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Abstract: Drug- induced kidney injury is considered as a dangerous condition caused morbidity and mortality
and most notably VVancomycin induced nephrotoxicity via oxidative stress, inflammatory insult and apoptosis.
Our investigation was applied to assess the potential ameliorative effect of Carvacrol against vancomycin-
triggered nephrotoxicity. Male Sprague-Dawley rats were allocated into 5 groups: Normal control group,
DMSO; a vehicle for carvacrol group, Group of animals were given carvacrol 50 mg/kg/day orally, Group of
rats were challenged with intraperitoneal vancomycin 200mg/kg/day and group co-treated with carvacrol and
vancomycin as previously mentioned, and all treatments were applied for 7 continuous days. Vancomycin
caused nephrotoxicity which revealed as elevated levels of Urea, Creatinine, kidney injury molecule.1
(KIM-1) and Cystatin C and confirmed histologically by degenerative changes in renal histo-architecture.
Vancomycin enhanced protein expression of some inflammatory markers as tumor necrosis factor alpha
(TNF-a), interleukin-1 beta (IL-1pB), interleukin-6 (IL-6) and nuclear factor kappa B (NF-xB) along with
down-regulation of protein expression of nuclear factor kappa B inhibitory protein (IKBp). Likewise, it caused
oxidative stress via down-regulation of nuclear factor erythroid 2-related factor 2 (Nrf2),
heamoxygenase-1(HO-1) and glutathione (GSH) but increased Malondialdehyde (MDA) and
Myeloperoxidase (MPO) levels. Also, vancomycin caused apoptosis by increasing Bax gene expression
together with decreasing Bcl2 gene expression. On contrast, Carvacrol mitigated vancomycin induced kidney
injury by restoration of kidney architecture and modulation of the inflammation, oxidative stress and
apoptosis. This study discloses that carvacrol suppresses vancomycin-induced nephrotoxicity through its
anti-inflammatory, anti-oxidative stress and anti-apoptotic actions via Nrf2/HO-1, IKBB/ NF-kB and Bax
-Bcl2 pathways.
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Carvacrol and Vancomycin-induced nephrotoxicity

1. INTRODUCTION

Vancomycin (VCM) is a broad-spectrum
glycopeptide antibiotic used to treat many infectious
diseases especially against methicillin-resistant
Staphylococcus aureus. Clinically, it used for more
than 50 years ago but duo to its toxicity; it is
substituted with other antibiotics which are less
toxict®. The most common vancomycin-triggered
health hazard is the nephrotoxicity as it accumulates
in kidney tissues and also its elimination occurs
unchanged via kidney causing histo-pathological

lesions and alteration in the kidney function indices
1,24

It is previously mentioned that the mechanisms
by which VCM caused nephrotoxicity are its ability
to exert oxidative stress damage, inflammatory
events and apoptosis °. It provokes oxidative stress
through inhibition of Nrf2/ HO-1 pathway causing
depletion of Glutathione (GSH) and heme
oxygenase-1 (HO 1) which considered important
cellular antioxidants ©. This oxidative stress is
mediated by raised malondialdehyde and depleted
antioxidant enzymes so using of antioxidants has
protective effects against vancomycin-mediated
nephrotoxicity 7. Additionally, oxidative damage
triggered by vancomycin  associated  with
inflammatory insult which may be correlated to
NF-kB pathway and in the same context,
down-regulation of NF-«B inhibitory protein (IkBf)
by vancomycin leading to activation of the NF-xB
causing up-regulation of the pro-inflammatory
cytokines TNF-o, IL-1p and IL-6 &8,

Regarding renal cells apoptosis as evidenced by
He et al and Darwish et al 8 ° vancomycin stimulated
oxidative stress thus activated NF-xB causing renal
damage by apoptosis through activation of
Bax/Bcl2 pathway.

Carvacrol (CAR) is a phenolic monoterpenoid
obtained from pepperwort, thyme, oregano, wild
bergamot and other plants essential oils. Carvacrol
has antimicrobial, antioxidant and anticancer
properties 9, It acts as antioxidant and can amend
oxidative stress induced nephrotoxicity and protects
biomolecules such as membrane lipids against
oxidative stress damage. these functions correlated
to activation of Nrf2 which is a master regulator of
many antioxidants downstream as HO.1l; a
cyto-protective enzyme and GSH which considered
as a powerful free radical scavenger and related to
abrogation of the lipid peroxidation which estimated
by reduced MDA Level 114, Specifically, Carvacrol
attenuated deleterious effects caused by oxidative
stress via mechanism related to HO-1 pathway
therefore it is deemed as HO.1 agonist 2,

Likewise, it has anti-inflammatory capacity
through inhibition of the pro-inflammatory action of
H202 by downregulating the transcription factor
NF-xB so targeting the NF-xB pathway has
therapeutic benefits attributed to its role in activation
of pro-inflammatory cytokines such as IL-1p, IL-6,
TNF-g 1215,

Thus, the purpose of this work was to evaluate
the effect of carvacrol on VCM-evoked
nephrotoxicity and to give an overview about the
underlying mechanisms by estimation of different
parameters of the oxidative stress, inflammatory and
apoptotic signals.

2. METHODS

2.1. Animals

Adult male Sprague-Dawley rats (150-200 g)
body weights were used in our study. Source of
animals is the breeding colony of Egyptian Drug
Authority (EDA) and kept in its animal house.
During experiment, rats were given adequate
amounts of food and water. 2-weeks adaption period
given to animals prior to starting of the experiment
and we must supply them with 40%-60% relative
humidity, room temperature 21-24°C and a 12-h
light—dark cycle. The ethical standards for laboratory
animal research were applied according to the
protocols of the EDA's standard operating
procedures. We obtained (Approval number
NODCAR/1/23/2021) in handling the experimental
animals and corresponds to the Guide for Care and
Use of Laboratory Animals published by the US
National Institutes of Health (NIH Publication No.
85-23, revised 1996).

2.2. Chemicals

Carvacrol and VVancomycin were obtained from
(Sigma-Aldrich Chemistry, St. Louis, MO, USA)
and (Xi'an Tian Guangyuan Biotech Co.,Ltd )
respectively, Carvacrol dissolved in 50% dimethyl
sulfoxide (DMSO) and given by 50 mg/kg/day per
o0s * but Vancomycin dissolved in distilled water and
administered intrapreotenially by 200 mg/kg/day *° .
All used chemicals were of analytical grade.

2.3. Experimental Design

Animals were divided into five groups with six
rats per treatment. All treatments were applied for 7
continuous days.
Group | (normal control) animals were given 1ml of
distilled water intrapreotenially.
Group 1l Animals were received 50% dimethyl
sulfoxide (DMSO) orally.
Group Il Rats were orally given carvacrol 50
mg/kg/day ** per os.
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Group IV animals were given intrapreotenially
vancomycin 200 mg/kg/day *°.

Group V Rats were co-treated with vancomycin and
carvacrol as previously mentioned. vancomycin
given one hour after the administration of carvacrol.

2.4. Sampling of Blood and Tissue

At 8th day, we collected the blood from the
orbital venous plexus and then centrifugation occurs
at 3000 rpm for 15 minutes to collect serum. After
that, Rats were euthanized by cervical dislocation
and then kidneys were taken off and washed with
ice-cold saline. For histopathological evaluation,
right kidney stored in 10% formalin solution and the
left one was stored at -80. part of the left kidneys
homogenized in PBS (10%, w/v) (10 mmol/l, pH
7.4) and subsequently we performed centrifugation
for this homogenate at 10000 xg for 10 min at 4°C to
obtain supernatant and the other part kept for western
blotting. Both serum and supernatant were stored at
—20°C until biochemical investigation.

2.5. Biochemical Analysis

2.5.1. Estimation of nephrotoxicity markers
Colorimetric assay kits (BioMed, Egypt) were
used for estimation of Urea and Creatinine levels and
(MyBiosource USA; ELISA kit Catalog No:
MBS355395 and Catalog No: MBS763996) were
used to detect KIM-1 and Cystatin C levels
respectively, following the manufacturer's roles.

2.5.2. Detection of oxidative stress markers

Kidney homogenate were used for estimation
of GSH activity and MDA content using assay Kits
(Biodiagnostic, Egypt). In addition, (Reddot biotech
ELISA Kit Catalog No: RDR-MPO-Ra) utilized for
determination of MPO activity and (MyBiosource
USA; ELISA Kit Catalog No: MBS752046 and
Catalog No: MBS764989) were used to estimate
Nrf2 and HO-1 expression respectively, following
the manufacturer's guidelines.

2.5.3. Inspection for inflammatory markers

TNF-a, IL-1B and IL-6 expression were
measured in kidney homogenate using (Cusabio
ELISA Kit Catalog No: CSB-E11987r),
(MyBiosource ELISA Kit Catalog No: MBS825017)
and (Quantikine ELISA kit Catalog No: R6000B)
respectively, in accordance with manufacturers’
standards.

2.6. Immunoblotting of IKBp and NF-kB

We evaluated IxkBB and NF-xB protein
expression in renal tissue using immunoblotting

protocol. ice-cold lysis solution (Tris-HCL pH 8.0,
1% NP40 (1% v/v), 0.1% SDS, and 0.5% sodium
deoxycholate; provided with
phenylmethylsulfonylfluoride (PMSF)) were used
for kidney homogenization. The lysates centrifuged
at 10,000x g obtaining supernatants. Protein extract
(50 pg) were resolved with SDS-PAGE then proteins
transferred with a semi-dry electro-blotter into a
nitrocellulose membrane. Membrane blockade for 1
h occurred using 5% non-fat milk/TBST and then
membrane incubated with the primary antibody
overnight in a fridge using specific antibodies
against IkBf (IxkBf Polyclonal Antibody ,1:500,
Catalog NO PA1-32136, thermos scientific, USA)
and NF-kB (NF-xB Polyclonal Antibody,
eBioscience™ 1:1000, Catalog NO: 14-6731-81).
Membrane washing was occurred, and secondary
antibody incubation was carried out for 2 h at room
temperature (Cell Signaling Technology, Beverly,
MA, USA; dilution 1: 10,000). Finally,
chemiluminescence kit (Cat. no. RPN2132, ECL
plus; GE Healthcare, Buckinghamshire, UK) used to
detect the protein bands which quantified using
Molecular Analyst Software (Bio-Rad, Hercules,
CA, USA).

2.7. mRNA Extraction and Quantitative Real
Time-PCR

Extraction of total RNA from tissue
homogenate was applied using SV Total RNA
Isolation system (Thermo Scientific, USA) and then
synthesis of first strand complementary DNA
(cDNA) form this RNA by using cDNA reverse
transcription kit (Thermo Fisher Scientific, USA,
catalog NO: K4374966) and this process called
reverse transcription (RT). After that polymerase
chain reaction (PCR) carried out using Jena
Bioscience PCR-101 Tag Master Mix (Jena
bioscience, Germany) In accordance with the
manufacturer's protocol. After that (StepOne™,
USA) was used for amplification and analysis of
Real-time gPCR and the used primer pairs were
listed in (Table 1). Initial denaturation step
performed for 10 min at 95°C and then 40 cycles of
amplification for Bcl2 and Bax primer pair were
carried out. The expression levels of Bcl2 and Bax
genes were normalized to the level of GAPDH gene
expression in each sample.

2.8. Histopathological Evaluation

Autopsy  samples were taken from the kidney
of rats in different groups and histological
preparation and examination occurred as described
by Banchroft et al 6.
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Table 1. Characteristics of primers were used in the real-time PCR assay.

Rat-Bcl2-F 5-TGTGGATGACTGACTACCTGAACC3'’
Rat-Bcl2-R 5'CAGCCAGGAGAAATCAAACAGAGG3’
Rat-Bax-F 5'CGGCGAATTGGAGATGAACTGG3'
Rat-Bax-R 5'CTAGCAAAGTAGAAGAGGGCAACCS'

2.9. Statistical Analysis

Prism version 5 (Graph Pad Software Inc., San
Diego, USA) was used to carry out statistical
analysis. Results were evaluated using one-way
analysis of variance (ANOVA) followed by Tukey's
multiple comparison test and data in form of means +
SE. For all statistical tests, the level of significance
was provided at p < 0.05.

3. RESULTS

3.1. Carvacrol Can Ameliorate Alterations in
Kidney Function Biomarkers in Vancomycin
Treated Rats

Alterations in kidney function biomarkers like
Urea, Creatinine, and KIMland Cystatin C
considered as most important sign of nephrotoxicity.
As illustrated in Figure 1, Vancomycin intoxication
caused renal injury which displayed as elevated
serum levels of kidney function indices Urea,
Creatinine, KIM1land Cystatin C by 189.9, 916.6,
180.5 and 279.7% respectively, when compared to
control animals and this regarded as first sign of
renal dysfunction. Carvacrol administration to
vancomycin challenged animals ameliorated these
alterations by marked reduction in the levels of
theses biomarkers by 51.3, 66.3, 48.4 and 42.8%
respectively, versus vancomycin treated rats.
Carvacrol alone did not cause any significant
alternations in these indicators when compared with
the control animals and these results explain the
ability of Carvacrol to overcome renal injury evoked
by vancomycin which firstly demonstrated by altered
serum biomarkers.

3.2. Carvacrol Can Abrogate Vancomycin
Induced Oxidative Stress and Activate Nrf2 /
HO.1 Pathway in Kidney of Animals

Oxidative stress considered as a main cause of
many renal diseases as reactive oxygen species
causes lipid peroxidation leading to up-regulation of
MDA and MPO meanwhile Nrf2 is a master
regulator for many antioxidants as HO.1 and GSH.
Vancomycin caused oxidative stress in renal tissue
which evidenced by significant elevation of renal
MDA and MPO levels by nearly 4-folds and 105.8%
respectively, in comparison with normal control rats
alongside considerable decline in GSH level by
67.11% as compared to the control rats. To confirm

these findings, we assessed Nrf2 and HO.1
expression as Vancomycin caused marked
down-regulation of Nrf2 and HO.1 protein
expression by 72.5 and 76.0 % respectively, in
comparison with the control animals. On the other
hand, Carvacrol administration for Vancomycin
intoxicated rats halted this oxidative stress damage
by decreasing levels of MDA and MPO by 58.6 and
42.3 % respectively, together with significant
enhancing of GSH level by 120 % when compared
with vancomycin intoxicated animals. In the same
context, Nrf2 and HO.1 protein expression
significantly increased by 126 and 220 %
respectively, versus vancomycin treated rats. The
group solely treated with carvacrol exhibited normal
range of these biomarkers’ levels similar to the
control group as illustrated in Figure 2. These
findings give an idea about the role of oxidative
stress amelioration and activation of Nrf2 / HO.1

pathway by carvacrol in mitigating
vancomycin-induced renal dysfunction.
3.3.  Carvacrol Administration Enhances

Vancomycin-Induced Inflammation in Rat Renal
Tissue.

One of the important mechanisms by which
vancomycin exerts its toxicity is evoking
inflammatory insult which thought to be related to
NF-kB signaling pathway as when activated causing
overly release of many pro-inflammatory biomarkers.
As demonstrated in Figure 3, transcriptional factor
NF-kB protein expression in kidney of vancomycin
intoxicated rats was significantly increased by nearly
6-folds along with considerable decrease in its
inhibitory protein IKBB by 69.3% in comparison
with normal control rats which confirmed by
significant increase of the pro-inflammatory
mediators TNFa, IL-1 B and IL-6 by 252.9 %, nearly
5-folds and 283.3 % respectively, versus normal
control animals.

Co-treatment with Carvacrol significantly
declined the protein expression of NF-xB by 54.1 %
along with up-regulation of IKBp protein expression
by 119.3 % in vancomycin-challenged rats. In the
same line, expression of TNFa, IL-1  and IL-6 were
significantly declined by 53.5, 57.7 and 56.0 %
respectively; versus vancomycin intoxicated animals
as explained in Figure 4.
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Creatinine,(c) KIM1 and (d) Cystatine. Values are illustrated as mean + SE. using (ANOVA) followed by Tukey-Kramer as
a post-hoc test. * or # statistically significant from control or vancomycin group, respectively.
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Figure 2. Effect of carvacrol administration on vancomycin induced oxidative stress (a) Nrf2, (b) HO.1, (c) GSH, (d) MDA
and (e) MPO. Values are represented as mean + SE. using (ANOVA) followed by Tukey-Kramer as a post-hoc test * or #
statistically significant from control or vancomycin group, respectively.

Unlike these results carvacrol given alone did results revealed the importance of inflammation
not alter these transcriptional factors or suppression by carvacrol in the abrogation of
pro-inflammatory mediators in renal tissue when vancomycin-evoked renal damage.
compared with those of control animals. These
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Figure 3. Effect of carvacrol administration on (a) IKBf and (b) NFkB in vancomycin treated rats . Values are represented as
mean * SE. using (ANOVA) followed by Tukey-Kramer as a post-hoc test * or # statistically significant from control or

vancomycin group, respectively.

3.4. Carvacrol Alleviates Vancomycin-Evoked
Apoptosis in Rat's Kidney.

Apoptosis is programmed cell death and one of
the most vital pathways by which vancomycin
causes renal toxicity. As demonstrated in Figure 5,
Apoptotic status in Kidney tissue was determined by
analyzing gene expression of Bax and Bcl-2. In
vancomycin treated rats, the expression of Bax
mRNA, a pro-apoptotic marker in renal tissue was
significantly increased by nearly 5-folds but in

TNFa(pg/g.tissue)

1L6(pg/g.tissue)

contrast, Bcl-2 mRNA, the anti-apoptotic marker
was down-regulated by 77% in renal tissue as
compared to normal control animals. carvacrol
exhibited anti-apoptotic properties by lowering Bax
mMRNA expression by 60% and significantly elevated
mMRNA expression of Bcl-2 by 300% as compared
to vancomycin-treated rats. However, carvacrol
alone did not cause any variation from normal
control. These data gave an overview about the
anti-apoptotic  properties of carvacrol which
overcome vancomycin-triggered intoxication.

IL1 B(pg/g.tissue)

Figure 4. Effect of carvacrol administration on (a) TNFa, (b) IL1B and (c) IL6 in vancomycin treated rats .Values are
represented as mean + SE. using (ANOVA) followed by Tukey-Kramer as a post-hoc test * or # statistically significant from

control or vancomycin group, respectively.
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Figure 5. Effect of carvacrol administration on vancomycin induced apoptosis (a) Bax mRNA transcript level and (b) Bcl2
mRNA transcript level measured by RT-PCR method. Values are demonstrated as mean + SE. using (ANOVA) followed by
Tukey-Kramer as a post-hoc test * or # statistically significant from control or vancomycin group, respectively.

3.5. Carvacrol Curtails Vancomycin-Evoked
Histological Lesions in Rat's Kidney Carvacrol markedly attenuated vancomycin
-induced tissue damage and showed degree of
improvement which evidenced by decreasing tubular
degeneration and focal inflammatory cells
infiltration in between the tubules. Carvacrol alone
did not cause any histopathological changes in the
Renal tissue of normal control and DMSO treated animals and their renal histology resembled
treated rats revealed no histopathological alteration that of  control animals.
with normal histological structure of the glomeruli
and tubules at the cortex. But the kidney tissue of rats
challenged with vancomycin showed extensive
damage in form of focal inflammatory cells
infiltration in between the tubules accompanied with
vacuolar degeneration in the tubular lining
epithelium at the cortex.

Our biochemical results are confirmed by
histological findings as kidney histopathological
examination showed that carvacrol partially repairs
VCM-induced tissue injury as illustrated in Figure 6.

Table 2 presented a scoring system for Focal
inflammatory reaction in between the tubules, Tubular
degeneration and Renal cast formation. The scoring
system employed symbols such as (-) for normal, (+)
for mild, (++) for moderate and (+++) Sever

T NN

SNt
TS AR U NS
&8 f"\ QY

Figure 6. Effect of carvacrol administration on vancomycin induced histological alterations in the renal tissue (H & E,
X40).( a, b and c) kidney tissue of rat in normal control , DMSO and carvacrol groups respectively showing normal
histological structure of glomeruli and tubules in the cortex,(d and €) kidney tissue of vancomycin-challenged rat showing
Focal inflammatory cells infiltration(m) in between the tubules at the cortex and  vacuolar degeneration in the tubular lining
epithelium at the cortex (arrow vd) and (f) kidney tissue of rat treated with vancomycin along with carvacrol showing few
focal inflammatory cells infiltration(m) in between the tubules with eosinophilic casts(c ) in the lumen in some few tubules.
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Table 2. Scoring System for kidney Histopathological Parameters.

Control DMSO | Vancomycin Carvacrol Vancomycin+
group group group group carvacrol group
Focal inflammatory -
.. - +++ - ++
reaction in between the tubules
Tubular degeneration i et i +
Renal cast formation i i i +
+++ Sever ++Moderate +Mild _Nil

4. DISCUSSION

The goal of current investigation is to provide
evidence about carvacrol protection against
vancomycin induced kidney injury. Vancomycin is
an effective antibiotic used commonly against
gram-positive bacteria, but its nephrotoxic effects
limit its efficacy 7. Using Carvacrol can ameliorate
kidney damage by suppressing oxidative stress and
apoptosis as a result of its antioxidant and
anti-apoptotic properties 1% 18,

Urea, Creatinine, KIM1 and Cystatine C levels
are the first indicators for renal disorder as Creatinine
and Cystatine C deemed as indicators of glomerular
function and revealed the decreased glomerular
filtration rate of the kidney and also KIM-1 regarded
as vital biomarker of vancomycin-triggered renal
histopathologic damage %492, Herein, vancomycin
caused nephrotoxicity which evidenced as elevated
levels of Urea, Creatinine, KIM1 and Cystatine C
and these findings are in concurrent with previous
studies 8202 elevation of the concentration of these
indices indicated that the kidneys will collapse
within few days of vancomycin administration 222,

Concerning  Carvacrol administration, it
attenuated these injury signs, so it considered as
agent which have an ameliorative effect against
kidney injury 819,

Oxidative stress occurs when reactive oxygen
species surpass antioxidants contributing to
pathogenesis of many kidney diseases 2> 24,
attributed to the fact that the kidney is a highly
metabolic organ, many oxidation reactions occur
thus it is highly susceptible to oxidative stress which
hasten kidney disease progression specially
vancomycin-triggered renal damage 2'?° so
evaluation of oxidative stress biomarkers is valuable
method for diagnosis of different diseases 2°.

Nrf2 is a transcription factor which considered
the master regulator of endogenous antioxidant
defense via control of expression of many
detoxifying and antioxidant genes 2" 2. Once it
stimulated, it activates the transcription of
cyto-protective HO-1 ; the enzyme that promotes the
destruction of pro-oxidant heme to biliverdin, carbon

monoxide and irons so HO-1 and these
by-products have antioxidant and anti-inflammatory
capacities therefore the expression of HO-1 have an
important role in maintaining balance between
antioxidant system and oxidative condition during
kidney injury. For that reason, inhibition of HO-1
promotes structural and functional damage in the
proximal renal tubules 2%,

Under oxidative stress status, Free radicals
provoke lipid peroxidation and the more important
end product is Malondialdehyde (MDA) therefore it
is used as oxidative stress indicator and also MPO
is a member of heme peroxidases which
up-regulated by oxidative stress 334 Concerning
kidney diseases, production of myeloperoxidase and
formation of MPO-derived reactive species
(reactive/chlorinating intermediate products and
hypochlorous acid) cause inflammation and
oxidative damage to renal cells 3°. On the other hand,
Glutathione is a vital antioxidant can protect cells
against oxidative stress-caused tissue damage % 3°.

Depending on these facts, vancomycin induced
renal damage via oxidative stress by inhibiting Nrf2 /
HO-1 signaling and altering level of GSH which
regarded as a crucial free radical scavenger in kidney
tissue together with increasing levels of MDA and
MPO and these come into agreement with previously
proved results 615 32.37.38,

Considering this oxidative reaction as a main
cause of renal damage in patients treated with
vancomycin, carvacrol abrogated it by its antioxidant
action via elevation of GSH level which confirmed
by up-regulation of Nrf2 and HO-1 along with
decreasing MDA and MPO levels 11:39:40,

NF-«B is a transcription factor which normally
located in the cytoplasm in inactive form via physical
association with inhibitory proteins which called
IkBs which inhibits NF-kB. under effect of oxidative
stress, NF-kB become activated and move to the
nucleus to regulate the inflammatory insult as its
pathway is the main intracellular pathway
responsible for inflammatory response in injured
kidneys #** and this contributed to its action as
regulatory factor that has binding sites in the
promoter regions of many pro-inflammatory
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cytokines therefore activation of NF-kB enhances
pro-inflammatory mediators expression specially
TNF-a % 4 The increased production of
pro-inflammatory cytokines as TNF-a, IL-1p and
IL-6 are responsible for initiation of inflammation in
some renal disorders. particularly, IL-1p and IL-6
included in the progression of many disorders as
chronic kidney disease thus they used as therapeutic
target in many renal injuries as Anti-1L-6 antibodies
appear to have clinical therapeutic value in some
chronic kidney disease 452,

In our study, Vancomycin caused inflammation
via over-expression NF-kB protein which attributed
to down-regulation of its inhibitory protein (IkBf)
protein expression as mentioned by khalaf et al 8.
Activated NF-xB augmented levels of the
pro-inflammatory mediators IL-1p, IL-6 and TNF-a
as proved by He et al & These results indicated that
kidney dysfunction by vancomycin caused by
oxidative stress which was in relation with
augmentation  of  transcription  factors and
pro-inflammatory genes causing inflammation 3. On
the other hand, carvacrol administration increased
IkBP protein expression leading to inactivation of
NF-kB and pro-inflammatory cytokines ®%2 thus
carvacrol administration significantly lowered
TNF-a, IL6 and IL-1B expression so inhibit
inflammation in renal tissue 53 54,

One of the critical effects of oxidative stress is
helping in the progression of apoptosis which is the
programmed cell death. Bcl-2, an endogenously
produced protein prevents cells from dying by an
anti-oxidative mechanism % 555, Concerning renal
injury, apoptosis causes parenchymal cell loss 5. In
our study, vancomycin increased the pro-apoptotic
marker (Bax) and decreased the anti-apoptotic
marker (Bcl2) gene expressions as supported by
Kandemir et al 5.

On contrast, carvacrol amended this apoptosis
by up-regulation of Bcl-2 and decreasing Bax gene
expressions18,52 this effect may be attributed to its
antioxidant effect which can block or delay apoptosis
55

Finally, Histopathological results supported all
previous results as we found that vancomycin caused
renal tissue damage and these lesions may be
attributed to oxidative stress which evoke lipid
peroxidation and collapse both cells and cytoplasmic
membrane and our findings agreed with those
mentioned by Yu et al 2. By carvacrol
administration, Remarkable improvement in renal
architecture occurred and this effect may be
attributed to its antioxidant effect 43% 5859 gag
oxidative reactions are the major cause of kidney
diseases in patients treated with vancomycin so it is

clear that antioxidants can abrogate this damage by
counteracting the oxidative stress .

Nonetheless, there are major limitations in this
study that could be addressed in future research
which is studying the expression of Caspase-3 due to
its role in and Bax /Bcl2 pathway.

5. CONCLUSION

It is concluded that the ability of carvacrol to
halt vancomycin-induced renal damage is
contributed to its anti-inflammatory, anti-oxidative
stress and anti-apoptotic actions as it is clear that the
protective impact of carvacrol on the kidney tissue
could be attributed to its capability to neutralize the
free radicals, its property as Nrf2, HO-1 and IKBf3
activator, its action as IL1p and IL-6 inhibitor so it
plays this ameliorative effect via Nrf2/HO.1, IKBf /
NF«B and Bax /Bcl2 pathways.
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