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ABSTRACT

Bleomycin induced pulmonary fibrosis (PF) has been one of the most habituated experimental models in idiopathic PF
(IPF) exploration since the 1970s. The bleomycin model is a classic model of lung toxin. Though utmost of the studies
established lung part, its dangerous goods on the liver and kidneys are still under explored. The applicable studies were
searched on PubMed, Web of Science, and Google Scholar using the keywords “bleomycin”, “pulmonary fibrosis”,
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“hepatorenal toxin”, “oxidative stress”, “nephroprotection”, “liver injury”, “order injury”, “Nrf2 activators”, and
“factory-deduced antioxidants” published in 2017-2024." Substantiation from these studies showed that bleomycin
treatment significantly raises the situations of serum biochemical labels, like alanine aminotransferase (ALT), aspartate
aminotransferase (AST), alkaline phosphatase (peak), creatinine, and blood urea nitrogen (BUN). Increase in all
biochemical labels suggest serious damage to the liver and kidneys. Studies have shown that the main mechanisms
involved in this toxin are oxidative stress (ROS), mitochondrial dysfunction, activation of seditious cytokines and TGF-
B1/Smad signalling. Curcumin, quercetin, silymarin and resveratrol are among factory- deduced bioactive composites
which displayed promising defensive parcels These effects are suggestively through their antioxidant, anti-
inflammatory, and antifibrotic conduct. These findings punctuate the need to consider and pierce multiple organs in
bleomycin studies to make experimental fibrosis exploration more applicable systemically. Herbal antioxidants and
Nrf2 activators can offer effective forestalment against liver and renal damage caused by bleomycin.
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INTRODUCTION

Pulmonary fibrosis (PF), especially idiopathic PF (IPF), is
a serious, progressive lung complaint that causes
unrecoverable scarring of lung tissue by collagen deposit.
This scarring gradationally affects normal breathing and
gas exchange in alveoli. Worldwide, IPF affects nearly 3
million people and has a median survival of about 3 times
if remain unaddressed.! Indeed, though pulmonary
exploration has seen significant progress over the once 50
times, the lung fibrosis is still hard to diagnose and treat.

This is incompletely because numerous cases do not show
any radiological signs in the early stages of the complaint.?

Bleomycin-convinced PF is the most generally using
experimental model to study the causes of IPF and other
fibrotic interstitial lung conditions (ILDs). Numerous
studies can set up in this model and has greatly helped to
bettered our understanding of the molecular and cellular
processes involved in fibrosis and to develop new
treatments.’ Bleomycin (BLM), a glycopeptide antibiotic
set up in 1962, was introduced into cancer remedy in the
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1970s. It's known for its dangerous goods on the lungs,
importantly its capability to beget PF. In rodents, giving
bleomycin through the intratracheal route set up to be the
stylish experimental system. A single dose of Bleomycin
can reliably spark inflammation within 3 to 7 days,
followed by peak fibrosis being between days 14 and 28.4
Although pulmonary toxin is the most honoured adverse
effect of bleomycin exposure, growing substantiation
suggests that the medicine can also produce considerable
liver and kidney damage.’ The systemic effects do due to
oxidative stress and inflammation leads to fibrosis, still,
these complications outside the lungs are frequently
undervalued or not well established in exploration. Recent
studies show significant oxidative stress- related liver and
order injury after treating with bleomycin.® This review
will epitomize the mechanisms behind bleomycin-induced
liver and kidney damage, important biomarkers, and to
assess the implicit benefits of factory-grounded treatments
and antioxidant approaches.

PATHOPHYSIOLOGY OF THE BLEOMYCIN
MODEL

Pulmonary mechanism

One crucial reason for bleomycin toxin is the low quantum
of bleomycin hydrolase set up in lung parenchyma. This
enzyme plays a pivotal part in detoxifying and breaking
down the medicine. Because of this insufficiency,
bleomycin tends to make up in the lungs, leading to the
conformation of an active bleomycin-Fe2-oxygen
complex. This metallo- glycopeptide complex generates
reactive oxygen species (ROS), leading to DNA breaks,
oxidative damage, and apoptosis.’

Structurally, bleomycin contains a bithiazole element that
intercalates into DNA strands and pyrimidine and
imidazole groups that bind iron and oxygen to forms
activated oxidants. These oxidants induce DNA chain
scission, release of free bases, and will results in structural
DNA differences. In addition to this direct DNA damage,
bleomycin also causes lipid peroxidation and seditious
responses, leading to interstitial oedema, vulnerable cell
infiltration, fibroblast activation and extracellular matrix
deposit.® An inordinate product of ROS similar as
superoxide and hydroxyl radicals causes a severe oxidative
stress, as substantiated by high situations of
malondialdehyde and membrane lipid peroxidation.’
Contemporaneously, bleomycin induces cytokines similar
as TNF-a, IL-6 and IL-1PB, which contribute to habitual
inflammation and tissue remodelling.!® Activation of the
TGF-B1/Smad signalling pathway also results in fibroblast
proliferation, isolation into myofibroblasts, and collagen
deposit, leading to destruction of alveolar armature and
disabled gas exchange.

Hepatic involvement

Although bleomycin is majorly associated with pulmonary
toxin, substantial substantiation indicates that it also

produces significant hepatic injury .Walters et al reported
an increase of nearly 2.5-folds in serum ALT and AST
situations by day 14 after bleomycin administration, with
centrilobular necrosis and seditious infiltration.'!
Bleomycin induced liver injury appears as a result of a
combination of oxidative stress, mitochondrial damage,
inflammation, and progressive fibrotic = changes.
Bleomycin forms complexes with ferrous iron and
generates ROS through Fenton- type reactions. Thus,
causing lipid peroxidation and membrane damage in
hepatocytes. Since hepatic towel exhibits fairly low
bleomycin hydrolase exertion, the liver becomes
susceptible to oxidative injury.'?

Mitochondrial dysfunction also plays a cruciate part in
hepatic injury. Bleomycin impairs mitochondrial electron
transport chain, decreases ATP synthesis. This will
induces cytochrome c release, thereby cranking apoptotic
pathways.'® The injury occurs through ROS-intermediated
activation of Kupffer cells and NF-«xB signalling, and
increases the product of TNF-a, IL-B, and IL-6, results in
neutrophil infiltration and centrilobular necrosis.'*

Habitual exposure latterly activates the TGF-B1/Smad
signalling pathway, converting hepatic stellate cell
activation and collagen deposit, which causes progressive
hepatic fibrosis. '

Table 1: Histopathological and biochemical changes in

liver.
Observed Time Experimental
Parameters R
change point model
Mice,
ALT, AST e A DEY e
fold 7-14
2.5 mg/kg
Rat,
ALP, GGT Increased 1.8~ Day intravenous
fold 14
15 mg/kg
Increased 2.5- Day .
MDA fold 14 Mice
Decreased 40- Day .
GSH, SOD 60% 14 Mice
Centrilobular
Necrosis
’ Day
Histology portal . 14- Rat
inflammation,
. X 21
sinusoidal
dilatation

Clinically, roughly 20-30 of cases on bleomycin- grounded
chemotherapy, although severe hepatotoxicity is fairly
uncommon because of cure limitation assessed by
pulmonary toxin.'®

Biomarkers and evaluation
Routine monitoring of hepatic biomarkers in bleomycin

beast studies should include serum ALT, AST, ALP,
bilirubin and albumin. Labels of oxidative stress are liver
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MDA, glutathione (GSH), superoxide dismutase (SOD)
and catalase conditioning. Fibrotic progression can be
estimated using hydroxyproline estimation and a-SMA
immunohistochemistry, while apoptosis can be assessed
through caspase-3 expression and TUNEL assays.
Histopathology can be estimated by using Masson’s
trichome stain and picrosirius red.

Table 2: Remedial interventions for hepatoprotection.

Agents Mechanism LG als s
outcome
Curcumin Nrf2/HO-1 Fe?iitzec:ldl\j/?é}
(200 mg/kg) activation . i
increased GSH
Membrane
Silymarin (100 stabilization Reduped necrosis
mg/kg) and and liver enzyme
gike antioxidant elevation
activity
TGF-p1
Quercetin (50  inhibition and Reduced fibrosis
mg/kg) ROS score
scavenging
N- GSH Reduced apoptosis
acetylcysteine  precursor qu hepatocellular
injury

Kidney involvement

While PF remains the top poisonous effect of bleomycin,
the kidneys are also largely susceptible because renal
excretion is the primary route through which the medicine
is cleared from the body.

Bleomycin gets accumulated in proximal tubular epithelial
cells, where low renal bleomycin hydrolase exertion
promotes ROS generation, lipid peroxidation, and tubular
necrosis.!” Bleomycin-convinced mitochondrial
dysfunction further damages renal mitochondrial
membrane, which inhibits electron transport chain
complexes I and 1V, therefore decreases ATP conflation,
and induces cytochrome c-intermediated apoptosis of
tubular epithelial cells.'®

Oxidative stress also activates seditious pathways,
particularly NF-kB activation in mesangial cells, and
increases the expression of TNF-o, IL-1p and MCP-1.
Habitual inflammation facilitates the infiltration of

macrophages, interstitial nephritis and progressive
fibrosis.'?

Cardio vascular changes also contribute to renal injury.
Bleomycin-convinced endothelin-1 upregulation causes
renal vasoconstriction, reducing glomerular filtration rate
(GFR) and contributing to ischemic tubular injury.!”
Activation of TGF-B1/Smad signalling pathway stimulates
renal fibroblast activation, extracellular matrix deposit,
and interstitial fibrosis analogous to pulmonary tissues. '

Histopathological and biochemical changes in kidneys

Flash serum creatinine elevations are seen in about 15- 25
of cases in clinical practice on bleomycin chemotherapy,
but acute order injury is rare because of cure limitations

grounded on pulmonary toxin.?

Table 3: Histopathological and biochemical changes in

kidneys.

Observed Time Experimental
Parameters .

change point model
Serum Increased Day Mice
creatinine 1.8-2.5-fold  7-14

Increased Day .
BUN 2.2-fold 14 Mice

. . Increased 3- Day

Proteinuria fold 21 Rat
Renal Increased Day Mice
MDA 2.3-fold 14
GSH, Decreased Day .
catalase  50-65% 14 Mice

Tubular

necrosis,

. interstitial Day .

Histology fibrosis, 14-28 Rat/mice

glomerular

atrophy

Biomarkers and evaluation

Routine renal assessment in studies with bleomycin should
include serum creatinine, BUN, cystatin C, KIM-1, and
NGAL. Urinary biomarkers include protein/ creatinine
rate, and f2- macroglobulin. Renal MDA, GSH, SOD, and
8- OHAG situations can be used as labels for oxidative
stress. Collagen I/ III staining, a-SMA and TGF-B1
immunohistochemistry can be used to assess fibrosis.>!

Table 4: Therapeutic strategies for nephroprotection

\ Agents Dose and route Mechanism Outcome \
N- Reduced creatinine, BUN, and
acetyleysteine 150 mg/kg IP GSH precursor and ROS scavenger tubular necrosis
Quercetin 50 mg/kg oral Nrf2 activation and TGF-B1 inhibition Reduced proteinuria and fibrosis

. Reduced NF-kB activation and mitochondrial ~ Reduced creatinine and renal
Curcumin 200 mg/kg oral . .
ROS inflammation
Resveratrol 20 mg/kg oral SIRT1 activation and anti-apoptotic activity Reduced BUN and caspase-3
Amifostine 200 mg/kg IP Free radical scavenging and DNA protection Reduced tubular injury
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CLINICAL APPLICABILITY

Since about 70% of the medicine is excreted unchanged in
the urine, renal function is a major factor affecting
bleomycin pharmacokinetics. Thus, renal impairment may
affect in accumulation of medicines and increased
systemic toxin, especially pulmonary toxicity. However,
toxin can be minimized by cure adaptation or dose
adjustment.”> When creatinine concurrence is lower than
50 mL/ min.

The findings reviewed in this composition emphasize the
necessity of a further comprehensive multi-organ approach
in assessing bleomycin toxin in experimental and clinical
studies. remedial agents conferring protection to
pulmonary tissue are frequently observed to have
analogous defensive goods in hepatic and renal aspects
because of participated pathogenic pathways involving
oxidative stress, Nrf2 signaling and TGF- - intermediated
fibrosis.

Synthetic medicines

Pirfenidone and Nintedanib are the only approved
antifibrotic medicines by the FDA for IPF at present. The
medicines may also have hepatotoxic effects, although
they decelerate the progression of complaint. Nrf2
activators, similar as dimethyl fumarate, have presented
encouraging anti- fibrotic and antioxidant effects in
pulmonary and hepatic tissues.?*

Table 5: Plant-based therapeutic approaches.

Dose Reported effects
compound

Reduced lung collagen

Curcumin 200 mg/kg  deposition and ALT
levels
Quercetin 50 mg/kg E/[el()if(li:\/;(sﬂ:-ﬁ and
. . Hepatoprotective and
e I LD iy antioxidant effects
:’olyherb‘a ! 400 mg/kg  Reduced fibrosis score
ormulations

Curcumin has demonstrated significant antifibrotic
exertion through activation of the Nrf2/HO-1 pathway.?*
Unpublished experimental substantiation in our lab also
suggests that medicinal plants similar as Emilia
sonchifolia may ameliorate liver and renal biomarkers by
reducing oxidative stress- intermediated tissue injury.

LIMITATIONS AND UNBORN DIRECTIONS

While the bleomycin model is a go-to for studying PF, it
does come with some significant downsides. For one, the
fibrosis it causes can frequently be reversed to some
extent, and it does not relatively capture the habitual,
progressive nature of mortal IPF. Plus, using a single cure

might not reflect how the complaint actually progresses
over time.

Recent findings indicate that administering bleomycin in
multiple boluses and using aged beast models could more
mimic the pathological features of mortal IPF. To enhance
the applicability of experimental fibrosis exploration,
future studies should routinely assess liver and kidney
function as standard endpoints.

CONCLUSION

The bleomycin-induced PF model doesn’t just affect the
lungs; it also leads to significant liver and kidney damage
due to oxidative stress, inflammation, and profibrotic
signalling pathways. Increased levels of ALT, AST,
creatinine, and oxidative stress markers highlight the
hepatorenal toxicity that accompanies PF.

Therefore, it’s crucial to include routine assessments of
multiple organs in bleomycin studies. Exploring plant-
based antioxidants and Nrf2 activators could offer
promising and budget-friendly treatment options,
especially in settings with limited resources. By taking a
more comprehensive view that includes multiple organs,
we can enhance the relevance of antifibrotic research and
pave the way for safer therapeutic strategies.
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