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ABSTRACT 
 

Infection is a dynamic process involving invasion of the body by 
pathogenic microorganisms and reactions of the tissues to microorganisms and 
their toxins. Pathogenic microorganisms isolated from clinical samples are of 
great threat to human health. 

 
The outcome of an infection depends on the virulence of the pathogen and 

the relative degree of resistance or susceptibility to antimicrobial chemotherapy. 
Antimicrobial agents interfere with specific processes that are essential for 
growth and division. 

 
Development of antibiotic resistance in bacteria is a problem of great 

concern. The high prevalence of resistant bacteria seems to be related to 
uncontrolled usage of antibiotics. B-lactamases are the most common cause of 
bacterial resistance to B-lactam antimicrobial agents, and it is one of the most 
important reason for increasing the resistance in pathogenic bacteria against 
some antibiotics especially those acting on inhibition of cell wall synthesis.  

 
One hundred and seven clinical samples and specimens were collected 

from public, private hospitals and National Cancer Institute (NCI) in Cairo, 
Egypt. Out of them 72 cases positive for microbial infection. Twelve cases were 
showed mixed infection. Eighty four isolates of pathogenic bacteria and yeast 
were collected from single and mixed culture. Susceptibilities of the isolates to 
20 different antimicrobial agents were determined according to Kirby-Bauer 
method. Nine multi-drug resistant gram-negative bacterial strains were 
identified by (MicroScan WalkAway 96 SI System). Six of them urine isolates, 
2 wound (pus) isolates and one sputum isolate.  

 
The identified strains were exposed to in-vitro gamma irradiation at dose 

level of 24.4 Gy, which is biologically equivalent to the fractionated multiple 
therapeutic dose used in the protocol of cancer treatment of some patients.  

 
The antimicrobial susceptibility of the nine multi-drug resistant strains 

were carried out by disk diffusion method before and after irradiation. 
Determination of B-lactamase and AmpC-B-lactamase enzyme production were 
carried out by two methods. Cefotaxime, ceftazidime, cefoperazone, cefoxitin 
and aztreonam were used with and without amoxycillin\clavulanic acid to detect 
the presence of extended-spectrum B-lactamase (ESBL) harbouring isolates by 
using double-disk diffusion synergy test (DDST). Combined disk method was 
used also to detect the presence of ESBL harbouring isolates by using 
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cefoperazone (CFP) and cefoperazone\sulbactam (SCF) among the tested 
strains. Agar dilution method was used to determine minimum inhibitory 
concentration (MIC) of ampicillin\sulbactam, cefoperazone, gentamycin and 
levofloxacin alone and in combination (Ampicillin\sulbactam with both of 
gentamycin and levofloxacin) and (cefoperazone with both of gentamycin and 
levofloxacin). Fractional inhibitory concentration (FIC) for the combined 
antibiotics were calculated according to checkerboard method and synergistic 
effect were determined. Some resistant isolates were subjected to molecular 
studies including plasmid profile (Kleb.52 Morg.60 and Ps.72 ) by using a high  
pure  plasmid isolation kit and protein pattern of  Ps.72 before and after 
irradiation in the presence of different antibiotics alone (cefoperazone, 
gentamycin and ampicillin\sulbactam) or in combined (cefoperazone with 
gentamycin and ampicillin\sulbactam with gentamycin) 

 
The result of the present investigation showed that, 9 multi-drug resistant 

isolates were identified as; 2 isolates Escherichia coli, 2 isolates Pseudomonas 
aeruginosa, 1 isolate Citrobacter freundii, 1 isolate Morganella morganii all 
were isolated from urine samples. Also, two isolates, one of them Enterobacter 
cloacae, and the other one is Acinetobacter baumannii were isolated from 
wound (pus) swabs and only one identified as Klebsiella pneumoniae was 
isolated from sputum samples. From the results it was obvious that, the 
resistance of these identified strains were changed after irradiation than before 
irradiation as in (ampicillin\sulbactam with Morg.60, cefuroxime sodium with 
(E.6, E.55), cefoperazone with E.6, Morg.60, Ent.67, cefoperazone\sulbactam with 
(Ac.25, E.55, Morg.60, Ent.67) cefepime with (E.6, E.55, Cit.64, Ent.67) cefotaxime 
with Ps47 Aztreonam with Ps.47.Only Ps72 were changed in the diameter of 
inhibition zone with cefoperazone, cefoperazone sulbactam and cefepime. The 
P-values showed a highly statistically significant difference with P-value = 
0.0063 in case of  Morg.60. Whereas, a significant difference with E.6, Kleb.52, 
E.55 and Ent.67 after in-vitro gamma irradiation against 12 antibiotics acting on 
the inhibition of cell wall synthesis. 

 
Double-disk diffusion synergy test (DDST) and combined disk method 

revealed that six of the isolates (66.6%) were extended-spectrum B-lactamase 
producers.  

 
 
Minimum inhibitory concentration (MIC) for single antibiotics before and 

after irradiation showed an increase in MIC of ampicillin\sulbactam to double its 
value after irradiation with (Morg.60 and Ent.67), cefoperazone with Ps.47, 
levofloxacin with (Ps.47 and Morg.60). Also, the MIC decreased to half its value 
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after irradiation in case of ampicillin\sulbactam with (E.6 and E. 55), 
cefoperazone with (Morg.60 and Ent.67), gentamycin with (Morg.60 and Ent.67). 
after exposure to gamma irradiation. All the other tested strains showed no 
difference in their MIC's values before than after exposure to in-vitro gamma 
irradiation. 

 
The combination between (cefoperazone + levofloxacin) was the best 

between our tested combined antibiotics. It gave synergistic effect with 6 strains 
out of nine (66.6%) with FIC index values ranged between (0.5 – 0.25), 
followed by (ampicillin\sulbactam + levofloxacin) that gave synergism with 4 
strains (44.4%) with FIC index values ranged between (0.5-0.31). Finally, each 
of cefoperazone and ampicillin\sulbactam plus gentamycin combinations gave 
the same synergistic effect on 3 strains (33.3%) of the total tested strains with 
FIC index values ranged between (0.5-0.37). 

 
Plasmids profile analysis of multi-drug resistance (Kleb.52, Morg.60 and 

Ps.72) tested strains before and after irradiation showed one separated band with 
molecular weight more than 3147bp, with difference in the molecular weight, 
optical density and Rf values after irradiation. 

 
Total protein analysis of Pseudomonas aeruginosa (Ps.72) showed two 

bands with different molecular weight and percentage of total protein before and 
after exposure to in-vitro gamma radiation and in the presence of single and 
combined antibiotics  

 
With increasing antimicrobial resistance, it is important to find antibiotics 

with enhanced activity against resistant organisms. Antibiotic combination are 
used to enhance antibacterial efficacy and prevent the development of 
resistance. 
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I- INTRODUCTION 

 
 
 
       Infections caused by bacteria are a leading cause of death. The mortality 
associated with severe infections is about 30%. Antibiotic treatment  improve 
the survival (Silbiger, 2006). 
 
 Waterer and Wunderink, (2001) reported that, certain gram-negative 
microorganisms are a particular problem in community-acquired infections, 
including Pseudomonas aeruginosa, Acinetobacter spp. and Enterobacteriaceae. 
 
 Bacterial pathogens have become increasingly resistant to commonly used 
antibiotics and antimicrobial resistance has become a major medical and public 
health problem as bacterial resistance often result in treatment failure, which can 
have serious consequences, especially in critically ill patients (Farrag et al., 
2002 & Tenover, 2006).  
 

Antibiotic resistance is a particular problem in gram-negative bacilli. Some 
strains showing high level resistance to aminoglycosides, B-lactam, and 
quinolones (Zinner et al., 1998 & Pitout et al., 2005). 

 
The widespread use of broad-spectrum antibiotics has led to emergence of 

antibiotic resistant strains of many gram-negative organisms. Extensive 
antibiotic resistance has developed in gram-negative bacilli due to both innate 
resistance in some species and the fact that they are highly adapt acquiring 
antibiotic resistant determinants from each other. Certain gram-negative 
microorganisms are particular problems including Pseudomonas aeruginosa, 
Acinetobacter spp., and the Enterobacteriaceae. The new generation of 
antibiotics will face a persistent and increasing challenge from these pathogens 
(Al-Jasser, 2006). 

 
The B-lactamases are the major defense of gram-negative bacteria against 

broad-spectrum B-lactam antibiotics (George et al., 2005). Because B-lactam 
agents such as penicillin, cephalosporins and monobactams, are among the most 
frequently prescribed antibiotics worldwide. At least 400 different types of B-
lactamases, originated from clinical isolates (Pitout et al., 2005). Resistance to 
these newer B-lactams due to B-lactamases emerged quickly (D’Azevedo, 2004 
& Al-Jasser, 2006). 
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     The Pan European Antimicrobial Resistance Using Local Surveillance 
(PEARLS) study 2002 showed that the highest  rates of ESBLs production 
among Enterobacteriaceae were encountered in Egypt (38.5%) and Greece 
(27.4%) and lowest in Germany (2.6%) (Bouchillon et al., 2004). 
 

 ESBLs are encoded by transferable conjugative plasmids, which often code 
resistance determinants to other antimicrobial agents such as aminoglycosides. 
These conjugative plasmids are responsible for the dissemination of resistance to 
other members of gram negative bacteria in hospitals and in the community 
(Ananthan 2002). 

 
 The World Health Organization (WHO), the European Commission, and 

the US Center for Disease Control and Prevention (CDCP) have recognized the 
importance of studying the emergency and determination of resistance as well as 
the need for control strategies (Richet et al., 2001 & Oteo et al., 2005). 

 
 Plasmids are self replicating extrachromosomal DNA molecules found in 

microorganisms. Although most of them are covalently closed circular double 
stranded DNA molecules, linear plasmids have been isolated from different 
bacteria (Actis et al., 1999). In the majority of bacteria there is only one copy of 
the chromosome, which exists as an extremely long double-stranded circular 
molecule.  Bacterial resistant to antibiotics is often plasmid mediated (Gomez-
Luslafita, 2003). 

 
Irradiation effect has been shown to occur with proteins, enzymes, nucleic 

acid, lipids and carbohydrates. All of which may have marked effects on the 
cells (Habbs and McCellam, 1975). Because of the non-discriminating nature 
of ionizing radiation, all components of the cell absorb radiation and are 
damaged in proportion to their mass (Hutchinson, 1985). 

 
Radiation effect whether direct or indirect, is random and important 

principle in the general nature of cell killing. It is usually assumed that DNA is 
the critical target for this radiation effect. Although, it has not been proved with 
certainty (Hellman, 2001). 

 
  Ionizing radiation has a mutagenic action on microorganisms; low dose of 

gamma irradiation may produce mutations. (Pouget et al., 1999 & Kova'cs and 
Keresztes, 2002). 
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The objectives of the present study were: 
- Isolation and Identification of pathogenic microorganisms from 

clinical samples. 
 
- Antimicrobial susceptibility test  

 

A- For all isolates. 
 

B-For some multi-drug resistance strains before and after       
gamma irradiation. 

 
- Detection of extended-spectrum B-lactamase (ESBL) harbouring 

isolates before and after exposure to in-vitro gamma irradiation. 
 

- Determination of minimum inhibitory concentration (MIC) of 
different antibiotics alone and in combination against the most 
resistant isolates before and after irradiation. 

 
- Determination of the fractional inhibitory concentration (FIC) index 

and synergistic effect of the combined antibiotics before and after 
irradiation. 

 
- Plasmids profile analysis for some multi-drug resistance before and 

after exposure to in-vitro gamma irradiation. 
 

- Protein pattern of tested isolates before and after gamma irradiation 
in the presence of different antibiotics. 

 
 

 

 

 

 

 

 

 



                                                                                                                 

 -82- 

II- REVIEW OF LITERATURE 
 
1- Microbial infection:- 

 
      Clinical microbiology is the study of specimens taken from patients 
suspected of infectious disease to find any change in the type and distribution of 
the microflora or to discuss the occurrence of some microorganisms which may 
be then probable cause of the disease. 
 
     When microbes or certain other living agents enter the human body or 
animal, they multiply and produce a reaction there, this is an “infection”. 
Thus infection is a dynamic process involving invasion of the body by 
pathogenic microorganisms and reactions of the tissues to microorganisms and 
their toxins. 
 
      The relationship between a host and a pathogen is dynamic, since each 
modifies the activities and functions of other. The outcome of an infection 
depends on the virulence of the pathogen and the relative degree of resistance or 
susceptibility of the host, due mainly to the effectiveness of the host defense 
mechanisms. 
 
      Todar, (2002a) reported that, the internal healthy tissues (e.g. blood, brain, 
muscle, etc) are normally free of microorganisms. On the other hand, the surface 
tissue, e.g. skin and mucous membranes, are constantly in contact with 
inviromental organisms and become readily colonized by certain microbial 
species. The mixture of organisms regularly found at any anatomical site is 
referred to as the “normal flora”. The normal flora of human is exceedingly 
complex and consists of more than 200 species of bacteria, and fungi. But the 
distribution of the bacteria are the most numerous and obvious microbial 
components of the normal flora.    
              
      Many members of the normal body microflora are to greater or lesser extent 
conditional pathogens “opportunistic pathogens” they do not establish 
themselves in the tissue unless the local defenses of the body surface have been 
bypassed for example by injury, surgical incision or injection or have been 
rendered infective by pre-existing disease or anatomical injury or unless the 
general defense of the body have been profoundly depressed. The rise in the 
incidence of these opportunistic infections has paralleled the use of antibiotics, 
cytotoxins immunosuppressive drugs steroids, and other macro-disruptive 
procedures that result in lowering resistance of the host (Burton, 1992). 
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      Tancrede, (1992) noted that, the human host and its microbial flora 
constitute a complex ecosystem whose equilibrium serves as a remarkable 
example of reciprocal adaptation (e.g.) intestinal flora play an important role in 
the development of the immune system, and responsible for resistance to 
colonization by exogenous pathogenic microorganisms. Nevertheless, it also 
constitutes a reservoir of potentially pathogenic bacteria in close contact with 
the host. These bacteria are responsible for opportunistic infections in  
immunocompromised hosts. The equilibrium of the flora can be upset by 
antibiotics, leading to infections as a result of proliferation of antibiotic resistant 
pathogenic bacteria. 
 
      Schimpff, (1995) suggested that, every patient with an infectious disease is 
to some extent a compromised host. 
 
      Gram-negative non-fermenters are primarily opportunistic bacteria 
ubiquitously present in the environment, causing infections in severely ill and 
immunocompromised patients. Many of these organisms have become 
problematic world wide due to their ability to survive in various habitats, 
including aqueous and moist environment (e.g. Pseudomonas aeruginosa) is a 
leading cause of infections and the most frequent agent of infections due to 
gram-negative fermenters, followed by Acinetobacter spp. Variation in drug 
susceptibility are common among these pathogens (Bosshard et al., 2006). 
 
      Vatopoulos and Kalapothaki, (1999) reported that, from the out patients 
there were (52.6%) urine, (18.2%) respiratory, Pus (16.2%), stool (0.7%). 
Escherichia coli, Klebsiella pneumoniae, Enterobacter spp., Pseudomonas 
aeruginosa, Acinetobacter baumanii, Staphylococcus aureus. These  species  are 
the most important pathogens isolated from either nosocomial and outpatient in 
most parts of the world in terms of rate of isolation, pathogenicity, and 
virulence. 
  
 
1.1 Urinary tract infection:- 
      The urinary system is made up of several organs that help maintain proper 
water and salt balance throughout the body and also expel urine from the body, 
those organs include: the kidneys, ureters, bladder, and the urethra. Although the 
urethra hosts a resident microflora that colonizes its transitional epithelium, all 
areas of the urinary system above the urethra in healthy human are sterile 
(Finegold & Baron, 1990). 
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Garibaldi et al., (1980) and Patton, (1997) reported that, except for the 
end of the urethra, the urinary system is normally sterile, the ability to empty the 
bladder completely is one of the most important ways. The body has to keep the 
urine sterile and prevent the urinary tract infections (UTIs). If the bladder 
empties completely during the voiding process, bacteria do not have chance to 
infect tissue or grow and multiply in the bladder. 

      The urinary system is structured in a way that helps ward off infection. The 
ureters and bladder normally prevent urine from backing up toward the kidneys, 
and the flow of urine from the bladder helps wash bacteria out of the body. 
Normal urine is sterile. It contains fluids, salts, and waste products (El-Astal, 
2005). 

       Organisms attaching any portion of urinary system cause (UTIs), these 
infections take several names according to the infected organ, kidneys infection 
called (pyelonethritis), bladder infection (cystitis), prostate infection 
(prostatitis), urethra infection (urethritis). Once bacteria infect any part of the 
urinary tract, all other parts of urinary tract are at risk (Warren,  2000). 
 
       Acharya, (1992) reported that, the human urine can support the bacterial 
growth due to its favourable chemical composition. 
 
      Bacteriuria is defined by (Kunin et al., 1992) & (Wilson and Gaido, 2004) 
as the presence of significant numbers of bacteria in the urine without the 
presence of symptoms, significant bacteriuria should be considered positive 
from 103-105 bacterial counts. 
 
      Kass, (1957) introduced the concept of significant bacteriuria in an attempt 
to negate the problem of growing contaminants. He demonstrated that the 
presence of more than >105 colony forming units of bacteria per ml (CFU\ml) of 
urine in a single specimen indicated bacteriuria with a probability of greater than 
80% . 
 
       Urinary tract infections (UTIs) are common in most communities. The 
urinary collecting system is usually bacteriologically sterile but they may 
become infected. UTI is an important cause of morbidity and mortality affecting 
all age groups across the life span (Bannister et al., 2006). 
 
      Kalpana and Walter, (2003) & Nagamani et al., (2006) suggested that, 
urinary tract infection (UTI) is the most common bacterial infections to affect 
persons throughout their life span. 
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       Urinary tract infection (UTI) is the second most common infectious 
presentation in community practice. Worldwide, about 150 million people are 
diagnosed with UTI each year, costing the global economy in excess of 6 billion 
US dollars (El-Astal, 2005). 
 
      Wilson and Gaido, (2004) reported that, many authors are concerned with 
urinary tract infections (UTIs) are among the most common bacterial infections 
and account for a significant part of workload in clinical microbiology 
laboratories.  
 
       Urinary tract infections (UTIs) are the leading cause of gram-negative 
bacterimia in patients of all ages are associated with a high risk of morbidity and 
mortality especially in elderly. The total annual coast of treatment is in billions 
of dollars (Orenstein and Wong, 1999 & Stamm, 2002). 
 
       Acharya, (1992) reported that, amongst the group of 596 adult suspected 
for urinary tract infection, it was noted that UTI was found in 36.3% of the 
hospitalized group and 30.9% in non-hospitalized group (out patients). 
        
       The incidence of UTIs is higher among females, in whom it commonly 
occurs in an anatomically normal urinary tract. Conversely, in males and 
children UTI generally reveals a urinary tract lesion that must be identified by 
imaging and must be treated to suppress the cause of infection and prevent 
recurrent (Nicolle, 2002 ). 

       Khurshid et al., (2002) study the sex distribution of the urinary tract 
infections was  (65.0%) females and  (35.0%) males, of overall the collected 
urine samples. Women are especially prone to UTIs than men due to anatomical 
difference between the sexes. One woman in five develops a UTI during her 
lifetime. Urinary tract infections UTIs in men are not so common, but they can 
be very serious when they do occur. 

      Pathogenesis of urinary tract infection involves complex interactions 
between an organism, the environment and the potential host (Patton, 1997). 

       In acute infections of upper UTI in females resulting from encounter of a 
parasite and a host, this renal infection is due to uropathogenic strains of 
bacteria, a majority of cases to community-acquired bacteria is Escherichia coli. 
An infection occurs when microorganisms, usually bacteria from the digestive 
tract, cling to the opening of the urethra and begin to multiply. Most infections 
arise from one type of bacteria, Escherichia coli, which normally lives in the 
colon (El-Astal, 2005 & Bannister et al., 2006). 
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      Shroff et al., (1979) reported that, the ascent of Escherichia coli from the 
peri-uretheral flora into the urinary tract is related to bacterial adherence to the 
epithelial cells of the urinary mucosa. They demonstrated the presence of 
mannose resistant fimbriae on the bacterial surface, which attach to specific 
receptor sites (genetically coded) on uroepithelial cells. Over the years 
overwhelming evidence has accumulated to show that bacteria with mannose 
resistant fimbriae – (P-fimbriae) are specifically associated with UTI.  
 
      Acharya, (1992) & Cohn, (1999) were noted that, most infections are 
caused by retrograde ascent of bacteria from the fecal flora via  the  urethra  to 
the  bladder and  kidney  due to the  proximity of the gut  to the urinary tract  
because  most of  those  bacteria are normally  present in  the  gastro-intestinal 
tract. 
 
       Most pathogens responsible for UTI are Enterobacteriaceae with a high 
predominance of Escherechia coli. This is especially true of spontaneous UTI in 
females (cystitis and pyelonephritis). Other strains are less common including 
Proteus mirabilis and more rarely gram-positive bacteria. Gram-positive 
pathogens are responsible for 5% to 15% of such infections. (Nicolle et al., 
2006). 
 
       El-Astal, (2005) noted that, All over the world, Escherichia coli accounts 
for 75% to 90% of UTI isolates, and Staphylococcus saprophyticus accounts for 
5% to 15% of cases of uncomplicated cystitis. A summary of the different 
microorganisms isolated during his study period, E. coli was the predominant 
uropathogen  (52.5%) causing  UTI, followed  by Proteus mirabilis 
(9.8%) and Klebsiella pneumonia (9.2%). Enterococcus faecalis was the most 
common uropathogen (5.2%) isolated among the gram-positive bacteria. 
 
       Acharya and Jadav, (1980) noted that, Escherichia coli were responsible 
for only 30% of all recurrent UTIs. Klebsiella, Pseudomonas aeruginosa and 
other gram-negative organisms caused 15.3% and gram-positive organisms 
6.2% of urinary tract infections.  
    
       Mazzulli, (2001) & Nicolle et al., (2006) reported that, most of pathogens 
isolated from community acquired uncomplicated urinary tract infections is 
consistent with Escherichia coli isolated of episodes then Klebsiella species. 
Proteus spp., Enterobacter spp., Citrobacter spp., then Pseudomonas 
aeruginosa. 
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      Kochhar et al., (2004) & Nagamani et al., (2006) reported that, most of the 
(UTIs) are caused by gram-negative organisms, though occasionally gram-
positive organisms and fungi can infect the urinary tract under certain 
circumstances, as the causative pathogens of UTI are most exclusively bacteria 
and yeast. In acute (UTI) the Escherichia coli is the predominant organism 
causing the infection across all age groups. Other aerobic gram-negative rods 
such as Klebsiella spp., Proteus spp., Citrobacter spp., Acinetobacter spp., 
Morganella spp., and Pseudomonas aeruginosa are also frequently isolated, then 
the gram-positive bacteria such as enterococcus as well as yeast are important 
invasive candidiasis may originate in the urinary tract or secondary infect it. 
Primary infection of the kidneys by Candida is generally associated with an 
indwelling urinary catheter or the use of broad spectrum antibacterial agents.  
 
         Stamm, (2002) reported that, the Escherichia coli, Pseudomonas, 
Klebsiella and Proteus spp. Are the common gram-negative organisms causing 
infections in such patients, collectively they account for more than 80% of the 
culture positive urinary tract infections. 
 
      El-Astal, (2005) reported that, out of 1278 urine samples, 492 (38.5%) 
showed positive monomicrobial cultures. Gram-negative bacteria represented 
437 (91.0%) of the positive bacterial cultures (480) whereas, gram-positive were 
43 (9%). Twelve isolate (2.5% of 492) of yeast were encountered during the 
screening of UTI specimens.  
 
     Infections with fungi such as Candida species, have increased with the wide 
spread of broad-spectrum antibiotics (Rotman and John, 1987). 
 
      Candida species are now emerging in greater numbers, especially patients 
who received previous treatment for enterococcal UTIs. Fungi infections are 
commonly caused by Candida albicans (Wood and Abrutyn, 1998). 
 
 
1.2 Respiratory tract infection:- 
      Respiratory infections are the commonest community-acquired infections of 
humans (Bannister et al., 2006). 
     
      Bacteria growing extensively in the mucous secretions filling the respiratory 
tract of the patients with obstructive pulmonary disease are very difficult to 
eradicate with antibiotics. These bacteria, that act on the patients respiratory 
tract not only by the mean of toxins and enzymes released, but also through 
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induction of the allergic and para-allergic reactivity. (Halasa and Halasa, 
2004). 
 
      The upper respiratory tract (URT) comprises the mouth cavity, conjunctiva, 
nose, paranasal sinuses, middle ear, nasopharynx, oropharynx and 
laryngopharynx. It is largely covered with ciliated columnar epithelium. The 
andenoids and tonsils are important structures of the URT. The whole URT is 
colonized by a variety of normal flora Streptococcus pneumniae, Heamophilus 
influenzae, Diphtheroids, coagulase-negative Staphylococci, Staphylococcus 
aureus, Neisseria spp. Temporary colonization of the pharynx, nose and eye by 
potential pathogens is also common and may provide an important reservoir of 
infection. The soft tissues of the focuses that surrounding the tonsils are 
susceptible to abcess formation if severely inflamed (Bannister et al., 2006). 
 
      Garibaldi, (1985) reported that, the broad array of community-acquired 
pathogens of URT have been implicated as etiologic agents including gram-
negative bacilli, Hemophilus influenzae, Staphylococcus aureus and nonbacterial 
pathogens. Given the diversity of pathogenic agents. The upper respiratory tract 
infections (URTIs) are the most common types of infectious diseases among 
adults. It is estimated that each adult in the United States experiences two to four 
respiratory infections annually. The specific causes of most upper respiratory 
infections are undefined. Pneumonia remains an important cause of morbidity and 
mortality for non-hospitalized adults despite the widespread use of effective 
antimicrobial agents. reported that, the broad array of community-acquired 
pathogens of URT have been implicated as etiologic agents including gram-
negative bacilli, Hemophilus influenzae, Staphylococcus aureus and nonbacterial 
pathogens. Given the diversity of pathogenic agents. 
 
      Mojon and Bourbeau, (2003) reported that, the oral cavity has long 
considered a potential reservoir for respiratory pathogens. There is a relation 
between the oral flora and upper respiratory infections. The mechanism of 
infection could be colonization of the oral biofilm by respiratory pathogens 
followed by aspiration. 
 
      Gwendolyn, (1992) noted that, the mouth and throat have an abundant and 
varied population of microorganisms, these areas provide moist, warm, mucous 
membranes that furnish excellent conditions for microbial growth. Also the food 
remaining between the teeth provides a rich nutrient medium for the growth of 
many bacteria. The list of microbes that have been isolated from normal human 
mouth and throat includes cocci, bacilli and sometimes yeasts. 
       



                                                                                                                 

 -89- 

      Bannister et al., (2006) reported that, the lower respiratory tract (LRT) 
includes all structures below the vocal cords. The trachea, bronchi and 
bronchioles are lined with ciliated columnar respiratory epithelium within the 
mucus-producing goblet cells are distributed. The air way walls contain smooth-
muscle cells. The normal LRT is bacteriologically sterile. Inhaled practicles 
including bacteria, are trapped in the mucus that lines the air-way and are moved 
towards the pharynx by the beating of epithelial cilia, then the mucus swallowed 
the bacteria and destroyed by gastric acid. If there a problem in this mechanism 
the bacteria well grow up. The LRT is exposed to a variety of inhaled pathogens, 
which it can often expel before infection become established. 
  
      Gonlugur, (2004) noted that, sputum is a thick fluid produced in the lungs 
and in the airways leading to the lungs. Sputum  culture  is  a  test  to  detect  
and identify  bacteria  or  fungi  that  are infecting the lungs or breathing 
passage. 
        
      Sputum is often contaminated with upper respiratory tract flora, and results 
can be difficult to interpret (Kochhar et al., 2004). 
 
     Nissl et al., (2005) reported that the sputum that has passed through the 
mouth normally contains several types of harmless bacteria, including some 
types of Streptococcus and Staphylococcus. The culture should not show any 
harmful bacteria or fungi. 
 
       The  most  common harmful  bacteria  in  a  sputum  culture  are  those that 
can cause bronchitis or pneumonia(Streptococcus pneumoniae, staphylococcus 
aureus, Haemophilus  influenzae,  Klebsiella pneumoniae  and  Mycobacterium 
tuberculosis  
 
        Halasa and Halasa, (2004) reported that, variety of bacteria species, able to 
provoke some degree of skin reactivity in autologous tests, can be found in the 
respiratory tract of the patients with obstructive pulmonary disease. Usually 
several different species can be isolated from one patient. Some of them can be 
found more commonly than others. These bacteria are called "non-pathogenic", 
"normal" or "physiologic" bacteria in the respiratory tract were  Streptococcus 
viridans and Neisseria species. Other non-pathogenic bacteria found in a number 
of patients were Staphylococcus coagulase-negative, Streptococcus beta-
hemoliticus type B and Escherichia coli. Among the pathogenic bacteria 
Staphylococcus aureus and Haemophilus influenzae were the most prevalent, 
whereas Streptococcus pneumoniae were found rarely, and Klebsiella 
pneumoniae sporadically. 
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         In physiological conditions the lower respiratory tract is free of bacteria. 
Bacteria  can  be found  there as a result of a cute infection with  bacterial strains 
of Streptococcus  pneumoniae  25.8%,  Klebsiella  pneumoniae 10.3%,  
Pseudomonas aeruginosae 12.07% and Haemophilus influenzae 4% . The 
mechanisms of introduction bacterial presence in the lower respiratory tract is 
generally related to some kind of inflammatory response (American Thoracic 
Society, 1995).  
 
       Bacterial  presence in  the  lower  respiratory  tract can  also be a secondary  
to viral  infections  that  damage  ciliated  bronchial  epithelium  and  increase  
mucus production  as a result  of  inflammation.  Excessively secreted mucus 
was feeding medium for bacteria aspirated to multiply. Where the excessively 
secreted mucus may became a "hide-out" and feeding medium for bacterial 
aspirated to the bronchial tree. (Overfordt et al, 2000). 
 
        Halasa and Halasa, (2004) reported in his study that the antibiotics can 
reach only those bacteria that grow directly on the surface of the mucus 
membrane or in the tissue, but fail to eradicate bacteria hidden in the excessively 
produced mucus, because the concentration of antibiotics cannot reach effective 
level. 
         
1.3  Wound (Pus) infection:- 
      Skin protects the body from infection. Breaks in the skin can occur through 
punctures (like a nail or a thorn), abrasions (scrapes or scratches), or lacerations 
(rips in the skin tissue). Healthy individuals can develop infections through 
wounds in the skin. However, it is more likely that persons with underlying 

immune system (the body's ability to fight infection) problems will develop 
wound infections if a break in their skin occurs (Torpy et al., 2005). 
 
      When the skin barrier is broken by burns, wounds, and surgical procedures, 
many normal flora and environmental bacteria can invade and cause local or 
deep tissue infections. They may be also become systemic and produce 
exotoxins, causing severe damage to the individual. Such as Streptococcus spp. 
Staphylococcus spp., Pseudomonas aeruginosa and many fungi (Gwendolyn, 
1992). 
 
      Larson et al., (2000) reported that, the skin tissue infections among the out 
patients were micrococci and gram-negative bacteria. 
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       Infections can range from redness surrounding a small portion of the 
incision (CUT) to deeper infections involving underlying muscles or to a severe 
infection spread through the bloodstream (Torpy et al., 2005). 
 
      Skin, body orifices and gut lumen are covered  in  microorganisms. Each site 
on body will have different  micro-flora  that  will  have  adapted  to  varying 
conditions; not all bacteria  are pathogenic. For example, the normal skin 
commensals  such as micro-cocci  and non-pathogenic corynebacterium species 
might multiply in wound with- out ill effect (Lawrence, 1993 & Kingsley, 
2001). 
 
      The development of wound infection is an ongoing problem for many 
patients. Infected wounds can cause great distress in terms of associated 
morbidity and mortality (Mulu et al., 2006). 
 
      Kingsley (2001) reported that, the presence of infection not only delays the 
healing process, but also leads to necrosis, which increase the size of the wound.  
Rapid recognition of the micro-organism that causing the infection causing the 
early instigation of treatment will insure best patient outcomes and reduce the 
risk of cross-infection. 
 
      Cooper and Lawrence  (1996) suggested  that  almost all bacterial  types  
have been  implicated in the  pathogenesis of  wound infection  at sometime. 
 
      A wound must become contaminated with relevant species before bacteria 
can cause  infection or  odour (Cooper and Lawrence 1996) describe three  
main routes  of acquisition: 
 

• Self-contamination from surrounding skin or gastrointestinal tract. 
• Airborn   contamination   from  dust   (much of which is skin squamae)  

or   water  droplets. 
• Contact contamination from clothing, equipment or corers hands. 

 
       Factors that affecting the risk of wound infection include size, shape, age 
and site of the wound, presence of foreign bodies and necrotic tissue, local 
vascularity and immuno-competency. 
 
      Wounds  with  necrotic  tissue and  large  amounts  of  exudates will 
encourage microbial   proliferation,  while  a  dry  wound  environment   hinders  
tissue  repair (Kingsley, 2001). 
      Shalaby et al., (1998) & Bowler et al., (2001) reported that, the majority of 
dermal wounds are colonized with aerobic and anaerobic microorganisms that 
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originate predominantly from mucousal  surface such as those of the oral cavity 
and gut. While some experts considered the microbial density to be critical in 
predicting wound healing and infection, others consider the types of 
microorganisms to be greater importance. However, these and other factors such 
as microbial synergy, the host immune response, and the quality of tissue must 
be considered collectively in assessing the probability of infection. 
     
        Louis and Jebson, (1998) found that, the most common offending 
organisms in pus infections usually, Staphylococcus aureus or Streptococci, 
E.coli, Pseudomonas aeruginosa and gram-negative bacilli, and if the infection 
is chronic we can suspect Candida albicans 
  
      Among  survivors of the tsunami that struck Thailand 2004,  traumatic 
wounds were the most common problem, and most of the wounds were infected 
because of contamination with various foreign bodies. In many cases, the 
inflammation progressed deeper into the surrounding soft tissue and further 
developed into septicemia, were Escherichia coli 18.1%, Klebsiella pneumoniae 
14.5%, Pseudomonas aeruginosa 12.7%, Proteus species 7.3%, Enterobacter 
species 6.6%, Acinetobacter baumannii 4.1%, Morganella morganii 3.6%, 
Serratia marcecens 1.9%, Vibrio species 1.6%, Citrobacter species 0.7% and 
Staphylococcus species 5.7%  (Hiransuthikul et al., 2005). 
 
      Wound sepsis is often caused by Staphylococcus aureus and less commonly 
by Streptococcus pyogenes, the source of infection usually being the patients 
own skin. Wound infections after gastrointestinal surgery may be caused by 
anaerobes and coliforms from the gastrointestinal tract (Kochhar et al., 2004). 
 
1.4 Stool  infection:- 
      Bannister et al., (2006) reported that, the infections of gastrointestinal tract 
are among the commonest infections in all communities of the world. They 
cause major morbidity and mortality, especially in infants, children and the 
elderly. Gastrointestinal tract is a tube open to environment at both ends, into 
which much foreign material is introduced. Microorganisms, which may be 
pathogens, enter every time fingers, food, drink or utensils are put into the 
mouth. The nature of local flora and pathogens that may invade. The stomach is 
highly acidic  and contain a variable amont of air. Few bacteria can survive this 
environment for longer, but many pass quickly through.  Boluses of food, 
especially fats, can protect bacteria during this passage. The upper small 
intestine is alkaline, its vascular mucosa is attractive adherent parasites. It 
contains bile, which inhibits the growth of many bacteria. The terminal ileum 
and colon contain large number of anaerobic bacteria, including gram-positive 
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and gram-negative cocci, rods and sporing organisms facultative organisms such 
as Escherichia coli and Enterococci are also plentiful. Some organisms such as 
the yeast Candida, are able to reside throughout the bowel. Others many pass 
through being excreted in the faeces for a while, but not causing long term 
colonization. 
      
      The bacteria in the stool are representative of the bacteria that are present in 
the gastrointestinal tract and it is a far from sterile environment. Bacteria and 
fungi called “normal flora” inhabit the gastrointestinal tract. They play an 
important role in the digestion of food and they form a protective barrier against 
the growth of other pathogenic bacteria. Normal flora are usually in balance but 
sometimes one, such as Clostridium difficle, will become pathogenic by 
overgrowing. This upsets the balance of the normal flora and may lead to the 
production of toxins that can irritate and damage the intestinal tract. Bacterial 
overgrowth is usually a side effect of the administration of broad-spectrum 
antibiotics (which depresses the growth of the other normal flora) but it may 
also be seen in patients who are immunosuppressed (Shalaby et al., 1998). 
      
     The most common pathogenic bacteria and their most frequently encountered 
sources include:  

• Salmonella, Shigella, from fecally contaminated food and water, and from 
infected-person to person when careful sanitation is not observed. For 
instance, it can be a challenge to prevent the spread of shigella within a 
family, and in a day care or nursing home setting.  

• Campylobacter and Escherichia coli (other strains of E. coli are normal 
flora) (Lehmann et al., 1999). 

        
2- Antimicrobial chemotherapy: 
      

 The modern era of antimicrobial chemotherapy began in 1929 with 
Fleming's discovery of the powerful bactericidal substance penicillin, and 
Domagk's discovery in 1935 of synthetic chemicals (sulfonamides) with broad 
antimicrobial activity. Antibiotics came into widespread use during the 1940s. 
At the time, they were often called (Wonder drug) because they cured many 
bacterial diseases that were once fatal, such as meningitis, pneumonia, 
tuberculosis and scarlet fever (Todar, 2002b). 
 
      Antibiotics have been defined as a substances produced by certain bacteria 
or fungi that kills other cells or interferes with their growth. In nature, these 
substances help some microbes survive by limiting the multiplication of other 
microbes that share the same environment. Antibiotics that attack pathogenic 
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(disease-causing) microbes without severely harming normal body cells are 
useful as drugs (Greenwood, 1998 & Chopra, 2002). 
 
      Antibiotics are substances that destroy bacteria by damaging their cell wall 
or by interfering with their biochemical processes so they cannot grow and 
reproduce. 

1. Many of these substances are naturally occurring chemicals produced by 
other living organisms such as:- 

a. Penicillin which is produced by a fungus. 
b. Tetracycline and Erythromycin are produced by a group of soil 

dwelling bacteria called Streptomycas. 
2. Others are called semi-synthetic antibiotics that are produced by making 

changes to the chemistry of the original naturally occurring substances by 
scientists to developed antibiotics more effective to kill bacteria that were 
resistant to natural antibiotics. But now some bacteria are able to resist 
them (semi-synthetic antibiotics). Surely, this new resistance must be an 
evidence of evolution (Neu and Gootz, 2001). 

       Antibiotics are low-molecular weight substances that are produced as 
secondary metabolites by certain groups of microorganisms, especially 
Streptomyces, Bacillus, and a few molds (Penicillium and Cephalosporium) 
that are inhabitants of soils (Table 1). Antibiotics may have a cidal (killing) 
effect or a static (inhibitory) effect on a range of microbes. The range of 
bacteria or other microorganisms that is affected by a certain antibiotic is 
expressed as its spectrum of action. Antibiotics effective against procaryotes 
which kill or inhibit a wide range of gram-positive and gram-negative bacteria 
are said to be broad spectrum. If effective mainly against gram-positive or 
gram-negative bacteria, they are narrow spectrum. If effective against a single 
organism or disease, they are referred to as limited spectrum  (Murray, 1998 & 
Todar, 2002b). 
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  Table (1): Classes of some antibiotics and their properties.  
Chemical class Examples Biological source Spectrum (effective 

against) Mode of action 

Beta-lactams 
(penicillins and 
cephalosporins) 

PenicillinG, 
cephradine 
Cefuroxime 

Cefoxitin 
Cefoperazone 
Cefotaxime 
ceftazidime 

cefepime 

Penicillium 
notatum 

and 
Cephalosporium 

species 

Gram-positive and  
gram-negative 

bacteria 

Inhibits steps in cell wall 
(peptidoglycan) synthesis 

and murein assembly 

Semi synthetic 
penicillin 

Ampicillin, 
Amoxycillin  

Gram-positive and 
Gram-negative 

bacteria 

Inhibits steps in cell wall 
(peptidoglycan) synthesis 

and murein assembly 

Clavulanic Acid 
Clavamox is 

clavulanic acid 
plus amoxycillin 

Streptomyces 
clavuligerus 

Gram-positive and 
Gram-negative 

bacteria 

"Suicide" inhibitor of 
beta-lactamases 

Monobactams Aztreonam Chromobacter 
violaceum 

Gram-positive and 
Gram-negative 

bacteria 

Inhibits steps in cell wall 
(peptidoglycan) synthesis 

and murein assembly 

Amino-
glycosides Gentamycin Micromonospora 

species 

Gram-positive and 
Gram-negative 

bacteria esp. 
Pseudomonas 

Inhibit translation 
(protein synthesis) 

Macrolides Erythromycin 
Azithromycin 

Streptomyces 
erythreus 

 
 

Gram-positive 
bacteria, Gram-
negative bacteria 

not enterics, 
Neisseria, 

Legionella, 
Mycoplasma 

Inhibits translation 
(protein synthesis) 

Polypeptides Polymyxin E 
(Colistin sulfate) Bacillus polymyxa Gram-negative 

bacteria 
Damages cytoplasmic 

membranes 

Rifamycins Rifampicin Streptomyces 
mediterranei 

Gram-positive and 
Gram-negative 

bacteria, 
Mycobacterium 

tuberculosis 

Inhibits transcription 
(bacterial RNA 

polymerase) 

Tetracyclines Tetracycline Streptomyces 
species 

Gram-positive and 
Gram-negative 

bacteria, 
Rickettsias 

Inhibit translation 
(protein synthesis) 
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- Biochemical basis of antimicrobial action:  

      Bacterial cells grow and divide, replicating repeatedly to reach the large 
numbers present during an infection or on the surfaces of the body. To grow 
and divide, organisms must synthesize or take up many types of biomolecules. 
Antimicrobial agents interfere with specific processes that are essential for 
growth and/or division. They can be separated into groups such as: (A) 
inhibitors of bacterial and fungal cell walls, (B) inhibitors of cytoplasmic 
membranes,(C) inhibitors of ribosome function (Protein synthesis) ,(D) 
inhibitors of nucleic acid synthesis and (E) inhibitors for metabolites or growth 
factors needed in bacterial metabolism (competitive inhibitors)  (table 1, fig.1) 
(Neu and Gootz, 2001).  

Fig (1): Sites of action of different antimicrobial agents.                       
PABA, paraminobenzoic acid; DHF, dihydrofolic acid; THF, 

tetrahydrofolic acid. 

A- Cell wall inhibitors:- 
      Cell wall synthesis inhibitors generally inhibit some step in the synthesis of 
bacterial peptidoglycan. Generally they exert their selective toxicity against 
eubacteria because human cells lack cell walls (Mandell and Perti, 1996 & 
Todar, 2002b). 



                                                                                                                 

 -97- 

     Bacteria are classified as Gram-positive and Gram-negative organisms on 
the basis of staining characteristics. Gram-positive bacterial cell walls contain 
peptidoglycan and teichoic or teichuronic acid, and the bacterium may or may 
not be surrounded by a protein or polysaccharide envelope. gram-negative 
bacterial cell walls contain peptidoglycan, lipopolysaccharide, lipoprotein, 
phospholipid, and protein (Fig. 2). The critical attack site of anti-cell-wall 
agents is the peptidoglycan layer. This layer is essential for the survival of 
bacteria in hypotonic environments; loss or damage of this layer destroys the 
rigidity of the bacterial cell wall, resulting in death (Chopra, 2002).  

 

 

 

 

 

 

 

 

 

 

Fig (2): Outer cell wall of gram-positive and gram-negative bacterial cells. 

Antimicrobial agents diffuse easily through the loose outer wall of gram-
positive bacteria, but must go through the narrow channels of the gram-negative 
species (porin channels). 

      B-lactam antibiotics, which are named for the b-lactam ring in their 
chemical structure, include the penicillins, cephalosporins and related 
compounds. These agents are active against many gram-positive, gram-negative 
and anaerobic organisms. The B-lactam antibiotics exert their effect by 
interfering with the structural crosslinking of peptidoglycans in bacterial cell 
walls. Because many of these drugs are well absorbed after oral administration, 
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they are clinically useful in the outpatient setting (Mandell and Perti, 1996 & 
Wright, 1999).  

       All B-lactam antibiotics interfere with bacterial cell wall synthesis by 
inhibiting a number of bacterial enzymes, namely penicillin binding proteins 
(PBPs), that are essential for synthesis of peptidoglycan of bacterial cell wall. 
In addition these agents may produce bactericidal effect by triggering autolytic 
enzymes in the cell envelope (Greenwood, 1998 & Keith et al., 2000). 

       Different B-lactams differ in their spectrum of activity and their effect on 
gram-negative rods, as well as their toxicity, stability in the human body, rate of 
clearance from blood, whether they can be taken orally, ability to cross the 
blood-brain barrier, and susceptibility to bacterial B-lactamases (Lee et al.,  
2003).                                                                                                                                                    

         A cephalosporins are derivatives of the fermentation product of 
Cephalosporium acremonium. Cephalosporins are divided into four generation 
that are based on general features of their antibacterial activity. In general, 
progression from first to fourth generation reveals broad gram-negative 
spectrum, and greater efficiency against resistant organisms (Yao and 
Moellering, 1999 & Covington et al., 1998). 

        Baker, (2001) said that, cephalosporins are B-lactam antibiotics with a 
similar mode of action to penicillins that are produced by species of 
Cephalosporium. They have a low toxicity and a somewhat broader spectrum 
than natural penicillins. They are often used as penicillin substitutes, against 
gram-negative bacteria, and in surgical prophylaxis. They are subject to 
degradation by some bacterial B-lactamases, but they tend to be resistant to B-
lactamases from Staphylococcus aureus. 

       Bacterial resistance against B-lactam antibiotics is increasing at a significant 
rate and has become a common problem worldwide. There are several 
mechanisms of antimicrobial resistance to B-lactam antibiotics. One important 
mechanism is the production of B-lactamases, which are enzymes that cleave the 
B-lactam ring. B-lactamase activity can occur in gram-positive organisms 
(Staphylococcus aureus and Staphylococcus epidermidis); gram-negative 
organisms (Haemophilus influenzae, Neisseria gonorrhoeae, Moraxella, 
Escherichia coli, Proteus, Serratia, Pseudomonas and Klebsiella species); and 
anaerobic organisms (Wright, 1999 & Hsueh  et al., 2007). 

        The newer B-lactam antibiotics can be highly effective in combating 
infections caused by B-lactamase producing organisms. B-lactamase inhibitors 
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(clavulanic acid, sulbactam and tazobactam) have weak intrinsic antibacterial 
activity when used alone, but their effectiveness increases when they are 
combined with a B-lactam antibiotic (e.g., amoxycillin\clavulanic acid). This 
combination drug provides increased antimicrobial coverage of B-lactamase -
producing strains of S. aureus, H. influenzae, N. gonorrhoeae, E. coli, Proteus, 
and Klebsiella species. It has little activity against Pseudomonas or methicillin-
resistant S. aureus. (Keith et al., 2000 & Chopra, 2002). 

         Carbenicillin is a semi-synthetic antibiotic. is highly active against gram-
negative bacteria. It prevents bacterial cell wall synthesis by binding and 
inactivating transpeptidases which are needed for the crosslinking of 
peptidoglycan (Greenwood, 1998). 

 
B- Cell membrane inhibitors:-  
        These antibiotics disorganize the structure or inhibit the function of 
bacterial membranes. The integrity of the cytoplasmic and outer membranes is 
vital to bacteria (Neu and Gootz, 2001). 

        Arthur, (1993) stated that the biologic membranes are composed basically 
of lipid, protein, and lipoprotein. The cytoplasmic membrane acts as a diffusion 
barrier for water, ions, nutrients and transport systems, and compounds that 
disorganize the membranes rapidly kill the cells. 

       Certain antibiotics, like polymyxins (polymyxin E (e.g.colistine)), act as 
detergents to dissolve bacterial cell membranes by binding to phospholipids 
present in the membranes. Polymixins do not act on fungi. Polymyxin E (e.g 
colistin)binds to lipopolysaccharide and also to phospholipids. However, this 
disrupts the outer membrane of gram negative bacteria. Since the cell membrane 
is not exposed in gram positive bacteria colistin sulphate has little activity 
against them. This drug is toxic to human cells, since it can also lyze eukaryotic 
membranes; this explains its limited clinical use (Chopra, 2002). 

C- Protein synthesis inhibitors:- 
       Many therapeutically useful antibiotics owe their action as inhibitors of 
some step in the complex process of protein synthesis. Their attack is always at 
one of the events occurring on the ribosome and never at the stage of amino acid 
activation or attachment to a particular tRNA. Most have an affinity or 
specificity for 70S (as opposed to 80S) ribosomes, and they achieve their 
selective toxicity in this manner. The most important antibiotics with this mode 
of action are the tetracyclines, chloramphenicol, the macrolides (e.g. 
azithromycin) and the aminoglycosides (e.g. gentamycin) (Todar, 2002b). 
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        -Aminoglycosides as (amikacin, gentamycin, and netilmicin): The currently 
available aminoglycosides are drived from Micromonospora spp. (e.g. 
gentamycin) or from Streptomyces spp. (e.g. streptomycin, kanamycin, 
neomycin and tobramycin). Amikacin is a semisynthetic derivative of 
kanamycin (Greenwood,1998 & Yao and Moellering, 1999). 

       Gilbert et al., (1999) stated that, aminoglycosides are bactericidal that 
inhibit bacterial protein synthesis by binding irreversibly to the bacterial 30S 
ribosomal subunits. The aminoglycosides-bound bacterial ribosomes then 
become unavailable for translation of m-RNA during protein synthesis, and this 
situation leads to cell death. 

        Aminoglycosides antibiotics are active primarily against aerobic gram-
negative bacilli and Staphylococcus aureus. it may also be used in combination 
with penicillin or vancomycin for treatment of infective endocarditis due to 
Streptococcus viridans or enterococci (Yao and Moellering,1999). 

          Amikacin was developed from kanamycin, the first less toxic alternative 
to older aminoglycosides. Because amikacin has the broadest spectrum of 
activity of the aminoglycosides, including superior activity against pathogens 
such as Pseudomonas species and kanamycin-resistant Enterobacteriaceae, it 
eclipsed the use of kanamycin, a drug with a very similar pharmacokinetic 
profile. Amikacin is considered effective against strains not susceptible to other 
aminoglycosides because it resists some aminoglycoside inactivating enzymes.  

       Gentamycin are mainstays for treatment of Pseudomonas infections. An 
unfortunate side effect of aminoglycosides has tended to restrict their usage. 
Prolonged use is known to impair kidney function and cause damage to the 
auditory. In-vitro tests have shown gentamycin to be active against Salmonella, 
Enterobacter, Escherichia coli, Klebsiella pneumoniae, and most Proteus 
species, Pseudomonas aeruginosa, Serratia, Shigella, Staphylococcus species 
and some Streptococcus species (Chopra, 2002). 

      - Tetracyclines as (tetracycline): are secondary metabolites of Streptomyces 
spp. They are broad spectrum bacteriostatic antibiotics, which inhibiting only 
the formation of new peptide chains. They inhibit a wide variety of bacteria, 
chlamydias, and mycoplasmas and are extremely useful antibiotics (Sader et 
al., 2007). 

      -Maccrolides as (azithromycin): The most important members of this group 
are erythromycin, azithromycin and oleandomycin. Macrolides are 
bacteriostatic for most bacteria but are bactericidal for a few Gram-positive 
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bacteria, however methicillin-resistant staphylococci and many enterococci are 
resistant to all maccrolides (Greenwood, 1998). 
 
D-  DNA (Nucleic Acid) synthesis inhibitors:- 
       Some antibiotics and chemotherapeutic agents affect the synthesis of DNA 
or RNA, or can bind to DNA or RNA so that their messages cannot be read. 
Either case, of course, can block the growth of cells. Two nucleic acid synthesis 
inhibitors which have selective activity against procaryotes and some medical 
utility are the quinolones and rifamycins (Todar,2002b).  

      -Quinolones as (nalidixic acid, levofloxacin and ofloxacin): bind to the 
cleavage complex composed of DNA and gyrase during this strand passage. 
This interaction of quinolone acts to stabilize the cleavage intermediate which 
has a detrimental effect on the normal DNA replication process. The effects of 
this inhibition result in the death of the bacterial cell. The newer 
fluoroquinolones such as ciprofloxacin, ofloxacin and levofloxacin also interact 
with DNA gyrase and possess a broad spectrum of antimicrobial activity 
(Hooper, 2000). 

      Some quinolones penetrate macrophages and neutrophils better than most 
antibiotics and are thus useful in treatment of infections caused by intracellular 
parasites. However, the main use of nalidixic acid is in treatment of lower 
urinary tract infections (UTI). The compound is unusual in that it is effective 
against several types of gram-negative bacteria such as E. coli, Enterobacter 
aerogenes, Kle. pneumoniae and Proteus species which are common causes of 
UTI. It is not usually effective against Pseudomonas aeruginosa and Gram-
positive bacteria are resistant (Oliphant and Green, 2002). 

      -Rifamycins as (rifampicin) are a comparatively new group of antibiotics, 
rifampicin  is a semisynthetic derivative of rifamycin which belongs to 
macrocyclic compounds produced by the mold Streptomyces mediterrnei, that 
is active against gram-positive bacteria and some gram-negative bacteria. It 
exerts its bactericidal effect by forming a stable complex with bacterial DNA-
dependent RNA-polymerase, preventing the chain initiation process of DNA 
transcription (Greenwood,1998 & Todar,2002b). 

E- Competitive inhibitors:- 
       Many of the synthetic chemotherapeutic agents are competitive inhibitors 
of essential metabolites or growth factors that are needed in bacterial 
metabolism.  Hence, these types of antimicrobial agents are sometimes referred 
to as anti-metabolites or growth factor analogs, since they are designed to 
specifically inhibit an essential metabolic pathway in the bacterial pathogen. At 
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a chemical level, competitive inhibitors are structurally similar to a bacterial 
growth factor or metabolite, but they do not fulfill their metabolic function in 
the cell. Some are bacteriostatic and some are bactericidal. Their selective 
toxicity is based on the premise that the bacterial pathway does not occur in the 
host (e.g sulfonamides and trimethoprime) as sulphamethoxazole trimethoprime 
(Chopra, 2002). 
 
3- B-Lactamase and bacterial resistance 
 
        B-lactamases are the commonest cause of bacterial resistance to B-lactam 
antimicrobial agents (Livermore, 1995 & D’Azevedo et al., 2004).  
 
        B-lactamases are widely distributed in nature and they are usually classified 
on the basis of the principle compounds they destroy (e.g as penicillinase or 
cephalosporinase) (Gniadkowski, 2001). 
 
        B-lactamases have been classified by their hydrolytic spectrum, 
susceptibility to inhibitors, and whether they are encoded by the chromosome or 
by plasmids (Bush et al., 1995 & Bush, 2001). 
 
        Mitsuhashi and Hashimoto, (1975) reported that, the highly producers of 
cephalosporinase among the gram-negative bacteria are generally highly 
resistant to cephalosporins, ampicillin and also to B-lactamase inhibitors.  
 
         Resistant bacteria are emerging worldwide as a threat to the favourable 
outcome of common infections in community and hospital settings. B-lactamase 
producing by several gram–negative and gram-positive organisms, is perhaps the 
most important single mechanism of resistance to penicillins and cephalosporins. 
In the past it was believed that cephalosporins were relatively immune to attack 
by B-lactamases. It was surprising to find cephalosporin resistant Klebsiella spp. 
among the clinical isolates. The mechanism of this resistance was production of 
extended-spectrum B-lactamases (ESBLs) (Ayyagari and Bhargava, 2001). 
 
        Nathisuwan et al., (2001) found that, the first ESBL isolates were 
discovered in Western Europe in mid 1980s and subsequently in the US in the 
late 1980s. The resistant organisms are now a worldwide problem. They can be 
found in a variety of Enterobacteriaceae species, however, the majority of 
ESBL-producing strains are Klebsiella pneumoniae, Klebsiella oxytoca and 
Escherichia coli. Other organisms reported to harbour ESBLs include 
Enterobacter spp., Salmonella spp., Morganella morganii, Proteus mirabilis, 
Serratia marcescens and Pseudomonas aeruginosa. However, the frequency of 
ESBL production in these organisms is low. 
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        Extended-spectrum B-lactamases (ESBLs) are defined as B-lactamases 
capable of hydrolyzing oxyimino-cephalosporins that are inhibited by clavulanic 
acid (Bradford, 2001 & Jacoby and Munoz-Price, 2005). 
 
        Al-Jasser, (2006) reported that, cefodoxime and ceftazidime have been 
proposed as indicators for ESBL production as compared to ceftriaxone and 
cefotaxime. Hence, an institution where only ceftriaxone and cefotaxime are 
used in the routine sensitivity testing panel may have difficulty in detecting 
ESBLs. 
 
        The extended-spectrum B-lactamase enzymes (ESBLs) are plasmid 
mediated enzymes capable of hydrolyzing and inactivating a wide variety of B-
lactams, including third generation cephalosporins, penicillins and aztreonam. 
These enzymes are the result of mutations of TEM-1, TEM-2 and SHV-1.All of 
these B-lactamase enzymes are commonly found in the Enterobactariaceae 
family. Normally, TEM-1, TEM-2 and SHV-1 enzymes confer high level 
resistant to early penicillin and low level resistant to first generation 
cephalosporins. Widespread use of third generation cephalosporins and 
aztreonam is believed to be the major cause of the mutations in these enzymes 
that has led to emergence of the ESBLs (Nathisuwan et al., 2001). 
 
        Members of the family Enterobacteriacae commonly express plasmid-
encoded B-lactamases (e.g., TEM-1, TEM-2, and SHV-1) which confer 
resistance to penicillin but not expanded-spectrum cephalosporins. ESBLs are B-
lactamases that hydrolyze extended-spectrum cephalosporins with an oxyimino 
side chain. They derived from genes for TEM-1, TEM-2, and SHV-1 by 
mutation that alter the amino acid configuration around the active site of these 
B-lactamases. This extends the spectrum of B-lactam antibiotics susceptible to 
hydrolysis by these enzymes. The ESBLs are frequently plasmid encoded. 
Plasmid responsible for ESBL production frequently carry genes encoding 
resistance to other drug classes (e.g., aminoglycosides). Therefore, the antibiotic 
option in the treatment of ESBL-producing organisms are extremely limited. 
ESBL-producing organism may appear susceptibility to some extended-
spectrum cephalosporins. However, treatment with such antibiotics has been 
associated with high failure rate (George et al., 2005). 
 
        Since, ESBL production is usually plasmid mediated it is possible for one 
specimen to contain both ESBL production and non ESBL producing cells of the 
same species. This suggests that for optimal detection, several colonies must be 
tested from a primary culture plate (Coudron et al., 1997).        
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         As a result of the ability of plasmids to continue to acquire additional 
resistance determinants, many of the B-lactamase producing gram-negative 
pathogens has become multi-drug resistant. In combination with decreased 
permeability, the organisms can become virtually untreated with current 
therapies (Bush, 2001).  
    
         Plasmid responsible for ESBLs production tend to be large and carry 
resistance to several agents, an important limitation in the design of treatment 
alternatives. The most frequent co-resistances found in ESBL producing 
organisms are aminoglycosides, fluoroquinolones, tetracyclines, 
chloramphenicol and sulphamethoxazole-trimethoprim (Nathisuwan et al., 
2001). 
 
         None of these extended-spectrum B-lactamases have been shown to be 
transposable. The usual transmissibility of the responsible plasmids, however, 
allows resistance to spread readily to other pathogens. So that extended spectrum 
enzymes have been found in nearly all species of Enterobacteriaceae. 
(Ayyagari and Bhargava, 2001). 
         
        Jacoby and Munoz-Price, (2005) recorded that, among the gram-negative 
bacteria, the emergence of resistance to expanded-spectrum cephalosporins has 
been a major concern, and it appeared initially in a limited number of bacterial 
species (Enterobacter cloacae, Citrobacter freundii, Serratia marcescens and 
Pseudomonas aeruginosa) that could mutate to hyper-produce their 
chromosomal class C B-lactamase. A few years later, resistance appeared in 
bacterial species not naturally producing AmpC-enzymes such as (Klebsiella 
pneumoniae, Salmonella spp., Proteus mirabilis) due to the production of TEM- 
or SHV- type ESBLs. 
 
        Bush et al., (1995) & Revathi and Singh, (1997) reported that, all the 
members of the Enterobacteriaceae, except Salmonellae species, also carry a 
different class of B-lactamase enzymes termed "cephalosporinases" these 
enzymes are encoded by the ampC gene, which is chromosomally located. 
  
        AmpC type B-lactamases are commonly isolated from extended-spectrum 
cephalosporin-resistant gram-negative bacteria. AmpC B-lactamases are 
typically encoded on the chromosome of many gram-negative bacteria including 
Citrobacter, Serratia and Enterobacter species where its expression is usually 
inducible. It may also occur in Escherichia coli but not usually inducible, 
although it can be hyper-expressed. AmpC type B-lactamases may also carried 
on plasmids, and it in contrast to ESBLs, hydrolyze broad and extended-
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spectrum cephalosporins but are not inhibited by B-lactamase inhibitors such as  
clavulanic acid (Chanal et al., 1996 & George et al., 2005). 
 

        B-lactamase inhibitors may be classified as either reversible or irreversible. 
Reversible inhibitors, are those that bind to an enzyme in such manner that the 
enzyme activity may be restored. While, irreversible inhibitors, alter the enzyme 
so that the enzyme is incapable of catalyzing the normal conversion of the 
substance to the product even the inhibitor has been removed (Bush, 1988 &  
Jacoby and Medeiores, 1991). 
 

        B-lactamase inhibitors, are naturally occurring antibiotics that are 
possessing B-lactam ring, including clavulanic acid, sulbactam and tazobactam. 
They are noteworthy not for their intrinsic antibacterial activity, but because 
they have a high affinity for, and stability to bacterial B-lactamases. These 
agents are formulated with B-lactam compounds to secure their activity against 
otherwise resistant organisms (Greenwood, 1998) & (Al-Jasser, 2006). 
 

        Lee  et al., (2003) states that, clavulanic acid is a chemical sometimes 
added to a semisynthetic penicillin preparation. Thus, amoxycillin plus 
clavulanate is clavamox or augmentin. The clavulanate is not an antimicrobial 
agent. It inhibits B-lactamase enzymes and has given extended life to 
penicillinase-sensitive  B-lactams. 
        The clavulanic acid inhibits B-lactamases from Staphylococci and many 
gram-negative bacteria. This agent acts as "suicide inhibitor" by forming an 
irreversible acyl enzyme complex with the B-lactamase, leading to loss of 
activity of the enzyme. Also sulbactam functions as an effective inhibitor of 
certain plasmid mediated B-lactamases and acts synergistically with penicillins 
and cephalosporins against organisms that are otherwise resistant to B-lactam 
drug because of the production of B-lactamases (Neu and Fu, 1978 & Ito and 
Oka, 2005). 
 

        Bush, (1988) reported that, oxazoyipenicillin (such as cloxacillin and 
oxacillin), methoxycephems, ceftizoxime and monobactam (such as aztreonam) 
are considered as reversible inhibitors (competitive) of various types of B-
lactamases. Whereas, a sulphated macrolide (such as noncompetitive inhibitors) 
is a suicide inactivator, which usually requires a finite time period for 
inactivation of the enzymes.  
      

    Hugo and Russell, (1992) noted that clavulanic acid a naturally occurring 
B-lactamase inhibitor has revitalized interest in approach of overcoming 
bacterial resistance. The first discovered clavulanic acid produced by 
Streptomyces clavuligerous then used sulbactam, and tazobactam.      
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    Philippon et al.,(2002) & Lee et al., (2003)  found that, the inhibitors 
(clavulanic acid, sulbactam, and tazobactam) have a weak antibacterial activity 
and are used with a companion penicillin or cephalosporin. 
  
4- Antibacterial resistant 
 
4.1 Inherent (natural) resistance: 
        Hancock, (1998)  suggested that, the basis for the high intrinsic resistance 
of same isolated microorganisms is the low permeability of the outer-membrane, 
coupled with secondary resistance mechanisms such as inducible 
cephalosporinase, which take advantage of low outer-membrane permeability. 
Even a small change in antibiotic susceptibility of these organisms can result in 
an increase in the MIC of a drug to a level that is greater than the clinically 
achievable level. 
 
        Gram-negative bacteria have an additional outer membrane, composed of 
lipopolysaccharide, that is located around the cytoplasmic membrane and the 
thin peptidoglycan layer. The outer hydrophobic cell wall layer inhibits the 
diffusion of some unmodified penicillins conferring resistance to them (Brody 
et al., 1994 & Gomez-Luslafita, 2003). 
        
 4.2 Acquired resistance: 
         Quintiliani et al., (1999) reported that, the acquired resistance is the 
acquired ability of the bacteria to grow and multiply in the presence of 
antibiotics, which present in certain strains of a species or of a genus. 
 

        Brody et al., (1994) & Shapiro, (1999) states that, the basic mechanisms 
of acquired microbial resistance to antimicrobial agents are generally divided 
into five categories: 

• The development of an altered drug target. 
• A decrease in the concentrations of drug that reaches the receptors by 

altered rates of entry or removal of the drug. 
• Degradation of the antibiotic. 
• The development of alternate pathways that are no longer susceptible to 

the antibiotic. 
• Failure to metabolize the drug to its active state.  

         Todar, (2002c) states that, the acquired resistance is result from changes 
in the bacterial genome, and it is driven by two genetic processes in bacteria: 
a- Mutation and selection. Sometimes called (vertical evolution). 
b- Exchange of genes between strains and species sometimes called (horizontal 
evolution). 
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A- Vertical evolution: 
         This developed as a result of spontaneous mutation in the locus that 
controls susceptibility to give antimicrobial resistance (Karchmer, 1996). 
 
         Hsueh et al., (2007) stated that, Vertical evolutions strictly a matter of 
Darwinian evolution driven by principles of natural selection: a spontaneous 
mutation in the bacterial chromosome imparts resistance to a member of the 
bacterial population. In the selective environment of the antibiotic, the wild 
types (non-mutants) are killed and the resistant mutant is allowed to grow and 
flourish. 
 
 B- Horizontal evolution: 
        It is the acquisition of the genes of resistance from another organism 
Todar, 2002c). For example, a Streptomycetes has a gene for resistance to 
Streptomycin (its own antibiotic) but somehow that gene escapes and gets into 
Escherichia coli or Shigella. 
        
        Karchmer, (1996) stated that resistance genes may be a part of 
extrachromosomal plasmid DNA, or a part of transposons DNA unit that move 
between chromosomes and transmissible plasmid. 
 
I- Plasmids:  
       Lodish et al., (2000) stated that, plasmids are circular, double –stranded 
DNA molecules that are separate from a cells chromosomal DNA. These 
extrachromosomal DNAs, occur naturally in bacteria, yeast and some higher 
eukaryotic cells. Plasmids range in size from a few thousand base pairs to more 
than 100 kilobases (kb). Like the host cell chromosomal DNA, plasmid DNA is 
duplicated before every cell division. During cell division, at least one copy of 
the plasmid DNA is segregated to each daughter cell, assuring continued 
propagation of the plasmid through successive generation of the host cell. Many 
naturally occurring plasmids contain genes that provide some benefit to the host 
cell, fulfilling the plasmids protein of the symbiotic relationship. For example, 
some bacterial plasmids encode enzymes that inactivate antibiotics. Such drug 
resistance plasmid have become a major problem in the treatment of a number 
of a common bacterial pathogens. As antibiotics use became a wide spread, 
plasmids containing several drug-resistance gene evolved, making there host 
cells resistant to a variety of different antibiotics simultaneously. They also 
added that, many of these plasmids also contain "transfer genes" encoding 
proteins that can form a macromolecular tube, or pilus through which a copy of 
the plasmid can be transferred to other host cells of the same or related bacteria 
species. 



                                                                                                                 

 -108- 

          Such transfer can result in the rapid spread of drug-resistance plasmids, 
expanding the number of antibiotic-resistant bacteria in an environment such as 
a hospital. Thus, coping with the spread of drug-resistance plasmids is an 
important challenge for modern medicine. 
 
         Amyes and Young, (1997) defined them as an extrachromosomal DNA 
elements that replicate separately from but usually under control of bacterial 
chromosome. Plasmids provide genes for the host, which will enable the host to 
prosper under difficult conditions, especially antimicrobial drug challenge. 
 
       Actis et al., (1999) stated that, plasmids are self replicating 
extrachromosomal DNA molecules found in gram-negative and gram-positive 
bacteria as well as in some yeast and other fungi. Although, most of them are 
covalently closed circular double stranded DNA molecules. Recently, linear 
plasmids have been isolated from different bacteria. 
         In general , plasmids are not essential for the survival of bacteria, but they 
many nevertheless encode a wide variety of genetic determinates, which permit 
their bacterial hosts to survive better in an adverse environment to complete 
better with other micro-organisms occupying the same ecological niche. The 
medical importance of plasmid that encode for antibiotic resistance as well as 
specific virulence traits has been well documented and demonstrated the 
important role of these bacterial genetic elements play in nature. 
         Plasmids that are routinely used as vectors are those that carry genes for 
drug-resistance. The drug-resistance genes are useful because the drug-
resistance phenotype can be used to select not only for cells transformed by 
plasmids, but also for vectors containing recombinant DNA. They also reported 
that, conjugation (which is merely the fusion of two compatible bacterial cells) 
and gene transfer in Escherichia coli are driven by a circular DNA plasmid 
called the fertility factor or sex factor (F) which is found in some but not all 
cells, cells carrying the F plasmid are designated F+ , and those lacking it are F¯. 
 
       Plasmid that carries drug-resistance gene is called R-plasmid (resistance-
plasmid). This can spread rapidly through bacterial population. They are 
transmitted from a bacterium to another through normal gene exchange 
processes. The plasmid resistant genes code for enzymes that destroy or modify 
drugs, rendering them ineffective. A single plasmid may carry genes for 
resistance to several drugs (Sunstad et al., 1997 & Hellinger, 2000). 
 

Parisi and Hecht, (1980) & (Livermore, 2000) reported that, the 
plasmid profile analysis have been able to establish the non-identity of strains 
that appeared identical by other conventional method. 
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 II- Transposons and integrons: 
        Transposons are mobile pieces of DNA that can insert themselves into 
various locations on the bacterial chromosome as well as move into plasmids or 
bacteriophage DNA (Wood et al., 1996). 
 
        Transposons supply the way that expands that host rang of antibiotic 
resistance genes. Special types of transposons are conjugative transposons that 
can even jump or transpose from chromosome of one strain to chromosome of 
another (Todar, 2002c). 
 
        Some plasmids or transposons have genetic elements termed integrons that 
enable them to capture exogenous genes (Collis and Hall, 1995). 
 
        Mucha and Farrand, (1986) & Liu, (1999) reported that, resistance to 
gentamycin and other clinically useful antibiotics, including ampicillin and 
carbenicillin has been disseminated through transposons. 
 
        A number of resistant genes may be inserted into a given integron resulting 
in resistance to multiple antimicrobial drugs, such as b-lactamases, 
aminoglycosides, sulphonamides, tetracyclines and chloramphenicol 
(Levessque et al., 1995). 
 
        With increasing antimicrobial resistance reported from over the world, it is 
important to find antibiotics with enhanced activity against resistant organisms. 
Antibiotic resistance is a particular problem in gram-negative rods bacteria, with 
some strains showing high level resistance to aminoglycosides, B-lactams, and 
vancomycin. Antibiotic combinations are used to enhance antibacterial efficacy 
and prevent the development of resistance (Athamna et al., 2005). 

        Fish et al., (2002)  reported that, combination antibiotics contain more than 
one antibiotic agent in the preparation. They are designed to either improve 
efficacy through synergistic action of the agents or to overcome bacterial 
resistance. 

       White et al., (1996) & Athamna et al., (2005) noted that, combination 
therapy with two or more antibiotics is used in special cases:  

a) To prevent the emergence of resistant strains.  
b) To treat emergency cases during the period when an etiological diagnosis 

is still in progress.  
c) To take advantage of antibiotic synergism.  
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       Combination antibiotic therapy is used in attempt to avoid the emergence of 
resistance, it can broaden the bacterial spectral range, and synergy between the 
antimicrobials can lead to a better clinical outcome (Acar, 2000 & Bonapace et 
al., 2000). 
 
        Lin et al., (2005) reported that, the combination of antibiotics is a potential 
new strategy for developing therapies for infections caused by ESBL-producing 
bacteria in the future. 
 
        The concept of "synergy"  for antibiotic combinations is an effect greater 
than that of the combined "additive" or "indifference" effect of the individual 
components of a mixture (Odds, 2003). 
 
       An antibiotic synergism occurs when the effects of a combination of 
antibiotics is greater than the sum of the effects of the individual antibiotics. 
Antibiotic antagonism occurs when one antibiotic, usually the one with the least 
effect, interferes with the effects of another antibiotic (Neu and Gootz, 2001).  
 
      There are approximately 160 antibiotics used for medical treatment. This 
means there are approximately 13000 double, 700 000 triple, and over 26 
million quadruple combinations are possible. Combinations of known and 
registered antibiotics allows product development without extreme cost 
associated with new compounds (Service, 1995 & Lambert et al., 2002).  
 
         Fish et al., (2002) reported that, synergy was observed particularly when 
bacterial strains were resistant to one or both agents in the combination tested. 
Although synergy was demonstrated in vitro for all fluoroquinolones, 
ciprofloxacin or levofloxacin would be the most suitable for routine empirical 
clinical use, especially against Pseudomonas aeruginosa based on clinically 
achievable drug concentrations with commonly used dosage. Pseudomonas 
aeruginosa exhibits high-level resistance to many antimicrobials and, because of 
its ability to develop resistance during therapy, empirical treatment for serious 
systemic infections usually involves two-drug combination regimens. One such 
potentially favourable combination is a ß-lactam plus a fluoroquinolone. 
Ciprofloxacin and levofloxacin are usually perceived to have the greatest 
activity against Pseudomonas aeruginosa on the basis of lower MICs. However, 
other fluoroquinolones also possess in vitro activity against this pathogen and 
may have synergic activity with ß-lactams, which would make them clinically 
useful for antipseudomonal therapy despite higher MIC values when tested as 
single agents. 
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        The basic quantitative measures of the in-vitro activity of antibiotic 
Susceptibility are the minimum inhibitory concentration (MIC). The MIC is the 
lowest concentration of the antibiotic that results in inhibition of visible growth 
(i.e. colonies on a plate or turbidity in broth culture) under standard conditions.  

       For an antibiotic to be effective the MIC must be able to be achieved at the 
site of the infection. The pharmacological absorption and distribution of the 
antibiotic will influence the dose, route and frequency of administration of the 
antibiotic in order to achieve an effective dose at the site of infection.  

        Michel et al., (1975) showed that, sub MIC of chloramphenicol can inhibit 
B-lactamase production in gram –negative bacilli. 
 
       Abdel-fatah et al., (1993) in their study found that, penicillinase production 
of (Staphylococcus aureus, Bacillus cereus and Pseudomonas fluorescens) can 
be inhibited by sub MICs of clindamycin, streptomycin, chloramphenicol, 
erythromycin and clavulanic acid. Maximal inhibitory effect was generally 
induced by concenteration ranging from 1\2 to 1\32 of MIC of clindamycin and 
clavulanic acid which produced synergy when combined with penicillin G. 
 
5- Radiation interaction with biological materials 
 
        Radiation, is a physical phenomenon in which energy travels through space 
as a wave motion, without the aid of material medium. 
       Gamma radiation has a narrow range of length and high energy which 
results from the nuclear disintegration of certain radioactive substances such as 
the isotopes cobalt Co60 and cesium Cs137 (Kiefer, 1990). 
 
       Ionizing radiation has received its name due to its ability to ionize atoms 
and molecules of the irradiated substance. During the elementary events of 
radiation, the atom or molecule becomes excited and this can be accompanied 
by the loss of electrons. The remaining part of the atom or molecule carries a 
positive charge and becomes a positive ion (Yarmenko, 1988). 
 
        Ionizing radiation can be electromagnetic or particulate. Electromagnetic 
radiation can be considered both as a packet of energy ( a photon). The packet of 
energy is large enough to cause ionizations, and these are distributed unevenly 
through tissue. 

        Gamma radiation consists of photons released from the nucleus of the 
radioisotope during its decay into a more stable element. Gamma rays are 
electromagnetic radiations of short wave length. They have relatively great 
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1 Gy = 100 rad 
 

Or 1 rad = 10.000 Gy = 10 kGy 

penetrating power and they are produced intranuclearly, where they are 
produced artificially by bombarding stable isotopes such as (Co59) with thermal 
neutrons. In the course of bombardment the neutron is captured by (Co59) nuclei 
leading to the formation of (Co60) isotope which is unstable. The excess energy 
of the formed nucleus is liberated as gamma quanta.  

Co59 + n0
1 → Co60 + γ 

       γ-rays are produced during the decay of (Co60) isotope and values of the 
energy of emitted radiation are 1.17 and 1.33 Mev. The half life time of Co60 is 
5.24 years (Burchan and Jobes, 1995) radiation destroys organisms in two 
ways. Thus the energy in the photon of γ-radiation may interact directly with a 
sensitive site in the organism. This site is usually the nucleic acid (DNA). This 
type of radiation damage is termed as "direct effect" of ionizing radiation. In 
addition, the energy in the gamma photon can be deposited in molecules in the 
medium causing the formation of toxic products that subsequently damage the 
micro-organism, this damage is termed as "indirect effect" of ionizing 
radiation. 

       The sensitivity of microorganism to ionizing radiation is described by its 
D10-value which is the absorbed radiation dose required to reduce a population 
of microbes by one order of magnitude (i.e. 90% of the population) (Sivinski, 
1989). 

5.1 Units of radiation:- 
         The units of radiation are the rad or Gray.  

Rad: is a unite for the measurement of the energy absorbed from ionizing 
radiation by the matter through which the radiation passes. 
Recently, the unit applied is the Gray (Gy) which also measures the energy 
absorbed.  

Gray: is defined as the deposition of one Joule per Kilo gram energy in 
tissue whereas one rad is the deposition of 10-2 Joule per Kilogram (or 100 erg. 
per gram) energy. Thus  

 
         
 
The dose can be expressed in terms of total dose value, measured in rads or 
grays. However, it is more  convenient to express it in terms of dose rate, which 
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is the dose absorbed per unit time (International Atomic Energy Agency 
(IEAE), 1970 & George, 1975). 
 

Total dose = Dose rate x Time 
 

        Early experiments were designed so that either the cell nucleus or the 
cytoplasm could be selectively irradiated. These experiments indicate that the 
nucleus was very much more radiosensitive than the cytoplasm. There is 
evidence that the DNA of the chromosomes constitutes the primary target for 
radiation-induced lethality. This damage may be a base damages, strand 
breakage, which may be due to either direct or indirect damage to the DNA 
backbone, and inter-strand or intra-strand cross linking (Hall, 1973). 
       

 Schans-Vander et al., (1973) reported that the γ-irradiation induce three 
types of damage in DNA: 

1-single strand breaks. 
2-double strand breaks. 
3-nucleotide damage, which include: 

      a-base damage.      b-damage in the sugar moiety. 
 

        Roots and Okada (1975) & Hall et al., (1988) reported that, radiation 
damage to cellular DNA is initiated by direct energy deposition in the 
macromolecule and by the attack of free radicals produced in the surrounding 
milieu. 
        Anderson, (1985) demonstrated that, radiation produces both direct and 
indirect injurious effects on biological systems. The relative contribution of each 
mechanism depends on the system involved and variety of other factors such as, 
character of the radiation and presence or absence of agents known to protect 
against the effect of radiation. 
       Alabostro et al., (1978) reported that, among the methods, which can be 
used, for changing the metabolic activities of living cells is ionizing radiation. 
The biological effects of radiation occur as a result of discrete changes in the 
nucleus and molecular structure of the irradiated cells. 

5.2 Action on the cells:- 
      Traditionally, there are two quite distinct mechanisms direct and indirect 
action (Hall et al., 1988). The event may be ionization or excitation in the target 
molecule initiating the chain events that lead to series of biological changes. 
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      Ionization may induce production of short- lived free radicals that can also 
induce lethal changes in cells. If insufficient doses are used, mutagenic 
processes may occur, which can lead to the evolution of highly radiation-
resistant strains (Whitby,1993). 
 

A- Direct (Target) theory :- 
       The direct effects mean the changes that appear as a result of the absorption 
of radiation energy by molecules being studied. For this process the energy is 
directly deposited in the target molecules of biological interest. E.g. the ejection 
of electrons from atoms in DNA structure as a result of the passage of an 
ionizing photon. The production of an effective event in the target is often called 
(a hit) this hit is sufficient to produce the measured effect in the associated 
organism.  
 

       In dry materials, however, the action of ionizing radiation on cells and 
viruses is reasonably explained on the basis of the target theory. 
       The target theory states that the effect of the ionization in or very near to 
some particular molecules or structure is responsible for the measured effect. 
The production of an effective event in the target may be a whole cell, or a 
critical molecule. Generally, the measured effect in a system may be cell death 
or inability to grow or to divide. The target theory in the simplest form states 
that, one hit is sufficient to produce the measured effect in the associated 
organisms. With the very small radiation doses, the number of affected target is 
directly proportional to the amount of radiation (Lea, 1962). 
 

       For the target theory to be applicable, destruction must be influenced by 
concentration, temperature or dose rate. These factors may effect the radiation 
sensitivity of spores with an exponential rate of death, than a single hit on the 
sensitive site (presumably DNA) is responsible for the cell death. Several hits 
(multi hit theory) on DNA are necessary to bring about inactivation (Russell, 
1982). With very small radiation doses. The number of affected target will be 
directly proportional to the amount of radiation (Edwards,1990).  
 

B- Indirect (Diffusion) theory:- 
       Living cells contain 70-80% water, the diffusion theory plays an important 
role in the aqueous systems, and radiolysis of water is a primary event in the 
initiation of biological damage (Potten, 1985). 
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       Radicals produced by the radiation decomposition of water diffuse through 
the liquid of the cell and attack biologically important molecules. The induction 
of radiation injury (the radical formation) has four phases can be summarized as 
following: 
 
I- First phase (Physical phase) is the shortest, lasting about 10-6 second. During 
this phase, energy is deposited in the cell causing ionization and excitation of 
ions and molecules. The absorption of energy by a water molecule results in the 
ejection of an electron (ē ) leaving a positively charged species H2O+ as 
following: 
                                             H2O     →  H2O+ + ē (free electron)        
                                             ē + H2O →  H2O-    
These charged ions are unstable and decompose immediately. 
 

II- Second phase (Physico-Chemical phase) which lasts about 10-6 second, 
water ions produced in this way dissociate while forming free radicals to yield a 
hydrogen ion, and hydroxyl free radical. 

H2O+ →  H+ + OH- 
H2O- →  H · + OH- 

       The principal products of these two phases are hydrogen and hydroxyl ions 
as free radicals. 
       Hydrogen and hydroxyl ions are normally present, the free radicals are very 
reactive specters, unstable species and may undergo many reactions, where part 
of the molecular products is formed by the recombination of the radicals: 
                                            (H) · + (OH) · →  H2O 
                                            (H) · + (H) ·   →  H2 

(OH) · + (OH) · →  H2O2 
(OH) · + (O) ·    →  HO2 

Together with the interaction between the radicals and molecular products: 
                                        (OH) + H2O2  →   HO2+ H2O 
                                         H2O2 + HO2  →   H2O2 + O2 
                                          HO2 + (OH)  →  H2O  +O2 

    The ratio of the reaction described above depends on the condition of 
radiolysis and on the presence of other ions and molecules dissolved in water. 
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III- Third phase (Chemical phase) lasting few seconds, the free radicals react 
with biological organic molecules within the cell (proteins and DNA) which 
may produce change in secondary or tertiary structure of proteins, as a result of 
disruption of hydrogen bonds, or intermolecular cross-linking in the double 
stranded DNA molecules which may have particularly serious effects (Prasad, 
1974). 
 

IV- Fourth phase (Biological phase) during which the chemical changes are 
transformed into cellular changes. Three types of cellular changes may be 
recognized such as (a)early cell death, (b)prevention or delay of cell division 
(mitosis) and (c)the production of permanent inheritable changes may be passed 
on daughter cells at mitosis. These changes may lead to other changes which 
affect the whole organism. 
       The phase of development of radiation injury shows the longest and most 
variable time scale. Some effects may developed within a few hours while 
others for example cancer induction may take many years to be apparent 
(Prasad,1974). 
 

       The most important modifier of the biological effect of ionizing irradiation 
is molecular oxygen. If oxygen is present, it reacts with free radicals produced 
by ionizing radiation. 
      The biological organic molecules which have been attacked by free radicals 
may give rise to permanent damage. Ionizing radiation imports its energy to 
molecules in a manner that depends on the atomic number of the constituent 
atoms & not on the molecular configuration as in the case with UV radiation. 
The chemical changes due to ionization occur in a more or less random manner 
in biological material. In a living cell, it is expected that certain sites or systems 
will be more readily damage than others (International Atomic Energy 
Agency (IAEA), 1973). 
 

5.3 Effect of ionizing radiation on microorganisms: 
       The death of microorganism is a consequence of ionizing action of high 
energy radiation. Most studies indicate that the lethal damage of microbial 
DNA, resulting in loss of ability to reproduce is a primary cause of lethality but 
damage to other sensitive and critical molecules may also have an effect 
(Ingram and Roberts, 1980). 
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       Ionizing radiation can effect microbial DNA in two ways, directly by 
ionizing rays energy and indirectly by the primarily water radicals. There-fore, 
microorganisms are more resistant to radiation in the dry state than in the 
aqueous state. The effects of gamma radiation on microorganisms lead to 
different effects, i.e. (a) growth inhibition (b)alternation in nutrient 
requirements, (c)gene mutation, (d)changes in membrane permeability (Lea, 
1962 & Desrosier, 1970).  
 

       Many factors affecting sensitivity of microorganisms to irradiation, 
(a)removal of oxygen and water, (b)physical and chemical properties of the 
medium, (c)post irradiation treatment,(d)type, (e)size, and (f)concentration of 
the organism (Granier and Gambini, 1993). 
 

       Some bacterial species were arranged in order of ascending radiation 
resistance as follows, Pseudomonas, Coliforms, Staphylocococci, and Yeast 
(Anderson et al., 1956). While (Erdman et al., 1961) showed that ascending 
arrangement of irradiation resistance of different bacterial strains significant for 
public health was; E.coli, Salmonella gallinorum and Staphylococcus aureus. 
        

Other investigators (Christensen, 1970) showed that  with few 
exceptions, the ascending order of arrangement of large groups of 
microorganisms according to their radiation resistance is as 
follows:(1)Vegetative forms of gram-negative bacteria, (2)vegetative forms of 
gram-positive bacteria, (3)fungi, (4)spores of fungi, (5)bacterial spores, and 
(6)viruses.  
       Exposure to ionizing radiation process a number of biological con-
sequences including gene mutations, chromosomal aberrations, cellular 
transformation and cell death. These effects have been attributed to radiation-
reduced DNA damage. Radiation leads to irreversible changes during DNA 
replication or during the enzymatic repair of damaged DNA (Scala, 1995 & 
Hellman, 2001). 
 
      IAEA, (1973) reported that, ionizing radiation can produce oxidative 
damage to all biological macromolecules and its effect depends on: 

1-The dose of radiation. 
2-The efficiency of repair machinery. 
3-The biological relevance of the damaged macromolecules.  
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6- Microbial protein:- 

Gardy and Brinkman, (2006) reported that, most eukaryotic proteins are 
encoded in the nuclear genome and synthesized in the cytosol, but many need to 
be further sorted before they reach their final destination. For prokaryotes, 
proteins are synthesized in the cytoplasm and some must be targeted to other 
locations such as to a cell membrane or the extracellular environment. Proteins 
must be localized at their appropriate subcellular compartment to perform their 
desired function. 

Murray, (1998) reported that, bacteria do not make all the proteins that 
they are capable of making all of the time. Rather, they can adapt to their 
environment and make only those gene products that are essential for them to 
survive in a particular environment. 

Chou and Cai, (2004) reported that, clustering of 20 amino acid in gram-
negative bacteria into a few groups provides a new way to extract features from 
protein sequences to cover more adjacent amino acids. 

Subcellular localization is a key functional attribute of a protein. Since 
cellular functions are often localized in specific compartments, predicting the 
subcellular localization of unknown proteins may be used to obtain useful 
information about their functions and to select proteins for further study. 
Moreover, studying the subcellular localization of proteins is also helpful in 
understanding disease mechanisms and for developing novel drugs(Wang et al., 
2005).            

 Gel electrophoresis makes it possible to identify unknown bacteria by 
comparing the protein superaction digested from their cell and cell walls with 
those of known samples. 

Kopecny and Wallace, (1982) reported that, location of proteolytic 
enzymes associated with mixed rumen bacteria, indicating that it was associated 
with coat and capsular material. Proteases were present also in the cell envelope, 
corresponding to the inner membrane fraction of gram-negative bacteria, likely to 
be the most important in the digestion of food protein. Inhibition studies indicated 

that these proteases, and those of the whole bacterial fraction from rumen fluid, 
were predominantly of the cysteine protease type. 

The virulence factors of some pathogenic bacteria are typically proteins or 
other molecules that are synthesized by protein enzymes. These proteins are 
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coded for by genes in chromosomal DNA, bacteriophage DNA or plasmids 
(Cruse and Lewis, 1994). 
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III- MATERIALS and METHODS 
 
      In this study clinical samples were taken from 107 patients, from out patient 
clinics of different public, private hospitals and National Cancer Institute (NCI),  
Cairo, Egypt. 
      The bases of this selection were the fact that non of these patients received 
any kind of therapy for their condition before collection of samples at least by 3-
4 days.  
    
1- Collection of samples and specimens:- 
 
1.1 Urine samples:- 
        Morning urine samples were collected in sterile containers, as the microbial 
counts  were highest due to the over-night growth in the urinary bladder. 
       Samples were collected carefully, and patients were instructed for obtaining 
samples in a manner to avoid any contamination. 
 
       The samples were gently mixed by swirling, and a calibrated loop (0.001 
ml) was selected, a loopful of sample was inoculated on each selected media. 
The plates were then incubated aerobically for 24-72 hours at 37±1ºC                  
for bacterial and yeast  growth respectively. (Finegold and Baron, 1990). 
 
       Since the urine is an excellent culture medium for microbial growth, the 
specimen was examined and cultivated immediately on three plates one of them 
was  Cystine-lactose electrolyte deficient (C.L.E.D.) medium, MacConkey agar, 
and Sabouraud dextrose agar. 
 
1.2 Wound  (Pus) swabs:- 
      Swabs from pus, abscesses, as well as lesions were taken on two sterile 
cotton swabs (culturette) from the same site of infection. It were cultivated 
immediately without delay.  
           
    Swabs were cultured on Blood agar, MacConkey agar and Sabouraud 
dextrose agar. The Blood agar plates were incubated under CO2 for 18-24 hours, 
and the other blood agar plates were incubated anaerobically for 18-24 hrs, and 
Sabouraud dextrose agar was incubated for 48-72 hrs. at 30-37oC. 
 
1.3 Sputum samples:- 
      Sputum  culture  is  a  test  to  detect  and identify  bacteria  or  fungi  that  
are infecting the lungs or breathing passage.   
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       Sputum is coughed up from the bronchi and therefore, mixed with 
organisms in the throat and mouth. 
       Sputum sample was expectorated directly into a   sterile container. The 
patients were instructed for washing the mouth before collection of sputum 
sample and  bring it from deep cough (tracheobronchial sputum). 
 
      The sputum samples was cultured immediately within few hours of being 
collected on Blood agar medium, MacConkey agar and Sabouraud dextrose 
agar. 
      Sterile saline (8.5%) were added to sputum specimen and agitate to free it 
from adherent saliva. Then, the saline were removed with sterile pasteur pipette. 
One to two drops of the specimen were placed onto the culture plates and on the 
glass slide, then streaked for isolation. A streak applied to the Blood agar plates 
for 18-24 hours in CO 2 (5-10%) (for growth of Neisseria) . MacConkey and 
Sabouraud dextrose agar were incubated for 18-72 hrs aerobically.  
       An Optochin disc is placed in the inoculated area of the blood agar to give a 
rapid differentiation of Pneumococci from Strept. viridans. 
        
1.4 Throat swabs:-  
       A sterile spatula was used to depress  the  tongue  and sterile  cotton swab 
(culturette) was used for swabbing. Much care must be taken into consideration 
to avoid touching the tongue, cheeks or lips with the swab. If the patient had 
gargled with  any type  of antiseptic solution, the swabbing should be diferred 
for at least six hours. 
 
       The swabs were cultured and examined within 12 hours of being taken 
because  the cotton wool has a lethal effect on certain organisms such as Strept. 
pyogenes.  
 
        Media used for cultivation were; Blood agar with Staph. streak (as x and v 
factors which are necessary for the growth of the type species Haemophilus 
influenzae), MacConkey agar, and Sabouraud dextrose agar. They, were 
incubated for 18-72 hours for bacterial and yeast growth. Blood agar plates was 
incubated  at (5-10%) CO2 (for growth of Neisseria) for 18-24 hours. 
 
1.5  Stool (Feaces) specimens:- 
       The specimen of stool was collected in clean container and cultured within 
few hours because the stool is a suitable medium for growing the bacteria. We 
prefer a morning sample. 
       Because stools are heavily contaminated with normal enteric flora, the 
interpretation of the stool culture involves only a screening procedure for 
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pathogens. Pathogens screened for a routine stool culture include primarily 
searching for Shigella, Salmonella, enteropathogenic Escherichia coli (in infants 
2 years, old and under which produce toxin that responsible for outbreaks of 
newborn or infantile diarrhea), and heavy growth of yeasts and Staphylococcus 
aureus.  
 

      First the specimens of stool were collected in clean plastic containers. A 
variety of plating media and broth were used to enhance recovery of a large 
number of enteric pathogens. A cotton-tipped swabs , inoculated with fresh 
material, were streaked (sub-cultured) firstly on  MacConkey agar (differential 
mildly selective medium), Nutrient agar (general medium) , Xylose lysin 
desoxycholate (XLD) agar medium (as differential moderately selective media), 
Sabouraud dextrose agar (selective yeast medium) and inoculated in Selenite F 
broth which was incubated for 8-16 hours at 37ºC. The following day, loopfuls 
from the enrichment broth were streaked on Salmonella-Shigella (SS) agar 
medium (as differential moderately selective media), all plates were incubated at 
37oC for 24 hours.      
 

    *Collection of samples were carried out according to: "Mackie & McCartney 
Practical Medical Microbiology" (Collee and Marr, 1996) ; "Manual of Clinical 
Microbiology" (Murray et al., 1999),and "Microbiology: A Laboratory Manual" 
(Cappuccino et al., 2004)  
 
 
 
 

2- Media used for isolation and cultivation of pathogenic bacteria 
and yeast:- (Oxoid, 1982) 
 
       Pathogenic bacteria were isolated on culture plates of the following media. 
 
2.1 Nutrient agar: -    
       General medium for cultivation of microorganisms.  
Formula (g/l): 
      (Lab-Lemco) Powder (1.0 g); Yeast Extract  (2.0 g); Agar  (15.0 g); Peptone 
(5.0); Sodium Chloride(NaCl) (5.0), pH 7.4 ± 0.2       
                                                                                                       
2.2 Blood agar: - 
Formula (g/l):  
        Nutrient agar (900 ml) and sterile whole blood (100 ml).           

        Sterile nutrient agar is melted then cooled to 45-47ºC and animal (horse, 
sheep) or human blood is added aseptically. 
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 2.3 MacConkey's medium agar no.3:- 
          A highly selective medium which is suitable for the detection and 
enumeration of coliform organism and also for the detection and isolation of 
Salmonella and Shigella species may occurring in stool specimen.  
Formula (g/l): 
          Peptone  (20.0g); Lactose  (10.0g); Bile Salts No.3  (1.5g); Sodium 
chlorid (NaCl)  (5.0g); Neutral red  (0.03g); Crystal violet  (0.001g) and Agar 
(15.0g), pH 7.1±0.2. 
 
2.4 Cystine lactose electrolyte deficient (C.L.E.D.) agar: - 

The medium is recommended for urinary bacteriology, supporting the 
growth of all urinary pathogens and giving good colonial differentiations and 
clear diagnostic characteristics. It inhibit the growth of important contaminants 
such as Diphtheroides, Lactobacilli and Micrococci and giving an indication of 
the degree of contamination. 
Formula (g/l): 

Peptone  (4.0g), (Lab-Lemco) powder (3.0g), Tryptone (4.0g), Lactose 
(10.0g), L-Cystine (0.128g), Bromothymol blue (0.02g), Agar No.1 (15.0g), pH 
7.3±0.2.                                                                                          
   
     

2.5 Xylose lysin desoxycholate (XLD) agar:-  
Formula (g/l): 
          Yeast Extract (3.0g), L-Lysin HCL (5.0g), Xylose (3.75g), Lactose (7.5g), 
Sucrose (7.5g), Sodium desoxycholate (1.0g), Sodium chloride(NaCl) (5.0g), 
Sodium thiosulphate (6.8g), Ferric ammonium citrate (0.8g), Phenol red (0.08g), 
Agar No.1 (12.5g), pH 7.4±0.2 

 
2.6 Salmonella-Shigella (SS) agar: -  
Formula (g/l): 
 Sodium sulphacetamide (500mg), Sodium mandelate (125mg), (Lab-
lemco) powder (5.0), Bacteriological peptone (10.0), Yeast extract (3.0), 
Disodium hydrogen phosphate (1.0), Sodium dihydrogen phosphate (0.6), 
Lactose (10.0), Sucrose (10.0), Phenol red (0.09), Brilliant green (0.0047) and 
Agar No.1  (12.0), pH 6.9±0.2.                                                                                                     
 
2.7 Selenite broth base (Selenite "F" broth) : - 
         Selenite "F" broth was used as selective enrichment media for the isolation 
of Salmonella spp. from feaces. 
Formula (g/l): 

Bacteriological peptone (5.0), lactose (4.0), Sodium phosphate (10.0) and 
Sodium biselenite (4.0), pH 7.4±0.2. 
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2.8 Sabouraud dextrose agar: -  
Sabouraud agar is suitable for cultivation and differentiation of fungi. 

 

Formula (g/l): 
Mycological Peptone (10.0g); Dextrose (40.0g), Agar No.1 (15.0g), pH 

5.6±0.2 
       

3- Identification of pathogenic isolates:- 
       Identification involved the following steps:- 
      1- Examination with naked eye to observe the colonial morphology, 
including shape, size, surface structure, edge, color, and opacity. 
 
      2- Films stained by gram's stain were prepared from the colonies to notice 
the shape, size, arrangement, and staining reaction. 
 
      3- Identification of some selected gram-negative pathogenic bacterial 
isolates were carried out according to the following references:- Practical 
Medical Microbiology" (Collee et al., 1996), "Manual of Clinical Microbiology" 
(Murray et al., 1999), Laboratory Experiments in Microbiology (Johnson and 
Case, 2003) and "Microbiology: A Laboratory Manual" (Cappuccino et al., 
2004). Then, they were confirmed by using MicroScan WalkAway-96 SI 
System (Dade Behring, Germany) at National Cancer Institute (NCI), Cairo, 
Egypt. Fig(3).  
 

 
Fig (3): The MicroScan WalkAway-96  

SI System for identification of bacteria (Dade Behring, Germany). 
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Identification of gram negative bacilli:- 
       By using the MicroScan Dried Gram Negative ID Type 2 (Neg ID Type 2) 
panels which were designed for in-vitro diagnostic use in determining 
identification to the species level of aerobic and facultatively anaerobic gram- 
negative bacilli. 

 

       The panels were inoculated with a standardized suspension of the tested 
organism. Then, they were incubated for a minimum of 16 hours at 350 C. The 
identification of isolated bacteria was carried out according to : (Klasterskey et 
al., 1974) and (MacFaddin, 1980). 
  
3.1 Procedure outline:- 

Inoculum's preparation:- 
Turbidity standard technique- primary inoculation method:- 
       The turbidity standard technique recommended for direct inoculation of all             
aerobic gram-negative bacilli. 

a- From the tested isolate, 4-5 large or 5-10 small morphologically similar, 
well isolated colonies from an 18-24 hour agar plate was touched. 
b- They were emulsified in 3 ml of inoculum water (autoclaved distilled 
water). The final turbidity was equivalent to that of a 0.5 McFarland Barium 
Sulfate Turbidity Standard (Washington et al., 1973).  
c- The suspension was vortexed for 2-3 seconds. 
d- 0.1ml (100µl) of the standardized suspension was pipetted into 25ml of 
inoculum water and mixed well. 

 

Rehydration and inoculation of the panel:- 
       Rehydration and inoculation were performed using the RENOK system with 
inoculators-D (B1013-4). The final well concentration of 3-7 x 105 cfu\ml was 
achieved (as recommended by NCCLS). 
 

Oxidase test:- 
       An oxidase test was performed prior to inoculating the panels:  
 

Biochemical overlays:- 
       1- The suspension or inoculum water in the wells of some biochemical testes 
were completely covered with mineral oil, where the oil did not overflow the 
wells. 
       2- A dropper bottle was used to overlay the glucose (GLU), urea (URE), 
hydrogen sulfide (H2S), lysine (LYS), arginine (ARG), Ornithine (ORN) and 
Decarboxylase Base (DCB) wells with 3 drops of mineral oil. These wells were 
underlined on the panel. 
 

Seal strip:- 
For oxidase positive gram-negative organisms only, a seal strip was placed over  
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the Citrate (CIT), Malonate (MAL), O-nitrophenyl-β-D-Glactopyranoside 
(ONPG), Tartarate (TAR), Acetamide (ACE), Oxidation Fermentation Glucose 
(OF\G), Oxidation Fermentation Base (OF\B), and Decarboxylase Base (DCB) 
wells. For WalkAway System, the lid was used in lieu of a seal strip. 
 

Incubation:- 
       The panels were stacked in groups of 3-5, to ensure even thermal 
distribution during incubation. A clean cover tray was placed on top of each 
group of panels to prevent evaporation. The panels were incubated for 16-20 
hours at 35oC. 
        

Reading the panels:- 
       Panels were read on MicroScan instrumentation (WalkAway System). 

 
3.2-Identification of the isolated gram-negative bacilli:- 
       The MicroScan Dried Gram-Negative Codebook was used for the 
identification of unknown test organisms. This codebook was generated from 
MicroScan´s own data base for the testes included on the identification portions of 
the panels. The tests were translated into an 8 digit biotype. By referring to the 
codebook for recording appropriate results, the codebook listed the organism 
identification and the relative probabilities. 
 
 
4- Antimicrobial susceptibility of all pathogenic bacterial isolates:- 
 
        

4.1 Antimicrobial agents used: 
       All the isolated pathogenic bacteria from different samples and specimens 
were subjected to antimicrobial sensitivity tests using 20 different antimicrobial 
agents, all of them were used for pathogenic gram-negative bacilli. While, 
rifampicin (RD) was used only for the isolated pathogenic gram-positive cocci. 
The interpretive standard (breakpoint) for all selected antibiotics is observed in the 
table (2).  
 

      All of these selected (20) antimicrobial agents were supplied from Oxoid 
co.[England]. Disks as well as zones readings chart were supplied by Oxoid co. 
According to the mode of action they were classified as following:- 
 

1- Antibiotics inhibiting the cell wall synthesis including (penicillins, 
cephalosporines). 
a-Carbenicillin (PY), amoxycillin\ clavulanic acid (AMC),and ampicillin\ 
sulbactam (SAM). All belongs to (penicillin group). 
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b-Cephradine (CE)(1st generation), cefuroxime sodium (CXM)(2end 
generation),  
Cefoperazone (CFP)(3rd generation), cefoperazone\sulbactam (SCF)(3rd 
generation), and cefepime (FEP)(4th generation). All belonged to 
cephalosporines group. 

2- Antibiotics inhibiting protein synthesis, including aminoglycosides, macrolides, 
and tetracyclines. 

a- Amikacin (AK), gentamycin (CN), and netilmicin (NET). All belongs to 
aminoglycosides. 
b- Azithromycin (AZM) belongs to macrolides. 
c- Tetracycline (TE) belongs to tetracyclines. 

3- Antibiotics inhibiting the nucleic acid synthesis, including quinolones and 
rifampicin. 
      a- Naldixic acid (NA), nitrofurantoin (F), levofloxacin (LEV), and ofloxacin 
(OFX). All belongs to quinolones and fluoroquinolones. 
      b- Rifampicin (RD) belongs to refamycin. Which acting against gram-positive 
bacteria. 
4- Antibiotics inhibiting the cell membrane synthesis, as polymyxins E. 
      -Colistin sulphate (CT). 
5- Antibiotics act as competitive inhibitors, including sulfonamides and 
trimethoprime. 
     - Sulphamethoxazole Trimethoprime (SXT) belongs to trimethoprime. 
       All of these antibiotics were used as a commercially prepared disks (6 mm) in 
diameter. The content of antibiotic disks were not varied more than the limits set 
by the National Committee for Clinical Laboratory Standards (NCCLS, 2000 
and 2005). 
  

      The antimicrobial sensitivity tests of isolated pathogenic bacteria was carried 
out according to Kirby-Bauer method according to (Bauer et al., 1966) and as 
described by (Matsen and Barry, 1974 & Jorgensen et al., 1999). 
 

          A highly nutritious versatile medium as Tryptone soya broth is recommended 
due to inclusion of both tryptone and soy peptone. Therefore Tryptone soya broth 
is especially suitable for the tube dilution method of antibiotic sensitivity tests. 
 

4.2 Media used: 
Tryptone soya broth:-  
       A highly nutritious medium recommended for general laboratory use and is 
liable to support the fastidious organisms. 
Formula (g/l): 
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        Casein (17.0g); Papaic digest of soybean meal (3.0g); sodium chloride 
(NaCl)  (5.0g); dipotassium phosphate (K2HPO4) (2.5g) and Dextrose (2.5g), pH 
7.3±0.2.  
     

Table (2): Antimicrobial agents used with their susceptibility break point. 
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≤ 13 14-16 ≥ 17 1 

*Carbenicillin 
When testing Ps. aeruginosa       
When testing other gram-negative 
bacteria 

PY 100µg 

≤ 19 20-22 ≥ 23 
Amoxycillin/Clavulanic acid  

2:1       
When testing Staphylococcus ≤ 19 ― ≥ 20 

2 

When testing other organisms 

AMC 30µg 

≤ 13 14-17 ≥ 18 
3 Ampicillin/Sulbactam SAM 20µg ≤ 11 12 14 ≥ 15 
4 Cephradine CE 30µg ≤ 14 15-17 ≥ 18 
5 Cefuroxime sodium CXM 30µg ≤ 14 15-17 ≥ 18 
6 Cefoperazone CFP 75µg ≤ 15 16-20 ≥ 21 

7 Cefoperazone/Sulbactam SCF 105µg ≤ 16 17-21 ≥ 22 

8 Cefepime FEP 30µg ≤ 14 15-17 ≥ 18 
9 Amikacin AK 30µg ≤ 14 15-16 ≥ 17 

10 Gentamycin CN 120µg ≤ 6 7–9 ≥ 10 
11 Netilmicin NET 30µg ≤ 12 13-14 ≥ 15 
12 Azithromycin AZM 15µg ≤ 13 14-17 ≥ 18 
13 Tetracycline TE 30µg ≤ 14 15-18 ≥ 19 
14 Nalidixic acid NA 30µg ≤ 13 14-18 ≥ 19 
15 Nitrofurantoin F 300µg ≤ 14 15-16 ≥ 17 
16 Levofloxacin LEV 5µg ≤ 13 14-16 ≥ 17 
17 Ofloxacin OFX 5µg ≤ 12 13-15 ≥ 16 
18 *Colistin sulphate CT 25µg ≤ 11 ― ≥ 11 
19 Trimethoprime SXT 25µg ≤ 10 11–15 ≥ 16 

20 **Rifampicin RD 30µg ≤ 16 17-19 ≥ 20 
All of these are supplied by (OXOID, ENGLAND). 
* Used with gram-negative bacteria only.    ** Used with gram-positive bacteria only.  
 



                                                                                                                 

 -129- 

4.3 Disk diffusion test:- 
      One of the most useful and widely used laboratory test for antimicrobial 
susceptibility is the antimicrobial disk- agar diffusion procedure, so called disk 
diffusion method. 

       This test was done as [Kirby-Bauer disk susceptibility test] according to 
(Bauer et al, 1966) and as described by (Matsen and Barry, 1974, Jorgensen et 
al., 1999 & National Committee for Clinical Laboratory Standards (NCCLS),  
2000 and 2005). First pure 4-5 colonies were picked up from overnight growth. 
Then loop was inoculated into a sterile Tryptone soya broth (about 3-4 
ml/tube).The tubes were incubated at 37±1ºC for 2-4 hours until its turbidity were 
identical to barium sulphate standard. Excess turbidity was diluted with additional 
Tryptone soya broth, in sterile conditions. A sterile cotton swab was dipped into 
the broth culture tube. The excess inoculum was removed from the swab by 
rotating it several times against the inside wall of the broth tube, before 
withdrawing it. The swab was streaked on the surface of the nutrient agar medium 
in 3 planes; horizontal, vertical and diagonal (according to Kirby-Bauer method) 
(Bauer et al., 1966). After the inoculum had dried (3-5 min), the discs were 
placed individually on the agar surface with a sterile forceps and are then gently 
pressed down onto the agar surface to provide uniform contact. Some of 
antimicrobial agents in disks diffuse almost immediately; therefore once a disk 
contact to agar surface, the disk should not be removed. The plates were incubated 
aerobically for 18-24hours at  37±1ºC. 
 
        The diameter of the inhibition zone around each disk was measured by a 
ruler from the back of the plates. The results were compared with standardized 
chart supplied by Oxoid-England, to determined whether the organism is  
susceptible (S) or intermediate (moderate resistant)(MR) or resistant (R) to the 
antimicrobial agents used. 
   
5-Effect of in-vitro gamma irradiation on nine multi-drug resistant 
identified strains:- 
 
A- Irradiation source:- 

       Cesium 137 ( 137Cs) Gamma cell 40, Atomic Energy of Canada 
Limited, Commercial  products located at National Center for Radiation 
Research and Technology (Nasr City, Cairo, Egypt) was used for 
irradiation of some identified gram-negative bacterial isolates. A low 
radiation dose equal 24.4 Gy which biologically equivalent to in-vivo 
fractionated multiple therapeutic dose used in the protocol of cancer treatment of 
some cancer patients was used for irradiation. This source was giving a dose rate 
0.88 rad\sec at the time of experiments. 
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B- Preparation of bacterial suspension for in-vitro gamma irradiation:- 
       Each tested bacterial strains was inoculated in 20ml Tryptone soya broth 
and incubated at 370C for 24 hours. The cultures obtained were divided under 
sterile conditions into 2ml aliquots in 2 groups. One of them exposed to gamma 
radiation dose level of 24.4 Gy and the second group remained as a control. 
  
        Both groups of microorganisms were subjected to: 
 

5.1- Antimicrobial agent susceptibility tests before and after in-vitro 
gamma irradiation on some selected strains : 

  Nine identified and multi-drug resistant strains were subjected to sensitivity 
testing before and after exposure to in-vitro gamma irradiation by the disk 
diffusion technique (mentioned previously in (4.3) using 12 different 
antimicrobial agents (Oxoid-England) acting on the inhibition of cell wall 
synthesis, as shown in table (3). 
 
5.2-  Determination of B-lactamase and AmpC-enzyme production by 
different methods:- 
      The test was carried out by two methods. 
 
A- Double-disk diffusion synergy test (DDST): described by Jarlier et al., 
1988, Bradford, 2001 & Jacoby et al., 2006) was used to detect the production 
of extended-spectrum B-lactamases (ESBLs) and AmpC-B-lactamases by the 
selected strains. The antibiotics used in this test were shown in table (3). 
 
        This test was carried out twice with irradiated and non-irradiated strains. 
The antimicrobial susceptibility test was applied according to Kirby-Bauer 
method (Bauer et al., 1966). The antibiotics arranged in two patterns. In the first 
one, the antibiotics arranged randomly. While, the second one, the antibiotics 
arranged in definite pattern with known distance. In each time the inhibition 
zones were recorded. 
 

Follow the steps as mentioned previously in (4.3). Then, four plates for 
each selected strain were prepared. The plates were divided into two groups 
[two for non-irradiated strain and two for irradiated strain at 24.4Gy]. 
 
 After the inoculum had dried (3-5 min), in the first test the discs of  
cefotaxime (CTX)(30µg) ,ceftazidime (CAZ)(30µg), cefoperazone (CFP)(75µg) 
cefoperazone\sulbactam (75\30µg) (SCF), cefoxitin (FOX)(30µg), aztreonam 
(ATM)(30µg)  and amoxycillin\clavulanic acid (AMC)(20\10µg ) were placed 
individually on the agar surface with a sterile forceps and gently pressed down 
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onto the agar surface to provide uniform contact. The inhibition zone of each 
antibiotic was measured. 
 
Table (3): Antimicrobial agents used to detect the production of B-
lactamases and AmpC-B-lactamases before and after in-vitro gamma 
irradiation. 

No. Antimicrobial Agents Group Disc 
Code 

Disc 
content 

1 Carbenicillin Penicillin Py 100µg 
Amoxycillin/Clavulanic acid2 

2: 1 
Penicillin AMC* 20\10µg

3 Ampicillin/Sulbactam Penicillin SAM 20µg 
4 Cephradine 1st Generation of Cephalosporins CE 30µg 
5 Cefuroxime sodium 2nd Generation of Cephalosporins CXM 30µg 

6 Cefoperazone 3rdGeneration of Cephalosporins 
(oxyimino-cephalosporin) #CFP* 75µg 

7 Cefoperazone/Sulbactam 3rdGeneration of Cephalosporins #SCF 75\30µg

8 Cefoxitin 2ndGeneration of Cephalosporins
(cephamycin) **FOX 30µg 

9 Ceftazidime 3rdGeneration of Cephalosporins 
(oxyimino-cephalosporin) **CAZ* 30µg 

10 Cefotaxime 3rdGeneration of Cephalosporins 
(oxyimino-cephalosporin) **CTX* 30µg 

11 Cefepime 4thGeneration of Cephalosporins 
(oxyimino-cephalosporin) FEP 30µg 

12 Aztreonam Monobactam (oxyimino-
(monobactam) ATM* 30µg 

*Antibiotics used in double-disk diffusion synergy test.(detection of ESBLs)  ** Antibiotics used 
in detection of AmpC- B-lactamase enzyme.            # Antibiotics used in combined disk method. 

         
        If the zone size of inhibition around ceftazidime or cefotaxime or 
cefoperazone or aztreonam showed resistance and the inhibition zone around 
cefoxitin (FOX) showed sensitive, the tested organism was considered as 
harbouring ESBLs. 
 

       Then, the second test was carried out. The disks that containing one of 
(oxyimino-B-lactam antibiotic) (3rd generation of cephalosporins) [caftazidime 
(CAZ) (30µg), and cefotaxime (CTX) (30µg)] were placed adjacent to 
amoxycillin \clavulanic acid(20\10µg) (AMC) disk and cefoxitin (FOX) (30µg) 
disk at distance of 20-25mm from each other. On the other side of (AMC) disk 
we placed cefoperazone (CFP) (75µg), and Aztreonam (ATM) disk (30µg) 
content were placed close 20-25mm (center to center) from the disk of (AMC) 
as described by (Livermore , 1995, Pitout et al., 2005 & Kader et al., 2006) to 
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get better results, and this is called modified double-disk diffusion synergy 
method. The use of more than one antimicrobial agent for screening improves 
the sensitivity of detection. 
 

       -The plates were incubated aerobically for 18-24hours at  37±1ºC.   

      Then, the inhibition zones were measured and compared with the zones in 
the first test. 
 
B- Combined disk method: This method was designed by (Jacoby and Han, 
1996 & Jacoby et al., 2006) in which 20µg of sulbactam was added to 
susceptibility disks containing one of the oxyimino-B-lactam antibiotics. In this 
study, cefoperazone (CFP) (75µg) and cefoperazone\sulbactam (SCF) (75µg\30 
µg] were used. An increase of 5mm or more in the zone of inhibition in a disk 
containing sulbactam compared to the drug alone was considered as a positive 
test for the presence of B-lactamase enzyme.  
       
 
5.3- Plasmid analysis of some multi-drug resistant bacterial 
isolates before and after In-vitro gamma irradiation:-  
 Three multi-drug resistant strains were selected; Morganella morganii 
(Morg.60), Klebsiella pneumoniae (Kleb.52) and Pseudomonas aeruginosa 
(Ps.72). 
 

The isolation of plasmid from multi- drug resistant gram-negative strains 
was carried out by the high pure plasmid isolation kit (Roche, Germany). 
 
A- Solutions and buffers:- 

*Tris Boric EDTA (TBE) buffer (Tris-base 0.89M, Boric acid 0.89M and 
EDTA 0.025M, pH: 8.0). 
 

*Suspention buffer (50mM Tris-HCL and 10 Mm EDTA, pH: 8.3).  
  

*Lysis buffer (0,2M NaOH and 1% SDS). 
 

*Binding buffer (4M guanidine hydrochloride and 0.5M potassium 
acetate, pH: 4.2). 

*Wash buffer I (5M guanidine hydrochloride, 20m M Tris –HCL, pH: 
6.6). 
 

*Wash buffer II (20m M NaCl, 2m M Tris-HCl, and pH: 7.5). 
 

*Elution buffer (10n M Tris-HCl, pH: 8.5). 
 
B-Isolation protocol:-  
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1-Bacterial cells from 0.5 - 4.0ml of bacterial culture were centrifuged for 
30sc. at 9.000rpm at room temperature. The supernatant was discarded, then the 
pellet was resuspended in 250µl of suspension buffer + RNase and mixed well.  
 

2-Lysis buffer (250µl) was added and mixed gently by inverting the tube 
3 to 6 times (vortex was avoided). Then incubated for 5 min at room 
temperature (15-25oC). 
 

3-Chilled binding buffer (350µl) was added to the lyses solution and 
mixed gently by inverting the tube 3 to 6 times. The tubes were then incubated 
for 5 min on ice after the isolation became cloudy and flocculent precipitate was 
formed. The tubes were centrifuged at 14000 rpm for 10 min. 
 

4-One high pure filter tubes was inserted into one collection tube, then the 
entire supernatant obtained from step (3) was transferred to the upper reservoir 
of the filter tube and centrifuged at 14000 rpm for 30 to 60 sc. 
 

5-The filter tube was disconnected and the flow through solution was 
discarded, then the filter tube was reconnected to the same collection tube. 
Washing buffer I (500µl) was added to upper reservoir and tubes were 
centrifuged at 14000 rpm for 30 to 60 sc. 
 

6-The filter tube was then disconnected and the flow through solution was 
discarded. Washing buffer II (700µl) was added to upper reservoir and tubes 
were centrifuged at 14000 rpm for 30 to 60 sc. 
  

  7- The filter tube was disconnected and the flow through solution was 
discarded, then the filter tube was reconnected to the same collection tube and 
was centrifuged again at 14000 rpm for 30 to 60 sc. 
 

8-The flow through solution and the collection tube was discarded then 
the filter tube was inserted into a clean 1.5ml micro-centrifuge tube and the 
elution buffer (100µl) was added to the upper reservoir of the filter tube and then 
centrifuged at 14000 rpm for 30sc. 
 

9-The micro-centrifuge tube now contains the eluted plasmid DNA. 
 

10-Plasmid DNA was stored at -20°c for later analysis. 
 
C- Agarose gel electrophoresis for isolation of plasmid DNA:- 

Electrophoresis of plasmid DNA was done on horizontal gel apparatus. 
Agarose (1.0%) in 1X TBE buffer was prepared. Ten microliters of plasmid 
DNA and 2 µl of loading buffer were mixed well and loaded into the gel 
containing 10 µl ethidium bromide (1µg/ml in water). Put In Tris-borate buffer 
according to the method of Meyers et al. (1976). The electrophoresis was 
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conducted for 90 – 120 min at constant voltage75v.The gel was examined on 
transilluminator at wave length 312 nm. Photography was carried out by a 
Polaroid Camera SP 34 with specific Polaroid film No. 667. 
 
5.4- Determination of minimum inhibitory concentrations (MIC´s) 
for single and combined antibiotics before and after in-vitro 
gamma irradiation to detect synergistic effect:- 
       The drugs used in this study were provided by the manufactures as a 
standard laboratory powders. Both of ampicillin\sulbactam (SAM) (Unasyne) 
and cefoperazone (CFP) (Cefopid) were supplied by Pfizer- Egypt, While, 
gentamycin (CN) and levofloxacin (LEV) were supplied by National 
Organization for Drug Control and Research (NODCAR), Cairo, Egypt, were 
used in this study.  
 
       Nine identified non-irradiated and irradiated strains, all of them were gram-
negative bacilli were used in this experiment.  
 
-Preparation of antibiotic dilutions: 

      The method of preparing antibiotic dilutions for determination of Minimum 
Inhibitory Concentrations (MIC´s) were applied according to (Miles and Amyes, 
1996 & Parekh and Chanda, 2006) as following: - 
       -Three stock solutions from the selected antibiotics were prepared firstly. 
       -The concentration of antibiotic in the first tube (initial solution) was 
10.000mg\l. Then, the second one was 1000mg\L, and the third one was 100mg\l. 
       -The working dilutions were prepared from the stock solutions as follows:- 
       a- from the first tube (10.000mg\l), four dilutions were prepared (128, 64, 32 
and 16mg\l). 
       b-The second tube (1000mg\l) was used as stock solution for preparing three 
working dilutions (8, 4 and 2mg\l). 
       c-The third stock solution (100mg\l) was used to prepare seven working 
dilutions (1, 0.5, 0.25, 0.125, 0.062, 0.031 and 0.0156mg\l). 
 
       The highest concentration of the antibiotic stock solution was prepared  with 
the weight adjusted according to the potency of each drug. The weight of the 
tested antibiotic (W) in (mg) required to prepare dilution of the antibiotic based on 
1mg\liter was calculated  according to this equation (Miles and Amyes,1996). 
 

1000/P  x  V  x  C = W 
 
       Where (P) is the potency of the tested antibiotic in relation to base, (V) is the 
volume required by (ml), (C) is the final concentration of tested antibiotic solution 
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in multiples of 1000 (usually in this test it was equal to 10 to give the 
concentration of the initial solution), and (W) is the weight (mg) of the tested 
antibiotic to be dissolved in volume. 
 
A- Determination of MIC's for single antibiotic: 
       The procedure to determine the MIC´s for nine identified selected strains with 
four tested antibiotics (ampicillin\sulbactam (SAM), cefoperazone (CFP), 
gentamycin (CN) and levofloxacin (LEV), were carried out according to Kirby-
Bauer method (Bauer et al., 1966). 
      1- Pure 4-5 colonies were picked up from overnight growth on MacConkey 
agar. 
      2- Colonies were inoculated into a prepared tube containing a sterile tryptone 
soya broth (about 3-4 ml/tube). 
 

      3- The tubes were incubated at 37±1ºc for 2-4 hours until visible turbidity 
were detected. Excess turbidity was diluted with additional tryptone soya broth, in 
sterile conditions. (turbidity approximating a 0.5 McFarland standard). 
 

     4- A sterile cotton swab was dipping into the broth culture tube; the excess 
inoculum was removed from the swab by rotating it several times against the 
inside wall of the broth tube, before withdrawing it. 
 

     5- This swab was streaked on the surface of plates containing 20ml of the 
nutrient agar medium in 3 planes; horizontal, vertical and diagonal. 
     6- After the inoculums had dried 3-5 min, by a sterile cork-borer, (10mm) 
diameter  wells were done in the pre-inoculated plates (about 4 wells in each plate 
to prevent the overlapping zone). 
  

     7- Each dilution of the tested antibiotics (128, 64, 32, 16, 8, 4, 2, 1, 0.5, 0.25, 
0.125, 0.062, 0.031 and 0.0156mg\l) was inoculated in separated well of the pre-
inoculated plates. 
 

     8- These plates were incubated for 16-18hours at 370C. 
 

     9- The inhibition zone (mm) appeared around each well was measured. If there 
was no interaction between the selected strains and the tested antibiotics(no 
inhibition zone), the diameter of inhibition zone was recorded as (10mm). We can 
determine the MIC by the lowest concentration of the tested antibiotics that gave 
an inhibition zone against the tested organism after overnight incubation.  
  
B- Determination of MIC's for combined antibiotics:- 
         The test was carried out by checkerboard technique as described by (White 
et al., 1996 & Athamna et al., 2005). The combinations tested (in triplicates) 
against each selected identified strain were ampicillin\sulbactam (SAM) plus 
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gentamycin (CN), ampicillin\sulbactam (SAM) plus levofloxacin (LEV), 
cefoperazone (CFP) plus gentamycin (CN) and cefoperazone (CFP) plus 
levofloxacin (LEV). 
C- Synergy studies (Determination of fractional inhibitory concentration 
(FIC)):- 
       To evaluate the effect of the antibiotic combination, we used the fractional 
inhibitory concentration (FIC) index. The two antibiotics in each combination 
were mixed to give an initial concentration of two times the MIC of the respective 
antibiotics alone, which was determined previously. 
 
-Calculation of FIC index: 

      Follow the same steps (from 1 to 6) as in determination of MIC´s. 
  

      7- The selected concentration for the two tested antibiotics was added. The 
concentration of each antibiotic in combination ranged from 1\8 the MIC 
(1\8xMIC) to four times the MIC (4xMIC). 
 

      8- After 16-18 hours at 370C,the inhibition zones were measured around each 
well to determine the MIC of each combination alone. Finally, the fractional 
inhibitory concentration (FIC) index was determined as the combined 
concentration divided by the single concentration of the tested drug. The FIC 
interaction index was calculated for each antibiotic in each combination as the 
following  formula by (White et al., 1996 & Athamna et al., 2005). 
 
 
FIC index = MIC combination A/ MIC alone A + MIC combination B/ MIC alone B 
 
Where, A and B were two different antibiotics. 

If FIC index  ≤ 0.5  synergy effect 
If FIC index   > 0.5 to ≤ 4.0    indifference effect. 

 If FIC index  > 4.0   antagonism effect. 
      
 
5.5 -Total protein profile of Pseudomonas aeruginosa Ps.72 before 
and after In-vitro gamma irradiation and in the presence of 
different antibiotics:- 

        The tested strain was grown for 24h in Tryptone soya broth at 37oC. 
The cells were harvested in 10m M Tris-HCl buffer, pH 7.2, containing 150m M 
NaCl (TBS), washed three times by centrifugation and suspended to a final 
concentration of  109 CFU/ml in the same buffer.  The cells were disrupted for 
10min. in an ultrasonic apparatus. The supernatant fluid was taken for the assays 
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before and after irradiation and in the presence of minimum inhibitory 
concentration (MIC) of different antibiotics used alone, 0.25mg\l of 
cefoperazone(CFP), 2mg\l of gentamycin (CN) and 16mg\l of 
ampicillin\sulbactam (SAM) and in combination, [0.062mg\l of (CFP) + 0.5mg\l 
of (CN)] and [4mg\l of (SAM) + 0.5mg\l of (CN)] were used, as mentioned 
previously in (5.4, A).The concentration of total proteins was determined 
according to Biurets method using Bio-adwic Kits as described by (Laemmli, 
1970 & Chart, 1994). By using Hoofer Scanning Densitometry Gs300 Sigma. 
Belgium, 2000, at Genetic Engineering Department, Faculty of Science, Al-
Azhar University. 
 
Protein profile (SDS – PAGE):         
A- Reagents (stock solutions): 
 

-Bis/Acrylamide (30%): (30g) acrylamide and (0.8g) N,N-methylene-
bisacrylamide (BDH) were dissolved in 100ml distilled water. The solution was 
filtered and stored in a dark bottle at 20-4°C till used. 
 

-Stacking buffer: Tris-HCl Buffer (pH 6.6) was prepared by dissolving (9.0g) 
tris-hydroxymethyl-aminomethane in 100 ml of distilled water. The pH was 
adjusted  using 2N HCl or 1M NaOH and the solution stored at 4°C. 
 

-Separating buffer: Tris- HCl Buffer (pH 8.8) was prepared by dissolving (27.3g) 
tris-hydroxymethyl-aminomethane in 100 ml of distilled water. The pH was 
adjusted using 2N HCl and the solution stored at 4°C. 
 

-Running buffer: 1.5 Tris- HCl Buffer (pH 8.3). Was prepared by dissolving 
(3.0g) tris-hydroxymethyl-aminomethane with (14.4g) glycine and (1.0g) 
sodium dodecyl sulphate (SDS) were dissolved in (1000ml) distilled water and 
adjusted to pH 8.3 with HCl and then stored at 4°C. 
 

-10% Sodium dodecyl sulphate(SDS) solution: (10.0g) SDS was dissolved in a 
small amount in distilled water with gentle stirring and then the amount 
completed to 100 ml with distilled water. 
 

-N,N,N`,N`, tetramethyl-ethylenediamine (TEMED). 
 

-Glycerol. 
 

-Ammonium per sulphate (A.P.S)-(NH)SO.(0.2%).  
 

-Staining  solution: 
Commassiee stain (1%), (1.0g) of commassiee brilliant blue stain (R250) 

was dissolved in distilled water to form stock solution. 
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Commassiee stain solution: (10ml) of previous stock solution + 400 ml 
distilled water + 35ml glacial acetic acid + 100 ml methanol + 30 ml 
trichloroacetic acid. This stock solution was stored at 4oC. 
 

-Destaining solution: (30ml) methanol + (10ml) glacial acetic acid + 60ml 
distilled water was added followed by stirring. Samples for protein analysis were 
kept frozen until the time of indication, while samples for esterases were applied 
directly for the gel. 
 

B- Procedures: 
-Gel preparation: 
       A set of 2 glass plates of 4mm thickness was used for gel of 1mm thickness 
with a total 14 X 16cm area, 11cm separation plus 3cm stacking gel vertical also 
apparatus was used in protein separation. The separating and stacking gels were 
prepared according to the following table (4). 
 
Table (4): solutions used in gel preparation. 

Solutions Separating gel Staking gel 
30% Bis/Acrylamide 12 ml 3 ml 
Separating buffer 6 ml –– 
Staking buffer –– 3 ml 
Distilled water 10 ml 12 ml 
Glycerol 4 ml –– 
10% SDS 300 µl 150 µl 
TEMED 40 µl 20 µl 
10% Ammonium per sulphate 300 µl 300 µl 

       
8cm of separating gel was poured between the glass plates immediately 

after adding ammonium per sulphate (APS). After polymerization of the 
separating gel, 1.5cm of staking gel was poured into the glass plate space, and 
then the comp was inserted to form sample wells. 
 

-Sample preparation: 
       In a clean glass tube, for each 400µl of homogemate a 100µl (10%)SDS and 
50µl mercaptoethanol were added. The tube was then heated in water bath for 5 
min. Then, the samples were cooled at room temperature; added 5µl of 
bromophenol blue stain "tracking dye" and the samples were then applied into 
the gel wells. 
 

-Running conditions: 
       The run was carried out with constant voltage of 120 volts which equal 
about 25 Amp. The run taking about 2 hours for the tracking dye becomes one 
cm behind the end of the gel. Then, the current switched off. 
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-Staining: 
       The separated proteins were stained with coomassie brilliant blue R-250. 
The electrophoresis gels were soaked in excess of staining solution till the 
appearance of the bands. 
-Destain: 
       After gel staining, the gel was transferred to distain solution to remove the 
excess stain, till the clearance of the background. 
 
C- Analysis of gel lanes: 
       Analysis of gel lanes was carried out using gel documentation and analysis 
system consisting of dark room, transilluminator, Integrating CCD video camera 
and image analysis software (AAB software).Scanned using Hoofer Scanning 
Densitometry Gs300 Sigma (Belgium, 2000). Determination of the approximate 
molecular weight of the different protein bands were determined by using 
standard sigma wide range protein marker (Product No. C3437). 
 
 
 
6- Statistical analysis:- 
        The statistical analysis was done by computer using the Paired student´s T-
test according to (Glantz, 1987). 
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IV- RESULTS 
 

   Section A:- 

Collection, isolation and identification of pathogenic bacteria and 

yeasts from different clinical samples and specimens:- 
        In this study 107 clinical samples and specimens were collected from out 

patients of different public, private hospitals and National Cancer Institute 

(NCI), Cairo, Egypt. The source of the clinical samples and specimens were 

from: (a) Body fluid; urine samples 59 cases (55.14%), (b)  Wound (pus) swabs 

22 cases (20.56%), (c) Respiratory tract; (I)Sputum samples 13 cases (12.15%), 

(II) Throat swabs 9 cases (8.41%), and (d) Gastrointestinal tract; stool 

specimens 4 cases (3.73%) as shown in fig. (4).  

 

      

 

 

 

 

 

 

 

 

 

Fig (4): Number of collected cases from different sources of clinical samples 

and specimens out of 107 cases. 

  

 59 Urine samples, 
55.14%

 22 Wound (pus) swabs, 
20.56%

13 Sputum samples, 
12.15%

9 Throat swabs, 8.41%

4 Stool specimens, 
3.73%
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  Out of the total cases, there were 72 cases (67.29%) positive for microbial 

infection with different sex and age and 35 cases (32.71%) were negative for 

microbial growth as shown in fig (5). 

 

 

 

 

 

 

 

 

 

 
 
 
Fig (5): Number of positive and negative cases of microbial infection out of 

107 cases. 
 

        It is clear from table (5) that, 59 urine samples were collected, pathogenic 
microorganisms were isolated from 37 samples as (51.4%) out of 72 positive 
cases, and 22 samples as (62.8%) out of 35 negative cases. 
 
       Out of 22 wound (pus) swabs, 20 swabs were positive for pathogenic 
microorganisms representing (27.8%), and only 2 swabs were negative for 
pathogenic microorganisms representing (5.7%). 
       Eight pathogenic isolates were obtained from sputum samples as (11.1%) of 
total positive cases, and 5 samples representing (14.3%) of the total negative 
cases. 
 
       Nine throat swabs were collected; pathogenic microorganisms were isolated 
from 6 swabs as (8.3%) of total positive cases, and 3 swabs as (8.6%) of total 
negative cases. 
 

     Out of 4 stool specimens, only one specimen was positive for pathogenic 
microorganisms representing (1.4%), and 3 specimens representing (8.6%) of 

total negative isolates.         

72 Positive 
cases; 
67.29%

35 
Negative 

cases; 
32.71%
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Table (5): Number and frequency of positive and negative cases for 
microbial growth from different clinical samples and specimens out of 107 
cases.  

Source of samples and 
specimens 

Total 
cases 

No. of  
positive 

cases 
% 

No. of 
negative 

cases 
% 

(a)Body fluid :- 
     Urine samples 

 
59 

 
37 

 
51.4% 

 
22 

 
62.8% 

(b)Wound (pus) swabs 22 20 27.8% 2 5.7% 

(c) Respiratory tract:- 
(I)Sputum samples 

     (II)Throat swabs 

 
13 
9 

 
8 
6 

 
11.1% 
8.3% 

 
5 
3 

 
14.3% 
8.6% 

(d)Gastrointestinal tract :-
       Stool specimens 

 
4 

 
1 

 
1.4% 

 
3 

 
8.6% 

Total  107 72  100% 35 100% 
 

          In this study the isolated pathogenic bacteria and yeast were identified on 

the bases of their morphological characteristics and the gram stains reaction to 

differentiate them to gram-negative and gram-positive bacteria, and yeast. 
 

       The results in table(6) revealed that, gram-negative bacilli were isolated 

from 63 cases, gram–positive cocci from 8 cases and yeast from one case out of 

all positive cases for microbial infection. Twelve cases were showed mixed 

infection. Ten of them had an infection by two different isolates of gram-

negative bacilli, one case with gram-negative and gram-positive cocci (no. *100) 

and the last one gram-negative bacilli with yeast (no.*77).  
 

       From the positive cases of microbial growth, 84 isolates were collected. 

From them, 73 isolates were gram-negative bacilli (86.9%), 9 isolates were 

gram- positive cocci (10.71%) and 2 isolates were yeast (2.4%) as in fig.(6). 
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Fig (6): Number and percentage of gram-negative bacilli, gram-positive 

cocci and yeast, out of 84 microbial isolates. 
        
      The results in table (7) showed that, 84 total microbial pathogens were 
obtained from all samples and specimens tested in this study. Out of them, 43 
isolates as (51.2%) from 37 positive urine samples for microbial infection. 
Thirty six isolates of gram-negative bacilli (83.7%), 5 isolates of gram-positive 
cocci (11.6%) and 1 yeast isolate as a single culture from one sample. In 
addition to one yeast isolate obtained from mixed culture with gram-negative 
bacilli (case no.*77). 
        
      Twenty five microbial pathogens were isolated from 20 wound (pus) swabs 
positive for microbial growth. Out of them, 22 isolates of gram-negative bacilli 
and 3 isolates of gram-positive cocci. One case of them showed mixed infection 
of gram-negative bacilli with gram-positive cocci (case no. 100). 
       
      In case of respiratory tract infection fifteen microbial pathogens were 
isolated. Out of them, 9 isolates from 8 positive sputum samples, eight isolates 
of gram-negative bacilli, and one isolate of gram-positive cocci. 
        
      Also six microbial pathogens were isolated from 6 throat swabs, all of them 
were gram-negative bacilli. 
 
      In case of intestinal tract infection, only 1 microbial intestinal pathogen of 
gram-negative bacilli was isolated from stool specimen. 
 
 
 
 
 
 
 

73 gram-ve bacilli isolates, 
86.90% 9 gram+ve cocci isolates, 

10.71%

2 yeast isolates , 2.40%
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   Section B:-   

Antimicrobial susceptibility test for all pathogenic bacterial 

isolates to different antimicrobial agents:- 
        The sensitivity test was carried out by using the disc diffusion method. The 

mean inhibition zones were recorded for each isolate with all antibiotics used. 

The break point of the selected antibiotics as well as the antimicrobial 

susceptibility of the tested isolates were shown in table (8).  

          

 
 
 

Table (7):  Number and frequency of total microbial isolates from different 
samples and specimens 

Total no. of bacterial isolates Type of 
sample or 
specimens 

Total 
no. of 

isolates 

   
Frequency 

%  
Gram-

negative 
bacilli  

Frequency 
% 

Gram- 
positive 

cocci 

Frequency 
%  

Total 
no. of 
yeast 

isolates 

Frequency 
% 

*Urine 
samples 43 51.20% 36 83.70% 5 11.60% 2 4.60%

**Wound 
(pus) 
swabs 

25 29.80% 22 88% 3 12% ― ― 

Sputum 
samples 9 10.70% 8 88.90% 1 11.10% ― ― 

Throat 
swabs 6 7.10% 6 100% ― ― ― ― 

Stool 
specimens 1 1.20% 1 100% ― ― ― ― 

Total 84 100% 73 86.90% 9 10.70% 2 2.40%

* One sample was mixed with gram-negative bacilli and yeast.    
** One case was mixed with gram-negative bacilli and gram-positive cocci.  
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        The frequency of resistant and susceptible bacterial isolates against 

different antibiotics by mode of action were shown in fig.(7). which showed the 

results of 8 antibiotics which acts on the inhibition of the cell wall synthesis. It is 

clear that, the highest percentage of antibiotic resistance of gram-negative 

bacterial isolates was against cephradine CE (68.5%), carbenicillin PY (64.4%), 

cefuroxime sodium CXM (60.3%), then cefoperazone CFP (42.5%), 

ampicillin\sulbactam SAM (39.8%), amoxycillin\clavulanic acid AMC (32.9%), 

cefepime FEP (20.5%), finally cefoperazone\sulbactam SCF (13.7%). 

 

          Among the gram positive cocci (9 isolates), the results didn't show any 

resistance to all antibiotics used except in case of cefoperazone 4 isolates 

(44.4%) showed moderate resistant reaction. Fig (8). 

 

       Some antibiotics play an important role in the inhibition of protein 

synthesis. Fig.(9) showed that, most of the gram-negative bacilli were resistant 

to tetracycline TE (75.4%) followed by azithromycin AZM (41.1%), and less 

than 15% were resistant to aminoglycosides group represented in (amikacin AK 

(8 isolates), gentamycin CN (3 isolates), and netilmicin NET(12 isolates). They 

showed a percentage resistance (11%, 4.1%, 16.4%) respectively less than TE 

and AZM.  

         

       Among the gram-positive cocci the results revealed that, three isolates out 

of 9 were resistant to each of tetracycline TE and netilmicin NET (33.3%). All  

9 tested isolates were showed no resistant against amikacin AK and gentamycin 

CN. While, 88.9% of the isolates showed susceptibility against azithromycin 

AZM as shown in fig.(10). 
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       In case of the antibiotics which acts on inhibition of nucleic acid synthesis. 

The results in fig.(11) showed a high percentage resistance among the isolated 

gram-negative bacilli against nalidixic acid NA (54.8%), then nitrofurantoin F 

(52.1%). Meanwhile, most of gram-negative isolates were sensitive to 

levofloxacin LEV (64.4%), followed by ofloxacin OFX (56.2%). 

 

        In case of gram-positive cocci all nine isolates were sensitive to 

nitrofurantoin F, levofloxacin LEV and rifampicin RD (100%). While, in case of 

ofloxacin two isolates were resistant (22.2%), fig.(11). 

 

       In case of colistin sulphate CT antibiotics used with gram-negative only and 

inhibit the cell membrane synthesis. Out of 73 isolates of gram-negative bacilli 

fourteen isolates were resistant (19.2%), fig.(11). 

        

 
       Sulphamethoxazole trimethoprime SXT as a type of antibiotic acts on 

inhibition of folic acid synthesis, fifty two isolates of gram-negative bacilli were 

resistance to SXT (71.2%). On other hand, 8 gram-positive cocci (88.9%) 

isolates were sensitive, fig (11) and (12). 
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Fig (7) Sensitivity of  isolated gram-negative bacilli to antibiotics which acts 

on the inhibition of the cell wall synthesis. 

 

 

 

 

 

 

 

 

 

  

 

 

 

Fig (8): Sensitivity of isolated gram-positive cocci to antibiotics which acts 

on the inhibition of the cell wall synthesis.  
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Fig (9): Sensitivity of  isolated gram-negative bacilli to antibiotics which 

acts on inhibition of protein synthesis. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig (10): Sensitivity of isolated gram-positive cocci to antibiotics which acts 

on inhibition of protein synthesis. 
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Fig (11): Sensitivity of  isolated gram-negative bacilli to antibiotics which 

acts on inhibition of nucleic acid synthesis, cell membrane (CT) and folic 

acid synthesis (SXT). 

 

 

 

 

 

 

 

 

 

 

 

Fig (12): Sensitivity of gram-positive cocci to antibiotics which acts on 

inhibition of nucleic acid synthesis and folic acid synthesis(SXT). 
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           From the obtained results of antibiotics resistance. Nine gram-negative 
bacterial isolates from different sources (urine, wound and sputum) were 
selected out of 84 isolates (no. 6, 25, 47, 52, 55, 60, 64, 67, 72).The bases of 
their selection depends on the percentage resistance against most of antibiotics 
acting on the inhibition of cell wall synthesis. They were selected for further 
studies of B-lactamase enzyme production (Table 9). 
 

From the obtained results, five isolates out of total 9 isolates (no. 6, 25, 
47, 52, 64) were showed a highly resistance (100%) against the tested antibiotics 
which acts on the cell wall synthesis. However, the rest isolates showed (87.5%) 
resistance, as shown in table (9). 
 

        On the other hand, the results in table (9) revealed that, 5 of the tested 
isolates were showed sensitivity from 66.6% to 100% to the antibiotics tested 
belong to the aminoglycosides group which inhibit protein synthesis except in 
case of Pseudomonas aeruginosa (Ps. 47) the percentage resistance was 100%.  
 

        Also, antimicrobial activity of the tested isolates against the antibiotics 
belongs to quinolones group which act on the nucleic acid synthesis varied as 
resistant, moderate and sensitive, table (9). 
 
 

Section C:- 

Biochemical identification of nine selected isolates of gram-

negative bacilli: - 
        The multi-drug resistance gram-negative bacterial isolates were identified 
by (MicroScan WalkAway-96 SI System) Made by (Dade Behring, Germany) at 
National Cancer Institute-Egypt. They were isolated from different sources 
(isolates no. 6, 47, 55, 60, 64 and 72) from urine samples, isolates no.(25 and 
67) from wound and isolate no. (52) from sputum. 
 
        Table (10) revealed that, the results of biochemical identification were as 
follow: 
Escherichia coli (isolates no. 6 and 55), Acinetobacter baumannii (isolate no. 
25), Pseudomonas aeruginosa (isolates no.47 and 72), Klebsiella pneumoniae 
(isolate no.52), Morganella morganii (isolate no. 60), Citrobacter freundii 
(isolate no. 64) and Enterobacter cloacae (isolate no.67). Fig. (13) represent a 
photograph of 2 plates showing positive reaction for gram-negative bacilli 
Escherichia coli & Pseudomonas aeruginosa. 
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   Section D: - 

In-vitro effect of gamma irradiation on the multi-drug resistant 

identified strains. 
      Each strain was exposed to dose level of 24.4 Gy of gamma radiation which 
is biologically equivalent to the fractionated multiple therapeutic dose used in 
the protocol of cancer treatment in some cancer patient. 
 
1- Antimicrobial resistance and B-Lactamase enzyme detection of 
nine strains against some selected antibiotics acting on the 
inhibition of cell wall synthesis before and after in-vitro gamma 
irradiation. 
 
 A- Antimicrobial  resistance :    
          The sensitivity test was carried twice for each strain, one with irradiated 
and the other with non irradiated. The mean inhibition zone were recorded for 
each one with the twelve selected antibiotics which act on the cell wall 
synthesis, table (11). Eight of these antibiotics were tested previously and four 
[ceftazidime (CAZ), cefotaxime (CTX), cefoxitin (FOX), and aztreonam 
(ATM)] as broad-spectrum cephalosporin and monobactam were used in this 
experiments for B-lactamase and AmpC-B-lactamase enzyme detection.  
      
          The results in table (11) revealed that, the antibiotic resistance of 
Escherichia coli isolated strains (no. 6 and 55) were changed after in-vitro 
gamma irradiation with cefepime FEP(4th generation cephalosporin), the 
diameter of inhibition zone were changed and accordingly the antibiotics 
reaction were varied from resistance to sensitive. In some other strains the 
antibiotics reaction were changed from resistant (R) before irradiation to 
moderate resistant (MR) after irradiation, except in case of Ps.72. There were a 
clear change in the diameter of inhibition zones after irradiation than before 
irradiation as in case of cefoperazone\sulbactam SCF with Escherichia coli 
(E.6), Acinetobacter baumannii (Ac.25), Escherichia coli (E.55) Morganella 
morganii (Morg.60) and Pseudomonas aeruginosa (Ps.72). In case of cefepime 
(FEP) there were a change in the diameter of inhibition zone with Klebsiella 
pneumoniae (Kl.52) and (Ps.72) but, their reaction to FEP were still resistant. 
Meanwhile, with (Cit.64) and (Ent.67) the antibiotic reaction changed from 
resistant (R) to moderate resistant (MR).  
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              In case of  cefoperazone CFP (3rd generation of cephalosporin) 
detectable variation in the antibiotic reaction with Escherichia coli (E.6), 
(Morg.60) and Enterobacter cloacae (Ent.67) were observed. The diameter of 
inhibition zones were changed from 8mm to 16mm, 13mm to 16mm, and from 
12mm to 16mm  respectively (from resistant to moderate resistant). While, the 
other strains showing no detectable change in antibiotic reaction.  
 

         No detectable change in the antibiotic reactions in case of 
amoxycillin\clavulanic acid, ampicillin\sulbactam SAM and cephradine (CE) 
(1st generation of cephalosporin) with all tested strains except Morganella 
morganii (Morg.60) showed detectable change from resistant (R) to sensitive (S) 
with (SAM). While, cefuroxime sodium (CXM) (2nd generation of 
cephalosporin) showed detectable change in the diameter of inhibition zone with  
Escherichia coli (E.6) and (Morg.60) varied from resistant to moderate resistant 
(MR), as in table (11). 
 
        In case of ceftazidime (CAZ) change in the diameter of inhibition zone 
with Ps47 was detected from 30mm to 35mm. Also, the cefotaxime (CTX) 
susceptibility of Ps47 was changed after exposure to in-vitro gamma irradiation 
from resistant (R) to moderate resistant (MR). Meanwhile, the cefoxitin (FOX, 
2nd generation) showed sensitive with E.6 ,E.55, Cit.64, Ent.67, Ps.72,  moderate 
resistant with Kl.52 with no change in their inhibition zone before than after 
irradiation. Which gave an evidence that, these strains may harbouring 
extended-spectrum B-lactamase ESBL enzyme. 
 
        Aztreonam ATM (monobactam) showed change in its susceptibility with 
Ps47, and Morg.60  from (20mm) as moderate resistant to (22mm) as sensitive. 
 

Changes in antimicrobial resistance of  9 selected gram-negative bacterial 
isolates after in-vitro gamma irradiation against 12 antibiotics acting on the 
inhibition of cell wall synthesis showed a highly  statistically significant 
difference with P-value = 0.0063 in case of  Morg.60.  Meanwhile, the P-values 
showed a significant difference with E.6, Kleb.52, E.55 and Ent.67 (0.0453, 0.0197, 
0.0543 and 0.0532 respectively) as shown in table (12). 
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Table (12): Changes in antimicrobial resistance of 9 selected gram-negative 
bacterial isolates after in-vitro gamma irradiation against antibiotics inhibit 
cell wall synthesis. 

Antibiotics inhibit cell wall synthesis 
Strains Mean 

before 
Mean 
after Mean difference± SD T P-value 

Escherichia  coli 
 (E.6) 11.33 13.5 2.166 ± 3.325 2.26 0.0453* 

Acinetobacter baumannii 
(Ac.25) 9.33 9.66 0.333 ± 0.887 1.30 0.2199 

Pseudomonas aeruginosa 
(Ps.47) 10.08 10.91 8.333 ± 2.125 1.36 0.2015 

Klebsiella pneumoniae 
(Kleb.52) 9.16 10.83 0.913 ± 1.164 2.73 0.0197* 

Escherichia  coli 
 (E.55) 11.08 12.58 1.500 ± 0.702 2.14 0.0543* 

Morganella morganii 
(Morg.60) 13.08 15.75        2.660 ± 2.741 3.37 0.0063* 

Citrobacter freundii 
(Cit.64) 9.91 10.66        0.750 ± 1.357 1.92 0.0819 

Enterobacter cloacae 
(Ent.67) 11.58 12.41        0.833 ± 1.337 2.16 0.0532* 

Pseudomonas aeruginosa 
(Ps.72) 12.41 11.33   1.080 ± 1.832 2.048 0.0652 

* Significant P-values ≤ 0.05 
 
B- B-lactamase detection: 
        According to combine disk method, the results of cefoperazone (CFP) and 
cefoperazone\sulbactam (SCF) in table (11) showed an increase in the diameter 
of inhibition zone in disk containing Sulbactam (SCF) in comparing to the drug 
alone (CFP) by 5mm which considered as a positive results for production of 
extended-spectrum B-lactamase (ESBL) by (E.6, Kleb.52, E.55, Cit.64, Ent.67 and 
Ps.72 before irradiation and Ac.25, Kleb.52, E.55, Morg.60, Cit.64 after irradiation (fig 
(14)). 
 

The results in table (13), showed the inhibition zone of 
amoxycillin\clavulanic acid (20\10µg) (AMC) alone and the half of the 
inhibition zones of some tested antibiotics in adjacent to AMC and in absence of 
AMC against nine selected strains. 
 
        By using double-disk diffusion synergy test (DDST) as a screening method 
for identifying potential extended-spectrum B-lactamase (ESBL) enzyme. 
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Ceftazidime (CAZ) (30µg) was the most effective antibiotic in screening 
isolates as ESBL producer followed by Cefotaxime (CTX) (30µg) then 
cefoperazone (CFP) (75µg) before and after irradiation.  Double-disk diffusion 
synergy test (DDST) used to screen for synergy between these compounds and 
clavulanate in amoxycillin\clavulanic acid (20\10µg)(AMC) disk.  
 
        In case of E.6, AC.25, Ps.47, Kleb.52, E..55, Cit. 64, Ent.67, and Ps.72. when the 
(CAZ) zone is expended by clavulanate, production of an ESBL is expected by 
these strains before and after irradiation (fig. (15)).  
 
      In case of Kleb.52 and Ps72 an expended zone(ghost zone) were given with 
cefoperazone (CFP) towards the clavulanate, which indicate the ability of these 
strains to produce of  ESBL before and after irradiation.  
 
      The results in table (13) showed an expended zone (ghost zone) by 
clavulanate in amoxycillin\clavulanic acid (AMC) disk when tested against 
cefotaxime (CTX) which give an evidence for the presence of (ESBL) before 
and after exposure to in-vitro gamma radiation in five strains E.6, Ps.47, Kleb.52, 
E..55, Ps.72. 
 
        Also, the screening of AmpC-B-lactamase was shown in table (13). Only 
one strain showed blunting in inhibition zone of cefotaxime (CTX) by 1mm 
adjacent to cefoxitine (FOX) disk which give an evidence of the presence of 
AmpC-B-lactamase enzyme. 
 
 The changes in the diameter of inhibition zones in some selected 
antibiotics used for detection of extended-spectrum B-lactamase in adjacent to 
amoxycillin\clavulanic acid (AMC) before and after in-vitro gamma irradiation 
were showed in table (14). The obtained results revealed that, there were a 
highly statistically significant difference in case of ceftazidime (CAZ) in 
adjacent to AMC before and after irradiation with P-value=0.012 and 0.008 
respectively. Mean while, cefotaxime (CTX) and aztreonam (ATM) gave also a 
significant difference with P-value=0.046 and 0.027 for (CTX) and 0.025 and 
0.012 for (ATM) before and after irradiation respectively, against all the tested 
selected strains in adjacent to amoxycillin\clavulanic acid (AMC) disk. In 
contrast, cefoperazone showed a significant difference with P-value= 0.090 only 
after exposure to in-vitro gamma irradiation.  
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 zxxTable (13): Screening for extended-spectrum B-lactamase (ESBL) and 
AmpC-B-lactamase production by 9 selected resistant strains before and 
after in-vitro gamma irradiation. 

Half of inhibition zone (mm) diameter  
in absence AMC \  adjacent to AMC disc  

Isolate N
o. 

Species of 
micro-

organisms 

irradiation AMC CFP CAZ CTX ATM FOX 

Before 5.5 4\ 4 6\ 10 10\ 16 6\ 12 10\ 10 
6 Escherichia  

coli After 5 8\ 8 6\ 10 10\ 16 6\ 12 10\ 10 

Before 3 5.5\ 6 11\ 17 3\3 5.5\ 5.5 3\ 3 25 Acinetobacter 
baumannii After 3 6\ 6 11\ 17 3\ 3 5.5\ 5.5 3\ 3 

Before 3 3.5\ 3.5 15\ 19 5\ 7 10\ 10 3\ 3 
47 Pseudomonas 

aeruginosa After 3 3.5\ 3.5 17.5\ 20 7.5\ 11 11\ 13 3\ 3 

Before 5.5 3\ 6 5\ 12 4\ 7 6\ 6 7.5\ 7.5 52 Klebsiella 
pneumoniae After 6.5 3\ 6 6\ 15 5\ 8 6\ 6 7.5\ 7.5 

Before 8.5 3\ 3   6\12 7.5\ 16 4\ 4 9\ 9 55 Escherichia  
coli After 8.5 4\ 4 7\ 15 8.5\ 18 4\ 4 9\ 9 

Before 3.5   6.5\ 6.5 6.5\ 6.5 8\ 7* 10\ 10 3\ 3 
60 Morganella 

morganii After 3.5 8\ 8 6.5\ 6.5 8\ 7* 11\ 12 3\ 3 
Before 3.5 3\ 3 5\ 12 3\ 3 6\ 9 9\ 9 

64 Citrobacter 
freundii After 3.0 4\ 4 5\ 12 3\ 3 6\ 9 9\ 9 

Before 6 6\ 6 7\ 15 3\ 3 4\ 4 10\ 10 67 Enterobacter 
cloacae After 6 8\ 8 7\ 16 3\ 3 4\ 6 10\ 10 

Before 6 7.5\ 11 10\ 14 8.5\ 13 4.5\ 6 9\ 9 
72 Pseudomonas 

aeruginosa After 6 6\ 9 10\ 14 8.5\ 13 4 \ 6 9\ 9 
*=Blunting in inhibition zone of cefotaxime(CTX) adjacent to cefoxitine (FOX) by 1mm. 

AMC(30µg)=Amoxycillin\clavulanic acid. [used in double-disk diffusion synergy test]. 
CFP(75µg)=Cefoperazone. CAZ(30µg)=Ceftazidime. CTX(30µg)=Cefotaxime. (3rd gen. cephalosporin)                    
ATM(30µg)=Aztreonam. (monobactam).    FOX(30µg)=Cefoxitin.(2nd gen. cephalosporin)[used in detection of 
AmpC-B-lactamase). 
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Table (14): Changes in the diameter of inhibition zones in some selected 
antibiotics used for detection of extended-spectrum B-lactamase in adjacent 
to amoxycillin\clavulanic acid (AMC) before and after in-vitro gamma 
irradiation. 

Before irradiation After irradiation 

in adjacent to AMC in adjacent to AMC *Antibiotics 

Mean difference ± SD T P-Value Mean difference ±SD T P-Value 

Cefoperazone 
(CFP) 0.50 ± 2.52 0.481 0.319 1.33 ± 2.08 1.40 0.090* 

Ceftazidime 
(CAZ) 0.81 ± 3.73 5.85 0.012* 9.00 ± 3.99 6.07 0.008* 

Cefotaxime 
(CTX) 3.39 ± 5.36 1.79 0.046* 4.14 ± 5.73 2.06 0.027* 

Aztreonam 
(ATM) 2.44 ± 2.91 2.16 0.025* 3.22 ± 3.39 2.46 0.012* 
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Fig (14): Increase in the zone of inhibition of cefoperazone\ sulbactam 
(SCF) combined disk than a cefoperazone (CFP) disk alone (indicate the 

presence of extended-spectrum B-lactamase enzyme). 
 

 
Fig (15): The ghost-zone (expended in the inhibition zone of ceftazidime 
towards the amoxycillin\clavulanic acid (AMC) disk (an evidence for the 

presence of ESBL). 
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2- Plasmid DNA profile analysis of some isolated bacterial strains 
before and after exposure to in-vitro gamma irradiation. 
    

The plasmids DNA from three highly antibiotic resistant tested 

strains and extended-spectrum B-lactamase (ESBL) producer (Morganella 

morganii (Morg.60), Klebsiella pneumoniae (Kleb.52) and Pseudomonas 

aeruginosa (Ps.72)) before and after irradiation were extracted and analyzed 

in agarose gel for detection of any changes before and after irradiation in 

their plasmid profiles (fig. (16)). A comparison between (M) (standard 

molecular weight of the marker, DNA step ladder 50bp) and the other 

lanes (1-6) of the plasmid profiles of the tested strains before and after 

irradiation showed distinct differences between them. In the molecular 

weight, RF, amount and optical density (OD) of the extracted plasmid, as 

in table (15) and Fig. (17). 
 

The plasmid analysis of Morganella morganii (Morg.60) before and 

after irradiation (Lane 1 & 2) showed a band with molecular weight 

6272bp before irradiation and 5997bp after irradiation with difference in 

RF and amount. The plasmid analysis of Klebsiella pneumoniae (Kleb.52) 

(lanes 3 & 4) showed one band with molecular weight 6522bp before 

irradiation changed to 6222bp after exposure to gamma irradiation dose 

level 24.4Gy . Also, changing occur in its RF value and amount before 

than after irradiation. 
 

 The plasmid analysis of Pseudomonas aeruginosa (Ps.72) (lanes 5 & 

6) showed one band with molecular weight 6772bp before irradiation and  

6522bp after irradiation, with changing its RF value and amount before 

than after irradiation.  
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Fig (16): Agarose gel electrophoresis of extracted plasmids DNA. 
Lanes: (M) molecular weight marker (16 fragments with molecular weight 

ranged from 50-3147bp ladder, sigma); lanes 1,2 Morganella morganii 
isolate (Morg.60); lanes 3,4 Klebsiella pneumoniae isolate (Kleb.52)  

and lanes 5,6 Pseudomonas aeruginosa (Ps.72) before and after irradiation 
respectively. 

 
 

Table (15): Properties of Morganella morganii [Morg.60], Klebsiella 
pneumoniae [Kleb.52] and Pseudomonas aeruginosa [Ps.72] according to their 
plasmid profile analysis before and after exposure to in-vitro gamma 
irradiation. 

(Morg.60) (Kleb.52) (Ps. 72)  
Properties Lane 1 Lane 2 Lane 3 Lane 4 Lane 5 Lane 6 
Molecular 

weight 6272 5997 6522 6222 6772 6522 

amount 14.6 13.6 10.3 15.4 13.2 10.2 

Rf 0.1 0.11 0.1 0.1 0.083 0.1 

 

 

 

3.147 
2.647  
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Fig(17):The  electropherograms corresponding to molecular weight and 
optical density of the scanned gel of extracted plasmids from Morganella 

morganii isolate (Morg.60) (lane 1&2), Klebsiella pneumoniae isolate (Kleb.52) 
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(Lanes 3&4) and Pseudomonas aeruginosa (Ps.72) (Lanes 5&6) before and 
after irradiation respectively.  

 
3- Determination of minimum inhibitory concentrations (MIC´s) 
of individual and combined antibiotics before and after gamma 
irradiation at  dose level of 24.4 Gy. 
 

A-Determination of MIC´s for single antibiotics:- 
         The MIC´s of ampicillin\sulbactam (SAM), cefoperazone (CFP), 

gentamycin (CN) and levofloxacin (LEV) for the tested selected strains were 

determined according to Miles and Amyes, 1996. 

 
 

          The results were presented in table (16). The MIC´s of 

ampicillin\sulbactam (SAM) were ranged from (≤16mg\l to ≤1mg\l) before 

irradiation and from (≤16mg\l to ≤2mg\l) after irradiation against the selected 

tested strains. Lower MIC´s were found for strains of Morganella morganii 

(Morg.60) and Enterobacter cloacae (Ent.67). The MIC For each of (Morg.60) and 

(Ent.67) was ≤1mg\l before irradiation. While, after exposure to in-vitro gamma 

irradiation the MIC for the same strains were increased to double their values. 

There were a marked decrease in MICs for the tested strains of Escherichia coli 

(E.6) and (E.55). There were reduced to one half of its values after irradiation 

than before irradiation. Meanwhile, the MIC´s was not reduced to this level with  

five other tested strains (Ac.25, Ps.47, Kl.52, Cit.64 and Ps.72). These strains showed 

the same values of MIC before and after irradiation.  

 

          The obtained results from table (17) revealed that the MIC´s of 

cefoperazone (CFP) were ranged from (4mg\l to 0.062mg\l) before exposure to 

in-vitro gamma radiation and from (8mg\l to 0.062mg\l) after exposure to in-

vitro gamma irradiation. Six strains (E.6, Ac.25, Kl.52, E.55, Cit.64, Ps.72) showing no 
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change in their MIC´s values with cefoperazone CEF after than before gamma 

irradiation. In case of Pseudomonas aeruginosa (Ps.47) the MIC was increased 

after irradiation to double its value, its MIC changed from ≤4mg\l to ≤8mg\l. 

Meanwhile, Morganella morganii (Morg.60) and Enterobacter cloacae (Ent.67) 

there MIC´s were decreased to half its values after irradiation. For (Morg.60) its 

MIC value was ≤0.5mg\l before gamma irradiation changed to ≤0.25mg\l after 

gamma irradiation. While, for Enterobacter cloacae (Ent.67) of a MIC ≤1mg\l 

before irradiation and a MIC ≤0.5mg\l after irradiation.  
 

          The observed results from table (18) showed that the Morganella 

morganii (Morg.60) and Enterobacter cloacae (Ent.67) had a changing in their 

MIC´s with gentamycin CN to half its values after exposure to in-vitro gamma 

irradiation (≤1mg\l to ≤0.5mg\l) and from (≤4mg\l to ≤2mg\l) respectively. The 

other seven strains (E.6, Ac.25, Ps.47,Kl.52, E.55, Cit.64, Ps.72) has no change in their 

MIC´s before than after exposure to gamma irradiation. 

 

          It is clear from table (19) that the MIC´s of the identified strains with 

levofloxacin LEV were ranged from (≤2mg\l to ≤0.125mg\l) before irradiation 

and from (≤4mg\l to ≤0.125mg\l) after exposure to in-vitro gamma irradiation. 

There were only two strains (Morg.60) and (Ps.47) showed a clear variation in 

their MIC´s to double its value after exposure to in-vitro gamma irradiation than 

before. The MIC of (Ps.47) with LEV changed from ≤0.25mg\l to ≤0.5mg\l after 

irradiation, and for (Morg.60) its MIC value was changed from ≤2mg\l to ≤4mg\l 

after irradiation. While, the other seven strains (E.6, Ac.25, ,Kl.52, E.55, Cit.64, Ent.67 

and Ps.72) has no change in their MIC´s after exposure to gamma irradiation than 

before. 

 
 
 
 



                                                                                                                 

 -173- 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



                                                                                                                 

 -174- 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



                                                                                                                 

 -175- 

 
B- Determination of minimum inhibitory concentration (MIC) for 
the combined antibiotics to calculate fractional inhibitory 
concentration (FIC) and determine the synergistic effect. 

The concentration range of the antibiotics used alone and in combination 

for calculation of fractional inhibitory concentration (FIC) indexes were shown 

in appendix (A), tables (1-9). The concentration range of the tested antibiotics 

used in combination experiments depend on the minimum inhibitory 

concentration (MIC) of single antibiotic against the tested strains which obtained 

previously and support the 4 X MIC  to  1\8 MIC of  each antibiotic alone to 

calculate the fractional inhibitory concentration  (FIC) and determine the 

synergistic effect of the combined antibiotics. 

 

I- Escherichia coli (E.6): 

       The results in table (22, a - b) showed the combination of  

ampicillin\sulbactam (SAM) with gentamycin (CN) and ampicillin\sulbactam 

(SAM) with levofloxacin (LEV) against Escherichia coli (E.6) to determine the 

(FIC). The effects of the ampicillin\sulbactam (SAM) with gentamycin (CN) 

were indifference (IND) with fractional inhibitory concentrations (FIC) indexes 

between (3.0 and 1.12) before and after irradiation. While, the FIC ranged 

between (3.0 and 1.12) before irradiation and between (3.0 and 1.5) after 

irradiation with ampicillin\sulbactam (SAM) combined with levofloxacin 

(LEV). 
 

       Antagonistic (ANT) effect for both combinations ampicillin\sulbactam 

(SAM) with gentamycin (CN) and ampicillin\sulbactam (SAM) with 

levofloxacin (LEV) was equal 5.0 before irradiation observed when 16mg\l of 

SAM combined with 0.031mg\l of CN and with 0.25mg\l of LEV. While after 
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irradiation, it was observed with concentration 8mg\l of ampicillin\sulbactam 

(SAM) combined with the same concentrations of gentamycin and levofloxacin. 
 

        The results in table (22, c-d) showed the combinations of cefoperazone 

(CFP) with gentamycin (CN) and cefoperazone (CFP) with levofloxacin (LEV) 

gave indifference (IND) with FIC indexes between (2.5 and 0.62) and (2.25 and 

0.62) before irradiation and between (3.0 and 1.12) and (2.25 and 0.62) after 

irradiation respectively.  
 

        Antagonistic (ANT) effect against  Escherichia coli (E.6) with FIC index 

equal 4.5 at 1mg\l concentration of CFP combined with  0.0156mg\l of CN 

before irradiation and equal 5 after irradiation with 0.031mg\l of gentamycin. 

The FIC index equal 4.25 before and after irradiation with 1mg\l of 

cefoperazone plus 0.062mg\l levofloxacin. 
 

 No synergistic effect was detected between the combined antibiotics.  
 

II- Acinetobacter baumannii (Ac.25):       

       The results from tables (23, a-b) revealed that, the effect of 

ampicillin\sulbactam (SAM) combined with gentamycin (CN) and 

ampicillin\sulbactam (SAM) combined with levofloxacin (LEV) against 

Acinetobacter baumannii (Ac.25)  were gave indifference (IND) effect with 

fractional inhibitory concentrations (FICs) between (1.0 and 2.5) before 

irradiation and (2.12 and 2.5) after irradiation with gentamycin (CN). 

Meanwhile, the Fractional inhibitory concentration index between (1.12 and 2.5) 

before irradiation and (0.62 and 2.5) after irradiation with levofloxacin (LEV). 
 

       Antagonistic FIC value for both combinations (SAM―CN) and 

(SAM―LEV) with FIC index 4.5 before and after gamma irradiation were 
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observed at one concentration 16mg\l of SAM with 1mg\l of CN and 0.125mg\l 

of LEV. 
 

        Also, the same strain was gave indifference effect (IND) by the 

combinations of cefoperazone (CFP) with gentamycin (CN) and cefoperazone 

(CFP) with levofloxacin (LEV). The FIC values ranged from (0.62 to 3.0) 

before and after irradiation with the combination of cefoperazone 

(CFP)―gentamycin (CN) and ranged from (0.62 to 2.12) before irradiation and 

from (0.62 to 2.25) after exposure to in-vitro gamma irradiation with the 

combination of cefoperazone (CFP)―levofloxacin (LEV). 
 

       Antagonistic effects with fractional inhibitory concentration (FIC) indexes  

was equal 5.0 at concentration 8mg\l of CFP plus 2mg\l of gentamycin (CN) 

before and after irradiation. Also, another antagonistic effect occurred at 

concentration 8mg\l of  gentamycin combined with 0.5mg\l of cefoperazone 

(CFP) only before exposure to gamma irradiation. In case of CFP―LEV 

combination, the FIC index (4.12) showing antagonistic effect before radiation 

with concentration of 0.031mg\l of LEV and 4.25 after radiation with 0.062mg\l 

of levofloxacin (LEV). 
 

No synergistic effect was detected between the combined antibiotics. 

 

III- Pseudomonas aeruginosa (Ps.47) :      

       Combination of the tested antibiotics against Pseudomonas aeruginosa 

(Ps.47) were indicated in tables (24, a). Ampicillin\sulbactam (SAM)—

gentamycin (CN) combination was gave Indifference (IND) with fractional 

inhibitory concentration (FIC) indexes between (1.12 and 2.25) before 

irradiation and between (2.0 and 4.0) after irradiation. The same combination 

showed antagonistic (ANT) effect against (Ps.47) only after exposure to in-vitro 
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gamma irradiation with different concentrations of SAM (8, 4, 2mg\l) and the 

same concentration of gentamycin (4mg\l) to give fractional inhibitory 

concentration indexes 4.5, 4.25, 4.12 respectively. Also, antagonistic (ANT) 

effect occurred at 64mg\l of (SAM) when combined with 0.25mg\l of (CN) 

before irradiation with FIC indexes equal 4.25 and 2mg\l of (CN) after 

irradiation with FIC indexes equal 6.0, as shown in table (24, a). 
 

      In case of ampicillin\sulbactam (SAM) combined with levofloxacin (LEV) 

the results revealed that, the antagonistic (ANT) effect occurred only when FIC 

index values were 5.0 and 4.5 at 64mg\l of (SAM)  and 0.25mg\l of  (LEV) 

before and after irradiation respectively. All the used concentrations of both 

(SAM) and (LEV) were gave indifference FIC indexes. 
 

       In case of cefoperazone (CFP) [with concentration ranged between 16-

0.5mg\l before irradiation and between 32-1mg\l after irradiation] combined 

with gentamycin (CN) and cefoperazone (CFP) combined with levofloxacin 

(LEV) against Pseudomonas aeruginosa (Ps.47) as in table (24, c-d) showed 

indifference effect with CFP (concentration range between 0.5-16mg\l before 

and\or after irradiation) with different concentration of CN. Meanwhile, the 

combinations of CFP with LEV showed indifference with concentration range 

between 8-0.5mg\l before irradiation and 16-4mg\l after irradiation of 

cefoperazone with 0.125mg\l of CN before irradiation and different 

concentration after irradiation. 
 

       Antagonistic (ANT) effects with FIC values 4.5 and 4.12 appeared at 

concentration 32mg\l of cefoperazone (CFP) with 0.5mg\l of gentamycin (CN) 

and 0.062mg\l of levofloxacin (LEV) respectively after irradiation. Also, 

antagonistic effect appeared with FIC values 5.0 and 4.5 at concentration 16mg\l 
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of CFP with 1mg\l of (CN) and 0.125mg\l of (LEV) before gamma irradiation, 

respectively. 
 

       As shown in table (20), the synergistic effects were occurred only in the 

combination of cefoperazone (CFP) with levofloxacin (LEV) against  the tested 

strain  after exposure to in-vitro gamma irradiation with fractional inhibitory 

concentration (FIC) indexes  0.5 and 0.37 at concentrations 2mg\l and 1mg\l of 

cefoperazone (CFP) respectively with the same concentration of levofloxacin 

(LEV) 0.125mg\l. 
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IV- Klebsiella pneumoniae (Kl.52): 

       The results obtained from table (25, a-b) revealed that, ampicillin\sulbactam 

(SAM) combined with gentamycin (CN), and ampicillin\sulbactam (SAM) 

combined with levofloxacin (LEV) against Klebsiella pneumoniae (Kl.52). They 

gave indifference effect (IND) with fractional inhibitory concentration (FIC) 

indexes between (2.25 and 0.62) before irradiation, between (2.25 and 0.75) 

after irradiation, and between (2.25 and 0.75) before irradiation, between (2.5 

and 0.62) after irradiation for both combinations respectively. 
 

         Antagonistic effect affected occurred when the same concentration of 

SAM (32mg\l) combined with 1mg\l of (CN) before and after irradiation, gave 

FIC value 4.25, and when combined with 0.031mg\l of levofloxacin (LEV) 

before irradiation and 0.062mg\l after exposure to in-vitro gamma irradiation 

with FIC indexes 4.25 and 4.5 respectively. 
 

       The combination of 2mg\l SAM and 1mg\l (CN) before and after irradiation 

gave synergistic effect with FIC index equal 0.5. Also, when 1mg\l of SAM 

combined with the same concentration of (CN) only after irradiation. The 

combination of (SAM) with (LEV) demonstrated synergistic against (Kl.52) with 

FIC<0.5 when different concentrations of (SAM) (2mg\l and 1mg\l) were 

combined with 0.031mg\l and 0.062mg\l of (LEV) respectively only before 

irradiation, as shown in table (20).  
 

       In case of combinations of cefoperazone (CFP) with gentamycin (CN) and 

cefoperazone (CFP) with levofloxacin (LEV). The indifference effect occurred 

with FIC indexes ranged between (2.25 and 0.75) before irradiation and between 

(2.25 and 0.62) after gamma irradiation for the cefoperazone 

(CFP)―gentamycin (CN) combination. While, it ranged between (2.25 and 
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0.62) before irradiation and between (2.5 and 1.0) after irradiation for 

cefoperazone (CFP) ―levofloxacin (LEV) combination. 

       Fractional inhibitory concentration (FIC) indexes values were 4.25   against 

(Kl.52) when concentration (8mg\l) of cefoperazone (CFP) combined with 1mg\l 

of gentamycin (CN) and with 0.031mg\l of levofloxacin (LEV) before and after 

radiation. Table (25, c-d). 
 

       Synergistic effects were obtained with FIC value 0.5 when 0.5mg\l of CFP 

combined with 1mg\l of CN only before irradiation and when combined with 

0.031mg\l of LEV before and after irradiation. Also, FIC index was equal to 37 

when 0.25mg\l of CFP combined with 1mg\l of CN before gamma irradiation 

and when combined with 0.031mg\l after exposure to gamma irradiation. As 

shown in table (20). 
 

 

V- Escherichia coli (E.55):- 

        The obtained results from table (26, a-d ) (appendix A) revealed that, 

ampicillin\sulbactam (SAM) combined with gentamycin (CN) and 

ampicillin\sulbactam (SAM) combined with levofloxacin (LEV) against 

Escherichia coli (E.55) were gave indifference effects with FIC index values >0.5 

and ≤ 4.0. 

   

        Antagonistic effects were appeared when 32mg\l of (SAM) combined with 

0.062mg\l of (CN) and with 0.031mg\l of (LEV) only before exposure to in-vitro 

gamma radiation with fractional inhibitory concentration (FIC) indexes 6.0 and 

4.25 respectively. Also, antagonistic (ANT) appeared with FIC value 6.0 at 

concentration 16mg\l of SAM and 0.062mg\l of CN, and with FIC value 4.25 at 

the same concentration of SAM and 0.031mg\l of LEV only after irradiation. 
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        Fractional inhibitory concentration (FIC) indexes were less than 0.5 (<0.5), 

as in table (20) at different concentration of ampicillin\sulbactam SAM (2mg\l 

and 1mg\l) combined with  0.031mg\l LEV only before irradiation with FIC 

values 0.5 and 0.37 respectively. 
 

          It is clear from tables (26, c-d) that when cefoperazone (CFP) combined 

with gentamycin (CN) and when cefoperazone (CFP) combined with  

levofloxacin (LEV), their FIC indexes were  bigger than 0.5 and less than 4.0 in 

almost all the tested concentrations of these antibiotics in combination.   
  

       Antagonistic effects obtained with concentration of 0.25mg\l of 

cefoperazone in both combinations with 0.0156mg\l of gentamycin and 

levofloxacin before and after irradiation. 
 

        The fractional inhibitory concentration (FIC) indexes equal 0.5 only when 

0.0156mg\l of cefoperazone (CFP) was combined with 0.031mg\l of 

levofloxacin (LEV) to give synergistic effect against Escherichia coli (E.55) 

before and after exposure to gamma irradiation. 
 

 

VI-  Morganella morganii (Morg.60):- 

         The obtained results from tables (27, a-b) revealed that, the combination of 

ampicillin\sulbactam (SAM) with gentamycin (CN) and ampicillin\sulbactam 

(SAM) with levofloxacin (LEV) were gave FIC indexes between (3.0 and 0.62) 

before irradiation,  between (2.5 and 0.62) after irradiation and between (2.25 and 

0.75)before irradiation and between (2.06 and 0.56) after radiation for both 

combinations respectively. 
 

         The fractional inhibitory concentration (FIC) indexes bigger than 4 (FIC 

>4) when 8mg\l of SAM combined with 0.25mg\l of CN and LEV only after 

exposure to in-vitro gamma irradiation. Also antagonistic effect occurred against 



                                                                                                                 

 -183- 

(Morg.60) at concentration of 4mg\l of SAM with 1mg\l of CN and 0.5mg\l of 

LEV only before irradiation. 

           Morganella morganii (Morg.60) were affected synergistically when 

0.5mg\l and 0.25mg\l of ampicillin\sulbactam combined with 0.5mg\l of 

levofloxacin with FIC index values 0.37 and 0.25 respectively after irradiation. 

While, when 0.25mg\l and 0.125mg\l of SAM combined with 0.25mg\l of LEV 

before irradiation with the same FIC index values, as in table (20). 
 

          The results in tables (27, c-d) revealed that, the indifference effects with 

fractional inhibitory concentration (FIC) index ranged between (3.0 and 1.12) 

before and after irradiation when cefoperazone (CFP) [with concentration ranged 

from 2-0.062mg\l before irradiation and from 1-0.031mg\l after irradiation] 

combined with gentamycin (CN). Meanwhile, the FIC index ranged between 

(2.12 and 0.56) before irradiation and had only two values (2.03 and 1.03) after 

irradiation when cefoperazone (CFP) combined with levofloxacin (LEV) against 

(Morg.60). 
 

         The fractional inhibitory concentration (FIC) index 5.0 when 2mg\l and 

1mg\l of  (CFP) combined with 1mg\l and 0.5mg\l of (CN) and 0.25mg\l LEV  

before exposure to in-vitro gamma radiation and when 1mg\l CFP combined with 

0.5mg\l CN after radiation. FIC index 4.03 with combination of 1mg\l CFP and 

0.125 LEV after irradiation. 
 

        Morganella morganii (Morg.60) were affected synergistically by the 

combination of 0.125mg\l and 0.062mg\l of  cefoperazone with 0.25mg\l of 

levofloxacin before radiation and when the same concentrations of cefoperazone 

combined with 0.125mg\l of levofloxacin only after exposure to gamma 

irradiation, as shown in table (20). 
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VII- Citrobacter freundii (Cit.64):- 

         The results shown in tables (28, a-b) in (appendix A) revealed that, the 

fractional inhibitory concentration (FIC) indexes were bigger than 4 (FIC>4) 

against Citrobacter freundii (Cit.64) when 16mg\l of ampicillin\sulbactam 

(SAM) combined with 0.5mg\l of gentamycin (CN)  before and after exposure 

to in-vitro gamma irradiation. Also, when the same concentration of SAM 

combined with 0.125mg\l of levofloxacin (LEV) before irradiation and 

0.062mg\l after irradiation. 
 

         For both combinations (ampicillin\sulbactam (SAM) ) with gentamycin 

(CN) and ampicillin\sulbactam (SAM) with levofloxacin (LEV), the 

indifference effects (IND) occurred when FIC values ranged between (2.5 and 

1.0) before irradiation and between  (2.5 and 0.62) after irradiation with 

combination of SAM and CN, and between (3.0 and 1.12) before irradiation and 

between (2.5 and 0.62) after irradiation with the combination of SAM and LEV. 
 

        The results in table (28, c-d) revealed that, the combination of cefoperazone 

(CFP) with gentamycin (CN) and cefoperazone (CFP) with levofloxacin (LEV) 

against the same strain (Cit.64) were gave antagonistic effect (ANT) with FIC 

index values more than 4.0 occurred when 8mg\l of cefoperazone combined 

with 1mg\l of gentamycin before and after irradiation, and when combined with 

0.031mg\l and 0.062mg\l of levofloxacin before and after irradiation 

respectively. While, the other used concentration in the both combinations 

showed indifference effects against (Cit.64) with fractional inhibitory 

concentration (FIC) index bigger than 0.5 and less than 4. 

         No synergistic effects were obtained by using any of these combinations 

against (Cit.64). 
 

 

VIII-  Enterobacter cloacae (Ent.67):- 
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         The results of ampicillin\sulbactam (SAM) combined with 

gentamycin(CN) and ampicillin\sulbactam (SAM) combined with levofloxacin 

(LEV) were obtained from table (29, a-b). The fractional inhibitory 

concentration (FIC) indexes were 4.12 and 4.25 when 8mg\l of 

ampicillin\sulbactam combined with 0.25mg\l of gentamycin and 0.031mg\l of 

levofloxacin respectively after exposure to in-vitro gamma irradiation. While, 

FIC indexes were 4.5 and 4.25 when 4mg\l of ampicillin\sulbactam combined 

with 2mg\l of gentamycin and 0.031mg\l of levofloxacin before irradiation. 
 

         The synergistic (SYN) effects obtained when 0.5mg\l and 0.25mg\l  of 

(SAM) combined with 0.5mg\l of CN and 0.031mg\l of LEV after irradiation 

with FIC values 0.5 and 0.37 respectively. Also, when 0.25mg\l and 0.125mg\l 

of SAM combined with 0.031mg\l 0f levofloxacin before irradiation, as in table 

(20). Meanwhile, the other used concentration in SAM―CN and SAM―LEV 

combinations showed indifference (IND) with FIC indexes bigger than 0.5 and 

less than 4.0. 
 

In case of cefoperazone (CFP) and gentamycin (CN) combination and 

cefoperazone (CFP) and levofloxacin(LEV) combination, the results were 

reported in tables (29, c-d) . The fractional inhibitory concentration FIC index 

was bigger than 4.0 (>4.0) when 4mg\l of cefoperazone combined with 2mg\l of 

gentamycin (CN) and with 0.031mg\l of levofloxacin before irradiation. Also, 

before irradiation, also when 2mg\l of cefoperazone combined with 0.5mg\l of 

gentamycin and with 0.031mg\l of LEV after irradiation. 
 

          Synergistic effect with FIC ≤ 0.5 occurred at concentrations 0.25mg\l and 

0.125mg\l of cefoperazone (CFP) combined with both of 1mg\l gentamycin 

(CN) and 0.031mg\l of levofloxacin only before in-vitro gamma irradiation. 
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Also, when 0.125mg\l of CFP combined with 0.031 of LEV after irradiation, as 

in table (20). 
 

          Indifference effects with FIC bigger than 0.5 and less than 4 were 

obtained in other used concentration of these combinations. 

 

  

IX-   Pseudomonas aeruginosa (Ps.72):-  

        The results of ampicillin\sulbactam (SAM) combined with gentamycin 

(CN) and ampicillin\sulbactam (SAM) combined with levofloxacin (LEV) 

against Pseudomonas aeruginosa (Ps.72) were obtained from table (30, a-b). The 

antagonistic (ANT) effects appeared at 64mg\l of ampicillin\sulbactam in both 

combinations with 1mg\l of gentamycin with fractional inhibitory concentration 

FIC index 4.5 before and after radiation. Also, with 0.125mg\l of levofloxacin 

with FIC index 5.0 before and after exposure to in-vitro gamma radiation. 
 

          The values of fractional inhibitory concentrations (FIC) indexes in (SAM) 

and (CN) combination ranged between (2.5 and 0.75) before and after gamma 

irradiation. But in (SAM) and (LEV) it's ranged between (3.0 and 1.125) before 

and after gamma irradiation. 
 

        When, 4mg\l and 2mg\l of SAM was combined with 0.5mg\l of CN the 

synergistic effects were occurred with fractional inhibitory concentration (FIC) 

index 0.5 and 0.37 respectively only before exposure to in-vitro gamma 

irradiation. Meanwhile, in ampicillin\sulbactam with levofloxacin combination 

no synergistic effects were obtained, as in table (20). 
 

         The combination of cefoperazone (CFP) with gentamycin (CN) and 

cefoperazone (CFP) with levofloxacin (LEV) results were showed in tables (30, 

c-d). The obtained results revealed that, the antagonistic (ANT) effects appeared 
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when 1mg\l of cefoperazone was combined with 0.5mg\l and 1mg\l of 

gentamycin with FIC indexes 4.25 and 4.5 before and after irradiation 

respectively. Also appeared when the same concentration of cefoperazone 

combined with 0.062mg\l of levofloxacin with fractional inhibitory 

concentration (FIC) index 4.5 before and after exposure to in-vitro gamma 

radiation.         

The synergistic effects occurred when 0.062mg\l, 0.031mg\l and 

0.015mg\l of cefoperazone with 0.5mg\l of gentamycin with FIC values 0.49, 

0.37 and 0.31 respectively only before exposure to in-vitro irradiation. Also, 

when the same concentrations of cefoperazone combined with 0.031mg\l of 

levofloxacin gave the same FIC index values, but after gamma irradiation.  
 

 

 

4- Total protein profile of  Pseudomonas aeruginosa (Ps.72) 

selected strain before and after in-vitro gamma irradiation:- 
 

Total protein analysis of Pseudomonas aeruginosa (Ps.72) tested strain 

was carried out in the presence of MIC of different antibiotics alone 

(cefoperazone, gentamycin and ampicillin\sulbactam) or in combined 

[(cefoperazone with gentamycin) and (ampicillin\sulbactam with gentamycin)] 

before and after exposure to in-vitro gamma irradiation.  
 

 The results showed in fig. (18) showed  the analysis of the  marker (M), 

Lane (M) with 7 bands with molecular weight (M.wt) 208, 112, 85, 48, 32, 26 

and 18KD respectively. 
 

 The electropheorogram corresponding to the scanned gel of Pseudomonas 

aeruginosa (Ps.72) showed that, Lanes (1 to 6) before irradiation. While, Lanes 

(7 to 12) after irradiation in the presence of antibiotics. Lane (1 and 7) were 
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considered as control (without any antibiotic) before and after irradiation 

respectively.  
 

Lane, 1 showed two bands with molecular weight (M.wt.) (183 and 

73KD) and total protein percentage (45.29% and 54.71% ) before irradiation. 

Meanwhile, after irradiation (lane 7) showed two bands with molecular weight 

(191 and 76KD) and  the total protein percentage (47.60% and 52.40%), as 

shown in fig. (18) and table (21). 
 

 

 Lane 2 and 8,  showing the tested strain treated with MIC of cefoperazone 

(CFP) (0.25mg\l) before and after exposure to in-vitro gamma irradiation. Lane 

2, had two bands with percentage of total protein 49.64%, and 50.36% 

respectively and their molecular weight were 227 and 78 KD. Also lane 8 (after 

irradiation),  had 2 bands with 5.25% and 94.75% of total protein and with 

molecular weight (M.wt.) equal to 187KD for the first band and 80KD for the 

second one. 
 
   

 Also, lane, 3 and 9 in fig.(18) and table (21) showed the effect of MIC of 

gentamycin (2mg\l) without and with exposure to gamma irradiation 

respectively on Ps.72.  Lane, 3 showed two bands with percentage of total protein 

50.81% for the first band and 49.19%for the second band and their molecular 

weight were 212 and 72 KD respectively. While, after irradiation (lane 9) had 

also two bands, with total protein content percentage 68.45% and 31.55% and 

molecular weight 203 and 76 KD.  
 

 In lane 4, the tested strain Pseudomonas aeruginosa (Ps.72) control non-

irradiated was treated with MIC´s [0.062mg\l of cefoperazone (CFP) plus 

0.5mg\l of gentamycin (CN)], which showed synergistic effect. This pattern had 

two bands with total protein 86.92%, and 13.08%, and M.wt values 227 and 76 
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KD. While, the second pattern (lane 10) showed (Ps.72) after treated with the 

same concentration of cefoperazone (0.062mg\l) plus different concentration of 

gentamycin (CN) (1mg\l) after exposure to gamma irradiation. The two  bands 

were separated with total protein percentages 15.75%, and 84.25% and 

molecular weight 203 and 75KD.  
 
 

 In Fig.(18) and table (21), lane 5 and 11 representing the protein pattern 

of Pseudomonas aeruginosa (Ps.72) after treating with the minimum inhibitory 

concentration of ampicillin\sulbactam (SAM) 16mg\l before and after exposure 

to in-vitro gamma irradiation respectively. Lane 5, had two bands with total 

protein 57.05% and 42.95% and the molecular weight 195 KD and 78 KD. 

Meanwhile, lane 11(after irradiation)  gave also two bands with total protein 

28.45% and molecular weight 138 KD, and the other band, had a total protein 

percentage 71.55% and molecular weight 75 KD. 
 
 

  Lane 6, showed the tested strain (Ps.72) after treated with MIC´s, 4mg\l of 

ampicillin\sulbactam (SAM) plus 0.5mg\l of gentamycin (CN) before gamma 

irradiation. This combination gave a synergistic effect. This pattern gave 

29.85% and 70.15% of total protein percentage and molecular weight 220, and 

76 KD. Meanwhile, the other pattern (lane 12) showing Pseudomonas 

aeruginosa (Ps.72) after treating with 4mg\l of ampicillin\sulbactam (SAM) plus 

1mg\l of gentamycin (CN) after exposure to gamma irradiation with  48.57%, 

and 51.43% of total protein percentage and with molecular weight  187KD and 

76 KD. 
 
   

 The changes in the molecular weight or in the percentage of total protein 

after  exposure to gamma irradiation may be due to its effect  on the growth of 

the tested strains which may be stimulate some kinds of protein than other when 
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treating with different antibiotics alone and in combination under the effect of  

in-vitro gamma irradiation. Further investigations were needed in the future 

studies were carried out. 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 

Fig. (18): The electropheogram corresponding to the scanned gel of total protein 
analysis of Pseudomonas aeruginosa (Ps.72).   
Lanes (1 to 6) before irradiation and Lanes (7 to 12) after irradiation. 
Lane (1) the tested strain before irradiation (as control). 
Lane (7) the tested strain after irradiation at 24.4Gy. 
Lane (2 and 8) with CFP alone. 
Lane (3 and 9) with CN alone. 
Lane (4 and 10) with CFP + CN. 
Lane (5 and 10) with SAM alone. 
Lane (6 and 12) with SAM + CN. 

 
Table(21): Molecular weight and percentage of total protein of Pseudomonas 
aeruginosa (Ps.72) tested strain before and after irradiation and in the presence of 
single and combined antibiotics. 

Before in-vitro gamma irradiation 
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Band 1st 
band 

2nd 
band 

1st 
band 

2nd 
band 

1st 
band 

2nd 
band 

1st 
band 

2nd 
band 

1st 
band 

2nd 
band 

1st 
band 

2nd 
band 

Mol. wt 183 73 227 78 212 72 227 76 195 78 220 76 
Total 

Protein 
% 

45.29
% 

54.71
% 

49.64
% 

50.36
% 

50.81
% 

49.19
% 

86.92
% 

13.08
% 

57.05
% 

42.95
% 

29.85
% 

70.15
% 

After in-vitro gamma irradiation 

       

Band 1st 
band 

2nd 
band 

1st 
band 

2nd 
band 

1st 
band 

2nd 
band 

1st 
band 

2nd 
band 

1st 
band 

2nd 
band 

1st 
band 

2nd 
band 

Mol.wt 191 76 187 80 203 76 203 75 138 75 187 76 
Total 

Protein 
% 

47.60
% 

52..40
% 

5.25
% 

94.75
% 

68.45
% 

31.55
% 

15.75
% 

84.25
% 

28.45
% 

71.55
% 

48.57
% 

51.43
% 
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Fig (13): Represent a photograph of 2 plates showing positive reaction for 

gram-negative bacilli Escherichia coli & Pseudomonas aeruginos
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2- Plasmid DNA profile analysis of some isolated bacterial strains 
before and after exposure to in-vitro gamma irradiation. 
    

The plasmids DNA from three highly antibiotic resistant tested strains 

and extended-spectrum B-lactamase (ESBL) producer (Morganella morganii 

(Morg.60), Klebsiella pneumoniae (Kleb.52) and Pseudomonas aeruginosa 

(Ps.72)) before and after irradiation were extracted and analyzed in agarose gel 

for detection of any changes before and after irradiation in their plasmid 

profiles (fig. (16)). A comparison between (M) (standard molecular weight of 

the marker, DNA step ladder 50bp) and the other lanes (1-6) of the plasmid 

profiles of the tested strains before and after irradiation showed distinct 

differences between them. In the molecular weight, RF, amount and optical 

density (OD) of the extracted plasmid, as in table (15) and Fig. (17). 
 

The plasmid analysis of Morganella morganii (Morg.60) before and 

after irradiation (Lane 1 & 2) showed a band with molecular weight 6272bp 

before irradiation and 5997bp after irradiation with difference in RF and 

amount. The plasmid analysis of Klebsiella pneumoniae (Kleb.52) (lanes 3 & 

4) showed one band with molecular weight 6522bp before irradiation changed 

to 6222bp after exposure to gamma irradiation dose level 24.4Gy . Also, 

changing occur in its RF value and amount before than after irradiation. 
 

 The plasmid analysis of Pseudomonas aeruginosa (Ps.72) (lanes 5 & 6) 

showed one band with molecular weight 6772bp before irradiation and  

6522bp after irradiation, with changing its RF value and amount before than 

after irradiation.  

                       

 



         RESULTS                                                                                                            

 -96-

M           1             2            3            4             5          6 
 
                      
                     
 

                     
              

 

 

 

 
 
 

Fig (16): Agarose gel electrophoresis of extracted plasmids DNA. 
Lanes: (M) molecular weight marker (16 fragments with molecular weight 

ranged from 50-3147bp ladder, sigma); lanes 1,2 Morganella morganii isolate 
(Morg.60); lanes 3,4 Klebsiella pneumoniae isolate (Kleb.52)  

and lanes 5,6 Pseudomonas aeruginosa (Ps.72) before and after irradiation 
respectively. 

 
 

Table (15): Properties of Morganella morganii [Morg.60], Klebsiella pneumoniae 
[Kleb.52] and Pseudomonas aeruginosa [Ps.72] according to their plasmid profile 
analysis before and after exposure to in-vitro gamma irradiation. 

(Morg.60) (Kleb.52) (Ps. 72)  
Properties Lane 1 Lane 2 Lane 3 Lane 4 Lane 5 Lane 6 
Molecular 

weight 6272 5997 6522 6222 6772 6522 

amount 14.6 13.6 10.3 15.4 13.2 10.2 

Rf 0.1 0.11 0.1 0.1 0.083 0.1 

 

 

 

 

 

 

3.147
2.647  



         RESULTS                                                                                                            

 -97-

 

                     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 

Fig(17):The  electropherograms corresponding to molecular weight and 
optical density of the scanned gel of extracted plasmids from Morganella 

morganii isolate (Morg.60) (lane 1&2), Klebsiella pneumoniae isolate (Kleb.52) 
(Lanes 3&4) and Pseudomonas aeruginosa (Ps.72) (Lanes 5&6) before and after 

irradiation respectively.  
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3- Determination of minimum inhibitory concentrations (MIC´s) of 
individual and combined antibiotics before and after gamma 
irradiation at  dose level of 24.4 Gy. 
 

A-Determination of MIC´s for single antibiotics:- 
         The MIC´s of ampicillin\sulbactam (SAM), cefoperazone (CFP), gentamycin 

(CN) and levofloxacin (LEV) for the tested selected strains were determined 

according to Miles and Amyes, 1996. 

 
 

          The results were presented in table (16). The MIC´s of ampicillin\sulbactam 

(SAM) were ranged from (≤16mg\l to ≤1mg\l) before irradiation and from 

(≤16mg\l to ≤2mg\l) after irradiation against the selected tested strains. Lower 

MIC´s were found for strains of Morganella morganii (Morg.60) and Enterobacter 

cloacae (Ent.67). The MIC For each of (Morg.60) and (Ent.67) was ≤1mg\l before 

irradiation. While, after exposure to in-vitro gamma irradiation the MIC for the 

same strains were increased to double their values. There were a marked decrease 

in MICs for the tested strains of Escherichia coli (E.6) and (E.55). There were 

reduced to one half of its values after irradiation than before irradiation. 

Meanwhile, the MIC´s was not reduced to this level with  five other tested strains 

(Ac.25, Ps.47, Kl.52, Cit.64 and Ps.72). These strains showed the same values of MIC 

before and after irradiation.  

 

          The obtained results from table (17) revealed that the MIC´s of cefoperazone 

(CFP) were ranged from (4mg\l to 0.062mg\l) before exposure to in-vitro gamma 

radiation and from (8mg\l to 0.062mg\l) after exposure to in-vitro gamma 

irradiation. Six strains (E.6, Ac.25, Kl.52, E.55, Cit.64, Ps.72) showing no change in their 

MIC´s values with cefoperazone CEF after than before gamma irradiation. In case 

of Pseudomonas aeruginosa (Ps.47) the MIC was increased after irradiation to 
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double its value, its MIC changed from ≤4mg\l to ≤8mg\l. Meanwhile, Morganella 

morganii (Morg.60) and Enterobacter cloacae (Ent.67) there MIC´s were decreased 

to half its values after irradiation. For (Morg.60) its MIC value was ≤0.5mg\l before 

gamma irradiation changed to ≤0.25mg\l after gamma irradiation. While, for 

Enterobacter cloacae (Ent.67) of a MIC ≤1mg\l before irradiation and a MIC 

≤0.5mg\l after irradiation.  
 

          The observed results from table (18) showed that the Morganella morganii 

(Morg.60) and Enterobacter cloacae (Ent.67) had a changing in their MIC´s with 

gentamycin CN to half its values after exposure to in-vitro gamma irradiation 

(≤1mg\l to ≤0.5mg\l) and from (≤4mg\l to ≤2mg\l) respectively. The other seven 

strains (E.6, Ac.25, Ps.47,Kl.52, E.55, Cit.64, Ps.72) has no change in their MIC´s before 

than after exposure to gamma irradiation. 

 

          It is clear from table (19) that the MIC´s of the identified strains with 

levofloxacin LEV were ranged from (≤2mg\l to ≤0.125mg\l) before irradiation and 

from (≤4mg\l to ≤0.125mg\l) after exposure to in-vitro gamma irradiation. There 

were only two strains (Morg.60) and (Ps.47) showed a clear variation in their MIC´s 

to double its value after exposure to in-vitro gamma irradiation than before. The 

MIC of (Ps.47) with LEV changed from ≤0.25mg\l to ≤0.5mg\l after irradiation, and 

for (Morg.60) its MIC value was changed from ≤2mg\l to ≤4mg\l after irradiation. 

While, the other seven strains (E.6, Ac.25, ,Kl.52, E.55, Cit.64, Ent.67 and Ps.72) has no 

change in their MIC´s after exposure to gamma irradiation than before. 
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B- Determination of minimum inhibitory concentration (MIC) for 
the combined antibiotics to calculate fractional inhibitory 
concentration (FIC) and determine the synergistic effect. 

The concentration range of the antibiotics used alone and in combination for 

calculation of fractional inhibitory concentration (FIC) indexes were shown in 

appendix (A), tables (1-9). The concentration range of the tested antibiotics used in 

combination experiments depend on the minimum inhibitory concentration (MIC) 

of single antibiotic against the tested strains which obtained previously and support 

the 4 X MIC  to  1\8 MIC of  each antibiotic alone to calculate the fractional 

inhibitory concentration  (FIC) and determine the synergistic effect of the 

combined antibiotics. 

 

I- Escherichia coli (E.6): 

       The results in table (22, a - b) showed the combination of  ampicillin\sulbactam 

(SAM) with gentamycin (CN) and ampicillin\sulbactam (SAM) with levofloxacin 

(LEV) against Escherichia coli (E.6) to determine the (FIC). The effects of the 

ampicillin\sulbactam (SAM) with gentamycin (CN) were indifference (IND) with 

fractional inhibitory concentrations (FIC) indexes between (3.0 and 1.12) before 

and after irradiation. While, the FIC ranged between (3.0 and 1.12) before 

irradiation and between (3.0 and 1.5) after irradiation with ampicillin\sulbactam 

(SAM) combined with levofloxacin (LEV). 
 

       Antagonistic (ANT) effect for both combinations ampicillin\sulbactam (SAM) 

with gentamycin (CN) and ampicillin\sulbactam (SAM) with levofloxacin (LEV) 

was equal 5.0 before irradiation observed when 16mg\l of SAM combined with 

0.031mg\l of CN and with 0.25mg\l of LEV. While after irradiation, it was 

observed with concentration 8mg\l of ampicillin\sulbactam (SAM) combined with 

the same concentrations of gentamycin and levofloxacin. 
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        The results in table (22, c-d) showed the combinations of cefoperazone (CFP) 

with gentamycin (CN) and cefoperazone (CFP) with levofloxacin (LEV) gave 

indifference (IND) with FIC indexes between (2.5 and 0.62) and (2.25 and 0.62) 

before irradiation and between (3.0 and 1.12) and (2.25 and 0.62) after irradiation 

respectively.  
 

        Antagonistic (ANT) effect against  Escherichia coli (E.6) with FIC index equal 

4.5 at 1mg\l concentration of CFP combined with  0.0156mg\l of CN before 

irradiation and equal 5 after irradiation with 0.031mg\l of gentamycin. The FIC 

index equal 4.25 before and after irradiation with 1mg\l of cefoperazone plus 

0.062mg\l levofloxacin. 
 

 No synergistic effect was detected between the combined antibiotics.  
 

II- Acinetobacter baumannii (Ac.25):       

       The results from tables (23, a-b) revealed that, the effect of 

ampicillin\sulbactam (SAM) combined with gentamycin (CN) and 

ampicillin\sulbactam (SAM) combined with levofloxacin (LEV) against 

Acinetobacter baumannii (Ac.25)  were gave indifference (IND) effect with 

fractional inhibitory concentrations (FICs) between (1.0 and 2.5) before irradiation 

and (2.12 and 2.5) after irradiation with gentamycin (CN). Meanwhile, the 

Fractional inhibitory concentration index between (1.12 and 2.5) before irradiation 

and (0.62 and 2.5) after irradiation with levofloxacin (LEV). 
 

       Antagonistic FIC value for both combinations (SAM―CN) and (SAM―LEV) 

with FIC index 4.5 before and after gamma irradiation were observed at one 

concentration 16mg\l of SAM with 1mg\l of CN and 0.125mg\l of LEV. 
 

        Also, the same strain was gave indifference effect (IND) by the combinations 

of cefoperazone (CFP) with gentamycin (CN) and cefoperazone (CFP) with 
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levofloxacin (LEV). The FIC values ranged from (0.62 to 3.0) before and after 

irradiation with the combination of cefoperazone (CFP)―gentamycin (CN) and 

ranged from (0.62 to 2.12) before irradiation and from (0.62 to 2.25) after exposure 

to in-vitro gamma irradiation with the combination of cefoperazone 

(CFP)―levofloxacin (LEV). 
 

       Antagonistic effects with fractional inhibitory concentration (FIC) indexes  

was equal 5.0 at concentration 8mg\l of CFP plus 2mg\l of gentamycin (CN) before 

and after irradiation. Also, another antagonistic effect occurred at concentration 

8mg\l of  gentamycin combined with 0.5mg\l of cefoperazone (CFP) only before 

exposure to gamma irradiation. In case of CFP―LEV combination, the FIC index 

(4.12) showing antagonistic effect before radiation with concentration of 0.031mg\l 

of LEV and 4.25 after radiation with 0.062mg\l of levofloxacin (LEV). 
 

No synergistic effect was detected between the combined antibiotics. 

 

III- Pseudomonas aeruginosa (Ps.47) :      

       Combination of the tested antibiotics against Pseudomonas aeruginosa (Ps.47) 

were indicated in tables (24, a). Ampicillin\sulbactam (SAM)—gentamycin (CN) 

combination was gave Indifference (IND) with fractional inhibitory concentration 

(FIC) indexes between (1.12 and 2.25) before irradiation and between (2.0 and 4.0) 

after irradiation. The same combination showed antagonistic (ANT) effect against 

(Ps.47) only after exposure to in-vitro gamma irradiation with different 

concentrations of SAM (8, 4, 2mg\l) and the same concentration of gentamycin 

(4mg\l) to give fractional inhibitory concentration indexes 4.5, 4.25, 4.12 

respectively. Also, antagonistic (ANT) effect occurred at 64mg\l of (SAM) when 

combined with 0.25mg\l of (CN) before irradiation with FIC indexes equal 4.25 

and 2mg\l of (CN) after irradiation with FIC indexes equal 6.0, as shown in table 

(24, a). 
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      In case of ampicillin\sulbactam (SAM) combined with levofloxacin (LEV) the 

results revealed that, the antagonistic (ANT) effect occurred only when FIC index 

values were 5.0 and 4.5 at 64mg\l of (SAM)  and 0.25mg\l of  (LEV) before and 

after irradiation respectively. All the used concentrations of both (SAM) and (LEV) 

were gave indifference FIC indexes. 
 

       In case of cefoperazone (CFP) [with concentration ranged between 16-0.5mg\l 

before irradiation and between 32-1mg\l after irradiation] combined with 

gentamycin (CN) and cefoperazone (CFP) combined with levofloxacin (LEV) 

against Pseudomonas aeruginosa (Ps.47) as in table (24, c-d) showed indifference 

effect with CFP (concentration range between 0.5-16mg\l before and\or after 

irradiation) with different concentration of CN. Meanwhile, the combinations of 

CFP with LEV showed indifference with concentration range between 8-0.5mg\l 

before irradiation and 16-4mg\l after irradiation of cefoperazone with 0.125mg\l of 

CN before irradiation and different concentration after irradiation. 
 

       Antagonistic (ANT) effects with FIC values 4.5 and 4.12 appeared at 

concentration 32mg\l of cefoperazone (CFP) with 0.5mg\l of gentamycin (CN) and 

0.062mg\l of levofloxacin (LEV) respectively after irradiation. Also, antagonistic 

effect appeared with FIC values 5.0 and 4.5 at concentration 16mg\l of CFP with 

1mg\l of (CN) and 0.125mg\l of (LEV) before gamma irradiation, respectively. 
 

       As shown in table (20), the synergistic effects were occurred only in the 

combination of cefoperazone (CFP) with levofloxacin (LEV) against  the tested 

strain  after exposure to in-vitro gamma irradiation with fractional inhibitory 

concentration (FIC) indexes  0.5 and 0.37 at concentrations 2mg\l and 1mg\l of 

cefoperazone (CFP) respectively with the same concentration of levofloxacin 

(LEV) 0.125mg\l. 
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IV- Klebsiella pneumoniae (Kl.52): 

       The results obtained from table (25, a-b) revealed that, ampicillin\sulbactam 

(SAM) combined with gentamycin (CN), and ampicillin\sulbactam (SAM) 

combined with levofloxacin (LEV) against Klebsiella pneumoniae (Kl.52). They 

gave indifference effect (IND) with fractional inhibitory concentration (FIC) 

indexes between (2.25 and 0.62) before irradiation, between (2.25 and 0.75) after 

irradiation, and between (2.25 and 0.75) before irradiation, between (2.5 and 0.62) 

after irradiation for both combinations respectively. 
 

         Antagonistic effect affected occurred when the same concentration of SAM 

(32mg\l) combined with 1mg\l of (CN) before and after irradiation, gave FIC value 

4.25, and when combined with 0.031mg\l of levofloxacin (LEV) before irradiation 

and 0.062mg\l after exposure to in-vitro gamma irradiation with FIC indexes 4.25 

and 4.5 respectively. 
 

       The combination of 2mg\l SAM and 1mg\l (CN) before and after irradiation 

gave synergistic effect with FIC index equal 0.5. Also, when 1mg\l of SAM 

combined with the same concentration of (CN) only after irradiation. The 

combination of (SAM) with (LEV) demonstrated synergistic against (Kl.52) with 

FIC<0.5 when different concentrations of (SAM) (2mg\l and 1mg\l) were 

combined with 0.031mg\l and 0.062mg\l of (LEV) respectively only before 

irradiation, as shown in table (20).  
 

       In case of combinations of cefoperazone (CFP) with gentamycin (CN) and 

cefoperazone (CFP) with levofloxacin (LEV). The indifference effect occurred 

with FIC indexes ranged between (2.25 and 0.75) before irradiation and between 

(2.25 and 0.62) after gamma irradiation for the cefoperazone (CFP)―gentamycin 

(CN) combination. While, it ranged between (2.25 and 0.62) before irradiation and 
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between (2.5 and 1.0) after irradiation for cefoperazone (CFP) ―levofloxacin 

(LEV) combination. 

       Fractional inhibitory concentration (FIC) indexes values were 4.25   against 

(Kl.52) when concentration (8mg\l) of cefoperazone (CFP) combined with 1mg\l of 

gentamycin (CN) and with 0.031mg\l of levofloxacin (LEV) before and after 

radiation. Table (25, c-d). 
 

       Synergistic effects were obtained with FIC value 0.5 when 0.5mg\l of CFP 

combined with 1mg\l of CN only before irradiation and when combined with 

0.031mg\l of LEV before and after irradiation. Also, FIC index was equal to 37 

when 0.25mg\l of CFP combined with 1mg\l of CN before gamma irradiation and 

when combined with 0.031mg\l after exposure to gamma irradiation. As shown in 

table (20). 
 

 

V- Escherichia coli (E.55):- 

        The obtained results from table (26, a-d ) (appendix A) revealed that, 

ampicillin\sulbactam (SAM) combined with gentamycin (CN) and 

ampicillin\sulbactam (SAM) combined with levofloxacin (LEV) against Escherichia 

coli (E.55) were gave indifference effects with FIC index values >0.5 and ≤ 4.0. 

   

        Antagonistic effects were appeared when 32mg\l of (SAM) combined with 

0.062mg\l of (CN) and with 0.031mg\l of (LEV) only before exposure to in-vitro 

gamma radiation with fractional inhibitory concentration (FIC) indexes 6.0 and 4.25 

respectively. Also, antagonistic (ANT) appeared with FIC value 6.0 at concentration 

16mg\l of SAM and 0.062mg\l of CN, and with FIC value 4.25 at the same 

concentration of SAM and 0.031mg\l of LEV only after irradiation. 
 

        Fractional inhibitory concentration (FIC) indexes were less than 0.5 (<0.5), as 

in table (20) at different concentration of ampicillin\sulbactam SAM (2mg\l and 
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1mg\l) combined with  0.031mg\l LEV only before irradiation with FIC values 0.5 

and 0.37 respectively. 
 

          It is clear from tables (26, c-d) that when cefoperazone (CFP) combined with 

gentamycin (CN) and when cefoperazone (CFP) combined with  levofloxacin 

(LEV), their FIC indexes were  bigger than 0.5 and less than 4.0 in almost all the 

tested concentrations of these antibiotics in combination.   
  

       Antagonistic effects obtained with concentration of 0.25mg\l of cefoperazone 

in both combinations with 0.0156mg\l of gentamycin and levofloxacin before and 

after irradiation. 
 

        The fractional inhibitory concentration (FIC) indexes equal 0.5 only when 

0.0156mg\l of cefoperazone (CFP) was combined with 0.031mg\l of levofloxacin 

(LEV) to give synergistic effect against Escherichia coli (E.55) before and after 

exposure to gamma irradiation. 
 

 

VI-  Morganella morganii (Morg.60):- 

         The obtained results from tables (27, a-b) revealed that, the combination of 

ampicillin\sulbactam (SAM) with gentamycin (CN) and ampicillin\sulbactam 

(SAM) with levofloxacin (LEV) were gave FIC indexes between (3.0 and 0.62) 

before irradiation,  between (2.5 and 0.62) after irradiation and between (2.25 and 

0.75)before irradiation and between (2.06 and 0.56) after radiation for both 

combinations respectively. 
 

         The fractional inhibitory concentration (FIC) indexes bigger than 4 (FIC >4) 

when 8mg\l of SAM combined with 0.25mg\l of CN and LEV only after exposure to 

in-vitro gamma irradiation. Also antagonistic effect occurred against (Morg.60) at 

concentration of 4mg\l of SAM with 1mg\l of CN and 0.5mg\l of LEV only before 

irradiation. 
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           Morganella morganii (Morg.60) were affected synergistically when 0.5mg\l 

and 0.25mg\l of ampicillin\sulbactam combined with 0.5mg\l of levofloxacin with 

FIC index values 0.37 and 0.25 respectively after irradiation. While, when 0.25mg\l 

and 0.125mg\l of SAM combined with 0.25mg\l of LEV before irradiation with the 

same FIC index values, as in table (20). 
 

          The results in tables (27, c-d) revealed that, the indifference effects with 

fractional inhibitory concentration (FIC) index ranged between (3.0 and 1.12) before 

and after irradiation when cefoperazone (CFP) [with concentration ranged from 2-

0.062mg\l before irradiation and from 1-0.031mg\l after irradiation] combined with 

gentamycin (CN). Meanwhile, the FIC index ranged between (2.12 and 0.56) before 

irradiation and had only two values (2.03 and 1.03) after irradiation when 

cefoperazone (CFP) combined with levofloxacin (LEV) against (Morg.60). 
 

         The fractional inhibitory concentration (FIC) index 5.0 when 2mg\l and 1mg\l 

of  (CFP) combined with 1mg\l and 0.5mg\l of (CN) and 0.25mg\l LEV  before 

exposure to in-vitro gamma radiation and when 1mg\l CFP combined with 0.5mg\l 

CN after radiation. FIC index 4.03 with combination of 1mg\l CFP and 0.125 LEV 

after irradiation. 
 

        Morganella morganii (Morg.60) were affected synergistically by the 

combination of 0.125mg\l and 0.062mg\l of  cefoperazone with 0.25mg\l of 

levofloxacin before radiation and when the same concentrations of cefoperazone 

combined with 0.125mg\l of levofloxacin only after exposure to gamma irradiation, 

as shown in table (20). 
 

 

VII- Citrobacter freundii (Cit.64):- 

         The results shown in tables (28, a-b) in (appendix A) revealed that, the 

fractional inhibitory concentration (FIC) indexes were bigger than 4 (FIC>4) 
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against Citrobacter freundii (Cit.64) when 16mg\l of ampicillin\sulbactam (SAM) 

combined with 0.5mg\l of gentamycin (CN)  before and after exposure to in-vitro 

gamma irradiation. Also, when the same concentration of SAM combined with 

0.125mg\l of levofloxacin (LEV) before irradiation and 0.062mg\l after irradiation. 
 

         For both combinations (ampicillin\sulbactam (SAM) ) with gentamycin (CN) 

and ampicillin\sulbactam (SAM) with levofloxacin (LEV), the indifference effects 

(IND) occurred when FIC values ranged between (2.5 and 1.0) before irradiation 

and between  (2.5 and 0.62) after irradiation with combination of SAM and CN, 

and between (3.0 and 1.12) before irradiation and between (2.5 and 0.62) after 

irradiation with the combination of SAM and LEV. 
 

        The results in table (28, c-d) revealed that, the combination of cefoperazone 

(CFP) with gentamycin (CN) and cefoperazone (CFP) with levofloxacin (LEV) 

against the same strain (Cit.64) were gave antagonistic effect (ANT) with FIC index 

values more than 4.0 occurred when 8mg\l of cefoperazone combined with 1mg\l 

of gentamycin before and after irradiation, and when combined with 0.031mg\l and 

0.062mg\l of levofloxacin before and after irradiation respectively. While, the other 

used concentration in the both combinations showed indifference effects against 

(Cit.64) with fractional inhibitory concentration (FIC) index bigger than 0.5 and less 

than 4. 

         No synergistic effects were obtained by using any of these combinations 

against (Cit.64). 
 

 

VIII-  Enterobacter cloacae (Ent.67):- 

         The results of ampicillin\sulbactam (SAM) combined with gentamycin(CN) 

and ampicillin\sulbactam (SAM) combined with levofloxacin (LEV) were obtained 

from table (29, a-b). The fractional inhibitory concentration (FIC) indexes were 

4.12 and 4.25 when 8mg\l of ampicillin\sulbactam combined with 0.25mg\l of 
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gentamycin and 0.031mg\l of levofloxacin respectively after exposure to in-vitro 

gamma irradiation. While, FIC indexes were 4.5 and 4.25 when 4mg\l of 

ampicillin\sulbactam combined with 2mg\l of gentamycin and 0.031mg\l of 

levofloxacin before irradiation. 
 

         The synergistic (SYN) effects obtained when 0.5mg\l and 0.25mg\l  of 

(SAM) combined with 0.5mg\l of CN and 0.031mg\l of LEV after irradiation with 

FIC values 0.5 and 0.37 respectively. Also, when 0.25mg\l and 0.125mg\l of SAM 

combined with 0.031mg\l 0f levofloxacin before irradiation, as in table (20). 

Meanwhile, the other used concentration in SAM―CN and SAM―LEV 

combinations showed indifference (IND) with FIC indexes bigger than 0.5 and less 

than 4.0. 
 

In case of cefoperazone (CFP) and gentamycin (CN) combination and 

cefoperazone (CFP) and levofloxacin(LEV) combination, the results were reported 

in tables (29, c-d) . The fractional inhibitory concentration FIC index was bigger 

than 4.0 (>4.0) when 4mg\l of cefoperazone combined with 2mg\l of gentamycin 

(CN) and with 0.031mg\l of levofloxacin before irradiation. Also, before 

irradiation, also when 2mg\l of cefoperazone combined with 0.5mg\l of gentamycin 

and with 0.031mg\l of LEV after irradiation. 
 

          Synergistic effect with FIC ≤ 0.5 occurred at concentrations 0.25mg\l and 

0.125mg\l of cefoperazone (CFP) combined with both of 1mg\l gentamycin (CN) 

and 0.031mg\l of levofloxacin only before in-vitro gamma irradiation. Also, when 

0.125mg\l of CFP combined with 0.031 of LEV after irradiation, as in table (20). 
 

          Indifference effects with FIC bigger than 0.5 and less than 4 were obtained in 

other used concentration of these combinations. 
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IX-   Pseudomonas aeruginosa (Ps.72):-  

        The results of ampicillin\sulbactam (SAM) combined with gentamycin (CN) 

and ampicillin\sulbactam (SAM) combined with levofloxacin (LEV) against 

Pseudomonas aeruginosa (Ps.72) were obtained from table (30, a-b). The 

antagonistic (ANT) effects appeared at 64mg\l of ampicillin\sulbactam in both 

combinations with 1mg\l of gentamycin with fractional inhibitory concentration 

FIC index 4.5 before and after radiation. Also, with 0.125mg\l of levofloxacin with 

FIC index 5.0 before and after exposure to in-vitro gamma radiation. 
 

          The values of fractional inhibitory concentrations (FIC) indexes in (SAM) 

and (CN) combination ranged between (2.5 and 0.75) before and after gamma 

irradiation. But in (SAM) and (LEV) it's ranged between (3.0 and 1.125) before and 

after gamma irradiation. 
 

        When, 4mg\l and 2mg\l of SAM was combined with 0.5mg\l of CN the 

synergistic effects were occurred with fractional inhibitory concentration (FIC) 

index 0.5 and 0.37 respectively only before exposure to in-vitro gamma irradiation. 

Meanwhile, in ampicillin\sulbactam with levofloxacin combination no synergistic 

effects were obtained, as in table (20). 
 

         The combination of cefoperazone (CFP) with gentamycin (CN) and 

cefoperazone (CFP) with levofloxacin (LEV) results were showed in tables (30, c-

d). The obtained results revealed that, the antagonistic (ANT) effects appeared 

when 1mg\l of cefoperazone was combined with 0.5mg\l and 1mg\l of gentamycin 

with FIC indexes 4.25 and 4.5 before and after irradiation respectively. Also 

appeared when the same concentration of cefoperazone combined with 0.062mg\l 

of levofloxacin with fractional inhibitory concentration (FIC) index 4.5 before and 

after exposure to in-vitro gamma radiation.         

The synergistic effects occurred when 0.062mg\l, 0.031mg\l and 0.015mg\l 

of cefoperazone with 0.5mg\l of gentamycin with FIC values 0.49, 0.37 and 0.31 
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respectively only before exposure to in-vitro irradiation. Also, when the same 

concentrations of cefoperazone combined with 0.031mg\l of levofloxacin gave the 

same FIC index values, but after gamma irradiation.  
 

 

 

4- Total protein profile of  Pseudomonas aeruginosa (Ps.72) selected 

strain before and after in-vitro gamma irradiation:- 
 

Total protein analysis of Pseudomonas aeruginosa (Ps.72) tested strain was 

carried out in the presence of MIC of different antibiotics alone (cefoperazone, 

gentamycin and ampicillin\sulbactam) or in combined [(cefoperazone with 

gentamycin) and (ampicillin\sulbactam with gentamycin)] before and after 

exposure to in-vitro gamma irradiation.  
 

 The results showed in fig. (18) showed  the analysis of the  marker (M), Lane 

(M) with 7 bands with molecular weight (M.wt) 208, 112, 85, 48, 32, 26 and 18KD 

respectively. 
 

 The electropheorogram corresponding to the scanned gel of Pseudomonas 

aeruginosa (Ps.72) showed that, Lanes (1 to 6) before irradiation. While, Lanes (7 

to 12) after irradiation in the presence of antibiotics. Lane (1 and 7) were 

considered as control (without any antibiotic) before and after irradiation 

respectively.  
 

Lane, 1 showed two bands with molecular weight (M.wt.) (183 and 73KD) 

and total protein percentage (45.29% and 54.71% ) before irradiation. Meanwhile, 

after irradiation (lane 7) showed two bands with molecular weight (191 and 76KD) 

and  the total protein percentage (47.60% and 52.40%), as shown in fig. (18) and 

table (21). 
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 Lane 2 and 8,  showing the tested strain treated with MIC of cefoperazone 

(CFP) (0.25mg\l) before and after exposure to in-vitro gamma irradiation. Lane 2, 

had two bands with percentage of total protein 49.64%, and 50.36% respectively 

and their molecular weight were 227 and 78 KD. Also lane 8 (after irradiation),  

had 2 bands with 5.25% and 94.75% of total protein and with molecular weight 

(M.wt.) equal to 187KD for the first band and 80KD for the second one. 
 
   

 Also, lane, 3 and 9 in fig.(18) and table (21) showed the effect of MIC of 

gentamycin (2mg\l) without and with exposure to gamma irradiation respectively 

on Ps.72.  Lane, 3 showed two bands with percentage of total protein 50.81% for the 

first band and 49.19%for the second band and their molecular weight were 212 and 

72 KD respectively. While, after irradiation (lane 9) had also two bands, with total 

protein content percentage 68.45% and 31.55% and molecular weight 203 and 76 

KD.  
 

 In lane 4, the tested strain Pseudomonas aeruginosa (Ps.72) control non-

irradiated was treated with MIC´s [0.062mg\l of cefoperazone (CFP) plus 0.5mg\l 

of gentamycin (CN)], which showed synergistic effect. This pattern had two bands 

with total protein 86.92%, and 13.08%, and M.wt values 227 and 76 KD. While, 

the second pattern (lane 10) showed (Ps.72) after treated with the same 

concentration of cefoperazone (0.062mg\l) plus different concentration of 

gentamycin (CN) (1mg\l) after exposure to gamma irradiation. The two  bands 

were separated with total protein percentages 15.75%, and 84.25% and molecular 

weight 203 and 75KD.  
 
 

 In Fig.(18) and table (21), lane 5 and 11 representing the protein pattern of 

Pseudomonas aeruginosa (Ps.72) after treating with the minimum inhibitory 

concentration of ampicillin\sulbactam (SAM) 16mg\l before and after exposure to 
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in-vitro gamma irradiation respectively. Lane 5, had two bands with total protein 

57.05% and 42.95% and the molecular weight 195 KD and 78 KD. Meanwhile, 

lane 11(after irradiation)  gave also two bands with total protein 28.45% and 

molecular weight 138 KD, and the other band, had a total protein percentage 

71.55% and molecular weight 75 KD. 
 
 

  Lane 6, showed the tested strain (Ps.72) after treated with MIC´s, 4mg\l of 

ampicillin\sulbactam (SAM) plus 0.5mg\l of gentamycin (CN) before gamma 

irradiation. This combination gave a synergistic effect. This pattern gave 29.85% 

and 70.15% of total protein percentage and molecular weight 220, and 76 KD. 

Meanwhile, the other pattern (lane 12) showing Pseudomonas aeruginosa (Ps.72) 

after treating with 4mg\l of ampicillin\sulbactam (SAM) plus 1mg\l of gentamycin 

(CN) after exposure to gamma irradiation with  48.57%, and 51.43% of total 

protein percentage and with molecular weight  187KD and 76 KD. 
 
   

 The changes in the molecular weight or in the percentage of total protein 

after  exposure to gamma irradiation may be due to its effect  on the growth of the 

tested strains which may be stimulate some kinds of protein than other when 

treating with different antibiotics alone and in combination under the effect of  in-

vitro gamma irradiation. Further investigations were needed in the future studies 

were carried out. 
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Fig. (18): The electropheogram corresponding to the scanned gel of total protein 
analysis of Pseudomonas aeruginosa (Ps.72).   
Lanes (1 to 6) before irradiation and Lanes (7 to 12) after irradiation. 
Lane (1) the tested strain before irradiation (as control). 
Lane (7) the tested strain after irradiation at 24.4Gy. 
Lane (2 and 8) with CFP alone. 
Lane (3 and 9) with CN alone. 
Lane (4 and 10) with CFP + CN. 
Lane (5 and 10) with SAM alone. 
Lane (6 and 12) with SAM + CN. 

 
Table(21): Molecular weight and percentage of total protein of Pseudomonas aeruginosa 
(Ps.72) tested strain before and after irradiation and in the presence of single and 
combined antibiotics. 

Before in-vitro gamma irradiation 

       

Band 1st 
band 

2nd 
band 

1st 
band 

2nd 
band 

1st 
band 

2nd 
band 

1st 
band 

2nd 
band 

1st 
band 

2nd 
band 

1st 
band 

2nd 
band 

Mol. wt 183 73 227 78 212 72 227 76 195 78 220 76 
Total 

Protein 
% 

45.29
% 

54.71
% 

49.64
% 

50.36
% 

50.81
% 

49.19
% 

86.92
% 

13.08
% 

57.05
% 

42.95
% 

29.85
% 

70.15
% 

After in-vitro gamma irradiation 

       

Band 1st 
band 

2nd 
band 

1st 
band 

2nd 
band 

1st 
band 

2nd 
band 

1st 
band 

2nd 
band 

1st 
band 

2nd 
band 

1st 
band 

2nd 
band 

Mol.wt 191 76 187 80 203 76 203 75 138 75 187 76 
Total 

Protein 
% 

47.60
% 

52..40
% 

5.25
% 

94.75
% 

68.45
% 

31.55
% 

15.75
% 

84.25
% 

28.45
% 

71.55
% 

48.57
% 

51.43
% 
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V- DISCUSSION 

 
Infectious diseases are the result of host invasion with a pathogen. The 

detection, treatment and prevention of human disease is the challenge which face 
the physicians; pharmacists and microbiologists. Throughout our life we are in 
contact either continuously or sporadically with human pathogenic microorganisms 
which may cause such disturbance in our health.                                          

 
Pathogenesis of community-acquired infection involves a complex 

interaction between an organism, the environment and the potential host. 
 
Cruse and Lewis, (1994) reported that, the capacity of microorganisms to 

produce disease is determined by its virulence factors.  
 
In this study 107 clinical samples and specimens were collected. Out of 

them, 72 samples and specimens were positive for microbial infection. They 
include, 37 urine samples (51.4%), 20 wound (pus) swabs (27.8%), respiratory tract 
infection (19.4%) as 8 sputum samples (11.1%), and 6 throat swabs (8.3%) and 
only one stool specimen (1.4%). 

 
Our results revealed that, 84 microbial isolates were obtained. Out of them, 

seventy three isolates of gram-negative bacilli (86.9%) which were much more 
common than gram-positive cocci (9 isolates) 10.7%. Only two yeast isolates 
(2.4%) were obtained and both of them from urine samples. There were twelve 
cases showed mixed infections. 

 
Ling et al., (2006) suggested that, the urinary tract infection was the leading 

site of infections (49%) in a survey of 2.099 gram-negative bacilli from community 
infections, followed by respiratory tract infection (RTI) 21%, then wound 
infections (20%), blood (7%), and the other samples represents 3% of the total 
clinical samples. 

 
Khurshid et al., (2002) stated that, out of 100 positive clinical samples 

collected from patients who attends outdoor clinic, 57% urine, 24% pus samples, 
10% sputum samples, and 9% fluids (ascetical/ pleural). 

 
Foxman, (2002) reported that, the gram-negative bacilli have been the most 

frequent cause of infection, followed by gram-positive cocci then yeasts. 
 



         RESULTS                                                                                                            

 -121-

Cetin et al., (2005) reported that, the prevalence trend of gram-negative 
bacilli as a bacterial isolates causing human infections, was 74% out of total 
pathogens. 

Cohn, (1999) reported that, the majority of infections can be attributed to 
Escherichia coli, which is responsible for more that 50% in outdoor patients, then 
followed by Proteus spp., Klebsiella pneumoniae, Pseudomonas aeruginosa and 
Enterobacter spp.  Staphylococcus epidermidis and Staphylococcus aureus are the 
next most frequent isolates among gram-positive cocci, followed by Candida 
albicans and Candida tropicali . 

 
Weber et al., (1997) found that in his study, the number of gram-negative 

isolates from UTI was around 80% - 82%, and the frequency of gram-positive 
aerobic bacteria rose markedly in outpatient specimens from 6.1% to 13.5%. But 
funguria causing about 2-5% of the total infection. 
 
 Moges et al., (2002) reported in their study on UTIs, that, out of the total 
positive isolates, 71.5% were gram-negative bacteria and the polymicrobial 
infection rate was found to be 24%. 
 

Diab et al., (2004) stated that, the gram-negative pathogens encountered as 
an etiological agents of community acquired urinary tract infections (UTIs) were 
Escherichia coli 71.8%, Klebsiella pneumoniae 8.9%, Pseudomonas aeruginosa 
8.6%, and Proteus mirabilis 5.6%, Enterobacter spp. Citrobacter freundii and 
Serratia marcescens. 

 
 Saafan and Ramadan, (2006) noted that, out of 135 urine samples obtained 

from outpatient clinic of Urology Department, the gram-negative bacilli causing 
85.2% of urinary tract infections in EGYPT. Out of them, 62.5% Escherichia coli, 
16.66% Pseudomonas aeruginosa , 16.6% Klebsiella pneumoniae, 4.2% Proteus 
mirabilis. 

 
 Moges et al., (2002) & Wilson and Gaido, (2004) noted that, E.coli were 
responsible for only 30% of all recurrent UTI, Klebsiella pneumoniae, 
Pseudomonas aeruginosa, and Proteus organisms were responsible for 18.8%, 
15.4% and 14.4% of all UTIs respectively. Other gram-negative bacteria (Proteus 
spp., Citrobacter freundii, Morganella morganii were caused 15.3% of urinary 
tract infections. 
 

Khurshid et al., (2002) reported that, urine specimens contaminated mostly 
by Escherichia coli. Whereas, Pseudomonas aeruginosa and Proteus spp. were 
observed in urine cultures.  
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The predominance of E.coli among the gram-negative bacteria may be due to 
its existence as a normal flora in the large intestine and female vagina El-Astal, 
2005. 

Wise, (2001) suggested that, fungi causes 8% of community acquired 
infections. Candida spp. are the most frequent pathogen. Environmental fungi have 
become more aggressive in the vulnerable patients. 
 
 Fisher and cook, (1998) & Salama, (2004) suggested that, in general 
Candida species other than Candida albicans are considered opportunistic 
pathogens, attacking patients who are immunocompromised. Almost any site in the 
body may be attacked by Candida species which has been isolated with increasing 
frequency from UTIs following the use of antibiotic therapy (93%), indwelling 
catheters (83%), and use of immunosuppressive drugs (10%). High mortality 
commonly associated with candiduria. 

 
Khurshid et al., (2002) reported that, contamination of wound sites may be 

due to surgical handling of excised tissue or may be due to hygiene problems. 
 
Eron et al., (2003) found that, out of 396 positive pus cultures, 82% of these 

cultures were gram-negative bacilli. Only 10% of isolates were gram-positive 
bacteria. 

 
Hiransuthikul et al., (2005) reported that, among the identified bacterial 

isolated from 515 patients with skin and soft tissue infections (traumatic wounds 
were the most common problem). Gram-negative bacilli were the pathogens most 
commonly isolated 72% (Escherichia coli, Klebsiella pneumoniae, Pseudomonas 
aeruginosa, Enterobacter spp., Proteus spp. and Acinetobacter spp.), and 13.5% of 
isolates were gram-positive bacteria (Staphylococcus spp., Enterococcus spp., and 
Streptococcus spp.). 

 
Overfordt et al., (2000) noted that, various strains were isolated from the 

sputum of smoker patients, Staphylococcus aureus, Haemophilus influenza, and 
Klebsiella pneumoniae were the most prevalent. Whereas, Streptococcus 
pneumoniae was found rarely. 

 
Gonlugur et al., (2004) suggested that, the most common organisms 

obtained from sputum cultures was Klebsiella pneumoniae 35%, Escherichia coli 
27%, Haemophilus influenza 10%, Acinetobacter spp. 8%, Streptococcus 
pneumoniae 7%, and others.  

 
Koplan et al., (1980) reported that, only 2.4% of patients had a positive stool 

cultures in his study as Salmonella or Shigella. 
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Lehmann et al., (1999) found that, the faeces could contain almost any type 
of bacteria. The main pathogens isolated from the faeces  are Salmonella, Shigella, 
Staphylococcus aureus and enteropathogenic E.coli. Because the pathogens are 
usually present in relatively small numbers as compared to non-pathogenic 
bacteria, the use of highly selective and enrichment media is recommended. 

 
Antimicrobial resistance has become a major medical and public health 

problem. Bacterial pathogens have become increasingly resistance to commonly 
used antibiotics. In some cases, there are no remaining first options for therapy  
(Urassa et al., 1997, Liu, 1999  & Rice and Kollef 2007). 

 
El-Kholy et al., (2002) noted that, the incidence of high percentage 

resistance to some antibiotics such as (ampicillin, amoxycillin, cephalothin, 
streptomycin, chloramphenicol and amoxycillin\clavulanic acid)   could be 
attributed to indiscriminative use of antibiotics among Egyptian population without 
medical prescription.  

 
In this study from the obtained antimicrobial susceptibility results, the 

percentage resistance of all tested pathogenic gram–negative isolates to different 
antibiotics was exceeded 70 % in case of tetracycline (85 %), carbenicillin (84.9%), 
trimethoprime sulphamethoxazole (78%), cephradine (75.3%) and azithromycin 
(71.1%). Meanwhile, more than 50% were detected in case of cefuroxime sodium 
(67.1%), nalidixic acid (63%), nitrofurontoin (58.9%), cefoperazone (58.9%). 
While, in case of amoxycillin \clavulanic acid and ampicillin\sulbactam (49.3%), 
and ofloxacin (43.8%), the percentage resistance exceeded 40%. 

 

While, for all the tested gram-positive isolates, they showed 100% sensitivity 
in case of 11 antibiotics out of 18 used. Meanwhile, the percentage resistance were 
55.5% with nalidixic acid, 44.4% with both of cefoperazone and tetracycline 
(which showed the same resistant percentage),33.3% with netilmicin, 22.2% with 
ofloxacin, and 11.1% with both of azithromycin and sulphamethoxazole 
trimethoprime (had the same resistant percentage). 

 
Kollef , (2000) reported that, antibiotic resistant gram-negative bacilli and 

gram-positive bacteria are reported as an important causes of acquired infections . 
Wazait et al., (2003) found that, there was a significant change in the 

antimicrobial resistance. The frequency of polymicrobial infection (two pathogens)  
had increased, with change in the antimicrobial resistance profile of various 
organisms.  

 
Raymond et al., (2003) reported that, resistant gram-negative bacilli were 

identified as an independent predictor of mortality in our patient population. 
Resistant gram-negative bacilli were identified as those gram-negative bacillus 
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resistance to one or more of the following:1)all aminoglycosides, 2) all 
cephalosporins, 3)all carbapenems, and 4)all fluoroquinolones. 

 
Acharya, (1992) noted that, on the basis of sensitivity pattern the 

chemotherapeutic agents could be divided into groups. Those manifesting overall 
sensitivity of less than 25% (their resistance more than 75%) formed the largest 
group consisting of most of the routinely used antibiotics such as penicillin, 
ampicillin, amoxycillin, carbenicillin, tetracycline, chloramphenicole and 
sulphonamides.  Gentamycin leads the whole group with 85% sensitivity. It must 
be noted that, since gentamycin was made freely available over the last 15 years, 
sensitivity to it had gradually declined from 99% to 95%. 

 
Schmitz et al., (1999) & Yamaguchi et al., (2000) found that, gentamycin 

and amikacin exhibited better in vitro activity than tobramycin, against most gram-
negative bacilli in Europe and Japan. Resistance to gentamycin and amikacin has 
increased up to 10% in some gram-negative bacterial species, the reason for this 
observation is unclear. Although, changes in antibiotic prescribing patterns that 
results in increased selective pressure from gentamycin and amikacin may have 
contributed to these increased rates of aminoglycosides resistance.  

 
Baskin et al., (2002) suggested that, gentamycin had nearly twice the 

activity of trimethoprime sulphamethoxazole. 
 
Raymond et al., (2003) reported that, resistant gram-negative rods were 

more commonly treated with aminoglycosides and imipenem. 
 
Acharya, (1992) reported that, quinolones like norfloxacin, ofloxacin, 

ciprofloxacin and levofloxacin have shown better sensitivity against multiple 
resistant pathogens than the oldest quinolones (nalidixic acid) and nitrofurantoin 
which is coming in the middle between the nalidixic acid and new 
fluoroquinolones. 

 
Hooper, (2000) suggested that, nalidixic acid as a first quinolones, had 

limited antimicrobial activity and was associated with rapid development of 
bacterial resistance, its synthesis led to evolution of fluoroquinolones. 

 
Bonfiglio, (2001) stated that, the activity of levofloxacin against 

Pseudomonas aeruginosa was equal to ciprofloxacin but was more active than 
ofloxacin. Moreover, the MIC values of levofloxacin did not show any statistical 
difference using two different inocula. Levofloxacin shows an excellent bacterial 
activity being generally within one doubling dilution of the MIC. 
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Akram et al., (2004) noted that, currently, eight flouroquinolones are used in 
clinical practice in the United States and several other countries are in the 
investigational stage. Until lately only early flouroquinolones like (norfloxacin, 
ofloxacin, ciprofloxacin, and levofloxacin) are in common used in Egypt. Such 
antibacterials demonstrated high activity against wide range of gram-negative 
isolated pathogens in their study. Their obtained results were in agreement with that 
reported with (Wagenlehner and Naber, 2004 & Killgore et al., 2004). 

 
Keven et al., (2003) found that, more than 70% of isolates of gram-negative 

were sensitive to aminoglycosides, fourth generation cephalosporins, quinolones, 
and imipenem. Most isolates were resistant to first generation cephalosporin (as 
cephradine) and amoxycillin\clavulanic acid. 

 
Sader and Jones, (2005) suggested that, cefepime is a broad-spectrum 

fourth generation cephalosporin. It active against gram-negative bacteria >75% due 
to rapid penetration into the periplasmic space and high stability against B-
lactamase, especially AmpC-B-lactamases and some carbapenemases. 

 
American Society of Health-System Pharmacists (ASHSP), (2005) 

reported that, colistin was used for treating infections caused by gram-negative 
bacteria until the early 1980s. Despite the high susceptibility of these bacteria to 
colistin and the fact that it is effective against infections caused by Pseudomonas 
aeruginosa and Acinetobacter baumannii with little development of resistance, 
colistin is not widely used, mainly because of its potential toxicity, particularly 
nephrotoxicity. 

 
Sulphamethoxazole trimethoprime has been considered as the first line 

empiric treatment for more than 30 years as reported by Baskin et al., (2002). The 
prevalence of gram-negative resistance to sulphamethoxazole trimethoprime has 
increased during the past decade and the resistance varies substantially in different 
regions, prevalence now exceeds 70% in some regions of America. Proteus spp. 
and Klebsiella spp. have developed resistance to it rapidly. This probably 
exemplifies the emergence of (R) factor transfer resistant bacteria due to improper 
and excessive usage of antibacterial agents for various infections. 

 
From the obtained results of antibiotics susceptibility test in our present 

study, the most multi-drug resistance bacterial isolates among our total isolates 
were selected for further investigation.  

 
Selection of the most multi-drug resistant pathogens revealed that, all of 

these pathogens were gram-negative bacilli. Six isolates were obtained from urine 
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samples and identified as Escherichia coli (2 isolates), Pseudomonas aeruginosa (2 
isolates), Morganella morganii, Citrobacter freundii, Also, 2 isolates were obtained 
from wound (pus) swabs as Acinetobacter baumannii, and Enterobacter cloacae. 
Finally, one isolate was obtained from sputum samples as Klebsiella pneumoniae. 

 
Chiew et al., (1998) & Khalil and Adnan, (1999) reported that, relative 

frequent isolation of Pseudomonas aeruginosa and the diagnosis of high resistance 
among Klebsiella pneumoniae draw the attention to the possible role of spread of 
such strains from hospital settings into community. 

 
El-Kholy et al., (2002) noted that, resistance to most relevant antimicrobials 

was commonplace among the gram-negative bacilli. They found that, antibiotic 
resistance among isolates of Escherichia coli, Klebsiella pneumoniae, Enterobacter 
spp, Citrobacter spp., Pseudomonas aeruginosa, and Acinetobacter spp. was 
common in Egypt and comparable to reports from other parts of the world. 

 
Raymond et al., (2003) stated that, 203 antibiotic resistant isolates out of 

924 gram-negative bacillary infections, antibiotic-resistant infections episodes were 
most commonly due to E.coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, 
Acinetobacter spp. and S. maltophilia. Most of antibiotic resistance gram-negative 
rods causing bacillary infections isolated from lungs and urine samples, followed 
by blood cultures, wound swabs. 

 
Wenzel et al., (2003) reported that, for the majority of species of 

Enterobacteriaceae (gram-negative bacilli) studied, generally the susceptibility to 
gentamicin was >85%. In contrast, susceptibility to amoxycillin-clavulanate varied 
from 69.9%  to 85.8% , susceptibility to ofloxacin varied from 80.5% to 94.0%, and 
susceptibility to levofloxacin varied from 75.2%  to 91.6%. 

 
D'Agata, (2004) defined multi-drug resistance as resistance to 3 or more 

antimicrobial classes. He found that, multi-drug resistant gram-negative bacilli 
increased from 1% to 16% for Pseudomonas aeruginosa, 4% to 13% for 
Enterobacter spp., 0.5% to 17% for Klebsiella spp., 0% to 9% for Proteus spp, and 
from 0.2% to 4% for Escherichia coli, the most common pattern of multi-drug 
resistance was co-resistance to quinolones, third generation cephalosporins (3GC), 
and aminoglycosides. 

Chow et al., (2005) reported that, A total of 3,134 pathogens were isolated 
from Patients with intra-abdominal infections worldwide. Enterobacteriaceae 
accounted for 82%. Escherichia coli, Klebsiella spp, and Enterobacter spp. were 
the most common species. The susceptibility rates of these organisms to the 12 
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antimicrobial agents differed among geographic regions. Ampicillin/sulbactam was 
the agent least frequently active against Enterobacteriaceae  (56% susceptible). 

 
Rice and Kollef, (2007) noted that, multi-drug resistance is also an 

increasingly important problem in gram-negative bacteria, specifically Klebsiella 
pneumoniae, which is intrinsically resistant to ampicillin and ampicillin\sulbactam 
by virtue of producing a chromosomal B-lactamase. Often fluoroquinolone 
resistance accompanies the ESBL. For the cephalosporin-resistant Klebsiella 
strains, colistin (also known as polymyxin E) is among the first-line agents for 
empiric treatment (under control) of people with these serious infections. 

 
Nayak and Satpathy, (2000) found that, multi-drug resistance was one of 

the most important virulence factor of some pathogenic microorganisms. 
 
In our study all the nine selected identified strains, were showing 100% 

resistance (varied between resistant to moderate resistant) to all B-lactam 
antibiotics used [carbenicillin (Py), amoxycillin\clavulanic acid (AMC), 
ampicillin\sulbactam (SAM), cephradine (CE), cefuroxime sodium (CXM), 
cefoperazone (CFP), cefoperazone\sulbactam (SCF) and cefepime (FEP)]before 
and after exposure to gamma irradiation. Except Morg.60 showing sensitivity with 
cefepime before and after irradiation.   

 
 Farrag et al., (2002) performed antimicrobial susceptibility on 69 bacterial 
isolates before and after gamma irradiation. The isolated species were Escherichia 
coli, Pseudomonas aeruginosa, Klebsiella pneumoniae, Klebsiella oxytoca, Proteus 
mirabilis, Proteus vulgaris, Providencia rettreri, Morganella morganii, 
Enterobacter cloacae, Serratia marcescens, Staphylococcus aureus & 
Staphylococcus apidermidis from urine of bladder cancer patients. They found that, 
more than 50% of the total non-irradiated tested isolates were resistant to 
tetracycline, sulphamethoxazole trimethoprime, ampicillin\sulbactam, amoxycillin, 
cefuroxime sodium, gentamycin, nitrofurantoin, nalidixic acid and kanamycin. 
After irradiation the number of resistance and susceptibility pattern were changed 
with some antibiotics. The changed in antimicrobial susceptibility pattern of most 
bacterial isolates were highly statistical significance. 

 
Despite the discovery of extended-spectrum B-lactamases (ESBLs) and 

AmpC B-lactamases at least decade ago, there remain a low level of awareness of 
their importance and many clinical laboratories have problems in detecting ESBLs 
and AmpC B-lactamases like; confusion exists about the importance of these 
resistance mechanisms, optimal test methods, and appropriate reporting convention. 
Failure to detect these enzymes has contributed to their uncontrolled spread and 
sometimes to therapeutic failures (Singhal et al., 2005). 
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Clinical and Laboratory Standards Institution (CLSI), (2003) &   noted 

that, the screening criteria proposed for ESBL detection are zones of inhibition of 
≤22mm for ceftazidime and ≤ 27mm for cefotaxime. (Jacoby and Han, 1996 & 
Saafan and Ramadan, 2006) stated that, extended-spectrum B-lactamase 
producing strains will show a ≥ 5mm zone enhancement with clavulanic acid added 
to ceftazidime and cefotaxime or by added of sulbactam to cefoperazone 
(commercially available). 

 
As described previously before by other investigators [Bradford, 2001, 

Subha and Ananthan, 2002,  Manchanda et al.,, 2005 & Al-Jasser, (2006)], the 
multi-drug resistant organisms which showing resistant to one or more of 3rd 
generation cephalosporin, primarily, may be considered as ESBL-producer.  

 
The screening for ESBL was confirmed by using four more antibiotics in 

addition to the others, 2 of them [cefotaxime (CTX) and ceftazidime (CAZ)] 
belonging to 3rd generation cephalosporin, cefoxitin (FOX) belonging to 2nd 
generation cephalosporin and aztreonam (ATM) belong to monobactam. 

 

All the strains were showing resistant or moderate resistant with cefotaxime, 
aztreonam and ceftazidime, except Ac.25 and Ps.47 were sensitive only with 
ceftazidime before and after irradiation. 

 

Most of the selected tested strains were sensitive with cefoxitin which gave 
an evidence for harbouring ESBLs. While, three strains showed resistant [Ac.25, 
Ps.47, and Morg.60] before and after irradiation.  

             

By confirmatory test for detection of ESBL called double-disk diffusion 
synergy test (DDST) in which all the tested strains where gave a ghost-zone with 
one or more of indicators (CAZ, CTX and CFP) adjacent to amoxycillin\clavulanic 
acid (AMC)except Morg.60.  Another confirmatory test  was carried on all the tested 
strains (combined disk test) in which the tested strains [E.6, Kleb.52 , E.55, Cit.64, 
Ent.67, and Ps.72] showing an increase  in the diameter of inhibition zone with 
cefoperazone\sulbactam (SCF) by 5mm or more than the diameter of the inhibition 
zone of cefoperazone (CFP) using alone. But in case of AC.25,  Morg.60 the 
inhibition zone increased with 3mm only and no increase appear with  Ps.47 . Also, 
the obtained results revealed that, the ability of the tested strain to produce ESBL 
were changed after in-vitro gamma irradiation. 

 
In case of AmpC-B-lactamase detection, occurring of small blunting in the 

inhibition zone of cefotaxime (CTX) adjacent to cefoxitin give an evidence for the 
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presence of AmpC B-lactamases in Morg.60 only. With negative results in other 
tested strains. 

 
The enhancement of the inhibition zone (if the zone size around the test 

antibiotic disk increased towards the (AMC) disk) called ghost-zone between either 
of the cephalosporin disks and clavulanate containing disk indicates the presence of 
an extended-spectrum B-lactamase. This increase occurs because the clavulanic 
acid present in the amoxycillin\clavulanic acid disk inactivates the ESBL produced 
by the tested organism.(Livermore, 1995, Bradford, 2001 & Chaudhary, 2004). 
In contrast as reported by (Rodrigues et al., 2004& Singhal et al., 2005) if the 
isolates showing blunting of ceftazidime (CAZ) or cefotaxime (CTX) zone of 
inhibition adjacent to cefoxitin (FOX) disk or showing reduce susceptibility to 
either of the above test drugs (CAZ or CTX) were considered as a positive screen 
and selected for detection of AmpC-B-lactamases. 

 
Bradford, (2001) & Jacoby and Manuz-Price, (2005) reported that, the 

cephamycins (Cefoxitin and cefotetan) are not hydrolyzed by majority of ESBLs 
but are hydrolyzed by associated AmpC-type B-lactamase. Similarly B-lactam\B-
lactamase inhibitor combination may not be effective against organisms that 
produce AmpC-B-lactamase. Also these strains decrease the expression of outer 
membrain proteins, rendering them resistant to cephamycins. But cefepime are 
generally regardes as one of preferred agents for treatment of infectious due to 
ESBLs or AmpC-B-lactamase-producing organisms. 

  
Al-Jasser, (2006) noted that, the Cefoxitin susceptibility may be used as a 

means of deducing mechanism of resistance. Cefoxitin resistant isolates may 
produce AmpC-type enzyme or possess porin changes. 

 
Coudron et al.,(1997), Goossens, (2000), Thomson, (2001) & Pitout et al., 

(2005) suggested that, the extended-spectrum B-lactamase producing bacteria are 
emerging pathogens in the community. However, the vast majority of strains 
expressing these enzyme belonging to family Enterobacteriaceae, Pseudomonas 
aeruginosa and Acinetobacter spp. They reported that, Klebsiella spp. Escherichia 
coli, Enterobacter spp . and Citrobacter freundii seems to remain the major ESBL-
producer.  

 
Rodrigues, (2004) reported that, out of 286 gram-negative isolates, the 

majority of ESBL producers and depressed mutants were Escherichia coli and 
Klebsiella followed by Enterobacter and Acintobacter spp. While, AmpC mediated 
B-lactamase, was seen as a maximum number in Pseudomonas spp. then 
Enterobacter spp. 
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Cagatay et al., (2003) found that, among 60 ESBL-producing Klebsiella 

pneumoniae isolates, 59 (98.3%) were identified as ESBL-positive and out of 40 
ESBL-producing Escherichia coli isolates, 38 (95%) were positive by using double 
diffusion test. 

 
Bell et al., (2003) noted that, Enterobacter species harboring ESBLs have 

now been described for several countries worldwide. 
 
Bosi et al., (1999) & NCCLS (2005), stated that, detection and recognition 

of ESBL-producing Enterobacter species has been a diagnostic problem. It has 
been generally assumed that resistance to broad-spectrum cephalosporins implies 
that a strain has stable derepression of ampC. With the emergence of ESBLs in 
Enterobacter spp. and the demonstration that some of these strains can disseminate 
widely.  Enterobacter spp. had constitutively chromosomally inducible AmpC B-
lactamase. However, the results of his study showed that an increased (>0.25 
µg/ml) cefepime MIC may represent a reliable marker for the presence of an ESBL. 

 
Levin, (2002) reported that, their studies have highlighted the emergence of 

infections involving multi-resistant gram-negative  isolates. Sulbactam offers direct 
antimicrobial activity against gram-negative isolates. Accordingly, co-
administration of sulbactam with ampicillin or cefoperazone offers the potential of 
effective empirical therapy against gram-negative bacteria such as 
Enterobacteriaceae institutions in which they are susceptible., ampicillin–
sulbactam has proven clinically effective and well tolerated in the treatment of 
severe infections than using ampicillin alone. 

 
Strachounski et al., (2000) & Ingviya et al., (2003) reported that, among 

the three B-lactam antibiotic plus inhibitor that are commercially available 
[amoxycillin\clavulanic acid, cefoperazone\sulbactam and pipracillin\tazobactam]. 
Cefoperazone\sulbactam revealed the highest activity against gram-negative bacilli 
including ESBL-producing organisms.  

Manchanda et al., (2005) reported that, there are large numbers of gram-
negative clinical isolates that harbour extended-spectrum B-lactamase (ESBL). 
None of the ESBL harbouring isolates was sensitive to combination of 
amoxycillin\clavulanic acid. 

       
Singh, (1999) noted that, extended-spectrum B-lactamase are distributed on 

large plasmids which confer multiple-drug resistance (aminoglycosides, 
tetracycline, trimethoprime). 
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 Production of ESBLs either chromosomally mediated or plasmid mediated. 
Point amino acid substitution of the classical plasmid mediated B-lactamases like 
TEM and SHV increase the spectrum of activity from earlier generation B-lactams 
to 3rd generation cephalosporins and monobactams. However, they retain their 
stability against cephamycins (cefoxitin) and carbapenems and are inhibited to an 
extent by B-lactamase inhibitors. Being plasmid mediated these enzymes spread 
fastly amongst various bacteria and are important by infection control. The 
chromosomal mediated B-lactamase production is mainly through expression of 
ampC gene which is either constitutive or inducible (Livermor, 1995 & Thomson, 
2001). 

 
Podschun and Ullmann, (1998) & Subha and  Ananthan, (2002) reported 

that, ESBL production is coded by genes that are prevalently located on large 
conjugative plasmids of 80-160 Kb in size. Since these plasmids are easily 
transmitted among different members of the Enterobacteriaceae, accumulation of 
resistance genes results in strains that contain multi-resistant plasmids. For this 
reason, ESBL-producing isolates are resistant to a variety of classes of antibiotics. 
Moreover, the emergence of these multiple resistant Klebsiella strains is 
unfortunately accompanied by a relatively high stability of the plasmids encoding 
ESBLs. Conjugative dissemination of ESBL coding plasmids might facilitate the 
spread of antibiotic resistance among different members of Enterobacteria. 

 
Wang et al., (2004) investigated the prevalence and genotype of plasmid 

mediated cephalosporinase in extended spectrum B-lactamase producing  
Escherichia coli and Klebsiella pneumoniae. The prevalence was 2.0% and 17.1% 
respectively and these strains harboured 2-5 plasmids.  

 
Pitout et al., (2005) & Al-Jasser, (2006) suggested that, the ESBL-producer 

strains they showed multi-drug resistant to other classes of antibiotics, especially 
aminoglycosides and fluoroquinolones and they may harbour one or more B-
lactamase gene. This may be mediated by high level production of chromosomally 
encoded cephalosporinase or by acquisition and production of plasmid mediated 
ESBLs. 

 
The interaction of ionizing radiation with irradiated material has been 

reviewed by (Gentner and Paterson, 1994). There are good theoretical reasons for 
believing that DNA of bacterial cell is the target for inactivation. 

 
Kruse and Sorum, (1994) reported that, the presence of broad host range R-

plasmid encoding multiple antibiotic resistance in gram-negative bacilli has 
resulted in increasing difficulty in treating infections caused by these organisms. 
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In this study a comparison of the plasmid profiles of three tested isolates 

(Kleb.52, Morg.60 and Ps.72) showed a definite difference before and after exposure 
to in-vitro gamma radiation. The plasmid of the tested isolates were extracted and 
analyzed in agarose gel. There were a difference in the molecular weight of 
plasmid profile analysis after irradiation than before irradiation. All the investigated 
strains had one plasmid band with molecular weight more than 3147bp before 
irradiation. 
 

Nordmann et al., (1993) reported that, an isolates of Pseudomonas 
aeruginosa contained three plasmids of 80, 20 and 4 Kb Long. 

 
Shaker, (2002) stated that, plasmid analysis for three strains of 

Pseudomonas aeruginosa revealed plasmid with size more than 12Kb which may 
be responsible for resistance of these isolates to different antibiotics   

 
Tsen and Lin, (2001) found that, twenty nine clinical isolates of community 

acquired Klebsiella pneumoniae with malnutrition were characterized by antibiotic 
susceptibility and plasmid analysis. All the isolates were showed multiresistance 
pattern ranging from resistance to two antibiotics to resistance to 10 anibiotics. 
Plasmid analysis showed plasmid ranging in size from 48Kilobases (Kb) to 1.4Kb. 

 
Farrag, (2002) found that, the plasmid analysis before irradiation for 

Pseudomonas aeruginosa isolated from urine culture, revealed only one band of  
molecular weight > 3.147bp while 2 bands after irradiation one approximately 
750bp and the other one was < 2.647 and > 900bp. Also, detected one more band in 
the plasmid profile analysis of Morganella morganii after irradiation, was absent 
from that of the culture of the same strain before irradiation. For Klebsiella 
pneumoniae plasmid profile analysis revealed that, the number of bands in the 
irradiated strain showed one more band than non-irradiated, a change in the 
molecular weight were observed. 

 
Farrag et al., (2002) detected the presence of difference in the number of 

bands and molecular weight in plasmid profile analysis of Staph. aureus, 
Pseudomonas aeruginosa and Providencia rettgeri after irradiation than before 
irradiation. All the investigated strains had one plasmid band with molecular weight 
more than 10Kb after irradiation. Whereas, one extra-band with the presence of 
smear was observed with irradiated Pseudomonas aeruginosa at 20Gy. 

 
Farrag, (1991) & Farrag and Saleh (1996) observed that, the low doses of 

gamma radiation change the resistance of some bacterial isolates to different 
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antibiotics and had an effect on DNA content and ploidy pattern. 
 

Chaudhary, (2004) suggested that, sensitivity breakpoints of MIC as 
designated in the National Committee for Clinical Laboratory Standards (NCCLS) 
guidelines of Klebsiella pneumoniae and Escherichia coli against cefoperazone, 
cefotaxime and ceftazidime are less than or equal to 8mg\ml. some ESBL-
producing organisms may have increased MIC against these agents compared with 
those of non-ESBL isolates. However, the increased MIC is still lower than the cut 
off value for susceptibility. The latest guidelines by NCCLS recommended 
screening Klebsiella spp. and E.coli isolates with a MIC greater than or equal to 
2mg\ml against cefoperazone, aztreonam, ceftazidime, cefotaxime or ceftriaxone as 
potential ESBL-producers. 

 
Our results revealed that, The MIC´s of ampicillin\sulbactam (SAM) were 

ranged from (≤16mg\l to ≤1mg\l) before irradiation and from (≤16mg\l to ≤2mg\l) 
after irradiation. Meanwhile, the MIC´s of cefoperazone (CFP) were ranged from 
(4mg\l to 0.062mg\l) before exposure to in-vitro gamma radiation and from (8mg\l 
to 0.062mg\l) after exposure to in-vitro gamma irradiation. Six strains (E.6, Ac.25, 
Kl.52, E.55, Cit.64, Ps.72) showing no change in their MIC´s with cefoperazone CEF 
after than before gamma irradiation. Gentamycin MIC´s were ranged between 
(≤4mg\l to ≤0.031mg\l) before and after  irradiation.  The MIC´s of the identified 
strains with levofloxacin LEV were ranged from (≤2mg\l to ≤0.125mg\l) before 
irradiation and from (≤4mg\l to ≤0.125mg\l) after exposure to in-vitro gamma 
irradiation. There were only two strains (Morg.60) and (Ps.47) showed a clear 
variation in their MIC´s to double its value after exposure to in-vitro gamma 
irradiation than before. While, the other seven strains ((E.6, Ac.25, ,Kl.52, E.55, Cit.64, 
Ent.67 and Ps.72) has no change in their MIC´s after exposure to gamma irradiation 
than before. 

 
Ling et al., (2006) reported that, a survey 2.099 gram-negative bacilli from 

community infections (collected from urine, sputum, soft tissue, blood, bile, stool) 
in the Peoples Republic of China, the MIC90  of cefoperazone and gentamycin with 
different members belonging to family Enterobacteriaceae, Pseudomonas 
aeruginosa and Acinetobacter baumannii were tested  and  determined as 
following, for Escherichia coli ranging between ≤0.06mg\l - ≤64mg\l for both 
antibiotics, also the same MIC ranging values were obtained with Klebsiella 
pneumoniae, (Enterobacter spp. Citrobacter spp), and Morganella morganii but if 
the tested organism is ESBL-producing then its MIC well become higher. For 
Klebsiella pneumoniae, (Enterobacter spp. and Citrobacter spp ) and  Morganella 
morganii ranging between (≤ 2– ≤ 64mg\l), (≤ 1– ≤ 64mg\l) and (≤ 0.125– ≤ 
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16mg\l) with cefoperazone respectively and  between (≤ 0.25– ≤ 64mg\l),  and 
between (≤ 0.5– ≤ 64mg\l), and (≤ 0.25– ≤ 64mg\l) with gentamycin.  
 

Hirakata et al., (2005) noted that, gentamycin is generally active against all 
Pseudomonas aeruginosa and Acinetobacter baumannii with MIC's ranging 
between (≤0.12- ≤64mg\l) and (≤0.06- ≤64mg\l) respectively. Meanwhile, with 
cefoperazone the MIC values ranging between  (≤0.12- ≤64mg\l) for  Pseudomonas 
aeruginosa  and between (≤0.25- ≤64mg\l) for Acinetobacter baumannii. 

 
Shi et al., (1996) stated that, for tested Acinetobacter baumannii the MIC90 

for levofloxacin were ranged between ≤2- ≤0.5mg\l, and for gentamycin ranged 
between ≤4- ≤0.5mg\l.  

 
Fish et al., (2002) suggested that, fluoroquinolone MIC values were between 

≤0.06- ≤ 4mg/L for non-susceptible Pseudomonas aeruginosa and for susceptible 
ones MIC's ranging between ≤2- ≤16mg\l. Generally. While, the MIC's for tested 
strains with ceftazidime were ranged from ≤0.75- ≤32, cefepime ≤0.125- ≤8, and 
levofloxacin ≤0.025- ≤16mg/L. 

 
Traczewski and Brown (2006) reported that, sixty nine percent to seventy 

five percent of Pseudomonas species were showing sensitivity to levofloxacin. The 
minimum inhibitory concentration (MIC) for those Pseudomonas species were ≤1- 
≤0.25mg\l. 

 
Swiatlo et al., (1999) reported that, Pseudomonas aeruginosa is a common 

nosocomial pathogen and is frequently resistant to multiple antibiotics. 
Fluoroquinolones are generally quite active against Ps. aeruginosa. Levofloxacin 
and trovafloxacin had nearly identical activity 75% and 76% of the isolates were 
inhibited by MIC (range: ≤0.125 - ≤8mg/l ). Levofloxacin and trovafloxacin were 
nearly equivalent and somewhat less active than ciprofloxacin. Ofloxacin is the 
least active agent against Pseudomonas aeruginosa and almost half the isolates had 
a MIC above the established breakpoint for susceptibility. 

 
Lanzafamea et al., (2005) reported that, about 500 gram-negative 

microorganisms, isolated during 2003. The inhibitory activity (minimum inhibitory 
concentration (MIC)) of levofloxacin and the other antibiotics were evaluated. The 
results confirm the excellent in vitro activity of levofloxacin against multiresistant 
gram-negative pathogens, including the 73 extended-spectrum B-lactamase 
producer strains90% of Escherichia coli, Enterobacter cloacae, Klebsiella 
pneumonia, and Citrobacter species were inhibited at ≤0.125mg\l. For Morganella 
morganii was ≤4mg\l. 
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Visalli et al., (1997) noted that, a total of 93.2% of strains were beta-

lactamase positive by the double disk cephalosporin method. Overall, ampicillin-
sulbactam was the most active combination against all strains of Acinetobacter 
baumannii (MIC at which 90% of the isolates are inhibited ≤4.0 mg\l. 

 
Pandey, et al., (1998) found that, the minimum inhibitory concentration of 

ampicillin\sulbactam against Acinetobacter baumannii was ranged between ≤4- ≤8 
µg/ml. 

  
Chen et al., (2003) found that, Acinetobacter baumannii  was resistant to 

third generation cephalosporins with MIC's value ranging between ≤0.25- ≤64mg\l 
and gentamycin with MIC's ranging between ≤1- ≤64mg\l. 

 
Athamna et al., (2005) suggested that, antibiotic combinations  are used to 

enhance antibacterial efficacy and prevent the development of resistance. 
 
Silbiger et al., (2006) reported that, there are several class of antibiotics 

currently in use combination therapy. The B-lactam class is one of the most 
important class in use. Antibiotics belonging to it (penicillins and cephalosporins). 
Studies of bacteria in cell cultures have shown that combining a B-lactam with an 
aminoglycoside (e.g. gentamycin) result in bacterial killing superior to the simple 
additive activity of each antibiotic alone. A phenomenon termed “synergism”. 
 

In this work, combinations of different concentration of 
(ampicillin\sulbactam plus gentamycin, ampicillin\sulbactam plus levofloxacin, 
cefoperazone plus gentamycin and cefoperazone plus levofloxacin) were studied. 
The cefoperazone plus levofloxacin gave the most effective combination (66.6%). 
Where, they showed synergistic effect with different concentration on all tested 
strains before  and\or after irradiation except in case of  (E.6, Ac.25, Cit.64), followed  
by ampicillin\sulbactam plus levofloxacin combination 44.4%. Were it gave 
synergistic effect only with four of the identified strains, (Kleb.52, E.55) before 
irradiation and (Morg.60, Ent.67) before and after irradiation. Then, the both 
combinations of ampicillin\sulbactam plus gentamycin and cefoperazone plus 
gentamycin gave the same effect (33.3%) with synergistic effect on only three 
strains (Kleb.52, Ent.67 and Ps72). 

 

All the antibiotic combinations demonstrated some degree of synergy against 
the tested strains was infrequent with dilutions less than or equal the 1\2 MIC (≤ ½ 
MIC) of some used antibiotics. 
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As reported by many investigators (Hallander et al., 1982 Moody et al., 
1987 & Moody, 2004) the checkerboard techniques method is the most widely 
used techniques to detect in-vitro synergy between antibiotics. 

 
Mintz and Drew, (1981) reported that, antibiotic combinations are widely 

employed in the treatment of serious Pseudomonas aeruginosa infections. 
Particularly in leukopenic or immunosupressed patients. Empiric regimens 
traditionally combine an aminoglycosides with antipseudomonal B-lactam 
antibiotic such as carbenicillin, cefoperazone, cefotaxime. Although, many studies 
with experimental animals and with human indicate that Pseudomonas aeruginosa 
infections respond more favourably to synergistic than to non synergistic antibiotic 
combination.   

 
Douglas et al., (2002) stated that, owing to increasing the resistance in gram-

negative bacilli especially in Pseudomonas aeruginosa which exhibits a high level 
of resistance to many antimicrobials. Because of its ability to develop resistance 
during the therapy, empirical treatment for serious systemic infections usually 
involves two drug combination regimens. One such potentially favourable 
combination is a B-lactam plus flouroquinolone. Ciprofloxacin is usually have the 
greatest activity against Pseudomonas aeruginosa . However, other 
fluoroquinolones also possess in vitro activity against the pathogens and may have 
synergic activity with B-lactams. Which would make them clinically useful for 
antipseudomonal therapy despite higher MIC values when treated as single agents. 

 
  Mintz and Drew, (1981), White et al., (1996) & Odds (2003) reported that, 
synergistic of antibiotic combinations occurred by lowering the minimal inhibitory 
concentration (MIC) by four dilution reduction for both agents by using 
checkerboard technique.  
 

Hallander et al., (1982) reported that, combination of gentamycin with third 
generation cephalosporin were tested against 43 gram-negative isolates. Synergism 
was demonstrated against 30-40% of the strains by fractional inhibitory 
concentration (FIC). 

 
Sader and Jones, (2005) reported that, the emergence of serious infection 

due to multi-drug resistant gram-negative organisms poses a contemporary 
therapeutic challenge. Potential synergistic interactions between antimicrobial 
agents have been investigated for decades to improve therapeutic outcome. Sever 
Pseudomonas aeruginosa and Acinetobacter spp. infections, particularly in 
debilitated host, require aggressive treatment, usually involving in two 
antimicrobial agents. Combinations of agents that exhibit synergy or partial 
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synergy activity could potentially minimize the toxicity and improve the difficult 
treat infections. 
 

Lui, (1976) reported that, Pseudomonas aeruginosa produce a large number 
of extracellular toxins, slime and prteolytic enzymes. 

 
Mathee et al., (2002) suggested that, Pseudomonas aeruginosa is ubiquitous 

in nature and it is also an important opportunistic pathogen that threatens the lives 
of compromised human. 

 
        Arthur, (1993) stated that the biologic membranes are composed 

basically of lipid, protein, and lipoprotein. 
 

A highly pathogenic, multi-drug resistance and ESBL producer 
Pseudomonas aeruginosa (Ps.72)  was selected for total protein study before and 
after exposure to in-vitro gamma irradiation and in the presence single antibiotic 
(cefoperazone, gentamycin and ampicillin\sulbactam) alone or in combination. The 
obtained results revealed that, there were a changed in the molecular weight and 
percentage of total protein of the bands with the difference in the type of the 
antibiotics used alone and in combination before and after irradiation. The changes 
in the molecular weight or in the percentage of total protein of the tested strain after 
treating with different antibiotics alone and in combination under the effect of  in-
vitro gamma irradiation, may be due to the effect  on the microbial growth and 
stimulate some kinds of protein than others. 

Habbs and McCellman, (1975) stated that, irradiation effects have been 
shown to occure with protein, enzymes, nucleic acid, lipids and carbohydrates. All 
of which may have marked effects on the cells. 

 
Joiner et al., (1996) reported that, exposure of bacteria cells to small doses 

of ionizing radiation were led to change in expression of some genes only in 
response to low and not high doses, which may occur within a few hours of 
irradiation and this would be rapid enough to explain the phenomenon of induced 
radioresistance strains. 

Bradford, (2001) reported that, B-lactam\B-lactamase inhibitor combination 
may not be effective against organisms that produce AmpC-B-lactamase. These 
strains decrease the expression of outer membrane proteins, rendering them 
resistant to some antibiotics which not hydrolyzed by majority of of ESBLs but are 
hydrolyzed by associated AmpC-type B-lactamase. 
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VII- SUMMARY 
 

MICROBIOLOGICAL AND BIOCHEMICAL STUDIES ON CERTAIN 
ANTIBIOTIC-RESISTANT BACTERIA ISOLATED FROM CERTAIN 

CLINICAL SPECIMENS. 
 

The objectives of the present study were, isolation of pathogenic 
microorganisms from clinical samples, determination of antimicrobial 
susceptibility for all isolates obtained against different antibiotics with different 
mode of action to select the most multi-drug resistant isolates and identified them, 
detection of the extended-spectrum B-lactamase (ESBL) harbouring strains (as an 
important reason for this resistant especially against B-lactam antibiotics) before 
and after exposure to in-vitro gamma irradiation, determination of the minimum 
inhibitory concentration (MIC) of different antibiotics alone and in combination 
against the selected identified strains and calculation of the fractional inhibitory 
concentration (FIC) index to determine which combination had a synergistic effect. 
Also, some resistant strains were subjected to further molecular studies including 
plasmid profile by using a high pure plasmid isolation kit and protein pattern before 
and after irradiation. 

 
The present study included collection of 107 clinical samples and specimens 

from different sites. Out of them, [59 urine samples (55.14%), 22 wound (pus) 
swabs (20.56%), 13 sputum samples (12.15%), 9 throat swabs (8.41%) and 4 stool 
specimens (3.73%)] from out patients of different public, private hospital and 
National Cancer Institute, Cairo, Egypt. 

 
From the total collected samples and specimens, 72 positive cases for 

microbial infection (67.29%) and 35 negative cases (32.71%) with no growth were 
obtained. 

 
According to gram reaction, the results included 73 gram-negative isolates 

(86.9%), 9 gram-positive isolates (10.71%) and only 2 isolates of yeasts (2.4%). 
 
All the isolates of pathogenic bacteria were subjected to sensitivity test using 

19 different antibiotics with different mode of actions on gram-negative bacteria 
and using 18 different antibiotics with gram-positive bacteria. These antibiotics 
belong to 5 main groups of antibiotics according to their mode of action on 
microbial cells. 

 
The obtained results revealed that, the resistance among gram-negative 

bacteria was exceeded 75% with tetracycline (85%), carbenicillin (84.9%), 
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sulphamethoxazole-trimethoprime (78%), cephradine (75.3%).  Exceeded 60% 
with cefuroxime sodium (67.1%). More than 50% in case of cefuroxime sodium 
(67.1%), nalidixic acid (63%), nitrofurantoin (58.9%), cefoperazone (58.9%). 
While, in case of amoxycillin \clavulanic acid and ampicillin\sulbactam (49.3%), 
and ofloxacin (43.8%) exceeded 40 percentage. While for all the tested gram-
positive isolates, they showed 100% sensitivity in case of 11 antibiotics out of 18 
used. Meanwhile, the percentage resistance were 55.5% with nalidixic acid, 44.4% 
with both of cefoperazone and tetracycline  (which showed the same resistant 
percentage),33.3% with netilmicin, 22.2% with ofloxacin, and 11.1% with both of 
azithromycin and trimethoprime sulphamethoxazole (had the same resistant 
percentage). 

 
From the multi-drug resistant isolates, nine were selected on the basis of 

highly percentage resistance to the antibiotics acting on the inhibition of cell wall 
synthesis. All of them were gram-negative bacilli. Six of them were urine isolates 
[2 isolates were Escherichia coli(E.6 and E55), 2 isolates Pseudomonas 
aeruginosa(Ps.47and Ps.72), 1 isolate Citrobacter freundii (Cit.64), 1 isolate 
Morganella morganii (Morg.60)] two isolates, [Enterobacter cloacae(Ent.67) and 
Acinetobacter baumannii(Ac.25)] were isolated from wound (pus) swabs and only 
one isolate of Klebsiella pneumoniae(Kleb.52) was obtained from sputum sample.. 

 
The nine identified strains were subjected to a dose level of 24.4 Gy of in-

vitro gamma irradiation that is biologically equivalent to the fractionated multiple 
therapeutic dose used in the protocol of cancer treatment of some cancer patients. 

 
The selected strains were subjected to study the effect of in-vitro gamma 

irradiation on antimicrobial susceptibility, ESBL production, plasmid profile 
analysis, determination of MIC of single and combined antibiotics. To determine 
the best combined antibiotics which gave a synergistic effect to help in infection 
treatment of multi-drug resistant strains.  

 
All the identified strains were subjected to sensitivity test before and after 

irradiation using the antibiotics that acts on the bacterial cell wall inhibition in 
addition to other antibiotics. They were cefoxitin(FOX) (2nd generation 
cephalosporin), ceftazidime(CAZ) and cefotaxime (CXM) (3rd generation 
cephalosporin), and aztreonam (monobactam) for detection of ESBL and AmpC-B-
lactamase production. 

 
From the results it was obvious that, the resistance of these identified strains 

were changed after irradiation than before irradiation as in (ampicillin\sulbactam 
with Morg.60, cefuroxime sodium with (E.6, E.55), cefoperazone with E.6, Morg.60, 
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Ent.67, cefoperazone\sulbactam with (Ac.25, E.55, Morg.60, Ent.64) cefepime with (E.6, 
E.55, Cit.64, Ent.67) cefotaxime with Ps47 Aztreonam with Ps.47.Only Ps72 were 
changed in the diameter of inhibition zone with cefoperazone, cefoperazone 
sulbactam and cefepime. Changes in antimicrobial susceptibility of  these selected 
strains after in-vitro gamma irradiation against 12 antibiotics acting on the 
inhibition of cell wall synthesis showed a highly  statistically significant difference 
with P-value = 0.0063 in case of  Morg.60.  Meanwhile, the P-values showed a 
significant difference with E.6, Kleb.52, E.55 and Ent.67 (0.0453, 0.0197, 0.0543 and 
0.0532 respectively). 

 
All the 9 identified strains were tested to detect if these strains producing B-

lactamase and AmpC-B-lactamase or not. The result revealed that, out of them, 
there were 6 strains (E.6, Kleb.52, E.55, Cit.64, Ent.67, Ps.72) producing ESBL before 
irradiation. While, Ac.25, Kleb.52, E.55 and Cit.64. were produce B-lactamase after 
irradiation. Only Morg.60 was found to produce AmpC-B-lactamases before and 
after irradiation.  

 
Plasmids profile analysis of (Kleb.52, Morg.60 and Ps.72) tested strains before 

and after irradiation showed one separated band with molecular weight more than 
3147bp, with difference in the molecular weight, optical density and Rf values after 
irradiation. 

 
Determination of minimum inhibitory concentration (MIC) for four selected 

antibiotics with all tested strains alone (ampicilllin\sulbactam, cefoperazone, 
gentamycin and levofloxacin) (each gave the best result in its antibiotic group) 
before and after irradiation showed an increase in the MIC of ampicillin\sulbactam 
to double its value after irradiation with Morg.60 and Ent.64, cefoperazone with Ps.47, 
levofloxacin with (Ps.47 and Morg.60). Also, the MIC decreased to half its value 
after irradiation when tested ampicillin\sulbactam with (E.6 and E.55), cefoperazone 
with (Morg.60 and Ent.67), gentamycin with (Morg.60  and Ent.67) after exposure to 
gamma irradiation. All the other tested strains showed no difference in their MIC's 
values before than after exposure to in-vitro gamma irradiation. 

 
The MIC's for each single antibiotic were used to calculate the fractional 

inhibitory concentration (FIC) of the tested combined antibiotics [(cefoperazone 
with gentamycin or levofloxacin) and (ampicillin\sulbactam with gentamycin or 
levofloxacin)]. To found the better combined antibiotics that give synergistic effect 
on most of nine strains. 

 
The obvious results showed that, the best tested combined antibiotics was the 

combination between cefoperazone + levofloxacin that gave synergistic effect with 
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6 strains out of nine (66.6%). Followed by ampicillin\sulbactam + levofloxacin that 
gave synergism with (44.4%). Finally, each of cefoperazone and 
ampicillin\sulbactam plus gentamycin, both combinations gave the same 
synergistic effect on (33.3%) of the tested strains. 

 
From the previous results, Ps.72 multi-drug resistant and ESBL producer 

strain was selected for total protein analysis. This study were carried out on this 
strain before and after exposure to in-vitro gamma irradiation. In addition to study 
the total protein analysis of this strain  in the presence of single antibiotic 
(cefoperazone, gentamycin and ampicillin\sulbactam)or combined antibiotics. The 
obtained results revealed that, there were a changed in the molecular weight and 
percentage of total protein of the bands with the difference in the type of the 
antibiotics used alone and in combination before and after exposure to in-vitro 
gamma radiation. 
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I- Escherichia coli (E.6) 
 

Table(22-a): FIC indexes of ampicillin / sulbactam (SAM) - gentamycin (CN) combinations against 
Escherichia coli (E.6) before and after gamma irradiation. 
 

Gentamycin (CN) Conc. Of 
SAM 
(mg\l) 

Irradiation Conc. of CN (mg/l) \ Diameter of inhibition zone (mm) 

FIC 
indexes 

B 0.125\24 0.062\22 0.03\18* 0.015\10 0.0078\10 ― 5.0   ANT 16  
A ― ― ― ― ― ― ― 
B 0.125\22 0.062\19 0.03\16* 0.015\10 0.0078\10 ― 3.0    IND 8  
A 0.125\25 0.062\22 0.03\20* 0.015\10 0.0078\10 ― 5.0   ANT 
B 0.125\22 0.062\20 0.03\18* 0.015\10 0.0078\10 ― 2.0    IND 4  
A 0.125\25 0.062\22 0.03\20* 0.015\10 0.0078\10 ― 3.0    IND 
B 0.125\22 0.062\20 0.03\18* 0.015\10 0.0078\10 ― 1.5    IND 2  
A 0.125\25 0.062\22 0.03\20* 0.015\10 0.0078\10 ― 2.0    IND 
B 0.125\20 0.062\18 0.03\16* 0.015\10 0.0078\10 ― 1.25   IND 1  
A 0.125\22 0.062\19 0.03\18* 0.015\10 0.0078\10 ― 1.5     IND 
B 0.125\20 0.062\19 0.03\16* 0.015\10 0.0078\10 ― 1.12    IND 0.5  
A 0.125\22 0.062\20 0.03\18* 0.015\10 0.0078\10 ― 1.25    IND 
B ― ― ― ― ― ― ― 0.25  
A 0.125\19 0.06\18 0.03\16* 0.015\10 0.0078\10 ― 1.12    IND 

 

MIC of gentamycin CN before and after irradiation = 0.031 mg/l 
MIC of ampicillin/sulbactam SAM before irradiation = 4 mg/l and after irradiation= 2 mg/l. 
* = MIC of this combination. B.= Before.      A.= After.      ANT=Antagonistic.       IND=Indifference. 
  
 

Table(22-b): FIC indexes of ampicillin / sulbactam (SAM) - levofloxacin (LEV) combinations 
against Escherichia coli (E.6) before and after gamma irradiation. 
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MIC of Levofloxacin LEV before and after irradiation = 0.25 mg/l. 

Levofloxacin (LEV) Conc. Of 
SAM 
(mg\l) 

Irradiation Conc. of LEV (mg/l) \ Diameter of inhibition zone (mm) 

FIC 
indexes 

B 1\20 0.5\16 0.25\13* 0.125\10 0.062\10 0.031\10 5.0   ANT 16  
A ― ― ― ― ― ― ― 
B 1\20 0.5\15 0.25\12* 0.125\10 0.062\10 0.031\10 3.0    IND 8 
A 1\19 0.5\16 0.25\14* 0.125\10 0.062\10 0.031\10 5.0   ANT 
B 1\18 0.5\15 0.25\12* 0.125\10 0.062\10 0.031\10 2.0    IND 4  
A 1\17 0.5\15 0.25\12* 0.125\10 0.062\10 0.031\10 3.0    IND 
B 1\18 0.5\15 0.25\12* 0.125\10 0.062\10 0.031\10 1.5    IND 2  
A 1\17 0.5\15 0.25\12* 0.125\10 0.062\10 0.031\10 2.0    IND 
B 1\17 0.5\15 0.25\12* 0.125\10 0.062\10 0.031\10 1.25  IND 1  
A 1\17 0.5\15 0.25\12* 0.125\10 0.062\10 0.031\10 1.5    IND 
B 1\17 0.5\15 0.25\12* 0.125\10 0.062\10 0.031\10 1.12  IND 0.5  
A 1\17 0.5\15* 0.25\10 0.125\10 0.062\10 0.031\10 2.25  IND 

0.25  B ― ― ― ― ― ― ― 
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Table(22-c): FIC indexes of cefoperazone(CFP) - gentamycin (CN) combinations against Escherichia 
coli (E.6) before and after  gamma irradiation.  
 
 

 
MIC of Gentamycin CN before and after irradiation = 0.031 mg/l 
MIC of Cefoperazone CEF before and after irradiation = 0.25 mg/l. 
* = MIC of this combination.   
 

Table(22-d): FIC indexes of cefoperazone(CFP)―levofloxacin (LEV) combinations against 
Escherichia coli (E.6) before and after  gamma irradiation.  
 

 
MIC of Levofloxacin LEV before and after irradiation = 0.25 mg/l. 

Gentamycin (CN) Conc. 
of CFP 
(mg\l)  

Irradiation 

Conc. of CN (mg/l) \ Diameter of inhibition zone (mm)  
FIC 

indexes 

B 0.125\25 0.062\23 0.031\20 0.0156\17* 0.0078\10 ― 4.5   ANT 1  
A 0.125\30 0.062\25 0.031\18* 0.0156\10 0.0078\10 ― 5.0   ANT 
B 0.125\25 0.062\23 0.031\20 0.0156\17* 0.0078\10 ― 2.5  IND 0.5  
A 0.125\30 0.062\25 0.031\18* 0.0156\10 0.0078\10 ― 3.0    IND 
B 0.125\23 0.062\22 0.031\20 0.0156\17* 0.0078\10 ― 1.5  IND 0.25  
A 0.125\30 0.062\25 0.031\18* 0.0156\10 0.0078\10 ― 2.0    IND 
B 0.125\23 0.062\20 0.031\18 0.0156\15* 0.0078\10 ―     1.0  IND 0.125  
A 0.125\30 0.062\25 0.031\18* 0.0156\10 0.0078\10 ― 1.5    IND 
B 0.125\25 0.062\22 0.031\17 0.0156\15* 0.0078\10 ― 0.73  IND 0.062  
A 0.125\30 0.062\25 0.031\18* 0.0156\10 0.0078\10 ― 1.25  IND 
B 0.125\25 0.062\21 0.031\16 0.0156\13* 0.0078\10 ― 0.61   IND0.031  
A 0.125\28 0.062\25 0.031\18* 0.0156\10 0.0078\10 ― 1.12   IND

Levofloxacin (LEV) Conc. of 
CFP 

(mg\l) 

Irradiation Conc. of LEV (mg/l) \ Diameter of inhibition zone (mm) 
FIC 

indexes 

B 1\25 0.5\20 0.25\17 0.125\15 0.062\12* 0.031\10 4.25  ANT1  
A 1\23 0.5\19 0.25\17 0.125\14 0.062\12* 0.031\10 4.25 ANT
B 1\23 0.5\20 0.25\15 0.125\14 0.062\12* 0.031\10 2.25  IND0.5  
A 1\25 0.5\21 0.25\17 0.125\15 0.062\12* 0.031\10 2.24  IND
B 1\24 0.5\20 0.25\17 0.125\15 0.062\12* 0.031\10 1.24  IND0.25  
A 1\23 0.5\19 0.25\16 0.125\14 0.062\12* 0.031\10 1.24  IND
B 1\24 0.5\20 0.25\17 0.125\15 0.062\12* 0.031\10 0.74  IND0.125  
A 1\23 0.5\19 0.25\16 0.125\14 0.062\12* 0.031\10 0.74  IND
B 1\22 0.5\20 0.25\17 0.125\14* 0.062\10 0.031\10 0.74  IND0.062  
A 1\23 0.5\21 0.25\18 0.125\15* 0.062\10 0.031\10 0.74  IND
B 1\22 0.5\20 0.25\17 0.125\14* 0.062\10 0.031\10 0.62  IND0.031  
A 1\23 0.5\21 0.25\18 0.125\15* 0.062\10 0.031\10 0.62  IND
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II- Acinetobacter baumannii (Ac.25) 
 

Table(23-a): FIC indexes of ampicillin\sulbactam (SAM)―gentamycin (CN) combination against 
Acinetobacter baumannii (Ac.25) before and after gamma irradiation.  
 

Gentamycin (CN) Conc. of 
SAM 
(mg\l) 

Irradiation Conc. of CN (mg/l) \ Diameter of inhibition zone (mm) 

 FIC     
indexes 

B 8\20 4\19 2\\16 1\14* 0.5\10 0.25\10 4.5   ANT 16  
A 8\23 4\21 2\18 1\15* 0.5\10 0.25\10 4.5   ANT 
B 8\20 4\18 2\15 1\12* 0.5\10 0.25\10 2.5     IND 8  
A 8\19 4\17 2\15 1\12* 0.5\10 0.25\10 2.5     IND 
B 8\19 4\17 2\14 1\12* 0.5\10 0.25\10 1.5     IND 4  
A 8\19 4\17 2\15 1\12* 0.5\10 0.25\10 1.5     IND 
B 8\18 4\16 2\14 1\12* 0.5\10 0.25\10 1.0     IND 2  
A 8\19 4\14* 2\10 1\10 0.5\10 0.25\10 2.5     IND 
B 8\17 4\14* 2\10 1\10 0.5\10 0.25\10 2.25   IND 1 
A 8\18 4\12* 2\10 1\10 0.5\10 0.25\10 2.25   IND 
B 8\16 4\12* 2\10 1\10 0.5\10 0.25\10 2.125  IND0.5 
A 8\18 4\12* 2\10 1\10 0.5\10 0.25\10 2.125  IND

 

MIC of gentamycin CN before and after irradiation = 2 mg/l 
MIC of ampicillin/sulbactam SAM before and after irradiation = 4 mg/l. 
* = MIC of this combination.      B= Before.      A.=After.      ANT=Antagonistic.        IND=Indifference. 
  
 
 

Table(23-b): FIC indexes of ampicillin\sulbactam (SAM)―levofloxacin (LEV) combination against 
Acinetobacter baumannii (Ac.25) before and gamma irradiation.  
 

Levofloxacin (LEV) Conc. of 
SAM 
(mg\l) 

Irradiation 

Conc. of LEV (mg/l) \ Diameter of inhibition zone (mm) 

 FIC     
indexes 

B 1\22 0.5\20 0.25\17 0.125\14* 0.062\10 0.031\10 4.5    ANT 16  
A 1\23 0.5\21 0.25\18 0.125\15* 0.062\10 0.031\10 4.5    ANT 
B 1\21 0.5\18 0.25\15 0.125\12* 0.062\10 0.031\10 2.5     IND 8  
A 1\22 0.5\19 0.25\16 0.125\13* 0.062\10 0.031\10 2.5     IND 
B 1\20 0.5\17 0.25\12* 0.125\10 0.062\10 0.031\10 2.0     IND 4  
A 1\22 0.5\18 0.25\15 0.125\12* 0.062\10 0.031\10 1.5     IND 
B 1\25 0.5\20 0.25\15* 0.125\10 0.062\10 0.031\10 1.5     IND 2  
A 1\22 0.5\18 0.25\16 0.125\12* 0.062\10 0.031\10 1.0     IND 
B 1\24 0.5\20 0.25\15* 0.125\10 0.062\10 0.031\10 1.25   IND 1 
A 1\25 0.5\22 0.25\17 0.125\15* 0.062\10 0.031\10 0.75   IND 

0.5 B 1\20 0.5\17 0.25\12* 0.125\10 0.062\10 0.031\10 1.125  IND 
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A 1\21 0.5\18 0.25\15 0.125\12* 0.062\10 0.031\10 0.625  IND 
 
MIC of Levofloxacin LEV before and after radiation = 0.25 mg/l. 
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Table(23-c): FIC indexes of cefoperazone (CFP)―gentamycin (CN) combination against 
Acinetobacter baumannii (Ac.25) before and after  gamma irradiation.  
 

 

MIC of  Cefoperazone CFP and Gentamycin CN  before and after irradiation = 2 mg/l. 
* = MIC of this combination. 
 
 

Table(23-d): FIC indexes of cefoperazone (CFP)―levofloxacin (LEV) combination against 
Acinetobacter baumannii (Ac.25) before and after  gamma irradiation. 
 

 

MIC of Levofloxacin LEV before and after irradiation = 0.25 mg/l. 

Gentamycin (CN) Conc. of 
CFP 

(mg\l) 

Irradiation Conc. of CN (mg/l) \ Diameter of inhibition zone (mm) 

FIC   
     indexes 

B 8\18 4\16 2\14* 1\10 0.5\10 0.25\10 5.0   ANT 8 
A 8\20 4\18 2\15* 1\10 0.5\10 0.25\10 5.0   ANT 

B 8\18 4\15 2\12* 1\10 0.5\10 0.25\10 3.0    IND 4 
A 8\20 4\17 2\13* 1\10 0.5\10 0.25\10 3.0    IND 

B 8\16 4\13* 2\10 1\10 0.5\10 0.25\10 3.0    IND 2 
A 8\18 4\16 2\12* 1\10 0.5\10 0.25\10 2.0    IND 

B 8\15 4\12* 2\10 1\10 0.5\10 0.25\10 2.5    IND 1 
A 8\17 4\15 2\12* 1\10 0.5\10 0.25\10 1.5    IND 

B 8\13* 4\10 2\10 1\10 0.5\10 0.25\10 4.25  ANT 0.5 
A 8\17 4\15 2\12* 1\10 0.5\10 0.25\10 1.25  IND 

B 8\19 4\16 2\14 1\12* 0.5\10 0.25\10 0.625IND 0.25 l 
A 8\18 4\17 2\14 1\12* 0.5\10 0.25\10 0.625IND 

Conc. of 
CFP 

(mg\l) 
Levofloxacin (LEV) 

Irradiation Conc. of LEV (mg/l) \ Diameter of inhibition zone (mm) 

FIC     
indexes 

B 1\28 0.5\26 0.25\23 0.125\19 0.062\16 0.031\14* 4.12 ANT 8 
A 1\27 0.5\25 0.25\23 0.125\20 0.062\17* 0.031\10 4.25 ANT 

B 1\28 0.5\26 0.25\23 0.125\19 0.062\16 0.031\14* 2.12  IND 4 
A 1\26 0.5\25 0.25\21 0.125\20 0.062\17* 0.031\10 2.25  IND 

B 1\24 0.5\21 0.25\18 0.125\15 0.062\12* 0.031\10 1.25  IND 2 
A 1\25 0.5\24 0.25\20 0.125\17 0.062\15 0.031\12* 1.12  IND 

B 1\23 0.5\20 0.25\16 0.125\14* 0.062\10 0.031\10 1.0    IND 1 
A 1\24 0.5\19 0.25\16 0.125\14* 0.062\10 0.031\10 1.0    IND 

B 1\23 0.5\20 0.25\16 0.125\12* 0.062\10 0.031\10 0.75  IND 0.5 
A 1\24 0.5\20 0.25\17 0.125\13* 0.062\10 0.031\10 0.75  IND 

B 1\21 0.5\19 0.25\16 0.125\12* 0.062\10 0.031\10 0.62 IND 0.25 
A 1\23 0.5\19 0.25\17 0.125\12* 0.062\10 0.031\10 0.62 IND 
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III- Pseudomonas aeruginosa (Ps.47) 
 

Table(24-a): FIC indexes of ampicillin\sulbactam (SAM)―gentamycin (CN) combination against 
Pseudomonas aeruginosa (Ps.47) before and after gamma irradiation. 
 

Gentamycin (CN) Conc. of 
SAM 
(mg\l) 

Irradiation Conc. (mg/l)\ Diameter of inhibition zone (mm) 

FIC  
indexes 

B 4\28 2\26 1\23 0.5\20 0.25\16* 0.125\10 4.25  ANT64  
A 4\17 2\15* 1\10 0.5\10 0.25\10 0.125\10 6.0    ANT
B   4\28 2\23 1\20 0.5\18 0.25\14* 0.125\10 2.25   IND32  
A 4\16 2\13* 1\10 0.5\10 0.25\10 0.125\10 4.0    IND 
B 4\26 2\24 1\20 0.5\18 0.25\12* 0.125\10 1.25  IND 16  
A 4\15 2\12* 1\10 0.5\10 0.25\10 0.125\10 2.0    IND 
B 4\20 2\18 1\12* 0.5\10 0.25\10 0.125\10 1.5    IND 8  
A 4\14* 2\10 1\10 0.5\10 0.25\10 0.125\10 4.5    ANT
B 4\18  2\14 1\12* 0.5\10 0.25\10 0.125\10 1.25  IND 4  
A 4\12* 2\10 1\10 0.5\10 0.25\10 0.125\10 4.25  ANT
B 4\18 2\14 1\12* 0.5\10 0.25\10 0.125\10 1.12   IND2  
A 4\12* 2\10 1\10 0.5\10 0.25\10 0.125\10 4.12  ANT

 

MIC of Gentamycin CN before and after irradiation= 1 mg/l 
MIC of Ampicillin/sulbactam SAM before and after irradiation= 16 mg/l. 
* = MIC for this combination      B. = Before         A.=After    
 ANT=Antagonistic.         IND=Indifference.  SYN=Synergistic. 
 
 
Table(24-b): FIC indexes of ampicillin\sulbactam (SAM)―levofloxacin (LEV) combination against 
Pseudomonas aeruginosa (Ps.47) before and after gamma irradiation.  
 

Levofloxacin (LEV) Conc. 
of 

SAM 
(mg\l) 

Irradiation Conc. (mg/l)\ Diameter of inhibition zone (mm) 

FIC  
indexes 

B ― 1\18 0.5\16 0.25\14* 125\10 0.062\10 0.031\10 5.0   ANT 64  
A 2\31 1\27 0.5\22 0.25\16 0.125\10 0.062\10 ― 4.5   ANT 
B ― 1\18 0.5\16 0.25\13* 0.125\10 0.062\10 0.031\10 3.0    IND 32  
A 2\30 1\25 0.5\20 0.25\15* 0.125\10 0.062\10 ― 2.5    IND 
B ― 1\20 0.5\15 0.25\12* 0.125\10 0.062\10 0.031\10 2.0    IND 16  
A 2\29 1\26 0.5\22 0.25\16* 0.125\10 0.062\10 ― 1.5    IND 
B ― 1\18 0.5\16 0.25\12* 0.5\10 0.062\10 0.031\10 1.5    IND 8  
A 2\28 1\25 0.5\21 0.25\15* 0.125\10 0.062\10 ― 1.0    IND 
B ― 1\18 0.5\15 0.25\12* 0.5\10 0.062\10 0.031\10 1.25  IND 4  
A 2\28 1\26 0.5\21 0.25\15* 0.125\10 0.062\10 ― 0.75   IND 
B ― 1\17 0.5\15 0.25\12* 0.5\10 0.062\10 0.031\10 1.12   IND 2  

  A 2\26 1\24 0.5\19 0.25\15* 0.125\10 0.062\10 ― 0.62   IND 
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MIC of Levofloxacin LEV before irradiation= 0.25 mg/l. 
MIC of Levofloxacin LEV After irradiation= 0.5 mg/l. 
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Table(24-c): FIC indexes of cefoperazone (CFP)―gentamycin (CN) combination against 
Pseudomonas aeruginosa (Ps.47) before and after gamma irradiation.  
 

Gentamycin (CN) 
Conc. of 

CEF 
(mg\l) 

Irradiation 

Conc. (mg/l)\ Diameter of inhibition zone (mm) 
FIC 

 indexes 

B ― ― ― ― ― ― ― 32 
A 4\26 2\22 1\19 0.5\14* 0.25\10 0.125\10 4.5   ANT 
B 4\24 2\21 1\17* 0.5\10 0.25\10 0.125\10 5.0   ANT 16 
A 4\24 2\20 1\18 0.5\12* 0.25\10 0.125\10 1.0    IND 
B 4\22 2\18 1\15* 0.5\10 0.25\10 0.125\10 3.0    IND 8 
A 4\22 2\20 1\17 0.5\15* 0,25\10 0.125\10 1.5    IND 
B 4\15 2\12* 1\10 0.5\10 0.25\10 0.125\10 3.0    IND 4 
A 4\22 2\20 1\17 0.5\15* 0.25\10 0.125\10 1.0    IND 
B 4\18 2\15* 1\10 0.5\10 0.25\10 0.125\10 2.5    IND 2 
A 4\21 2\20 1\17 0.5\15* 0.25\10 0.125\10 1.0    IND 
B 4\20 2\18 1\14* 0.5\10 0.25\10 0.125\10 1.25  IND 1 
A 4\24 2\22 1\19 0.5\15* 0.25\10 0.125\10 0.62  IND 
B 4\16 2\12* 1\10 0.5\10 0.25\10 0.125\10 2.12  IND 0.5 
A ― ― ― ― ― ― ― 

 

MIC of Gentamycin CN before and after irradiation= 1 mg/l 
MIC of Cefoperazone CEF before irradiation= 4 mg/l. and after irradiation= 8 mg/l. 
* = MIC for this combination 
 

Table(24-d): FIC indexes of cefoperazone (CFP)―levofloxacin (LEV) combination against 
Pseudomonas aeruginosa (Ps.47) before and after gamma irradiation. 
 

Levofloxacin (LEV) Conc. of 
CEF 

(mg\l) 

Irradiation 

Conc. (mg/l)\ Diameter of inhibition zone (mm) 

FIC  
indexes 

B ― ― ― ― ― ― ― 32 
A 1\24 0.5\20 0.25\18 0.125\15 0.062\12* 0.031\10 4.12  ANT 
B 1\23 0.5\21 0.25\18 0.125\14* 0.062\10 0.031\10 4.5    ANT 16 
A 1\22 0.5\21 0.25\17 0.125\15 0.062\12* 0.031\10    2.12   IND
B 1\22 0.5\20 0.25\18 0.125\14* 0.062\10 0.031\10 2.5     IND 8 
A 1\21 0.5\20 0.25\18 0.125\15* 0.062\10 0.031\10 1.25   IND 
B 1\22 0.5\20 0.25\17 0.125\12* 0.062\10 0.031\10 1.5     IND 4 
A 1\23 0.5\22 0.25\20 0.125\17 0.062\15* 0.031\10 0.62   IND
B 1\21 0.5\19 0.25\17 0.125\13* 0.062\10 0.031\10 1.0     IND 2 
A 1\25 0.5\22 0.25\17 0.125\15* 0.062\10 0.031\10 0.5     SYN 
B 1\22 0.5\20 0.25\17 0.125\12* 0.062\10 0.031\10 0.75   IND 1 
A 1\22 0.5\20 0.25\18 0.125\14* 0.062\10 0.031\10 0.37   SYN 
B 1\25 0.5\23 0.25\20 0.125\15* 0.062\10 0.031\10 0.62   IND0.5 
A ― ― ― ― ― ― ― 
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MIC of Levofloxacin LEV before irradiation= 0.25 mg/l. 
MIC of Levofloxacin LEV After irradiation= 0.5 mg/l. 
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IV- Klebsiella pneumoniae (Kl.52) 
 

Table (25-a): FIC indexes of ampicillin\sulbactam (SAM)―gentamycin (CN) combination against 
Klebsiella pneumoniae (Kl.52) before and after gamma irradiation.  
 

Gentamycin (CN) 
Conc.  

of SAM 
(mg\l) 

irradiation 

Conc. of CN (mg/l) \ Diameter of inhibition zone (mm) 

FIC 
 indexes 

B 16\25 8\24 4\20 2\18 1\16* 0.5\10 4.25 ANT 32  
A 16\23 8\21 4\17 2\161 1\14* 0.5\10 4.25 ANT 
B 16\24 8\22 4\20 2\18 1\15* 0.5\10 2.25   IND 16  
A 16\23 8\21 4\18 2\15 1\12* 0.5\10 2.25   IND 
B 16\24 8\22 4\20 2\17 1\12* 0.5\10 1.25   IND 8  
A 16\22 8\20 4\18 2\16 1\12* 0.5\10 1.25   IND 
B 16\24 8\21 4\17 2\12* 1\10 0.5\10 1.0     IND 4  
A 16\22 8\20 4\18 2\15 1\12* 0.5\10 0.75   IND 
B 16\26 8\23 4\21 2\18 1\14* 0.5\10 0.5    SYN 2  
A 16\24 8\22 4\20 2\18 1\16* 0.5\10 0.5    SYN 
B 16\22 8\18 4\16 2\12* 1\10 0.5\10 0.62    IND 1  
A 16\22 8\20 4\18 2\15 1\12* 0.5\10 0.37    SYN 

 

MIC of gentamycin CN before and after irradiation= 4 mg/l 
MIC of ampicillin/sulbactam SAM before and after irradiation= 8 mg/l. 
* = MIC for this combination  B = Before  A = After 
ANT=Antagonistic.  IND=Indifference.  SYN=Synergistic. 
 
 

Table (25-b): FIC indexes of ampicillin\sulbactam (SAM)―levofloxacin(LEV) combination against 
Klebsiella pneumoniae (Kl.52) before and after gamma irradiation. 
 

Levofloxacin (LEV) 
Conc.  of 

SAM 
(mg\l) 

irradiation 

Conc. of LEV (mg/l) \ Diameter of inhibition zone (mm) 
FIC 

 indexes 

B 0.5\27 0.25\23 0.125\21 0.062\18 0.031\17* 0.0156\10 4.25  ANT32  
A 0.5\25 0.25\21 0.125\18 0.062\16* 0.031\10 0.0156\10 4.5    ANT
B 0.5\27 0.25\24 0.125\20 0.062\18 0.031\15* 0.0156\10 2.25   IND 16  
A 0.5\22 0.25\21 0.125\18 0.062\15* 0.031\10 0.0156\10 2.5     IND 
B 0.5\25 0.25\23 0.125\20 0.062\18 0.031\15* 0.0156\10 1.25  IND 8  
A 0.5\24 0.25\21 0.125\18 0.062\15* 0.031\10 0.0156\10 1.5    IND 
B 0.5\25 0.25\22 0.125\18 0.062\16 0.031\14* 0.0156\10 0.75  IND 4  
A 0.5\24 0.25\21 0.125\17 0.062\15* 0.031\10 0.0156\10 1.0    IND 
B 0.5\24 0.25\21 0.125\19 0.062\17 0.031\14* 0.0156\10 0.5  SYN 2  
A 0.5\22 0.25\20 0.125\18 0.062\16* 0.031\10 0.0156\10 0.75  IND 

1  B 0.5\22 0.25\20 0.125\17 0.062\15 0.031\12* 0.0156\10 0.37  SYN
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A 0.5\22 0.25\20 0.125\18 0.062\15* 0.031\10 0.0156\10 0.62  IND 
 
MIC of levofloxacin LEV before and after irradiation= 0.125 mg/l. 
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Table (25-c): FIC indexes of cefoperazone(CFP) ― gentamycin (CN) combination against Klebsiella 
pneumoniae (Kl.52) before and after gamma irradiation. 
 

Gentamycin (CN) Conc.  
of CFP 
(mg\l) 

Irradiation Conc. of CN (mg/l) \ Diameter of inhibition zone (mm) 
FIC indexes

B 16\24 8\22 4\21 2\19 1\16* 0.5\10 4.25   ANT 8  
A 16\20 8\19 4\17 2\16 1\14* 0.5\10 4.25   ANT 
B 16\22 8\21 4\18 2\16 1\13* 0.5\10 2.25   IND 4  
A 16\20 8\18 4\17 2\15 1\13* 0.5\10 2.25   IND 
B 16\22 8\20 4\17 2\16 1\12* 0.5\10 1.25   IND 2  
A 16\20 8\18 4\17 2\15 1\12* 0.5\10 1.25   IND 
B 16\21 8\20 4\18 2\16 1\12* 0.5\10 0.75    IND 1  
A 16\20 8\18 4\16 2\14 1\12* 0.5\10 0.75    IND 
B 16\20 8\19 4\17 2\16 1\12* 0.5\10 0.5     SYN 0.5  
A 16\18 8\17 4\15 2\12* 1\10 0.5\10 0.75    IND 
B 16\20 8\19 4\17 2\15 1\12* 0.5\10 0.37   SYN 0.25  
A 16\19 8\17 4\15 2\12* 1\10 0.5\10 0.62  IND 

 

MIC of gentamycin CN before and after irradiation= 4 mg/l 
MIC of cefoperazone CEF before and after irradiation= 2 mg/l. 
* = MIC for this combination  B. = before.  A.=After. 
 
Table (25-d): FIC indexes of cefoperazone(CFP) ―levofloxacin(LEV) combination against Klebsiella 
pneumoniae (Kl.52) before and after gamma irradiation. 
 

Levofloxacin (LEV) Conc.  of 
CFP 

(mg\l) 

Irradiation Conc. of LEV (mg/l) \ Diameter of inhibition zone (mm) 

FIC 
indexes 

B 0.5\27 0.25\24 0.125\22 0.062\17 0.031\15* 0.0156\10 4.25  ANT 8  
A 0.5\25 0.25\23 0.125\20 0.062\17 0.031\12* 0.0156\10 4.25  ANT 
B 0.5\25 0.25\23 0.125\20 0.062\17 0.031\14* 0.0156\10 2.25  IND 4  
A 0.5\24 0.25\22 0.125\20 0.062\15* 0.031\10 0.0156\10 2.5    IND 
B 0.5\25 0.25\23 0.125\20 0.062\16* 0.031\10 0.0156\10 1.5    IND 2  
A 0.5\24 0.25\22 0.125\20 0.062\15* 0.031\10 0.0156\10 1.5    IND 
B 0.5\25 0.25\22 0.125\20 0.062\17* 0.031\10 0.0156\10  1.0    IND 1  
A 0.5\27 0.25\25 0.125\21 0.062\18* 0.031\10 0.0156\10 1.0   IND 
B 0.5\26 0.25\24 0.125\20 0.062\17 0.031\15* 0.0156\10 0.5    SYN 0.5  
A 0.5\27 0.25\26 0.125\24 0.062\19 0.031\16* 0.0156\10 0.5    SYN 
B 0.5\25 0.25\23 0.125\20 0.062\16* 0.031\10 0.0156\10 0.62  IND 0.25  
A 0.5\24 0.25\20 0.125\18 0.062\14 0.031\12* 0.0156\10 0.37   SYN

 
MIC of levofloxacin LEV before and after irradiation= 0.125 mg/l. 
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V- Escherichia coli (E.55) 
 

Table (26-a): FIC indexes of ampicillin\sulbactam (SAM) - gentamycin (CN) combinations against 

Escherichia coli (E.55) before and after gamma irradiation. 
 

Gentamycin (CN) Conc. 
of SAM 
(mg\l) 

Irradiation Conc. of CN (mg/l) \ Diameter of inhibition zone (mm) 

FIC  
indexes 

B 0.125\24 0.062\20* 0.031\10 0.0156\10 0.0078\10 ― 6.0   ANT 32  
A ― ― ― ― ― ― ― 
B 0.125\24 0.062\20* 0.031\10 0.0156\10 0.0078\10 ― 4.0     IND 16  
A 0.125\25 0.062\22* 0.031\10 0.0156\10 0.0078\10 ― 6.0     ANT
B 0.125\27 0.062\23* 0.031\10 0.0156\10 0.0078\10 ― 3.0     IND 8  
A 0.125\25 0.062\20* 0.031\10 0.0156\10 0.0078\10 ― 4.0     IND 
B 0.125\25 0.062\22* 0.031\10 0.0156\10 0.0078\10 ― 2.5     IND 4  
A 0.125\25 0.062\22* 0.031\10 0.0156\10 0.0078\10 ― 3.0     IND 
B 0.125\23 0.062\20* 0.031\10 0.0156\10 0.0078\10 ― 2.25   IND 2  
A 0.125\25 0.062\22 0.031\10 0.0156\10 0.0078\10 ― 2.5     IND 
B 0.125\22 0.062\19* 0.031\10 0.0156\10 0.0078\10 ― 2.12   IND 1  
A 0.125\28 0.062\24 0.031\18* 0.0156\10 0.0078\10 ― 1.25    IND
B ― ― ― ― ― ― ― 0.5  
A 0.125\25 0.062\22 0.031\16* 0.0156\10 0.0078\10 ― 1.12     IND

 

MIC of Gentamycin CN before and after radiation = 0.031 mg/l 
MIC of Ampicillin/sulbactam SAM before radiation = 8 mg/l. and after radiation = 4 mg/l. 
* = MIC of combination.  B= Before  A= After  
ANT=Antagonistic.  IND=Indifference.  SYN=Synergistic. 
 
 

Table (26-b): FIC indexes of ampicillin\sulbactam (SAM)―levofloxacin (LEV) combinations against 
Escherichia coli (E.55) before and after gamma irradiation. 
 

Levofloxacin (LEV) Conc. of  
SAM 
(mg\l) 

Irradiation Conc. of LEV (mg/l) \ Diameter of inhibition zone (mm) 

FIC 
 indexes 

B 0.5\30 0.25\29 0.125\26 0.06\20 0.03\15* 0.0156\10 4.25   ANT 32  
A ― ― ― ― ― ― ― 
B 0.5\30 0.25\29 0.125\27 0.06\20 0.03\15* 0.0156\10 2.25  IND 16  
A 0.5\29 0.25\27 0.125\26 0.06\18 0.03\15* 0.0156\10 4.25  ANT 
B 0.5\29 0.25\28 0.125\26 0.06\20 0.03\15* 0.0156\10 1.25  IND 8  
A 0.5\29 0.25\27 0.125\26 0.06\18 0.03\15* 0.0156\10 2.25  IND 
B 0.5\28 0.25\27 0.125\25 0.06\20 0.03\15* 0.0156\10 0.75   IND 4  
A 0.5\28 0.25\27 0.125\24 0.06\18 0.03\14* 0.0156\10 1.25  IND 
B 0.5\28 0.25\27 0.125\25 0.06\20 0.03\15* 0.0156\10 0.5    SYN 2  
A 0.5\28 0.25\27 0.125\25 0.06\18 0.03\14* 0.0156\10 0.75   IND 
B 0.5\28 0.25\27 0.125\26 0.06\20 0.03\13* 0.0156\10 0.37  SYN 1  
A 0.5\27 0.25\26 0.125\25 0.06\17* 0.03\10 0.0156\10 0.75  IND 
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B ― ― ― ― ― ― ― 
0.5  A 0.5\27 0.25\26 0.125\24 0.06\16* 0.03\10 0.0156\10 0.62  IND 

 

MIC of Levofloxacin LEV before and after radiation = 0.125 mg/l. 
FIC=Fractional inhibitory concentration.   ANT=Antagonistic.    IND=Indifference. SYN=Synergistic 
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Table (26-c): FIC indexes of cefoperazone (CFP)―gentamycin (CN)  combinations against 
Escherichia coli (E.55) before and after gamma irradiation. 
 

Gentamycin (CN) 
Conc.  of    

CFP (mg\l) 

Irradiation 

Conc. of CN (mg/l) \ Diameter of inhibition zone (mm) 

FIC 
 indexes 

E 0.125\30 0.062\27 0.031\22 0.015\15* 0.007\10 ― 4.5    ANT 0.25  
A 0.125\35 0.062\30 0.031\25 0.015\18* 0.007\10 ― 4.5    ANT 
B 0.125\30 0.062\27 0.031\22 0.015\14* 0.007\10 ― 2.5    IND 0.125  
A 0.125\35 0.062\30 0.031\25 0.015\18* 0.007\10 ― 2.5    IND 
B 0.125\35 0.062\31 0.031\22 0.015\15* 0.007\10 ― 1.5    IND 0.062  
A 0.125\36 0.062\31 0.031\25 0.015\20 0.007\15* ― 1.2    IND 
B 0.125\29 0.062\25 0.031\20 0.015\14* 0.007\10 ― 1.0    IND 0.031  
A 0.125\30 0.062\25 0.031\20 0.015\18* 0.007\10 ― 1.0    IND 
B 0.125\27 0.062\23 0.031\19 0.015\15* 0.007\10 ― 0.75  IND 0.0156 
A 0.125\29 0.062\25 0.031\20 0.015\16* 0.007\10 ― 0.75  IND 
B 0.125\27 0.062\21 0.031\16 0.015\13* 0.007\10 ― 0.62  IND 0.0078 
A 0.125\28 0.062\25 0.031\18* 0.015\10 0.007\10 ― 1.12   IND 

 
MIC of Gentamycin CN before and after irradiation = 0.031 mg/l 
MIC of Cefoperazone CEF before and after irradiation = 0.062 mg/l. 
 
Table (26-d): FIC indexes of cefoperazone (CFP)―levofloxacin (LEV) combination against 
Escherichia coli (E.55) before and after gamma irradiation. 
 

Levofloxacin (LEV) 
Conc.  of 

CFP 
(mg\l) 

Irradiation 

Conc. of LEV (mg/l) \ Diameter of inhibition zone (mm) 

FIC 
indexes 

B 0.5\28 0.25\22 0.125\20 0.062\18 0.031\15 0.0156\12* 4.12  ANT 0.25  
A 0.5\30 0.25\28 0.125\24 0.062\20 0.031\15 0.0156\12* 4.12  ANT 
B 0.5\28 0.25\23 0.125\22 0.062\20 0.031\17 0.0156\12* 2.12  IND 0.125  
A 0.5\30 0.25\28 0.125\24 0.062\20 0.031\18 0.0156\12* 2.12  IND 
B 0.5\28 0.25\24 0.125\22 0.062\20 0.031\17 0.0156\14* 1.12   IND 0.062  
A 0.5\30 0.25\28 0.125\24 0.062\20 0.031\18 0.0156\14* 1.12  IND 
B 0.5\26 0.25\21 0.125\20 0.062\17 0.031\15* 0.0156\10 0.75    IND 0.031  
A 0.5\29 0.25\27 0.125\24 0.062\20 0.031\15* 0.0156\10 0.75    IND 
B 0.5\25 0.25\21 0.125\19 0.062\17 0.031\15* 0.0156\10 0.5    SYN 0.0156 
A 0.5\29 0.25\26 0.125\23 0.062\20 0.031\15* 0.0156\10 0.5   SYN 
B 0.5\22 0.25\20 0.125\18 0.062\15* 0.031\10 0.0156\10 0.62    IND 0.0078 
A 0.5\26 0.25\21 0.125\20 0.062\17* 0.031\10 0.0156\10 0.62   IND 

 
MIC of Levofloxacin LEV before and after irradiation = 0.125 mg/l. 
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VI-  Morganella morganii (Morg.60) 
Table(27-a): FIC indexes of ampicillin\sulbactam (SAM) - gentamycin (CN) combinations against 
Morganella morganii (Morg.60) before and after  gamma irradiation. 
 

Gentamycin (CN) 
Conc. of 

SAM (mg\l) 

Irradiation Conc. of CN (mg/l) \ Diameter of inhibition zone (mm) 

FIC  
indexes 

B ― ― ― ― ― ― ― ― 8  
A ― 2\20 1\18 0.5\15 0.25\12* 0.125\10 0.06\10 4.5  ANT 
B 4\25 2\22 1\18* 0.5\10 0.25\10 0.125\10 ― 5.0  ANT 4  
A ― 2\20 1\18 0.5\16 0.25\12* 0.125\10 0.062\10 2.5    IND 
B 4\24 2\22 1\17* 0.5\10 0.25\10 0.125\10 3.0    IND 2  
A ― 2\22 1\18 0.5\15 0.25\12* 0.125\10 0.062\10 1.5    IND 
B 4\24 2\22 1\18* 0.5\10 0.25\10 0.125\10 ― 2.0    IND 1  
A ― 2\20 1\18 0.5\15 0.25\12* 0.125\10 0.062\10 1.0   IND 
B 4\22 2\20 1\17 0.5\12* 0.25\10 0.125\10 ― 1.0    IND 0.5  
A ― 2\22 1\20 0.5\18 0.25\15* 0.125\10 0.062\10 0.75  IND 
B 4\22 2\20 1\18 0.5\15* 0.25\10 0.125\10 ― 0.75  IND 0.25  
A ― 2\22 1\20 0.5\17 0.25\15* 0.125\10 0.062\10 0.62  IND 
B 4\22 2\20 1\18 0.5\15* 0.25\10 0.125\10 ― 0.62   IND 0.125  
A ― ― ― ― ― ― ― ― 

 

MIC of gentamycin CN before radiation =1 mg/l and  after irradiation = 0.5 mg/l. 
MIC of ampicillin\sulbactam SAM before irradiation = 1 mg/l and  after irradiation =2 mg/l. 
* = MIC of this combination.       B.=Before                A.=After. 
ANT=Antagonistic.  IND=Indifference.  SYN=Synergistic. 
 
 

Table(27-b): FIC indexes of ampicillin\sulbactam (SAM)―levofloxacin (LEV) combinations against 
Morganella morganii (Morg.60) before and after  gamma irradiation. 
 

Levofloxacin (LEV) Conc. of  
SAM 
(mg\l) 

Irradiation Conc. of CN (mg/l) \ Diameter of inhibition zone (mm) 

FIC 
indexes 

B ― ― ― ― ― ― ―  ― 8  
A 16\33 8\30 4\27 2\22 1\20 0.5\17 0.25\14* 0.125\10 4.06 ANT 
B ― 8\28 4\27 2\24 1\21 0.5\17* 0.25\10 0.125\10 4.25 ANT 4  
A 16\31 8\30 4\28 2\22 1\20 0.5\17 0.25\14* 0.125\10 2.06  IND 
B ― 8\28 4\26 2\23 1\20 0.5\17* 0.25\10 0.125\10 2.25  IND 2  
A 16\30 8\29 4\26 2\21 1\20 0.5\16 0.25\12* 0.125\10 1.06  IND 
B ― 8\28 4\26 2\21 1\20 0.5\16* 0.25\10 0.125\10 1.25  IND 1  
A 16\30 8\28 4\25 2\20 1\18 0.5\15 0.25\12* 0.125\10 0.56  IND 
B ― 8\26 4\24 2\21 1\18 0.5\15* 0.25\10 0.125\10 0.75   IND 0.5  
A ― 8\20 4\18 2\16 1\15 0.5\12* 0.25\10 0.125\10 0.37   SYN
B 16\30 8\28 4\25 2\20 1\18 0.5\15 0.25\12* 0.125\10 0.37  SYN 0.25  
A ― 8\26 4\24 2\21 1\18 0.5\15* 0.25\10 0.125\10 0.25  SYN 
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B ― 8\28 4\24 2\19 1\17 0.5\14 0.25\12* 0.125\10 0.25  SYN 
0.125  A ― ― ― ― ― ― ―   ― 

 

MIC of levofloxacin LEV before irradiation = 2 mg\l. 
MIC of levofloxacin LEV after irradiation = 4 mg\l. 
Table(27-c): FIC indexes of cefoperazone (CFP)―gentamycin (CN) combinations against 
Morganella morganii (Morg.60) before and after  gamma irradiation. 
 

Gentamycin (CN) Conc.  of 
CFP (mg\l) 

Irradiation Conc. of CN (mg/l) \ Diameter of inhibition zone (mm) 

FIC 
 indexes 

B 4\20 2\18 1\14* 0.5\10 0.25\10 0.125\10 ― 5.0    ANT 2 
A ― ― ― ― ― ― ― ― 
B 4\19 2\17 1\12* 0.5\10 0.25\10 0.125\10 ― 3.0    IND 1 
A ― 2\19 1\17 0.5\15* 0.25\10 0.125\10 0.062\10 5.0    ANT
B 4\18 2\16 1\12* 0.5\10 0.25\10 0.125\10 ― 2.0    IND 0.5 
A ― 2\17 1\14 0.5\12* 0.25\10 0.125\10 0.062\10 3.0    IND 
B 4\18 2`\15 1\12* 0.5\10 0.25\10 0.125\10 ― 1.5    IND 0.25 
A ― 2\18 1\15 0.5\12* 0.25\10 0.125\10 0.062\10 2.0    IND 
B 4\18 2\15 1\12* 0.5\10 0.25\10 0.125\10 ― 1.25  IND 0.125 
A ― 2\17 1\14 0.5\12* 0.25\10 0.125\10 0.062\10 1.5    IND 
B 4\17 2\15 1\12* 0.5\10 0.25\10 0.125\10 ― 1.12  IND 0.062 
A ― 2\18 1\14 0.5\12* 0.25\10 0.125\10 0.062\10 1.25  IND 
B ― ― ― ― ― ― ― ― 0.031 
A ― 2\18 1\14 0.5\12* ― ― ― 1.12  IND 

 
MIC of gentamycin CN before irradiation = 1 mg/l and  after  irradiation  = 0.5 mg/l 
MIC of cefoperazone CEF before  irradiation = 0.5 mg/l and  after  irradiation  =0.25 mg/l. 
*=MIC of this combination. 
 

Table (27-d): FIC indexes of cefoperazone (CFP)― levofloxacin(LEV) combinations against 
Morganella morganii (Morg.60) before and after  gamma irradiation. 
 

Levofloxacin (LEV) Conc.  
of CFP 
(mg\l) 

Irradiation Conc. of CN (mg/l) \ Diameter of inhibition zone (mm) 

FIC 
indexes 

B ― 8\28 4\25 2\24 1\21 0.5\20 0.25\18* 0.125\10 4.12 ANT2  
A ― ― ― ― ― ― ― ― ― 
B ― 8\27 4\25 2\24 1\22 0.5\20 0.25\18* 0.125\10 2.12  IND 1  
A 16\30 8\28 4\26 2\24 1\20 0.5\19 0.25\17 0.125\12* 4.03 ANT
B ― 8\26 4\25 2\23 1\22 0.5\18* 0.25\10 0.125\10 1.25  IND 0.5  
A 16\30 8\26 4\25 2\23 1\20 0.5\20 0.25\18 0.125\12* 2.03  IND 
B ― 8\24 4\22 2\20 1\18 0.5\16 0.25\15* 0.125\10 0.62  IND 0.25  
A 16\26 8\24 4\22 2\20 1\18 0.5\15 0.25\12* 0.125\10 1.03  IND 
B ― 8\25 4\23 2\22 1\18 0.5\17 0.25\15* 0.125\10 0.37  SYN0.125  
A 16\30 8\27 4\25 2\22 1\20 0.5\18 0.25\15 0.125\12* 0.53  SYN
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B ― 8\25 4\23 2\20 1\18 0.5\15 0.25\12* 0.125\10 0.25  SYN
0.062  A 16\35 8\33 4\30 2\25 1\22 0.5\18 0.25\15 0.125\14* 0.28 SYN 

 

MIC of levofloxacin LEV before  irradiation  = 2 mg\l. 
MIC of levofloxacin LEV after  irradiation  = 4 mg\l. 
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VII- Citrobacter freundii (Cit.64) 
Table(28-a): FIC indexes of ampicillin\sulbactam (SAM) - gentamycin (CN) combinations against 
Citrobacter freundii (Cit.64))before and after gamma irradiation. 
 

Gentamycin (CN) Conc. of 
SAM 
(mg\l) 

Irradiation Conc. of CN (mg/l) \ Diameter of inhibition zone (mm) 
FIC 

indexes 

B 4\23 2\20 1\16 0.5\14* 0.25\10 0.125\10 4.5  ANT 16 
A 4\25 2\22 1\20 0.5\16* 0.25\10 0.125\10 4.5  ANT 
B 4\22 2\19 1\16 0.5\12* 0.25\10 0.125\10 2.5    IND 8 
A 4\24 2\22 1\18 0.5\12* 0.25\10 0.125\10 2.5    IND 
B 4\20 2\18 1\15 0.5\12* 0.25\10 0.125\10 1.5    IND 4 
A 4\25 2\23 1\20 0.5\18 0.25\13* 0.125\10 1.25  IND 
B 4\20 2\17 1\15 0.5\12* 0.25\10 0.125\10 1.0    IND 2 
A 4\24 2\23 1\20 0.5\16 0.25\13* 0.125\10 0.75  IND 
B 4\19 2\15 1\12* 0.5\10 0.25\10 0.125\10 1.25  IND 1 
A 4\24 2\20 1\18 0.5\14* 0.25\10 0.125\10 0.75  IND 
B 4\19 2\16 1\14* 0.5\10 0.25\10 0.125\10 1.12  IND 0.5 
A 4\20 2\17 1\16 0.5\12* 0.25\10 0.125\10 0.62  IND 

 
MIC of gentamycin CN before and after irradiation = 1 mg/l 
MIC of ampicillin/sulbactam SAM before and after irradiation = 4 mg/l. 
* = MIC of this combination. B= Before. A.= after.      ANT=Antagonistic.       IND=Indifference. 
 
 

Table(28-b): FIC indexes of ampicillin\sulbactam (SAM)―levofloxacin(LEV) combinations against 
Citrobacter freundii (Cit.64))before and after gamma irradiation. 
 

Levofloxacin (LEV) Conc. of 
SAM 
(mg\l) 

Irradiation Conc. of LEV (mg/l) \ Diameter of inhibition zone (mm) 
FIC 

indexes 

B 0.5\25 0.25\21 0.125\17* 0.062\10 0.031\10 0.0156\10 5.0  ANT 16  
A 0.5\25 0.25\22 0.125\18 0.062\14* 0.031\10 0.0156\10 4.5  ANT 
B 0.5\25 0.25\20 0.125\17* 0.062\10 0.031\10 0.0156\10 3.0    IND 8  
A 0.5\25 0.25\21 0.125\17 0.062\14* 0.031\10 0.0156\10 2.5    IND 
B 0.5\23 0.25\20 0.125\17* 0.062\10 0.031\10 0.0156\10 2.0    IND 4  
A 0.5\24 0.25\21 0.125\17 0.062\14* 0.031\10 0.0156\10 1.5    IND 
B 0.5\23 0.25\20 0.125\16* 0.062\10 0.031\10 0.0156\10 1.5    IND 2  
A 0.5\21 0.25\19 0.125\17 0.062\14* 0.031\10 0.0156\10 1.0    IND 
B 0.5\20 0.25\15 0.125\12* 0.062\10 0.031\10 0.0156\10 1.25  IND 1  
A 0.5\22 0.25\19 0.25\16 0.062\13* 0.031\10 0.0156\10 0.75  IND 
B 0.5\20 0.25\15 0.125\12* 0.062\10 0.031\10 0.0156\10 1.12  IND 0.5  
A 0.5\22 0.25\18 0.125\16 0.062\13* 0.031\10 0.0156\10 0.62  IND 
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MIC of Levofloxacin LEV before and after irradiation = 0.125 mg/l. 
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Table(28-c): FIC indexes of cefoperazone (CFP)―gentamycin (CN) combinations against 
Citrobacter freundii (Cit.64) before and after gamma irradiation.  
 

Gentamycin (CN) 
Conc.  of 

CFP (mg\l)

Irradiation Conc. of CN (mg/l) \ Diameter of inhibition zone (mm) 
FIC 

indexes 

B 4\20 2\17 1\14* 0.5\10 0.25\10 0.125\10 5.0  ANT 8  
A 4\17 2\16 1\14* 0.5\10 0.25\10 0.125\10 5.0  ANT 
B 4\19 2\16 1\14* 0.5\10 0.25\10 0.125\10 3.0    IND 4  
A 4\16 2\15 1\12* 0.5\10 0.25\10 0.125\10 3.0    IND 
B 4\20 2\18 1\14* 0.5\10 0.25\10 0.125\10 2.0    IND 2  
A 4\16 2\14 1\12* 0.5\10 0.25\10 0.125\10 2.0    IND 
B 4\20 2\17 1\12* 0.5\10 0.25\10 0.125\10 1.5    IND 1  
A 4\15 2\12* 1\10 0.5\10 0.25\10 0.125\10 2.5    IND 
B 4\19 2\17 1\15 0.5\12* 0.25\10 0.125\10 0.75  IND 0.5  
A 4\17 2\15 1\12* 0.5\10 0.25\10 0.125\10 1.25  IND 
B 4\20 2\18 1\14* 0.5\10 0.25\10 0.125\10 1.12  IND 0.25  
A 4\18 2\16 1\15 0.5\12* 0.25\10 0.125\10 0.62  IND 

 
MIC of gentamycin CN before and after  irradiation = 1 mg/l 
MIC of cefoperazone CEF before and after irradiation = 2 mg/l. 
* = MIC of this combination.  B= before.  A.= after. 
 
Table(28-d): FIC indexes of cefoperazone (CFP) - levofloxacin(LEV) combinations against 
Citrobacter freundii (Cit.64) before and after gamma irradiation. 
 

Levofloxacin (LEV) Conc.  
of CFP 
(mg\l) 

Irradiation Conc. of LEV (mg/l) \ Diameter of inhibition zone (mm) 
FIC 

indexes 

B 0.5\25 0.25\23 0.125\20 0.062\17 0.031\12* 0.0156\10 4.25 ANT 8  
A 0.5\25 0.25\22 0.125\20 0.062\16* 0.031\10 0.0156\10 4.5 ANT 
B 0.5\25 0.25\23 0.125\20 0.062\17 0.031\12* 0.0156\10 2.25  IND 4  
A 0.5\25 0.25\22 0.125\20 0.062\16* 0.031\10 0.0156\10 2.45  IND 
B 0.5\26 0.25\23 0.125\18* 0.062\10 0.031\10 0.0156\10 2.0    IND 2  
A 0.5\30 0.25\26 0.125\22 0.062\18 0.031\15* 0.0156\10 1.25  IND 
B 0.5\25 0.25\22 0.125\20 0.062\17 0.031\12* 0.0156\10 0.75  IND 1  
A 0.5\24 0.25\20 0.125\18 0.062\15* 0.031\10 0.0156\10 1.0    IND 
B 0.5\26 0.25\24 0.125\20 0.062\17* 0.031\10 0.0156\10 0.75  IND 0.5  
A 0.5\25 0.25\21 0.125\15 0.062\12* 0.031\10 0.0156\10 0.75  IND 
B 0.5\25 0.25\22 0.125\18 0.062\14* 0.031\10 0.0156\10 0.62  IND 0.25  
A 0.5\24 0.25\21 0.125\14 0.062\12* 0.031\10 0.0156\10 0.62  IND 

 
 
MIC of levofloxacin LEV before and after irradiation = 0.125 mg/l. 
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VIII- Enterobacter cloacae (Ent.67) 
Table(29-a): FIC indexes of ampicillin\sulbactam (SAM)―gentamycin (CN) combinations against 
Enterobacter cloacae (Ent.67) before and after gamma irradiation. 
 

Gentamycin (CN) 
Conc. of 

SAM 

Irradiation Conc. of CN (mg/l) \ Diameter of inhibition zone (mm) 
FIC 

indexes 

B ― ― ― ― ― ― ― ― 8 
A ― 8\25 4\22 2\20 1\17 0.5\15 0.25\12* 4.12  ANT 
B 16\22 8\18 4\16 2\14* 1\10 0.5\10 ― 4.5    ANT 4 
A ― 8\23 4\22 2\19 1\17 0.5\15 0.25\12* 2.12   IND 
B 16\22 8\18 4\16 2\14* 1\10 0.5\10 ― 2.5    IND 2 
A ― 8\22 4\19 2\18 1\16 0.5\12* 0.25\10 1.25    IND 
B 16\20 8\18 4\16 2\14* 1\10 0.5\10 ― 1.5     IND 1 
A ― 8\21 4\20 2\18 1\15 0.5\12* 0.25\10 0.75   IND 
B 16\18 8\17 4\15 2\12* 1\10 0.5\10 ― 1.0     IND 0.5 
A ― 8\20 4\18 2\16 1\15 0.5\12* 0.25\10 0.5     SYN 
B 16\18 8\16 4\15 2\12* 1\10 0.5\10 ― 0.75   IND 0.25 
A ― 8\20 4\17 2\16 1\14 0.5\12* 0.25\10 0.37   SYN 
B 16\18 8\16 4\14 2\12* 1\10 0.5\10 ― 0.62   IND 0.125 
A ― ― ― ― ― ― ― ― 

 
MIC of gentamycin CN before radiation = 4 mg/l and after irradiation=2mg\l. 
MIC of ampicillin\sulbactam SAM before irradiation = 1 mg/l and after irradiation =2 mg/l 
* = MIC of this combination  B= before.  A=After. 
ANT=Antagonistic.  IND=Indifference.  SYN=Synergistic. 
 
Table(29-b): FIC indexes of ampicillin\sulbactam (SAM)―levofloxacin(LEV) combination against 
Enterobacter cloacae (Ent.67)  before and after gamma irradiation. 
 

Levofloxacin (LEV) 
Conc. of 

SAM 

Irradiation Conc. of LEV (mg/l) \ Diameter of inhibition zone (mm) 
FIC 

indexes 

B ― ― ― ― ― ― ― 8  
A 0.5\30 0.25\28 0.125\25 0.062\18 0.031\15* 0.0156\10 4.25   ANT
B 0.5\28 0.25\24 0.125\20 0.062\18 0.031\15* 0.0156\10 4.25   ANT 4  
A 0.5\30 0.25\27 0.125\24 0.062\17 0.031\15* 0.0156\10 2.25    IND 
B 0.5\26 0.25\23 0.125\20 0.062\18 0.031\15* 0.0156\10 2.25    IND 2  
A 0.5\28 0.25\25 0.125\21 0.062\18 0.031\15* 0.0156\10 1.25    IND 
B 0.5\28 0.25\24 0.125\20 0.062\18 0.031\15* 0.0156\10 1.25   IND 1  
A 0.5\28 0.25\26 0.125\22 0.062\18 0.031\15* 0.0156\10 0.75   IND 
B 0.5\27 0.25\24 0.125\19 0.062\17 0.031\14* 0.0156\10 0.75   IND 0.5  
A 0.5\28 0.25\24 0.125\20 0.062\17 0.031\15* 0.0156\10 0.5   SYN 
B 0.5\26 0.25\24 0.125\20 0.062\16 0.031\12* 0.0156\10 0.5   SYN 0.25  
A 0.5\27 0.25\23 0.125\21 0.062\18 0.031\15* 0.0156\10 0.37   SYN 



         RESULTS                                                                                                            

 -190-

B 0.5\26 0.25\23 0.125\19 0.062\16 0.031\12* 0.0156\10 0.37   SYN 
0.125  A ― ― ― ― ― ― ― 

 
MIC of levofloxacin LEV before and after  irradiation = 0.125 mg\l 



         RESULTS                                                                                                            

 -191-

Table(29-c): FIC indexes of cefoperazone (CFP) -gentamycin (CN) combination against 
Enterobacter cloacae (Ent.67) before and after gamma irradiation. 
 

Gentamycin (CN) 
Conc.     

CFP (mg\l)

Irradiation Conc. of CN (mg/l) \ Diameter of inhibition zone (mm) 
FIC 

indexes 

B 16\22 8\20 4\17 2\14* 1\10 0.5\10 0.25\18* 4.5   ANT 4 
A ― ― ― ― ― ― ― ― 
B 16\21 8\20 4\17 2\14* 1\10 0.5\10 0.25\10 2.5    IND 2 
A ― 8\22 4\19 2\17 1\14 0.5\12* 0.25\10 4.25  ANT 
B 16\20 8\18 4\16 2\12* 1\10 0.5\10 0.25\10 1.5    IND 1 
A ― 8\21 4\18 2\16 1\14 0.5\12* 0.25\10 2.25  IND 
B 16\21 8\19 4\17 2\14* 1\10 0.5\10 0.25\10 1.0    IND 0.5 
A ― 8\20 4\17 2\16 1\14 0.5\12* 0.25\10 1.25  IND 
B 16\20 8\17 4\16 2\15 1\12* 0.5\10 0.25\10 0.5    SYN 0.25 
A ― 8\20 4\18 2\15 1\14 0.5\12* 0.25\10 0.75    IND 
B 16\20 8\19 4\17 2\15 1\12* 0.5\10 0.25\10 0.37  SYN 0.125 
A ― 8\19 4\17 2\16 1\14* 0.5\10 0.25\10 0.75  IND 
B ― ― ― ― ― ― ― ― 0.062 
A ― 8\18 4\17 2\15 1\12* 0.5\10 0.25\10 0.62  IND 

 
MIC of gentamycin CN before irradiation = 4 mg/l and after irradiation=2mg\l. 
MIC of cefoperazone CEF before irradiation = 1 mg/l. and after irradiation =0.5 mg/l.. 
* = MIC of this combination.     B= before.     A=After. 
 
Table(29-d): FIC indexes of cefoperazone (CFP)―levofloxacin(LEV) combination against 
Enterobacter cloacae (Ent.67) before and after gamma irradiation. 
 

Levofloxacin (LEV) Conc.  of 
CFP 

(mg\l) 

Irradiation Conc. of LEV (mg/l) \ Diameter of inhibition zone (mm) 

FIC 
indexes 

B 0.5\36 0.25\33 0.125\30 0.062\27 0.031\20* 0.015\10 ― 4. 25   ANT4 
A ― ― ― ― ― ― ― ― 
B 0.5\35 0.25\30 0.125\27 0.062\25 0.031\18* 0.015\10 ― 2.25    IND 2 
A 0.5\29 0.25\26 0.125\24 0.062\22 0.031\19* 0.015\10 ― 4.25    ANT
B 0.5\32 0.25\30 0.125\27 0.062\25 0.031\18* 0.015\10 ― 1.25     IND1 
A 0.5\27 0.25\26 0.125\24 0.062\22 0.031\17* 0.015\10 ― 2.25    IND 
B 0.5\35 0.25\30 0.125\27 0.062\25 0.031\18* 0.015\10 ― 0.75    IND 0.5 
A 0.5\35 0.25\30 0.125\24 0.062\20 0.031\19* 0.015\10 ― 1.25    IND 
B 0.5\32 0.25\30 0.125\25 0.062\20 0.031\17* 0.015\10 ― 0.5    SYN 0.25 
A 0.5\32 0.25\30 0.125\24 0.062\20 0.031\18* 0.015\10 ― 0.75   IND 
B 0.5\32 0.25\28 0.125\25 0.062\19 0.031\16* 0.015\10 ― 0.37   SYN 0.125 
A 0.5\32 0.25\30 0.125\25 0.062\22 0.031\18* 0.015\10 ― 0.5   SYN 
B ― ― ― ― ― ― ― ― 0.062 
A 0.5\30 0.25\28 0.125\24 0.062\22 0.031\17* 0.015\10 ― 0.37   SYN 
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MIC of levofloxacin LEV before and after  irradiation = 0.125 mg/l. 
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IX- Pseudomonas aeruginosa (Ps.72) 
 
Table (30-a): FIC indexes of ampicillin\sulbactam (SAM) - gentamycin (CN) combinations against 
Pseudomonas aeruginosa (Ps.72) before and after gamma irradiation. 
 

Gentamycin (CN) Conc. of 
SAM 
(mg\l) 

Irradiation Conc. (mg/l)\ Diameter of inhibition zone (mm) 

FIC 
indexes 

B 8\25 4\23 2\20 1\17* 0.5\10 0.25\10 4.5   ANT 64 
A 8\22 4\20 2\16 1\14* 0.5\10 0.25\10 4.5   ANT 
B 8\25 4\22 2\21 1\17* 0.5\10 0.25\10 2.5    IND 32 
A 8\22 4\20 2\16 1\14* 0.5\10 0.25\10 2.5    IND 
B 8\23 4\21 2\19 1\15* 0.5\10 0.25\10 1.5    IND 16 
A 8\23 4\21 2\16 1\13* 0.5\10 0.25\10 1.5    IND 
B 8\23 4\20 2\18 1\16 0.5\13* 0.25\10 0.75  IND 8 
A 8\22 4\20 2\18 1\16 0.5\12* 0.25\10 0.75  IND 
B 8\22 4\20 2\18 1\16 0.5\12* 0.25\10 0.5  SYN 4 
A 8\22 4\19 2\17 1\15* 0.5\10 0.25\10 0.75  IND 
B 8\24 4\22 2\19 1\17 0.5\15* 0.25\10 0.37 SYN 2 
A 8\23 4\21 2\18 1\16* 0.5\10 0.25\10 0.62 IND 

 
MIC of Gentamycin CN before and after irradiation= 2 mg/l 
MIC of Ampicillin/sulbactam SAM before and after irradiation= 16 mg/l. 
* = MIC for this combination  B = before  A = after 
ANT=Antagonistic.  IND=Indifference.  SYN=Synergistic. 
 
Table (30-b): FIC indexes of ampicillin\sulbactam (SAM)―levofloxacin (LEV) combinations against 
Pseudomonas aeruginosa (Ps.72) before and after gamma irradiation. 
 

Levofloxacin (LEV) 
Conc. of 

SAM 
(mg\l) 

Irradiation Conc. (mg/l)\ Diameter of inhibition zone (mm) 
FIC 

indexes 
 

B 0.5\22 0.25\20 0.125\15* 0.062\10 0.031\10 0.0156\10 5.0   ANT 64 
A 0.5\23 0.25\22 0.125\15* 0.062\10 0.031\10 0.0156\10 5.0   ANT 
B 0.5\21 0.25\20 0.125\14* 0.062\10 0.031\10 0.0156\10 3.0    IND 32 
A 0.5\22 0.25\21 0.125\14* 0.062\10 0.031\10 0.0156\10 3.0    IND 
B 0.5\20 0.25\17 0.125\12* 0.062\10 0.031\10 0.0156\10 2.0    IND 16 
A 0.5\21 0.25\20 0.125\12* 0.062\10 0.031\10 0.0156\10 2.0    IND 
B 0.5\20 0.25\18 0.125\12* 0.062\10 0.031\10 0.0156\10 1.5    IND 8 
A 0.5\21 0.25\18 0.125\14* 0.062\10 0.031\10 0.0156\10 1.5    IND 
B 0.5\23 0.25\20 0.125\16* 0.062\10 0.031\10 0.0156\10 1.25  IND 4 
A 0.5\24 0.25\20 0.125\16* 0.062\10 0.031\10 0.0156\10 1.25  IND 
B 0.5\22 0.25\18 0.125\14* 0.062\10 0.031\10 0.0156\10 1.12   IND 2 
A 0.5\23 0.25\20 0.125\16* 0.062\10 0.031\10 0.0156\10 1.12   IND 
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MIC of Levofloxacin LEV before and after irradiation = 0.125 mg/l. 
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Table (30-c): FIC indexes of cefoperazone (CFP) - gentamycin (CN) combinations against 
Pseudomonas aeruginosa (Ps.72) before and after gamma irradiation. 
 

Gentamycin (CN) 
Conc. of 

CFP 

Irradiation 

Conc. (mg/l)\ Diameter of inhibition zone (mm) 
FIC 

indexes 

B 8\23 4\23 2\20 1\17 0.5\15* 0.25\10 4.25 ANT 1  
A 8\24 4\22 2\17 1\15* 0.5\10 0.25\10 4.5   ANT 
B 8\23 4\21 2\18 1\16 0.5\14* 0.25\10 2.25  IND 0.5 
A 8\23 4\20 2\16 1\14* 0.5\10 0.25\10 2.5    IND 
B 8\21 4\20 2\17 1\15 0.5\12* 0.25\10 1.25  IND 0.25  
A 8\24 4\20 2\18 1\15 0.5\12* 0.25\10 1.25  IND 
B 8\25 4\22 2\20 1\17 0.5\12* 0.25\10 0.75  IND 0.125  
A 8\23 4\20 2\17 1\14* 0.5\10 0.25\10 1.0    IND 
B 8\24 4\21 2\18 1\15 0.5\12* 0.25\10 0.5    SYN 0.062  
A 8\22 4\20 2\16 1\14* 0.5\10 0.25\10 0.75   IND 
B 8\23 4\22 2\19 1\16 0.5\12* 0.25\10 0.37  SYN 0.031  
A 8\22 4\20 2\17 1\13* 0.5\10 0.25\10 0.62  IND 
B 8\21 4\20 2\17 1\15 0.5\12* 0.25\10 0.31 SYN 0.0156  
A 8\21 4\19 2\17 1\12* 0.5\10 0.25\10 0.56   IND 

 
MIC of gentamycin CN before and after irradiation = 2 mg/l  
MIC of cefoperazone CEF before and after  irradiation = 0.25 mg/l 
* = MIC for this combination.    B = before.    A.=After. 
 
Table (30-d): FIC indexes of cefoperazone (CFP)― levofloxacin (LEV) combinations against 
Pseudomonas aeruginosa (Ps.72) before and after gamma irradiation. 
 

Levofloxacin (LEV) 
Conc. of 

CFP 

Irradiation Conc. (mg/l)\ Diameter of inhibition zone (mm) 
FIC 

indexes 

B 0.5\27 0.25\24 0.125\21 0.062\17* 0.031\10 0.0156\10 4.5  ANT 1  
A 0.5\30 0.25\27 0.125\24 0.062\20* 0.031\10 0.0156\10 4.5  ANT 
B 0.5\27 0.25\23 0.125\20 0.062\15* 0.031\10 0.0156\10 2.5   IND 0.5 
A 0.5\28 0.25\26 0.125\24 0.062\18* 0.031\10 0.0156\10 2.5   IND 
B 0.5\25 0.25\23 0.125\20 0.062\17* 0.031\10 0.0156\10 1.5   IND 0.25  
A 0.5\27 0.25\24 0.125\20* 0.062\10 0.031\10 0.0156\10 2.0   IND 
B 0.5\25 0.25\22 0.125\18* 0.062\10 0.031\10 0.0156\10 1.5   IND 0.125  
A 0.5\27 0.25\25 0.125\23 0.062\18* 0.031\10 0.0156\10 1.0   IND 
B 0.5\30 0.25\25 0.125\18* 0.062\10 0.031\10 0.0156\10 1.25  IND 0.062  
A 0.5\33 0.25\30 0.125\26 0.062\20 0.031\12* 0.0156\10 0.5   SYN 
B 0.5\30 0.25\26 0.125\18* 0.062\10 0.031\10 0.0156\10 1.12  IND 0.031  
A 0.5\33 0.25\30 0.125\25 0.062\20 0.031\12* 0.0156\10 0.37  SYN 
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B 0.5\32 0.25\27 0.125\20* 0.062\10 0.031\10 0.0156\10 1.06  IND 
0.0156  

A 0.5\35 0.25\31 0.125\28 0.062\22 0.031\14* 0.0156\10 0.31  SYN 
 
MIC of Levofloxacin LEV before and after irradiation = 0.125 mg/l. 

 


