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ABSTRACT 

 

This study aims to determine the effect of the administration of white guava (Psidium guajava 

L.) fruit juice on spermatozoa plasma membrane integrity (PMI), morphological abnormality, 

viability, and motility of lead acetate induced rats (Rattus norvegicus). Twenty-five male rats were 

divided into five groups: NC (negative control) group, rats were administered with distilled water 

twice daily at four-hour intervals; T0 (positive control) group, rats were administered daily with lead 

acetate 50 mg/kg bw and distilled water four hours later; T1, T2, and T3 groups, rats were 

administered daily with lead acetate 50 mg/kg bw and 0.5 mL of 25, 50, and 100% white guava fruit 

juice four hours later. The treatment of the rats was conducted for 14 days, and on day 15, all rats 

were sacrificed to assess the spermatozoa quality. Data was analyzed using ANOVA followed by 

Duncan's multiple range test at a confidence level of 95%. The results showed that exposure to lead 

acetate (T0) caused lower spermatozoa PMI, viability, and motility as well as higher spermatozoa 

morphological abnormalities (p <0.05) compared to those of the T0 group. Administration of white 

guava fruit juice starting at a dose of 25% (T1) resulted in higher spermatozoa motility, viability, and 

PMI as well as lower spermatozoa morphological abnormalities (p <0.05) compared to rats in the T0 

group. It could be concluded that white guava fruit juice maintained the spermatozoa quality of lead 

acetate induced rats. 
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INTRODUCTION 

 

Heavy metals are one of the elements 

contained in waste that pollute the environment. 

High levels of heavy metals in the surrounding 

environment result in food, water, and air 

contamination. Lead acetate is one of these 

heavy metals (Das et al., 2023). Lead acetate is 

the second most dangerous toxic substance after 

arsenic. More than 80% of daily sources of lead 
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acetate exposure come from food, including 

drinks, soil, motor vehicle exhaust, and ingested 

dust. The entry route for lead acetate into the 

body is through the skin, breathing, and digestion 

(Kumar et al., 2020). Exposure to lead acetate 

caused poisoning depending on how much of the 

metal is bound to the body. Lead acetate had the 

ability to work as a barrier to enzyme action so 

that metabolic processes were disrrupted (Assi et 

al., 2016), which ultimately caused allergies, 

mutagens, teratogens, or carcinogens 

(Dasharathy et al., 2022). Several body organs 

that are targets of lead acetate exposure, are the 

circulatory system, nervous system, endocrine 

system, urinary tract, reproductive organs, and 

heart (Wani et al., 2015). Lead acetate affects the 

reproductive systems of animals and humans. In 

animals, lead acetate caused sterility, abortion, 

changes in the estrous cycle, teratogenic effects, 

abnormalities, decreased spermatozoa 

production, reduction in diameter, and edema of 

the seminiferous tubules (Tirpák et al., 2021). 

In the reproductive system, lead caused 

abnormalities in the testicles, which work 

through testicular and testicular mechanisms 

(Dimitriadis et al., 2017). Damage to the testicles 

affected the quality of spermatozoa (El-Magd et 

al., 2017). Lead acetate could also reduce 

antioxidant levels, increased the production of 

free radicals in the body, and increased reactive 

oxygen species (ROS) (Sudjarwo et al., 2017). 

Excessive amounts of ROS caused oxidative 

stress and changed cell membranes so that they 

lost their main function, which was called lipid 

peroxidation. Molecules that ROS took up would 

lose one of their electrons, resulting in cell 

damage (Su et al., 2019). ROS could directly 

damage spermatozoa DNA by attacking purine 

pyrimidine bases. ROS-induced caspase 

enzymes damaged DNA and apoptosis of 

spermatozoa (Wagner et al., 2017). The 

spermatozoa plasma membrane, which is 

composed of unsaturated fatty acids, was 

susceptible to oxidative damage due to free 

radicals. Damage to the spermatozoa plasma 

membrane was detrimental to spermatozoa 

viability, abnormalities, and motility (Alahmar, 

2019). 

Spermatozoa can neutralize oxidant 

compounds with the enzyme glutathione 

peroxidase, uric acid, and the enzyme catalase, 

which work to neutralize the oxidant hydrogen 

peroxide. However, if the levels of free radicals 

are excessive, antioxidants need to be added. 

Antioxidants are substances or agents that 

scavenge reactive oxygen metabolites, inhibit 

their formation or enhancing endogenous 

antioxidant capabilities (Chaudhary et al., 2023). 

Natural antioxidants that could balance the 

scavenging system could be obtained from fruits 

and vegetables, which contained lots 

antioxidants (Rahaman et al., 2023). White 

guava fruit (Psidium guajava L.) is a fruit that 

has high antioxidant content. Guava is famous 

for its high vitamin C content. Apart from that, 

guava contains other chemicals that can affect 

antioxidants, such as flavonoid compounds, a 

combination of saponins with oleic acid, 

guajavarin, and quercetin (Tousif et al., 2022), 

and several researchers found high 

concentrations carotenoids (lycopene, ꞵ-

carotene, ꞵ-cryptoxanthin) which functions as an 

antioxidant, anti-hyperglycemic, and anti-

neoplastic (Lok et al., 2023). 

 Therefore, this study aims to determine the 

effect of administering white guava (Psidium 

guajava L.) fruit juice on the plasma membrane 

integrity, abnormalities, viability, and motility of 

lead acetate induced rats (Rattus norvegicus) 

spermatozoa. 

 

MATERIALS AND METHODS 

 

This study used 25 healthy male rats (Rattus 

norvegicus) aged 12 weeks, with a body weight 

of 200 grams. Rats were adapted to plastic cages 

measuring 31cm x 28cm x 9cm and covered with 

wire mesh. At the bottom of the cage, 0.5-1 cm 

thick husk is placed and replaced every two days. 

Commercial pellets were given twice daily, and 

drinking water was provided ad libitum. The lead 

used was Lead (II) acetate trihydrate (Merck 

Millipore CAS 6080-56-4), which was dissolved 

in distilled water. The dose of lead acetate was 
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50 mg/kg bw orally once a day (Septiani et al., 

2022). Guava fruit was peeled, cut and mashed 

using a blender and then squeezed out the juice 

(100%), which was further diluted in water to a 

concentration of 50% and 25%. 

This research proposal has been approved 

by the ethical commission 

555/HRECC.FODM/XII/2020. Rats were 

divided randomly into five groups: CN, T0, T1, 

T2, and T3. In the NC group, rats were 

administered 0.5 mL of distilled water twice 

daily at four-hour intervals as a negative control. 

In goup T0, as a positive control, rats were 

administered 0.5 mL of lead acetate solution 50 

mg/kg bw orally once a day and distilled water 

four hours later. In groups T1, T2, and T3, rats 

were administered 0.5 mL of 50 mg/kg bw lead 

acetate solution and 0.5 mL of white guava fruit 

juice with concentrations of 25, 50, 100% 

respectively four hours later. Treatment was 

given for 14 days, and on day 15, all rats were 

anesthetized with an intraperitoneal injection of 

1 mL/kg bw ketamine and 0.25 ml/kg bw 

xylazine. Rats were sacrificed by decapitation to 

remove the testicles and cauda epididymis. The 

cauda epididymis of rats was separated by 

cutting the proximal part of the corpus 

epididymis and the distal part of the vas deferens. 

Cauda epididymis was cut and stirred in 

physiological NaCl in a petri dish and 

spermatozoa that swim out were collected (Sari 

et al., 2023) to be assessed the motility, viability, 

abnormalities, and integrity of the spermatozoa 

plasma membrane. 

 

The integrity of spermatozoa plasma 

membrane 

The hypoosmotic swelling (HOS) test 

method was used to evaluate the integrity of the 

spermatozoa plasma membrane. The 

hypoosmotic solution was prepared using 1.35 g 

fructose and 0.73 g sodium citrate dissolved in 

double distilled water to reach a volume of 100 

mL. As much as 0.1 mL spermatozoa suspension 

was put into a microtube containing 0.9 mL of 

hypoosmotic solution. After a gentle stir mixture 

was then incubated at 37℃ for 30 minutes. 

Plasma membrane integrity was evaluated using 

a light microscope with 400x magnification 

(Nikon Eclipse E100). Intact plasma membrane 

of spermatozoa was characterized by a curved 

tail, while the tail of spermatozoa whose plasma 

membrane was damaged remained straight 

(Susilowati et al., 2021). 

 

Spermatozoa abnormalities 

In examining spermatozoa abnormalities, 

the spermatozoa preparations were observed 

under a microscope with 400x magnification 

(Nikon Eclipse E100). Spermatozoa 

abnormalities include morphological 

abnormalities in the head, neck and tail (Pahlevy 

et al., 2022). 

 

Spermatozoa viability 

One drop of spermatozoa suspension and 

one drop of 2% Eosine nigrosine solution were 

mixed homogeneously on a glass slide, and then 

smeared thinly on another glass slide. The slides 

were observed on a microscope with 400x 

magnification (Nikon Eclipse E100). Live 

spermatozoa were transparent on the head 

because they did not absorb the Eosin nigrosine 

dye, while dead spermatozoa were reddish on the 

head because they absorbed Eosin nigrosine dye 

(Sari et al., 2023). 

 

Spermatozoa motility 

One drop of spermatozoa suspension was 

put on a glass slide, covered with a cover slip, 

and examined under a microscope (Nikon 

Eclipse E100) with 400x magnification. 

Progressively moving spermatozoa are 

calculated as a percentage of 100 spermatozoa 

(Sari et al., 2023). 

 

Data analysis 

Data on spermatozoa plasma membrane 

integrity, abnormalities, viability, and motility 

were analyzed using one-way Anova, followed 

by Duncan's multiple range test at a confidence 

level of 95%. Statistical analysis was conducted 

using Statistical Product and Service Solutions 

version 25 for Windows software. 
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RESULTS 

 

The results of this study showed that 

exposure to lead acetate (T0) caused lower PMI, 

viability, and motility as well as higher 

spermatozoa morphological abnormalities (p 

<0.05) compared to rats in the negative control 

group. The intactness of the spermatozoa plasma 

membrane, spermatozoa viability, and 

spermatozoa morphological abnormality were 

shown in Figures 1, 2, and 3, respectively. 

Administration of white guava fruit juice starting 

at a dose of 25% (T1) resulted in higher motility, 

viability, and PMI as well as lower spermatozoa 

morphological abnormalities (p <0.05) 

compared to rats in the T0 group. There were no 

significant differences (p >0.05) in spermatozoa 

motility and viability of rats in the T1, T2, and 

T3 groups. Spermatozoa morphological 

abnormalities were the lowest compared to other 

group rats (p <0.05). There was no significant 

difference (p >0.05) in spermatozoa PMI in rats 

in the T2 and T3 groups (Table 1). 

 

Table 1 Spermatozoa plasma membrane integrity, morphological abnormality, viability, and motility 

of lead acetate induced rats (Rattus norvegicus) treated with white guava juice 

 PMI abnormality viability motility 

NC 73.80 ± 2.39 d 9.00 ± 2.45 b 79.60 ± 2.70 c 79.00 ± 1.58 c 

T0 42.60 ± 6.27 a    19.40 ± 2.70 c 37.40 ± 8.08 a 30.60 ± 4.04 a 

T1 54.00 ± 6.04 b 8.00 ± 2.92 b 55.60 ± 9.45 b 52.40 ± 8.02 b 

T2 64.40 ± 3.36 c 8.40 ± 1.14 b 58.00 ± 7.58 b 56.60 ± 7.30 b 

T3 69.40 ± 1.52 c 4.00 ± 1.00 a   60.00 ± 12.25 b   59.40 ± 13.99 b 

Different superscripts in the same column indicate significant differences (p <0.05). NC: rats were 

administered 0.5 mL of distilled water twice a day at four-hour intervals, T0, T1, T2, and T3: rats 

were exposed to 0.5 mL of 50 mg/kg bw of lead acetate solution followed by the administration of 

0.5 mL of distilled water, 25, 50, and 100% white guava fruit juice four hours later.  

 

 

Figure 1 Live and dead spermatozoa of lead 

acetate induced rat (Rattus norvegicus) and 

treated with white guava (Psidium guajava L.) 

fruit juice; Eosin nigrosine staining under a light 

microscope 400x magnification (Nikon Eclipse 

E100); blue arrow: transparent live spermatozoa; 

red arrow: reddish dead spermatozoa. 
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Figure 2 Spermatozoa morphological 

abnormality of lead acetate induced rat (Rattus 

norvegicus) and treated with white guava 

(Psidium guajava L.) fruit juice; Eosin nigrosine 

staining under a light microscope with 400x 

magnification (Nikon Eclipse E100); blue 

arrow: normal spermatozoa; red arrow: headless 

spermatozoa; yellow arrow: abnormal 

spermatozoa without neck and tail. 

 

Figure 3 Spermatozoa plasma membrane 

integrity of lead acetate induced rat (Rattus 

norvegicus) treated with white guava (Psidium 

guajava L.) fruit juice; hypoosmotic swelling 

test under a light microscope with 400x 

magnification (Nikon Eclipse E100); blue 

arrow: spermatozoa with intact plasma 

membrane; red arrow: spermatozoa with 

damaged plasma membrane. 

 

DISCUSSION 

 

Rats induced by lead acetate alone showed 

lower PMI, viability, and motility and higher 

spermatozoa morphological abnormalities. 

Exposure to lead acetate induced the formation 

of ROS. The antioxidant defense system could 

not neutralize excessive ROS production in 

spermatozoa. Polyunsaturated fatty acids in the 

plasma membrane of spermatozoa were sensitive 

to lipid oxidation by ROS. Damage to the 

spermatozoa plasma membrane revealed a 

straight tail after the addition of hypoosmotic 

solution (Pitaloka et al., 2023). Spermatozoa 

plasma membrane physiologically functioned as 

a control of the transport system (Check et al., 

2023). Spermatozoa plasma membrane is 

sensitive to oxidative damage because it 

contained large amounts of polyunsaturated fatty 

acids and a relative lack of antioxidant enzymes 

in the spermatozoa cytoplasm. Lipid 

peroxidation on the spermatozoa plasma 

membrane resulted in increased membrane 

permeability and damage to the integrity 

(Agarwal et al., 2014). 

The high level of spermatozoa abnormalities 

may be caused by high levels of free radicals, 

which triggered defects in the head, neck, and 

tail. Rats were administered lead acetate, which 

decreased testicular weight and increased 

spermatozoa morphological abnormalities 

(Adamkovicova et al., 2016; Abdel-Emam and 

Ahmed, 2021). Spermatozoa morphological 

abnormalities are divided into primary and 

secondary defects. Primary defects are 

spermatozoa abnormalities in the testicles due to 

failure of spermatogenesis or spermiogenesis. It 

was characterized by spermatozoa with heads 

that are too large or too small, short heads, 

elongated flat heads, double heads, and double 

tails. Several factors caused the spermatozoa's 

primary defect, such as heredity, diseases, and 

harmful environmental influences. Secondary 

spermatozoa defects are abnormalities after 

spermatozoa leave the seminiferous tubules, 

characterized by broken tails, heads without 

tails, and broken heads (Gatimel et al., 2017). 

This study revealed that an increase in the 

percentage of morphological abnormalities in 

spermatozoa is caused by lead-free radicals. The 

toxic effect of lead on male reproduction is that 

it affects spermatogenesis, resulting in a decrease 

in semen quality in terms of the number, 

morphology, motility, and abnormal 

morphology of spermatozoa (Kumar, 2018). 

Free radicals damaged spermatozoa DNA 

directly by attacking purine and pyrimidine 

bases, initiating apoptosis by activation of 

caspase enzymes (Wagner et al., 2017) and 

morphological abnormalities (head, neck, and 



Alifia et al., 2023/Ovozoa 12: 131-140 
 

________________________________________________________________________________ 
How to cite this article: Alifia AS, Wurlina W, Soeharsono S, Hernawati T, Sudjarwo SA, Utomo B, Mulyati S, Purnama 

MTE. 2023. Effect of white guava (Psidium guajava L.) fruit juice on the quality of lead acetate induced rats (Rattus 

norvegicus) spermatozoa. Ovozoa: Journal of Animal Reproduction. 12: 131-140. 

¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯ 
Copyright ©2023 Alifia AS, Wurlina W, Soeharsono S, Hernawati T, Sudjarwo SA, Utomo B,  

Mulyati S, Purnama MTE.  136 

tail) of spermatozoa (Adamkovicova et al., 

2016). 
The decrease in the percentage of 

spermatozoa viability is preceded by damage to 
the plasma membrane. Membrane permeability 
was closely related to nutrient transport, which 
has a vital role in cell metabolism. If the 
permeability of the spermatozoa membrane was 
disturbed, then nutritional needs would be 
disturbed, resulting in the spermatozoa dying 
(Alahmar, 2019). Lipid peroxidation due to lead 
exposure caused DNA and protein damage, 
decreasing the number of viable spermatozoa 
(Dutta et al., 2019). Some living spermatozoa are 
motile and some are non-motile. Rats without 
lead acetate induction had the highest motility 
due to the absence of obstacles to the metabolic 
activity of the spermatozoa plasma membrane. 
The spermatozoa plasma membrane would 
protect the energy production in mitochondria 
for spermatozoa motility. Spermatozoa motility 
is the standard of healthy spermatozoa and a 
determining factor for fertilization. The motility 
of spermatozoa came from the pushing 
movement of the tail (Adamkovicova et al., 
2016). Meanwhile, the rats induced by lead 
acetate only had the lowest spermatozoa 
motility. It was in line with the decrease in the 
percentage of spermatozoa motility due to 
administration of lead acetate reported by 
Sudjarwo and co-workers (2017). Excessive 
ROS from lead acetate exposure damaged 
spermatozoa membranes and mitochondria, 
disrupting oxidative phosphorylation and Na, K, 
and Ca ATPase activity (Castellini et al., 2021). 
This could lead to decreased spermatozoa 
motility due to loss of intracellular ATP, leading 
to axonemal damage, increased midpiece 
morphology abnormalities, deleterious effects 
on spermatozoa capacitation and acrosome 
reaction (Chianese and Pierantoni, 2021).  

This study indicated that white guava fruit 

juice maintained the integrity of spermatozoa 

plasma membrane of rat exposed to lead acetate. 

The administration of 25% white guava fruit 

juice increased the percentage of spermatozoa 

plasma membrane integrity optimally. This 

revealed that white guava fruit juice inhibited the 

lipid peroxidation chain reaction induced by lead 

acetate. The lipid peroxidation chain reaction 

could be stopped by antioxidants to break the 

chain reaction (Ayala et al., 2014). The 

antioxidant content in white guava fruit juice 

inhibited lipid peroxidation due to its ability to 

capture free radicals by releasing hydrogen ions 

with one electron. The antioxidant content in 

white guava fruit, such as vitamin C, quercetin, 

and flavonoids, was able to fight free radicals 

(Anggraini et al., 2021). Flavonoids could act as 

antioxidants, inhibiting oxidative stress against 

free radicals and increasing spermatogenesis. 

Flavonoids provided a competitive substrate for 

unsaturated fats in cell membranes, increasing 

regeneration by counteracting free radicals and 

accelerating the repair of damaged cell 

membranes. The quercetin compound protected 

cells from free radical damage by increasing 

endogenous antioxidants: Superoxide Dismutase 

and Catalase. Due to its antioxidant content, it 

could be used as a free radical scavenger. If 

antioxidants could capture excessive free 

radicals in the body, then cells damaged by free 

radicals can regenerate themselves (Rahaman et 

al., 2023). 

The administration of 25% white guava fruit 

juice optimally reduced the percentage of 

spermatozoa abnormalities. The reduction in the 

percentage of spermatozoa abnormalities was 

due to antioxidants, which could reduce 

oxidative stress due to exposure to lead acetate 

and maintained the quality of spermatozoa by 

binding free radicals and preventing oxidative 

stress in fat, protein, and DNA from spermatozoa 

(Reisinta et al., 2018). According to Sabeti et al. 

(2016), the reduction in abnormalities could be 

caused by achieving a balanced condition of 

antioxidants in the cells, thus affecting 

spermiogenesis. The processes of 

spermiogenesis and spermatozoa maturation are 

very vulnerable to ROS interference. The 

antioxidants administered reduced ROS and 

increased the number of spermatogonia, 

spermatids, and normal spermatozoa 

morphology. 

Rats exposed to lead acetate and treated with 

white guava fruit juice increased spermatozoa 
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viability compared to those treated with lead 

acetate only. These results are in line with 

research by Anggraini et al. (2021) which 

showed that guava fruit improved the viability of 

rats, which declined due to oxidative stress due 

to free radicals exposure. Exogenous 

antioxidants in white guava fruit juice provided 

a preventive effect on the viability of rats 

induced by lead acetate. Antioxidants could 

inhibit and reduce oxidative stress activity 

caused by excessive ROS, resulting in an 

increased presentation of live spermatozoa. The 

way antioxidants work was to give one or more 

compounds electrons to become an oxidant, then 

changed the oxidant into a more stable 

compound. Antioxidants could eliminate free 

radicals (Meles et al., 2021). The plasma 

membrane protected the internal organs of cells 

and filtered intracellular and extracellular 

surfaces (Tapia et al., 2012). Guava fruit 

contains vitamin C, vitamin B1, vitamin A, 

protein, fat, carbohydrates, water, calcium and 

phosphorus. Guava fruit also contains 

polyphenols: tannin, manganese, saponins, 

flavonoids, guajavarin, and quercetin. Vitamin C 

and quercetin, one of the dominant active 

compounds, play a role in warding off free 

radicals. Quercetin is a compound that can 

inhibit oxidative stress by regulating the balance 

between oxidants and antioxidants. Quercetin 

effectively protected cells from radical damage 

by increasing endogenous antioxidant levels and 

suppressing oxidative stress caused by lead 

acetate. In addition, vitamin C, as an antioxidant, 

acted as a hydrogen ion donor (Rahaman et al., 

2023). 

This study showed that the administration of 

25% white guava fruit juice effectively 

maintained spermatozoa motility of rats exposed 

to lead acetate. This increase in spermatozoa 

motility is in line with research by Anggraini et 

al. (2021), which proved that giving guava fruit 

could increase spermatozoa motility of rat 

exposed to free radicals. Increased spermatozoa 

motility was caused by antioxidants, which 

defended the plasma membrane from lipid 

peroxidation caused by lead acetate so that the 

integrity of the spermatozoa plasma membrane 

remained intact. The plasma membrane is vital 

for spermatozoa motility (Susilowati et al. 

2021). Providing adequate antioxidants could 

also increase the body's metabolism and 

accelerate the formation of ATP which is used as 

an energy source to move flagella so that 

spermatozoa motility would increase (Park and 

Pang, 2021). Antioxidants in guava could 

stabilize free radicals by completing free 

radicals' lack of electrons and inhibiting chain 

reactions from forming free radicals, which 

could cause cell damage. Several studies showed 

that providing antioxidants from guava could 

stabilize free radicals and is preventive 

(Chechani et al., 2023).  

The combination of quercetin and vitamin C 

compounds could reduce excessive ROS 

production. Excessive ROS could inactivate 

Superoxide Dismutase and catalase. Vitamin C 

contained in guava fruit is an antioxidant needed 

for the survival of spermatozoa. Vitamin C could 

capture free radical activity, which prevented 

free radical activity and radical chain reactions, 

thereby avoiding peroxidative damage affecting 

spermatozoa quality. Vitamin C is a water-

soluble vitamin that protected spermatozoa from 

damage by oxidative stress by neutralizing 

hydroxyl, superoxide, and hydrogen peroxide 

radicals and preventing spermatozoa 

agglutination. Vitamin C had a vital role in 

protecting spermatozoa lipids from oxidation 

reactions, which would reduce spermatozoa 

motility (Fanaei et al., 2014). White guava fruit 

also contained flavonoids, which can act as 

antioxidants that could inhibit oxidative stress 

against the dangers of free radicals and could 

increase spermatogenesis. Flavonoids could also 

increase regeneration by destroying free radicals, 

providing competitive substrates for unsaturated 

lipids in membranes, and accelerating repair 

mechanisms for damaged cell membranes 

(Rahaman et al., 2023). 
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CONCLUSION 

 

Administration of white guava juice 

(Psidium guajava L.) improved motility, 

viability, morphological abnormalities, and 

membrane integrity of spermatozoa in lead 

acetate induced rats (Rattus norvegicus). 
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