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Abstract: Ellagic acid was examined on lung tissue injury caused by cecal ligation and puncture (CLP)-induced polymicrobial 

sepsis model in rats.  24 Wistar Albino female rats were allocated to 3 groups as: Group I (Sham), group II (CLP), and group III 

(CLP+ Ellagic acid 75 mg/kg). The CLP model was made by drilling the cecum. Biochemical and immunohistochemical analyzes 

were performed. Total oxidant status, tumor necrosis factor-α, interleukin-1β, malondialdehyde, and myeloperoxidase 

activity elevated, but superoxide dismutase and total antioxidant status valued declined in the CLP group compared to the 

sham group. On the contrary, superoxide dismutase and total antioxidant status levels increased. In contrast, 

myeloperoxidase activity, total oxidant status, tumor necrosis factor-α, interleukin-1β, and malondialdehyde levels decreased 

in the Ellagic acid treatment group. Caspase-3 and microtubule-associated protein light chain-3B immunopositivity increased 

significantly in the CLP group compared to the sham group while diminishing in the Ellagic acid group. In conclusion, Ellagic 

acid prevented CLP-induced lung injury in experimental rats. Thus, Ellagic acid may be an alternative therapeutic agent against 

lung tissue injury induced by sepsis. 
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Ellagik Asidin Çekal Ligasyon ve Delmeye Bağlı Akciğer Hasarı Üzerine Etkileri 

Öz: Ellagik asit, sıçanlarda çekal ligasyon ve delmeye (ÇLD) bağlı polimikrobiyal sepsis modelinin neden olduğu akciğer dokusu 

hasarı üzerinde incelendi. 24 Wistar Albino dişi sıçan 3 gruba ayrıldı: Grup I (sham), grup II (ÇLD) ve grup III (ÇLD + Ellagik asit 

75 mg / kg). ÇLD modeli çekumun delinmesi ile gerçekleştirildi. Biyokimyasal ve immünohistokimyasal analizler yapıldı. Total 

oksidan kapasite, tümör nekroz faktör-α, interlökin-1β, malondialdehit ve miyeloperoksidaz aktivitesi arttı, ancak süperoksit 

dismütaz ve total antioksidan kapasite değerleri sham grubuyla karşılaştırıldığında ÇLD grubunda azaldı. Aksine, ellagik asit 

tedavi grubunda miyeloperoksidaz aktivitesi, total oksidan kapasite, tümör nekroz faktör-α, interlökin-1β, ve malondialdehit 

seviyeleri azalırken süperoksit dismütaz ve total antioksidan kapasite düzeyleri artmıştır. Kaspaz-3 ve LC3B immünopozitifliği 

ellagik asit grubunda azalırken, ÇLD grubunda sham grubuna göre anlamlı olarak artmıştır. Sonuç olarak ellagik asit, deneysel 

sıçanlarda ÇLD'nin neden olduğu akciğer hasarını önledi. Dolayısıyla ellagik asit, sepsisin neden olduğu akciğer dokusu 

hasarına karşı alternatif bir terapötik ajan olabilir.  

Anahtar Kelimeler: Akciğer, Çekal ligasyon ve delme, Ellagik asit, İnflamasyon, Otofaji. 
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INTRODUCTION

 epsis is an irregular answer to infections and 

causes death worldwide (1). It is strongly 

related to morbidity and mortality (2,3). Infections of 

the lower respiratory tract commonly result in death 

(4). Various experimental methods and several 

agents were examined against sepsis. As presented 

in previous studies, cecal ligation and puncture (CLP)-

induced sepsis and acute lung injury (ALI) were 

carried out in this study (5-10). There are various 

researches about sepsis, but it still performs high 

morbidity and mortality rates (11). Supportive 

treatment forms the primary therapy for sepsis, and 

it is needed for specific agents (12). During sepsis, 

oxidative stress exists and enhances the harmful 

effects of oxidants (13). Reactive oxygen species 

(ROS) are strongly associated with hemodynamic 

dysfunction and organ failure during sepsis by 

inducing cytotoxicity in organs a changing cell signal 

pathways (14). During sepsis, nuclear factor-kappa B 

(NF-κB) is activated, and it leads to proinflammatory 

cytokine production, including tumor necrosis factor-

α (TNF-α) and interleukin-1β (IL-1β), which 

contribute to ALI development (15).  

Ellagic acid (EA) is a phenol that is found in many 

fruits, seeds, and vegetables (16). Its chemical name 

is 2,3,7,8-tetrahydroxy-chromeno [5,4,3-cde]-

chromene5,10-dione (17). It performs antioxidant 

activity (18). EA provides scavenging ROS and 

reactive nitrogen species via its chemical structure 

(19). Various studies mentioned that EA has the 

potential for the treatment of several chronic 

inflammatory diseases (20,21). This study was 

performed to determine the potential protective 

effects of EA against lung injury caused by CLP-

induced sepsis model in rats. 

MATERIALS and METHODS 

Ethical Approval and Animals  

The current study was carried out at Atatürk 

University Experimental Animals Research and 

Application Center with the confirmation of Atatürk 

University Experimental Animal Ethics Committee 

(protocol no:02.03.2018/48). Wistar Albino female 

rats weighing 240-270 g, provided by the same 

center. They were held in cages with appropriate 

laboratory conditions, including 12 hours 

light/darkness, the humidity of 55%, and 

temperature of 25°C. Standard rat feed and tap 

water were provided for the animals. They were 

deprived of food 12 hours before the experiment but 

were allowed to drink water. 

Groups and Experimental Process 

The animals were immobilized in a supine 

position, shaved, and disinfected. 10% povidone-

iodine (Baticonol, Dermosept, ALG İlaç, İstanbul) was 

used for disinfection. Surgical steps were performed 

under anesthesia with thiopental sodium (50 mg/kg). 

EA (Sigma-Aldrich Co, USA) was prepared in saline. 

Animals were classified into 3 groups; 

Sham group (Group I, n=8): The abdominal 

midline was incised through a 1-2 cm incision and 

sutured. After 16-18 hours (sepsis time), lung tissues 

were excised. 

CLP group (Group II, n=8): After the steps 

followed in group I, the cecum was reached and tied 

by 4.0 suture at 2 cm distal. In addition, 4 holes were 

drilled from this distal cecum via 18 gauges needle. 

And then, the intestine, including the cecum, was 

replaced into the abdomen. 2 ml of saline was 

emptied into the abdomen, and the incision line was 

closed. CLP model was preferred from a previous 

study (22).  

CLP+EA 75 mg/kg group = EA 75 mg/kg group 

(Group III, n=8): CLP model was carried out as 

described in group II. 75 mg/kg EA was administered 

S 
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intraperitoneally (i.p.) 30 minutes before the CLP 

model.  

After 16-18 hours from the CLP model, these 

rats were sacrificed by high dose anesthesia, and lung 

tissues were collected. 

Biochemical Examination 

Lung tissues were homogenized via 10% 

phosphate buffer solution (PBS) and centrifuged to 

obtain a supernatant. The supernatants were 

evaluated for malondialdehyde (MDA), total 

antioxidant status (TAS), total oxidant status (TOS), 

myeloperoxidase (MPO), and superoxide dismutase 

(SOD) measurement. MDA level was determined as 

described by Ohkawa et al. (23). TAS and TOS values 

were measured by appropriate kits (Rel Assay 

Diagnostics). The oxidative stress index (OSI) ratio 

was gauged as follows: OSI= ([TOS, mmol H2O2 

equivalent/L] / [TAS, mmol Trolox equivalent/L] × 10) 

(24). MPO level was measured as presented in a 

previous study (25). SOD activity determination 

depends on the formazan dye level (26). (TNF-α) and 

(IL-1β) levels were gauged via appropriate kits 

(Elabscience, Wuhan, China). 

Immunohistochemical (IHC) Staining 

Lung tissues were excised and put in 10% 

neutral formalin for 2-4 days. Paraffin blocks were 

prepared, stained, and examined as 5-µm thick 

sections through a microscope. Following 

deparaffinization, the slides were unmasked from 

antigens through antigen retrieval solution and 

placed in 3% H2O2 to block endogenous peroxide. 

Cleaved caspase-3 antibody (cat no. NB600-1235, 

dilution 1/200; Novus Biological, USA) and 

microtubule-associated protein light chain-3B (LC3B) 

(Cat. no.sc-376404, dilution 1/200; Santa Cruz) were 

used as the primary antibody, and expose mouse and 

rabbit specific HRP/DAB detection IHC kit was used 

as the second. After counterstaining with 

hematoxylin, immunoreactivity in samples was 

evaluated as 0 (none), 1 (mild), 2 (moderate), and 3 

(severe). 

Statistical Analysis 

SPSS v20.0 was used for statistical analyses. A 

one-way ANOVA test was chosen for data, and 

Duncan test was used for multiple comparisons. 

Biochemical data results were presented as mean ± 

Standard Deviation (SD). Immunohistochemical 

examination data were shown in mean±Standard 

Error (SE). Differences were evaluated with Kruskal–

Wallis test. Dual comparisons among groups were 

analyzed with a Mann-Whitney U test. Statistical 

significance level was considered when p-value 

below 0.05. 

RESULTS 

Biochemical Results 

Table 1 presents the oxidant and antioxidant 

parameters. TAS value and SOD activity declined 

significantly while TOS, MDA, MPO, and OSI values 

elevated significantly in the CLP group compared to 

the sham group. In the treatment group, TOS, MDA, 

MPO, and OSI values diminished, while TAS and SOD 

levels increased significantly compared to the CLP 

group. 

 

Table 1. Effects of EA treatment on biochemical parameters in CLP-induced lung injury. 
Tablo 1. EA tedavisinin CLP kaynaklı akciğer hasarında biyokimyasal parametreler üzerine etkileri. 

Groups (n=8) Sham CLP EA 75 mg/kg 

TAS (mmol/L) 0.43 ± 0.04 0.10 ± 0.02a 0.38 ± 0.06b 
TOS (µmol/L)  13.79 ± 2.42 19.61 ± 1.33a 13.30 ± 1.82b 
OSI (arbitrary unit) 3.22 ± 0.80 18.96 ± 4.08a 3.52 ± 0.87b 
SOD (U/mg protein) 220.30 ± 52.85 100.22 ± 17.25a 245.24 ± 77.38b 
MDA (µmol/g tissue) 112.54 ± 8.32 160.25 ± 23.76a 109.14 ± 9.03b 
MPO (U/g protein) 316459.17 ± 108664.70 608594.22 ± 109.789a 307092.34 ± 127916.17b 

All data results were presented as mean±SD. aP < 0.001 compared to sham group. bP< 0.001 compared to CLP group. TAS; Total antioxidant status, TOS; Total oxidant status, OSI; Oxidative 
stress index. SOD; Superoxide dismutase, MDA: Malondialdehyde MPO; Myeloperoxidase. 
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Results of Cytokines  

In Figure 1, TNF-α and IL-1β levels were 

presented. TNF-α and IL-1β levels raised in the CLP 

group compared to the sham group. On the other 

side, these values decreased via EA treatment. 

 

Figure 1. Effects of EA treatment on (a) TNF-α and (b) 
IL-1β levels in CLP-induced lung injury. All data results 
were presented as mean±SD. aP<0.001 compared to 
the Sham group. bP<0.001 compared to the CLP 
group. 
Şekil 1. EA tedavisinin CLP ile indüklenen akciğer 
hasarında (a) TNF-α ve (b) IL-1β seviyeleri üzerindeki 
etkileri. Tüm veri sonuçları ortalama ± SD olarak 
sunuldu. Sham gruba kıyasla aP<0.001. CLP grubuna 
kıyasla bP<0.001. 

Immunohistochemical Examination  

Caspase-3 and LC3B immunopositivity were not 

observed in the sham group. On the other side, while 

caspase-3 and LC3B immunopositivity were severe in 

the CLP group, it was found to be less in EA 75 mg/kg 

group. The interstitial areas were immune positive 

(Figure 2). 

Figure 2. A) Sham group, B) CLP group, severe 
caspase-3 and LC3B immunopositivity in interstitial 
area (arrowhead) C) EA 75 mg/kg group, mild 
Caspase-3 and LC3B immunopositivity in interstitial 
area (arrowhead). IHC. 50X magnification. 
Şekil 2. A) Sham grubu, B) CLP grubu, interstisyel 
alanda şiddetli kaspaz-3 ve LC3B immünopozitifliği 
(ok başı) C) EA 75 mg / kg grubu, interstisyel bölgede 
hafif Kaspaz-3 ve LC3B immünopozitifliği (ok başı). 
İHK. 50X büyütme. 

DISCUSSION and CONCLUSION 

Sepsis is a life-critical condition that causes 

shock and organ failure (27).  Bacterial infections lead 

to sepsis, which is an uncontrolled inflammatory 

response leading to organ dysfunction, morbidity, 

and mortality (28). Although antimicrobial 

treatments, sepsis is a major death cause in intensive 

care units (29). Early diagnosis prevents septic shock 

that enhances mortality rate (30).  

Infections are among the factors leading to ALI, 

and they also cause sepsis (31). CLP model is an up to 

date and common method for sepsis studies (32). 

Lungs are among the organs which are vulnerable to 

inflammation induced by sepsis (33). Oxidative stress 

damages the lungs during sepsis (34). 

Myeloperoxidase activity is a biomarker for 

infiltration of neutrophils in lung tissue (35). In the 

current study, myeloperoxidase activity elevated in 

the CLP group, and EA treatment diminished this 

parameter. Sepsis is associated with high ROS and 

low antioxidant levels (36). An antioxidant system, 

including SOD, scavenge ROS (37) protects tissues 

against oxidative damage (38). In the current study, 

SOD activity decreased in the CLP group, but EA 

treatment elevated the SOD activity again. OSI, the 

ratio of TOS to TAS (39), decreased with EA 

treatment. MDA levels elevated in pulmonary tissues 

in previous CLP studies (40). Here, MDA levels 

increased in the CLP group, but EA treatment 

reversed this condition.  

Systemic infections are associated with various 

inflammatory cytokines like TNF-α and IL-1β. High 

levels of these mediators play a role in tissue injury 

(41). TNF-α induces sepsis (42) and prompts the 
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release of various proinflammatory cytokines (43). 

Here, TNF-α and IL-1β levels significantly declined 

with EA treatment.  

Caspase-3 plays a key role in the pathway of 

apoptotic cell death. In addition to this, recent 

studies have shown that caspase-3 also gets involved 

in autophagic processes (44). It has been shown that 

upregulation of autophagic activity may provide 

great benefits through affecting inflammatory 

response and recovering impaired organ function 

(45). LC3B, one of the key molecules for autophagy, 

has been reported to increase 6 hours after CLP and 

eliminate some pathogens (46). It has been claimed 

that caspase-3 may help the export of autophagic 

vesicles containing maturing LC3B through the 

plasma membrane in human endothelial cells which 

lack nutrition which in turn promotes cell volume 

shrinkage, a decisive apoptotic marker (47). Although 

there is a complex relationship between autophagy 

and caspase-3, cell death and elimination of dead 

cells may contribute to maintaining tissue integrity. 

In this study, caspase-3 and LC3B were suppressed 

with EA therapy in lung immunohistochemical 

examination. 

In conclusion, EA declined CLP-induced 

inflammation, oxidative stress, and apoptosis. 

Therefore, EA may be a new agent against diseases 

related to increased cell death and inflammation. 
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