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Abstract

Aims: The study was aimed at exploring oxidative stress induced during kidney damage by
streptomycin and benefit of antioxidant vitamin C.

Material and methods: This was a Retrospective observational and analytical study was done in the
Department of Medicine, Metro Hospital and Cancer Research Centre, Jabalpur, MP from April 2018
to March 2019. Total 40, around 18 weeks old adult, male albino wistar strain rats were used with an
average weight of around 170 gms. There were 4 groups, with 10 rats in each. The drug administered
was as follows: Group | Control group, was given saline 0.3 ml i.p. per day. Group Il was given
Vitamin C 0.2mg/kg/day i.p. Group Il was given streptomycin 100 mg/kg/day i.m. While group IV
received streptomycin and vitamin C with 100 mg/kg/day i.m. and 0.2 mg/kg/day i.p. respectively.
Blood urea and s. creatinine were measured to estimate renal damage. To measure oxidative stress
Glutathione peroxidase (GPx), Glutathione reductase (GR) and Total antioxidant status (TAS) were
analyzed.

Results: There was an increase of GPx by 10% in vitamin C group, while GR and TAS were increased
by 5% and 29% respectively as compared to control. In streptomycin treated group all values were
significantly decreased as can be seen from tables. Co administration of vitamin C significantly
prevented oxidative stress and reduced formation of free radicals. There was significant rise in the level
of blood Uear and S. Creatinine in streptomycin treated group. When vitamin C was co-administered
changes were less evident.

Conclusion: We concluded that the antioxidant vitamin C has shown predictive benefit in streptomycin
induced nephrotoxicity.

Keywords: Streptomycin, free radicals, glutathione peroxidase, glutathione reductase, total antioxidant
status, nephron toxicity

Introduction

Streptomycin is an antibiotic used to treat a number of bacterial infections. This includes
tuberculosis, Mycobacterium avium complex, endocarditis, brucellosis, Bur Kholderia
infection, plague, tularemia, and rat bite fever. For active tuberculosis it is often given
together with isoniazid, 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 2. 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-methionylt RNA to the 30S subunit 1.
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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 ™. 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 [,
Streptomycin is an antibiotic that inhibits both Gram-
positive and Gramnegative bacteria 1, 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 "), Generation
of free radicals and injury due to free radicals is implicated
in a number of pathogenic processes including nephropathy
8100 So it was conceived to examine possibility of
generation of free radicals and their involvement in
inflicting kidney damage by widely used aminoglycoside
streptomycin in experimental animal model. Further it was
also planned to explore the efficacy of an antioxidant agent
(11, 121 syitamin C to prevent and/or to reverse the structural
damage in kidneys resulting due to streptomycin.

Material and Methods: This was a Retrospective
observational and analytical study was done in the
Department of Medicine, Bihar from April 2018 to March
2019, after taking the approval of the protocol review
committee and institutional ethics committee.
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Methodology

Total 40, around 18 weeks old adult, male albino wistar
strain rats were used with an average weight of around 170
gms. Food and water was given as per their daily
requirement. There were 4 groups, with 10 rats in each. The
drug administered was as follows: Group | Control group,
was given saline 0.3 ml i.p. per day. Group Il was given
Vitamin C 0.2mg/kg/day i.p. Group Ill was given
streptomycin 100 mg/kg/day i.m. While group IV 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.

Sodium thiopentone 50 mg/kg i.p. was given for euthanasia,
and blood was collected from heart with puncture and stored
in heparinized bulbs and plain bulbs. Kidney sample was
kept in 10% formalin. Blood urea and s. creatinine were
measured to estimate renal damage. To measure oxidative
stress Glutathione peroxidase (GPx), ¥ Glutathione
reductase (GR) ! and Total antioxidant status (TAS) 1
were analyzed.

Statistical analysis
One way ANOVA with post hoc analysis was done. P<0.05
was considered statistically significant.

Results

There was an increase of GPx by 10% in vitamin C group,
while GR and TAS were increased by 5% and 29%
respectively as compared to control. In streptomycin treated
group all values were significantly decreased as can be seen
from tables. Co administration of vitamin C significantly
prevented oxidative stress and reduced formation of free
radicals. There was significant rise in the level of blood uear
and s.creatinine in streptomycin treated group. When
vitamin C was co-administered changes were less evident.
Distal tubules have smaller diameter as compared to
proximal tubules. There is presence of brush border in
proximal tubules while distal tubules are devoid of brush
border with clearer luminar surface. The proximal tubular
structure shows remarkable damage with derange epithelia.
Cellular necrosis is found in many proximal tubules.
Prominent damage to renal brush border is seen. Distal
tubule are showing less disruption. Larger proximal tubules
display less damage, along with vital epithelium. In some
PCT only damage to brush border is seen while integrity of
brush border in other is well maintained. Preservation of
normal cellular structure is evident.

Table 1: Effect of streptomycin and vitamin C induced changes in blood urea, serum creatinine, glutathione peroxidase, glutathione
reductase and total antioxidant status

Group Drug B. urea S. creatinine Glutfithione Glutathione Total Antioxidant
treatment mg% mg% Peroxidase U/l Reductase U/l Status mmol/Il
[ Saline 38+2.14 0.58+0.11 1017447 74412.32 1.31+0.03
1] Vitamin C 41+2.55 0.62+0.11 1087+78 81+4.78 1.59+0.05 ***
1l Streptomycin 47£1.9* 1.30+0.24 * 775+£31 ***aa 49+2.6 *aa 1.21+0.02 ***aaa
IV | Streptomycin + Vitamin C| 41+1.21*b 0.61+0.18 bb 869+42 *a 66+3.2 b 1.32+0.02aaabbb
ANOVA 3.042; 3,33 6.759;3,33 9.94;3,33 4.37;3,33 70.71;3,33
F; d P value 0.0487 0.0017 0.0002 0.0155 0.0001

Values are mean + SEM; *P< 0.05, **P< 0.01 and ***P< 0.001 when compared to group I. a P<0.05, aa P< 0.01 and aaa P< 0.001 when
compared to group I1. b P< 0.05,bb P< 0.01 and bbb P< 0.001 when compared to group 11

Discussion
Streptomycin is one of the drugs in treatment of
tuberculosis, plague and other diseases due to gram negative

organisms. In renal glands streptomycin gets reabsorbed and
get concentrated in cells of proximal tubules. High value of
trough is responsible for the renal damage. Mechanism of
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renal damage is less explored, but there is skepticism about
the role of oxidative stress and free radical generation.
Coadministraion of vitamin C can be of some benefit in
preventing renal damage due to its scavenging action
exerted on free radicals [%%8  Histopathological
examination revealed kidney damage produced by
administration of streptomycin in present study. Renal
structure was disrupted especially in proximal convoluted
tubules. Marked degenerative changes were observed. In
some tubular cells piknotic nuclei were found suggesting
patchy necrosis. Recently involvement of free radicals is
under scanner in many diseases owing to their ability of
cellular disruption (%21, Free radicals are highly reactive
due to unstable electron in their outer orbital ring, and can
pause a potential threat to integrity of any cellular structure
22 GPx and GR are powerful antioxidants and prevent
formation of free radicals and thereby also prevent lipid
peroxidation as well as cell damage. TAS is the value of
individual’s ability to fight against oxidative stress produced
by free radicals. Treatment with streptomycin for 30 days
there was significant reduction in the value of all the
parameters of oxidative stress namely GPx, GR and TAS.
Leonard et al. % also observed renal damage characterized
by acute tubular necrosis after wusing tobramycin
200mg/kg/day. Sens et al. 2] studied effect of increasing
concentration of streptomycin on the human proximal
tubular cell culture. They monitored for cell death, light and
electron microscopic changes under both resting and
actively dividing culture conditions. Damage to renal brush
border and microvilli was evident as this one is active site
for drug transport. Kavutcu et al. also found similar
reduction in GPx level in guinea pig while studying effect of
gentamicin 21, Reduction in antioxidant level is totally
reflected in the value of TAS. Once established the
involvement of oxidative stress in renal injury due to
streptomycin it was necessary to examine the role of
antioxidant vitamin C which is natural antioxidant and free
radical scavenger [?6-281 |emon, orange, strawberries like
fruits are rich in vitamin C having antioxidant ability. Free
radicals like peroxyl and hydroxyl radicals are scavenged by
vitamin C 9, In present study it was found that there was
significant increase in GPx and GR level. Hong et al.
observed protective role of vitamin C at 0.18 mg/kg/day in
nephrotoxicant injury B°. Bradberry and Vale found similar
protective role of vitamin C at 0.5 mg/kg/day in chromium
induced renal damage Y. 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. In
vitro studies have shown ability to generate free radicals and
induce oxidative stress with aminoglycoside antibiotics. %
In renal cortical mitochondria, formation of free radical like
super oxide as well as hydrogen peroxide have been
associated with aminoglycosides [33%. A notorious
hydroxy! 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. 18 Zima et al. compared the action of free radical
with second messanger system and formation of various
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interleukins which can ultimately enhance proteolytic
activity, damage collage and extracellular matrix in
glomerular structure B, In present study rise in level of
blood urea and s. creatinine was suggestive of renal damage
due to streptomycin.

Conclusion

The present study concluded that the antioxidant vitamin C
has shown predictive benefit in streptomycin induced
nephrotoxicity in present study however more extensive
studies are desirable to arrive to a definite conclusion.
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