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Abstract 

Background: In a new world, we are constantly exposed to environmental and natural stimuli that can lead to oxidative stress. 
Antioxidant enzymes and molecules help the human body eliminate reactive oxygen species and prevent oxidative damage. Green 
leafy vegetables such as Spinacia oleracea are a rich and well-studied source of  antioxidant nutritional molecules. Objective: The 
research aims to study the effect of  the medium effective dose (MED50: 58 mg/kg body weight) of  the leaf  extract on testicular 
tissue, antioxidant enzymes, and malondialdehyde (MDA) in male albino rats. Materials and Methods: About 20 healthy male 
rats were separated into two groups, each containing ten male adult rats. The first group, the control group, was treated orally 
with distilled water. The second group was treated orally with 58 mg/kg body weight of  phenolic extract of  spinach leaves for 60 
days. Results: The testicular sections from the study’s animals revealed that the control groups (left and right) displayed normal 
histology. In contrast, the treated groups (left and right) exhibited mature sperm cells within the seminiferous tubule lumens. A 
significant increase at P value < 0.05 in the concentration of  antioxidant enzymes (superoxide dismutase, glutathione peroxidase, 
and catalase), also a significant increase in MDA concentration when compared to the control group. Conclusion: The findings 
of  our study show that spinach extract could be a source of  natural antioxidants due to its clear effect on testicular tissue and 
oxidation enzymes. 
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Introduction
Infertility affects 30%–80% of males, with oxidative 
stress being a contributing factor.[1] The formation of 
ice crystals, reactive oxygen species (ROS), and their 
detrimental effects on the sperm membrane lipids can lead 
to two undesirable outcomes: the induction of  oxidative 
stress (OS) during cryopreservation and oxidative stress 
itself. To keep men fertile, antioxidants have recently 
been the focus of  research, due to the strong correlation 
between OS stimulation and cryopreservation.[2] Leafy 
green vegetables play a crucial role in maintaining a 
healthy diet by enhancing the overall well-being of  the 
human body. Apart from providing fiber, protein, and 
other macronutrients, they also serve as a rich source of 
vital amino acids, organic acids, vitamins, minerals, and 
phytonutrients. These nutrients have been scientifically 
proven to play significant roles in promoting human 
health.[3] A well-established source of  vital nutrients, 

spinach, also contains ascorbic acid, various minerals, 
and beta-carotene, a precursor to vitamin A. Despite the 
fact that many researches have been done on spinach’s 
antioxidant properties,[4-6] it has the ability to safeguard 
against free radicals that cause damage to cells within the 
human body. Spinach is commonly acknowledged as a 
functional food owing to its extensive range of  nutrients, 
such as chlorophyll, carotenoids, dehydroascorbate 
reduced glutathione, beta-carotene, oxidized glutathione, 
lutein, and a variety of  flavonoids that also serve as 
antioxidants.[7,8] Antioxidant enzymes found in spinach 
include peroxidase, superoxide dismutase (SOD), catalase 
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(CAT), glutathione peroxidase (GPx), and glutathione 
reductase.[9] Spinach possesses a wide array of  proteins 
and molecules, rendering it a promising candidate for 
harnessing antioxidants that aid in regulating the levels of 
ROS within the human body. An array of  proteins known 
as antioxidant enzymes is found in the cellular milieu and 
serves to both ease the electron-donating mechanism 
of antioxidants and recycle the oxidized antioxidants 
back into their reduced form as in a reverse reaction. 
Antioxidant enzymes are involved in the scavenging of 
free radicals by antioxidants.[10] The biological system 
contains a restricted number of  antioxidant enzymes, of 
which CAT, GPx, and SOD are essential for scavenging 
free radicals.[11] Damage to DNA, proteins, and lipids can 
arise from OS, which is a result of  an imbalance between 
the production of  ROS/free radicals (such as superoxide 
radical, hydroxyl radical, and hydrogen peroxide (H2O2) 
and antioxidant defenses (such as manganese SOD 
and copper–zinc SOD).[12] It has been demonstrated 
that consuming foods and drinks high in polyphenols 
increases human plasma antioxidant capacity[13] and 
reduces OS in human placenta and human placental 
trophoblasts both in vivo and in vitro.[14] The aim of this 
research is to improve antioxidant enzymes and their 
effect on testicular tissue in animals treated with MED50 
of  spinach leaf  extract.

Materials and Methods

Plants extraction
Spinach leaves were collected from Babylon in January. 
They were washed and dried, then blended with an electric 
grinder. The leaves were extracted according to Susanti et 
al.[15]

A total of 20 male albino rats (weighing 150–190 g) were 
2 months old and held in plastic cages with 12/12 h light/
dark cycle at 21 ± 2°C. The rats were divided randomly 
into two groups as follows:

1.	 Group 1: The Control group was receiving distilled 
water (DW).

2.	 Group 2: The treated group received 58 mg/kg of body 
weight daily of extract by oral administering for 60 
days.

Histopathological study
At the end of the experiment, both experimental rats and 
control were sacrificed after 60 days of treatment, and left 
and right tissue were taken. The testes were preserved in 
Bouin’s solution to maintain their structure and molecular 
composition.[16] Subsequently, additional histological 
preparations were conducted, and the samples were 
stained with hematoxylin–eosin. These stained samples 
were then examined under a microscope at a magnification 
of 40×.[17]

Antioxidant enzymes
Superoxide dismutase
The enzyme’s capacity to inhibit pyrocallol oxidation at 
pH 8.2 was used as the basis for a quick and easy way to 
calculate the measured activity[18]:
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Glutathione peroxidase
The measured activity of this enzyme was determined by 
method[19] with the equation:
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Catalase
In order to find the CAT activity, the following equation 
was used, as described in reference:[20]

Catalase Activity of test kU
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Statistical analysis
The data obtained were analyzed using the program 
Statistical Package for the Social Sciences 2010 (IBM Corp., 
Chicago, IL, USA). t Test and mean ± standard error (SE) 
were calculated. The level of statistical significance was set 
at P < 0.05.

Approval ethical
On a more serious note, the research ethics committee at 
Al-Qasim Green University’s College of Biotechnology 
and Department of Medical Biotechnology gave their 
stamp of approval to this study.

Results
In Figure 1A and C show the normal seminiferous tubules 
with different spermatogenesis stages. At the base of the 
germinal epithelium are myoid cells, spermatogonia, 
primary spermatocytes (PS), and spermatids. The Leydig 
cells and crystals of Reinke (CR) were also evident; Figure 1B  
shows some stages of spermatogenesis starting from 
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myoid cells, including spermatogonia and PS; Figure 1D  
shows normal seminiferous tubules with different 
spermatogenesis stages. At the base of the germinal 
epithelium are myoid cells, spermatogonia, PS, secondary 
spermatocytes, spermatids, spermatozoa, and sperms fill 
all the lumen space. Also, Leydig cells were evident.

The dose-response curve statistical analysis yielded a 
MED50 of 58 mg/kg body weight for the spinach extract. 
Figures 2–4 show that the results showed an increase 
in antioxidant enzymes (SOD, GPX, and CAT) with a 
significance level of (P < 0.05). It was also noted that 
the level of MDA increased significantly (P < 0.05) when 
compared to the control animals [Figure 5].

Discussion
The impact of  several lifestyle factors, including age, 
weight, nutrient deficiencies,[21] smoking associated 
with diseases,[22,23] and exposure to environmental 
pollutants,[24] are impact on general health and adversely 
on reproductive performance. Various medicinal plants 
have been found to positively affect reproduction, like 
celery and garlic,[25] garden cress,[26] which have been 
shown to have reproductive importance for the male 
reproductive system. the most important benefit of 
herbs on male fertility is related to the plant’s antioxidant 

Figure 1: Histological sections of the testis rat stained with hematoxylin and eosin (40×). (A) (C) Control group showing normal histology; (B) Right 
testis treatment with a distinctive thing is that the lumen is filled with different cells of spermatogenesis cells, most likely spermatids. (D) Left testis 
treatment, at the base of the germinal epithelium are myoid cells (M), spermatogonia (S), primary spermatocytes (PS), secondary spermatocytes 
(SS), spermatids, spermatozoa, and sperms fill all the lumen space. Also, Leydig (Ley) cells were evident

Figure 2: The effect of MED50 of the extract on SOD level of the male 
albino rat. The outside columns represent the means ± standard error 
(SE). Number of animals = 10 in each group. The different letters 
denote the significance at (P < 0.05) with T = 2.75, P = 0.01317

Figure 3: The effect of MED50 of the extract on GPX level of the male 
albino rats. The outside columns represent the means ± SE. Numbers 
outside the columns represent the means ± SE. Number of animals 
= 10 in each group. The different letters denote the significance at 
(P < 0.05), with T = 5.37, P = 0.00004
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compound which enhances spermatogenesis.[27] Spinach, 
orange, and their derivatives have long been recognized as 
abundant stores of  vitamins, minerals, and dietary fiber 
in addition to bioactive compounds like polyphenols, 
especially phenolic acids and flavonoids.[28] Additionally, 
they offer a strong antioxidant action.[29,30] Consumption 
of  natural antioxidants and vitamins can protect sperm 
DNA from OS and improve male fertility.[31,32] Testicular 
tissues possess a high concentration of  polyunsaturated 
fatty acids and a limited antioxidant defense system. 
Consequently, they are susceptible to oxidative damage 
caused by ROS. These ROS can oxidize proteins, lipids, 
and DNA, resulting in cellular harm. Recent findings 
suggest that peroxidative damage induced by ROS is 
a significant factor contributing to impaired sperm 
function, which can exhibit varying degrees of  sensitivity 
to identical irradiation.[33] Our results in Figure 1 show 
standard and healthy testicular components, revealing 
different stages of  sperm development within the 
tubules, and observing myoid cells, spermatogonia, 
PS, Sertoli cells, Leydig cells, and Reinke’s crystals. 
While the results of  Al-Taee[23] indicated that the seeds 

of  cress extract caused a low amount of  sperm in the 
lumen, decreased height of  the epithelial cells secreting 
seminal vesicles, and fewer stereocilia in the epididymis. 
According to research by Iqbal et al.,[34] reducing the 
negative effects of  obesity-induced OS on testes and 
epididymis weight is possible through a diet supplement 
that includes spinach. The methanolic extract of  spinach 
oleracea plant leaves contains the highest concentration 
of  flavonoids and phenols and exhibits the highest 
antioxidant activities.

According to our result in [Figures 2–4], the MED50 of 
spinach extract caused an increase in the level of SOD, 
GPx, and CAT compared to the control group; this 
increase in antioxidant enzymes may be due to spinach 
being rich in phenolic compounds that act as antioxidants 
SOD supplementation can potentially activate the body’s 
internal antioxidant system to counteract an excessive 
amount of free radicals. As a result, it can be employed in 
various pathological conditions as well as the incorporation 
of naturally occurring antioxidants into widely used 
vegetable oils to improve their oxidative stability.[35] This 
confirms the results of earlier studies and adds to the 
importance of glutathione-rich foods as a healthful food 
choice.[36,37] Because spinach is an excellent provider of 
essential minerals such as iron, copper, phosphorous, zinc, 
CAT, an antioxidant enzyme exhibits the highest turnover 
rate among its counterparts. It is abundantly found in 
living tissues and plays a crucial role as a clinical enzyme 
in the decomposition of H2O2 into water and molecular 
oxygen,[38] converting dangerous material into a safe state. 
Finally, malondialdehyde (MDA) serves as a dependable 
indicator for assessing the extent of damage inflicted 
upon a stressed plant. It is formed as a result of the 
peroxidation of polyunsaturated fatty acids within the cells. 
Consequently, MDA has gained significant popularity 
and widespread usage in the field. Selenium[39] may cause 
an increase in the concentration of MDA, as shown in the 
Figure 5, because spinach contains transitional elements, 
MDA level. This is not consistent with previous research, 
which shows an increase in the level of SOD and CAT and 
a decrease in MDA level.[40] Spinach is rich in transitional 
elements,[39] which in high concentrations encourage lipid 
peroxidation, subsequently increasing MDA levels. There 
are many degenerative diseases caused by OS, and the 
Fenton and Haber–Weiss reactions play a major role in 
this. All four macromolecules—DNA, proteins, lipids, 
and carbohydrates—are vulnerable to free radical damage 
when iron, copper, and aluminum are present, generating 
hydroxyl radicals through the Fenton reaction.[41,42]

Conclusion
These observations suggest a possible positive impact 
of spinach extract on testicular tissue by increasing the 
concentrations of antioxidant enzymes in adult male 
rats. An increase in the concentration of MDA may be 

Figure 5: The effect of MED50 of the extract on MDA level of the male 
albino rats. The outside columns represent the means ± SE. Numbers 
outside the columns represent the means ± SE. Number of animals = 
10 in each group. The different letters denote the significance (P < 0.05) 
with T = 3.86, P = 0.00115

Figure 4: The effect of MED50 of the extract on CAT level of the male 
albino rats. The outside columns represent the means ± SE. Numbers 
inside the columns represent the means ± SE. Number of animals = 10 
in each group. The different letters denote the significance at (P < 0.05) 
with T = 5.25, P = 0.01317
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due to the plant’s transitional elements. Further studies 
are necessary for a more comprehensive understanding. 
Detailed investigations are required to identify the 
specific bioactive compounds in spinach responsible for 
these effects. Conducting long-term studies and assessing 
potential side effects or interactions with other medications 
or conditions are crucial steps for practical application in 
clinical settings.
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