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Abstract One of the most important complications of
diabetes is nephropathy. This study investigates the effects
of aqueous garlic extract on inflammation and oxidative
stress status in the kidneys of diabetic rats. Male rats were
divided into four groups- control rats, diabetic rats, garlic
extract-treated diabetic rats, garlic extract-treated normal
rats. The glucose, urea, uric acid, and creatinine levels were
measured in sera using colorimetric methods. To determine
the oxidative stress condition in the kidney tissues, total
antioxidant capacity (TAC), malondialdehyde (MDA), and
total oxidant status (TOS) were measured using colori-
metric methods. Inflammation status was evaluated by the
determination of tumor necrosis factor-alpha (TNF-o) gene
and protein expression using qRT-PCR and ELISA
respectively, while nitric oxide (NO) level in these tissues
was measured using the Griess method. Histological
examination of Kidneys was carried out by H&E staining.
The levels of glucose, urea, and uric acid were found to
increase in the serum of diabetic rats and decrease in that of
diabetic rats after treatment with garlic. Measurement of
MDA, TOS, and TAC revealed oxidative stress in diabetic
rats, which improved after receiving the extract. The NO
and TNF-a protein levels in diabetic rats were higher than
those in control rats. After treatment with garlic, the levels
of TNF-a protein and NO became close to the normal
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levels. Histological results confirmed certain other data as
well. Garlic has antioxidant properties; therefore, it can
reduce oxidative stress, which plays an important role in
the development of diabetic nephropathy. Reduction in
oxidative stress has beneficial effects on inflammation
because it leads to a decrease in the level of TNF-a.
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Introduction

Diabetes mellitus (DM) is one of the most significant
chronic metabolic disorders characterized by hyper-
glycemia. The World Health Organization (WHO) predicts
that by the year 2030, 366 million people have DM.
Characteristic of diabetes is associated with disturbances in
the metabolism of carbohydrates, lipids and proteins due to
defects in insulin secretion, insulin action or both [1].

Diabetic complications are nephropathy, retinopathy,
neuropathy, atherosclerosis and fatty liver. In all these
cases continual hyperglycemia plays a significant role in
the induction of oxidative stress by increasing glucose
autooxidation, nonenzymatic protein glycation and activa-
tion of polyol pathway [2]. Also hyperglycemia induced
stress sensitive signaling pathways including nuclear factor
(NF)-xB. Activation of NF-xB increased cytokine con-
centrations such as tumor necrosis factor-o. (TNF-at). The
renal cells are capable to synthesis TNF-o. moreover the
sensitive to changes of serum’s TNF-a level. This process
suggests a causal role for hyperglycemia in the immune
activation of diabetes [3].

Since ancient times, consumption of medicinal herbs
has considered in treatment of several diseases [4]. In
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recent years this kind of treatment has received growing
attention because it is natural and has a few side effects
[5]. Many medicinal plant extracts such as Bougainvillea
spectabilis, Moringa oleifera, Curcuma longa, Cynodon
dactylon and Trichosanthes dioica were used for treat-
ment of diabetes mellitus due to having hypoglycemic
effects [6-10].

One of the most common medicinal plants is Allium
sativum (garlic) from Liliaceae family that it is used for the
treatment of various diseases such as heart disease, liver
dysfunction, cancer, infection and diabetes mellitus [11].
The hypoglycemic and antioxidant property of garlic has
been determined in many studies but the effects of this
extract on inflammation and its mechanism in diabetes
condition has not been clearly elucidated. Therefore in
current study, the aqueous extract of garlic was used for
treatment of diabetic rats and evaluated the effects of this
extract on oxidative stress and inflammation status in the
kidneys of type 1 diabetic rats.

Materials and Methods
Preparation of Aqueous Garlic Extract

Fresh garlic bulbs were purchased from local markets in
Hamadan, Iran. The plant was taxonomically identified by
botanists in the herbarium Department of Biology, Bu-Ali
Sina University, Hamadan, Iran. The cloves were peeled,
washed and cut into small pieces. About 50 g was blended
in 250 mL of distilled water, and homogenized in a
mixing machine. The supernatant was filtered through
Whatman no. 1 filter paper. Garlic extract was used
freshly or quickly frozen until used. Daily 1 mL of this
solution/100 g body weight (~2 g/kg) was given to the
rats by gavage [12].

Animals and Experimental Design

Adult male Wistar rats weighing around 250-300 g
(6-8 week old) were obtained from Hamadan University of
Medical Sciences, Hamadan, Iran. The animals housed in
standard cages with 12-h light-dark cycles, constant tem-
perature of 25 &£ 2 °C and free access to food and water.
Investigations were performed conferring to the ethical
norms of the Institutional Animal Ethics Committee of
Hamadan University of Medical Sciences (Approval No.
9312126433). The animals were acclimatized for at least
5 days under these conditions before the start of the
experiments. The rats were divided randomly into four
groups each comprising of six animals. For induction of
type 1 diabetes streptozotocin (STZ) (Sigma, USA)
(Sigma, USA) was used.
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Group 1 (C): normal control rats that received single
dose of citrate buffer (0.1 M, pH 4.5).

Group 2 (D): Rats that received single dose of STZ
(65 mg/kg body weight, intraperitoneal) dissolved in
freshly prepared cold citrate buffer (0.1 M, pH 4.5) for
induction of Diabetes type 1. To prove the induction of
diabetes, 7 days after injection f STZ, blood glucose was
measured using a strip operated blood glucose sensor
(Accuchek; Roche, Germany). Animals were considered
diabetics if their fasting blood glucose concentrations
exceed 300 mg/dL. Blood glucose levels were measured
once every 10 days during treatment.

Group 3 (D + G): diabetic rats that (similar to group 2)
treated with aqueous garlic extract (2 g/kg body
weight/day, gavage, 30 days).

Group 4 (G): normal rats that received only aqueous
garlic extract (2 g/lkg body weight/day, gavage,
30 days).

At the end of treatment period, serum samples were
collected from all groups and stored at —20 °C for mea-
suring biochemical parameters. The kidneys were snap-
frozen in liquid nitrogen and stored at —80 °C for protein
and RNA extraction and a portion of their fixed in 10%
formalin for histological evaluation.

Determination of Biochemical Parameters

Biochemical parameters such as glucose, urea, creatinine
and uric acid were measured in the serum of rats using
commercially available kits (Pars Azmoon diagnostics,
Iran).

Preparation of Kidney Tissue Homogenate

Kidney tissue homogenates were prepared on ice using
lysis buffer (10 mM KCI, 1.5 mM MgCl,, 1 mM EDTA,
0.1% triton x 100, 10 mM HEPES, 0.5 mM DTT, pro-
tease inhibitor cocktail, pH 7.9) and incubated on ice for
20 min. The protein concentrations of kidney homogenate
samples were determined by using Bradford method [13].

Measurement of Lipid Peroxidation

Lipid peroxidation in kidney tissue homogenates was
determined by malondialdehyde (MDA) assay. The results
were expressed as pmol MDA/mg protein content of the
samples [14].

Determination of Total Oxidative Status

Total oxidative status (TOS) in kidney tissue homogenates
was determined using the oxidation of ferrous ion to ferric
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ion. The ferric ions form a colored complex with xylenol
orange in an acidic medium. Therefore, the color intensity
is related to the total number of oxidant molecules present
in the sample. The results were expressed as pumol TOS/mg
protein content of the samples [15].

Determination of Total Antioxidant Capacity

Total antioxidant capacity (TAC) in kidney tissue homo-
genates was assessed using ferric reducing antioxidant
potential (FRAP) assay according to Benzie and Strain
methods. This method is based on the reduction of the
ferric tripyridyltriazine (TPTZ) to the blue colored ferrous
form at low pH. This reduction is monitored by measuring
the absorption change at 593 nm [16].

Determination of Nitric Oxide (NO)

The kidney NO level was determined by measuring the
nitrite concentration in the kidney tissue homogenates
using Griess method. The results were expressed as pmol
nitrite/mg protein content of the samples [17].

Determination of TNF-a Gene Expression by Real
Time PCR

Total RNA was extracted from the kidney tissues of control
and experimental samples using the RNX-Plus solution (Si-
naclon, Iran) according to the manufacturer’s instructions.
The purified RNA was quantified by spectrophotometer
(Az60) and its quality was examined by electrophoresis. 1 pig
RNA was reverse transcribed to synthesize cDNA using
RevertAid First Strand cDNA Synthesis kit (Thermo Scien-
tific, Lithuania) according to the manufacturer’s instructions.
Quantitative Real-time PCR was performed on cDNA sam-
ples using the SYBR Premix ExTaq real-time PCR kit (Takara
Bio Inc, Japan), according to the manufacturer’s protocols.
Primer sequences were as follows: TNF-o (forward),
GTCGTAGCAAACCACCAAGC, (reverse), CTCCTGGTA

TGAAATGGCAAA, 18S rRNA (forward), GTAACCCGT
TGAACCCCATT, (reverse), CCATCCAATCGGTAGTAG
CG. The relative changes in gene expression were determined
using 2AACT ethod [18].

Determination of TNF-a Protein

The level of TNF-a in kidney tissue homogenates was
evaluated by using rat TNF-o Platinum ELISA kit (eBio-
science Bender MedSystems, Austria) according to the
manufacturer’s instruction.

Histological Study

In the end of treatment time the kidney tissues of rats were
quickly removed and a portion of their fixed in 10% for-
malin for a week at room temperature. The specimens were
dehydrated in ethanol, cleared in xylene, embedded in
paraffin, sectioned by microtome and finally stained with
hematoxylin and eosin (H&E).

Statistical Analysis

Statistical analysis was performed using the SPSS software
version 16 (SPSS, Chicago, IL, USA) and analysis of
variance (ANOVA) was used to compare means in dif-
ferent groups. Data were reported as mean =+ standard
deviation (SD) and significance was taken at P < (0.05.

Results
Effects of Garlic Extract on Body Weights

Table 1 shows the effects of garlic extract on the body
weights. In the start of study body weights of rats did not
different in any groups. In the end of study in diabetic rats
body weights were significantly (P < 0.001) decreased
compared with control rats and increased significantly

Table 1 Effects of garlic

Final body weight (g) A Body weight (g)

extract on body weight in Groups Initial body weight (g)
control and experimental rats C 26633 + 10.08
D 272.4 £ 21.86
D+G 251.6 £ 20.07
D 285.33 + 12.87

309.17 + 11.93
251 4 19.24%
270.2 & 14.61%%bx

301.6 + 13.86

42.83 + 6.47

—15.75 £ 8.49%s
18.6 £ 14.66
20.2 £ 11.34

Results are mean + SD (n = 6)

D + G, diabetic rats that treated with aqueous garlic extract; G, normal rats that treated with aqueous garlic

extract

* P <0.05; ** P <0.01; *** P < 0.001

% Compare with control (C) rats
b Compare with diabetic rats (D)
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(P < 0.05) in D + G group compared with diabetic rats. A
body weights were different significantly between control
and experimental rats.

Effects of Garlic Extract on Glucose Levels
in Duration of Treatment

Effects of garlic on glucose levels in duration of treatment
are shown in Table 2. In diabetic rats glucose level was
increased significantly (P < 0.001) when compared with
normal control rats in 10th, 20th, 30th and 40th day after
the injection of STZ. In 10th, 20th and 30th day after oral
administration of garlic in D 4+ G group, the glucose level
was decreased in comparison with diabetic rats but was not
significant. However in 40th day after treatment with gar-
lic, glucose level in treated diabetic rats was decreased
significantly (P < 0.05) compared with untreated diabetic
rats.

Effects of Garlic Extract on Urea, Creatinine
and Uric Acid Levels

In Table 3, the levels of urea, creatinine and uric acid in
four groups of rats are summarized. The level of creatinine
was not different between groups but urea (P < 0.001) and
uric acid (P < 0.01) concentrations significantly increased
in diabetic rats compared with control rats. Oral

administration of garlic decreased significantly the level of
urea and uric acid (P < 0.05) in D + G group compared
with diabetic rats.

Effects of Garlic Extract on Oxidative Stress Status
in Kidney Tissues

The levels of MDA, TOS and TAC in kidney tissues are
shown in Table 4. The level of MDA in kidney tissue
homogenates was increased significantly (P < 0.001) in
diabetic rats compared with control group and decreased
significantly (P < 0.05) in D + G group compared with D
group. The level of TOS in kidney tissue homogenates was
increased significantly (P < 0.05) in diabetic rats com-
pared with control group and decreased significantly
(P <0.05) in D 4+ G group compared with diabetic rats.
The levels of TAC in kidney tissues of diabetic rats were
decreased significantly (P < 0.01) compared with control
rats and increased significantly (P < 0.05) in D + G rats
compared with diabetic rats.

Effects of Garlic Extract on NO Level of Kidney
Tissues

The nitrite level in the kidney tissues of diabetic rats was
elevated significantly (P < 0.001) compared to control
group and decreased significantly (P < 0.001) in diabetic

Table 2 Effects of garlic

20th day (mg/dL)

30th day (mg/dL) 40th day (mg/dL)

extract on glucose levels in Groups 10th day (mg/dL)
control and experimental rats fe 85.66 + 8.83
D 558 = 32.53%ksk:k
D+G 545.6 £ 57.28% sk
G 83.66 + 3.44

86.66 £ 6.97
541.6 £ 76.05%**
579.5 £ 37.95%k*

86.5 £ 6.11

521.8 + 101.08%*x*
495 £ 73.89%k*
86.6 = 3.09

89.12 + 10.8
485.75 + 113.04%%%
321.25 + 27.09%kubx

84.5 £+ 3.65 90.29 £ 10.1

Results are mean + SD (n = 6)

D + G, diabetic rats that treated with aqueous garlic extract; G, normal rats that treated with aqueous garlic

extract
* P < 0.05; #** P < 0.001
# Compare with control (C) rats

b Compare with diabetic rats (D)

Table 3 Effects of garlic

L. Groups
extract on urea, creatinine and

Urea (mg/dL)

Creatinine (mg/dL) Uric acid (mg/dL)

uric af:id levels in control and C 536 + 631 0.67 + 0.06 1.89 + 0.39

experimental rats ) L
D 162.5 £ 30.65%#::* 0.76 + 0.12 3.54 + (0.32%**
D+ G 121.66 & 15.8% D% 0.77 + 0.16 2.68 4 0.22%*
D 56 + 5.61 0.75 + 0.06 2.29 + 047

Results are mean + SD (n = 6)

D + G, diabetic rats that treated with aqueous garlic extract; G, normal rats that treated with aqueous garlic

extract

* P < 0.05; ** P <0.01; *** P < 0.001

# Compare with control (C) rats
b Compare with diabetic rats (D)
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Table 4 Effects of garlic

TOS (umol/mg protein) TAC (umol/mg protein)

extract on oxidative status in Groups MDA (pmol/mg protein)
control and experimental rats C 0.053 + 0.006
D 0.114 4 0.012%k*:
D+G 0.081 £ 0.018%P*
D 0.080 £ 0.013

2.983 + 0.648
4307 + 0.611%*
3.191 + 0.545%*
3.121 £ 0.715

0.042 + 0.006
0.025 + 0.006%**
0.05 + 0.016"*

0.053 + 0.011

Results are mean £+ SD (n = 6)

D + G, diabetic rats that treated with aqueous garlic extract; G, normal rats that treated with aqueous garlic
extract; MDA, malondialdehyde; TOS, total oxidant status; TAC, total antioxidant capacity

* P < 0.05; ** P <0.01; *** P <0.001

# Compare with control (C) rats

b Compare with diabetic rats (D)

1.6
qRF*

1.4

1.2
pEx*

0.8
0.6
0.4

Nitrite (umol/mg protein)
_|

0.2

C D D+G G

Fig. 1 Effects of garlic extract on nitrite level of kidney tissues in
control and experimental rats. Results are mean £ SD (n = 6).
4Compare with control (C) rats and bcompare with diabetic rats (D).
*##%kP < (0.001; D 4+ G, diabetic rats that treated with aqueous garlic
extract; G, normal rats that treated with aqueous garlic extract

rats treated with garlic comparison with diabetic rats
(Fig. 1).

Effects of Garlic Extract on mRNA Folding Changes
of TNF-a in Kidney Tissues

The mRNA levels of TNF-o in kidney tissues was shown in
Fig. 2. The expression of TNF-a was unaffected in diabetic
rats compared to control rats and in D + G group com-
pared to diabetic rats.

Effects of Garlic Extract on TNF-a Level

The level of TNF-a in kidney tissue homogenates was
increased significantly (P < 0.01) in diabetic rats compared
with control group and decreased significantly (P < 0.05) in
D + G group compared with D group (Fig. 3).

2.5

15

mRNA expression of TNF-a

©
"

C D D+G G

Fig. 2 Effects of garlic extract on mRNA folding changes of tumor
necrosis factor-alpha (TNF-o) in kidney tissues of control and
experimental rats. C, normal control rats; D, diabetic rats; D + G,
diabetic rats that treated with aqueous garlic extract; G, normal rats
that treated with aqueous garlic extract

Effects of Garlic Extract on Histopathology
of Kidneys

The kidney tissues photomicrographs of control and
experimental groups of rats were represented in Fig. 4. In
kidney tissue of control rats (C), glomerulus and Bowman
capsule space were normal and proximal tube with normal
columnar epithelium and distal tube with cubic epithelium
were seen. In diabetic animals (D) proximal and distal
tubes were expanded. Glomerulus size was normal and
similar to control rats but Bowman capsule space was
increased. In garlic-treated diabetic rats (D + G) general
structure was improved and the expansion of proximal and
distal tubes was decreased whereas expansion of Bowman
capsule space was not affected. In garlic-treated normal
rats (G) a little expansion in proximal and distal tubes were
seen but glomerulus size was normal.
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C D D+G G

Fig. 3 Effects of garlic extract on tumor necrosis factor-alpha (TNF-
a) level of kidney tissues in control and experimental rats. Results are
mean £ SD (n = 6). *Compare with control (C) rats and "compare
with diabetic rats (D). *P < 0.05; **P < 0.01. D + G, diabetic rats
that treated with aqueous garlic extract; G, normal rats that treated
with aqueous garlic extract

Discussion
Diabetes mellitus type 1, induced by streptozotocin in

animals, is considered to be a good model for the study of
hyperglycemia. STZ causes cytotoxicity in B cells of

pancreas and impairs insulin secretion [19]. In recent years,
the protective and therapeutic effects of several natural
remedies have been investigated in diabetic animal models
[20-23]. Allium sativum (garlic) extract has been used as
traditional herbal medicine in many cultures for the treat-
ment of several diseases [11]. In this study, the effects of
the aqueous extract of garlic on type 1 diabetic rats are
evaluated.

The results show that glucose levels in diabetic rats were
significantly higher than normal control rats. Daily oral
administration of garlic extract for 30 days decreased the
serum glucose concentration in diabetic rats. The hypo-
glycemic effect of garlic has been proved in several studies
[12, 24]. It appears that garlic extract can stimulate insulin
secretion in the remaining pancreatic B cells. Insulin
manages glucose level in the serum of rats by enhancing
glucose utilization in peripheral tissues [25].

By the end of the study, the final body weight of control
rats increased normally compared to initial body weight
(42 g). In diabetic rats, the final body weight decreased in
comparison to normal control rats. In other words, A body
weight of diabetic rats was negative (—15 g). In diabetic
condition, due to the absence of insulin, the import of
glucose to peripheral tissues decreased while lipolysis in

Fig. 4 Light micrographs of H&E staining of kidney tissues of
control and experimental rats. C, normal control rats; D, diabetic rats;
D + G, diabetic rats that treated with aqueous garlic extract, G:
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normal rats that treated with aqueous garlic extract; GL, glomerulus;
PT, proximal tube; DT, distal tube and asterisk degenerated tubules,
arrow Bowman capsule space
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adipose tissues increased. Therefore, the disruption of
glucose and lipid metabolism caused a loss of body weight
in diabetic animals. Treatment of diabetic rats with garlic
extract prevented of loss of body weight (A Body weight
was 18 g). It appears therefore that garlic can normalize
glucose and lipid metabolism and control body weight in
diabetic rats that are treated with this extract [25]. We also
observed weight gain (A Body weight was 20 g) in garlic-
treated control rats, but it was lower than normal control
rats. It is possible that the gavage caused a stress in garlic-
treated control rats and inhibited normal weight gain,
which was not the case in normal control rats.

Nephropathy is one of the most important complications
of diabetes. It is common to evaluate the serum concen-
trations of urea, creatinine, and uric acid as standard
markers of renal function [1]. Our data show that urea and
uric acid concentrations increased in diabetic rats but
decreased in those diabetic rats that were treated with
garlic extract. These results demonstrate the kidney mal-
function in diabetic rats and improvement of kidney
function in diabetic rats treated with garlic.

Long term hyperglycemia in diabetic condition causes
induction of oxidative stress by increasing the reactive
oxygen species (ROS) and decreasing the antioxidant
defence. Oxidative stress is hypothesized to play a key role
in the pathogenesis of diabetes and its complications.
Therefore, one of the most important treatments of diabetes
involves the reduction of free radicals in patients and usage
of free radical scavengers or antioxidant components such
as plant extracts. We demonstrate that MDA and TOS
levels elevated in the kidney tissue homogenates of dia-
betic rats, whereas TAC decreased. Interestingly, these
factors return to near-normal levels in diabetic rats after
treatment with garlic extract. These results were com-
pletely expected because the antioxidant properties of this
plant are known. Garlic has organosulfur compounds such
as S-allyl cysteine (SAC) that can scavenge free radicals
[26, 27].

Many studies consider diabetes mellitus to be an
inflammatory disease. The concentrations of different
cytokines are found to increase in the serum of patients
with diabetes mellitus [3]. TNF-a is one such inflammatory
cytokine that increases in the serum of diabetic patients.
The kidney cells are capable of biosynthesizing TNF-o
moreover the responsing to serum’s TNF-o [28]. The
results of current study show that the level of TNF-a
protein in the kidney of diabetic rats increased significantly
compared to control rats, while the level of TNF-oo mRNA
did not increase significantly. It seems that the high con-
centration of TNF-a in serum of diabetic animals causes
the accumulation and trapping of cytokine in kidney tissue
and hence leads to diabetic nephropathy [29]. On the other
hand, it is possible that the posttranscriptional regulation of

TNF-o causes the difference between mRNA and protein
level of this cytokine [30, 31]. Hyperglycemia and oxida-
tive stress may influence the cis-acting regulatory regions
and therefore stabilize mRNA and increase protein level of
TNF-o [32]. In diabetic rats, the increase of TNF-o in
serum caused the transmission of inflammatory signals
through TNF receptor 1 (TNF-R1) to renal cells and thus
activated NF-kB. NF-kB induced the up-regulation of
inflammatory genes such as iNOS. Therefore, the level of
NO increased. NO has the ability to initiate apoptosis and
DNA fragmentation [3]. It is possible that NO is an
important factor that leads to the destruction of kidney cells
and hence to kidney dysfunction.

After oral administration of an aqueous extract of garlic
in diabetic rats, the inflammation ameliorated through the
reduction of NO and TNF-a levels. As the level of NO
decreased in the renal tissues of diabetic rats treated with
garlic extract, the function and histology of the kidneys
approached normalcy.

It is therefore concluded that the aqueous extract of
garlic, due to the antioxidant properties of the plants, must
be considered as a good candidate for future studies about
the treatment of diabetes mellitus and its abilities to reduce
complications in the kidney tissues. In addition, more
investigations should be carried out for the evaluation of
the detailed mechanism.
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