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Abstract: The current study aimed to find out the histopathological effects of pyocyanin pigment extracted from
the Pseudomonas aeruginosa on testicular tissue by studying the histopathological changes in the testes of
laboratory mice injected with a concentration of 500 pg/ml of pyocyanin for 30 days.

The results of the histological microscopic examination showed the presence of a number of pathological
changes , which were represented after four days of injection by the occurrence of simple cytoplasmic
fragmentation of spermatogonia, accumulation of fluid between the seminiferous tubules, and congestion of
testicular tissue with the presence of cellular necrosis, loss of some nuclei, their karyopykinosis and
degeneration in other cases, and a decrease in the number of mature spermatozoa in the tubular lumen and loss
of cellular development of spermatogonia, as well as the cessation of the mitotic activity of spermatogonia and
the accumulation of lipid droplets within the tissue. Cases of programmed cell death and detachment of the
germinal layer were also observed, in addition to the complete loss of the normal shape of the stages of
development of spermatogonia, as well as necrosis of the spermatogenic layers.
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1. Introduction

Pseudomonas aeruginosa (P. aeruginosa) is a Gram-negative, motile by one or more flagella , rod-shaped with
a length of about (1-5) um and width of (0.5-1) um and opportunistic (Diggle and Whiteley, 2020).Pyocyanin is
a blue-green phenazine pigment produced by about 90 to 95% of P. aeruginosa strains. It is active in oxidation-
reduction processes and is considered a secondary metabolite secreted by P. aeruginosa (Shouman et al., 2023).
Pyocyanin is an aromatic compound containing nitrogen and belongs to the tricyclic phenazines (O’Malley et
al., 2004; Fothergill et al., 2007) , is one of the most important pigments produced by this bacterium due to its
important role in pathogenesis, especially in chronic lung diseases. It protects Pseudomonas from the action of
cilia of epithelial cells in the respiratory tract and also protects the bacterium from urothelial cells and liver
endothelial cells (LSEC) (Hall et al., 2016). Pyocyanin is also toxic to neutrophils (Patel et al., 2016).

This toxicity is due to the ability of pyocyanin to penetrate the cell membrane due to its low molecular weight
and to generate reactive oxygen species. This leads to the reduction of the cell cycle, causes significant damage
to human cells, affects DNA, and ultimately leads to cell death. In addition to its toxicity, pyocyanin also has
antimicrobial, antifungal, and antiprotozoal activities. It also acts as an antioxidant and anticancer agent (Marrez
and Mohamad, 2020).

2. Material and Methods
2.1 Extraction of Pyocyanin Pigment

The pigment was extracted by chloroform followed by extraction steps by acid / base, in order to improve the
final yield of pure pyocyanin, as the process of extracting the pyocyanin pigment was based on the oxidative and
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reducing properties of the pigment and on the fact that only pure pyocyanin changes color when the pH changes,
which made the pigment have a different solubility based on the type of solvent and thus appear red in aqueous
solvents and blue in organic solvents and this feature made the purification process of the pyocyanin pigment
possible and very effective. By changing the pH and extracting water/chloroform (El Feghali and Nawas, 2018).

2.2 Experimental Animals

The current study used male albino laboratory mice M. musculus L belonging to the BALB/C strain, weighing
20-25 g and aged between 10 and 12 weeks. They were bred in the animal house of the Department of Life
Sciences, College of Education - Al-Qurna / University of Basrah under controlled conditions of good
ventilation, a fixed lighting system of 12 hours light/12 hours dark, and a temperature of 20-25°C. The mice
were placed in standard-sized plastic cages (45%30x10 cm) with a floor covered with sawdust that was replaced
every two days.

2.2.1 Experimental Design
The laboratory mice were randomly divided into two groups and each group included 15 mice as follows:
Control Group: Injected with normal saline at a dose of 0.1 ml for 30 days.

Pyocyanin-Treated Mice Group: The laboratory mice were injected intraperitoneally (1.P.) with 0.1 ml of
pyocyanin pigment at a concentration of 500 pg/ml for 30 days.

The mice were dissected after anesthesia with chloroform at intervals of (4, 7, 14, 21, 30) days, with 3 replicates
in each period of the experiment.

2.2.2 Injection Method

The laboratory mice were injected intraperitoneally (1.P.) with 0.1 ml of normal saline and 0.1 ml of pyocyanin
pigment at a concentration of 500 pg/ml.

2.2.3 Study of Histopathological Changes

The method of (Humason, 1972) was used to prepare histological sections of the testes of laboratory mice.

3. Results

The results of the histological examination of testicular tissue injected with pyocyanin pigment at a
concentration of 500 pug/ml showed several histological changes compared to the control group. After four days
of injection, mild cytoplasmic vacuolization of spermatogonia and fluid accumulation between the seminiferous
tubules were observed, as shown in Figures (2 and 3). After seven days of injection, the results showed cellular
necrosis, loss of some nuclei, a decrease in the number of mature spermatozoa in the tubular lumen, loss of
cellular development of spermatogonia, cessation of mitotic activity of spermatogonia, accumulation of lipid
droplets within the tissue, and cases of apoptosis, as shown in Figures (4 and 5).

After fourteen days of injection, the results showed degeneration of Leydig cells, separation of the germinal
layer, and karyopyknosis of some nuclei, as shown in Figure (6). After twenty-one days of injection, the
microscopic examination showed necrosis and karyolysis in spermatogonia with loss of mature spermatozoa
within the tubular lumen, complete loss of the normal shape of the stages of spermatogenesis, and necrosis of
the germinal layers, as shown in Figures (7 and 8). After 30 days of the experiment, necrosis of the blood vessel,
Leydig cells, and congestion were observed, as shown in Figure (9).
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Figure (1): Cross section of testicular tissue in
the control group. (400X) (H&E)
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Figure (3): Cross section of testicular tissue 4
days after injection showing mild cytoplasmic
vacuolization of the spermatogonia. (400X)
(H&E)

Figure (5): Cross section of testicular tissue 7 days
after injection showing cytoplasmic degeneration in
spermatogonia (red circle), cellular necrosis and loss

of some nuclei (black circle), and a decrease in the
number of mature spermatozoa in the tubular lumen

(black arrow). (400X) (H&E).
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Figure (2)4€T83s section of testicular tissue 4

days after injection showing accumulation of
fluid between the seminiferous tubules. (400X)
(H&E)

days after injection showing accumulation of
lipid droplets (black arrow), cessation of
mitotic activity of spermatogonia (black circle),
apoptosis (red circle), and a decrease and loss
of mature spermatozoa (red arrow). (400X)
(H&E)
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Figure (6): Cross section of testicular tissue 14
days after injection showing degeneration of
some spermatogonia (black circle), separation of

the germinal layer (arrow), and karyopyknosis
(red circle). (400X) (H&E)
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Figure (7): Cross section of testicular tissue 21 Figure (8): Cross section showing complete loss of
days after injection showing necrosis and the normal morphology of the spermatogenic cell
karyolysis of spermatogonia (black circle), stages 21 days after injection. (400X) (H&E).

necrosis of the spermatogenic layers (red circle),
and loss of mature spermatozoa (arrow). (400X)
(H&E).

7 Shee 8

Figure (9): ross section of tsticular tissue 30 days after injection showing
necrosis of Leydig cells (circle) and vascular congestion (arrow). (400X) (H&E).

4. Discussions

Effect of Anthocyanin Dye on Testicular Tissue

Anthocyanin dye has a low molecular weight that allows it to easily permeate cell membranes. Upon entering
these membranes, it is reduced by NADPH, which is followed by the reduction of molecular oxygen to
superoxide, which in turn is converted to hydrogen peroxide (Zhao et al., 2014). Consequently, it causes various
pathological tissue changes inside the cells. Simple cytoplasmic vacuolation of spermatogenic cells was
observed. This condition is considered an adaptation to the pathological state caused by the injected substance
affecting the tissue (Abdel Hammed, 2004). These vacuoles accumulate harmful substances and prevent them
from interfering with the vital activities of those cells (Cheville, 2009).

The results of the current study showed cytoplasmic degeneration in several areas of the testicular tissue. The
reason for this may be the increase in the formation of lipoproteins, which are converted into triglycerides and
filtered in the liver. This leads to the appearance of clear vacuoles that push the nucleus to the periphery of the
cell (Al-Hamdauy and Al-Hubaity, 2014). Abdel Hammed (2004) stated in his study that nuclear damage
follows cytoplasmic damage and indicated that pathological tissue effects transition from reversible to
irreversible pathological changes. Cytoplasmic degeneration appeared early before the appearance of changes in
the nuclei of testicular cells that were affected by necrosis. This is consistent with the results of the current
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study, which observed karyopyknosis and karyolysis of spermatogenic cells leading to necrosis. Karyopyknosis
is one of the most prominent morphological features of apoptosis (Karpman et al., 1998).

The karyopyknosis and karyolysis of spermatogenic cells are attributed to the effect of free radicals and reactive
oxygen species. They interact with DNA components and negatively affect purine and pyrimidine bases and the
DNA backbone, which may lead to significant changes in the cell nuclei and their gradual lysis, in addition to a
change in their shape, followed by the final stages of nuclear lysis and cell death (Zhu et al., 2012).

Anthocyanin can potentially cause a reaction in eukaryotes at the level of the cell wall and the mitochondrial
respiratory chain. This reaction results in the release of reactive oxygen species from the mitochondria, which
accelerates the aging process and apoptosis (Bonifécio et al., 2020; Manago et al., 2015). Pyocyanin pigment
undergoes a redox cycle in the presence of various reducing agents and molecular oxygen, which leads to the
accumulation of supertoxic oxide and hydrogen peroxide and thus leads to injury or death of cells (Hassan and
Fridovich ,1980) .

Congestion of the testicular tissue vasculature was also observed. The reason for this may be due to the
triggering of inflammatory reactions by chemical mediators such as histamine and prostaglandins, which are
secreted by mast cells and other inflammatory cells. These mediators cause vasodilation and a localized increase
in blood flow, in addition to increased blood viscosity, which results from the permeability of blood proteins
from the endothelial lining of the capillaries, which causes a slow flow of blood in them, and therefore they
appear congested with blood (Kumar et al., 2003). Vasodilation allows the passage of large quantities of
inflammatory cells from the affected area. They adhere to each other and move in a circular motion, pushing the
inflammatory cells from the center to the periphery. They then adhere to the endothelial cells of the blood
vessel, thus finding their way out of the vessel due to the increased spaces between the endothelial cells caused
by the effect of the external agent (Mitchell et al., 2007).

5. Conclusions

Based on the results of the current study, it was found that the pyocyanin pigment can cause a number of
histopathological changes in the testicular tissue, and these changes were represented by the occurrence of
cytoplasmic abruption and fluid accumulation between the nuclear tubule with a decrease in the number of
mature spermatozoa, the loss of some nuclei, the occurrence of cellular necrosis with the accumulation of fatty
droplets and other histological changes.
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