
Biomed Res- India 2014 Volume 25 Issue 2                                                                                                                                 

Biomedical Research 2014; 25 (2): 213-220                                                         ISSN 0970-938X                                                                                                                         
http://www.biomedres.info 

 
Biochemical cellular damage indicators and in situ cell death in chronic 
alcohol consumption: Pseudomonas aeruginosa induced pneumonia rat 
model.  
 
Melek Demir1*, Kazim Kartkaya 2, A. Çevik Tufan3, Okan Can Arslan2, Güngör Kanbak2 
 
1Pamukkale University, Faculty of Medicine, Department of Medical Microbiology, Denizli, Turkey 
2Osmangazi University, Faculty of Medicine, Department of Biochemistry, Eskişehir,  Turkey 
3Pamukkale University, Faculty of Medicine, Department of Histology and Embryology, Denizli Turkey 

 
Abstract 

 
In this study, our aim was to investigate whether cellular alterations occurred in liver and 
lung tissue in presence of chronic alcohol ingestion and Pseudomonas aeruginosa pneumonia 
related to oxidative stress and in situ cell death. Male wistar rats were divided into five 
groups: the sham group fed by normal solid diet, two control groups; one fed by normal 
liquid diet, and the other fed by liquid diet plus ethanol, two pneumonia groups induced by 
Pseudomonas aeruginosa; one fed by normal liquid diet, and the other fed by liquid diet plus 
ethanol. Terminal deoxynucleotidyl transferase-mediated deoxyuridine triphosphate nick-
end labelling analysis was performed to confirm in situ cell death. Serum alanine amino 
transferase and lactate dehydrogenase activities, and tissue and serum malondialdehyde 
levels, paraoxonase, arylesterase activities, and tissue caspase-3 activities were determined. 
Serum alanine amino transferase activities of both ethanol given groups were higher than 
the other groups (p<0.05). Liver malondialdehyde level was increased in ethanol with 
pneumonia group (p<0.05). Lung malondialdehyde levels were not different among groups. 
Terminal deoxynucleotidyl transferase-mediated deoxyuridine triphosphate nick-end 
labelling positive cell ratio in the liver was higher in both ethanol given groups and normal 
liquid diet with pneumonia group than sham and control group fed by normal liquid diet. 
Liver and lung caspase-3 activities were not different among groups. Although serum 
paraoxonase activities were lower in both pneumonia groups, it was not statistically 
significant. It may be interpreted as growing infection during chronic ethanol ingestion that 
causes increased liver damage through oxidative stress. 
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Introduction  
 
Long-term and high dose alcohol consumption affects 
many organs and systems particularly liver, pancreas and 
gastrointestinal system [1]. Toxic effects of alcohol are 
associated with serum alcohol levels. Alcohol is 
metabolized in liver after ingestion. It has been shown 
cellular alteration related to chronic alcohol consumption 
in the various cells such as hepatocytes, lung, neuron and 
intestinal epithelial cells [2,3,4]. Chronic alcohol consum-
ption cause deterioration of liver functions depending on 
accumulation of acetaldehyde which is alcohol metabolite 
in hepatocytes and generate cell injury with decreased 
levels of reduced glutathione [3,5]. Oxidative stress has 
an important role on the pathogenesis of alcoholic liver 
disease due to chronic alcohol consumption [2,6,7]. 

Paraoxonase (PON1) activities, malondialdehyde and 
other oxidative stress parameters are used as markers of 
liver injury besides classical liver enzymes such as alanin 
aminotransferase (ALT) [8,9,10].  
 
Because of the effect on immune system, chronic alcohol 
consumption generate predisposition on infectious 
diseases in organism, especially lung infections [11-14]. 
Both gram positive and gram negative microbial agents 
cause pneumonia. Pneumonia incidence increases in 
people who drank alcohol [15]. Alcohol consumption 
history come into prominence in persons with 
community-acquired pneumonia related to especially 
Pseudomonas aeruginosa (P.aeruginosa) and Acinetobac-
ter species [15,16]. Alcohol consumption independently 
increases risk and severity of acute respiratory distress 
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syndrome (ARDS) [3,17]. Pneumonia caused P. 
aeruginosa was observed to increase in patients with 
chronic alcohol consumption, chronic obstructive lung 
infection, long term hospitalization, and patients who are 
connected to artificial respiratory apparatus [16,18,19]. 
 
This study was performed to investigate cellular 
alterations occurred in liver and lung tissues in P. 
aureuginosa induced pneumonia and chronic alcohol 
consumption and to reveal whether or not there is a 
relationship among these alterations and oxidative stress 
and in situ cell death.  
 

Materials and Methods 
 
This study was approved by Experiment Animals Ethical 
Council of Pamukkale University. 
 

Study groups  
Male wistar rats were divided into five study groups as: 
sham group fed with normal solid diet (standard rat chow) 
(SC, n=6), control groups; fed with normal liquid diet 
(NLC, n=8) or liquid diet with ethanol (ELC, n=8), and 
Pneumonia groups; fed with normal liquid diet (NLP, 
n=8) or liquid diet with ethanol (ELP, n=8). Diet was 
prepared based on isocaloric liquid diet that was defined 
before [20, 21], alcohol groups were fed with a liquid diet 
formulated so that 36 percent of daily calorie intake will 
be supplemented by ethanol [20,21]. All groups were fed 
with these diets for 6 weeks. Then, pneumonia was 
induced in two groups, mentioned above. One rat from 
each ELC and ELP groups died immediately after the 
intratracheal application. Two rats from ELP group died 
at 20. hours after intratracheal application and one rat 
from NLP group died at 21. hours after intratracheal 
application and immediately after this, all surviving rats 
were anesthetized, sacrificed and blood, liver and lung 
tissue samples were taken for microbiological, 
biochemical and histological examinations. 
 

Pneumonia model and evaluation of bacterial growth 
P. aeruginosa (PAO1) strain was used for bacterial 
pneumonia. Bacterial suspension was given intratra-
cheally [22,23]. A single dose of 0.5ml/kg  bacterial 
suspension (2x109 CFU/ml) was instilled in the trachea as 
previously described [22,23]. The rats in the control 
groups were given sterile saline instead of bacterial 
suspension.  
 
All tissue samples were weighted under sterile conditions 
and homogenized in phosphate buffered saline (PBS). 
Aliquots were taken from homogenates and after a series 
of dilutions they were seeded to blood and EMB agar 
mediums. After overnight incubation at 37 0C, P. 
aeruginosa growth in the cultures were observed, counted 
and identified by routine microbiological methods. 
Bacterial growth were calculated as log10

 CFU/g tissue 

 
Histopathological evaluation of tissues and analysis of 
In Situ Cell Death 
Ten micrometer sections were taken from paraffin 
embedded tissues stained with haematoxylin-eosin (H&E) 
and the alterations in the examined tissues were evaluated 
using a light microscope. 
 

In situ cell death development was investigated by 
terminal deoxynucleotidyl transferase-mediated deoxyuri-
dine triphosphate nick-end labeling (TUNEL) staining 
method using “In situ cell death detection kit” (Roche 
Diagnostics–Germany). Slides containing TUNEL 
marked tissue sections were analyzed with a light 
microscope (Olympus). For liver tissue, apoptotic cells 
observed in total investigated area were evaluated and 
results were expressed as increase of apoptotic cell ratio 
compared to sham group. For lung tissue, alveoli with 
similar size were evaluated and apoptotic cells per alveoli 
were analyzed. Evaluations were performed on a blind 
basis by histologists.  
 

Measurement of tissue caspase-3 activity 
Caspase-3 activity in liver and lung tissues was measured 
with commercial micro plate kit according to the 
manufacturer’s instructions (Chemicon International 
Temecula Co. USA) . 
 

Measurement of tissue and serum malondialdehyde 
(MDA) levels  
Tissue and serum  malondialdehyde levels were measured 
according to method of  Ohkawa et al. [24] which is 
based on measurement of  absorbance of the product of 
reaction the between MDA and thiobarbituric acid at 
acidic environment, at  532 nm. 
 
Measurement of serum and tissue paraoxonase (PON) 
and arylesterase (AE) activities  
 Paraoxonase and arylesterase activities were measured by 
using paraoxon and phenylacetate as the substrates, 
respectively as previously described [25]. Serum Paraoxo-
nase activity was taken at 412 nm. The activity was 
calculated by using the molar extinction coefficient of p-
nitrophenol (€412: 18290 M-1/cm-1) [25]. Results of serum 
paraoxonase activity were expressed as U/L. Arylesterase 
activity of PON1 enzyme was taken at 270 nm. Enzyme 
activity was calculated using the molar extinction 
coefficient of phenol (€270: 1310 M-1/cm-1]) [25]. Results 
of serum AE was expressed as kilo units per litter (kU/L). 
For tissue enzyme activity; tissues samples were 
homogenized in ten volumes of 50 mM Tris-HCl (pH 8.0) 
containing 2 mM CaCl2 and the homogenate centrifuged 
at 10.000 x g for 15 min [25].  
 
Enzyme activities were measured in tissue supernatants. 
Tissue results were expressed as mU/mg protein. Tissue 
protein concentrations were determined using standard 
protocols for Lowry method [26]. 
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Other biochemical parameters  
Alanine aminotransferase (ALT), lactate dehydrogenase 
(LDH) and gamma glutamyl transferase (GGT) activities 
in the serum were measured on Roche-Hitachi modular 
analyzer using a commercial kit (Roche Diagnostics 
Modular-P).  
 

Statistical analysis 
Results were given as Mean ±SD. SPSS 10.05 program 
was used for statistical comparisons.  One-way ANOVA 
followed by Bonferroni’s post-hoc  comparisons tests and 
Kruskal Wallis followed by Mann-Whitney U tests were 
performed for comparisons of biochemical parameters of 
serum and tissues.  Mann-Whitney U test was used for 
comparison of bacterial grown and Odds ratio was used 
for comparison of liver TUNEL positive cell ratio in 
groups. P<0.05 was considered to be statistically signifi-
cant. 
 

Results 
 

Histological changes and apoptotic alterations in tissues  
Liver tissue samples were histologically evaluated for 
cellular integrity, cellular degeneration, presence of 
necrosis and liver steatosis. Liver samples of sham group 
and rats receiving normal liquid diet were evaluated as 
normal in terms of histological tissue structure. In livers 
of both ELC and ELP rats, there were histopathological 
changes ranging from mild steatosis and minimal hepatic 
degeneration to intense steatosis and severe hepatic dege-
neration (Figure 1). Normal morphological structure was 
observed in lung tissue samples of sham and NLC groups 
while mononuclear cell infiltration was observed in 
tissues of lung samples in ELC group. In both pneumonia 
groups, increasing of neutrophil and mononuclear cell 
infiltration were observed in lung tissue  
 
(Figure 1).  Increased TUNEL positive cell were observed 
in liver tissue in experiment groups compared to sham 
group (Figure 1).  TUNEL positive liver cell ratio was 
higher in both ethanol given (control and pneumonia) 
groups and normal liquid diet plus pneumonia group than 
sham and control group fed by normal liquid diet. Odds 

ratio (95% confidence intervals) for TUNEL positive liver 
cell was found to be 1.83 (1.47-2.27) in the NLC, 4.65 
(3.86-5.59)  in the ELC, 6.24 (5.17-7.54)   in the NLP 
groups and 7,75 (6.43-9.35)   in the ELP group. The ratio 
of TUNEL positive alveolar epithelial cells of study 
groups was similar with sham group. 
 

Bacterial growth in pneumonia groups 
Bacterial growth was found to be greater than 103 CFU/g 
tissues and infection signs were observed by histological 
evaluation in both pneumonia groups. The amount of 
grown bacteria in right lung tissue was found to be similar 
in the ELP and NLP groups. For left lung, however, 
significantly increased bacterial growth was observed in 
the ELP group compared to the NLP (5,41±0,57 log10 
CFU/g tissue vs 4,43±0,39 log10 CFU/g tissue 
respectively; p<0.05 )  
 

Results of biochemical parameters 
Serum ALT, LDH, PON and AE activities and MDA 
levels of study groups were given in Table 1. GGT 
activities were not evaluated due to their activities were 
under of limit of detection. In the ethanol treated study 
groups, serum ALT activities were significantly increased 
(p<0.05). No significant difference was found in LDH 
activities among study groups. Although serum paraoxo-
nase activities were lower in the pneumonia groups, the 
differences were not statistically significant. Serum MDA 
levels were not different between the groups. 
 

Liver tissue MDA levels, PON, AE and caspase-3 
activities of study groups were given in Table 2. Liver 
MDA levels of ELP group were significantly increased 
(p<0.05) compared to other groups. ELC group had also 
increased MDA levels but this was not significant. No 
difference in liver PON, AE and Caspase-3 activities was 
found among study groups (p>0.05). No significant 
difference in both left and right lung tissues MDA levels, 
PONs, and Caspase-3 activities was found among study 
groups  (p>0.05).  Left lung tissue MDA level, PON, AE 
and Caspase-3 activities of the study groups were given in 
Table 3. 

 
Table 1. Serum ALT, LDH, PON, AE activities and MDA levels (Mean±SD) 

 
 

Groups 
 

 
ALT (U/L) 

 

 
LDH (U/L) 

 

 
PON (U/L) 

 

 
AE (kU/L) 

 

 
MDA (nmol/ml) 

 
SC (n=6) 38.3±2.8 1158±184 83.0±76.0 49.0±24.3 1.92±0.63 
NLC (n=8) 48.3±6.7 1030±358 88.3±49.2 64.7±38.8 2.26±0.97 
NLP (n=7) 47.5±6.2 926±343 58.2±50.8 63.7±46.9 1.75±0.51 
ELC (n=7) 60.7±8.2* 824±187 88.0±56.9 48.4±34.7 1.75±0.44 
ELP (n=5) 
 

64.0±7.1* 
 

791±187 
 

51.2±43.3 
 

52.4±45.2 
 

1.63±0.71 
 

             *: p<0.05 Compared to SC, NLC and NLP groups   
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Table 2.  Liver tissue MDA levels and PON, AE and Caspase-3 activities (Mean±SD) 
 

Groups 
 

MDA 
(nmol/g tissue) 

 

PON 
(mU/mg protein) 

 

AE 
(mU/mg protein) 

 

Casp-3 
(µM-pNA/ hour/mg protein) 

 

SC (n=6) 30.7±3.6 14.0±5.8 5809±3097 26.3±18.6 
NLC (n=8) 47.5±14.1 16.5±5.9 6903±3594 32.0±17.6 
NLP (n=7) 44.7±8.3 11.7±7.4 6985±4271 42.1±27.9 
ELC (n=7) 71.9±16.8 15.5±7.1 8763±4441 38.1±29.4 
ELP (n=5) 132,4±74,7* 16,3±7,2 5783±4124 47,0±37,1 

                    *: p<0.05 compared to SC, NLC, NLP, ELC groups  
 
Table 3. Lung tissue (left) MDA levels and PON, AE, Caspase-3 activities (mean±SD) 
 

Groups 
MDA 

(nmol/g tissue) 
PON 

(mU/mg protein) 
AE 

(mU/mg protein) 
Casp-3 

(µM-pNA/hour/mg protein) 
SC (n=6)      37.6±6.5 1.618±1.020 882.3±275.3 17,9±11.2 

NLC (n=8) 48.6±14.6 2.010±1.096 662.0±313.7 24.4±15.6 
NLP (n=7) 52.5±21.8 2.075±0.971 479.7±235.1                14.2±8.7 
ELC (n=7)      45.7±8.1 2.104±1.036 718.8±452.7 21.4±19.8 
ELP (n=5)      53.5±3.4 2.573±2.838 792.2±859.0                11.4±4.6 

 

 
 

Figure 1. Histological appearances of liver tissues (H&E x100, a:SC, b:NLC  c: ELP);  liver histology of  
control groups is  normal,  and steatosis and hepatic degeneration are observed  in ELP group.  Lung tissues 
(H&E x100, d: SC, e: NLP, f: ELP); Lung tissue is normal histological structure in sham control group, and 
increased inflammatory cell infiltration are shown in tissues of lung in NLP and ELP groups, TUNEL 
staining on liver sections  (g: SC, h: NLC, i: ELP); TUNEL positive staining cells are shown in  liver tissues.  
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Discussion 
 
Chronic alcohol consumption can cause several 
nutritional problems. Due to its multiple effects on 
metabolism, investigating the effects of alcohol on 
multiple systems has gained interest [ 5,27,28]. Chronic 
alcohol consumption is a major risk factor for mortality 
and morbidity due to its detrimental effects on multiple 
systems. Alcohol is mainly oxidised in liver, a number of 
potentially dangerous by-products are generated, such as 
acetaldehyde and highly reactive molecules called free 
radicals [2, 5]. 
 
In this study, the effects of alcohol consumption on liver 
were investigated using histopathological and 
biochemical parameters. Almost normal liver histology 
and morphology was observed in the NLC and NLP 
groups while various degrees of hepatic degeneration and 
steatosis were observed in alcohol received the ELC and 
ELP groups.     
 
Disruption of liver cellular integrity affects the serum 
activities of enzymes abundant in liver. ALT activities of 
alcohol groups were found to be significantly elevated 
compared to other groups in this study and this finding 
was consistent with histological findings. Clinical and 
experimental studies showed alcohol related increase in 
serum ALT activities in alcoholic liver damage 
[27,28,29]. We observed no significant differences in 
groups in terms of serum LDH activities. A study on cul-
tured cells showed that low doses of ethanol reduced 
LDH release from human and rat hepatocytes; however, 
highest ethanol induced increase in cell necrosis [30]. 
Another study on cultured cells also revealed that ethanol 
has a dose dependent effect on liver cells. It has been 
shown that there was dose-dependent correlation between 
LDH leakage with the ethanol concentrations [31]. In our 
study, a mild but statistically non significant decrease in 
LDH activities of alcohol given groups was observed. 
This may be linked to the dual effect of alcohol men-
tioned above. 
 
Free oxygen radicals play an important role in ethanol 
induced liver damage [5, 7]. Microsomes and mitochon-
dria and major cell organelles affected by alcohol con-
sumption [32]. Several clinical and experimental studies 
investigated the relationship between alcohol and liver 
lipid peroxidation [27,28,29]. In our study no difference 
was observed in serum MDA levels among groups; how-
ever liver MDA levels were significantly elevated in the 
ethanol given pneumonia group. In the presence of an 
infection, activated Kupffer cells secrete several chemical 
mediators which cause tissue damage through oxygen 
radicals formed during the immune response against the 
infection agent. Oxidative stress mediated by CYP2E1 
pathway is also known to be responsible for cellular dam-
age in alcoholic liver disease [32]. In a study, it was re-

ported that LPS or pyrazole did not significantly increase 
MDA levels, but the combination of LPS plus pyrazole 
caused a significant increase in MDA levels and serum 
ALT activities [33]. In another study, it was shown that 
enteral LPS administration potentiates alcoholic liver 
necrosis. Serum ALT activities were significantly in-
creased in rats received alcohol plus LPS, compared to 
both controls and rats received LPS alone [34]. In our 
study no difference in liver MDA levels were also ob-
served compared to sham and control groups in the alone 
presence of infection. However in the presence of alcohol 
plus infection, histological markers of liver damage and 
also serum ALT activities and liver MDA levels were 
observed to be increased. Increase in liver MDA levels of 
ELP group were greater than of ELC group. This may be 
due to that simultaneous presence of alcohol and infection 
may increase liver damage through mediation by free 
oxygen radicals. Two gram negative bacteria as 
P.aeruginosa and Acinetobacter species cause more lung 
infection in chronic alcohol consumers [15, 35]. No sig-
nificant difference in lung MDA levels was found among 
study groups in our study. A study performed by direct 
intratracheal application of LPS to lung showed MDA 
levels similar to control group [36]. 
 
PONs, an enzyme synthesized by liver, is associated with 
HDL and also known to have antioxidant properties 
[9,37]. In our study, serum PON activity was decreased in 
both ELP and NLP groups compared to sham, NLC and 
ELC groups. Although it was not statistically significant, 
we consider this decrease important. The PON activities, 
which were undiminished enough in the ethanol groups 
may be associated with duration of alcohol ingestion. We 
think that if duration of alcohol ingestion had continued a 
few more weeks, significant decrease in serum PON 
activities would be observed. No significant difference 
was found among groups in terms of liver PON activities.   
 
P.aeruginosa secrets many virulence factors. In 
P.aeruginosa infections, quorum sensing is critical for 
biofilm formation and pathogenicity. Bacteria that use 
quorum sensing constitutively produce and secrete certain 
signaling molecules (called autoinducers). Acyl-homose-
rine lactone (AHL) molecule is an important auto inducer. 
AHL molecules secreted by P. aeruginosa strains have 
immunomodulatory activity and affects on various hemo-
dynamic parameters of the host and also have an impor-
tant role on the pathophysiology of lung infections [38, 
39, 40]. AHL molecules contain lactone ring. PON en-
zymes were reported to have lactonase activity [38, 39]. 
Serum-PON1 prevented P. aeruginosa quorum-sensing 
and biofilm formation in vitro by inactivating the quo-
rum-sensing signal. AHL products secreted by P. aerugi-
nosa are preferentially inhibited by PON2 [41, 42]. In 
tracheal epithelial cells, it was reported that PON2 inhi-
bits P.aeruginosa QS signals but it is not effective in 
intact epithelium cells [42]. In our study, no significant 
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difference was found in lung PON activities among study 
groups. 
In our study, increased liver apoptotic cell ratio was ob-
served in both ethanol groups compared to NLC and sham 
group. These results are consistent with a previous study 
which shows increased liver apoptosis in chronic alcohol 
consumption [43]. In our study was shown that increased 
number of liver apoptotic cells were in ELP and NLP 
groups more than ELC group.  It was revealed that pres-
ence of infection increases liver cell apoptosis ratio. In 
this study, it was also observed that more liver cells un-
dergo apoptosis in simultaneous presence of ethanol con-
sumption and pneumonia infection. In autoimmune hepa-
titis and infection induced liver apoptosis were mediated 
by increased mononuclear cell infiltration and production 
of cytokines [44, 45]. In our study, increased TUNEL 
positive cell ratio in infection generated groups compared 
to control and sham groups may be related to this. 
 
No difference was found among groups of our study in 
terms of liver caspase-3 activities. In a study, it was in-
vestigated liver procaspase-3 and caspase-3 activities 
after LPS application in rats fed with normal diet and 
ethanol treatment. A short term increase in caspase-3 
activities was observed besides histological evidence of 
increased liver apoptosis after LPS application, but same 
situation was not observed after alcohol treatment, the 
authors suggested that ethanol exacerbates hepatotoxicity 
without enhancing caspase 3-dependent apoptosis [46]. In 
our study, no increase in liver caspase- 3 activities was 
observed but there was increased liver apoptotic cell ratio 
in the presence of alcohol plus infection. The small num-
bers of experiment animals may be a limiting factor in our 
study. Further studies should question the effects of si-
multaneous presence of alcohol consumption and infec-
tion on caspase-3 activity and also other pathways that are 
active in apoptosis. 
 
We compared lung tissues of study groups in terms of 
TUNEL positivity. The ratio of TUNEL positive alveolar 
epithelial cells of study groups was similar with sham 
groups. Also, no difference was observed in lung caspase-
3 activity of infection groups compared to sham and con-
trol groups in our study. It was reported that airway 
epithelium is highly resistant to apoptosis [47]. In a study 
that P. aeruginosa induced lung infection model, it was 
reported apoptosis was rare in alveolar epithelial and 
capillary endothelial cells [48]. In an experimental infec-
tion model formed by both gram negative and positive 
bacteria, numerous apoptotic cells were observed in the 
inflammation zone of infection area but these cells was 
revealed to be lymphocytes and also apoptosis was not 
observed in respiratory epithelial or endothelial cell [49]. 
However some other studies have shown P. aeruginosa 
induced lung epithelial apoptosis [22, 50]. In our study we 
observed that alcohol increased in situ cell death in liver 
cells and this was more severe in the simultaneous pres-

ence of infection. But, these findings were not observed in 
lung tissue. In infection generated groups, caspase-3 ac-
tivities were found to be similar to controls in both liver 
and lung tissues. Apoptosis studies in alcohol and infec-
tion have used different clinical and experimental models. 
Besides the differences between methodologies the stu-
dies, the variation in the immune response of the hosts 
cause different individual responses to alcohol and infec-
tion. 
In conclusion, this study showed that simultaneous 
presence of alcohol and infection increased cellular 
damage in liver.  We also observed that liver MDA levels 
increased due to damage caused by free oxygen radicals 
but no sign change in PONs. Further studies investigating 
the relationship between alcohol, infection, cellular 
damage caused by free oxygen radicals and in situ cell 
death may reveal new approaches in this field.  
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