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Abstract
Introduction: Methotrexate is a cytotoxic agent used in leu-
kemia, and several other cancer types and at lower doses in 
auto-inflammatory diseases such as rheumatoid arthritis, an-
kylosing spondylitis and psoriasis. Macrolide antibiotics are 
effective against gram-positive and Gram-negative bacteria. 
They have anti-inflammatory activities as well. Clarithromycin 
is a macrolide with anti-inflammatory activity through block-
age of the p38 MAPK signal cascade, which is involved in 
methotrexate-induced pulmonary toxicity.
Aim: In this study, the efficacy of clarithromycin in protecting 
against pulmonary fibrosis was investigated in the rat model 
for methotrexate-induced pulmonary fibrosis.
Material and methods: A total of 30 female rats were divided 
into three groups. Group I was administered intraperitoneal 
and intragastric saline; group II was administered oral 3 mg/kg 
methotrexate; and group III was administered oral 3 mg/kg 
methotrexate + intraperitoneal 200 mg/kg clarithromycin for 
28 days. Histopathological analyses of the lung tissues were 
performed under light microscopy. 
Results: Normal histopathological changes were observed in 
the control group. Pulmonary fibrosis was significantly higher 
in the methotrexate group than in the other groups (p < 0.005).
Conclusions: Clarithromycin was shown to be effective in 
protecting against methotrexate-induced pulmonary fibrosis; 
further studies should be performed to determine the dosage 
and safety.
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Streszczenie
Wprowadzenie: Metotreksat to środek cytotoksyczny sto-
sowany w białaczce oraz kilku innych typach raka, a także 
w mniejszych dawkach w chorobach autozapalnych, takich jak 
reumatoidalne zapalenie stawów, zesztywniające zapalenie 
stawów kręgosłupa czy łuszczyca. Antybiotyki makrolidowe są 
skuteczne przeciwko bakteriom Gram-dodatnim i Gram-ujem-
nym. Mają one również działanie przeciwzapalne. Klarytromy-
cyna jest makrolidem działającym przeciwzapalnie poprzez 
blokowanie kaskady sygnałowej p38 MAPK, która ma udział 
w toksyczności płucnej wywołanej metotreksatem.
Cel: Ocena skuteczności klarytromycyny w ochronie przed 
zwłóknieniem płuc na modelu szczura ze zwłóknieniem płuc 
wywołanym metotreksatem.
Materiał i metody: Grupę szczurów liczącą ogółem 30 samic 
podzielono na trzy grupy. Grupie I podawano sól fizjologiczną 
dootrzewnowo i dożołądkowo, grupie II – metotreksat doustnie 
w dawce 3 mg/kg m.c., a grupie III –  metotreksat doustnie w daw-
ce 3 mg/kg m.c. oraz klarytromycynę dootrzewnowo w dawce  
200 mg/kg m.c. przez 28 dni. Tkanki płuc poddano następnie ana-
lizie histopatologicznej pod mikroskopem optycznym. 
Wyniki: W grupie kontrolnej wykazano zwykłe zmiany histo-
patologiczne. Zwłóknienie płuc było istotnie większe w grupie 
otrzymującej sam metotreksat niż w pozostałych grupach (p < 
0,005).
Wnioski: Stwierdzono skuteczność klarytromycyny w ochronie 
przed zwłóknieniem płuc wywołanym metotreksatem. Należy 
jednak podjąć dalsze badania, aby określić dawkowanie leku 
i jego bezpieczeństwo.

Słowa kluczowe: klarytromycyna, zwłóknienie płuc, szczury.
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Introduction

Methotrexate (MTX) is a folic acid antagonist used as 
a cytotoxic agent in leukemia and several other cancer 
types and as an anti-inflammatory agent at lower doses in 

auto-inflammatory diseases such as rheumatoid arthritis 
and psoriasis [1]. Some indirect side effects can be seen 
due to the cytotoxic nature of MTX. Hematopoietic sup-
pression, hepatotoxicity, and lung toxicity are the most 
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important life-threatening side effects [2]. Long-term, low-
dose MTX use is an important risk factor for lung toxicity. 
In addition, it may cause pulmonary toxicity in the case of 
high doses and intravenous use [3].

Hypersensitivity pneumonia [4], the direct toxic effect 
of MTX on lungs, and acquired infection are suggested 
mechanisms for the lung toxicity [5]. Experimental studies 
showed that MTX caused pulmonary toxicity, activating the 
p38 MAPK signal cascade [6]. The pulmonary damage de-
veloping with long-term, low-dose MTX use, particularly in 
rheumatologic diseases, is an important cause of morbid-
ity and mortality [7]. Therefore, development of protective 
agents against adverse effects of MTX is of great impor-
tance.

Macrolide antibiotics are effective against gram-posi-
tive and Gram-negative bacteria [8]. They have anti-inflam-
matory activities as well [9]. Among the macrolide antibi-
otics, clarithromycin was shown to have particularly broad 
immunomodulatory activity [10]. In addition, clarithromycin 
is known to have anti-inflammatory activity by blocking the 
p38 MAPK signal cascade [11]. 

Aim
Therefore, the current study aimed to investigate the 

possible role of clarithromycin in protecting against MTX-in-
duced toxicity in the MTX-induced pulmonary fibrosis model.

Material and methods
Animals
The permission for animal studies was obtained from 

the Ethical Committee for Animal Studies at Suleyman 
Demirel University (21438139/2015/46), and the guidelines 
for the Care and Use of Laboratory animals were strictly 
followed. The study included 30 female, 10- to 12-week-old, 
250 to 300 g rats, which were divided into three groups 
with 10 rats in each group. The rats were kept in an en-
vironmentally controlled room at constant temperature  
(21 ±1°C) and humidity (75 ±5%) under a 12 h light/dark 
cycle. The animals were acclimatized for 1 week before the 

study and had free access to standard laboratory feed and 
water ad libitum. MTX and clarithromycin were purchased 
from Sigma-Aldrich Co. (St. Louis, MO, USA).

Experimental protocol
Group I (control group) received an intragastric and 

intraperitoneal injection of saline. Group II (MTX group) 
received MTX orally 3 mg/kg for 28 days. Group III (MTX 
+ clarithromycin group) received MTX orally 3 mg/kg and 
200 mg/kg of intraperitoneally injected clarithromycin for 
28 days. The doses and administration route of MTX and 
clarithromycin were based on previous studies and our pre-
liminary experiments [12, 13]. The animals were euthanized 
after 28 days, and lung tissue samples were collected.

Histopathological examination of lung 
tissues
Histopathological examination was performed in the 

Muğla Sıtkı Koçman University Department of Pathology. 
The lung samples were fixed in 10% neutral buffered for-
malin for 24 h, washed with tap water, and then serial di-
lutions of alcohol (methyl, ethyl, and absolute ethyl) were 
used for dehydration. Specimens were cleared in xylene 
and embedded in paraffin at 56°C in a hot air oven for  
24 h. Paraffin beeswax tissue blocks were prepared for sec-
tioning at 5 μm thickness using a sledge microtome. Lung 
tissues were stained with hematoxylin and eosin (H + E) for 
histological examination. Tissue sections stained with H + E 
were examined by light microscopy for histopathological 
evaluation. The rats were photographed using an Olympus 
BX20 microscope (Tokyo, Japan).

Statistical analysis 
All statistical analyses were performed with SPSS v.15 

(SPSS Inc., Chicago, IL). Median (minimum, maximum) 
values were presented to describe the histopathological 
grades. The relationships between study groups and his-
topathological grades were analyzed by the c2 test (Monte 
Carlo). A p-value of less than 0.05 was considered statisti-
cally significant. 

Results
In the examinations under the light microscope, lung 

tissues from the control group had normal histological 
features (Fig. 1). In group II (MTX group), grade 1 fibrosis 
was observed in 3 rats, grade 2 fibrosis in 3 rats, and grade  
3 fibrosis in 1 rat. In group III (MTX + clarithromycin group), 
grade 1 fibrosis was found in 2 rats. The tissue damage in 
the MTX group (Figs. 2–4) was higher than in the control 
or MTX + clarithromycin groups (Tables I, II). A significant 
difference between the groups was found in multi-group 
comparisons of histopathological results (p = 0.001). Post 
hoc pairwise comparisons of histopathological results 
showed that the control and MTX + clarithromycin groups 
were similar (p = 0.462), the control and MTX groups 
were significantly different (p = 0.001), and the MTX and Fig. 1. Normal histological features
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MTX + clarithromycin groups were significantly different  
(p = 0.021). The MTX group had higher histopathological 
grades than others, and the clarithromycin-treated group 
had lower lung-tissue damage.

Discussion
In the current study, an experimental animal model was 

used to investigate the protective role of clarithromycin in 
MTX-induced pulmonary fibrosis. In the comparison be-
tween the MTX group and the MTX + clarithromycin group, 
development of pulmonary fibrosis was found reduced in 
the latter. To the best of our knowledge, the current study 
is the first experimental study to investigate the protective 
role of clarithromycin in MTX-induced pulmonary fibrosis. 
Some previous studies on lung fibrosis models were per-
formed using the bleomycin and C57BL/6J strain mice [14]. 
Pulmonary fibrosis models using rats were also success-
fully created [15]. The number of MTX-induced pulmonary 
fibrosis models in the literature is limited [12]. In the cur-
rent study, it was observed that the pulmonary fibrosis de-
veloped successfully using MTX in rats.

The MTX-induced side effects such as gastritis and my-
elosuppression were shown to decrease with the use of 

folic and folinic acid together with MTX, but these did not 
have any effect on the pulmonary toxicity [16]. Although 
minocycline, an agent to reduce the MTX-induced pulmo-
nary toxicity, was found effective in the MTX-induced pul-
monary fibrosis model, it has very limited use since it is 
expensive [17].

Methotrexate is suggested to cause pulmonary dam-
age by increasing the TnF-α, IL-1, IL-8, and MCP-1 release 
through the p38 MAPK signal cascade (TAK1→MKK3/
MKK6→p38 MAPK→MAPKAPK2→HSP27) [18]. In addition, 
it was also suggested that MTX might lead to pulmonary 
damage by increasing the reactive oxygen products [19]. 
Macrolide antibiotics have antimicrobial as well as anti-
inflammatory activities. The latter was considered to occur 
through reducing the pro-inflammatory mediator release 
[20]. Clarithromycin, in particular, was shown to have anti- 
inflammatory activity by blocking the p38 MAPK signal cas-
cade [11], and thus was considered to have a protective ef-
fect against MTX-induced pulmonary fibrosis.

François et al. showed that the B-cell activating factor 
(BAFF) could play a key role in the development of fibrosis, 

Fig. 2. Grade 1 fibrosis Fig. 3. Grade 2 fibrosis

Fig. 4. Grade 3 fibrosis

Table I. Median fibrosis scores

Grade Control MTX MTX + CRM P-value

n % n % n %

0 7 100.00 0 0.00 5 71.43 0.001

1 0 0.00 3 42.86 2 28.57

2 0 0.00 3 42.86 0 0.00

3 0 0.00 1 14.29 0 0.00

Total 7 100.00 7 100.00 7 100.00

Table II. Median histopathological grades

Group Grade

Median Min.–max.

Control 0 0–0

MTX 2 1–3

MTX + CrM 0 0–1
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particularly by increasing the IL-17 release from T lympho-
cytes [21]. Clarithromycin is known to show anti-inflam-
matory activity by decreasing the IL-17 release in chronic 
inflammatory diseases [10, 22]. In the current study, it was 
supposed that clarithromycin could show antifibrotic activ-
ity through this mechanism. 

In the current study, a protective effect of clarithromy-
cin against MTX-induced pulmonary fibrosis was observed; 
however, the small sample size, the lack of an examination 
for the oxidants and antioxidants in tissue and serum, and 
the lack of electron microscopic examination of the tissues 
were the limitations of the study. In conclusion, clarithro-
mycin may have a protective effect against MTX-induced 
pulmonary fibrosis but further studies should be performed 
to determine the dosage and safety. 
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