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ABSTRACT

Keywords:

Vancomycin, a bactericidal antibiotic used for selective clinical infections confers its antibacterial 
activity via the inhibition of bacterial cell wall biosynthesis. This process thus results in oxidative 
stress. Hesperidin, a flavonoid found in citrus fruits has been reported to possess antioxidant activity. 
This study investigated the ameliorative effect of hesperidin on vancomycin-induced neurotoxicity. 
Male Wistar rats (n=24, 130-300 g) were divided into four groups of six rats each. Group 1 (Control) 
received distilled water, Group 2 received Hesperidin (50 mg/kg/day) orally, Group 3 received 
Vancomycin (10 mg/kg/day)intraperitoneally and Group 4 received Vancomycin (10mg/kg/day) 
and Hesperidin (50mg/kg/day). The administration was done for seven days. Data were analyzed 
using ANOVA at P  0.05. Administration of Vancomycin significantly reduced the levels of 
Reduced Glutathione (GSH) and Ascorbic Acid (AA) in the brain sections of the rats relative to 
control. The activities of Glutathione Peroxidase (GPx), Catalase (CAT), Glutathione-S-Transferase 
(GST), and Superoxide Dismutase (SOD) were down-regulated relative to control. Furthermore, an 
increased level of Nitric Oxide (NO), Malondialdehyde (MDA), and activity of Myeloperoxidase 
(MPO) was observed relative to control (P  0.05). However, co-treatment with Hesperidin 
significantly attenuated levels of GSH, AA, NO, MDA, and activities of MPO, GST, SOD, CAT, and 
GPx when compared with Vancomycin treated groups. Histopathological examination of the brain 
sections of Vancomycin-treated rats showed the presence of lesions. Administration of Hesperidin 
alongside Vancomycin reversed these lesions. Data obtained from this study showed that Hesperidin 
attenuated oxidative stress induced by Vancomycin in the brain of rats via antioxidant mechanisms.

 Vancomycin, Hesperidin, Neurotoxicity, Antioxidants, Oxidative Stress
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biosynthesis (Gupta et al. 2011). There have 
been several reported cases of vancomycin 
toxicity, of which are: ototoxicity (Gupta et al. 
2011), alterations in free radical balance 
resulting in oxidative stress (Costa et al. 2009), 
and nephrotoxicity (Dieterich et al. 2009). 

Considering the fact that brain is 
predisposed to oxidative damage due to an 
abundance of redox-active transition metal ions, 
a relative dearth of an antioxidant defense 
system, high usage of inspired oxygen and a 
significant amount of easily oxidizable 
polyunsaturated fatty acid. Likewise, the brain 
possesses its endogenous antioxidant which 
limits free radicals damage in neuronal tissue 
(Vatassery, 1998). Oxidative stress is associated 
with cognitive declination in both animals and 
human models and it is also related to several 

INTRODUCTION

Several studies have identified free radicals 
playing a major role in the onset, progression 
and complication of almost all pathological 
disorders such as declined antioxidants in the 
central nervous system (Jiang et al. 2016; David 
et al. 2019). Antibiotics are a group of 
medications used to treat infections caused by 
some bacter ia  and certain parasi tes.  
(Eb imieowei  and Ibemolog i ,  2016) .  
Vancomycin, a glycopeptide antibiotic with 
bactericidal activity has been used to treat 
infections caused by gram-positive bacteria 
i n c l u d i n g  t h e  m e t h i c i l l i n - r e s i s t a n t  
Staphylococcus aureus. Its mechanism of action 
is via inhibition of bacterial cell wall 
biosynthesis or inhibition of peptidoglycan 
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neurodegenerative diseases such as Alzheimer's 
disease, Parkinson's disease among others 
(Giasson et al. 2002).

Furthermore, many plant natural products 
have shown antioxidant activity and have been 
employed since ancient times for their 
therapeutic properties (Borges-Bubols et al. 
2013).  Biological activities, potential health and 
therapeutic benefits of natural products, and 
their bioactive compounds have been intensively 
explored and investigated. These natural 
produc ts have  emerged as  potent ial  
neuroprotective agents for the treatment of 
neurodegenerative diseases and some of these 
natural products that have been used over the 
years are Honey (Mohd sairazi et al. 2017), 
Propolis (Swamy et al. 2014), Ginseng (Tan et al. 
2015) and many others.

Hesperidin, a flavone glycoside occurs in 
the greatest concentration in green fruit such as 
citrus fruits (sweet oranges and lemon). 
Hesperidin possesses multiple beneficial effects 
such as antioxidant, anticarcinogenic, 
antihypertensive, antiviral, antidiabetic, 
hepatoprotective, and anti-inflammatory (Parhix 
et al. 2015). Hesperidin has also been 
demonstrated via in vivo studies of Parkinson's 
disease (Antunes et al. 2015), Dementia and 
Alzheimer's disease (Badalzadeh et al. 2015) to 
possess antioxidant activity. In clinical studies, 
hesperidin has been established to be 
neuroprotective (Kean et al. 2015).

Despite the widely reported neuroprotective 
effect and antioxidant activity of hesperidin, 
there is a paucity of information on its role in 
vancomycin-induced neurotoxicity. Hence, this 
study aimed at epitomizing the protective effect 
of hesperidin against vancomycin-induced 
neurotoxicity in rats.  

Hesperidin was purchased from AK 
Scientific, Inc. USA, Vancomycin was procured 
from CELON laboratories PVT LTD, India. 
El lman's Reagent [5’-5’-di thiobis -(2-
dinitrobenzoic acid], Sulphosalicyclic acid, Di-
potassium orthophosphate, Potassium di-
hydrogen orthophosphate, Bovin serum albumin 
(BSA), Thiobarbituric acid (TBA), Glutathione, 

MATERIAL AND METHODS

Chemicals and reagents:

1-Chloro-2,4-dinitrobenzene were procured 
from Sigma, Aldrich USA. All other reagents 
were obtained from the British Drug Houses 
(Poole, Dorset, UK) and are of good analytical 
grade.

Twenty-four male Wistar rats weighing 
130-200g obtained from the Department of 
Physiology, University of Ibadan were kept in 
plastic cages at the animal house, Ajayi 
Crowther University for the period of 
acclimatization and treatment. The rats were 
acclimatized for one week and were allowed 
unhindered access to food and water . 
Handling of the experimental animals were 
conducted in accord with guidelines of the 
Institutional Animal Care and Use committee 
consistent with international principles on care 
and use of experimental animals (National 
Research Council. 2011). 

Animals were randomly placed into four 
groups of six rats each: Group I animals were the 
control that were administered distilled water 
only. While group II received Hesperidin (50 
mg/kg/day) orally, group III received 
Vancomycin (10 mg/kg/day) intraperitoneally 
and group IV received Hesperidin (50 
mg/kg/day) and Vancomycin(10 mg/kg/day). 

Animals were rapidly dissected to excise 
the brain sections (cerebellum, frontal cortex and 
hippocampus), rinsed in ice-cold 1.15% KCL 
before being blotted and weighed. Brain sections 
co l l ec t ed  we re  h omoge n ize d  i n  10  
volumes/weight of ice-cold 0.1M phosphate 
buffer pH 7.4. The homogenates was centrifuged 
at 10,000g for 15 minutes at 4 C using eppendorf 
(UK) cold centrifuge and the supernatant were 
stored at -4 C and used for subsequent 
biochemical assays. Brain sections were 
subsequently fixed in 4% phosphate-buffered 
formalin and further processed for histology 
using a procedure described by Fischer et al. 
2008.

The activity of superoxide dismutase in 

Experimental animals:

Preparation of Tissue Homogenate:

Biomarkers of Oxidative Stress:
Determination of Superoxide Dismutase 
Activity

ad libitum

o

0
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tissue homogenate was measured as described 
by Sun and Zigman, 1978. 20 µl aliquots of 
tissue homogenate mixed with 1.95 ml Tris-HCl 
buffer pH 7.2 and 30 µl of freshly prepared 
epinephrine (20 mM) was added and mixed by 
inversion to initiate the reaction. The blank 
cuvette contained all other components except 
the homogenates which were replaced with 
distilled water. Change in absorbance at 320nm 
was monitored every 30seconds for 150 seconds.

Catalase activity in tissue homogenate was 
assayed according to the method of Sinha, 1972. 
1 ml of tissue homogenates was mixed with 19 
ml distilled water to give a 1:20 dilution. 1 ml of 
the diluted sample was mixed rapidly with the 
reaction mixture (4 ml of hydrogen peroxide 
solution (800 µmoles), 5 ml phosphate buffer pH 
7.0 by a slight swirling movement at room 
temperature. 1 ml of the reaction mixture was 
removed and blown-in 2 ml of dichromatic 
acetic acid reagent at intervals of 60 seconds. 
The hydrogen peroxide contents of the 
withdrawn sample were spectrometrically 
measured at 570 nm.

Reduced glutathione level in the tissue 
homogenate was determined using method 
described by Jollow et al. (1974). 100 µl of the 
tissue homogenate was added to 900 µl distilled 
water and 1500 µl of 4% sulphosalicyclic acid. 
The reaction mixture was allowed to stand for 5 
minutes and subjected to centrifugation at 
4000rpm for 10 minutes. The clear supernatant 
was withdrawn. 400 µl of phosphate buffer pH 
7.4 was added to supernatant withdrawn with 50 
µl Ellman's reagent. The absorbance was 
measured at 412nm. Reduced glutathione 
concentration was measured from the reduced 
glutathione standard curve.

The glutathione-S-Transferase activity was 
determined by the method of Habig et al. (1974). 
6 µl of reduced glutathione, 30 µl 1-chloro-2, 4-
dinitrobenzene (CDNB) and 564 µl phosphate 
buffer pH 6.5 were mixed. 6 µl of the tissue 
homogenate was added to the reaction mixture 

Determination of Catalase Activity

Estimation of Reduced Glutathione Level:

Determination of Glutathione-S-Transferase 
Activity:

and mixed by inversion to initiate the reaction. 
Change in absorbance was read at 30 seconds for 
150 seconds at 340nm against the reference 
blank.

The tissue homogenate ascorbic acid 
concentration was estimated using the method 
described by Jagota and Dani, 1982. 125 µl of the 
tissue homogenate was added to 200 µl 10% 
trichloroacetic acid. The reaction mixture was 
mixed vigorously in a test tube, kept on an ice 
bath for 5 minutes and centrifuged for 3000rpm 
for 5 minutes. 125 µl of the clear supernatant was 
withdrawn, 375 µl distilled water and 50 µl 
Folin's reagent was added. Absorbance was read 
at 760nm against a reference blank. Ascorbic 
acid concentration of the tissue homogenate was 
extrapolated from the ascorbic acid standard 
curve.

Glutathione peroxidase activity was 
determined according to the procedure of 
Rotruck et al. (1973) with some modifications. 
Two test tubes were selected for each sample. 
Each tube contained 250 µl phosphate buffer pH 
7.4, 50 µl sodium azide, 100 µl reduced 
glutathione, 250 µl tissue homogenate and 100 
µl hydrogen peroxide, the reaction mixture was 
maintained at 37°C. 250 µl of 10% 
trichloroacetic acid was added to the first tube 
after 1minute and the other tube after 3minute, 
each mixture was centrifuged at 3000rpm for 
5minutes. 250 µl of the supernatant was 
dispensed from each tube respectively, added to 
each tube were 500 µl dipotassium hydrogen 
orthophosphate and 250 µl Ellman's reagent. The 
colour developed in the test tubes was 
spectrophotometrically read (420 nm) as against 
the reagent blank.

Thiobarbituric acid reactive species 
(TBARS) amount in tissue homogenates were 
determined following the method of Varshney 
and Kale, 1990. Tissue homogenates (100 
µl)was mixed with 400 µl of Tris-KCl buffer pH 
7.4 and 125 µl of 30% trichloroacetic acid 
(TCA). 125 µl of 0.75% thiobarbituric acid 

Estimation of Ascorbic Acid Concentration:

Determination of Glutathione Peroxidase 
Activity:

Estimation of Lipid Peroxidation:
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Table 2: Ameliorative Effect of Hesperidin on Vancomycin-Induced Changes on Brain 
(Cerebrum) Superoxide Dismutase (SOD) and Catalase (CAT) Activities in Rats

when compared with the control group (P? 0.05). 
However, the combined administration of 
Hesperidin and Vancomycin significantly 
attenuated the decrease in SOD and CAT 
activities relative to the Vancomycin-treated 
group.

The ameliorative effects of Hesperidin on 
Vancomycin-induced changes on the brain 
(cerebellum) SOD and catalase (CAT) activities 
in rats are indicated in table 1. SOD and CAT 
activities were significantly decreased in the 
Vancomycin-treated group by 45.8% and 44.8% 

respectively when compared with the control 
group (P? 0.05). However, the combined 
administration of Hesperidin and Vancomycin 
significantly attenuated the decrease in SOD and 
CAT activities relative to the Vancomycin-
treated group.

Table 1: Ameliorative Effect of Hesperidin on Vancomycin-Induced Changes on Brain 
(Cerebellum) Superoxide Dismutase (SOD) and Catalase (CAT) Activities in Rats

Treatment Superoxide Dismutase (SOD)(units/mg 
protein) 

Catalase 
(CAT)(units) 

Control 88.92±1.33 0.29±0.01 

Hesperidin 85.55±2.56 0.26±0.01 

Vancomycin 48.17±1.33a (45.8%) 0.16±0.01a (44.8%) 

Hesperidin + Vancomycin 78.25±2.01** 0.22±0.01** 
 The values are expressed as Means ± SD for six rats in each group

a = significantly different from the control (P? 0.05)
** = Significantly different from Vancomycin group (P?0.05)
The values in parenthesis represent % decrease

Table 2 shows the ameliorative effects of 
Hesperidin on Vancomycin-induced changes on 
the brain (cerebrum) SOD and catalase (CAT) 
activities in rats. SOD and CAT activities were 
significantly decreased in the Vancomycin-
treated group by 21.5% and 40% respectively 

Treatment Superoxide Dismutase (SOD) 
(units/mg protein) 

Catalase 
(CAT)(units) 

Control 97.37±1.15 0.30±0.01 

Hesperidin 92.57±2.73 0.27±0.01 

Vancomycin 76.40±2.60a (21.5%) 0.18±0.01a (40%) 

Hesperidin +Vancomycin 86.60±1.08** 0.25±0.01** 

 The values are Means ± SD for six rats in each group.
a = significantly different from the control (P?0.05)
** = Significantly different from Vancomycin group (P?0.05)
Values in parenthesis represents % decrease.
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I n  ad d i t i on ,  ac t i v i t i e s  o f  e n zy m ic  
antioxidantsGlutathione Peroxidase (GPx) and 
Glutathione-S-Transferase (GST) were 
decreased significantly in Vancomycin-treated 
rats. This decreased activity observed was 
attenuated upon co-administration of hesperidin 
(Figure 3a-c and 4a-c).

Increased levels of Nitric Oxide (NO), 
Malondialdehyde (MDA), and increased 
activity of Myeloperoxidase (MPO) were 
observed in Vancomycin-treated rats relative to 
control. These perturbations were reverted upon 
co-administration of hesperidin (Figure 5a-c, 6a-
c, and 7a-c). 

Table 3 presents the ameliorative effects of 
Hesperidin on Vancomycin-induced changes on 
the brain (hippocampus) SOD and catalase 
(CAT) activities in rats. SOD and CAT activities 
were significantly decreased in Vancomycin 
treated group by 23.7% and 44.8% respectively 

when compared with the control (P?0.05). 
However, the combined administration of 
Hesperidin and Vancomycin significantly 
protected against the decrease in SOD and CAT 
activities relative to the Vancomycin-treated 
group.

Table 3: Ameliorative Effect of Hesperidin on Vancomycin-Induced Changes on Brain 
(Hippocampus) Superoxide Dismutase (SOD) and Catalase (CAT) activities in Rats

Treatment Superoxide Dismutase
(SOD)(units/mg protein) 

Catalase 
(CAT)(units) 

Control 88.30±1.15 0.29±0.01 

Hesperidin 85.9±1.02 0.28±0.007 

Vancomycin 67.33±1.17a (23.7%) 0.16±0.008a (44.8%) 

Hesperidin + Vancomycin 80.2±1.48** 0.25±0.007** 

 The values are Means ± SD for six rats in each group.
a = significantly different from the control (P?0.05)
** = Significantly different from Vancomycin group (P?0.05)
Values in parenthesis represent % a decrease.
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Figure 3a: Ameliorative effect of Hesperidin on 
Vancomycin-induced changes in cerebellum of 
Gluthathione-S- transferase (GST) activities in Rats. 
The values are expressed as Mean ± SD of six rats in each 
group. a = Significantly different from the control 
(P? 0.05). ** = Significantly different from Vancomycin 
group (P?0.05). HESP= Hesperidin, VAN= Vancomycin.
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Figure 3b: Ameliorative effect of Hesperidin on 
Vancomycin-induced changes in cerebrum of 
Gluthathione-S- transferase (GST) activities in Rats. 

 

The values are expressed as Mean ± SD of six rats in each 
group. a = Significantly different from the control 
(P? 0.05). ** = Significantly different from Vancomycin 
group (P?0.05). HESP= Hesperidin, VAN= Vancomycin.

Olayinka et al: Hesperidin attenuation of vancomycin-induced toxicity

An Official Publication of Enugu State University of Science & Technology    ISSN: (Print) 2315-9650   ISSN: (Online) 2502-0524
This work is licenced to the publisher under the Creative Commons Attribution 4.0 International License.     

73  



 

 

 

 

 

 

 

 

 

 

 

Figure 4a: Ameliorative effect of Hesperidin 
on Vancomycin-induced changes in  
cerebellum of Gluthathione peroxidase (GPx) 
activities in Rats. The values are expressed as 
Mean ± SD of six rats in each group. a = 
significantly different from the control (P? 0.05). 
** = Significantly different from Vancomycin 
group (P?0.05). HESP= Hesperidin, VAN= 
Vancomycin
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Figure 3c: Ameliorative effect of Hesperidin 
on Vancomycin-induced changes in  
hippocampus of Gluthathione-S- transferase 
(GST) activities in Rats. The values are 
expressed as Mean ± SD of six rats in each group. 
a = Significantly different from the control 
(P? 0.05). ** = Significantly different from 
Vancomycin group (P? 0.05) .  HESP= 
Hesperidin, VAN= Vancomycin.

 Cerebellum: GPx activity

µm
ol

e
of

re
si

du
al

G
SH

/m
g

pr
ot

ei
n

CONTROL
H ESP

VAN

HESP+VA
N

0.0

0.5

1.0

1.5

2.0

2.5

a

*
*

a

 Cerebrum: GPx activity

µm
o

le
of

re
si

du
al

G
S

H
/m

g
p

ro
te

in

CONTROL
HESP

VAN

HESP+VAN
0

1

2

3

a

**
a

Figure 4b: Ameliorative effect of Hesperidin 
on Vancomycin-induced changes in cerebrum 
of Gluthathione peroxidase (GPx) activities 
in Rats. The values are expressed as Mean ± SD 
of six rats in each group. a = significantly 
different from the control (P?0.05). ** = 
Significantly different from Vancomycin group 
(P? 0.05) .  HESP= Hesperidin,  VAN= 
Vancomycin
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Figure 4c: Ameliorative effect of Hesperidin 
on Vancomycin-induced changes in 
hippocampus of Gluthathione peroxidase 
(GPx) activities in Rats. The values are 
expressed as Mean ± SD of six rats in each 
group. a = significantly different from the 
control (P?0.05). ** = Significantly different 
from Vancomycin group (P?0.05). HESP= 
Hesperidin, VAN= Vancomycin.
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Figure 5a: Ameliorative effect of Hesperidin 
on Vancomycin-induced changes  in 
cerebellum of Malondialdehyde (MDA) levels 
in Rats. The values are expressed as Mean ± SD 
of six rats in each group. a = Significantly 
different from the control (P?0.05). ** = 
Significantly different from Vancomycin group 
(P? 0.05) .  HESP= Hesperid in,  VAN= 
Vancomycin.
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Figure 5b: Ameliorative effect of Hesperidin 
on Vancomycin-induced changes in 
cerebrum of Malondialdehyde (MDA) levels 
in Rats. The values are expressed as Mean ± SD 
of six rats in each group. a = Significantly 
different from the control (P?0.05). ** = 
Significantly different from Vancomycin group 
(P? 0.05).  HESP= Hesperidin,  VAN= 
Vancomycin.

 

Figure 5c: Ameliorative effect of Hesperidin 
on Vancomycin-induced changes in 
hippocampus of Malondialdehyde (MDA) 
levels in Rats. The values are expressed as 
Mean ± SD of six rats in each group. a = 
Significantly different from the control 
(P? 0.05). ** = Significantly different from 
Vancomycin group (P? 0.05).  HESP= 
Hesperidin, VAN= Vancomycin.
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Figure 6a: Ameliorative effect of Hesperidin 
on Vancomycin-induced changes in  
cerebellum of Nitric oxide (NO) levels in Rats. 
The values are expressed as  Mean ± SD of  six 
rats in each group. a = Significantly different 
from the control (P?0.05). ** = Significantly 
different from Vancomycin group (P? 0.05). 
HESP= Hesperidin, VAN= Vancomycin.
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Figure 6b: Ameliorative effect of Hesperidin 
on Vancomycin-induced changes in 
cerebrum of Nitric oxide (NO) levels in Rats. 
The values are expressed as  Mean ± SD of  six 
rats in each group. a = Significantly different 
from the control (P?0.05). ** = Significantly 
different from Vancomycin group (P?0.05). 
HESP= Hesperidin, VAN= Vancomycin
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Figure 6c: Ameliorative effect of Hesperidin 
on Vancomycin-induced changes in 
hippocampus of Nitric oxide (NO) levels in 
Rats. The values are expressed as  Mean ± SD of  
six rats in each group. a = Significantly different 
from the control (P?0.05). ** = Significantly 
different from Vancomycin group (P?0.05). 
HESP= Hesperidin, VAN= Vancomycin
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Figure 7a: Ameliorative effect of Hesperidin on 
Vancomycin-induced changes in cerebellum of 
Myeloperoxidase (MPO) activities in rats. The 
values are expressed Mean ± SD of  six rats in each 
group. a = Significantly different from the control 
(P? 0.05). ** = Significantly different from 
Vancomycin group (P?0.05). HESP= Hesperidin, 
VAN= Vancomycin.
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Figure 7b: Ameliorative effect of Hesperidin on 
Vancomycin-induced changes in cerebrum of 
Myeloperoxidase (MPO) activities in rats. The 
values are expressed Mean ± SD of  six rats in each 
group. a = Significantly different from the control 
(P?0.05). ** = Significantly different from 
Vancomycin group (P?0.05). HESP= Hesperidin, 
VAN= Vancomycin.
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observed decrease in the activity of GPx in 
vancomycin-treated rats may be attributed to the 
reduction in the reduced glutathione level and an 
increase in the level of peroxides. Glutathione-S- 
transferase (GST) on the other hand is a family of 
enzymes that catalyze the addition of reduced 
glutathione to endogenous and xenobiotic 
substrates which invariably have electrophilic 
functional groups (Townsend and Tew, 2003). 
The glutathione-S-Transferase activity was also 
downregulated in brain sections of vancomycin-
treated rats. Reduction in the activities of these 
enzymes in the brain sections thus result in 
oxidative stress, and this was attenuated by co-
treatment with hesperidin.

Ascorbic acid is  a non-enzymatic 
antioxidant and has been shown to protect 
various tissues against the damage caused by 
reactive oxygen species (Fadine, 2017). On the 
other hand, Reduced Glutathione is known for its 
effective antioxidant property by scavenging 
oxidative stress-inducing molecules such as 
hydroxyl radicals and singlet oxygen, 
detoxifying hydrogen peroxides and lipid 
peroxides (Katia et al. 2014). A depletion in the 
levels of Ascorbic acid and Reduced glutathione 
was observed in Vancomycin-treated rats. 
However, co-administration of Hesperidin was 
able to protect against oxidative stress induced 
by Vancomycin as increased in the levels of 
ascorbic acid and GSH seen in rats co-treated 
with hesperidin.

In addition, the Malondialdehyde level is 
commonly known as a marker of oxidative 
stress. The elevation of malondialdehyde 
(MDA) level is an indication of lipid 
peroxidation which can be caused by reactive 
oxygen species (Del et al. 2005). The increase 
observed in MDA level may be due to the effect 
of free radicals which can interact with 
polyunsaturated fatty acids in the phospholipids 
of the cell membrane, inducing lipid 
peroxidation in brain tissues (Del et al. 2005). In 
this study, it was observed that MDA level was 
significantly increased in the Vancomycin-
treated group, and thus implying that 
Vancomycin induced lipid peroxidation and 
therefore, oxidative stress in the brain. This 
increase seen was attenuated with treatment with 
Hesperidin, indicating that Hesperidin 
decreased lipid peroxidation and oxidative 

stress.
Nitric oxide (NO) is a non-enzymatic 

biomarker of inflammation (Sharma et al. 2007). 
An increase in the concentration of NO was 
observed in vancomycin-treated rats. Nitric 
oxide is a crucial molecule in acute and chronic 
inflammation and it is generated in high 
concentration in certain types of inflammation. 
However, co-treatment with hesperidin 
significantly reduced the increase in NO 
concentration observed in the vancomycin-
treated group. Thus, hesperidin is effective 
against vancomycin-induced inflammation. In 
addition, Myeloperoxidase (MPO) is an 
enzymatic biomarker of inflammation that is 
released in response to inflammation. 
Myeloperoxidase produces hypochlorous acid 
(HOCL) from hydrogen peroxide (H O ) and 
chlorine ion (CL-) (Ndrepepa, 2019). A 
significant increase in MPO activity was 
observed in the vancomycin-treated group as 
opposed to the decrease observed in rats co-
treated with hesperidin.

Histopathological examination of the brain 
sections of Vancomycin-treated rats showed the 
presence of lesions and neuronal death which 
was reversed upon administration of Hesperidin 
epitomizing remediation potential of hesperidin 
to attenuate toxic effects of Vancomycin in brain 
tissues.

From this study, Vancomycin was observed 
to induce oxidative stress in the selected brain 
sections (Cerebellum, Cerebrum, and 
Hippocampus) of experimental animals. 
However, Hesperidin, a potent antioxidant was 
able to ameliorate this effect and this may be due 
to its intrinsic antioxidant properties

The authors declare no conflict of interest.

Ankita N, Liang-Jun Y, Chandan KJ, Nilanjana 
D. (2019). Role of catalase in oxidative 
stress and age-associated degenerative 
diseases. Oxidative Medicine and Cellular 
Longevity.10: 9613090, 19.

2 2

CONCLUSION

CONFLICT OF INTEREST 

REFERENCES

Olayinka et al: Hesperidin attenuation of vancomycin-induced toxicity

An Official Publication of Enugu State University of Science & Technology    ISSN: (Print) 2315-9650   ISSN: (Online) 2502-0524
This work is licenced to the publisher under the Creative Commons Attribution 4.0 International License.     

78  



 

 

 

 

Antunes MS, Goes AT, Boeira SP, Prigol M, Jesse CR. 
(2014). Protective effect of hesperidin in a model of 
Parkinson's disease induced by 6-hydroxydopamine 
in aged mice. Nutrition.30 (11-12): 1415-1422.

Badalzadeh R, Mohammadi M, Youse? B, Farajnia S, 
Naja?  M, Mohammadi S. (2015).

ion by postconditioning in 
chronic diabetic male rats. Adv. Pharm. Bull. 5: 321.

Costa VH, Aparecido LB, Jorgetti V, Colombo FC, 
Kreieger EM, Galvão LJJ. (2009). Estresseoxidativo 
e disfunçãoendotelialnadoença renal crônica. Arq 
Bras Cardiol. 92:413-418.

Dieterich C, Puey A, Lin S, Swezey R, Furimsky A, 
Fairchild D, Mirsalis JC, Ng HH. (2009). Gene 
expression analysis reveals new possible 
mechanisms of vancomycin-induced nephrotoxicity 
and identifies gene markers candidates. ToxicolSci; 
107: 258-269.

Ebimieowei E, Ibemologi A. (2016). Antibiotics: 
classification and mechanisms of action with 
emphasis on molecular perspectives. IJ AMBR 4: 
90-101.

Fischer AH, Jacobson KA, Rose J, Zeller R. (2008). Cold 
spring harbor protocols.  (5):pdb.prot4986

Ghazaleh H, Mahdieh AF, Ghazaleh N, Parviz S, Mehian 
M. (2017). Oxidative stress-induced cognitive 
impairment in obesity can be reversed by Vitamin D 
administration in rats. Nutritional Neuroscience. 
1348-1436. 

Giasson BI, Ischiropoulos H, Lee VMY, Trojanowski JQ. 
(2002). The relationship between oxidative/nitrative 
stress and pathological inclusions in Alzheimer's and 
Parkinson's diseases 1, 2. Free RadicBiol Med 
32:1264–1275.

Green LC, Wagner DA, Glogowski J, Skipper PL, 
Wishnok JS, Tannenbaum SR. (1982). Analysis of 
nitrate, nitrite and (15N) nitrate in biological fluids. 
Anal. Biochem.126:131–138. 

Gupta A, BiyanI M, Khaira A. (2011). Vancomycin 

 Involvement of 
glycogen synthase kinase-3β and oxidation status in 
the loss of cardioprotect

Borges Bubols G, da Rocha Vianna D, Medina-Remon A, 
von Poser G, Maria Lamuela-Raventos, R, Lucia 
Eifler-Lima V, Cristina Garcia S. (2013). The 
antioxidant activity of coumarins and flavonoids. 

, (3): 318-
334.

David AVA, Parasuraman S. (2019). Lifestyle Impact on 
Cognitive Decline and Neurodegeneration 
Overview. , (2): 52-
57.

Mini reviews in medicinal chemistry 13

Free Radicals and Antioxidants 9

nephrotoxicity: myths and facts. Neth J Med. 69: 379-383. 
Habig WH, Pabst MJ, Jakoby WB. (1974). Glutathione S-

transferases. The first enzymatic step in mercapturic 
acid formation. The Journal of biological chemistry. 
249(22): 7130–7139.

Jagota SK, Dani HM. (1982). A new colorimetric 
technique for the estimation of vitamin C using Folin 
phenol reagent. Analytical biochemistry.127(1): 
178–182.

Jollow DJ, Mitchell JR, Zampaglione N, Gillette JR. 
(1974). Bromobenzene induced liver necrosis, 
Protective role of glutathione and evidence for 
3,4bromobenzene oxide as the toxic metabolite. 
Pharmacology II, 151-169.

Katia A, Baldelli S, Ciriolo MR. (2014). Glutathione: new 
roles in redox signaling for an old antioxidant. Front 
Pharmacol. 26: (5) 196.

Kim JJ, Shajib MS, Manocha MM, Khan WI. (2012). 
Investigating Intestinal Inflammation in DSS-
induced Model of IBD. Journal of Visualized 
Experiments. 34:(60) 546-678.

Landis GN, Tower J. (2005). Superoxide dismutase 
evolution and life span regulation. Mech Ageing 
Dev.126:365–379. 

Mohd Sairazi NS, Sirajudeen KNS MA, Asari MA et al. 
(2017). E ect of tualang honey against KA-induced 
oxidative stress and neurodegeneration in the cortex 
of rats.  BMC Complementary and Alternative 
Medicine 17(1):31.

National 
Academies Press. Washington DC. ISBN-13:978-0-
309-15400-0

Ndrepepa G. (2019).  Myeloperoxidase: A bridge linking 
inflammation and oxidat ive  stress wi th 
cardiovascular disease. ClinChimActa. 493:36-51.

Parhiz H, Roohbaksh A, Soltani F, Rezaee R, Iranshahi M. 
(2015). Antioxidant and anti-inflammatory 
properties of hesperidin and hesperetin: an updated 
review of their molecular mechanisms and 
experimental models. Phytoether Res 29(3): 323-
331.

Rotruck JT, Pope AL, Ganther HE, Swanson AB, Hafeman 
DG, Hoekstra WG. (1973). Selenium: biochemical 
role as a component of glutathione peroxidase. 

?

Jiang T, Sun Q, Chen S. (2016). Oxidative stress: A major 
pathogenesis and potential therapeutic target of 
antioxidative agents in Parkinson's disease and 
Alzheimer's disease. , , 
1-19.

National Research Council (2011). Guide for the care and 
use of laboratory animals (8 ed.).

Progress in neurobiology 147

th 

Olayinka et al: Hesperidin attenuation of vancomycin-induced toxicity

An Official Publication of Enugu State University of Science & Technology    ISSN: (Print) 2315-9650   ISSN: (Online) 2502-0524
This work is licenced to the publisher under the Creative Commons Attribution 4.0 International License.     

79  



 

 

 

 

 

role as a component of glutathione peroxidase. Science 
(New York, N.Y.). 179(4073): 588–590.

Sharma JN, Al-Omran A, Parvathy SS. (2007). Role of 
ni t r ic  oxide  in infl amma tory  diseases .  
Inflammopharmacology.5(6):252-9.

Sinha, A.K. (1972). Colorimetric assay of catalase. Anal 
Biochem. 47(2): 389-394.

Sun M,  Zigman S . (1978) .  An improved 
spectrophotometric assay for superoxide dismutase 
based on epinephrine autoxidation. Analytical 
Biochemistry.90(1): 81–89.

Swamy M, Norlina W, Azman W. (2014).  Restoration of 
glutamine synthetase activity, nitric oxide levels and 
amelioration of oxidative stress by propolis in kainic 
acid-mediated excitotoxicity. African Journal of 
Traditional, Complementary and Alternative 
Medicines. 11(2): 458–463.

Tan X, Gu J, Zhao B. (2015).  Ginseng improves cognitive 
de? cit via the RAGE/NF-κB pathway in advanced 

glycation end product-induced rats. Journal of Ginseng 
Research. 39(2): 116–124.

Townsend D, Tew K. (2003). The role of glutathione-S-
transferase in anti-cancer drug resistance. Oncogene. 
22: 7369-7375.

Valko M, Rhodes C, Moncol J, Izakovic MM, Mazur 
M.(2006). Free radicals, metals and antioxidants in 
oxidative stress-induced cancer. Chem.-Biol. 
Interact. 160:1-40.

Varshney R, Kale RK. (1990). Effects of Calmodulin 
Antagonists on Radia tion-induced Lipid 
Peroxidation in Microsomes. International Journal 
of Radiation Biology. 58(5): 733–743.

Yasui K, Baba A. (2006). Therapeutic potential of 
superoxide dismutase (SOD) for resolution of 
inflammation. Inflamm Res.55:359–363.

Vatassery, GT (1998). Vitamin E and other endogenous 
antioxidants in the central nervous system. 

 , S25-7.Geriatrics (Basel, Switzerland) 53

An Official Publication of Enugu State University of Science & Technology    ISSN: (Print) 2315-9650   ISSN: (Online) 2502-0524
This work is licenced to the publisher under the Creative Commons Attribution 4.0 International License.     

80  

Olayinka et al: Hesperidin attenuation of vancomycin-induced toxicity


