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Background: Gentamicin (Gent) has rapid & high bactericidal action in addition to its cheap price. Never-
theless, 30% of gentamicin-treated patients develop nephrotoxicity.
Objective: To explore the probable nephroprotective effects of the aqueous garlic extract (AGE) & to
elucidate its underlying mechanisms via monitoring proinflammatory cytokines as tumer necrosis factor
(TNF-av), interleukin 6 (IL-6) and interferon-y (INF-vy), oxidative stess markers as malondialdehyde (MDA)

. . . . & superoxide dismutase (SOD) & kidney injury molecule (Kim-1) as a promising early specific biomarker
Drug-mediated kidney impairment .
Natural herbal extract of renal dysfunction. .. .
GFR Methods: 32 adult male rats were divided into 4 equal groups treated for 21 days as: normal control group
received normal saline orally, AGE-treated group received AGE at 250 mg/kg/day orally, Gent-treated
group received Gent-sulphate intraperitoneal injection at 80 mg/kg /day, and AGE & Gent cotreated group
received AGE and Gent concomitantly in the same previous doses. Serum urea, creatinine, glomerular
filteration rate (GFR), systolic (SBP) and diastolic blood pressure (DBP), TNF-a, IL-6, INF-y, MDA and SOD
and Kim-1 mRNA expression were evaluated in kidney tissue homogenate. Renal cortex sections stained
with Haematoxylin & eosin (H&E) were examined.
Results: AGE is nephroprotective through significantly reducing serum urea, creatinine, SBP and DBP, TNF-
o, IL-6, INF-y and MDA (the main product of lipid peroxidation), decreasing expression of Kim-1 mRNA
in renal tissue and increasing level of GFR, the natural antioxidant SOD and improving renal histological
features of Gent-treated rats.
Conclusion: AGE normalizes Gent-induced renal dysfunction. Their co-administration is a plausible advice,
although the therapeutic efficiency of Gent was not investigated.

© 2019 Elsevier B.V. All rights reserved.
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1. Introduction

The gentamicin (Gent) family of aminoglycoside antibiotics
are highly effective antimicrobial agents, particularly against
severe gram-negative bacterial infections. However, Gent produces
nephrotoxicity as the iceberg of a list of other serious side-effects
[1]. It had been reported that up to 30% of patients receiving Gent
develop symptoms of nephrotoxicity [2]. Despite such toxicities,
Gent is prescribed commonly due to its rapid & high bactericidal
action, low incidence of resistance, chemical stability, synergistic
effect with beta-lactam antibiotics and cheap price [3]. Gent-
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induced kidney injury may be explicated by increased production of
reactive oxygen (ROS) and nitrogen species (RNS), reduction in nat-
ural antioxidant defense and activation of inflammatory processes
[2]. However, the exact mechanism of Gent-induced nephrotoxicity
remains unclear and necessitates further investigations [4].
Tumor necrosis factor-alpha is a proinflammatory cytokine.
Gent increases the infiltration of macrophage and stimulates the
production of TNF-a that enhances the progression of nephritis [5].
Kidney injury molecule-1 is one of the biomarkers used for early
discovery of renal injury [G]. It is a type-I transmembrane glyco-
protein unnoticeable in healthy kidney tissue. It is coded by a gene
thatis a homolog of the human and mouse hepatitis A virus cellular
receptor-1 gene (Havcr1). Its expression is massively increased on
the luminal membrane of proximal tubular cells after ischemic and
nephrotoxicinjury [7] and is shed into the urine [8]. Determination
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Table 1

Primer sequences and conditions for amplifying Kim-1 mRNA. Product size is 214 bp. FP and RP = forward and reverse primers. S5°C and S3’C = Self-5’- and 3’-complementarity.
Prime 5'—3’ Sequence Start Stop Tm GC% S5'C S3'C
FP (22 bp) TTTGGATCTGTACCCAGTGCTT 123 144 59.62 4545 4.0 1.0
RP (20 bp) CAAGGCCAGCCCTCTAATGG 336 317 60.47 60.0 5.0 2.0
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Fig. 1. Kidney tissue homogenate levels of inflammatory markers: TNF-q, IL-6, INF-
v in the different studied groups. Data are mean=+SD (n=8 for each group). aP:
significant vs. the normal control group. bP: significant vs. AGE-treated group; cP:
significant vs. Gent-treated group. (P <0.05).

of urinary Kim-1 enables sensitive, specific and accurate prediction
of human nephrotoxicity in preclinical drug screening [9].

Garlic (Allium sativum) is a member of Alliaceae family, broadly
cultivated in the northern hemisphere, contains more than 200
active chemical compounds [10]. It is commonly investigated in its
aqueous homogenate extract. Allicin (diallyl-thiosulfinate) is the
principal bioactive compound present in the extract. Alliinase is
activated by garlic cloves chopping or crushing to convert alliin into

allicin. In addition, allyl-methyl-thiosulfonate, 1-propenyl-allyl-
thiosulfonate, and y-L-glutamyl-S-alkyl-L-cysteine are important
sulfur-containing compounds present in garlic homogenate [11].
These volatile sulfur-containing thiosulfinates are responsible for
the pungent aroma, taste and biological effects of garlic [10]. More-
over, garlic has large amount of antioxidants and flavonoids which
can be utilized in detoxification systems [12]. Garlic has numerous
pharmacological actions and medical applications, namely: low-
ers serum cholesterol levels, decreases oxidative stress, stimulates
the immune system, enhances detoxification of foreign compounds
and has antibacterial & antifungal actions [13].

The aim of this experimental study is to investigate the
nephroprotective effects of AGE in a rat model of Gent-induced
nephrotoxicity and its potential ameliorating effect on changes
induced in arterial blood pressure (ABP) and expression of Kim-1,
inflammatory and oxidative stress markers. In addition, traditional
renal dysfunction biomarkers and renal tissue histopathological
examination will be done.

2. Materials and methods
2.1. Gentamicin and aqueous garlic extract preparation

Gentamicin sulphate (Epigenet; EIPICO, 6th of October City,
Egypt) 80 mg/2 mL ampoules were used. Fresh local cultivar garlic
was bought from the local market, Assiut, Egypt. AGE was prepared
from 50 g of peeled cloves after chopping, homogenized in 75 mL of
cold sterile 0.9% Nad(l, filtered thrice, and centrifuged at 2000 rpm
for 10 min. The clear supernatant was recovered and made up to
100 mL with the saline. The concentration of this garlic prepara-
tion is 500 mg/mL depending on the weight of the starting material
[14].

2.2. Animals

A total of 32 adult male rats belonging to Wistar albino strain
and weighing 190-250¢g were used in this study. The rats were
housed in clean capacious cages in the animal house of the Faculty
of Medicine, Assiut University, Assiut, Egypt. They were maintained
on a natural 12:12-h light-dark cycle, in an aerated room, tem-
perature (254 5°C), with ad libitum water and food (standard rat
pellets). Before the beginning of the experiment, animals were
adapted to the laboratory conditions for one week. This study
design was permitted by the Animal Bioethics Committee of the
Faculty of Medicine, Assiut University, Assiut, Egypt.

2.3. Experimental design and collection of samples

Animals were randomly divided into 4 groups (8 animals each):
Group 1 (normal control group) received 0.9% NaCl solution by oral
gavage. Group 2 (AGE-treated group) received AGE at a dose of
250 mg/kg/day by oral gavage [15]. Group 3 (Gent-treated group)
received Gent at a dose of 80 mg/kg/day by intraperitoneal injec-
tion [16,17]. Group 4 (AGE & Gent cotreated group) received both
AGE and Gent in the same previous doses concurrently within
10 min. All treatments were administered daily for 21 days. Urine
samples (in milliliters per 24 h) were collected from each animal
using individual metabolic cage to estimate urinary creatinine for
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Fig. 2. Haematoxylin & eosin stained sections of the kidney cortex of adult male rat from: 1) the normal control group showing normal glomeruli (G) surrounded by Bowman'’s
capsule with normal renal space (S), and normal proximal (P) and distal (D) convoluted tubules. 2) AGE-treated group showing similar histology as in (1). 3) Gent-treated
group revealed fibrous interstitial connective tissue (arrow head), mononuclear inflammatory cellular infiltration (arrow) and vacuolization (V) of the convoluted tubules
with tubular dilatation (curved arrows). And 4) Gent & AGE- cotreated group showed almost complete prevention of the histological alterations observed in (3) with only

some tubular dilatation (arrow heads) (magnification: x400; scale bars =250 wm).

Table 2
Serum urea and creatinine levels (mg/dL) and glomerular filtration rate (GFR;
mL/min) in the different studied groups.

Groups Urea Creatinine GFR

Normal control 30.824+5.22 0.52+0.05 0.0317+0.01
AGE-treated 29.07 +£5.38 0.47 +0.09 0.0531+0.035
Gent-treated 40.41+5.06%P 0.68 +0.062> 0.02+0.01
Gent &AGE cotreated 33.83+3.48¢ 0.52+0.13¢ 0.064 +0.05¢

Data are mean=+SD (n=8 for each group). ?P: significant vs. the normal control
group. PP: significant vs. AGE-treated group; °P: significant vs. Gent-treated group
(P<0.05).

3 consecutive days (at 11:30 AM) before scarification of animals to
decrease the probability of missing the peaks of urinary creatinine.

Systolic & diastolic blood pressure were measured in conscious
rats before the start of the experiment, and at end of the 1st,
2nd, and 3rd week by the indirect tail cuff method using Electros-
phygmomanometer Pneumatic Pulse Transducer (Model LE 5001
Pressure Meter, Panlab, Harvard, USA). The animals were pre-
warmed in a metal chamber at about 35 °Cand allowed to acclimate
for 30 min before the recordings were made. Three successive read-
ings were made at the same time of day (8-10 a.m.). Mean SBP &
DBP values from the three measurements were calculated.

Blood samples were taken from the retro-orbital vein, cen-
trifuged at 3000 round per minute (rpm) for 15 min and the clear,
non haemolysed supernatant sera were removed and kept at -20 C
until use. Then, all animals were sacrificed by cervical dislocation
under light phenobarbital anesthesia and the kidneys were quickly
removed, rinsed with ice-cold saline and divided into 2 halfs, one
half was immediately frozen in liquid nitrogen and stored at —80°C
for further analysis and the other was used for the histopathological
examination.

Table 3
Levels of SOD and MDA in kidney tissue homogenate of the different studied groups.

Groups SOD (u/mg) MDA (nmol/mg)
Normal control 3434+7.15 3+0.67
AGE-treated 35.83+5.63 2.55+0.8
Gent-treated 25.2+8.12b 4.64+0.67 b
Gent &AGE cotreated 42.16 £4¢ 3.39+1.27¢

Data are mean+SD (n=8 for each group). ?P: significant vs. the normal control
group. PP: significant vs. AGE-treated group; °P: significant vs. Gent-treated group
(P <0.05).

2.4. Biochemical measurements

2.4.1. Serum and urinary creatinine measurements

Serum and urinary creatinine levels were measured spectropho-
tometrically using a kit from Biolabo (REF80107, Maizy, France)
following the kit instructions.

2.4.2. Glomerular filtration rate (GFR) estimation

GFR was estimated by measuring creatinine clearance (urinary
creatinine concentration (U) (mg/ml) x urine volume (V) (ml/min)
| serum creatinine concentration (P) (mg/ml) according to [18].

2.4.3. Serum urea measurements

Serum urea was measured colorimetrically using a kit purchased
from Spectrum Diagnostics (REF321 001, Obour City, Egypt) follow-
ing the instruction of the manufacturer.

2.4.4. Measurement of proinflammatory cytokines (TNF-«, IL-6
INF-y ) in kidney tissue homogenate

1g of kidney tissue was homogenized with 4 ml 0.9% NaCl at
4000rpm and then extract were centrifuged at 20,000 rpm for
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Fig. 3. Changes in mRNA expression of Kim-1 in kidney tissues of the different
studied groups measured using real time PCR. Data were expressed mean =+ SD. ?P:
significant vs. the normal control group. PP: significant vs. AGE-treated group; “P:
significant vs. Gent-treated group. (P <0.05).

20 min, supernatant was collected and stored at —20 °C for subse-
quent measurement of IL-6, TNF-¢, INF-y [19]. The level of rat TNF-a
in the kidney tissue homogenate was measured using ELISA kit from
Koma Biotech (Cat. #K0331196, Seoul, Korea) following the man-
ufacturer’s instructions [20]. IL-6 was measured in kidney tissue
using a rat Interleukin-6 ELISA kit (CUSABIO, Wuhan, China) which
employs the quantitative sandwich enzyme immunoassay tech-
nique, and expressed as pg/mg. The levels of IFN- y were measured
by a solid phase sandwich ELISA (AbC 606 and AbC 607, respec-
tively; Votrefournisseur AbCysS.A. Paris, France) and expressed as

pg/mg.
2.5. Measurement of MDA & SOD

MDA & SOD were measured by colormetric kits supplied by
Biodiagnostic co (Biodiagnostic, Giza, Egypt) and expressed as
nmol/mg & u/mg respectively.

2.6. Histopathogical study

Half of the kidney was fixed in 10% neutral buffered forma-
lin, dehydrated and embedded in paraffin. 5-pm-thick paraffin
sections were made and stained with H&E for histopathological
assessment [21].

2.7. Quantification of Kim-1 mRNA in kidney tissue using real
time PCR

RNA was isolated from the kidney tissue homogenate using
GeneZol™ CT RNA Extraction reagent (Genetix Biotech Asia, Shivaji
Marg, New Delhi, India) and further purified using the RNeasy Kit
(Takara, Dalian, China) thatincluded DNase treatment. Complimen-
tary DNA (cDNA) was synthesized from RNA using high-capacity
cDNA reverse transcription kit (Applied Biosystems Inc, CA, USA).
Gene expression was detected by Step One Plus™ Real-Time PCR
System (Applied Biosystems Inc, CA, USA) and SYBR Green Real-
Time PCR Master Mix (Applied Biosystems Inc, CA, USA). Primer
sequences are shown in Table 1. Gene expression changes relative
to untreated controls were determined by the 2-22¢t method.

2.8. Statistical analysis

SPSS program version 16 (SPSS Inc., Chicago, USA) was used
for analysis of data. Results were expressed as mean = SD. Statis-
tical analysis was carried out using one-way ANOVA followed by
Tukey’s post hoc test. Pearson’s correlations were assessed. Values
of P <0.05 were regarded statistically significant.

3. Results
3.1. Effect of Gent and AGE on serum kidney function and GFR

Insignificant differences in the levels of urea, creatinine and
GFR were found between normal control and AGE-treated groups.
The levels of serum urea and creatinine increased significantly
in Gent-treated rats compared with the control (P=0.002 and
P=0.01; respectively), AGE-treated (P=0.0001 and P=0.0001;
respectively) and Gent & AGE-cotreated rats (P=0.05 and P=0.01;
respectively). The cotreatment group showed restoration of the
normal serum levels of urea and creatinine with no signifi-
cant differences from the control and AGE-treated rats. GFR
non-significantly decreased in Gent-treated group (0.02+0.01)
compared to control & AGE-treated groups. Cotreated rats showed
normalized GFR (0.0638 +0.04972) reaching a non-significant dif-
ference compared with each of the control & AGE-treated groups.
However, its level was significantly higher than Gent-treated group
(P=0.027) (Table 2).

3.2. Effect of gent and AGE on kidney tissue TNF-c, IL-6 and INF-y
content

The levels of TNF-a, IL-6 and interferon-y in the kidney tis-
sue homogenate were significantly higher in Gent-treated group
in comparison with the control (P=0.0001 in all), AGE-treated rats
(P=0.0001 in all). The administration of AGE concurrently with
Gent to adult male rats reduced the levels of these inflammatory
markers (TNF- o, IL-6 and interferon-vy) to a significant degree in
comparison with rats given Gent alone (P=0.0001, 0.01 & 0.0001;
respectively) but their levels remain still significantly higher versus
the control (P=0.0001, 0.031 & 0.0001; respectively) and AGE-
treated rats (P=0.0001, 0.014 & 0.0001; respectively) (Fig. 1).

3.3. Effect of Gent and AGE on oxidative stress markers (SOD &
MDA ) in renal tissue homogenate

Intraperitoneal administration of gentamicin to adult male rats
reduced the level of natural antioxidant enzyme SOD in renal tis-
sue homogenate to a marked extent as compared to the control
(P=0.038) & AGE-treated groups (P=0.013). Meanwhile, the level
of major lipid peroxidation product MDA significantly elevated
in comparison with the control (P=0.01) & AGE-treated groups
(P=0.0001). Oral intake of garlic concurrently with Gent markedly
raised the level of SOD and significantly reduced the level of MDA in
comparison with Gent-treated group (P=0.0001 & 0.042; respec-
tively) but normalized their levels with no significant differences
from the control & AGE-treated groups (Table 3).

3.4. Effect of Gent and AGE on systolic (SBP) and diastolic (DBP)
blood pressure

The SBP & DBP increased progressively to a significant degree in
a time dependent manner after administration of Gent compared
to control and AGE-treated groups (P=0.0001). Co-administration
of Gent and AGE reduced both SBP & DBP to a significant level in
comparison with Gent-treated rats (P=0.004 & 0.0001; respec-
tively) but normalized it to nonsignificant differences compared
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Fig. 4. Correlation between levels of kidney tissue inflammatory, oxidative stress markers and Kim-1 mRNA expression in Gent-treated group.

to controls and AGE-treated rats at the end of the 15t week of
treatment. Later on, after 2" week of experiment, treatment with
AGE significantly reduced SBP & DBP compared to Gent-treated
rats (P=0.0001, P=0.0001 respectively) but still markedly higher
than control and AGE-treated groups (P=0.0001). Afterthat, at the
end of 3™ week, both SBP & DBP were significantly decreased
in Gent & AGE cotreated group in comparison with Gent-treated
group (P=0.0001P=0.0001 respectively) but still markedly ele-
vated than control & AGE-treated groups (P=0.0001, 0.0001, 0.001,
0.003; respectively) (Table 4).

3.5. Renal cortex histopathology

H&E stained paraffin sections of the kidney revealed normal his-
tological architecture in rats of both the control and AGE-treated
groups. Renal cortex showed the normal Malpigian renal corpus-
cles with normal renal space, proximal (PCT) and distal convoluted
tubules (DCT). Gent-treated group revealed variable degenerative
changes in the glomeruli and renal tubules. The glomeruli showed
an apparent increase in the Bowman'’s spaces. Fibrous connec-
tive tissue and mononuclear inflammatory cellular infiltration in
the interstitium were noticed. In addition, marked tubular dilata-
tion was noticed. Co-administration of Gent and AGE improved
the histological alterations observed in Gent-treated group. The
renal cortex had a histological pattern nearly like the control
& AGE-treated groups. The renal corpuscles were normal. Renal
space was preserved. The proximal and distal convoluted tubules
revealed almost normal histological structure. Some tubular dilata-
tions were still noticed (Fig. 2).

3.6. Kim-1 mRNA expression

There was marked upregulation in Kim-1 mRNA level after nor-
malization to GAPDH gene in Gent-treated group compared to
the control and AGE-treated group (31.64+5.39 vs 0.79+0.15 &
0.8+0.2; P=0.0001 and 0.0001 respectively). The adult male rats
given AGE in conjunction with Gent showed reduced expression of
Kim-1 mRNA to a significant degree in comparison with rats given
Gent alone (P=0.0001). Gent-AGE-cotreated rats exhibited non-
significant differences from the normal control and AGE-treated
rats (Fig. 3).

3.7. Correlations

There were significant positive correlations between Kim-1
mRNA expression and IL-6, INF-y, TNF-a and MDA in Gent-
treated group (r=0.755, P=0.030, r=0.848, P=0.008, r=0.928,
P=0.001 & r=0.790, P=0.020) & AGE-Gent co-treated group
(r=0.749, P=0.032, r=0.801, P=0.017, r=0.958, P=0.0001 &
r=0.897,P=0.003).Significant negative correlations were observed
between Kim-1 mRNA expression and Kidney tissue SOD level in
both Gent-treated (r=-0.787,P=0.020) & Gent-AGE treated groups
(r=-0.871, P=0.005). In addition, significant positive correlations
among TNF-a and both IL-6 and INF-y were present in Gent-treated
(Figs. 4 & 5 ). While in Gent-AGE treated group, TNF-a was sig-
nificantly negatively correlated with SOD & positively correlated
with MDA, IL-6 & INF-y. While in normal control & AGE-treated
group, no correlation was observed between these parameters

(Fig. 6).
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4. Discussion

The present study investigated the ability of AGE in halting Gent-
induced nephrotoxicity. The model was established and showed
marked increases in serum urea and creatinine levels with a
decrease in GFR that was confirmed by massive histopathological
alterations in the renal tissue. These results reproduced previ-
ous observations [22-24]. Gent reduces GFR by increasing renal
vascular resistance and decreasing glomerular ultrafiltration coef-
ficient [2]. The increased serum creatinine concentration was due
to decrease in GFR [25].

One of the possible mechanisms of Gent-induced nephrotoxi-
city is through increasing the production of the proinflammatory
cytokines TNF-a, IL-6 & INF-y as seen in our study. This result is
similar to a previous report that reasoned it to increases in the
production of ROS from mitochondria [26]. The latter stimulates
the expression of inducible nitric oxide synthase and nitric oxide
(NO) in glomeruli and mesangial cells [27]. NO reacts with superox-
ide anion to form peroxynitrite. This creates a state of nitrosative
stress in the kidney with the increases in locally secreted proin-
flammatory cytokines [28]. Also, these findings are similar to a
former study done by [29]. Excessive production of hydrogen per-
oxides and superoxide anions as a result of reduced activity of
SOD demonstrated in our study activates NF-kB that augments the
expression of pro-inflammatory cytokines: TNF-a, IL-6 and INF-y
[30]. The normalization of inflammatory cytokines after oral intake
of garlic extract could be explained by the its allicin content that
exhibited anti-inflammatory effect by reducing the expression of

intercellular adhesion molecule-1 & inflammatory cytokines (TNF-
a, [L-1a, IL-6, IL-8, T-cell, interferon-vy and IL-2) while stimulating
IL-10 production [31].

The decreased SOD activity and increased MDA level in renal
tissue of gent-treated rats confirmed a state of oxidative stress
in the kidney. This is in partial agreement to studies conducted
by [4,29,32]. A previous study proved that gentamicin directly
increased generation of ROS via inhibiting NADH dehydrogenase &
cytochrome C oxidase enzyme activities of the mitochondrial respi-
ratory chain [4]. Restoration of normal balance between oxidants
& antioxidants could be due to the potent antioxidant activity of
AGE [3]. The excessive generation of hydrogen sulfide (H,S), the
main end product of diallyl trisulfide present in AGE enhances
the expression of the nuclear factor E2-related factor-2 (Nrf-2)
with consequent increased its downstream antioxidant enzymes
[33]. Nrf2 is cytoplasmic transcription factor, translocated in to
the nucleus and subsequently attached to the antioxidant respon-
sive element existed in the promoter area of several genes which
encrypt the antioxidant enzymes [34].

The significant progressive increase in arterial blood pressure
in animals injected with Gent might be due to the associated
structural alterations in renal tissue that decreased GFR and urine
output. The consequent increase in plasma volume and cardiac out-
put triggered the increased ABP [35]. The damage of glomerular and
tubular cells and glomerular congestion induced by Gent reduced
renal blood flow, decreased amount of sodium that reached mac-
ula densa and distal tubules. All these factors would induce the
release of renin from the juxtaglomerular apparatus which in turn
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Table 4
Changes in systolic & diastolic blood pressure (SBP; DBP; mmHg) at different weeks in various studied groups.
Groups Weeks
0 1st 2nd 3rd
SBP/DBP SBP/DBP SBP/DBP SBP3/DBP
Normal control 124.44+5.73 117.3+8.5 121+£13.82 125.6+10.18
/71.8 £5.15 /73.3+7.48 /71.8 £7.87 /72.5+8.16
AGE-treated 119.44+9.27 121+£8.77 122.64+9.58 117.6+10.9
/72.5+4.23 /69.2 £5.03 /70.8 £4.17 /72.5+8.16
Gent-treated 120.6+8.19 166 +34.56a,b 2123+11.85ab 226.3+16.2ab
/73.3+8.48 /97.5+5.92 /108.5+7.62 /117 £15.45
Gent & AGE-cotreated 119.6+£9.71 130.1+11.44c 175.34+24.22a,b,c 181.8+20.93a,b,c
/76.6 £5.31 /76.9£4.49 /89.5+5.01 /93.8+£6.25

SBP & DBP were measured before the start of experiment (SBPO, DBPO), after one week (SBP1, DBP1), two weeks (SBP2, DBP2) and 3 weeks (SPB3, DBP3). Data are mean 4+ SD
(n=8 for each group). ?P: significant vs. the normal control group. ®P: significant vs. AGE-treated group; °P: significant vs. Gent-treated group (P < 0.05).

activated the renin-angiotensin-aldosterone that played a role in
renovascular hypertension [36].

Aqueous garlic extract lowers the blood pressure possibly
through reducing the activity of angiotensin converting enzyme
(ACE) and inhibition of the renin-angiotensin system [37]. A study
conducted by [38] reported that in the two-kidney-one-clip hyper-
tensive rat model, a marked reduction in SBP was noted in the
garlic-treated rats (given a single daily oral dose of 50 mg of AGE
for 4 weeks). This decrease correlates positively with a reduction in
ACE activity in the serum, aorta, heart, lung and kidney. In agree-

ment with our results, a recent study found a marked reduction in
ABP in rats given concurrently Gent & AGE for 21 days [39]. It was
found that patients with renal impairment had a state of oxida-
tive stress as a result of increased production of free radicals and
reduced antioxidant capacity and this was increased in a graded
manner with increasing renal dysfunction [40]. These free radicals
were implicated to be a mediator of hypertension [41]. The organic
sulfur compounds and polyphenols of AGE prevent cellular injury
& reduce ABP through scavenging free radicals [42]. Also, the dial-
lyl trisulfide present in AGE yields hydrogen sulfide (H2S), which
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is a vasodilator that opposes hypertension [43]. Besides, H2S also
antagonizes the renin-angiotensin system [44].

The histological renal alterations observed in our rats given Gent
reproduced previously reported observations [22,45,46]. The prox-
imal renal tubular cells are the primary target site where Gent
accumulates with the help of specific transporters. This causes
severe tubular necrosis with sloughing of tubular cells into the
lumen resulting in slowing of fluid flow that aggravates drug accu-
mulation. This culminates into deterioration of function and renal
failure [47]. Gent accumulation in the lysosomes causes their rup-
ture with the release of acid hydrolases that damage cytoplasmic
organelles contributing to apoptosis and necrosis of proximal tubu-
lar and mesangial cells [45]. These necrotic changes induced the
release of pro-inflammatory cytokines which exacerbate the leuko-
cytes migration to the injured site [48]. This was observed in our
study by the presence of mononuclear cellular infiltration in renal
tissue of Gent-treated rats and the high levels of TNF-c, IL-6 & INF-y
in their kidney tissues.

Our results showed a significantly increased expression of Kim-1
mRNA in kidney tissue of rats injected with Gent. This was similar to
the results obtained by other researchers [4,8]. The increased Kim-
1 mRNA expression in renal tissue observed in our study might be
mediated by TNF-a that induced the expression of matrix metal-
loproteinase (MMP)-3, specific enzyme present in proximal renal
tubular cells, that in turn, increased Kim-1 expression. The posi-
tive correlation between TNF-a & Kim-1 mRNA expression could
be a potential explanation of this result. In addition, the induced
proliferation of renal cells in response to Gent overdose might be
another reason for the higher Kim-1 mRNA expression [4]. Further-
more, The increased ROS as a result of Gent nephrotoxicity might
cause increased expression of MMP-3 and consequent increased
Kim-1 mRNA expression [49]. This is proved by positive correlation
between MDA & Kim-1 mRNA expression and negative correlation
between Kim-1 mRNA expression & SOD.

Our study found that oral supply of AGE in addition to Gent
for 21 days ameliorated the renal stress induced by Gent. This
was evidenced by normalization of the increases in inflammatory
cytokines, MDA and Kim-1 mRNA expression in kidney tissue. Such
nephroprotection was reflected as significant reductions in serum
urea and creatinine levels, improvement in GFR, reduction of SBP
& DBP & prevention of histological structural alterations in renal
tissue. These results are in concordance with a previous study con-
ducted by Abd El Fadil et al. 2016. Furthermore, Ahmed et al 2015
described similar histopathological renal alterations in rats given
a single i.p. injection of methotrexate, (20 mg/kg) either alone or
with oral garlic extract (1mL/100g. b.w.) for 7 days before and
after methotrexate administration. The organic sulfur compounds
present in AGE inhibits neutrophil infiltration, release of inflam-
matory mediators including TNF-« and IL-1(3, oxidative stress and
subsequent cytotoxicity, renal tissue apoptosis and necrosis [41].
This might be verified by the positive correlation between TNF-
a, IL-6, INF-y, MDA & Kim-1 mRNA expression in kidney tissue of
AGE-Gent cotreated rats.

5. Conclusion

The present study showed that AGE given orally attenuated
nephrotoxicity induced by Gent injection in rats. This effect was
mediated by reducing level of inflammatory markers (TNF-«, IL-6
& INF-v) in renal tissue homogenate, reversing the state of oxida-
tive stress in the kidney, decreasing expression of Kim-1 mRNA in
renal tissue as well as preventing/repairing the histological alter-
ations induced by Gent. Such observations stands for the potential
role of garlic supplementation as an adjuvant in the therapeutic
strategies aimed at delaying chronic renal disease progression and

its complications particularly during long courses of Gent ther-
apy. However, further experiments aiming at identification of other
molecular mechanisms are planned for.
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