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Introduction 

Substantial data suggest a continuous decline in worldwide male 
fertility over the last few decades [1,2]. The World Health Organiza-
tion estimates that 9% of couples worldwide struggle with fertility 
issues and that male factor infertility contributes to 50% of cases [3]. 
Several risk factors have been linked to this issue, including genetic 
mutations, obesity, medications, and environmental toxins and 
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viability, alterations in testicular weight and morphology, increased lipid peroxidation levels, and elevated oxidative enzyme activity. In addi-
tion, the ethanol-intoxicated group showed perturbations in serum biochemical parameters. However, the simultaneous exposure to ethanol 
and phycocyanin exhibited a counteractive effect against ethanol toxicity.
Conclusion: The results showed that supplementation of phycocyanin prevented oxidative and testicular morphological damage-induced 
by ethanol and maintained normal sperm production, and viability.
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drugs such as pesticides, smoking, and alcohol consumption [4,5]. 
Alcohol consumption is among the most common problems lead-

ing to fertility disturbance. It is associated with impaired semen pro-
duction, poor semen quality, low testosterone levels, irregularity in 
reproductive organ structures, and perturbation in sexual behaviour. 
Previous clinical studies have reported low testicular weight and in-
terrupted spermatogenesis in men with alcohol dependence syn-
drome [6]. 

Studies have shown that alcohol can interfere with the function of 
the hypothalamus-pituitary-gonadal (HPG) axis and reduce the pro-
duction of gonadotropin releasing hormone (GnRH), luteinizing hor-
mone, and follicle-stimulating hormone, resulting in the impairment 
of the activity of Leydig and Sertoli testicular cells, which play a cru-
cial role in testosterone production and sperm maturation respec-
tively [7]. Moreover, alcohol metabolism generates an excess of reac-
tive oxygen species (ROS), thereby causing a discrepancy in the oxi-
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dative stress status of the organism [8,9]. This mechanism is consid-
ered the main way by which alcohol induces ultrastructural changes 
in the male reproductive system. In fact, recent animal studies 
showed that daily ethanol (EtOH) administration increased malondi-
aldehyde (MDA) levels and decreased antioxidant enzyme activities 
in the testis tissue of male rats [10], along with decreasing sperm 
count, motility, and viability [11]. 

A wide range of treatment options for male infertility has been de-
veloped, ranging from adopting lifestyle changes such as alcohol ab-
stinence and better nutrition habits including more vitamins and 
trace elements, to medical interventions such as electroejaculation 
and sperm retrieval techniques [12]. Moreover, many pharmacologi-
cal treatments have demonstrated efficacy in optimizing sperm pro-
duction and motility, especially the hormonal administration of 
GnRH, gonadotropins, and aromatase inhibitors. Alternative medici-
nal plants and food supplementation have also emerged in the phar-
maceutical market as potential treatment options for infertility due 
to their antioxidant and scavenging properties, found essentially in 
their secondary metabolites such as flavonoids, proteins, and pheno-
lic compounds [13]. 

Phycocyanin is an important natural phycobiliprotein and the most 
abundant compound found in the blue algae Arthrospira platensis, 
also known as Spirulina, a cyanobacterium with a long history of use 
in traditional diets and herbal medicine [14]. Phycocyanin accounts 
for almost 20% of its total protein level. It is a water-soluble blue pig-
ment composed of a chromophore bound covalently to a protein 
through cysteine amino acids. It has been widely used in food and 
cosmetic industries as a natural dye; it is also known for its interesting 
anti-inflammatory, antioxidant, anti-cancer, and viral properties [15-
17]. Numerous animal trials attempting to evaluate phycocyanin food 
supplementation against inflammation and diseases induced by oxi-
dative stress have shown that such supplementation could decrease 
inflammation and apoptosis markers as well as structural alteration 
related to acute myocardial infarction [18]. Additionally, Penton-Rol 
et al. [19] reviewed phycocyanin’s protective effect against neurode-
generative disorders and discussed its role in the inhibition of nicotin-
amide adenine dinucleotide phosphate (NADPH) oxidase activity and 
the activation of aryl hydrocarbon receptors. 

In the present study, we aimed to investigate whether phycocyan-
in supplementation at a dose of 50 mg/kg would prevent EtOH-in-
duced reproductive toxicity by promoting antioxidant defence sys-
tems in male Wistar rats. 

Methods 

1.  Animals 
Male Wistar rats weighing 160 to 230 g at the beginning of the ex-

periment were purchased from Pasteur Institute, Tunisia and housed 
in separate cages under controlled conditions of temperature (25 °C) 
and a 12:12 light/dark cycle. All animals were provided with water 
and food ad libitum and were acclimatized 10 days prior to the be-
ginning of the experiment. The animals were cared for in compliance 
with the Institutional Ethics Committee code of practice for the Care 
and Use of Animals for Scientific Purposes. The experimental proto-
cols were approved by the Ethics Committee of Faculty of Sciences, 
Bizerta, Tunisia (July 10, 2021, no. 1032021). 

2. Experimental design 
The rats were randomly divided into four groups, five animals per 

group, and treated for 14 consecutive days as follows. In group 1 
(control group), the rats received distilled water orally (10 mL/kg). 
Group 2 (EtOH), the EtOH-treated group, received distilled water 
orally (10 mL/kg), 1 hour before intraperitoneal EtOH injection with 
10 mL/kg (38% v/v) [20]. Group 3, the phycocyanin-cotreated (PE) 
group, received phycocyanin extract (BioAlgues Tunisia) orally at a 
dose of 50 mg/kg [21,22], 1 hour before intraperitoneal EtOH injec-
tion. Lastly, group 4, the phycocyanin-treated (P) group, received 
only phycocyanin extract at a dose of 50 mg/kg. All rats were moni-
tored daily for body weight during the experimental period. 

3. Sperm analysis 
The cauda of the epididymis was minced and homogenized in 1 

mL of Earle’s medium solution with 0.2% bovine serum albumin, 
penicillin (100 units/mL), and streptomycin (1 μg/mL), pH 7.2. The 
sperm suspension was incubated for 10 minutes at a temperature of 
37 °C to promote the release of sperm. The sperm count, sperm mo-
tility, and viability were determined using a hemacytometer accord-
ing to the method of Besley et al. [23]. The count was repeated three 
times for each sample to minimize error. The ratio of live and dead 
spermatozoa was determined using a drop of 1% trypan blue re-
agent (0.2%) mixed with diluted epididymal sperm suspension. Un-
stained spermatozoa were considered viable and stained sperm 
were considered dead. Sperm viability was expressed as the percent-
age of stained sperm of the total sperm counted [24]. 

4. Oxidative stress measurement 
The rats’ testes, prostate, and seminal vesicles were homogenized 

in Tris-buffered saline. The homogenate was centrifuged at 4 °C at 
9,000 rpm for 10 minutes, and the supernatants were collected. Pro-
tein levels were estimated by the Bradford method [25]. Superoxide 
dismutase (SOD) and catalase (CAT) activities were measured in tis-
sue homogenates according to Misra and Fridovich [26] and Aebi 
[27], respectively. Lipid peroxidation was assessed by measuring the 
MDA level according to the Draper and Hadley [28] method. Hydro-
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gen peroxide (H2O2) level was assessed according to Jabri et al. [29]. 

5. Histological analyses 
The organs were fixed overnight in a 10% paraformaldehyde at 

room temperature. The fixed samples were dehydrated with EtOH 
(50% to 100%), cleared by toluene series, and embedded overnight 
in liquid paraffin. Sections of 5 μm were mounted on gelatine-coat-
ed glass slides cut and stained with haematoxylin and eosin solution 
for histopathological analyses under light microscopy. 

 6. Statistical analyses 
First, the structure of the data was tested to assess normality (Sha-

piro-Wilk test) and equality of variance (Bartlett test). One-way anal-
ysis of variance (ANOVA) was performed to test for overall differences 
between groups, and the Tukey multiple comparisons test was used 
in pairwise comparisons of the treated and control groups. Data are 
expressed as the mean±standard error. A value of p<0.05 was con-
sidered statistically significant. Data were analysed using GraphPad 
Prism ver. 5 software (GraphPad Software Inc.). 

Results 

1. Growth rate and relative weights of organs 
The EtOH group had a significantly lower growth rate than the 

control group. However, the PE group had no significant difference in 
growth rate compared to the control group (Table 1). The testis 
weight in the EtOH group was significantly lower than the weights in 
the control and P groups. Meanwhile, the PE group maintained its 
testis weight when compared to the control group, but showed a 
significant increase versus the EtOH group. Rats exposed to EtOH 
alone had a significantly lower prostate weight than those in the 
control group. However, the combination of phycocyanin with alco-
hol led to a recovery of the gonad relative weight. No significant dif-

ferences were noticed in the seminal vesicles’ relative weights be-
tween the control group and any treated group (Table 1). 

2. Sperm analysis  
When compared to the control and P groups, the administration 

of EtOH alone caused a substantial decrease in sperm count as well 
as in the percentage of motile and viable sperm, while cotreatment 
with EtOH and phycocyanin was effective in maintaining sperm pa-
rameters. No significant changes were observed in sperm parame-
ters between the P group and the control group (Table 2). 

3. Lipid peroxidation and hydrogen peroxide levels 
Lipid peroxidation was evaluated by examining MDA levels, which 

were significantly higher in the EtOH rats’ testes, prostate, and semi-
nal vesicles than in the control and P groups. Interestingly, co-admin-
istration of EtOH and phycocyanin significantly lowered the MDA 
level when compared to the EtOH group. However, exposure to phy-
cocyanin alone had no significant effect on this parameter (Figure 1). 

Moreover, H2O2 production in the testes, prostate, and seminal 
vesicles of the EtOH group was significantly higher than in the con-
trol and P groups. In contrast, the co-administration of phycocyanin 
resulted in significantly lower H2O2 levels in all reproductive organs 
for the PE group than in the EtOH group (Figure 2). 

4. Oxidative stress enzyme activities 
Testicular SOD activity was significantly higher after subacute 

EtOH exposure (EtOH group) than in the control and P groups. Con-
versely, co-administration of EtOH and phycocyanin balanced the 
depletion of this antioxidant enzyme, whereas exposure to phycocy-
anin alone had no significant effect as compared to the control 
group. 

Unexpectedly, the rats exposed only to EtOH showed significantly 
higher SOD activity in their prostates and seminal vesicles than the 

Table 1. Effects of ethanol and phycocyanin administration on growth 
rates and relative weights of testis, prostate, and seminal vesicle

Groups
Growth rate 

(%)
Testis weight/

body weight (%)

Prostate 
weight/body 
weight (%)

Seminal vesicles 
weight/body 
weight (%)

Control 39.53 ± 9.22 1.17 ± 0.04 0.26 ± 0.004 0.47 ± 0.05
EtOH 16.87 ± 1.62a) 0.84 ± 0.07a) 0.17 ± 0.007a) 0.33 ± 0.03
PE 25.13 ± 2.69 1.17 ± 0.06b) 0.20 ± 0.02 0.37 ± 0.01
P 22.99 ± 3.94 1.13 ± 0.03b) 0.21 ± 0.01 0.45 ± 0.02
Values are presented as mean±standard error.
EtOH, ethanol-treated group; PE, phycocyanin-cotreated group at 50 mg/
kg; P, phycocyanin-treated group.
a)p<0.05 as compared to the control group; b)p<0.05 as compared to the 
EtOH group.

Table 2. Effects of ethanol and phycocyanin administration on 
spermogram

Parameter Control EtOH PE P
Sperm count 

( × 106 spz/mL)
108.2 ± 8.89 47.08 ± 6.68a) 94.64 ± 6.38b) 109.5 ± 7.45b)

Viability (%) 92.02 ± 1.49 73.03 ± 4.97a) 91.07 ± 0.78b) 92.53 ± 1.63b)

Motility (%) 82.86 ± 1.69 50.82 ± 4.09a) 83.07 ± 1.14b) 84.02 ± 3.18b)

Values are presented as mean±standard error.
EtOH, ethanol-treated group; PE, phycocyanin-cotreated group at 50 mg/
kg; P, phycocyanin-treated group at 50 mg/kg; spz, spermatozoa.
a)p<0.05 as compared to the control group; b)p<0.05 as compared to the 
EtOH group.
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(Figure 5A, 5B). The luminal space within the seminiferous tubules 
exhibited normal spermatozoa content, and the basal region dis-
played clear individualization (Figure 5C). 

In contrast, the histological examination of EtOH testes demon-
strated significant alterations. These included the atrophy of the 
seminiferous tubules, with fewer spermatozoa within the lumen, 
sloughing of the epithelium, and disruption of the spermatogenesis 
process. Additionally, vascular congestion and interstitial oedema 
were evident (Figure 5D, 5E), and the basal layer displayed a vacuo-
lated appearance (Figure 5F). 

Remarkably, the PE rats experienced a protective histological fea-
ture in their testes. The basal layer of the seminiferous tubules re-
mained well individualized, in addition to a fully loaded lumen (Fig-
ure 5G). Nevertheless, certain seminiferous tubules demonstrated a 

rats in the control and P groups. However, co-administration of phy-
cocyanin with alcohol maintained SOD status in these accessory 
genital glands (Figure 3). 

Figure 4 shows that in contrast to the control and P groups, EtOH 
exposure in the EtOH group also induced significantly higher CAT ac-
tivity in the testis, prostate, and seminal vesicle tissues. Interestingly, 
those changes were balanced by phycocyanin co-administration. No 
significant changes were observed among the control, PE, and P 
groups. 

5. Testis histology 
The testicular histology of the control and P groups displayed a 

typical seminiferous tubule structure, characterized by the presence 
of various components involved in the process of spermatogenesis 

Figure 1. Malondialdehyde (MDA) levels in the reproductive tissues of the control and treated groups: (A) testes, (B) prostate, (C) seminal 
vesicles. Values are represented as mean±standard error. EtOH, ethanol-treated group; PE, phycocyanin-cotreated group at 50 mg/kg; P, 
phycocyanin-treated group at 50 mg/kg. a)p<0.05 as compared to the control group; b)p<0.05 as compared to the EtOH group.

Figure 2.  H2O2 levels in reproductive tissues of the control and treated groups: (A) testes, (B) prostate, (C) seminal vesicles. Values are 
represented as mean±standard error. EtOH, ethanol-treated group; PE, phycocyanin-cotreated group at 50 mg/kg; P, phycocyanin-treated 
group at 50 mg/kg. a)p<0.05 as compared to the control group; b)p<0.05 as compared to the EtOH group. 
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sloughing of the epithelial area (Figure 5H).  

Discussion 

Excessive alcohol consumption is a common issue among many 
societies, and it is reported to negatively affect human health and to 
have short- and long-term impacts, namely behavioural alterations, 
cardiovascular complications, liver diseases, and several types of can-
cer [30]. Several studies have demonstrated that EtOH consumption 
results as well in poor male reproductive capacity, including altered 
sexual behaviour [31], low sperm quality, and testosterone produc-
tion [32]. The purpose of the present study was to investigate the 
protective effects of phycocyanin extract from A. platensis on repro-
ductive parameters in adult male rats. Our results showed that the 
exposure of rats to 38% v/v EtOH for 14 consecutive days significant-
ly lowered their growth rate as compared to the control group. Our 
result agrees with previous data [33]. The decrease in growth rate 

Figure 3. Superoxide dismutase (SOD) activity in the (A) testes, (B) prostate, and (C) seminal vesicles of the control and treated groups. Values 
are represented as mean±standard error. EtOH, ethanol-treated group; PE, phycocyanin-cotreated group at 50 mg/kg; P, phycocyanin-treated 
group at 50 mg/kg. a)p<0.05 as compared to the control group; b)p<0.05 as compared to the EtOH group. 

Figure 4. Catalase (CAT) activity in the (A) testes, (B) prostate, and (C) seminal vesicles of the control and treated groups. Values are 
represented as mean±standard error. EtOH, ethanol-treated group; PE, phycocyanin-cotreated group at 50 mg/kg; P, phycocyanin-treated 
group at 50 mg/kg. a)p<0.05 as compared to the control group; b)p<0.05 as compared to the EtOH group. 

might be due to the mechanism by which alcohol depresses intesti-
nal function and promotes a false feeling of satiation, thereby reduc-
ing food intake [34]. Remarkably, rats subjected to co-exposure of 
EtOH and phycocyanin, and those exposed solely to phycocyanin, 
exhibited consistent and unimpaired growth rates. One explanation 
for the protective effect of phycocyanin against weight loss is its abil-
ity to enhance the functional activities of the gastrointestinal tract by 
improving nutrient utilization and absorption. Additionally, phycocy-
anin has been implicated in the modulation of gut microbiota, pro-
moting the proliferation of beneficial bacterial phyla such as Bifido-
bacterium and Lactobacillus, while simultaneously reducing the 
abundance of harmful bacteria like Enterococcus and Escherichia 
coli. This modulation of the gut microbiota can influence intestinal 
function and permeability, as well as foster a healthier gut environ-
ment [35]. Furthermore, studies emphasize the importance of opti-
mal protein intake in preserving muscle mass and promoting an 
overall healthy growth rate [36]. Our findings align with the previous 
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Figure 5. Effects of ethanol and phycocyanin on testis histology. 
Photomicrography of haematoxylin and eosin-stained sections of 
control rats (A, B); testes from rats exposed to ethanol 38% (D, E, 
F); testes from rats cotreated with ethanol and phycocyanin at 50 
mg/kg (G, H); testes from rats exposed to phycocyanin alone at 50 
mg/kg (C). ST1, normal aspect of seminiferous tubules fully loaded 
with spermatozoa; ST2, seminiferous tubules poorly loaded with 
spermatozoa; SE, sloughing of the epithelium; BS1, normal aspect of 
basal seat; BS2, basal seat with vacuolised appearance; VC, vascular 
congestion; IO, interstitial oedema.

study of Husain et al. [37], demonstrating that phycocyanin supple-
mentation at 200 mg/kg effectively counteracted the weight loss in-
duced by streptozotocin in male rats. 

The structure and function of male reproductive organs are intri-
cately associated with androgen levels and the proper functioning of 
Leydig and Sertoli cells, which play vital roles in the spermatogenesis 
process. Consequently, any disruption in the hormonal pathway can 
lead to abnormalities in the reproductive organs. Therefore, assess-
ing organ weight can serve as a crucial indicator of the effects of al-

cohol on the reproductive system. 
In line with this, our study examined the impact of EtOH with a 

concentration of 38% v/v on testis and prostate size. Remarkably, a 
significant reduction in testis index was observed in the EtOH group 
compared to both the control and P groups. Previous research has 
already demonstrated the potential influence of alcohol on testos-
terone production, including the stimulation of beta-endorphin re-
lease, disturbances in corticosterone levels, and activation of the aro-
matization process, which converts testosterone into oestrogen. 
These processes are believed to contribute to testicular and accesso-
ry sex gland atrophy [38]. Interestingly, the concurrent administra-
tion of EtOH and phycocyanin demonstrated the preservation of a 
normal testis size in rats. Previous in vitro studies have highlighted 
the cytoprotective properties of phycocyanin, since it enhances cell 
viability and downregulates necroptotic pathways in GC-1 SPZ cell 
models. Phycocyanin has been observed to enhance testosterone 
release, stabilize feedback mechanisms, and improve spermatogen-
esis [39]. Furthermore, it has been reported that the structure of the 
phycocyanin chromophore exhibits similarities to bilirubin, which 
has been shown to inhibit the NADPH oxidase system responsible 
for triggering oxidative stress and apoptotic pathways within the cell 
membrane of the testis [40]. In this context it is noteworthy to con-
sider that the activation of the NADPH system is one of the pathways 
involved in EtOH oxicity [41]. Taken together, these collective find-
ings underscore the beneficial effects of phycocyanin in conferring 
protection to the testes and its potential to support the healthy de-
velopment and function of male reproductive organs. 

Sperm analysis is a common measurement to indicate the state of 
testicular function, and male fertility, a low sperm count, and poor 
sperm quality are associated with reduced fertility [42]. Our results 
showed that the EtOH rats had a smaller number of spermatozoa as 
well as a lower percentage of sperm viability and motility when com-
pared with the control group. The alteration of sperm count and 
quality may be explained by the direct and indirect effects of EtOH 
on reproductive organs and hormones. It is suggested that EtOH de-
creases testosterone production by interfering with HPG axis activity 
and inhibits the expression of testicular proteins, namely androgen 
receptor proteins, heat shock protein (HSP70), and tyrosine-phos-
phorylated protein, which are associated with androgen binding, 
apoptosis prevention, and progressive sperm motility [43]. Further-
more, a recent study that investigated the effects of alcohol on tes-
tosterone synthesis in men has shown that acute consumption of a 
low or moderate dose of alcohol increases serum testosterone levels, 
while excessive or chronic absorption reduces androgen production 
with an increase in HPG axis activity, inflammation, and oxidative 
stress [44]. It has also been reported that alcohol dehydrogenase is 
present in the interstitial cells and seminiferous tubules of the testes, 
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which promotes cell damage during alcohol metabolism by enhanc-
ing toxic radical production and, therefore, inducing histopathologi-
cal alterations [45]. 

Our study yielded intriguing results, demonstrating that the ad-
ministration of phycocyanin, either alone or in combination with 
EtOH, had positive effects on sperm production, viability, and motili-
ty. The membranes of spermatozoa contain substantial quantities of 
polyunsaturated fatty acids, making them highly susceptible to 
damage induced by ROS, oxidative stress, and subsequent apoptotic 
effects. These factors lead to a decline in seminal parameters, which 
aligns with the aforementioned deleterious effects associated with 
alcohol consumption [46]. In this regard, various in vitro and in vivo 
investigations have demonstrated that phycocyanin exhibits ROS 
scavenging and anti-apoptotic properties. This is attributed to its 
ability to inhibit the cyclooxygenase-1 (COX-1) and cyclooxygen-
ase-2 (COX-2) pathways, as well as its capacity to reduce the expres-
sion of inducible nitric oxide synthase induced by lipopolysaccharide 
and modulate the cytochrome P450 pathway [17]. Moreover, a study 
has found that phycocyanin can maintain normal serum testoster-
one levels and preserve sperm quality parameters in mice subjected 
to cadmium intoxication. The authors propose that the protective ef-
fects of phycocyanin can be attributed to its high cellular penetration 
and antioxidant capabilities [47]. 

In the present study, EtOH exposure also resulted in significantly 
higher levels of lipid peroxidation and H2O2 in the testis, prostate, 
and seminal vesicle tissues for the EtOH group than for the control 
and P groups. Our results are consistent with previous studies that 
demonstrated that oral or intraperitoneal EtOH exposure induces the 
production of free radicals and lipid peroxides [48,49]. It has been re-
ported that EtOH metabolization by cytochrome C (Cyp450) within 
the microsome and mitochondria leads to excessive production of 
hydroxyl radicals, namely O-2 and H2O2, due to the high NADPH ac-
tivity of Cyp540 [50]. Moreover, it has been discussed that EtOH may 
enhance the activity of the enzyme xanthine oxidoreductase, which 
reacts consequently with acetyl aldehyde, a primary metabolic com-
pound of EtOH metabolism, and that it may regenerate ROS such as 
H2O2 [51]. High level of ROS may lead to lipid damage, particularly 
lipid molecules with carbon double bonds, such as polyunsaturated 
fatty acids. ROS initiate their reaction by the abstraction of a hydro-
gen molecule from the carbon bonds, which results in the produc-
tion of lipid radicals and a subsequent propagation of chain reac-
tions. The oxidation of cell lipids, namely membrane phospholipids, 
produces several primary and secondary products, among them 
MDA, which is considered one of the most toxic and mutagenic 
products [52]. Combined administration of EtOH and phycocyanin in 
the current study resulted in significantly lower lipid peroxidation 
and H2O2 production in all reproductive organ tissues as compared 

to the EtOH group. This can be explained by the scavenging proper-
ties of phycocyanin; in fact, previous in vivo and in vitro studies have 
demonstrated that phycocyanin extracted from A. platensis reduced 
ROS levels [14] and inhibited lipid peroxidation in rat liver micro-
somes [53]. 

SOD and CAT are the first line of antioxidant enzymatic defence. 
SOD is a metalloenzyme divided into four different subgroups based 
on its metal factors and distributed throughout different subcellular 
compartments. The SOD defence mechanism against ROS consists of 
reducing the superoxide anion (O2-) level in a cell by converting it 
into H2O2 [54]. This process is completed by CAT activity, which neu-
tralizes H2O2 and breaks it down into harmless molecules of oxygen 
and water [55]. In our study, exposure to EtOH induced a perturba-
tion of the activity of antioxidant enzymes within the testis, prostate, 
and seminal vesicle tissues. The EtOH group showed significantly 
higher activity of SOD and CAT than the control and P groups. The 
difference in SOD and CAT activities may be a response to the high 
level of MDA and H2O2 production. Our data are partially consistent 
with a previous study of alcohol induced testicular toxicity [56]. 

A histological investigation was carried out for a better under-
standing of alcohol-induced testicular atrophy. Microscopic exam-
ination of the control and P groups showed a normal testicular struc-
ture characterized by well-developed seminiferous tubules abun-
dantly populated with spermatozoa. Conversely, the EtOH group dis-
played lesions in the epithelium of the seminiferous tubules, includ-
ing widened interstitial spaces and a vacuolated appearance of the 
basal region, indicative of disrupted spermatogenesis. Moreover, the 
lumens of the seminiferous tubules in the EtOH group showed fewer 
spermatozoa compared to the control group. Notably, vascular con-
gestion and interstitial oedema were also observed. Our results are 
consistent with an earlier report following exposure to 10% EtOH 
[57]. 

Remarkably, a histological analysis of the testes from the PE rats 
cotreated with EtOH and phycocyanin at a dosage of 50 mg/kg 
demonstrated a well-preserved structure of the seminiferous tu-
bules, characterized by a clearly individualized basal region and lu-
mens filled with spermatozoa, as compared to the EtOH group. These 
findings highlight the potential protective effects of phycocyanin 
against EtOH-induced testicular damage. 

In the present study, phycocyanin alone at the dose used did not 
have significant effects on the parameters investigated. No differenc-
es were observed between the P and control groups. However, when 
associated with EtOH, a pro-oxidant agent, phycocyanin exhibited a 
protective effect by relieving all alcohol-related adverse effects. This 
result may be explained mainly by its substantial antioxidant poten-
tial in reducing the oxidative stress and ROS levels. Indeed, the lack 
of significant effects of phycocyanin alone could be explained by the 
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low level of oxidative stress in healthy rats not exposed to EtOH and 
by the absence of toxicity of phycocyanin consumption as reported 
in previous studies [58,59]. 

In conclusion, the findings of our study provide evidence that alco-
hol induces oxidative stress damage in the testes, prostate, and semi-
nal vesicles. It also leads to disturbances in testicular histology and a 
decline in sperm functional parameters. However, phycocyanin 
cotreatment ameliorates the alcohol-induced perturbations by miti-
gating oxidative stress damage and preserving the spermatogenesis 
process. These results suggest the potential of phycocyanin as an al-
ternative to counteract the detrimental effects of alcohol on male re-
productive health. 
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