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Abstract  Typhoid fever remains a major health problem in India and other developing countries. Antimicrobial resis-
tance has sequentially emerged to number of drugs posing patient treatment challenges, that thus it has necessitated the 
search of formulated drugs for its treatments. Nitric oxide (NO) is a unique molecule produced in a biological system. 
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. Considering these facts, it was thought pertinent to see 
the effect of oral administration of NO precursor i.e. L-Arginine. Formulation of NO precursor and ciprofloxacin are used in 
different concentration, which shows better therapeutic results against experimentally induced Salmonellosis.  
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1. Introduction 
Enteric fever or Typhoid fever is a systemic infection 

caused by the human adapted pathogens Salmonella. Sal-
monella causes of febrile illness in crowded populations 
with inadequate sanitation that are exposed to unsafe water 
and food and also pose a risk to travelers visiting countries 
of endemicity[1]. Ciprofloxacin (DNA gyrase blocker) has 
successfully been used to treat typhoid fever in adults and 
children[2-4]. It has been documented that ciprofloxacin 
penetrates tissue well and it not only reduced the case fatal-
ity rate but also shortened the course of illness to a great 
extent. 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. Nitric 
oxide (NO) is an important messenger molecule with bio-
logical functions as a powerful vasodilator agent. 
Lipopolysaccharide (LPS) is one of the most powerful acti-
vators of the cytokine cascade, as well as of NO synthe-
sis[5]. Since NO is produced by stimulated macrophages 
has been implicated in the inhibition or killing of various 
microorganisms by inhibiting the respiratory cycle and the 
synthesis of adenosine triphosphate and DNA[6,7]. Proin-
flammatory cytokines such as interferon-gamma, inter-
leukin-1beta, and other cytokines are modulators of the 
inflammatory reactions and many of them facilitate induc-
tion of the inducible isoform of NO synthase (iNOS), thus 
they could mediate excessive production of NO[8]. Nitric 
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oxide (NO) produced by host phagocytic cells plays a major 
role in innate immunity, in large part because of the ability of 
NO to inhibit or kill a broad range of microorganisms[9]. By 
targeting protein thiols and metal centers[10], NO can block 
essential microbial physiological processes, including res-
piration[11] and DNA replication[12].  

2. Material and Methods 

2.1. Dose and Dosage 

2.2.1. Animals 

Swiss albino mice (25-30g) 6-8 weeks old were obtained 
from the central animal house of Hamdard University, New 
Delhi, India. The animals were kept in Poly-propylene cages 
in an air-conditioned room at 22°/25℃ and maintained on a 
standard laboratory feed (Amrut Laboratory, rat and mice 
feed, Navmaharashtra Chakan Oil Mills Ltd, Pune) and 
water ad libitum. Animals were allowed to acclimatize for 
one week before the experiments under controlled light/dark 
cycle (14/10h). The studies were conducted according to 
ethical guidelines of the “Committee for the purpose of 
control and supervision of Experiments on Animals 
(CPCSEA)” on the use of animals for scientific research. 

2.2.2. Bacteria 

In this experiment only Salmonella typhimurium (wild) 
was used. The standard strain of this pathogen was obtained 
from the National Salmonella Phage Typing Centre, Lady 
Harding Medical College, New Delhi, India. This bacterial 
strain was further confirmed by the Department of Microbi-
ology, Majeedia Hospital, New Delhi, India. The drug was 
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administered orally and S. typhimurium intraperitoneally. 
Animals were divided into six groups. Each group com-

prised of six animals. The study comprised of following 
treatment schedule. (Table -1) 

Table 1. 

Groups Treatments 

Group1 Negative control (Normal Saline) 

Group2 Positive control S.typhimurium(0.6xLD50)+Saline 

Group3 S.typhimurium (0.6xLD50)  
+Ciprofloxacin (400mgper kg b. wt) 

Group4 S.typhimurium (0.6xLD50)  
+Arginine (1000mg perKg b.wt) 

Group5 S.typhimurium (0.6xLD50) +Arginine (500mg per kg b. wt) 
+Ciprofloxacin (200mg per kg b. wt) 

Group6 S.typhimurium (0.6xLD50)+Arginine(250mgper kg b. wt) 
+Ciprofloxacin (200 mg per kg b. wt) 

Effects of above drugs on infected mice by S. typhimurium 
were analyzed.  Post-treatment of drugs were done at above 
dose orally to the experimental animals, first group was 
considered as control that receive only saline, second group 
considered as positive control which was challenged with 
sub lethal dose of S. typhimurium (0.6xLD50) 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. ty-
phimurium and then mice were treated with full dose of 
Arginine only. In fifth and sixth group animals were chal-
lenged with S. typhimurium and then half and one fourth 
dose of Arginine was administered along with half dose of 
Ciprofloxacin respectively.  

2.2.3. Preparation of Sonicated Antigen 

The sonicated antigen was made as described by Tiwari 
and Kamat, (1986)[13]. Briefly, S. typhimurium was grown 
at 37℃ as stationary overnight cultures on nutrient agar was 
suspended in phosphate buffered saline (PBS), pH 7.2. 
Bacteria were washed in PBS and disrupted by sonication 
(Ultrasonic Processor, Heat system Ultrasonic, Inc, USA). 
The resultant material was centrifuged at 10,000 rpm for 
1hour. The supernatant was lyophilized and the protein 
content of the lyophilized material was estimated. 

2.3. Statistical Analysis                                                                                                                                                                                                                                                                                             

All data are expressed as means ± standard errors of the 
means (SEM). The statistical difference was determined by 
the two-tailed unpaired t test. A P of <0.05 was considered 
statistically significant. 

3. Results 
Bacterial agglutination assay 

Animals were sensitized with S. typhimurium and the ef-
fect of drugs was seen in bacterial agglutination. On day 8 
mice were immunized with heat-killed bacteria to raise the 

antibodies. Interaction of bacteria (pre-coated in the plate) 
with anti-serum showed positive bacterial agglutination 
clumping at the mean dilution of 799 was observed where as 
in case of drugs treated mice it was found to be 840, 420, 850 
and 1376. Result has been summarized in Figure 1. 

 
Figure 1.  Bacterial agglutination tests: mice treated with arginine, cipro-
floxacin and their combination. S=Saline, B+S=S. typhimurium+Saline, 
B+Cip=S.typhimurium + 400mg per kg b. wt Ciprofloxacin, B+Arg=S. 
typhimurium+1000mg per kg b. wt L-Arginine, B+1/2Arg +1/2Cip=S. 
typhimurium+500mg per kg b. wt Arginine+200 mg per kg b. wt cipro-
floxacin, 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 and **p<0.01  

4. Discussion 
4.1. Immunological Assessment 

L-arginine is a versatile amino acid that plays a crucial 
role in the normal function of several organs systems in-
cluding immune system. Dietary supplementation enhances 
cellular and humoral immune responses. Inducible nitric 
oxide synthase is positively modulated by IFN-γ and TNF-α 
in murine typhoid[16,17]. These antibodies failed to sup-
press the early growth of Salmonella in the reticuloendothe-
lial system[18-20] and the animals succumb within 7-8 days 
after challenge with wild type Salmonella.  

4.2. Bacterial Agglutination Assay 

The augmentation of humoral immune response against S. 
typhimurium by drugs is evidenced by increase in the level of 
antibody in mice. Result has been summarized in Figure 1. 

The significant increase in humoral immune respose is due 
to immunostimulatory effect of L-arginine. 

5. Conclusions 
Animals were sensitized with S. typhimurium and the ef-

fect of drugs was seen in bacterial agglutination. Positive 
bacterial agglutination clumping at the mean dilution of 768 
was observed whereas in case of drugs combination treated 
mice it was found to be 896, 384, 768 and 1408.  
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