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EXPERIMENTAL STUDY

Impact of nitric oxide precursor L-arginine on oxidative stress 
against typhoid
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sshaq2002@yahoo.co.in

Abstract: Objectives: Typhoid fever is a global health problem caused by Salmonella. Salmonellae are gram-
negative, fl agellate, nonsporulating, facultative anaerobic bacilli that ferment glucose, reduce nitrate to nitrite, 
and synthesize peritrichous fl agella when motile. Nowadays, most of the drugs are resistant, the fact of which 
compels the search for formulated drugs. Nitric oxide (NO) and its congeners react with different compounds 
or radicals probably mediating the broad-spectrum antimicrobial activity of reactive nitrogen species (RNS) as 
well as reactive oxygen species (ROS) against diverse microorganisms. Exogenous administration of L-arginine 
results in increased NO production. The formulation of NO precursors, (i.e. of L -arginine and ciprofl oxacin) is 
used against experimentally induced salmonellosis. Lipid hydroperoxide can be decomposed to produce alk-
oxy and peroxy radicals which eventually yield numerous carbonyl products such as malondialdehyde (MDA). 
Material and methods: Estimation of lipid peroxidation (LPO) was done by modifi ed method of Utley et al (1967). 
Results and discussion: Infection with S. typhimurium signifi cantly induced lipid peroxidation on days 8 and 11 
as indicated by enhancement of MDA levels compared to the control mice (20 % and 9.52 %) (Tab. 1, Fig. 2, 
Ref. 20). Full Text in PDF www.elis.sk.
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Typhoid fever (TF) is an important health problem in many 
developing countries, causing more than 600,000 deaths annually 
in the world. Infection of mice with Salmonella typhimurium gives 
rise to a disease similar to human typhoid fever caused by S. typhi 
(1). Salmonella can replicate within macrophages and this prop-
erty is essential for its ability to cause systemic infection (2). NO 
is a diffusible free-radical effector molecule in diverse biological 

systems and an important component of host innate immunity. As 
such it plays an important role of an antimicrobial agent effective 
against intracellular pathogens (3). Reactive oxygen species such 
as superoxide anions, hydroxyl radical, and nitric oxide inactivate 
enzymes and damage important cellular components causing tis-
sue injury through covalent binding and lipid peroxidation (4, 5). 
Nitric oxide is known to react with superoxide radical, forming 
peroxynitrite, an even more potent oxidizing agent (6). Peroxyni-
trite can react directly with sulfhydryl residues in cell membranes 
leading to lipid peroxidation as well as with DNA resulting in 
cytotoxicity (7). Lipid hydroperoxide can be decomposed to pro-

Fig. 1. Hepatic malonadialdehyde level measured in mice: drugs 
were given and study was made on day 8. 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 Ciprofl oxacin, 
B+1/2Arg +1/2Cip=S. typhimurium+500mg per kg b. wt Arginine+200 
mg per kg b. wt ciprofl oxacin, B+1/4Arg+1/2Cip=S. typhimurium+250
mg per kg b. wt Arginine+200mg per kg b. wt Ciprofl oxacin.

Fig. 2. Hepatic malonadialdehyde level measured in mice: drugs 
were given and study was made on day 11. 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 Ciprofl oxacin, 
B+1/2Arg +1/2Cip=S. typhimurium+500mg per kg b. wt Arginine+200 
mg per kg b. wt ciprofl oxacin, B+1/4Arg+1/2Cip=S. typhimurium+250
mg per kg b. wt Arginine+200mg per kg b. wt Ciprofl oxacin.
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duce alkoxy and peroxy radicals which eventually yield numerous 
carbonyl products such as malondialdehyde (MDA). The carbonyl 
products are responsible for DNA damage, generation of cancer 
and aging-related diseases (8). Thus the decrease in MDA level 
in formulated drugs indicates the antioxidant role of the drugs 
(Figs 1 and 2). The aim of this work was to establish the role of 
NO as an antioxidant.

Material and methods

Dose and dosage
Animals

Swiss albino mice (25–30 g, 6–8 weeks old) were obtained 
from the central animal house of Hamdard University, New Del-
hi, India. The animals were kept in Poly-propylene cages in an 
air-conditioned room at 22 °C/25 °C and maintained on standard 
laboratory feed (Amrut Laboratory, rat and mice feed, Navmaha-
rashtra Chakan Oil Mills Ltd, Pune) and water ad libitum. Before 
the experiments, the animals were allowed to acclimatize for one 
week under controlled light/dark cycle (14/10 h). The studies were 
conducted according to ethical guidelines of the “Committee for 
the Purpose of Control and Supervision of Experiments on Ani-
mals” (CPCSEA) on the use of animals for scientifi c research.

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 Medi-
cal College, New Delhi, India. This bacterial strain was further 
confi rmed by the Department of Microbiology, Majeedia Hospi-
tal, New Delhi, India. The drug was administered orally and S. 
typhimurium intraperitoneally.

Animals were divided into six groups. Each group comprised 
of six animals. The study comprised of following treatment sched-
ules (Tab. 1).

Effects of above drugs on mice infected with S. typhimurium 
were analyzed. Post-treatment of experimental animals with drugs 
was done at above dose orally while the fi rst group was consid-
ered as control receiving only saline. The second group was con-
sidered as positive control challenged with a sublethal dose of S. 
typhimurium (0.6xLD50) along with saline. The third group was 
challenged with a sublethal dose of S. typhimurium and given only 
a full dose of ciprofl oxacin. The fourth group was challenged with 
a sublethal dose of S. typhimurium and then treated with a full 

dose of Arginine only. In the fi fth and sixth groups, animals were 
challenged with S. typhimurium and then half and one fourth of 
doses of Arginine, respectively, were administered along with a 
half dose of Ciprofl oxacin. 

Estimation of lipid peroxidation (LPO)
The modifi ed 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 water 
bath shaker for 60 minutes at 120 up and down strokes. The other 
1.0 ml was pipetted in a centrifuge tube and placed at 0 °C and 
marked as 0 hour incubation. After one hour of incubation, 1.0 ml 
of 5 % TCA and 1.0 ml of 0.67 % TBA (Thiobarbituric acid) was 
added in both samples (i.e. 0 °C and 37 °C). The reaction mixture 
from the vial was transferred to the tube and centrifuged at 1500 
xrpm for 15 minutes. The supernatant was transferred to another 
tube and placed in a boiling water bath for 10 minutes. Thereaf-
ter, the test tubes were cooled and the absorbance of the color was 
read at 535 nm. The formation of lipid peroxidation (LPO) was ex-
pressed as nmol of malondialdehyde (MDA) formed/hr/mg protein.

Statistics
Values are expressed as mean ± SE. and compared with ANO-

VA for repeated measures. Statistical signifi cance was set at p < 
0.05.

Results

The mice were challenged with a sublethal dose of S. ty-
phimurium (0.6xLD50) after seven days, the drugs were given as 
scheduled, and malonadialdehyde (MDA) production by TBA was 
measured as an indicator for LPO. The results have been sum-
marized in Figures 1 and 2. The infection with S. typhimurium 
signifi cantly induced lipid peroxidation on days 8 and 11 as in-
dicated by enhancement of MDA levels compared to the control 
mice (20 % and 9.52 %). 

After treatment with L-Arginine, Ciprofl oxacin and their com-
bination, on day 8, it was observed that the levels of LPO in mice 
were decreased by 4.16 %, 6.25 %, 12.5 % and 4.16 %, similarly, 
the results on day 11 showed LPO levels decreased by 13.04 %, 
13.04 %, 26.08 % and 17.39 %. 

Thus, the treatment with L-Arginine, Ciprofl oxacin and their 
combination partially protected the liver against the infection-
induced damage, and in this dose (B+1/2 Arg+1/2 Cip), some 
recovery was seen in case of lipid peroxidation in 11 days only. 

Discussion

Lipid bilayer membranes defi ne the extent of cells and or-
ganelles. The permeability characteristics of the bilayer allow the 
formation of gradients of metabolites and electrolytes concentra-
tions to exist between intracellular and extracellular spaces. Any 
loss in membrane integrity due to lipid damage will rapidly dissi-
pate these gradients and compromise the cellular functions. Lipid 
oxidation is a chain reaction. A single oxidative event can oxidize 

Groups                                    Treatments
Group1 Negative control (Normal Saline)
Group2 Positive control (S. typhimurium (0.6xLD50) + Saline
Group3 S. typhimurium (0.6xLD50) + Ciprofl oxacin (400 mg per kg b.wt)
Group4 S. typhimurium (0.6xLD50) + Arginine (1000 mg per kg b.wt)
Group5 S. typhimurium (0.6xLD50) + Arginine (500 mg per kg b.wt) + 

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

Ciprofl oxacin (200 mg per kg b.wt)

Tab. 1. Treatment schedule.
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many lipid molecules. In the presence of iron or copper ions, the 
chain reaction can become a cascade and the oxidation process 
can rapidly become unstoppable (9, 10).

The mechanisms by which the initiation of lipid peroxidation 
occurs in vivo are not well defi ned but are likely to be a subset of 
mechanisms that have been carefully studied in vitro (11). Nitric 
oxide is not a strong oxidant and cannot extract bisallelic hydrogen 
from an unsaturated fatty acid to begin the peroxidation chain reac-
tion (12). NO can both promote and inhibit O2, H2O2 and OONO-
dependent lipid peroxidation and yield novel nitrogen-containing 
derivatives of oxidized lipids (13). The rate of propagation of lipid 
peroxidation (LPO) depends on the steady state concentration of 
lipid peroxyl radicals. The rate constant for radical-radical reac-
tion between NO and peroxyl radicals in aqueous solution has 
been determined to be 1–3×109 (14). However, several studies 
have suggested that NO is a potent inhibitor of the propagation 
reaction (15, 16, 17, 18).

In light of potent inhibitory effect of NO on lipid peroxidation, 
it is not certain that the lipid peroxidation chain reaction could ever 
proceed in the presence of physiological concentration of NO (19).

As observed in the present study, the increase in lipid peroxi-
dation in S. typhimurium-infected mice indicates damage to the 
hepatic cells due to lipid peroxidation of hepatocytes membrane 
by generation of free radical derivatives (20). The observation 
of elevated levels of hepatic MDA in control mice in the present 
study is consistent with this hypothesis. Drugs showed an abil-
ity to prevent the S. typhimurium-induced enhancement of MDA 
content, suggesting that this combination (B+1/2 116.Arg+1/2 
Cip) inhibits lipid peroxidation more as compared with others 
(Figs 1 and 2).
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