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The present study was conducted to find out the curative effect of aqueous extracts of 
Eruca Sativa M. leaves in reducing the toxicity of the malathion phosphoric pesticide in 
thyroid gland. Fifty mature male rats, aged 10-11 weeks, were randomly divided into five 
equal groups (10 each), orally drenched with 500 µl of corn oil for 4 weeks (C; control 
negative), 27 mg/kg bw of malathion solution for 4 weeks (M; toxicity control positive), 
250 mg of E. sativa extract/ kg bw for 2 weeks followed by 27 mg/ kg bw of malathion 
solution for 2 weeks (ME group), 27 mg/kg bw of malathion and 250 mg/ kg bw of E. 
sativa extract together for 4 weeks (M+E group), and 250mg/ kg bw of E. sativa extract 
followed by 27 mg bw of malathion(EM group). After 24 hours of last treatment, males 
were weighted, sacrificed, thyroid was removed and weighted, and blood samples were 
obtained for serum TSH, T3 and T4 estimation. Samples of thyroid glands were fixed in 
10% formalin for histopathological examination. The results revealed significantly 
decreased body weight and thyroil relative weight in M group than control whereas the 
three extract treated (ME, M+E, and EM) groups showed insignificant differences 
compared with control. In M group, TSH concentration increased significantly whereas 
T3 and T4 decreased significantly than control, while other experimental groups showed 
no significant differences in comparison with control. It can be concluded that aqueous 
Eruca sativa extract has potent curative and protective roles in ameliorating the 
toxicological effects of malation on thyroid functions. 
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INTRODUCTION 
Various studies mention to the importance of traditional medicine by the use of medicinal 
plants as a natural source of pharmaceutical agents. Crude extracts of medicinal plants 
have been used for a long time due to its safety effects and availability as well as low 
price (American Botanical Council, 2005). It has been found that medicinal plants and its 
active compound have curative roles against various diseases of human being such as 
blood vessels diseases (Kuppusamy et al., 2008). Eruca sativa is one of the important 
medicinal plants, belong to the family Brassiceae. This plant has been cultivated in the 
neutral weather and short day light (Mohammed and Rafiq, 2009). E. sativa characterized 
by dark leaves color and 25-50 cm stem length (Heimler et al., 2007). The leaves 
characterized by its rich contents of strong antioxidant activity due to the high 
concentrations of intermediate metabolites, which have potent bioactivity, such as 
favanoidsand phenols as well as its high quantity of various minerals such as potassium, 
magnesium, calcium, manganese, iron, cupper, sodium, nickel, cadmium, zinc and 
nitrogen (Abdo, 2003; Bukhsh et al., 2007). 

Abstract 
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Malathion is an organo-phosphorous compound used as in a various fields as an 
insecticide to control and eradicate insects in the houses, fields and grain resources 
(Suresh et al., 2006). Chemically, malathion is known as [O, O- dimethyl- S- (1, 2- 
dicacethoxyethyl) Phosphorodithionate] and its chemical formula is C10H19O6PS2 (WHO, 
2003; EPA, 2012). Malathion is usually manufactured as a colorless fluid with strong 
odor similar to that of garlic (HSDB, 2005). Many researchers pointed out that malathion 
causes hepatotoxicity (Moore et al., 2010; Josse et al., 2014), leading to acute hepatitis 
with high secretion of cytokins at the onset of the inflammation which followed later by 
hepatomegaly and increase of the severity of the inflammation which could be foolowed 
by liver cirrhosis (Li et al., 2012). Because there is no trials to find out the effect of 
malathion toxicity on thyroid function, the present study aims to investigate the 
toxicological effect of malathion of thyroid gland as well as the curative and protective 
role of S. sativa aqueous extract in ameliorating these effects. 
MATERIALS AND METHODS 
Preparation of E. sativa extract: E. sativa aqueous extract has been prepared according 
to Harborne (1984). 
Preparation of malathion: malathion has been prepared by adding 10 ml of malathion 
stock solution to 990 ml of distilled water and 400 ml of corn oil as described by Kamrin 
(1997) and Gallo and Lawryk (1991). This dilution is considered as a stock solution in 
the experiment. 
Experimental animals: Adult male Wistar rats (aged 10-11 weeks and weighted 165±8.3 
g) have been housed in a controlled ambient temperature (22-25 ºC) and 12:12 dark and 
light. The animals were fed on standard food and drinking water ad libitum. 
Experimental design: Fifty adult male rats have been assigned randomly to five equal 
groups (10 for each) and treated as follow: 

1. Negative control (C group): daily drenched with 0.5 ml of corn oil for 4 weeks. 
2. Positive control (M group): daily drenched with 0.5 ml of malathion (27 mg/kg 

bw) for 4 weeks. 
3. Treated 1 (EM group): daily drenched with 0.5 ml of E. sativa aqueous extract 

(250 mg/ kg bw) for 2 weeks and followed by daily drenching of 0.5 ml of 
malathion (27 mg/ kg bw) for 2 weeks. 

4. Treated 2 (M+E group): daily drenched with 0.5 ml of E. sativa aqueous extract 
(250 mg/ kg bw) and 0.5 ml of malathion (27 mg/ kg bw) for 4 weeks. 

5. Treated 3 (ME group): daily drenched with 0.5 ml of malathion (27 mg/ kg bw) 
for 2 weeks followed by drenching 0.5 ml of E. sativa aqueous extract (250 mg/ 
kg bw) for 2 weeks. 

Body weights have been measured at the beginning and end of experiment. After 24 
hours of the last treatment, male rats have been sacrificed, thyroid glands were removed 
and weighted, and blood samples were obtained for TSH, T3, and T4 assessment in the 
serum. Samples of thyroid glands were fixed in formalin (10%) for histopathological 
examination. 
Hormones assessment: TSH, T3, and T4 have been assessed using ELISA technique 
according to the manufacturer instructions (Monobind Inc.). 
Histological examination: Histological sections have been prepared, stained and 
examined according to Humason (1997). 
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Statistical analysis: All values have been presented as Mean±Standard Error of the 
mean. One way analysis of variance (ANOVA-1) was used to test the presence of 
significant differences at the level of 0.05% . Least significant difference was used to test 
the significant difference between the means (Schielfer, 1980). 
RESULTS 
Body weight (g):Initial body weight of the rats was similar in all groups. At the end of 
the treatment period (4 weeks), all rats gained weight but M group reported the lowest 
gain (P<0.05) among experimental groups, whereas C, EM and E+M groups reported the 
highest body weight (figure 1). 
Relative thyroid gland weight (g%): thyroid gland weight (gL100 g of bw) decreased 
significantly (P<0.05) in M group than control and ME groups whereas EM and E+M 
reported insignificant difference compared with control (figure 2). 
Serum TSH concentration (mcIU/ml): serum TSH concentration of M group increased 
significantly (P<0.05) among experimental groups. Although EM group was significantly 
(P<0.05) lower than M group, but its mean was significantly higher than C, M+E and ME 
groups, which showed insignificant differences between each other (figure 3). 
Serum T3 and T4 concentration: serum T3 and T4 concentrations of M group reported 
the lowest levels among experimental groups. Serum T4 level of EM group was 
significantly (P<0.05) lower than C, M+E and ME groups, which showed insignificant 
differences between each other (figure 4). Serum T3 level of M+E group was 
significantly (P<0.05) lower than C, EM and ME groups, which reported insignificant 
differences between each other (figure 5). 
Histopathological changes: microscopic examination of thyroid glands revealed marked 
histopathological changes in malathion treated male rats, represented by numerous 
hyperplasia of thyroid tissue with the appearance of scattered follicular lining cells in the 
form of papillary projections extended to lumen of the follicles and disappeared colloid 
materials from the lumen, as well as the presence of necrotic and degenerative changes in 
the stroma and follicular lining cells (figure 6-M) compared with control section (figure 
6-C). In EM group, the sections showed that treatment with E. sativa results in 
proliferative follicles filled with colloid materials with increased proliferation of cuboidal 
cells in the lining of the follicles (figure 6-EM). Same picture has been shown in the male 
rats treated with malathion and the extract together (figure 6-M+E), whereas ME group 
showed high number of small thyroid follicles filled with colloid materials as well as high 
proliferative changes of follicular lining (figure 6-ME). 
DISCUSSION 
The observed changes in body weight, in the present study, could be attributed to the low 
consumption of water and food due to the toxicity induced by malathion administration 
as well as the atrophic effect of toxic substance on muscular tissues by inhibiting acetyl 
cholinesterase and/ or ATPase (Hariri et al., 2011). This result was in agreement with 
reported by Espinoza-Navarro and Bustos-Obregon (2014) Sief et al. (2015), and Geng et 
al. (2015). On other side, treatment of male rats with E, sativa extract improved the body 
weight which could be due to improvement of appetite, since the extract contain many 
valuable nutritional compounds as well as its role to increase salivery and bile secretion 
(Mustafa et al., 2006). 
Thyroid gland weight loss in malathion treated male rats may be a result of huge free 
radical productions, where malathioncaused increased lipid peroxidation (Halliwell and 
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Gutterifos, 1985), which may damage the cell membrane of follicular lining cells, which 
could lead to thyroid gland weight loss. Whereas the potent antioxidant activity of E. 
sativa extract (Ambali et al., 2010) could ameliorates the toxic effect of oxidative stress 
caused by malathion. This results was in agreement with that reported by Islam et al. 
(2008). 
Increased serum TSH concentrations, in M group, could be a response to the decreased 
T3 and T4 production in the thyroid gland, where this decrement will stimulates pituitary 
thyrotrophs by feedback action to increase TSH secretion (Rathore et al., 2002). The 
cellular toxic effect of malathion, shown inthe follicular lining, could be the cause of low 
T3 and T4 secretion, since it may results in the decrease of the activity of thyroid 
peroxidase responsible for chelating of iodine from blood circulation and attached it with 
tyrosine. On the other hand, the result could be attributed to the down-regulation of TSH 
receptors on the surface of thyroid secretory cells(Junquaira and Carneiro, 2003). The 
decrement of T4 could be due to the inhibition of 5-deiodinase (type 1) activity, which is 
responsible for the conversion of T3 to T4 (Maiti et al., 1996). Kale (2007) mentioned 
that T3 and T4 secretion is in negative correlation with the level of oxidative stress. On 
other side, the antioxidant activity of E. sativa extract due to its constituents of 
flavonoids, saponin, and vitamin-C (Gauthaman et al., 2003). 
Histopathological changes, observed in the present study, could be attributed to the toxic 
effect of malathion, where it causes destruction of secretory epithelial lining of follicle 
due to the necrotic and degenerative changes. These changes could lead to lower 
secretion of T3 and T4 and colloid material production inside the lumen of the follicles 
(Yu et al., 2008; Mahjoub-Samet et al., 2005). The hyperplasia could be due to the high 
levels of TSH, where the repeated stimulation leads to mitotic activity of follicular 
secretory cells (Hood et al., 1999; Capen et al., 2004). The potent antioxidant activity of 
E. sativa extract resulted in decreased histopathological changes, which is mainly due to 
its free radical scavenging activity (Khalaf et al., 2002).  
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Figure (1): effect of Eruca sativa aqueous extract on body weight (g) in malathion 
treated male rats. 
Values represent mean ± standard error. Different small letters represent significance 
(P<0.05) between groups. C: male rats daily drenched with 0.5 ml of corn oil for 4 weeks. 
M: male rats daily drenched with 0.5 ml of malathion (27 mg/kg bw) for 4 weeks. EM: 
male rats daily drenched with 0.5 ml of E. sativa aqueous extract (250 mg/ kg bw) for 2 
weeks and followed by daily drenching of 0.5 ml of malathion (27 mg/ kg bw) for 2 
weeks. M+E: male rats daily drenched with 0.5 ml of E. sativa aqueous extract (250 mg/ 
kg bw) and 0.5 ml of malathion (27 mg/ kg bw) for 4 weeks. ME: male rats daily 
drenched with 0.5 ml of malathion (27 mg/ kg bw) for 2 weeks followed by drenching 0.5 
ml of E. sativa aqueous extract (250 mg/ kg bw) for 2 weeks. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure (2): effect of Eruca sativa aqueous extract on relative thyroid gland weight 
(g/ 100 g bw) in malathion treated male rats. 
Values represent mean ± standard error. Different small letters represent significance 
(P<0.05) between groups. C: male rats daily drenched with 0.5 ml of corn oil for 4 weeks. 
M: male rats daily drenched with 0.5 ml of malathion (27 mg/kg bw) for 4 weeks. EM: 
male rats daily drenched with 0.5 ml of E. sativa aqueous extract (250 mg/ kg bw) for 2 
weeks and followed by daily drenching of 0.5 ml of malathion (27 mg/ kg bw) for 2 
weeks. M+E: male rats daily drenched with 0.5 ml of E. sativa aqueous extract (250 mg/ 
kg bw) and 0.5 ml of malathion (27 mg/ kg bw) for 4 weeks. ME: male rats daily 
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drenched with 0.5 ml of malathion (27 mg/ kg bw) for 2 weeks followed by drenching 0.5 
ml of E. sativa aqueous extract (250 mg/ kg bw) for 2 weeks. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure (3): effect of Eruca sativa aqueous extract on serum TSH concentration 
(mcIU/ ml) in malathion treated male rats. 
Values represent mean ± standard error. Different small letters represent significance 
(P<0.05) between groups. C: male rats daily drenched with 0.5 ml of corn oil for 4 weeks. 
M: male rats daily drenched with 0.5 ml of malathion (27 mg/kg bw) for 4 weeks. EM: 
male rats daily drenched with 0.5 ml of E. sativa aqueous extract (250 mg/ kg bw) for 2 
weeks and followed by daily drenching of 0.5 ml of malathion (27 mg/ kg bw) for 2 
weeks. M+E: male rats daily drenched with 0.5 ml of E. sativa aqueous extract (250 mg/ 
kg bw) and 0.5 ml of malathion (27 mg/ kg bw) for 4 weeks. ME: male rats daily 
drenched with 0.5 ml of malathion (27 mg/ kg bw) for 2 weeks followed by drenching 0.5 
ml of E. sativa aqueous extract (250 mg/ kg bw) for 2 weeks. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure (4): effect of Eruca sativa aqueous extract on serum T4 concentration (mcg/ 
ml) in malathion treated male rats. 
Values represent mean ± standard error. Different small letters represent significance 
(P<0.05) between groups. C: male rats daily drenched with 0.5 ml of corn oil for 4 weeks. 
M: male rats daily drenched with 0.5 ml of malathion (27 mg/kg bw) for 4 weeks. EM: 
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male rats daily drenched with 0.5 ml of E. sativa aqueous extract (250 mg/ kg bw) for 2 
weeks and followed by daily drenching of 0.5 ml of malathion (27 mg/ kg bw) for 2 
weeks. M+E: male rats daily drenched with 0.5 ml of E. sativa aqueous extract (250 mg/ 
kg bw) and 0.5 ml of malathion (27 mg/ kg bw) for 4 weeks. ME: male rats daily 
drenched with 0.5 ml of malathion (27 mg/ kg bw) for 2 weeks followed by drenching 0.5 
ml of E. sativa aqueous extract (250 mg/ kg bw) for 2 weeks. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure (5): effect of Eruca sativa aqueous extract on serum T3 concentration (mcg/ 
ml) in malathion treated male rats. 
Values represent mean ± standard error. Different small letters represent significance 
(P<0.05) between groups. C: male rats daily drenched with 0.5 ml of corn oil for 4 weeks. 
M: male rats daily drenched with 0.5 ml of malathion (27 mg/kg bw) for 4 weeks. EM: 
male rats daily drenched with 0.5 ml of E. sativa aqueous extract (250 mg/ kg bw) for 2 
weeks and followed by daily drenching of 0.5 ml of malathion (27 mg/ kg bw) for 2 
weeks. M+E: male rats daily drenched with 0.5 ml of E. sativa aqueous extract (250 mg/ 
kg bw) and 0.5 ml of malathion (27 mg/ kg bw) for 4 weeks. ME: male rats daily 
drenched with 0.5 ml of malathion (27 mg/ kg bw) for 2 weeks followed by drenching 0.5 
ml of E. sativa aqueous extract (250 mg/ kg bw) for 2 weeks. 
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Figure (6): sections obtained from thyroid glands of control male rat treated with normal 
saline for 4 weeks (C), malathion (27mg/kg bw) for 4 weeks (M), E.sativa extract (250 
mg/kg bw) for 2 weeks followed by malathion for 2 weeks (EM), malathion and E. sativa 
extract together for 4 weeks (M+E), and malathion for 2 weeks followed by E. sativa 
extract for 2 weeks (ME).  K: thyroid follicles filled with colloids, M: normal cuboidal 
cells, B: proliferate cells of the lining of the follicles forming papillary projections, D: 
degenerate and nectrotic cells, E: thyroid follicles filled with colloid and numerous 
proliferative cells, F: proliferation and hyperplasia of lining cells, G: hyperplasia of 
thyroid follicular lining, H: thyroid follicles filled with colloid, I: numerous small 
follicles filled with colloid, and J: marked proliferation of follicle lining cells (E&H, 
40X). 
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