Egyptian Journal of Basic and Clinical Pharmacology
June 2017, Vol. 7, No. 1: 35-46
http://www.ejbcp.eg.net/

Original Article

Evaluation of the antifibrotic effect of serotonin receptor antagonists on bleomycin induced
pulmonary fibrosis in rats
Shimaa Z. Abd-Alla1, Samah M. Elaidy2, Soha S. Essawy*2
1
2

Pharmacist, Suez Canal Teaching Hospitals, Ismailia, Egypt
Department of Clinical Pharmacology, Faculty of Medicine, Suez Canal University, Ismailia, Egypt

A B S T R A C T
Copyright © 2017 Shimaa Z.
Abd-Alla et al. This is an
open access article distributed
under the Creative Commons
Attribution License, which
permits unrestricted use,
distribution, and reproduction
in any medium, provided the
original work is properly
.cited

Idiopathic pulmonary fibrosis (IPF) is believed to be an epithelial-fibroblast disease. Activated
epithelial cells are thought to release potent fibrogenic molecules and cytokines, such as tumor
necrosis factor-alpha (TNF-α) and transforming growth factor-beta1 (TGF-β1), which in turn foster
the transformation of fibroblasts into myofibroblasts and promote production of extracellular matrix
molecules and so collagen deposition. Serotonin (5-hydroxy tryptamine, 5-HT) is an important
mediator for lung fibrogenesis, with implication of 5-HT2A/B/C receptors. However, the antifibrotic
effects of all 5-HT2 receptor subtypes versus 5-HT2A/C blockade is needing to be explored. So, the
present study was conducted to evaluate the antifibrotic effects of mirtazapine (5-HT2A/C receptor
blocker) and cyproheptadine (5-HT2A/B/C receptor blocker) on body weight changes, survival
rates, the lung hydroxyproline and TGF-β1 levels as well as the histopathological changes of lung
fibrosis, in bleomycin-induced rat pulmonary fibrosis. Eighty-eight adult rats were used and
subdivided randomly into 11 groups. One normal control, five vehicle control groups and five groups
with IPF that induced by intra-tracheal instillation of bleomycin alone (5mg/kg), or bleomycin and
treated with either mirtazapine (15 mg/kg/day) or cyproheptadine (5 mg/kg/day) for 7 and 14 days.
Oral treatment with either mirtazapine or cyproheptadine, significantly ameliorated losses in body
weights, reduction in survival rates, lung hydroxyproline and TGF-β1 levels and the inflammatory
effects in lungs induced by bleomycin. The mechanisms underlying these therapeutic effects could
be dependent on the reduction of TGF-β1 actions as decreasing lung inflammation and production
and deposition of collagen in fibrotic lung tissues.
Key Words: Bleomycin, Cyproheptadine, Idiopathic pulmonary fibrosis, Mirtazapine, Serotonin,
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1. INTRODUCTION
Idiopathic pulmonary fibrosis (IPF) is the most
common and severe form of idiopathic interstitial
pneumonias; it is irreversible, has an unpredictable
clinical course and associated with poor prognosis
(King et al., 2011).

Many pro-inflammatory, anti-inflammatory and
T lymphocytes producing cytokines e.g., interleukins
(IL)-1, IL-6, IL-8, IL-10, IL-13 and TNF-α,
chemokines and pro-fibrotic growth factors,
particularly TGF-1, are known to be associated with
development of pulmonary fibrosis (Oku et al., 2008).

The exact mechanisms underlying the
development of IPF remain unknown. But it is believed
that chronic inflammation plays an essential role. This
hypothesis is based on the idea that injury/
inflammation of the alveolar-capillary constituents and
basement membrane leads to the loss of type I epithelial
and endothelial cells, the proliferation of type II
pneumocytes, the loss of alveolar space integrity, the
recruitment and proliferation of stromal cells, and the
deposition of the extracellular matrix (Amanda and
Daniel, 2016).

In the lung, over-expression of TGF-β 1 plays a
role in induction of myofibroblasts, collagen synthesis
and extracellular matrix deposition (Kulkarni et al.,
2011).
Hydroxyproline is one of the amino acids
constituting collagen and can be measured in lung
homogenates as an index of collagen content (Hutson
et al., 2003).
Treatment options for IPF are limited. The
clinical management focuses on treatment of
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complications, supportive care and in few cases
involves lung transplantation. Anti-inflammatory drugs
such as prednisone may carry symptomatic relief, but
they do not appear to halt progression of fibrosis,
cytotoxic drugs have not been shown to improve lung
function or life expectancy and may be associated with
harmful side effects (Sriram et al., 2009).

TGF-1 Enzyme Linked Immunoassay (ELISA) Kit
was supplied from BioVendor LLC, BioVendor
Laboratorni Medicine, USA.
2.2. Animals
Eighty-eight adult male albino Wistar rats,
weighing 180-200 gm each, were used. Animals were
purchased from the National Centre of Research, Cairo,
Egypt and housed in polyethylene cages at room
temperature (under normal environmental conditions)
and were kept with free access to standard rodent chow
diet and distilled water ad libitum. Animals were
allowed for acclimatization for one week before the
start of the study. The experimental protocol was
approved by the institutional animal care and use
committee at Suez Canal University, which is
following the National Institutes of Health guide for the
care and use of laboratory animals (Maryland, USA).

Therapeutic strategies include the anti-fibrotic
agents and agents targeting specific cytokines including
TGF-β1 and chemokines are still being evaluated. The
restoration of oxidant balance and inhibition of
leukotrienes represent other strategies (Gogali and
Wells, 2010). Numerous trials suggest that targeting the
fibro-proliferative process, the differentiation of
fibroblasts to myofibroblasts and extracellular matrix
accumulation may be more effective antifibrotic
therapies for IPF (Chakraborty et al., 2014). Bleomycin
is a chemotherapeutic antibiotic, which induces a wellestablished model of pulmonary fibrosis in rodents
(Zhao et al., 2010).

2.3. Experimental protocol
2.3.1. Induction of pulmonary fibrosis in rats

Serotonin (5-hydroxy tryptamine, 5-HT) is
known to increase proliferation and collagen synthesis
by fibroblasts. Two receptor subtypes, 5-HT2A and 5HT2B, have been shown to play the most important
roles in the lung. It is a novel modulator of alveolar
macrophages function through initiating, cytokine
secretion and transcriptional regulation. These effects
are exclusively driven by the 5-HT2C receptor
(Mikulski et al., 2010). Serotonin also stimulates the
proliferation and fibrogenic actions of lung
myofibroblasts in particular 5-HT2 receptors.

Pulmonary fibrosis was induced by bleomycin
sulfate solution (5mg/kg in 0.25 ml phosphate buffered
saline, PBS, PH 7.4); which was prepared immediately
before administration. The bleomycin sulfate solution
was given as a single dose of intra-tracheal instillation
(Yildirim et al., 2004). The day of bleomycin
administration was defined as day (0).
2.3.2. Study groups
Animals were allocated randomly into eleven
groups, each comprising of eight rats: control-untreated
group, normal rats without induction of pulmonary
fibrosis and did not receive any medications; Phosphate
buffered saline-control group, normal rats that were
received (0.25 ml/kg) phosphate buffered saline by
intra-tracheal instillation as a single dose and then
received distilled water by oral gavage for 14 days;
Bleomycin-induced lung fibrosis group, Rats with
bleomycin-induced pulmonary fibrosis that were
received 1% distilled water by oral lavage, the day after
intra-tracheal bleomycin administration and continue
for 14 days; Mirtazapine control group-7 days, rats
without pulmonary fibrosis that were given mirtazapine
for 7 days; Mirtazapine control group-14 days, rats
without pulmonary fibrosis that were given mirtazapine
for 14 days; Mirtazapine treated group-7 days, rats with
pulmonary fibrosis that were given mirtazapine for 7
days start from the next week after intra-tracheal
bleomycin; Mirtazapine treated group-14 days, rats
with pulmonary fibrosis that were given mirtazapine
for 14 days start from the next week after bleomycin;
Cyproheptadine control group-7 days, rats without
pulmonary fibrosis that were given cyproheptadine for
7 days; Cyproheptadine control group-14 days, rats
without pulmonary fibrosis that were given
cyproheptadine for 14 days; Cyproheptadine treated

Blocking of 5-HT2Aand 5-HT2B receptor
subtypes may have a promising role in treatment of
pulmonary fibrosis (Fabre et al., 2008; Pytliak et al.,
2011).
The therapeutic potential of mirtazapine (5H2A/C receptor blocker) versus cyproheptadine (5H2A/B/C receptor blocker) in the regulation of
inflammatory/immune-related functions and their
effects on TGF-β or on the “fibroproliferative” process
and extracellular matrix accumulation in IPF are not
well known. So, the present study was designed to
investigate the possible anti-fibrotic effects of specific
serotonin 5-HT2A/B/C versus 5-HT2A/C receptors
antagonists using bleomycin-induced lung fibrosis.
2. MATERIALS AND METHODS
2.1. Drugs and chemicals
Bleomycin sulfate was purchased as vials from
Nippon Kayaku, Tokyo, Japan. Each vial contains 15
mg of bleomycin sulfate. Mirtazapine was purchased as
white powder from ORGANON, Co. Turkey.
Cyproheptadine was purchased as a white powder from
KAHIRA, PHARM. &CHEM. IND. CO. All chemicals
were supplied from Sigma, St. Louis MO, USA. Rat
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group-7 days, rats with pulmonary fibrosis that were
given cyproheptadine for 7 days start from the next
week after bleomycin; Cyproheptadine treated group14 days, rats with pulmonary fibrosis that were given
cyproheptadine for 14 days start from the next week
after bleomycin.

paraffin sections 2-4 mm thickness were cut, stained
with Hematoxylin and Eosin (H&E) and Masson's
Trichrome for visualizing fibrotic lesions and subjected
to microscopic observation by an independent blinded
observer. For the quantitative histological analysis, a
numerical fibrotic scale (Ashcroft score) was used for
the fibrotc score (Genovese et al., 2005).

2.4. Body weight assessment

Briefly, the grade of lung fibrosis would be
scored on a scale of 0-8 by examination of six randomly
chosen fields per sample at a magnification of 100X.
The criteria for grading lung fibrosis are as follow:
Grade 0: Normal lung, grade 1: Minimal fibrous
thickening of alveolar or bronchiolar walls, grade 2-3:
Moderate thickening of walls without obvious damage
to lung architecture, grade 4-5: Increased fibrosis with
definite damage to lung structure and formation of
fibrous bands or small fibrous masses, grade 6-7:
Severe distortion of structure and large fibrous areas;
(honeycomb lung) was placed in this category, grade 8:
Total fibrous obliteration of fields. The mean score of
all fields was taken as the fibrosis score of that lung
section (Ashcroft et al., 1988).

Body weight of each animal was measured
immediately before the starting of the experiment (day
0), on the 3rd, 7th, 10th days of the experiment and just
before scarification; on the 7th day in groups (4, 6, 8,
10) and on the 14th day in groups (1, 2, 3, 5, 7, 9, 11),
then the rats were sacrificed by cervical decapitation
(Molina-Molina et al., 2007).
2.5. Lung samples collection and processing
After scarification, the thorax of each rat was
opened and the hilum of each lung was ligated. Lungs
were dissected free from their bronchi, blood vessels
and hilar nodes and then were collected in ice-cold
container. Then they were perfused free of blood with
ice-cold saline.

2.9. Statistical analysis

Each lung sample was weighed, then left lungs
were fixed in 10% neutral buffered formalin for
histopathological examination and each right lung was
homogenized in (4 ml) of phosphate buffered saline,
Using Teflon pestle homogenizer (Glas Col
homogenizer system, Vernon hills, USA). The
homogenate suspension for each lung was divided into
four eppendorf tubes equally. Two of the eppendorf
tubes were used for measurement of lung
hydroxyproline content. The others were centrifuged at
14000 x g for 10 min at 4°C, and the supernatant is kept
at -80°C until analysis for TGF-1 according to the
manufactured instructions (Chen et al., 2006).

Results were collected and expressed as the
mean ± standard Error (SE). Results were analyzed
using The Statistical Package for the Social Sciences,
version 20 (SPSS Software, SPSS Inc., Chicago, USA).
One-way analysis of variance (ANOVA) followed by
Bonferroni’s post-hoc test was used to test the
significance of the difference between quantitative
variables. The p-value < 0.05 was considered to be
statistically significant.
3. RESULTS
3.1. Effects of mirtazapine and cyproheptadine on
changes in body weight

2.6. Determination of lung hydroxyproline (HYP)
content

Body weight for each animal was measured in
six sessions: immediately before starting of the
experiment (day 0), on the 3rd, 7th, 10th, 14th, days of the
experiment and just before scarification on the 21th day,
as shown in (Table 1A and B). The mean rats’ body
weights in PBS control group showed non-significant
change compared to the corresponding controluntreated group throughout the experiment. The mean
rats’ body weights in bleomycin-induced lung fibrosis
group showed a significant decrease compared to the
corresponding control- untreated group throughout the
experiment. The mean rats’ body weights in
mirtazapine-7 days control group showed a significant
increase compared to the corresponding controluntreated group throughout the experiment, while the
mean rats’ body weights in mirtazapine 14 days control
group showed increase although this increase is not
statistically significant. The mean rats’ body weights in
mirtazapine 7 and 14 days treated groups showed
significant increase in 7, 10 and 14 days, as well as 21

Lung HYP content was determined as an index
of collagen content. Hydroxyproline is an amino acid
common to all collagens. The amount of
hydroxyproline was determined against a standard
curve prepared with the use of known concentrations of
hydroxyproline.Trans-4-hydroxy-L-pro-line
(10mg/mL) was used as a standard solution (Liu et al.,
2009).
2.7. Determination of total lung TGF-1
Total TGF-1 lung contents were measured in
lung homogenates by ELISA; using the BioVendorrat
TGF-1 immunoassay.
2.8. Histopathological examination and assessment
of lung fibrosis
Left lung samples were fixed in 10% formalin
buffer for histological examination. From fixed lungs,
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days in the latter group, compared to the corresponding
lung fibrosis group throughout the experiment. The
mean rats’ body weights in cyproheptadine control
groups7 and 14 days showed and non-significant
decrease compared to the corresponding controluntreated group throughout the experiment. While the
mean rats’ body weights in cyproheptadine 7 and 14
days treated groups showed a significant increase in 7,
10 and 14 days, as well as 21 days in the latter group,
compared to the corresponding lung fibrosis group
throughout the experiment.

3.4. Effects of mirtazapine and cyproheptadine on
changes in lung TGF-β1 levels
The mean TGF-β1 concentrations in the control
groups was non-significantly changed compared to that
in control untreated rats (4.88 ± 1.22ng/ml). The mean
lung TGF-β1 level in bleomycin -induced lung fibrosis
group was significantly higher (21.7 ± 3.81 ng/ml) than
the mean lung TGF-β1 content in the control untreated
group, (p < 0.05; Figure 2). Treatment with mirtazapine
for 7 days and 14 days decreased the means of lung
TGF-β1 contents to (10.8 ± 2.3 and 11.08±1.92 ng/ml),
respectively compared to bleomycin-untreated group.
On the other hand, treatment with cyproheptadine for 7
days and 14 days decreased the means of lung TGF-β1
levels to (9.44 ± 1.59 and 9.79± 1.80 ng/ml),
respectively. Either mirtazapine or cyproheptadine, in
both durations, resulted in a significant decrease in the
mean of lung TGF-β1 content as compared to
bleomycin-induced lung fibrosis group, (p < 0.05;
Figure 2). Of notice, the means lung TGF-β1 content
for both cyproheptadine groups were lower that of
mirtazapine treated groups, but this difference was nonsignificant.

3.2. Effects of mirtazapine and cyproheptadine on
survival rate among experimental groups
In control untreated group, PBS control group,
Mirtazapine control group-7 days, mirtazapine- treated
groups for 7 or 14 days, as well as cyproheptadine
control or treated groups for 7 and 14 days; no rats were
died. Further, the survival rates in normal rats received
mirtazapine alone for 14 days was 87.5%. All died
animals were died in the first week after treatment. In
bleomycin control group, 2 of 8 animals were died in
the first week of the experiment before completing the
predetermined time of death, yielding a survival rate of
75% which was significantly (p < 0.05) lower than the
survival rate of the control untreated animals (100%).
None of the rats, previously received bleomycin, which
had been treated with either of the mirtazapine and the
cyproheptadine were died. Those treated rats had a
significant higher survival rates (100%) than bleomycin
control group (75%) (p < 0.05, Table 2).

3.5. Effects of mirtazapine and cyproheptadine on
histopathological changes
In the current study, histopathological changes
were evaluated at the end of the experiment (14 days
after bleomycin exposure). In the control untreated
group, lungs showed normal alveolar spaces and
normal alveolar septum thickening, no inflammation or
congestion and normal amount and distribution of
collagen as shown in sections stained with H & E and
Masson’s trichrome (Figure 3A and 4A). All the
previous findings were found in normal rats received
PBS (Figure 3B and 4B), mirtazapine (Figure 3D, E and
4 D, E) and cyproheptadine (Figure 3 H, I and 4 H, I),
but with very little inflammatory reactions. In the
bleomycin-induced lung fibrosis group (Figure 3 C and
4 C), lungs showed collapsed alveoli, marked
interalveolar septum thickening, and dense interstitial
infiltration by fibroblasts. In addition, there was an
excessive amount of collagen deposited around the
alveolae. Rats treated with either mirtazapine (Figure 3
F, G and 4 F, G), or cyproheptadine (Figure 3 J, K and
4 J, K), showed marked suppression of the bleomycine
induced inflammatory cell infiltration as evidenced by
reduced thickening of the interalveolar septa and
increased inflation of the alveoli. Furthermore, the
amount of collagen deposited in the alveolar septa was
markedly reduced compared with that of bleomycininduced lung fibrosis group.

3.3. Effects of mirtazapine and cyproheptadine on
lung hydroxyproline content
The mean hydroxyproline concentrations in the
control groups was non-significantly changed
compared to that in control untreated rats (8.48 ± 1.09
mg/g wet lung), (p < 0.05; Figure 1). The mean lung
hydroxyproline content in bleomycin-induced lung
fibrosis group (19.71 ± 1.08 mg/g wet lung) was
significantly higher than the mean lung hydroxyproline
content in the control untreated group (8.48 ± 1.09 mg/g
wet lung), (p < 0.05; Figure 1). Treatment with
mirtazapine for 7 and 14 days decreased the means of
lung hydroxyproline contents to (10.73 ± 1.65 and
10.94 ± 1.2 mg/g wet lung), respectively. On the other
hand, treatment with cyproheptadine for 7 and 14 days
decreased also the means of lung hydroxyproline
contents to (10.36 ± 1.1 and 10.54± 1.01 mg/g wet
lung),
respectively.
Either
mirtazapine
or
cyproheptadine, in both durations, resulted in a
significant decrease in the mean of lung hydroxyproline
content as compared to bleomycin induced lung
fibrosis group (p < 0.05; Figure 1). Of notice, the means
lung hydroxyproline content for both cyproheptadine
groups were lower that of mirtazapine treated groups,
but this difference was non-significant.

3.6. Effects of mirtazapine and cyproheptadine on
fibrotic score
Table (3); showed that pulmonary fibrotic
changes were not-detected in PBS, cyproheptadine and
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mirtazapine control groups. The mean pulmonary
fibrotic score in bleomycin-induced lung fibrosis group
(5.25 ± 0.83) was significantly higher (p < 0.05) than
the mean pulmonary fibrotic score in control untreated
group. The means pulmonary fibrotic score in
mirtazapine treated groups for 7 and 14 days,
respectively, was (2.25 ± 0.66), (2.88 ± 0.33), while
that in cyproheptadine treated groups for 7 and 14 days,
respectively, was (1.25 ± 0.43), (1.38 ± 0.48). These

fibrotic score using either mirtazapine or
cyproheptadine was significantly lower than that of the
bleomycin induced lung fibrosis group (5.25 ± 0.83), (p
< 0.05, Table 3). There was a non-significant decrease
in the means pulmonary fibrotic score for BLM &
cyproheptadine treated group for 7 and 14 days (1.25 ±
0.43 and 1.38 ± 0.48, respectively) as compared to
mirtazapine-treated groups for 7 and 14 days (2.25 ±
0.66 and 2.88 ± 0.33, respectively

Table 1(A): Changes in means body weights after treatment for 7 days of rats in different study groups.
Weight (gm) (mean ± SEM)

Group

Day 0

Day 3

Day 7

Day 10

Day 14

1. Control-untreated group

182.5±1.9

195.3±3.4

208.5±4.6

220.0±5.5

230.6±6.4

2. PBS control group

186.5±5.5

196.4±5.5

205.9±5.6

216.4±5.3

228.4±5.3

3. Bleomycin-induced lung fibrosis

189.9±5.8

176.0±7.1

#

167.0±10.2

#

184.3±8.5#

4. Mirtazapine control group-7 d

192.4±6.3

203.8±5.2#

215.3±4.1#

227.3±6.2#

239.4±7.7#

5. Bleomycin + mirtazapine- 7 d

191.3±3.7

180.3±3.9#

196.9±6.9#,*

202.3±7.1#,*

210.0±10.3#,*

6. Cyproheptadine control group -7 d

186.9±3.6

191.4±4.1#

202.3±7.1

212.4±6.1

222.3±5.0

#

175.6±9.5

186.3±5.2 174.0±10.7#
168.9±9.4#
176.0±7.8#
185.3±5.3#
7. Bleomycin + cyproheptadine-7 d
#
*
p < 0.05 compared to control-untreated group, p < 0.05 compared to bleomycin-induced lung fibrosis group. n= 8

Table 1(B): Changes in means body weights after treatment for 14 days of rats in different study groups
Weight (gm) (mean ± SEM)
Group
Day 0
Day 3
Day 7
Day 10
Day 14
Day 21
1. Control-untreated
group
2. PBS control group

182.5±1.9

195.3±3.4

208.5±4.6

186.5±5.5

196.4±5.5

205.9±5.6

#

#

220.0±5.5

230.6±6.4

241.2±5.2

216.4±5.3

228.4±5.3

239.3±7.1

#

#

189.9±5.8 176.0±7.1
167.0±10.2
175.6±9.5
184.3±8.5
194.4±9.2#
3 .Bleomycin-induced
lung fibrosis
187.8±5.8 202.5±15.2
212.3±21.4
219.8±28.0 231.3±36.3 242.5±38.0
4. Mirtazapine control
group-14 d
188.6±4.3 174.9±6.5# 188.5±10.6#,* 194.5±9.4#,* 201.9±8.3# 211.8±6.2#,*
5. Bleomycin
+mirtazapine-14 d
189.3±5.0 196.1±5.0
204.1±7.6
217.6±6.4
225.6±6.5
233.3±5.5
6. Cyproheptadine
control group-14 d
188.6±4.1 179.8±5.1#
173.8±6.4#
198.9±6.7#,* 203.5±4.8#,* 218.4±5.2#,*
7. Bleomycin
+cyproheptadine-14 d
#
p < 0.05 compared to control-untreated group, *p <0.05 compared to bleomycin-induced lung fibrosis
group. n= 8
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Table 2: Survival rate among different experimental groups.
Number of rats
Survival rate
(%)
Day 0
Day 7
Day 14
Day 21
8
8
8
8
100%
1. Control- untreated group
8
8
8
8
100%
2. PBS control group
8
6
6
6
75%#
3. Bleomycin-induced lung fibrosis
8
8
8
8
100%
4. Mirtazapine control group-7d
8
7
7
7
87.5%
5. Mirtazapine control group-14d
8
8
8
8
100%#
6. Bleomycin + mirtazapine- 7d
8
8
8
8
100%*
7. Bleomycin + mirtazapine- 14d
8
8
8
8
100%*
8. Cyproheptadine control group-7d
8
8
8
8
100%#
9. Cyproheptadine control group-14d
8
8
8
8
100%#
10. Bleomycin + cyproheptadine 7d
8
8
8
8
100%#
11. Bleomycin + cyproheptadine 14 d
#
*
p < 0.05 compared to control-untreated group. p <0.05 compared to bleomycin-induced lung fibrosis group.
n=8.
Table 3: Means pulmonary fibrotic scores for different study groups.
Ashcroft fibrotic score
Study Groups
(Mean ± SEM)
0 ±0
1. Control-untreated group (n=8)
0 ±0
2. PBS control group (n=8)
5.25 ± 0.53#
3. Bleomycin-induced lung fibrosis (n=6)
0 ±0
4. Mirtazapine control group-7 days (n=8)
0 ±0
5. Mirtazapine control group-14 days (n=7)
2.25 ± 0.26*
6. Bleomycin + mirtazapine- 7 days (n=8)
2.88 ± 0.23*
7. Bleomycin + mirtazapine-14 days (n=8)
0 ±0
8. Cyproheptadine control group -7 days (n=8)
0 ±0
9. Cyproheptadine control group-14 days (n=8)
1.25 ± 0.43*
10. Bleomycin + cyproheptadine-7 days (n=8)
1.38 ± 0.48*
11. Bleomycin + cyproheptadine 14 d (n=8)
#
*
p < 0.05 compared to control-untreated group, p < 0.05 compared to bleomycin-induced lung fibrosis group.

Lung hydroxyproline level
mg/g wet lung

Groups

25
#

20
15

*

*
*

*

10
5
0
Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 Group 7 Group 8 Group 9 Group 10 Group 11

Figure (1): Mean Hydroxyproline contents among the experimental groups. n= 6-8. Group 1: control untreated, Group
2: PBS control group, Group 3: Bleomycin-induced lung fibrosis group, Group 4: Mirtazapine control group-7days,
Group 5: Mirtazapine control group-14days, Group 6: Mirtazapine treated group- 7days, Group 7: Mirtazapine treated
group- 14days, Group 8: Cyproheptadine control group-7days, Group 9: Cyproheptadine control group-14days, Group
10: Cyproheptadine treated group- 7days, Group 11: Cyproheptadine treated group- 14 days. #p < 0.05 when compared
to control-untreated group, *p < 0.05 when compared to bleomycin-induced lung fibrosis group.
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Figure (2): Mean TGF1 among experimental groups. n= 6-8. Group 1: control untreated, Group 2: PBS control
group, Group 3: Bleomycin-induced lung fibrosis group, Group 4: Mirtazapine control group-7days, Group 5:
Mirtazapine control group-14days, Group 6: Mirtazapine treated group- 7days, Group 7: Mirtazapine treated group14days, Group 8: Cyproheptadine control group-7days, Group 9: Cyproheptadine control group-14days, Group 10:
Cyproheptadine treated group- 7days, Group 11: Cyproheptadine treated group- 14 days. #p < 0.05 when compared to
control-untreated group,*p < 0.05 when compared to bleomycin-induced lung fibrosis group.
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Figure (3): Lung sections of experimental groups (H & E; X100). n= 6-8. Control untreated group (A), PBS control
group (B), Bleomycin-induced lung fibrosis group (C), Mirtazapine control group-7 days (D), Mirtazapine control
group-14 days (E), mirtazapine treated group-7 days (F), Mirtazapine- treated group-14 days (G), Cyproheptadine
control group-7 days (H), Cyproheptadine control group-14 days (I), Cyproheptadine treated group-7 days (J),
Cyproheptadine treated group-14 days (K). Moderate inflammation and mild congestion "green arrow" was observed
in bleomycin-induced lung fibrosis group. The reversals of these inflammatory changes were obvious after treatment
with mirtazapine or cyproheptadine.
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Figure (4): Lung sections of experimental groups (Masson's Trichrome; X100). n= 6-8. Control untreated group (A),
PBS control group (B), Bleomycin-induced lung fibrosis group (C), Mirtazapine control group-7days (D), Mirtazapine
control group-14days (E), mirtazapine treated group- 7days (F), Mirtazapine treated group- 14days (G),
Cyproheptadine control group-7days (H), Cyproheptadine control group-14days (I), Cyproheptadine treated group7days (J), Cyproheptadine treated group- 14 days (K). Bleomycin Showed severe thickening of walls with obvious
damage to lung architecture with increased fibrosis and formation of fibrous bands "black arrow”. The reversals of
these inflammatory changes were obvious after treatment with mirtazapine or cyproheptadine.
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deposition in the lungs (Chen and Zhao, 2016; Zhao et
al., 2010). The current data was in harmony with the
above results which confirmed that lung
hydroxyproline levels were significantly increased 14
days after bleomycin instillation. In addition, it has
been demonstrated that bleomycin itself induces
apoptosis of alveolar epithelial cells, which precedes
collagen depositions (Li et al., 2003).

4. DISCUSSION
Idiopathic pulmonary fibrosis is typically
characterized by abnormalities of alveolar structure
accompanied by myofibroblast accumulation and
collagen deposition in the extracellular matrix (Du et
al., 2009). Since the available treatment options for IPF
are not successful, the development of a potential drug
regimen to treat pulmonary fibrosis remains an
imperative challenge (Gogali and Wells, 2010; Sriram
et al., 2009).

Transforming growth factor-β1 is critical to the
progression of fibrosis in fibroproliferative acute
respiratory distress syndrome (ARDS) and IPF and it is
the most potent regulator of inflammation and it
induces connective tissue synthesis (Kulkarni et al.,
2011). Lung fibrosis due to bleomycin was blocked in
mice lacking the TGF-β1-dependent Smad3 signaling
pathway (Bonniaud et al., 2004). In addition, it has been
established that alveolar macrophages stimulated by
bleomycin secrete large quantities of biologically
active TGF-β1, which plays a critical role in the
development of lung ﬁbrosis in mice and murine (Chen
et al., 2009; Zhao et al., 2010). Consistent with the
previous reports, we observed high levels of TGF-β1 in
the lung homogenates of bleomycin rats.

In the current study, lung fibrosis was induced
by intratracheal injection of bleomycin. Bleomycin
induces single and double-strand DNA breaks and
thereby interrupting the cell cycle. This happens by
chelation of metal ions, and reaction of the formed
pseudoenzyme with oxygen, which leads to production
of DNA-cleaving superoxide and hydroxide free
radicals, inflammatory response causing pulmonary
toxicity, activation of fibroblasts and subsequent
fibrosis (Chaudhary et al., 2006). Bleomycin hydrolase,
a bleomycin-inactivating enzyme, critically influences
the effects of this drug on different tissues. The lungs
maintain low levels of the enzyme and therefore are
more susceptible to bleomycin-induced tissue injury
(Sebti et al., 1989).

The histopathological results of the present
study demonstrated that bleomycin induced intense
cellular infiltrate with severe distortion of lung
architecture and excessive deposition of extracellular
matrix proteins and large fibrous areas within the
pulmonary interstitium. These observations were
consistent with previous studies that concluded that
intratracheal bleomycin revealed severe epithelial
degeneration, inﬂammatory cell inﬁltration, ﬁbrosis,
excessive collagen deposition, vascular congestion and
disturbance of lung architecture (Chen and Zhao, 2016;
Yildirim et al., 2010).

Bleomycin exhibited a statistically significant
decrease in serial body weight measurements and
survival rates compared to the control untreated group.
Moreover, the losses in rats’ body weights and the
increased mortality rates were higher in the first 7 days
after instillation of bleomycin. This could be explained
as the bleomycin model of lung fibrosis had an
inflammatory phase and a fibrotic phase. The “switch”
between inflammation and fibrosis appears to occur
around day 9 after bleomycin (Moeller et al., 2008;
Molina-Molina et al., 2007).

Numerous studies stated that mirtazapine is
associated with weight gain. Patients taking
mirtazapine often report intense cravings for
carbohydrates (Laimer et al., 2006; Smit et al., 2016).
The current data were in harmony with the above
results which confirmed that the body weight in rats
treated with mirtazapine was significantly increased
compared with that of the normal control rats.

In accordance, Borzone et al. (2001) stated that
rats received bleomycin exhibited higher reductions in
their body weights in the first 7 days after instillation
and later recovered, without reaching the final body
weight of the control animals on the 14th day. Also,
Chen et al. (2006) concluded significant higher
mortality rate (30%) and higher body weights losses in
bleomycin-treated rats within 7 days after
administration. Also, Chen (2015) stated that the body
weight of the bleomycin-treated animals decreased
gradually and reached the lowest level at day 7 after
instillation. Also, Fineschi et al. (2008) and Liu et al.
(2009) confirmed the significant reductions in body
weights of the bleomycin treated mice along the 14
days of their studies. Hydroxyproline is a major
component of the protein collagen (Szpak, 2011).
Numerous studies stated that bleomycin causes
destruction of the alveolar structure, resulting in
pulmonary ﬁbrosis that was characterized by an
increase in hydroxyproline levels and collagen

The current data showed a decrease in body
weights in rats treated with cyproheptadine compared
with that of the normal control rats and that is in
contrary to previous studies which showed that has
been used for the treatment of anorexia and weight loss
and has shown stimulation of appetite (Homnick et al.,
2004; Lehrer, 2004).
Also, Najib et al. (2014) stated that significant
higher body mass index was observed after 8 weeks
intervention with cyproheptadine.
In the current work, the antifibrotic effect
observed following treatment with mirtazapine and
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cyproheptadine that selectively block (5-H2A/C and 5H2A/B/C receptors respectively) appears to be
associated with decrease in lung tissue content of the
potent profibrotic factors; TGF-β1 and hydroxyproline.
These factors have previously been linked to serotonin,
5-HT2A and 5-HT2B receptor activation. Indeed,
upregulation of the TGF-β1 pathway by serotonin via
its 5-HT2A receptor has been previously described in
cultured mesangial cells (Greene et al., 2000) and also
demonstrated in aortic valve interstitial cells (Jian et al.,
2002).

resident cells and inflammatory cells expressed 5HT2A and 5-HT2B receptors in the lung (Fabre et al.,
2008). In the present study, blocking of 5-HT2A/B/C
receptors by mirtazapine and cyproheptadine supported
previous published data regarding profibrotic
properties of serotonin (Ruddell et al., 2008).
Previous data has suggested that the 5-HTR2A
antagonist; ketanserin reduced collagen mRNA and
protein levels in the bleomycin-induced mouse model.
Accordingly, this evidence demands a detailed
characterization of 5-HT receptor expression in IPF and
analysis to determine whether 5-HT2A/B/C antagonists
represent a therapeutic option in IPF, particularly since
5-HT2 antagonists are already in clinical use for other
diseases. Blockade of 5-HT2A/B signaling by terguride
reversed lung fibrosis and is thus a promising
therapeutic approach for IPF (Königshoff et al., 2010).

Lung serotonin content was increased in
bleomycin-induced fibrosis and, in parallel; the
expression of the serotonin receptors 5-HT2A and 5HT2B was increased in the fibrotic lung (Fabre et al.,
2008).
Blocking of 5-HT2A and 5-HT2B receptors
with specific antagonists promoted an antifibrotic
environment in bleomycin-induced lung fibrosis,
through the inhibition of key factors involved in lung
fibrosis; TGF-β1, connective growth factor and
plasminogen activator inhibitor (PAI)-1 (Fabre et al.,
2008).

5. CONCLUSION
The present study provided evidence that
mirtazapine (5-H2A/C receptor blocker) and
cyproheptadine (5-H2A/B/C receptor blocker) caused a
substantial reduction in lung injury induced by
bleomycin which supported the potential use of
mirtazapine and cyproheptadine as anti-fibrotic agents
in the therapy of lung fibrosis. The mechanisms
underlying these therapeutic effects could be dependent
on the reduction of TGF-β1 production and deposition
of collagen in fibrotic lung tissues.

In addition, the expression of 5-HT2A and 5HT2B receptors in IPF patients was demonstrated
previously, and the specific expression of the 5-HT2B
receptor was particularly noted in the fibroblastic focus
characteristic of usual interstitial pneumonia.
Mast cell numbers are increased in the fibrotic
lung and may release serotonin under certain stimuli
(Yong, 1997). In addition, the expression of 5-HT2A
and 5-HT2B receptors in IPF patients was
demonstrated previously (Ito et al., 2002).

6. REFERENCES
Ashcroft, T., Simpson, J.M., Timbrell, V., 1988.
Simple method of estimating severity of pulmonary
fibrosis on a numerical scale. J. Clin. Pathol. 41,
467–470.

The present study concentrated on 5-HT2A and
5-HT2B receptors in lung fibrosis, since these receptors
have been shown to play an important role in lung
pathophysiology (Shi et al., 1998) and to have
profibrotic properties in respiratory (Marcos et al.,
2004) and non-respiratory tissues (Ruddell et al., 2006).

Bonniaud, P., Kolb, M., Galt, T., Robertson, J.,
Robbins, C., Stampfli, M., Lavery, C., Margetts,
P.J., Roberts, A.B., Gauldie, J., 2004. Smad3 null
mice develop airspace enlargement and are resistant
to TGF-beta-mediated pulmonary fibrosis. J.
Immunol. Baltim. Md 1950 173, 2099–2108.

Lung vessels, type-II pneumocytes, epithelial
bronchial cells, pleural mesothelial cells and lung
fibroblasts have also been shown to express 5-HT2A
and 5-HT2B receptors in normal and fibrotic lungs.
Thus, the serotonin pathway appears to act on many
different cell types potentially involved in the
pathogenesis of lung fibrosis. The expression of 5HT2B by fibroblasts in human tissue sampled from IPF
lungs, especially in the fibroblastic focus (the site of
active fibrosis) puts into perspective the results in the
mouse model of lung fibrosis (Fabre et al., 2008).

Borzone, G., Moreno, R., Urrea, R., Meneses, M.,
Oyarzún, M., Lisboa, C., 2001. Bleomycin-induced
chronic lung damage does not resemble human
idiopathic pulmonary fibrosis. Am. J. Respir. Crit.
Care
Med.
163,
1648–1653.
doi:10.1164/ajrccm.163.7.2006132.
Chakraborty, S., Chopra, P., Ambi, S., V., Dastidar,
S., G., Ray, A., 2014. Emerging therapeutic
interventions for idiopathic pulmonary fibrosis.
Expert. Opin. Investig. Drugs. 23, 893-910. doi:
10.1517/13543784.2014.913569.

Lung expression of 5-HT2A and 5-HT2B
mRNA was also observed to be markedly increased
after bleomycin administration. In addition,
immunohistochemical studies indicated that both

Chaudhary, N.I., Schnapp, A., Park, J.E., 2006.
Pharmacologic differentiation of inflammation and
fibrosis in the rat bleomycin model. Am. J. Respir.
44

Shimaa Abd-Alla et. al.

Crit.
Care
Med.
173,
doi:10.1164/rccm.200505-717OC

769–776.

Homnick, D.N., Homnick, B.D., Reeves, A.J., Marks,
J.H., Pimentel, R.S., Bonnema, S.K., 2004.
Cyproheptadine is an effective appetite stimulant in
cystic fibrosis. Pediatr. Pulmonol. 38, 129–134.
doi:10.1002/ppul.20043

Chen, F., Gong, L., Zhang, L., Wang, H., Qi, X., Wu,
X., Xiao, Y., Cai, Y., Liu, L., Li, X., Ren, J., 2006.
Short courses of low dose dexamethasone delay
bleomycin-induced lung fibrosis in rats. Eur. J.
Pharmacol.
536,
287–295.
doi:10.1016/j.ejphar.2006.03.011

Hutson, P.R., Crawford, M.E., Sorkness, R.L., 2003.
Liquid
chromatographic
determination
of
hydroxyproline in tissue samples. J. Chromatogr. B
Analyt. Technol. Biomed. Life. Sci. 791, 427–430.

Chen, L., Zhao, W., 2016. Apigenin protects against
bleomycin-induced lung fibrosis in rats. Exp. Ther.
Med. 11, 230–234. doi:10.3892/etm.2015.2885

Ito, T., Ogura, T., Ogawa, N., Udaka, N., Hayashi, H.,
Inayama, Y., Yazawa, T., Kitamura, H., 2002.
Modulation of pulmonary neuroendocrine cells in
idiopathic
interstitial
pneumonia.
Histol.
Histopathol. 17, 1121–1127. doi:10.14670/HH17.1121

Chen, Y., Wang, X., Weng, D., Tian, L., Lv, L., Tao,
S., Chen, J., 2009. A TSP-1 synthetic peptide
inhibits bleomycin-induced lung fibrosis in mice.
Exp. Toxicol. Pathol. Off. J. Ges. Toxikol. Pathol.
61, 59–65. doi:10.1016/j.etp.2008.04.010

Jian, B., Xu, J., Connolly, J., Savani, R.C., Narula,
N., Liang, B., Levy, R.J., 2002. Serotonin
Mechanisms in Heart Valve Disease I. Am. J.
Pathol. 161, 2111–2121.

Du, G., Jin, L., Han, X., Song, Z., Zhang, H., Liang,
W.,
2009.
Naringenin:
a
potential
immunomodulator for inhibiting lung fibrosis and
metastasis. Cancer Res. 69, 3205–3212.
doi:10.1158/0008-5472.CAN-08-3393

King, T.E., Pardo, A., Selman, M., 2011. Idiopathic
pulmonary fibrosis. The Lancet 378, 1949–1961.
doi:10.1016/S0140-6736(11)60052-4

Fabre, A., Marchal-Somme, J., Marchand-Adam, S.,
Quesnel, C., Borie, R., Dehoux, M., Ruffie, C.,
Callebert, J., Launay, J.-M., Henin, D., Soler, P.,
Crestani, B., 2008. Modulation of bleomycininduced lung fibrosis by serotonin receptor
antagonists in mice. Eur. Respir. J. 32, 426–436.
doi:10.1183/09031936.00126907

Königshoff, M., Dumitrascu, R., Udalov, S., Amarie,
O.V., Reiter, R., Grimminger, F., Seeger, W.,
Schermuly, R.T., Eickelberg, O., 2010. Increased
expression of 5-hydroxytryptamine2A/B receptors
in idiopathic pulmonary fibrosis: a rationale for
therapeutic intervention. Thorax 65, 949–955.
doi:10.1136/thx.2009.134353

Fineschi, S., Bongiovanni, M., Donati, Y., Djaafar, S.,
Naso, F., Goffin, L., Argiroffo, C.B., Pache, J.-C.,
Dayer, J.-M., Ferrari-Lacraz, S., Chizzolini, C.,
2008. In vivo investigations on anti-fibrotic
potential of proteasome inhibition in lung and skin
fibrosis. Am. J. Respir. Cell Mol. Biol. 39, 458–
465. doi:10.1165/rcmb.2007-0320OC

Kulkarni, A.A., Thatcher, T.H., Olsen, K.C.,
Maggirwar, S.B., Phipps, R.P., Sime, P.J., 2011.
PPAR-γ
Ligands
Repress
TGFβ-Induced
Myofibroblast Differentiation by Targeting the
PI3K/Akt Pathway: Implications for Therapy of
Fibrosis.
PLOS
ONE
6,
e15909.
doi:10.1371/journal.pone.0015909

Genovese, T., Cuzzocrea, S., Di Paola, R., Mazzon, E.,
Mastruzzo, C., Catalano, P., Sortino, M., Crimi,
N., Caputi, A.P., Thiemermann, C., Vancheri, C.,
2005. Effect of rosiglitazone and 15-deoxyDelta12, 14-prostaglandin J2 on bleomycininduced lung injury. Eur. Respir. J. 25, 225–234.
doi:10.1183/09031936.05.00049704

Laimer, M., Kramer-Reinstadler, K., Rauchenzauner,
M., Lechner-Schoner, T., Strauss, R., Engl, J.,
Deisenhammer, E.A., Hinterhuber, H., Patsch,
J.R., Ebenbichler, C.F., 2006. Effect of
mirtazapine treatment on body composition and
metabolism. J. Clin. Psychiatry 67, 421–424.
Lehrer, J.F., 2004. Cyproheptadine’s antiserotonin
effects are responsible for its antimigraine activity.
Headache
44,
935.
doi:10.1111/j.15264610.2004.04181_4.x

Gogali, A., Wells, A.U., 2010. New pharmacological
strategies for the treatment of pulmonary fibrosis.
Ther. Adv. Respir. Dis. 4, 353–366.
Greene, E.L., Houghton, O., Collinsworth, G.,
Garnovskaya, M.N., Nagai, T., Sajjad, T.,
Bheemanathini, V., Grewal, J.S., Paul, R.V.,
Raymond, J.R., 2000. 5-HT (2A) receptors
stimulate mitogen-activated protein kinase via
H(2)O(2) generation in rat renal mesangial cells.
Am. J. Physiol. Renal Physiol. 278, F650-658.

Li, X., Zhang, H., Soledad-Conrad, V., Zhuang, J.,
Uhal, B.D., 2003. Bleomycin-induced apoptosis of
alveolar epithelial cells requires angiotensin
synthesis de novo. Am. J. Physiol. Lung Cell. Mol.
Physiol. 284, L501-507. doi:10.1152/ajplung.
00273.2002

45

Evaluation of the antifibrotic effect of serotonin receptor antagonists on bleomycin induced pulmonary fibrosis in rats

Pathol.
169,
doi:10.2353/ajpath.2006.050767

Liu, J., Wang, X., Wang, F., Teng, L., Cao, J., 2009.
Attenuation
effects
of
heparin-superoxide
dismutase conjugate on bleomycin-induced lung
fibrosis in vivo and radiation-induced inflammatory
cytokine
expression
in
vitro.
Biomed.
Pharmacother.
63,
484–491.
doi:10.1016/j.biopha.2008.04.009

861–876.

Sebti,
S.M.,
Mignano,
J.E.,
Jani,
J.P.,
Srimatkandada, S., Lazo, J.S., 1989. Bleomycin
hydrolase: molecular cloning, sequencing, and
biochemical studies reveal membership in the
cysteine proteinase family. Biochemistry (Mosc.)
28, 6544–6548.

Marcos, E., Fadel, E., Sanchez, O., Humbert, M.,
Dartevelle, P., Simonneau, G., Hamon, M., Adnot,
S., Eddahibi, S., 2004. Serotonin-induced smooth
muscle hyperplasia in various forms of human
pulmonary hypertension. Circ. Res. 94, 1263–1270.
doi:10.1161/01.RES.0000126847.27660.69

Shi, W., Wang, C.G., Dandurand, R.J., Eidelman,
D.H., Michel, R.P., 1998. Differential responses of
pulmonary arteries and veins to histamine and 5-HT
in lung explants of guinea-pigs. Br. J. Pharmacol.
123, 1525–1532. doi:10.1038/sj.bjp.0701759

Mikulski, Z., Zaslona, Z., Cakarova, L., Hartmann,
P., Wilhelm, J., Tecott, L.H., Lohmeyer, J.,
Kummer, W., 2010. Serotonin activates murine
alveolar macrophages through 5-HT2C receptors.
AJP Lung Cell. Mol. Physiol. 299, L272–L280.
doi:10.1152/ajplung.00032.2010

Smit, M., Dolman, K.M., Honig, A., 2016. Mirtazapine
in pregnancy and lactation - A systematic review.
Eur. Neuropsychopharmacol. J. Eur. Coll.
Neuropsychopharmacol.
26,
126–135.
doi:10.1016/j.euroneuro.2015.06.014
Sriram, N., Kalayarasan, S., Sudhandiran, G., 2009.
Epigallocatechin-3-gallate augments antioxidant
activities and inhibits inflammation during
bleomycin-induced
experimental
pulmonary
fibrosis through Nrf2-Keap1 signaling. Pulm.
Pharmacol.
Ther.
22,
221–236.
doi:10.1016/j.pupt.2008.12.010

Moeller, A., Ask, K., Warburton, D., Gauldie, J., Kolb,
M., 2008. The bleomycin animal model: a useful
tool to investigate treatment options for idiopathic
pulmonary fibrosis? Int. J. Biochem. Cell Biol. 40,
362–382. doi:10.1016/j.biocel.2007.08.011
Molina-Molina, M., Pereda, J., Xaubet, A., 2007.
Experimental Models for the Study of Pulmonary
Fibrosis: Current Usefulness and Future Promise.
Arch. Bronconeumol. Engl. Ed. 43, 501–507.
doi:10.1016/S1579-2129(07)60115-3

Szpak, P., 2011. Fish bone chemistry and
ultrastructure: implications for taphonomy and
stable isotope analysis. J. Archaeol. Sci. 38, 3358–
3372. doi:10.1016/j.jas.2011.07.022

Najib, K., Moghtaderi, M., Karamizadeh, Z.,
Fallahzadeh, E., 2014. Beneficial effect of
cyproheptadine on body mass index in
undernourished children: a randomized controlled
trial. Iran. J. Pediatr. 24, 753–758.

Yildirim, A., Ersoy, Y., Ercan, F., Atukeren, P.,
Gumustas, K., Uslu, U., Alican, I., 2010.
Phosphodiesterase-5 inhibition by sildenafil citrate
in a rat model of bleomycin-induced lung fibrosis.
Pulm.
Pharmacol.
Ther.
23,
215–221.
doi:10.1016/j.pupt.2009.11.002

Oku, H., Shimizu, T., Kawabata, T., Nagira, M.,
Hikita, I., Ueyama, A., Matsushima, S., Torii, M.,
Arimura, A., 2008. Antifibrotic action of
pirfenidone and prednisolone: different effects on
pulmonary cytokines and growth factors in
bleomycin-induced murine pulmonary fibrosis.
Eur.
J.
Pharmacol.
590,
400–408.
doi:10.1016/j.ejphar.2008.06.046

Yildirim, Z., Turkoz, Y., Kotuk, M., Armutcu, F.,
Gurel, A., Iraz, M., Ozen, S., Aydogdu, I., Akyol,
O., 2004. Effects of aminoguanidine and
antioxidant erdosteine on bleomycin-induced lung
fibrosis in rats. Nitric Oxide Biol. Chem. 11, 156–
165. doi:10.1016/j.niox.2004.07.011.
Yong, L.C., 1997. The mast cell: origin, morphology,
distribution, and function. Exp. Toxicol. Pathol.
Off. J. Ges. Toxikol. Pathol. 49, 409–424.
doi:10.1016/S0940-2993(97)80129

Pytliak, M., Vargová, V., Mechírová, V., Felšöci, M.,
2011. Serotonin receptors - from molecular biology
to clinical applications. Physiol. Res. 60, 15–25.
Ruddell, R.G., Mann, D.A., Ramm, G.A., 2008. The
function of serotonin within the liver. J. Hepatol.
48, 666–675. doi:10.1016/j.jhep.2008.01.006

Zhao, L., Wang, X., Chang, Q., Xu, J., Huang, Y.,
Guo, Q., Zhang, S., Wang, W., Chen, X., Wang, J.,
2010. Neferine, a bisbenzylisoquinline alkaloid
attenuates bleomycin-induced pulmonary fibrosis.
Eur.
J.
Pharmacol.
627,
304–312.
doi:10.1016/j.ejphar.2009.11.007

Ruddell, R.G., Oakley, F., Hussain, Z., Yeung, I.,
Bryan-Lluka, L.J., Ramm, G.A., Mann, D.A.,
2006. A Role for Serotonin (5-HT) in Hepatic
Stellate Cell Function and Liver Fibrosis. Am. J.
46

