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The effects of a-lipoic acid on aortic injury and hypertension in the rat
remnant kidney (5/6 nephrectomy) model
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ABSTRACT

Objective: The present study was designed to investigate the effects of a-lipoic acid on the abdominal aorta and hypertension in a remnant
kidney model histomorphometrically, immunohistochemically, and ultrastructurally.

Methods: We surgically reduced the renal tissue mass to 5/6 by applying a remnant kidney model. The rats were divided into 4 groups: Group
1- control group, Group 2- lipoic acid group, Group 3- 5/6 nephrectomy group, and Group IV: 5/6 nephrectomy+lipoic acid-treated group. Lipoic
acid solution 100 mg/kg was administered by oral gavage for 8 weeks to Groups Il and IV. At the end of the experiment, systemic mean blood
pressure was monitored. Then, aortic tissues were removed and fixed. After routine histological procedures, tissue sections were examined
histochemically, immunohistochemically (type | angiotensin receptor, vascular endothelial growth factor, alpha-smooth muscle actin), and ultra-
structurally.

Results: The blood pressure measurements in 5/6 nephrectomy group were significantly higher compared to other groups. In the 5/6
nephrectomy+lipoic acid group, measured blood pressure values and tunica media thickness were significantly lower than in the 5/6 nephrec-
tomy group. In the 5/6 nephrectomy+lipoic acid group, decreased aortic wall thickness, regularity in the structure of elastic fibrils, and more
organized elastic lamellae were seen. The expression of type | angiotensin receptor, vascular endothelial growth factor, alpha-smooth muscle
actin in the 5/6 nephrectomy+lipoic acid group was decreased compared to the 5/6 nephrectomy group.

Conclusion: In the present study, we found that a-lipoic acid could be a favorable agent for the target organ effects of secondary hypertension.
(Anatol J Cardiol 2015; 15: 443-9)

Keywords: a-lipoic acid, hypertension, remnant kidney model, aorta, vascular endothelial growth factor, type-I angiotensin receptor, alpha-
smooth muscle actin

Introduction main target of hypertension. One of the target organs in the vas-

cular system is the aorta. In the aorta, not only the intima but

Hypertension is the most common cardiovascular disease,
with a high incidence and lethal complications (1). Several ani-
mal models have been developed to reveal the mechanisms
involved in the pathogenesis of hypertension. In experimental
hypertension, genetic phenotype-driven (eg, SHR) or genotype-
driven (eg, null mice) models or nongenetic (surgical interven-
tion, as the endocrine, diet modification, partial or subtotal
nephrectomy) models can be formed. Surgically reducing renal
tissue to five-sixths (5/6) by renal mass ablation (remnant kidney
model), helps to create secondary hypertension (1-3).

Hypertension has an impact on target organs, such as the
heart, kidneys, and blood vessels. The vascular system is the
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also major structures, like the vascular smooth muscle cell
(VSMC), collagen, elastic fibrils, and proteoglycans in the matrix,
are affected by hypertension (4). As a result of hypertension,
arterial elasticity is changed, and vessel wall injury occurs (5).
The biological actions of the renin-angiotensin system (RAS) are
mediated by the angiotensin Il (Ang Il) molecule in the blood
vessels. Ang Il, the main biological effector of RAS, has an
important role in vascular structure and in hemodynamics. Ang
Il has vasoconstrictor effects on vessels and acts through the
type | angiotensin receptor (AT1), which causes changes in
hypertension (4, 5). AT1 receptors may also stimulate growth and
hypertrophy of VSMCs (4, 6). Ang Il is shown to upregulate vas-
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cular endothelial growth factor (VEGF). VEGF is a member of the
platelet-derived growth factor superfamily (PDGF) and one of
the most potent angiogenic factors. VEGF is thought to function
as an endogenous regulator of endothelial integrity and takes
part in endothelial cell proliferation, migration, and differentia-
tion (6, 7). VEGF receptors are also expressed on VSMCs; this
indicates that VEGF may act as a regulating molecule for the
response of VSMCs. Smooth muscle actin (SMA) is a microfila-
mentous contractile protein. There are different isoforms of this
protein in the actin protein family. The alpha (a-SMA) form is
present in skeletal muscle, smooth muscle, heart muscle, fibro-
blasts, and myoepithelial cells. It plays an important role in fibro-
genesis and correlates with the activation of myofibroblasts (7).

Lipoic acid (LA) is a potent antioxidant and a free radical
scavenger that is endogenously produced. It is known to inhibit
lipid peroxidation both in vitro and in vivo. Its antioxidant proper-
ties are related to removing free radicals and chelating metal
ions while being reduced to dihydrolipoic acid (8, 9). LA lowers
blood lipids and protects against LDL oxidation. LA is thought to
be a possible protective agent against the risk factors of cardio-
vascular diseases (9). Studies on hypertension and the protec-
tive effect of LA showed that in hypertensive rats, LA lowered
the blood pressure (3).

Besides antihypertensive agents, such as diuretics and
angiotensin-converting enzyme (ACE) inhibitors, recently, the
protective and/or therapeutic effects of antioxidants in hyper-
tension have been examined. In this content, the aim of this
study was to investigate the cellular and ultrastructural changes
occurring in the abdominal aorta due to hypertension in a rem-
nant kidney model and evaluate the effects of lipoic acid on
ameliorating the morphology of the aorta.

Methods

The experiment was performed on 28 male Wistar albino rats
(230-260 g) in accordance with the guidelines provided by the
experimental animal laboratory. The study was approved by the
ethic committee of the research of laboratory animals, and all pro-
cedures were performed according to the “Principles of Laboratory
Animal Care” by the National Institute of Health. The animals were
maintained on a constant 12-h light/dark cycle at constant room
temperature (23+2°C) and humidity (60%), and food and tap water
were provided ad libitum throughout the experiments.

Experimental groups

The rats were divided into 4 group: Group 1- control (8 week),
Group 2- lipoic acid (LA group; rats administered LA until being
sacrificed at Week 8), Group 3- 5/6 nephrectomy (Nx) group (8
week), and Group 4- 5/6 nephrectomy+lipoic acid-treated (8
week) (5/6 Nx+LAT) group.

The constitution of the experimental 5/6 Nx model
This model was performed by right nephrectomy followed by
partial infarction of approximately two-thirds of the left kidney
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by selective ligation of two to three of three to four extrarenal
branches of the left renal artery (3, 10).

Lipoic acid administration

Lipoic acid (Sigma, St Louis, USA) 100 mg/kg was mixed with
sterile saline in a dark bottle, and 1 M NaOH was added until the
suspension dissolved. The pH was then brought to 7.4 with 1 M
HCI. Fresh LA solutions were administered by oral gavage for 8
weeks (3).

Systolic blood pressure measurements

The animals were anesthetized by an intraperitoneal dose of
urethane 1.5 g/kg. A tracheal cannula was inserted via trache-
otomy and sutured. A catheter was inserted into the right
carotid artery to monitor systemic mean blood pressure with an
MP30 BPT300 pressure transducer connected to a computer-
ized system for data acquisition (MP Biopac system Inc.,
California, USA). The arterial catheter was filled with heparin-
ized saline (250 U/mL). Blood samples were measured (3, 11).

Light microscopic examination

At the end of the experiment, abdominal aorta tissues were
removed and fixed in 10% formalin. After routine histological
procedures, specimens were blocked, and 4-ym sections were
taken with a rotary microtome (RM 2255, Leica Instruments,
Germany). The hematoxylin and eosin (H&E)-stained sections
were used for evaluating general histomorphology; Masson's
trichrome (MTKR) stained (GBL cat n0:5022) sections were used
for connective tissue and collagen content, and orceinlight
green-stained (Merck, Millipore Cat no:107100) sections were
used for elastic fibril structure. The images obtained from the
selected areas were analyzed by using a computer-assisted
image analyzer system consisting of a microscope (Olympus
BX-51, Japan) equipped with a high-resolution video camera
(Olympus, DP70, Japan). At least four areas from each section
were analyzed and evaluated for each rat. Measurements were
made using the UTHSCA Image Tool (software version 3.0,
University of Texas Health Science Center, USA).

Immunohistochemistry

After deparaffinization and rehydration, sections were treat-
ed with 10 mM citrate buffer (Cat No.AP-9003-125 Labvision).
Then, sections were incubated in a solution of 3% H,0, to
inhibit endogenous peroxidase activity and then incubated with
normal serum blocking solution. Next, sections were incubated
in a humid chamber for 18 h at +4°C overnight with antibodies to
AT1 (ab9391-1, Abcam), VEGF (sc-7269, Santa Cruz), and a-SMA
(ab7817, Abcam) and then with biotinylated 1gG and streptavidin,
conjugated to horseradish peroxidase, prepared according to kit
instructions (Invitrogen, Histostain-Plus Kit Broad Spectrum,
85-9043). Finally, the sections were stained with 3, 3'-diamino-
benzidine (DAB) substrate (1718096, Roche), counter-stained
with Mayer’s hematoxylin, and analyzed using a BH-2 micro-
scope (Olympus, Tokyo, Japan).
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Semi-quantification of immunostaining data

A grading system was used to score the quantity of immunos-
taining as follows: 1, very little positive staining was observed in
an image and the staining was mild; 2, positive staining was mod-
erate and between grade 1 and grade 3; 3, strong positive staining
was evenly distributed in the whole image; and 0, no immunoreac-
tivity. To maintain the consistency of scoring, each section was
graded by two persons blinded to the treatments, and the average
was taken. The average of the scores was used to represent the
grade of immunostaining for each aorta section (12).

Electron microscopic examination

Tissue samples for EM were fixed in 2.5% glutaraldehyde.
The specimens were washed in phosphate buffer and subse-
quently submerged in osmium tetroxide. This procedure provid-
ed both staining and fixation. Then, they were passed through a
series of graded alcohol solutions and left in propylene oxide for
final fixation. Specimens were embedded in Araldite-CY 212 and
dodecenyl succinic anhydride (DDSA) for one night. Then, the
specimens were placed in a mixture of Araldite-CY 212, DDSA
and benzyl dimethylamine (BDMD) and incubated in an auto-
clave. The tissues were left in it to cool so that polymerization
was attained. The specimen lumps were cut into sections with
a Reicheld LK (Vien, Austria) ultra-microtome and stained with
toluidine blue. The marked sections were cut into thin slices and
were stained with uranyl acetate and then with lead citrate.
Finally, the tissue samples were examined on a Libra120 (Carl-
Zeiss, Germany) transmission electron microscope.

Statistical analysis

Initial and final body weight, blood pressure, tunica media
thickness values, and numeric values belonging to the correla-
tion between the blood pressure measurements and tunica
media thickness were analyzed with Kolmogorov-Smirnov test
and tested for compliance for normal distribution. These values
were not accordant with a normal distribution. That is why initial
and final body weights were analyzed with nonparametric
Wilcoxon signed-rank test. The blood pressure and tunica
media thickness values were analyzed with no parametric
Mann-Whitney U test, and the correlation was evaluated with
Spearman correlation test. Nonparametric Mann-Whitney
U test was used for semiquantitative immune scoring in the
comparison of the two groups.
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Initial and final body weights, blood pressure, and tunica
media thickness values were numerical values, and they were
expressed as the mediantstandard deviation. Semiquantitative
immune scoring values were nominal values, and they were
expressed as the mean+standard deviation. All statistical pro-
cedures were performed with SPSS software for Windows,
Version 15.0 (SPSS, Chicago, IL, USA). A value of p<0.05 was
considered significant.

Results

Body weight, blood pressure, and tunica media thickness
(TMT)

The final body weights of rats in all groups were signifi-
cantly increased (Table 1). At end of the experiment, blood pres-
sure values were measured. The blood pressure measurements
from the carotid artery in the 5/6Nx group were significantly
higher compared to the control, LA, and 5/6Nx+LAT groups
(p=0.002). In the 5/6Nx+LAT group, measured blood pressure
values were significantly lower than in the 5/6Nx group (p=0.002)
(Table 1).

In the 5/6Nx group, TMT was higher than in the control
(p<0.001), LA (p=0.002), and 5/6Nx+LAT groups (p=0.002). In the
5/6Nx+LAT group, TMT was significantly lower than in the 5/6Nx
group (p<0.001) (Table 1).

When we compare the blood pressures and TMT values of
the groups, there was a significant positive correlation between
groups (r=0.71; p<0.001) (Fig. 1) (Spearman correlation test).

Histochemical and histomorphological evaluation

In the control group, the tunica intima, tunica media, and
tunica adventitia of the aorta had a normal histomorphological
structure in all stains (Fig. 2-1A-C). The LA group showed a
nearly normal structure, like the control group (Fig. 2-2A-C). In
the 5/6 Nx group, increased aortic wall thickness, irregularity in
the structure of the elastic fibrils in the tunica media (arrows),
and deterioration in the formation of elastic lamellae (arrows)
were observed (Fig. 2-3A-C). When we observed the 5/6 Nx+LAT
group, decreased aortic wall thickness, regularity in the struc-
ture of the fibrils in the tunica media, and more organized forma-
tion of elastic lamellae were seen (Fig.2-4A-C). When we com-
pared the 5/6 Nx+LAT group with the 5/6 Nx group, the elastic

Table 1. Initial and final body weight (median+SD), blood pressure, and tunica media thickness in all groups

Groups Initial/final body weight (g) Blood pressure (mm Hg) Tunica media thickness (pm)
Control (C) 241.0+4.52/251.0+6.87° 100.0+2.2 122.3+3.3

LA 241.0+5.64/250.0+4.96° 101.345.7 126.9+£17.8

5/6 Nx 245.0+6.91/254.0+3.59° 144.36.5° 181.0£11.1¢

5/6Nx+LAT 246.0+5.25/256.0+4.49° 127.0+9.5° 138.0+11.2¢

%, P<0.05 compared to initial body weight (nonparametric Wilcoxon signed-rank test) ®, P<0.05 in 5/6 Nx group compared to other groups. ¢, P<0.05 in 5/6 Nx+LAT group compared to 5/6
Nx group. ¢, P<0.05 in 5/6 Nx group compared to other groups. ¢, P<0.05 in 5/6 Nx+LAT group compared to 5/6 Nx group (nonparametric Mann-Whiney U test). LA- lipoic acid, 5/6

Nx- 5/6 nephrectomy, 5/6Nx+LAT- 5/6 nephrectomy+lipoic acid-treated group
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Figure 1. Blood pressure and tunica media thickness correlation

Table 2. Semiquantitative scoring of inmunohistochemical staining

Groups T intima T media T adventitia
Control 0.71+0.48 0.57+0.53 0.85+0.37
AT-1 LA 0.71+0.48 0.71+0.48 0.71+0.48
5/6Nx 1.14£0.37 | 2.14+0.37>® | 2.00+0.00%°
5/6Nx+LAT | 1.00+0.57 1.14+0.37° 1.00+0.00°
Control 0.85+0.37 1.14+0.37 1.0+£0.00
VEGE LA 1.00+0.00 1.14+0.37 1.28+0.48
5/6Nx 1.14£0.37 | 2.00£0.57>° | 2.14+0.37%°
5/6Nx+LAT | 1.14+0.37 1.1420.37° 1.28+0.48°
Control 0.5+0.37 0.71+0.48 0.71+0.48
w-SMA LA 1.00+0.00 0.85+0.37 0.85+0.37
5/6Nx 1.14:0.37 | 1.85:0.37>° | 1.71+0.48*°
5/6Nx+LAT | 1.00+0.00 1.14+0.37° 1.140.69°

Semiquantitative scoring of immunohistochemical staining of the groups.
(a) Significantly increased vs. control and LA group.
(b) AT-1; p=0.001, P<0.001, VEGF; p=0.01, P<0.001, a-SMA; P=0.002, P=0.006,
respectively. (°): Significantly increased vs. LA group. AT-1; P=0.001, P=0.001,

VEGF; P=0.01, P=0.007, a-SMA; P=0.002, P=0.007, respectively. (°): Significantly
decreased vs. 5/6Nx group AT-1; P=0.002, P<0.001, VEGF; P=0.01, P=0.007.

a-SMA; P=0.01, P=0.01 respectively (nonparametric Mann-Whiney U test). AT : type |
angiotensin receptor, LA - lipoic acid, 5/6Nx-5/6 nephrectomy, 5/6Nx+LAT-5/6
nephrectomy+lipoic acid-treated, VEGF - vascular endothelial growth factor, a-SMA -
alpha-smooth muscle actin

fibril lamellae were organized and regular, and there was a

decrease in the connective tissue content.

Immunohistochemistry

The expression of AT-1, VEGF, and a-SMA was determined
by immunohistochemistry. Results of the semiquantitative
scoring and statistical analysis details are given in Table 2. In
the control (Fig. 3-1A-C) and LA groups (Fig. 3-2A-C), the tunica
intima, media, and adventitia showed very little positive stain-
ing. In the 5/6 Nx group, the tunica media and tunica adventitia
especially showed mild, even moderate, immunopositive stain-

s

P

g

r
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Figure 2. 1A-C. Sections helonging to the control group, 2A-C. belonging
to the LA group, 3A-C. belonging to the 5/6 Nx group, and 4A-C.
belonging to the 5/6 Nx+LAT group. Arrows show irregular and
increased collagen content and irregular elastic fibril bundles. A1-4.
Stained with H&E, B1-4. stained with MTKR, and C1-4. sections
stained with orcein/light green. Scale bar 200 pm

ing of all three antibodies compared to the other groups
(Fig. 3-3A-C). Immunopositive staining in the 5/6 Nx+LAT group
was decreased of all three antibodies compared to the 5/6 Nx
group (Fig. 3-4A-C).

Electron microscopic evaluation

Electron microscopic examination showed that endothelial
cells and nuclei were regular with no ultrastructural changes in
the control group (Fig. 4-1A, 2A). The elastic membrane was
beginning immediately under the basement of the endothelial
cells and continued with muscle cells and elastic fibers. The LA
group had a similar appearance to the control group’s ultrastruc-
ture (Fig. 4-1B, 2B). In the 5/6Nx group, irregularity was observed
in endothelial cells. Elastic bundles were disorganized (Fig. 4-2C),
and subintimal thickening and collagen deposits were observed
between endothelial cells and the membrana elastica interna
(Fig. 4-1C, 2C). In the 5/6 Nx+LAT group, membrane elastic bun-
dles were more organized, and endothelial cells were more regu-
lar when compared to the 5/6 Nx group. The deposits and the
collagen between the endothelium decreased (Fig. 4-1D, 2D).

Discussion

The present study demonstrated that LA attenuates hyper-
tension-induced abdominal aorta injuries in a model of rat rem-
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Figure 3. 1A-C. Sections belonging to the control group, 2A-C. sections
belonging to the LA group, 3A-C. sections belonging to the 5/6 Nx group,
and 4A-C. 5/6 Nx + LAT groups. Arrows show immunopositive aorta
tissue. A1-4. Stained with type | angiotensin (AT1) receptor, B1-4.
stained with vascular endothelial growth factor, and C1-4. stained with
alpha-smooth muscle actin immunohistochemically. Scale bar 200 pm
nant kidney by histomorphological, immunobhistological, and
ultrastructural examinations.

Hypertension, together with renal insufficiency, is a common
problem observed in patients with chronic renal failure.
Experimental models of nephrectomy have been implemented
as models that reflect chronic renal failure (1). Experimentally
induced nephrectomy models result in increased blood pres-
sure, and they are used to try to clarify the mechanisms of target
organ damage similar to those in humans (13). A few days after
the experimental 5/6 nephrectomy model, it is reported that
there is an increase in blood pressure (1, 14). We surgically
reduced renal tissue to five-sixths (5/6) by renal mass ablation
(remnant kidney model) in order to create secondary hyperten-
sion (1). When secondary hypertension has settled, target organ
damage starts. The aorta in the vascular system is one of the
targets in secondary hypertension (15).

As a result of high blood pressure, arterial elasticity is
reduced, and VSMCs and collagen fibrils are affected (5, 16, 17).
In our study, we also found changes in aortic wall thickness,
irregularity in the structure of the tunica media, and deteriora-
tion in the formation of elastic lamellae in the 5/6 Nx group.
Besides, in the 5/6 Nx group, the collagen content and smooth
muscle cells in the tunica media were increased. On the other
hand, in the 5/6 Nx+LAT group showed less histomorphological
degenerative changes (Fig. 2-4). These data confirmed that LA
attenuates the target organ effects of hypertension in rat

Figure 4. A1-2. Control group, B1-2. LA group, C1-2. 5/6 Nx group, and
D1-2. 5/6 Nx+LAT. Arrows show irregularity in elastic bundles (C2).
1A-D. Electron microscopic micrographs, stained with lead citrate-
uranyl acetate (x 4000). 2A-D. Semithin sections stained with toluidine
blue. Scale bar 200 pm

abdominal aorta. In our study, we evaluated the correlation
between blood pressure and TMT. We found a positive correla-
tion (r: 0.71) between them. As shown in another study, low
antioxidant intake leads to severe ultrastructural changes in the
vessel walls in hypertensive rats, whereas antioxidant supple-
mentation slows down the elastin degradation and degenerative
changes of the vessel walls (18). We observed an irregular and
thick basal membrane and subendothelial deposits in the 5/6Nx
group in our study. It was seen that ultrastructural changes in
endothelial and elastic bundle regularity and thickness signifi-
cantly decreased in the 5/6 Nx+LAT group (Fig. 3).

It has been well known that activation of the RAS plays an
important role in the physiology and pathophysiology of hyper-
tension. Ang Il regulates blood pressure and electrolyte homeo-
stasis and takes part in the inflammatory response in the vascu-
lar wall (12). Cardiovascular diseases induce complex structural
and functional changes in the vasculature. Increased pressure
precedes and elicits vascular damage (5). Activation of the RAS
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as a result of impaired endothelial function plays an important
role in the initiation and progression of arterial damage. Ang Il is
implicated in the process of angiogenesis. Ang Il is shown to
upregulate VEGF. VEGF is one of the most potent angiogenic fac-
tors known to date and is thought to function as an endogenous
regulator of endothelial integrity (6, 7). VEGF was discovered as
a factor capable of inducing endothelial cell permeability and
angiogenesis. So, VEGF-targeted therapies were introduced into
clinical use for treatment of malignant diseases (19). It was
noted that hypertension and proteinuria were major toxicities.
Hypertension occurs in up to 80% of patients receiving VEGF-
targeted therapy (20-22).

Previous animal studies have reported that local delivery of
VEGF after endothelial injury promotes endothelial regeneration,
accelerates the recovery of endothelium-dependent relaxation,
and reduces neointimal formation (6, 23). Zhao et al. (6) showed
that Ang lI-mediated expression of VEGF receptors has a bio-
logical effect in inducing vascular inflammation (monocyte infil-
tration) and proliferation, as well as in causing vascular struc-
tural changes. As shown in Table 2, we found that VEGF immu-
nopositivity in the 5/6Nx group was higher than in the other
groups. VEGF immunopositivity was observed mainly in the
tunica media and adventitia. On the other hand, the LA-treated
group showed statistically significantly reduced VEGF immu-
nopositivity.

In addition, AT1 receptors in the vasculature, including the
aorta and pulmonary and mesenteric arteries, are present in
high levels on smooth muscle cells and low levels in the adven-
titia. Ang Il stimulation of AT1 receptors in blood vessels causes
vasoconstriction, leading to an increase in peripheral vascular
tone and systemic blood pressure (4, 12, 16, 24). In our study, in
the 5/6 Nx group, the AT1 immunopositivity was statistically sig-
nificantly increased compared to the control, LA, and 5/6Nx+LAT
groups. The 5/6Nx+LAT group showed statistically significantly
decreased AT1 immunopositivity. With the help of this finding,
we think that decreased AT1 affects vasoconstriction and leads
to the regulation of blood pressure.

Ang Il is also known to mediate cell growth and proliferation
in cardiac myocytes and fibroblasts, as well as in VSMCs. The
vasculopathy is leading to increased expression of ECM and
VSMC proliferation (5). SMA is a marker for fibrogenesis and
myofibroblast generation. SMA takes part in fibrogenesis and
myofibroblast generation. a-SMA correlates with the activation
of myofibroblasts (7). Medial thickening with hypertension is
attributable primarily to increased smooth muscle cell mass,
although enhanced deposition of collagen and elastin plays a
contributory role. Recent data would indicate that smooth mus-
cle cell hypertrophy, rather than hyperplasia, is primarily respon-
sible for the greater smooth muscle mass with hypertension (25).
In a remnant kidney model, investigators revealed that kidneys
from 5/6 Nx hypertensive rats showed a 10-fold increase in
a-SMA staining compared to controls (26). We found that there
was a significant increase in a-SMA in the 5/6Nx group immu-
nohistochemically. a-SMA immunopositivity was observed
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mainly in the tunica media and adventitia. Besides, in the
5/6Nx+LAT group, a-SMA immunopositivity was decreased. It is
possible to think that LA ameliorates VSMC proliferation in
abdominal aorta.

The antihypertensive effect of LA was associated with an
attenuation of oxidative stress in the aortic artery and with the
preservation of glutathione peroxidase activity in the plasma of
rats (27). Vasdev et al. (28) observed that LA decreased the
blood pressure in spontaneous hypertensive rats. El Midaouri
et al. (29) administered 500 mg/kg LA for 3 weeks to Sprague-
Dawley rats that were fed a glucose diet and found out that LA
caused a decrease in arterial pressure and aortic basal oxy-
gen production. In a study, dietary supplement of LA for 3
weeks prevented the rise of systolic blood pressure (14).
Midaoui et al. (30) sorted out whether the effects of dietary
supplementation with LA could prevent the increase in mito-
chondrial superoxide production in the heart, as well as the
enhanced formation of end-products that are associated with
the development of hypertension. They found that LA supple-
mentation prevents the development of hypertension and
hyperglycemia, presumably through its antioxidative proper-
ties (30). Also, researchers found that LA attenuated blood
pressure increases in a remnant kidney model (3, 14). In
another study, they suggested that the development of hyper-
tension could be either totally prevented or markedly attenu-
ated by chronic treatment with potent antioxidative therapies,
such as alpha-lipoic acid (31).

We used 100 mg/kg LA for 8 weeks in a remnant kidney
model. We noticed that LA caused a decrease in blood pressure
and ameliorated the histomorphological changes seen in abdom-
inal aorta. Besides these changes, we evaluated blood pressure
and TMT in the experimental groups and found a positive cor-
relation between these parameters.

Study limitations

The most important limitation of our study was the lack of
oxidative stress parameters. We plan to perform our experi-
ments on a higher budget by adding biochemical and molecular
data. This study was designed primarily to investigate whether
or not lipoid acid could ameliorate histomorphological altera-
tions due to hypertension in aorta tissue. Further studies should
be done to expose the effects of hypertension on oxidative
stress parameters and damaged cellular mechanisms in aorta
tissue.

Conclusion

In conclusion, according to the findings of our study, chronic
treatment with appropriate antioxidative therapies could prevent
the development of harmful effects seen in target organs in
hypertension. LA seems to be a favorable agent because of its
antioxidant properties. In our opinion, there is still a need for
comparative studies in order to determine the effects of LA on
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target organ functions in hypertension and complications in
various experimental models of hypertension.
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