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ABSTRACT

BACKGROUND: The aim of the present study was to investigate the effects of curcumin on lung damage following ischemia/reper-
fusion (I/R) injury after hind limb ligation.

METHODS: Forty Wistar rats were divided into four groups: sham (G1), I/R (G2), curcumin plus sham (G3), and curcumin plus I/R 
(G4). Curcumin was administered (200 mg/kg) daily for 2 weeks before the study. I/R was induced by placement of rubber tourniquets 
at the greater trochanters for 2 h, followed by reperfusion for 4 h.

RESULTS: Curcumin pretreatment had significantly lower level of malondialdehydes and higher level of superoxide dismutase in the 
lung tissues (p<0.05) than the I/R group. Glutathione peroxidase activity was not significantly different among the groups (p>0.05). I/R 
caused severe histopathological injury (p<0.05), including inflammatory cell infiltration and intra-alveolar hemorrhage.

CONCLUSION: These results suggest that curcumin pretreatment has protective effects against lung injury induced by muscle I/R.
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Efforts have been made to develop novel treatment meth-
ods in order to prevent or limit damage to remote organs. 
Accordingly, various studies have used different pharmaco-
logical agents for this purpose.[8–10] Curcumin with anticar-
cinogenic and anti-inflammatory effects is recognized as a po-
tential stimulator of heat shock protein expression induced 
by stress.[11] It can improve I/R damages in the kidneys, my-
ocardium, and nervous tissues based on recent studies.[12–16] 
However, to our knowledge, no studies have examined the 
effects of this compound on the lungs following I/R damage 
to the muscles. Accordingly, we examined the effectiveness 
of curcumin against muscle I/R damage. Histological and bio-
chemical analyses were performed in order to assess its pro-
tective effects.

MATERIALS AND METHODS

The Animal Experiments Committee of Islamic Azad Univer-
sity approved the study protocol (2015-A2/017-4). The Pas-
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INTRODUCTION

Ischemia/reperfusion (I/R) injury of the skeletal muscles is in-
evitable in various clinical conditions. This type of injury can 
occur from long surgical interventions on the extremities. It 
can damage parenchymal and endothelial cells, induce granu-
locyte and macrophage reactions, and trigger humoral factors 
(e.g., coagulation factors and oxygen free radicals).[1,2]

It is possible for I/R injuries to extend further than the is-
chemic region and cause damage to remote organs. One of 
the major causes of morbidity and mortality is lung injury 
following I/R damage to the extremities according to the lit-
erature. Increased microvascular permeability, as well as pul-
monary edema, characterizes this type of injury.[3]

Inflammatory mediators, particularly oxygen free radicals and 
neutrophils, contribute to the development of lung injuries 
associated with I/R damage according to previous studies.[4–7] 
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teur Institute of Iran supplied 40 adult male Wistar rats. The 
mean weight of the rats was 230±20 g. The rats were kept 
at a temperature of 22 °C±2 °C (relative humidity, 45%±5% 
and 12:12 h light/dark cycle) with access to food and water.

The rats were randomly allocated to four groups (10 rats 
each): sham (G1), I/R (G2), curcumin plus sham (G3), and 
curcumin plus I/R (G4). Curcumin (Sigma Co., MO, USA) was 
administered via oral gavage at a dose of 200 mg/kg/day. It was 
dissolved in corn oil (C8267; Sigma Co.) for 2 weeks before 
the study.

Ketamine (50 mg/kg) and xylazine (5 mg/kg) were adminis-
tered to induce anesthesia. Ischemia was induced by placing 
orthodontic rubber bands at both hip joints for 2 h. Body 
temperature was kept constant using a warming pad. After 
reperfusion for 4 h, the rats were euthanized, and the lungs 
were removed. Then, the left lungs were placed in a 10% 
formalin solution and prepared for histopathological exami-
nation via light microscopy.

The supernatants of the right lung homogenates were pre-
pared as described by Yildirim et al.[17] The malondialdehyde 
(MDA) level was determined via thiobarbituric acid reactions 
based on the study by Yagi.[18] In addition, superoxide dis-
mutase (SOD) activity was analyzed spectrophotometrically 
(560 nm) by determining the capacity to inhibit photochem-

ical nitroblue tetrazolium reduction based on the method 
proposed by Winterbourn et al.[19] Moreover, glutathione 
peroxidase (GSH-Px) activities were spectrophotometrically 
(340 nm) determined using the method proposed by Paglia 
and Valentine.[20]

Standard methods were used to process the left lung speci-
mens. Cross-sectional cuts (5 µm in thickness) were made in 
the middle of the lungs. The hematoxylin and eosin method 
was applied for staining the slides. Lung injuries were exam-
ined in accordance with Koksel’s protocol[21] (Table 1).

Data were analyzed using SPSS version 18.0 (SPSS Inc., 
Chicago, IL, USA). The Mann–Whitney U test was used 
for non-parametric analyses of biochemical variables. The 
ANOVA and Tukey’s tests were used for comparison of data. 
A P value <0.05 was considered significant.

RESULTS

No significant lung histological changes were found in the 
G1 and G3 groups based on light microscopy (p>0.05). After 
reperfusion for 4 h, extensive infiltration of inflammatory 
cells and intra-alveolar hemorrhage were reported in the G2 
group (Figs. 1a, b). At this time, lung damage was less in the 
G4 group (Fig. 1c). Therefore, lung injuries caused by muscle 
I/R were more severe in the G2 group than in the G4 group 
(p<0.05; Fig. 2).

The G2 group showed a significantly higher MDA level than 
others (p<0.05; Fig. 3). On the other hand, SOD activity was 
significantly lower in the G2 group (p<0.05; Fig. 4). Based on 
the findings, the groups were significantly different in terms 
of GSH-Px activity (p>0.05; Fig. 5). No significant difference 
was found among the G1, G3, and G4 groups according to 
the biochemical results (p>0.05).

DISCUSSION
I/R injury is characterized by a sequence of events, result-
ing in damage to the cells and organ dysfunction.[22] Various 
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Table 1. Histological grading according to Koksel’s protocol

Grade 0 Normal appearance

Grade 1 Mild-moderate interstitial congestion and neutrophil  

 leukocyte infiltration

Grade 2 Perivascular edema formation, partial destruction of  

 pulmonary architecture, and moderate neutrophil

 leukocyte infiltration

Grade 3 Complete destruction of the pulmonary architecture 

 and dense neutrophil leukocyte

(a) (b) (c)

Figure 1. (a and b) Light photomicrographs of the lung tissues from rats subjected to ischemia/reperfusion without curcumin pretreatment 
(G2). (a) Inflammatory cell infiltration. (b) Intra-alveolar hemorrhage. (c) Light photomicrograph of the lung tissues from rats pretreated with 
200 mg/kg/day curcumin for 2 weeks before ischemia/reperfusion (G4), showing nearly normal alveolar architecture and less of the slight 
neutrophil infiltration; (haematoxylin–eosin, original magnification ×400).
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studies have been performed on the role and importance of 
neutrophils in I/R damage.[23,24] Based on speculations, one of 
the major pathological dysfunctions in lung injury is endothe-
lial cell damage, resulting from neutrophil activation, which 
can lead to inflammatory cytokine production and release of 
oxygen free radicals.[25]

Curcumin is regarded as an effective compound in eliminating 
I/R damage to different organs.[26,27] It can be effective against 
I/R injuries of the muscles according to a recent study by Avci 
et al.[28] This compound has been shown to be effective in 
human and animal models of I/R injury. Moreover, it can be 
useful in the treatment of diseases, such as cancer, diabetes, 
cardiovascular disorders, and arthritis.[26]

The protective effects of curcumin are attributed to improved 
oxidative stress and inhibitory activities of protein kinases, 
adhesion molecules, inflammatory transcription factors, and 
inflammation.[26,27,29] Some studies have revealed its potential 
for scavenging free radicals to prevent lipid peroxidation and 
increase the level of intracellular antioxidants.[30–34]

In the present study, light microscopy indicated the disrup-
tion of alveolar architecture, as well as neutrophil infiltration 
in histopathological sections in the G2 group. However, sec-
tions from the group receiving curcumin demonstrated de-
creased histological damage. It appears that curcumin can sig-
nificantly attenuate leukocyte recruitment in the lung tissues 
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Figure 5. The graph shows the glutathione peroxidase (GSH-
Px) activity of different groups. Each group contains mean±SD of 
seven animals. Sham (G1), ischemia/reperfusion (G2), curcumin 
plus sham (G3), and curcumin plus I/R (G4). There was not signif-
icantly different among the groups (p>0.05).
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Figure 4. The graph shows the superoxide dismutase (SOD) activ-
ity of different groups. Each group contains mean±SD of seven an-
imals. Sham (G1), ischemia/reperfusion (G2), curcumin plus sham 
(G3), and curcumin plus I/R (G4). *P<0.05.
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Figure 3. The graph shows the malondialdehyde (MDA) level of 
different groups. Each group contains mean±SD of ten animals. 
Sham (G1), ischemia/reperfusion (G2), curcumin plus sham (G3), 
and curcumin plus I/R (G4). *P<0.05.
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Figure 2. Histological lung injury scores in the experimental groups. 
Sham (G1), ischemia/reperfusion (G2), curcumin plus sham (G3), 
and curcumin plus I/R (G4). *P<0.05.
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after muscle I/R, as demonstrated by the significantly higher 
number of neutrophils and greater histological damage to the 
lungs in the G2 group than in others.

One of the important causes of lung injury is lipid peroxida-
tion, triggered by oxygen free radicals.[35] In our study, lung 
injury after muscle I/R was associated with high MDA levels 
in the lung tissues (a proper marker of lipid peroxidation).[36] 
Nevertheless, curcumin could significantly decrease the MDA 
level. This finding is in line with previous studies, representing 
curcumin as an inhibitor of lipid peroxidation.[30]

Additionally, evidence has revealed the antioxidant activities 
of curcumin (especially inhibition of lipid peroxidation).[30] In 
the current study, the protective effects of curcumin on the 
cells against lipid peroxidation might be attributed to its di-
rect antioxidant and anti-inflammatory activities.

Based on the present findings, pretreatment with curcumin 
can reduce lung injuries resulting from muscle I/R. Inhibition 
of neutrophil aggregation, as well as oxidative damage in the 
injured lung, might be the underlying mechanisms. Further 
research is required to confirm the clinical effectiveness of 
this compound.
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OLGU SUNUMU

Sıçanlarda akciğer hasarının oluşturduğu iskelet kası iskemi/reperfüzyonu üzerine
zerdeçalın etkisi
Dr. Hamed Ashrafzadeh Takhtfooladi,1 Dr. Mohammad Ashrafzadeh Takhtfooladi2

1İslam Azad Üniversitesi, Pathobiyoloji, Bilim ve Araştırma Bölümü, Tahran, İran
2İslam Azad Üniversitesi, Genç Araştırmacılar ve Seçkinler Kulübü, Bilim ve Araştırma Dalı, Tahran, İran

AMAÇ: Bu çalışma sıçanların arka bacakları bağlandıktan sonra oluşan akciğer hasarı üzerine zerdeçalın etkilerini araştırmak üzere yapıldı.
GEREÇ VE YÖNTEM: Kırk adet Wistar sıçanı plasebo (G1), İ/R (G2), zerdeçal + plasebo (G3) ve zerdeçal +İ/R (G4) gruplarına ayrıldı. Çalışma-
dan önce iki hafta boyunca günde 200 mg/kg dozda zerdeçal verildi. Büyük trokanterlere iki saat boyunca turnike uygulandıktan sonra dört saat 
reperfüzyon için beklenerek İ/R oluşturuldu.
BULGULAR: Zerdeçalla öntedavi I/R grubuna göre akciğer dokularında malondialdehitlerin düzeyini anlamlı derecede düşürdü ve süperoksit dis-
mütaz düzeyini yükseltti (p<0.05). Gruplar arasında glutatyon peroksidaz aktivitesi açısından anlamlı farklılık yoktu (p>0.05). İ/R, enflamatuvar 
hücre infiltrasyonu ve alveoller içine kanama olmak üzere ciddi derecede histopatolojik hasara neden oldu (p<0.05).
TARTIŞMA: Bu sonuçlar zerdeçalla öntedavinin kas İ/R’nin neden olduğu akciğer hasarına karşı koruyucu etkileri olduğunu akla getirmektedir.
Anahtar sözcükler: Akciğer; iskelet kası; iskemi/reperfüzyon; zerdeçal.
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