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Abstract: Malachite green (MG) is a green-colored synthetic triphenylmethane dye of
industrial and medicinal uses as well as it is used as a food additive. MG enters the food chain
and causes several cytotoxic, mutagenic and carcinogenic effects on mammalian body.
However, few information are available about the mechanism of these toxic effects. Our study
aimed to evaluate the hepato - toxic effects and genotoxicity of MG and to estimate the role of
oxidative stress. Serum biochemical and hepatic antioxidant parameters were detected after MG
oral administration in mice. Also, comet test and histopathological examinations were carried
out on liver tissue. In this study mice were divided into three groups (20 animals/group) , First
group was orally administered normal saline and kept as the control, second group was orally
administered 2.5 mg/Kg body weight (1/20 LD50), while the third group was orally
administered 5 mg/Kg body weight (1/10 LD50). Samples were taken after 14 and 28
consecutive days. The results revealed that MG increased serum liver enzymes and decreased
total protein besides DNA damages in hepatic tissue after 28 days. There was hydropic
degeneration of hepatocytes, dysplasia, congestion of central vein with focal necrosis.
Oxidative stress may have role.
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Introduction

Malachite green (MG) is a triarylaminmethane water soluble dyeof multiple uses. It is commonly used
as a food additive and a food coloring agent. It has fungicidal, antiseptic,anthelminthic effects and used as an
medical disinfectant and effective treatment to proliferative kidney disease of salmonid fish, moreover it is used
as a dye in silk, wool, jute, leather, cotton, paper and acrylic industries™.

Although MG has been prohibited by several agencies in different countries it still used due to its
efficacy, its relative low cost and high availabilityz.

Leucomalachite green (LMG) is the reduced form of MG rapidly formed after MG absorption and has
high tissue persistence even at the high temperature of cooking3 and slow elimination rate which reaches 10
months*.
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MG enters the food chain and causes several cytotoxic, mutagenic, and carcinogenic effects on
mammalian body .However, few information are available about the mechanism of these toxic effects, the
generation of free radicals and oxidative stress induction may be accused>®. In addition to the previous toxic
effects, MG might induce genotoxicity particularly through chromosomal breaks’.

The repeated oral dosing with MG in rabbit causes renal changess. In rats and mice, it decreases food
intake, growth and fertility rates. Also, it induces damage to liver, spleen, kidney and heart and produces lesions
in skin, eyes, lungs and bones along with its teratogenic effects’. 10Long—term (28 days) administration of MG
in rats produced prominent weight loss and changes in serum levels of urea and aspartate aminotransferase.

MG has mutagenic effects in rats and mice; and also causes significant developmental abnormalities in

pregnant New Zealand white rabbits™. LMG in the thyroid gland results in tumors in thyroid follicle cells of
12
rats-”.

Administration of MG for 6 weeks resulted in mild circulatory disturbance that noticed as congestion of
blood vessels with hepatic sinusoidal dilatation especially after 2 weeks exposure and hydropic degeneration of
the hepatic cells that was detected all over the experimentls. Hepatic histopathological changes, characterized
by deviated nuclei on sinusoidal surface and scattered acidophil bodies in hepatic cells with abnormal shaped
nuclei and mild lobular inflammation, were seen after oral administration of MG for 7 and 14 days in mice.
These effects increased at the 21 and 28 days“.

Malachite green exhibits a highly cytotoxic action, lipid peroxidation and the formation of dangerous
free radicals on all mammalian cells®>. However, Information on genotoxicity, bioaccumulation and
reproductive genotoxicity is still incomplete and the acceptable daily intake (ADI) limits have not been set *°.

Our work aimed to investigate the possible toxic effects of MG on liver, the genotoxicty induced by
MG oral administration in mice and to detect the role of oxidative stress in these toxicities.

Materials and Methods
Chemicals

Malachite green was purchased from Loba Chemie company (India). kits used for antioxidant
parameters were obtained from Cayman Chemical Co. (Ann Arbor, Michigan, USA), kits used for serum
biochemical parameters were bought from Biodiagnostics Co. (Cairo, Egypt) ,while comet assay kits were
obtained from Sigma-Aldrich Chemical Company (St Louis, Missouri, USA). All chemicals were of the highest
analytical grade.

Animals

Sixty healthy male mice of (8 weeks old with an average weight of 20-25 g) were obtained from the
laboratory animals resource center, faculty of veterinary medicine, Suez Canal University, Ismailia, Egypt and
kept to acclimatize for one week before the beginning of the experiment. Animals were maintained under
standard conditions of temperature, humidity and light, standard food and water were allowed ad libitum. The
study was approved by the Research Ethical Committee of the Faculty of Veterinary Medicine,Suez Canal
University, Ismailia, Egypt.

Animal Treatments

After the acclimatization animals were divided into 3 groups (20animals/group). First group was orally
administered normal saline and kept as control, second group (low dose group) was orally administered 2.5
mg/Kg body weight (1/20 LD50, 16 while, the third group (high dose group) was orally administered 5mg/Kg
body weight (1/10 LD50, *]). The study was conducted for 14 and 28 consecutive days. After 24 h of the last
dose, blood samples were collected from the medial canthus of the eye in non-heparinized tubes and left to clot
at room temperature then centrifuged at 1200g (3000 r/min) for 15 min. Sera were then collected and kept at —
20 °C for biochemical analysis.
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Mice were sacrificed then livers were rapidly excised from each animal and washed with normal saline
solution (0.9% NacCl in distilled water). A part of liver samples were kept in 1.5 mL Eppendorf tubes at -80 °C
for evaluation of antioxidants biomarkers and single cell gel electrophoresis / comet assay for genotoxicity
assessment and the other part was reserved in 10% buffered formalin for histopathological examination.

Serum biochemical analysis of liver enzymes and protein

Serum used to estimate Alkaline phosphatase (ALP) according to’”, alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) according to'®, while total protein was measured according to®.

Liver tissue antioxidant status

Liver tissue used to estimate, superoxide dismutase (SOD) according to®, Catalase according to the
method of*, glutathione reductase (GSH) according to the method of?2 while, glutathione peroxidase (GPx)
was estimated according to®®,

Single cell gel electrophoresis (SCGE) / comet assay for genotoxicity assessment

The method is according to *. In summary, place a piece of liver tissue in 1 mL cold Hank's Balanced Salt
Solution (HBSS) containing 20 mM EDTA with 10% Dimethylsulfoxide (DMSQ). Mince into large pieces, let
settle, aspirate mincing solution, add new fresh mincing solution, mince into finer pieces, remove and mix 5 pl
of the cell suspension with 75 ul Low Melting Point Agarose (LMPA).

Liver histopathological examination

Liver sections taken immediately from each animal and fixed in 10% buffered formalin then embedded in
paraffin. Sections (4-5 pm thick) were stained with hematoxylin and eosin (H-E) then examined
microscopically for the pathological findings of hepatic changes.

Statistical analysis

Data were analyzed using SPSS version 17.0 (SPSS Inc., Chicago, Illinois). One way ANOVA was
done followed by Duncan’s post hoc to determine the significant differences among means in this study. These
differences were analyzed at the 5% probability level (P value of <0.05 was considered statistically significant).
All data were expressed as means +SE.

Results
Serum biochemical parameters

There were no-significant differences between control and both MG treated groups in ALP, ALT, AST
and total protein after 14 days (Table 1 & Fig.1). After 28 days there was significant increase of ALP, AST, and
ALT in addition to significant decrease of total protein in low dose group compared with the control group
while, in high dose group there was significant increase of ALP and no significant difference in AST, ALT, and
total protein when compared with the control group (Table 2 & Fig.1).

Table 1: Serum biochemical parameters after 14 days administration of malachite green

Parameter/ Group Control Low dose High dose

ALP U/L 265.80° + 14.69 226.30° + 36.05 260.20° +18.37
ALT u/ml 105.53" + 3.76 58.87° +10.46 78.30° +9.92
AST u/ml 467 + 652 249.57° + 76.26 399.57° +62.74
total protein 2.91° +0.10 2.53°  +0.39 273  +0.35

Note: Data are expressed as means + SE. Values having different alphabetic superscripts within the same raw
are significantly different (P < 0.05).


http://cshprotocols.cshlp.org/content/2006/1/pdb.rec548.full?text_only=true
http://cshprotocols.cshlp.org/content/2006/1/pdb.rec548.full?text_only=true
http://cshprotocols.cshlp.org/content/2006/1/pdb.rec548.full?text_only=true
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Table 2: Serum biochemical parameters after 28 days administration of malachite green

Parameter/ Group Control Low dose High dose

ALP U/L 315.20* +35.92 402.00® +41.44 466.40° + 39.65
ALT u/ml 158.93° +31.63 319.37% +29.81 122.67b  +£33.59
AST u/ml 506.07" + 91.69 953.90* +200.13 499.53b +108.96
total protein 499" +0.44 3.78° +0.35 512a  +0.87

Note: Data are expressed as means + SE. Values having different alphabetic superscripts within the same row
are significantly different (P < 0.05).
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Figure 1: Effect of MG low and high doses on Serum biochemical parameters .(A) effect of MG low and
high doses after 14 days administration, (B) effect of MG low and high doses after 28 days
administration.

Liver tissue antioxidant parameters

Oral administration of MG caused significant decrease of all antioxidant parameters (SOD, Catalse,
GSH and GPx) in all treated groups all over the experimental period compared with the control group (Tables

3,4 & Fig.2).

Table 3: Antioxidant parameters in hepatic tissue after 14 days administration of malachite green

Parameter/ Group Control Low dose High dose

SOD U/ g tissue 84.63" + 3.67 58.10° + 2.55 42.30°+ 1.51
Catalase U/ g tissue 10.97° +0.41 5.80° +0.35 3.50° +0.12
GSH mg/g tissue 102.87" +5.79 43.23°+ 1.36 25.17° + 1.20
GPx mol /g tissue 0.71% +0.03 0.54” +0.02 0.32° +0.01

Note: Data are expressed as means +SE. Values having different alphabetic superscripts within the same raw
are significantly different (P < 0.05).

Table 4: Antioxidant parameters in hepatic tissue after 28 days administration of malachite green .

Parameter/ Group Control Low dose High dose

SOD U/ g tissue 100.70° + 10.16 38.57" + 3.08 22.50° + 2.05
Catalase U/ g tissue 11.50* +0.46 3.53" +0.19 1.93° +0.15
GSH mg/qg tissue 118.77% + 2.09 28.80° + 1.36 17.73°+1.22
GPx mol /g tissue 0.83* +0.06 0.32° +0.02 0.11° +£0.01

Note: Data are expressed as means + SE. Values having different alphabetic superscripts within the same raw
are significantly different (P < 0.05).
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Figure 2: Effect of MG low and high doses on liver antioxidant parameters .(A) effect of MG low and

high doses after 14 days administration, (B) effect of MG low and high doses after 28 days

administration.

Single cell gel electrophoresis (SCGE) / comet assay for genotoxicity assessment

62

After 14 days oral administration of MG there were no significant differences between low dose, high
dose , and the control group in Comet%, head diameter, DNA % in head, tail length and the tail moment,
although there was significant increase in tail DNA % between the three groups (Table 5). Moreover, after 28
days administration of MG there was significant difference between the two treated groups and the control group
characterized by increase in tail length ,DNA% in tail and the tail moment and decrease in DNA % in head,
however there was no significant difference between the two treated groups in Comet% and head diameter
when compared with the control group (Table 6).these data concluded that 28 days administration of MG by
both low and high doses caused DNA damages and genotoxicity indicated by the presence of significant
increase of tail length , DNA % in Tail , and tail moment. (Fig. 3,4)

Table 5: Comet assay parameters on liver tissue after 14 days administration of malachite green.

Parameter/ Group Control Low dose High dose
Comet% 13.73* +£0.80 17.87" +1.79 15.33% +1.25
head diameter (px) 65.60° + 7.30 57.60°+1.97 69.83° + 3.68
DNA % in head 83.80° +4.40 85.07°+1.17 82.43%+ 0.64
Tail length 8.50% +1.50 10.07%+1.62 9.87% +0.73
DNA % in tail 11.04%+0.73 14.90° +1.20 17.53° £ 0.64
Tail moment 1.21% +£0.10 1.92% +0.44 2.00° +0.29

Note: Data are expressed as means + SE . Values having different alphabetic superscripts within the same raw
are significantly different (P < 0.05).

Table 6: Comet assay parameters on liver tissue after 28 days administration malachite green.

Parameter/ Group Control Low dose High dose

Comet% 17.10% £ 2.06 20.77%+1.94 19.27%+2.40
Head diameter (px) 70.63%+9.39 71.53%+ 10.65 80.37%+4.32
DNA % in head 82.77%+0.37 76.40° +0.81 84.03°+1.33
Tail length 7.82% +£0.99 15.32" + 3.09 18.50°+ 0.97
DNA % in tail 17.17%+0.33 21.37° £2.34 27.40° +0.87
Tail moment 2.24% +0.47 3.28" £0.39 6.23° +0.61

Note: Data are expressed as means + SE . Values having different alphabetic superscripts within the same row
are significantly different (P < 0.05).
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Figure 3:- Evaluation of DNA damage by comet assay in liver. (A) indicate intact nucleus (referred by
red arrow) of control group, (B) indicate moderate degree of DNA damage with short DNA tail (referred
by red arrow) after 28 days treatment with MG low dose , (C) sever degree of DNA damage with long
DNA tail (referred by red arrow)l after 28 days treatment by MG high dose.
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Figure 4:- Evaluation of DNA damage by comet assay in liver. (A &B) are comet parameters after 14
days treatment with MG using low and high doses ,while (C &D) are comet parameters after 28 days
treatment with MG using low and high doses.

Histopathological Results

In control groups there was preserved hepatic lobular architecture with hepatocytes arranged in cell
plates with sinusoidal spaces in-between, cells showed abundant eosinophilic cytoplasm and central nucleus.

After 14 days of MG administration the liver tissue showed preserved architecture with hepatocytes arranged in
thin and thick cell plates. There was moderate hydropic degeneration of hepatocytes (fragmentation and
clearing of cytoplasm), with mild focal necrosis and congested vessels in both doses. After 28 days of the MG
administration in a high dose livers demonstrated partially preserved architecture with hepatocytes arranged in



Sohair Kasem et al /Int.]J. PharmTech Res. 2016,9(3),pp 58-67. 64

thick cell plates with partially obliterated sinusoids. There was moderate focal lymphocytic infiltrate with
scattered cells showing dysplastic large nuclei and moderately congested central vein. In case of the low dose
group the changes were more evident as the liver tissue showed partially distorted lobular architecture with
hepatocytes arranged in thick cell plates. There is marked diffuse hydropic degeneration of hepatocytes
(fragmentation and clearing of cytoplasm), focal dysplastic large nuclei along with few necrotic and apoptotic
cells. (Fig.5).
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Figure 5:- Hepatic sections (H&E X400). After 14 days (A: Control, B: MG 2.5 mg/kg.b.wt. - intoxicated,
C: MG 5 mg/kg.b.wt. - intoxicated) and 28 days (D: Control, E: MG 2.5 mg/kg.b.wt. - intoxicated, F: MG
5 mg/kg.b.wt. - intoxicated) treated rats with malachite green.

Discussion

Treatment with MG for 28 days resulted in significant increase of ALT ,AST, and ALP in addition to
significant decrease of total protein, the same results were observed by14. This increase of liver enzymes may
be attributed to the hepatocellular damage resulting from chemical-toxicity, where these enzymes levels showed
an intimate relationship to cell necrosis and/or increased cell membrane permeability that leads to discharge of
the enzyme to blood stream and increase of its level in serum?®. While the decrease of total protein may be due
to the cellular damage caused by toxins®® or due to the increase in messenger RNA degradation by the effect of
reactive oxygen species (ROS) produced by the MG toxicity27. Administration of MG for 14 days revealed non-
significant changes between control and treated groups in serum liver enzymes and total protein.

MG low and high doses for 14 and 28 consecutive days caused significant decrease of all estimated
antioxidant parameters (SOD, Catalse, GSH and GPx) the same results were observed by Jayanta et al.®®, This
reduction may be attributed to the oxidative stress status and the reactive oxygen species (ROS) induced by MG
in hepatic tissue, and the important role of these parameters in scavengering free radicals so in case of MG
toxicity the antioxidant parameters stores are substantially depleted by large amount of ROS produced and this
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depletion is crucial determinant for liver necrosis and cell death in oxidative stress conditions®>?**%3L Harmful

effects caused by ROS occur as a result of an imbalance between the formation and inactivation of these species
leading to abnormalities in cellular physiology and different pathological conditions®. The ROS cause
oxidative damage to several biomolecules including DNA, lipids, proteins, and Iipoproteins33.

After 14 days oral administration of MG there were no significant differences between the low dose,
high dose , and the control group in Comet%, head diameter, DNA % in head, tail length and the tail moment,
although there was significant increase in tail DNA % between the three groups. Moreover, after 28 days
administration of MG there was significant difference between the two treated groups and the control group
characterized by increase in tail length ,DNA% in tail and the tail moment and decrease in DNA % in head,
however there was no significant difference between the two treated groups in Comet% and head diameter
when compared with the control group .these data indicated the genotoxicity induced by MG in both doses
markedly after 28 days treatment These results were in the same line with®, who observed a dose-dependent
increase in DNA damage in the form of ‘tail moment’ by MG, which is indicative of induction of DNA strand
breaks. Also’ reported that, MG induced genotoxicity particularly through chromosomal breaks. This may be
attributed to the oxidative stress and DNA oxidative damage as a result of production of high levels of free
radicals'®. The loss of hepatic architecture and hydropic degeneration as well as lymphocytic infiltration and
focal necrosis in animals intoxicated with MG were noticed in the present study. The histopathological results
also confirmed the hepatotoxicity. Our histopathological findings were matching with those of >4,

Conclusion

Our study concluded that MG administration using the both tested doses for 28 days revealed sever
toxicity which indicated by the increase of liver enzymes, decrease in total protein, decrease of antioxidant
parameters in hepatic tissue, and increased DNA damages in liver tissue, on contrary these effects not appears
in the 14 days administration .For the previous reasons, it was important to pay great attention to the selection
of malachite green to be used, take into account the recommended dosages and exposure periods.

Corresponding Author:

Abdelaziz E. lbrahim Department of Forensic Medicine and Toxicology, Faculty of Vet. Medicine,
Suez Canal University, Ismailia, 41522, Egypt. Laboratory animal resource center, Faculty of medicine,
Tsukuba University, Tennodai, Tsukuba city, Ibaraki-305-8577, Japan. e-mail: abdelazizzeftawy@yahoo.com

References

1.  Culp, S.J., Beland, F.A. (1996). Malachite green: a toxicological review. J Am Coll Toxicol; 15: 219-
238.

2. Yang, M.C., Fang, J.M., Kuo, T.F., Wang, D.M., Hunag, Y.L., Liu, L.Y., Chen, P.H., Chang, T.H.
(2007). Production of antibodies for selective detection of malachite green and the related
triphenylmethane dyes in fish and fishpond water. J Agric Food Chem 55:8851-8856.

3. Mitrowska, K., Posyniak, A., Zmudzki, J. (2007). The effects of cooking on residues of malachite green
and leucomalachite green in carp muscles. Anal Chim Acta; 586: 420-425.

4, Machov4, J., Svobodova, Z., Svobodnik, J., Piacka, V., Vykusova, B., Kocov4, A.(1996) Persistence of
malachite green in tissues of rainbow trout after a long-term therapeutic bath. Acta Vet Brno; 65: 151-
159.

5. Srivastava, S., Sinha, R., Roy, D. (2004). Toxicological effects of malachite green. Aquat Toxicol
66:319-329.

6. Chowdhury, S., Saha, P. (2010). Sea shell powder as a new adsorbent to remove Basic Green 4
(Malachite Green) from aqueous solutions: equilibrium, kinetic and thermodynamic studies. Chem Eng
J 164: 168-177.

7. Singha, B. K. (1989). Free radicals in anticancer drug pharmacology. Chem.-Biol. Interact., 69, 293 -
317.

8.  Desciens, R., Bablet, J. (1994). Recherches sur la toxicite des derives triphenylmethaniques
anthelminthiques on the laminthgues. Compt. Rendus. Soc. Biol. 138, 838-839.



Sohair Kasem et al /Int.]J. PharmTech Res. 2016,9(3),pp 58-67. 66

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Culp, S.J., Blankenship, L.R., Kusewitt, D.F., Doerge, D.R., Mulligan, L.T., Beland, F.A., (1999).
Toxicity and metabolism of malachite green and leucomalachite green during short-term feeding to
Fischer 344 rats and B6C3F1 mice. Chem. Biol. Interact. 122 (3), 153-170.

Clemmensen, S., Jensen, J.C., Jensen, N.J., Meyer, O., Olsen, P., Wurtzen, G. (1984). Toxicological
studies of malachite green: a triphenyl methane dye. Arch. Toxicol. 56, 43-45.

Meyer, F.P., Jorgensen, T.A. (1983). Teratological and other effects of malachite green on the
development of rainbow trout and rabbits. Trans. Am. Fish. Soc. 112 (6), 818-824.

Doerge, D.R., Chang, H.C., Divi, R.L., Churchewell, M.I. (1998b). Mechanism for inhibition of thyroid
peroxidase by leucomalahchite green. Chem. Res. Toxicol. 11 (9), 1098-1104.

El-Neweshy, M. S. and Abou Srag, M. A. (2011). Chronic malachite green toxicity in Nile tilapia:
Pathological and hematological studies with special reference to quantitative histopathological
assessment. Researcher;3(4).

Donya, S.M., Farghaly, A.A., Abo-Zeid, M.A., Aly, H.F.,. Ali, S.A., Hamed, M.A., El-Rigal, N.S.,
(2012).Malachite Green induces genotoxic effect and biochemical disturbances in mice European
Review for Medical and Pharmacological Sciences. 16: 469-482 .

Sudova, E. J. Machoval , Z., Svobodova, T., Vesely (2007). Negative effects of malachite green and
possibilities of its replacement in the treatment of fish eggs and fish: a review. Veterinarni Medicina,
52, 2007 (12): 527-539.

Clemmensen S., Jensenet, J,C., Jensen, N.J., Meyer, O., Olsen, P.,& Waurtzen, G. (1984). toxicological
studies on malachite green : Atriphenylmethane dye. Arch.Toxicol.,56,43-45.

Tietz, N.W., Burtis, C.A., Duncan, P., Ervin, K., Petitclerc, C.J., Rinker, A.D.,Shuey, D., and
Zygowicz, E.R. 1983. A reference method for measurement of alkaline phosphatase activity in human
serum. Clin. Chem. 29: 751-761.

Reitman, S., and Frankel, S. (1957). A colorimetric method for the determination of serum glutamic
oxalacetic and glutamic pyruvic transaminases. Am. J.Clin. Pathol. 28: 56-63.

John Savory, M., Geraldine Heintges, Meena Sonowane, and Robert E. Cross (1976). Measurment of
total protein and albumin in serum with centrifugal analyzer. CLIN. CHEM. 2217, 1102-1104.

Maier, C.M. and Chan, P.H.(2002). Role of superoxide dismutases in oxidative damage and
neurodegenerative disorders. The neuroscientist 8(4), 323-334.

Beers, R. F. Jr. and Sizer, I. W.(1952). A Spectrophotometric Method for Measuring the Breakdown of
Hydrogen Peroxide by Catalase. J. Biol. Chem. 195, 133-140 .

Foyer, C.H., Lelandais, M., and Kunert, K.J.(1994). Photooxidative stress in plants. physiol.
plants.92,696-717.

Ursini, F., Maiorino, M., and Gregolin, C. (1985). The selenoenzyme phospholipid hydroxide
glutathion peroxidase Biochim. Biophys. Acta 839, 62—70.

Alok Dhawan, Diana Anderson, Sonia de Pascual-Teresa, Celentino Santos-Buelga, Michael N.
Clifford and Costas loannides (2002). Evaluation of the antigenotoxic potential of monomeric, dimeric
and black tea polyphenolics against heterocyclic amine-induced DNA damage in human lymphocytes
using the comet assay. Mutat. Res. 515, 39-56.

Mittelstaedt, R.A., Mei, N., Webb, P.J., Shaddock, J.G., Dobrovolsky, V.N., Macgarrity, L.J., Morris
SM, Chen, T., Beland, F.A., Greenlees, K.J., Hexich. R.H. (2004). Genotoxicity of malachite green and
leucomalachite green in female Big Blue B6C3F1 mice. Mutat Res; 561: 127-138.

Parasad, M.R., Popescu, L.M., Moraru, L.I., Liu, X., Maity, S., Engdoman, R.M., Das, D.K. (1991).
Role of phospholipase A,and C in myocardial ischemic reperfusion injury. Am J Physiol; 29: H877-
883. 61.

Metwally, A.A., Janku, 1., Komper, F., Khayyal, M.T., Fbeid, F.A., Botros S.S. (1990) .Effect of
schistosomiasis infection on the clearance of phenazone in mice1990. Arzneimittel Forschung; 40: 206-
220.

Jayanta Kumar Dasa, Sibani Sarkarb, Ugir Hossain Skc, Pramita Chakraborty, Rajat Kumar Das &
Sudin Bhattacharya (2013). Diphenylmethyl selenocyanate attenuates malachite green induced
oxidative injury through antioxidation & inhibition of DNA damage in mice .Indian J Med Res 137, pp
1163-1173.

Hidaka, 1., Hino, K., Korenaga, M., Gondo, T., Nishina, S., Ando M., et al. (2007). A glycyrrhizin-
containing preparation, protects liver against carbon tetrachloride-induced oxidative stress in transgenic
mice expressing the hepatitis C virus polyprotein. Liver Int; 27 : 845-53.

Chen, Y., Ji, L.L, Liu , T.Y.,, Wang, Z.T. (2011). Evaluation of gender-related differences in various
oxidative stress enzymes in mice. Chin J Physiol; 54 : 385-90.



Sohair Kasem et al /Int.]J. PharmTech Res. 2016,9(3),pp 58-67. 67

31.

32.
33.

34.

Vibet, S., Goupille, C., Bougnoux, P., Steghens, J.P., Goré, J., Mahéo, K. (2008). Sensitization by
docosahexaenoic acid (DHA) of breast cancer cells to 3 anthracyclines through loss of glutathione
peroxidase (GPx1) response. Free Radic Biol Med; 44 : 1483-91.

Sun Y (1990) Free radicals, antioxidant enzymes, and carcinogenesis. Free Radic Biol Med 8: 583-599.
Farber JL (1994) Mechanisms of cell injury by activated oxygen species. Environ Health Perspect 102
Suppl 10: 17-24.

Bose, B., Motiwale, L., Raokvk (2005). DNA damage and G2/M arrest in Syrian hamster embryo cells
during Malachite green exposure are associated with elevated phosphorylation of ERK1 and JNK1.
Cancer Lett; 230: 260-270.

%k Kk %k k



