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Green tea (Camellia sinensis) leaf extract maintained spermatozoa plasma membrane integrity, viability, and motility of 

mice (Mus musculus) exposed to cigarette smoke. Ovozoa: Journal of Animal Reproduction 11: 130-136. 
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ABSTRACT 

 

Cigarette smoke chemicals caused oxidative stress by increasing Reactive Oxygen Species 

(ROS). ROS exposure could be neutralized by antioxidants, such as green tea (Camellia sinensis) leaf 

extract. This study aimed to determine the effect of green tea extract (GTE) on spermatozoa plasma 

membrane integrity, spermatozoa viability, and spermatozoa motility of mice (Mus musculus) 

exposed to cigarette smoke. Twenty-five mice were randomly divided into five groups. Group C- 

mice were given a placebo (1% Sodium carboxymethyl cellulose, Na-CMC). Group C+, T1, T2, and 

T3 mice were exposed to cigarette smoke and given 0, 20, 40, and 60 mg/kg BW GTE respectively. 

Cigarette smoke exposure used a clove cigarette per day. GTE in 1% Na-CMC solution was 

administered at 0.5 mL orally using a gastric probe. The treatment was conducted daily for 36 days, 

and on day 37, all mice were euthanized for spermatozoa evaluation. The results showed that all 

parameters evaluated in the C+ group were lower (p <0.05) than in C- group. Administration of GTE 

in the T2 group increased (p <0.05) all parameters compared to mice in the C+ group. However, 

administration of GTE to mice in the T3 group caused a decrease (p <0.05) in all parameters than 

those of the T2 group and was not significantly different (p >0.05) compared to those of the C+ group. 

It could be concluded that the administration of GTE at 40 mg/kg BW has maintained the spermatozoa 

plasma membrane integrity, spermatozoa viability, and spermatozoa motility of mice exposed to 

cigarette smoke.  
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INTRODUCTION 

 

Cigarette smoke contained compounds that 

can harm health. Burned cigarette produced 

about 4000 chemicals, including nicotine, tar, 

carbon monoxide, nitrosamines, nitrogen oxides, 

and polynuclear aromatic hydrocarbon 

compounds (Cheng et al., 2022). Cigarette 

smoke chemicals would enter quickly into the 

lungs and then spread throughout the body 

through the circulatory system, including to the 

testicular tissue, causing oxidative stress by 

increasing the formation of Reactive Oxygen 

Species (ROS) (Caliri et al., 2021). ROS first 
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oxidized polyunsaturated fatty acids (PUFA) in 

the plasma membrane, produced lipid 

peroxidase, unstable spermatozoa plasma 

membrane, and produced malondialdehyde, a 

toxic product for cells (Ayala et al., 2014). The 

plasma membrane of spermatozoa, which is 

composed of fatty acids, is susceptible to 

oxidative damage due to free radicals 

(Durairajanayagam et al., 2021). Damage to the 

plasma membrane of spermatozoa would be 

followed by protein inactivation and DNA 

damage which would lead to the death of 

spermatozoa (Panner Selvam et al., 2021). 

ROS exposure could be neutralized by 

antioxidants. Antioxidants were components that 

could inhibit the oxidation of fats, nucleic acids, 

or other molecules by preventing oxidation 

through chain reactions. The antioxidative 

mechanism was the donation some of their 

electrons to oxidant molecules to protect tissues 

from the harmful effects of ROS (Lü et al., 

2010). Changes in antioxidant molecules after 

releasing electrons did not turn them into 

reactive molecules (Kurutas, 2016). Green tea 

contained polyphenolic compounds, namely 

catechins, which were helpful as antioxidants 

that could neutralize free radicals. Tea catechins 

varied widely, consisting of epicatechin, 

epigallocatechin, epicatechin-3-gallate and 

epigallocatechin-3-gallate. Green tea also 

contained vitamins C and E (Prasanth et al., 

2019). Vitamin C is a compound that dissolves 

easily in water and could act as a free radical 

scavenger. In addition, vitamin E could protect 

cell membranes against lipid peroxidase by 

capturing free radicals (Vladika et al., 2019). 

There has been no report on the use of green tea 

extract (GTE) as an antioxidant to maintain 

semen quality in mice exposed to cigarette 

smoke. Therefore, this study aims to determine 

the effect of GTE on spermatozoa plasma 

membrane integrity, spermatozoa viability, and 

spermatozoa motility of mice (Mus musculus) 

exposed to cigarette smoke.  

 

MATERIALS AND METHODS 

 

This research procedure was approved by 

the Animal Care and Use Committee, 

Universitas Airlangga, Surabaya, Indonesia, No. 

324/HRECC.FORM/IV/2020.  

Experimental animals 

This study used 25 male mice (Mus 

musculus) aged 12 weeks weighing 20-25 grams, 

in good health, and had never been used for 

research. Mice were kept in cages which were 

given sawdust for the base of the cage. Mice 

were fed pellets and drinking water ad libitum.  

 

Green tea leaf extraction 

Green tea leaves (Camellia sinensis) were 

obtained from Wonosari tea garden, Malang 

Regency, East Java, Indonesia. The extraction 

was carried out by maceration method using 

ethanol solvent. Green tea leaf powder weighing 

1000 g of was soaked in eight liters of 96% 

ethanol for three days. The maceration results 

were then evaporated using a rotary evaporator 

at 50˚C, 45 rpm for 5 hours to obtain a thick 

extract, then freeze-dried (Khoirunnisa et al., 

2019). Extract powder was redissolved in 1% 

Na-CMC and adjusted according to the dosages.  

 

Treatment of animals 

Mice were acclimatized in cages for one 

week, then treated for 36 days. Twenty five mice 

(Mus musculus) were randomly and evenly 

divided into five groups. In the C- (negative 

control) group, mice were not exposed to 

cigarette smoke and were not given GTE (only 

0.5 mL of 1% Na-CMC). In groups C+, T1, T2, 

and T3, mice were exposed to cigarette smoke 

and given respectively 0, 20, 40, and 60 mg/kg 

BW of GTE. GTE was administered orally using 

a gastric probe at 0.5 mL/mouse/day. Cigarette 

smoke exposure to mice was carried out in an 

exposure chamber (31 x 19 x 22 cm) which had 

two holes, each for smoke input and output. 

Cigarette smoke was derived from a clove 

cigarette per day (Morales-Mantilla et al., 2020). 

On day 37, all mice were euthanized by cervical 

dislocation and dissected to collect the testes and 

cauda epididymis. The cauda epididymis was 

separated by cutting the proximal part of the 

corpus epididymis and the distal part of the vas 

deferens. The cauda epididymis was placed in a 

petri dish containing 0.2 mL of 0.9% NaCl 

solution. Spermatozoa was stripped out of the 

cauda gently, then mixed with the solution to be 

a suspension of spermatozoa for examination.  
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Plasma membrane integrity evaluation 

To examine the integrity of the spermatozoa 

plasma membrane 0.1 mL of spermatozoa 

suspension was pipetted into a microtube 

containing 0.9 mL hypoosmotic solution. After 

being gently mixed, the mixture was incubated at 

37˚C for 30 minutes and then spermatozoa were 

evaluated using a light microscope with a 

magnification of 400x. Spermatozoa tails with 

intact membranes appeared swollen or coiled, 

whereas spermatozoa with damaged membranes 

showed straight tail. Plasma membrane integrity 

of spermatozoa was counted as a percentage of 

spermatozoa with coiled tails (Puspita et al., 

2020).  

 

Spermatozoa viability evaluation 

Examination of spermatozoa viability was 

carried out by dripping a drop of spermatozoa 

suspension and a drop of eosin-nigrosine 

solution onto a clean object glass. Spermatozoa 

and eosin nigrosine were then mixed 

homogeneously, smeared and briefly dried over 

a flame. The slides were observed under a light 

microscope (Olympus® CX-41) with 400x 

magnification. Live spermatozoa cells appeared 

transparent, while dead spermatozoa appeared 

purplish red in its head (Octaviani et al., 2021). 

Viability of spermatozoa was counted as a 

percentage of spermatozoa with transparent head 

out of 100 spermatozoa examined (Widiantoro et 

al., 2021).  

 

Spermatozoa motility evaluation 

Examination of spermatozoa motility was 

carried out by dripping a drop of spermatozoa 

suspension and a drop of 0.9% NaCl solution 

onto a clean object glass, then mixed 

homogeneously, covered, and examined under a 

light microscope (Olympus® CX-41) with 400x 

magnification (Octaviani et al., 2021). 

Spermatozoa motility was calculated based on 

the percentage of individual movement of a 

progressive out of 100 spermatozoa examined 

(Widiantoro et al., 2021).  

 

Data analysis  

The data obtained were analyzed using 

ANOVA followed by Duncan's multiple range 

test. Statistical analysis was performed using the 

Statistical Program and Service Solution (SPSS) 

version 23 software for Windows.  

 

RESULTS 

 

Plasma membrane integrity, spermatozoa 

viability, and motility in group C+ mice were 

lower (p  <0.05) than in C- group mice. 

Administration of GTE to mice in the T2 group 

increased (p <0.05) plasma membrane integrity, 

spermatozoa viability, and motility compared to 

mice in the C+ group. However, administration 

of GTE to mice in the T3 group caused a 

decrease (p <0.05) in plasma membrane, 

spermatozoa viability, and motility compared to 

the T2 group and was not significantly different 

(p >0.05) compared to the C+ group (Table 1). 

Microscopic examination of intact or normal 

spermatozoa plasma membranes and damaged 

spermatozoa plasma membranes could be seen in 

Figure 1. Microscopic examination of live and 

dead spermatozoa with eosin-nigrosine staining 

could be seen in Figure 2.  

 

Table 1 The integrity of spermatozoa plasma membrane, spermatozoa viability, and spermatozoa 

motility of mice (Mus musculus) after exposure to cigarette smoke and green tea extract 

administration 

 C- C+ T1 T2 T3 

IPM   52.1 ± 8.73 b 20.95 ± 7.64 a 31.05 ± 6.86 a  44.82 ± 5.30 b  31.92 ± 10.84a 

viability 62.73 ± 16.56 b 9.91 ± 5.57 a 44.32 ± 10.84 ab 55.72 ± 21.68 b   50.88 ±16.45 ab 

motility 38.00 ± 13.04 c 14.00 ± 4.18 a 19.00 ± 8.22 ab   27.00 ± 5.70 bc  23.00 ± 7.58 ab 

Different superscripts in one line indicate a significant difference (p <0.05); C-: mice were not 

exposed to cigarette smoke and were not GTE administration (0.5 mL of 0.1 % Na-CMC); C+, T1, 

T2, and T3: mice were exposed to cigarette smoke followed by the administration of 0, 20, 40, and 

60 mg/kg BW in 1% Na-CMC 0.5 mL.  
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Figure 1 Examination of spermatozoa plasma membrane integrity of mice (Mus musculus) after 

exposure to cigarette smoke and green tea extract administration showing spermatozoa with intact 

plasma membrane (coiled tail, white arrowheads) and spermatozoa with damaged plasma membrane 

(straight tail, purple arrowhead); examined under a light microscope (Olympus® CX-41) with 400x 

magnification.  

 

 

Figure 2 Eosin nigrosine staining of spermatozoa of mice (Mus musculus) after exposure to 

cigarette smoke and green tea extract administration showing live spermatozoa with transparent 

head (white arrowheads) and dead spermatozoa with purplish red head (black arrowheads); 

examined under a light microscope (Olympus® CX-41) with 400x magnification.  

 

DISCUSSION 

 

Plasma membrane integrity, spermatozoa 

viability, and motility in mice exposed to 

cigarette smoke were lower than in normal mice. 

Cigarette smoke increased free radicals in the 

form of ROS such as superoxide, hydroxyl 

radicals, and peroxyl radicals (Valavanidis et al., 

2009). ROS could cause lipid peroxidation and 

disrupted the integrity of the spermatozoa 

plasma membrane, nuclear membrane, and 

mitochondrial membrane (Alahmar, 2019). 

Nuclear membrane damage could be followed by 

DNA fragmentation and cell death (Chen et al., 
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2020). Meanwhile, disruption of the integrity of 

the mitochondrial membrane caused metabolic 

disorders that produce ATP which interfered 

with spermatozoa motility (Durairajanayagam et 

al., 2021). Cigarette smoke induced high ROS 

(Caliri et al., 2021) which caused damage to the 

spermatozoa plasma membrane (Sabeti et al., 

2016). ROS were oxidants with high reactivity to 

polyunsaturated fatty acid (PUFA) in cell 

membranes. The toxic effects of ROS were lipid 

peroxidation, protein ionization and inactivation, 

and DNA damage (Juan et al., 2021). After the 

addition of the hypo-osmotic solution, the 

damaged spermatozoa plasma membrane is seen 

straight tail shape (Prochowska et al., 2022). 

Mice exposed to cigarette smoke and 

administered 40 mg/kg BW showed the best 

results in maintaining spermatozoa plasma 

membrane integrity. GTE contained vitamins C, 

and E, flavonoids that act as antioxidants 

(Prasanth et al., 2019). Vitamin C is a compound 

that dissolved easily in water and could act as a 

free radical inhibitor (Padayatty and Levine, 

2016). Vitamin E in GTE could protect cell 

membranes against lipid peroxidation by 

capturing free radicals (Howard et al., 2011). 

Meanwhile, flavonoids inhibited the formation 

of free radicals because they acted as 

antioxidants, inhibited many oxidation reactions, 

and protected membrane lipids from reactions 

that damaged them (Vladika et al., 2019).  

This decrease in spermatozoa viability 

occured due to the chemical content in cigarette 

smoke, such as nicotine, tar, and carbon 

monoxide that had the potential to increase the 

production of free radicals (Harlev et al., 2015). 

This increase in free radicals would damage 

spermatogenic cells membranes, disrupted ion 

transport essential for spermatogenic cells 

proliferation and growth, damaged spermatozoa 

DNA and increased spermatozoa apoptosis 

(Takeshima et al., 2020). In addition, the 

chemical content in cigarette smoke can also 

inhibit the process of spermatogenesis resulting 

in lower spermatozoa concentrations (Ahmadnia 

et al., 2007). Administration of 40 mg/kg BW 

showed the best results in maintaining 

spermatozoa viability. 

 Spermatozoa motility in this study 

decreased due to exposure to cigarette smoke. 

Free radical compounds in cigarette smoke 

increased lipid peroxidase and caused disruption 

to the plasma membrane of spermatozoa, thereby 

reducing motility. Free radicals also cause low 

mitochondrial ATP production, thereby reducing 

the frequency of spermatozoa tail movement 

(Alahmar, 2019). ATP was needed by 

spermatozoa for their motility; when ATP 

production was inadequate, the movement of 

spermatozoa fibrils would stop (Davila et al., 

2016).  

Green tea contained catechins and flavanols 

could act as free radical scavengers by donating 

electrons to ROS to reduce their reactivity 

(Bernatoniene and Kopustinskiene, 2018). 

Antioxidants protected the plasma membrane 

from lipid peroxidation by ROS. The integrity of 

the spermatozoa membrane maintained 

mitochondrial metabolism for ATP production. 

Thereby, administration of antioxidants 

increased semen parameters, including the 

percentage of motile spermatozoa (Ahmadi et 

al., 2016). Antioxidants in green tea could 

prevent oxidative damage due to free radicals on 

several spermatozoa parameters, such as 

motility, abnormalities, and concentration 

(Mahmoudi et al., 2018). However, 

administration higher dose (60 mg/kg BW) of 

GTE showed a decrease in the percentage of 

spermatozoa plasma membrane integrity, 

viability, and motility. Higher administration of 

antioxidants caused an increase in osmotic 

pressure and causes damage to the plasma 

membrane (Henkel et al., 2019).  The high 

content of quercetin in GTE decreased the 

expression of mitochondrial copy number (Chen 

et al., 2014).  In addition, administration of 

higher doses of antioxidants would shift 

antioxidants to pro-oxidant that significantly 

reduced male fertility (Majzoub and Agarwal, 

2018).  

 

CONCLUSION  

 

Administration of green tea extract at a dose 

of 40 mg/kg BW was effective for maintaining 

spermatozoa plasma membrane integrity, 

spermatozoa viability and spermatozoa motility 

of mice exposed to cigarette smoke.  
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