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ABSTRACT: Bleomycin is a useful anti-cancer antibiotics, because, unlike other anti-cancer drugs, it has the
least toxic effects on bone marrow cells, so, the blood complications caused by it is minimal. In this study, the
combination of Methimazole as an antioxidant and the Propyleneglycol Propolis (PP) extractwith strong anti-
inflammatory and antioxidant properties was examined. In this experiment, the animal model of adult male
Wistar rat was used. Positive control group, negative control group 1 (Normal saline), PG negative control
group (Propylene glycol) and combined therapy group, including 80 mg/kg of Methimazole and 50 ml/kg of
PP extract, simultaneously received Bleomycinthroughintraperitoneal injection as a treatment for a period of
7-day pretreatment and for 14 days after endotrachealinjection.The amount of Hydroxyproline (OH-Proline)
and Malonedialdehyde (MDA) in Bleomycin group was respectively 72.8% and 128% more than them in
Saline group. The amount of mentioned factors in combined group increased respectively as much as 10%
and 4.8%. Also, Histological studies showed that the combined group could control the fibrosis. According to
the results, it can be concluded that the administration of Methimazole with PP extract could effectively
reduce the pulmonary fibrosis induced by Bleomycin.
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INTRODUCTION

Bleomycin is a useful anti-cancer antibiotics, because,
unlike other anti-cancer drugs, it has the least toxic
effects on bone marrow cells, so, the blood
complications caused by it is minimal. This outstanding
advantage makes it possible that in most cases, this
drug can be used in combination with other
chemotherapy drugs. Also, it exacerbates the effects of
the drugs such as Vinblastine Sulfate and Cisplatin so
that administration of themis reduced in the treatment
of testicular cancer to one-third. Due to the dangerous
and fatal side effect of pulmonary fibrosis, in 10% of
the patients treated by Bleomycin, it is observed that
1% of them eventually leads to death. Because of this,
its clinical application is faced with a serious problem
(Daba et al., 2002). In fact, idiopathic pulmonary
fibrosis is a chronic and deadly disease that there is no
known cure for it (Johnson et al 2003). The mechanism
of the action of Bleomycin is unknown but it is said that
after a series of redox reactions related to metal ion
(Fe2) and oxygen, it produces the active oxygen species,
especially hydroxyl radical which cause the stranded
and double-stranded fractures of DNA and as its result,
obvious histological changes are happened in the
tissues of the lung (Teixeira et al. (2008). Also, another
reason that Bleomycin causes the lung injury is the
qualitative and quantitative changes of cells in the
tissues of the lung, because Bleomycin significantly

increases the number and variety of the inflammatory
cell (Sausen et al., (1992). Methimazole is an anti-
thyroid. Thyroid hormones play an important role in
cell division and setting the basal metabolism of the
body. Antioxidants minimize the destructive effects of
the free radicals and protect the body cells against the
damages caused by these radicals (Martindale the
extrapharmacopoeia.london (2014). Methimazole is a
strong aggregator of active oxygen radicals and
partially restrains the immune system (Usha et al.,
2002). Propolis is the product of beehive that the
worker bees collect the gum of trees and plants and
produce it. Its components includes Resin and Balsams
(50-70 %) and pollen (5-10%) and its other ingredients
are amino acids, minerals and vitamins A, B complex,
E, phenols and aromatic compounds (Drago et al.,
2007). Because of phenolic compounds, antioxidant
properties of Propolis can be detected. It is likely that
two factors which makes antioxidant are PPH (2, 2
diphenyl-1-picrylhydrazyl) and reducing the power of
Iron III, this property is better than the antioxidant
property of the vitamin C (Benkovic et al., 2009).
Flavonoid makes up the bulk of the resin of Propolis
that in fact, it is an active component of Propolis and
the antioxidant, antibacterial, antifungal, anti-cancer
and anti-inflammatory properties of Propolis and its
protective effect of the heart are more related to
flavonoid and also Propolis can increase the function of
immune system due to it (Paulino et al., 2006).
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The studied conducted in Iran show that the Propolis,
which is available in Iran, has the amount of flavonoids
and phenolic compounds (Bankova 2005). Another
unique property of this material is its anti-inflammatory
property that is due to the inhibition of Prostaglandin
production by inhibiting the enzyme of lipoxygenase.
Caffeic Acid Phenethyl Ester (CAPE) is the main factor
of the properties of Propolis and it is derived from
Bioflavonoids and also is easily separable. It can
prevent the removal of inflammatory mediators from
the mast cells and thereby inhibit the inflammation and
allergic reaction (Borrelli et al. 2002). The effect of
Ethanolicpropolis extract (EEP) on the chronic
inflammation was studied by using a mouse which has
arthritis. In an animal model of chronic inflammatory,
arthritis index was suppressed by EEP (50mg/kg/day
and 100 mg/kg/day, P.O). In addition, in the treatment
group, the physical weakness, due to the chronic
diseases, depending on the dose, improved by EEP. Its
analgesic effect was evaluated by Tail-Flick test. It was
comparable with the pills of Prednisolone (2.5 mg / kg /
day, PO) and Acetylsalicylic acid (100 mg / kg / day,
PO). In the test of acute paw edema in rat, which was
done to study the effect of EEP's components, it was
observed that the component of Petroleum ether (100
mg/kg, PO) is effective in the inhibition of paw edema
by using EEP (200 mg/kg, PO) (Lotfy Mohammad.
(2006). Propolis can increase the immune mechanisms
by influencing on the interferons and increasing the
production of antibodies and the activity of
phagocytosis (Sforcin 2007). Propolis doesn't solve in
water completely due to the wax and resin. According
to the research, ethanol is the best solvent to produce
the extract of Propolis. This solvent can extract the
highest amount of flavonoids from Propolis (Losiane et
al., 2013). According to the researches, it has been
observed that the antioxidant and anti-inflammatory
properties of Propolis is more by the solvent of
Propylene glycol (Novak and Sirovina 2013).
The purpose of this study is research on the factors
inhibiting the fibrosis to clarify the Bleomycin-induced
pulmonary fibrosis mechanism and inhibit it, Because
of the uncertainty of Bleomycin-induced pulmonary
fibrosis mechanism, will be a significant help in the
treatment of cancer patients with no risk of pulmonary
fibrosis. Bleomycin-induced pulmonary fibrosis is
dependent on the dose and it is the most important
factor that makes the prolonged use of this drug
challenging. Inhibiting the inflammation and the
antioxidant damage to the lungs are the most effective
ways to treat lung fibrosis. It is expected that the
combination of Methimazole as an antioxidant inhibitor
with the anti-inflammatory extract of PP could be an
effective treatment of pulmonary fibrosis.

MATERIALS AND METHODS

Bleomycin was prepared from the company of
KAYAKU, Japan and the ampoule of etamine,
Hydroxyproline, Chloramines T, Para-

Dimethylaminobenzaldehyde, diphenylamine,
Thiobarbituric acid, that all of them has analytical
purity, were prepared from the company of Merck,
Germany.
The male Wistar rats, with the weight of approximately
200   20 gr, were maintained in the animal house for
one week at 12 hours of light and 12 hours of darkness,
at the temperatures between 20-24 °C and relative
humidity  of 45-55%.To create an animal model of
pulmonary fibrosis of rats were used. Pulmonary
toxicity of a single dose of endotracheal bleomycin in
rats with pulmonary complications associated with
systemic administration of the drug in humans are
similar (Kevin et al. 2010). After passing adaptation,
the rats of each group were weighted and marked. All
procedures with animals were done in accordance with
the ethic committee for the protection of laboratory
animals that was obtained by university faculty
including supervisor and university management.
The advantage of endotrachealbleomycin
administration to create pulmonary fibrosis is that it
creates the fibrotic changes in the lung in a short time.
To create pulmonary fibrosis, on the 7th day before
treatment, after anesthetizing the animals with
Ketamine (50 mg/kg), in negative control group, 30 ml
of sterile saline was administered to each animal and in
other groups, 30 ml of sterile saline, containing
Bleomycin (1IU/Kg) was administered to each animal
through endotracheal injection.
To study the anti-inflammatory and antioxidant effects,
PP wit the dose of 50 mg/kg and 80 mg/kg of
Methimazole were selected (Crane 1990,
Arabzadesakine., JavadiIraj 1976).
Propolis was prepared from West Azabaijan Province
and until the start of the experiment, it was kept in
freezer at -20° C. the extraction was done in accordance
with a Cane method (Nada et al., 2012).
First, 10gr of Propolis was grinded, then, 100cc of
ethanol 80% added to it. This solution was heated for 3
minutes by magnetic heater and then, it was shaken for
30 minutes. Also, 10gr of Propolis was grinded and
poured in 100cc of Propylene glycol 80% and was
heated for 3 minutes by magnetic heater and then, it
was shaken for 30 minutes. Both sample was kept at
ambient temperature for 5 days and then filtrated by
Whatman filter paper No.4. The remainder was held in
an oven at 30° C for 24 hours. Its dry weight was
found, 8.5 gr of Propolis was remained dissolved in a
solvent of ethanol and 8 gr of Propolis was remained
dissolved in the solvent of Propylene glycol.
Studied groups: In this study, the male rats were
randomly divided into separate 4 groups of 6 rats:
negative control group 1 and 2, Bleomycin group,
combined group. The control group 1 and 2 were
administrated by 0.3 ml of sterile saline through
endotracheal injectionon the 8th day, the solvent of
tested drug (sterilesalin and Propylene glycol) was
administrated to them throughintraperitoneal injection.
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In pre-treatment period, the sterile saline was
administrated to Bleomycin group through
intraperitoneal injection and on the 8th day, a dose of
Bleomycin (one unit per 100 gr of body weight) in 0.3
ml of sterile saline was administrated to it through
endotracheal injection and on following days, it was
acted as a control group. In combined group, on the first
7 days (pre-treatment period), 80 mg/kg of
Methimazole in 0.3 ml of sterile saline and 50 ml/kg of
PP extract were administrated to it through two separate
intraperitoneal injections simultaneously and on the 8th
day, a dose of Bleomycin (one unit per 100 gr of body
weight) in 0.3 ml of sterile saline was administrated to
it through endotracheal injection. On following days, it
was acted as pre-treatment period.
During the test period, the animals should be
considered in terms of general and respiratory status,
especially until the 12th day when the animals would
face with the respiratory problems. Also, the estate of
hair and the loss of it, the daily activities of animal and
its consumed food should be considered. The weight of
animal is one of the important factors which was
measured daily up to fifth day and then it was measured
every 4-5 days. This was done by the animal weighing
scale. On the final day, the lung was brought out from
the chest by cutting the trachea, arteries and other
mobile accessories connected to the lungs.
Determining the amount of collagen tissue
To determine the amount of Hydroxyproline which
reflects the content of lung's collagen, 0.5 ml of the
homogeneous liquid was removed and after the
precipitation of its proteins, the sediment was
hydrolyzed with normal Choloridric acid 6 at the
temperature of 116° C for 18 hours and the amount of
Hydroxyproline was measured in accordance with
Woessner method (Woessner, 1961).) at the wavelength
of 557 nm by spectrophotometer.

The quantification of MDA was carried out by the
method of Thiobarbituric acid (TBARS) with the
reagent of TBA (Take et al., 2012). Absorption of the
samples was read at the wavelength of 532 nm by the
spectrophotometer and the amount of MDA was
determined. The histology tests were briefly conducted
in two stages of cutting and staining. Staining was done
by two methods of haematoxylin-eosin and Masson's
trichrome strain.
For each group of rats, the mean of the variable was
expressed as Mean SEM, and One Way ANOVA was
used to compare the means. To determine the difference
in means and the significance of the results, Duncan test
was conducted by SPSS software. In all tests, p was
considered less than 0.05.

RESULTS

Morphological studies of lung showed that in
Bleomycin group, the size of lung was significantly
increased and severe edema in the lung was visible.
Also, the spots of blooding and fibrosis in the lung were
observed. But in negative groups, the lungs were
normal and its color was pink and no kinds of edema
were observed in the tissue. No spots of blooding or
fibrosis were observed. The mean weight of the lung in
the normal saline control group, PG control group, the
Bleomycin group and the combined group of
Methimazole and PP extract were 1.37 0.63, 1.4 0.81,
2.47 0.12 and 1.36 0.12, respectively. It is observed that
there were significant differences between the
Bleomycin group and other groups (P 0.05) (Chart1).
According to the simultaneous changes in body weight
and lung weight, by considering the ratio of lung weight
to total body weight,

0

0.5

1

1.5

2

2.5

3

sterile saline PG Bleomycin Methimazole
+PP

Lu
ng

 we
igh

t (g
r)

Chart1

A A

B

A



Afzalnia and  Javadi 674

it was observed that this ratio in the control group of
normal saline, PG control group, the Bleomycin group
and the combined group of Methimazole and PP extract
were 0.74 0.05, 0.638 0.05, 1.108 0.08 and 0.708 0.04,
respectively. It is observed that there were significant
differences between the Bleomycin group and other
groups (P 0.05). Investigating the ratios, it was
observed that in combined group, the ratio was reduced
as much as 36.1% compared with the Bleomycin group
that it was a significant difference statistically (P 0.05)
(Chart 2). In the Bleomycin group, the total amount of
pulmonary Malonedialdehyde was increased as much as
128% compared with the normal saline group that it is a
significant difference in the analysis of variance
(ANOVA) and Duncan's test (P 0.05).
In the combined group (Methimazole + PP extract), it
was increased as much as 4.8% compared with the
negative control group that it was a significant
difference statistically.

Also, in combined group (Methimazole + PP extract), it
was decreased as much as 54% in compared with the
Bleomycin group that it was a significant difference
statistically (P 0.05). Investigating the amount of
pulmonary Malonedialdehyde, it was obvious that there
is no significant differences between the negative
control groups and combined group, while there are
significant differences between these groups and the
positive treatment groups (Chart 3).
Total amount of Hydroxyproline
In the Bleomycin group, the total amount of pulmonary
Hydroxyproline was increased as much as 72% in
comparison with the control group that it is a significant
difference in the analysis of variance (ANOVA) and
Duncan's test (P 0.05). In the combined group
(Methimazole + PP extract), it was increased as much
as 10% compared with the control group.
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Also, the total amount of pulmonary Hydroxyproline in
the combined group was decreased as much as 36% in
comparison with Bleomycin group that it is a significant
difference statistically (P 0.05) (Chart4).
The effect of the combination of Methimazole and PP
extract on the lung weight (chart1), the ratio of the lung
weight to the body weight on the last day (%)

(chart 2), the amount of Malondialdehyde (chart 4), the
amount of pulmonary Hydroxyproline (chart 4) for the
studied groups: using One Way ANOVA and Duncan's
test, according to Duncan's test (P 0.05), the groups with
similar color have the same effects and there are no
significant differences between them.

The results of histology:

B    CA

D E

Fig. 1. A- Open section of the rat's lung tissue, three weeks after the intraperitoneal injection of normal saline, B- Open section of
the rat's lung tissue, three weeks after the intraperitoneal injection of Propline glycol, C- a sample of normal lung that a dose of
0.3 ml of sterile saline was administrated to it through endotracheal and also it has just received sterile saline through
intraperitoneal injection during 21 days of the experiment, it is stained by Masson's trichrome strain. ×40
D- Open section of the rat's lung tissue, two weeks after the endotracheal injection of a dose of Bleomycin, E- Open section of
the rat's lung tissue, one week before and two weeks after the endotracheal injection of a dose of Bleomycin, the treatment group
of Methimazole + PP extract.×40
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DISCUSSION AND CONCLUSION

In this study, it has been shown that the combination of
these two substances could reduce the development of
pulmonary fibrosis. Pulmonary toxicity of Bleomycin
in rats after administrating a dose of Bleomycin through
endotracheal injection is similar to the pulmonary
complications induced by systemic administration of
the drug in human (Kevin et al., 2010). The
morphologic changes in the lungs of the animals show
that injecting Bleomycincauses the increase of
lungweight in Bleomycin and treatment groups in
comparison with control group. This increase is due to
two reasons: edema and fluid accumulation in the lung
tissue that are the consequence of the destruction of
alveoli and fluid accumulation in the destructed cavities
and another reason is the accumulation of collagen in
the lung tissue by fibroblasts (Selman et al., 2001). The
increase of the Malonedialdehyde in the rats of positive
control group (Bleomycin) is due to the formation and
progression of the inflammatory reactions in the lungs
(Gao et al., 2012). In the event of inflammatory
diseases of the lung, a part of the produced antioxidants
in the lungs crosses the cell membranes and enters the
bloodstream and in where causes the oxidation of
unsaturated fats. According to the results of the
measurement of plasma Malonedialdehyde in the
groups treated by Methimazole and PP extract, the
ingredients of these substances reduced the oxidizing
substances in patient rats effectively. The pulmonary
fibrosis is caused by the influence of extracellular
matrix, sedimentation of the collagen and the
proliferation of the cells in interstitial tissue. A high
percentage of these cells include fibroblasts and
myofibroblasts. These cells increase the synthesis of
pulmonary collagen and thus, cause the pulmonary
defects (Mango   et al., (2008). The amount of
Hydroxyprolin represents the amount of collagen in the
lungs. Investigating the treatment group, it was
observed that it reduced the amount of collagen in the
lungs. The photographs of pathology slides related to
the positive control group and combined group, showed
that the factors released by inflammatory cells
(generally, macrophages) cause the inflammatory
reactions in the lungs and finally the collapse of alveoli
wall and make it thick.
This drug with the used extract with its antioxidant and
anti-inflammatory properties have been able to prevent
the onset or progression of some reaction and thus, have
reduced the rate of the progression of fibrosis.
According to the results of this study, it can be
suggested that Methimazole with
PropyleneglycolPropolis(PP)  extractcan be used in
different and higher doses, the better results may be
achieved.

FURTHER STUDY

This study can contribute to future research on effects
of antioxidant and anti-inflammatory properties and
reduce the Bleomycin-induced pulmonary fibrosis for
helping to Patients with cancer.
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ABBREVIATIONS

PPextract: Propylene glycol Propolisextract
PG: Propylene glycol
OH-Proline: Hydroxyproline
MDA: Malonedialdehyde
CAPE : Caffeic Acid Phenethyl Ester
EEP: Ethanolicpropolis extract
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