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_______________________________________________________________________________________________ 
 

ABSTRACT 
 

Antibiotics represent a key component of treatment for severe bacterial infection. Bacterial lipopolysaccharide from 
Gram-negative organisms is now well recognized to be a potent microbial toxin that plays a critical role in the initiation of 
the proinflammatory events that contribute to the pathogenesis of the disease. Pseudomonas aeruginosa, Haemophilus 
influenza and Escherichia coli were exposed to 0.5 MIC and 5 MIC of Imipenem, Aztreonam, Gentamicin and Polymyxin 
B for 2 and 5 h. Variable amounts of endotoxin were released after exposing the organism to antibiotic.  Aztreonam at a 
concentration of 0.5 MIC with exposure period 5 h, induced the release of substantial amounts of endotoxin from all 
organisms and decreased amounts of endotoxin by Gentamicin while Imipenem and Polymyxin B induced the release of 
negligible values under the same conditions.   
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_______________________________________________________________________________________________ 
 
INTRODUCTION 
 

Shock is a serious medical condition caused by 
decreased tissue perfusion and oxygen delivery as a 
result of infection and sepsis, though the microbe may be 
systemic or localized to a particular site.  It can cause 
multiple organ dysfunction syndrome (formerly known as 
multiple organ failure) and death (Tslotou et al., 2005). It 
is most common victims are children, 
immunocompromised individuals, and the elderly, as their 
immune systems cannot deal with the infection as 
effectively as those of healthy adults. The mortality rate 
from septic shock is approximately   50 to 60% of these 
cases.  It is widely accepted that the majority of the cases 
are caused by Gram-negative rod species. (Annane et al.,  

2007).    
Bacterial lipopolysaccharide from Gram-negative 

organisms are now well recognized to be a potent 
microbial toxin that has been approved to play a critical 
role in the initiation of the proinflammatory events that 
contribute to the Pathogenesis of the disease (Cheng et 
al., 2005). Inflammation is the body's defense mechanism 
against threats such as bacterial infection, undesirable 
substances, injury, or illness. The process is complex and 
involves a variety of specialized cells that mobilize to 
neutralize and dispose of the injurious material so that the 
body can heal (Theresa and Gioannini, 2003). In the 
brain, a similar inflammation process occurs when glia, 
especially astrocytes and microglia, undergo activation in 
response to stimuli such as injury, illness, or infection. 
Like peripheral immune cells, glia in the central nervous 

system also increase production of inflammatory cytokines 
and neutralize the threat to the brain. This brain 
inflammation, or neuroinflammation, is generally beneficial 
and allows the brain to respond to changes in its 
environment and dispose of damaged tissue or 
undesirable substances. Unfortunately, this beneficial 
process sometimes gets out of balance and the 
neuroinflammatory process persists, even when the 
inflammation- provoking stimulus is eliminated (Deborah 
et al., 2006). Uncontrolled chronic neuroinflammation is 
now known to play a key role in the progression of 
damage in a number of neurodegenerative diseases. 
Thus, overproduction of proinflammatory cytokines offers 
a pathophysiology progression mechanism that can be 
targeted in new therapeutic development for multiple 
neurodegenerative diseases. (Linda et al., 2007).  The 
systemic resultant from the inflammatory response is 
antibiotic treatment represents a key component of 
treatment for severe bacterial infection but endotoxin in 
various amounts and potency were released when Gram- 
negative bacteria were exposed to certain antibiotics such 
as β-lactam antibiotic (Lotz et al., 2006). Bacterial 
lipopolysaccharide (LPS) elicits inflammation and 
endotoxic shock by inducing proinflammatory cytokine 
gene expression (Zhou et al., 2003).  More recently, in 
vivo and in vitro studies have shown that endotoxin 
released can be detected when Gram-negative bacteria 
are exposed to antibiotics.  Our investigation was initiated 
in response to the new trend known as pharmacodynamic 
which explains the efficiency of an antibiotic as a 
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consequence of concentration and time of pathogen 
exposure. 
 
MATERIALS AND METHODS 
 
Materials 

 
Clinical isolates of Pseudomonas aeruginosa, 
Haemophilus influenza and Escherichia coli were obtained 
from the Central Hospital Riyadh, Saudi Arabia. 
Tryptecase Soy Agar, Chocolate Agar, antibiotics 
(Imipenem, Aztreonam, Gentamicin and PolymyxinB), 
limulus lysate, reference endotoxin, pyrogen free water 
and chromogenic substrate were purchased from  Sigma. 
Mueller-Hinton and Mueller-Hinton with X and V factors. 
Chromogenic limulus amoeocyte lysate (CLAL), standard 
endotoxin curve (0.025-0.1 ng/mL = (25-100 pg/mL) was 
obtained with reference endotoxin (Sigma). 
 
Methods 

 
The isolates were re-identified, using the nitrate test for 
aerobe, facultative anaerobes, Gram stain method and 
growth inhibition test. P. aeruginosa, H. influenza and E. 
coli, were chosen in this study according to their sensitivity 
to antibiotics and bacterial lipopolysaccharide from Gram-
negative organisms are now well recognized to be a 
potent microbial toxin that has been approved to play a 
critical role in the initiation of the proinflammatory events 
that contribute to the Pathogenesis of the disease. 

The isolates were maintained at 4
 

°C and sub 
cultured every after two week in Mueller-Hinton and 
Mueller-Hinton with V and X factors. Baselines of 
endotoxin for each organism were constructed by 
measuring the spontaneously released endotoxin in the 
absence of antibiotics after 2 and 5 h of incubation 
reaction mixture for each organism. The MICs for the 
antibiotics against each isolates were determined by the 
dilution method. 
 
Antibiotic Exposure 

 
Organisms were grown in mueller-hinton and mueller-
hinton with X and V factors for 12 h, and used to inoculate 
four replicate sets of four ependorf tubes containing 
mueller-hinton, 0.5 MIC/ml (two tubes) and 5 MIC/mL (two 
tubes) of each antibiotic, in final volume of 2 mL 
containing 10

7
/mL cfu of the required isolate. Control 

tubes had either the organism or the antibiotic omitted. 
Incubation was performed at 37 °C for 2 h and 5 h. 
Supernatants were obtained by centrifugation, passed 
through 0.4 Millipore filter and stored at – 20 °C.    

 
Measurement of endotoxin concentration 

 
Endotoxin concentration was determined by Chromogenic 
Limulus Amoeocyte Lysate (CLAL) and standard 
endotoxin curve (0.025 ng-0.1 ng/mL) was obtained with 

reference endotoxin. Quantitative endotoxin CLAL assays 
were done by mixing 20 µL of reference endotoxin and 20 
µL of  CLAL in 96-microwell plate incubated for 10 min at 
37 °C,   40 µL of chromogenic substrate were added, the 
plate was gently shaked and re-incubated at 37 °C for 
additional 3 min. The reaction was stopped by addition 30 
µL of 50% acetic acid and absorbance was read at 405 in 
Enzyme-linked immunosorbent assay (ELISA) LP 400 
spectrophotometer. The minimum concentration of 
endotoxin per milliliter needed to yield positive CLAL test 
was determined by two fold dilutions in pyrogen free water 
starting at 1:2 until negative result was obtained. 
 
RESULTS 

 
Preliminary experiments were devoted to the control to 
establish baseline for negative reading that have been 
defined as the reading obtained due to spontaneous 
release of endotoxin from the organisms in the absence of 
antibiotics (Table 1). The corresponding amount of 
endotoxin was calculated from standard curve and 
consequently subtracted from amount obtained from 
experiment.  
 
Table 1: The baseline of endotoxin released by the  

               microorganism before treatment of antibiotics 

 
The antibiotic mediated release of endotoxin from the 

isolates varied substantially according to isolate, amount 
of antibiotic and incubation period (Fig. 1, 2 and 3). The 
peak values of endotoxin released were the results of 5 h 
exposure to 0.5 MIC of Aztreonam, however, in terms of 
isolates response it seems that P. aeruginosa was more 
responsive to the induced release of endotoxin than either 
H. influenza or E. coli.  Decreasing the time of exposure 
from 5 h to 2 h reduced the amounts of endotoxin 
released, approximately by half, and the phenomenon had 
been noticed when organisms exposed to higher 
concentration of antibiotics 5 MIC. Gentamicin found to be 
less efficient than Aztreonam for inducing the release of 
endotoxin. However, it follows the same pattern in 
releasing more endotoxin during 5 h incubation in the 
presence of 0.5 MIC and the amount decreased with 
applying 5 MIC. Neither Imipenem nor Polymxin was 
meritorious to release substantial amounts of endotoxin, 
even though; they obey the general pattern of dose and 
time of exposure. 
 

 
 

 
 

Microorganisms Amount of 
endotoxin 
released in 2 h 
without 
addition of 
antibiotic (ng)  

Amount of 
endotoxin 
released in 5 h 
without addition 
of   antibiotic (ng) 

P. aeruginosa 12 11 7 25 6 3 
H. influenza 15 15 9 31 12 6 
E. coli 9 7 5 19 0 0 
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Fig. 1. LPS released from Ps. aeruginosa exposed to variable concentrations of antibiotics for 

different periods of time
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Fig. 2. LPS relased from H. influenzae exposed to variable concentrations of antibioticsfor different periods 

of time
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Figure 1: Indicates the amount of endotoxin released 

from P. aeruginosa due to the concentration of 
antibiotics and period of exposure.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: The amount of endotoxin released from H. 

influenza due to the concentration of antibiotics 
and period of exposure. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: The amount of endotoxin released from E. coli 

due to the concentration of antibiotics and 
period of exposure. 

 

DISCUSSION 

 
The antibiotic mediated release of endotoxin from the 
isolates varied substantially according to isolate, amount 
of antibiotic and incubation period. The peak values of 
endotoxin released in our study were the results of 5 h 
exposure to 0.5 MIC of Aztreonam.  However, in terms of 
isolates response it seems that P. aeruginosa was more 
responsive to the antibiotic inducing more endotoxin than 
either H. influenza or E. coli. Decreasing the time of 

exposure from 5 h to 2 h reduced the amounts of 
endotoxin released, approximately by half.  This is in 
accordance to the propensity of antibiotics to release 
variable amount of endotoxin due to its exposure of in 
different Gram-negative bacteria (Goscinski et al., 2003). 
Aztreonam caused significant endotoxin release, 
correlating with its ability to affect cell-wall morphology, 
causing filamentation, cell wall breakage and cell lysis. 
The drug with long exposure promotes the eradication of 
the pathogen and the release of high amount of endotoxin 
bearing dual hazard (Homma et al., 2007).  In our study, 
after decreasing the time of exposure from 5 h to 2 h,  the 
amount of endotoxin released, was reduced 
approximately by half, and this  phenomenon had been 
noticed only when organisms were  exposed to higher 
concentration of antibiotics 5 MIC. Gentamicin found to be 
less efficient than Aztreonam for inducing the release of 
endotoxin. However, it follows the same pattern in 
releasing more endotoxin during 5 h incubation in the 
presence of 0.5 MIC. Neither Imipenem nor Polymxin was 
meritorious to release substantial amounts of endotoxin, 
even though; they obey the general pattern of dose and 
time of exposure.  

The puzzling observations are that the exposures of 
an organism to 0.5 MIC for 5 h induce the release of 
higher amount of endotoxin that could be induced by 5 
MIC for the same period of exposure. Our explanation to 
this observation is that the low concentration of antibiotic 
may promote the growth of the organism with defective 
envelope and continuous release of endotoxin while high 
antibiotic concentration tends to gradually kill the 
organism releasing less amount of endotoxin. However, 
pharmacodynamic may need to include the level of 
endotoxin that could be released under any desired 
condition, drug concentration, time of pathogen exposure 
and type of pathogen, to provide save guidance to save 
treatment. It may be early for such detailed information 
because sophisticated software and statistical analysis 
are needed. 
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