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ABSTRACT 

Investigation of the Effect of Ellagic Acid on the Expression of Some 

Apoptotic Proteins in Lung Injury- Induced Rats 

Yousif Taha HUSSEIN 

Master Thesis 

Firat University 

Graduate School of Natural and Applied Sciences 

 
Department of Biology 

Molecular Biology Program 

December-2019: pages xii + 46 

Phytochemicals is considered as one of the most effective and safe alternative therapy against oxidative-

linked lung diseases. Ellagic acid (EA), a natural polyphenolic component of fruits, nuts and vegetables, are partly 

responsible for their therapeutic health effects against oxidation-related diseases. In this study, we investigated 

the ameliorative effect of EA on lung damage induced by Carbon tetrachloride (CCl4) in Wistar albino rats. Thirty-

six male rats (n=36, 8 weeks old) were divided into 4 groups, each with 9 rats. The groups were: Control Group: 

served as control received standard diet; EA Group and CCl4 Group were administered EA (10 mg/kg body weight 

(b.w.), intraperitoneal (ip)) and CCl4 (1.5 ml/kg b.w. ip.), respectively; CCl4 + EA Group administered EA plus 

CCl4 as in the EA Group and the CCl4 Group. The rats were decapitated at the end of experimental period of 8 

weeks and the lung tissue were examined. CCl4 induced rats showed elevation in the expressions of inflammatory 

proteins, Nuclear factor kappa b (NF-kB), Cyclooxygenase-2 (COX-2) and Tumor necrosis factor alpha (TNF-α); 

and the indicator of lipid peroxidation, Malondialdehyde (MDA). Intraperitoneal administration of EA 

significantly reduced the levels of these markers. EA administration increased the protein expression levels of 

nuclear factor erythroid 2 related factor 2 (Nrf-2) and enhanced the activity of glutathione (GSH) and Catalase 

enzyme (CAT). In addition, EA administration increased the expression levels of caspase-3, and decreased B-cell 

lymphoma-2 (Bcl-2). In conclusion, these results establishes the protective role of EA in the treatment of lung 

damage and that in the future this may have the potential to be used as a medication for the prevention or 

attenuation of lung diseases. 

Keywords: Ellagic acid, lung damage, TNF-α, COX-2, caspase-3, Nrf-2. 
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ÖZET 

Ellagik Asitin Akciğer Hasarı Oluşturulmuş Sıçanlarda Bazı Apoptotik 

Proteinlerin İfadesine Etkisinin Araştırılması 

Yousif Taha HUSSEIN 

Yüksek Lisans Tezi 

Firat Üniversitesi 
Fen Bilimleri Enstitüsü 

Biyoloji Bölümü 

Moleküler Biyoloji Bilim Dalı 

December-2019: pages xii + 46 

Fitokimyasallar oksidatif hasara bağlı akciğer hastalıklarına karşı en etkili ve güvenli alternatif 

tedavilerden biri olarak kabul edilmektedir. Meyveler, fındıklar ve sebzelerin doğal polifenolik bir bileşeni olan 

ellagik asit (EA), oksidasyonla ilgili hastalıklara karşı terapötik sağlık etkilerinden kısmen sorumludur. Bu 

çalışmada, Wistar albino sıçanlarda Karbon tetraklorürün (CCl4) neden olduğu akciğer hasarı üzerinde EA’in 

koruyucu ve iyileştirici etkisi araştırılmıştır. 36 adet Wistar albino (n=36, 8 haftalık) sıçan kullanılmıştır. Sıçanlar 

4 gruba ayrılmış ve her grupta 9 sıçan yer almıştır. Gruplar: (i) Kontrol Grubu: Standart diyet; (ii) EA Grubu: 

Standart diyet + EA verilen grup; (iii) CCl4 Grubu: Standart diyet + CCl4 verilen grup; (iv) CCl4 + EA Grubu: 

Standart diyet + CCl4 + EA verilen grup. Hayvanlar 8 hafta sonra dekapite edilerek akciğer dokuları incelenmiştir. 

Akciğer dokusunda kaspaz-3, bcl-2, Nrf-2, NF-kB, COX-2 ve TNF-α ekspresyon düzeyleri western blotlama 

tekniğiyle, lipit peroksidasyonu MDA (malondialdehit) analizleri, GSH ve katalaz düzeyi spektrofotometre ile 

belirlenmiştir. CCl4 ile indüklenen sıçanlarda, enflamatuar proteinlerin ifadelerinden; Nükleer faktör kappa-b 

(NF-kB), Siklooksijenaz-2 (COX-2) ve Tümör nekroz faktörü alfa (TNF-α) ve lipid peroksidasyon göstergesi 

Malondialdehit (MDA) değerlendirilmiştir. EA’in intraperitoneal uygulaması ile bu belirteçlerin seviyelerinin 

önemli ölçüde azaldığı görülmüştür. EA uygulaması, nükleer faktör eritroid 2 ile ilişkili faktör 2'nin (Nrf-2) 

protein ekspresyon seviyelerini, glutatyon (GSH) ve katalaz enziminin (CAT) aktivitesini arttırmıştır. Buna ilave 

olarak, EA uygulaması kaspaz-3 ekspresyon seviyelerini arttırmış ve B hücreli lenfoma-2'yi (Bcl-2) azaltmıştır. 

Sonuç olarak, EA'in akciğer hasarının tedavisinde koruyucu bir rolünün olduğu ve gelecekte akciğer 

hastalıklarının önlenmesi veya zayıflatılmasında bir ilaç olarak kullanılma potansiyeline sahip olabileceği 

kanısına varılmıştır.  

Anahtar kelimeler: Ellagik asit, akciğer hasarı, TNF-α, COX-2, kaspaz-3, Nrf-2.
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1. INTRODUCTION  

Oxidative stress is a key part of the chain of events that leads to lung injury and consequently 

to several disease conditions [1, 2]. There is a body of evidence implicating oxidative stress in the 

pathogenesis of numerous lung diseases such as asthma, chronic obstructive pulmonary disease 

(COPD), Acute Lung Injury (ALI),  pulmonary fibrosis and lung cancer [2-4]. Among these 

oxidation-linked lung diseases, lung cancer is the most frequently diagnosed cancer and ranks first 

cause of death from cancer (For both sexes combined) and COPD that predicts to become the 

world's third leading cause of death by 2030 [5, 6].  

The lung, as the main respiratory organ, is an important target of oxidative damage from 

inhaled xenobiotic and toxic processes mediated by reactive oxygen species (ROS). Due to greater 

than 50 m2 surface area, it continuously exposed to endogenous and exogenous stimuli including 

environmental pollutant, medicinal agents, cigarette smoke (CS) and pathogens. When these 

exogenous compounds enter the body, they are degraded or metabolized and free radicals are 

produced as by-products. As such, the lung cells is relatively hyperoxic state compared with cells 

of other organs [1, 4, 7-9]. When prooxidants increase or antioxidant defense fails, oxidative stress 

causes severe molecular damage and tissue injury [10]. Oxidative stress may disturb the balance 

between gene expression of proinflammatory mediators and antioxidant responses in favor of 

proinflammatory mediators in the lungs [11]. The lung induces range of responses to protect itself 

from further oxidative-injury. Unfortunately, these responses frequently generate more damage and 

are associated with various oxidative-lung diseases [4].  

The enhanced generation of free radicals and oxidative stress situation can be induced by a 

variety of exogenous chemicals. Among these exogenous chemicals, Carbon tetrachloride (CCl4), 

a hepatotoxic compound, which is experimentally used for free radical generation in various organs 

including lungs [12-14]. The administration of CCl4 induce transient tissue disorders due to 

generation of free radicals. CCl4 is metabolized in the endoplasmic reticulum by enzymatic 

reduction of cytochrome P-450 to trichloromethyl radical (CCl3•) and rapidly form a highly 

reactive trichloromethyl peroxyl radical (CCl3OO•) in the presence of oxygen. The reactive free 

radicals formed by carbon tetrachloride can induces an adverse reaction and causes damage to 

lipids, proteins and nucleic acids [15, 16]. 

Antioxidants protect the lung from diseases resulting from oxidative damage by countering 

the reactive free radicals; therefore, antioxidant therapy can prevent diseases linked to free radicals 

[16]. It has been documented that good health can be sustained through the use of plants with high 

antioxidant content [17, 18]. Polyphenolic plant compound such as Ellagic acid (EA), an important 

component of fruits, nuts and vegetables, they are partially responsible for their 
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useful health impacts in several oxidation-related health conditions. Studies have shown the anti-

inflammatory activity of EA and its derivative’s in the airways and lungs [19, 20].  It has been also 

acknowledged for its anti-mutagenic, anti-clastogenic, anti-carcinogenic and antioxidant activities 

[21, 22]. These effects due to its inhibitory effect on Tumor necrosis factor alpha (TNF-α), 

Cyclooxygenase-2 (COX-2), Nuclear factor kappa b (NF-kB); and apoptosis-inducing activity via 

up-regulation of caspase-3 and down-regulation of B-cell lymphoma-2 (Bcl-2). In addition, studies 

showed that EA decreased lipid peroxidation marker, Malondialdehyde (MDA) in the cells and 

activate cellular rescue pathways through up-regulation of nuclear factor erythroid  related factor 2 

(Nrf-2) and activation of antioxidants and anti-oxidant enzymes [18, 23-33]. 

In the present study, we investigated the protective effect of Ellagic acid on CCl4-induced 

lung damage in Wistar albino rats. For this purpose, we measured different protective role of EA 

such as inhibitory effect on some inflammatory mediators (e.g. NF-kB, TNF-α, COX-2) and 

regulatory effects on apoptotic proteins such as caspase-3 and Bcl-2. In addition, its effect on Nrf-

2, catalase enzyme (CAT), Glutathione and Lung tissue MDA levels were also measured. 

1.1. The Histological and Physiological Features of Lung 

The lungs are a paired spongy-like, air-filled organ located on either side of the thoracic 

cavity. The inhaled air enters the lungs from the trachea via its right and left tubular branches, 

named the bronchi and ultimately reaches the alveoli wherein the gas exchange occurs (Figure 1.1) 

[34]. The histological characteristics of the lungs are the histological properties of its components, 

bronchi, bronchioles and alveoli. The bronchi are lined by pseudostratified ciliated columnar 

epithelium containing goblet cells. The Rings of cartilage support the structure of the bronchi and 

prevent their collapse. These bronchi then divide into multiple smaller branches and ultimately 

become microscopic that collectively called bronchial tree (respiratory tree) [34]. The bronchioles 

exhibit mucosal folds and are lined by a columnar ciliated epithelium that lacks goblet cells. The 

final bronchioles eventually lead to the respiratory bronchioles, which is a transition area between 

the conducting portions and respiratory portions of the respiratory system [35]. Cilia may be present 

in the epithelium of the proximal portion of the respiratory bronchiole but disappear in the distal 

portion. A thin layer of lamina propria, smooth muscle and an adventitia surround the terminal 

bronchioles [34, 35].  
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Figure 1.1. Anatomy of the lungs: bronchi, bronchioles and alveoli [34] 

Each respiratory bronchiole gives rise to a tube called alveolar duct that eventually end up in 

clusters of microscopic air sacs termed alveoli, wherein carbon dioxide (CO2) and oxygen (O2) 

exchange occurs [35, 36]. The inner surface of the lungs are lined by two types of alveolar cells, 

alveolar type I cells (or type I pneumocytes) and alveolar type II cells (or type II pneumocytes) 

Figure 1.2.. Type I pneumocytes are simple squamous (flattened) in shape and extremely thin (~ 

0.15µm). The next neighboring alveoli share a common alveolar wall and are the main sites for 

exchanging gases between the alveoli and blood capillaries. The cuboidal type II pneumocytes also 

found in the lung with fewer numbers that secret a mixture of unique and complex multifunctional 

substance called surfactant. The surfactant proteins cover microenvironments of the alveoli and 

small airways, prevent alveolar collapse at end of expiration and has an important role in innate 

immunity. Beside immunomodulation activity, surfactant also shows antimicrobial activity against 

wide-range of bacteria, fungi and viruses [36-38].

https://www.sciencedirect.com/topics/medicine-and-dentistry/alveolar-type-i-cells
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The lungs which extend from a portions of the bronchial tree leading to the alveoli, each of 

which is surrounded by extensive blood capillaries that the pulmonary artery and arteriole carry 

Oxygen-poor blood and the pulmonary vein and venule carry oxygen-rich blood [35]. The function 

of the lung, then, is to take the necessary amounts of O2 from the atmosphere, exchanging it for 

CO2 and other gaseous wastes within the alveoli and capillary bed. 

The lungs, which have large surface area, about 100 m2, inhaling nearly 20,000 Liter of air 

per day, continuously exposed to endogenous and exogenous oxidants (oxygen, air pollutants and 

cigarette, pathogens, radiation). The lungs, thus, is relatively hyperoxic state compared with cells 

of other organs. As such, the lung is an important target of oxidative stress from inhaled xenobiotics 

and toxic processes mediated by reactive oxygen species [4, 8, 9].  

1.2. Biological Properties and Functionality of Ellagic acid 

Ellagic acid (C14H6O8) is an important natural polyphenolic component present largely as 

Ellagitannins (ETs) in the structure of the plant the cell membrane and cell wall and are partially 

responsible for their useful health impacts in several oxidation-related health conditions.  Different 

concentrations of Ellagic acid occurs in fruits (e.g., pomegranates, persimmon and strawberries), 

nuts and vegetables [22, 33, 40, 41]. The total amount of ellagic acid in various fruits and plants 

are provided in Table 1.1. 

Figure 1.2. Alveolar walls and alveolar cells. Stain: hematoxylin and eosin. High magnification [39]. 
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Table 1.1. Concentration of Ellagic acid in different plants [41]. 

Fruits and plants Total EA 

Bananas 2* 

pear 4* 

Tangerine 4* 

Pineapples 6* 

Plum 7* 

Strawberry 31-78* 

Pecan nut 33* 

Walnut 59* 

Raspberry >150* 

Cloudberry >160* 

Arctic bramble >160* 

Strawberry cultivar 6-34.1** 

Pongamia pinnata 1.5* (bark) 

0.1* (leaves) 

0.4 (seeds) 

Geraniaceae  397* 

Muscadine grape cultivars 587-1900* (skin) 

*,mg/100 g dry weight; **,mg/100 g frozen weight. 
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The chemical name of Ellagic acid is 2,3,7,8-tetrahydroxy-chromeno[5,4,3-cde]-chromene- 

5,10-dione. The Chemical structure of EA consists of four hydroxyl groups, the main reason for 

the strong antioxidant potential of EA and two lactone functional groups (Figure 1.3.) [40, 42]. 

Study of bioavailability of EA from a human food source revealed that free ellagic acid is 

absorbed in the gut, but its bioavailability is low. ETs are solubilized to EA under physiological 

environment of the body, then converted to different types of urolithins by intestinal microorganism 

[44, 45]. These microbial metabolites are more bioavailable than ellagic acid and detected in 

peripheral plasma and urine [44]. Study on the bioavailability of EA in mice showed that EA is 

limitedly bioavailable [42].  In another study, Smart et al. [46] reported on  both oral and 

intravenous administration of ellagic acid in mice. The authors indicated that there is no ellagic 

acid detected in the blood and lung, or liver tissue after oral ingestion, whereas, after intravenous 

administration, about 70% of the administered ellagic acid is excreted as free form and its 

conjugates. Various studies were reported on the bioavailability of ellagic acid and the urolithins 

in human after oral ingestion of pomegranate juice and ETs in healthy human volunteers.  [42, 44, 

47-50].  The authors showed that ellagic acid from the extracts is detected in plasma samples 

between 0.5 and 6 hand reach maximum concentration (31.9 ng/ml) 1 h after consumption and the 

EA-derived metabolites detected in human plasma two hour after pomegranate product ingestion, 

reaching maximum concentrations at between 24 h and 48 h. In addition, the urolithins are present 

in plasma and urine for up to 72 h after pomegranate juice ingestion, in free and conjugated forms 

Figure 1.3. Chemical structure of ellagic acid (C14H6O8) [43]. 



7 

in some, but not all, volunteers. Ellagic acid, therefore, has been suggested to be absorbed into the 

circulation in the upper digestive system as ellagitannins hydrolyzed into free ellagic acid and may 

also undergo sustainable absorption in the colon as its metabolized by microorganisms into 

urolithins and it is rapidly cleared in the bloodstream [44, 51]. The limited bioavailability of free 

EA in plasma had been attributed to various factors such as type of ellagic acid precursor, its 

ionization at physiological PH, low solubility of free ellagic acid in gastric environments and might 

also be due to its excessive metabolic conversion and degradation before absorption. 

It has also been noted that ellagic acid is irreversibly bound to cellular DNA and proteins, which 

may also account for its limited transcellular uptake. Moreover, in vivo–in vitro study found that 

there is a large interindividual variability (genetic polymorphisms) in the absorbability of EA in 

human [52].  

It has been indicated that EA has potential to suppress oxidative stress in biological systems. 

These effects are due to its antimutagenic, antioxidant and anti-inflammatory activity in 

experimental animals and microorganisms. It’s also proposed that EA combats oxidative stress by 

enhancing the activity of specific biological antioxidants, antioxidant enzymes and downregulating 

specific genes accountable for alteration in normal biological systems [22, 40]. EA has been known 

for its potential anti-cancer effect via modulation of metabolism of environmental toxins; It is also 

reported that ellagic acid have antimutagenic activity by inhibiting the direct binding of 

environmental carcinogens to the DNA [22] Ellagic acid attenuated pulmonary toxicity  as a result 

of bleomycin and cyclophosphamide administration in Wistar rats, thereby prevented lungs from 

harmful effect pulmonary toxicity of anticancer drugs [28]. Being a powerful  antioxidant, EA 

mitigated the harmful effect of Carbon tetrachloride, hydrogen peroxide, D-galactosamine, 

scavenges hydroxyl radicals (•OH)  and superoxide anion (O2•-) [18, 42, 53]. EA decreased lung 

tissue damage in rats by reducing oxidative stress in experimental obstructive jaundice [20]. 

Furthermore, EA has been shown to provide better protection than vitamin E succinate against 

oxidative damage in embryonic and placental tissue in C57BL/6 J mice [54]. 

The existing experimental studies suggests that EA is worth testing as a potential 

chemotherapeutic compound against human diseases. Its protective effect on oxidative stress seems 

to be promising in the prevention/treatment of oxidative linked diseases. No negative reactions 

have been noted with the oral consumption of EA [42, 43]. 

1.3. Carbon Tetrachloride  

Carbon tetrachloride is a hepatotoxic compound used experimentally to induce oxidative 

stress and to cause tissue damage by generating free radicals to mimic pathophysiological 

conditions in various organs including lungs [12-14]. The administration of CCl4 induce transient 
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tissue disorders and possibly due to formation of the trichloromethyl radical (CCl3 •). CCl4 is 

metabolized in the endoplasmic reticulum by enzymatic reduction of cytochrome P-450 to 

trichloromethyl radical (CCl3•) and if oxygen available, rapidly form a highly reactive 

trichloromethyl peroxyl radical (CCl3OO•). These reactive free radicals formed by CCl4 can 

induces an adverse reaction and causes damage to biological molecules such as lipids, proteins and 

nucleic acids [15, 16]. 

1.4. Apoptosis  

Apoptosis is the normal physiological process that eliminates unwanted or useless individual 

cells without damaging neighboring cells or triggering inflammatory response. The cell death 

proceeds by apoptosis quickly completed within a few hours and plays a vital role during 

development, maintain tissue homeostasis during repair and other normal biological processes. 

Apoptosis occurs through distinct biological hallmarks including cell shrinkage but do not lyse, 

nuclear DNA fragmentation and membrane blebbing that lose their asymmetry and ability to attach 

to neighboring cells in a tissue. Apoptotic cells are safely sealed within dying cells until swiftly 

engulfed by phagocytic cells (Figure 1.4.). This process prevents the release of inflammatory factors 

and reducing the risk of inflammation from the cell death. otherwise, cells infected by viruses or 

bacteria undergo cell autonomous necrosis, which often the necrotic cells increase in volume, lyse 

(burst) and cellular components are released and inducing a potentially damaging inflammatory 

response. The necrotic process is completed within several days [55, 56].  
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Figure 1.4. Characteristics of the apoptotic and necrotic cell death [57]. 

There are two main pathways mediate apoptosis, intrinsic pathway and extrinsic pathway as 

illustrated in Figure 1.5. The intrinsic pathway also called mitochondrial pathway triggered by 

internal apoptotic signal such as cytotoxic drug, oxidant and growth factor deprivation. The 

extrinsic pathway is activated by binding specific ligand to a death receptor. The best characterized 

ligand and their corresponding receptors include FAS/FASL and TNF- α /TNF receptor 1(TNFR1). 

The two pathways of apoptosis is mediated by specific sets of caspases that act in cascades, at the 

end of which caspase 3 or 7 is responsible for killing the cells [58, 59]. Apoptosis is as vital for 

tissue repair as cell division and differentiation. Disturbance in pathways that regulate apoptosis 

may leads cancers, autoimmune diseases and neurodegenerative disorders [56]. The increased 

apoptotic cells than “normal” tissue documented in various lung diseases including COPD, ALI, 

emphysema, lung cancer, fibrotic lung processes and pulmonary hypertension [58, 60]. 
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Figure 1.5. Two distinct apoptotic signaling pathways converge [55]. 

1.4.1 The Role of Caspase-3 in Apoptotic Cell Death  

Caspase-3 is a member of the cysteine proteases (caspase) family that promote cell death. It 

is initially produced as zymogen and is activated by proteolytic cleavage of caspase -8 and caspase-

9 in the extrinsic and intrinsic pathways of apoptosis, respectively. Thus, it serves as a point of 

convergence for extrinsic and intrinsic signaling pathways (Figure 1.5.). Enzymatic activation of 

caspase-3 leads to cleavage more than 1,300 cellular substrates to execute the apoptosis. Therefore, 

detection of active caspase-3 has been studied as a significant biomarker of the cell's entry point 

into the execution stage of apoptosis [25, 55, 61-63].  

1.4.2 The Role of Bcl-2 as Pro-Survival Protein in Apoptosis 

Bcl-2 is a protein member of the B-cell lymphoma-2 family proteins that regulate apoptotic 

cell death. this family protein regulates apoptotic cell death through either pro- or anti-apoptotic 

activities. Bcl-2 is the pro-survival member of the family reside in the outer mitochondrial 
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membrane and inhibit BAX and BAK, thereby inhibiting the release of cytochrome c to the 

cytoplasm, the key step in mitochondrial apoptotic pathway. Therefore, Bcl-2 have been studied as 

an important biomarker of apoptosis [64-66]. 

1.5. NF-kB  

NF-kB is an oxidative stress-sensitive transcription factor, regulates more than hundred 

genes that control wide variety of biological effects such as inflammation and apoptosis [2, 67-69]. 

The nuclear factor kappa-B is composed of a heterodimer with one 50 kDa  (p50) and one 65 kDa 

(p65) polypeptide [3].The activity of NF-kB is strictly controlled by interaction with inhibitory IkB 

proteins. Thus, in most cells, NF-kB is present in the cytoplasm as an inactive, IkB-bound complex. 

There are canonical, non- canonical and possibly atypical, pathways for the activation of NF-kB as 

illustrated in Figure 1.6. 

Figure 1.6. NF-kB signal transduction pathways [70]. 
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The common upstream regulatory step in the first two best-known pathways is activation of 

an IkB kinase (IKK) complex, which consists of catalytic kinase subunits (IKKa and/or IKKb) and 

a scaffold, sensing protein called NF-kB essential modulator (NEMO). In response to different 

types of stimuli, IKB kinase becomes active and induce the phosphorylation and degradation of the 

cytoplasmic inhibitor, IkB inhibitor. Subsequently, this portion is separated from the newly 

activated NF-kB. Then, the activated NF-kB translocates into the nucleus, binds to specific DNA 

sites and up-regulate the transcription of specific target gene [67, 71, 72]. It is well known that 

highly conserved transcription factors NF-kB regulates the expression of numerous genes 

responsible for inflammation, apoptosis and proliferation. Several evidence established that NF-kB 

expression has been associated with the pathogenesis of ALI and it up-regulates the transcriptions 

of TNF-α and COX-2 [73, 74]. 

1.6. TNF-α 

TNF-α is the most commonly studied pro-inflammatory cytokine of the TNF superfamily. 

Overproduction of TNF-α associated with the pathogenesis of numerous inflammatory diseases of 

the lung. In addition to its fundamental role in the inflammation, there is a growing evidence 

implicating TNF- α in the cellular toxicity [75]. It has been reported that releasing TNF-α by 

activated macrophage caused necrosis of tumors in vivo and cytolysis or cytostasis of certain 

transformed cells. Therefore, pharmacological drugs that can either reduce or block TNF 

production may have beneficial effects in a wide range of diseases [76].  

The TNF-α signaling through TNF receptors (TNFR1 and TNFR2) can activate different 

pathways to induce apoptosis, cell survival or inflammation, as illustrated in Figure 1.7 [77]. Over-

expression of TNF-α results in the development of inflammatory reactions which are characteristic 

phenomenon of many pulmonary diseases including, asthma, chronic bronchitis, COPD, ALI and 

acute respiratory distress syndrome (ARDS) [76, 78]. 
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1.7. COX-2 

COX-2 is the inducible isoform of cyclooxygenases, which is regulated by the transcriptional 

factor NF-kB, growth factors and different proinflammatory cytokines such as IL1β, IL6 or TNF-

α. Therefore, overexpressed during inflammation. The induction of COX-2 is involved with an 

increased biosynthesis of prostaglandin, which Modulates cell proliferation, cell death and invasion 

of tumors in many kinds of cancer, including lung cancer [79-82]. Therefore, COX-2 selective 

inhibitors is a potential pharmacological target for cancer prevention and treatment (Figure 1.8.) 

[83].  

Figure 1.7. The downstream signaling pathways of TNF-α [77]. 
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Figure 1.8. Signaling pathways mediate conversion of Arachidonic acid to prostaglandins by action of 

COX-1 and COX‐2 enzymes. An increased level of prostaglandin associated with various 

biological responses [84]. 

1.8. Nrf-2 

Nrf-2 is a transcription factor that acts as the main regulator of endogenous inducible defense 

systems in the body against oxidative stress [85, 86]. The best-characterized mechanism of Nrf-2 

regulation is mediated by interaction with its cytoplasmic repressor, Kelch-like ECH-associated 

protein 1 (Keap1). Under the normal physiological conditions, Nrf-2 is primarily found in the 

cytoplasm bound to Keap1, Keap1 holds Nrf-2 in the cytoplasm and mediates Nrf-2 ubiquitination 

to facilitate its degradation by the 26S proteasome, thereby inhibits the downstream transcriptional 

activity of Nrf-2 under normal conditions [87]. Nevertheless, in response to oxidative stress or upon 

exposure to Nrf-2 activators such as free ROS and phenolic phytochemicals, the interaction 

between Nrf-2 and keap1 impaired, which ultimately prevents Nrf-2 ubiquitination and 
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degradation. The dissociated Nrf-2 translocate to the nucleus and activate cellular rescue pathways 

through up-regulation of antioxidant response element-bearing genes (ARE), which is encoding 

antioxidant defense system and cytoprotective proteins (Figure 1.9.) [85, 86]. Pharmacological and 

genetic studies assumed that there is interaction between Nrf-2 and NF-ĸB signaling pathways to 

regulate the transcription or function of downstream target proteins having both positive and 

negative effects on the target gene expression.  NF-kB activate proinflammatory cytokine, COX-2. 

15d-PGJ2, as a final product of COX-2 activities, induce the Nrf-2 that eventually alleviate the 

consequences of oxidative stress [87, 88].   

The Keap1/Nrf-2/ARE signaling pathway principally regulates cellular rescue pathways in 

several lung diseases that involve oxidative stress, inflammation and cell fate decision [87, 89]. 

Figure 1.9. The Nrf-2 signaling pathway and Nrf-2 mediated antioxidant responses in the lungs [86]. 
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1.9. Catalase Enzyme  

Catalase enzyme, is a tetrameric heme protein and one of the major antioxidant enzymes in 

the lung, detoxifies hydrogen peroxide (H2O2) into oxygen and water. Catalase is highly efficient; 

it can breaks down millions of H2O2 molecules in one second [90]. Excessive H2O2 is potentially 

hazardous for almost all cell components, when ferrous iron (Fe2+) present in the cell, can react 

with hydrogen peroxide to form more toxic hydroxyl radicals (•OH). The hydroxyl radical oxidize 

lipids and starting a free radical chain reaction that will damage the membrane. Therefore, rapid 

and efficient removal is vitally essential for aerobically living systems. On the other hand, H2O2 

acts as a second messenger in signal-transduction pathways [91-93]. In the lugs, catalase activity 

was found to be reduced in several lung diseases such as lung cancer [94, 95] and asthma [96]. 

1.10. Glutathione  

Glutathione is the most important tripeptide (cysteine, glycine and glutamic acid) 

intracellular antioxidant synthesized in most cells, the higher concentration exists in hepatocytes 

where scavenging free radical attack. There is a high concentration of GSH in some extracellular 

environments such as the epithelial lining fluid and tissue of the lung [93].  There are two types of 

glutathione in the cells: reduced glutathione (GSH) and oxidized form (GSSG), where two GSH 

moieties combine by sulfhydryl bonds. The GSH and associated enzymes are controlled by a 

transcription factor Nrf-2. Glutathione peroxidase (GPx) and glutathione-s-transferase (GST) 

maintain a regular redox balance, basically through detoxification reactions using GSH, converting 

it to GSSG. Glutathione reductase (GR) drives the regain pathway by converting GSSG to GSH 

using NADPH and restores the cellular GSH pool [97]. Therefore, GSH and GSH-dependent 

enzymes are needed for maintaining the regular redox balance in the body and support in cell 

survival under stress conditions. These enzymes catalyze the reduction of hydrogen peroxide by 

reduced glutathione into water and GSSG.  In the cellular environment, GSH acts as an antioxidant 

and protects cells against a wide range of free radicals, including ROS, lipid hydroperoxides, 

xenobiotic toxicants and heavy metals [97]. 

In the lung, decreasing GSH implicated in several pulmonary diseases and make them more 

susceptible to damaging effects of subsequent exposure to inhaled oxidants. In contrast, elevating 

intracellular glutathione levels can reduce inflammatory reaction in the lung cells by reducing NF-

kB activation (Figure 1.10). Thus, the reduced glutathione is vital protective antioxidant in the lung 

[98]. 
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1.11. Malondialdehyde  

The main mechanism of tissue damage caused by reactive oxygen species is the peroxidation 

of lipids in cell membranes. The breakdown of lipid hydroperoxides results in a wide range of 

byproducts, one of which is MDA that may present in a free form or as a complex with different 

tissue constituents.  MDA which is formed as a result of the oxidative degradation of 

polyunsaturated fatty acids, now accepted as a dependable biomarker of lipid peroxidation [100, 

101]. The resulting MDA results in the cross-linking of the components of the membrane by 

influencing the ion exchange from the cell membranes and causes deleterious consequences such 

as ion permeability and the change of enzyme activity. Because of this property, malondialdehyde 

can react with the DNA and RNA. Therefore, MDA has mutagenic, genotoxic and carcinogenic 

properties [100, 102, 103]. 

Figure 1.10. Oxidative stress induced-change in the intracellular redox ratio of GSH/ GSSG levels 

and redox regulation of inflammatory mediators [99]. 



 

2. MATERIALS AND METHODS 

2.1. Chemical Matters and Ellagic Acid 

All primary antibodies NF-kB sc-8008, caspase-3 sc-70497, beta aktin sc-47778, Nrf-2 

ab137550 and Bcl-2 sc-509 and the secondary antibodies ab97023 and sc-516102 were purchased 

from Santa Cruz Biotechnology (Germany) and Abcam (UK). EA (A15722) were purchased from 

Alfa Aesar (Germany).  All other chemicals and reagents were purchased from Sigma-Aldrich 

(Germany), Merck (USA), Bio-Rad (USA) BioShop (Canada). 

2.2. Animal Materials and Research Groups 

In the present study, lung tissue taken from a previous study were used with the permission 

of University of Firat, Animal Experiments Ethics, Committee 13.02.2019, protocol number 2019-

22, meeting number 2019-03 and decision number 36. In our previous study, 36 Wistar albino rats 

(n = 36, 8 weeks old) were obtained. The rats were maintained at an ambient temperature of (22 ± 

2 ° C) with a 12-hr light/dark cycle. The Wistar albino rats were divided into four groups, the 

treatment groups were as follows: 

Control group: Rats were administered only standard diet. 

Ellagic Acid (EA) group: Rats were administered only EA (10 mg/kg b.w., ip). 

Carbon tetrachloride (CCl4) group: Rats were administered only CCl4 (1.5 ml/kg b.w., ip). 

CCl4 + EA group: Rats were received both CCl4 (1.5 ml/kg b.w., ip) and EA (10 mg/kg b.w., ip). 

The study continued for 8 weeks. After this time, the lung tissue was taken and used in the 

present study. 

2.3. Carbon Tetrachloride Preparation and Applications 

CCl4 application was administered intraperitoneally (i.p.) with olive oil at a ratio of (1:3) at 

the dose of (1.5 ml/kg b.w.) two times a week for four weeks started from the first day when the 

animals were divided into 4 groups [104, 105]. 
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2.4. Ellagic Acid Preparation and Applications 

100 mg of ellagic acid were dissolved in 10 ml of dimethyl sulfoxide. Ellagic acid taken from 

the stock solution were administered to the rats intraperitoneally at the dose of (10 mg/kg b.w.) five 

times a week started after first week and continued for the end of experimental period of 8 weeks 

[18, 106]. 

2.5. Tissue Homogenization 

The Lung tissues were fragmented into small pieces and disintegrated in the lysis buffer 

(0,5M Tris; pH: 8, EDTA, PMSF). Homogenates were prepared using mechanical homogenizer. 

The samples then centrifuged at 15,000 rpm for 45 min. The supernatant was stored at −80 °C for 

further use [18, 107].  

2.6. Analysis of Proteins by SDS-PAGE and Western Blotting Technique 

The primary antibodies were diluted at a ratio (1:500 dilutions of each), while the secondary 

antibodies diluted at a ratio (1: 1,000 dilutions of each). The SDS-PAGE technique used to separate 

the protein samples (TNF- α, caspase-3, Bcl-2, Nrf-2, NF-kB and COX-2) on 12% gel. Then, these 

proteins were blotted on  nitrocellulose membrane by western blotting technique and their synthesis 

rates were examined [108]. The protein antibody complexes levels were detected by the density 

measurement analysis system (Image J; National Institute of Health, Bethesda, USA).  

2.7. Determination of Catalase Enzyme Activity 

In order to be used in the catalase measurement, concentrated hydrogen peroxide (H2O2) 

were added to the 1/15 M Na-K-phosphate buffer (Na2HPO4-KH2PO4) pH 7 solution until the 

absorbance at 240 nm wavelength in the spectrophotometer become 0.7-0.9. 1,000 microliters of 

this mixture prepared to measure the catalase activity of the samples were put in the incubator. 

depending on the working range, supernatant were added starting from increasing concentrations 

of the 30 microliters and then the absorbance change of H2O2 was recorded on the 

spectrophotometer for 30 sec. The number of enzyme units in ml were calculated from the 

difference in optical density read [18, 109]. 
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2.8. Determination of GSH Level  

The GSH content from lung homogenate were measured spectrophotometrically based on 

the reaction of GSH with DTNB (also known as Ellman’s reagent) [110]. Briefly, 0.1 ml cell 

homogenate were added to 0.4 ml of TCA (10% trichloroacetic acid) solution. After vortexing 

thoroughly and centrifugation at 3,000 rpm for five min, 0.1 ml of the supernatant were taken into 

a clean tube and mixed with 0.9 ml of distilled water, 2 ml of Tris buffer (0.4M pH 8.9) and 0.1 ml 

of DTNB solution. The resulting yellow color were read at 412 nm wavelength in 

spectrophotometer against distilled water [111]. 

2.9. Determination of Malondialdehyde level  

Lung tissue specimens were divided into small pieces and disintegrated in the mechanical 

homogenizer in a manner of 4.5 ml of 1.15% KCl per 0.5 grams of tissue. From this prepared 

homogenization, MDA determination as the final product of lipid peroxidation were made 

according to the method described by Ohkawa et al. [112]. This method is based on the reaction of 

malondialdehyde from aldehyde products of lipid peroxidation and thiobarbutric acid (TBA). 

During the measurement process, a mixture of (0.1 ml 8.1% sodium dodecyl sulfate (SDS) + 750 

μl 20% (pH 3.5) acetic acid solution) were added to 0.1 ml tissue homogenate. Then, 750 μl of 

0.8% (pH 3.5) thiobarbutric acid solution added with distilled water to become final volume of 

mixture 4 ml.  This mixture was left at 95 °C in a boiling water bath for 45 min and then cooled 

and vortexed following the addition of a mixture of 1 ml of distilled water and a mixture of 5 ml of 

15:1 ratio of (v/v) n-butanol-pyridine. After centrifugation at 5,000 rpm for 10 min, supernatant 

were taken and measured spectrophotometrically at a wavelength of 532 nm. Results was recorded 

in nmol/g [18, 112].  

2.10. Statistical Analysis 

The data from individual experiments have been evaluated by using variance analysis in 

SPSS 21 package program. One-Way ANOVA Post Hoc test were applied to determine the 

differences among the groups. For the reliability of the statistics, the measurements were made at 

least three replications. Then the evaluation process was started. 

 



 

3. RESULTS 

3.1. Effects of EA on Lung Tissue Catalase Enzyme Activities 

In the present findings, Catalase enzyme activities significantly decreased in CCl4 group 

compared to other groups. Treatment with EA significantly (p < 0.05) increased catalase enzyme 

activity in EA and EA+CCl4 group compared to CCl4 group.  The highest level of catalase activity 

noticed in EA group, the lowest catalase enzyme activity noticed in CCl4 group (Table 3.1., Figure 

3.1.). 

Table 3.1. Lung tissue catalase activity results 

Figure 3.1. Shows the effect of EA on catalase enzyme activities in CCl4 induced lung damage in rats. 

different letters indicate statistically significant difference between groups. Values are 

statistically significant at p < 0.05. One-way analysis of variance (ANOVA) Post Hoc LSD Test. 

Groups Lung tissue catalase activity (U/mg protein) 

Control 79.13 ± 0.02a 

EA 79.87 ± 0.03a 

CCl4 45.46 ± 0.03c 

EA +CCl4 58.75 ± 2.51b 

a-c: Differences between groups with different letters are statistically significant (p < 0.05). One-Way 

ANOVA Post Hoc Games-Howell Test. 
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3.2. Effect of EA on Lung Tissue GSH Levels 

The levels of GSH content represented in Table 3.2 and Figure 3.2. Administration of CCl4 

significantly (p < 0.05) declined GSH level compared to control group and EA group. EA treatment 

significantly restored the depleted GSH level in EA and EA+CCl4 group.  

Figure 3.2. Shows the effect of ellagic acid on GSH levels in CCl4 induced lung damage in rats. different 

letters indicate statistically significant difference between groups. Values are statistically 

significant at p < 0.05. One-way analysis of variance (ANOVA) Post Hoc LSD Test.

Table 3.2. Lung tissue GSH results 

Groups Lung tissue GSH (μmol/mg protein) 

Control 33.67 ± 0.02a 

EA 34.86 ± 0.02a 

CCl4 19.26 ± 0.5c 

EA +CCl4 27.96 ± 0.02b 

a-c: Differences between groups with different letters are statistically significant (p < 0.05). One-Way 

ANOVA Post Hoc Games-Howell Test. 
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3.3. Effect of EA on Lung Tissue MDA Levels 

The values in Table 3.3 and Figure 3.3 shows that the level of MDA decreased in the ellagic 

acid group and CCl4 + EA group compared to the CCl4 group.  The highest levels of MDA were 

noticed in CCl4 groups (p < 0.05). 

Figure 3.3. Shows the effect of ellagic acid on lung tissue MDA in CCl4 induced lung damage in rats. 

different letters indicate statistically significant difference between groups. Values are 

statistically significant at p < 0.05. One-way analysis of variance (ANOVA) Post Hoc Games-

Howell Test. 

Table 3.3. Lung tissue MDA results 

Groups 
Lung tissue 

MDA (nmol/g) 

Control 3.67 ± 0.03c 

EA 3.75 ± 0.03c 

CCl4 9.61 ± 0.02a 

EA +CCl4 6.88 ± 0.25b 

a-c: Differences between groups with different letters are statistically significant (p < 0.05). One-Way 

ANOVA Post Hoc Games-Howell Test. 
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3.4. EA Decreased the Expression Levels of Bcl-2, NF-kB, COX-2, TNF- α and 

Induced Nrf-2 and Caspase-3 Proteins Expression 

The level of the pro-apoptotic protein, Caspase-3 and the pro-survival protein, Bcl-2 are 

shown in Figure 3.4A and Figure 3.4B, respectively. Results of Caspase-3 showed a significance 

differences between the groups. In CCl4 treatment rats, Caspase-3 levels significantly reduced 

compared to control group. Ellagic acid treatment significantly elevated the Caspase-3 levels in 

EA groups compared to other groups. The Bcl-2 protein levels significantly increased (P < 0.05) 

in the CCl4 group compared to other groups, treatment with EA significantly decreased the anti-

apoptotic protein Bcl-2 compared to CCl4 group, however, there is no statistically significance 

difference (p > 0.05) between ellagic acid only group and control group. Figure 3.4C shows the 

effects of EA on lung tissue gene expression levels of NF-kB. In the CCl4 group, carbon 

tetrachloride caused a significant increase (p < 0.05) in lung tissue expression levels of NF-kB 

compared to the control group. Administration with EA led to a significant reduction (p < 0.05) in 

lung tissue gene expression levels of NF-kB compared to CCl4 group, whereas no statistically 

significance difference (p > 0.05) were observed between the control group and the ellagic acid 

only group regard to NF-kB. When Figure 3.4D examined, the COX-2 protein expression levels 

differed at a statistically significant (p < 0.05) between all groups. The highest value was detected 

in the CCl4 group, while the lowest value was detected in the EA group. TNF-α protein expression 

from the lung tissue homogenate of all experimental groups are shown in Figure 3.4E. TNF-α 

protein expression levels were significantly (p < 0.05) increased in CCl4-treated rats when 

compared with the other groups, administration of EA significantly attenuated this change, whereas 

no statistically significance difference (p > 0.05) were observed between the control group and the 

ellagic acid only group. Effects of EA treatments on lung tissue expression of Nrf-2 protein is 

presented in Figure 3.4F. The Nrf-2 protein expression significantly decreased in CCl4 group to a 

lowest value compared to other groups. Administration of EA significantly increased the Nrf-2 

protein expression in Ellagic acid group compared to CCl4 group. 
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Figure 3.4. Western blotting mean protein expression results; A: caspase-3, B: Bcl-2, C: NF-kB, D: COX-

2, E: TNF-α and F: Nrf-2. a-f: different letters indicate statistically significant difference 

between groups. Values are statistically significant at p < 0.05. One-way analysis of variance 

(ANOVA) Post Hoc Duncan Test, G: western blotting protein bands. 
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Figure 3.4.  (Continued)
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Figure 3.4.  (Continued) 



 

4. DISCUSSION 

In this experimental study, several aspects related to the protective effects of ellagic acid, a 

polyphenolic compound, against CCl4-induced lung damage were investigated using several 

proteins, cytokines and transcriptional factors. In this study, ellagic acid demonstrated 

therapeutic effect against lung damage through increasing antioxidant activity and/or expression, 

preventing lipid peroxidation, decreasing inflammatory reactions and apoptotic-inducing activities. 

Inflammation is crucial for maintaining homeostasis of the tissue and protection against 

infections; however, uncontrolled and prolonged inflammation increases the risk of cancer and 

tissue damage in various organs, a characteristic feature of several inflammation-related-lung 

diseases [45, 113, 114]. NF-κB, a major transcription factor, serve as a pivotal mediator of 

inflammatory responses and regulates the expression of numerous genes responsible for apoptosis 

and proliferation. Several evidence established that NF-κB expression has been associated with the 

pathogenesis of ALI and it up-regulates the transcription of TNF-α and COX-2 [73, 74]. Ellagic 

acid has been found to inhibit the production of inflammatory mediators via downregulation of NF-

kB in vivo and in vitro [33]. Gu et al. [115] studied the effects of EA in experimentally-induced 

liver injury in mice. The authors reported that EA inhibited NF-κB protein expression. Zhou et al. 

[116] studied the effect and mechanism of action of EA in an ovalbumin-induced asthma model in 

mouse. The authors indicated that EA attenuates the inflammatory reactions in ovalbumin-induced 

asthma in mice, likely through inhibiting NF-κB activation. In the present study, NF- κB expression 

significantly (p < 0.05) decreased in the EA treated group compared to the CCl4 + EA and CCl4 

group. These findings suggest that production of cytokines and pro-inflammatory mediators by NF-

κB response genes could be represent the degree of inflammation and lung damage in CCl4-induced 

rats [74]. Thus, anti-inflammatory effects of EA could be related to the intervention of NF- κB 

pathways in CCl4-induced lung damage in rats, which is one of the most important mechanisms to 

prevent lung damage by EA.  

Overexpression of COX-2, an inflammation-associated enzyme, associated with 

inflammation and implicated in the pathogenesis of various malignancies including lung cancer, 

where it related with a wrong prognosis [74, 79, 117-119]. Major anti-carcinogenic effects of 

nonsteroidal anti-inflammatory drugs suppress lung tumorigenesis through both the induction of 

apoptosis and inhibition of COX-2 expression [120]. EA administration decreased the expression 

of COX-2 in experimentally-induced colon carcinogenesis [74]. El-Shitany et al. [32] studied the 

protective role of EA on carrageenan-induced acute inflammation. The authors reported that EA 

ameliorated COX-2 expression, reduced the levels of NF-κB mRNA expression and significantly 
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decreased paw TNF-α formation. In addition, the authors also reported that EA reduced MDA 

formation and restored the depleted GSH levels in the paws. In another study,  Karlsson et al. [121] 

also noted that ellagic acid suppressed the increased protein expression of COX-2 in 

lipopolysaccharide-induced human monocytes. Attilio et al. [122] suggested that EA may have a 

nonspecific COX inhibitory effects similar to those of ketorolac in male Sprague-Dawley rats. In 

the present study, EA substantially (p < 0.05) decreased expression of COX-2 in EA group and EA 

+ CCl4 group compared to CCl4 group. Thus, these results support that use of ellagic acid is 

beneficial in the treatment of lung injury through reduction of inflammation and cancer marker 

COX-2. 

Induction of pro-inflammatory cytokine, TNF-α, results in the development of inflammatory 

reactions, which are characteristic phenomenon of many pulmonary diseases including, asthma, 

chronic bronchitis, COPD, ALI and ARDS [76, 78]. Zhang et al.  [123] studied the possible roles 

of TNF-α in the pathogenesis of pulmonary fibrosis. The authors observed that treatment with Anti-

TNF-α antibody caused a significant decrease in lung fibrosis through decreasing the lung 

eosinophils and eosinophil-derived cytokines without effect on the number of lung macrophages, 

suggested a possible role of TNF-α in magnifying the inflammatory responses and development to 

pulmonary fibrosis. In addition to its fundamental role in the inflammatory conditions, there is a 

growing evidence that TNF-α causes cytolysis of certain transformed cells [76, 78]. Substantial 

evidence has shown that TNF-α gene expression is associated with inflammatory and immune 

responses in a manner that is dependent on the NF-kB activation [124, 125]. Gu et al. [115] reported 

that lipopolysaccharide/d-galactosamine increased hepatic MDA content and serum and liver TNF-

α levels.  However, the authors observed that treatment with EA significantly reduced the increase 

of liver malondialdehyde level and significantly reduced serum and liver TNF-α levels. Thus, this 

cytokine, along with other proinflammatory compounds, forms a positive auto-regulatory loop that 

initiates, amplifies and perpetuates the inflammatory responses, a characteristics of various chronic 

inflammatory lung diseases. Therefore, inhibiting TNF-α release in the lungs might be an effective 

way for the treatment of inflammatory lung diseases [73, 126]. In this study, we found that EA 

efficiently (p < 0.05) decreased the expressions of TNF-α in CCl4-induced lung damage rats in EA 

group and EA + CCl4 group compared to CCl4 group and displayed its anti-inflammatory effect. A 

similar observation supporting for EA modulating the cytokines have already been reported in mice 

[27, 45]. These results indicate that inhibition of NF-kB levels by EA modulates inflammatory 

processes through inhibition of inflammatory cytokines such as TNF-α. Therefore, our data 

indicates that ellagic acid has protective effects on CCl4-induced lung damage in rats. 

It has been found that malondialdehyde, the final product of lipid peroxidation, is the major 

cause of cell membrane injury and used as a marker of increased oxidative stress [20, 115]. It has 

been reported that ellagic acid inhibited lipid peroxidation in induced V79-4 cells [25], PC12 cells, 
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[127], liver and heart tissue of rats [128] and in the lung of rats [20]. Studies also documented that 

EA efficiently reduced lipid peroxidation caused by benzidine in a time dependent manner [129]. 

The most recent animal study proved that EA significantly decreased MDA in serum content [24] 

and in liver tissue [18]. Chao et al. [27] reported on effect of ellagic acid on significantly lowering 

cardiac levels of Malondialdehyde and the hypo-lipidemic effects of ellagic acid were better than 

caffeic acid in diabetic mice. They also reported that EA decreased the levels of ROS, TNF-α and 

enhanced antioxidant defense via increasing GSH retention and recovering antioxidant status. 

Similarly, Khanduja et al. was also reported on the inhibitory effects of ellagic acid and caffeic acid 

on lipid peroxidation in normal peripheral blood mononuclear cells (PBMCs) [130]. In another 

study, Pari and Sivasankari [31] reported that treatment with EA for 21 days had efficiently 

protected liver tissue against the cyclosporine A‐induced oxidative stress. The authors showed that 

administering EA to cisplatin-treated rats significantly normalized the levels of MDA, GSH, SOD 

and CAT, compared to those in the cisplatin-treated group. In this study, we observed a significant 

(p < 0.05) increase in MDA levels in the CCl4 treated group as compared to those in control group 

and EA group. In addition, we detected that the administration of EA significantly (p < 0.05) 

reduced the lung MDA levels in EA group and EA + CCl4 group compared to CCl4 group. These 

results indicate that EA is a strong antioxidant in reducing the rate of lipid peroxidation, which 

could be related to decrease in the cell membrane damage in the lung.  

Apoptosis of the inflammatory cells regularly results in their highly efficient clearance and 

normal resolution of inflammation in the lung [60]. Apoptosis, which is a controlled mechanism 

for physiological cell death, several proteins plays essential role in this process including, caspase-

3, a significant biomarker of the cell's entry point into the execution stage of apoptosis and Bcl-2, 

an anti-apoptotic protein [55].  Endothelial cell necrosis appears to be an early step in the lung 

injury cascade, leading to lung inflammation. It was also found that a distinctive feature of 

apoptosis is that it occurs without causing an inflammatory reaction. thus, appearance of apoptosis 

in injured lungs could be part of a defense strategy to remove damaged cells from the lungs, thereby 

reduces the degree of injury or inflammation, as has been documented during resolution of acute 

respiratory distress syndrome [131-133]. Experimental animal study showed that Ellagic acid 

induced apoptosis through induction of caspase-3 protein levels and decreasing Bcl-2 protein levels 

[18]. Ellagic acid exhibits apoptosis inducting activity in (HOS cells)  cancer cell line, through the 

activation of caspase-3 and down-regulation of Bcl-2/Bax [25]. Srigopalram et al. [134] reported a 

reduction in the expression of caspase-3 in experimentally-induced liver cancer in rats, whereas 

ellagic acid significantly increased caspase-3 protein expression in the ellagic acid-treated group 

when compared to the cancer bearing animals of the group. Edderkaoui et al. [33] reported that EA 

induced apoptosis in human pancreatic adenocarcinoma cell lines. The authors observed that EA 

accomplish these effects through dose-dependently decreasing NF-κB binding activity, thereby 
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blocking a key upstream pro-survival mechanism and activating the mitochondrial death pathway, 

without directly effecting mitochondria. In another study, Kasahara et al. [135] showed that 

inhibition of executioner caspases prevents the septal cell apoptosis and emphysema development 

in experimental models of emphysema. However, inhibiting caspase effects may allow damaged 

cells undergo non-apoptotic cell death and removal (necrotic processes), which have negative 

biological consequences. In this study, we observed a statistically significant (p < 0.05) decrease 

in caspase-3, an indicator of apoptosis and statistically significant increase (p < 0.05) in Bcl-2, an 

anti-apoptotic protein in the CCl4 group as compared to the EA and EA+CCl4 group. In addition, 

we detected significantly (p < 0.05) increased caspase-3 and decreased Bcl-2 in Ellagic acid treated 

groups EA and EA+CCl4 group, which could be related to its apoptotic induction potential. These 

findings indicate that EA activate apoptotic pathways through upregulation of caspase-3 and 

downregulation of Bcl-2 in CCl4-induced lung damage. 

Excess ROS in the lung results in oxidative stress, which can alter the balance between the 

gene expression of proinflammatory mediators and antioxidant enzymes in favor of inflammatory 

mediators in the lung [11]. In response to oxidative stress, Nrf-2, a ubiquitous major transcription 

factor, activate cellular rescue pathways through up-regulation of antioxidant response element-

bearing genes, which is encoding antioxidant defense system and cytoprotective proteins. 

Activation of Nrf-2 has been shown to be protective against several lung diseases that involve 

oxidative lung injury, inflammation and apoptosis [11, 136, 137]. Kim et al. [30] studied the effect 

of EA against paraquat-induced cytotoxicity in human lung carcinoma A549 cells. The authors 

reported the antioxidant and cytoprotective effect of ellagic acid through increasing the levels of 

expression and activation of Nrf-2 and its target cytoprotective and antioxidant genes. In addition, 

EA decreased the levels of lipid peroxidation marker, MDA, reduced the intracellular ROS level 

and alleviated total GSH level in A549 cells. In another study, Hseu et al. [138] studied the 

protective effect of EA in the UV-A-induced oxidative stress in human keratinocytes cells. The 

authors reported that ellagic acid activated the antioxidant defense system through the upregulation 

and stabilization of Nrf-2 cells. In our study, ellagic acid elevated the Nrf-2 protein expression 

levels in EA group compared with CCl4 group. These results suggest that ellagic acid activate 

cellular rescue pathway in CCl4-induced lung damage by enhancing the cellular antioxidative 

defense system. 

The lungs are protected by several endogenous enzymatic and non-enzymatic antioxidants 

such as, catalase and glutathione, respectively. These antioxidants protect the lungs from harmful 

effects of a wide range of oxidants/ROS [139, 140]. Catalase represents one of the fastest and 

effective antioxidants in nature. It rapidly decomposes hydrogen peroxide to water and oxygen in 

a rate 2.5-5 x 106  mol/min [141]. It is regarded as the most important antioxidant enzyme in rat 

type II pneumocytes that breakdown exogenous hydrogen peroxide to less dangerous substances 
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[142]. The experiments on the effects of cigarette smoke (CS) on catalase enzyme activity 

demonstrated that bronchiolar epithelial catalase declines in the lungs of smokers with mild COPD. 

The same study also showed that the effects of CS on bronchiolar catalase enzyme expression are 

time-dependent in mice, rising soon after initial exposure but declining with prolonged exposure 

and remaining low even long after exposure to smoke has ended. The depletion of catalase in C22 

cells also increased the susceptibility to CS-induced cell death, indicating a crucial role of catalase 

in bronchiolar epithelial cells against CS- induced cell damage [143]. These results support a fact 

that some nonreversible gene expression changes occur in the airway epithelium exposed to CS. 

Some permanent modifications in gene expression, such as catalase enzyme, might be associated 

with disease progression even after termination of smoking and high risk of lung cancer 

development in COPD patients [143, 144]. Studies on the free radical scavenging activity of EA 

showed that EA significantly scavenged free radicals through catalase and other antioxidant 

enzymes in H2O2-exposed V79 - 4 cells [25] and in liver and heart tissue of rats [18, 128]. Sudheer 

et al. [29] investigated the ameliorative effects of ellagic acid and N-acetylcysteine against 

nicotine-induced toxicity in rat peripheral blood lymphocytes. They showed that EA treatment 

effectively restored the Antioxidant status and catalase enzyme, decreased the lipid peroxidative 

indices and DNA damage. In addition, EA protection against toxicity of nicotine was as effective 

as N-acetylcysteine. The authors suggests the beneficial use of ellagic acid as a modifier of 

nicotine-induced genotoxicity. Khanduja et al. [26] investigated the Effects of administration of 

ellagic acid on antioxidant defense and lipid peroxidation in the liver and lungs in mice. The authors 

reported that oral ingestion of ellagic acid for eight weeks caused concentration dependent 

reduction in the MDA formation and a significant increase in the GSH levels, no changes observed 

in the activities of CAT and SOD in both organs. In the present findings, we observed that ellagic 

acid were significantly (p < 0.05) increased the activity of catalase enzyme in EA and CCl4 + EA 

groups compared to CCl4 group. These results suggest that ellagic acid is a potent antioxidant 

against CCl4-induced lung damage through increasing the activity/or expression of antioxidant 

enzymes.  

GSH, which is the most important tripeptide (L-glutamate, L-cysteine and glycine) intra 

and extracellular antioxidant synthesized in cells, plays significant roles in the regulation of cellular 

redox homeostasis. It is present in the epithelial lining fluid and tissue of the lung, which is high 

concentration of GSH is secreted by epithelial cells of the lung, where it detoxify inhaled oxidants 

and free radicals produced endogenously, thereby reducing lung injury to critical biological targets 

[39, 93, 145-148]. The GSH status of a cell suggested that might be turn out to be the most accurate 

single indicator of the health of cells. GSH deficiencies have been noted in a variety of 

respiratory diseases, including ARDS, asthma, COPD, idiopathic pulmonary fibrosis and neonatal 

lung damage [145, 149]. Cigarette smoke extract decreased the levels of GSH in (A549) cell lines, 
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effect that were involved with enhanced production of free oxygen radicals [150]. Animal study 

has shown that smoking evokes a strong response in the lung and can maintain at a high level for 

longer periods of time; this may reflect the potential value of GSH as an antioxidant that protects 

the lung tissue and refers to GSH adaptive response [145, 151]. Studies also reported that EA could 

clean up oxidative stress via lowering the formation of MDA and ROS; and improve antioxidant 

defense by increasing GSH retention and maintaining antioxidant enzyme activity including 

catalase and upregulating antioxidant enzyme expression [26-28]. Khan et al. [28] studied the 

protective effects of ellagic acid on lung toxicity in rats treated with cyclophosphamide and 

bleomycin. The authors showed that treatment with EA attenuated a marked decline in glutathione 

content and activities of antioxidant enzymes such as CAT and SOD decreased due to bleomycin 

and cyclophosphamide administration. Thus, EA prevent lungs from harmful effect of pulmonary 

toxicity of anticancer drugs. In the present study, glutathione levels significantly (p < 0.05) 

decreased in the CCl4 treated group as compared to those in control group. In addition, we observed 

that EA administration significantly (p < 0.05) increased glutathione levels, which could be related 

to its antioxidant and free radical scavenging potential. These results indicate that ellagic acid 

protecting lung cells/tissues from oxidative damage through activating Nrf-2, thereby enhancing 

cellular antioxidant potential and inducing the expression levels of GSH and catalase enzyme 

activity. Thus, EA act as an effective antioxidant, minimizing the CCl4-induced damage in the lung.  



 

5. CONCLUSION 

In conclusion, the results of this study establishes that ellagic acid, a polyphenolic 

compound, is able to ameliorate the lung damage in rats via several regulatory pathways. These 

include the intervention of NF-kB pathway, thereby subsequently reducing the inflammatory 

markers, COX-2 and TNF-α; activation of antioxidant response element-bearing- genes using the 

Nrf-2; enhance the activity of antioxidants and antioxidant enzymes, GSH and catalase enzyme, 

respectively; modulation of apoptosis via inducing caspase-3 protein expression and inhibition of 

Bcl-2 protein expression; and decreasing MDA, final product of lipid peroxidation. Interestingly, 

in the present results, no statistically significant difference (p > 0.05) were observed between EA 

group and control group for GSH, CAT, MDA, Bcl-2, NF-kB, TNF-α and Nrf-2, EA only 

attenuated the altered levels of these markers, which may be ensuring no negative reactions 

happened with the use of EA. Thus, EA showed its protective role in lung damage through 

suppressing genes responsible for the specific inflammation and disturbance of biochemical 

systems, activating cellular rescue pathways and apoptosis-inducing activity, as illustrated in  

Figure 5.1. Our results establish the therapeutic role of EA in the treatment of lung damage and that 

in the future this may have the potential to be used as a medication for the prevention or attenuation 

of lung diseases.  

 Figure 5.1. Ameliorative effects of EA against CCl4-induced lung damage through increasing expression 

of cytoprotective genes, antioxidant and ROS scavenging activities, apoptosis- inducing 

activity, reducing inflammatory reaction and reducing lipid peroxidation. 



 

RECOMMENDATIONS 

Further studies should be designed to investigate the bioavailability, metabolism and 

multiple potential of EA and their derived metabolite in human subjects. Although, it is very 

difficult to determine the minimal dose for biological effects of polyphenols in humans, studies on 

the concentration of polyphenols and biological effects would be of interest.
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