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Objective. The reproductive system can be adversely affected by anemia, characterized by elevated free radical production and lipid
peroxidation. Conversely, the pistachio is well-known for its antioxidant capabilities. In this study, a mouse model was employed to
investigate the safeguarding effects of the aqueous extract of pistachio (Pistacia vera) against oxidative stress induced by phenylhy-
drazine (PHZ)-triggered hemolytic anemia. Materials and methods. Forty-eight male mice were distributed into six distinct experi-
mental groups (n= 8): control, PHZ, PHZ+ 20Pis, PHZ+ 80Pis, PHZ+ 160Pis, and 80Pis groups. The experimental groups were
administered a PHZdose of 80mg/kg/48 hr, alongwith pistachio doses of 20, 80, and 160mg/kg/day, delivered intraperitoneally. After a
period of 35 days, an assessment of sperm count, motility, morphology, and viability was conducted. Additionally, sperm chromatin
quality was evaluated through Chromomycin A3, aniline blue, and toluidine blue staining. Hematoxylin–eosin staining was performed
to examine the total diameter of seminiferous tubes and spermatogenic cells. Hormonal levels (FSH, LH, T) and antioxidant levels were
analyzed using standard kits. Results. The PHZ groups exhibited a noteworthy decrease in various sperm parameters, as well as
diminished chromatin quality assays and reduced levels of sex hormones when compared to the control group. Moreover, the
morphometric evaluation indicated a substantial reduction in spermatogonia cell number, spermatid count, tubule count, seminiferous
diameters, and seminiferous area in the PHZ group. Notably, the Pis group demonstrated the highest concentration of antioxidant
contents. Conclusion. The protective impact of P. vera extract against PHZ-induced anemia on the male reproductive system in mice
may be attributed to its abundant antioxidant components, which possess therapeutic properties at elevated levels.

1. Introduction

Certain industrial chemicals have the potential to induce
hemolysis and hemolytic anemia, a condition characterized
by the breakdown of red blood cells (RBCs). This includes
specific commercial pesticides, the improper use of certain

medications, as well as exposure to natural agents such as ani-
mal toxins or parasites [1]. One of the prominent repercussions
associated with this type of anemia is an elevation in tissue iron
levels stemming from the lysis of RBCs. Concurrently, there is a
reduction in oxygen levels (hypoxia) due to the anemic state.
The intricate balance of intracellular iron levels is crucial, and
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disrupting this equilibrium by increasing extracellular iron is
believed to trigger oxidative stress (OS). This OS, in turn, can
lead to damage in the lipid components of cell membranes and
various organs [2]. The consequences of this chemical imbal-
ance extend beyond the immediate impact on RBCs, affecting
the overall physiological well-being by inducing hypoxia and
subjecting cells to the detrimental effects of OS.

Various mechanisms have been proposed to explain male
infertility in cases of hemolytic anemia. First, the sperm cell
membrane, which is rich in unsaturated fatty acids, is par-
ticularly susceptible to oxidative damage. The OS present in
hemolytic anemia poses a significant threat to sperm and
adversely impacts male fertility potential [3]. Second, altera-
tions in blood flow associated with hemolytic anemia repre-
sent a critical factor leading to cell degeneration [4]. Any
degenerative factor can adversely affect the spermatogenesis
process. Third, OS in anemic conditions contributes to tissue
ischemia, particularly in the testis. This, in turn, triggers
changes in the activation of leukocytes, ultimately resulting
in the development of edema and apoptosis in the testicular
tissue. Additionally, the increased presence of free iron in
hemolytic anemia can lead to testicular failure, thereby halt-
ing the process of spermatogenesis [5]. Finally, chronic hyp-
oxia has been observed to inhibit spermatogenesis in both
rats and monkeys. Furthermore, hypoxia in male rodents
hinders the synthesis and release of gonadotropins [3]. These
multifaceted mechanisms underscore the intricate relation-
ship between hemolytic anemia and male infertility, shed-
ding light on the various pathways through which this
hematological condition adversely affects reproductive pro-
cesses in males [6].

In essence, sperm DNA carries fifty percent of the genetic
material crucial for successful reproduction, and any anom-
alies within the sperm genome can result in failures in the
reproductive process [7]. Phenylhydrazine (PHZ) proves to
be a valuable element in experimental models studying
hemolytic anemia due to its toxic effects on RBCs. The
auto-oxidation of PHZ generates radicals and reactive oxy-
gen species (ROS), contributing to various adverse responses,
including the manifestation of hemolytic anemia [8].

Given their therapeutic efficacy, cost-effectiveness, acces-
sibility, and minimal side effects, herbal medicine and natu-
ral substances find application as traditional treatments for a
spectrum of ailments, particularly in developing nations [9].
Numerous studies indicate that natural medicinal herbs,
endowed with high antioxidant activity and potential protec-
tive effects, can mitigate injuries stemming from OS-related
disorders. This is achieved by inhibiting ROS production and
enhancing antioxidant defense systems [10, 11]. This high-
lights the significance of exploring natural remedies with
antioxidant properties as potential interventions for condi-
tions associated with OS.

Pistachio (Pistacia vera) is considered a member of the
Anacardiaceae family, extensively cultivated from Asia to the
eastern Mediterranean owing to its medicinal purposes and
nutritional benefits. Pistachios hold a distinguished status as
one of the most significant nuts globally, celebrated for their
nutritional richness and diverse array of compounds. The

pistachio fruit, in particular, is abundant in various elements,
including phenolic compounds, flavonoids, fatty acids, and
essential minerals. Notably, it boasts a repertoire of potent
and widely recognized antioxidants, which harbor the poten-
tial to safeguard against diseases resulting from the excessive
production of free radicals [12]. Within the pistachio, the
pericarp emerges as a particularly valuable reservoir of anti-
oxidants. Among these antioxidants are notable components
such as epicatechin, catechin, eriodictyol-7-O-glucoside, cya-
nidin-3-O-galactoside, and gallic acid. These compounds play
a pivotal role in combating the detrimental effects of free
radicals, functioning as a robust defense mechanism against
cellular defects and the restoration of damaged cells [13].

The phytochemical examination of P. vera has unveiled the
existence of noteworthy polyphenolic compounds that holding
medicinal promise. This includes a remarkable antioxidant
capacity effective against ROS and the deterrence of free radical
generation [14]. Past investigations have highlighted the peri-
carp aqueous extract’s noteworthy activities, encompassing
nephron-protective attributes [15, 16], antibacterial properties
[17], and anticancer potential [18]. In the realm of fertility
preservation, antioxidant therapy stands out as a natural and
healthful approach. Consequently, the antioxidant prowess
exhibited by P. vera suggests its potential role in safeguarding
fertility against OS activity. The preventive influence of P. vera
on fertility, as inferred from its antioxidant capabilities, under-
scores its significance in the broader context of promoting
reproductive health. This multifaceted plant not only holds
promise in countering ROS but also demonstrates therapeutic
potential across various health dimensions, extending its utility
beyond fertility preservation.

To the best of our understanding, there is a paucity of
published studies delving into the intersection of anemia and
male fertility. Additionally, the potential protective impacts
of both natural and chemical antioxidants have yet to be
thoroughly explored in the context of infertility arising
from anemia. Therefore, the primary objective of this
research is to fill these gaps in knowledge by investigating
the safeguarding effects of the aqueous extract derived from
pistachio pericarp. The study specifically aims to assess how
Pis can counteract the consequences of hypoxia and the
subsequent OS resulting from PHZ-induced hemolytic ane-
mia. The experiment focuses on a mouse model subjected to
PHZ-induced toxicity, with a comprehensive examination of
sperm parameters, sex hormones, and selected OS markers.
By undertaking this investigation, we aspire to shed light on
the potential protective properties of Pis against the deleteri-
ous effects of anemia-induced hypoxia, unveiling novel
insights into how antioxidants, both of natural and chemical
origin, might play a role in mitigating male fertility issues
associated with anemia. This research contributes to the
broader understanding of the intricate relationship between
anemia, OS, and male reproductive health.

2. Materials and Methods

2.1. Experimental Groups. Forty-eight male mice (NMRI
strain) weighing about 25–30 g were organized in six
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experimental groups (n= 8), randomly: control group
(normal diet), PHZ group (only PHZ 80mg/kg/48 hr, IP),
PHZ+ 20Pis group (PHZ 80mg/kg/48 hr, IP and Pis
20mg/kg/day, IP), PHZ+ 80Pis group (PHZ 80mg/kg/
48 hr, IP and Pis 80mg/kg/day, IP), PHZ+ 160Pis group
(PHZ 80mg/kg/48 hr, IP and Pis 160mg/kg/day, IP) and
80Pis group (Pis 80mg/kg /day, IP) [15]. The PHZwas prepared
by Sigma-Aldrich (Cas No: P6926). The fresh fruit of the pista-
chio (Pistachia vera L. cvAkbari) was collected and then verified
by an expert from the Department of Botany at the Rafsanjan
Valiasr University, Iran (genetic code: M30). The aqueous
extract is prepared by shaking 50 g of ground and sifting the
pistachio pericarp in 200ml of water for 48hr at room tempera-
ture. The aqueous extract is filtered from the pistachio pericarp
and water, then evaporated in a rotary at 40°C.

The methods were conducted according to the guidelines
of the Ethics Committee of Rafsanjan University (IR.RUMS.
REC.1399.039). Mice had free access to food and tap water
during the experiment. Animals were maintained in plastic
cages individually for 2 weeks before and during the entire
experiment, with ambient temperatures of 23Æ 2°C and
55%Æ 5% relative humidity and a natural cycle of day/night.
Mice were sacrificed by cervical dislocation after 40 days
(which is prolonger than what is required for mice to develop
sperm), and the caudal epididymis was placed into a petri dish.
Caudal epididymis suspension was incubated with 1,000 µl of
Ham’s F10medium (Vitrolife, Gothenburg, Sweden) at 37°C in
a humidified atmosphere of 5% CO2 for 30min [19]. Using
standard procedures, the quality of sperm DNA and its chro-
matin was analyzed 30min after the sperm parameters had
been evaluated. Bouin’s solution was used to fix the testis for
histological examination. Figure 1 shows a summary of all
assays.

2.2. Sperm Parameters Assessment. To assess sperm motility,
the percentages of nonprogressive, progressive, and immotile

sperm were classified into three categories. Makler’s counting
chamber was applied to determine the sperm count. The
sperm viability was evaluated in all groups 30min after the
spermmotility assessment.White sperm heads (unstained) or
pink (or red) were categorized as alive or expired, respectively.
To examine sperm viability and morphology, eosin-nigrosin
staining (Merck, Germany) and Papanicolaou (Merck, Ger-
many), respectively, were applied [20]. The sperm morpho-
logical abnormalities were classified into three groups: heads
(shape, size, acrosomal section, double heads), necks (cyto-
plasmic droplets, bent), and tails (cytoplasmic droplets, dou-
ble tails, coiled, bent). Using a light microscope (Motic, Spain)
at ×400 magnification, 200 sperm were evaluated for motility,
morphology, and viability.

2.3. Assessment of Sperm DNA Integrity and Chromatin
Packaging Quality

2.3.1. Aniline Blue (AB) Staining. As AB stains respond to
lysine residues in histone proteins, it detects how sperm
chromatin is remodeled [21]. After 30min, the air-dried
smears were fixed in glutaraldehyde buffered with 0.2M
phosphate buffer (pH: 7.2). Staining was done with 5% AB
(Sigma, Germany) in 4% acetic acid (pH: 3.5) for 5min. The
slides were rinsed in distilled water and assessed under a
magnification of ×400 with 200 sperm. AB-negative mature
sperm display a clear head, while immature sperm exhibit a
blue head (AB-positive).

2.3.2. Toluidine Blue (TB) Staining. TB staining was applied
for DNA strands to define their phosphate groups and chro-
matin condensation. A mixture of ethanol and acetone (1 : 1)
was applied to stabilize the slides at 4°C for 30min; then, the
slides were hydrolyzed in 0.1N HCl for 5min. After washing
in distilled water three times, the slides were stained with 5%
TB (Sigma, Germany) in 50% McIlvain’s citrate phosphate
buffer (pH: 3.5) [21]. Two hundred sperm were examined
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FIGURE 1: After 35 days, all groups were sacrificed, and sperm parametres, hormonal levels, antioxidant biomarkers, and seminiferous
histopathology tests were performed. AB, aniline blue; CAT, catalase; CMA3, chromomycin A3; FSH, follicle-stimulating hormone; GPX,
glutathione peroxidase; LH, luteinizing hormone; MDA, malondialdehyde; OSI, oxidative stress index; SOD, superoxide dismutase; TAC,
total antioxidant capacity; TB, toluidine blue; TOS, total oxidant status.
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under a light microscope (Olympus BX51, Japan) at a mag-
nification of ×400 for each slide. Staining with TB deter-
mines whether the sperm chromatin is intact or not,
resulting in light blue heads for sperm with good integrity
and dark blue heads for sperm with low integrity.

2.3.3. Chromomycin A3 (CMA3) Staining. Using the CMA3
test can detect sperm chromatin deficient in protamine. The
air-dried slides were fixed in a refrigerator using methanol
and glacial acetic acid (3 : 1). Afterward, the slides were
stained with 100 µl of chromomycin A3 solution (Sigma,
Germany) for 10min before they were rinsed with McIlvain’s
buffer. Using a fluorescent microscope (Olympus BX51,
Japan) at ×400 magnification, 200 sperm were evaluated
per slide [19]. Spermatozoa that stain yellow-green are posi-
tive for CMA3, while those that stain dull yellow-green are
negative for CMA3.

2.4. Plasma Sex Hormone Levels. Based on the radioimmuno-
assay technique (DIA source Immuno-assays, S.A., Belgium), we
determined the presence of sex hormones (estradiol (E2),
follicle-stimulating hormone (FSH), luteinizing hormone (LH),
and testosterone (T) in serum samples [22].

2.5. Measurement of Antioxidant Contents

2.5.1. Preparation of Testicular Tissue Homogenate. In 10
volumes (1 : 10, w/v) of ice-cold Tris–HCI buffer (50mM,
pH 7.4), testicular tissues were homogenized using an ultra-
sonic homogenizer after being rinsed with ice-cold 0.9%
NaCl, transferred on ice, cut into small pieces and homoge-
nized (IKA T18, Germany). For homogenization, 5,000 g was
applied for 2min. Afterward, homogenates were centrifuged
for 10min at 2,795 at 4°C. To assess OS parameters, testis
samples were stored at 80°C [23].

2.5.2. Determination of the Antioxidant Biomarkers in Testis.
For the assessment of testicular tissue malondialdehyde
(MDA) level at 550 nm, the absorbance of the test was mon-
itored immediately after all the reagents (according to the
manufacturer) were added to a 1,000ml reaction in which
200ml of supernatant was added, and 800ml of different
reagents were added [24]. Measurement of superoxide dis-
mutase (SOD) level was investigated based on an assay kit
(Nanjing Jiancheng Bioengineering Institute, Nanjing,
China) and the method of xanthine oxidase to measure its
absorbance at 450 nm [23]. At 340 and 550 nm, respectively,
the absorbance of the testicular glutathione peroxidase
(GPX) and catalase (CAT) reactions was monitored in
300ml, including 40ml of supernatant and 260ml from
the different reagents of the kit [24]. Testicular total antioxi-
dant capacity (TAC) assuagement was achieved by incubat-
ing the reaction mixture for 5min at room temperature. The
mixture had 1,000 μl reaction buffer containing 400 μl dis-
tilled water, 100 μl supernatant, and 500 μl ABTS buffer, and
monitoring absorbance at 414 nm after incubation was com-
plete [24]. The total oxidant status (TOS) level analysis was
done in 240ml, including 30ml of supernatant and 210ml
from several reagents from the kit, as instructed by the man-
ufacturer. After all stages of the experiment, the absorbance

was checked at 530 nm after 10min [24]. Using the TOS to
TAC ratio, the OS index (OSI value was calculated to mea-
sure OS [23].

2.6. Histomorphometric Analysis and Cell Numbers of
Seminiferous Tubules. For each group, Bouin’s solution was
used to fix the five testis samples. Dehydrated tissues were clari-
fied in xylene and immersed in paraffin wax. Eosin and hema-
toxylin were applied to treat glass slides after cutting the testis
into 7mm slices. It was calculated themean diameter, numerical
density area, and cross-sectional area of the seminiferous tubules
[25]. To measure Sertoli, Leydig, primary spermatocytes, sper-
matogonia, and spermatid cell numbers on each slide, the aver-
age of 10 random fields was computed [26].

2.7. Statistical Analysis. The normality of the data was
assessed using the Shapiro–Wilk test. To compare the data
across different groups, statistical analyses were conducted
using SPSS version 20 (SPSS Inc., USA). A one-way analysis
of variance (ANOVA) was performed, followed by the Tukey
post hoc test for pairwise comparisons between groups.
Statistical significance was set at p<0:05. The results are
presented as meanÆ standard deviation (SD).

3. Results

3.1. Summary. In the present study, a dose PHZ of 80mg/kg/
48 hr in male mice prompted a significant reduction in the
sperm parameters (normal morphology, count, and motility),
chromatin quality (AB, TB, CMA3), and sex hormones (FSH,
LH, T) when compared with the control treatment. Also,
in morphometrical assessment, there was a considerable
decrease in spermatogonia cell number, spermatid, tubule
count, seminiferous diameters, and seminiferous area in the
PHZ group in contrast to the control group (p<0:001).

3.2. Sperm Parameters

3.2.1. Count. The sperm count within the experimental
groups revealed a significant reduction in the number of
sperm in the PHZ group compared to the control group
(p<0:001). Conversely, the 80Pis group exhibited a notably
higher sperm count than the control treatment (p<0:001).
Interestingly, no significant differences were observed
between the PHZ+ 20Pis, PHZ+ 80Pis, and PHZ+ 160Pis
groups when compared to the control group. A comparative
analysis between the PHZ group and the PHZ+ 20Pis,
PHZ+ 80Pis, and PHZ+ 160Pis groups highlighted a sub-
stantial increase in sperm count in the Pis-treated groups
(see Figure 2(a) and Table 1).

3.2.2. Motility. The proportion of progressive sperm in both the
PHZ 20Pis and PHZ+80Pis groups exhibited a significant
decrease compared to the control treatment. Notably, there
was an increase in progressive sperm in the PHZ+ 80Pis and
PHZ+160Pis groups when compared to the PHZ-treated
group, although the increase in the PHZ+20Pis group was
not higher than that observed in the PHZ-treated group. The
percentage of nonprogressive sperm showed a considerable
increase in all groups (except the PHZ group) compared to
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the control group. Furthermore, progressive sperm saw a sig-
nificant elevation in all groups in contrast to the PHZ group.
Interestingly, the immotile sperm count in the PHZ+ 80Pis
and PHZ+ 160Pis groups was observed to be lower than in
the PHZ group (see Figure 2(b) and Table 1).

3.2.3. Sperm Normal Morphology. Administering Pis at doses
of 80 and 160mg/kg/day significantly increased sperm nor-
mal morphology in both the PHZ+ 80Pis and PHZ+ 160Pis
groups compared to the PHZ group (p<0:001) (Table 1).
Interestingly, the PHZ+ 20Pis group exhibited a notable
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FIGURE 2: Examined parameters including sperm parameters (a) sperm count, (b) motility, (c) viablity and dmorphology, (d) chromatin
quality, and (e) sex hormones in experimental groups. One-way ANOVA was used to compare dependent variables. p-Value< 0.05 was
considered statistically significant. Values are presented by meanÆ SD. TB, toluidine blue staining; AB, aniline blue staining; CMA3,
chromomycine A3 staining; LH, luteinizing hormone; FSH, follicle-stimulating hormone; T, testosterone; PHZ, phenylhydrazine; Pis,
aqueous extract of pistachio pericarp; A=when groups compared to control group, B=when groups compared to PHZ group.

TABLE 1: Comparison of sperm parameters, chromatin quality, and hormone level between groups.

Factors

Groups

p-Values between groups

Control
and

PHZ+ 20Pis

Control
and

PHZ 80Pis

Control
and

PHZ+ 160Pis

Control
and
80Pis

Control
and

80 PHZ

80 PHZ
and

PHZ+ 20Pis

80PHZ
and

PHZ+ 80Pis

80 PHZ
and

PHZ+ 160Pis

Count (×106/ml) 0.245 0.770 1.00 0.001 0.001 0.034 0.003 0.001
Motility (%)

Progressive
Nonprogressive
Immotile

0.001
0.001
0.001

0.001
0.001
0.001

0.001
0.343
0.001

0.967
1.00
0.999

0.001
0.003
0.001

0.04
0.001
0.001

1.00
0.001
0.001

0.001
0.001
0.001

Normal morphology (%) 0.001 0.426 0.179 0.009 0.001 0.001 0.001 0.001
Viability 0.001 0.001 0.001 0.999 0.001 0.001 0.001 0.001
AB 0.001 0.004 0.783 0.998 0.001 0.001 0.001 0.001
TB 0.001 0.002 0.006 0.997 0.001 0.001 0.001 0.001
CMA3 0.001 0.001 0.001 0.672 0.001 0.001 0.001 0.001
FSH (ng/ml) 0.001 0.001 0.009 0.001 0.001 0.001 0.001 0.001
LH (ng/ml) 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
T (ng/ml) 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001

Note: Values are presented by p-value. One-way analysis of variance (ANOVA) followed by a Tukey HSC post hoc test was performed to determine the
statistical significance between different groups. p-Value< 0.05 is considered significant. AB, aniline blue staining; TB, toluidine blue staining; CMA3,
chromomycine A3 staining; FSH, follicle-stimulating hormone; LH, luteinizing hormone; T, testosterone; PHZ, phenylhydrazine; Pis, aqueous extract of
pistachio pericarp.
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reduction in normal morphology compared to the control
treatment (p<0:001). However, there was no statistically
significant decline in the PHZ+ 80Pis and PHZ+ 160Pis
groups when compared to the control group (0.426 and
0.179, respectively) (Figure 2(c) and Table 1).

3.2.4. Sperm Viability. There was a notable elevation in the
PHZ+ 20Pis, PHZ+ 80Pis, and PHZ+ 160Pis groups com-
pared to both the PHZ group and the control treatment.
Additionally, these findings indicated a significant decrease
in sperm viability in the PHZ group in contrast to the control
group (p<0:001) (Figure 2(c) and Table 1).

3.3. Chromatin Quality Assessment

3.3.1. Ab. The outcomes fromAb staining in the experimental
groups revealed a reduction in the percentages of dark blue-
stained sperm, indicating abnormal spermatozoa. This reduc-
tion was observed in the PHZ+ 20Pis, PHZ+ 80Pis, and
PHZ+ 160Pis groups when compared to the PHZ group.
However, the presence of abnormal sperm decreased in the
PHZ+ 80Pis and PHZ+ 160Pis groups in comparison to the
control, although this difference was not statistically signifi-
cant (0.783 and 0.998, respectively) (Figure 2(d) and Table 1).

3.3.2. TB. In the TB results, significant differences were
observed between all groups when compared to both the
control and PHZ groups (p<0:001). However, the compari-
son between the control treatment and the group adminis-
tered with 80Pis did not reveal any differences (p¼ 0:997)
(Figure 2(d) and Table 1).

3.3.3. CMA3. The results from CMA3 demonstrated a
significant increase in the PHZ group compared to all
PHZ+Pis20, PHZ+Pis80, and PHZ+Pis160 groups. Addi-
tionally, there was a notable decrease in the PHZ+Pis20,
PHZ+Pis80, and PHZ+Pis160 groups compared to the
control (p<0:001) (Figure 2(d) and Table 1).

3.4. Hormone Profile

3.4.1. FSH. A significant difference in FSH concentration
was identified among the PHZ+ 20Pis, PHZ+ 80Pis, and
PHZ+ 160Pis groups compared to both the control and
PHZ groups. Furthermore, the FSH level results indicated
a statistically significant rise in hormone levels in the 80Pis

group compared to the control group (p<0:001) (Figure 2(e)
and Table 1).

3.4.2. LH. The LH concentration in various groups revealed a
significant reduction in its levels across all groups compared to
the control group (p<0:001). Conversely, the 80Pis group
exhibited a noteworthy increase in LH levels compared to the
control group. Additionally, the comparison between the PHZ-
administered group and the PHZ+ 20Pis, PHZ+ 80Pis, and
PHZ+160Pis groups showed a substantial elevation in LH levels
in the groups injected with pistachio alongside PHZ injection
(p<0:001) (Figure 2(e) and Table 1).

3.4.3. Testosterone. A significantly elevated level of testoster-
one was noted in the 80Pis group compared to the control
group (p<0:001). Furthermore, the testosterone levels in the
PHZ+Pis20, PHZ+ 80Pis, and PHZ+ 160P groups were sig-
nificantly reduced compared to the control group (p<0:001).
The testosterone level in the PHZ group was notably lower
than in the other experimental groups (p<0:001) (Figure 2(e)
and Table 1).

3.5. Antioxidant Contents

3.5.1. MDA. The comparison of MDA levels across different
groups indicated a decrease in the 80Pis group compared to
the control treatment; however, this increase was not statisti-
cally significant (129.61Æ 2.20 vs. 130.12Æ 2.23, respectively)
(p¼ 0:1). The analysis of MDA levels revealed an increase in
the PHZ, PHZ+ 20Pis, PHZ+ 80Pis, and PHZ+ 160Pis
groups compared to the control group, but no statistically
significant differences were observed (Tables 2 and 3).

3.5.2. SOD. The activity of SOD was significantly lower in the
PHZ+ 20Pis and 80Pis groups compared to the control
treatment (p<0:001). However, SOD activity increased in
the PHZ+Pis treated groups compared to the PHZ group
(p<0:001). The meanÆ SD values of SOD in the control,
PHZ+ 160Pis, and 80Pis groups were not significantly dif-
ferent (p¼ 0:064 vs. p¼ 0:945, respectively) (Tables 2 and 3).

3.5.3. GPX. The GPX activity results revealed elevated levels
in both the control and 80Pis groups. Conversely, the GPX
activity was diminished in the PHZ, PHZ+ 20Pis, PHZ
+ 80Pis, and PHZ+ 160Pis groups compared to the control

TABLE 2: Oxidative stress parameters in experimental groups.

Histology
Groups

Contol PHZ+ 20Pis PHZ+ 80Pis PHZ+ 160Pis 80Pis 80PHZ

MDA 130.12Æ 2.23 142.75Æ 2.45 139.71Æ 2.68 134.07Æ 2.85 129.61Æ 2.20 148.56Æ 3.24
SOD 142.12Æ 1.64 123.28Æ 2.64 134.20Æ 2.68 138.07Æ 3.23 143.38Æ 3.40 115.63Æ 2.91
GPX 13.00Æ 1.30 7.57Æ 1.17 9.25Æ 1.32 10.75Æ 1.81 14.47Æ 1.44 5.28Æ 1.10
CAT 14.25Æ 2.12 10.32Æ 1.49 12.21Æ 1.77 13.7Æ 1.40 19.92Æ 2.26 9.66Æ 1.46
TAC 65.12Æ 0.99 60.21Æ 2.61 60.46Æ 2.69 61.97Æ 2.86 66.32Æ 2.82 60.37Æ 4.52
TOS 12.62Æ 1.40 19.58Æ 2.52 19.65Æ 4.39 18.90Æ 3.39 14.11Æ 1.92 21.27Æ 2.14
OSI 0.19Æ 0.02 0.32Æ 0.02 0.32Æ 0.06 0.30Æ 0.04 0.21Æ 0.02 0.35Æ 0.02

Note: Values are presented by meanÆ SD. One-way ANOVA was used to compare dependent variables. p-Value< 0.05 was considered statistically significant.
MDA, malondialdehyde; SOD, superoxide dismutase; GPX, glutathione peroxidase; CAT, catalase; TAC, total antioxidant capacity; TOS, total oxidant status;
OSI, oxidative stress index; PHZ, phenylhydrazine, Pis, aqueous extract of pistachio pericarp.
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group (p<0:001). Table 3 provides a comparison of GPX
activity across different experimental groups (Tables 2 and 3).

3.5.4. CAT. The CAT activity was significantly lower in both
the PHZ and PHZ+ 20Pis groups compared to the control
treatment (p<0:001). Additionally, the CAT activities in the
PHZ+ 80Pis and PHZ+ 160Pis groups were lower than in
the control group, although this decrease was not statistically
significant (p¼ 0:225 vs. p¼ 0:776, respectively). The com-
parison between the PHZ group and the PHZ+ 20Pis and
PHZ+ 80Pis groups showed no significant increase in CAT
function in the PHZ+ 20Pis and PHZ+ 80Pis groups com-
pared to the PHZ group (p¼ 0:934 vs. p¼ 0:995, respec-
tively) (Tables 2 and 3).

3.5.5. TAC. The TAC levels exhibited no significant variation in
both the PHZ+160Pis and 80Pis groups compared to the con-
trol group (p¼ 0:289 vs. p¼ 0:963, respectively). However, the
TAC levels in the PHZ+ 20Pis and PHZ+ 80Pis groups were
significantly lower than in the control group (p¼ 0:021 vs. p¼
0:032, respectively). Additionally, there was no considerable dif-
ference in TAC levels between the PHZ group and the
PHZ+ 20Pis, PHZ+ 80Pis, and PHZ+ 160Pis groups (Tables 2
and 3).

3.5.6. TOS. The TOS level exhibited a significant increase in
the PHZ+ 20, 80, and 160Pis groups compared to the con-
trol (p<0:001). These results also indicated a significant ele-
vation of TOS in the PHZ group compared to the control
group (p<0:001). A comparison between the PHZ group
and PHZ+ 20, 80, and 160Pis groups revealed a considerable
reduction in TOS levels in the PHZ+ 160Pis group com-
pared to the PHZ group. Furthermore, there was no statisti-
cally significant reduction in the level of TOS in the PHZ
+ 20 and PHZ+ 80Pis groups compared to the PHZ group
(p¼ 0:835 vs. p¼ 0:855, respectively) (Tables 2 and 3).

3.5.7. OSI. The comparison of OSI in various groups revealed a
significantly higher value in the control and 80Pis groups com-
pared to the experimental groups. A higher OSI level was
observed in the PHZ group. However, there was no statistically

significant variation in the OSI level between the PHZ-treated
group and the PHZ+ 20, 80, and 160Pis groups (Tables 2 and 3).

3.6. Stereological Profile and Assessment of Different Testis
Cell Types. Testis weight remained consistent across all experi-
mental groups and controls (Figure 3(a)). The number of tubules
significantly decreased in both the PHZ and PHZ+20Pis groups
compared to the control. However, in the 80Pis group, there was
an increase in tubular numbers compared to other treated
groups (Figure 3(b)). Lydig cells, spermatogonia, spermatids,
and primary spermatocytes showed a significant reduction in
the PHZ and PHZ+ 20Pis groups. Conversely, in the PHZ
+ 80Pis, PHZ+ 160Pis, and 80Pis groups, therewas a statistically
significant increase in Lydig cells, spermatogonia, primary sper-
matocytes, and spermatids compared to the control group
(Figures 3(c) and 4). The cross-sectional area of seminiferous
tubules exhibited a significant difference in the PHZ group com-
pared to the control group. A notable increase in cross-sectional
seminiferous area was observed in the 80Pis and PHZ+ 160Pis
groups compared to the PHZ and control groups (Figures 3(d)
and 4). Cellular diameter, lumen diameter, and total diameter
significantly decreased in the PHZ group compared to the con-
trol treatment. Seminiferous diameter increased in the PHZ
+ 80Pis, PHZ+160Pis, and 80Pis groups compared to the
PHZ group (Figure 5(a)). Additionally, in the PHZ+20Pis
and PHZ groups, the seminiferous area was smaller than in
the control group. In the 80Pis group, the seminiferous area
increased significantly compared to the control and 80PHZ
groups (Figures 4 and 5(b)). The numerical density of seminif-
erous tubules exhibited a decrease in the PHZ, PHZ+20Pis, and
PHZ+80Pis groups compared to the control treatments,
although this decrease was not statistically significant (Figures 4
and 5(c)).

4. Discussion

As per the findings of this study, the injection of pistachio
aqueous extract has been demonstrated to bring about note-
worthy enhancements in various sperm parameters. These
encompass motility, morphology, abnormal morphology,

TABLE 3: Comparison of oxidative stress parameters between groups.

Factors

Groups

p-Values between groups

Control
and

PHZ+ 20Pis

Control
and

PHZ+ 80Pis

Control
and

PHZ+ 160Pis

Control
and
80Pis

Control
and

80 PHZ

80 PHZ
and

PHZ+ 20Pis

80 PHZ
and

PHZ+ 80Pis

80 PHZ
and

PHZ+ 160Pis

MDA 0.492 0.757 0.993 1.00 0.959 0.934 0.995 1.00
SOD 0.001 0.001 0.064 0.945 0.001 0.001 0.001 0.001
GPX 0.001 0.001 0.025 0.290 0.001 0.022 0.001 0.001
CAT 0.001 0.225 0.776 0.001 0.001 0.975 0.068 0.005
TAC 0.021 0.032 0.289 0.963 0.051 0.999 1.00 0.958
TOS 0.001 0.001 0.001 0.895 0.001 0.835 0.855 0.570
OSI 0.001 0.001 0.001 0.922 0.001 0.760 0.729 0.200

Note: Values are presented by p-value. One-way analysis of variance (ANOVA) followed by a Tukey HSC post hoc test was performed to determine the
statistical significance between different groups. p-Value< 0.05 is considered significant. MDA, malondialdehyde; SOD, superoxide dismutase; GPX, glutathi-
one peroxidase; CAT, catalase; TAC, total antioxidant capacity; TOS, total oxidant status; OSI, oxidative stress index, PHZ, phenylhydrazine; Pis, aqueous
extract of pistachio pericarp.
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compared to control group, B=when groups compared to PHZ group, significant difference between groups was p-value< 0.05.
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count, as well as chromatin quality, which includes AB, TB,
and CMA3. Additionally, the research indicates a substantial
improvement in sex hormones such as FSH, LH, and T. The
application of pistachio aqueous extract appears to be asso-
ciated with a considerable amelioration in sperm abnormali-
ties and pathological damage, suggesting its potential as a
beneficial intervention for reproductive health.

The recent investigation revealed a notable decrease in
sperm parameters within the PHZ group when compared to
the control group. Conversely, there was a notable increase in
these parameters within the PHZ+Pis groups as opposed to
the PHZ group. The decline in the average sperm count is
often attributed to disruptions in the spermatogenesis

process and the elimination of sperm at various stages of
development [27]. This aligns with the present study’s find-
ings, as Karimipour et al. [28] observed significantly lower
quality and quantity of sperm parameters in mice induced
with PHZ compared to the control group.

Moreover, supporting evidence comes from Mozafari
et al. [29], who documented a substantial decrease in the aver-
age percentage of sperm count, motility, and normal morphol-
ogy in mice administered with PHZ in comparison to the
control group. These consistent findings acrossmultiple studies
underscore the impact of PHZ induction on sperm parameters,
emphasizing the potential deleterious effects on spermatogen-
esis and overall reproductive health. Furthermore, the observed
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FIGURE 4: (a–f ) Hematoxylin–eosin staining of seminiferous tubules for analyses of spermatogenesis and morphometry of testis. D1 and 2,
total diameter (yellow arrows), L1 and 2, Lumen diameter (red arrows); CD, cellular diameter (black arrow); LC, Leydig cell; SC, spermato-
gonia cell; SPC, spermatid cell; PSC, primary spermatocyte cell; PHZ, phenylhydrazine; Pis, aqueous extract of pistachio pericarp. Scale
bar= 100 µm.
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improvements in the PHZ+Pis groups suggest a promising
avenue for mitigating these detrimental effects through the
administration of pistachio extract.

In a comprehensive research investigation, the impact of
pistachio byproducts (PBP) on various parameters related to
sperm quality and fatty acid utilization was thoroughly
examined. The findings of the study conclusively demon-
strated that the inclusion of 12.5% PBP in the diet did not
adversely affect sperm parameters, as reported in a previous
study [30]. Moreover, a separate investigation highlighted a
significant enhancement in the normal morphology, viabil-
ity, and motility of sperm in a mouse model with infertility
issues. This improvement was observed following the admin-
istration of Bene powder, derived from Pistacia atlantica, at a
dosage of 10mg/kg over a period of 35 days [31]. These
compelling results underscore the potential positive impact
of pistachio byproducts on reproductive health, providing
valuable insights into their influence on sperm quality and
overall fertility.

The observed phenomenon can be linked to the height-
ened generation of free radicals following the administration
of PHZ, leading to disruptions in the operational capacity of
Leydig and Sertoli cells [32]. The heightened OS adversely
affects the synthesis and release of testosterone in Leydig
cells. The diminution of this crucial hormone emerges as a
pivotal factor contributing to dysfunction in spermiogenesis
and a subsequent decline in epididymal sperm count [33].
Consequently, an elevation in OS amplifies the presence of
free radicals while concurrently diminishing the antioxidant
levels within Leydig cells. However, it is noteworthy that the
introduction of pistachio supplementation resulted in a sub-
stantial augmentation of sperm count. This suggests a poten-
tial mitigating effect of pistachio in counteracting the
detrimental impact of OS on Leydig cells, thereby contribut-
ing to the improvement of spermiogenesis and an increase in
epididymal sperm count.

The elevated generation of free radicals following PHZ
administration may be responsible for disrupting the normal
functioning of Leydig and Sertoli cells. This heightened OS
hampers the synthesis and release of testosterone in Leydig
cells. The reduction in testosterone levels plays a significant
role in inducing dysfunction in spermiogenesis and lowering
the epididymal sperm count. Consequently, an increase in
OS contributes to a higher presence of free radicals and a
decline in antioxidant levels within Leydig cells. However, it’s
noteworthy that the supplementation of pistachio resulted in
a substantial improvement in sperm count.

In our investigation, we observed a significant decrease in
the quantity of T within the group administered with PHZ
compared to the control treatment. This decline in T levels
suggests that PHZ-induced hypoxia may adversely impact
testicular function. Anbara et al. [34] also reported a sub-
stantial reduction in T, LH, and FSH levels in response to
PHZ administration. The co-occurrence of elevated serum
levels of T, FSH, and LH, as indicated by Pis’ antioxidant
effect, implies that pistachios, with their inherent antioxidant
properties, can effectively mitigate the tissue damage caused
by PHZ.

Moreover, OS triggered by PHZ is implicated in the gen-
eration of free radicals, leading to processes such as sperm
membrane formation, unsaturated lipid peroxidation, inter-
stitial cell reduction, and testis tissue death. The decrease in T
levels can be attributed to the decline in interstitial cells, as
testosterone is a crucial androgen hormone that plays a piv-
otal role in maintaining the function and structure of male
accessory sex glands. Furthermore, the disruption of sper-
matogenesis is a consequence of testosterone deficiency [35].
In summary, our findings suggest that PHZ-induced hyp-
oxia, coupled with OS, adversely affects testosterone levels
and overall testicular function, and the antioxidant proper-
ties of pistachios contribute to mitigating these deleterious
effects.

Concerning the assessment of chromatin quality using
AB, TB, and Chromomycin A3, it is plausible to hypothesize
that PHZ induces an increase in DNA damage in sperm.
Nuclear transformations transpire during the spermiogenesis
phase, a crucial period in which chromatin undergoes con-
centration, and protamine is substituted by histone, under-
scoring the importance of fat biosynthesis. Our investigation
suggests that OS resulting from PHZ administration has com-
promised fat biosynthesis, concurrently elevating the average
percentage of sperm exhibiting DNA fragmentation [36].

Moreover, our study establishes a distinctive correlation
between the generation of ROS and apoptosis, which insti-
gates DNA damage in sperm. Elevated levels of ROS, in par-
ticular, directly undermine the DNA of both sperm and
oocytes, culminating in sperm death [37]. ROS, in their
heightened state, detrimentally impact sperm DNA integrity
and contribute to lipid peroxidation in the male reproductive
system [38]. Biological membranes, particularly those of
sperm, are exceptionally susceptible to the effects of ROS.
The escalated production of ROS in the reproductive tract
has the potential to compromise both the integrity of DNA
in the sperm nucleus and the fluidity of the sperm plasma
membrane, thereby leading to spermatogenesis failure and
deleterious consequences for sperm. This, in turn, results in
lipid peroxidation of the sperm membrane, with significant
pathological alterations and infertility being among the nega-
tive outcomes [39]. In essence, our findings suggest that PHZ-
induced OS adversely affects sperm DNA integrity and mem-
brane structure, potentially contributing to infertility and
pathological changes in the male reproductive system.

Our study unveiled a significant reduction in the activities
of SOD, GPX, and CAT in the testicular tissue of the PHZ
group when compared to the control group. This decline in
SOD activity may be linked to the oxidation of cysteine in the
enzyme by superoxide anions during its conversion to hydro-
gen peroxide [40]. The administration of PHZ triggers the
production of ROS and free radicals, encompassing hydrogen
peroxide and superoxide anions [41]. Furthermore, the
heightened lipid peroxidation induced by PHZ has been cor-
related with a reduction in SOD function, aligning with find-
ings from recent investigations [3, 42]. The decrease in SOD
activity could also be ascribed to a concurrent reduction in
CAT activity, operating through a feedback inhibition mech-
anism. The diminished CAT levels lead to an accumulation of
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hydrogen peroxide, consequently inhibiting SOD function
[43]. Conversely, TOS and OSI levels showed an increase.
This suggests that anemia induced by PHZ might contribute
to OS, as indicated in our study, although the introduction of
Pis appears to mitigate this issue [44].

In line with our findings, Norasteh et al. [31] demon-
strated in their study that Bene administration increased the
activities of SOD and CAT enzymes in an infertile mouse
model. Another study examining the protective effects of
bene extracts on hepatotoxicity in rats reported a decrease
in the levels of ROS and prevented liver damage, function-
ing as antioxidants through an elevation in SOD and CAT
enzyme activity. These collective results underscore the
intricate relationships between PHZ-induced OS, the activ-
ities of antioxidant enzymes, and the potential ameliorative
effects of interventions like Pis and Bene in counteracting
the detrimental impacts on testicular function and overall
health.

Anemia has demonstrated adverse effects on the male
reproductive system in mice, primarily attributed to the dep-
rivation of oxygen and the induction of OS. This OS stems
from heightened production of free radicals, increased lipid
peroxidation, and a reduction in glutathione levels [45]. It is
crucial to highlight that OS ranks among the primary con-
tributors to male infertility. The equilibrium between pro-
oxidants and antioxidants plays a pivotal role in determining
the overall oxidative state of cells. Pro-oxidants can be cate-
gorized into radicals and nonradicals. The overproduction of
ROS in sperm is associated with nuclear DNA fragmentation
and lipid peroxidation, ultimately leading to cell death [46].
Spermatozoa are particularly susceptible to an increase in
ROS due to their high content of polyunsaturated fatty acids
and a limited capacity for DNA repair. Consequently, ele-
vated levels of ROS have been linked to both diminished
sperm quality and quantity [47, 48].

Ultimately, the substantial decrease in the activity of anti-
oxidant enzymes induced by PHZ resulted in significant OS
and lipid peroxidation. Our study’s findings highlight the
antianemic potential of P. vera pericarp extract, showcasing
a high degree of protection against the adverse effects of
hemolytic anemia triggered by PHZ. Notably, Pis demon-
strated excellent tolerance and safety, proving to be nontoxic,
and concurrently exhibited benefits in reducing sperm DNA
fragmentation. It is important to emphasize that the pista-
chio pericarp contains a higher quantity of phenolic com-
pounds compared to its kernel. However, during processing,
the green pericarp is separated from the pistachio and is
often discarded as pistachio scrap, contributing to various
environmental issues. The environmental impact of discard-
ing pistachio pericarp during processing should be carefully
considered in light of its rich phenolic content and potential
health benefits. This underscores the need for sustainable
and environmentally friendly practices in the utilization of
pistachio byproducts to harness their valuable bioactive com-
pounds and mitigate environmental concerns.

5. Conclusion

The safeguarding influence of P. vera pericarp extract against
PHZ-induced impacts on the male reproductive system in
mice can be attributed, at least in part, to the presence of
abundant antioxidant components exhibiting therapeutic
capabilities. The substantial protective effects observed sug-
gest that the extract may play a crucial role in mitigating OS
and associated damage in themale reproductive organs. How-
ever, to gain a comprehensive understanding of the underly-
ing mechanisms, further research is imperative. Investigating
specific cellular and molecular signaling pathways will be cru-
cial in unraveling the intricate details of how P. vera pericarp
extract exerts its protective effects on the male reproductive
system. This deeper exploration will not only enhance our
comprehension of the extract’s therapeutic potential but
also pave the way for the development of targeted interven-
tions for male reproductive health.

Abbreviation

PHZ: Phenylhydrazine
ROS: Reactive oxygen species
Pis: Aqueous extract of pistachio pericarp
AB: Aniline blue staining
TB: Toluidine blue staining
CMA3: Chromomycin A3 staining
LH: Luteinizing hormone
FSH: Follicle-stimulating hormone
E2: Estradiol
T: Testosterone
MDA: Malondialdehyde
SOD: Superoxide dismutase
GPX: Glutathione peroxidase
CAT: Catalase
TAC: Total antioxidant capacity
TOS: Total oxidant status
OSI: Oxidative stress index
OS: Oxidative stress.
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