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Abstract
Oxidative stress has been recognized as an important contributory factor in a number of pathogenic processes including those
affecting kidney leading to the possibility of utilizing the antioxidants for the prevention of nephrotoxicity. Accordingly this
study was planned to investigate the possible generation of oxidative stress by Streptomycin leading to renal damage in
experimental rat model. Also it was aimed at localization of the site of damage produced by Streptomycin with
histopathological study of rat kidney. Antioxidants are substances capable to repair or prevent the damage produced by
oxidative stress. Vitamin C is a naturally occurring powerful antioxidant. It has shown beneficial effect in many conditions
where oxidative stress is generated. Hence based on above findings the present study was planned for Assessment of
Antioxidant Effect of Vitamin C in on Free Radicles Generated in Streptomycin Induced Nephrotoxicity.
The present study was planned in Department of Pharmacology, Anugrah Narayan Magadh Medical College, Gaya, Bihar,
India. The study was planned from duration of January 2018 to Oct 2018. Total 20 Adult, male albino wistar strain rats were
enrolled in the present study. The rats were divided in four study groups. Group A Control group, was given saline 0.3 ml i.p.
per day. Group B was given Vitamin C 0.2mg/kg/day i.p. Group V was given streptomycin 100 mg/kg/day i.m. While group D
received streptomycin and vitamin C with 100mg/kg/day i.m. and 0.2 mg/kg/day i.p. respectively. Total duration of treatment
was 30 days with single daily dose of each drug.
The data generated from the present study concludes that Antioxidant vitamin C has shown predictive benefit in streptomycin
induced nephrotoxicity in recent study however more extensive studies are desirable. Free radicals are generated during
treatment with streptomycin leading to nephrotoxicity which was significantly prevented by coadministration of vitamin C.
Keywords: streptomycin, free radicals, glutathione peroxidase, glutathione reductase, total antioxidant status, nephron
toxicity, etc
1. Introduction
Aminoglycosides preferentially affect the proximal tubular
cells. These agents are freely filtered by the glomeruli and
quickly taken up by the proximal tubular epithelial cells,
where they are incorporated into lysosomes after first
interacting with phospholipids on the brush border
membranes. They exert their main toxic effect within the
tubular cell by altering phospholipid metabolism. In
addition to their direct effect on cells, aminoglycosides
cause renal vasoconstriction.
The 2 critical factors in the development of acute kidney
injury (AKI) secondary to aminoglycoside nephrotoxicity
are dosing and duration of therapy. Approximately 5% of
the administered dose accumulates within epithelial cells
after glomerular filtration [1]. Aminoglycoside uptake by the
tubules is a saturable phenomenon, so uptake is limited after
a single dose. Thus, a single daily large dose is preferable to
3 doses per day. One dose per day presumably causes less
accumulation in the tubular cells once the saturation point is
reached [2, 3].
Extending the dose interval to > 24 hours in patients with
renal impairment has been found effective, with irreversible
nephrotoxicity reported in approximately 1% of the patients
studied [4].
The kidney is an essential organ required by the body to

perform several important functions including the
maintenance of homeostasis, regulation of the extracellular
environment, such as detoxification, and excretion of toxic
metabolites and drugs [5]. Therefore, the kidney can be
considered as a major target organ for exogenous toxicants.
Nephrotoxicity is a kidney-specific feature in which
excretion does not go smoothly owing to toxic chemicals or
drugs (Finn and Porter, 2003; Galley, 2000). Approximately
20% of nephrotoxocity is induced by drugs, but medication
of the elderly increases the incidence of nephrotoxicity up to
66% as the average life span increases. Chemotherapy or
anticancer medicine has been of limited use due to
nephrotoxicity [6].
Nephrotoxicity can be diagnosed through a simple blood
test. Evaluation of nephrotoxicity through blood tests
includes the measurements of blood urea nitrogen (BUN),
concentration of serum creatinine, glomerular filtration rate
and creatinine clearance. However, these assessments of
nephrotoxicity are only possible when a majority of kidney
function is damaged [7].
Streptomycin is an antibiotic used to treat a number of
bacterial infections. This includes tuberculosis, Myco
bacterium avium complex, endocarditis, brucellosis, Bur
kholderia infection, plague, tularemia, and rat bite fever. For
active tuberculosis it is often given together with isoniazid,
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rifampicin, and pyrazinamide. It is given by injection into a
vein or muscle.
Common side effects include feeling like the world is
spinning, vomiting, numbness of the face, fever, and rash.
Use during pregnancy may result in permanent deafness in
the developing baby. Use appears to be safe while
breastfeeding. It is not recommended in people with
myasthenia gravis or other neuromuscular disorders.
Streptomycin is an aminoglycoside. It works by blocking
the ability of 30S ribosomal subunits to make proteins,
which results in bacterial death [8].
The most concerning side effects, as with other
aminoglycosides, are kidney toxicity and ear toxicity.
Transient or permanent deafness may result. The vestibular
portion of cranial nerve VIII (the vestibulocochlear nerve)
can be affected, resulting in tinnitus, vertigo, ataxia, kidney
toxicity, and can potentially interfere with diagnosis of
kidney malfunction [9].
Common side effects include vertigo, vomiting, numbness
of the face, fever, and rash. Fever and rashes may result
from persistent use. Use is not recommended during
pregnancy. Congenital deafness has been reported in
children whose mothers received streptomycin during
pregnancy. Use appears to be okay while breastfeeding. It is
not recommended in people with myasthenia gravis.
Streptomycin is a protein synthesis inhibitor. It binds to the
small 16S rRNA of the 30S subunit of the bacterial
ribosome, interfering with the binding of formyl-methionyltRNA to the 30S subunit [10]. This leads to codon
misreading, eventual inhibition of protein synthesis and
ultimately death of microbial cells through mechanisms that
are still not understood. Speculation on this mechanism
indicates that the binding of the molecule to the 30S subunit
interferes with 50S subunit association with the mRNA
strand. This results in an unstable ribosomal-mRNA
complex, leading to a frameshift mutation and defective
protein synthesis; leading to cell death [11]. Humans have
ribosomes which are structurally different from those in
bacteria, so the drug does not have this effect in human
cells. At low concentrations, however, streptomycin only
inhibits growth of the bacteria by inducing prokaryotic
ribosomes to misread mRNA [12]. Streptomycin is an
antibiotic that inhibits both Gram-positive and Gramnegative bacteria [13], and is therefore a useful broadspectrum antibiotic.
Streptomycin was first isolated on October 19, 1943, by
Albert Schatz, a PhD student in the laboratory of Selman
Abraham Waksman at Rutgers University in a research
project funded by Merck and Co. Waksman and his
laboratory staff discovered several antibiotics, including
actinomycin, clavacin, streptothricin, streptomycin, grisein,
neomycin, fradicin, candicidin, and candidin. Of these,
streptomycin and neomycin found extensive application in
the treatment of numerous infectious diseases. Streptomycin
was the first antibiotic cure for tuberculosis (TB). In 1952
Waksman was the recipient of the Nobel Prize in
Physiology or Medicine in recognition "for his discovery of
streptomycin, the first antibiotic active against tuberculosis".
Waksman was later accused of playing down the role of
Schatz who did the work under his supervision, claiming
that Elizabeth Bugie had a more important role in its
development [14].
The Rutgers team reported streptomycin in the medical
literature in January 1944 [15]. Within months they began
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working with William Feldman and H. Corwin Hinshaw of
the Mayo Clinic with hopes of starting a human clinical trial
of streptomycin in tuberculosis. The difficulty at first was
even producing enough streptomycin to do a trial, because
the research laboratory methods of creating small batches
had not yet been translated to commercial large-batch
production. They managed to do an animal study in a few
guinea pigs with just 10 grams of the scarce drug,
demonstrating survival. This was just enough evidence to
get Merck & Co. to divert some resources from the young
penicillin production program to start work toward
streptomycin production [16].
At the end of World War II, the United States Army
experimented with streptomycin to treat life-threatening
infections at a military hospital in Battle Creek, Michigan.
The first person who was treated with streptomycin did not
survive; the second person survived but became blind as a
side effect of the treatment. In March 1946, the third personRobert J. Dole, later Majority Leader of the United States
Senate and Presidential nominee-experienced a rapid and
robust recovery [17].
The first randomized trial of streptomycin against
pulmonary tuberculosis was carried out in 1946 through
1948 by the MRC Tuberculosis Research Unit under the
chairmanship of Geoffrey Marshall (1887-1982). The trial
was neither double-blind nor placebo-controlled. It is widely
accepted to have been the first randomised curative trial.
Results showed efficacy against TB, albeit with minor
toxicity and acquired bacterial resistance to the drug [18].
Oxidative stress has been recognized as an important
contributory factor in a number of pathogenic processes
including those affecting kidney leading to the possibility of
utilizing the antioxidants for the prevention of
nephrotoxicity. Accordingly this study was planned to
investigate the possible generation of oxidative stress by
Streptomycin leading to renal damage in experimental rat
model. Also it was aimed at localization of the site of
damage produced by Streptomycin with histopathological
study of rat kidney. Antioxidants are substances capable to
repair or prevent the damage produced by oxidative stress.
Vitamin C is a naturally occurring powerful antioxidant. It
has shown beneficial effect in many conditions where
oxidative stress is generated [19-20].
Hence based on above findings the present study was
planned for Assessment of Antioxidant Effect of Vitamin C
in on Free Radicles Generated in Streptomycin Induced
Nephrotoxicity.
Methodology
The present study was planned in Department of
Pharmacology, Anugrah Narayan Magadh Medical College,
Gaya, Bihar, India. The study was planned from duration of
January 2018 to Oct 2018.
Total 20 Adult, male albino wistar strain rats were enrolled
in the present study. The rats were divided in four study
groups. Group A Control group, was given saline 0.3 ml i.p.
per day. Group B was given Vitamin C 0.2mg/kg/day i.p.
Group V was given streptomycin 100 mg/kg/day i.m. While
group D received streptomycin and vitamin C with
100mg/kg/day i.m. and 0.2 mg/kg/day i.p. respectively.
Total duration of treatment was 30 days with single daily
dose of each drug.
At the end of treatment, the rats were sacrificed after giving
sodium thiopentone 50 mg/kg i.p. and blood samples were
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collected directly from the heart. The blood samples were
taken in plain as well as heparinized bulbs for biochemical
estimation. The kidneys were dissected out and preserved in
10 % formalin for the histopathological study.
Results and Discussion
Aminoglycoside (AG) nephrotoxicity is a well-known
occurrence. However, 50 years after the discovery of the
first AG (streptomycin), nephrotoxicity is still very difficult
to predict and avoid [21].
To date, no model has completely described the
pharmacodynamics behaviour of AG nephrotoxicity, even
though the mechanism of this toxicity has been widely
studied [21]. AGs are retained in the epithelial cells lining the
proximal tubule after glomerular filtration. AGs become
attached to the brush-border membrane in their cationic
form. The initial points of attachment are probably the
acidic phospholipids, especially phosphatidylserine. In this
way, aminoglycosides accumulate and cause leakage of
intracellular ions (K+, Mg2+, Ca2+), proteins (beta-2microglobulin, alpha-2-macroglobulin, lysozyme), and
enzymes (alanylaminopeptidase, N-acetylglucosaminidase).
Thus, the resulting decline in glomerular filtration has a
multifactorial origin and involves a combination of tubular
and nontubular mechanisms. The most important factor
seems to be a tubuloglomerular feedback [23]. The kidneys
have a strong capacity to compensate for tubular injuries.
The importance of regeneration for protection against renal
injury is clearly demonstrated by the survival of laboratory
rats exposed to repeated administrations of high daily doses
of AG (40 mg of gentamicin per kg of body weight per day
for at least 42 days). After an initial episode of acute tubular
necrosis that occurs within 8 to 10 days and that is

associated with marked azotemia, the renal function returns
almost to normal, as if the kidney had become refractive [24].
Regenerating cells are less differentiated and apparently less
susceptible to AG (the level of accumulation of AG is
actually reduced in the cortices of animals treated for long
periods).
In the recent years increasing interest is seen in the role of
free radicals and oxidative damage in a variety of human
diseases [25-27]. Free radicals are chemical species possessing
an unpaired electron that can be considered as fragments of
molecules which are generally very reactive [28]. Free
radicals have the potential to oxidize biomolecules including
proteins, lipids and DNA. The enzyme GPx is selenium
dependant enzyme and its main function is removal of
H2O2 and it prevents formation of highly reactive hydroxyl
(OH-) radical. GR is also an important enzyme with main
function of restoration of cellular glutathione level by
reducing oxidized disulfide glutathione GSSG. Total
antioxidant status (TAS) study gives a guideline for
individual’s ability to stand against oxidative stress.
The aminoglycosides are capable of generating free radicals
ein vitro. Aminoglycoside antibiotics have been shown to
enhance the generation of super oxide anion and hydrogen
peroxide by renal cortical mitochondria. The interaction
between superoxide anion and hydrogen peroxide in the
presence of metal catalyst can lead to the generation of
hydroxyl radical. The mitochondrial DNA (mtDNA) is
susceptible to oxidative damage by the everincreasing levels
of ROS and free radicals in the mitochondrial matrix.
Spillage of ROS into the cytoplasm can further aggravate
damage to the various subcellular structures. Free radicals
also cause suppression of DNA synthesis leading to loss of
cell integrity and protein leakage.

Table 1
Group
Group A Group B Group C
Group D
Administration of
Saline Vitamin C Streptomycin Streptomycin +Vitamin C
B. urea mg%
38.5 ± 2.2 41.6 ± 2.9 45.1 ± 1.3
39.4 ± 1.1
S. creatinine mg%
0.55 ± 0.12 0.63 ± 0.11 1.31 ± 0.13
0.61 ±0.12
Glutathione Peroxidase U/l
1031 ± 29 1204 ± 56 751 ± 48
845 ± 39
Glutathione Reductase U/l
74.2 ± 8.5 82 ± 3.7
46 ± 2.3
63 ± 2.8
Total Antioxidant Status mmol/l 1.31 ± 0.06 1.68 ± 0.03 1.11 ± 0.04
1.24 ± 0.04

Zima et al compared the action of free radical with second
messanger system and formation of various interleukins
which can ultimately enhance proteolytic activity, damage
collage and extracellular matrix in glomerular structure [29].
In present study rise in level of blood urea and s. creatinine
was suggestive of renal damage due to streptomycin.
In removal of free radical there is competition between
vitamin C and GPx or GR enzymes. As a result use of
vitamin C reduces fall in the level of GPx as well as GR
level and as a result overall increase in TAS value. In
present study rise in TAS level in vitamin C treated group
supports antioxidant ability of vitamin C. Ein vitro studies
have shown ability to generate free radicals and induce
oxidative stress with aminoglycoside antibiotics [30]. In renal
cortical mitochondria, formation of free radical like super
oxide as well as hydrogen peroxide have been associated
with aminoglycosides [31-33]. A notorious hydroxyl radical is
formed due to interaction between super oxide anion and
hydrogen peroxide which can pause a threat to
mitochondrial DNA as well as matrix. Formation of free
radicals can also damage other cellular organelle and cell

membrane. All these can lead to leakage of protein from
inside out.
In addition to the intrinsic toxicity of an antibiotic, its
nephrotoxicity depends upon physiological influences and
pharmacokinetic considerations, such as the maximum
concentration achieved and the duration of significant levels
of the antibiotic. Pre-existing renal dysfunction, the disease
process rendering the individual susceptible to infection,
changes in renal blood flow, electrolyte imbalance and preor concomitant administration of other nephrotoxic drugs,
increases the likelihood of deleterious effects of antibiotics
on the kidney. These factors and the problem of
distinguishing between the patient’s underlying illness and
drug induced nephrotoxicity make difficult the
determination of the incidence of antibiotic-induced renal
disease in patients. Such factors further complicate the
determination of the mechanisms responsible for the
deleterious action of antibiotics on the kidney.
Conclusion
The data generated from the present study concludes that
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Antioxidant vitamin C has shown predictive benefit in
streptomycin induced nephrotoxicity in recent study
however more extensive studies are desirable. Free radicals
are generated during treatment with streptomycin leading to
nephrotoxicity which was significantly prevented by Coad
ministration of vitamin C.
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