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Abstract: Background: Lung is a radiosensitive organ. Studies have shown that exposure 

of the lung to acute and high doses of radiation following inhalation of radioactive agents 

or an accidental radiological event may lead to pneumonitis and fibrosis, which are associ-

ated with a risk of death. So far, some agents have been studied for mitigation of pneumon-

itis and fibrosis following exposure of murine lung tissues to ionizing radiation. In this 

study, we aimed to detect the possible mitigatory effect of alpha-lipoic acid, resveratrol 

and their combination on mice pneumonitis and fibrosis markers following irradiation.  

Methods: 25 mice were divided into 5 groups: control, radiation; radiation plus alpha-lipoic 

acid; radiation plus resveratrol; and radiation plus both resveratrol and alpha-lipoic acid. Mice 

chest regions were irradiated with 18 Gy using a cobalt-60 gamma rays source. Treatments 

started 24 h after irradiation and continued for two weeks. After 100 days, all mice were sac-

rificed and their lung tissues removed for histopathological evaluation.  

Results: Pathological study showed that exposure to radiation led to severe pneumonitis and 

moderate fibrosis after 100 days. Both resveratrol and alpha-lipoic acid, as well as their 

combination could mitigate pneumonitis and fibrosis markers. Although, resveratrol could 

not mitigate infiltration of most inflammatory cells as well as inflammation and vascular 

damage, alpha-lipoic acid and its combination were able to mitigate most damaged markers.  

Conclusion: Alpha-lipoic acid and its combination with resveratrol were able to mitigate 
fibrosis and pneumonitis markers in mice lung tissues following lung irradiation. Although 
resveratrol has a protective effect on some markers, it has a weaker effect on lung injury. 
In conclusion, our results suggest that the combination of resveratrol and alpha-lipoic acid 

has a potent mitigatory effect compared to the single forms of these agents. 
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1. INTRODUCTION 

Accidental exposure to radiation is a threat to 

human because of increasing concerns about nu-

clear war and radiological terror activities. Whole 
body exposure to gamma ray doses lower than 4 

Gy could lead to survival, although they may have 

a high risk for several disorders such as carcino-
genesis, cataract, cardiovascular diseases, autoim-

mune diseases etc. [1]. In contrast, whole body 

exposure to doses higher than 4 Gy may lead to 
death after some weeks. Results of an atomic 

bomb explosion in Hiroshima and Nagasaki, years 

after this event, confirmed the incidence of several 
disorders [2]. In addition to hematopoietic and 

gastrointestinal toxicities following whole body 

exposure to radiation, there are concerns of organ 
failure to the lung, liver, kidney and heart follow-

ing non-uniform body exposure [3]. In some situa-

tions, such as non-uniform whole body exposure 
or evaporation of radioactive iodine and cesium, 

which were experienced during the Chernobyl nu-

clear power or atomic bomb explosion, other or-
gans including lung, kidney and liver may be ex-

posed to a high dose of radiation, while bone mar-

row and gastrointestinal system may not show 
acute toxicity. Although radiation responses in 

these organs take a long time to appear, lung or 

kidney failures, months to years after exposure 

may lead to death in exposed people [4, 5].  

The lung is an organ sensitive to detrimental ef-

fects of ionizing radiation. After exposure of the 

lung to a high dose of radiation, several cytokines 
and chemokines are released, leading to infiltration 

of inflammatory cells [6]. Macrophages, neutro-

phils and lymphocytes also release several cyto-
kines which mediate the appearance of edema and 

pneumonitis [7]. Moreover, chronic production of 

free radicals including reactive oxygen and nitro-
gen species (ROS and RNS) leads to the stimula-

tion of collagen deposition in extracellular space, 

giving rise to fibrosis [8]. Both pneumonitis and 
fibrosis can lead the exposed person to death [9]. 

Some experimental studies have been conducted to 

mitigate pneumonitis and fibrosis following local 
lung irradiation. Studies showed that some agents 

such as captopril and flaxseed, which suppress 

renin-angiotensin system and oxidative stress are 
able to attenuate signs of pneumonitis and lung 

fibrosis [10, 11].  

Resveratrol and alpha-lipoic acid are two potent 

antioxidants that have shown appropriate radiopro-

tective effect. Resveratrol is not a direct antioxi-

dant but it is able to stimulate the activities of an-

tioxidant enzymes in cells such as superoxide dis-

mutase (SOD) and glutathione peroxidase (GPx) 

[12]. Also, via stimulation of sirtus-1 (Sirt-1), it 

induces DNA repair and ameliorates cell death in 

oxidative stress conditions. Studies have revealed 

that treatment with resveratrol before exposure to 

radiation alleviates radiation toxicity [13, 14]. In 

contrast to resveratrol, alpha-lipoic acid is a potent 

antioxidant which neutralizes free radicals through 

recycling of ascorbic acid and alpha-tocopherol 

[15]. Some studies have revealed the potential ra-

dioprotective effect of alpha-lipoic acid in some 

murine organs such as intestine and thyroid [16, 

17]. In the present study, we aimed to investigate 

the potential mitigatory effect of resveratrol, al-

pha-lipoic acid and their combination on the de-

velopment of radiation-induced pneumonitis and 

fibrosis. We hypothesized that both resveratrol and 

alpha-lipoic acid are able to neutralize endogenous 

free radical production, which is involved in oxi-

dative injury as well as late effects in irradiated 

lung tissues. Interestingly, both resveratrol and 

alpha-lipoic acid have inhibitory effects on renin-

angiotensin system. We hypothesized that these 

properties of resveratrol and alpha-lipoic acid im-

prove the management of pneumonitis and lung 

fibrosis in mice.  

2. MATERIALS AND METHODS 

2.1. Drugs and Irradiation 

Resveratrol and alpha-lipoic acid were pur-

chased from Nano-Kimia Company, Tehran, Iran. 
Alpha lipoic acid was dissolved in 20% ethanol at 

a concentration of 6 mg per milliliter. Each mouse 

was treated with 1 ml of alpha-lipoic acid solution 
(equaling 200 mg per kg body weight). Similar to 

alpha-lipoic acid, resveratrol was mixed in 20% 

ethanol and diluted with distilled water. The con-
centration of resveratrol was 3 mg per milliliter. 

Each mouse was treated with 1 ml resveratrol so-

lution (equaling 100 mg per kg body weight). For 
the combinational form of resveratrol and alpha-

lipoic acid, both agents were dissolved in 20% 

ethanol. Each milliliter of this solution was made 
up of 3 mg resveratrol and 6 mg alpha-lipoic acid, 
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which were equal to 100 mg/kg and 200 mg/kg, 

respectively. The non-toxic doses of resveratrol 

and alpha-lipoic acid were chosen based on the 
previous studies. A resveratrol dose of 100 mg/kg 

has been proposed for alleviating inflammatory 

responses in some organs such as spinal cord and 
lung [18]. This dose has also been proposed for 

attenuation of fibrosis [19]. Alpha-lipoic acid is a 

low toxic antioxidant, with no toxicity observed 
even for longer time of administration [20]. Alpha-

lipoic acid dose of 200 mg/kg has shown anti-

inflammatory and anti-fibrosis effects in animal 
studies [21, 22]. Treatments with resveratrol, al-

pha-lipoic acid or their combination began 24 h 

after irradiation, as oral gavage and continued for 
2 weeks. The time and duration of treatment were 

selected according to the previous studies, which 

gave the most effective time for mitigation of lung 

toxicity [23]. 

Irradiation was performed using a cobalt-60 

gamma ray (1.25 MeV) source. Before irradiation, 

mice were anesthetized with ketamine and 

xylazine at 20 and 5 mg per kg body weight. Mice 

were placed supine on the treatment table before 

exposure to 18 Gy gamma rays to their lung tis-

sues at a source to skin distance (SSD) of 80 cm 

and a dose rate of 60 cGy per min. The total dose 

of radiation was chosen based on a previous study.  

2.2. Experimental Design 

This experimental study was in accordance with 

the ethical laws of animal care, by Kermanshah 

University of Medical Sciences, Kermanshah, 

Iran. Mice were kept under standard conditions 

such as: temperature (25°C) and humidity (55%). 

Furthermore, same light/dark cycle (light: 5 AM-5 

PM, dark: 5 PM-5 AM) was observed.  

All 25 mice were allotted to five groups (5 mice 

in each). Group 1 was selected as control. This 

group did not receive radiation or treatment except 

ketamine and xylazine for anesthesia. Group 2 was 

chosen as radiation group. Each mouse in this 

group received 18 Gy gamma rays to lung tissues 

after anesthesia with ketamine and xylazine. 

Group 3 received 18 Gy gamma rays similar to 

group 2 and after 24 h, treatment with alpha-lipoic 

acid began for 2 weeks. Groups 4 received 18 Gy 

gamma rays similar to group 2 and after 24 h, oral 

treatment with resveratrol began for 2 weeks (5 

days per week). Groups 5 mice received 18 Gy 

gamma rays similar to group 2 and after 24 h, 

treatment with resveratrol and alpha-lipoic acid 

commenced. For this group, administration of al-

pha-lipoic acid was similar to group 3 and for 

resveratrol, it was similar to group 4. 100 days af-

ter irradiation, all mice were killed and their lung 

tissues were removed after chest opening. Thereaf-

ter, the tissues were fixed in 10% normal buffer 

formalin for histopathological evaluation.  

2.3. Histopathological Evaluation 

After complete fixation of all samples, lung tis-

sues were embedded in paraffin blocks. With the 
aid of a microtome, two layers with 4 micron 

thicknesses were prepared from each sample. After 

cutting, lung samples were located on the slides 
for staining. One slide from each sample was 

stained using hematoxylin and eosin (H&E) while 

another slide was stained using Masson’s tri-
chrome (MTC). Slides with H&E staining showed 

morphological changes such as congestion, infil-

tration of inflammatory cells, edema, vascular and 
alveolar changes, etc. MTC staining was used for 

detecting collagen deposition in intracellular spac-

es showing signs of fibrosis.  

2.4. Statistical Analysis 

Results of histopathological evaluation were 

scored as follows: 0=normal, 1=mild changes, 

2=moderate changes, and 3=severe changes. His-
topathological parameters including collapse, 

erythrocyte hemorrhage, congestion, inflamma-

tion, macrophages infiltration, lymphocyte infiltra-
tion, neutrophil infiltration, vascular wall thick-

ness, vascular damage, alveolar thickness, edema 

and fibrosis, were scored for all groups same as 
the above mentioned method. Afterwards, results 

for each group were reported as mean ± standard 

deviation (SD). For analyses of differences be-
tween groups, we used SPSS version 22 (IBM, 

Chicago, USA). Data were analyzed using Mann-

Whitney non-parametric test. P value <0.05 was 

considered statistically significant.  

3. RESULTS 

Results from histological evaluation showed a 

significant increase in inflammation and fibrosis 
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Table 1. Histopathological results evaluating the mitigatory effect of alpha-lipoic acid (ALA), resveratrol (RES) and 

their combination on mice lung tissues following exposure to 18 Gy gamma rays.  

- Control RAD RAD+ALA RAD+RES RAD+ALA+RES 

Collapse 0.25 ± 0.43 1.00 ± 00
a
 1.25 ± 0.43 0.66 ± 0.47 1.00 ± 00 

Erythrocyte 

hemorrhage 
0.00 ± 00 3.00 ± 0.70

a
 1.00 ± 0.70

b
 0.00 ± 00

b
 0.00 ± 00

b,c
 

Congestion 0.00 ± 00 3.50 ± 0.86
a
 1.50 ± 0.50

b
 1.00 ± 00

b
 0.00 ± 00

b,c,d
 

Inflammation 0.25 ± 0.43 3.25 ± 0.43
a
 2.50 ± 0.50 3.33 ± 0.47 1.75 ± 0.89

b
 

Macrophages 

infiltration 
0.25 ± 0.43 3.00 ± 00

a
 0.50 ± 0.50

b
 3.00 ± 0.81 1.75 ± 0.83

b
 

Lymphocyte  

infiltration 
0.00 ± 00 2.75 ± 0.83

a
 1.75 ± 0.43 3.66 ± 0.47 1.50 ± 0.50 

Neutrophil  

infiltration 
0.00 ± 00 3.00 ± 0.70

a
 1.00 ± 00

b
 1.00 ± 00

b
 0.00 ± 00

b,c,d
 

Vascular wall 

thickness 
0.00 ± 00 1.25 ± 0.43

a
 0.00 ± 00

b
 1.00 ± 00 0.00 ± 00

b,d
 

Vascular damage 0.25 ± 0.43 2.25 ± 0.43
a
 1.00 ± 00

b
 2.00 ± 00 0.75 ± 0.83

b
 

Alveolar  

thickness 
0.00 ± 00 1.00 ± 00

a
 0.00 ± 00

b
 0.00 ± 00

b
 0.00 ± 00

b
 

Edema 0.00 ± 00 3.00 ± 00
a
 0.75 ± 1.29

b
 1.00 ± 0.82

b
 1.50 ± 1.65

b
 

Fibrosis 0.00 ± 00 2.00 ± 00
a
 0.00 ± 00

b
 0.00 ± 00

b
 0.00 ± 00

b
 

a: significant compared to control group; b: significant compared to radiation group; c: significant compared to alpha-lipoic acid group; d: significant compared 

to resveratrol group (Mann-Whitney Test, p <0.05).  

RAD = Radiation; ALA = Alpha-Lipoic Acid; RES = Resveratrol; ALA+RES = Resveratrol Plus Alpha-Lipoic Acid. 

 

markers. It further showed that that irradiation of 

mice lung tissues with 18 Gy gamma rays led to 

severe infiltration of inflammatory cells including 

macrophages, lymphocytes and neutrophils, as 

well as severe inflammation, edema, congestion 

and erythrocyte. However, a mild to moderate col-

lapse, vascular and alveolar injuries, in addition to 

fibrosis were also revealed. Treatment with alpha-

lipoic acid or its combinational form could miti-

gate all mentioned markers except for collapse and 

lymphocyte infiltration. Treatment with resveratrol 

could mitigate alveolar thickness, congestion, 

erythrocyte hemorrhage, edema, neutrophil infil-

tration, as well as fibrosis (Figs. 1 and 2). Howev-

er, it could not mitigate other injury parameters 

such as vascular damage, inflammation as well as 

infiltration of macrophages and lymphocytes. The 

detailed results have been presented in Table 1.  

4. DISCUSSION 

Lung injury is one of the major causes of death 

after some radiation disasters. Moreover, in pa-

tients with chest cancer such as non-small cell 

lung carcinoma, breast cancer or in some situa-

tions such as head and neck cancer, there is a risk 

of pneumonitis or fibrosis. Pneumonitis in human 

occurs some months after exposure to an acute 

dose, while the incidence of fibrosis may take 

years. So far, some experimental studies have been 

conducted to evaluate several agents for mitigation 

of radiation-induced pneumonitis and fibrosis. 

Genistein, a soy isoflavone and eukarion, which is 

a potent ROS scavenger have shown partial miti-

gatory effects on radiation pneumonitis and fibro-

sis in murine models [24, 25]. Treatment with other 

antioxidants including BIO 300 (a nanosuspension 

of genistein) and flaxseed, 24 h after irradiation, 
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Fig. (1). Histopathological investigation of the radio-mitigatory effects of ALA and RES, and radiation damage  

after 100 days. (A) Control: alveolar space, bronchioles, and vascular bed are seen normal. (B) RAD: severe  

interstitial inflammation and pulmonary edema are observed. (C) RAD: severe inflammation of bronchial wall and 

wall thickness are seen with destruction of bronchus. (D) ALA: moderate to mild inflammation was observed.  

(E) RES: moderate inflammation was observed. (F) ALA+RES: mild inflammation was observed. The arrows  

indicate an accumulation of lymphocytes, macrophages, and neutrophils in lung tissue (H and E, ×100). 
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Fig. (2). Histopathological investigation of the radio-mitigatory effects of ALA and RES, and radiation damage af-

ter 100 days in the lung tissue. (A) Control: alveolar space, bronchioles and vascular bed are seen normal. (B & C) 

Radiation: severe collagen deposition was observed. (D) RES: collagen deposition was moderate around the vascu-

lar bed and alveolar space. (E) ALA: moderate to mild collagen deposition was observed. (F) ALA+RES: mild col-

lagen deposition was revealed. The arrows indicate the collagen deposition in the lung tissue. Collagen deposition is 

depicted with light blue. (Masson’s trichrome staining: magnification ×100).
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have shown similar results [26]. These agents 

have been shown to mitigate lung pneumonitis and 

fibrosis via scavenging free radicals and allevia-
tion of inflammatory mediators [11, 23]. Suppres-

sion of renin-angiotensin system by captopril also 

showed potent mitigation of lung injury, even 
when treatment commenced 1 week after irradia-

tion [4, 27, 28]. Kma et al. showed that inhibition 

of renin-angiotensin system by captopril, enalapril 
and fosinopril has a direct relation with reduced 

collagen deposition and fibrosis [29]. In addition 

to accidental exposure to radiation, mitigation of 
lung injury can be very useful for cancer patients 

which show a high risk for pneumonitis and fibrosis. 

At the moment, a clinical trial study for patients 

with lung cancer is ongoing (NCT02809456).  

Till date, no study has been conducted to un-

derstand the protective role of resveratrol and al-

pha-lipoic acid against radiation-induced lung in-
jury. Resveratrol and alpha-lipoic acid are two po-

tent antioxidants which have shown abilities to 

attenuate radiation injury. Resveratrol inhibits con-
tinuous production of ROS and hematopoietic in-

jury via suppression of NOX4, upregulation of 

Sirt1 as well as stimulation of SOD2 and GPx1 in 
mice bone marrow cells [14, 30]. Similar effects 

have been revealed in mice intestine [31]. Alpha-

lipoic acid stimulates glutathione, suppresses in-
flammatory cytokines and mediators such as NF-

Kb. Furthermore, it attenuates apoptosis induction, 

leading to amelioration of radiation-induced sali-
vary glands, thyroid and intestinal toxicities as 

well as oral mucositis [16, 32, 33].  

In the present study, our results showed that 

post-exposure treatment with alpha-lipoic acid, 
resveratrol, or their combination can mitigate 

pneumonitis and fibrosis in a mice model. Results 

also showed a moderate induction of fibrosis by 
irradiation of mice lung tissues, which was re-

versed completely by all reagents. Alpha-lipoic 

acid and its combinational form could attenuate 
infiltration of inflammatory cells, while resveratrol 

did not show any remarkable effect. Neither 

resveratrol nor alpha-lipoic acid was able to miti-
gate inflammation, while their combination could 

attenuate it significantly. Overall results showed 

that alpha-lipoic acid is a potent radiation mitiga-
tor for lung tissues, however, its combination with 

resveratrol could lead to more effective results.  

CONCLUSION 

This study was conducted to evaluate the possi-

ble mitigatory effects of resveratrol, alpha-lipoic 

acid and their combination after lung irradiation 

with gamma rays. Results showed that treatment 

with resveratrol alleviated fibrosis as well as alve-

olar and vascular injuries, while it could not miti-

gate inflammatory markers. Alpha-lipoic acid has 

a potent effect on lung injury and mitigated the 

infiltration of most inflammatory cells, edema, al-

veolar and vascular injuries as well as fibrosis. 

However, the combination of both resveratrol and 

alpha-lipoic acid may offer potent mitigatory ef-

fect compared with the single forms of these 

drugs. In conclusion, using alpha-lipoic acid or its 

combination with resveratrol is a good strategy for 

mitigation of both pneumonitis and fibrosis fol-

lowing exposure of the lung to a high dose of radi-

ation.  
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