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control in agriculture and household use. Cleome droserifolia (CDE) extract is a potential 

antioxidant protecting cells from oxidative stress. The present study investigates the 

protective effect of CDE on LCT-induced changes in male rats. Forty adult male albino 

rats were divided into four groups: group I: served as control; group II: received LCT 

(6.23 mg/kg b.w.,i.p.) only; group III: received CDE (100 mg/kg b.w.,p.o.) only; group 

IV: received both CDE and LCT. LCT-intoxication elicited significant declines in serum 

testosterone, total protein and albumin, high density lipoprotein (HDL), whereas, serum 
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Lambda-cyhalothrin (LCT) is pyrethroid insecticide that is used worldwide for pest 
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follicle stimulating hormone (FSH) and luteinizing hormone (LH), total cholesterol, 

triglycerides (TG), low density lipoprotein (LDL) and very low density lipoprotein 

 (VLDL) levels were significantly increased. Furthermore, LCT brought about significant 

disturbance in cytokines; tumor necrosis factor (TNF-α), interleukin-10(IL-10) 

andinterleukin-12(IL-12) levels. Testicular glutathione (GSH) content and superoxide 

dismutase (SOD) activity reduced significantly, while, testicular malondialdehyde 

(MDA) level was significantly elevated after LCT administration as compared to the 

control group. Histological and ultrastructural changes were also in accord with the above 

aberrations. However, treatment with CDE significantly attenuated LCT-induced changes 

in clinical chemistry parameters as well as it protected testicular tissues and cell 

structures. In conclusion, CDE has a potential protective role in ameliorating testicular 

toxicity induced by LCT in albino rats. 
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INTRODUCTION 

extensive uses as an agro-pesticide (Fetoui et al., 2009). It is commonly used in Egypt 

and valued for its broad-spectrum control on a wide range of pests in a variety of 

applications (Abdel Aziz and Abdel Rahem, 2010). LCT has been found to accumulate in 

biological membranes leading to oxidative damage, it was reported that LCT caused 

oxidative stress by altering antioxidant systems and increasing lipid per-oxidation in 

mammals (Fetoui et al., 2008, 2009; Madkour, 2012). The production of reactive oxygen 

species (ROS) is a normal physiological event in various organs including testis 

Lambda-cyhalothrin (LCT), a new generation type II synthetic pyrethroid insecticide, has 
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controlling sperm capacitation, acrosome reaction and sperm-oocyte fusion. However, 

over-production of ROS can be harmful to sperm and subsequently to male fertility 

(Akiyama, 1999).Although the organism has several biological defense mechanisms 

against intracellular oxidative stress including enzymatic and non-enzymatic antioxidant 

defense system, and can act to overcome the oxidative stress (Halliwell, 2006),a positive 

correlation has been established between dietary supplementation with certain vegetables 

and plant products and the reduction of toxic effects of various toxicants and 

environmental contaminants (Nandi et al., 1997). 

Cleome droserifolia (CDE), family Capparaceae, commonly grow in different areas of 

North Sinai, Egypt.Cleome species are generally used in folk medicine as stomachics, 

rubefacients and in the therapy of scabies, rheumatic fever and inflammation (EL-

Shenaway et al., 2006). The dried herb of CDE known as Samwah, Afein, Reeh-El-Bard, 

is used by herbalists in Egypt as a hypoglycemic agent, and its decoction is widely used 

in Sinai by Bedouins for the treatment of diabetes mellitus (El-Askary, 2005). Extract of 

leaves and stems of CDE is rich in bioactive compounds as flavonoids, glycosides, 

alkaloids, tannins and steroids (Nagy and Mohamed, 2014). Flavonoids from CDE were 

identified as quercetin, kaempferol, isorhamnetin, rutin and luteolin-7-O-glucoside 

(Abdel Motaal et al., 2011;Aparadh et al., 2012). Evidence suggests that certain 

phytochemicals found in citrus sources, such as flavonoids and limonoids, play an 

essential  role in treating or retarding a wide spectrum of diseases and reported to possess 

anti-oxidative, anti-atherosclerotic, anti-inflammatory, antitumor, anti-thrombogenic, 

antiosteoporotic and antiviral properties (Nijveldt et al., 2001). Antioxidants protect 

deoxyribonucleic acid (DNA) and other important molecules from oxidation and damage, 
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can improve sperm quality and consequently increase fertility rate in men (Yang et al., 

2006).  

The objective of the current study was to analyze the testicular toxicity caused by 

Lambda-cyhalothrin (LCT) in male rats and to evaluate the possible protective effect of 

Cleome droserifolia extract (CDE), as an antioxidant, in alleviating the detrimental effect 

of LCT on male fertility. 

MATERIAL AND METHODS 

Animals 

Forty adult male Wistar albino rats (weighing 120±10 g/animal, 7-8 weeks age) were 

obtained from the Animal House of Research Center, Faculty of Kasr Al-Ainy Medicine, 

Cairo University. The animals were housed under standard conditions of temperature 

(23±2°C), relative humidity (55±10%), and 12h light/12h dark cycle and were given food 

and water ad libitum. All ethical considerations for the studies on animals were 

considered carefully and the experimental protocol was approved by the Ethic Committee of 

Research on Laboratory Animals of Cairo University. 

 

Lambda-cyhalothrin 

Lambda-cyhalothrin (LCT) with the empirical formula (C23H19ClF3NO3) was used. It was 

obtained from Sigma-Aldrich Chemical Company (St. Louis, MO, USA). LCT was 

dissolved in olive oil and administrated intraperitoneally (i.p.) at a dose of 1/10 LD50 

(6.23 mg/kg/b.w.) (Fetoui et al., 2015). 

Natural antioxidant (Cleome droserifolia) 
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 The raw material was collected from Arish, North Sinai, Egypt, and authenticated to 

CDE by Agricultural Researches Center, Giza, Egypt. The CDE herb was spread over the 

bench and left for drying in the shade, then reduced to a powder.  A decoction of the plant 

material was prepared by boiling 200 g of the dry plant material in 3 liters of tap water 

for 2 minutes and then filtered after 10 minutes. To minimize the volume of the 

decoction, it was concentrated in  a rotary vacuum evaporator at a temperature below 

40°C. The dried extracted material was stored at -20°C in clean vials until used (El-

Khawaga et al., 2010). For oral administration (p.o.), the dried extract was dissolved in 

distilled water daily and administered by an intragastric tube at a dose of 100 mg/kg/b.w. 

(El-Naggar et al., 2005). 

 

Experimental design 

Rats were divided into four groups (each 10 animals) as follows: Group I: control, which 

received vehicles  of LCT (olive oil) and CDE (distilled water) parallel to the  treated 

groups, throughout the course of the study of 8 weeks; Group II: LCT group, which was 

given LCT (6.23 mg/kg b.w.,i.p.) only three times a week for two weeks; Group III: CDE 

group, in which the animals received CDE (100 mg/kg b.w.,p.o.) only in distilled water 

daily for eight weeks; Group IV: animals were given CDE (100 mg/kg b.w., p.o.) daily 

for eight weeks. On the 6th week just after CDE treatment they received LCT (6.23 mg/kg 

b.w., i.p.) three times a week for two weeks. At the end of the experimental period, blood 

samples were collected from the medial retro-orbital venous plexuses under ether 

anesthesia. Blood was centrifuged at 3000 rpm for 15 min and serum was collected for 

different clinical analysis. All animals were sacrificed and the testes were immediately 
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excised, washed in ice-cold saline, one of testis was separated and used for microscopical 

examination. Serum and the other testis samples were stored at -20°C until analysis. 

Clinical pathology 

Hormone measurements 

Serum testosterone was measured using solid phase radioimmunoassay (RIA) kits. This 

assay based on testosterone-specific antibody immobilized to the wall of a poly-

propylene tube according to Jaffe and Behrman (1974). Follicle stimulating hormone 

(FSH) and luteinizing hormone (LH) were estimated depending on the assays depicted by 

Santner et al. (1981) and Nankinand  Troen (1971), respectively.  

Determination of serum protein profile 

Total protein and albumin levels in serum were determined colorimetrically according to 

Henry et al. (1974) and Doumas et al. (1971), respectively. 

Determination of serum lipid profile 

Serum cholesterol and triglycerides (TG) levels were measured enzymatically by the 

methods of Seidel et al. (1983) and Fossati and Prencipe (1982), respectively, and high- 

density lipoprotein (HDL) level by using the method of Stein (1986). The levels of low- 

density lipoprotein (LDL)and very low-density lipoprotein (VLDL) were estimated 

according to the equation of Assmann et al. (1984). 

Determination of cytokine levels 

Serum tumor necrosis factor (TNF-α), interleukin-10 (IL-10) and interleukin-12 (IL-12) 

were determined according to the method of Aggarwal and Natarajan (1996); Okura et al. 

(1998) and Trinchieri (1998), respectively.  
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Determination of reduced glutathione (GSH) and enzymatic antioxidant (SOD) 

Testicular glutathione (GSH) content was assayed spectrophotometrically by the method 

of Tietze (1969). The activity of superoxide dismutase (SOD) was determined by 

assessing the inhibition of pyrogallol auto-oxidation (Nishikimi et al., 1972).  

Determination of oxidative stress markers (MDA) 

Testicular malondialdehyde (MDA) was measured spectrophotometrically after the 

reaction   with thiobarbituric acid (TBA) by using the method of Botsoglou et al. (1994). 

Histopathological and ultrastructural examinations 

For light microscopic examination, the testicular specimens were fixed in 10% neutral 

buffered formalin. After a proper fixation for 48h, the tissue was cut into thinner pieces. 

The samples were dehydrated, cleared, embedded in paraffin, sectioned on a rotary 

microtome at 4-5 µm thickness, and stained using hematoxylin and eosin (H&E) method 

described by Drury and Wallington (1980). Stained sections were viewed under a light 

microscope. 

For transmission electron microscopic study, small pieces (about 1mm3) from the testis 

were rapidly cut and immediately fixed in 5% glutaraldehyde buffered at pH 7.2 with 

0.1M sodium cacodylate for 4 hours at room temperature. Specimens were then post 

fixed in 2% osmium tetroxide for 1h at 4°C, washed three times for15 min each time with 

0.1M sodium cacodylate buffer and dehydrated in ascending ethyl alcohol series. 

Dehydrated specimens were infiltrated at room temperature in a mixture of propylene 

oxide/ epoxy resin and then embedded in fresh resin and polymerized at 60°C for 48 

hours. Semi-thin sections (1µm) were cut by an ultramicrotome (Leica Ultracut UCT; 

Germany) using a glass knife, stained with 1% toluidine blue for selection of adequate 
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fields under a light microscope. Ultrathin sections (60-80 nm thickness) of the selected 

areas were cut using a diamond knife, transferred to copper grids and followed by 

double-staining with uranyl acetate and lead citrate. The grids were examined and 

photographed using a JEOL transmission electron microscope (JEM-1010, Japan) 

operated at 60-70 kV accelerating voltage, Regional Center for Mycology and 

Biotechnology (RCMB), Al-Azhar University. 

Statistical analysis 

All data were analyzed using the SPSS for windows software, version 17.0 statistical 

program. Analysis of variance (ANOVA) which is an indication of the dispersion or 

difference between more than two means to the calculated standard error of this 

difference was assessed (Tello and Crewson, 2003). 

RESULTS 

 In rats treated with CDE only (group III) for eight weeks, no differences were recorded 

between this group and the control one. 

Clinical pathology 

Effect of CDE on LCT-induced alteration in serum sexual hormones 

 Testosterone, FSH and LH hormones levels from rats exposed to LCT and/or CDE are 

presented in Table 1. There were differences in the hormones among the different treated-

groups. LCT significantly (p<0.001) decreased serum level of testosterone (-78.96%) 

while, elevated the level of FSH and LH hormones (42.64% and 52.60%, respectively) in 

group II compared to control rats (group I). Whereas, group IV significantly preserve 

these aforementioned changes to near normal levels as compared with that of LCT-
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treated rats (group II). The percentages of change in group IV were -7.29%, 9.43% and 

1.56% for testosterone, FSH and LH, respectively as compared to the control group. 

Effect of CDE on LCT-induced alteration in protein profile 

Serum total protein and albumin level are given in Table 1. In relation to the control rats 

(group I), a very highly significant decrease in total protein and albumin level (-43.25% 

and -62.18%, respectively) were reported in rats treated with LCT (group II). 

Furthermore, administration of CDE before administration of LCT (group IV) recovered 

the levels of serum protein and albumin close to normal. This change reached -11.56% in 

total protein and -21.05% in albumin as compared to control group (group I). 

 

Effect of CDE on LCT-induced alteration in lipid profile 

 Table 2 illustrated that the serum cholesterol, TG, LDL and VLDL were significantly 

(p<0.001) elevated in LCT rats(group II) reached to 69.40%, 63.80%, 53.19% and 

63.85%, respectively, while HDL recorded -46.91% as compared with control rats(group 

I). A very highly significant improvement was observed in serum total cholesterol, TG, 

HDL, LDL and VLDL concentrations in group IV as compared to the control group 

(group I). The percentages of change in those parameters were -1.83%, -0.48%, -3.31%, -

2.87% and -0.46%, respectively.  

Effect of CDE on LCT-induced alteration in cytokines 

 

Data recorded for the levels of serum TNF-α, IL-10 and IL-12 were presented in Table 3. 

LCT group (group II) exhibited a very highly significant elevation of TNF-α and IL-12 

levels (227.03% and 119.62%, respectively), but  a very highly significant decrease of 

IL-10 level (-81.26%) in group II as compared to control group (group I). The 
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administration of CDE before treatment with LCT in group IV significantly (p<0.001) 

preserved the levels of TNF-α, IL-10 and IL-12 to near normal level when compared with 

LCT group (group II). The percentages of change were 40.95%,-10.21% and 20.17%, 

respectively as compared to control group (group I). 

Effect of CDE on LCT-induced alteration in antioxidants and oxidative stress 

Table 3.  presents the testicular GSH content, SOD activity and MDA level in both 

normal and treated groups. In LCT rats  (group II), a very highly significant depletion in 

the content of tissue GSH and activity of SOD were recorded (-46.80% and -53.04%, 

respectively) and a very highly significant elevation was realized in tissue MDA level 

(95.31%) in group II as compared with the control rats (group I). However, these 

parameters   in group IV were nearly similar to that in group I and recorded -15.27%, -

12.86% and 26.56% for testicular GSH, SOD and MDA, respectively as compared to 

normal rats (group I). 

Microscopic studies 

Light microscopic study 

Evaluation of hematoxylin and eosin-stained testicular sections of control rats (group I) 

and CDE-treated rats (group III) revealed alike normal histological structure of the testis. 

The parenchyma is formed of densely packed seminiferous tubules, with little 

interstitium. The seminiferous tubules are lined by several layers of germinal epithelium 

formed of spermatogonia, primary spermatocytes, secondary spermatocyte, early round 

and late elongated spermatids. Sertoli cells appear as elongated cells with a pale 

cytoplasm and oval intended nuclei in between the spermatogenic cells (Figure 1).  The 

tubules are surrounded by a layer of flat peritubular cells, and the lumina of the tubules 
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contain mature spermatozoa (Figure 1).  The interstitial tissue contains interstitial cells of 

Leydig and small capillaries, in addition to fibroblasts and macrophages (Figure 1). 

 Inspection of testis sections of rats of LCT group (group II) revealed severe damage of 

the seminiferous tubules with separating of cells from underlying layer of the tubules, 

exfoliation and depletion of germ cell leaving empty spaces (vacuoles) and hyalinization 

of the luminal contents (Fig. 2a & b). Edema and widening of the intertubular spaces 

together with a diminution of the stromal interstitial tissue were also illustrated              

(Figure 2a & b).  

In rats treated with CDE (group IV) as a protective agent then followed by the 

administration of LCT, the histopathological changes were greatly reduced. This group 

showed recovery and preservation of seminiferous epithelium except separating of few 

cells from underlying layer and appearance of intraepithelial vacuoles and few 

degenerated spermatogenic cells (Figure 3a & b). 

Transmission electron microscopic study 

Electron microscopic examination of the ultrathin sections of the testis of  control rats 

(group I) and CDE-treated rats (group III) revealed that each seminiferous tubule is 

coated with boundary tissue which consists of the thin basal lamina, the inner non-

cellular layer, the inner cellular layer, the outer non-cellular layer and the outer cellular 

layer. Spindle shaped smooth muscle cells (myoid cells) is the composition of the inner 

cellular layer (Figure 4a). Sertoli cells have large pale nuclei and prominent nucleoli. 

Spermatogonia appear with rounded nuclei resting on the basal lamina.  Spermatocytes 

have large euchromatic nuclei with a thin rim of cytoplasm containing mitochondria 

(Figure 4a). Early differentiating spermatid contained numerous peripherally arranged 
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mitochondria and developing acrosomes that appeared as acrosomal granules and 

acrosomal vesicles spreading over a rounded nucleus (Figure 4b). Near the lumen, 

elongated late spermatids with strongly elongated condensed nuclei covered anteriorly by 

the acrosome cap are detected (Figure 4c). 

Electron microscopic examination of ultrathin sections of the rat testis of LCT group 

(group II) revealed  that Sertoli cell does not rest on the basement membrane but is 

separated from it by a part of cytoplasm (Figure 5a). The cytoplasm of Sertoli cell, 

spermatogonia, and primary spermatocytes is highly degenerated and contained smooth 

endoplasmic reticulum-derived vacuoles along with disintegration or overall decreases of 

cytoplasmic organelles (Figure 5a & 5b). Irregular, infolded boundary tissue of 

seminiferous tubules and numerous variable lipid globules were also observed in Sertoli 

cells (Figure 5b). The nuclear chromatin of some spermatogonia and spermatocyte is 

clumped and more electron dense with a reduction in the size of the cells (Figure 5b). 

Deformed spermatids with irregular outlines, disorganized nuclei with darkly stained 

heterochromatin and distorted acrosomes, in addition to degenerated mitochondria were 

also evident (Figure 5c). Cellular debris could be seen in the tubular lumina (Figure 5b). 

The ultrastructure of the seminiferous tubules of the rat testis in the group treated with 

CDE as a protective agent then followed by the administration of LCT (group IV) 

showing a nearly normal structure of boundary tissue and relatively unaffected 

spermatogonia and spermatocytes. Almost all the mitochondria appear normal, except 

fusion of few ones (Fig. 6a). Also, most of the spermatids appeared normal with its 

characteristic acrosomal vesicles (Figure 6b). However, increased lipid globules were still 

observed in Sertoli cells (Figure 6a). 
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DISCUSSION 

Lambda-cyhalothrin (LCT), a type II pyrethroid, is widely used for numerous 

applications, varying from plant protection to general pest control. Improper use of this 

agent can potentially lead to adverse effects in multiple organs. This study was conducted 

to evaluate the role of Cleome droserifolia extract (CDE) in attenuating testicular damage 

induced by Lambda-cyhalothrin (LCT). 

The present study showed a marked decrease in the levels of serum testosterone and a 

significant increase in the levels of serum FSH and LH in rats exposed to LCT (group II). 

This may be due to disruption of the feedback mechanisms existing between 

hypothalamic-pituitary-gonadal axes, a decline in the number of viable steroidogenic 

cells in the testis and the effect of toxicant in the testicular cells. These results are in 

agreement with Oda and El-Maddawy (2011) who observed a significant reduction of 

serum testosterone level in deltamethrin (a type II synthetic pyrethroid insecticide)-

treated rats. 

Moreover, decreased testosterone synthesis might be associated with down-regulation of 

steroidogenic acute regulatory protein (StAR) in testis. StAR is essential in testosterone 

synthesis in Leydig cells. StAR is responsible for the transport of cholesterol in the inner 

mitochondrial membrane of Leydig cells (Miller, 2007),where testosterone synthetic 

enzymes, primarily P450scc, P45017α and 17β-HSD, play a critical role in testosterone 

synthesis in Leydig cells. P450scc initiates the first enzymatic step in testosterone 

biosynthesis  as cholesterol is converted to pregnenolone. Pregnenolone is catalyzed by 

P45017αto produce 17-hydroxyprogesterone and androstenedione, with the latter then 
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being converted to testosterone by 17β-HSD (Payne and Youngblood 1995).  Also, these 

results are in agreement with an earlier study, in which plasma testosterone was markedly 

decreased in rabbits chronically exposed to cypermethrin, a widely used synthetic 

pyrethroid insecticide, for 12 weeks (Yousef et al. 2003). Additionally, Zhang et al. 

(2007) showed that the exposure of adult mice to permethrin, another pyrethroid 

insecticide, disrupted testicular testosterone biosynthesis via inhibiting the mRNA and 

protein expression of StAR in testes. More recently, Wang et al.(2010) investigated the 

effects of cypermethrin exposure during puberty on the expression of StAR in testes of 

adult mice. They showed that mRNA level of testicular StAR was significantly decreased 

in cypermethrin-treated mice. Testosterone, FSH and LH hormones were improved 

significantly in  the protective group treated with CDE (group IV). The increase in 

testosterone level in the protective  was supported by Helal et al. (2002) who showed that 

the observed high testosterone level in  CDE-treated diabetic rat  is expected as a result of 

an increase in leptin which potentially plays an important role in the control of the 

reproductive function (Cervero et al., 2006). Moreover, quercetin the major active 

antioxidant flavonoids in CDE, stimulated steroid hormone synthesis in MA-10 mouse 

tumor Leydig cells through up-regulation of StAR promoter activity and mRNA 

expression (Chen et al., 2007).   Also, quercetin attached to the iron ion Fe2+, preventing 

it from binding to hydrogen peroxide, which create a highly-reactive free radical that may 

damage cells (Chow et al., 2005) 

LCT induced depletion in total protein and albumin levels in the serum compared to 

control (group I). This may be attributed to the destruction/necrosis of cells and a 

reduction of the protein synthesis in the liver (Parthasarathy and Joseph, 2011). These 
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results are in agreement with Morgan and Osman (2007) who reported that LCT induces 

hepatotoxic effects in rabbits with a consequent suppressive effect on plasma protein 

production and/or albumin. Treatment with CDE in the protective group (group IV) 

showed very highly significant improvement in the levels of both albumin and total 

protein compared with LCT group (group II). This may be ascribed to the antioxidant 

capability of the extract. These observations are in accordance with El-Shenawyand 

Abdel-Nabi (2006) who attributed the significant increase in serum total protein and 

albumin in CDE-treated diabetic mice to an elevation in serum insulin level, 

consequently, accelerates amino acid transport through cells and stimulates the protein 

manufacturing machinery of the cell.  

The present results elucidated high significant increase in serum cholesterol, TG, LDL, 

VLDL levels in LCT-treated rats (group II) and highly significant decreased HDL level 

as compared to control group (group I). These results in LCT intoxicated rats clearly 

reflect the abnormalities in lipoprotein metabolism (Abu-Aita and Yassa, 2008). 

Treatment of LCT intoxicated rat with CDE (group IV) induced marked significant 

decrease of serum cholesterol, TG, LDL, VLDL levels and showed high significant level 

of HDL as compared to LCT group (group II), which may be due to modulator influence 

on lipogenic enzymes or by inhibition of cholesterol absorption (Jain and Agarwal, 2006; 

El-Khawaga et al., 2010).  

Administration of LCT (group II) resulted in disruption of some immune biomarkers as 

reflected by the significant increase in serum TNF-α and IL-12 and a significant decrease 

in IL-10 levels. These results are in harmony with Neta et al. (2011) who showed 

negative association between levels of permethrin insecticide and levels of anti-
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inflammatory cytokine component. A significant improvement was observed in group IV 

in the same parameters (TNF-α, IL-10 and IL-12).This could be due to the presence of 

flavonoid, alkaloids and tannins in extract. Flavonoids have an anti-inflammatory, anti-

mutagenic and anti-malignant effect (Fotsis et al., 1997; Bala et al., 2010).  

In the present study, significant depletion in the tissue GSH content and SOD activity 

was designated, while a significant elevation was realized in tissue MDA level in LCT 

rats  (group II) as compared with the control group (group I). LCT toxicity might be due 

to the release of cyanohydrins, which are unstable under physiological conditions and 

further decompose to cyanides and aldehydes which in turn could act as a source of free 

radicals. These results are consistent with the findings of other investigators (Madkour, 

2012). Moreover, pesticides induce oxidative stress that leads to the generation of free 

radicals, changes in antioxidants levels and lipid per-oxidation. They generate various 

radicals such as superoxide radical (O2-), and hydroxyl radical (OH˙) thus causing failure 

of an antioxidant defense system to overcome the influx of ROS induced by LCT 

exposure (Fetoui et al., 2010). The improvement of GSH content and SOD activity and 

decreased lipid per-oxidation recorded after CDE treatment (group IV) might be 

mediated through neutralization of oxygen free radicals produced by LCT (El-Khawaga 

et al., 2010). Antioxidative properties of CDE can be explained by the presence of the 

glycosidic flavonoids as quercetin, rutin, kaempferol, luteolin, isorhamnetin and other 

phenolic acids (Aparadh et al., 2012). 

Regarding the light microscopic examination, LCT administration (group II) provoked 

some histopathological changes in the testis such as degeneration, desquamation of 

necrotic cells and depletion of the germinal epithelium followed by hyalinization of the 
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luminal content. Also, diminution of the stromal interstitial tissue together with  a 

widening of the intertubular spaces was observed. Similar results have been observed in 

rats (Mate et al., 2010; Oda and Maddawy, 2011), mice (Abdel Aziz and Abdel Rahem, 

2010; Hussein et al., 2012; Al-Shaikh, 2013) and fish (Parthasarathy and Joseph,2011) 

after pyrethroid insecticides administration. In view of the fact that Sertoli cells are the 

supportive cells within the seminiferous tubule and provide multitude factors required for 

spermatogenesis (Russell, 1993). Consequently, sloughing of germ cells pointed out the 

Sertoli cell damage due to microtubule impairment (Kumar et al., 2006).Also, abnormal 

exfoliation of the degenerated germ cells could be due to a primary effect on the cell-to-

cell junctions between Sertoli and germ cells. Moreover, the spaces and vacuoles detected 

in between the spermatogenic epithelium might be because of the exfoliation and the 

sloughing of germ cells (Creasy, 2001). Additionally, diminution of Leydig cells 

observed in the present study may be due to vascular congestion and edema in its 

surrounding environment. These changes could be the cause of testosterone shortage (Al-

Shaikh, 2013). Wherein, testosterone is required for the attachment of different 

generations of germ cells in seminiferous tubules. Therefore, low level of intra-testicular 

testosterone may lead to detachment of germ cells from seminiferous epithelium and may 

initiate germ cell apoptosis and subsequent male infertility (Blanco-Rodríguez and 

Martínez-García, 1998). 

 In this regard, Abdel Aziz and Abdel Rahem (2010) observed chromosomal 

abnormalities and a reduction of the meiotic division after LCT treatment. This could be 

explained by two reasons: the first is the ability of the insecticide to reduce DNA 

synthesis, which subsequently affects cell division (Sotomayor et al., 2003). The second 
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reason is the toxic effect of the substance under test which affects the rate of cell division 

(Verma and Nair, 2001). 

By electron microscopy, as a consequence of LCT administration (group II) the 

seminiferous tubules showed deformed and irregular basal laminae, abnormal 

spermatogenic cells, deformed spermatids, in addition to highly degenerated and 

vacuolated Sertoli cell with an overall decrease in cytoplasmic organelles. Similar 

findings were also recorded in testis of mice after administration of cypermethrin 

pyrethroid insecticide (Al-Shaikh, 2013).Also, Wang et al., (2009) showed that 

thickening of basement membrane due to beta-cypermethrin exposure could play a role in 

germ cell atrophy and death related to interference with germ cell nutrition. Moreover, 

vacuolization of the germinal cells and Sertoli cells were previously hypothesized to be 

derived from dilatation and vesiculation of the smooth endoplasmic reticulum (Murthy et 

al., 1991). This dilatation might be due to the ingress of water into the cell as a part of 

hydropic degeneration. In addition, Creasy (2001) revealed that vacuolations of Sertoli 

cells were an early and common morphological response to injury. Sertoli cells play a 

very important role in spermatogenesis by regulating the immediate environment of the 

developing germ cells, by providing physical support, junctional complexes or barriers, 

and/or biochemical stimulation in the form of growth factors or nutrients. Thus, Sertoli 

cell damage observed in the present study may lead to an insufficient supply of nutrients 

to spermatogenic cells, which may lead to structural alterations observed in 

spermatogenic cells. 

In the present investigation,  the structural alteration may be attributed to LCT-induced 

lipid peroxidation (LPO). In this respect, Piner andÜner (2012) reported that LTC 
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metabolism generates reactive oxygen species (ROS), these radicals can destroy proteins; 

lipids and DNA by oxidation and attack the cell membrane leading to destabilization and 

disintegration of cell membrane and decrease its fluidity as a result of LPO and protein 

oxidation which in turn leads to enhanced LPO and oxidative stress. Sperm is highly 

susceptible to LPO as a result of the abundance of unsaturated fatty acids in the sperm 

plasma membrane and a very low concentration of cytoplasmic antioxidants (Aitken et 

al., 1993). The increased LPO can lead to oxidative damage to sperms DNA, alter 

membrane functions, impair motility and possibly have a significant effect on the 

development of spermatozoa (Aitken et al., 1989). 

The concurrent histological and ultrastructural findings show significant protective 

effects of CDE in LCT-induced testis damage in rats (group IV). This might be due to 

accelerated regeneration of parenchymal cells under the influence of various bioactive 

compounds like flavonoids present in CDE, mainly quercetin (Abdel Motaal et al., 2011; 

Ezzat and Abdel Motaal, 2012). Quercetin, a natural antioxidant, exists as the active 

substance in CDE (Aboushoer et al.,2010; Ezzat and Abdel-Motaal, 2012).Being a strong 

antioxidant, quercetin shows attenuating effects contrary to reproductive toxicity via 

decreasing lipid peroxidation, restoring the antioxidant status of cells and allaying 

apoptosis by regulating the expression of Bax and (B-cell lymphoma-extra large) Bcl-xl, 

caspase-3 activity (Mi et al., 2013). Also, vitamin C is considered an antioxidant in the 

Cleome species (Jain and Agarwal, 2006; Bala et al., 2010). It neutralizes ROS and 

prevents sperm agglutination (Dawson et al., 1992). It is a donor of electrons for redox 

systems, prevents lipid peroxidation, recycles vitamin E and protects against DNA 

damage induced by hydrogen peroxide radical (Jedlinska-Krakowska et al., 2006). 
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Tremellen (2008) observed a significant correlation between vitamin C intake and sperm 

concentration. In addition, the non-enzymatic antioxidants present within semen include 

ascorbic acid. Also, Narayana et al. (2009) declared that vitamin C significantly, but not 

completely, protects against cisplatin-induced testicular damage. Moreover, Fernandes et 

al. (2011) showed that vitamin C supplementation minimized some alterations in the 

male reproductive system caused by hyperglycemia such as reduction of testosterone and 

LH levels and impairment in sperm morphology. B-cell lymphoma-extra large 

In conclusion, the results of the present investigation (clinical pathology, histopathology, 

and ultrastructure) demonstrate that the water extract of CDE at the dose of 100 mg/kg 

displayed a protective effect against LCT-induced reproductive toxicity in male albino 

rats via reducing oxidative stress. Such effects can be explained, at least in part, by the 

presence of the previously mentioned flavonoids. However, further clinical studies are 

necessary to assess the benefits and safety of CDE before using for human beings. 
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Tables 

 

Table 1. Effect of CDE on serum sexual hormones and protein profile in control and 
treated-groups 

 
Groups 

Parameters 

Testosterone 
ng/ml 

FSH 
ng/ml 

LH 
ng/ml 

Total protein 
g/dl 

Albumin 
g/dl 

Group I 

 

Group II 

Group III 

 Group IV 

Control 

LCT 

CDE 

CDE+LCT 

13.31±0.96 

 

2.80±0.78 
(-78.96%) 

a*** 

13.49±0.65 
(1.35%) 

b*** 

12.34±0.85 
(-7.29%) 

b*** 

 
2.65±0.13  

  

  

3.78±0.14  
(42.64%) 

a***
  

2.46±0.05 
(-7.17%)  

b*** 

2.90±0.11 
(9.43%) 
b*** c*  

 
1.92±0.01  

2.93±0.09 
(52.60%) 

a***  
  

1.88±0.04 
(-2.08%) 

b***  

1.95±0.06  
(1.56%)  

b***   
  

 
8.74±0.30 

 

4.96±0.12  
(-43.25%) 

a*** 

8.58±0.28 
(-1.83%) 

b*** 
 

7.73±0.26 
(-11.56%) 

b***  

5.13±0.37 

 

1.94±0.06 
(-62.18%) 

a***  

5.03±0.23 
(-1.95%) 

b*** 
 

4.05±0.08 
(-21.05%) 
a** b***c*  

  

Data are expressed as means ± S.E. (n = 10 in each group). 
a: Significant change with respect to control group; b: Significant change with respect to LCT-
group; c: Significant change with respect to CDE-group. 
*Significant change at p<0.05; **Highly significant change at p<0.01; ***Very highly significant 
change at p<0.001. 
(  ): % difference with respect to control value. 
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Table  2. Effect of CDE on serum lipid profile in control and treated-groups 

 
Groups 

Parameters 

cholesterol 
mg/dl 

TG 
mg/dl 

HDL 
mg/dl 

LDL 
mg/dl 

VLDL 
mg/dl 

Group I Control 62.22±2.54 130.04±2.43 36.58±2.31 43.52±2.55 26.00±1.09 

 
Group II 

 
LCT 105.40±4.67 

(69.40%) 
a*** 

213.01±3.56 
(63.80%) 

a***
 

19.42±0.27 
-46.91%)( 

a*** 

66.67±3.66 
(53.19%) 

a*** 

42.60±3.11  
(63.85%) 

a***  

 
Group III 

 
 
 
 

Group IV 
 

CDE 
 
 
 
 

CDE+LCT 
 

60.86±2.49 
(-2.19%) 

b*** 
 
 

61.08±3.53 
(-1.83%) 

b*** 

128.74±2.50 
(-1.00%) 

b*** 

129.42±2.46  
(-0.48%) 

b*** 

39.26±2.23 
(7.33%) 

b*** 
 
 

35.37±1.38 
(-3.31%) 

b*** 

42.95±3.55 
(-1.31%) 

b*** 
 
 

42.27±3.50 
(-2.87%) 

b*** 

25.75±1.10  
(-0.96%) 

b*** 

 
25.88±2.09 
(-0.46%) 

b*** 
 

Data are expressed as means ± S.E. (n = 10 in each group). 
a: Significant change with respect to control group; b: Significant change with respect to LCT-
group; c: Significant change with respect to CDE-group. 
*Significant change at p<0.05; **Highly significant change at p<0.01; ***Very highly significant 
change at p<0.001. 
(  ): % difference with respect to control value. 
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Table 3. Effect of CDE on cytokines,antioxidants and oxidative stress in control and 
treated-groups 

 

Groups 

Parameters 

TNF-α 
pg/ml 

IL-10 
pg/ml 

IL-12  
pg/ml 

GSH 
µg/g 

SOD 
µg/g 

MDA 
mµ/100g 
proteins 

Group I Control 44.10±3.69 117.92±4.63 83.78±4.42 12.97±0.41 19.36±0.54 0.64±0.03 

Group II 

 

LCT 

 

 
144.22±6.63 
(227.03%) 

a*** 

 
22.10±2.59 
(-81.26%) 

a*** 

 
184.00±6.50 
(119.62%) 

a*** 

 
6.90±0.29 
(-46.80%) 

a*** 

 
9.09±0.60 
(-53.04%) 

a*** 

1.25±0.02 
(95.31%) 

a*** 

Group III 

 

CDE 

 

 
43.69±4.61 
(-7.17%) 

b*** 

 
118.99±5.60 

(0.91%) 
b*** 

 

 
82.50±4.71 
(-1.53%) 

b*** 

 
13.07±0.31 

(0.77%) 
b*** 

 
19.56±0.49 

(1.03%) 
b*** 

0.65±0.01 
(1.56%) 

b*** 
 

Group IV 

 

CDE+LCT 

 

62.16±4.92 
(40.95%) 

b*** 

105.88±4.71 
(-10.21%) 

b*** 

100.68±5.43 
(20.17%) 

b*** 

10.99±0.20 
(-15.27%) 
a** b***c*** 

16.87±1.33 
(-12.86%) 

b*** 

0.81±0.02 
(26.56%) 

a*** b***c*** 
 

Data are expressed as means ± S.E. (n = 10 in each group). 
a: Significant change with respect to control group; b: Significant change with respect to LCT-
group; c: Significant change with respect to CDE-group. 
*Significant change at p<0.05; **Highly significant change at p<0.01; ***Very highly significant 
change at p<0.001. 
(  ): % difference with respect to control value. 
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Figures 

 

Figure 1. 

Light micrograph of a testis section of control rats (group I) showing successive stages of 

spermatogenesis: the spermatogonia (Sg), primary spermatocytes (Ps), spermatids (Sd) 

and spermatozoa (Sz). The supporting Sertoli cells (Sc) are resting on the basal lamina. 

Aggregation of interstitial cells of Leydig (Lc) is also observed (H&E;   400x). 

 

 

Figure 2. 

Light micrographs of  testis sections of  LCT-treated rats (group II) showing (a): severe 

damage of the seminiferous tubules with separating of cells from underlying layer of the 

tubules (arrows), disappearance of many spermatogenic cells and hyalinization of the 

luminal contents (H). Note widening of intertubular spaces (*) and diminution of the 

stromal interstitial tissue (double arrows) (H&E; X100).(b): exfoliation (arrows) and 

depletion of germ cell with intraepithelial vacuoles (V). Notice interstitial edema (*) with  

a  decrease in number of Leydig cells (H&E; 2a 100x & 2b 400x). 
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Figure 3. 

Light micrographs of testis sections of rats treated with LCT plus CDE (group IV) 

showing (a): recovery of seminiferous tubules except separating of few cells from 

underlying layer (arrows) and appearance of intraepithelial vacuoles (V) (H&E; 

X400).(b): showing preservation of seminiferous epithelium with concentric layers of 

germinal lineage cells. However, few degenerated germ cells (arrows) are still seen 

(H&E; 3a &3b 400x). 

 



ISSN:0254-0223 Vol. 32 (n. 9, 2017) 

87

  

Figure 4. 

Transmission electron micrographs of seminiferous tubules of control rats (group I) 

showing (a): boundary tissue (BT) and Sertoli cell (Sc) laying on the basal lamina in 

between the spermatogenic cells. Note the spermatogonium (Sg), primary spermatocytes 

(Ps) and spermatid (Sd).(b): a group of early differentiating spermatids (Sd) with the 

characteristic peripheral arrangement of mitochondria (M) and developing acrosomes 

(arrows).(c): heads of late elongating spermatids (Sd) contained strongly elongated, 

electron-dense nuclei covered anteriorly by acrosome caps.   Notice presence of primary 

spermatocyte (Ps) (TEM, 4a-c 6000x). 
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Figure 5. 

Transmission electron micrographs of seminiferous tubules of LCT- treated rats (group 

II).(a): Note Sertoli cell (Sc) does not rest on the basement membrane but is separated 

from it by a part of cytoplasm (*). The cytoplasm of Sertoli cell, spermatogonia (Sg) and 

primary spermatocytes (Ps) is highly degenerated and show smooth endoplasmic 

reticulum-derived vacuoles (V). Primary spermatocyte show altered nucleus (N) and 

fused mitochondria (M).(b): Infolded boundary tissue (arrow) and numerous variable 

lipid globules (L) with marked edema in the disintegrated cytoplasm of Sertoli cells. The 

nuclear chromatin of some spermatogonia (Sg) and primary spermatocyte (Ps) is clumped 

and more electron dense with a reduction in the size of the cells. Abnormal cellular debris 

can also be seen in the tubular lumen (*).(c):Deformed spermatid (Sd) with  an irregular 

outline, disorganized nucleus (N) with condensed chromatin and distorted acrosome. 

Note the degenerated mitochondria (M) (TEM, 5a8000x -5b 5000x- 5c 15000x). 
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Figure 6. 

Transmission electron micrographs of seminiferous tubules of rats treated with LCT plus 

CDE (group IV) showing (a): nearly normal structure of boundary tissue (BT) and 

relatively unaffected spermatogonium (Sg) and spermatocytes (Ps). Almost all the 

mitochondria appear normal except few fused ones (M). However, an increase in the 

number of lipid globule (L) of Sertoli cells is still observed. (b): two nearly normal 

spermatids (Sd) with their characteristic acrosomal vesicle (arrow); however, one 

deformed spermatid (Sd1) can be identified. Notice normal primary spermatocyte (Ps) 

with a large nucleus. MC, flat myoid cell; Gg, Golgi apparatus (TEM, 6a&b 6000x). 

 

 


