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ABSTRACT

Aims: The histopathological effects of Profenofos, and Chlorpyrifos, as synthetic
organophosphorus pesticides, on the liver, kidney, brain and spleen tissues in mice (Mus
musculus) were determined by light microscopy. Recently the toxic effects of pesticides
have been of public interest. The usage of pesticides is still the most effective and
accepted means to protect plants from the pests and to increases productivity. The misuse
of pesticides is connected with serious problems of pollution and health hazards.
Profenofos and Chlorpyrifos is used widely in Egypt and they play a vital role in controlling
Lepidopteron pests of cotton and vegetables [1].
Study Design: Mice were treated with Profenofos, and Chlorpyrifos sub-lethal
concentrations (1/10, 1/40 and ADI LD50) orally to twice a week for 30, 60, and 90
consecutive days.
Place and Duration of Study: Department of chemistry Faculty of Agriculture, Cairo
University, Egypt, between June 2012 and January 2013.
Results: Histopathological examination revealed various abnormalities in liver tissues,
such as congestion of blood vessels, vacuolar degeneration of hepatic cells, focal
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infiltration and mononuclear cells, Moreover, all central veins and other hepatic blood
vessels were dilated, some hepatic cells showed necrosis, disorganization with the
formation of a denoid structure and some areas showed hepatocytomegaly with the
increase of the number of cells showing double nuclei. Pathological finding in kidney
showed perivascular edema with congestion of renal blood vessels, infiltration of
mononuclear cells and around some of glomerular tubules, edema of Bowman's capsule
and some renal tubules showed coagulation necrosis. Pathological finding in spleen
showed disorganization of lymphocytes in lymphoid follicles and in white pulp, depletion of
lymphocyts with sub capsular edema, and other cases showed increasing the number of
megaterocytes with hemorrhages and haemosiderosis. Pathological finding in Brain
showed menengial hemorrhages and congestion of blood vessels, with neuronophagia and
satelletosis and sub meningial encephalomalacia, with neuronal degeneration of purkinjie
cells were noticed and lesions, there was lyses of some neurons with demylenation of
nerve fibers and privascular and pricellular edema. This investigation proves the toxic
effects of Profenofos, and Chlorpyrifos at organ level.
Conclusion: The histopathological data showed that profenofos exhibited
histopathological changes in liver, kidney, spleen and brain. Liver showed hepatic cell
damage with degenerative changes. Kidney showed heamorrhages, edema, necrosis and
glomeruli shrinkage. The spleen showed slight deplesion of the lymphocytes of the white
pulp. The brain showed interstitial edema and severe necrosis. From these results we
concluded that liver is the most sensitive organ and profenofos damage the structure of
liver cells more severely than chlorpyrifos on albino mice.

Keywords: Profenofos; chlorpyrifos; male mice (Mus musculus); histopathology;
hepatotoxicity; tumors; liver; kidney; brain; spleen.

1. INTRODUCTION

Around the world, approximately three million acute poisoning and 220000 deaths from
pesticide exposure have been reported annually. In addition, farmers with prolonged
exposure, such as,  neurobehavioral abnormalities and increased cancer incidence, e. g.,
leukemia, nonhodgkin, Lymphoma and multiple myeloma. The potential utility of biomarkers
for monitoring both environmental quality and the health of organism inhabiting in the
polluted ecosystems has received increasing attention during the last years [2,3,4,5].
Toxicities of pesticides cause adverse effects on many organs. Other systems that could be
affected by organophosphorus (OP) intoxicant are immune system [6,7]; urinary system [8];
reproductive system [9]; pancreases [10]; and homological and biochemical changes [11].
Pesticides affect mitochondrial membrane transportation in mice liver [12]. Furthermore, it
disturbs cytochrome P450 system in human liver [13,14]. Meanwhile, (OPs) causes toxic
effects on other organisms [15]. Many insecticides are hydrophobic molecules which bind
extensively to biological membranes, especially to the phospholipids baitlayers [16]. The
majority of research done with pesticides is based on their lethal effects. Diagnosis and
predication of physiological consequences of sub lethal contamination can be obtained
thought histopathology [17,18,19,20,21]. Retention of (OPs) in the liver for days or months
after intoxication opposes the usual opinion that such pesticides are quickly degraded in
nature [22,23]. This work is important due to the use of pesticide as well as the use of any
potentially injurious chemical substance must be taking into consideration the balance of the
benefits that may be expected versus the possible risk of injury to human health or
degeneration of environmental quality [24]. The previous issue may be explore an help in
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establishing the no observed adverse effect levels (NOAEL) and the application of a safety
factors, there by arriving at an acceptable daily intake (ADI).

2. EXPERIMENTAL DETAILS

2.1 Animals

180 male albino mice were used in this investigation, aged 4-5 weeks and of mean weight
20 gram. The animals were randomly housed in appropriate stainless cages in group of 20
animals/cage. The animals were also monitored daily for abnormal symptom and weight
change was recorded weekly

2.2 Chemicals

Profenofos and Chlorpyrifos are an organophosphorus insecticides which introduced by
Giba-Geigy AG (Novartis). Commercially were kindly provided from Central Agricultural
Pesticide Laboratory (Dokki, Giza, Egypt) and all compounds were of 99 %  purity.

2.3 Animal Treatment Schedule

Randomized groups of mice housed in cages containing saw dust as bedding and were
allocated into 6 groups, each group contained 15 males, the first, second, and third, group
were treated with Profenofos at doses 1/10 LD50, 1/40 LD50 and daily acceptable intake (ADI)
via oral administration for 30, 60 and 90 days respectively. But the other (4 - 5 - 6) groups
were treated with Chlorpyrifos as a previously as mentioned in Table (1).

Table 1. Treatment schedule and design

Treatment Group No. Doses mg/kg./b.wt. Period Dose/week
Profenofos Group (1) 1/10 LD50 = 35 30, 60, and

90 days
two doses

Group (2) 1/40 LD50 = 8.95
Group (3) (ADI)        = 0.01

Chlorpyrifos Group (4) 1/10 LD50 = 15 30, 60, and
90 days

two doses
Group (5) 1/40 LD50 = 3.75
Group (6) (ADI)       = 0.01

2.4 Sampling

After completion of the treatment period each group were sacrificed by cervical dislocation,
mice were decapitated and liver, kidney, brain, and spleen were removed immediately,
washed with sodium phosphate buffer (pH 7.4). Histopathological samples were fixed in 10%
neutral buffered formalin and stored at 4°C for histopathological examination.

2.5 Histopathological Studies

The samples were removed and placed in fresh fixative, were washed in a running tap water
overnight, dehydrated in ascending grades of alcohol, cleared in xylol, fixed tissue samples
were processed routinely by paraffin embedding technique. Liquefied Para film, (melting
point between 55°C and 60°C) for one and a half hours.  After solidification of Para film, wax
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blocks were cut at section of 5.5 um in thickness were trimmed with rotary microtome at 200
um intervals, and every eight section thought the tissue was collected on the Super Frost
Plus slides and stained with haematoxylin and eosin.

2.5.1 Staining method

Haematoxylin and eosin [25]. The section were placed in descending grades of alcohol and
rinsed in distilled water. The sections were stained in haematoxylin for 1/2 minutes and then
placed in tap water for 3-5 minutes. Counter staining was done in 1 % solution of eosin for
one minute followed by washing in distilled water. The sections were dehydrated, cleared in
xylol and mounted in Canada balsam, (the nuclei will stain and the cytoplasm will take red
color). The resulting sections covered with cover slides to be ready for microscopically
examinations.

3. RESULTS AND DISCUSSION

3.1 Pathological Finding in Liver

The liver of mice which sacrified after one month (30 days) which treated with profenofos at
1/10 LD50 showed congestion, blood vessels and vacuolar degeneration of hepatocytes, with
focal infilration and mononuclear cells Fig. (1). While mice which treated with chlorpyrifos at
1/10 LD50 for two months (60 days) showed nearly all central viens and other hepatic blood
vessels were dilated Fig. (2). But the liver of mice which sacrified after three month (90 days)
which treated with profenofos at 1/10 LD50, revealed different abnormalities such as
hyperplastic proleferation of bile ducts were prononced with newly formed bile ductus Fig.
(3). While when treated with profenofos at 1/40 LD50 showed some hepatic cells necrosis
and disorganization with the formation of a denoid structure Fig. (4). On the other hand (ADI)
profenofos treatment showed slightand very rear hepatocytomegally Fig. (5). Mice exposed
to chlorpyrifos at 1/10 LD50 for 90 days showed condensation of chromatin Fig. (6). While
mice which trated with chlorpyrifos at 1/40 LD50 for 90 days showed hepatic cells under the
hepatic capsule were swallen with different types of degeneration Fig. (7). We can say that
profenofos and chlorpyrifos as a toxic materail reached to the liver via the gastro intestinal
tract blood supply, therefore, the necrosed aresa mainly appeared around portal tract. Also,
inflammatory cells were aggregated in portal tracts and present as differential foci in the liver
parenchyma. They act as a defence mechanism due to irritation of toxic material and
necrosed tisse for the same reson the kupfer cells were activated [26]. In high dose of
pesticides subcapsular haemorrhage was observed in the liver of the treated albino mice.
This ocurred due to damge of endotheliallining of blood vessels by the tested insecticides.
Liver lession were observed by many investigator [27]. Liver suffered from severe lesions
after treating the experimental animals with tested pesticides. Moreover, haemorrhage was
evident intertubular or subcapsular. This happened as a sequale of liver lessions which
leading to lack of clotting factors. Also, observed severs toxicicty led to necrosis of renal
tubules which were replaced with inflammatory cells. This findings were confirmed with
results of [28] and [29].
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From these results we concluded that toxicity assessment revealed that liver is the most
sensitive biomarker, and profenofos can be rated as highly toxic to mice in comparison with
chlorpyrifos. Generaly, Chlorpyrifos and Profenofos showed histopathological alterations in
liver of male mice like showing double nuclei, condensation of chromatin, degeneration,
necrosis, and odema were noted at 1/10 LD50, where minimal histological evidence of
damage was observed with low dose administration 1/40 LD50 that is agree with [30].

Major damages caused by profenofos toxicity were diffuse necrosis, cordal disarrangement,
individualization of hepatocytes, etc.; significant changes induced by chlorpyrifos were
hyperplasia, disintegration of hepatic mass, focal coagulative necrosis, etc [31]. In both
cases, damages were dose-dependent, with profenofos exhibiting more sensitivity than
chlorpyrifos.

Finally the results show that profenofos and chlorpyrifos exposure causes renal lesions in
mice liver. The frequency of liver lesions (steatosis, intravascular granulocyte accumulations,
interstitial cell infiltrations, lipid granulomas, portal fibrosis and bile duct hyperplasia) were
also highest in the exposed group to 1/10 LD50 profenofos more than mice group which
treated with 1/10 LD50 chlorpyrifos. The livers of both treated groups showed an abnormal
size and shape of hepatic cells. [32]. These results suggest that the effects of profenofos are dose

Fig. (1) congestion blood vessels and vacuolar degeneration of hepatocytes
Fig. (2) hepatic blood vessels were dilated
Fig. (3) hyperplastic proleferation of bile ducts were prononced
Fig. (4) necrosis and disorganization with the formation of a denoid structure.
Fig. (5) slight hepatocytomegally
Fig. (6) condensation of chromatin
Fig. (7) different types of degeneration
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dependent. Histopathological changes in liver and kidney were observed only in 1/10 LD50 chlorpyrifos
given group [33]. We suggest that mice exposed to profenofos and chlorpyrifos are at risk for
developing chronic liver damage.

3.2 Pathological Finding in Kidney

The kideny of sacrificed mice after one month (30 days) and two month (60 days) which
treated with chlorpyrifos at 1/10 LD50 showed periviouscular edema with congestion Fig. (8).
While treatment with profenofos at ADI for 90 days refered to Infeltration of mononuclear
cells and arround some of glomeruli Fig. (9), but with profenofos at 1/40 LD50 for two months
(60 days) refered to edema of Bowman,s capsule Fig. (10),  on the other hand profenofos
at1/10 LD50 for 60 days showed cytic dilalation of some renal tubules, also some renal
tubules showed coagulation necrosis Fig.(11). After three month (90 gays) when trated wirh
profenofos at 1/10 LD50 in addition the previous mentioned lesions, hemolysis and
heamorrphages were noticed in between renal tubules Fig. (12), renal casts with different
origens were clearly noticed Fig. (13), large number of renal tubules showed cystic dilatation
and glomeular lipopathy Fig. (14). Shrinkage of large number of glomeruli with edema Fig.
(15), and heamorthages were observed. One slides after three month (90 gays) when trated
wirh profenofos at 1/40 LD50 showed sever cystic dilation with renal casts and infeltration
with mononuclear cells and necrosis of renal tubules Fig. (16,17). The glomerular tubules of
the kidney were vaculated due to edema, with excessive toxicity concentration and
destruction of the glomerular tubules occurred which may be due degenerative changes.
Degeneration of renal tubules resulted from collection of albuminous material lining during its
excretion in the urine [27,34].

Necrosis of tubular epithelium, cloudy swelling of epithelial cells of renal tubules, narrowing
of the tubular lumen, contraction of the glomerulus and expansion of space inside the
Bowman's capsule were observed in the kidney tissues of fish after exposure [35].
Profenofos and chlorpyrifos caused degenerative changes in the kidney of mice. Changes
were more intense in mice which were treated with 1/10 LD50 profenofos than in mice treated
with 1/40 LD50 profenofos [36]. Finally the kidneys of treated mice showed tubular vascular
degeneration and lumen dilatation in both groups.

3.3 Pathological Finding in Spleen

The spleen of sacrificed mice tratment with chlorpyrifos at 1/10 LD50 after one and two
months showed disorganization of lymphocytes in lymphaid follicles Fig. (18), and in white
pulb it self Fig. (19), some slides showed absens of lymphaid follicels and lymphocytes
which spreaded all over the spleen when exposed to profenofos at 1/10 LD50 for 60 days Fig.
(20), while after three months (90 days) spleen showed depletion of lymphocyts in every
where of the spleen with sub capsular edema Fig. (21), sometimes extended to the red pulb
of the spleen with increase number of reticulo endothelial cells, mainly macrophages, Fig.
(22), other cases showed increasing the number of megaterrocytes with heamorrhages and
heamosideerosis Fig. (23). The toxic effect of profenofos and chlorpyrifos on hepatic lession
leading to congestion and hemorrhages of spleen. Also lymphocytes occurred, which many
be affected on the immunity. This findings were confirmed with results of [37].
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3.4 Pathological Finding in Brain

The brain of mice sacrificed after one month showed menengial heamorrhages Fig. (24) with
profenofos at 1/10 LD50, and cengestion of blood vessels Fig. (25), with neuronophagia and
satelletosis Fig. (26), after two months, sub meningial encephalomalacia Fig. (27), with
neuronal degeneration of purkinjie cells were noticed Fig. (28), but after three months, in
addetion to the previously mentioned lesions, there was lysis of some neurons with
demylenation of nerve fibers and privascular and pricellular edema Fig. (29). Some slides
revealed satillilosis, neuronophagia, focal gliosis and encephalomalacia with demyleration of
nerve fibers with chlorpyrifos treatment at 1/10 LD50 for 90 days Fig. (30). Histopathological
examination revealed congestion of blood vessels and vacuolar degeneration of hepatic
cells, necrosis and hepatocytomegaly with the increase of the number of cells showing
double nuclei. In kidney showed edema with congestion of renal blood vessels, edema of
Bowman's capsule and coagulation necrosis. In spleen showed edema, and increasing the
number of megaterocytes with hemorrhages and haemosiderosis. In brain showed
hemorrhages, congestion of blood vessels and edema. The authors finding proves the toxic
potential in terms of the damages induced by Profenofos, and Chlorpyrifos at organ level.
This findings were confirmed with results of [38,39,40].

18

Fig. (8) periviouscular edema with congestion.
Fig. (9) Infeltration of mononuclear cells and arround some of glomeruli
Fig. (10) edema of Bowman,s capsule
Fig. (11) cytic dilalation of some renal tubules and coagulation necrosis
Fig. (12) lesions, hemolysis and heamorrphages noticed in between renal tubules
Fig. (13) renal casts with different origens
Fig. (14) large number of renal tubules and glomeular lipopathy
Fig. (15) Shrinkage of large number of glomeruli with edema
Fig. (16-17) dilation with renal casts and infeltration with mononuclear cells
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Fig. (18) disorganization of lymphocytes in lymphaid follicles.
Fig. (19) white pulb it self
Fig. (20) absens of lymphaid follicels and lymphocytes
Fig. (21) depletion of lymphocyts in every, and edema
Fig. (22) sometimes extended to the red pulb of the spleen with increase number of

reticulo endothelial cells, mainly macrophages.
Fig. (23) increasing the number of megaterrocytes with heamorrhages and

heamosideerosis
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4. CONCLUSION

The histopathological data showed that profenofos and chlorpyrifos exhibited
histopathological changes in liver, kidney, spleen and brain. Liver showed hepatic cell
damage with degenerative changes. The kidney showed heamorrhages, edema, necrosis
and glomeruli shrinkage. The spleen showed slight deplesion of the lymphocytes of the white
pulp. The brain showed interstitial edema and severe necrosis. From these results we
concluded that toxicity assessment revealed that liver is the most sensitive biomarker, and
profenofos the most exert histopathological effects on albino mice comparison with
chlorpyrifos. On the other hand, Chlorpyrifos and Profenofos showed histopathological
alterations in liver of male mice like showing double nuclei, condensation of chromatin,

Fig. (24) menengial heamorrhages.
Fig. (25) cengestion of blood vessels
Fig. (26) neuronophagia and satelletosis
Fig. (27) sub meningial encephalomalacia
Fig. (28) demylenation of nerve fibers and privascular and pricellular edema.
Fig. (29) lysis of some neurons with demylenation of nerve fibers and privascular and

pricellular edema
Fig. (30) satillilosis, neuronophagia, focal gliosis and encephalomalacia with

demyleration of nerve fibers
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degeneration, necrosis, and odema were noted at 1/10 LD50, where minimal histological
evidence of damage was observed with low dose administration 1/40 LD50 .

ETHICAL APPROVAL

All authors hereby declare that "Principles of laboratory animal care" (NIH publication No.
85-23, revised 1985) were followed, as well as specific national laws where applicable. All
experiments have been examined and approved by the appropriate ethics committee.

COMPETING INTERESTS

Authors have declared that no competing interests exist.

REFERENCES

1. Sarah G, Saad MI, Yahia M, Naglaa L, Amina AD, Mohamed TA. Human Risk
Assessment of Profenofos: A Case Study in Ismailia, Egypt. Publishing models and
article dates explained. 2010;28-47.

2. Lopes PA, Pmheiro T, Santos MC, Mathias ML, Coltares-Pereira MJ, Viegars-Crespo
AM. Response of antioxidant enzyme in fresh water fish populations (Leucalburnoides
complex) to inorganic pollutants exposure, Sci., Total Environ. 2001;280:153-163.

3. Torre FR, Fenari L, Salibian A. Biomarkers of a native fish application to the water
toxicity assessment of a peri-urban poliuted river of Argentina, Chemosphere.
2005;59:577-583.

4. Mdegela R, Myburgli J, Correia D, Braathen M, Ejobi F, Botha C, Sandvik M, Skaare
JU. Evaluation of the gill filament-based EROD assay in African sharp tooth catfish
(Clarus gariepinus) as a monitoring tool for waterborne PAH-rype contaminates.
Ecotoxicology. 2006;15:51-59.

5. Minier C, Abarnou A, Jaouen-Madoulet A, Le Guellec AM. A pollution monitoring pilot
study involving contaminant and biomarker measurements in the Seine Estuary,
France, using zebra mussels. Environ. Toxicol. Chem. 2006;25:112-119.

6. Handy RD, Abd-El Samei HA, Bayomy MF, Mahran AM, Abdeen AN, El-Elaimy EA.
Chronic diazinon exposure, pathologies of spleen, thymus, blood cells, and lymph
nodes are undulated by dietary protein or lipid in the mouse. Toxicology. 2002;17:13-
34.

7. Neishabouri EZ, Hassan ZM, Azizi E, Ostad SN. Evaluation of immunotoxicity induced
by diaxinon in mice. Toxicology. 2004;196:173-179.

8. Rodrigo I, Hernandez AF, Lopez-Caballero JJ, Gil F, and Pia A. Evidence for the
expression and induction of paraoxonase in rat liver, kidney, lung, and brain tissues,
implications for its physiological role, Chem. Biol. Interact. 2001;137:123-137.

9. Joshi SC, Mathur R, Gajraj A, Sharma T. Influence of methyl parathion on
reproductive parameters in male rats. Environ toxicol. Pharmacol. 2003;14:91-98.

10. Hagar HH, Fahmy AH. A biochemical, photochemical, and ultra structural evaluation of
the effect of dimethoate intoxication on rat pancreases. Toxicol. 2002;133:161-170.

11. Blaquiere GE, Waters L, Blain PG, Williams FM. Electrophysiological and biochemical
effects of single and multiple doses of the organophosphate diazinone in the mouse.
Toxicol. Appl. Pharmacol. 2000;166:81-91.

12. Nakagawa Y, Moore G. Role of mitochondrial membrane permeability transition in p-
hydroxybenzoate ester-induced cytotoxicity in rat hepatocytes, Biochem, Pharmacol.
1999;58:811-816.



Annual Research & Review in Biology, 4(5): 766-777, 2014

776

13. Kappers, WA, Fdwards RJ, Murray S, Boobis AR. Diazinon is activated by CYP2C19
in human liver. Toxicol, Appl Pharmacol. 2001;177:68-76.

14. Sams C, Cocker J, and lennar MS. Metabolism of chlorpyrifos and diazinon in human
liver microsomes. Toxicol. 2003;144-146.

15. Keizer JD, Agostino G, Nagel R, Volpe T, Gnemi P, Vitrozzi L. Enzymological
differences of AChE and diaznon hepatic metabolism correlation of in vitro data with
the selective toxicity of diazinon to fish species, Sci. Total Environ. 1995;171:213-220.

16. Lee A, East J, Balgaue P. Interaction of insecticides with biological membranes. Pest.
Sci. 1991;32:317-327.

17. Anees MA. Hepatic pathology in fish water telost Chama punctatus (Bloch) exposed to
sub-lethal and chronic levels of three organophosphorus insecticides. Bull. Environ.
Contam. Toxicol. 1978;19:525-527.

18. Bender M.E. Bender, Uptake and retention of malathion by the carp. Fish. .
Fundamental and Applied Toxicology. 1969;29:119-130.

19. Fanta. Bone para an agricultural, runis para os peixes. Germinis Bolm. Inf, Conis. Fed.
Biol. 1987;3-4.

20. Rodrigues, Fanta E. Liver histopathology of the fish after acute exposure to sub lethal
levels of the organophosphate dimethoate 500. Rev. Bras. Zool. 1998;15:441-450.

21. Silva HG, Medina E, Fanta, Bacila M. Sub-lethal effects of the organophosphate
Folidol 600 (methyl parathion) on Callichthys callichthys (Pisces, Teleosteri). Comp.
Biochem. Physiology. 1993;105:197-201.

22. Ansari, Kumar. Malathion toxicity. Pathological changes in the liver of zebra fish,
Brachidanio rerio (cyprinidae), Bol. Fisiol. Anim. Univ. S. Paulo. 1987;11:27-34.

23. Murty AS. Toxicity of pesticides to fish. Handbook of human Toxicology of Pesticides
CRC Press, Inc., N.W., Boca Raton, Florida; 1986.

24. FAO/WHO. Evaluation of some pesticides in food. WHO Food Additive Serious No,
42. World Health Organization Geneva; 1981.

25. Drury RA, Wallington EA. Technique. Fourth Edition Oxford University Press, New
York, Toronto; 1980.

26. Abd-Allah GH. Effect of dimetoate and decamethrin on reproductive performance an
on some haematobiochenical characteristics in male rabbits. Ph.D. Thesis, Fac. of
Agric, Alexandria Univ; 1987.

27. Chu ID, Villeneeuve C, Sun W, Secours V, Procter B, Arnold E, Clegg D, Reynolds L,
and Valli VE. Toxicity of toxaphene in the rat and beagle dog. Fund. Appl. Toxicol.
1986;7(3):406-418.

28. Gupta RC, Singh N, Paul BS, Kwatra MS. Role of residual estimation and clinic-
biochemical and pathological changes in diagnosis of toxicity in bubals caused by
malathion. Indian. J. Anim. Sci. 1981;51(6):616-622.

29. Kehrer JP, Klenin-Szanto AP, Thurston DE, Lindenschmidt RC, Wotschi HR. O, S, S,
trim ethyl phosphorodithioate induced lung damage in rats and mice. J. Toxicol. Appl.
Pharmacol. 1986;84:480-492.

30. Ahmed AH, Mansour HZ, E l-Sayed AA, Abd El-Aziz AD, Reham ZH. Ameliorative
Role and Antioxidant Effect of Propolis and Ginseng against Reproductive Toxicity of
Chlorpyrifos and Profenofos in Male Rats. Life Sci J.  2012;9(3):2557-2567.

31. Sarkar B, Chatterjee A, Adhikari S, Ayyappan S.  Carbofuran- and cypermethrin-
induced histopathological alterations in the liver of Labeo rohita (Hamilton) and its
recovery. Journal of Applied Ichthyology. 2005;21(2):131-135.

32. Sonne C, Wolkers H, Leifsson PS, Jenssen BM, Fuglei E, Ahlstrøm O, Dietz R,
Kirkegaard M, Muir DC, Jørgensen E. Organochlorine-induced histopathology in
kidney and liver tissue from Arctic fox (Vulpes lagopus). Chemosphere.
2008;71(7):1214-1224



Annual Research & Review in Biology, 4(5): 766-777, 2014

777

33. Nahla SS, Rasha AE, Fawzia S, Omema S.  Prophylactic effect of vitamin E against
hepatotoxicity, nephrotoxicity, haematological indices and histopathology induced by
diazinon insecticide in mice. Current Zoology (formerly Acta Zoologica Sinica).
2009;55(3):219-226.

34. Nebbia CG, Fogliato TG. Diagnosis of paraquat poisoning in the dog objective.
Document Veterinary. 1987;8(6):49-52.

35. Babu V, Mariadoss S, Elif IC. Histopathology of lambda-cyhalothrin on tissues (gill,
kidney, liver and intestine) of Cirrhinus mrigala. Environmental Toxicology and
Pharmacology. 2007;24(3):286–291.

36. Somia el-M, Madiha F. Pathological effects of dichlorvos and fenitrothion in mice.
Pathol Res Pract. 2012;15(5):286-291.

37. Chaudhary S, Sahal S. Lambda-cyhalothrin-induced changes in oxidative stress
biomarkers in rabbit erythrocytes and alleviation effect of some antioxidants.
Toxicology in Vitro. 1994;21:392-397

38. Balli SY, Ozmen M. Cytogenetic and clinic pathologic changes associated with
exposure of male Baladi goat to low dose of organophosphorus pesticide selecron.
Regulatory Toxicology and Pharmacology. 1996;6:416-421.

39. Piramanayagam S, Manohar BM, Sundararaj A. Histopathological changes induced by
pesticide in rats. Proceedings of the Academy of Environmental Biology. 1996;3:119-
123.

40. Tos-Luty S, Obuchowska-Przebirowska D, Latuszynska J, Tokarska-Rodak M,
Haratym-Maj A. Toxicity of dermally applied alpha-cypermethrin in rats. Toxicology.
2003;165(2):148-157.

_________________________________________________________________________
© 2014 El-bendary et al.; This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:

http://www.sciencedomain.org/review-history.php?iid=325&id=32&aid=2575


