
© 2025 Vallala Venkata Rajesham et al. This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International License  
(https://creativecommons.org/licenses/by/4.0/).

*Corresponding Author
Mitta Raghavendra, Department of Pharmaceutical Sciences, School of 
Biotechnology and Pharmaceutical Sciences, Vignan’s Foundation for 
Science, Technology and Research, Guntur, India.  
E-mail: mittargv @ gmail.com

INTRODUCTION 
Interstitial lung diseases (ILDs) encompass a diverse 

range of lung conditions, with pulmonary fibrosis (PF) 
representing the ultimate common pathway of these disorders. 
ILDs differ in many ways, but they are grouped together 
because they have similarities clinically, radiographically, and 
physiologically. Among ILDs, idiopathic pulmonary fibrosis 
(IPF) is the most common and severe type [1]. 

IPF is a chronic, progressive, and predominantly 
fatal lung ailment of uncertain origin. It manifests with initial 
alveolitis progressing to fibrosis, resulting in symptoms such 

as dyspnea, extensive interstitial fibrosis, and impaired gas 
exchange. The diagnosis of IPF relies on a history of escalating 
exertional dyspnea and a persistent dry cough. The pathological 
hallmark confirming IPF is the presence of usual interstitial 
pneumonia upon biopsy. It is slightly more common in men 
than women [2]. As the lung tissue thickens, it is less able to 
carry oxygen into the circulation. As a result, patients suffer 
from shortness of breath. All vital organs were deprived of the 
oxygen necessary for survival [3].

The therapeutic experience of generations of physicians 
operating in indigenous medical systems has been synthesized into 
traditional medicine. The use of plant material as an indigenous 
treatment in folklore or traditional medical systems led to the 
introduction of plant-derived pharmaceuticals into contemporary 
medicine. Examining the rich history of traditional medicine is 
crucial, and since plant-based medications are inexpensive and 
rarely cause negative side effects, research is being done to 
determine their effectiveness in traditional medicine [4]. 
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ABSTRACT
Pulmonary fibrosis (PF) is a persistent and often lethal condition marked by initial alveolitis that advances to 
interstitial fibrosis. The pathological hallmark of PF is the presence of usual interstitial pneumonia on a biopsy. The 
aim of the present study was to study the protective effect of Phyllanthus acidus (L.) Skeels fruit against bleomycin-
induced PF. The phytochemical analysis of the ethanolic extract showed alkaloids, saponins, phenols, flavonoids, 
tannins, and terpenoids as major metabolites. Bleomycin prompts an elevated production of reactive oxygen species, 
initiating an inflammatory response that may lead to pulmonary toxicity, activation of fibroblasts, and the subsequent 
onset of fibrosis. In this study, bleomycin was administered intratracheally at a dose of 4 mg/kg b. wt. the ethanolic 
extract at 100, 200, and 400 mg/kg body weight doses were used for screening protective effect against bleomycin-
IPF. N-acetyl cysteine was used as a standard drug Tissue oxidant stress markers MDA, SOD, CAT, and GPx, was 
evaluated in lung tissue homogenate, and cell counts in the bronchoalveolar lavage fluid. The decreased MDA and 
increased SOD, CAT, and GPx levels were observed in treated groups after bleomycin administration. The increased 
cell counts were reduced to normal in PAE groups. In conclusion, Phyllanthus acidus (L.) Skeel fruits were useful 
for PF treatment.
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toxic models has gained importance. The reason underpinning 
this research work may be that the drugs in common use can 
impose noxious effects on the lungs, which can mimic almost 
every naturally occurring lung disease in man. In this study, the 
positive effects of P. acidus (L) Skeel fruits were evaluated in 
relation to the prevention of bleomycin-induced lung fibrosis 
in rats.

MATERIALS AND METHODS

Collection and identification
The fruits of P. acidus (L.) Skeel were collected, 

washed with water to eliminate any dust, and air-dried under 
shade. With the use of a hand mill, the material was turned into a 
coarse powder. Prof. (Dr.) K. Madhava Chetty, taxonomist, SV 
University, Tirupati, Andhra Pradesh, India, verified the plant 
material’s authenticity. Voucher specimen number: 1132 and 
reserved in the Department of Pharmacognosy, CMR College 
of Pharmacy, Hyderabad, India.

Extraction
The P. acidus fruit (100 g) powder was extracted with 

absolute alcohol (1,200 ml) at room temperature by maceration 
for 7 days. The container was shaken or agitated occasionally to 
ensure better extraction. Afterward, the filtrate was concentrated 
by a rotary flash vacuum evaporator. Finally, it was dried in 
desiccators and stored in airtight containers.

Qualitative phytochemical analysis
The PAE was subjected to the detection of phyto 

components present in the extract [17].

Acute toxicity study
The albino mice (4-5 weeks old, 15–20 g) were used 

for the confirmation of the maximum tolerable dose of PAE. 
The acute toxicity study was performed using OECD Guideline 
425 (up-and-down method).

Pulmonary fibrosis
Male Wistar Albino rats (8–10 weeks old, 150–200 

g), were procured from Jeeva Life Sciences (CPCSEA license 
approval No.1757/PO/ReBiBt/S/14/CPCSEA), Hyderabad, and 
were housed as per CCSEA, New Delhi, India.  

Treatment schedule
Randomly, animals (N = 36) were divided into six 

groups with six animals in each group under identical conditions. 
Group-I (Normal): Administered normal saline intra-

tracheal injection. 
Group II (Toxic control): Bleomycin (5 mg/kg in 

Normal saline) in a single intra-tracheal injection. 
Group-III (Standard NAC): N-acetyl cysteine (NAC) 

(3 mmol/kg) orally for 7 days after bleomycin exposure. 
Groups IV, V, and VI animals received PAE of 100, 

200, and 400 mg/kg doses orally for 7 days after bleomycin 
exposure. 

Following animal sacrifice by cervical dislocation 
under mild anesthesia, the lungs were separated, and a 

Even though a number of strategies were envisaged to 
protect the lungs against toxic agents, treatment options were 
also often tricky because of the profound side effects of the 
medicine used. Hence, lung disease remains one of the most 
serious health problems today, and there has been no effective 
drug for the treatment of lung disease. Limitations to such 
conventional treatment have encouraged the development of 
new treatment modalities [5]. 

Bleomycin is a chemotherapeutic antibiotic that 
has been commonly prescribed for Hodgkin lymphoma and 
testicular germ-cell tumors. The major limitation of bleomycin 
therapy is pulmonary toxicity. The patient’s symptoms 
and signs of bleomycin lung toxicity were reported such 
as dyspnea, cough, sputum, fever, thoracic pain, cyanosis, 
tachypnea, pleuritic pain, and pleural rubbing. It was widely 
recognized as one of the most commonly used inducers for 
creating a PF animal model, providing the advantage of rapid 
PF development. The control group treated with bleomycin 
exhibited notable thickening of alveolar walls, alveolar 
collapse, deposition of inflammatory cells, fibrotic changes, 
and collagen accumulation [6,7]. 

Phyllanthus acidus (L.) Skeel, a member of the 
Phyllanthaceae family, can be found across tropical and 
subtropical regions around the world. The fruits of P. acidus, 
popularly called as star gooseberry, Malay gooseberry, 
Otaheite gooseberry, Country gooseberry, Tahitian gooseberry, 
West India gooseberry, and Grosella, or simply gooseberry. 
The plant grows to a height of 2–9 m, and is a shrub-tree 
intermediate. The broad, bushy crown of the tree is made up 
of thick, sturdy main branches that terminate in clusters of 15–
30 cm long, deciduous, greenish branchlets. The branchlets 
have alternating, lanceolate, or ovate-shaped leaves with short 
petioles and pointy tips. The thin, 2–7.5 cm-long leaves have 
a smooth, green upper surface and a blue-green underside. The 
bilimbi tree and the Otaheite gooseberry tree resemble each 
other quite a bit. The blooms may be hermaphrodite, male, 
or female. They are tiny, pinkish, and grouped together in 
panicles that are 5–12.5 cm long. At the top of the tree, in 
the leafless sections of the main branches, flowers develop. 
The fruits are many, oblate, tightly grouped, and have six to 
eight ribs. They are quite sour, crisp, juicy, waxy, pale yellow 
or white, and juicy. Every fruit has a stone in the middle that 
holds four to six seeds [8].

This plant serves a dual purpose, as its delectable 
fruits are edible, and traditionally, the peppered leaves are used 
to make a poultice to treat lumbago, sciatica, and rheumatism; 
seeds as cathartic; and roots as purgative. The various parts 
of the plant scientifically address a diverse range of health 
concerns, such as anti-inflammatory [9], cystic fibrosis [10], 
antinociceptive [11], diabetes [12], and hepatic disorders [13], 
antioxidant and cytotoxic activity [14], antibacterial activity 
[15], boosting of immunity [16] in Asia, Central and South 
America, and the Caribbean region.

Any pulmonary protective medicine’s efficacy depends 
on its capacity to either lessen side effects or maintain normal 
lung physiology after a drug or hazardous substance has upset it. 
In recent times, the exploitation of various drugs as pulmonary 
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tiny portion of the lung was preserved in 10% formalin for 
histopathology. The lung’s remaining portion was ready for 
oxidative stress parameter evaluation.

Collection of the bronchoalveolar lavage
A syringe, connected to a blunt needle, was 

employed to gently introduce a cannula into the trachea, 
facilitating the preparation of the lungs for lavage. The lung 
lavage was achieved by rinsing the lungs four times with 4 
ml aliquots of saline through the tracheal cannula. Subsequent 
to this, the cell suspensions were concentrated using low-
speed centrifugation, and the resulting cell pellet was then 
resuspended for further studies. 

Estimation of cell counts (Total number of cells, Macrophages, 
Neutrophils, and Eosinophils)

Total cell counts were determined using a 
hemocytometer, while from cytospin preparations, the 
calculation of differential cell counts was carried out by 
assessing 300 cells stained with May-Grunwald-Giemsa [18]. 

Table 1. Qualitative phytochemical constituents of P. acidus (L) 
Skeel fruit extract. 

S. No. Name of the component Inference

1. Alkaloids +

2. Glycosides +

3. Flavonoids +

4. Terpenoids +

5. Saponins +

6. Tannins +

+ = Present. 

Figure 1. Effect of PAE on lung tissue oxidants and antioxidants. 



136 Rajesham et al. / Journal of Applied Pharmaceutical Science 15 (01); 2025: 133-140

Estimation of oxidants and antioxidants
The oxidative stress (OS) parameters such as 

Malondialdehyde (MDA) [19], Superoxide dismutase (SOD) 
[20], Catalase (CAT) [21], and Glutathione peroxidase (GPx) 
[22] were measured by analyzing the lung tissue homogenate 
with standard procedures.

Histopathological changes in lungs
The animals’ removed lungs were promptly cleaned 

with buffer and preserved in 10% buffered formalin upon 
sacrifice. They were then embedded in paraffin wax, cleaned in 

xylene, and dehydrated using a series of progressively stronger 
alcohols. Hematoxylin-eosin stain was applied after microtome 
cutting of sections with a thickness of 5–7 μm [23]. 

Statistical analysis
The Graph Pad Prism 5.0 software was used for 

Statistical analysis. Values are represented as Mean ± SEM 
(n = 6). Statistical analysis was performed using one-way 
ANOVA followed by post hoc Dunnett’s test, ***p < 0.001 
versus; **p < 0.001, *p < 0.01 versus toxic group. Results are 
considered statistically significant where p < 0.05.

Figure 2. Effect of PAE on bronchoalveolar lavage fluid cell profile.
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manner when compared to the toxic control and showed in 
Figure 2.

Histopathology study
Histological examination of lung tissue from the 

normal control group showed no pathological changes. The 
lung tissue from the bleomycin group showed a patchy, dense 
collection of lymphocytes and plasma cells, the alveoli showed 
prominent pneumocytes with widened intestibula, and severe 
acute interstitial pneumonia was observed in toxic control. 
The lung tissue from the standard drug NAC group showed 
macrophages and lymphocytes, and the alveoli showed mild 
widening of the interstitium. Mild acute interstitial pneumonia 
was observed. The lung tissue from the PAE 100 mg treatment 
showed mild recovery from acute interstitial pneumonia. PAE 
200 mg treatment lung tissue showed moderate recovery from 
acute interstitial pneumonia. PAE 400 mg group showed a 
collection of macrophages and lymphocytes with normal 
widening of the interstitium with mild interstitial pneumonia 
observed. The results are shown in Figure 3. 

DISCUSSION
The human lung stands out as the sole organ within 

the entire human body that experiences the most significant 
exposure to atmospheric oxygen. This heightened exposure 
results from the lung’s extensive surface area and rich blood 
supply, making it vulnerable to oxidative damage due to a wide 
range of reactive oxygen species and free radicals [24]. 

Bleomycin is a chemotherapy option for treating 
neoplastic diseases. Its primary drawback lies in its potential 
to cause pulmonary toxicity, a condition that can alter lung 
structure and result in a fatal outcome. The pulmonary damage 
triggered by bleomycin begins with the initial generation of 
oxidant species through an iron-dependent process. Subsequent 

RESULTS

Preparation of the P. acidus fruit extract
The dried powder of P. acidus fruit was extracted with 

ethanol by maceration at room temperature. The yield of the 
ethanolic extract of fruits was 8.25%. 

Qualitative phytochemical analysis
The Qualitative phytochemical analysis of extract was 

found to be following secondary metabolites such as alkaloids, 
glycosides, flavonoids, terpenoids, saponins, and tannins. The 
results are shown in Table 1.

Acute toxicity study
There were no indications of vocalization, stereotypy, 

or passivity in the mice administered with 2,000 mg/kg of PAE 
orally. Additionally, they showed no symptoms of depression, 
and their motor activity, secretory indicators and also behavior 
were normal. The 1/5th, 1/10th, and 1/20th doses of PAE were 
chosen as treatment doses for evaluating the protective effect 
because the PAE did not cause any behavioral signs or death up 
to a dose level of 2,000 mg/kg.

Effect of PAE on lung tissue oxidants and antioxidants
The effect of PAE on lung tissue oxidants and 

antioxidants is shown in Figure 1.
Comparing the bleomycin-treated group to the normal 

control, there was a substantial increase in MDA levels. When 
PAE was administered instead of the usual medication NAC, 
MDA levels were reduced in a dose-dependent manner with a 
notable effect. The outcome suggests that PAE has an excellent 
line of defense against lung injury. The depletion activity of 
SOD levels in rats treated with bleomycin was compared to 
that of control animals in the current study. The SOD level 
was dramatically improved by the therapeutic treatment using 
the natural substance PAE in a dose-dependent manner when 
compared with toxic control. This finding suggests that dose-
dependent free radical scavenging activity was enhanced by 
the PAE. In the current investigation, the administered PAE 
boosted lung tissue’s catalase activity and shielded it from OS 
brought on by free radicals after bleomycin exposure. When 
PAE was compared to the standard NAC, this finding validates 
its antioxidant capabilities in a dose dependent. In the context 
of bleomycin toxicity, there was a reduction in the activity 
of glutathione peroxidase in lung tissues, presumably as a 
response to counterbalance the free radical scavenging effect 
facilitated by glutathione as the substrate in comparison to the 
normal group of animals. Notably, the administration of PAC 
resulted in a dose-dependent increase in GPx activity.

Effect of P. acidus fruit extract on bronchoalveolar lavage 
fluid cell profile

Total and differential cell counts
Rats treated with bleomycin had significantly higher 

total and differential cell counts in their bronchoalveolar 
lavage fluid as compared to control rats. Administration of PAE 
dramatically reduced the cell numbers in a dose-dependent 

Figure 3. Histopathological changes of lungs.



138 Rajesham et al. / Journal of Applied Pharmaceutical Science 15 (01); 2025: 133-140

and pro-oxidant processes, and the physiological system’s 
inability to effectively cleanse formed reactive substances. 
The increased myofibroblast synthesis due to fibrotic injury 
and OS contributes to the deposition of extracellular matrix 
proteins (ECM), including type I collagen and fibronectin, 
in the lungs [29–32].

The PAE reduces the maximum level of MDA in a 
dose-dependent manner. This result indicates that PAE has a 
good protective effect against lung damage. The depletion of 
superoxide dismutase activity in bleomycin-treated rats on 
treatment with PAE in a dose-dependent manner, this result 
indicates that PAE promoted free radical scavenging activity. 
Similar to SOD, catalase and glutathione peroxidase levels also 
significantly declined in the bleomycin-treated animals. The 
PAE was regulated to normalize the catalase and glutathione 
peroxidase levels. This result supports the antioxidant properties 
of PAE. The MDA levels were significantly increased in the 
bleomycin-treated rats. The current study has correlated the 
reports of Turgut et al. 2016 [33].

The alveolar macrophage is believed to have a pivotal 
role in the progression of lung injury caused by bleomycin, 
primarily because of its capability to stimulate the release of 
various active substances, such as cytokines, lipid metabolites, 
and oxygen radicals. However, the exact mechanism responsible 
for the activation of alveolar macrophages remains unidentified. 
The presence of bleomycin receptors on the surfaces of 
rat alveolar macrophages has been detected, implying that 
macrophage activation could potentially be initiated through a 
second messenger system [30,34].

In the bleomycin-treated group, a significant elevation 
in total cells, macrophages, neutrophils, and eosinophils was 
observed. The PAE regulates the levels of total and differential 
cells to normal. These results induct the PAE to have activity 
against the inflammatory response. The effect of PAE was 
further evaluated by the histological studies, where the lung 
tissue sections showed a decrease in patchy, dense collections 
of lymphocytes and plasma cells around bronchioles, and the 
alveoli showed decreased interstitium widening as comparison 
with normal and standard drug treatments.

CONCLUSION
The protective potential of P. acidus (L.) Skeel 

fruits against bleomycin-induced PF in rats, supported by 
both biochemical assays and histopathological evaluation. 
Consumption of these fruits notably enhanced lung 
morphology, reducing malonaldehyde formation and boosting 
levels of antioxidant defense enzymes. The significant 
protective effect of the fruits was observed at a dose of 400 
mg/kg dose, potentially attributed to their capacity to lower 
inflammatory cytokine levels, prevent the generation of oxygen 
free radicals, and/or eliminate them from the medium, thanks 
to their antioxidant properties. Integrating antioxidants or 
inhibitors of oxidant generation, along with anti-inflammatory 
properties, into existing therapies could enhance the efficacy 
of treatments for IPF. Nonetheless, comprehensive studies are 
essential to fully elucidate the molecular mechanisms behind 
the protective effects of Phyllanthus acidus (L.) Skeel fruits 
against bleomycin-induced pulmonary fibrosis.

harm likely stems from elevated levels of reactive species 
produced by activated inflammatory cells that are recruited to 
the injured lung [25].

Plant defense mechanisms include a combination 
of enzymatic as well as non-enzymatic systems to manage 
the excessive production of reactive oxygen and nitrogen 
species, as well as to enhance their tolerance to harmful stress. 
Furthermore, plants activate signaling molecules such as 
proline, which trigger a range of physiological and molecular 
responses essential for coping with cytostatic, metal, or salt-
induced toxic conditions. In the present study, the salubrious 
effect of PAE on PF was evaluated. The ethanolic extract of 
P. acidus (L) Skeel fruits reported alkaloids, glycosides, 
flavonoids, terpenoids, and saponins as secondary metabolites, 
which closely resemble the findings in our study [26]. 
Quercetin, the most abundant flavonol, accounts for 70% of 
this intake and has proven its effectiveness as a potent phenolic 
antioxidant in both experimental and real-life settings. Through 
its ability to efficiently counteract harmful oxidants, quercetin 
directly safeguards against oxidative damage and inflammation, 
two crucial contributors to the initiation of lung fibrosis. The 
dietary antioxidant quercetin (800 mg/kg diet) supplement 
moderately reduces the risk of PF caused by bleomycin through 
Nrf2-dependent restoration of redox imbalance [26,27]. In 
our study, phyto investigation of PAE was found to be a good 
source of flavonoids. So, it was additional support for screening 
the protective effect of PAE. The PAE was found harmless up 
to 2,000 mg/kg in an acute toxicity study. Based on that, we 
selected 100, 200, and 400 mg/kg doses as treatment doses for 
screening the attenuating effect against bleomycin-induced 
PF. NAC, an antioxidant and mucolytic agent, was used as a 
standard drug. 

Pulmonary damage was inflicted by a sublethal dosage 
of bleomycin administered intratracheally. This strategy’s basic 
assumption is that chronic, persistent inflammation both precedes 
and ultimately causes the progressive fibrosis that characterizes 
IPF. It is believed that aggressively suppressing this inflammation 
will stop any scarring from developing later on [28]. 

Bleomycin induces toxicity through OS mechanisms. 
Bleomycin can instigate cell damage that is independent of 
its DNA-related actions, primarily through the initiation of 
lipid peroxidation. This phenomenon is especially relevant 
in the context of lung damage and may partially elucidate 
its capacity to injure alveolar cells, subsequently resulting in 
pulmonary inflammation. The reduced antioxidant capacity 
triggered by BLM leads to a significant upsurge in fibro 
proliferation and the deposition of the extracellular matrix. 
This fosters the expression of inflammatory mediators such as 
NF-κB, TNF, IL-1, IL-6, IL-18, IL-22, IL-17a, and inducible 
nitric oxide synthase, ultimately resulting in the extensive 
disruption of lung architecture and the development of 
fibrosis (PF). The formation of aldo and keto aggregates from 
protein carbonylation results in a sudden buildup of these 
compounds within cells, leading to oxidative modifications 
and dysfunction in pulmonary cells. Protein carbonylation 
stands as a significant end product in various oxidative 
processes within cells. The OS experienced by cells and 
tissues is brought about by an imbalance between antioxidant 
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