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ABSTRACT

Background: Mycoplasma pneumonia, a major respiratory infection characterized by
inflammation of the lungs, poses a substantial global health concern, particularly among
vulnerable populations such as the elderly, immunocompromised individuals and young
children. Objectives: The current study has focused on exploring the attenuation of Mycoplasma
pneumoniae (Mp)-induced pneumonia by chrysin in rodent model. Materials and Methods:
BALB/c mice were administered 1x108 (50 pL) of Mp via nasal drops to induce Mycoplasma
pneumonia. The mice were then administered with chrysin (50 mg/kg) and/or azithromycin (100
mg/kg) for 3 days. Following the treatment period, the body weights of the experimental mice were
evaluated. The Bronchoalveolar Lavage Fluid (BALF) was gathered from the experimental mice
and subsequently subjected to analyse the total protein, total cells and inflammatory cytokine
concentrations utilizing suitable diagnostic kits. The histopathological examination of the lungs
was undertaken to assess histological abnormalities. Results: The treatment of chrysin markedly
increased the body weight, decreased the total cell counts and total protein concentrationsin the
BALF of the Mp-infected pneumonia mice. Furthermore, the chrysin treatment led to a reduction
in pro-inflammatory cytokine concentrations in the BALF of Mp-infected mice. The findings of
the histological study exhibited a notable reduction in lung histopathological abnormalities
in the chrysin-treated mice, which evidenced the therapeutic potentials of the chrysin against
pneumonia condition. Conclusion: The results of this study highlight the beneficial effects of
chrysin against Mycoplasma pneumonia in mice due to its potential anti-inflammatory properties.
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Thus, chrysin can be a viable salutary candidate to treat pneumonia.
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INTRODUCTION

Mycoplasma  pneumoniae (Mp) is a major cause of
Community-Acquired Pneumonia (CAP), particularly among
school-aged children and young adults. This atypical pathogen
can cause a wide range of respiratory illnesses, from mild
upper respiratory tract infections to serious, life-threatening
pneumonia.’ The global prevalence of Mycoplasma pneumonia
is significant, with studies estimating it to account for up to
33% of hospitalized cases of CAP. In developed countries, Mp
is considered the second most common cause of CAP, following
Streptococcus pneumonia.* The disease burden associated with
Mycoplasma pneumonia is substantial. It has been estimated that
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nearly 2 million pneumonia mortalities occur each yearin children
under the age of 5, predominantly in South-East Asia. Pneumonia
can lead to significant morbidity, including respiratory distress,
extra pulmonary complications and prolonged hospitalization.
The epidemiology of Mycoplasma pneumonia is complex, with
outbreaks occurring in community settings and distinctive
patterns of transmission.” Two distinct genotypes of Mp, type 1
and type 2, have been identified and their prevalence can vary
across geographic regions and over time. Genotyping reports
have confirmed the occurrence of both types in recent outbreaks,
highlighting the need for surveillance and the potential utility of
molecular typing methods for epidemiological investigations.*

Understanding the underlying mechanisms of Mycoplasma
pneumonia is crucial for improving disease management and
prevention strategies. One of the key features of Mycoplasma
pneumonia is its ability to colonize the respiratory tract mucosa
and persist at the site of infection. This persistence is facilitated
by the pathogen's strategies to evade the host's specific immune
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response, like variation in surface antigens and abnormal
activation of alveolar macrophages.” The immune reaction to
Mycoplasma pneumonia infection is complex, with evidence
suggesting that both virulent and attenuated strains may relate
to biased differentiation of pro-inflammatory pathogenic T
helper 17 and Thl subsets, respectively. This highlights the
intricate interplay between the host's immune system and the
pathogen's virulence factors in shaping the disease pathogenesis.®
Additionally, Mycoplasma pneumonia has been said to block
the respiratory burst of neutrophils and enhance the release
of inflammatory mediators, contributing to the inflammatory
response observed in pneumonia. These mechanisms underscore
the need for further research to elucidate the precise mechanisms
by which Mp evades the host's immune defenses and triggers the
development of pneumonia.’

The choice of appropriate antibiotic therapy is crucial in
effective management of pneumonia and macrolides have
emerged as a commonly utilized class of antibiotics to treat
pneumonia. Macrolides, including agents such as erythromycin,
clarithromycin and azithromycin, have demonstrated efficacy in
the management of both CAP and hospital-acquired pneumonia.
These antibiotics exert their antimicrobial property by blocking
bacterial protein synthesis, targeting the 50S subunit of the
bacterial ribosome. This mechanism of action makes macrolides
particularly effective against a range of common respiratory
pathogens.® Nonetheless, the widespread utilization of macrolides
has resulted in the emergence of resistance among the pathogens,
posing significant challenges in the management of pneumonia.
The development of macrolide resistance, driven by various
mechanisms such as target site modifications, drug inactivation
and drug efflux, has limited the therapeutic options available to
clinicians, particularly in regions with high rates of macrolide
resistance.” While various treatment methods have been
developed, the search for more effective and accessible therapies
remains a critical challenge. Current treatment approaches,
including antibiotic administration and supportive care, have
shown limitations in terms of efficacy, accessibility and the rise of
antibiotic-resistant pathogens."

The potential of plant-derived bioactive compounds in the
treatment of pneumonia has gained increasing attention. These
natural compounds, often found in medicinal plants, have
demonstrated diverse therapeutic properties, which may be
beneficial in managing respiratory infections like pneumonia.
Chrysin, a 5,7-dihydroxyflavone is a naturally occurring
bioactive flavonoid compound, which is isolated from propolis,
passion flowers, honey and honey wax. Chrysin has been
reported to demonstrate numerous biological properties, such as
hepatoprotective, anti-inflammatory, anti-arthritic, antioxidant,
anti-angiogenicand neuroprotective.'>” Furthermore, the chrysin
also attenuated the allergic airway inflammation and cigarette
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smoke-induced airway inflammation in an experimental animal
model.'* However, there are no scientific reports to claim its
beneficial properties against mycoplasma pneumonia. Therefore,
the current study has focused on exploring the attenuation of
Mp-induced pneumonia by chrysin in rodent model.

MATERIALS AND METHODS

Chemicals

The major chemicals utilized in this work such as azithromycin,
chrysin and other reagents were purchased from Sigma Aldrich,
USA. The marker specific diagnostic kits to estimate the
biochemical parameters were purchased commercially from
Elabscience, USA and Abcam, USA, respectively.

Experimental mice and groupings

BALB/c male mice, weighing around 22-27 g, were acquired
from institutional animal house and employed in this study.
Each experimental group consisted of 6 mice approximately 6-8
weeks of age, including a control (Group I), a Mp infection-only
(Group II), a Mp infection group receiving a 50 mg/kg of
chrysin (Group III) and a Mp infection group receiving a 100
mg/kg of azithromycin (Group IV). The body weights of each
experimental mouse were meticulously noted throughout
the studies. All mice were euthanized after the experimental
period and samples were obtained from the experimental mice
for further experimentations. All experimental procedures are
strictly adhered to animal handling procedures sanctioned by the
institutional animal ethics committee.

Treatment procedures

Mp was administered by intranasal instillation at a dosage of 1x10°
Mp in 50 pL per mouse for 2 days. The control group, which was
not administered the Mp, received a dose of sterile saline through
intranasal instillation. Chrysin (50 mg/kg) and azithromycin (100
mg/kg), respectively were administered 2 hr post-infection via
oral route for 3 days. The Bronchoalveolar Lavage Fluid (BALF)
and lung tissues were obtained on the 4" day of the experiment
for cellular investigation and other biochemical assays.

BALF cell counts and total protein level analysis

After experiments (4™ day), animals were terminated via
intraperitoneal injection of a fatal dosage of urethane. Lungs
were carefully flushed with saline to collect BALF through a
cannulated trachea. The cell-free lavage fluid was utilized to
evaluate biochemical markers. BALF cells were quantified using
an automated cell counter (Countess, Thermofisher, USA)
employing Trypan blue exclusion to assess cell viability. The
total protein contents in the BALF samples were estimated to be
using a commercial diagnostic kit by following the recommended
guidelines of the (Abcam, USA).
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Analysis of inflammatory cytokines in the BALF

The BALF levels of inflammatory cytokines, including
Interleukin (IL)-6, IL-1p and Tumor Necrosis Factor (TNF)-a
were studied using a commercial diagnostic kit. Each experiment
was performed with three replicates by strictly adhering to the
suggested guidelines of the manufacturer (Elabscience, USA).

Preparation of lung tissue and histopathological
analysis

The lung tissues were harvested from each experimental mouse
after the collection of BALE. The collected lungs were preserved
with immersion in 10% formalin. The lung tissues were then
paraffinized, sectioned into 5 pm slices using rotary microtome
and subsequently stained using eosin and hematoxylin. The
stained slides were evaluated using microscope in blinded
manner at 40xmagnification.

Statistical analysis

The statistical tests were done using Prism software (GraphPad).
Data comparisons and significance analysis were conducted using
one-way ANOVA accompanied by Tukey’s multiple comparison
test. Significance was mentioned as follows: * p<0.01; ** p<0.05.

RESULTS

Effect of chrysin on the body weight changes in the
experimental mice

Figure 1 depicts the changes in body weight of both control
and experimental mice. The mice with Mp-infected pneumonia
exhibited a notable reduction in body weight, which is in contrast
with control. Surprisingly, the chrysin at 50 mg/kg concentration
demonstrated a significant elevation in the body weight. The
administration of the conventional drug azithromycin (100 mg/
kg) also resulted in an increase in body weight level of mice with
pneumonia.

Effect of chrysin on the total protein in the BALF of
experimental mice

The concentrations of total protein in the BALF sample of the
experimental mice was studied and the findings are mentioned
in Figure 2. The Mp-infected pneumonia mice displayed drastic
elevation in the BALF total protein concentrations in comparison
with control. Whereas the chrysin treatment at dosage of 50 mg/
kg effectively reduced the total protein concentration in the BALF
of the Mp-infected mice. Similar outcomes were also noted in the
mice administered the azithromycin, further substantiating the
efficacy of chrysin.

Effect of chrysin on total cells in BALF of the
experimental mice

Figure 3 illustrates the results of chrysin treatment on total
cell counts in BALF of the experimental mice. The mice with
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Mp-induced pneumonia exhibited a substantial elevation in total
cells in their BALE. Notably, the 50 mg/kg of chrysin illustrated
a considerable reduction in total cell counts in the BALF of
Mp-infected mice. Moreover, the azithromycin also remarkably
diminished the total cell counts in the BALF of mice with
Mp-infected pneumonia (Figure 3).

Effect of chrysin on inflammatory cytokines in BALF
of the experimental mice

As demonstrated in Figure 4, the Mp-induced mice had a
substantial elevation in the IL-1, IL-6, IL-8, TGF-p and TNF-a
concentrations in their BALF. Fascinatingly, the administration of
50 mg/kg of chrysin successfully diminished the IL-1, IL-6, IL-8,
TGF-p and TNF-a concentrations in the BALF of Mp-induced
mice. In addition, the azithromycin treatment also successfully
reduced these cytokines in the BALF of Mp-infected mice, which
evident the anti-inflammatory properties of chrysin.

Effect of chrysin on lung histopathology of the
experimental mice

Figure 5 displays microphotographs of histopathological analysis
oflung tissues from experimental mice. The control mice displayed
typical alveolar cell structures and no signs of inflammation or
lung tissue damage. In contrast, Mp-infected mice demonstrated
notable histological changes, such as thickened alveolar walls,
contracted bronchial tubes and heightened inflammatory
cell infiltration in their lungs. Remarkably, chrysin at 50 mg/
kg concentration effectively diminished lung histological
changes in the Mp-infected mice. The findings of azithromycin
administration also showed a substantial diminution in
lung histological alterations, hence supporting the salutary
effectiveness of chrysin.

DISCUSSION

Mp is a significant cause of CAP, accounting for up to 33% of
hospitalized cases. This atypical bacterium is known to cause a
mild, self-limiting respiratory illness, although it has been rarely
associated with complications. CAP is characterized by lower
airway infection attained by the patient in non-hospitalized
setting, which is connected with clinical signs of severe infection
and new opacities described on a chest radiograph.*® Mp is a
unique pathogen that lacks a cell membrane, making it resistant
to many common antibiotics that target cell wall synthesis. The
organism primarily targets the respiratory epithelium, where
it adheres to the mucosal surface and initiates a cascade of
inflammatory responses. The host's immune reaction to the
infection, including the production of cytokines and chemokines,
is believed to contribute to the development of the characteristic
pneumonic consolidation. The clinical signs of Mp-infected
pneumonia can range from mild, self-limiting condition to
serious, life-threatening problems, like acute respiratory distress
syndrome and extra pulmonary manifestations.”! Risk factors for
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Mpycoplasma pneumonia include age, with children and young
adults being most commonly affected, as well as underlying
conditions such as chronic lung disease, immunodeficiency
and close contact with infected individuals. Accurate diagnosis
and prompt treatment are crucial in managing mycoplasma
pneumonia, as the condition can lead to significant morbidity
and mortality if left untreated. Despite the development of
numerous treatment approaches, the pursuit of more effective
and accessible remedies continues to be a significant problem
due to the less efficacy, poor accessibility and the occurrence
of antibiotic-resistant bacteria.”? The current study aims at
investigating the salutary properties of the chrysin against
Mp-infected pneumonia in mice.

Pneumonia is a common complication in severely malnourished
children, with up to two-thirds of those requiring hospital
admission being diagnosed with the condition. Furthermore,
severe malnutrition has been reported to enhance the mortality
risk in those with pneumonia. Accurately identifying the
underlying cause of pneumonia is crucial, as the management
approaches can vary significantly depending on the etiology.
While the recommended guidelines for pneumonia management
are primarily based on the identification of clinical signs.
Additionally, efforts to better identify clinical features that
could differentiate bacteria from viral pneumonia have been
largely unsuccessful, highlighting the need for more objective
diagnostic tools.”” In this context, the analysis of body weight
changes in Mycoplasma pneumonia could provide valuable
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insights. Understanding the specific patterns of body weight
changes in the Mycoplasma pneumonia could help distinguish it
from other etiologies, potentially leading to more accurate and
timely diagnoses. Furthermore, monitoring body weight changes
may also have prognostic value, as severe malnutrition has been
linked to poorer outcomes in pneumonia. By closely tracking a
patient's weight during the course of disease, clinicians may be
better able to diagnose those at higher risk of complications or
mortality, allowing for more targeted therapies.?* In this study,
results evidenced that mice with Mp-infected pneumonia
exhibited a drastic reduction in body weight. Whereas the
chrysin treatment demonstrated a significant elevation in the
body weight of Mp-infected mice, which also corroborated by the
results of azithromycin treatment.

The analysis of total protein in the BALF of patients with
Mp-infected pneumonia may provide valuable insights into
the pathophysiology and severity of the disease. Increased total
protein levels in the BALF can indicate the extent of lung injury
and inflammation, which may be associated with the severity of
pneumonia. Additionally, the evaluation of total protein levels
can aid in differentiating Mp-infected pneumonia from other
types of pneumonia, as the clinical presentation and radiographic
findings are often nonspecific.” Recent studies have explored the
diagnostic and prognostic significance of total protein analysis in
the BALF of patients with Mp-infected pneumonia. The findings
suggest that the assessment of total protein levels may help to
diagnose patients at risk of developing severe complications
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Figure 1: Effect of chrysin on the body weight changes in the experimental mice. Data were depicted in each bar as a

Mean=SD of three replicates (n=3). A one-way ANOVA and Tukey’s multiple comparison test were done to scrutinize the

variations between treatment groups using Prism software (GraphPad). A symbol * denotes the significance at p<0.01 when
compared with control group; **' denotes the significance at p<0.05 from pneumonia-induced group.
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Figure 2: Effect of chrysin on the total protein in the BALF of experimental mice. Data were depicted in each bar as a
mean=SD of three replicates (n=3). A one-way ANOVA and Tukey’s multiple comparison test were done to scrutinize
the variations between treatment groups using Prism software (GraphPad). A symbol * denotes the significance at

p<0.01 when compared with control group; *** denotes the significance at p<0.05 from pneumonia-induced group.
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Figure 3: Effect of chrysin on the total cells in the BALF of the experimental mice. Data were depicted in each

bar as a Mean=SD of three replicates (n=3). A one-way ANOVA and Tukey’s multiple comparison test were done

to scrutinize the variations between treatment groups using Prism software (GraphPad). A symbol ** denotes

the significance at p<0.01 when compared with control group; **' denotes the significance at p<0.05 from
pneumonia-induced group.

and guide the management of the disease.’ Accurate and timely
diagnosis of Mp-infected pneumonia remains a challenge, as
the clinical signs and symptoms can be nonspecific and vary
depending on the patient's physical characteristics. The analysis
of total protein levels in the BALF may offer a complementary
diagnostic tool that can provide valuable information about the
severity and pathophysiology of Mp-infected pneumonia.”” The

Indian Journal of Pharmaceutical Education and Research, Vol 60, Issue 1, Jan-Mar, 2026

current work evidenced that mice with Mp-infected pneumonia
displayed severe elevation in total protein in their BALE
Captivatingly, the chrysin treatment significantly reduced the
total protein content in BALF of the pneumonia mice.

The clinical presentation of Mp-induced pneumonia can be

challenging to distinguish from other respiratory illnesses,
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highlighting the need for improved diagnostic tools and a better
understanding of the underlying pathophysiology. One area
of interest is the analysis of inflammatory cell counts in BALE,
which may provide valuable insights into the host immunity and
the severity of the condition. Recent studies have shed light on
the importance of analyzing total inflammatory cell counts in
BALF for Mp-infected pneumonia. Ozone-induced neutrophilic
airway inflammation, for instance, has related to higher
generation of the pro-inflammatory cytokines.?® Furthermore,
asthmatic inflammation has been shown to develop through the
interaction of inflammatory cells with resident cells, generating a
series of events that implicate chronic inflammation and clinical
manifestations. In the context of Mp-infected pneumonia,
understanding the dynamics of inflammatory cell counts in the
BALF may provide valuable insights into the pathophysiology
of the disease and guide the progression of targeted therapeutic
interventions.” The findings of study exhibited that mice with
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Mp-infected pneumonia exhibited a substantial elevation in the
total cells in their BALE Notably, the chrysin treatment caused the
diminution of total cells in the BALF of pneumonia mice. These
findings highlighted that chrysin has decreased the inflammatory
cell infiltrations in the Mp-infected mice.

The analysis of inflammatory cytokines in the patients with
Mycoplasma pneumonia can offer valuable information about
the pathogenesis and immune reaction associated with this
disease. Cytokines such as IL-6, IL-8 and TNF-a play crucial
roles in the inflammatory process during Mp infection. Elevated
concentrations of these cytokines in the BALF have been linked
to the severity of pneumonia and the onset of complications.*
TNEF-a are a pivotal pro-inflammatory cytokine that can induce
the recruitment of other inflammatory cells, leading to tissue
damage and airway inflammation. IL-6 is participated in the
acute-phase of inflammatory reaction, while IL-8 is serving as a
potent chemoattractant for inflammatory cells, which contributes
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Figure 4: Effect of chrysin on the inflammatory cytokine levels in the BALF of experimental mice. Data were depicted in each bar as a

Mean=SD of three replicates (n=3). A one-way ANOVA and Tukey’s multiple comparison test were done to scrutinize the variations between

treatment groups using Prism software (GraphPad). A symbol *’ denotes the significance at p<0.01 when compared with control group; **’
denotes the significance at p<0.05 from pneumonia-induced group.
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Figure 5: Effect of chrysin on the lung histopathology of the experimental mice. Group I: The control mice displayed typical alveolar cell

structures and no signs of inflammation or lung tissue damage; Group Il: The Mp-infected mice demonstrated notable histological changes,

such as thickened alveolar walls, narrowed bronchial tubes and heightened inflammatory cell infiltration in their lungs; Group IlI: Chrysin (50

mg/kg) treatment effectively diminished lung histological changes in the Mp-infected mice; Group IV: The results of azithromycin treatment
also showed a substantial decrease in lung histological changes.

to the inflammatory cell influx into the lungs. TGF-p is a pivotal
immune regulatory cytokine that can lessen the inflammatory
response.* The analysis of the inflammatory cytokinesin the BALF
of patients with Mp-infected pneumonia can provide insights
about the host immunity and the severity of the disease. The
findings of this study evidenced that mice with pneumonia had a
drasrric elevation in the pro-inflammatory cytokine levels in their
BALF. However, the treatment of chrysin effectively diminished
these inflammatory cytokines in the BALF of the Mp-infected
mice. These findings evidenced the anti-inflammatory potentials
of chrysin against pneumonia condition.

Despite the clinical presentation and radiographic findings
of Mycoplasma pneumonia are well-documented, the
histopathological analysis of lung tissues plays pivotal role
in understanding the underlying disease mechanisms.
Histopathological examination of lung tissues can provide
valuable insights into the pathogenesis of mycoplasma
pneumonia. Histopathological analysis can help differentiate

Indian Journal of Pharmaceutical Education and Research, Vol 60, Issue 1, Jan-Mar, 2026

Mp-infected pneumonia from other etiologies by revealing the
specific histological changes associated with the disease.”> In
mycoplasma pneumonia, the histopathological features often
include peribronchial and interstitial inflammatory infiltrates,
predominantly composed of lymphocytes, plasma cells and
macrophages. These findings can help confirm the diagnosis and
guide the appropriate management of the patient. Additionally,
histopathological analysis can detect the presence of extra
pulmonary manifestations, which may occur in some cases of M.
pneumoniae infection.

Histopathological analysis can also inform the choice of treatment,
as different histological patterns may respond differently to
antimicrobial therapy or immunomodulatory interventions.
For instance, the presence of significant inflammatory infiltrates
may indicate a need for adjunct anti-inflammatory therapy, in
addition to antimicrobial treatment.* The present results revealed
the notable histological changes, such as thickened alveolar
walls, contracted bronchial tubes and heightened inflammatory
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cell infiltrations in the lung tissues of Mp-induced pneumonia.
Captivatingly, chrysin treatment effectively diminished lung
histological changes in the Mp-infected mice, which confirms
the therapeutic potentials of the chrysin against pneumonia
condition.

CONCLUSION

The results of this study highlight the salutary properties of
chrysin against Mycoplasma pneumonia in mice. The significant
increase in body weight, reduction in total cells and total protein
levels were observed in Mp-infected mice in response to the
chrysin treatment. Furthermore, the chrysin treatment also
evidenced the effective reduction in inflammatory cytokines and
lung histopathological alterations in the pneumonia mice, which
evidence the therapeutic effectiveness of chrysin in treating
pneumonia. Thus, chrysin can be a viable salutary candidate
to treat pneumonia. Moreover, further studies are strongly
recommended to comprehensively elucidate the therapeutic
effects of chrysin against Mycoplasma pneumonia.
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ABBREVIATIONS

Mp: Mycoplasma pneumoniae; BALF: Bronchoalveolar Lavage
Fluid; CAP: Community-Acquired Pneumonia; IL: Interleukin;
TNF-a: Tumor Necrosis Factor-alpha; TGF-f: Transforming
Growth Factor-beta; ROS: Reactive Oxygen Species; STAT3:
Signal Transduction and Activator of Transcription 3; SIRT1:
Sirtuin 1; iNOS: Inducible Nitric Oxide Synthase; TCID50: 50%
Tissue Culture Infective Dose; CPE: Cytopathic Effect; CCK-8:
Cell Counting Kit-8; RIPA: Radioimmunoprecipitation Assay;
BSA: Bovine Serum Albumin; TBST: Tris-Buffered Saline
with Tween; ELISA: Enzyme-Linked Immunosorbent Assay;
NF-kB: Nuclear Factor Kappa B; IkB: Inhibitory xB; MAPK:
Mitogen-Activated Protein Kinase; p-P65: Phosphorylated P65;
NC: Normal Control; SD: Standard Deviation; ANOVA: Analysis
of Variance; USA: United States of America; TCM: Traditional
Chinese Medicine.

SUMMARY

Mycoplasma pneumoniae is a primary etiological agent of
Community-Acquired Pneumonia, especially in school-aged
children and young adults. Despite the development of several
therapeutic modalities, the pursuit of more efficacious and
accessible medicines remains a significant challenge. Chrysin
is a naturally occurring bioactive flavonoid component derived
from propolis, known to exhibit many biological characteristics.
The results of the present study underscore the beneficial effects
of chrysin against Mycoplasma pneumonia in mice. Therefore,
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chrysin may serve as a promising therapeutic agent for
pneumonia.

REFERENCES

1. KumarS, Kumar S. Mycoplasma pneumoniae: among the smallest bacterial pathogens
with great clinical significance in children. Indian J Med Microbiol. 2023; 46: 100480.
doi: 10.1016/j.ijmmb.2023.100480, PMID 37741157.

2. Tsai TA, Tsai CK, Kuo KC, Yu HR. Rational stepwise approach for Mycoplasma
pneumoniae pneumonia in children. J Microbiol Immunol Infect. 2021; 54(4): 557-65.
doi: 10.1016/j.,jmii.2020.10.002, PMID 33268306.

3. Dungu KH, Holm M, Hartling U, Jensen LH, Nielsen AB, Schmidt LS, et al. Mycoplasma
pneumoniae incidence, phenotype and severity in children and adolescents in
Denmark before, during and after the COVID-19 pandemic: a nationwide multicentre
population-based cohort study. Lancet Reg Health Eur. 2024; 47: 101103. doi: 10.101
6/j.lanepe.2024.101103, PMID 39469091.

4. Wei X, Wang W, Cheng H, Huang Y, Zhou Q, Yuan X. Distinct lower respiratory
tract microbiota profiles linked to airway mucus hypersecretion in children with
Mycoplasma pneumoniae pneumonia. Front Microbiol. 2024; 15: 1491506. doi: 10.3
389/fmicb.2024.1491506, PMID 39483762.

5. Hu J, Ye Y, Chen X, Xiong L, Xie W, Liu P. Insight into the pathogenic mechanism of
Mycoplasma pneumoniae. Curr Microbiol. 2022; 80(1): 14. doi: 10.1007/500284-022-
03103-0, PMID 36459213.

6. Georgakopoulou VE, Lempesis |G, Sklapani P, Trakas N, Spandidos DA. Exploring the
pathogenetic mechanisms of Mycoplasma pneumoniae [review]. Exp Ther Med. 2024;
28(1): 271. doi: 10.3892/etm.2024.12559, PMID 38765654.

7. Guo ZQ, Gu SY, Tian ZH, Du BY. A comprehensive review of Mycoplasma pneumoniae
infection in chronic lung diseases: recent advances in understanding asthma, COPD
and bronchiectasis. Front Med (Lausanne). 2024; 11: 1437731. doi: 10.3389/fmed.20
24.1437731, PMID 39386750.

8. Koenen MH, de Groot RC, de Steenhuijsen Piters WA, Chu ML, Arp K, Hasrat R, et
al. Mycoplasma pneumoniae carriage in children with recurrent respiratory tract
infections is associated with a less diverse and altered microbiota. EBiomedicine.
2023; 98: 104868. doi: 10.1016/j.ebiom.2023.104868, PMID 37950996.

9. Wang YS, Zhou YL, Bai GN, Li SX, Xu D, Chen LN, et al. Expert consensus on the
diagnosis and treatment of macrolide-resistant Mycoplasma pneumoniae pneumonia
in children. World J Pediatr. 2024; 20(9): 901-14. doi: 10.1007/s12519-024-00831-0,
PMID 39143259.

10. Chen Y, Zhang Y, Tang QN, Shi HB. Efficacy of doxycycline therapy for
macrolide-resistant Mycoplasma pneumoniae pneumonia in children at different
periods. Ital J Pediatr. 2024; 50(1): 38. doi: 10.1186/513052-024-01615-y, PMID
38439015.

11. Huang X, Tao S, Liu C, Sun X, Hao Y, MaY, et al. The efficacy of azithromycin combined
with seven types of Chinese medicine injections in the treatment of Mycoplasma
pneumoniae pneumonia in children: a systematic review and Bayesian network
meta-analysis. Front Pharmacol. 2024; 15: 1378445. doi: 10.3389/fphar.2024.13784
45, PMID 39421669.

12. Rashid S, Ali N, Nafees S, Ahmad ST, Arjumand W, Hasan SK, et al. Alleviation of
doxorubicin-induced nephrotoxicity and hepatotoxicity by chrysin in Wistar rats.
Toxicol Mech Methods. 2013; 23(5): 337-45. doi: 10.3109/15376516.2012.759306,
PMID 23256457.

13. Jiang Y, Gong FL, Zhao GB, Li J. Chrysin suppressed inflammatory responses and the
inducible nitric oxide synthase pathway after spinal cord injury in rats. Int J Mol Sci.
2014; 15(7): 12270-9. doi: 10.3390/ijms 150712270, PMID 25014398.

14. Faheem MA, Akhtar T, Naseem N, Aftab U, Zafar MS, Hussain S, et al. Chrysin
is immunomodulatory and anti-inflammatory against complete Freund’s
adjuvant-induced arthritis in a pre-clinical rodent model. Pharmaceutics. 2023; 15(4):
1225. doi: 10.3390/pharmaceutics15041225, PMID 37111711.

15. Kurt GA, ErtekinT, Atay E, Bilir A, Koca HB, Aslan E, et al. Investigation of the antioxidant
effect of chrysin in an experimental cataract model created in chick embryos. Mol Vis.
2023; 29: 245-55. PMID 38222446.

16. Sassi A, Fredon M, Cotte AK, Fuselier C, Schneider C, Martiny L, et al. Chrysin-induced
regression of angiogenesis via an induction of DNA damage response and oxidative
stress in in vitro and in vivo models of melanoma. Cells. 2023; 12(12): 1561. doi: 10.33
90/cells12121561, PMID 37371032.

17. Shang J, Jiao J, Yan M, Wang J, Li Q, Shabuerjiang L, et al. Chrysin protects against
cerebral ischemia-reperfusion injury in hippocampus via restraining oxidative stress
and transition elements. Biomed Pharmacother. 2023; 161: 114534. doi: 10.1016/j.bi
opha.2023.114534, PMID 36933376.

18. DuQ Gu X, Cai J, Huang M, Su M. Chrysin attenuates allergic airway inflammation by
modulating the transcription factors T-bet and GATA-3 in mice. Mol Med Rep. 2012;
6(1): 100-4. doi: 10.3892/mmr.2012.893, PMID 22552848.

19. Shen Y, Tian P, Li D, Wu Y, Wan C, Yang T, et al. Chrysin suppresses cigarette
smoke-induced airway inflammation in mice. Int J Clin Exp Med. 2015; 8(2): 2001-8.
PMID 25932129.

20. Jiang Z, Li S, Zhu C, Zhou R, Leung PH. Mycoplasma pneumoniae infections:
pathogenesis and vaccine development. Pathogens. 2021; 10(2): 119. doi: 10.3390/p
athogens10020119, PMID 33503845.

Indian Journal of Pharmaceutical Education and Research, Vol 60, Issue 1, Jan-Mar, 2026



Gao, et al.: Chrysin Ameliorates Mycoplasma pneumonia Inflammation

21.

22.

23.

24,

25.

26.

27.

Tong L, Huang S, Zheng C, Zhang Y, Chen Z. Refractory Mycoplasma pneumoniae
pneumonia in children: early recognition and management. J Clin Med. 2022; 11(10):
2824. doi: 10.3390/jcm 11102824, PMID 35628949.

Chen J, Xi Z, Shi Y, Liu L, Wang L, Qian L, et al. Highly homogeneous microbial
communities dominated by Mycoplasma pneumoniae instead of increased resistance
to macrolide antibiotics is the characteristic of lower respiratory tract microbiome of
children with refractory Mycoplasma pneumoniae pneumonia. Transl Pediatr. 2021;
10(3): 604-15. doi: 10.21037/tp-20-404, PMID 33850819.

Shen T, Li Y, Liu T, Lian Y, Kong L. Association between Mycoplasma pneumoniae
infection, high-density lipoprotein metabolism and cardiovascular health [review].
Biomed Rep. 2024; 20(3): 39. doi: 10.3892/br.2024.1729, PMID 38357242.

Yi LP, Xue J, Ren SL, Shen S, Li ZJ, Qian C, et al. Clinical characteristics of Mycoplasma
pneumoniae infection and factors associated with co-infections in children.
Zhonghua Liu Xing Bing Xue Za Zhi. 2022; 43(9): 1448-54. doi: 10.3760/cma.j.
cn112338-20220321-00210, PMID 36117353.

ZhaoF, LiuJ, Xiao D, Liu L, Gong J, Xu J, et al. Pathogenic analysis of the bronchoalveolar
lavage fluid samples with pediatric refractory Mycoplasma pneumoniae pneumonia.
Front Cell Infect Microbiol. 2020; 10: 553739. doi: 10.3389/fcimb.2020.553739, PMID
33194797.

FanF, Lv J,Yang Q, Jiang F. Clinical characteristics and serum inflammatory markers of
community-acquired Mycoplasma pneumonia in children. Clin Respir J. 2023; 17(7):
607-17.doi: 10.1111/crj.13620, PMID 37142438.

Gao M, Wang K, Yang M, Meng F, Lu R, Zhuang H, et al. Transcriptome analysis of
bronchoalveolar lavage fluid from children with Mycoplasma pneumoniae pneumonia

28.

29.

30.

31.

32.

33.

reveals natural killer and T cell-proliferation responses. Front Immunol. 2018; 9: 1403.
doi: 10.3389/fimmu.2018.01403, PMID 29967623.

Zhu Y, Luo Y, Li L, Jiang X, Du Y, Wang J, et al. Immune response plays a role in
Mycoplasma pneumoniae pneumonia. Front Immunol. 2023; 14: 1189647. doi: 10.338
9/fimmu.2023.1189647, PMID 37304280.

Fan L, Xu N, Guo Y, Li L. Enhanced insights into the neutrophil-driven immune
mechanisms during Mycoplasma pneumoniae infection. Heliyon. 2024; 10(21):
€38950. doi: 10.1016/j.heliyon.2024.e38950, PMID 39524902.

Deng F, Cao H, Liang X, Li Q, Yang Y, Zhao Z, et al. Analysis of cytokine levels,
cytological findings and MP-DNA level in bronchoalveolar lavage fluid of children
with Mycoplasma pneumoniae pneumonia. Immun Inflamm Dis. 2023; 11(5): e849.
doi: 10.1002/iid3.849, PMID 37249293.

Han Q, Jiang T, Wang T, Wang D, Tang H, Chu Y, et al. Clinical value of monitoring
cytokine levels for assessing the severity of Mycoplasma pneumoniae pneumonia
in children. Am J Transl Res. 2024; 16(8): 3964-77. doi: 10.62347/0UPW3987, PMID
39262706.

Li J, Chen C, Gao L, Wang L, Wang W, Zhang J, et al. Analysis of histopathology and
changes of major cytokines in the lesions caused by Mycoplasma ovipneumoniae
infection. BMC Vet Res. 2023; 19(1): 273. doi: 10.1186/s12917-023-03829-4, PMID
38102682.

Rodman Berlot J, Dolenc $, Krivec U, Ke$e D. Clinical Laboratory and radiographic
features can help predict Mycoplasma pneumoniae Lower respiratory tract infection
in children. Microorganisms. 2023; 11(5): 1358. doi: 10.3390/microorganisms110513
58, PMID 37317331.

Cite this article: Gao Q, Jiao J, Tian T, Shi Y, Li J. Chrysin Ameliorates Mycoplasma pneumonia Induced Pneumonia in Mice by Down-Regulating Inflammatory
Response. Indian J of Pharmaceutical Education and Research. 2026;60(1):163-71.

Indian Journal of Pharmaceutical Education and Research, Vol 60, Issue 1, Jan-Mar, 2026

171



