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Abstract

Chronic renal failure (CRF) is associated with oxidative stress that promotes production of reactive oxygen species
and cytokine release. We aimed to investigate the possible protective and antioxidant effects of aqueous garlic extract
(AGE) in a rat model of CRF. Male Sprague-Dawley rats were randomly assigned as either CRF group with 5/6 reduction
in the renal mass or sham-operated control group. CRF group received either saline or AGE (250 mg/kg/day/1 mL)
orally for 3 weeks. At the end of the 3 weeks, rats were decapitated and trunk blood was collected. Creatinine, blood
urea nitrogen (BUN) and lactate dehydrogenase (LDH) activity, and TNF-a and IL-1B levels were measured in the
serum samples, while malondialdehyde (MDA), glutathione (GSH) levels, and myeloperoxidase (MPO) activity were
determined in the kidney, lung, and heart samples. CRF caused significant decreases in tissue GSH, which were
accompanied with significant increases in MDA levels and MPO activities, while the circulating levels of the LDH
activity, creatinine, BUN, TNF-a, and IL-18 were elevated. AGE treatment alleviated CRF-induced oxidative changes in
the injured tissues, while CRF-induced elevations in the blood levels of the pro-inflammatory cytokines and LDH were
reduced. In conclusion, CRF-induced oxidative tissue injury occurs via the activation of pro-inflammatory mediators
and by neutrophil infiltration into tissues and that the protective effects of garlic on CRF-induced injury can be attributed
to its ability to inhibit neutrophil infiltration and pro-inflammatory mediators. These findings suggest that garlic, as a
supplementary to diet, may have a potential therapeutic use in delimitating the systemic oxidant effects of CRF on

remote organs.
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INTRODUCTION

The morbidity and mortality associated with chronic
renal failure (CRF) are primarily caused by atheroscle-
rosis, which may be in part caused by oxidative
stress. Oxidative stress was shown to be increased
in patients with renal impairment as a result of
increased oxidant activity and reduced antioxidant
capacity, and this was increased in a graded manner
with increasing renal dysfunction.!>? In the early phase
of CREF, the presence of oxidative stress was verified by
increased plasma 8-isoprostane levels, while other mark-
ers of oxidative stress [malondialdehyde (MDA), glu-
tathione (GSH) peroxidase (GPx), and oxidized serum
albumin] measured during the later phases indirectly

confirmed that oxidative stress is especially important
in renal dysfunction.>* In CRF, the imbalance between
increased production of reactive oxygen species (ROS)
and subsequent cytokine release along with limited or
decreased antioxidant capacity results in a persistent
formation of toxic lipid peroxidation products,>® dam-
aging the organic molecules such as proteins, nucleic
acids, and lipids, contributing to the development
of serious complications in CRE.”>® In patients with
CREF, activation of polymorphonuclear neutrophils is
a well-recognized feature with documented association
between renal dysfunction and the different mediators
and markers of inflammation such as interleukin (IL)-6,
tumor necrosis factor-alpha (TNF-o), and fibrinogen.’
Chronic inflammatory response is a highly prevalent

Address correspondence to Berrak C. Yegen, Department of Physiology, School of Medicine, Marmara University, 34668 Haydarpasa,
Istanbul, Turkey. Tel.: +90-216-4144736; Fax: +90-216-4183327; E-mail: byegen@marmara.edu.tr

Received 25 January 2011; Accepted 11 May 2011



co-morbid condition that predicts poor clinical outcome
in CRF patients, increasing mortality.!?

Garlic (Allium satioum L.), which is an important and
widely cultivated plant with both culinary and medici-
nal uses, has been used as a folk remedy for a variety
of ailments since ancient times.!! In several animal
models, it has been demonstrated that garlic prepa-
rations prevented tumor promotion and liver damage
and delayed the progression of cardiovascular diseases
and aging, which are considered to be associated with
oxygen radical generation and lipid peroxidation.!?15
Garlic-derived allium derivatives have been shown to
exert antibiotic, anticancer, antithrombotic, and lipid-
lowering cardiovascular effects.!® Garlic and other
members of the Allium family are unusual in con-
taining very high levels of organic sulfur compounds,
and many of the reported beneficial effects of these
vegetables have been attributed to these organic sul-
fur compounds.!® The intrinsic antioxidant activity of
garlic extracts and its constituents has been widely
documented using in vivo and in vitro experimental
models.!”1% Garlic extracts increased superoxide dis-
mutase (SOD), GPx, and catalase (CAT) activities in
cultured vascular cells,?%?! while a garlic compound,
alliin, prevented the decrease in hepatic SOD and CAT
activities in diabetic rats.!%2!

Garlic extract and its various components were pos-
tulated to have an important cytoprotective role in
the setting of ischemia/reperfusion (I/R) injury through
their antioxidant and anti-inflammatory properties.
Accordingly, we have previously studied the protec-
tive and antioxidant effects of garlic in I/R-induced
hepatic, cerebral, and renal injury.?2-2* Based on the
aforementioned observations, the aim of the present
study was to elucidate the possible protective effects of
aqueous garlic extract (AGE) on CRF-induced renal,
cardiac, and pulmonary injury by using biochemical and
histopathological analyses.

MATERIALS AND METHODS

Animals

Male Sprague-Dawley rats (220-250 g), supplied
by the Marmara University (MU) Animal Center
(DEHAMER), were kept at a constant temperature of
22 + 2°C with light—dark cycles of 12 h. Rats were fed
a standard diet and water ad libitum. Experimental pro-
tocols were approved by the MU Animal Care and Use
Committee.

Surgery and Experimental Design

The rats that were randomly assigned to either the CRF
(n = 16) or the sham-operated control groups (n =
8) were anesthetized with ketamine (100 mg/kg) and
chlorpromazine (0.75 mg/kg) given intraperitoneally. In
order to induce CREF, rats underwent 5/6 nephrectomy
by surgical resection of the upper and lower thirds of the
left kidney, followed by right nephrectomy.?> The rats

© 2011 Informa Healthcare USA, Inc.
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in the sham-operated control group had similar anes-
thetic procedures and bilateral dorsal incisions without
any surgical resections.

CRF group received either AGE (250 mg/kg/day,
n=8) in 1 mL or saline (1 mL; n = 8) by gavage for
3 weeks. One milliliter of AGE contained material from
500 mg of garlic, prepared from peeled garlic crushed
with distilled water in a mortar. The dose and prepara-
tion of AGE were based on our previous reports.2%20 At
the end of the 3 weeks, rats were decapitated and trunk
blood was collected. Blood urea nitrogen (BUN) and
creatinine levels were determined as indicators of kidney
function. Serum lactate dehydrogenase (LDH) activ-
ity was measured as a marker of systemic tissue injury.
TNF-a and IL-1f levels were also measured in the
serum samples, while the tissue samples from the kid-
ney, heart, and lung were immediately taken and stored
at —80°C. In all tissue samples, MDA and GSH levels
and tissue-associated myeloperoxidase (MPO) activity
were determined.

Biochemical Analysis

BUN,27 serum creatinine,?® and serum LDH levels?®
were determined spectrophotometrically using an auto-
mated analyzer. Serum levels of TNF-a and IL-1f8 were
quantified according to the manufacturer’s instructions
and guidelines using enzyme-linked immunosorbent
assay (ELISA) kits specific for the previously mentioned
rat cytokines (Biosource International, Nivelles, Bel-
gium). These particular assay kits were selected because
of their high degree of sensitivity, specificity, inter-
and intra-assay precision, and small amount of serum
sample required for conducting the assay.

Measurement of Tissue Myeloperoxidase Activity
Tissue-associated MPO activity, which is accepted as
an indicator of neutrophil infiltration in tissues, was
measured by a procedure similar to that described by
Hillegas et al.?° Kidney, heart, and lung samples in 0.2—
0.3 g were homogenized in 10 volumes of ice-cold potas-
sium phosphate buffer (20 mM K,HPO, pH 7.4). The
homogenate was centrifuged at 12,000 rpm (41400 x g)
for 10 min at 4°C, and the supernatant was discarded.
The pellet was then rehomogenized with an equivalent
volume of 50 mM K;HPO containing 0.5% (wt/vol)
hexadecyltrimethylammonium hydroxide (Sigma, Saint
Louis, MO, USA). MPO activity was assessed
by measuring the H;O,-dependent oxidation of o-
dianisidine-2HCI. One unit of enzyme activity is defined
as the amount of the MPO present that causes a change
in absorbance of 1.0 min~! at 460 nm and 37°C.3!

Measurement of Tissue Malondialdehyde and
Glutathione Levels

For the measurement of MDA and GSH, renal, cardiac,
and pulmonary tissue samples were homogenized in 10
volumes of ice-cold 10% trichloroacetic acid and cen-
trifuged at 3000 rpm (2000 x g) for 15 min at 4°C.
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Supernatant was removed and recentrifuged at 10,000
rpm at 4°C for 8 min. The supernatant was trans-
ferred to a test tube containing an equal volume of
thiobarbituric acid (TBA; 0.67% w/v), and this mixture
was then heated to 90°C and maintained at that tem-
perature for 15 min. The MDA concentration for each
specimen was determined in a spectrophotometer based
on the level of absorbance at 532 nm and was expressed
as nmol/g tissue.>> GSH measurements were performed
using a modification of the Ellman procedure.>® Briefly,
after centrifugation at 3000 rpm (2000 x g) for 10
min, 0.5 mL supernatant was added to 2 mL 0.3 mol/LL
Na,HPO4-2H, O solution. A 0.2 mL solution of dithio-
bisnitrobenzoate (0.4 mg/mL 1% sodium citrate) was
added and the absorbance at 412 nm was measured
immediately after mixing. GSH levels were calculated
using an extinction coefficient of 1.36 x 10° M/cm.
Results are expressed in pmol GSH/g tissue.

Histopathological Analysis

For light microscopic investigations, tissue specimens
were fixed in 10% formaldehyde, dehydrated in increas-
ing alcohol series, cleared in toluene, and embedded
in paraffin. Paraffin sections (5 pm) were stained with
hematoxylin and eosin (H&E) and examined under a
photomicroscope (Olympus BX51, Tokyo, Japan) for
the characterization of histopathological changes by an
experienced histologist (FE) in a blinded fashion.

Statistics

Statistical analysis was done using a Graph Pad Prism
3.0 (Graph Pad Software, San Diego, CA, USA). All
data are expressed as means = SEM. Groups of data
were compared with an analysis of variance (ANOVA)
followed by Turkey’s multiple comparison tests. Values
of p < 0.05 were considered as significant.

RESULTS

Serum BUN and creatinine levels, assessed to evalu-
ate the severity of CRF, were significantly higher in
the saline-treated CRF group than those of the control

group (p < 0.001; Table 1). AGE treatment signifi-
cantly reduced (p < 0.001) the increase in BUN level,
while the elevation in serum creatinine level was abol-
ished in AGE-treated CRF group (p < 0.01). When
compared to the sham-operated control group, in the
saline-treated rats with CRF, serum levels of LDH, as
well as pro-inflammatory cytokines, TNF-a and IL-1p
were significantly increased as markers of systemic tissue
injury (p < 0.01-0.001). On the other hand, CRF-
induced elevation in LDH, TNF-a, and IL-1f levels
was significantly reduced in the animals treated with the
garlic extract (p < 0.05-0.01).

MPO activity, which is accepted as an indicator of
neutrophil infiltration, was significantly increased in the
renal, cardiac, and pulmonary tissues at the third week
of renal failure (p < 0.05-0.01; Figure 1). However,
AGE treatment throughout the 3-week CRF period sig-
nificantly reduced the MPO activity in the renal tissue
(p < 0.05), but increased MPO activity in both the heart
and lung as CRF was abolished by the garlic extract
(» < 0.01 and 0.001). The MDA levels, measured as
a major degradation product of lipid peroxidation in the
renal, cardiac, and pulmonary tissues, were found to
be significantly higher in the saline-treated CRF group
as compared to those of the control group (p < 0.01,
Figure 2). Treatment with the AGE reduced the MDA
levels in the heart and lung significantly (p < 0.05),
but the AGE treatment did not significantly change
increased lipid peroxidation of the renal tissue with
chronic failure. Supporting the MDA and MPO find-
ings, in the saline-treated CRF group, levels of the
major cellular antioxidant GSH in the studied tissues
were significantly decreased (p < 0.01-0.001, Figure 3).
However, garlic treatment throughout the 3-week CRF
period had no significant effect on the GSH levels of
none of the tissues.

As compared to the sham-operated control group,
with regular morphology of the kidney (Figure 4A), in
the saline-treated CRF group (Figure 4B) degenerated
glomerular and Bowman’s space structures and severe
degeneration in tubular epithelium with cellular debris
in lumen of the tubules were observed. The cardiac tis-
sue of rats with renal failure (Figure 4E) demonstrated

Table 1. Serum levels of blood urea nitrogen (BUN), creatinine, lactate dehydrogenase (LDH), tumor necrosis
factor-alpha (TNF-a), and interleukin-1 beta (IL-1f) in the sham-operated control and saline- or aqueous garlic
extract (AGE)-treated chronic renal failure (CRF) groups. For each group n = 8.

Control group

CREF groups

Saline-treated AGE-treated

BUN (U/L) 34.5+1.5
Creatinine (U/L) 0.34+0.04
LDH (U/L) 2674+ 114
TNF-a (U/L) 5.94+0.5
IL-1B (U/L) 19.1+1.5

00.3 £ 3.1%** 53.3 4+ 4.1+
1.02 4 0.1 0.6 +0.08*+
6010 % 4227 4428 £ 237+t
14.841.9% 8.8+1.0%
37.2+£3.8% 21.6+6.8TF

Notes: BUN, blood urea nitrogen; CRF, chronic renal failure; LDH, lactate dehydrogenase; TNF-a, tumor

necrosis factor-alpha; IL-18, interleukin-1p.

*p < 0.01, **p < 0.001; compared to sham-operated control group.
Tp < 0.05, ¥*p < 0.01, **+p < 0.001; compared to saline-treated CRF group.

Renal Failure
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Figure 1. Myeloperoxidase (MPO) activity in the (A) kidney, (B)
heart, and (C) lung tissues of sham-operated control, and saline-
or aqueous garlic extract (AGE)-treated chronic renal failure
(CRF) groups.

Notes: *p < 0.05, **p < 0.01; compared to control group.

Tp < 0.05, TTp < 0.01, TTTp < 0.01; compared to saline-treated
CREF groups.

severe vascular congestion, hemorrhage in some
regions, and degeneration in muscle fibers, while the
regular morphology of the cardiac tissue was observed
in the sham-operated control group (Figure 4D). With
respect to lung tissue of the control rats (Figure 4G),
the pulmonary tissue (Figure 4H) of the rats with CRF
showed severe inflammatory cell infiltration and alveo-
lar degeneration. Histological analysis also revealed that
degenerations in the kidney, heart, and lung tissues of
the rats were clearly improved when the animals with
CREF were treated by AGE (Figure 4 C, F, and I).

© 2011 Informa Healthcare USA, Inc.
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Figure 2. Malondialdehyde (MDA) levels in the (A) kidney, (B)
heart, and (C) lung tissues of sham-operated control, and saline-
or aqueous garlic extract (AGE)-treated chronic renal failure
(CRF) groups.

Notes: *p < 0.01, **p < 0.01; compared to control group.

Tp < 0.05, compared to saline-treated CRF group.

DISCUSSION

Significant reduction of nephron mass by subtotal
nephrectomy in animals or by disease processes in
humans leads to CRF.3* Following subtotal nephrec-
tomy in the rats, a progressive deterioration of the renal
functions takes place in the remnant kidney mediated
by hemodynamic events as well as nonhemodynamic
factors, such as oxidative stress and inflammation.3?
As observed by increased lipid peroxidation and MPO
activity with a concomitant decrease in GSH levels,
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Figure 3. Glutathione (GSH) levels in (A) kidney, (B) heart, and
(C) lung tissues of sham-operated control, and saline- or aqueous
garlic extract (AGE)-treated chronic renal failure (CRF) groups.
Notes: *p < 0.01, **p < 0.01; compared to control group.

*p < 0.05, compared to saline-treated CRF group.

the present results demonstrate that CRF resulted in
oxidative injury of the renal, as well as pulmonary
and cardiac tissues. However, AGE treatment allevi-
ated CRF-induced oxidative changes in the injured
tissues, while CRF-induced elevations in the blood lev-
els of the pro-inflammatory cytokines and LDH were
reduced. These findings suggest that AGE, by inhibit-
ing neutrophil infiltration and subsequent release of
inflammatory mediators that induce lipid peroxida-
tion, appears to play a protective role in CRF-induced

oxidative injury of the renal and cardiopulmonary
tissues.

The members of the Allium family, including garlic,
contain very high levels of biochemically active organic
sulfur compounds, and their extracts have been known
to protect organs from various injuries.>*38 Since ROS
have been implicated in mediating various pathological
processes (e.g., ischemic heart disease, peripheral arte-
rial occlusive disease, hypertension, hyperlipidemia, and
toxicities), it can be suggested that the beneficial effects
of garlic in these conditions may be due to its antiox-
idant activity.?°4® The compounds in garlic (S-allyl-
cysteine, S-allyl-mercapto cysteine, S-allyl-cysteine sul-
foxide, and allicin), through their radical scavenging
abilities, have been suggested to be responsible for its
preventive effects against oxidative injury.'* Diallyld-
isulfide (DADS), a metabolite of allicin, includes redox-
active sulthydryl (SH)- or disulfide (-S-S)- groups which
have already been proven to act as radical scavengers.*’
Aged garlic extract and diallyl polysulfides inhibit the
formation of TBA-reactive substances and fluorescent
substances induced by iron-ascorbic acid in isolated
liver microsomal membranes, indicating the protec-
tion against lipid peroxidation.?” Alliin scavenges the
hydroxyl radical ((OH) and garlic powder scavenges
both .OH and 1,1-diphenyl-2-picrylhydrazyl radicals.>”
Similarly, Yamasaki et al.*® have shown that aged gar-
lic extract protected vascular endothelial cells from
H,0;-induced oxidative damage by inhibiting lipid per-
oxidation. It was also shown that aged garlic extract
attenuated ischemic brain damage in the rat, and the
garlic compounds, S-allyl cysteine, allyl sulfide, and allyl
disulfide, were found to be responsible for this protec-
tive effect.*° To our knowledge no study has studied the
effect of garlic in a renal failure model so far, except
for I/R studies.!922-2450 Ip the current study, the pro-
tective effect of AGE against CRF, which is associated
with oxidative stress promoting the production of ROS
and cytokine release, was studied. The current find-
ings revealed that CRF-induced increases in renal and
cardiopulmonary MDA levels, indicating lipid peroxi-
dation and oxidative damage,’! were ameliorated when
the animals were treated with AGE. Similarly, AGE was
shown to exert cytoprotective effects in different mod-
els of experimental studies!® by preventing increases
in MDA levels and preserving normal tissue morphol-
ogy in rat kidney, liver, intestine, lung, and urinary
bladder.1%2%52 In the present study, AGE treatment sig-
nificantly decreased MDA levels in the kidney, heart,
and lung of CRF rats, probably in part, by scavenging
the very reactive hydroxyl and peroxyl radicals. Horie
et al.?® suggested that AGE and diallyl polysulfides
inhibit the formation of TBA-reactive and fluorescent
substances induced by iron-ascorbic acid in isolated
liver microsomal membranes, indicating the protective
effect of garlic against lipid peroxidation. Similarly, it
was previously shown in several nephrotoxicity models
that oxidative damage in the kidney tissue was prevented

Renal Failure
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Figure 4. Regular morphology of kidney (A), heart (D), and lung (G) tissues was observed in control group. Degenerated Bowman’s space
and glomerular structure (*), and degenerated tubular epithelium and cell debris in tubular lumen (arrow) in kidney (B); severe vascular
congestion (arrow), hemorrhage in some region (*), and degeneration in cardiac fibers (arrow head) in heart (E); alveolar disturbance
(arrow), severe inflammatory cell infiltration (*), and vascular edema in lung (H) were observed in the saline-treated chronic renal failure
(CRF) group. Quite regular Bowman’s space and glomerular structure (*), moderate degeneration in tubular epithelium (arrow), in kidney
(C), mild degeneration in cardiac muscle fibers (arrow head) and mild vascular congestion (arrow) in heart (F), quite regular alveolar wall
(arrow), and mild inflammatory cell infiltration (*) in lung tissues were observed in garlic-treated CRF group. Hematoxylin and eosin

(H&E) staining, original magnifications: 200 x; insets: 400 x.

by AGE, which was demonstrated by reduced MDA
levels and restored renal functions.?2:23,26,46,53,54
Oxidative stress-induced tissue damage can be pre-
vented or ameliorated by favoring the balance toward
a lower oxidative status. GSH provides major protec-
tion in oxidative injury by participating in the cellular
defense against oxidative damage and protects protein
thiol groups from oxidation,>® while depletion of tissue
GSH is one of the primary factors that permit lipid per-
oxidation to occur.’® In the present study, tissue GSH
levels were depleted in CRF animals. However, the
AGE treatment, which ameliorated oxidative damage
and cytokine levels, did not replenish GSH levels. It may
be speculated that the lipid peroxidation and subsequent
tissue injury were alleviated upon the expense of GSH
stores, suggesting that the increased GSH by the stimu-
latory effect of garlic may have been used up to protect
against oxidative injury. It was previously reported that
chronic garlic intake significantly decreased lipid perox-
idation, while endogenous antioxidants, such as GSH,
SOD, and GPx, were found to be increased.’” Sup-
porting this speculation, we have previously shown that
AGE administration reversed oxidant responses and
improved tissue morphology and function in the stom-
ach, ileum, liver, kidney, and bladder, while the reduced

© 2011 Informa Healthcare USA, Inc.

GSH levels were restored in all these tissues.?2-7%:59
Similarly, renal GSH, SOD, and CAT levels that were
decreased in cadmium-intoxicated rats were restored
when rats were treated with garlic extract.%?

In many inflammatory disorders, important com-
ponents of the pathological processes are linked to
the ability of neutrophils to release several agents that
can destroy normal cells and dissolve connective tis-
sue. It has been shown that activated phagocytic neu-
trophils, when suitably stimulated, secrete enzymes
(e.g., MPO, elastase, and proteases) and liberate oxygen
radicals,®! and thus further aggravate tissue injury indi-
rectly through activated neutrophils. MPO, an essential
enzyme for normal neutrophil function, is released from
the neutrophils when they are stimulated by various
stimulants.®? In turn, MPO plays a fundamental role in
oxidant production by neutrophils. In our observation,
elevated MPO levels in the kidney, heart, and lung tis-
sues indicate that neutrophil accumulation contributes
to CRF-induced oxidative organ injury. Furthermore,
the results also suggest that garlic has a preventive
effect through the inhibition of neutrophil infiltration.
In accordance with the present results, it was previously
shown that the therapeutic action of garlic on differ-
ent inflammatory events is mediated, in part, by its
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inhibitory effect on tissue neutrophil infiltration.26-46-63

In accordance with the MPO results, increased pro-
inflammatory cytokines TNF-a and IL-1f8 levels were
also suppressed by garlic treatment. Recently, in human
umbilical vein endothelial cells, garlic was shown to
attenuate TNF-a-induced ROS generation, VCAM-
1 expression, NF-kB activation, and adhesiveness for
monocytes.%

In conclusion, 3-week garlic supplementation atten-
uated oxidative injury in both the renal and car-
diopulmonary tissues while the renal functions were
improved. These observations point to the poten-
tial role of garlic supplementation as an adjunct in
the therapeutic strategies aimed at retarding chronic
kidney disease progression and its cardiopulmonary
complications.

Declaration of interest: The authors report no con-
flicts of interest. The authors alone are responsible for
the content and writing of the paper.
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