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Abstract—This study was designed to evaluate whether carvacrol 
(CAR) could provide protection against lung injury by acute 
pancreatitis development. The rats were randomized into groups to 
receive (I) no therapy; (II) 50 µg/kg cerulein at 1h intervals by four 
intraperitoneal injections (i.p.); (III) 50, 100 and 200 mg/kg CAR by 
one i.p.; and (IV) cerulein+CAR after 2h of cerulein injection. 12h 
later, serum samples were obtained to assess pancreatic function the 
lipase and amylase values. The animals were euthanized and lung 
samples were excised. The specimens were stained with 
hematoxylin-eosin (H&E), periodic acid–Schif (PAS), Mallory's 
trichrome and amyloid. Additionally, oxidative DNA damage was 
determined by measuring as increases in 8-hydroxy-deoxyguanosine 
(8-OH-dG) adducts. The results showed that the serum activity of 
lipase and amylase in AP rats were significantly reduced after the 
therapy (p<0.05). We also found that the 100 mg/kg dose of CAR 
significantly decreased 8-OH-dG levels. Moreover, the severe 
pathological findings in the lung such as necrosis, inflammation, 
congestion, fibrosis, and thickened alveolar septum were attenuated 
in the AP+CAR groups when compared with AP group. Finally, the 
magnitude of the protective effect on lung is certain, and CAR is an 
effective therapy for lung injury caused by AP. 

 
Keywords—Antioxidant activity, carvacrol, experimental acute 

pancreatitis, lung injury, oxidative DNA damage. 

I. INTRODUCTION  

CUTE PANCREATITIS (AP) can lead to a systemic 
inflammatory response that often results in acute lung 

injury and single or multiple organ failure [1]. Of the total 
number of patient mortalities due to AP, >50% are ascribed to 
acute lung injury in the early stage [2]. 

Previous studies have demonstrated that pulmonary 
inflammation following pancreatitis-associated oxidative 
stress causes pulmonary swelling, which consequently 
produces secondary micro vascular leakage, alveolar-capillary 
barrier disruption, and even alveolar damage and mortality [3], 
[4]. In AP, pulmonary congestion poses a critical problem due 
to its association with acute respiratory function failure. The 
other pathological findings are characterized as ground a 
significantly wider alveolar septum, alveolar epithelial injury 
and fibrosis [4]. Despite the fact that there have been 
 

Mirkhalil Hosseinigouzdagani, Kubra Koc, Murat Bakir, Fatime Geyikoglu 
and Pınar Akpulat are with the Department of Biology, Ataturk University 
Faculty of Science, Erzurum, Turkey. 

Suat Colak is with the Department of Plant and Animal Production, 
Erzincan University, Üzümlü Vocational, Erzincan, Turkey. 

Hasan Turkez is with the Department of Molecular Biology and Genetics, 
Faculty of Science, Erzurum Technical University, Erzurum, Turkey. 

Salim Cerig is with the Department of Biology, Atatürk University, 
Erzurum, Turkey (corresponding author, phone: 0 (442) 231 43 33, fax: 0 
(442) 231 41 09, e-mail: salimcerig@atauni.edu.tr). 

significant advances in the understanding of the pathogenesis 
of AP, the role of antioxidants in this phenomenon remain 
poorly understood. Antioxidant therapies are thought to 
improve lung morphology [5]. The lack of effective drugs to 
ameliorate the initiation and progression of pancreatitis-
associated oxidative stress has led to increased interest in the 
role that antioxidants may serve in alleviating lung injury. 

CAR, the most active constituent of thyme essential oils 
(EOs), is commonly used over a wide range of doses for 
various therapeutic applications [6], [7]. CAR’s anti-
proliferative, anti-inflammatory, and immune system 
modulation effects limit cancer growth and prevent leukocyte 
proliferation in inflammatory diseases [8]-[10]. It is also 
recognized as a safe food additive and used as flavoring agent 
in packed foods, sweets, beverages, and chewing gum [11], 
[12]. DNA-protective effects of CAR are assessed using 
different techniques. CAR shows high antioxidative 
effectiveness in all assays used [13]. 

In an effort to develop treatment modalities that reduce lung 
injury following AP, we studied whether CAR exerts 
protective effects against AP-induced oxidative lung injury in 
a rat model. Histological examinations were performed to 
determine the morphologic changes in rat lung tissues. To test 
oxidative DNA damage, we measured the DNA base adduct 8-
hydroxy-deoxyguanosine (8-OH-dG), in the pulmonary cells. 
To the best of our knowledge, this is the first study that has 
investigated the protective effects of CAR against AP-induced 
pulmonary injury. 

II. MATERIALS AND METHODS  

A. Animals 

Fifty six male Spraque-Dawley rats (weighing 200-250 g) 
obtained from Medical Experimental Application and 
Research Center, Atatürk University were used. Animals were 
housed inside polycarbonate cages in an air-conditioned room 
(22±2°C) with 12-h light-dark cycle. Standard rat feed and 
water were provided ad libitum. The rats were allowed to 
acclimatize to the laboratory environment for 7 days before 
the start of the experiment. All procedures were performed in 
conformity with the Institutional Ethical Committee for 
Animal Care and Use at Atatürk University (protocol number: 
B.30.2.ATA.0.23.85-11) and the Guide for the Care and Use 
of Laboratory Animals [14]. 

B. Experimental Protocols  

Animals were randomly divided into eight groups (n=7, 
each): (I) vehicle-treated group (control); (II) AP group; (III, 
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IV and V) CAR-treated groups (at three different dose); (VI, 
VII and VIII) CAR-treated AP groups.  

AP was induced by cerulein (Sigma-Aldrich, GmbH, 
Stenheim, Germany) administered i.p. 4 times with 1 h 
intervals at a dose of 50 µg/kg b.wt. AP was assessed after last 
injection of cerulein by measurement of serum amylase and 
lipase levels. Animals without induction of AP (control) were 
treated i.p. with saline at the same time as animals treated with 
cerulein. 

To evaluate the effects of CAR, animals were treated with 
CAR in 10 ml saline (Peptide International Inc, Japan). The 
CAR groups received one i.p. injection of 50, 100 and 200 
mg/kg b.wt. Therapeutic treatments were administered after 2 
h of cerulein injection. The rats were anesthetized with 
isoflurane after 12 h taking CAR and euthanized by 
exsanguination with blood retained for serum harvest. These 
investigations stem from the works of the researchers [15], 
[16]. 

C. Biochemical Analyses  

Blood for serum amylase determinations was obtained from 
all animals when they were anesthetized. Serum amylase and 
lipase levels were determined spectrophotometrically using an 
automated analyzer (Olympus AU 600, Diamond Diagnostic, 
Holliston, USA). All chemicals were obtained from Sigma 
(Sigma, St Louis MO, USA). 

Tissue specimens were obtained from all animal groups for 
determination of malondialdehyde (MDA), superoxide 
dismutase (SOD), catalase (CAT), and glutathione peroxidase 
(GSH-Px). SOD activity was studied on hemolysates by using 
commercial kits (Randox Laboratories, UK) [17]. CAT 
activity was measured according to Aebi’s method [18]. The 
principle of the assay is based on determining the rate constant 
[k (s−1)] of hydrogen peroxide decomposition by the catalase 
enzyme. 

Plasma thiobarbituric acid reactive substance (TBARS) 
levels were determined according to Schoenberg’s method 
[19]. Lung MDA levels were determined on erythrocyte lyte 
obtained after centrifugation. After the reaction of 
thiobarbituric acid with MDA, the reaction product was 
extracted in butanol and was spectrofluorometrically 
(excitation 532 nm, emission 553 nm, slit 10 nm) evaluated. 
Tetramethoxypropane solution was used as standard. TBARS 
levels in the lung tissue were expressed as nmol/g. 

GSH-Px activity in the pulmonary tissue was measured by 
the method described previously [20]. The reaction mixture 
was 50 mmol/l tris buffer (pH 7.6) containing 1 mmol/l of 
Na2EDTA, 2 mmol/l of reduced glutathione (GSH), 0.2 
mmol/l of NADPH, 4 mmol/l of sodium azide, and 1000 U of 
glutathione reductase (GR). 50 μl of plasma and 950 μl of 
reaction mixture, or 20 μl of erythrocyte lysate and 980 μl of 
reaction mixture were mixed and incubated for 5 min at 37 °C. 
Then the reaction was initiated with 8.8 mmol/l H2O2 and the 
decrease in NADPH absorbance was followed at 340 nm for 3 
min. Enzyme activities were expressed as U/g in the lung 
tissue. 

D. Histopathological Examination  

The lung tissues of rats were fixed in buffered 10% 
formalin solution for 24 h and embedded in a paraffin wax. 
Tissues were then sectioned at 5 μm, stained with H & E, 
PAS, Mallory trichrome and amyloid methods. A 
semiquantitative evaluation of lung tissue was accomplished 
by scoring the degree of severity according to the formerly 
published criteria [21], [22]. For each lung section, whole 
slide was examined for necrosis, infiltration, congestion, 
fibrosis and thickened alveolar septum were observed under 
bright field using an Olympus BX60 microscope equipped 
with a digital CCD. In addition, high-resolution pictures 
(×200) of samples were taken under the same microscope. The 
lung damage was scored with maximum score of 18. The 
maximum score for the other pathological findings was 3.  

E. Determination of 8-OHdG Level 

8-hydroxy-2'-deoxyguanosine assay kits were purchased 
from Cayman Chemical (Ann Arbor, Michigan, USA) for 
determining 8-OH-dG levels in the lung samples. Since it is a 
competitive assay that can be used for the quantification of 8-
OH-dG in homogenates and recognizes both free 8-OH-dG 
and DNA-incorporated 8-OH-dG, many researches are being 
performed to use this protocol. This assay depends on the 
competition between 8-OHdG and 8-OHdG-
acetylcholinesterase (AChE) conjugate (8-OH-Dg Tracer) for 
a limited amount of 8-OH-dG monoclonal antibody. All 
procedures were carried out in accordance with the provider 
manual. 

F. Statistical Analysis 

For statistical analysis, we used SPSS for Windows 18.0 
(SPSS Inc., Chicago, USA). The experimental data were 
analyzed using one-way analysis of variance (ANOVA) 
followed by Tukey post hoc test for multiple comparisons. 
Results are presented as mean ± standard deviation (SD) and 
values p <0.05 were regarded as statistically significant. 

III. RESULTS  

Table I shows the effects of CAR on serum amylase and 
lipase levels in all experimental groups. The amylase rates in 
cerulein-induced AP were increased from an average 505 U/L 
to about 2366 U/L as compared with those of control rats. 
Similarly, lipase enzyme was greatly affected and increased 
from 23 µg/L to 126 µg/L by AP. The enzyme activation was 
not changed following intraperitoneal injection of CAR alone. 
After CAR treatments in animals with AP, positive effects on 
enzymes were observed and the values significantly were 
decreased with respect to 100mg/ kg dose of CAR (p<0.05).  

The SOD, CAT, and GSH-PX activities in lung of AP rats 
markedly decreased but MDA increased compared to those 
found at controls (p<0,05). CAR groups alone showed the 
increased levels of antioxidant enzymes at both dosages (50 
and 200 mg/kg, respectively). In these groups, MDA values 
were not changed. However, the best results were observed in 
a dose of 100 mg/kg of CAR. The activities of all enzymes 
were increased. Moreover, oxidative stress was significantly 
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decreased at this group and values returned to the control 
levels  

 
TABLE I 

THE EFFECT OF CAR TREATMENT ON SERUM AMYLASE AND LIPASE LEVELS 

IN CERULEIN-INDUCED AP 

Groups 
Amylase (U/L) 

Mean±SD 
Lipase (U/L) 

Mean±SD 
Control 505.85 ± 19.98a 23.52 ± 1.20a,b 

AP 2366.56 ± 443.51*d 126.33 ± 9.38*d 

CAR 50mg/kg 517.64 ± 26.01a 24.01 ± 1.67a,b 

CAR 100mg/kg 492.29 ± 35.25a 22.67 ± 2.03a 

CAR 200mg/kg 498.38 ± 22.85a 23.89 ± 0.96a,b 

AP+CAR 50mg/kg 1334.43 ± 291.25*b,c 92.40 ± 11.40*c 

AP+CAR 100mg/kg 709.68 ± 41.69a,b 39.14 ± 3.47b 

AP+CAR 200mg/kg 1739.51 ± 367.98*c,d 110.27 ± 5.82 *d 

Notes: Data are presented as means ± SD (n=7). *Symbol < 0.05 represents 
significant difference among the groups compared to controls. a, b, c, d The 
groups in the same column with different letters are statistically significant (p 
< 0.05). Abbreviations used: AP: Acute pancreatitis; CAR: Carvacrol 
 

Representative images of histological examination of lung 
tissue in different groups of rats are presented in figures. In 

H&E stains in comparison to the controls (Fig. 1), the 
microscopic observations of lung in AP rats showed leukocyte 
infiltration, hemorrhage, marked alveolar thickening, 
congestion, smooth muscle hypertrophy, increased fibrosis 
and desquamated epithelial cells in bronchial lumina (Figs. 2 
(a)-(d)), (Figs. 3 (a)-(d)). 

 

 

Fig. 1 Light microscopic appearances of lung from control rats. 
Alveoli (A), Bronchial (B), Vessel (V), (H&E)

 
TABLE II 

EFFECT OF CAR TREATMENT ON LUNG SOD, CAT, GSH-PX ACTIVITIES AND MDA LEVELS IN CERULEIN-INDUCED AP 

Groups 
MDA 

(nmol/g) 
Mean±SD  

SOD 
 (U/g) 

Mean±SD 

GSH-PX 
(U/mg-protein) 

Mean±SD  

CAT (U/mg-protein) 
Mean±SD 

Control 0.26 ± 0.08a 221.40 ± 45.14a 198.56 ± 32.25a 2.36 ± 0.15a,b 

AP 0.82 ± 0.19*b 102.24 ± 22.29*c 86.79 ± 21.12*c 0.74 ± 0.10*c 

CAR 50mg/kg 0.25±0.07a 207.16±39.32a 210.82±44.31a 2.43±0.20a 

CAR 100mg/kg 0.23±0.06 a 211.20±51.22a 201.53±27.16a 2.34±0.23a,b 

CAR 200mg/kg 0.24±0.09a 215.21±27.36a 216.19±35.27a 2.48±0.19a 

AP+CAR 50mg/kg 0.62±0.17*b 109.64±19.51*c 107.86±22.65*b,c 0.85±0.09c 

AP+CAR 100mg/kg  0.27±0.11a 206.42±31.42*a 194.72±40.39*a,b 2.22±0.14b 

AP+CAR 200mg/kg 0.77±0.16*b 106.31±25.54*c 94.45±19.53*c 0.81±0.11*c 

Notes: Data are presented as means ± SD (n=7). *Symbol < 0,05 represents significant difference among the groups compared to controls. a, b, c, d, e, f The 
groups in the same column with different letters are statistically significant (p0.05). For abbreviations see legend in Table I.  
 

 
Fig. 2 The lung in the AP group (a) Vacuolisation (double arrow), 
Infiltration (I); (b) Diffuse haemorrhage in necrotic lung (H); (c) 

Congestion in bronchial (C), Prominent thickening of alveolar walls 
(asterix symbol); (d) Congestion in vessel (C), (H&E) 

 
Fig. 3 The lung lesions in the AP group (a) Infiltration (I), 

Congestion (C), (b) Interstitial fibrosis (F), (c) Extensive fibrosis 
tissue around the blood vessels, (d) Desquamated epithelial cells 
(black arrow), Smooth muscle hypertrophy (white arrow), (H&E) 
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Compared with the control group, PAS staining revealed 
positive mucus-containing goblet cell hyperplasia and 
desquamated epithelial cells in bronchial sinus in lung of AP-
induced rats (Figs. 4 (a)-(c)). Mallory trichrome showed 
increased intensity of fibrosis in bronchial and also interstitial 
fibrosis in animals with AP (Figs. 5 (a)-(d)). And the protein 
deposits in alveoli and alveolar septums were revealed by 
Amyloid staining method (Figs. 6 (a) and (b)).  

 

 
Fig. 4 The lung in control and AP rats (a) The lung in controls. The 

lung lesions in AP rats. Alveoli (A), (b) PAS positive mucus-
containing goblet cells (black arrows), Bronchial (B), (c) 

Desquamated epithelial cells (white arrows), (PAS) 
 

 
Fig. 5 The lung in control and AP rats (a) The lung in controls. The 

lung lesions in AP rats. Alveoli (A), Vessel (V), (b) Fibrosis tissue in 
bronchial walls (arrows), Bronchial (B), Alveoli (A); (c) İnterstitial 

fibrosis (F); (d) PAS positive mucus-containing goblet cells (arrows), 
(Mallory trichrome) 

 
Fig. 6 The lung in control and AP rats. (a) The lung in controls. The 

lung lesions in AP rats. Alveoli (A), (b) The protein deposits in 
alveoli (white arrow) and alveoli septum (black arrow), Alveoli (A), 

(Amyloid) 
 

Examination of lung sections in CAR groups revealed that 
the tissue retained its normal architecture (at 50, 100 and 200 
mg/kg) (data not shown). In the 50 mg/kg CAR+AP groups, 
above-mentioned pathological findings were attenuated. There 
were reduction of hemorrhage and alveolar thickening. In lung 
of AP groups after treatment with 200 mg/kg CAR decreased 
congestion. However, in this group still had higher 
hemorrhage than those in the first. In 100 mg/kg CAR doses, 
the lung tissue showed a normal structure and orderly 
arrangement and resembled those of control rats (Figs. 7 (a)-
(c)). As a matter of fact, PAS positive mucus-containing 
goblet cell hyperplasia and desquamated epithelial cells were 
not observed. Also, fibrosis and abnormal protein 
accumulations in tissue did not occur (Figs. 8 (a)-(c)).  

 

 
Fig. 7 The lung tissue following CAR exposure in AP rats (a) 

Reduction of haemorrhage and decreased alveolar thickening in 
AP+50 mg/kg CAR group, (b) The use of 200 mg/kg CAR decreased 

congestion, but AP+200 mg/kg CAR group showed more 
haemorrhage than AP+500 mg/kg CAR group. Branchial epithelial 

cells (black arrow), Diffuse haemorrhage in necrotic lung (H), 
Congestion in bronchial (C), (c) In AP+100 mg/kg CAR group, 

normal lung tissue. Alveoli (A), Bronchial (B), Vessel (V), (H&E) 
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Fig. 8 The lung in AP+100 mg/kg CAR group was almost similar to 
that in control group (a) Alveoli (A), Bronchial (B), PAS, (b) Alveoli 

(A), Mallory trichrome, (c) Alveoli (A), Amyloid 
 

Histopathological scores of the groups were summarized in 
Table III. The degree of pathological findings showed a 
significant difference between groups treated with cerulein 
and cerulein+CAR (p<0.05).  

The levels of 8-OH-dG, a hallmark of oxidative stress-DNA 
base damage, were measured using an 8-OH-dG detection kit. 
There was no significant difference between the levels of 8-
OH-dG in the control and all CAR treated groups (Table IV). 
On the contrary, the level of 8-OH-dG was significantly 
higher in AP as compared to control group. But treatment of 
CAR decreased the 8-OH-dG levels that were increased by 
cerulein-induced AP in a clear dose dependent manner.  

IV. DISCUSSION 

The most feared complication in AP is lung failure [23]. 
Although the exact mechanisms remain elusive, it has been 
reported that oxidative stress plays an important role in 
promoting lung damage in AP.  An improved understanding of 
the oxidative stress mechanism operating in the lung is 
necessary for the development of new therapies against tissue 
damage in AP [24], [25]. This study documents a fundamental 
role of oxidative stress in the pathophysiology of AP. 
Inhibition of oxidative stress decreased ROS formation, 
leukocyte recruitment, and tissue damage in the lung. Thus, 
targeting oxidative stress might protect against pathological 
inflammation in AP. 

 
TABLE III 

HISTOPATHOLOGICAL SCORES OF LUNG IN CERULEIN-INDUCED AP 

Groups 
Lung necrosis 

(maximum score 18)  
Mean±SD 	

Infiltration  
(maximum score 3) 

Mean±SD  

Alveolar Thickening 
(maksimum score 3) 

Mean±SD  

Fibrosis (maximum 
score 3) 

Mean±SD  

Congestion (maximum 
score 3) 

Mean±SD 
Control 1.6±1.737a 0,400± 0,516 a 0,900± 0,738 a 0,00±0,00a 0,300±0,483 a 

AP 5.94±0.77*c 1.37±0.15*c 1.94±0.11*c 0.7±0.16*c 0.8±0.18*c 

CAR 50mg/kg 1.269±0.419a 0.289±0.13a 0.72±0.047a 0.02±0.01a 0.21±0.212a 

CAR 100mg/kg 1.444±1.4a 0.364±0.42a 0.80±0.548a 0.01±0.01a 0.27±0.412a 

CAR 200mg/kg 1.338±0.682a 0.468±0.34a 0.64±0.154a 0.04±0.01a 0.18±0.168a 

AP+CAR 50mg/kg 3.29±0.64b 0.92±0.10b 1.19±0.12b 0.21±0.11b 0.39±0.21b 

AP+CAR 100mg/kg  1.57±0.81 a 0.13±0.04 a 1.02±0.13 a 0.05±0.14 a 0.33±0.37 a 

AP+CAR 200mg/kg 2.43±0.22 b,c 1.05±0.08 b,c 0.36±0.02 b,c 0.38±0.02 b,c 0.03±0.08 b,c 

Notes: Data are presented as means ± SD (n=7). *Symbol < 0,05 represents significant difference among the groups compared to controls. a, b, c The groups 
in the same column with different letters are statistically significant (p<0.05) by Tukey’s multiple range tests. For abbreviations, see legend in Table I.     
 

TABLE IV 
EFFECT OF CAR TREATMENT ON LUNG 8-OH-DG LEVELS IN CERULEIN-

INDUCED AP 

Groups 
8-OH-dG level 

(as pg/ml) Mean±SE 
Control 1.06 ± 0.09a 

AP 4.26 ± 0.21*,d 

CAR 50 mg/kg 0.91 ± 0.09a 

CAR 100 mg/kg 1.03 ± 0.17a 

CAR 200 mg/kg 1.08 ± 0.11a 

AP+CAR 50 mg/kg 2.73 ± 0.14c 

AP+CAR 100 mg/kg 1.78 ± 0.13b 

AP+CAR 200 mg/kg 1.14 ± 0.12a 

Notes: Data are presented as means ± SD (n=7). *Symbol < 0,05 represents 
significant difference among the groups compared to controls. The groups in 
the same column with different letters are statistically significant (p0.05). 

For abbreviations see legend in Table I. 
 

In the present study, we observed for the first time that 
inhibition of oxidative stress by use of CAR in the lung of rat 

exposed to cerulein. As mentioned earlier, a cerulein-
stimulated rat model has broadly been used as an experimental 
model of oxidative stress organ damage, therefore we 
employed an AP animal model instead of using human tissue 
in this study, as human tissue is extremely difficult to obtain. 
In this model, cerulein causes lung complications with 
extensive lipid peroxidation, producing some metabolites such 
as MDA. Hence cerulein can induce systemic diseases in 
organs such as the pancreas, heart, kidneys, liver, and lung as 
well [26], [27]. In our study, lipid peroxidation was elevated in 
the lung of rat after exposure to cerulein, as evidenced by 
increased MDA production. MDA is a highly biologically 
active oxidative degradation product from membrane 
unsaturated fatty acids. As such, MDA serves as a reliable 
biomarker of lipid peroxidation [28]. We also analyzed the 
correlation of oxidative stress with the pathological lung 
changes and the level of the antioxidant enzymes. Here in, we 
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demonstrated that administration of CAR reduced levels of 
MDA and the activity of antioxidant enzymes significantly 
increased in lung of animals exposed to cerulein. Essential oils 
rich in CAR possess strong antioxidant properties and also 
increase the activity of endogenous antioxidants [29], [30] 
Antioxidants are ubiquitously expressed in mammalian cells 
and activation of enzymes such as SOD, CAT and GSH-PX 
promote cell defense [31]-[34]. A recent study reports that 
CAR prevents lipid peroxidation, cell damage, and protects 
the antioxidant system in tissue that also may support the 
results of the present study [35]. 

We also diagnosed AP by histopathological examination. 
The lung specimens of AP groups showed histopathological 
alterations such as leukocyte infiltration desquamated 
epithelial cells in bronchial lumina, congestion, hemorrhage, 
protein leakage, marked alveolar thickening and increased 
fibrosis [36]. We observed all of these histopathological 
alterations in our experimental AP model. As discussed below, 
we demonstrate that pathological changes are significantly 
attenuated by administration of CAR.  

The AP-induced inflammatory response often causes acute 
lung injury with a mortality rate of up to 40% [37]. 
Considered together, our findings add AP to the growing list 
of inflammatory diseases in which ROS inhibition appears to 
be of beneficial value. In the present study, we found that 
cerulein enhanced the number of extravascular leukocyte in 
the lung. Convincing data have documented a key role of 
leukocytes in the induction of AP. For example, depletion of 
leukocytes markedly decreases tissue damage in AP [38]. 
Considering the tight relationship between leukocyte 
recruitment and tissue damage in AP, it is suggested that this 
potent inhibitory effect on infiltration at least partly help 
explain the protective effect of CAR in the inflamed lung.  

Our presented data demonstrate that AP enhances amylase 
and lipase concentration in blood and also leads to major cell 
degenerations in the lung epithelium. The pulmonary 
inflammation causes lung injury, which is often characterized 
by apoptosis of lung epithelial cells [39], [40]. Also, the acute 
lung injury occurs as a consequence of markedly increased 
endothelial and epithelial permeability, with protein deposits 
into the vessels and interstitial tissues, leading to decreased 
gas exchange. Hence AP is closely associated with acute lung 
injury [37], [41]. In our study, CAR effectively prevents the 
leakage of protein in rats with pancreatitis. It is reported that 
CAR protects the cells against H2O2-induced cytotoxicity and 
membrane damage [42]. On the other hand, AP causes acute 
thrombus formation in the vessels of rat lung as previously 
reported, and congestion in the vessels is the histopathological 
event that preceded thrombus formation. Besides, hemorrhage 
is observed in the interalveolar septa as extravasated 
erythrocytes accompanied with congestion [37], [43]. In vitro 
studies reveal that CAR possesses therapeutic characteristic, 
including antithrombotic property, in both lung and breast 
tissues [44]. Thus, CAR in the present study does not increase, 
but reduces the risk for congestion in animals with AP. 

The excessive collagen production results in fibrosis and 
thickening of alveolar septa associated with poor elasticity and 

exchange of respiratory gases [45]. The development of 
therapeutic strategies compels a better understanding of the 
cellular and molecular mechanisms of fibrosis, which are 
diverse, complex, and redundant. Although there is growing 
evidence that oxidative stress is related to advanced lung 
fibrosis, the pathophysiological mechanisms still need to be 
defined [46]. In this context, we think that oxidative stress 
mechanism in AP, by directly inducing fibrotic processes, 
could possibly play a significant role in the eventual outcome. 
It has been documented that elevated oxidative stress and 
diminished antioxidant defense induced pulmonary fibrosis 
[47]. Experimental studies on CAR have confirmed its 
beneficial effects on cellular immunity to oxidative stress, 
reduction of fibrosis, suppression of inflammation, regulation 
of metabolism [48]. It has been shown that CAR regulates 
collagen expression in fibrosis and that CAR supplementation 
provides significant protection against oxidative stress-
mediated complications and strengthens antioxidant defenses 
[27]], [49]. Therefore, the activation of CAR may become a 
therapeutic target to improve the clinical outcome of lung 
diseases. 

Although the number of studies on genotoxic effects of 
CAR is still limited, the available data discussed that the use 
of CAR does not pose a risk to the consumer. Regarding the 
safety of CAR, our findings shown that 8-OH-guanine 
formations were not detected at all CAR concentrations tested. 
In previous studies, the genotoxic potential of CAR has been 
suggested to be weak in the DNA-repair test and the SOS-
chromotest [50] and contradictory results have been reported 
with the Ames mutagenicity assay [51]. On the other hand, 
CAR seemed to protect against peroxide and mutagen-induced 
DNA damage in human lymphocytes [52], [53]. 

8-OH-guanine has been used widely for the detection of 
oxidative DNA base damage [54]. In our experimental study, 
AP induced 8-OH-guanine formations in pulmonary cells. 
However, CAR showed antioxidant activity and decreased 8-
OH-guanine production. The effect of CAR was not 
concentration depended and the effects on different parameters 
significantly increased with 100 mg/kg concentration of CAR. 
The effects of higher concentration of CAR (200 mg/kg) on all 
measured parameters were lower than its two lower 
concentrations. Incubation of mammalian cells in the presence 
of the whole scale of concentrations of CAR led to a 
significant protection of the cells studied toward DNA strand 
breaks induced by a potent oxidant hydrogen peroxide [55]. A 
study indicated a lack of clastogenic activity for CAR at 
biologically relevant concentrations, and a moderate 
antioxidant activity in vitro [56]. However, if the use of CAR 
compounds is extended to other applications that may require 
higher doses, the increased exposure of humans to this 
compound is a matter of concern [57]. Hence the 
concentration dependent effects of CAR are discussed [45]. At 
this point, we think that comprehensive studies are needed 
before CAR is used for the clinical application. 

To the best of our knowledge, this is the first study 
reporting that CAR is useful in preventing AP-induced lung 
injury by attenuating oxidative stress and inflammation. These 
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results are supported by biochemical and genotoxicity studies, 
and also histopathological observations. Our in vivo data show 
that 100 mg/kg CAR can be considered potential candidate for 
the treatment of lung in AP. 
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