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Detection of (mecA)gene in methicillin resistant
Staphylococcus aureus (MRSA) at Prince A/ Rhman
Sidery Hospital, Al-Jouf, Saudi Arabia

Meshref Awad Al-Ruaily and Omer Mohamed Khalil*

Department of Clinical Microbiology, Al-Jouf University, Saudi Arabia.

Accepted 24 January, 2011

The study was conducted in A/ Sidery Hospital Al-Jouf province, Saudi Arabia during, the period
September 2008 to May 2009. A total of 930 patients attended the Hospital for routine investigations
were screened for urinary tract infection. A total of nine hundred and thirty urine specimens were
received in the laboratory for culture, 640 specimens showed significant growth from which 100
Staphylococcus aureus species were recovered. Disk diffusion method and BD phoenix TM system
antibiotic susceptibility were used, 15 methicillin resistant S. aureus isolates were identified,
polymerase chain reaction (PCR) was used to amplify both the S. aureus specific sequence gene and
mecA gene with the amplicon size of 107 and 532 bp. All the isolates (n=100) expressed S. aureus
specific sequence gene in their PCR products. The results of the PCR revealed 13/15 isolates
demonstrating both resistance to methicillin and expression of mecA gene, while the remaining two
showed the resistance to methicillin by the disc diffusion method without the expression of mecA gene.
All the isolates (n = 100) were sensitive to vancomycin.

Key words: mecA, MRSA, methicillin resistance polymerase chain reaction (PCR), Staphylococcus aureus, Al-

Jouf, Saudi Arabia.

INTRODUCTION

Staphylococcus aureus is one of the most frequent
bacterial pathogens in humans. It causes skin infections,
osteoarthritis and respiratory tract infections in the
community, as well as postoperative and catheter-related
infections in hospitals (Didier et al., 2004) Methicillin-
resistant S. aureus (MRSA) has become a major public
health problem worldwide (Jarvis et al., 2007). The
burden of MRSA continues to rise, with a growth rate of
14% of all S. aureus strains from clinically significant
samples in New South Wales, Australia (Nimmo et al.,
2006). The rising colonization rates lead to the increasing
of infection rates in the community and in hospitals. The
consequence to the health care system is longer hospital
stays and greater costs, which approximately double the
expenditure per patient (Kim et al., 2001). The patient
risks include significantly higher mortality and morbidity

*Corresponding author. E-mail: omarkalil2008@gmail.com.

rates with invasive MRSA infection (Lodise and
McKinnon, 2005, Kearns et al., 1999) Within U.S.
hospitals, nearly 60% of nosocomial S. aureus infections
acquired in intensive care units are methicillin resistant
(NNIS, 2004). Health care workers may carry MRSA on
their hands or clothes following their contact either with to
asymptomatic carriers or patients who have clinical
infection. Health workers may then, unknowingly transmit
the organism to other patients. The contaminated
environmental surfaces also contribute to the MRSA
transmission. Thus, symptomatic patients constitute a
small portion of the actual reservoir of MRSA within
hospitals resulting in an iceberg phenomenon (Harbarth
et al., 2000). The world wide emergence of community
acquired methicillin resistant S. aureus (CA-MRSA) can
have severe public health implications (Calfee et al.,
2003). The differentiation between community-acquired
MRSA and hospital acquired MRSA (HA-MRSA) is
becoming difficult to understand, since CA-MRSA could
spread into hospitals (Wannet et al., 2004). The risk of
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the acquiring MRSA in the hospitals increased by severity
of illness (lbelings and Bruining, 1998), length of stay,
(Law and Gill., 1998), use of intravascular devices (Pujol
et al., 1994) and the intensity of exposure to infected
patients (Merrer et al., 2000). Infection control measures
include screening, (Girou et al., 1998) and (Lucet et al.,
2003) segregation of positive patients, (Arnoldet et al.,
2002), eradication of carriage (Hill et al., 1988) and good
standards of general hygiene (Rampling et al., 2001).

MATERIALS AND METHODS

The study was conducted in A/ Sidery Hospital Al-Jouf province,
Saudi Arabia, during the period September 2008 to May 2009. A
total of 930 patients attended the hospital for routine investigation
which was screened for urinary tract infection, preliminary
identification of the isolates was performed on the basis of colonial
morphology, cultural characteristics on agar media, gram’s staining
reaction and biochemical reaction results using standard methods
(Kloos and Bannerman, 1999). S. aureus species were identified
and methicillin resistant S. aureus (MRSA) isolates were detected
at the time of initial culture using the disk diffusion method.
Antibiotic sensitivity of the isolates initially demonstrating resistance
to methicillin was confirmed using BD phoenix TM (System, Becton,
Dickinson Company, Shannon, Ireland) according to the
recommendations given by the national reference centre in Saudi
Arabia. The sensitivity pattern of the isolates was tested for the
antibiotics listed in Table 1. Wizard R genomic DNA purification kit+
was used according to manufacturer's instructions (Promega) to
isolate the DNA from S. aureus clinical isolates.

Amplification of S. aureus specific sequence gene and mecA
gene

PCR was used to amplify both the S. aureus specific sequence
gene and mecA gene with the amplicon size of 107 and 532 bp
using primers described by Martineau et al. (1998). The 3-end
region of the S. aureus specific gene was amplified using A 30
nucleotide forward primer 5’- AAT CTT TGT CGG TAC ACG ATA
TTC TTC ACG -3’ and A30 nucleotide reverse primer, 5-CGT AAT
GAG ATT TCA GTA GAT AAT ACA ACA-3’ (which hybridize to
sites 5-34 and (112-83), respectively, (Martineau et al. 1998). While
The 3-end region of the mecA gene was amplified using A 22
nucleotide forward primer 5’- AAA ATC GAT GGT AAA GGT TGG
C - 3’ and A22 nucleotide reverse primer, 5- AGT TCT GCA GTA
CCG GAT TTG C-3 (which hybridize to sites 1282-1301 and 1814-
1793) (Robert Koch institute, 2003). The PCR reaction mixture for
the detection of mecA gene and S. aureus specific gene consisted
of 1 ml of sample containing template DNA. 1.5 u of tag DNA
polymerase, 10 pl of 10 x PCR amplification buffer 10 pmol each
primer, 200 m/mole deoxynucleotide triphosphate (dNTPS) and
distilled water to a final volume of 5010 pl. A total of 40 cycles were
used to amplify 532 bp of mecA gene and 107 bp of S. aureus
specific gene. DNA denaturation occur at 94°C for 30 sec primers
annealing at 55°C for 30 sec extension of the two strands at 72°C
for 60 s and a final extension step of 4 mins. The PCR products
were analyzed on a 1.5% agarose gel five micro liters of the PCR
products were loaded into 1.5% phorecus agarose (Biogene, UK)
and electrophoresis was performed in .5x TBE buffer at 180 V for 3
h. The gels were subsequently stained with 1 pg/ml
ethidiumbromide (Sigma, U.K) for 30 min, visualized under UV and
photographed.

RESULTS

Nine hundred and thirty urine specimens were received in
the laboratory for culture, 640 specimens showed
significant growth from which 100 S. aureus species were
recovered. Using disk diffusion method and BD phoenix
TM system antibiotic susceptibility testing identified 15
methicillin resistant S. aureus isolates. The antimicrobial
agents used their abbreviations potency and origin is
shown in Table 1.

All the isolates (n = 100) expressed S. aureus specific
sequence gene in their PCR products, which confirmed
the assumption that all the strains were S. aureus. The
result of the PCR revealed 13/15 isolates demonstrating
both resistance to methicillin and expression of mecA
gene, while the remaining two showed the resistance to
methicillin by the disc diffusion method without the
expression of mecA gene. All the isolates (n=100) were
sensitive to vancomycin.

In Figure 1, all the S. aureus isolates were sensitive to
vancomycin, while only 2% were sensitive to penicillin
and 15% were identified as MRSA. Meropeneme and
amoxicillin expressed relatively high activity against the
isolates (80 and 74%). Cephalosporin and gentamicin
showed the same activity and the least active antibiotic
was ciprofloxacin.

According to the Figure 2, all MRSA isolates were
sensitive to vancomycin and resistant to penicillin. The
isolates expressed high resistant against cephalosporin,
gentamicin and ciprofloxacin and relatively low resistant
against meropeneme and amoxicillin.

In Figure 3, a 100 molecular weight marker was applied
at the first and last well of the gel to identify the isolated
genes. A negative control (methicillin susceptible S.
aureus) PCR product was applied next to the molecular
weight marker. (No band on the figer). PCR product of S.
aureus specific gene 107 bp was applied on lane 3, 5, 7,
9 and 11 which showed a clear band confirmed that, all
the isolates were S. aureus. PCR product of mecA gene
532 bp for the same isolates was applied on lane 4, 6, 8,
10 and 12 which showed clear bands confirmed that, all
the isolates were MRSA.

DISCUSSION

Detection of MRSA is important for patient care and
appropriate utilization of infection control resources.
Methicillin-resistant S. aureus (MRSA) is a significant
pathogen that has emerged over the last four decades,
causing both nosocomial and community-acquired
infections. Rapid and accurate detection of methicillin
resistance in S. aureus is important for the use of
appropriate antimicrobial therapy and for the control of
nosocomial spread of MRSA strains. We evaluated the
efficiency of the disk diffusion method, BD phoenix TM
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Table 1. Interpretation of the inhibition zone diameter data.

Antibiotic Disk potency Resistant Sensitive
Penicillin ( P) 10 units <28 > 29
Methicillin (ME) 5ug <9 > 14
Gentamycin (Gen) 10 pug <12 >15
Ciprofloxacin (CIP) 5ug <18 > 21
Meropenem (Mer) 10 ug <13 > 16
Amoxycillin/Clavulanic Acid (AMX) 30 ug <17 > 21
Vancomycin (Van) 30 ug <17 > 21
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Figure 1. Susceptibility of S.aureus isolates to different antibiotics.
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Figure 2. Susceptibility of MRSA isolates to different antibiotics.

system and PCR for detection of methicillin resistance in
100 isolates of S. aureus, 13 mecA positive and 87 mecA
negative. The PCR of mecA gene was used as the gold
standard for the evaluation of the other two methods. The
percentages of sensitivity and specificity were as follows;
disk diffusion 97 and 100%, and BD phoenix TM system
100 and 100%. The two methods presented high sen-
sitivity and specificity, but BD phoenix had the advantage
of giving a reliable result, equivalent to PCR. The
incidence of urinary tract infection with S. aureus was
found to be 15.6%; Beta lactamase producers within the
S. aureus isolates were 86%, this result agreed with
Fukatsu et al. (1990) who reported that, 81.3% of S.
aureus were beta lactamase producers in Japan. Depen-
ding on the methicillin susceptibility testing result15
(15%) of the S. aureus isolates were classified as MRSA,
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Figure 3. A 100 molecular weight marker applied at the first and last well of the gel to identify the
isolated genes. A negative control (methicillin susceptible S. aureus) PCR product was applied next
to the molecular weight marker. (No band on the figure). PCR product of S. aureus specific gene
107 bp was applied on lane 3, 5, 7, 9 and 11 which showed a clear band confirmed that, all the
isolates were S. aureus. PCR product of mecA gene 532 bp for the same isolates was applied on
lane 4, 6, 8, 10 and 12 which showed clear bands confirmed that, all the isolates were MRSA.

13/15 (8.7%) of the MRSA isolates expressed mecA
gene by PCR typing in addition to beta lactamase
enzyme production, this result agreed with Tenover et al.
(1994) who stated that, the resistance in S. aureus mainly
involve two mechanisms the expression of beta
lactamase and mecA gene. In this study, the MRSA
resistance pattern was studied against the ten antibiotics
excluding penicillin and vancomycin, twelve isolates
proved to be resistant to the ten antibiotics, five to eight,
three to six and three to four antibiotics. Regarding to the
disc diffusion method for the detection of MRSA busy
laboratories processing, screening and reading of the
specimen results are time-consuming, all isolates are
confirmed with tube coagulase and susceptibility testing
and keeping agar plates for an extended period (48 h)
increases the workup of suspicious colonies significantly,
with a small increase in MRSA detection this agreed with
Diederen et al. (2006) and Diederen et al. (2005).

In conclusion, molecular techniques remains the most
sensitive method in detecting S. aureus at both genus
and species level and with 100% accuracy in detecting
MRSA, when compared with the classical identification
method and this agreed with Martineau et al. (2001). In
addition, for greater detection rates, molecular methods

have the shortest turn around time. Although, molecular
testing remains expensive relative to conventional agar-
based detection, there is an overall cost savings,
especially if molecular testing is directed at high-risk
populations.
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Lactic acid bacteria are very significant to human health due to the production of some antimicrobial
substances and ability to inhibit pathogenic bacteria. Furthermore, the bacteria are also used as starter
culture in various food production. In this study, Lactobacillus strains were isolated from 100 human
milk colostrum samples and 50 faecal samples of 3 to 30-day old infants who were fed on only breast
milk. The isolated Lactobacillus strains were futher identified by APl 50 CHL systems as Lactobacillus
acidophilus (20.0%), L. acidophilus -3 (10.0%), Lactobacillus brevis (30.0%), Lactobacillus casei (15.0%,)
and Lactobacillus plantarum (25.0%) from colostrum, and L. brevis (41.2%), Lactobacillus fermentum
(11.8%), Lactobacillus reuteri (5.9%), Lactobacillus rhamnosus (11.8%) and L. plantarum (29.4%) from
faeces. In conclusion, the higher isolation rate of Lactobacillus spp. in infantile faecal specimens than
in colostrum may indicate based on the sterility of colostrum.

Key words: Lactobacillus, MRS agar, API 50 CHL.

INTRODUCTION

The human intestinal tract is inhabited by different
species of microorganisms; some of which are
responsible for the microbial balance in the normal flora
of healthy hosts, since the stability of intestinal system
flora is dependent on the interactions between the
beneficial and harmful microorganisms (Gakir, 2003).
While these beneficial microrganisms like the lactic acid
bacteria aid in the digestion of nutritional substances,
they also prevent the effects of pathogenic micro-
organisms due to certain inhibitory substances which
they secret during digestion. These inhibitory substances
include metabolites like organic acids, diacetyl, hydrogen-
peroxide, acetoin, 2,3-butanediol, acetaldehyde,
benzoate, bacteriolytic enzymes,bacteriocin, reuterin, etc
(Chung et al., 1989; Vanderbergh, 1993; De Vuyst and
Vandamme, 1994) display antagonistic activity towards
many pathogenic microorganisms.

The consumption of soured milk can be traced back

*Corresponding author. E-mail: hcvural@gmail.com.

thousands of years but it was not until the beginning of
the 18th century that the beneficial effects of fermented
milks were given a scientific basis. Metcnikoff (1907)
believed that the microflora of the lower gut was having
an adverse effect on the host animal and proposed that
fermented milks would reverse the effect and promote
good health. He based this hypothesis on observations of
Bulgarian peasants who consumed large quantities of
soured milk and lived to a ripe old age. Without any real
evidence he made the connection between the two
observations. Subsequent experiment studies have
suggested that there is at least some scientific foundation
to the belief that fermented milks have a beneficial effect
on the health of the consumer (Fuller, 1991).

Probiotics, are therefore, defined as live microorga-
nisms that confer health benefits to the hosts (Salminen
et al., 1993, 1998; Holzapfel et al., 1998, 2001; Madsen,
1999; FAO/WHO, 2001; Perdersen et al., 2004), and
some lactic acid bacteria (LAB) species, which include
the groups Lactobacillus, Streptococcus, Pediococcus
and Leuconostoc have been reported as active probiotic
candidates by several workers (Fuller, 1991; Ogunshe,



2008). Fermented Milk Products (FMP) containing viable
lactobacilli have been used by humans primarily as pro-
phylactics and their use has been extended to intestinal
infections (Ogawa et al., 2001; Ogunshe, 2006, 2008;
Ogunshe and Olaomi, 2008). Studies, such as in the
treatment of Clostridium difficile colitis with Lactobacillus
have been done on humans (Hopkins and Macfarlane,
2003), while dietary lactobacilli have also been used for
the treatment of infantile diarrhoea. Aim (1983), Ogunshe
Olaomi (2008) and Ogunshe (2008) observed that the
oral administration of L. acidophilus reduced the carrier
time in children and in adults infected with Salmonella.

This study also tries to identify potential indigenous
Lactobacillus probiotics isolated from 100 human milk
colostrum and 50 infantile faecal samples obtained from
breast-fed 3 to 30-day-old babies using the APl 50 CHL
system.

MATERIALS AND METHODS
Materials

This study was carried out between September 2008 and June
2009 in Konya Dr. Faruk Sukan Birth and Childen Hospital and
Konya Province Control Laboratory, Turkey. 100 colostrum samples
and 50 faecal samples of 3 to 30 day old breast-fed infants were
obtained in sterile small jars from Konya Dr. Faruk Sukan Maternity
and Children Hospital. Samples were transported within two hours
to Konya Province Control Laboratory for microbiological studies.

Media and culture conditions

The colostrum and infantile faecal samples were plated on MRS
(Man Rogosa Sharpe) agar supplemented wuth 0.25 % (w/v) L-
cysteine (Sigma-Aldrich). One ml of each colostrum and facal
samples (after diluting in proportion of 1/10 within MRD (maximum
recovery diluent, Merck)) was plated on each MRS agar plate,
followed by incubation under anaerobic conditions at 37°C for 48 h
using GENbox anaerobic kit (Bio-merieux, Marcy I'Etoile, France).
Obtained colonies were randomly picked from the primary plates
after incubation and pure colinies identified with APl 50 CHL
system. Pure colonies were kept as stock and bench cultures in
15% glycerine and preserved in deep- freeze at -20°C.

API 50 CHL system

Fermentation of carbohydrates was determined using APl 50 CHL,
a standardized system, consisting of 50 biochemical tests for the
study of carbohydrate metabolism by microorganisms. APl 50 CH is
used in conjunction with APl 50 CHL medium for the identification
of Lactobacillus and related genera strips according to the
manufacturer’s instructions (Biomerieux, Marcy I’ Etoile, France)
(Ghanbari et al, 2009). 10 ml of pure water was dispensed into the
incubation box with the strip placed in the incubation box, after the
bacterial cultures had been introduced into the APl 50 CHL system
in AP1 50 CHL medium (5 ml), in concentration 2 McFarland. The
set-up system was then incubated at appropriate temperature of
35°C for 48 h, after the wells were filled with the bacterial
suspensions by the line mark with the addition of mineral oil.
Bacterial strains from colostrum and faecal samples were
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identified based on the fermentation of carbohydrates. Identification
tables were prepared as (+/-) according to colour change in
evaluation of results of API strips reaction. Numerical profiles of
strains were identified adding positive values in indicative table.
Species designations were identified by evaluating with software
identification apiweb™.

RESULTS AND DISCUSSION

A total of 20 (25.0%) Lactobacillus strains were isolated
from 100 colostrum samples in this study. The
Lactobacillus strains were identified by APl 50 CHL
systems, program identificaton  apiweb™  as
Lactobacillus brevis 6 (30.0%), Lactobacillus plantarum 5
(25.0%), Lactobacillus  acidophilus 4  (20.0%),
Lactobacillus casei 3 (15.0%) and Lactobacillus
acidophilus-3 in 2 were identified by program
identification apiweb™ (10.0%) ( Table 1). As shown in
Table 2, seventeen Lactobacillus strains were also
isolated from the 50 infantile faecal samples in this study.
They were identified as Lactobacillus brevis 7 (41.18 %),
Lactobacillus plantarum 5 (29.4%), Lactobacillus
fermentum 2 (11.8%), Lactobacillus rhamnosus 2 (11.76
%), Lactobacillus reuteri 1 (5.9%). The results obtained in
this study also support previous ones in which recovery
of similar Lactobacillus species from infantile faecal
speciemns have been earlier reported (Gronlund et al.,
1999; Ahrne et al., 2005).

Lactobacillus strains jist like many other bacterial
species have been identified phenotypically with the use
of biochemical characteristics and kits like APl 50 CH
system, and currently by molecular methods, such as
with the use of PCR technique. This study identified
some Lactobacillus strains with the use of the API 50 CH
system as belonging to L. Brevis, L. plantarum,
L.fermentum, L. rhamnosus, L. reuteri from infantile
faecal samples. Similar groups of Lactobacillus strains
had been earlier isolated from infantile faecal specimens
from other countries (Apella et al., 1992; Nader de
Macias et al, 1992; Ogunshe, 2008), although slight
variation which may be due to fields and geographical
locations could be observd.

Classically, searching for bacterial strains that are able
to exert beneficial effects on human health has been
focused on the natural inhabitants of our gastrointestinal
tract, mainly being directed at members of the genera
Bifidobacterium and Lactobacillus. In the last few years, a
substantial body of scientific evidence suggests that other
bacterial genera could rationally be screened for use as
probiotics (SAjnchez et al., 2010), thus the screening for
likely probiotic Lactobacillus strains from human milk
colostrum in this study. In contrast to breast milk, little is
known about the bacterial composition of human colo-
strums (Jiménez et al., 2008), although few studies like
that of Martin et al. (2010), reported that human breast-
milk provides a rich source of commensal lactic acid
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Table 1. Recovery rates of Lactobacillus strains from colostrum (n = 100)

samples.

Species hame

Strain number

Strain percentage(%)

Lactobacillus brevis
Lactobacillus plantarum
Lactobacillus acidophilus
Lactobacillus casei
Lactobacillus acidophilus-3
Total:5

6 30
5 25
4 20
3 15
2 10
20 100

Table 2. Recovery rates of Lactobacillus strains from faecal (n = 50)

samples.

Species nhame

Strain number

Strain percentage(%)

Lactobacillus brevis 7 41.18

Lactobacillus plantarum 5 29.42

Lactobacillus fermentum 2 11.76

Lactobacillus rhamnosus 2 11.76

Lactobacillus reuteri 1 5.66

Total: 5 17 100
480-483.

bacteria (LAB) to the infant during breastfeeding and
stimulates abundant growth and colonization of these
bacteria at mucosal surfaces in the infant gastrointestinal
tract. L. brevis, L. plantarum, L. acidophilus, L.casei and
L. acidophilus-3 were the Lactobacillus species obtained
from the milk colostrum in this study.

It was found that there were no indications that the
colostrum samples contained harmful bacteria in the
study of Jiménez et al. (2008), while Martin et al. (2010)
also documented that breastmilk confers critical
nutritional and immunologic support to the developing
newborn. The result findings of this present study con-
clude that beneficial Lactobacillus strains can be obtained
from colostrum and infantile faecal specimens using API
50 CHL technique.
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Typhoid fever remains a major health problem in India and other developing countries. It often becomes
difficult to precisely estimate the global impact of typhoid, as clinical symptoms resemble many other
febrile infections. Salmonella, gram negative bacilli, are facultative intra cellular bacteria and can
survive during certain stages of host parasite interaction. There are a number of drugs being used for
the treatment of typhoid, but increasing occurrence of multidrug resistant (MDR) strain of Salmonella
typhi has complicated its management; thus, it has necessitated the search of formulated drugs for its
treatments. Nitric oxide (NO) is a versatile molecule produced in a biological system, it regulates divers
array of physiological function and acts as an inter and extra-cellular messenger in most mammalian
organ in host’s defense functions for many bacterial infections. Previous studies have suggested that,
exogenous administration of L-arginine results in increased NO production, indicating that endogenous
substrate is insufficient for maximal NO production. Taking these facts into consideration, it was
thought pertinent to see the effect of oral administration of NO donors that is L-arginine, which is one of
the semi essential amino acids used as food supplement. Formulation of NO donors and ciprofloxacin
are used in low concentrations to reduce toxicity which shows better therapeutic results against

experimentally induced Salmonellosis.

Key words: Typhoid, Nitric Oxide and MDR.

INTRODUCTION

Enteric (typhoid) fever remains a common disease in
many parts of the world where access to clean water is
limited. In places such as India, Nepal, Pakistan,
Indonesia and parts of sub-Saharan Africa, typhoid is still
a substantial public health problem (Bhan et al., 2005;
Crump et al., 2004; Karkey et al., 2008; Parry et al,
2002). Resistance to the traditional first-line antimicrobial
agent’s ampicillin, chloramphenicol, and trimethoprim-
sulfamethoxazole defines multidrug resistance (MDR) in
Salmonella enterica. The MDR phenotype has been
shown to be widespread among Salmonella typhi for
many years (Rowe et al., 1997) and is present, albeit at
lower rates, among Salmonella paratyphi (Gupta et al.,
2008; Parry and Threlfall, 2008). Surveillance studies
demonstrate considerable geographic variation in the
proportion of S. typhiisolates that are MDR in the same

region, with sites in India, Pakistan, and Vietnam having
higher rates of MDR isolates than sites in China and
Indonesia (Ochiai et al., 2008). The wide distribution and
high prevalence of MDR among Salmonella species has
led to fluoroquinolones, assuming a primary role in the
therapy for invasive salmonellosis. Some investigators
have noted increases in the prevalence of S. typhi and S.
paratyphi strains susceptible to traditional first-line anti-
microbials, coinciding with a switch to fluoroquinolones
for the management of enteric fever (Maskey et al., 2008;
Sood et al., 1999).

Ciprofloxacin continues to be widely used, but clinicians
need to be aware that patients infected with Salmonella
with decreased ciprofloxacin susceptibility may not
respond adequately (Crump et al., 2008). To obtain better
understanding of the pathogenesis of typhoid fever, it



seems crucial to elucidate the host defense function of
nitric oxide (NO) against Salmonella. NO is a gaseous,
inorganic free radical, and produced in biological system.
It requlates a diverse array of physiological functions and
acts as inter and extra-cellular messenger in most
mammalian organs (Misko et al., 1993). Many types of
cells, such as leucocytes, hepatocytes, vascular smooth
muscle cells and endothelial cells can produce NO during
enzymatic conversion of L-arginine to L-citrulline by NO
synthetase (NOS). A large amount of NO generated by
inducible isoform of the enzyme (iNOS) has been
demonstrated. NO functions in biological system in two
very important ways. First, it has been found to be a
messenger by whom cells communicate with one another
(signal transduction). Secondly, it plays critical role in
host response to infection. In this second function, it
appears that the toxic properties of NO have been
harnessed by the immune system to kill or at least slow
the growth of invading organisms.

However, excess of NO can exert cytotoxic effects
(Stefenovic-Racic et al., 1993). This may involve both i)
direct toxicity, e.g., the reaction of NO with iron-
containing enzymes of the respiratory cycle and of the
DNA synthetic pathway, and ii) the interaction of NO with
free radicals like superoxide ion (O, ") to form peroynitrite
(ONOQ)), which is a potent oxidizing molecule capable of
eliciting lipid peroxidation and cellular damage (Michael
and Feron, 1997). NO is produced in mammalian cells by
a group of isoenzymes collectively termed NO syn-
thases (NOS). Nitric oxide has been suggested to inhibit
the enzymes such as cyclooxygenase, lipo-oxygenase
and cytochrome P45, reduction of active site heme or
non-heme iron to inactive ferrous form (Kanner et al.,
1992). NO has been shown to reduce the ferryl heme by
which it prevents many oxidative processes
(Gorbunov et al., 1995; Wink et al., 2001).

MATERIALS AND METHODS
Dose and dosage

Animals were divided into six groups. Each group comprised of six
animals. The study comprised of the following treatment schedules.

Groups Treatment

Group 1 Negative control (normal saline)

Group 2 Positive control (Salmonella typhimurium (0.6XLDsg)
+Saline

Group 3 typhimurium (0.6xLDs,) +Ciprofloxacin (400 mg per
kg b.wt)

Group 4 S. typhimurium (0.6xLDso) +Arginine (1000mg per Kg
b.wt)

Group 5 S. typhimurium (0.6xLD50) +Arginine (500mg per kg
b.wt)+Ciprofloxacin (200mg per kg b. wt)

Group 5 S. typhimurium (0.6xLD50)+Arginine(250mgper kg b. wt)

+Ciprofloxacin (200 mg per kg b. wt)

Effects of the aforementioned drugs on infected mice by S.
typhimurium were analyzed. Post-treatment of drugs were done at
the stated dose orally to the experimental animals, the first group
was considered as control that received only saline, second group
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considered as positive control which was challenged with sub lethal
dose of S. typhimurium (0.6xLDso) along with saline. Third group
was challenged with sub lethal dose of S. typhimurium and given
only full dose of ciprofloxacin. Fourth group was challenged with
sub lethal dose of S. typhimurium and then mice were treated with
a full dose of arginine only. The fifth and sixth group animals were
challenged with S. typhimurium and then half and one fourth dose
of arginine was administered along with half dose of Ciprofloxacin
respectively. On the 14th day of post treatment, liver was removed
aseptically in sterile condition, homogenate was made and post
mitochondrial supernatant was prepared for biochemical estimation.

Estimation of lipid peroxidation (LPO)

The modified method of Utley et al. (1967) was used for the
estimation of lipid peroxidation. Liver homogenate (1.0 ml) was
pipetted in a glass vial of 20 ml and incubated at 37+1°C in a water
bath shaker for 60 min at 120 strokes up and down. The other 1.0
ml was pipetted in a centrifuge tube and placed at 0°C and marked
as 0 h incubation. After 1 h of incubation, 1.0 ml of 5% TCA and 1.0
ml of 0.67% TBA was added in both samples (that is 0°C and
37°C). The reaction mixture from the vial was transferred to the
tube and centrifuged at 1500xrpm for 15 min. The supernatant was
transferred to another tube and placed in a boiling water bath for 10
min. Thereafter, the test tubes were cooled and the absorbance of
the color was read at 535 nm. The formation of lipid peroxidation
was expressed as nmol of malondialdehyde (MDA) formed/h/mg
protein.

Reduced glutathione (GSH)

Reduced glutathione in the liver was determined by the same
modification in the methods of Jollow et al. (1974). 1.0 ml of PMS
(10% w/v) was precipitated with 1.0 ml of sulfosalicylic acid (4%).
The samples were kept at 4°C for at least 1 h and then subjected to
centrifugation at 1200xg for 15 min at 4°C. The assay mixture
contained 0.1 ml of PMS (10% w/v), 2.7 ml phosphate buffer (0.1 M,
pH 7.4) and 0.2 ml DTNB (40 mg/10 ml of phosphate buffer, 0.1 M,
pH 7.4) in a total volume of 3.0 ml. The yellow color developed was
read immediately at 412 nm.

Glutathione peroxidase (GPx) activity

Coupled enzyme assay with glutathione reductase (GR) was used
for the estimation of GPX activity. The glutathione disulphide
produced as a result of GPX activity, which is immediately reduced
by GR thereby, maintaining a constant level of reduced glutathione
in a reaction system. The assay takes advantage of concomitant
oxidation of NADPH by GR, which was measured at 340 nm.

GPX

H20. + 2GSH 2H;0 +GSSG

GR

GSSSG+2NADPH 2GSH+2NADP*+H"

Specific activity of enzyme was measured according to the
procedure described by Mohandas et al. (1984). The reaction
mixture consisted of 1.44 ml phosphate buffer (0.05 M, pH 7.0), 0.1
ml of EDTA (1 mM), 0.1 ml of sodium azide (1 mM), 0.1 ml of
glutathione (1 mM), and 0.1 ml of NADPH (0.2 mM) ,0.01 ml of
hydrogen peroxide (0.25 mM) and 0.1 ml of PMS (10% w/v) in a
final volume of 1.95 ml. The enzyme activity was calculated as
nmole NADPH oxidized/min/mg protein by using molar extinction
coefficient of 6.22x103 M™" cm™.
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Figure 1. Hepatic malonadialdehyde level measured in mice: drugs were given and study
was made at day 14. S = Saline,B + S = S. typhimurium + Saline, B + Arg = S.
typhimurium + 1000mg per kg b. wt L-Arginine, B + Cip = S. typhimurium + 400 mg per kg
b. wt Ciprofloxacin, B+1/2Arg +1/2Cip=S. typhimurium + 500 mg per kg b. wt Arginine +
200 mg per kg b. wt ciprofloxacin, B + V4 Arg+1/2 Cip = S. typhimurium + 250 mg per kg b.
wt Arginine + 200 mg per kg b. wt Ciprofloxacin. Values are significantly different *p<0.05

and **p<0.01.

RESULTS
Lipid peroxidation (LPO)

The mice were challenged with a sublethal dose of S.
typhimurium (0.6xLDs,), after seven days, drugs were
given up to the next seven days and malonadialdehyde
(MDA) production by TBA was measured as an indicator
for LPO. The results have been summarized in Figure 1.
Infection with S. typhimurium significantly induced lipid
peroxidation at day 14, as indicated by enhancement of
MDA levels compared to the control mice (14.63%). After
treatment of L-arginine, Ciprofloxacin and their
combination on day 14, it showed 23.40, 25.53, 36.17
and 21.27% decrease in the level of LPO in mice as
compared to control. Thus, treatment with L-arginine,
Ciprofloxacin and their combination partially protected the
liver against the infection-induced damage and some
recovery was seen in this dose (B+1/2 Arg+1/2 Cip) in
case of lipid peroxidation.

Reduced glutathione (GSH)

To analyze the effect of L-arginine, ciprofloxacin and their
combination on liver damage, hepatic GSH levels in mice
were measured. The mice were challenged with sublethal
dose (0.6xLDsp) of S. typhimurium and then treated with
drugs. The results have been summarized in Figure 2.
Infection with bacteria to control mice resulted in
significant decrease in the GSH level by 18% at day 14 of
infection.

On day 14, the treatment of mice with L-arginine,
Ciprofloxacin and their combination, the GSH level was
slightly increased by 46.34, 58.53, 53.65 and 46.34% in
S. typhimurium infected mice as compared with control.
Thus, drugs were able to protect the liver from the injury
induced by bacterial infection.

Glutathione peroxidase (GPx) activity

To assess the effect of L-arginine, ciprofloxacin and their
combination, on liver function. The mice were challenged
with a sub lethal dose (0.6xLDsg) of S. typhimurium, and
then treated with the previously stated drugs. GPx activity
was assessed and the results have been summarized in
Figure 3. Infection of mice with bacteria resulted in a
decrease in the GPx activity by 8.63% at day 14 as
compared to saline treated control.

On day 14, after the treatment of mice with the
previously stated drugs, the GPx activity was significantly
increased by 14.54, 15.6, 16.0 and 10.90% as compared
with control. However, at day 14, drugs protected the
liver, by increasing the decrease of GPx activity and
caused to remain near normal to mice.

DISCUSSION

Lipid peroxidation is a chain reaction and a single
oxidative event can oxidize many lipid molecules. In the
presence of iron or copper ions, the chain reaction can
become a cascade and the oxidation process can rapidly
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Figure 2. Hepatic reduced glutathione levels in mice: drugs were given and study was made on
day 14 with arginine, ciprofloxacin and their combination. S = Saline, B + S = S. typhimurium +
Saline, B + Arg = S. typhimurium+ 1000mg per kg b. wt L-Arginine, B + Cip = S. typhimurium + 400
mg per kg b. wt Ciprofloxacin, B + 1/2 Arg + 1/2 Cip = S. typhimurium + 500 mg per kg b. wt
Arginine + 200 mg per kg b. wt ciprofloxacin, B+1/4Arg+1/2Cip=S. typhimurium+250mg per kg b.
wt Arginine + 200mg per kg b. wt Ciprofloxacin. Values are significantly different *p<0.05, **p<0.01

and ***p<0.001
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Figure 3. Hepatic GPx activity in mice: drugs were given and study was made on day 14 with
arginine, ciprofloxacin and their combination. S = Saline, B + S = S. typhimurium + Saline, B +
Arg = S. typhimurium + 1000mg per kg b. wt L-Arginine, B + Cip = S. typhimurium + 400mg per
kg b. wt Ciprofloxacin, B + 1/2 Arg + 1/2 Cip = S. typhimurium + 500 mg per kg b. wt Arginine +
200 mg per kg b. wt ciprofloxacin, B+1/4Arg+1/2Cip=S. typhimurium+250mg per kgb. wt
Arginine + 200mg per kg b. wt Ciprofloxacin. Values are significantly different *p<0.05 and

**p<0.01.

become unstoppable (Holliwell and Gutteridge, 1984).
Nitric oxide reacts with hydroxyl radicals at diffusion-
limited rates to generate nitrite, but it clearly cannot exist
in vivo at a high enough concentration to be an effective
scavenger. Nitric oxide has been shown to inhibit the

Fenton reaction by binding to ferrous iron and thus,
preventing the formation of hydroxyl radicals (Kanner et
al., 1991). The most important cellular damage caused by
ROS is lipid peroxidation, wherein these reactive oxygen
species attack the lipids in the membrane of hepatic cell
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and cause peroxidation, resulting in complete destruction
of the cell membrane and is associated with Salmonella
induced tissue damage. The cell damage was estimated
by measuring the changes in the level of lipid
peroxidation.

Malondialdehyde (MDA) is a major reactive aldehyde
resulting from the peroxidation of biological membranes
(Vaca et al., 1988). A secondary product of lipid peroxi-
dation, is used as an indicator of tissue damage involving
a series of chain reactions (Ohkawa et al., 1979).
Enhancement of the lipid peroxidation in S. typhimurium
infected mice, as observed in the present study indicates
damage to the hepatic cells. It correlates with the change
in levels of the serum enzyme also. It has been
hypothesized that, one of the principal causes of S.
typhimurium induced hepatic damage is lipid peroxidation
of hepatocytes membrane by generation of free radical
derivatives (Recknagel et al., 1991). The observation of
elevated levels of hepatic MDA in control mice in the
present study is consistent with this hypothesis. In the
present study, bacterial infection causes an increase in
the LPO levels by 14.63% at day 14 of Pl in liver. Drugs
showed ability to prevent the S. typhimurium induced
enhancement of MDA content, suggesting that this
combination (B+1/2 Arg+1/2 Cip) inhibit lipid peroxidation
more as compared with others (Figure 1).

Reduced glutathione (GSH)

Reduced glutathione (GSH) plays an important role in the
detoxification of reactive toxic metabolites of S.
typhimurium; liver necrosis is initiated when reserves of
GSH are markedly depleted (Recknagel et al., 1991;
Williams and Burk, 1990). Anand et al. (1996) have
suggested that lowered GSH levels may occur due to
increased utilization of GSH by antioxidant enzymes. The
reduced form of GSH becomes readily oxidized to GSSG
on interacting with free radicals. GSH participates in the
reductive processes that are essential for the protection
of cells through quenching the reactive intermediates and
the radicals generated during oxidative toxicity.
Administration of S. typhimurium to control mice
resulted in reduce levels of GSH. Interestingly, our
results showed that L-arginine and ciprofloxacin both
were able to enhance GSH levels in infected (B+A and
B+C) mice (Figure 2). The maximum increase was found
in Ciproflaxacin treated mice at each day 14 of the
experiment. These increases in GSH level up regulates
NO formation. Infected mice showed a decrease in GSH
level, but increase in NO production. The cost for
depletion of GSH might be due to the injury mediated by
peroxynitrite in host tissues. Peroxynitrite can oxidize
GSH to GSSG, which suggests that, this reaction could
affect the redox status of intracellular and extracellular
thiols (Wink et al., 1997). Thus, in bacterial infected
group, the peroxynitrite may deplete GSH by converting it
to GSSG. This GSSG may not be recycled back to GSH

because there is depletion of glutathione dependent
enzymes. The iNOS inhibitor group (IB) showed depletion
in GSH level and NO production.

S-nitrosothiols such as S- nitrosoglutathione (GSNO)
can be formed from NO and reduced thiols (reduced
glutahione) in the presence of an electron acceptor (Gow
et al.,, 1997). S-nitrosoglutathione can be bacteriostatic
(DeGroote et al., 1995) and bacteriocidal (Shiloh and
Nathan, 1997; Chen et al., 2000; Miyamoto et al., 2000).
Studies with the Gram-negative bacterium S.
typhimurium indicate that, S-nitrosoglutathione appears
to be recognized as a substrate by the periplasmic
enzyme y-glutamyliranspeptidase, with subsequent
conversion to S-nitrosocysteinyl-glycine. This nitrosylated
dipeptide in turn is imported into bacterial cytoplasm
across the inner membrane by a specialized dipeptide
permease (DPP). The presence of dipeptide permease, a
member of the ABC (ATP-binding cassette) transporter
family, is absolutely essential for GSNO mediated
inhibition of S. tyhphimrium growth in vitro. The ability of
GSNO to halt the replication of S. typhimurium is
markedly reduced by a mutation in DPP, which encodes
the dipeptide permease (De Groote et al., 1995).

Glutathione peroxidase

Similarly, our results suggest that enhanced GPx activity
was found in liver in combination (B+1/2 Arg+1/2 Cip) of
drugs at day 14, maximum increase was seen in L-
arginine and combination of drugs (B+1/2 Arg+1/2 Cip)
(Figure 3). These results are consistent with report of
Farias-Eisner et al. (1996). In contrast to our study, Asahi
et al. (1995) on the other hand reported that, GPx could
be inhibited by putative NO donor S-nitro-N-acetyl
pencillianine (SNAP) in U937 cells. Giluthathione
peroxidase can catabolize peroxynitrite in vitro (Briviba et
al., 1998) and many small biological molecules including
glutathione, cysteine, methionine and tyrosine can react
with peroxynitrite or its toxic products. Sies et al. (1997)
reported a new function for selenoproteins as peroxy-
nitrite reductase. It increased the formation of nitrite from
peroxynitrite and was able to defend human fibroblast
cells against peroxynitrite  mediated  oxidation.
Peroxynitrite is known to inactivate GPx by the oxidation
of essential thiol or selenol (Asahi et al., 1997). Similar
trends were observed in case of glutathione reductase
activity (Figure 3).
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