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Acute lung infection induced by Extended Spectrum β-Lactamases (ESBL) producing isolates was 
determined by measuring inflammatory mediators; malondialdehyde (MDA), myeloperoxidase (MPO) 
and nitric oxide (NO). The mice were randomly divided into three groups of 20 animals each. All mice 
were given 10

4
 c.f.u. ml

-1
 of the test organism intranasally in a volume of 50 µl while holding the mouse 

in an upright position without any anaesthesia. Group A received an intraperitoneal injection of an 
antibiotic, imipenem at a dose of 20 mg ml

-1
/ 25 g body weight which was administered 48 h post 

infection, Group B received only normal saline orally while group C, control-mice did not receive any 
treatment. The animals were sacrificed by cervical dislocation; lungs were removed aseptically and 
examined for various inflammatory mediators. The MDA, NO and MPO estimations in the lung 
homogenates in each group was measured and compared. Group treated with imipenem recorded lower 
absorbance values when compared with group treated with normal saline. The different parameters 
were statistically significant since the P-values were less than 0.05. 
  
Key words: Isolates, malondialdehyde, myeloperoxidase, nitric oxide, inflammation, imipenem. 

 
 
INTRODUCTION  
 
Animal flesh is considered one of the most nutritive 
sources of proteins consumed by humans. The meat is 
rich  in  proteins  with  high  levels  of  amino   acids   and 

polysaturated fats (Listratet et al., 2016). Its water content 
also makes it a good substrate for microbial growth. 
Tissues of most healthy animals are  sterile  but  may  get 
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contaminated by microorganisms during slaughter, 
dressing and cutting through the knives and other 
equipment used, through the exterior of the animal, the 
intestinal tract, the air and the handlers (Cook et al., 
2017). The extrinsic factors that determine microbial 
growth are temperature, moisture content and oxygen 
availability (Gundogan et al., 2011). It has been reported 
that Gram negative bacteria account for approximately 
69% of bacterial food borne diseases (Cook et al., 2017). 
A number of foods (meat inclusive) have been reported to 
have high incidence of bacteria (Overdevest et al., 2014; 
Casella et al., 2015; Belmahdi et al., 2016). There is, 
however, limited information on the health implications of 
food borne diseases associated with ESBL producing 
organisms. Extended Spectrum β-Lactamases (ESBL) 
are a group of β-Lactamases which have the ability to 
hydrolyze third generation cephalosporins such as 
cefotaxime, ceftazidime and monobactams such as 
azetreonam (Bush, 2008). They are an increasingly 
important cause of multidrug resistance in Gram-negative 
bacteria throughout the world and have coevolved with 
the β-lactam antibiotics ever since they came into clinical 
use (Bush and Jacoby, 2010; Doi et al., 2013; Adesokan 
et al., 2015). The spread of ESBL-producing organisms is 
greater in developing economies due to poor personal 
and environmental hygiene conditions; extensive self-
treatment, use of non-prescription antimicrobials, very 
low infection control methods and other numerous 
reservoirs such as; water, soil, animals, pets and food 
(Chong et al., 2013; Tansarli et al., 2014; Adenipekun et 
al., 2015). Animal models of infections caused by ESBL 
producing organisms have served as a guide to test the 
efficacy of mono and combination therapies in vitro but in 
vivo evaluation in some cases give surprising contrast to 
results obtained in vitro (Bali et al., 2016; Overdevest et 
al., 2014). All the isolates used in this study are 
associated with the environment; they are ubiquitous in 
nature and have the ability to survive long stretches of 
time under highly desiccated conditions on abiotic 
surfaces. To the authors knowledge, there is no literature 
on ESBL induced pulmonary damage in Nigeria, hence, 
this study was aimed at determining oxidative stress and 
other inflammatory markers induced by ESBL producing 
organisms and the effect of imipenem- a carbepenem as 
a treatment option.  
 
 

MATERIALS AND METHODS 
 

Extended Spectrum Beta Lactamase (ESBL) producing isolates of 
Stenotrophomonas maltiphilia, Acinetobacter baumanii, 
Pseudomonas monteilli, Achromobacter ruhlandii and 
Pseudomonas fulva obtained from swab samples of the intestine of 
animals killed on the spot in the abattoir and from the surfaces of 
tables where the meat is sold in an abattoir were used for this 
study. 
 
 

Induction of acute lung infection  
 

Healthy albino mice of either sex, 6 to 8 weeks old, weighing  20  to 
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25 g were used. Acute lung infection in mice was induced with test 
organism, following the modified method by Yadav et al. (2003). A 
single isolated colony of test organism obtained on a nutrient agar 
plate was transferred to 50 ml nutrient broth and incubated at 37°C 
for 18 h. Bacterial cells were harvested by centrifugation at 5000 
rpm. for 15 min. The bacterial pellet so obtained was given three 
washings with sterile PBS (0.1 M, pH 7.2).  
The final pellet was suspended in a minimum volume of 

Phosphate Buffer Solution (PBS) (0.1 M, pH 7.2) to get the desired 
concentration (OD600 = 0.03 Ω 10

4 c.f.u. ml  1).  The mice were 
randomly divided into three groups (A - C) and each group 
comprised 20 animals. Groups A, B and C were given 104 c.f.u. ml-1 
of the test organism intranasally in a volume of 50 µl while holding 
the mouse in an upright position without any anaesthesia. After 
infection, animals were sacrificed on different days post-infection 
after drug administration by cervical dislocation and lungs were 
removed aseptically and examined for various inflammatory 
parameters. 

The three groups were given one of the following treatments: 
 

A. Mice infected received an intraperitoneal injection of an 
antibiotic, imipenem at a dose of 20 mg ml-1/ 25 g body weight; it 
was administered 48 h post infection with test organisms. 
B. Mice infected with 104 cfu/ml of the test organisms in a volume of 
50 µl received only normal saline orally and no standard drug 
treatment. 
C. Control- Mice were infected but received no treatment.   
 
 
Quantitative bacterial count in lungs 
 
Mice were sacrificed on different days post-infection by cervical 
dislocation; lungs were removed aseptically and then homogenized 
in 1 ml normal saline. Serial dilutions of the homogenized lung 
tissue were made and plated on nutrient agar plates to determine 
bacterial load. The plates were incubated at 37°C for 24 h. 

The lung homogenate from each mouse was also processed for 
the following parameters. 
 
 
Malondialdehyde (MDA) estimation  
 
The extent of tissue damage in terms of lipid peroxidation was 
estimated by measuring the amount of MDA by the method of 
Ohkawa et al. (1979). In brief, 0.2 ml of the lung homogenate was 
mixed with 4 ml 0.045 M sulphuric acid, 1.5 ml of freshly prepared 
0.8% thiobarbituric acid and 0.2 ml 8.1% SDS.  

This mixture was then kept in a boiling water bath for 1 h. After 
cooling the mixture under tap water, 5.0 ml butanol: pyridine (15:1) 
was added and the mixture was shaken vigorously. The contents 
were centrifuged at 4000 r.p.m. for 10 min, the upper organic layer 
was taken in a separate tube and its A532 was taken.  
 
 
Myeloperoxidase (MPO) estimation  
 
Pulmonary neutrophil infiltration was quantified by measuring the 
MPO activity using a spectrophotometric method as proposed by 
Greenberger et al. (1995). Briefly, the lungs were removed, 
weighed to determine the wet weight and then homogenized in 2 ml 
homogenizing solution containing 50 mM potassium phosphate 
buffer (pH 6.0) with 0.5% hexadecyltrimethylammonium bromide 
and 5 mM EDTA. The homogenate was sonicated and centrifuged 
at 15,000g for 15 min. The supernatant was mixed in a ratio of 1:15 
with assay buffer comprising 100 mM potassium phosphate buffer 
(pH 6.0), 0.167 mg o-dianisidine hydrochloride ml-1 and 0.0005% 
hydrogen peroxide. MPO activity was assayed by measuring the 
change in A460 from 0 min to 4 min over intervals of 30 s. 
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Figure 1. Effect of imipenem and normal saline on malondialdehyde (mda) level in the lung 
homogenates of mice infected with test organisms measured at (A540). A = Absorbance of lung 
homogenate of infected mice treated with imipenem; B = Absorbance of lung homogenate of 
infected mice treated given normal saline; C = Absorbance of lung homogenate of infected mice 
without treatment. 

 
 
 

Nitric oxide (NO) estimation  
 
The nitrite level was estimated in the lung homogenate according to 
the method of Tsai et al. (1997). Lung homogenate (0.1 ml) was 
mixed with 0.4 ml PBS (0.1 M, pH 7.2) and 2 ml Griess reagent. 
Then 2 ml trichloroacetic acid was added and the mixture was 
vortexed and incubated for 20 min. The mixture was then 
centrifuged at 14000 g for 10 min and the A540 of the supernatant 
was taken. The nitrite concentration was determined from a 
standard curve prepared with 100 mM sodium nitrite. 
 
 

Statistical analysis  
 

Results were analyzed statistically by applying two way ANOVA for 
comparing various parameters in treated and untreated control rats. 
Differences were considered statistically significant if P-values were 
less than 0.05. The statistical software used was SPSS version 
20.0. 
 
 

Null hypothesis 
 

There is no difference in effect between the rats treated with the 
antibiotic and the rats which received normal saline. 
 
 

Alternative hypothesis 
 

There is difference in effect between the rats treated with antibiotic 
and the rats which received normal saline.   
 
 

RESULTS 
 

Effect of imipenem and normal saline on 
malondialdehyde (MDA) and nitric oxide (NO) level 
 

Figure 1 shows the  different  absorbance  values  for  the 

MDA levels in the lung homogenate of mice infected with 
test organisms. Mice infected with Stenotrophomonas 
maltiphilia showed a reduction in MDA levels when 
imipenem was administered. Mice infected with the other 
test organisms also showed a reduction in lung injury as 
the MDA levels were also reduced when treated with 
imipenem except for mice infected with Pseudomonas 
monteilli where treatment with normal saline showed 
greater efficacy. Lung injury caused by intranasal injection 
of the mice with the Extended Spectrum Beta Lactamase 
(ESBL) producing isolates resulted in a significant 
increase in neutrophil infiltration in the lungs along with 
increased production of nitric oxide (NO) to cellular injury. 
Figure 2 shows the treatment response observed. 
Treatment with imipenem and normal saline had different 
effects on the mice post infection. The nitric oxide level 
was highest when the mice were treated with normal 
saline except in S. maltiphilia and nitric oxide levels 
remained lowest in the control mice. The effect of time on 
myeloperoxide (MPO) estimation of lung homogenate of 
mice infected with different test organisms was 
determined. Figures 3 to 7 shows the myeloperoxide 
(MPO) level for each of the isolates. Myeloperoxidase is 
a phagocytic enzyme found in granulocytes that form 
halogen ions (OCl

-
) that are strong oxidizing agents. The 

effect of time on the myeloperoxidase (MPO) level was 
determined in the different mice groups for infections 
caused by the ESBL isolates. There was an increase in 
MPO level in the mice infected with S. maltiphilia due to 
lung injury. Treatment with normal saline had no 
significant effect because an increase in MPO level was 
observed.  

Mice group treated with  imipenem  drastically  reduced  
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Figure 2. Effect of imipenem and normal saline on nitric oxide (no) level in the lung 
homogenates of mice infected with test organisms measured at (A540). A = Absorbance of lung 
homogenate of infected mice treated with imipenem; B = Absorbance of lung homogenate of 
infected mice treated given normal saline;   C= Absorbance of lung homogenate of infected 
mice without treatment. 

 
 
 

 
 

Figure 3. A graph of absorbance against time in myeloperoxide (mpo) estimation of lung 
homogenate of mice infected with Stenotrophomons maltiphilia measured at (A460). A = 
Absorbance of lung homogenate of infected mice treated with imipenem; B =  Absorbance 
of lung homogenate of infected mice treated given normal saline; C= Absorbance of lung 
homogenate of infected mice without treatment. 

 
 
 
the MPO level which signifies a reduction in the bactetrial 
load, that is, inhibition of bacterial proliferation which 

caused the initial MPO influx to the site of injury. Time 
had  no  effect  on   the   MPO   level   since  it   remained  
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Figure 4. A graph of absorbance against time in myeloperoxide (mpo) estimation of lung 
homogenate of mice infected with Acinetobacter baumanii measured at (A460). A = Absorbance 
of lung homogenate of infected mice treated with imipenem; B = Absorbance of lung 
homogenate of infected mice treated given normal saline; C = Control: Absorbance of lung 
homogenate of infected mice without treatment. 

 
 
 

 
 

Figure 5. A graph of absorbance against time in myeloperoxide (mpo) estimation of lung 
homogenate of mice infected with Pseudomonas montelli measured at (A460). A= 
Absorbance of lung homogenate of infected mice treated with imipenem; B = Absorbance 
of lung homogenate of infected mice treated given normal saline; C = Control: 
Absorbance of lung homogenate of infected mice without treatment 

 
 
 
constant when measured at different time intervals. 
Infections caused by Acinetobacter baumanni, 
Achromobacter ruhlandii and Pseudomonas species 
increased the MPO levels when normal saline was 
administered post  infection  as compared  to  the  control  

group.  
Treatment with imipenem reduced the MPO level when 

inflammatory property compared with the results of 
treatment with normal saline but was higher than the 
control group.  
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Figure 6. A graph of absorbance against time in myeloperoxide (mpo) estimation of lung 
homogenate of mice infected with Achromobacter ruhlandii measured at (A460). A = Absorbance of  
lung homogenate of infected mice treated with imipenem; B =  Absorbance of lung homogenate of 
infected mice treated given normal saline; C = Absorbance of lung homogenate of infected mice 
without treatment. 

 
 
 

 
 

Figure 7. A graph of absorbance against time in myeloperoxide (mpo) estimation of lung 
homogenate of mice infected with Pseudomonas fulva measured at (A460). A = Absorbance of lung 
homogenate of infected mice treated with imipenem; B = Absorbance of lung homogenate of 
infected mice treated given normal saline; C = Absorbance of lung homogenate of infected mice 
without treatment. 

 
 
 
DISCUSSION 
 
An attempt was made in this study to confirm the effect of 
imipenem in an acute lung injury model. On the basis of 
the results of all the different parameters studied, 
induction of acute lung inflammation by ESBL producing 

isolates was observed. Acute inflammation in the lungs is 
characterized by increased activity of neutrophils 
(Yamamoto and Pop-Vicas, 2014; Bali et al., 2016). The 
migration of neutrophils at the site of acute inflammation 
involves the activity of various inflammatory cytokines 
and chemokines, and expression of various cell leukocyte  
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and endothelial adhesion molecules (Bansal and 
Chhiber, 2010; Mehmet et al., 2013). These facts are 
further confirmed by the production of the inflammatory 
parameters namely; malondialdehyde (MDA), 
myeloperoxidase (MPO), nitric oxide (NO) in the cell.  

Enzyme MPO is also an indirect indicator of neutophil 
infiltration and its levels measured at different time 
intervals induced no noticeable change but the lowest 
production was observed with imipenem treatment. In a 
similar study by Bansal and Chhiber (2010), mice 
induced with bacterial lung infection were treated with 
Augmentin

®
 and curcumin (an immunomodulatory and 

anti-inflammatory agent) alone and in combination, the 
results showed that Augmentin

®
 in combination with 

curcumin reduced the nitric oxide levels better than when 
Augmentin

®
 was administered alone due to the 

antiflammatory properties of curcumin but curcumin 
administered alone had no effect on the lung 
homogenate. This suggests that though treatment with 
imipenem inhibit bacterial proliferation, adjunct therapy 
with antioxidative and anti-inflammatory properties may 
also be required (Mun et al., 2013; Betts and Wareham, 
2014; Bali et al., 2016). This further confirms other 
studies on the significance of combined therapy in the 
treatment of ESBL infections (Iroha et al., 2010; 
Ikegbunam et al., 2014; Zhu et al., 2015).  

NO generated during acute infection causes tissue 
damage by acting as a free radical and by generating 
more active species such as peroxynitrite which lead to 
lipid peroxidation of the cell membrane (Ward, 2010) and 
resulted in acute lung injury (Matthay et al. , 2012; Zhao 
et al., 2017). The level of cellular injury which might have 
occurred due to release of reactive oxygen species as a 
result of lipid peroxidation was also estimated in terms of 
MDA levels in lung homogenates. Treatment of mice with 
imipenem alone in the present study also resulted in 
decreased MDA levels in infected lung tissue thereby 
reducing lung injury. The results of the present study 
clearly demonstrate the positive effect of imipenem as 
reduced acute lung injury associated with pneumonia 
was observed in treated animals due to decreased 
production of various inflammatory markers such as NO, 
MPO and MDA and neutrophil recruitment. The P- values 
for MDA and NO was .030 and 0.002, respectively. 
 
  

Conclusion 
 
Pulmonary inflammatory damage caused by induced 
infection with ESBL producing isolates was susceptible to 
treatment with imipenem. Although, the observations in 
vitro and in animal models are not always applicable in 
clinical practice which may be due to disparate findings 
and the vast genetic heterogeneity of the organism and 
because the studies and case series that illustrate the 
experience with different antibiotics in the treatment of 
ESBL infections are difficult to interpret and do not have a 
direct correlation with clinical experiences. But be that  as  

 
 
 
 
it may, the use of the carbepenems as a monotherapy or 
in combination suffices for the treatment of infections 
caused by ESBL isolates after appropriate susceptibility 
testing.  
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