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ABSTRACT

The purpose of the present study is to investigate the potential toxic effects of
some malathion formulations ( malatox, malason, agrothion and nasriathion) that have
the same active ingredient on some vital biochemical components and ultrastructural
changes of nuclei of liver and kidney tissues of albino rats.

Obtained data indicated that malatox and naserlathion caused significant decrease
in WBCs count (-46.6 and -25.9% below normal level), while malason caused
significant increase (+10.5%) after 30 days of treatment, which returned to the normal
levels after 7 days of recovery, except in case of nasrathion (-10.4%). All malathion
formulations caused significant decrease in RBCs count after 30 days of treatment
without recovery to the normal level at the end of experiment. The highest effect was
noticed in agrothion treated rats (-38.3 %) after 7 days of recovery and malatox after
30 days of treatment. Similar effects were noticed on hemogiobin values and platelets
count of treated rats without recovery to the normal levels,

Data clearly revealed that the tested malathion formulations induced significant
elevation in transaminase enzymes (AST and ALT) activity after 30 days of treatment,
without recovery to the normal level, except in case of ALT activities of agrothion
treated rats (+2.7%). Administration of oral doses (100 mg / kg. b.w.) of tested
malathion formulations didn't cause significant effects on. creatinine (Cr)
concentration. But in malatox treated rats there was a significant increase in Cr
concentration after 30 days of treatment (+62.5 %) without retuming to the normal
levels at the end of experiment (+42.9%). The same trend was observed on urea
concentration of the 30 days of treatment, while after 7 days for recovery, malatox,
naseriathion and agrothion caused significant increase and decrease in this vital
component concentration (+48.9, +28.0 and -21.9 %, respectively).

No sharp variations were noticed between different malathion formulaﬂons in liver
cells treated rats. The results so far obtained indicated histo- and cytopathological
alterations by electron microscope due to the effect of compounds when compared
with to the control ones. Some sections poorly differentiated hepatoceliular showing
marked polymorphis of the nuclei, iregularity of the chromatin and prominent nucleoli
in treated rats with malatox when compared with control. Also, in treated rats with
malason, agrothion and naserlathion showed the numbers of nuclei and their content
in different section by many powers of vision, results show no differ significant
difference and all treatment did not induce or genotoxicity.

Kidney sections of different formulations of malathion (a.i) treated animals, revealed
many phases of degenerative changes when compared with those of control. Electron
microscope appeared, poorly differentiatec cells containing a cytoplasmic indentation
or inclusion fitled with brush border material and showed aiso, that.cytoplasm is filied
with prominent granular, endoplasmic reticulum containing some dense flocculam
material. Also, electron micrograph appeared, poorly differentiated in nuclei and no
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changes in their content such as nucleolus or chromosomes (chromatid and

centromere). So, form the doses applied during 30 days results conclude that all tested

malathion formulations don’t show any genotoxicity in treated animals.

Keywords: Malathion, formulations — /n Vivo - liver functions — kidney functions —
nuclei - ultrastructure.

INTRODUCTION

Pesticides are usually applied in the formulated form where the active
ingredient is mixed with organic solvent, emulsifier and other additives to
enhance their water miscibility and penetration. Pesticide formulations are,
therefore, the process of transforming a pesticidal chemical into a product,
which can be applied by practical methods to permit its effective, safe and
economical use: However, it has been reporte.' that formulation may cause
an increase or decrease in the toxicity of the active ingredient (El-Sebae,
1985 and Abdel-Rahim et al., 1994). Also, the World Health Organization has
emphasized that the final toxic classification of any pesticide is intended to be
by its formulation (Anonymous, 1991).

Generally, several hundreds of pesticides have the same active
ingredient but differ in the formulation used to control insects. These
pesticides probably differ in their speed of action, uptake, metabolism,
elimination and toxicity (Anwar 1997). The organophosphorus insecticide
malathion is one of the most frequently used insecticides and is widely used
to control Coleoptera, Diptera, Hemiptera, Hymenoptera and Lepidoptera in a
wide range- of crops, including cotton, pomes, soft and stone fruit, potatoes,
rice and vegetables. Also, it is used extensively to control major arthropod
disease- vectors (Culicidae) in public health programmes, ectoparasites
(Diptera, Acari, Mallophaga) of cattle, poultry, dogs and cats, human head
and body lice (Anoplura), household insects (Diptera, Orthoptera), and for the
protection of stored grain (Anonymous, 2004),

in the current study, some biood contents and ultrastructural
examinations of hepatocellular injury and renal affection are investigated as
biomarkers for the evaluation of exposure to some malathion formulations
( malatox, malason, agrithion and naserlethion) having the same active
ingredient.

MATERIALS AND METHODS

linsecticides used:
1- Malatox was obtained from El-Helb for Pesticides & Chemicals Co.
2- Malason was obtained from Kafer El-Ziat for Pesticides and Chemicals
Co. '
3- Agrothion was obtained from Agrochem Co.
4- Naserlathion was obtained from El- Naser Co.. for intermediate
chemicals. ‘

CH3s3CH,0COCH,S

| “P(OCH,),2
CH3CH,0COCH —S
The insecticides used have the same active ingredient (malathion
E.C.57 %)
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ll- Experimental animals:

The present study was performed on 50 adult male albino rats of
average weight (80-100 g). Animals were obtained from the General
Organization of Serum and Vaccine (Helwan Farm), Cairo, Egypt. These
animals were clinically heaithy and housed in hygienic conditions and fed on
balanced diet. Rats were acclimatized under the test conditions for two weeks
before insecticide treatment. The animals were allocated into five groups. The
1 was considered as a control, while, the other four groups were treated by
100 mg/kg b.w. a.i. (rather tolerance dose) day after two days for one month
with four tested formulations ( malatox, malason, agrithion and naseriathion).
The insecticide was withdrawn for 7 days to allow recovery from toxicity.
Toxicants were administrated by a convenient stomach tube. After 30 days
of treatment and 7 days science the last dose, blood samples were collected
in two tubes. The first contained heparin (7.5 I.U./ ml, according to Schaim,
1986) for haematological investigations, while the another sample was
collected in a clean tube for biochemical analysis.

Ill- Haematological study:

Red blood cells (RBCs) counts, white blood cells (WBCs) counts,
haemsqglobin (Hb) value and platelet counts were determined according to
Schalm (1986) method.

IV- Biochemical analysis:

The activities of aminotransferases (AST and ALT) were determined
calorimetrically according to Reitman and Frankel (1957) method. Blood
serum urea and creatinine concentrations were measured according to the
method of Coulombe and Farreau (1963), and Henry (1974), respectively. All
obtained data were statistically analyzed usmg F “ test at 0.05 level
(Snendecor and Cochran, 1980). '

V- Specimen preparation for transmlsslon eloctron microscope:’

in preparing specimen for transmission electron microscopy, virtually
every step of the procedure affected the quality of the find electron
micrographs. Tissue preparation for transmission electron microscopy could
be divided into major steps. Most fixation protocols developed subsequently
are modification of the two steps. A primary fixative was deyeloped that
combined glutaraidehyde and low concentration of formaldehydse (up to 4%).
A secondary fixative using osmium tetroxide solution that is reduce with ferro
cyanide, was introduced to enhance preservation of the membrane and
glycogen. After fixation samples were- washed using the same buffer which
utilized in the fixation mixture they were dehydrated in ascending grades of
ethanol (30% for 30 min., 50 % for 30 min., 70 % for 30min. and 100. % 2
changes of 30 min.). Samples were carried out in cold, the dehydration was
also completed at 0 to 4 C. Samples were put after dehydration in propylene
oxide, pure for 30-60 min., propylene oxide ~ Epon mixture (1:1) for 30-60
min., and resin mixture for 30-80 min. Final embedding was most
conveniently done in polyethylene capsules in troghs with preformed molds.
The capsules containing the embedding mixture and tissue blocks were
polymerized in an oven for 2-3 days . 60 c. When polymenzed the blocks
were very hard and ready for sectioning.
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Semithin sections (0.5 um thick section) were cut by ultramicrotome to
select suitable areas for utrathin sectioning for electron microscopy. When an
area for fine structural examination has been selected form the thick section,
the block face must be retrimmed to a size suitable for ultramicrotomy.
Generally, the suitable thin for electron microscope is 800 A ( A=0.001 um).
After that, sections collecting from trough of uitramicrotome onto a specimen
grid made of copper. A grid of this type offers a sufficiently large mesh width
(85um) that gives an adequate field of low magnification as well as a
relatively good heat dissipation. The grid with section was dried by placing it
on a piece of filter paper. Thin sections were stained with uranyl acetate
solution to produce a general increase in contrast. The grids were examined
by Electron microscope. Type JEM. 1200 EX11.

RESULTS AND DISCUSSION

I-Effect on some blood components:

Data presented in Table (1) indicate a decrease in white blood ceils
(WBCs) count in malatox, naserlathion and agrithion treated rats (- 46.6, -
259 and -3.5 % below the normal level ) after 30 days of treatment,
respectively. After 7 days of recovery, reduction in WBCs count was found in
case of malatox (-11.5 %) and agrithion (-1.9 %), while in case of
naseriathion an increase was observed (-35.2 % below the normal level). On
the other hand, malason formulation caused an increase in WBCs count
(+10.5 and +17.3 % ‘above normal level) after 30 days of treatment and 7
days of recovery, respectively.

Table(1): Effect of some malathion formulations on WBCs, RBCs counts,
Hemoggbin values and Platelets counts of albino rats

Malatox | Malason| Agrothion | Naseriathion Control LSD |
5%
3.1d 64a 560 43¢ 58b | 0.4335
(-46.6) | (+10.3) (-3.5) {-25.9)
46b 61a | 5.1ab 34c 52ab | 1.001
(-11.5) | (+17.3) | (-1.9) (-10.4)
33%¢ 39b 40D 43b 48a | 04534
(-31.3) | (-18.8) (-16.7) (-10.4)
40b 33c 29¢c 34c 472 | 0.4612
(-14.9) | (-29.8) (-38.3) (-27.7)
9.7d 12¢ 11.8bc 12.3b i43a| 0.697
(32.2) [ (211 (-17.5) (-14.0) .
1 -158 b 10.47 c %;g 73e 125a | 0.6468
(5.6) | (-14.4) ( (-41.8)
days 161.0b 15060 c 140.6'21“ 135.0d | 180.0a| 9.819
latelets -10.6) | (-18.7) (22.2) (-25.0)
10* /mi) d. 16006 | 175.0d | 185.0¢ 190.0b | 210.0a| 4.21
(-238) | (-16.7) | (-11.9) _(-9.5)

Each figure between brackets represents the percentage of content as check.

In the same table, obtained data revealed that malatox, malason, agrithion
and naserlathion treatment caused significant reduction in red blood cells
(RBCs) count (-31.3, -18.8, -16.7 and -10.4 % below the normal level) after
30days of treatment, respectively. After 7 days of recovery, these values
were increased except in case of malatox (-14.9 %).
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The obtained data (Table 1) clearly indicated that the hemoglobin values
and platelets count had the same trend as previously mentioned in case of
RBCs count after 30 days of treatment. After 7 days of recovery, malatox and
malason treated rats showed a decrease in the percent of reduction of
hemoglobin values to -5.6 and -14.4 %, while malatox increased the
reduction of platelets count (23.8 % below the normal level). On the contrary,
treated rats by agrithion and naserlethion caused an increase in the reduction
of hemoglobin values (-35.2 and -41.6 %), at the same time, a decrease in
the reduction of platelets count (11.9 and 9.5 % below the normal level) was
noticed. The reduction of Hb content as well as RBCs counts may be
attributed to the toxic effect of the insecticide, and with the chronic pesticides
exposure and malignant tumors of animals organs (Hoffman et al., 1991).
Mitema and Masha (1984) observed that the average value of Hb, RBCs and
WBCs counts were increased in cattle poisoned wn'm organ Phosphorus
insecticides. Also, El-Maghraby (2004) reported that s and Y/, LDsy Of
malathion and its metabolite induced the activity of some blood content of
treated mice, the maximum inhibitton was observed after 10 days of
treatment. All treated mice returned to their normal statement after one week
recovery period.

ii- Biochemical adverse aspacts related to liver and kidney functions:

Data presented in Table 2, revealed that all malathion tested
formulations caused a significant increase in ALT activity when compared
with each other and with untreated animais. The highest increase was
noticed in malatox treated rats (87.7% above normal level), while lower
increase was noticed in case of agrothion (+25.9 %) after 30 days of
treatment. After 7 days of recovery, the activity of ALT gradually decreased
but retuned to the normal levels.

The same trend was observed in AST enzyme, the rate of increase was
different according to treatment. Obtained data showed that naseriathion and
malatox caused high increase in AST activity (81.8 and 80.3 % above normal
level, respectively) after 30 days of oral administration, while malason and
agrothion caused slight increase (+40.3 and +36.4 %, respectively). After the
end of recovery period, AST activity have less positive values but didn’t retum
to the normal level probably. Liver damage caused by cyclic heptopeptides
lead to profound changes In the pathophysiology of liver enzymes including
ALT and AST, also the effect on the two enzymes was considered useful tool
in hepato-toxic studies. The severity of liver damage occurred due to the
oxidative shock In hepatocytes which not only inhibited the liver enzymes ALT
and AST but also significantly suppressed all other enzymes involved in liver
functions (Guzman et al. 2003 and Li et al. 2003). Al-Qarawi et al. (1999)
found higher concentration of serum AST of the Najdi sheep treated orally
with malathion at repeated dose leveis of 25 mg/kg/day for 21 days and a
single oral dose at 50 mg/kg/ days.
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Table(2): Effect of some malathion formulations on ALT, AST activitles,
Creatinine and Urea concentrations of albino rats.

ents Malatox| Malason| Agrothion| Naserlathion| Gontrol LSD |
Parameters - 5%
753a 538¢c 50.6d 653b ’40 2e| 0.662
ALT (+87.3) | (+33.8) (+25.9 (+62.4) i
(U/ml) 542a 450D 38.0c¢c 83.0a 370c | 1.734
{+46.5) +21.6) (+2.7) {+43.2)
59.5a 46.3b 450D 60.0a. 33.0c | 1.545
AST activity (+80.3) | (+40.3) (+36.4) (+81.8)
{U/mi) days fo 480a | - 38.0¢c 40.0b 48.0a 31.5d [ 1.929
) (+524) | (+14.3) | (+27.0) (+52.4 .
ICreatinine 13a 09b - 0.9b 08b 0.8b | 0.179
iconcentration (+62.5) | (+12.5) (+12.5, (0.00)
{mg/di) 1.0a 0.6b 0.6b 09a 0.7b | 0.186
(+42.9) | (14.3) | (-14.3) (+28.6
Urea days 51.0a | 41.0ab 27.7b 37.0ab 330b | 17.37
iconcentration {+54.5) +24.2) (-16.1 {+12.1)
(mg/dl) days fd 47.0a | 33.0¢ 250d 410b 320c]| 168
overy | (+46.9) | (+3.1 (-21.9) (+28.0 b)
Each figure between brackets represents the percentage of content as check.

In the same Table, the obtained results indicated that malatox treated rats
caused significant increase in blood creatinine content as compared with
other formulations and control (+62.5 % ) after 30 days of treatment, while
malason and agrothion showed non significant increase in the same vital
component (+12.5 %). At the same time, no changes were: noticed in treated
rats by naseriathion as compared with non treated rats. Blood creatinine in
case of malatox continued higher than normal(+42.9 %), also, naserlathion
treated rats showed significant increase (+28.6 %) after 7 days of recovery,
while the contrary obtained with malason and agrothion showed lower
negative values ( non significant ) than normal (-14.3 %). Generally, the
elevation of creatinine is considered a bioremarker for renal damage and may
be attributed to liver function. »

At the same respect, obtained data revealed that there are significant
differences in urea concentration between malatox treated rats on one side
and other malathion formulations and control on the other side after 30 days
of treatment. Malatox caused high increase in urea (+54.5 %) after 30 days of
treatment, this value decreased gradually to 46.9 % above normal level after
7 days of recovery. The corresponding figures in case of malason and
naseriathion were +24.2 and +12.1 % at 30 days and reached to +3.1 and
+28.1 % after 7 days of recovery, respectively On the other hand, urea
concentration was negative in agrothion treated rats at 30 days of treatment

(-16.1 %) or 7 days of recovery (-21.9 %). On the other hand, elevation in

urea may be due the disturbance in protein metabolism. Gupta and Paul
(1978) emphasized that spraying buffalo calves daily with 1 % and 5 %
malathion as an ectoparasticide — dally for 28 days caused a significant
increase of serum urea.

Our results are in agreement with those found by Saleh (1997), who
reported that technical and formulated chiorpyrifos caused considerable
effects on RBCs, WBCs counts, Hb, and transaminases activities in
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comparison with control. These increases or decreases were higher in case
of formulated chlorpyrifos than the technical form. Also, similar effects were
obtained by Abdel-Rahim et al.(1994), who found that the technical and
formulated malathion reduced total Hb and caused high increase in GOT and
GPT activities. In the same respect, data obtained by Shalby (2006) indicated
that treated rats by lufenuron and profenofos caused significant changes in
blood content, liver and kidney functions which returned to normal levels at
the end of recovery periods.

lll- Histopathological studies:

No sharp variations were noticed between different malathion
formulations in the hepatocyte cells of treated rats, the results so far obtained
indicate histo- and cytopathological alterations under the effect of compounds
when compared with those of the control ones by light and electron
microscopy.

Fig(1): Liver of control rats (X 10 x10%).

Histologically, marked reduction in the size of the cells, vacuolation,
pyknosis of nuclei and necrosis of numerous cells were observed.
Cytopathologically, Golgi bodies lost their normal distribution net-like
structure and were fragmented into faintly stained discrete particles which
disappeared progressively from the cells with prolonged treatment.
Mitochondrial elements were swollen and coalesced together forming few
large massive bodies which became hardly visible in cytoplasm. Lysosomes
lost their normal distribution and some of them were ruptured.
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Flgure, 2 lear of treatad rats by malatox showing polymorphism of
nuclei, irregular of the chromatin and prominent. Figures 3,4 and
§ liver of treated rats by malason, agrothion and naserlathion,
respectively, showing no differ significantly in numbers of
nuclei and their contains.

On the other hand, some sections poorly differentiaied hepatocellular
showing marked polymorphis of the nuclei, irregularity of the chromatin and
prominent nucleoli in rats treated with malatox Fig(2) when compared with
control Fig (1). Also, rats treated with malason, agrothion and naserlathion
showed the number of nuclei and their content in different sections by many
powers of vision, results appeared no significant difference and all treatments
did not induce genotoxicity, Figs(3,4 and 5). The marked increase in serum
transaminase activities in response to pesticides manifests their potential
hepatotoxic actions as hepatic necrosis accompanied by abnormal increase
in serum level of transaminase (El-Garawany et al., 1990)
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Kidney sections of different formulations of malathion (a.i) treated animais,
revealed many phases of degenerative changes as compared with those of
control.

Histologically, these changes appeared in form of cloud swelling, hydropic
degeneration and detached cells. In the cloud swelling phase, the epithelial
cells lining the affected tubules became swollen.

S 7 e Y T P
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Fig(6): Kidney of untreated rats (X 8x1 03)

Cytopathology showed that, the structure of Golgi bodies were
demaonstrated in renal cells. Formulations application caused serious damage
and fragmented these bodies in the form of small particles most of which
disappeared from the living cell few remnants scattered in cytoplasm. The
normal mitochondria of renal cells were markedly swollen under the effect of
insecticides and in some cases, they coalesced together into large bodies.
Lysosomes showed a different pattern of localization in the various types of
renal cells. Some cells were loaded with lysosomes and others were rather
poor. Electron microscope showed poorly differentiated cells containing a
cytoplasmic indentation or inclusion filled with brush border material. 1t also
showed, that cytoplasm was filled with prominent granular, endoplasmic
reticulum containing some dense flocculam material. Also, electron
micrograph appeared, poorly differentiated nuclei and no changes in their
content such as nucleolus or chromosomes (chromatid and centromere,
Figs ,7,8,9 and 10 ). These changes might due to epithelial necrosis in the
renal tubules that were associated with nuclear and chromatin changes
(Janssen, 1984). Our results are in agreement with those obtained by Farrag
and Shalby (2007), who reported that treated rats by Ilufenuron and
profenofos caused venous congestion in the liver and focal necrosis of
hepatocytes in the portal and periportal areas. Many of the hepatocytes were
pale-stained and a few exhibited early vacuolation. Also, several cells
showed histological features of necrc is. The kidney exhibited inflammatory
cell infiltration, congestion and hyperceliularity of the glomeruii.
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Figures 7, 8, 9 and 10: Kidney of treated rats by malatox, malison,
agrothion and naserlathion , respectively, showing poorly
differentiated in nuclei and no changes in their contain such as
nucleolus or chromosomes.

Data obtained by Abd El-Rahman and Zaki (1992) revealed that in
malathion treated mice there damage was in the bile ductules and blood
capillaries of the liver. Also, data revealed the lining celis of some renal
tubules were completely degenerated and the nuclei of the degenerated renal
cells were obviously pyknotic. So, at the doses applied during 30 days, results
concluded that all tested malathion formulations didn’'t show any genotoxicity
in treated animals.

Generally, obtained data illustrate the different effects of tested malathion
formulations on rats. The high influences of orally formulated malathion may
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be due to the synergistic effect of the formulation with the active ingredient.
Accordingly, the tested formulations have the same active ingredient, so the
different effects may be due to the different inactive ingredient of each
compound. There were significant differences between the four formulations
of malathion in their effect on the blood content, transaminase activities (AST
and ALT), urea and creatinine concentrations. These differences may be due
to the differences of the additives. Also, toxic impurities in the pesticide
products might be formed during the manufacturing process, during storage,
or after opening the sealed pesticide container ( Aly and Abd-El-Rahman,
2004).
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