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ABSTRACT 
 

This study evaluated the cytogenetic and reproductive effects of spinosad and malathion on male albino rats. The insecticides 
were given daily, via oral route, in 60 repetitive doses equaled to Acceptable Daily Intake “ADI” (0.02 & 0.30 mg a.i.kg-1 

b.w.), No Observed Adverse Effect Level “NOAEL” (9.00 & 29.00 mg a.i.kg-1 b.w.) and 1/100 LD50 (37.38 & 13.75 mg 
a.i.kg-1 b.w.) of spinosad and malathion respectively. Results of cytogenetic effects indicated that spinosad (37.38 mg a.i. kg-1 

b.w.) and malathion (13.75 & 29.00 mg a.i.kg-1 b.w.) induced significant decrease in mitotic activity (MI %) and increased 
micronucleated polychromatic erythrocyte (MN %) in rat's bone marrow cells. The MN % recorded 0.36% in control rats, 
compared to 0.96% for spinosad at 37.38 mg a.i.kg-1 b.w. and 1.46 and 1.93% for malathion at 13.75 and 29.00 mg a.i.kg-1 

b.w., respectively. Except the treatment with 0.02 mg a.i. kg-1 b.w. (ADI) of spinosad, the other tested doses of both 
insecticides showed significant increase in the percentage of chromosomal aberrations in rat's bone marrow cells. The 
percentage of chromosomal aberration (excluding gaps) recorded 0.66, 1.33 and 3.66% for spinosad at 0.02, 9.00 and 37.38 
mg a.i. kg-1 b.w., respectively. In case of malathion, such values recorded 3.00, 6.33 and 6.66% at 0.30, 13.75 and 29.00 mg 
a.i.kg-1 b.w., respectively. The obtained cytogenetic effects occurred in a dose-dependent manner. After 45 days of treatment, 
testosterone concentration significantly decreased (P ≤ 0.05) at a dose levels of 9.00 and 37.38 mg a.i.kg-1 b.w. spinosad and 
0.30 mg a.i. kg-1 b.w. malathion. At the other tested doses, malathion caused highly significant decrease (P ≤ 0.01) in 
testosterone concentration. Moreover, varieties of histopathological lesions were identified in the examined testes. The 
incidence and severity of these lesions appeared to increase with increasing dose and the most pronounced pathological 
changes were necrosis of spermatogonial cells, congest in blood vessels and exfoliation of necrotic cells within the 
somniferous lumen. The tested doses of both insecticides recorded observable significant decrease in the absolute testes 
weights and the lowest value (2.18 g) was resulted from malathion at the 1/100 LD50 (29.00 mg a.i. kg-1 b.w.). Except the 
treatment with 0.02 mg a.i. kg-1 of spinosad, the other tested doses of both insecticides showed significant decrease in body 
weight gains. Generally, cytogenetic and reproductive effects, as well as alteration in testosterone level, were observed in a 
dose-dependent manner and malathion exhibited more pronounced effect than spinosad. 
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INTRODUCTION 
 

Pesticides pose human health concerns, because they 
are toxic substances, widely released into the environment 
and major cause of morbidity and mortality especially in 
developing countries. In Egypt, the organophosphorus (OP) 
compound malathion is extensively used in agriculture, 
veterinary, medical and public health practices, because it is 
relatively cheap and possess low acute toxicity towards 
mammals. It has been reported that malathion affects 
activity of esterases and other enzymes and possibly causes 
a disturbance in cell metabolism leading to a disruption of 
cell division machinery and pose genetic hazards (Flessel et 
al., 1993). 

The new natural compounds such as spinosad are 
being registered in the country as less hazardous than the 
traditional synthetic pesticides. Spinosad exhibits wide 

margins of safety to many beneficial insects and related 
organisms and thus considered as a selective insecticide. It 
is primarily a stomach poison with some contact activity 
and is a neurotoxin with a novel mode of action involving 
the nicotinic acetylcholine receptor and apparently the 
GABA receptors as well (Salgado, 1998). 

In fact, genotoxic risks of human exposure to 
pesticides remain a worldwide concern, because many of 
these chemicals are mutagenic and linked to the 
development of cancers (Leiss & Savitz, 1995). The concept 
of chromosomal damage as a biomarker of early 
carcinogenic effects rests on the evidence of an association 
between biomarker frequency and cancer risk, in addition to 
the association between biomarker and exposure to 
genotoxic agents. Increasing levels of chromosomal 
aberrations have been associated with increased cancer risk 
(Hagmar et al., 1994). Some pesticides cause reproductive 
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toxicity in animals and human and many authors have 
reported some biochemical and pathological effects of 
pesticides on the reproductive system of experimental 
animals (Hileman, 1994; Salem & Abd Elghaffar, 1998). 

Pesticides are usually applied in their formulated 
forms, where the active ingredient is combined with organic 
solvents, emulsifying and wetting agents, which affect the 
pesticide penetration and performance. These additives may 
synergize or antagonize the toxicity of the active ingredient 
(Abo-Zeid et al., 1993). In addition, formulated pesticides of 
poor-quality may contain hazardous substances and 
impurities that have already been banned or severely 
restricted elsewhere. Abo-Zeid et al. (1993), Mansour and 
Mossa (2005) found that formulated insecticides (e.g., 
malathion) were more effective than the pure ones in 
inhibiting either the acetylcholinesterase activity or the 
blood serum profile. Therefore, information about toxicity 
of formulations is needed when evaluating adverse health 
effects from exposure to pesticides in practice (WHO, 
1991). For this reason, the present study was undertaken to 
assess and compare genotoxic and reproductive effects from 
exposure of rats to selected low doses of commercial 
spinosad and malathion insecticides. 
 

MATERIALS AND METHODS 
 

Insecticides. Tracers® (24% SC) is a commercial 
formulation containing spinosyns A and D (Dow 
AgroSciences Company). Spinosyn A is 2-[(6-deoxy-2, 3, 
4-tri-O-methyl-alpha-L-mannopyranosyl) oxy) -13-[(5-
dimethylamino) tetrahydro-6-methyl-2H-pyran-2-yl) oxy)-
9-ethyl-2, 3, 3a, 5a, 5b, 6, 9, 10, 11, 12, 13, 14, 16a, 16b -
tetradecahydro-14-methyl-1H-as-indaceno (3, 2-d) 
oxacyclododecin-7, 15-dione. Spinosyn D is 2-((6-deoxy-2, 
3, 4-tri-O-methyl-alpha-L-mannopyranosyl) oxy) -13-((5-
(dimethylamino) tetrahydro-6-methyl-2H-pyran-2-yl) oxy) -
9-ethyl2, 3, 3a, 5a, 5b, 6, 9, 10, 11, 12, 13, 14, 16a, 16b-
tetradecahydro-4, 14-dimethyl-1H-as-indaceno (3, 2-d) 
oxacyclododecin-7, 15-dione. Acute oral LD50 = 3738 mg 
a.i.kg-1 for male rats, No Observed Adverse Effect Level 
“NOAEL” for rats = 9 - 10 mg a.i.kg-1 b.w. daily and 
Acceptable daily intake “ADI” (JMPR) = 0.02 mg a.i.kg-1 
b.w. (Anonymous, 2005). Malathion® (57% EC) is S-(1, 2-
dicarbethoxy) ethyl O, O-dimethylphosphorodithioate (Kafr 
El-Zayat Pesticides & Chemicals Company, Egypt). Acute 
oral LD50 for rats = 1375-5500 mg a.i.kg-1 (the lower LD50 
is used), NOAEL for rats = 29 mg a.i.kg-1 b.w. and ADI 
(JMPR) = 0.3 mg a.i.kg-1 b.w. daily (Anonymous, 2005). 
Tested animals and dosing. Rats (Rattus norvegicus var. 
albus), weighing 195 - 205 g obtained from the Animal 
Breeding House of the National Research Centre (NRC), 
Dokki, Cairo, Egypt were acclimatized under laboratory 
conditions at room temperature of 22 ± 3.0oC for a week. 
Food and water were provided ad-libitum. Rats (10 rats per 
dose) were given daily, via oral route, 60 repetitive doses 
equaled to 0.02 and 0.30 mg a.i.kg-1 b.w. (ADI), 9.00 and 
29.00 mg a.i.kg-1 b.w. (NOAEL) and 37.38 and 13.75 mg 

a.i.kg-1 b.w. (1/100 LD50) of spinosad and malathion, 
respectively using water as a solvent. Rats of control group 
were given the same volume of water (0.5 mL rat-1) 
throughout the experimental durations. 

The experimental work on rats was performed with the 
approval of the Animal Care and Experimental Committee, 
National Research Centre, Cairo, Egypt and according to the 
guidance for care and use of laboratory animals (NRC, 
1996). 
Micronucleus test. Animals were killed by decapitation 
after 24 h from the last treatment and bone marrow was 
flushed into a test tube containing calf serum (3 mL) and 
then centrifuged at 1500 rpm. Smears were made on the 
slides, air-dried and stained by May-Grunwald Giemsa 
method (Schmid, 1975). Three thousand polychromatic 
erythrocytes were scored from animal and four rats were 
used for each dosage. In this analysis, only polychromatic 
erythrocytes (PE’s) were scored and micronuclei were 
identified as dark blue staining bodies in the cytoplasm of 
PEs. Results were expressed in terms of the percentage of 
micronucleated PEs. 
Chromosomal abnormalities in rat bone-marrow cells. 
After 24 h from the last treatment, rats were injected with 
0.6 mg kg-1 b.w. colcemid 2 h prior to killing by 
decapitation. Bone marrow preparations were prepared 
according to the method of Preston et al. (1987). Four rats 
were used for each dosage, where the structural alterations 
of chromosomes were evaluated in 75 metaphases per 
animal. 
Mitotic index (MI). The slides prepared for the assessment 
of chromosomal aberrations were also used for calculating 
the mitotic index. Random views on the slides were made to 
determine the number of dividing cells (metaphase stage) 
and the total number of cells. At least 1000 cells were 
examined in each preparation. Mitotic activity was 
estimated according to the following formula: Mitotic index 
(MI) = [no. dividing cells/total no. of cells] x 100. 
Blood collection. Blood samples were taken from retro-
orbital venous plexus at beginning of the dosing and after 2, 
4, 6 and 8 weeks, centrifuged for 8 min at 2600 rpm, then 
the clear serum was stored at -20oC until using for 
testosterone assay. 
Testosterone determination. Testosterone hormone was 
measured according to the method of Trachtenberg (1987), 
using testosterone ELISA kits (Calbiotech, Inc., 10461 
Austin). The absorbance was measured at 450 nm with a 
microtiter well reader by means of ELISA-ASYS Reader. 
Histological examination. After postmortem examination 
of sacrificed rats, testes were carefully separated and 
washed by distilled water. Small pieces of testis organ were 
fixed in 10% neutral buffer formalin and in Bowan's 
fixative. The fixed samples were dehydrated in ethyl 
alcohol, processed and embedded in paraffin blocks. 
Sections of 5 – 7 µ were prepared and stained with 
heamatoxelin and eosin (Bancroft & Stevens, 1982). 
Body and testes weight. Final body weights of animals 
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Table I. Effect of repeated doses for 60 consecutive days of Spinosad and Malathion on mitotic activity and micronucleated 
polychromatic erythrocytes in bone marrow cells of male rats 
 

Micronucleated polychromatic erythrocytes Treatments Dose mg a.i.kg-1 b.w. Mitotic Index (MI %) 
No. of micronucleated polychromatic erythrocyte % PE's with micronuclei

Control  0.00 10.00 44 0.36 
0.02  9.40 52 0.43 
9.00 8.90 76 0.63 

Spinosad 

37.38 8.00* 116 0.96* 
0.30  8.70 68 0.56 
13.75 7.80* 176 1.46** 

Malathion 

29.00 7.50** 232 1.93** 
N.B.: number of polychromatic erythrocytes (PE) in each treatment = 12000. 
Statistical difference from the control: * significant at P ≤ 0.05& ** highly significant at P ≤ 0.01. 
 

Table II. Frequencies of abnormalities in affected bone morrow cells of rats after repeated dose treatments for 60 consecutive 
days of Spinosad and Malathion 
 

Structural chromosomal aberrations Treatments Dose mg a.i. kg-1 b.w. 
Gap Fragment Deletion 

% of Chromosomal aberration 
including gaps ± SE 

% of Chromosomal aberration 
excluding gaps ± SE 

Control  0.00 6 1 1 2.66±0.02 0.66±0.00 
0.02  7 1 1 3.00±0.18 0.66±0.03 
9.00 8 2 2 4.00±0.24* 1.33±0.32* 

 
Spinosad 

37.38 9 6 5 6.66±1.36** 3.66±0.02** 
0.30  12 5 4 7.00±1.85* 3.00±0.41* 
13.75 15 13 6 11.33±1.16** 6.33±1.03** 

 
Malathion 

29.00 12 14 6 10.66±1.63** 6.66±1.26** 
N.B.: number of cells scored in each treatment = 300. 
Values are means ± SE; statistical difference from the control: * significant at P ≤ 0.05& ** highly significant at P ≤ 0.01. 
 

Table III. Effect of repeated doses for 60 consecutive days of Spinosad and Malathion on testosterone hormone concentration 
(ng/ml) in the serum of treated male rats 
 

Testosterone concentration (ng ml-1) Treatments Dose mg a.i. kg-1 b.w. 
0 day 15 day 30 day 45 day 60 day % of change(1)

Control  0.00 5.11±0.12 4.98±0.13 4.75±0.05 4.59±0.15 4.38±0.16 -14.29 
0.02 5.01±0.11 4.73±0.23 4.66±0.13 4.50±0.20 4.16±0.20 -16.97 
9.00  5.04±0.21 4.64±0.12 4.35±0.29 3.43±0.07* 3.42±0.12* -32.14 

 
Spinosad 

37.38 5.13±0.13 4.39±0.19 4.15±0.22 3.26±0.04* 3.23±0.16* -37.04 
0.30  5.10±0.10 4.48±0.18 4.20±0.14 3.20±0.15* 3.14±0.13* -38.43 
13.75 5.08±0.23 4.39±0.08 3.93±0.16* 3.05±0.21** 2.95±0.02** -41.93 

 
Malathion 

29.00 5.10±0.09 4.25±0.16 3.54±0.18* 2.78±0.09** 2.46±0.11** -51.76 
Each value is a mean of 10 replicates ± SE; statistical difference from the control: * significant at P ≤ 0.05& ** highly significant at P ≤ 0.01. 
(1) % of change = [(final testosterone conc. - initial testosterone conc.) / (initial testosterone conc.)] x 100 
 

Table IV. Body and testes weights in rats received 60 consecutive doses of Spinosad and Malathion 
 

Body weight (g) Testes weight (g) Treatments Dose mg a.i.kg-1 b.w. 
Final body weight Mean ± SE Relative testes weight (g. kg-1 b.w.)(1)

Control  0.00 265.00± 14.81 3.08± 0.08 1.16 
0.02  251.60±5.04 2.87±0.24* 1.14 
9.00  248.66±3.54* 2.76±0.02* 1.11 

Spinosad 

37.38 247.00±4.92* 2.69±0.12* 1.09 
0.30  245.86±3.15* 2.81±0.22* 1.14 
13.75 220.00±4.39** 2.44±0.08** 1.11 

Malathion 

29.00 207.66±3.39** 2.18±0.06** 1.05 
Each value is a mean of 10 replicates ± SE; statistical difference from the control: * significant at P ≤ 0.05& ** highly significant at P ≤ 0.01. 
(1) Relative testes weight = (testes weight / body weight) x 100 

were taken after the last day of treatment, then the animals 
were killed by cervical dislocation and the testes were 
dissected out and weighted. To ensure normalization of the 
data, testes weights were expressed per 100 g body weight. 
Statistical analysis. The experimental design was a 
factorial CRD (Complete Randomized Design) with ten 
replicates. Statistical analysis of data collected was carried 
out using a computer program (Cohort Software, 1986). 
 

RESULTS 
 

The present study was carried out to compare 

cytogenetic and reproductive effects of commercial 
formulation of a new natural insecticide "Spinosad" and an 
organophosphorus insecticide "Malathion" administered 
daily to male rats, via oral route, in 60 repetitive doses 
equaled to ADI, NOAEL and 1/100 LD50. The data in Table 
I indicate that spinosad (37.38 mg a.i.kg-1 b.w.) and 
malathion (13.75& 29.00 mg a.i.kg-1 b.w.) caused 
significant decrease in the mitotic activity (MI %) and 
significantly increased micronucleated polychromatic 
erythrocyte (MN %) in rat bone-marrow cells. Moreover, 
binucleate cells were observed at higher doses of spinosad 
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and Malathion (Fig. 1). 
Both malathion and spinosad treatments induced 

structural chromosomal aberrations in rat bone marrow cells 
and gaps (gap was identified as unstained region in the 
chromatid, which was smaller than the width of the 

chromatid), fragments and deletions represented the 
observed aberrations (Fig. 2). The percentage of metaphases 
with chromosomal aberrations excluding or including gaps 
was found to be statistically significant in all treatments of 
malathion and in spinosad treatments with 9.00 and 37.38 
mg a.i. kg-1 b.w. Chromosomal aberration in control rat 
group was accounted to 2.66% only. Such data may indicate 
that the obtained cytogenetic effects occurred in a dose-
dependent manner (Table II). 

Fig. 1. Rat bone marrow cells after treatments with spinosad and 
malathion showing: (A) Normal polychromatic erythrocyte; (B & C) 
Micronucleated polychromatic erythrocyte; (D) Binucleate [x 100; 
Giemsa stain] 
 

 
 

Fig. 2. Rat bone marrow cells after treatments with spinosad and 
malathion showing: Fragment (F); Gapes (G) and Deletions (D) [x 
100; Giemsa stain] 
 

 
 

Fig. 3. Rat testis after treatments with spinosad and malathion 
showing: (A) normal testis; (B) necrosis of spermatogonial cells; (C) 
congest in blood vessels and (D) exfoliation of necrotic cells within the 
somniferous lumen (H & E., X 100) 
 

 
 

Testosterone levels of animals treated with 13.75 and 
29.00 mg a.i.kg-1 b.w. malathion after 30 days or with 9.00 
and 37.38 mg a.i.kg-1 b.w. of spinosad after 45 days were 
significantly lower (P ≤ 0.05) than that of the control values 
(4.75 & 4.59 ng mL-1, respectively at 30 & 45 days) (Table 
III). With time elapsed, the decrease in testosterone 
concentration was more pronounced (i.e., highly significant 
at P ≤ 0.01), especially in malathion treatments. Generally, 
the percentage of change in testosterone concentration after 
60 repetitive doses ranged between (-16.97% to -37.04%) 
with spinosad treatments. With malathion treatments, such 
change ranged between (-38.43% to -51.76%). 

The histopathological examination of the testes was 
performed after exposure to the tested insecticides. Varieties 
of histopathological lesions were identified in the examined 
testes. The incidence and severity of these lesions appeared 
to increase with increasing dose and the most pronounced 
pathological changes were necrosis of spermatogonial cells, 
congest in blood vessels and exfoliation of necrotic cells 
within the seminiferous lumen (Fig. 3). 

The mean weight of paired testes of control and 
treated animals are shown in Table IV. For control, the 
absolute weight recorded 3.08 g. The tested doses of both 
insecticides recorded observable significant decrease in the 
testes weights and the lowest value (2.18 g) was resulted 
from malathion at the 1/100 LD50 (29.00 mg a.i. kg-1 b.w.). 
As relative to body weight, statistical analysis revealed no-
significant differences between control and all treatment 
values. Moreover, except the treatment with 0.02 mg a.i. kg-1 
of spinosad, the other tested doses of both insecticides 
showed significant decrease in body weight gains. 
 

DISCUSSION 
 

Genotoxic risks of human exposure to pesticides 
remain a worldwide concern, because many of these 
pesticides are mutagenic linked to the development of 
cancers (Leiss & Savitz, 1995). Several published reports 
suggested an association between exposure to pesticides and 
different types of human cancer. Also, increasing levels of 
chromosomal aberrations has been associated with increased 
cancer risk (Hagmar et al., 1994). Complementary, some 
pesticides cause reproductive toxicity in animals and human 
(Hileman, 1994). Spinosad and malathion, tested in the 
present study, showed cytotoxic effects represented by 
significant decrease of mitotic activity (MI), which agree 
with the earlier findings. Malathion is a very potent cell 
cycle inhibitor and decreases the mitotic indices in the mice 
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bone marrow (Salvadori et al., 1988). 
Biomarkers such as chromosomal aberrations (CA) 

analysis and micronucleus test are among the most 
extensively used markers of genotoxic effects of pesticides. 
CA is particularly dangerous to the cell, because the 
physical discontinuity of the chromosome may cause loss of 
genetic information and even cell death if a housekeeping 
gene is involved (Carbonell et al., 1995). Also, CA may be 
used as an early warning signal for cancer development and 
it has been suggested that the detection of an increase in 
chromosome aberrations, related to an exposure to 
genotoxic agents, may be used to estimate cancer risk 
(Hagmar et al., 1994). Additionally, to assess the degree to 
which tested doses cause chromosomal damage of 
developing red blood cells, the incidence of residual 
chromosome fragments (micronuclei) in polychromatic 
erythrocytes from femoral bone marrow has to be 
determined, as this is a well-established biomarker of 
chromosome breakage due to DNA damage (Schmid, 
1975). Many studies have demonstrated the efficiency of the 
MN assay to detect DNA damage induced by pesticides 
(e.g., Da Silva Augusto et al., 1997). Our data showed 
significant increase in chromosomal aberration and 
micronucleus frequency. Moreover, binucleate cells were 
observed at higher doses of spinosad and malathion. 

The mode of action of spinosad is characterized by an 
excitation of the nervous system with activation of nicotinic 
acetylcholine receptors (nAChRs), along with effects on γ-
amino butyric acid (GABA) receptor function, GABA-gated 
chloride channels and can elicit a small-amplitude Cl- 
current (Salgado, 1998). On the other hand, spinosad 
toxicity is consistent with altered phospholipid metabolism, 
resulting in cellular phospholipidosis. In support of this, 
spinosad's chemical structure (a hydrophobic ring structure 
with a hydrophilic side-chain containing a basic amine 
group) is comparable to other cationic amphiphilic drugs, 
which produce similar cellular toxicity (Halliwell, 1997). 
According to EPA (1997), spinosad has no mutagenic 
activity and the literature offers no additional data in this 
respect. Recently, Mansour et al. (2007) found that spinosad 
at 9.0; 37.38 mg a.i. kg-1 b.w. reduced the total number of 
erythrocytes and inhibited serum ChE in male rats. In the 
light of our findings study, we suggest that cytogenetic 
activity of spinosad may refer to the spinosad’s chemical 
structure and/or certain impurities in the commercial 
formulation; a matter, which needs further elucidation. 

On the other side, the primary molecular mechanism 
of action of the OP pesticides generally is the inhibition of 
acetylcholinesterase (AChE), a widely distributed serine 
esterase. Organophosphorothioate (OPT) insecticides 
containing the P = S bond (e.g., malathion) are converted to 
P = O (oxons) by enzymes mixed-function oxidases (MFO) 
in which the enzyme cytochrome P-450 plays a major role. 
The oxons are highly toxic compounds, which account for 
the profound cytotoxic effects of organophosphorus 
pesticides and can induce cholinergic crisis in mammals 

(Maroni et al., 2000). They affect activity of esterases and 
other enzymes and possibly cause a disturbance in cell 
metabolism leading to a disruption of cell division 
machinery (Flessel et al., 1993). Also, OP insecticides are 
reported to have the ability to bind to DNA and several 
phosphorothioate compounds such as malathion can lead to 
mutagenesis (Wild, 1975). 

In support of our findings, many in vivo and in vitro 
studies in humans and animals have investigated the 
genotoxic effects of malathion. Based on genetic studies 
conducted between 1978-1995 in 29 different laboratories 
on various organisms (e.g., bacteria, fruit flies, mice, 
hamsters, fish & human cell cultures), malathion appeared 
to be a mutagenic compound (NIOSH, 2002). It induced a 
dose-dependent significant increase in the chromosomal 
aberrations and/or micronucleus frequency in mouse bone 
marrow cells (Amer et al., 2002; Giri et al., 2002). In 
experimental animal studies, using very high doses (ranging 
between 50 & 2000 mg kg-1 b.w.), malathion is reported to 
produce chromosomal aberrations and micronucleus 
frequency (Flessel et al., 1993). In contrast, some studies 
showed that malathion produced no cytogenetic effects in a 
variety of test systems (Degraeve & Moutschen, 1984). 

The reported genotoxicity of malathion might, 
therefore be a consequence of its metabolic 
biotransformation to malaoxon, formed by oxidation or the 
presence of malaoxon and/or isomalathion, formed by 
isomerization, as well as other unspecified impurities in 
commercial formulations of malathion (Berkman et al., 
1993). Impurities, such as isomalathion and various 
trimethylphosphorothioate esters, present in the technical 
grade malathion or formed during storage, can potentiate 
malathion-induced toxicity up to 10-fold (Aldridge et al., 
1979), and are responsible for other effects, including DNA 
lesions (Flessel et al., 1993; Blasiak et al., 1999). 

Pesticides have serious hazard in reducing men 
fertility and in causing damage of reproductive organs of 
animals (Whorton et al., 1977). Our findings indicated that 
repetitive treatment with malathion or spinosad caused 
significant decrease in the serum testosterone concentration 
and histopathological lesions to testes in a dose-depended 
manner. Testosterone is the most important androgen 
secreted into the blood by the Leydig cells of the testes in 
males. The changes in the rate of inactivation and 
elimination of testosterone, due to chemical exposure, can 
alter the levels of circulating testosterone and thereby 
disrupt steroid hormone homeostasis. Furthermore, 
testosterone is metabolically inactivated in the liver by some 
of the same hepatic enzymes responsible for the 
detoxification of xenobiotics and the expression of these 
hepatic enzymes is differentially susceptible to induction or 
suppression due to xenobiotic exposure (Wilson & LeBlanc, 
2000). As a result, alterations in hepatic enzyme activity due 
to chemical exposure can lead to concomitant changes in the 
biotransformation of endogenous substrates such as 
testosterone. The possible mechanism of action of 
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organophosphorus pesticides leading to reduction of serum 
testosterone level was referred to secretion of 
gonadotrophins according to Stewart and Fish (1966). 
Krause and Homota (1974) added that the decreased 
testosterone level might be due to a direct damage of Leydig 
cell or to lowered stimulation of these cells by interstitial 
cells stimulating hormone. Malathion itself had also been 
reported to decrease plasma testosterone levels in rats and 
the histological examination of the testes showed slight 
reductions of the spermatogentic cells and Leydig cells 
(Krause, 1977). The observed testicular degenerative 
changes in our study may be attributed to the direct 
cytotoxic action on testes. 

The overall findings of the present investigation 
revealed that both commercial malathion and spinosad 
cause mutagenic and reproductive effects on male albino 
rats. However, the effect of malathion was much 
pronounced than spinosad. This may be due to the 
metabolic biotransformation of malathion to malaoxon or 
the presence of malaoxon and/or isomalathion, as well as 
other unspecified impurities and unidentified inert 
ingredients in the commercial formulation of both 
insecticides. Supporting this, Cox and Surgan (2006), 
suggested that pesticide registration and their environmental 
monitoring should include full assessment of formulations. 
Furthermore, the present study highlights the necessity of 
evaluating toxic hazards of formulated pesticides even at the 
recommended “safe doses” for technical compounds. 
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