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Abstract

Pseudomonas aeruginosa uses quorum-sensing systems to coordinate
activities regulated by specific genes, such as metabolic and
environmental responses. The pgsA gene is a key component of the pgs
pathway (quinolone signaling in Pseudomonas aeruginosa).This study
focused on applying a mouse model to some local isolates of P.

Received:18/January/2026 aeruginosa and identifying those carrying the pgsA gene. The study
Accepted:17/May/2026 included isolating 150 samples for analysis, which resulted in
Published: 20/October/2026 confirmation of the presence of 58 isolates of P.aeruginosa. The
https://doi.ora/10.30526/39.4. specimens including wound swabs, burn samples, urine samples, middle
4421 ear swabs, and sputum were collected from different hospitals. The

presence of the pgsA gene was confirmed molecularly using polymerase
chain reaction (PCR) on 19 selected isolates, all of which showed positive
amplification (448 bp). The experimental mouse model consisted of Swiss
albino mice, divided into a control group and two treatment groups with
low (1x10* CFU) and high (1x10® CFU) concentration of bacteria. We

evaluated body weight before and after exposure and also performed

amm© 2026. The histological examinations of the liver and lung tissue. The results showed
Author(s). Published by College that increased bacterial concentrations led to increased weight loss and
of Education for Pure Science extensive histological changes. In contrast, low concentrations produced
(fon Al-Haitham), University of only minor tissue changes. Statistical analysis (results are presented as
Baghdad. This is an open-access means + SE calculated using one-way ANOVA) confirmed these findings
article distributed ~under the as statistically significant (p < 0.05). Based on the above information, it
terms of the Creative Commons can be concluded that the pgsA gene is highly conserved in local isolates
Attribution 4.0 _ International of P. aeruginosa and that the presence of this gene leads to significant
License effects in host tissue in controlled in vivo studies. Therefore, this research

contributes to understanding of the bacterial quorum sensing mechanism,
the pathogenicity of bacterial species and their ability to interact with host
bacteria in in vivo studies.
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1. Introduction

Microorganisms possess sophisticated regulatory mechanisms by which they can respond
appropriately to a variety of global, environmental, biological, and chemical stimuli* The most
important bacterial communication system is quorum sensing - the means by which bacteria
coordinate their collective actions through gene regulation in response to the density of their
population?. In the case of Pseudomonas aeruginosa, quorum sensing regulates a broad range of
metabolic processes, biofilm formation, and the synthesis of many secondary metabolites,
ultimately affecting the complete biological behaviour of the organism* *.
PQS (Pseudomonas quinolone signal) gene pgsA is a key factor in the quorum-sensing process
of Pseudomonas aeruginosa. The pgsA gene is viewed as a pivotal regulatory factor that aids in
coordinating bacterial actions and allowing bacteria to respond to the environment®. Through
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molecular methods for identifying pgsA and other genes of quorum sensing, you gain knowledge
regarding the genetic potential of isolated bacteria and their ability to regulate their growth based
on laboratory conditions®.

The biological impacts associated with systems that control bacteria must also be evaluated to
gain a thorough understanding of the impact bacteria may have on a large scale in addition to
assessing the genetics of the bacteria’. The use of animal models provides a controlled means of
quantifying generalised effects to various tissues due to exposure to a bacteria or group of
bacteria®. By looking at the histological structure of a tissue, one can identify changes caused by
bacteria and the response from the host's biological systems to those changes, without any
implication of clinical or pathological results®. The response of the host's biological system to
bacterium regulates a dynamic interaction between the host and the microbe™.

Past studies show that using Pseudomonas aeruginosa in animal studies creates verifiable
changes within tissues based on how much bacteria were used and how long the body has
encountered them™*2. Typically these changes demonstrate either an increase in the number of
immune cells along with decreased cellular integrity (amount of damage the tissue sustains) and
other vascular effects as a result of the activation of the bacterial regulatory systems®.
Understanding the relationship between these biological changes and their genetic determinants
sheds light on the role that the various bacterial communication systems play in controlling their
host environment*,

This research aimed to understand how the pgsA gene, which is responsible for quorum sensing,
affects the ability of Pseudomonas aeruginosa bacteria to communicate with other cells. This
gene was detected molecularly using polymerase chain; additionally, histological studies were
conducted on mouse tissue from a model used to investigate the biological effects of the pgsA
gene. Using both methods, the researchers were able to evaluate how the pgsA gene affects the
function and health of surrounding tissues. Ultimately, this study will provide a better
understanding of how bacteria communicate with each other and the impact of this
communication on the host.

2.Materials and Methods

2.1. Bacterial Isolates

A total of 150 clinical specimens were collected, including wound swabs, burn samples, urine
samples, middle ear swabs, and sputum. These samples included seven different locations Ghazi
al-Hariri Hospital (Medical City), Child Protection Hospital, Burns Hospital, Al-Kindi Hospital,
Imam Ali Hospital, Al-Sadr Hospital, and Central Children's Hospital. The types of specimens
included: wound, burn, urinary tract samples, middle ear swab, and sputum.

The specimens were cultured and processed to determine the presence of Pseudomonas
aeruginosa. After identifying the specific strain, 58 of the 150 samples were found to contain
Pseudomonas aeruginosa; these 58 samples were subsequently used for further analysis.

2.2. Phenotypic and Biochemical Identification

Bacterial isolation was performed using standard microbiological techniques, including culturing
on MacConkey agar, Cetrimide agar, and Pseudomonas agar, followed by incubation at 37°C for
24 hours .

Bacterial isolates underwent biochemical testing for oxidase, catalase, indole, methyl red,
Voges—Proskauer, and citrate (IMVIC) tests, and final confirmation was performed using the
automated Vitek-2 system for the identification Pseudomonas aeruginosa isolates™.

2.3. Experimental Animals

Swiss albino BALB/c mice, free from any diseases aged between 6 and 8 weeks, with a body and
weighting between 22 and 30 grams were selected for this study. The mice were kept in the same
environment described above, with all experimental access to food and irrigation available from
their environmental source.
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2.4. Experimental Design

Fifteen mice were randomly assigned to three treatment groups (5 mice/group). The treatment
groups were: Control group (injected with sterile solution only), Group | (injected with 1x10*
CFU of Pseudomonas aeruginosa), and Group Il (injected with 1x10® CFU of Pseudomonas
aeruginosa). Bacterial cells were suspended in sterile normal saline (0.85% NaCl), which was
also used for the control group injections to ensure consistency. Injections were administered
intraperitoneally using sterile syringes. All injections were administered at a dose of 0.1 mL over
the course of a one-week trial. The weights of all mice were measured before injection and at the
end of the trial week.

2.5. Molecular Detection of the pgsA Gene

Genomic DNA was extracted from Pseudomonas aeruginosa isolates using a commercial
genomic DNA extraction kit (Geneaid Genomic DNA Mini Kit, Taiwan) according to the
manufacturer’s instructions. The purity and concentration of the extracted DNA were assessed
using a NanoDrop spectrophotometer, and samples were stored at —20°C until further use. The
presence of the pgsA gene was detected by polymerase chain reaction (PCR) in 19 representative
isolates. Amplification was performed using specific primers targeting the pgsA gene as follows:
Forward primer: 5'-GACCCCGAACACCTCGAC-3’

Reverse primer: 5-CGGTTCAGCAGGATGCC-3' (expected amplicon size: 448 bp).

PCR reactions were carried out in a total volume of 25 pL containing 12.5 pL of 2x Master Mix,
1 pL of each primer (10 pmol), 5 pL of DNA template, and nuclease-free water to complete the
volume. The amplification conditions included an initial denaturation at 95°C for 5 min,
followed by 35 cycles of denaturation at 95°C for 30 sec, annealing at 58°C for 30 sec, and
extension at 72°C for 45 sec, with a final extension at 72°C for 5 min. The PCR products were
separated by electrophoresis on 1.5% agarose gel stained with ethidium bromide, and visualized
under UV illumination. A 100 bp DNA ladder was used as a molecular size marker. The
presence of the pgsA gene was confirmed by the appearance of a distinct band at 448 bp, as
previously described"’.

2.6. Histological Examination

After exposing the mice to the bacteria for a week, the researchers euthanized them and collected
lung and liver tissue samples. After excising these tissues, they were fixed in dilute neutral
formalin solution, and then processed using conventional histologic techniques, including
paraffin embedding, microtome sectioning, and hematoxylin and eosin H&E) staining®.

The tissue sections were examined under a light microscopy to identify changes in tissue
morphology and pathological responses to bacteria *°.

2.7. Statistical Analysis

To express the mean (£ standard error of (SE)) of the quantitative data gathered during the study,
the body weights of mice within each group were determined (mouse/mice weight before and
after the exposure period). One-way analysis of variance (ANOVA) was completed to
statistically compare the control, 1 x 10* and 1 x 10® Bacterial Groups, in order to determine
whether there was a statistically significant difference between the groups. In all cases where a
statistically significant difference was detected between the groups, the relevant post hoc
multiple comparison tests were performed to identify the differences between specific groups .A
probability of p < 0.05 was regarded as statistically signiﬁcantzo. Analyses were performed
through the use of IBM Corp.'s SPSS statistics software version 26 (IBM Corp.) to conduct all
statistical analyses.

3. Results

3.1. Isolation and Identification of Pseudomonas aeruginosa

The isolates were obtained from infection-related samples (wound, burn, urinary tract, and
middle ear) and clinical samples (sputum). Among 150 specimens collected, 58 bacterial isolates
were identified as Pseudomonas aeruginosa using colony morphology, Gram staining and
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biochemical assays (oxidase, catalase, indole, methyl red, \Voges-Proskauer, and citrate
(IMVIC)). The bacterial identity was definitively confirmed using the automated Vitek-2 system.
The source of these isolates was infectious samples specifically wound, burn, urinary tract and
middle ear infections and Clinical samples specifically sputum.

3.2. Molecular Detection of the pgsA Gene

The presence of the pgsA gene was confirmed by PCR analyses of 19 representative strains of
Pseudomonas aeruginosa. All isolates showed a positive PCR result of 448 base pairs (bp)
compared to the ladder marker of 100 bp (Figure 1). This result indicates that the pgsA gene is
conserved in all tested isolates.

M 1 2 3 4 5 6
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1000bp

500bp @ - — L i R Sy S R S — 443bp
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60°C

Figure 1. PCR amplification of pgsA genes in representative Pseudomonas aeruginosa isolates (19 samples) was
performed using pgsA-specific primers. PCR products were separated using agarose gel (1.5%) and then stained
with ethidium bromide for clarity. A 100-base-pair DNA ladder was used as a molecular size (M) marker. Each
sample produced a single amplification product of 448 bp delete and put comm., indicating the presence of the pgsA
gene in each sample.

3.3. Body weight measurements
The mean body weights of the mice in the control and experimental groups before and after the

one-week of exposure are summarized in Table 1.
Table 1. Body weight of mice before and after one-week exposure to Pseudomonas aeruginosa at different
concentrations

Group Before (Mean % SE, g) After (Mean + SE, g) Significance (After)
Control 26.52 +1.26 28.04+1.11 b

Group | (1x10%) 25.28+1.41 24.88 +1.37 b

Group 11 (1x108) 27.02 £ 0.67 21.82 + 0.56 a

p-value 0.001"

* Significant differences at p<0.05, the different letter indicated significant differences, the same letter indicated
non-significant differences.

Group means (Mean + SE) were calculated for each group with the following assumptions:
Group A has the largest value; Group B has the second largest; Group C has the least. After one
week, data for each group were evaluated using one-way analysis of variance. Groups that have
different letters (a,b) represent statistically significant differences at p < 0.05, whereas groups
with identical letters do not have statistically significant differences.
e Control: The average change in bodyweight for the control group was 26.52 + 1.26 grams
to a new mean of 28.04 + 1.11 grams.
e Group I (1 x 10* CFU): The average change in bodyweight for group | was 25.28 + 1.41
grams to a new mean of 24.88 £ 1.37 grams.
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e Group Il (1 x 108 CFU): The average change in bodyweight for group Il was 27.02 +
0.67 grams to a new mean of 21.82 + 0.56 grams.

The statistical analysis demonstrated that the decrease in bodyweight for the high concentration
group (1 x 10® CFU) was statistically different from the control and low concentration groups (p
< 0.05) while there was no substantial difference in the decrease in bodyweight between control
and low concentration groups
3.4. Histological Examination

The histopathological examination of hepatic tissue revealed clear concentration-dependent
alterations in tissue architecture among the experimental groups.
In the control group, liver sections demonstrated a preserved hepatic lobular organization with
intact hepatocytes arranged in normal hepatic cords radiating from the central vein. Hepatocytes
exhibited normal cytoplasmic and nuclear morphology without signs of degeneration or
inflammatory infiltration (Figure 2).
In the low bacterial concentration group (1x10* CFU), mild histopathological changes were
observed. These included focal hepatocellular necrosis accompanied by early degenerative
changes in hepatocyte morphology. Additionally, mild lymphocytic infiltration was detected
within the hepatic parenchyma, suggesting an early inflammatory response to bacterial exposure
(Figure 3a). Despite these changes, the overall lobular architecture remained largely preserved.
In the high bacterial concentration group (1x10® CFU), severe hepatic injury was evident.
Extensive hepatocellular necrosis was observed, characterized by pronounced nuclear alterations
including karyolysis and cytoplasmic disintegration. Marked inflammatory cell infiltration was
present throughout the hepatic tissue, along with significant vascular congestion. These findings
indicate severe disruption of hepatic architecture and functional impairment in a dose-dependent
manner (Figures 3b and 3c).
The histological analysis of pulmonary tissues also revealed progressive structural damage
correlated with increasing bacterial concentration.
In the control group, lung sections showed normal histoarchitecture with intact alveolar sacs, thin
alveolar septa, and patent bronchioles lined by continuous epithelial cells. No evidence of
edema, inflammation, or vascular congestion was observed (Figure 4).
In the low concentration group (1x10* CFU), mild pathological alterations were detected. These
included slight alveolar edema characterized by minimal fluid accumulation within alveolar
spaces, as well as partial disruption of bronchiolar epithelial lining. Mild inflammatory changes
were also observed, although overall alveolar structure remained relatively preserved (Figure
5a).
In the high concentration group (1x10® CFU), severe pulmonary damage was evident. Extensive
alveolar edema was observed, leading to marked impairment of gas-exchange surfaces. There
was also pronounced disruption and loss of continuity in the bronchiolar epithelium. In addition,
significant vascular congestion was present, indicating severe inflammatory and circulatory
disturbances within lung tissue (Figures 5b and 5c).
These findings demonstrate a clear dose-dependent pattern of pulmonary injury characterized by
progressive edema, epithelial destruction, and vascular alterations.
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Figure 2. Cross section of the mice liver (Control group) showing: Central vein (CV), Hepatocytes (H), sinusoid
(S), portal vein branch (PV), hepatic artery branch (HA), bile duct branch (BD), and hepatic lobule (HL).(H&E,
10x).
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Figure 3. Cross sections of mouse liver from bacteria-treated groups showing concentration-dependent
histopathological alterations. The 10* CFU group (Figure 3a) demonstrates hepatocyte necrosis (N) and mild
lymphocytic infiltration within hepatic sinusoids and around the central vein (). The 102 CFU group shows more
severe lesions, where Figure 3b illustrates extensive hepatocyte necrosis (N), karyolysis (K), inflammatory cell
infiltration within hepatic sinusoids (=»), and vascular congestion (Co), while Figure 3c presents higher
magnification of the same group highlighting marked hepatocyte necrosis (N), karyolysis (K), prominent
inflammatory infiltration, and vascular congestion (Co). H&E, a, 10x; b, 4x; c, 10x.
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Figure 4. Cross section of the mice lung (Control group) showing: Alveolus (A), alveolar duct (AD), alveolar sac
(AS), bronchioles (B). (H&E, 4x).
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Figure 5. Cross sections of mouse lung from bacteria-treated groups showing concentration-dependent
histopathological alterations. The 10* CFU group (Figure 5a) demonstrates pneumonia-like changes characterized
by mild alveolar oedema (O) and destruction of bronchiolar epithelium (D). The 108 CFU group shows more severe
lesions, where Figure 5b illustrates marked pneumonia-like changes with alveolar oedema (O), destruction of
bronchiolar epithelium (D), and vascular congestion (Co), while Figure 5¢ presents higher magnification of the same
group highlighting pronounced alveolar damage, epithelial disruption, and vascular congestion (Co). H&E. b, 10x;
c, 4x; d, 10x.
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4. Discussion

The pgsA gene encodes anthranilate-CoA ligase, a key enzyme in the biosynthesis of
Pseudomonas quinolone signal (PQS), which plays a central role in quorum sensing regulation.
This system controls virulence factors, biofilm formation, and host tissue damage. In this study
we investigated the molecular and biological properties of Pseudomonas aeruginosa isolates
obtained from a clinical specimen and their impact on a genetically engineered animal model
(mouse). The analyses show that all 19 of the isolates we tested contained a functional copy of
the pgsA gene. This indicates that this type of quorum-sensing regulatory gene is very well
conserved within the local population of these bacteria®’. The fact that these bacteria have the
pPgsA gene means that they are capable of having a coordinated response to their environment
through the regulation of many different metabolic and physiological activities?’. Therefore, this
type of bacteria may result in an observable change in biological activity, which should be
evident within the tissue of the infected animal?.
The selected bacterial concentrations (1x10* and 1x108 CFU) were chosen to represent low and
high infection doses based on previous experimental infection models, allowing evaluation of
dose-dependent effects on host tissues®.
The body weight of the mice exposed varying amounts of bacteria is a useful way to measure
how their bodies react to these amounts . Mice exposed to the highest concentration of bacteria
(1 x 10® CFU) lost significantly more weight than the control group (p < 0.05), while the first
group with the lowest concentration (1 x 10* CFU) lost only a small amount, a difference that
was not statistically significant. Thus, it appears that the amount of bacteria in the mice's bodies
had a significant effect on how the mice responded to the bacteria, even though they did not
exhibit any symptoms of being ill?®. Additionally, this should enhance researchers' confidence
when using body weight as an indicator of how accurately their studies represent what happens
to humans when exposed to the same amount of bacteria 2’.
A histological analysis of liver and lung tissues was performed to confirm these quantitative
observations. In the high concentration group, liver tissue showed significant necrosis of
hepatocytes, karyolysis, infiltrating inflammatory cells, and vascular congestion. In lung tissue,
there was evidence of alveolar edema and bronchiolar epithelial destruction, as well as vascular
congestion. The histological results for the local concentration group were limited to slight
changes in the morphology of the tissue; thus, it would appear that there existed a direct
correlation between the type of bacteria and the amount to which it affected the host's tissue®.
Histological findings consistent with these observations have been reported by others studies and
appear to be mediated through the action of the pgsA gene, a regulatory gene of Pseudomonas
aeruginosa, on the tissue response of the host?*.
Using the statistical analysis of mean + SE and one-way ANOVA confirms these results. A
significant difference has been found between control and high concentration groups, although
no significant difference has been found between the control and low concentration groups, for
body weight change and tissue change. In addition to using gene detection data to represent both
frequency and percentage, the data illustrates the prevalence of the pgsA gene among the isolates
tested. Based on these results, it can be concluded that the biological effects seen here are
significant and represent repeatable biological findings in controlled laboratory environments®.
These collective results provide evidence for a strong correlation between the pgsA quorum-
sensing gene and quantifiable responses from the host, such as physiological (body mass index)
and histopathological changes®. While these changes do not correlate with any clinical diseases,
they provide a glimpse into the wider range of biological functions related to the regulatory
systems of bacteria®®. Thus, the combination of molecular, quantitative, and histological
approaches provides a complete understanding of how genes encoding quorum-sensing, like
pasA, change the impact of bacteria on the tissues of the host*. Additionally, they offer further
insight into the importance of using experimental models for studying microorganisms™.
The pgsA gene plays a critical role in PQS-dependent quorum sensing, which regulates biofilm
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formation and enhances bacterial survival. Additionally, PQS signaling contributes to the
production of virulence factors that promote tissue damage, including proteases and toxins. This
explains the severe histological alterations observed in the high concentration group®.

It is important to note that the observed histopathological changes cannot be attributed solely to
the pgsA gene, as P.aeruginosa possesses multiple virulence factors. However, the presence of
the pgsA gene suggests a potential role in quorum sensing regulation, which may contribute to
the observed effects. Further studies involving gene expression analysis or mutant strains are
required to confirm its direct role®.

Ultimately, these results highlight that the presence of genetic factors in bacteria play an
important role in determining how the host responds, even if the study was performed in a
nonmedical laboratory set up. By combining study from both areas, we can gain further insight
into the behaviour of and pathways taken by bacteria and how this affects the host; therefore,
adding gg) our knowledge about both basic research in microbiology as well as the field of
biology™.

5. Conclusion

The pgsA gene is conserved across all isolates of Pseudomonas aeruginosa obtained from
mice that were exposed to varying concentrations of the same region. The results indicated a
dose-dependant effect when performing controlled-dose exposures on infected animals as
illustrated by a marked decrease in mouse body weight with increased infection levels, major
structural damage to the animal's liver and lungs, and minimal structural injury to the animal's
liver and/or lung tissue for lower inoculation concentrations. These results illustrate the
relationship of bacterial regulatory gene activity with host biological response in a controlled
environment, providing fundamental comprehension of the role of quorum-sensing bacteria's
activity of all experimental models used.
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