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Abstract: Background & objectives: Hypertension can be induced by inhibiting nitric oxide synthesis with L-NAME,
which also has a role in oxidative stress. Curcumin has strong antioxidant property. Our aim was to examine the
possible preventive role of curcumin on renal dysfunction secondary to hypertension. Material & Methods: Twenty-
four adult male Albino rats were divided in four groups: normal (N); curcumin (C; received curcumin 100 mg/kg/
day by oral gavage for 10 weeks); hypertensive (H; received LNAME 40 mg/kg/day in their drinking water for 4
weeks); and hypertensive-curcumin (HC; received L-NAME and curcumin). Arterial blood pressure was evaluated
non-invasively for 4 weeks. Rats were then sacrificed for assessment of oxidative stress (catalase, lipid peroxidase,
reduced glutathione and superoxide dismutase), renal function and structure, and biomarkers of apoptosis (Bcl-2
and caspase-3). AT1R expression and renal mtDNA integrity were also assessed. Results: Curcumin attenuated
the effects of L-NAME on blood pressure and renal function. The renal histopathological changes observed in the
L-NAME group were improved by curcumin administration. The expression of Bcl2 and caspase-3 was improved
associated with downregulation of ATAR in curcumin treated groups. The antioxidant markers and mtDNA frag-
mentation show marked increase in hypertensive group which significantly decreased after curcumin treatment.
Conclusion: Curcumin improved blood pressure elevation renal dysfunction. These improvements mediated through
anti-oxidant capabilities and downregulation of AT1R favoring reduced apoptosis and preserved mitochondrial DNA.
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Introduction more, the anti-remodeling effects of some
compounds have been incompletely associat-
ed with improved mitochondrial function; the-
refore, a major challenge to protect against tis-
sue damage is to develop effective antioxidant

therapeutics targeting mitochondria [4].

Blockade of NO formation with L-NAME results
in impaired vascular function, exemplified
by defective endothelial-dependent vasorelax-
ation, augmented angiotensin ll-induced vaso-
constriction, and an impaired antithrombotic

effect. Moreover, increased oxidative stress
has been reported in L-NAME hypertensive rats
[4, 2]. Administration of L-NAME increases vas-
cular superoxide production and malondialde-
hyde (MDA) concentrations, with reduced plas-
ma superoxide dismutase (SOD) activity [3]. In
cardiovascular diseases, oxidative stress is
linked to mitochondrial dysfunction. Further-

Hypertension is closely associated with pro-
gressive kidney dysfunction, manifested as glo-
merulosclerosis, interstitial fibrosis, protein-
uria, and ultimately deteriorating glomerular fil-
tration. It appears probable that tissue hypoxia
in the hypertensive kidney increases oxidative
stress as does ANG Il and elevated pressure.
Also, inhibition of ANG Il activity, by either block-
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ing ANG |l type 1 receptors or angiotensin-con-
verting enzyme, or by preventing oxidative
stress by administration of antioxidants may
results in improved blood pressure control
and its consequences of kidney dysfunction
[5, 6]. Curcumin (diferuloylmethane) is a na-
tural polyphenol compound isolated from
Curcuma longa Linn. (Zingiberaceae), which is
tree widely cultivated in the tropical regions of
Asia. Curcumin is well recognized as a dietary
spice for centuries and its pharmacological
activities have been studied in various animal
models and clinical studies including anti-
inflammatory, anticancer, anti-diabetic, anti-
dementia, and antioxidant properties [7, 8].
Curcumin derives its effective antioxidant ac-
tivity through its ability to both scavenge oxy-
gen superoxide and hydroxyl radicals and initia-
tion of antioxidant and cytoprotective enzymes
[9]. Curcumin is able to scavenge reactive oxy-
gen species (ROS) of both cytosolic and mito-
chondrial origin [4].

In this study, we explored the mechanisms by
which curcumin prevents renal dysfunction
secondary to hypertension, in order to assess
its potential as a novel therapeutic interven-
tion to maintain renal function in hypertensive
patients.

Material and methods
Animals

Twenty-four adult male Albino rats (200-220 g)
were used in this study. Animals were from the
Ophthalmology Research Institute in Giza. Rats
were housed in polyethylene cages (6/cage) in
a 12-h light-dark cycle at controlled tempera-
ture and humidity ranges of 20-27°C and
40%-60%, respectively and provided with a
typical chow diet and tap water. After delivery,
rats were allowed to acclimatize for one week
before the start of the study. The procedures
and experimental protocols were reviewed and
approved by the Suez Canal University Faculty
of Medicine ethics committee.

Study groups

Rats were randomly assigned to 4 groups of 6
rats each. The normal group (N) received tap
water. The curcumin group (C) received cur-
cumin (100 mg/kg/day) by oral gavage for 10
weeks [10]. The hypertensive group (H) receiv-

ed L-NAME (40 mg/kg/day) in their drinking
water for 4 weeks [11]. Finally, the hyperten-
sive-curcumin group (HC) received curcumin
(100 mg/kg/day) by gavage for 10 weeks.
Hypertension was induced in 6th week by add-
ing L-NAME (40 mg/kg/day) to their drinking
water for 4 weeks. After 10 weeks, rats were
sacrificed by overdose of the anesthetic drug.
Blood samples were drawn from abdominal
aorta to determine kidney function. The aorta
was rapidly excised from the animal and used
for quantitative assessment of AT1R. The
right kidney was removed from each rat and
fixed in 10% paraformaldehyde for histological
analysis. The left kidney was removed, frozen
and then homogenized for assessment of oxi-
dative stress and antioxidant markers.

Measurement of arterial blood pressure

Blood Pressure (BP) was measured in con-
scious rats by tail-cuff plethysmography data
acquisition analysis software from BIOPAC
Systems. Rats were allowed to habituate for
one week. Weekly measurement of blood pres-
sure began with the induction of hypertension
and continued until the end of the experiment.

Assay of nitrate/nitrite

Nitrate and nitrite, the end products of NO
metabolism, were used as indices of nitric
oxide synthase (NOS) activity. Accumulation of
nitrate and nitrite was measured in plasma as
described previously [12].

Assessment of renal function

Serum creatinine and blood urea nitrogen lev-
els were measured at the end of the 10
weeks in all the study groups. These metabo-
lites were measured using commercially avail-
able kits (Fortress diagnostics, UK). In addi-
tion, rats were placed in metabolic cages to
collect urine, and urine creatinine and was
using an autoanalyzer (Mindray BS-120 Che-
mistry Analyzer, China).

Renal histological & immunohistological as-
sessment

Rats were sacrificed under general anesthesia.
The right kidney was removed from each rat
and then fixed in 10% formaldehyde and pro-
cessed through paraffin embedding and pre-
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pared for histopathological & immunohistologi-
cal analysis. Hematoxylin & Eosin stain (H&E)
was used to visualize the general ultrastruc-
ture of the kidneys and reveal any histopatho-
logical changes in the renal cortices. Periodic
Acid Schiff (PAS) stain was used to reveal inter-
ruption or thickening of the basal laminae with
hyaline deposits. Masson’s trichrome stain
was used to identify changes in the amount
and location of the collagen fibers around
blood vessels and in the renal interstitium. Five
high power fields (x400) for five serial sec-
tions from each animal were examined for
assessment of the normal architecture of the
renal cortical glomeruli, tubules and the histo-
pathological changes in the form of necrotic
damage, glomerular collapse or loss, blood
vessels dilatation and congestion, red blood
cells (RBCs) extravasation, lymphocytic infiltra-
tion and hyaline deposition.

Apoptotic activity in the renal cortical tubules
and glomeruli was assessed by immunohiso-
chemical staining of bcl-2 and caspase-3 us-
ing a streptavidin biotin peroxidase method.
Four-micrometer thick paraffin sections were
incubated with either a monoclonal antibody
to bcl-2 (DAKO, CA, USA, at a dilution of 1:40)
or a polyclonal antibody to caspase-3 (Santa
Cruz, USA, at a dilution 1:150). All incubations
were achieved for 30 min at room temper
ture. Diaminobenzidine (Sigma Fast 3,3’-dia-
minobenzidine tablets, D-4293; Sigma, St.
Louis, MO, USA) was used as the chromogen.
Brown coloration of the cytoplasm was mea-
sured as positive reaction. Fiji image analyzer
was used to measure the color area percent-
age of the greenish collagen, magenta stained
basal laminae and the brown reaction in
immunostaining.

Quantitative assessment of AT1R by ELISA

Freshly isolated blood vessels were homoge-
nized in 1 mL sterile phosphate buffered saline
(PBS; Sigma-Aldrich Ltd, cat. No. P7059) pH
7.4. [13] and the abundance of AT1R deter-
mined by ELISA (Rat Angiotensin Il receptor 1
ELIZA Kit; Biospes Co. Ltd, cat No. BYEK1426)
according to the manufacturer instruction.

Measurement of markers of oxidative in renal
tissue

Catalase, lipid peroxidation (malondialdehyde,
MDA), reduced glutathione and superoxide dis-

mutase (SOD) were measured in renal tissues
as markers of oxidative stress. Tissue samples
were homogenized in four volumes of ice-cold
Tris-HCI buffer (50 mM, pH 7.4) using an Ultra
Turrax homogenizer (Ultra Turrax IKA T18
Basic, USA) for 2 min at 5,000 g at 4°C. Then
the level of lipid peroxidase was measured. The
homogenate was centrifuged at 5,000 g at
4°C for 60 min and aliquot of the supernatant
reserved for assay of catalase activity. An
equal volume of an ethanol/chloroform mixture
(5:3, v/v) was added to the homogenate and
the supernatant solution was extracted. This
was elucidated by centrifugation at 5,000 g at
4°C for 30 min. The clear upper layer was col-
lected and assessed for superoxide dismutase
(SOD) [14].

Lipid peroxidation was measured using the
method of [15] Draper and Hadley. The princi-
ple of the method is the spectrophotometric
measurement of the color produced during
the reaction with thiobarbituric acid (TBA) with
lipid peroxides. For this purpose, 2.5 ml of 100
g/| trichloroacetic acid solution was added
to 0.5 ml of homogenate in a centrifuge tube
and placed in a boiling water bath for 15 min.
After refrigeration in tap water, the mixture was
centrifuged at 1,000x g for 10 min, and 2 ml
of the supernatant was added to 1 ml of 6.7
g/1 TBA solution in a test tube and placed in a
boiling water bath for 15 min. The solution was
then cooled with tap water, and its absorban-
ce was measured using a spectrophotometer
(UV-1601, Shimadzu, Japan) at 532 nm. The
results were expressed as Nano moles lipid
peroxides per gram protein in the renal tissue.

The method for the measurement of SOD was
based on the principle that xanthine reacts
with xanthine oxidase to generate superoxide
radicals that react with 2-(4-iodophenyl)-3-(4-
nitrophenol)-5-phenyltetrazolium chloride to
form a red formazan dye. The SOD activity is
then measured by the degree of inhibition of
this reaction. Superoxide dismutase activity
was expressed as units per gram protein [16].
The CAT activity was quantified in renal tissue
by the method of Aebi [17]. The method is
based on the determination of the rate con-
stant (s-1, k) for H,0, decomposition at 240
nm. Results were expressed as k (rate con-
stant) per gram protein. Reduced glutathione
(GSH) levels were measured in renal tissue,
according to the method described by Beutler
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Figure 1. Mean Arterial blood pressure (MABP) in all studied groups. All data
are expressed as mean + SEM and analyzed using one-way ANOVA. *Signifi-
cant in comparison to normal group. $Significant in comparison to Curcumin
group. #Significant in comparison to Hypertensive group.

[18]. The amount of total GSH was determined
from a standard curve obtained with known
amounts of GSH standards. GSH levels were
expressed as units per gram protein.

Assessment of renal mtDNA integrity

Isolation of mitochondria: Mitochondria were
extracted by differential centrifugations follow-
ing the method of Chappel and Hansford [19].
Tissue (100 mg) was homogenized in 0.25 M
sucrose in 0.7 M Tris-HCI Buffer (pH 7.4) at 1
g tissue 9 ml of Tris-sucrose. EDTA was add-
ed to aid disruption of cells. Tissue homoge-
nate was spun at 2500x g for 10 min to re-
move nuclei and unbroken cells. Supernatant
fluid was decanted into centrifuge tubes and
spun at 10,000x% g for 10 min to form primary
mitochondrial pellet. Supernatant fluid was
poured, and the pellet was gently resuspended
in 10 ml Tris-sucrose for washing. The pellet
was recentrifuged and supernatant fluid was
decanted. This washing cycle was repeated
several times to improve the degree of mito-
chondrial purity. The final mitochondrial pellet
was resuspended in 1 ml Tris-sucrose per gram
of original sample.

Isolation of mitochondrial DNA (mtDNA):
Mitochondrial DNA (mtDNA) was isolated using
the alkaline denaturation method performed
as outlined by Birnboim and Doly [20]. mtDNA
samples were subjected to 1% agarose gel
electrophoresis at 4 V/cm using TAE solution

(40 mM Tris-acetate, pH 8.0,
and 1 mM EDTA) as a running
buffer. The gel was visualized
by ultraviolet trans-illumina-
tion and photographed after

=—s=—nNormal staining with 0.5 pg g/ml
a——Cyurcumin ethidium bromide. A 1 Kb
= Hypertensive DNA marker was loaded into

the gel.
Statistical methods

Data were expressed as me-
an = SD and analyzed using
the Statistical Package of
Social Sciences (SPSS pro-
gram, version 20, SPSS Inc.,
Chicago, IL, USA). The differ-
ence of mean values among
groups was assessed by using
one-way analysis of variance
(ANOVA) followed by Bonferroni’'s multiple com-
parison test. All p values reported are two-
tailed, and P < 0.05 was considered significant.
All possible comparisons were made between
groups.

Results
Mean arterial blood pressure (MABP)

The arterial blood pressure was measured seri-
ally in each treatment group. There was a sig-
nificant increase in MABP in the hypertensive
group in comparison to normal and curcumin
groups at all time points. The curcumin- and
L-NAME-treated group show a significant
decrease in MABP beginning from the second
week in comparison to the group receiving
L-NAME alone (Figure 1).

Plasma nitrate/nitrite concentrations

Plasma nitrate/nitrite levels from the different
experimental groups are shown in Figure 2.
In L-NAME-treated (hypertensive) rats, plasma
nitrate/nitrite concentrations were significantly
reduced when compared to those of normal
and curcumin groups. Treatment of L-NAME
rats with curcumin significantly restored the
plasma nitrate/nitrite levels.

Renal functions (serum creatinine and BUN)

Figure 2 shows the serum creatinine and urea
in the study groups. Compared to the normal
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nitrate/nitrite levels in all studied groups. All data are expressed as mean
+ SEM and analyzed using one-way ANOVA. *Significant in comparison to
normal group. $Significant in comparison to Curcumin group. #Significant in

comparison to Hypertensive group.

and curcumin groups, serum creatinine and
BUN were significantly higher in the hyperten-
sive group (P < 0.05), while the curcumin-treat-
ed group (cur + hypertensive) was lower than
the hypertensive group (P < 0.05). The creati-
nine clearance was significantly decreased
associated with significant increase in urinary
albumin/creatinine ratio compared to the nor-
mal and curcumin groups. Treatment with cur-
cumin significantly improve both creatinine
clearance and urinary albumin levels (Table 1).

Histopathological examination and immunos-
taining

Table 2 shows the percentage of frequency
distribution of the histopathological changes
between all study groups as revealed by H&E
staining. There was significant tissue damage,
congested capillaries associated with RBC
extravasation and lymphocytic infiltration in the
hypertensive group in comparison to the nor-
mal group. All these changes showed signifi-
cant improvement in the treated group (cur +
hypertensive). There were no significant differ-
ences between the normal and curcumin
groups (Figure 3).

PAS staining of the renal cortex of the hyper-
tensive group revealed statistically significant

the untreated hypertensive
group, which was reversed in
the curcumin-treated hyper-
tensive group (Figure 4).

The expression levels of Bcl-2 (anti-apoptotic
gene) and caspase-3, which is an apoptosis
coordination enzyme in renal tissue was ana-
lyzed by immunohistochemistry. The expres-
sion of Bcl2 in the hypertensive group was sig-
nificantly decreased, while the expression of
caspase-3 in the hypertensive group was sig-
nificantly increased when compared to the nor-
mal, curcumin, and curcumin-treated hyperten-
sive groups. This means that the apoptosis
increased in the hypertensive group and was
improved by curcumin treatment (Figure 5).

Quantitative assessment of AT1R by ELISA

Compared to the normal and curcumin groups,
AT1R immunoreactivity was significantly more
abundant in the untreated hypertensive group
(P < 0.05), while the curcumin-treated hyper-
tensive group (cur + hypertensive) showed no
increase in ATAR (Figure 6).

Oxidative stress markers in renal tissues

The results of the SOD, catalase, reduced glu-
tathione and MDA analyses are shown in Fi-
gure 7. Compared to the normal and curcumin
groups, the levels of SOD and reduced glutathi-
one were significantly lower in the renal tissue
of the untreated hypertensive group (Figure 7).
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Table 1. Creatinine clearance and urinary albumin/creatinine between the studied groups

Normal Curcumin Hypertensive Cur + Hypertensive

Group Group Group Group
Creatinine clearance [mL/min] 2.4+0.2 2.940.1 0.5+0.1*,$ 1.0+0.1*,$,#
Urinary albumin/creatinine [ng/mg] 1.1+0.1 1.3+0.1 16.3+1.0*,$ 9.6+0.7*,%,#

All data are expressed as mean + SEM and analyzed using one-way ANOVA. *Significant in comparison to normal group. $Sig-
nificant in comparison to Curcumin group. #Significant in comparison to Hypertensive group.

Table 2. The percentage of frequency distribution of the histopathological changes between the stud-
ied groups

Normal Group Curcumin Group Hypertensive Group Cur + Hypertensive Group

% % % %
Congested/Dilated capillaries 12 8 44%* 40%*
RBCs Extravasation 0 0 52* 36*
Lymphocytic infiltration 0 0 44* 16*,$
Thickened capillary walls 0 0 52% 8%
PCT damage 4 4 68* 36*,$
DCT damage 4 4 68* 40%*,$
Glomerular damage 0 0 32* 20*
Hyalinization 0 0 56* 20*,$

P < 0.05 (Significant) using chi square test. *Significant in comparison to normal group. $Significant in comparison to Hyper-
tensive group.

Figure 3. Photomicrographs of
renal cortex of all study groups:
(A) normal group, (B) curcumin
group, (C) hypertensive group and
(D) cur + hypertensive group. A
&B show renal corpuscles with
normal glomerular (G) blood cap-
illaries covered by nuclei of podo-
cytes and mesangial cells and
surrounded with urinary space.
Proximal convoluted (PT) and the
distal convoluted tubules (DT)
show normal appearance. It also
shows normal blood arterioles
(arrows). (C1) Shows collapsed
glomeruli (G) or complete loss
(LG). The PT and DT show shrink-
age of their lining cells with pykno-
sis of their nuclei. In (C1-l) there
is extravasation of RBCs in the
renal interstitium (arrows), lym-
phocytic infiltration (green arrow)
and dilated congested capillaries
(*). Thickened wall of arterioles
(black arrow), are shown in (C1-l1).
(C2) Shows hyaline material de-
posits in the renal interstitium (ar-
rows), hydropic degeneration of
the cells lining the PCTs (PT) and
edematous arteriolar wall (green
arrow). (D) Shows few corpuscles
have lost glomeruli (%). It shows
normal arteriolar wall (green ar-
row) but surrounded with dilated
capillaries (*). No lymphocytic
infiltration, RBCs extravasation or
hyalinosis is present. H&E x400.
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Figure 4. (A) Photomicrograph for the renal cortex of all study groups: (A-D)
PAS x400. (E-H) Masson’s trichrome x400. (A, E) normal group, (B, F) cur-
cumin group, (C, G) hypertensive group and (D, H) cur + hypertensive group.
In (A, B) there are normal regular basal lamina of glomerular capillaries (G),
urinary spaces (arrow heads), continuous with that of PCT whose cells have
apical brush border (black arrows). It also shows normal basal lamina of the
DCT whose cells has no brush border (green arrows). (C) Shows increase
in the PAS stained material. The Bowman capsules show increased thick-
ness of their basal laminae (arrow) and so the glomeruli (G). Thickening in
the capillary walls (DC) with hyaline material depositions in the interstitium
(white arrows). (D) Shows normal thickness of basal laminae around the
renal tubules (PT&DT), renal corpuscles and glomerular capillaries (G). No
hyaline deposits are present. (E, F) Have little amount of green material in
the interstitium, around tubules and corpuscles (arrow heads), surround-
ing the arterioles (arrow) and in the mesangium (G). (G) Shows increase
in the greenish collagen content around the arterioles, renal tubules and
corpuscles (arrows) and in the glomerular mesangium (G). (H) Shows normal
distribution and amount of greenish collagen. (B) Mean PAS and Masson
stain intensity percentage was quantified by Fiji image analyzer software.
All data are expressed as mean + SEM and analyzed using one-way ANOVA.
*Significant in comparison to normal group. $Significant in comparison to
Curcumin group. #Significant in comparison to Hypertensive group.

The curcumin-treated hyper-
tensive group showed a sig-
nificant increase compared to
the untreated hypertensive
group. The amount of MDA,
reflecting lipid peroxidation,
in renal tissues was signifi-
cantly higher in the untreat-
ed hypertensive group when
compared to the normal and
curcumin groups. No increase
in MDA level was observed in
the curcumin-treated hyper-
tensive rats relative to the
non-hypertensive groups.

Renal mitochondrial DNA
integrity

In the normal and curcumin
groups, the intact form of
mtDNA migrated as a major
band of approximately 16.5
kb when electrophoresed
(Figure 8, lanes N, C). On
the other hand, hypertension
markedly reduced the amo-
unts of intact mtDNA in the
renal tissue (lane H). How-
ever, mtDNA from curcumin-
treated hypertensive group
(lane HC) migrated as its
intact form (Figure 8).

Discussion

The use of natural products
such as curcumin to protect
renal function may present
an efficient and affordable
method to protect against
harmful effects of hyperten-
sion [21]. Curcumin shows
therapeutic potential against
cancer, lung, renal, neurologi-
cal, liver, metabolic and car-
diovascular diseases [22, 23]
through its effects differ [21,
24]. It is a well-studied na-
tural product with a docu-
mented safety profile [25]. In
hypertension, the progressive
renal impairment, where ei-
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Figure 5. Phptomicrograph of the renal cortex of all study groups: (A) normal
group, (B) curcumin group, (C) hypertensive group, (D) cur + hypertensive
group. Brown cytoplasmic reaction in the cells linining the tubules. The glom-
eruli (G) show negative reaction in both stains in all groups. BCL2 & Caspase
3 immunostaining x200. (E) Bcl-2 and caspase-3 immunohistochemical
intensity was quantified by Fiji image analyzer software. All data are
expressed as mean + SEM and analyzed using one-way ANOVA. *Significant
in comparison to normal group. $Significant in comparison to Curcumin
group. #Significant in comparison to Hypertensive group.

ther dialysis or transplantation become neces-
sary, is inevitable. Both options may be expen-
sive or unavailable in many developing coun-
tries [26, 27]. Nitric oxide (NO) production is
one of the most important defense mecha-
nisms against hypertension [28]. The primary

® Bel2 mCaspase3

LLi

Hypertensive Cur + Hypertensive

protective mechanisms of cur-
cumin against the renal dam-
age casue by (NO) deficiency
are unknown. Hence, we pos-
tulated that co-administration
of curcumin in an L-NAME-
induced model of hyperten-
sion would ameliorate most
of the renal adverse effects
associated with this model.
The L-NAME model pf hyper-
tension mimics hypertension
in humans, so it is suitable
to study the renal effects of
curcumin in this model [29].
The active metabolite of L-
NAME binds competitively to
eNOS [30]. NOS inhibition
attenuates both the synthe-
sis and metabolism of NO,
which normally mediates vas-
cular relaxation. NO deficien-
cy leads to systemic vaso-
constriction and hypertension
[31]. In this context, serial
measurements of blood pres-
sure showed a progressive
increase starting from the
end of the first week reaching
the peak by the end of the
4th week of L-NAME adminis-
tration (Figure 1). These find-
ings matched those of Abde-
Irahman [32]. Curcumin treat-
ment significantly decreased
blood pressure in the hyper-
tensive group starting from
the 2nd week of L-NAME
administration: blood pres-
sure in this group had return-
ed to normal values by the
end of the experiment. The-
se findings suggest curcumin
may have increased serum
nitrite/nitrate level in L-NAME
treated rats (Figure 2), result-
ing in a decrease in systemic
oxidative stress markers (Fi-
gure 7) and higher bioavailability of NO.
Previous studies also demonstrated that cur-
cumin lowers blood pressure in hypertensive
rat models by comparable NO dependent
mechanisms [28, 33]. In these studies, cur-
cumin may have increased NO bioavailability
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Figure 7. Oxidative stress level in renal tissue of all studied groups. All data
are expressed as mean + SEM and analyzed using one-way ANOVA and Bon-
ferroni post-hoc test. *Significant in comparison to normal group. $Signifi-
cant in comparison to Curcumin group. #Significant in comparison to Hyper-
tensive group.

MDA levels which were ac-
companied by a decrease in
serum nitrite/nitrate and by
down regulation of renal SOD
and reduced glutathione activ-
ity, suggestive of high oxida-
tive stress and impairment of
antioxidant defenses. Earlier
studies [36, 37] established
that NO deficiency causes
excessive production of ROS
and persistent oxidative st-
ress with impaired renal anti-
oxidant defense through inac-
tivation of antioxidant en-
zymes. Our findings further
demonstrate that curcumin
administration increased SOD
activity in kidneys of L-NAME-
treated rats, and therefore
counteracted renal oxidative
injury. Restored GS reductase
contents in renal tissues and
normalized MDA content was
found to be a potent antioxi-
dant and very effective in
reducing ROS production [38].

Collectively, these results
support the findings by Ali
and his colleges [39], who
demonstrated that the an-
tioxidant properties of cur-
cumin may result from its
ability to scavenge ROS, the
increase in NO bioavailability,
and the enhancement of the
antioxidant defense system.
Because curcumin increases
Nrf2 expression in the kidney
[40], the activation of this
transcription factor is involv-
ed in the regulation of cytop-
rotective genes encoding anti-
oxidant proteins which can
antagonize oxidative damage
[41]. Subsequently, oxidative
stress fortifies renal dysfunc-
tion [42] as found in our stu-
dy. Interestingly, we reported
that the beneficial action of

induced by reducing the abundance of ROS curcumin encompassed functional, biochemi-
[34, 35]. We found that L-NAME administration cal and histological markers of hypertensive
for four weeks in rats significantly increased renal damage in L-NAME treated rats. The tubu-
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M H HCC N

Figure 8. Mitochondrial DNA (mtDNA) in the experi-
mental groups, Lane M, 1 kb DNA ladder; lane N:
intact mtDNA isolated from normal group; lane C:
mtDNA samples isolated from curcumin group; lane
H: mtDNA samples isolated from hypertensive group
and lanes HC: mtDNA sample isolated from treated
group.

lar necrosis and the occurrence of apoptosis
(markers for early events in kidney damage)
[43], as well as, the chronic markers including
interstitial fibrosis and the sclerotic glomeruli
seen in the histopathological staining, albu-
minuria and uremic toxins [44] were signifi-
cantly improved by Curcumin administration.
We found renal insult in rats with L-NAME char-
acterized by structural and functional altera-
tions in the form of glomerulosclerosis, tubu-
lointerstitial injury, fibrosis and declining glo-
merular filtration. The present albuminuria and
glomerulosclerosis reflect elevations in the
mean glomerular transcapillary pressure and
flows [45, 46]; barotrauma caused by increas-
ed capillary pressure due to progressive hyper-
tension parallel to L-NAME administration.
Oxidant stress [47], in addition to, ATAR up-
regulation (Figure 6) enhancing ANGII activity
with altered oxygen availability in the hyperten-
sive kidney [48] may induce the renal tissue
lymphocytic infiltration, fibrosis and tubular
atrophy (Figures 5-7). The L-NAME-treated
hypertensive group showed significant decre-
ase in expression of Bcl-2, while the expression
of caspase-3 significantly increased. Oxidative
stress triggers caspase-3 activation leading to

apoptosis. Curcumin restored the balance of
pro-apoptotic (caspasce-3) and anti-apoptotic
(Bcl-2) proteins which acts as an antioxidant
in cells scavanging ROS [49]. In this work,
L-NAME induced hypertension was associated
with significant increase in the abundance of
AT1R, resulting in vasoconstriction and reduc-
tion of vascular compliance with subsequent
elevated blood pressure. The inhibition of NO
production by L-NAME may exaggerate the
effect of ROS resulting in more endothelial
dysfunction [50]. Moreover, oxidative stress
increases AT1R expression in the kidney [51]
so, it was not surprising that treatment with
curcumin was accompanied by significant
down regulation of ATAR, which augments the
amelioration of oxidant/anti-oxidant status
and NO bioavailability as shown earlier. These
data are consistent with many studies showing
the anti-oxidative effect of curcumin in hyper-
tensive rats [11, 52-54].

Based on the previous findings, increased vas-
cular tone induced by ANGII limited oxygen
delivery (renal tissue hypoxia) with further
increases in oxidative stress, resulting gener-
ally in increased glomerular injury [55], specifi-
cally in mitochondrial injury [34]. Besides, the
ultimate preservation of mitochondrial con-
tent is a consequence of increasing antioxi-
dant system activity. These data are support-
ed by findings of [56]. Moreover, NO inhibition
can directly cause renal tissue hypoxia. It
seems that L-NAME induced kidney damage
contributes to many factors. In this sense, we
demonstrated that the preservation of intact
mitochondrial DNA plays a key role in the pro-
tective effect of curcumin co-treatment ag-
ainst L-NAME induced renal oxidant damage.
Curcumin treatment in the L-NAME hyperten-
sion model reduced the amount of mtDNA deg-
radation observed in the untreated hyperten-
sive group.

DNA base oxidation by ROS attack and/or dam-
age of repair enzymes can be claimed [57].
These data were in line with antigenotoxic
property of herbs extract against mitochon-
drial DNA damage [24, 58].

Based on kidney functional, biochemical and
pathological findings, it seems fair to conclude
that the ameliorative effect of Curcumin on
L-NAME induced hypertensive renal damage is
mediated through anti-oxidant capabilities and
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downregulation of ATAR favoring reduced apop-
tosis and preserved mitochondrial DNA.
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