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ABSTRACT
Background: Pneumonia is a prevalent acute respiratory illness that impacts the alveoli and 
the distal airways and if left untreated, it presents a significant health challenge. It is linked to 
elevated rates of illness and death across all age groups worldwide. The treatment of pneumonia 
has become increasingly difficult due to antibiotic resistance, which complicates management 
strategies and leads to poorer patient outcomes. The rise of multi-drug resistant pathogens 
requires the use of stronger and often more toxic antibiotics, heightening the risk of adverse 
effects and further health complications. Materials and Methods: In this research, our objective 
was to investigate the efficacy of the phytochemical monotropein in mitigating bacterial 
pneumonia triggered by Mycoplasma pneumoniae in a rodent model. Swiss albino mice with 
pneumonia were administered monotropein and their antimicrobial and anti-inflammatory 
responses were assessed. The pathogen clearance capability of monotropein was evaluated by 
measuring lung weight index, nitric oxide and myeloperoxidase levels. Moreover, we quantified 
antioxidant levels to determine monotropein's ability to scavenge oxidative stress in the context 
of pneumonia infection. To assess the anti-inflammatory effects of monotropein, we examined 
the levels of inflammatory cytokines, corroborated by total cell counts in Bronchoalveolar 
Lavage Fluid (BALF) and lung tissue DNA content. Additionally, NF-kB levels were quantified to 
assess monotropein's capacity to enhance the host defense mechanisms against pneumonia. 
Histopathological analyses of the lung tissue were performed to validate the beneficial effects 
of monotropein on Mycoplasma pneumoniae-induced pneumonia. Results: The findings of our 
study demonstrate that monotropein treatment markedly decreased levels of nitric oxide and 
myeloperoxidase, effectively preventing pulmonary edema in mice exposed to Mycoplasma 
pneumoniae. Furthermore, it inhibited oxidative damage and DNA harm in the pneumonic 
mice. The treatment also led to a considerable reduction in inflammatory cytokines and NF-kB 
levels, supporting the anti-inflammatory properties of monotropein against pneumonia. 
Histopathological evaluations confirmed the beneficial effects of monotropein in the 
pneumonia-induced rodent model. Conclusion: Overall, our findings indicate that monotropein 
is a powerful antioxidant and anti-inflammatory substance that effectively mitigates pneumonia 
infection. These promising results suggest that monotropein warrants further investigation for 
potential development as a compound for the management of pneumonia.

Keywords: Bacterial Pneumonia, Inflammation, Monotropein, Mycoplasma pneumoniae, NFkB, 
Phytochemical Drug.

INTRODUCTION

Pneumonia remains a major global health concern, contributing 
to considerable morbidity and mortality, particularly among 
vulnerable populations such as children and the elderly.1 The two 

primary forms of pneumonia are community-acquired pneumonia 
and hospital-acquired pneumonia. Community-acquired 
pneumonia is prevalent in the general population and leads to 
substantial rates of morbidity and mortality.2 According to a 
study published in The Lancet, pneumonia is one of the primary 
contributors of death worldwide, with an expected 2.5 million 
fatalities each year, highlighting its status as a major public 
health challenge.3 According to the World Health Organization, 
pneumonia is responsible for 15% of all deaths among children 
under the age of five, underscoring the urgent need for 
preventative and therapeutic interventions.4 Factors such as 
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antibiotic resistance, the emergence of new pathogens and the 
lack of access to healthcare exacerbate the situation.5

Pneumonia is an infection of the alveoli that arises when the 
body’s defense system fails to eliminate infectious agent from 
the lower airways and alveolar spaces.6 In response, leukocytes 
produce cytokines and local inflammatory mediators, which 
can further damage lung tissue. This localized inflammation 
triggers a systemic inflammatory response, resulting in common 
clinical features such as fever, chills and fatigue. As white blood 
cells accumulate and fluid builds up, pus forms within the 
lung parenchyma, leading to decreased alveolar compliance.7 
Consequently, these pathological changes increase the effort 
required for breathing, exacerbating conditions like hypoxemia 
and tachypnea.8 Pneumonia can impact individuals of all ages 
and health statuses. Patients with coexisting conditions that 
impair mucociliary clearance and the cough reflex are more 
prone for developing Community-Acquired Pneumonia (CAP). 
Additionally, lifestyle factors such as smoking heighten this risk, 
as do certain medical conditions that predispose individuals 
to aspiration, including esophageal disorders, alcoholism and 
neuromuscular diseases.9,10

The treatment of bacterial pneumonia primarily relies 
on antibiotics, which are chosen based on the identified 
pathogen and local antibiotic resistance patterns. Commonly 
prescribed antibiotics include beta-lactams, macrolides and  
fluoroquinolones. Appropriate antibiotic therapy can significantly 
reduce morbidity and mortality associated with pneumonia.11 
However, these medications can also lead to various side 
effects. Gastrointestinal issues, including nausea, diarrhea and 
abdominal discomfort, are frequently reported due to alterations 
in the gut microbiome.12 Allergic reactions may occur, ranging 
from mild rashes to severe anaphylactic responses, tendonitis and 
tendon rupture, as well as neuropsychiatric symptoms including 
confusion and hallucinations.13 Therefore, careful selection of 
antibiotics and monitoring for potential side effects are crucial 
to optimize treatment outcomes for patients with bacterial 
pneumonia.

Phytochemicals have garnered attention for their possible 
in function in therapy of pneumonia due to their diverse 
pharmacological properties, including anti-inflammatory, 
antimicrobial and immunomodulatory effects.14 Monotropein, 
a prominent iridoid glycoside isolated from Morinda officinalis, 
is recognized for its significant therapeutic potential.15 
Monotropein is present in Morinda officinalis and other edible 
plants, such as Pyrola decorate and several species of Vaccinium.16 
Research indicates that monotropein exhibits diverse 
pharmacological effects, including antioxidant, anti-osteoporosis, 
anti-inflammatory, anti-arthritic and anti-apoptotic activities,17 
underscoring its potential for various therapeutic applications. 

Hence, we aimed to explore the ameliorative potency of 
monotropein against bacterial pneumonia.

MATERIALS AND METHODS

Animals and Grouping

Male Swiss albino mice weighing above 27±5 g of body weight 
was kept at 21ºC with 55% humidity, maintained on a 12 hr 
light/dark cycle and had unrestricted access to food and water. 
The animals were assigned into four groups each consists of 
six animals. Group I consisted of normal control mice. Group 
II included mice that were administered a 100 µL culture of M. 
pneumoniae via nasal drops for 2 days to induce pneumonia. 
Group III consisted of mice injected with M. pneumoniae and 
then treated with 25 mg/kg of Monotropein for three days. Group 
IV comprised pneumonia-induced mice that received 100 mg/kg 
of the standard drug azithromycin for three days.

At the conclusion of the treatment period, blood samples were 
obtained via cardiac puncture using EDTA-containing plasma 
separation tubes (BD Biosciences) following anesthesia with 40 
mg/kg of sodium pentobarbital. The mice were then euthanized 
with an intraperitoneal injection of 120 mg/kg sodium 
pentobarbital and immediately necropsied. Bronchoalveolar 
Lavage Fluid (BALF) and lung tissues were collected from the 
mice and stored at -80ºC for subsequent experiments.

Assessment of Lung Weight Index

The animals were weighed using electronic balance and then 
subjected to euthanization. The lung tissue was then carefully 
excised by gently detaching the lungs from the surrounding 
organs. Excess tissue such as the trachea and major blood vessels 
was removed, as these could impact the lung weight. The presence 
of all the lobes was confirmed before measuring the weight. The 
lung tissue was then placed on the electronic balance, which was 
set to 0 and the weight was measured. The lung weight index was 
calculated using the formula

Lung weight index=Lung weight (mg)/Total body weight (mg)
x100

Assessment of immune response

The immune response induced by M. pneumoniae and the 
attenuating effect of monotropein were assessed via quantifying 
the levels of myeloperoxidase activity and nitric oxide levels. 
Since both MPO and NO are essential in modulating the 
inflammatory response, pathogen clearance and tissue damage 
during pneumonia. The levels of MPO and NO was quantified 
using the Mouse Myeloperoxidase ELISA Kit and Nitric 
Oxide Colorimetric Detection Kit respectively procured from 
Invitrogen. The final absorbance of MPO and NO was read at 450 
and 540 nm respectively. The concentrations of test samples were 
read using the standard curve.
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Assessment of oxidative insult
The oxidative insult caused by M. pneumoniae and the inhibitory 
effect of monotropein were assessed via measuring the lipid 
peroxidation and antioxidant levels in the lung tissue of the 
experimental animals. The lung tissue homogenate was prepared 
with Tris buffer (pH 7.4) and the supernatant was obtained 
upon centrifugation at 5000xg for 15 min at 4ºC. MDA levels 
were measured with18 protocol. The antioxidants GSH and 
SOD were quantified using the protocols prescribed by19 and20 
respectively. MDA levels are determined using the Thiobarbituric 
Acid Reactive Substances (TBARS) assay, where the reaction 
with thiobarbituric acid produces a colored complex measured 
spectrophotometrically. GSH is quantified using the Ellman’s 
assay, where the reduction of 5,5'-Dithiobis (2-Nitrobenzoic 
acid) (DTNB) is monitored spectrophotometrically. SOD 
activity is assessed by the xanthine oxidase method, measuring 
the inhibition of superoxide radical generation, involving the 
reduction of Nitroblue Tetrazolium (NBT).

Assessment of BALF total cells count
Bronchoalveolar Lavage Fluid (BALF) was harvested by injecting 
30 mL aliquots of saline into the right middle lobe of the 
experimental mice. The BALF was subjected to centrifugation at 
6000 rpm for 5 min and pellets were collected for counting the 
total number of cells. Using hemocytometer the total cells were 
counted under an optical microscope.

Quantification of Mycoplasma pneumoniae DNA 
content
The lung tissues of the experimental mice were subjected to DNA 
extraction using the Qiagen DNeasy Blood and Tissue kit. The 
experiment was performed as per the guidelines provided in the 
kit manual. The extracted DNA was subjected to PCR analysis 
with specific primer targeting Mycoplasma pneumonia gene 
to quantify the DNA content. The results were compared with 
standard curve to measure the DNA content of experimental 
mice.21

Assessment of inflammatory cytokines in BALF
The levels of cytokines IL-6, TGF-β, IL-1, IL-8, TNF-α inducing 
inflammation were quantified in BALF of experimental mice 
using the ELISA kits procured from Abcam. Test samples and 
standard solutions were added to the specific antibody coated 
wells and allowed to bind for 1-2 hr at room temperature, followed 
by washing with wash buffer. Detection antibody, conjugated to 
an HRP enzyme was then added and incubated for an additional 
hour. The excess antibody, was eliminate through washing and a 
substrate solution was added. The reaction was then terminated 
after an hour and the absorbance was measured at 450 nm using 
a microplate reader. The results were analyzed against a standard 
curve to determine the concentration of the target molecule in 
the sample.

Quantification of NF-κβ

The NF-κβ levels in the lungs of pneumonia induced untreated 
and monotropein treated mice were quantified using the 
ELISA kit procured from MyBioSource. The experiments were 
performed as per the guidelines provided in the kit manual. 
NF-κβ concentration in the test samples were detected using the 
standard curve plotted with absorbance of known concentrations.

Lung histopathological examination

Lung tissue section excised from control and experimental mice 
were fixed in a phosphate-buffered formalin solution for a 24 
hr, to preserve cellular structure. After fixation, the tissues were 
processed through a series of dehydration steps using graded 
alcohol solutions and cleared in xylene. The lung tissues were 
then infiltrated with paraffin wax and molded into paraffin 
blocks. The blocks were then sectioned into 5-micron thick slices, 
using a microtome. The tissue sections were then mounted on 
glass slides and subsequently subjected to deparaffinization and 
rehydration. The processed lung tissue sections were then stained 
with hematoxylin and eosin stains and viewed under a light 
microscope for pathological changes.

Statistical Analysis

The results were statistically analyzed using SPSS software, 
with findings reported as the mean±Standard Deviation (SD) 
of triplicate measurements. One-way ANOVA accompanied by 
Student Newmann Keul’s post hoc test was used to evaluate the 
data and a p-value of less than 0.05 was considered statistically 
significant.

RESULTS

Pathogen clearance effect of monotropein on 
pneumonia triggered mice

Pulmonary edema and increased vascular permeability, which 
are common features of pneumonia were assessed with lung 
weight index in the experimental mice (Figure 1A). The 
untreated pneumonia triggered mice exhibited 0.9±0.00004 
lung weight index which is significantly higher compared to 
the control (0.4±0.00001), monotropein treated (0.75±0.00002) 
and azithromycin treated (0.65±0.00001) mice triggered with 
pneumonia. NO and MPO are integral to the immune response 
in pneumonia, balancing effective pathogen clearance with the 
risk of inflammatory collateral damage. Monotropein effectively 
decreased the levels of both NO and MPO in pneumonia triggered 
mice to 275±0.006 µmol/g and 78±0.00 U/g respectively which 
is significantly higher as 340±0.004 µmol/g and 93±0.001 U/g 
respectively in pneumonia triggered untreated mice. Control 
and azithromycin treated mice shown 110 0.002 µmol/g, 145 
0.001 µmol/g of nitric oxide and 45±0.006 U/g, 70±0.007 U/g of 
myeloperoxidase respectively.
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Figure 1:  Pathogen clearance effect of monotropein on pneumonia triggered mice. A) Lung weight index B) Nitric 
oxide C) Myeloperoxidase levels in the pneumonia triggered untreated and monotropein treated mice. The results are 
expressed as the mean±Standard Deviation (SD) from three independent experiments. For statistical analysis, one-way 
ANOVA followed by Student’s Newmann Keul’s post hoc test was employed. # indicate a significant difference from the 
control group, while ## indicate a significant difference compared to the pneumonia group. p-value of less than 0.05 

was considered statistically significant.

Figure 2:  Attenuating effect of monotropein against oxidative insult induced in pneumonia triggered mice. A) Malondialdehyde 
levels B) Reduced glutathione C) Superoxide dismutase activity in the pneumonia triggered untreated and monotropein treated 

mice. The results are expressed as the mean±Standard Deviation (SD) from three independent experiments. For statistical 
analysis, one-way ANOVA followed by Student’s Newmann Keul’s post hoc test was employed. # indicate a significant difference 
from the control group, while ## indicate a significant difference compared to the pneumonia group. p-value of less than 0.05 

was considered statistically significant.
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Attenuating effect of monotropein against oxidative 
insult induced in pneumonia triggered mice

The levels of antioxidants and the lipid peroxidation induced due 
to the exposure of Mycoplasma pneumoniae and the attenuating 
effect of monotropein in the experimental mice were illustrated in 
Figure 2. Exposure to Mycoplasma pneumoniae had considerably 
elevated the lipid peroxidation which is exhibited with 70±0.003 
nmol/g of MDA whereas the control mice shown only 34±0.002 
nmol/g of MDA. Treatment with both monotropein and 
azithromycin decreased the MDA levels to 58±0.005 nmol/g and 
48±0.004 nmol/g respectively. Treatment with monotropein and 
azithromycin increased the antioxidant GSH and SOD levels 
to 0.9±0.0001 µmol/g, 1.3±0.0004 µmol/g and 42±0.003 U/mg, 
61±0.006 U/mg whereas the pneumonia triggered untreated 
mice exhibited only 0.75±0.0002 µmol/g of GSH and 32±0.002 
U/mg of SOD. The control mice shown increased levels of GSH 
(2.2±0.0003 µmol/g) and SOD (76±0.004 U/g) compared to the 
other experimental mice.

Inhibitory effect of monotropein against 
inflammatory cell infiltration in pneumonia 
triggered mice
Figure 3A illustrated the count of total cells present in the BALF of 
control, pneumonia triggered untreated, monotropein treated and 
azithromycin treated mice. Exposure to Mycoplasma pneumoniae 
significantly induced the infiltration of inflammatory cells which 
exhibited with 58 ±0.0006 µg/mL of cells in pneumonia triggered 
untreated mice whereas the treatment with monotropein and 
azithromycin treatment inhibited immune cell infiltration and 
the total cell counted were only 46±0.0005 µg/mL and 36±0.0004 
mg/mL respectively.

The pathological lung tissue damage induced by Mycoplasma 
pneumoniae and the ameliorating effect of monotropein was 
assessed via quantifying the DNA content of lung tissue of 
the experiment mice (Figure 3B). Exposure to Mycoplasma 
pneumoniae had significantly enhanced the DNA content 
whereas treatment with monotropein had attenuated the levels 

Figure 3:  Inhibitory effect of monotropein against inflammatory cell infiltration in pneumonia 
triggered mice. A) Total cell count in the BALF fluid B) DNA content in the lung tissue of the 

pneumonia triggered untreated and monotropein treated mice. The results are expressed as 
the mean±Standard Deviation (SD) from three independent experiments. For statistical analysis, 
one-way ANOVA followed by Student’s Newmann Keul’s post hoc test was employed. # indicate a 
significant difference from the control group, while ## indicate a significant difference compared 

to the pneumonia group. p-value of less than 0.05 was considered statistically significant. 
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of DNA content. The DNA content in control and azithromycin 
treated mice were significantly decreased compared to the other 
experimental mice.

Mitigating effect of monotropein against the 
inflammatory response induced in pneumonia 
triggered mice

Inflammatory response induced by the Mycoplasma pneumoniae 
exposure and the attenuating of monotropein against it were 
measured by quantifying the levels inflammatory stimulating 
cytokines. Mycoplasma pneumoniae exposure had elevated the 
levels of inflammatory stimulating cytokines IL-6, TGF, IL-8, IL-1 
and TNF-α compared to the control mice. Both monotropein 
and the standard drug azithromycin treatment had considerably 
reduced the levels of inflammatory stimulating cytokines 
compared to the untreated pneumonia triggered mice (Figure 4).

Antimicrobial activity of monotropein against 
Mycoplasma pneumoniae induced pneumonia in 
mice

Figure 5 depicts the levels of NF-kB which facilitates the activation 
and survival of immune cells which are critical for combating 
bacterial infections causing pneumonia. The mice exposed to 
Mycoplasma pneumoniae alone exhibited increased level of NFkB 
56±0.006 units whereas it is considerably reduced to 38 0.05 units 
with monotropein treatment and 35 0.06 units with azithromycin 
treatment. The control mice exhibited 32 0.004 units of NFkB.

Ameliorative effect of monotropein against 
Mycoplasma pneumoniae induced pneumonia in 
mice

The lungs of control mice showed intact alveolar architecture 
without any evidence of lesions or inflammation (Figure 
6A). However, mice with pneumonia exhibited significant 
inflammatory cell infiltration, thickened alveolar walls and 
constricted bronchial passages (Figure 6B). After treatment with 
monotropein (6C) and azithromycin (6D), these pathological 
features were greatly improved, with a marked decrease in 
hyperemia, bronchial congestion and the number of inflammatory 
cells present in the lung tissue.

DISCUSSION

Mycoplasma pneumoniae is a leading pathogen responsible for 
chronic respiratory tract diseases and pneumonia, particularly 
affecting children and adolescents, who are most susceptible 
to these infections.22 While M. pneumoniae infections are 
typically mild and self-limiting, they can escalate into severe or 
life-threatening conditions in immunocompromised patients. 
This atypical bacterium accounts for approximately 40% of 
Community-Acquired Pneumonia (CAP) in children older than 
5 and is associated with significant morbidity and mortality 
due to lower respiratory tract infections.23 M. pneumoniae 
respiratory infections can exacerbate asthma, presenting 
symptoms such as cough, respiratory distress, wheezing and 
chest pain, attributed to cytokine release.24 Furthermore, M. 
pneumoniae is linked to various extrapulmonary manifestations, 
including meningoencephalitis, myocarditis and mucocutaneous 

Figure 4:  Mitigating effect of monotropein against the inflammatory response induced in pneumonia triggered mice. 
Inflammatory stimulating cytokines A) IL-6, B) TGF, C) IL-8, D) IL-1, E) TNF-α levels in the pneumonia triggered untreated 

and monotropein treated mice. The results are expressed as the mean±Standard Deviation (SD) from three independent 
experiments. For statistical analysis, one-way ANOVA followed by Student’s Newmann Keul’s post hoc test was 

employed. # indicate a significant difference from the control group, while ## indicate a significant difference compared 
to the pneumonia group. p-value of less than 0.05 was considered statistically significant.
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conditions like Stevens-Johnson syndrome.25,26 Traditional 
antibiotics like tetracyclines and fluoroquinolones are effective 
against this infection but have significant side effects, making 
macrolides the preferred treatment in recent years.27 However, 
the widespread use of macrolides has led to high resistance rates 
in China complicating treatment options and contributing to 
rising mortality rates. Patients infected with macrolide-resistant 
strains experience longer febrile periods and extended hospital 
stays, highlighting the impact of antibiotic resistance on clinical 
outcomes.28 Hence in this study we analyzed the efficacy of 
phytochemical monotropein against the Mycoplasma pneumoniae 
triggered pneumonia in rodent model.

Elevated levels of Myeloperoxidase (MPO) and Nitric Oxide 
(NO) are critical factors contributing to lung tissue damage in 
pneumonia. Myeloperoxidase, an enzyme produced by activated 
neutrophils, plays a significant role in the inflammatory response. 
Increased MPO activity has been associated with tissue injury 
through the generation of Reactive Oxygen Species (ROS), 
which can exacerbate lung inflammation and damage bronchial 
epithelial cells.29 Elevated MPO levels have been identified 
as a biomarker for severe pneumonia, linking its presence to 
heightened inflammation and oxidative stress in lung tissues.30 In 
parallel, nitric oxide produced during inflammatory responses has 
a dual role; while it is essential for pathogen clearance, excessive 
NO can lead to cellular toxicity and further lung injury. Research 
indicates that overproduction of NO, particularly in the context of 

pneumonia, can contribute to oxidative stress and the formation 
of peroxynitrite, a reactive nitrogen species that damages lung 
tissue and exacerbates inflammation.31 Therefore, both MPO and 
NO play pivotal roles in the pathogenesis of pneumonia, where 
their elevated levels underline the severity of lung tissue damage 
and highlight potential targets for therapeutic intervention. In 
our study monotropein treatment significantly inhibited the 
nitric oxide and myeloperoxidase levels in pneumonia-triggered 
mice.

During instances of oxidative stress or persistent inflammation, 
Myeloperoxidase (MPO) is secreted outside of cells, resulting in 
increased concentrations of MPO-derived Hypochlorous acid 
(HOCl) in the extracellular environment. The strong reactivity 
of HOCl with biological molecules leads to the oxidative 
modification of DNA, RNA, proteins and lipids,32 consequently 
causing tissue damage and disrupting normal biological 
functions.33 This accumulation of MPO and its oxidant, HOCl, 
can contribute to the development of lung diseases by triggering 
oxidative stress and promoting inflammatory responses. In 
children with cystic fibrosis, substantial amounts of HOCl have 
been detected, which can oxidize reduced Glutathione (GSH) in 
the airways, leading to damage of the lung epithelium.34,35 These 
research correlates with our results, exposure to Mycoplasma 
pneumoniae had significantly elevated the MPO level and 
increased MDA levels, DNA content was observed. Whereas 
treatment with monotropein had attenuated the MPO activity 

Figure 5:  Antimicrobial activity of monotropein against Mycoplasma pneumoniae induced pneumonia in mice. Nuclear 
Factor kappa B levels in the pneumonia triggered untreated and monotropein treated mice. The results are expressed as 

the mean±Standard Deviation (SD) from three independent experiments. For statistical analysis, one-way ANOVA followed 
by Student’s Newmann Keul’s post hoc test was employed. # indicate a significant difference from the control group, while 

## indicate a significant difference compared to the pneumonia group. p-value of less than 0.05 was considered statistically 
significant.
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thereby increased the levels of antioxidant and prevent lung tissue 
damage.

Innate immune cells, such as macrophages, dendritic cells and 
neutrophils, are crucial components of the immune response 
and play significant roles in inflammation. These cells express 
Pattern-Recognition Receptors (PRRs) that identify microbial 
elements known as Pathogen-Associated Molecular Patterns 
(PAMPs) as well as Damage-Associated Molecular Patterns 
(DAMPs) released from necrotic and damaged tissues.36 
A key outcome of PRR activation is the stimulation of the 
NF-κB signaling pathway, which drives the transcription of 
pro-inflammatory cytokines, chemokines and other mediators 
across various innate immune cell types.37,38 These mediators 
directly initiate inflammation and indirectly facilitate the 
differentiation of inflammatory T cells. While NF-κB signaling 
is normally tightly regulated to promote acute inflammation 
and subsequent resolution of injury, dysregulation can occur in 
various inflammatory diseases, leading to chronic inflammation 
and tissue damage.39,40

In Acute Lung Injury (ALI), NF-κB-driven inflammation and 
coagulation may reinforce each other, establishing a cycle of 
persistent pro-inflammatory signaling. Given its central role in 
disease progression, NF-κB has become a promising target for 
therapeutic intervention, resulting in the development of small 
molecule inhibitors aimed at blocking its activity.41,42 Therefore 
we analyzed the NFkB inhibitory property of monotropein in 
pneumonia triggered mice. Monotropein potentially attenuated 
NFkB activity thereby prevented the inflammatory stimulating 
cytokines IL-6, IL-1, IL-8, TGF and TNF-α levels. It also 
inhibited the innate immune response which is evidenced with 
our decreased total cell count in BALF of monotropein treated 
pneumonia induced mice. Histopathological analysis of lung 
tissue confirms the ameliorative potency of monotropein which 
attenuated the NFkB activity thereby prevented the oxidative 
stress, inflammation induced damage in lung tissue.

CONCLUSION

In conclusion, our study highlights the promising curative 
process of monotropein in the treatment of pneumonia induced 
by Mycoplasma pneumoniae. The compound demonstrated 
significant antimicrobial and anti-inflammatory effects, as 
evidenced by reduced levels of nitric oxide and myeloperoxidase, 
oxidative stress inhibition and decreased inflammatory 
cytokines in a mouse model of pneumonia. Histopathological 
analyses further affirmed the protective role of monotropein 
against lung tissue damage. Given the increasing challenge of 
antibiotic-resistant pneumonia, monotropein emerges as a viable 
alternative or adjunctive therapy, offering a multifaceted approach 
to managing this critical infection. Upcoming investigations 
should focus on elucidating the underlying mechanisms of 
monotropein's action and exploring its efficacy in human clinical 
trials to ascertain its potential as a novel therapeutic agent for 
pneumonia treatment.
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Hypochlorous acid; GSH: Glutathione; PRR: Pattern-recognition 
receptors; DAMP: Damage-associated molecular patterns; 
PAMP: Pathogen-associated molecular pattern.

SUMMARY

Pneumonia remains a major global health concern, contributing 
to considerable morbidity and mortality, particularly among 
vulnerable populations such as children and the elderly. 
Monotropein, a prominent iridoid glycoside isolated from 

Figure 6:  Ameliorative effect of monotropein against Mycoplasma pneumoniae induced pneumonia in mice. Representative images of Haematoxylin and 
Eosin stained lung tissue sections. A) Control B) Pneumonia triggered untreated mice C) Pneumonia triggered monotropein treated mice D) Pneumonia 

triggered azithromycin treated mice.
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Morinda officinalis, is recognized for its significant therapeutic 
potential. Monotropein potentially attenuated NFkB activity 
thereby prevented the inflammatory stimulating cytokines IL-6, 
IL-1, IL-8, TGF and TNF-α levels. The compound demonstrated 
significant antimicrobial and anti-inflammatory effects, as 
evidenced by reduced levels of nitric oxide and myeloperoxidase, 
oxidative stress inhibition and decreased inflammatory cytokines 
in a mouse model of pneumonia.
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