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THE PROTECTIVE EFFECT OF CETIRIZINE
AGAINST BLEOMYCINE INDUCED
PULMONARY FIBROSIS IN RATS
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ABSTRACT
Objective: To evaluate the protective effect of cetrizine against bleomycin induced pulmonary
fibrosis in rats.
Methodology: Male Sprague-Dawley rats (n=30), received an intratracheal injection of bleomycin
(7.5 IU/kg) in saline solution for induction of pulmonary fibrosis. Two treatment groups received
daily cetirizine five and 20mg/kg/day, seven days before and four weeks after administering a
single-dose bleomycin (7.5IU/kg). The cytokines (IL-8, TNF-á, TGF-â1) through ELISA kits, the
amount of collagen in the lungs (hydroxyproline content), and pharmacological activity of the
lung strip tissues were determined.
Results: The cytokine levels have been decreased in the treated groups by cetirizine 5 (p< 0.05)
and 20 (p<0.01) mg/kg/day, in comparison to positive control group.
Conclusions: Cetirizine may have a protective effect against bleomycine induced pulmonary
fibrosis as evident by the reduction of the severity of lung tissue changes, collagen amounts and
cytokines levels caused by bleomycine in rats lungs tissues.
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INTRODUCTION

The pathological (including cellular and
molecular) changes in the pulmonary fibrosis
have been studied.1-6 Connective tissue remod-
eling of the interstitium is an important fea-
ture of chronic lung diseases encompassing in-
terstitial inflammatory changes and subsequent
pulmonary fibrosis. The early inflammatory
phase is usually associated with the release of
several cytokines and chemokines by activated
resident cells and infiltrating cells which, in
turn, help further recruit inflammatory mono-
nuclear cells. Cytokines and growth factors
secreted by inflammatory cells and by intersti-
tial cells (fibroblasts and myofibroblasts) play
an important role in the fibrogenic phase of
pulmonary fibrosis by inducing matrix synthe-
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sis. In addition, matrix-degrading enzymes
and their inhibitors also contribute to extracel-
lular matrix remodeling in pulmonary
fibrosis.1

The association between the development of
pulmonary fibrosis in humans and the admin-
istration of various chemicals, especially vari-
ous forms of cancer chemotherapy, has been
made with increasing frequency in recent
years. From a series of case reports it is clear
that a great variety of chemical agents may
induce rather similar clinical signs and symp-
toms and, on biopsy or at autopsy, the cellular
changes seen in the lung, at least in late stages,
are also similar. For example, pulmonary fibro-
sis has been reported as a side effect of
nitrofurantoin, busulphan, melphalan,
cyclophosphamide, amiodarone, mitomycin
and bleomycin therapies, and also paraquat
poisoning.2

Over the last decade, considerable evidence
has emerged suggesting that important stimuli
to collagen deposition in pulmonary fibrosis are
polypeptide mediators known as cytokines.3

Cytokines are released by resident lung cells
and recruited inflammatory cells, and they are
thought to stimulate fibroblast proliferation
and increase synthesis of extracellular matrix
proteins, including collagen. These effectors (in-
flammatory) cells, together with resident lung
cells, such as macrophages, alveolar epithelial
and endothelial cells, then release cytokines,
which stimulate target cells, typically fibro-
blasts, to replicate and synthesize increased
amounts of collagen. Breakdown of extracel-
lular matrix protein may also be inhibited,
thereby contributing to the fibrotic process.

Numerous cytokines have been implicated in
the pathogenesis of lung fibrosis, including
transforming growth factor-ß (TGF-ß), tumor
necrosis factor-α  (TNF-α ), platelet-derived
growth factor (PDGF), insulin-like growth fac-
tor-1 (IGF-1), endothelin-1 (ET-1) and the
interleukins, IL-1 and IL-8. In vitro studies
show that TGF-ß1, secreted as a latent precur-
sor, promotes fibroblast procollagen gene
expression and protein synthesis. TNF-α  can
stimulate fibroblast replication and collagen

synthesis in vitro, and pulmonary TNF-α  gene
expression rises after administration of
bleomycin in mice.4 In patients with IPF or as-
bestosis, bronchoalveolar lavage fluid-derived
macrophages release increased amounts of
TNF-α  compared with controls.5

Bleomycin is antineoplastic agent, related to
antibiotic group. It has been used for the treat-
ment of many types of cancers such as testicu-
lar and squamous cell carcinomas of the head
and neck, cervix, skin, and rectum. The drug
causes many adverse effects such as anaphy-
lactoid reactions and a high incidence of fe-
ver, stomatitis and alopecia. Pulmonary fibro-
sis is an uncommon but sometimes fatal ad-
verse effect seen particularly in older patients.6

Cetirizine is the pharmacological agent
which has been selected to be evaluated in this
study. Cetirizine is a long-acting H1-blocker an-
tihistamine. It is the carboxylic acid metabolite
of hydroxyzine. Cetirizine interacts with
fibrogenic cytokine degranulation, thus it may
have potentials to modulate the different stages
of pulmonary fibrosis.7

Aim of the study: Trials investigating the
protective effect of cetirizine against pulmo-
nary fibrosis induced by drugs are not
available. Thus the present study was designed
to investigate the protective effect of cetirizine
against pulmonary fibrosis induced by
bleomycin in rats.

METHODOLOGY

Chemicals: Bleomycin (Nippon Kayaku Co. Ltd,
Japan), Ether and Ketamine (Rotexmedica Co.,
Germany), Sodium Pentobarbitone (Sagatal®),
Cetirizin (Daru Pakhsh Co, Iran) and L-hy-
droxyproline (Sigma Chemical Co, England)
were used. All other analytical grade reagents
for histology and biochemical assays were
bought either from Merck (Germany) or Sigma
Chemical Co. (England).
Animal housing: Male Sprague-Dawley rats
(n=30), weighing initially 180-250g, were
bought from Jundishapur Research Institution
(Ahvaz, Iran) for Animal Breeding and used
throughout the study. All rats were housed in
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large polypropylene cages (dimensions:
55cmx35cmx22cm, equivalent to 0.042m3) in
single sex groups, with a maximum of six in
each cage. Soft white-wood shavings were
used as bedding. The temperature of holding
rooms was regulated at 21-22oC and humidity
was kept at 45-55%, with 14 hours light/10
hours dark cycle. Rats were fed on standard
laboratory chow and tap water ad libitum.

Animals were free from detectable respira-
tory infection and were in good health. After
delivery, the animals were allowed to acclima-
tize in holding rooms for at least five days
before use.
Induction of pulmonary fibrosis in the rat: The rats,
according to the method of Schraufnagel et al.,8

were anaesthetized with ether and then they
were placed on a slanted board (20 degree from
vertical) hanging from their upper incisors.
Bleomycin (7.5IU/kg) was delivered via the
mouth into the trachea with a modified syringe
needle in a volume of 1ml/kg body weight. So
the animals received an intratracheal (IT) in-
jection of bleomycin (7.5IU/kg) in saline solu-
tion. The rats were rotated immediately after
receiving bleomycin to ensure that good drug
distribution occurred in the lung. After recov-
ery from anesthesia, the rats were returned to
their cages and allowed food and water as
normal. Control rats received an IT instillation
of the same volume of sterile saline. Their food
intake, respiration, and activity were observed
every day.9

Drugs Treatment: The animals were divided into
the following groups, (n=6 rats).
1. A group received only a single-dose bleom-

ycin (7.5IU/kg, IT) as “positive control”.
2. The rats in this group received vehicle (nor-

mal saline, IT) as “negative control”.
3. “Treatment-C1 group” received daily

cetirizine 5mg/kg/day intraperitoneally
(IP), 7 days before and 4 weeks after ad-
ministering a single-dose bleomycin (7.5IU/
kg, IT).10

4. “Treatment-C2 group” received daily
cetirizine 20mg/kg/day (IP), 7 days before
and four weeks after administering a single-
dose bleomycin (7.5 IU/kg, IT).11

5. Cetirizine 5mg/kg/day (IP) plus the
vehicle (IT) for five weeks as “sham C”.

All the administration routes were as
intraperitoneal (IP) but the bleomycin, which
was administered intatracheally (IT) as men-
tioned separately above and the vehicle in all
solutions was distilled water. We also investi-
gated the effects of the drugs and the vehicle
(without bleomycin) as sham groups. All the
ethical issues were considered throughout the
experiment based on the Ahwaz Medical Uni-
versity Ethical Protocols (AMUEP) on animal
experiments.
Cytokines Assays: The cytokines (e.g. IL-8, TNF-
α , TGF-ß1), were determined using conven-
tional methods through ELISA kits, following
the directions of the manufacturers. The
samples were read, finally, by ELISA reader.
The following kits were used: The Rat Tumor
Necrosis Factor Alpha (Rt TNF-α ) ELISA; IL-
8-EASIA Kit (BioSource, Belgium); The TGF-
ß1 Enzyme Immunoassay Kit.
Determination of collagen and hydroxyproline
content of lung tissue: To estimate the amount
of collagen in the lungs, hydroxyproline con-
tent was measured.12 In brief, lungs were re-
moved at weeks two and four post bleomycin
instillation. After homogenization of lungs in
2ml of PBS (pH 7.4), 0.5ml of each sample was
digested in 1ml of six NaHCl for 8 hour at
120°C. Then 50µl of citrate/acetate buffer (5%
citric acid, 7.24% sodium acetate, 3.4% sodium
hydroxide, and 1.2% glacial acetic acid, pH 6.0)
and 1ml of chloramine-T solution (282 mg of
chloramine-T, 2 ml of n-propanol, 2ml of H2O,
and 16ml of citrate/acetate buffer) were added
to 50µl of samples, and allowed to stand for
20 min at room temperature. After addition of
1ml of Ehrlich’s solution (2.5 g of 4-
dimethylamino benzaldehyde, 9.3ml of n-pro-
panol, and 3.9ml of 70% perchloric acid) to
each sample, the samples were placed in a
water bath at 65°C for 15min. Samples were
cooled for 10 min and their absorbance was
measured at 550nm with a Unico UV-2100
spectrophotometer (United product, USA). A
concentration series of 0-10µg/ml hydroxypro-
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line were used to establish a standard curve.13

Preparation of isolated tissues
Isolation of rat lung strip: The animals were
killed with a lethal overdose (120mg/kg, i.p.)
of sodium pentobarbitone (Sagatal®). The ani-
mal was then placed on a dissection board in
a supine position, the skin of the chest was
excised with sharp scissors and the thorax was
opened. The trachea, lung and heart were re-
moved ‘in toto’ and placed in a beaker contain-
ing gassed (95% O2 5% CO2) Krebs-Henseleit
solution.14

Using a scalpel blade on a wax block, strips
of lung with approximate dimensions of
2.Smmx2mmx20mm were cut from the periph-
eral margin of left lobes, taking care to avoid
the large bronchus. After securing the tissue
holder to the apparatus, the hook which was
attached to the superior end of the strip was
further attached to a previously calibrated iso-
metric Grass force displacement transducer
(model FT03C or Dynamometer UF1), using
twisted stainless steel wire. The tissue was
preloaded with 1g resting tension and was al-
lowed to equilibrate for at least one hour be-
fore using drugs. During the period of equili-
bration, the physiological solution was
changed at least three times and again prior to
the administration of test solutions.15 The lung
strips preparations from the rats of study
groups were prepared after the test period.
Contractile activity of lung-strip preparations
from such animals was investigated compared
with positive and negative control groups, lung
strips. In order to study the effects of this pre-
treatment on reactivity, possibly attributed to
myofibroblasts or smooth muscles in the rat
lung tissue, acetylcholine, depolarized potas-
sium and sodium tungstate were employed as
test agonists. Possible involvement of
adrenoceptors and cholinoceptors in contrac-
tions of lung strips evoked by acetylcholine or
sodium tungstate was investigated.15

Measurement of responses: Responses to differ-
ent drugs and agents used were recorded by
the Grass polygraph, which had been cali-
brated to 0.2 or 0.5mv sensitivity, so that a one
cm change in pen recorder amplitude repre-

sented 100 or 250mg change in tissue tension.
The rate of paper advance was 2.5 or 5mm/
min. All responses were then standardized in
terms of tissue length and weight (mg tension/
g weight/cm length). After addition of test
agent solutions to the bathing fluid, a pH mea-
surement was made (7.00 to 7.20) to ascertain
the continuing effect of the CO2/bicarbonate
buffer system.
Histological examination: Lung tissue was fixed
by 10% neutral formalin solution for paraffin
slides and sectioned at approximately 5-ìm
thickness. Tissue affixed to a glass slide
deparffinized, rehydrated and counterstained
with hematoxylin and eosin (H&E) staining.
The slides were examined by light microscopy
and photographed. The effects of fibrogenic
agent i.e. bleomycin and the healing effects of
cetirizine were investigated histologically. Lung
tissues were taken from groups of control or
treated animals which were also used for
pharmacological investigations. Lung tissue
samples were fixed, processed, cut and
stained for routine light microscopy and
histopathology.
Statistical Analysis: Data has been presented as
the mean±SEM. For determination of the sig-
nificant differences, statistical analyses have
been performed for parametric variables using
student’s t-test or one-way ANOVA and for
non-parametric variables Mann-Whitney U-
test was used by SPSS software. Values of
p<0.05 has been regarded as statistically sig-
nificant.

RESULTS

Histological investigation of lung tissue:
Fig-1 shows the histological analysis of lung
tissues of the 4 groups of rats, including groups
1, 2, 3 and 4. The figure shows that rats of
group 3 and 4 (c and d) had less pathological
changes in lung tissues as compared to
group 1(b). The severity of changes in lung
tissues is less in group 4 (d) as compared with
group 3 (c).
Studies on contractility of lung-tissue strips:
Figure-2 shows the effects of sodium tungstate
on contractions of lung strip preparations of



the four groups of rats, including groups one,
two, three and four. The figure shows that rats
of group three and four had less contractions
of lung strip preparations as compared to
group one. The amount of contractions of lung
strip preparations is less in group four as com-
pared with group three.
Study of collagen and hydroxyproline content of
lung tissue: Fig-3 shows the effects of  bleomycin
on lung hydroxyproline content in the four
groups of rats, including groups one. Two,
three and four. The figure shows that rats of
group three (C1: cetirizine 5mg/kg/day) and
group four (C2: cetirizine 20mg/kg/day) had
less hydroxyproline content of lung as
compared to group one. The amount of lung
hydroxyproline content is less in group 4 as
compared with group three.
Studying the Cytokine Profile in the Studied
groups: Figure-4 shows the results from the

ELISA Assays, processed by the statistical soft-
ware of the data from three studied cytokines
in the four groups of rats, including groups
one, two, three and four. The figures shows
that rats of group three and 4 had less amounts
of fibrogenic cytokines as compared to group
one. The amount of these cytokines is less in
group four as compared with group three.

DISCUSSION

Severe lung injury induces excessive cell
death. Maintaining normal function and repair
of parenchymal cells is the key to improving
the prognosis of patients. Excessive cell death
of parenchymal cells means irreversible tissue
damage and may lead to pulmonary fibrosis.
In this study the pathological changes in the
lung tissue caused by bleomycine, were con-
sistent with the findings of the other studies16

as follows: the main features observed were
intra-alveolar amorphous and cellular debris,
hyaline membranes, interstitial edema and
fibrosis, atypical proliferation of alveolar
epithelial cells and collapse of alveoli.

Bleomycine affects on the contractility of lung
tissue streps and the lung collagen contents.
Additionally the cytokine levels are affected by
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Fig-1: Hematoxylin-eosin histologic sections of lung
tissue of different groups (magnifications ×100). (a)
normal lung tissue of saline treated rat (negative con-
trol group); (b) there is an increase in cellularity (in-
cluding myofibroblasts) of alveolar septal and
intraalveolar fibrosis with collagenous bands accom-
panying great septal thickness and diffuse damage to
lung architecture are observed (positive control group:
bleomycin (7.5 IU/kg single dose)); (c) interstitial fi-
brosis with scattered septal thickness but slight infil-
tration of lymphocytes in comparison to the previous
section (b) (group C1: cetirizine 5 mg/kg/day); (d)
decreased fibrosis and septal thickness versus (b), al-
though there are slightly thickened septa focally and
fibrosis (group C2: cetirizine 20 mg/kg/day).

Fig-2: The effects of sodium tungstate on contractions
of control positive (Gr 1) and control negative (Gr 2)
rat lung strip preparations in comparison to group 3
(Gr 3) and group 4 (Gr 4). Each point represents the
mean±SEM (n=6); value and data significantly differ-
ent from control positive value are indicated * p<0.05
and ** p<0.01 as shown by Mann-Whitney U-test.

Cetirzine & Bleomycine induced pulmonary fibrosis



bleomycin administration. The underlying
mechanisms rest on physiology and patho-
physiology of the intervening factors. The lung
extracellular matrix (ECM) consists of collagen
and elastic fibers interspersed with structural
glycoproteins and proteoglycans (PGs). PGs
influence lung tissue mechanical properties,
and through their interactions with various
macromolecules, contribute to a variety of bio-
logical functions. Changes in ECM synthesis
and degradation play a part not only in physi-
ological processes such as development, growth
and aging but also in wound healing, inflam-
mation and fibrosis.17

It is worth noting that, bleomycin-induced
pulmonary fibrosis is an inflammatory inter-
stitial lung disease characterized by excessive
accumulation of fibroblasts and ECM mol-
ecules, including PGs, in the intraluminal and
interstitial compartments of the lung. Evidence
from human studies and animal models indi-
cates that TGF-ß1 plays a pivotal role in medi-
ating pathophysiological changes in fibrotic
diseases.18 TGF-ß1 stimulates fibroblasts to
synthesize large amounts of ECM proteins.

TGF-ß1 levels are upregulated in patients with
pulmonary fibrosis and also in bleomycin-in-
duced lung fibrosis in rats.

Fibroblasts participate in inflammatory
responses and wound repair through their abil-
ity to release cytokines, secrete ECM proteins
and through cell-cell interactions with other
inflammatory cells such as macrophages. At
sites of injury and wound repair, fibroblasts
have been shown to migrate from different
anatomic sites and transform into a less prolif-
erative but more contractile and collagen syn-
thetic phenotype. It has been reported that lung
fibroblasts cultured from bleomycin-induced
fibrotic rat lungs produced more collagen than
normal lung fibroblasts in culture. Further-
more, Raghu et al.,19 demonstrated that TGF-
ß1 stimulated collagen production and collagen
mRNA levels in fibroblasts derived from
normal and fibrotic human lungs.18

In this study we found that the pathological
effects of bleomycin were dose-relatedly miti-
gated by cetirizine administration (in Figure 1,
compare section (b) with (c) and (d) mainly by
decreased fibrosis and septal thickness).
Cetirizine mainly acts through the H1-recep-
tors inhibition, but it acts also as a membrane
stabilizer and may inhibit mediator release by
degranulation of leucocytes.20 This is suggested
as “the main key function” of bleomycin-
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Fig-3: The effect of bleomycin on lung hydroxyproline
content in the studied animals. Hydroxyproline con-
tent of lung tissue of rats was measured and normal-
ized to micrograms per lung. Data are presented as
mean ± SEM of n = 6; * P <0.05 versus control. Positive
control: bleomycin (7.5 IU/kg single dose); C1:
cetirizine 5mg/kg/day; C2: cetirizine 20mg/kg/day.

Fig-4: The results of ELISA Assay for detection of  (a)
TGF-beta1, (b) TNF-alpha and (c) IL-8 contents
(pg/mL) of sera specimens in the groups at the end of
the study. Results shown are averages of groups with
standard deviations in comparison to the positive
control group (which they had received only a
single-dose of Bleomycin without the healing agents)
(*, P <0.05; **, P <0.01).
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induced pulmonary fibrosis protective effects
and subsequently, prohibition of releasing the
fibrogenic and inflammatory factors in the lung
tissue and consequently, it causes to a reason-
able degree of limiting the consequences of lung
injury, especially pulmonary fibrosis.

In this study we found a direct relationship
between the amount of (bleomycin-induced)
fibroblast and myofibroblast proliferation and
the increased lung tissue streps contractility (see
Figure 1(b) and Figure 2 (Gr1)). These results
were consistent with the previous studies.21

In this study we measured the hydroxypro-
line content as an indicator to estimate the
amount of collagen in the lungs. According to
the results of this study (Fig-3), the amount of
collagen in the lungs of groups received
ceterizine (both 5 and 20mg/kg/day, IP),
showed statistically significant differences in
comparison to the control group (p<0.05). It
seems that membrane stabilization plays the
main role in this protective effect of ceterizine.22

These results confirm the findings of the
previous studies.23

Numerous cytokines have been implicated in
the pathogenesis of (bleomycin-induced) lung
fibrosis, including transforming growth factor-
ß (TGF-ß), tumor necrosis factor-α  (TNF-α ),
platelet- derived growth factor (PDGF), insu-
lin-like growth factor-1 (IGF-1), endothelin-1
(ET-1) and the interleukins, (IL)-1 and IL-8.24

This has led to speculation that anticytokine
therapeutic strategies, designed to inhibit
cytokine production or function, will represent
a new and effective treatment for pulmonary
fibrosis. Cetirizine may have a main role in in-
hibition of the degranulation of the leukocytes
and initiation and promotion of the inflamma-
tory and fibrogenic processes in the lung tis-
sue. According to the results of ELISA Assay
in this study (Fig-4) for detection of TGF-beta1
(a), TNF-alpha (b) and IL-8 (c) contents (pg/
mL) of sera specimens in the groups, the sta-
tistically significant differences between treat-
ment groups which received ceterizine in
comparison to the control group, shows the
effectiveness of this agent in decreasing these
important cytokines in the inflammatory

processes of pulmonary fibrosis. These results
are according to the majority of previous
studies,24 but some other studies refused
this activity of Cetirizine.25 The exact reason
of this conspiracy has not been yet exactly
clear.

The study showed that cetirizine may have
a protective effect against pulmonary fibrosis
induced by bleomycine as evident by reduc-
tion of the severity of lung tissue changes, con-
tractility of lung tissue strips, reduction of the
amounts of collagens and cytokines in the
lungs induced by bleomycine.
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