality (%)
Control 18.67± 0.94 14.75± 1.12 19.67± 0.56
10 mg/kg 22.08± 1.32 12.08± 1.11 24.17± 0.84**
15 mg/kg 16.75± 1.22 13.83± 1.17 28.33± 0.82**
30 mg/kg 21.67± 1.46 13.50± 1.37 29.83± 0.86**
Seminiferous tubular diameter (μm)
Control 520.51± 9.58 512.78± 12.33 548.95± 21.74
10 mg/kg 517.64± 12.31 539.53± 16.52 538.64± 13.94
15 mg/kg 513.92± 11.68 524.67± 15.23 533.90± 22.37
30 mg/kg 486.12± 8.23 502.46± 22.67 578.72± 20.89

Results are expressed as mean± SEM (n= 6).
*Significant (P< 0.05) increase or decrease of DZN time-
dependent toxicity effect when compared to the one week
exposure group.
** Significant (P< 0.05) increase or decrease of DZN dose-
dependent toxicity effect when compared to the control.

Figure 1 Photomicrographs of testis sections of DZN-treated animals (1 week), (A) normal seminiferous tubules (L indicates
lumen) in untreated animals, (B) shrinkage (*) of seminiferous tubules in 10 mg/kg b.w. DZN-treated group, (C) halo appearance
or vacuoles (arrows) in the seminiferous tubules of 15 mg/kg b.w. DZN-treated group, and (D) more vacuoles (arrows) in the
seminiferous tubules of 30 mg/kg b.w. DZN-treated group. Vacuoles were also observed in 2 weeks of DZN exposure – 10, 15,
and 30 mg/kg groups. Slides were stained with haematoxylin-eosin dye. Scale, 200 μm.
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Animals with dose-dependent exposure to DZN did
not have significant affects on their sperm concen-
tration. Time–response analysis showed animals of 2
and 8 weeks of DZN exposure had a significant
increase (P< 0.05) by 20% more sperm concentration
than animals of 1 week of exposure (Table 4). DZN-
treated animals had a significant increase (P< 0.05)
in sperm abnormality after 8 weeks of exposure in a
dose dependent-manner. Time-dependent analysis
showed animals exposed for longer durations (2 and
8 weeks) of DZN exposure had a significant increase
(P< 0.05) in sperm abnormality when compared to
1 week’s exposure (Table 4). Photomicrograph of
sperm abnormality is shown in Fig. 3(a)–3(d).
The increase of sperm anomaly is parallel with the

decrease of serum testosterone level in DZN-exposed
animals (Table 4). Animals exposed to 15 and
30 mg/kg b.w. DZN doses had significant increased
(P< 0.05) of testosterone when compared to the
control after 1 week of exposure. However, DZN-
treated animals showed a decline in testosterone after
2 weeks of exposure, with significant decrease of tes-
tosterone in 30 mg/kg b.w. DZN dose when compared

to the control. A significant decrease (P< 0.05) of tes-
tosterone after 8 weeks of DZN exposure was observed
in all the treated animals (10, 15, and 30 mg/kg b.w
doses).

Discussion
DZN is a well-known contaminant, which is ubiqui-
tously present in the environment. It is often found in
human and animal foods and to a lesser extent in con-
sumed water.23 Its availability in the environment,
especially in large scale rural farming areas, is always
neglected. The severity of poisoning, however,
depends on several essential factors such as dose,
route of exposure, percent of absorption, physicochem-
ical property and rate of detoxification. Due to the huge
impact of DZN on human and animal health, investi-
gation of the effects of DZN on various organs is
worthwhile.23 The purpose of this study was to
uncover the oxidative stress status induced via LPO in
DZN exposure and its influence on male fertility index.

During the experimental period, the animals did not
experience any symptoms leading to anorexia. The
growth of the animals was normal and increased

Figure 2 Photomicrographs of testis sections of DZN-treated animals, (A) in 2 weeks of DZN exposure (15 and 30 mg/kg b.w.),
treated animals showed disorganization and disintegration of cell, which caused secondary spermatocyte (arrows) moved into
lumen (100×), (B) shrinkage (*) of seminiferous tubules and loss of cells (lc), (C) more immature cells appeared in the lumen of
30 mg/kg b.w. DZN-treated animals (arrows), and (D) abnormal formation of spermatozoa in the lumen. Slides were stained with
haematoxylin-eosin dye. Scale of (A) and (B) – 200 μm, (C) and (D) – 100 μm.
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gradually over time. This is parallel with the previous
reports, where Wistar rats and mice treated with DZN
based on selected LD50 doses did not produce body
weight changes.2,24 This indicates that body weight
has no ultimate relevance in the assessment of repro-
ductive health.25 Body mass index is highly correlated
with fertility. During the experimental period, animals
did not experience obesity and the body weight of
DZN-treated groups (1, 2, and 8 weeks) was in the
range of 174 g. The normal weight range of an adult
male (5–6 months old) rat is 400–700 g.
Testicular mass is a valuable index in measuring

male reproductive toxicity. The testis index of the
rats after DZN exposure did not decrease in either
dose or time-dependent treatments. The testicle index
gradually increased following the normal growth of
the animals. This is consistent with previous studies,
which reported that DZN did not affect the absolute
weight of testis.26 The time-dependent increase of
body and organ weights is common regardless of the
dose adopted.27

The number of sperm and the size of seminiferous
tubules exhibited were not due to the toxicity effect
of DZN but rather to normal growth (Table 4).
Previous few reports indicated DZN causes a
reduction in the quality of sperm motility, sperm con-
centration,28 and seminiferous tubule diameter.14,15

However, these results were inconsistent with our
studies possibly due to the adoption of lesser dose
levels of DZN compared to the previous reports
(LD50> 5000 mg/kg b.w.).
Previous studies have indicated that the potential

risk for each pesticide is based on the measure of

toxicity such as LD50. The higher the LD50, the less
fatal the chemical is, as the LD50 is the value of
that chemical, which is able to kill 50% of the popu-
lation within the specified time. Most of the previous
researchers have adopted DZN with different
purities,10,29,30 in which the LD50 was lower than
the DZN dosage used in this study.6–8,11,14,26,29,31–35

Therefore, the doses used in this study were less
fatal. This could be the reason for the high morbidity
rate observed in this study as no death was observed
during the experimental period. Though some par-
ameters of this study are consistent with previous
studies.6,9,10 It was affirmed that the number of
deaths is relatively dependent on the dose and time
of exposure.3

The distribution, metabolism, and elimination of
DZN biologically play vital roles in determining the
degree of its toxicity. DZN is rapidly absorbed in the
intestine with extensive help from microvili struc-
ture.34,36 DZN is transported to the liver, metabolized
within a few hours,37 and transformed into reactive
intermediates and other metabolites. DZN is widely
distributed in the body by circulation38 but metab-
olites do not significantly accumulate in the tissues
as they are primarily quickly eliminated via the urine
with biological half-lives from less than 30 minutes to
more than 24 hours depending on the OPs and the
exposure pathways.39 These are the possible reasons
for the high morbidity rate and the insignificant
change of the body weight, organ index, sperm concen-
tration, and the size of seminiferous tubular diameter.
However, the metabolite of DZN, diazoxon is

harmful to insects and animals as it is more toxic

Figure 3 Photomicrographs showabnormal sperms, (A) clumping, (B) head deformity (arrow), (C) hookless (a) and coiled tail (b),
(D) bent-tail (arrow, (E) broken-head (a) neck’s defect (n), (F) broken head (a), broken tail (b) and bent tail (arrow), (G) double head
(arrow). Slides were stained with haematoxylin-eosin dye. Scale, 100 μm.
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than the parent compound.1,15,40 In a study involving
farm workers, sprayers of diazoxon experienced higher
toxicity effects than DZN sprayers.28 Nevertheless, the
toxic effects of the parent compound or its metabolite
were believed to be associated with the ineffective
regulation of free radicals in the body.
The proper regulation of ROS in the body is impor-

tant for the antimicrobial defence41 and phagocyto-
sis.42 However, excessive free radicals lead to
oxidative stress, which is deleterious to the cells.43,44

Many studies have demonstrated oxidative stress
induced by organophosphorous DZN pesticide in
rats through LPO.24,45–48 This is determined by the
balance between the production of oxidants and the
elimination of oxidants by antioxidants. In our study,
rats exposed to DZN had significant increase (P<
0.05) in LPO, which denotes the capability of DZN
to induce oxidative stress, and hence, retard the
activity of antioxidants, CAT, and GSH, to defend
the body against the toxicity effects.
The depletion of GSH may be due to the increased

utilization of the same by the cells to scavenge free rad-
icals produced by DZN. This indicates the importance
of GSH as a protector to cope with oxidative sub-
stance.49 In this study, the reduction of CAT in testis
was corresponding to the dose and duration of
exposure. This may suggest that CAT was extensively
utilized to overcome the toxic effects of DZN via the
catalyzation of the H2O2 to water and oxygen.50

LPO is an autocatalytic process, which aggressively
halts the protective effects of antioxidants and
increases damages to the cell membrane components.
LPO, which is caused by free radicals, is responsible
for the mechanism of physicochemical change, and
bio-membrane disturbances.8 DZN is a lipophilic pes-
ticide.13,51,52 This strengthens the interaction between
DZN and the bio-membrane, thus, disturbing the
physical nature of the membrane and finally leading
to perturbation. Consequently, DZN penetrates
deeper into the intracellular and affects the cell com-
ponents. The effect on mitochondria arrests adenosine
triphosphate generation, which eventually shuts off the
main energy source of the cell.43

The dysfunction of mitochondria inactivates cell
metabolism, which causes histopathological altera-
tions. Histopathological manifestations observed in
this study were mild and characterized by halo appear-
ance, epithelium sloughing, and cell loss. The unusual
migration of secondary spermatocytes into the lumen
was believed to be caused by the disorganization and
disintegration of cells.22,53 We hypothesize the degen-
erative changes in the testis may reasonably be
caused by the indirect cytotoxic effects of DZN or
its metabolites.
The cytotoxicity effect of DZN on testis is further

correlated with the significant dose- and time-

dependent increase of serum LDH activity in this
study. LDH serves as a good indicator of cytotoxicity
of tissues and cells as it occurs naturally in cytosol of
cells. In a study of DZN exposure, LDH activity was
significantly raised in the DZN treated rats,54 which
this is consistent with our result. This implies that a
low dose of DZN exposure produces cytotoxic
effects, which are principally reflected in the histo-
pathological changes.

Testosterone is a steroid hormone from the andro-
gen group that is secreted by the testes and is respon-
sible for male growth and development. It is also a
key hormone in the regulation of spermatogenesis.55

Rats treated with malathion have significantly lower
levels of plasma hormones, including leutenizing
hormone, follicle-stimulating hormone, and testoster-
one.12 We believe that the decrease in testosterone
level is closely related to the retardation of Leydig
cell (interstitial cell) function15,53 as it is a major
source of androgen, testosterone, and other varieties
of steroids.55 It is postulated that the adverse effect
of DZN resulting in the decline of testosterone pro-
duction is due to the damage of the Leydig cells and
pituitary gland. Our observation is in accordance
with previous studies of other OP insecticides.56–59

Sperm is a progressive motile cell with a vast
number of mitochondria. Lipophilic DZN crosses
the bio-membrane and intracellular components of
spermatozoa, and in addition to low antioxidant
defence is deleterious to the fertility index. WHO21

reported that a normal and healthy man contains
minimal sperm abnormality. However, the significant
high percentage of sperm abnormality in DZN-
treated animals in our experiment denotes the
detrimental effect of DZN exposure. There are two
possibilities of DZN exposure’s contribution to
sperm abnormality: (1) direct effect of DZN on sper-
matozoa and (2) direct effect of DZN on testosterone
synthesis, which may lead to disruption of spermato-
genesis, which then influences the formation of
normal sperm morphology.12 Spermatogenesis and
fertility are critically dependent upon the maintenance
of adequate levels of testosterone. Thus, the effects of
DZN on fertility in this study may be attributed to
its ability to reduce serum testosterone synthesis and
to increase abnormal sperm formation.

The mechanism of action of DZN shows the sever-
ity of its impact on exposed organisms and we have
correlated that DZN causes LPO, which may be the
alternative key to biochemical, antioxidant, hormonal,
and histopathological changes in our study. In con-
clusion, the insecticide DZN is detrimental to health
even at low levels of exposure. Prolonged exposure to
DZN without proper safety measures can lead to a
decline in fertility index. The changes in LPO and
sperm might be causally linked, which could be
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further clarified by antioxidants study. A low dose of
DZN up to 8 weeks duration has few sperm-toxic
effects from oxidative stress, which adversely affects
the target organs directly. More studies considering
longer durations of exposure to low doses of DZN
are required to conclusively confirm its deleterious
effects on the reproductive system.
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