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ABSTRACT 

 

Recent data indicate that the incidence of infertility has been increased, and in more than 50% of cases, the etiology 

remains unknown and the infertility is classified as idiopathic. However, environmental and lifestyle exposures to 

toxic chemicals are classified as risk factors for men fertility. The aim of our study is to investigate the protective 

effect of antioxidants against low dose tobacco alkaloids repro-toxic effects, supposed to be related to an oxidative 

stress. This study has been carried out on twenty male albino WISTAR rats divided into four groups (n=5). They 

have received during 30 days by gavage, tobacco total alkaloids (TTA) at 2,5 mg/kg (L1), TTA combined to ethyl-

acetate fraction of green tea extract (EAF) at 50 mg/kg (L2) and EAF only (L3) at the same rate, while, controls 

(L4) have received the vehicle. Our results showed a decrease in animals’ bodyweight and genital organs relative 

weight in L1. Furthermore, TTA has been shown to induce reproductive toxicity, as revealed by a significant 

decrease of sperm-count, motility and livability of sperm cells, and reduced levels of testosterone. Thus, the 

histological study revealed a pronounced atrophy of the interstitial tissue and a deterioration of somniferous tubules 

within testes. It has been observed that TTA effects are associated to high levels of lipid peroxidation. However, 

EAF modulated TTA reproductive toxicity, with no related toxic repercussions as revealed in L3. In conclusion, 

EAF have a protective effect against tobacco reproductive toxicity in male rats. 
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INTRODUCTION 

 

For years, both the understanding and the treatment of male infertility have been disappointing. A specific 

treatment could be offered only in rare selected cases in which the pathological background was recognized and 

for which a treatment was available [1]. In more than 50% of cases, the etiology remains unknown and the 

infertility is classified as idiopathic [2]. In contrast to the identifiable causes of infertility, such as cryptorchidism, 

obstructive lesions, tumors, infections [3], varicocele, and epididymo-orchitis, in which the physiopathology was 

well known, idiopathic infertility stills always a puzzle [4]. 

It has been suggested that environmental and lifestyle exposures to toxic chemicals including tobacco are 

able to affect men fertility [5,6]. Available data do not conclusively demonstrate that smoking decreases male 

fertility. However, with much debate for its impact on various semen parameters, it is regarded as an infertility 

risk factor [7]. In fact, several studies have noticed a decrease of sperm quality in smokers [8,9]. Cigarette smoke 

has been also reported to induce a decrease of sperm count and motility [10, 11], and testosterone level in 

experimental animals [12]. In this regard, oxidative stress has been identified as a new and important factor [3], 

which can explain tobacco toxicity. Excess reactive oxygen species (ROS) concentrations and oxidative stress in 

the male reproductive tract has been shown to be detrimental to spermatozoa [13]. It has been revealed that 

oxidative damage causes degradation of the membrane’s polyunsaturated fatty acids (PUFA) and leads to 

peroxidation of the membrane [14]. Apart from lipids, oxidative damage can occur to many classes of molecules, 

including proteins, nucleic acids, and sugars, leading to cells damage consequently [15].  

On the other hand, dietary components, particularly tea have been studied for their antioxidant properties 

[16]. Recent findings have reported the green tea protective effect against oxidative stress-related diseases 

including cancers, cardiovascular diseases and degenerative diseases [17], as well as the peroxidation of leaver, 

and brain, related to the exposure to nicotine and lead in rats [18, 19, 20].  

This study has been undertaken to assess the relationship between oxidative stress and reprotoxic effects after 

TTA treatment, and to investigate the influence of green tea phenolic compounds on TTA reproductive toxicity. 
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MATERIAL AND METHODS 

Phytochemical study 

Total Alkaloids Extraction  

Total alkaloids have been obtained from the powder of the locally marketed tobacco, crushed by (MF 10 

BASIC) crusher, according to the method of Harbone et al. [21]. The powder was extracted with Soxhlet by 200ml 

of 80% ethanol during 5 hours; then, ethanolic Extract was evaporated under vacuum at 40°C. The dry residues 

were reconstituted in 20ml of chloroform and acidify to pH 3 by HCl at 5 %. After that, they were left at room 

temperature for 30 minutes till the separation of the two phases. The superficial acid aqueous phase was extracted 

by 20ml of chloroform, justified to pH 9 by NaHCO3 at 5 % and let rest during 15 minutes. Finally, the 

chloroformic phase was evaporated under vacuum, and the dry residues made up of total alkaloids were taken. 

Extraction of phenolic compounds 

Phenols were extracted by maceration according to the method of Stocker et al. [22]. For that, three extractions 

have been carried out. In brief, 100g of green tea powder was homogenized in 200ml of ethanol at 80% and left 

for 24 hours at room temperature, then filtrated through filter paper N00.5µm. The filtrate was then evaporated 

under vacuum at 40°C. The dry residues were taken by 200ml of distilled water, and purified for twice by 

petroleum ether (v/v). 

Preparation of ethyl acetate, butanolic and chloroformic fractions 
The purified aqueous phase was extracted successively by chloroform, ethyl acetate, and then n-butanol (v/v). 

Later, all phases were evaporated under vacuum at 40°C, and dry residues were weighed [23]. 

DPPH radical scavenging assay 

The 2,2-diphenyl-1-picrylhydrazyl (DPPH) scavenging capacity of the total extract (TE), chloroformic 

(CHF), ethyl acetate (EAF) n-butanol (NBF) and the aqueous fractions (AQF) of green tea was evaluated by the 

method of Beretta et al. [24] modified. 10µl of every sample in different concentrations (0.09-3mg/ml of methanol) 

were added to 1990µl of DPPH solution (0, 025 mg / ml of methanol). After 30 min of incubation in darkness at 

room temperature, the absorbance was measured at 517nm against a blank of absolute methanol. Extracts 

concentrations providing 50% inhibition (IC50) of DPPH were determined form the graph. The ascorbic acid was 

used as positive control. 

Determination of total phenolic content 

The total phenolic compounds have been determined by the Folin-Ciocalteu colorimetric assay [25]. In brief, 

200 µl of each extract was mixed with 1ml of Folin- Ciocalteu reagent mixed with distilled water (1V/9V) and 0.8 

ml of a 7.5% sodium carbonate solution, and then incubated for 30 min in darkness at room temperature. The 

absorbance was redden by spectrophotometer at 765 nm against a blank containing all reagents but not samples, 

which have been replaced by 200µl methanol. Gallic acid was used as a standard, and the phenolic compounds 

were then expressed as milligrams of gallic acid equivalents per gram of dry residues. 

High-performance liquid chromatography (HPLC) qualitative analysis 

High-performance liquid chromatography analysis of EAF has been performed using Agilent 1200 HPLC 

system with a C18 column (250 mm × 4.6 mm, 5.0 μm), as described by Fernández et al. [26]. All solvents have 

been used were grade HPLC, and all samples were diluted and micro filtered before injection to the instrument. 

Two-solvent gradient elution has been used, with a flow rate of 1 ml/min, with solvent (A) water–acetonitrile–

formic acid (94.7+4.3+1 v/v) and solvent (B) water– acetonitrile–formic acid (49.5+49.5+1 v/v). The mobile phase 

composition started at 90% solvent A and 10% solvent B, secondary increased to 30% solvent B in 10 min, and 

finally followed by a linear increase of solvent B to 80% in 5 min.  

 

Animals and treatment 

Male albino WISTAR rats aged of two months were used in the present study. Animals were divided into 

four groups (N=5), which have received by gavage during 30 days, tobacco total alkaloids (TTA) at a rate of     

2,5mg / kg (L1), TTA combined to ethyl acetate fraction of green tea extract (EAF) at a rate of 50 mg / kg (L2), 

and EAF only at the same rate (L3), while controls (L4) have been treated by the vehicle of extracts (distilled water 

+ 50 µl of Ethanol). Animals have been treated following the published guidelines and regulations, and they had 

a free access to food and water during all the experimental time. 

Seminal study 

Sperm samples were sucked into a pre-warmed Pasteur pipette (37°C), from the distal part of the caudal 

epididymis [27]. Sperm count, motility and viability have been measured following the protocol described by 

Dussault [28]. In brief, sperm samples were stained with the Trypan bleu at 5 % and mixed with the Dasie solution 

(10ml of formalin at 40 % and 990ml of sodium citrate at 3 %) for the sperm count. Other samples were treated 

by a solution of sodium citrate at 2.9% for sperm motility assessment. The eosin-nigrosin staining was used for 

the live/dead ratio determination. 
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Histological study 

Formalin at 10% was used for testes fixation. Cross sections of testes have been realized from paraffin blocks 

of conserved samples, according to the standard techniques of histology, and then stained with hematoxylin-eosin 

to visualize tissues structure. Five cross sections from each group have been analyzed by optic microscope to 

assess the histological alterations.    

Lipid peroxidation measurement 

Lipid peroxidation measurement was realized by the thiobarbituric acid reactive substances (TBARS) assay. 

The TBARS assay has been used to determine malondialdehyde (MDA) levels, a major degradation product of 

lipid peroxidation, in plasma and tissue homogenate according to the method of Buege and Aust, [29], and 

Botsoglou et al.[30] respectively. 

Hormonal analysis 

The measurement of total testosterone in blood has been realized by a competitive immune-luminometric 

assay, using MALGUMI testosterone kits and Fully-auto chemiluminescence immunoassay (CLIA) analyzer 

MAGLUMI1000.  

Statistical analysis 

Data are expressed as mean ±SD for all parameters. The data were analyzed using “IBM SPSS statistics 20.0” 

software. The one-way analysis of variance (ONE-WAY-ANOVA) has been realized for statistical analysis, 

followed by the Last Significant Difference (LSD) post-tests. A value of P <0.05 was considered as statistically 

significant. 

RESULTS 

 

Phenolic content and Antiradical activity measurements 

Data, expressed in triplicate, showed that EAF possess the most important phenolic content among all 

fractions of green tea extract, followed by nBF and AQF, in which phenolic contents were significantly higher as 

compared to ChF which showed the weakest phenols concentration (table.1).  In the other hand, DPPH radical 

scavenging activity increased with the increasing of concentrations (Fig.1). EAF has been shown to possess the 

lowest IC50 value corresponding to the highest antioxidant activity, followed by nBF, AQF, and finally ChF as 

expressed in table 1. Only one of the four tested phases of green tea extract was selected for the in vivo study. EAF 

was the most powerful fraction corresponding to the lowest IC50 as compared to the other fractions, green tea total 

extract and ascorbic acid used as positive control.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Curve of the reduction of  DPPH free radicals by green tea total extract (TE), 

ethyl acetate (EAF), n-butanol (nBF), aqueous (AQF), and chloroform (CHF) 

fractions, Values are expressed in (%). 
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Table. 1Phenolic content and IC50 values of green tea total extract (TE), Ethyl acetate fraction (EAF), n Butanol 

fraction (nBF), Aqueous fraction (AQF) and Chloroformic fraction (ChF). Ascorbic acid (AA) was used as 

positive control 

Values are expressed as mean± SD, NS not significant, *(p< 0,05), **(p< 0,01), ***(p< 0,001) 

 

Composition of Ethyl-Acetate fraction (EAF) 

The HPLC separation and analysis has indicated the presence of four substances in EAF fraction of green tea 

extract according to their retention time, as illustrated in Fig. 2.  Epigallocatechin (EGC), catechin (C), caffeine 

(CAF) and epicatechin (EC) have been identified in EAF. Their chemical structures are presented in Fig.3.  

 

 
 

 

 

 

 

 

Bodyweight and genital organs relative weight 
Our results showed a significant decrease in bodyweight in all treated groups compared to controls (P<0.05).  

Statistical analysis indicated that the decrease in bodyweight was more pronounced in L2 and L3 (p<0.01) treated 

with EAF. The weight gain values showed a higher significant decrease (p< 0.001) in treated groups compared to 

controls. Furthermore, testicular and epididymis relative weight was highly decreased in L1, but not significant in 

L2 and L3 as shown in table. 2.  

 

Table. 2 The effect of tobacco total alkaloids (TTA) and Ethyl acetate fraction (EAF) on bodyweight, testes and 

epididymis relative weight 

Values are expressed as mean± SD, NS not significant, *(p< 0,05), **(p< 0,01), ***(p< 0,001) 

 

Sperm analysis  

TTA treatment has induced an alteration of epididymal sperm cells. All measured parameters showed a 

significant decrease in TTA treated group compared to the other groups. Sperm count has been significantly 

decreased in L1 (p< 0.05). However, motility and livability have shown a higher decrease in this same group 

compared to controls (p< 0.001). On the other hand, mobility and livability, but not the number (no significant 

decrease of sperm count in L2), of sperm cells showed a lower decrease in L2 with (p< 0.05), and (p< 0.01) 

 TE EAF Nbf AQF ChF AA 

Phenolic content 

(mg GA Eq/g) 

-- 86,11± 7,07*** 85,32± 1,50*** 33,58 ±0,06** 7,11 ±0,02 -- 

IC50(mg/ml) 0,637 0,0156 0,195 1,056        2,148 0,115 

Groups Parameters      

Initial BW (g) Final BW (g) W  gain (g)  Testes RW 

 (%) 

EpididymisRW 

(%) 

L1 286 ± 19,21 321± 21,10NS 35,40± 10,43* 0,51± 0,028**  0,31± 0,040* 

L2 288 ± 20,18 298± 30,95** 10,80± 15,70*** 0,55± 0,033NS 0,33± 0,020NS 

L3 285± 11,51 298± 16,45** 13,60± 17,30*** 0,57± 0,015NS 0,36± 0,054NS 

L4 285± 14,40 338± 7, 82 56,62± 15,94 0,57± 0,017 0,38± 0,036 

Fig.2.HPLC chromatogram of ethyl acetate fraction of green tea extract, performed at 270nm. Peak identification: (EGC) 

epigallocatechin, (C) catechin, (CAF) caffeine and (EC) epicatechin 

C 

E

G

C 

E

C 

CAF 
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respectively, as compared to controls; although, their proportions remain up of 50%. However, no significant 

decrease of sperm parameters has been observed in EAF treated group (table.3).    

 

Table.3 The effect of tobacco total alkaloids and ethyl acetate fraction of green tea extract on sperm parameters 

Values are expressed as mean± SD, NS not significant, *(p< 0,05), **(p<0,01), ***(p< 0,001) 

 

 
Fig.  3. Chemical structures of ethyl acetate   fraction constituents 

 

Histopathology of testes 

The examination of testicular cross sections, stained by hematoxylin-eosin revealed an alteration of testicular 

structure with a decrease of the spermatogenic cell layer and Sertoli cells within seminiferous tubules, associated 

with a widening of the interstitial space, and a decrease of Leydig cells number, which indicate an atrophy of the 

interstitial tissue. In over of 50% of the examined seminiferous tubules in L1, no sperm cells have been observed 

in lumens. The histology of testes in controls and EAF treated groups (L2, L3) showed no changes in histological 

structure of interstitial tissue, and semniferous tubules epithelium, with a full architecture of the spermatogenic 

cycle (Fig. 4). 

Blood testosterone level 

 The plasma testosterone concentration was significantly reduced after TTA treatment in L1 (p<0.01), however, 

there was no significant difference between testosterone levels in (TTA+EAF) and EAF treated animals compared 

to controls (Table.4)    

 

Table.4 The effect of tobacco total alkaloids and ethyl acetate fraction of green tea extract on lipid peroxidation 

in plasma and genital organs 

Values are expressed as mean± SD, NS not significant, *(p< 0,05), **(p<0,01), ***(p< 0,001) 

 

Lipid peroxidation in Plasma and genital organs 

As illustrated in table 4, TTA has been shown to induce lipid peroxidation in plasma and genital organs. 

TBARS concentration was significantly increased in plasma (p<0.05), testes and epididymis (p<0.001) in TTA 

Groups Sperm parameters   

 Sperm count (106/ml) Motility (%) Live/death ratio (%) 

L1  136,50± 10,39** 38,20± 1,92*** 39,80± 4,32*** 

L2  158,50± 6,75NS 51,00± 2,12* 52,40± 6,06** 

L3 161,10± 8,94NS 51,80± 1,78NS 57,00± 6,00NS 

L4 163,00± 18,65 56,00± 4,06 61,00± 5,65 

  TBARS 

Groups Testosterone Plasma (nmol/ml) testes(µmol/g) Epididymis(µmol/g) 

L1   2,88± 0,93** 22,85± 3,32* 49,07± 1,25*** 50,13± 3,62*** 

L2   9,72± 2,19NS 15,85± 1,06NS 25,22± 0,59** 29,85± 1,10** 

L3   8,35± 1,10NS 14,10± 0,98NS 17,42± 1,80NS 21,33± 1,17NS 

L4 11,18± 1,23 15,52± 1,10 12,86± 2,20 16,62± 0,90 
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treated animals.  However, EAF of green tea extract has minimized lipid peroxidation levels in genital organs 

(p<0.01), while plasma TBARS levels observed in L2 were not significant as compared to controls. 

 

 
 

 

 

 

 

 

DISCUSSION 

 

Our study has been realized to evaluate the protective effect of green tea extract against tobacco total alkaloids 

reproductive toxicity on testicular structure, sperm quality, endocrine regulation and oxidative stress. 

Data demonstrate that green tea extracts have an important antioxidant activity, and are able to react with 

free radicals such as DPPH. Among all fractions of green tea extract, ethyl acetate fraction (EAF) has been shown 

to possess the highest potent antioxidative effect, which was more important than ascorbic acid used as positive 

control. These findings are consistent with those reported by other authors who have indicated that green tea exceed 

BHT (butylhydroxytoluen: antioxidant more potent than ascorbic acid) antioxidant activity [31, 32]. In addition, 

EAF was the most reactive fraction with only four catechins: epigallocatechin (EGC), catechin (C), caffeine (CAF) 

and epicatechin (EC). In fact, many authors mentioned that synergistic and antagonistic interactions between 

compounds, called “the mixture effect” can modify the antioxidant activity [33, 34]. In our study, we have firstly 

obtained a whole tea extract by maceration using ethanol. According to Ignat et al. [35], this method can imply the 

co-extraction of non phenolic substances such as sugars, organic acids, fats and proteins. In this case, Phenolic 

compounds can interact with these substances and may constitute insoluble complexes with reduced reactivity 

[36]. Similar results have been observed when studying the interactions between flavonoids, a class of secondary 

metabolites that catechins belong to, indicating that flavonoids mixtures may present an antagonistic effect, and 

showed a loss of antioxidant capacity compared with their theoretical values calculated by adding up the activity 

of  individual compounds analyzed separately [37].  In this regard, Hidalgo et al. [38] suggested that flavonoids 

have a tendency to combine when they are mixed together, and that a hydrogen-bonding between flavonoids may 

occur, decreasing the availability of the hydroxyl groups, which may in turn reduce the possibility of interaction 

with the free radicals. These suggestions are supported by the findings of Palafox-Carloset al.[39] who 

demonstrated that the number of hydroxyl groups correlated positively with antioxidant capacity. In our work,  the 

Fig. 4. Histopathology of testicular sections after tobacco total alkaloids (TTA) and ethyl acetate fraction of green tea extract 

(EAF) treatment; A , controls; B, TTA treated group (L1); C,TTA+EAF treated group (L2); D,EAF treated group (L3). Sperm 

cells (SPZ), Interstitial tissue (IT), Germinal layer (GL), Lumen (L), Blood vessels (BV), Leydig cells (LC).  H&E stain 

(×100). 
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triple liquid–liquid extraction using chloroform, ethyl acetate and n-butanol  have removed  the  non phenolic 

compounds and minimized  polyphenols interactions, by the reduction of the number of catechins in fractions, 

which have increased antioxidant activity in EAF compared to total extract.   

Furthermore, Gramza et al. [40] observed that green tea antioxidant activity under Rancimat test conditions 

correlated to a higher degree with the (ECG), (EC), and (C) content, while there was not any correlation with 

epigallocatechingallate (EGCG). Two from the three antioxidative effect correlated catechins (EC and C) were 

presents in EAF used in our study. These findings can justify the use of EAF and not green tea total extract, in 

which a possible antagonistic effect may reduce the antioxidant activity. In fact, our experimental study is the first 

that use EAF of green tea to improve the protective effect against tobacco total alkaloids reproductive toxicity, 

after multiple analysis and comparisons in vitro. 

In a clinical study on men, it has been reported that the plasma concentration of catechins in healthy 

individuals after tea consumption was relatively very low, and ranged between 0.2% and 2% of the consummated 

tea. That constitutes a poor bioavailability needing to be overcome to optimize tea benefits [41]. According to 

Serafini et al.[42], the bioavailability of pure polyphenols in tea dietary supplement is much higher than after 

consumption of whole green tea. As previously reported [36], Interaction between non phenolic and phenolic 

compounds in a whole extract may constitute insoluble complexes; hence, absorption and bioavibility can be 

reduced. However, an additional factor could affect the oral bioavailability of green tea catechins. They have been 

shown to be more stable in acidic conditions in vitro, but degrade more rapidly at pH levels above 6.5 [43]. It has 

been proposed that tea catechins may be more stable in a fasted stomach with low gastric pH, than a fed stomach 

in which the pH will be increased [44]. In our study, animals have been treated every day after an overnight fasting 

and before food presentation in order to have a good bioavibility. According to Chow et al.[45], this can increase 

plasma concentration of catechins 3 to 4 times. However, this fact requires further research to improve green tea 

phenolic compounds bioavibility and subsequently their biological responses.    

In the experimental study, TTA induced bodyweight and genital organs relative weight reduction, associated 

to reproductive toxicity as evidenced by the histopathology of testes, sperm and testosterone analysis. 

Both nicotine and cigarette smoke have been shown to reduce bodyweight in animal models [46,47], which 

has been reported to be attributable to food intake decrease [48,49]. In consistent with these previous suggestions, 

Bishop et al.[50] have reported that nicotine pump removal produced acute hyperphagia in experimental rats after 

food intake and bodyweight decrease during nicotine treatment; whereas, they have noted also that changes in 

body metabolism may contribute to the weight modulating after nicotine treatment. In this study, nicotine has been 

shown to increase lipolysis and fat utilization. However, the mechanisms of nicotine-related metabolism changes 

are not well known. In the other hand, we have observed that EAF induce a more significant bodyweight reduction 

as compared to TTA. This finding is supported by several studies that revealed the anti-obesity effect of green tea 

catechins, and the utility of green tea use to prevent the development of obesity [51]. In this regard, Tea catechins 

have been shown to significantly increase b-oxidation activity in liver, known as an organ active in b-oxidation of 

fatty acids. That may contribute to the suppression of liver and visceral fat accumulation and body weight decrease 

consequently [52], although, other mechanisms have been suggested to explain similar results. In one study, Green 

tea catechins decreased high-fat–induced obesity in mice, which was associated to an increased level of fecal lipids 

in catechins treated groups, supporting that catechins decreased lipid absorption [53]. 

Our data indicate that TTA treatment involves also, reproductive toxicity as described by genital organs 

relative weight reduction, histopathological findings in testes, sperm parameters attenuation and plasma 

testosterone level decline, in treated animals. Further works supported tobacco toxicity on reproductive system 

[54, 55, 56].The authors reported that tobacco and its major component, nicotine, can induce testicular damage in 

rats, and in human sperm cells. Anjum et al.[57] mentioned that the testes weight and function depend on 

androgens. In their study, significant decrease in the weight of reproductive organs was attributed to a significant 

decrease in serum testosterone levels after lead treatment. This can support our findings, where a decline of 

testosterone level and a decrease of Leydig cells number, confirmed by histopathological observations on 

interstitial tissue, have been noted. Furthermore, many studies revealed that cigarette smoke and nicotine can 

generate ROS and decline antioxidant substances in somniferous tubules. ROS damage the sperm membrane, 

decrease sperm motility and livability and induce sperm cells DNA fragmentation [58,59]. These findings indicate 

that oxidative stress may be the principal mechanism of tobacco toxicity. In fact, several points support the role of 

oxidative stress in nicotine toxicity [60]. It has been confirmed that the high proportion of PUFA in sperm cells 

makes them very weak, and susceptible to be attacked by ROS [61,62]. In mature spermatozoa, PUFA are known 

to contribute to membrane fluidity and flexibility, which facilitate sperm cells motility. This high concentration of 

unsaturated lipids is associated with a relative paucity of antioxidant enzymes such as superoxide dismutase (SOD) 

catalase and glutathione peroxidase, which is probably due to the elimination of the most quantity of cytoplasm in 

mature sperm cells during their differentiation process in testis [63]. In fact, PUFA residues of membrane 

phospholipids are very sensitive to oxidation and the action of ROS [64]. ROS with an unpaired electron are highly 

reactive, and can easily ‘steal’ an electron from such unsaturated fatty acid (LH) from double bonds between 

carbon atoms (C=C) in order to be stable. That will give rise to a carbon-centered lipid radical (L). This lipid 
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radical can interact with molecular oxygen (O2) to produce lipid peroxyl radical (LOO). Being an unstable species, 

lipid peroxyl radical interacts with another free fatty acid (LH) to produce new fatty acid radical (L) and lipid 

peroxide (LOOH) (final product of lipid peroxidation). The new formed (L) reacts again with molecular oxygen 

to produce LOO, and the same process will be produced many times, and leads to the propagation of lipid 

peroxidation in sperm cell membrane, which can induce eventually to cell damage [65]. Subsequently, big 

proportions of sperm cells abnormalities were correlated with the increase of stress indicators in oxidative stress-

related pathologies [66,67].  

In addition, it has been noted that ROS can also induce apoptosis and accelerated apoptotic cell death [68], 

which can be another inductive mechanism of testis damages [69]. In the present study, the increase of lipid 

peroxidation and the high levels of TBARS in plasma, testes and epididymis support the role of oxidative stress in 

TTA reproductive toxicity.  

In the other hand, EAF has been shown to improve epididymal sperm quality, histological structure of testes 

and testosterone level, and to decline lipid peroxidation levels in plasma and genital organs in TTA+EAF treated 

animals, which is consistent with its proved antioxidant activity. Our findings support green tea protective effect 

against oxidative stress-related toxicity induced by TTA on the male reproductive system. 

 

CONCLUSION 

 

The present study indicates that tobacco total alkaloids can involve a considerable degree of reproductive 

toxicity on testes histology, sperm quality and testosterone level. These effects were associated with high levels of 

lipid peroxidation. However, green tea phenolic compounds have a protective effect against TTA toxicity. Ethyl 

acetate fraction of green tea extract treatment minimizes testicular damages, improves the sperm cells parameters 

and testosterone level, and decreases TBARS in plasma and genital organs. In conclusion, EAF appear able to 

react against TTA-induced oxidative stress and to preserve a normal fertility in males. 
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