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Abstract

Background: Quercetin is a natural flavonoid present in fruits and medicinal herbs with
antioxidant, anti-inflammatory, and antimicrobial properties. It modulates immune responses and
protects tissues from oxidative and infectious insults. Klebsiella pneumoniae is a Gram-negative
bacterium and a significant cause of pneumonia and septicemia, and its increasing resistance requires
effective natural adjunctive treatments. Aims: The current study evaluated the histopathological
impact of quercetin on internal organs in mice experimentally infected with K. pneumoniae. Forty
Swiss mice were divided into groups treated with quercetin at 150, 100, and 50 mg/ml once weekly
for six weeks, and a control group received PBS. All animals were challenged intraperitoneally with
K. pneumoniae (1.5x10® CFU/ml). Seven days later, spleen, liver, lung, and intestine were collected,
fixed in 10% formalin, and histologically examined. Results: Pre-challenge quercetin-treated groups
showed lymphoid hyperplasia and megakaryocytic activation in the spleen, indicating immune
stimulation. Treated mice after infection had reduced splenic hypoplasia, hepatic mild degeneration
instead of diffuse necrosis, and preserved alveolar and intestinal architecture. Intestinal villi were
truncated but with preserved mucosal integrity and reduced lymphocytic infiltration compared to
infected controls. Conclusion: Quercetin exhibited a biphasic immunomodulatory and tissue-
protective effect—pre-infection stimulation of immune readiness and post-infection attenuation of
inflammation and necrosis. These findings sanction its antioxidant and anti-inflammatory roles and
suggest
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Introduction

Quercetin, a flavonoid from fruits, vegetables, and medicinal plants, has received
considerable attention due to its diverse pharmacological properties like antioxidant, anti-
inflammatory, and antimicrobial activities (Li et al.,2016; Wang et al.,20220). It has been
reported to modulate inflammatory pathways, inhibit cytokine overproduction, and protect
tissues from structural damage (Cushnie & Lamb,2011; Zhang ef al.,2016)

Its histoprotective effects have been documented in different experimental models. It
has the capacity to reduce hepatic fibrosis, protect lung tissue from inflammatory injury, and
maintain intestinal mucosal integrity against infective and chemical insults (Han ef a/.,2021;
Vithalkar et al.,2025). In Iraq, several studies have highlighted its tissue protection effect in
different injurious conditions. For example, a study at the University of Baghdad determined
that quercetin improved liver, heart, and duodenal inflammation and degeneration in iron-
overloaded rabbits compared to untreated controls (Awad & Al-Okaily,2023). Quercetin also
protected the liver against acute Cyclophosphamide-induced toxicity, improving both
biochemical enzyme markers and histological integrity (Ismail et a/.,2023). Additionally, co-
administration of quercetin along with hepatotoxic agents, Isoniazid and Rifampicin,
counteracted the elevation of liver enzymes and tissue injury (Qader et al,2014).
Collectively, all these findings serve to bear witness to the uniform nature of the protective
action of quercetin on different organs against inflammation and tissue injury under diverse
noxious conditions.

A Gram-negative opportunistic bacterium called Klebsiella pneumoniae causes liver
abscesses, septicaemia, pneumonia, and UTIs, especially in those with weakened immune
systems (Navon-Venezia ef al., 2017) Infection is usually accompanied by necrosis, blood
vessel congestion, and immune cell infiltration in vital organs (Arrazuria et al.,2022). With
the rise of multidrug-resistant strains, natural compounds such as quercetin have gained
prominence as adjuvant therapeutic molecules. The present research is planned to evaluate
the histopathological changes in the major organs of experimentally infected mice with K.
pneumoniae and to investigate quercetin's protective role according to its documented anti-
inflammatory and tissue-protective properties. This study is complementary to that of (Al-
Sammaraae ,2025) where it was demonstrated that quercetin significantly affects the levels
of proinflammatory cytokines in K. pneumoniae infected mice, thereby establishing its
therapeutic potential as an additive agent. The current study aims to further elaborate on these
findings by connecting cytokine modulation with histopathological alterations of vital organs
for a clearer understanding of the defense mechanisms of quercetin against K. pneumoniae
caused damage.
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Material and methods

Ethical approval

On March 24, 2024, ethical approval was given by the local committee of animal care
and use at the University of Baghdad's College of Veterinary Medicine, number P-G/649.

Bacterial strain:

K. pneumoniae strain was sourced from the Microbiology Department at the College
of Veterinary Medicine. The strain was initially transferred from brain heart infusion broth
containing 15% glycerol, followed by subculturing on MacConkey agar and incubating for
24 hours at 37°C. Subsequently, the strain was inoculated into mice to obtain a fully
encapsulated virulent form. The virulent organisms were then isolated from the organs of the
mice and streaked onto MacConkey agar, which was incubated for an additional 24 hours at
37°C. Growth was monitored, and purity was verified through Gram staining (Hadi &
Aldujaili,2022).

Preparation for Quercetin:

Quercetin was made in three distinct concentrations: 150 mg/ml, 100 mg/ml, and 50
mg/ml. It was obtained as a dietary supplement (AMAZING AN NUTRITION, 500 mg).

Infectious dosage:

Using three bacterial concentrations (1.5x10%, 3.0x108, and 6.0x10® cfu/ml), the
infectious dosage (pilot study) was made using the McFarland tube method on a total of 24
mice split into three groups of eight mice each. 1.5x10% cfu (0.1 ml orally) was given to
Group 1, 3.0x108 cfu (0.1 ml orally) was given to Group 2, and 3.0x10% cfu (0.1 ml orally)
was given to Group 3. The infectious dose was 1.5x10% cfu/mL, and fatality rates and clinical
signs were tracked for three days after infection.

Experimental Animals:

Forty Swiss mice, ten in each of the four groups, were used in the study. The animals
included both male and female mice. For six weeks, the first, second, and third groups
received oral quercetin at doses of 150, 100, and 50 mg/ml, respectively, once a week. As a
negative control, the fourth group received 1 ml of PBS. After six weeks, all animals
received an infectious dose of K. pneumoniae (1.5%10® cfu/ml, L.P.).

Histopathological Analysis

Mice were put to sleep for histopathological analysis after a week of the challenge,
and their internal organs—Iiver, spleen, gut, and lung—were removed, promptly preserved
in a 10% formalin solution, and sectioned in accordance with (Luna,1968).
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Results

Histopathological changes:

After a week of exposure to an infectious dose of K. pneumonia (1.5%10% cfu),
histological assessments indicated distinct histopathological alterations across the studied
groups.

Group 1 (after 60 days with quercetin 150 mg/ml): The spleen exhibited significant
hyperplasia of lymphoid follicles within the white pulp, alongside pronounced sinusoidal
dilation and congestion in the red pulp. There was also notable proliferation of
megakaryocytes (Figure 1). In the small intestine, histopathological examination revealed
normal mucosal villi, enterocytes, and intestinal glands (Figure 2). The lung histopathology
(G1-before) showed mild interstitial pneumonia characterized by considerable proliferation
of bronchial-associated lymphoid tissue, alveolar emphysema, and thickened interstitial
tissue associated with infiltration of mononuclear leukocytes (MNLs), and vascular
congestion (Figure 3). The liver showed portal vein dilation and congestion with marked
perivascular cuffing of lymphocytes (Figure 4)

Group 1 (after 7 days post-infection): The spleen displayed marked hypoplasia of
lymphoid follicles in the white pulp, while the red pulp showed significant sinusoidal
dilation, congestion, and proliferation of megakaryocytes, along with hyperplasia of
lymphoid cells within the splenic cords (Figure 5). The small intestine showed normal villus
lining cells and normal intestinal glands (Figure 6). The lung presented a normal structure of
the pulmonary interstitium, blood vessels, bronchial segments, and alveoli (Figure 7). In the
liver, there was notable dilation of both the central and portal veins, with minimal
perivascular lymphocytic aggregation. The hepatic cords exhibited mild generalized cellular
swelling (Figure 8).

Group 2 Observations After 60 Days Post Quercetin Administration (100 mg/ml): The
spleen exhibited normal lymphoid follicles within the white pulp, alongside mild sinusoidal
dilation and congestion in the red pulp (Figure 9). The lungs displayed signs of mild
interstitial pneumonia, characterized by thickening of the interstitial tissue due to infiltration
of mononuclear leukocytes (MNLs), vascular congestion, intra-alveolar transudation, and
mild emphysema (Figure 10). In the small intestine, significant enteritis was observed,
marked by thickening of the mucosal villi linked to leukocyte infiltration, as well as necrosis
of enterocytes and atrophy of intestinal glands (Figure 11). The liver showed notable
perivascular lymphocytic aggregation accompanied by zonal degeneration of the hepatic
cords, which presented mild cellular swelling (Figure 12). Group 2 Observations After 7
Days Post Infection: The spleen exhibited significant atrophy and hypoplasia of the
lymphoid follicles, along with hypoplasia of the splenic cords within the red pulp (Figure
13). The lungs appeared normal, with intact pulmonary interstitium, blood vessels, bronchial
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segments, and alveoli (Figure 14). The small intestine demonstrated mild hyperplasia of the
villous enterocytes, with normal villi and intestinal glands (see Figure. 15). The liver showed
considerable dilation of both the central and portal veins, accompanied by perivascular
lymphocytic cuffing. The hepatic cords indicated generalized mild degeneration along with
hepatocyte necrosis (Figure 16).

Group 3 Observations after 60 Days Post-Administration (Quercetin S0 mg/ml): The
spleen exhibited normal lymphoid follicles within the white pulp, alongside mild sinusoidal
dilation coupled with congestion in the red pulp (Figure 17). The lungs displayed mild
interstitial pneumonia, characterized by thickening of the interstitial tissue due to infiltration
by mononuclear leukocytes (MNLs), along with vascular congestion and slight emphysema
(Figure 18). The small intestine showed normal mucosal villi and intestinal glands (Figure
19). In the liver, there was significant perivascular lymphocytic aggregation and zonal
degeneration of the hepatic cords, which indicated mild cellular swelling (Figure 20).
Group 3 Observations after 7 Days Post-Infection: The spleen revealed significant
atrophy, with hypoplasia of the lymphoid follicles and pronounced hypoplasia of the splenic
cords within the red pulp (Figure 21). The small intestine showed normal appearance of
mucosal villi with normal enterocytes (Figure.22). The lungs presented with normal
pulmonary interstitium, blood vessels, and bronchial segments, along with associated diffuse
lymphoid tissue and alveoli (Figure 23). The liver showed an irregularly dilated central vein
with marked perivascular lymphocytic cuffing, alongside zonal degeneration and necrosis of
the hepatic cords, featuring infiltrated mononuclear leukocytes (Figure 24).

Group 4 Positive Control Observations after 7 Days Post-Infection: The spleen exhibited
a severe sago spleen appearance, with amyloid deposition around the lymphoid follicles,
hypoplasia of the lymphoid follicles in the white pulp, and reduced splenic cord lymphoid
tissue (Figure 25). The lungs maintained normal interstitial tissue, alveoli, and bronchial
segments (Figure 26). The small intestine displayed normal mucosal villi with evidence of
enterocyte hyperplasia and intact intestinal glands (Figure 27). The liver demonstrated
minimal perivascular lymphocytic aggregation, irregularly dilated portal vein, and severe

zonal degeneration with necrosis of the hepatocytes (Figure 28).
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Figure 1: section of spleen (G1-before) shows marked
hyperplasia of lymphoid tissue within white pulp
(Asterisks) & marked sinusoidal dilation with
congestion of red pulp (Arrows) and proliferation of
megakaryocytes. H&E.400x

Figure 2: section of small intestine (G1-
before) shows normal appearance of mucosal
villi with normal enterocytes (arrows) &
intestinal glands (Asterisk). H&E stain.100x
&400x
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Figure 3: section of lung (G1-before) mild interstitial
pneumonia revealed marked proliferation of bronchial
associated lymphoid tissue (Red arrows), alveolar
emphysema (e)and thickening of interstitial tissue
related with infiltration of MNLs and congestion
(Black arrows). H&E stain.100x&400x

Figure 4: section of liver (G1 before) shows:
marked dilation of portal vein (P) and
congestion (Arrow) with marked peri
vascular cuffing of lymphocytes. H&E stain.
100x&400x



https://djvs.uodiyala.edu.iq/
https://doi.org/10.71375/djvs.2026.04101

DJVS

Diyala Journal for Veterinary Sciences

dybull pglall (nlba dlao

L

P-ISSN: 2410-8863
E-ISSN:2958-6178

https://djvs.uodiyala.edu.iq
Pages: 1-17

Diyala Journal for Veterinary Sciences
Vol. 4 No.1 March (2026)

https://doi.org/10.71375/djvs.2026.04101

Figure 5: section of spleen (G1-after) shows marked
hypoplasia of lymphoid tissue (Asterisks) with
marked sinusoidal dilation with congestion (Arrows)
and proliferation of megakaryocytes. H&E.100x &400x

Figure 6: Section of intestine (G1 after)
shows: normal villus lining cells (black
arrow) & normal intestinal gland (red arrow).
H&E stain. 100x&400x

Figure 7: section of lung (G1-after) normal interstitial
tissue, normal bronchial segment, blood vessels and
alveoli. H&E stain.100x&400x

Figure 8: Section of liver (G1-after) shows:
marked dilation of central vein (V) and portal
vein (P), with little perivascular lymphocytic
aggregation, the hepatic cords revealed mild
cellular swelling (Arrow). H&E stain.
100x&400x
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Figure 9: section of spleen (G2-before) shows Figure 10: section of lung (G2-before) mild
normal appearance of lymphoid follicles with mild interstitial pneumonia (asterisk), and alveolar
sinusoidal dilation with congestion transudate (arrows). H&E stain.100x&400x

(Arrows).H&E.100x&400x

Figure 11: section of intestine (G2-before) marked Figure 12: Section of liver (G2-before) shows:

enteritis revealed thickening of mucosal villi perivascular lymphocytic aggregation (black
arrow) and zonal degeneration of the hepatic

with necrosis of enterocytes and necrosis with cords that revealed mild cellular swelling (Red
y arrow). H&E stain. 100x&400x

atrophy of intestinal glands (Asterisks). H&E
stain.100x.

associated with infiltration of leukocytes (Arrows)
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Figure 13: section of spleen (G2-after) shows marked Figure 14: section of lung (G2-after) showed
atrophy with hypoplasia of lymphoid follicles bronchial segments, blood vessels and
hypoplasia of splenic cords within red alveoli. H&E stain.100x.

pulp.H&E.100x&400x

Figure 15: section of small intestine (G2-after) mild Figure 16: Section of liver (G2-after) shows:
hyperplasia of villous enterocytes (arrows) with perivascular lymphocytic cuffing (asterisk)
normal villi and intestinal glands. H&E and zonal degeneration of the hepatic cords

stain. 100x&400x revealed (arrow). H&E stain. 100x&400x
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Figure 17: section of spleen (G3-before) shows
normal appearance of lymphoid follicles with mild
sinusoidal dilation with congestion
(Arrows).H&E.100x&400x

Figure 18: section of lung (G3-before) severe
interstitial pneumonia (asterisk) with alveolar
emphysema (e) and alveolar congestion
(arrow(. H&E stain.100x &400x

Figure 19: section of intestine (G3-before) normal of
mucosal villi (black arrows) and normal intestinal
glands (Asterisks). H&E stain.100x.

Figure 20: Section of liver (G3-before)
shows: little perivascular lymphocytic
aggregation (arrow) and little zonal
degeneration of the hepatic cords that
revealed mild cellular swelling. H&E stain.
100x and 400 x.
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Figure 21: section of spleen (G3-after) shows
marked atrophy with hypoplasia of lymphoid
follicles hypoplasia of splenic cords within red
pulp.H&E.100x&400x

Figure 22: section of small intestine (G3-after)

shows normal appearance of mucosal villi with
normal enterocytes (arrows) & intestinal glands
(Asterisk). H&E stain.100x

Figure 23: section of lung (G3-after) showed
normal bronchial segments, with normal related
lymphoid tissue, normal blood vessels and
alveoli. H&E stain.100x&400x

Figure 24: Section of liver (G3-after) shows:
irregularly dilated central vein with marked
perivascular lymphocytic cuffing (black arrow)
and zonal degeneration with necrosis of the
hepatic cords (red arrow). H&E stain. 100x&400x

11



https://djvs.uodiyala.edu.iq/
https://doi.org/10.71375/djvs.2026.04101

P-ISSN: 2410-8863

D J VS E-ISSN:2958-6178

. i https://djvs.uodivala.edu.i
Diyala Journal for Veterinary Sciences
dyhull pglall (lba dlao Pages: 1-17

1

Diyala Journal for Veterinary Sciences

Vol. 4 No.1 March (2026) https://doi.org/10.71375/djvs.2026.04101

s‘ Im 506]1{?‘ "l qL g < Ty,

..I 90'
r. Wc& |
e«..‘
~

Figure 25: section of spleen (G4) shows severe Figure 26: section of lung (G4) normal
appearance sago spleen that revealed peri lymphoid interstitial tissue (asterisk), normal alveoli (¢)
follicle deposition of amyloid (Red arrow), and bronchial segments. H&E stain.100x.

hypoplasia of lymphoid follicles with white pulp
(Asterisk) & hypoplasia of lymphoid tissue of
splenic cords (black arrows).H&E.100x&400x

Figure 27: section of intestine (G4) normal of Figure 28: Section of liver (G4) shows:

mucosal villi with marked hyperplasia of perivascular lymphocytic aggregation with

enterocytes (black arrows) and normal intestinal irregularly dilated porta}l veir} (black al.‘row) and
glands. H&E stain.100x severe zonal degeneration with necrosis of the

hepatocytes. H&E stain. 100x.
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Discussion:

The present study investigated the histopathological effect of quercetin on spleen, liver,
and lung tissues of mice infected with Klebsiella pneumoniae. The findings indicate that
quercetin exerted a two-way modulatory effect, enhancing preparedness of the immune system
prior to infection as well as lowering tissue damage subsequent to bacterial challenge.

Spleen:

Severe lymphoid hyperplasia and megakaryocytic proliferation in the high-dose group
prior to challenge suggest that quercetin may be an immunostimulant. This corroborates the
previously reported activity of stimulating lymphocyte proliferation as well as immune
response modulation (Li et al.,2016). Splenic hypoplasia, on the other hand, has been observed
after bacterial infection, where it may result from migration of lymphocytes into peripheral
tissues or apoptosis resulting from activation. The same biphasic immune stimulation
succeeded by depletion in tissues has also been documented in immunomodulatory agent
experiment (Boots et al.,2008). The same outcomes have been reported in Iraqi studies, where
quercetin controlled immune and inflammatory activities in animal models, confirming its
immunomodulatory function (Mohammed, 2025)

Liver:

The liver of quercetin-treated mice showed mild periportal inflammation and
hepatocellular degeneration, whereas infected untreated controls showed increased necrosis.
Systemic bacterial infection-induced liver injury is mainly mediated through
lipopolysaccharide (LPS)-induced inflammation and oxidative stress ( Riwu ef a/.,2022).The
reduced necrosis in quercetin groups reflects its hepatoprotective action, which agrees with its
antioxidant and anti-inflammatory activity (Chen et a/.,2016) .These protective hepatic effects
of quercetin have also been demonstrated in Iraqi studies on drug-induced hepatotoxicity,
where structural damage was decreased and biochemical markers were increased by quercetin
in rat models (Obead ef al.,2025; Awad & Al-Okaily,2023). These local findings contribute to
the evidence that quercetin preserves hepatocyte architecture from different insults, e.g.,
infections and xenobiotics.

Lungs:

Quercetin-treated mice exhibited comparatively intact alveolar structures with minimal
congestion prior to bacterial challenge. Following infection, pulmonary damage was observed
but less severe than in untreated controls. This observation is supported by global evidence
showing that quercetin reduces neutrophil infiltration, NF-xB activation, and pro-inflammatory
cytokine production in models of pneumonia and endotoxin-induced lung injury (Huang et
al.,2024). (Ismail et al.,2023) in Iraq established that quercetin enhanced the histopathological
changes in benzene inhalation-exposed lungs, confirming its protective role against pulmonary
tissue from inflammatory or toxic damage.

13
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Intestine:

Histopathological alterations in the quercetin-treated groups' intestine were shortening
of villi, vascular congestion, and lymphocytic infiltration of the lamina propria with variable
severity depending on dose and infection. In the positive control group, there were more severe
lesions such as villous atrophy and desquamation of epithelium. The findings suggest that
systemic Klebsiella pneumoniae infection compromises the intestinal architecture through
endotoxin-mediated inflammation, increased permeability, and recruitment of immune cells
into the mucosa.The milder changes observed in quercetin-treated animals indicate that
quercetin has a protective effect on the intestinal mucosa. This can be attributed to its
antioxidant activity, inhibition of NF-kB-mediated inflammation, and integrity of tight
junction proteins, which all contribute to villous integrity and diminish epithelial damage (Li
et al.,2016; Riwu et al.,2022).The dose-related protection in the current study also contributes
to evidence that quercetin at higher concentrations more potently reduces mucosal injury.

These results are consistent with international data that quercetin supplementation
suppresses intestinal inflammation and maintains villous height in either infection or
chemically induced models (Luna,1968; Mohammed,2025). Iraqi research also supports this
result: (Awad & Al-Okaily,2023) demonstrated the potential of quercetin in enhancing
duodenal histopathological damage in iron overload models, and (Chen et al.,2016)
demonstrated its potential in preserving intestinal structure and reducing apoptosis in drug-
induced damage. Both Iraqi and international research combined highlight the potential of
quercetin in protecting the gastrointestinal tract from diverse insults, such as bacterial infection.

Conclusion:

Quercetin also exhibited excellent histopathological protection against Klebsiella
pneumoniae infection in mice, particularly in the spleen, liver, lungs, and intestine. Its
mechanism appears to be two-pronged: stimulating lymphoid tissue at basal levels but
inhibiting overshooting inflammation and tissue damage upon infection. Quercetin inhibited
necrosis of the liver, reduced pulmonary consolidation, preserved villous integrity in the
intestine, and diminished splenic exhaustion. These actions are consistent with findings from
international as well as Iraqi research studies, which report antioxidant, anti-inflammatory, and
immunomodulatory actions of quercetin. Therefore, quercetin may serve as a valuable
therapeutic adjuvant to conventional antimicrobial treatment, although extensive clinical and
experimental research are required to define its effectiveness and ideal dosage in infectious
diseases.

Recommendations

It is recommended that further studies be conducted to elucidate the molecular
mechanisms involved in the protective effects of quercetin in a Klebsiella pneumoniae infection
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model. Additionally, the potential for combined use of quercetin with conventional
antimicrobial therapy and the determination of the optimal therapeutic dose could further
define its clinical utility.
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