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Table 1: Hematological changes in rats feeding for 90 days on wheat grains treated with two different concentrations of malathion and spinosad. 

                   Malathion                    Spinosad
--------------------------------------------------------------------- --------------------------------------------------------------------------

               Control              8 ppm                   16 ppm                  8 ppm                  16 ppm
-------------------------------- ---------------------------- ----------------------------------- ----------------------------------- -------------------------------------

Parameters Mean % of control Mean % of control Mean % of control Mean % of control Mean % of control

RBC's (× 10 /µl) 5.43±0.13 100 5.13±0.12 94.48 4.17±0.07 76.79 5.00±0.06 92.08 4.73±0.03 87.116 a b d bc c

HGB (g/dl) 16.86±0.12 100 15.07±0.09 89.38 10.42±0.11 61.81 15.27±0.23 90.57 12.47±0.37 73.96a a c a b

HCT (%) 50.60±2.76 100 45.20±0.26 89.32 31.25± 0.33 61.75 45.80±0.70 90.51 37.45±1.13 74.01a b  c b b

PLT (10 /mm ) 211.67±13.64 100 177.00±1.53 83.62 146.00±12.29 68.98 170.21±7.64 80.41 169.67±3.28 80.163 3 a b c b bc

WBC’s, (× 10 /µl) 4.90±0.38 100 4.57±0.26 93.27 9.43±0.58 192.45 4.22±0.06 86.12 6.87±0.40 140.203 c c a c b

MCV (ìm ) 93.18±6.34 100 88.13±1.58 94.58 75.06±1.95 80.55 89.98±2.24 96.57 79.13±2.42 84.923 a a b a b

MCH (pg) 31.04±0.36 100 29.38±0.53 94.65 25.02±0.65 80..60 28.15±1.10 92.14 26.34±0.81b 84.86a a c ab c

MCHC (g/dl) 33.32±2.85 100 33.33±0.00 100.03 33.33±0.00 100.03 33.33±0.00 100.03 33.28±0.05 99.89a a a a a

Means having the same superscript letter(s) across each row are statistically insignificant (p> 0.05). 

Effect on Hematological Parameters: Results in Table (1) erythrocytic parameters (RBC’s count & hemoglobin
indicate the presence of biologically meaningful concentration) were decreased in male mice given 0.036%
differences in hematological parameters of malathion and spinosad after 3 and 12 months. The organophosphorus
spinosad-treated rats. There was a significant reduction insecticide chlorpyrifos caused decrease in RBC, HGB and
in RBC’s, HCT and PLT of malathion and spinosad- HCT, which might be due to the effect of pesticide on
treated rats at both concentrations. However, the other blood-forming organs suggesting the anaemic condition
hematological indices such as HGB, MCV and MCH were of the treated animals. The anemia may be due to the
significantly decreased only at the higher concentration inhibition of erythropoiesis and hemosynthesis and to an
of  both insecticides comparing with the control group. increase in the rate of erythrocytes destruction in
On the other hand, WBC’s recorded significant increases hemopoietic organs [39]. Patel et al. [40] have reported an
in malathion and spinosad-treated rats at the higher induction of DNA damage in hematopoietic system, viz.
concentration. Generally, these effects were significantly spleen, bone marrow and lymphocytes, showing that
more pronounced in malathion-treated rats at the higher chlorpyrifos induce chromosomal aberrations and
concentration comparing with the same concentration of micronucleus formation in mouse bone marrow. On the
spinosad. other hand, the values of RBC, MCV and PCV were

Hematological characteristics have been widely used higher; in rats treated with 50 mg malathion a.i.kg-1 b.w.
in the diagnosis of variety of diseases and pathologies than control after 4 weeks of treatment [41]. Also,
induced by industrial compounds, drugs, dyes, heavy malathion-treated group had significantly higher RBCs,
metals, pesticides and several others [32, 33]. Red blood HGB and HCT in all groups compared with control group
cells (known as erythrocytes) are very important for the and lower significant in WBCs [42].
transport of oxygen from the lungs to the tissues and The reduction in MCH may be due to destruction of
haemoglobin concentration is directly correlated with RBC (size and shape) and decrease in Hb synthesis and
RBC's count [34]. In this study, the reduction in haemoglobin content. These symptoms imply the
erythrocyte counts and consequently haemoglobin microcytic hypo chromic anemia. Decrease in MCH was
concentration may be attributed to an increased rate of observed in rats treated with various insecticides such as
breakdown of red cells and/or the toxic effect of pesticides endosulfan, malathion, methyl parathion, phosphomidon,
on bone-marrow. In general, anemia; reduction in the monocrotophos and fenvalerate [43]. 
number of red blood cells or of haemoglobin in the blood The WBC’s formed in the bone marrow are found
can reflect impaired synthesis of haemoglobin (eg. in iron either in the blood or migrate to key organs such as the
deficiency) or  impaired   production   of   erythrocytes spleen, lymph nodes, or gut. The increase in total
(eg. in folic acid or vitamin B12 deficiency [35]. Also, leukocytes count has been suggested to be due to
many laboratories have reported the induction of anemia stimulated lymphopoiesis and/or enhanced release of
with experimental insecticidal exposure of animals [36]. lymphocytes from lymph myeloid tissue [44]. Such

Our findings are in agreement with the results lymphocyte response might be due to the presence of
reported by Yano et al. [37], who found that male rats toxic substances which induce tissue damage and severe
given 0.2% spinosad for 13 weeks had significant disturbance of the non-specific immune system leading to
decreases in HGB concentration (60%) and RBC’s count increased production of leukocytes. The observed effects
(11%) relative to control. Stebbins et al. [38] reported that of  spinosad insecticide, which represented by increase of
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Table 2: Types of structural and numerical chromosomal aberrations induced in bone marrow cells after feeding rats for 90 days on wheat grains treated with two different concentrations
of malathion and spinosad.

Structural aberrations       Numerical aberrations
Aberrant --------------------------------------------------------------------------------------------------------------------- --------------------------------------------

No. of cells Centric End-to-end Ring chro Centric
examined ------------ Gap Break Fragment fusion association Deletion mosome separation Stickiness Total Mean ± Hypo Hyper Total Mean ±

Treatment cells No. % (G) (B) (F) (CF) (E) (D) (R) (CS) (S) No. SE ploidy ploidy No.  SE

Control 250 20 8 2 2 5 9 3 3 0 10 4 38 7.6 ± 5 0 5 1.0 ±
 0.75  0.45c  c

Malathion 8 ppm 250 100 40 15 12 17 12 3 24 4 36 21 144 28.8 ± 8.8 ±
1.39 42 2 44 0.37a a

16 ppm 250 105 42 13 25 23 16 16 11 2 28 31 165 33.0 ± 9.6 ±
3.11 46 2 48 0.75a a

Spinosad 8 ppm 250 89 35.6 11 10 28 11 5 18 1 16 9 109 21.8 ± 3.4 ±
2.76 16 1 17 0.93b b

16 ppm 250 100 40 8 0 13 8 5 27 1 71 19 152 30.4 ± 8.8 ±
2.86 44 0 44 0.86a a

Means having the same superscript letter(s) across each column are statistically insignificant (p> 0.05) 

Fig. 1: Metaphase spread from rat bone marrow cells; after 90 days of feeding on wheat grains treated with malathion
and spinosad, showing different types of structural and numerical chromosomal aberrations.

(a) Gap, deletion and end-to-end,
(b) Break, fragment and centric separation,
(c) Deletion and centric fusion,
(d) Centric fusion and centric separation,
(e) End-to-end, deletion and centric separation,
(f) Deletion and ring,
(g) Stickiness,
(h) 33 chromosomes with gap,
(i) 43 chromosomes with fragment and centric separation.
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WBC’s in the blood of the treated rats are generally in concentration, were higher than the low concentration. On
agreement with the results of several investigations. Yano the other hand, gaps, deletion, rings as well as centric
et al. [37] reported that after rat exposure to spinosad, separations revealed the highest values in the lower
white blood cells count of females from the 0.1% group concentration. 
was 39% higher than the controls after 18 months, they After treatment with both spinosad concentrations,
also noted that this difference was likely related to the average value of structural aberrations was
inflammation of the lung and thyroid gland in these rats. significantly differ from control, this difference was higher
Stebbins et al. [38] found that WBC’s counts of male and for the higher concentration which did not differ
female mice given 0.036% spinosad and females given significantly from both malathion concentrations.
0.024% spinosad, were 2-2.5 times higher than the control Meanwhile, the frequencies of deletions, centric
after 12 months. separations and stickiness were highly elevated due to

Chromosomal Abnormalities in Rat Bone-marrow Cells: lower concentration (8 ppm). It could be observed that
Table  (2)  and  Fig. (1) present the structural and gaps, breaks, fragments and centric fusions, were the
numerical chromosomal aberrations that induced in bone most frequently induced aberrations due to treatment with
marrow cells after feeding rats for 90 days on wheat grains the lower concentration of spinosad and they were
treated with malathion or spinosad at the concentrations decreased in their frequencies following treatment with
of 8 and 16 ppm for each. The structural chromosomal the higher concentration.
aberrations were found to include gaps, breaks, Thus, animals treated with either malathion or
fragments, centric fusions, end-to-end associations, spinosad for 90 days showed a significant increase in the
chromatid deletions, chromosomal rings, centric average number of aberrations compared with control
separations and stickiness. Moreover, numerical group and this effect was higher in malation than
aberrations were shown in the form of hypoploidy and spinosad for most recorded aberrations. This increase was
hyperploidy compared to the normal number of in a concentration dependent manner for both structural
chromosomes (42 chromosomes). and numerical aberrations. These results indicated that

Results revealed that the average number of malathion and spinosad at both concentrations have side
chromosomal aberrations was found to be statistically effects on structural and numerical aberrations. This might
significant   in   all   malathion  and spinosad treatments. be due to that both insecticides contain clastogenic
It was accounted to 38 and 5 aberrations; with an average compound, which was capable to induce chromosomal
of 7.6 ± 0.75 and 1.0 ± 0.45 in control group for structural aberrations in rat bone marrow cells. These results agree
and numerical aberrations, respectively. The highest well with the earlier findings of Mansour et al. [45], who
average number of structural aberrations (33.0 ± 3.11) was indicated that cytogenetical effects of malathion and
detected as a result of the exposure to the higher spinosad were observed in a dose-dependent manner,
concentration of malathion. The induced aberrations by while malathion exhibited more pronounced effect than
this concentration differed significantly from the control spinosad. These results were supported by Amer et al.
group (7.6 ± 0.75) as well as the lower concentration of [46] and Giri et al. [47], who appeared that malathion
spinosad (21.8 ± 2.76), while its effect was not significant induced a dose-dependent significant increase in the
as compared with the other concentration of malathion chromosomal aberrations in mouse bone marrow cells. In
and the higher concentration of spinosad. contrast, some studies showed that malathion produced

The same trend was observed for numerical no cytogenetical effects in a variety of test systems [48].
aberrations, the highest increase was observed at 16 ppm This is consistent with the conclusions of EPA [49],
malathion treatment which did not differ significantly from which recorded that although the results of some tests in
the other concentration of malathion and the higher vitro on malathion were positive, malathion was not
concentration of spinosad. The numerical aberrations genotoxic in vivo. The results which belong to the effect
observed in bone marrow cells were hypoploidy. of spinosad and its side effects did not agree with EPA
Hyperploidy were observed at a low frequency. [50], who stated that spinosad has no mutagenic activity

Although treatments with both malathion based on the results of some in vivo and in vitro
concentrations were not significantly different in the genotoxicity tests. This suggest that cytogenetic activity
average number of structural aberrations, it could be of spinosad may refer to the spinosad’s chemical
observed that breaks, fragments, centric fusions, end-to- structure and/or certain impurities in the commercial
end associations and stickiness; at the high formulation [51].

the treatment with 16 ppm spinosad as compared with the
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Table 3: Effect of pesticides on DNA and total protein contents in control
and treated rat's livers.

DNA Total Protein
Treatments (µg/100 mg)  (µg/100 mg)

Control 84.66 ± 0.78 272.17 ± 40.29 d    a

Malathion 8 ppm 133.60 ± 1.79 157.17 ± 8.37 b    bc

16 ppm 152.73 ± 0.29  91.17 ± 14.68 a    c

Spinosad 8 ppm 87.00 ± 0.29 172.00 ± 23.18 d    b

16 ppm 99.91 ± 0.53 163.50 ± 22.14 c    bc

Means having the same superscript letter(s) across each column are
statistically insignificant (p> 0.05) 

Effect of Pesticides on Biochemical Parameters in Liver
Effects on Dna and Total Protein Content: DNA content
has been found to be increased in all treatments compared
with control. It was increased as malation and spinosad
concentrations increased (Table 3). The highest increase
was recorded following the treatment with 16 ppm
malathion. Non significant increase has been observed at
the low concentration of spinosad compared to control,
whereas the higher concentration was significantly
increased. In general, both spinosad concentrations
showed DNA contents lower than malathion
concentrations. This suggested that this change in DNA
content may be due to differential effects of pesticides or
its metabolite(s) on synthesis of DNA in liver cells of the
rats [52]. Thus, it can be concluded that the marked
increase in the DNA content upon exposure to pesticides
may be due to that most cells in tissue is driven into a
proliferative phase with a resultant increase in the DNA
content in the S-phase [53]. The biological consequences
of increase in DNA content increase remains unexplored
[54].

The results of total protein revealed a significant
decrease in the total protein content (µg/100 mg tissue) at
all insecticide treatments compared with the control
treatment (272.17 ± 40.29). The highest significant
decrease of 91.17 ± 14.68 was observed with the higher
concentration of malathion, while the lower concentration
of malathion and the higher concentration of spinosad
showed similar decrease effect with 157.17 ± 8.37 and
163.50 ± 22.14, respectively. Protein content in organisms
is known to respond to a wide variety of stresses [55].
However, decrease of the protein contents was a clear
response to different pesticides. It was proposed that
certain pesticides caused a significant reduction in protein
level  in  plants  [55]. In this regard, treatment of
Gambusia affinis with malathion had induced a highly
significant (P < 0.01) decrease of the protein contents of
the liver, testis and ovary as elucidated by Hassanein [56].
Our results were in agreement with those of Hussain et al.

[57], who reported that spinosad decreased the total
protein contents in adult beetles. Reduction in the total
protein may be due to its breakdown to amino acids and
entering them to TCA cycle as a keto-acid for energy
production [58]. 

Effects on Protein Banding Patterns: Comparing the
treatments with its corresponding control (Fig. 2), several
expressed  protein  bands were visualized after exposure
to different  concentrations  of  malation  and  spinosad.
In addition to several up- and down-regulated proteins,
new protein bands were appeared when compared  to  the
corresponding control. SDS protein profile showed
fourteen common bands in control and all treatments,
although   there   were   changes   in   bands  intensity.
The results showed that two sets of bands were detected
with relative mobility's (R ) of 0.11 and 0.43 in the controlf

and all treatments, except in the 16 ppm malathion
treatment. On the other hand, the band with R  of 0.03 wasf

detected in both low concentrations of malathion and
spinosad, while it was absent in the control and the other
treatments. It was also noticed that the bands with R  off

0.23, 0.34, 0.68 and 0.86 were detected in lower malathion
and both spinosad treatments, while it was absent in the
control and the higher concentration of malathion. With
regard to the band with R  of 0.21, the results showed thatf

it was only found in both spinosad treatments but was
absent in the control and malathion treatments, this band
can be considered as a potential marker associated with
spinosad pesticide. 

Also, it could be observed that the treatment with the
higher malathion concentration decreased bands number
(15 bands), this was constant with the results of total
protein content which revealed the highest decrease
compared with the other treatments. This agreed well with
the results of Galal [59], who reported the appearance of
a definite decrease in protein bands number as response
to stress conditions. Whereas, there are four basic
differences in terms of protein content under the stress
conditions: 1. Production of some new proteins not
present in the untreated group; 2. Inhibition of some
proteins that are produced by the untreated group; 3.
Increase in the level of expression of some proteins; 4.
Decrease in the level of expression of some proteins that
are present in the untreated group. All the four differences
were directly associated with the response of rats to
malathion and spinosad stress conditions in the present
investigation. An obvious increase in the protein profiling
pattern was observed which could be the result of 8 ppm
malathion  and  both concentrations of spinosad stress.
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Fig. 2: Effects of pesticides on banding patterns of total proteins from rat's livers as analyzed on SDS-PAGE at the end
of the experiment. Lane 1: control, Lane 2 & 3: malathion 8 & 16 ppm, respectively; Lane 4 & 5: spinosad 8 & 16
ppm, respectively, and lane M: represents the molecular weight marker.

These results tend to agreement with those of proteomic profiling is a sensitive tool for environmental
Rajendran et al. [60], who reported that the production of stress diagnosis and that the stressed proteins could be
novel proteins or the increased production of already used as biomarkers for environmental pollution
existing proteins are due to stress response. In other identification. As reported before by Duke et al. [64],
words, the appearance of extra bands due to the treatment biomarkers of exposure for specific pesticides or pesticide
with an insecticide indicates that resulting proteins are classes can be determined in part with gene expression
probably responsible  for the detoxification of the profiling. Gene expression signatures for pesticides with
insecticide [61]. In addition, it was noticed that, no unknown side effects have recently been suggested as a
differences between the lower concentration of malathion means of defining pesticide action and discovering
and the higher concentration of spinosad in bands pesticide alternatives. 
number (22 bands). The alterations in the electrophoretic
profiles of liver proteins are indicative of the ability of Effects on Esterases Patterns:An attempt was made to
both malathion and spinosad to alter the gene expression study the changes on the level of esterase enzyme that
in treated rats. Among the two tested pesticides, are related to the reduction and detoxification of chemical
malathion expressed the most deleterious effect on the toxins. Esterases are proteins that are defined by their
protein synthesis, remarkably inhibiting protein ability to catalyze the hydrolysis of ester bonds within
production in liver. lipophilic compounds [65]. Because most insecticides are

Disappearance of some bands in this study could be esters of substituted phosphoric, carbamic, or
traced back to the induction of cytological abnormalities cyclopropanecarboxylic acids, they are subjected to
like deletion that lead to the loss of some of the genetic degradation by esterases [66]. Therefore, esterases are the
material. Therefore, some electrophoretic bands could most significant enzymes for insecticide detoxification.
have disappeared due to the deletion of their PAGE analysis of the esterase preparation showed a
corresponding genes [62]. On the other hand, appearance smear of bands suggesting the presence of numerous
of new characteristic bands could be explained on the isozymes  which  are  common  with  liver  esterases  [67].
basis of mutational event at the regulatory system of A total number of ten bands was detected, since all
unexpected gene(s) that activate it [63]. treatments exhibited the same effects on esterase

Further, the obtained results indicate that the stress isozymes in the number of bands (Fig. 3). In addition, the
protein analysis is a promising alternative and more same effect on the bands intensity was appeared which
sensitive method for measuring toxic effects on the indicate that the effect of malathion and spinosad
organisms at sublethal levels. Thus it can suggest that the treatments  was identical as well as control group, except
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Fig. 3: Electrophoretic profiles of esterase (Est) isozymes from liver of rats at the end of the experiment. Lane 1: control,
Lane 2 & 3: malathion 8 & 16 ppm, respectively; Lane 4 & 5: spinosad 8 & 16 ppm, respectively. 

for bands No. 1, 3, 4 and 7 which appeared different marker for spinosad pesticide. The three rest isozyme
intensity than control. Bands were assigned to four main bands; No. 8, 9 and 10, having similar enzymatic activity
zones of esterase isozymes (Est-1, Est-2, Est-3 and Est-4). in all treatments as will as control. 
The first and second zones (Est-1 and Est-2) were Changes in the band intensity could be interpreted as
appeared as a single band. The band in Est-1 was a result of certain mutational events that would have
decreased in its intensity in both malation and spinosad occurred in the regulator genes, which would lead to
treatments as compared to control, especially for 8 ppm inhibition, attenuation or constitutive gene expression.
malathion which appeared very faint than the others. Therefore, the corresponding bands become faint or more
However, band No. 2 was extra  darkly  stained  band  in intense. The recorded changes in band intensity could
all  treatments  and  control,  this   might   be   due  to also be attributed to the cytological abnormalities induced
post-translational modification of the formed enzymatic by malathion or spinosad treatments. This conclusion is
polypeptide chain. The third zone (Est-3) involved bands in accordance with Asita and Makhalemele [68], who
No. 3, 4, 5 and 6. The treatment of 16 ppm spinosad was concluded that the increase in band intensity could be
found as the control activity for band No. 3, while the rest due to gene duplication. 
treatments showed lower activity for this band. The weak Several experiments showed that malathion affects
staining ability could be due to the low expression of the activity of esterases [69] suggesting that a metabolite of
corresponding band. Band No. 4 had the highest intensity malathion (possibly the oxygen analog, malaoxon) was the
for control (very dark), while it was noticed that the actual inhibitor of malathion-esterase and that technical
intensity of this band altered to dark as a result to the grade samples of malathion may contain a small quantity
effects of 8 ppm malathion and 16 ppm spinosad of this inhibitor. On the other hand, Shakoori and Saleem
treatments and appeared with lower activity as a results to [70] revealed that there is general tendency towards
16 ppm malation and 8 ppm spinosad treatments. Band enhanced enzyme activities after insecticide application
No. 5 showed lower activity than control for all treatments which is perhaps due to increased concentration of
which  altered from very dark to dark. The fourth zone enzymes following induction at the gene level. The
(Est-4) appeared as having four sets of bands (No. 7, 8, 9 endogenous level of various enzymes increased to meet
and 10). Band No. 7 was appeared in both spinosad the condition of stress developed by the insecticide
treatments with higher intensity (dark) than control and toxicity. Hussain et al. [57] found that there was 40.27%
malathion treatments (faint). The appearance of this band decrease at a lower concentration (LC ) and 21.16%
with high intensity could be due to the high gene increase at a higher concentration (LC ) of spinosad, in
expression of this isozyme, which might be considered as the total esterases activity in PAK adults of T. castaneum,

10

20



Am-Euras. J. Toxicol. Sci., 4 (2): 118-130, 2012

127

while in FSS-II adults, both the concentration levels 4. Gozek,  K.  and  F.  Artiran,  1990.  Fate and
showed non-significant effect on the activity of the magnitude of malathion residues in stored maize and
enzyme. bean seeds. Proceedings of the Final Research Co-

CONCLUSION (IAEA);  Research Co-ordination Meeting on

In conclusion, the presence of both commercial in  Stored  Products,  Ankara (Turkey), 30 May - 3
insecticides; malathion and spinosad residues in treated Jun 1988 / Joint FAO/IAEA Div. of Nuclear
stored wheat grains seems to be toxic for haematological Techniques in Food and Agriculture, Vienna
parameters in rats (especially RBC’s, HGB and WBC’s). (Austria), pp: 45-55.
Both insecticides showed an accumulative effect on the 5. Thompson,   G.D.     K.H.     Michel,     R.C.     Yao,
induction of chromosome damage and biochemical J.S.  Mynderse,  C.T.   Mosburg,   T.V.    Worden,
changes in male albino rats. However, the effect of E.H.  Chio,  T.C.  Sparks  and S.H. Hutchins, 1997.
malathion was much pronounced than spinosad. This may The discovery of Saccharopolyspora spinosa and a
be due to the metabolic biotransformation of malathion to new class of insect control products. Down to Earth,
malaoxon or the presence of malaoxon and/or 52: 1-5.
isomalathion. On the other hand, spinosad toxicity is 6. Thompson, G.D., R. Dutton and T.C. Sparks, 2000.
consistent with altered phospholipid metabolism, Spinosad - a case study: an example from a natural
resulting in cellular phospholipidosis, as well as other products discovery program. Pest Management
unspecified impurities and unidentified inert ingredients Science, 56: 696-702.
in the commercial formulation of this insecticide. This 7. Peck, S.L. and G.T. McQuate, 2000. Field tests of
means that this agent may induce a malignancies in environmentally friendly malathion replacements to
individuals exposed to it. Accordingly much more care suppress wild Mediterranean fruit fly (Diptera:
should be taken in using these insecticides, particularly Tephritidae) populations. Journal of Economic
malathion, which is contained in most agricultural Entomology, 93: 280-289.
pesticides used in the developing countries. Therefore, 8. Subramanyam, B.H., 2006. Performance of spinosad
these findings have to be taken in consideration when as a stored  grain  protectant,  pp: 250-257. In I.
using malathion or spinosad as a grain protectant for Lorini, B. Bacaltchuk, H. Beckel, D. Deckers, E.
storage. Our findings open the door to future studies Sundfeld,  J.  P.  dos Santos, J. D. Biagi, J. C. Celaro,
examining the toxicological potential of spinosad in L. R.  DÕ A. Faroni, L. de O. F. Bortolini, M. R.
health. Sartori, M. C. Elias, R.N.C. Guedes, R. G. da Fonseca
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