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Beneficial effects of grape seed proanthocyanidin extract
on arterial remodeling in spontaneously hypertensive
rats via protecting against oxidative stress

YING LIANG'”, JIAN WANG?", HAIQING GAO?, QUANZHEN WANG?, JUN ZHANG? and JIE QIU?

1Department of Geriatric Cardiology, Qianfoshan Hospital of Shandong University, Jinan, Shandong 250013;

2Department of Geriatric Cardiology, Qilu Hospital of Shandong University, Jinan, Shandong 250012, P.R. China

Received August 2,2015; Accepted August 1, 2016

DOI: 10.3892/mmr.2016.5699

Abstract. Arterial remodeling is a pathogenic occurrence
during hypertension and, in turn, is closely associated with the
development and complications of hypertension. Grape seed
proanthocyanidin extract (GSPE) has been reported to exhibit
a protective effect on cardiovascular disease, however its effect
on arterial remodeling remains to be fully elucidated. In the
present study, the effects of GSPE on arterial remodeling were
analyzed by treating spontaneously hypertensive rats (SHRs)
with GSPE (250 mg/kg-day). Arterial remodeling was quanti-
fied through morphological methods; thoracic aortas were
stained with hematoxylin-eosin or sirius red-victoria blue. The
arterial ultrastructure was imaged using transmission electron
microscopy. The content of nitric oxide (NO) and endothelin-1
(ET-1) were examined to determine endothelial function.
Ocxidative stress was assessed by malondialdehyde (MDA)
levels and the activities of the antioxidant enzymes superoxide
dismutase (SOD) and catalase (CAT). Administration of GSPE
markedly alleviated hypertension-induced arterial remod-
eling, which was not associated with blood pressure control.
ET-1 production was reduced, while NO production was
increased in the GSPE group, which exhibited improved endo-
thelial function. In addition, treatment with GSPE significantly
ameliorated oxidative stress by improving SOD and CAT
activities and reducing MDA formation. In conclusion, GSPE
may attenuate hypertension-induced arterial remodeling by
repressing oxidative stress and is recommended as a potential
anti-arterial remodeling agent for patients with hypertensive
vascular diseases.
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Introduction

Hypertension is a major health problem and predominant risk
factor for the occurrence of numerous diseases, including heart
failure, myocardial infarction, stroke and peripheral arterial
disease (1,2). Hypertension is capable of promoting arte-
rial remodeling, which is an adaptive process that occurs in
response to long-term alterations in the hemodynamic condi-
tion of hypertension, predominantly including vessel wall
thickening and histological abnormalities, hemal wall/lumen
ratio increases and endothelial dysfunction (3). The process
of arterial remodeling is fundamental to numerous vascular
diseases that remain challenging to effectively treat. Thus,
therapeutic strategies directed at influencing the remodeling
response may have clinical importance.

It is evident that oxidative stress is associated with the patho-
genesis of numerous diseases, including vascular injury (4). In
addition, it has been reported that oxidative stress is present in
the arterial remodeling of hypertension. Reactive oxygen species
(ROS) at moderate concentrations act as signaling molecules and
second messengers, which serve an important role in maintaining
the structure and function of the vascular integrity (5,6). In
contrast to these regulatory functions under physiological condi-
tions, excessive or sustained ROS production, when exceeding
the available antioxidant defense systems, leads to oxidative
stress. Oxidative stress damages the endothelium and impairs
endothelium-dependent vasodilatation, consequently resulting
in endothelial dysfunction, and promoting the proliferation of
vascular smooth muscle cells in addition to collagen deposition,
which cause thickening of the tunica media and narrowing of
the vascular lumen (7). This results in the occurrence and the
development of hypertension (8,9). These observations demon-
strate that oxidative stress is involved in the occurrence and
development of arterial remodeling in hypertension, and suggest
that arterial remodeling may be alleviated by its inhibition.

Grape seed proanthocyanidin extract (GSPE) is a combina-
tion of biologically active polyphenolic flavonoids, and contains
oligomeric proanthocyanidins, which have been demonstrated
to exhibit a spectrum of biological, pharmacological, therapeutic
and chemoprotective properties against oxygen-free radicals
and oxidative stress (10). This range of biochemical and cellular
functions suggests potential for the prevention and treatment of
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a variety of human disorders caused by oxidative stress. Due
to the fact that oxidative damage has been associated with the
arterial remodeling in hypertension, the curernt study aimed to
evaluate the effect of GSPE on arterial remodeling, which has
not, to the best of our knowledge been previously investigated.

Materials and methods

Animal preparation. A total of 20 20-week-old male spon-
taneously hypertensive rats (SHRs) weighing 302.25+7.29 g
and 10 20-week-old Wistar-Kyoto rats (WKYs) weighing
298.25+6.40 g were purchased from Vital River Laboratory
Animal Co., Ltd. (Beijing, China). The rats were kept in cages
at 22+2°C and 50-55% humidity with 12-h light/dark cycles
and had access to standard rat feed and water ad libitum.
The rats were randomly assigned to three groups (n=10 per
group): WKY-C (WKY control rats treated with 1 ml 0.9%
nitric sodium orally), SHR-C (SHR control rats treated with
1 m10.9% nitric sodium orally) and SHR-T (SHRs treated with
GSPE at a dosage of 250 mg/kg-day). In previous studies, rats
treated with GSPE at a dosage of 250 mg/kg-day exhibited a
more significant biological effect without pharmacological
toxicity (11,12). The animals were subjected to drug admin-
istration as described above by oral gavage for 22 weeks. All
experiments were approved and performed in accordance with
the National Institute of Health Guide for the Care and Use of
Laboratory Animals (13), with approval from the Institutional
Animal Care and Use Committee of Qilu Hospital, Shandong
University (Jinan, China).

Chemicals. GSPEs (containing 56% dimeric proanthocy-
anidins, 12% trimeric proanthocyanidins, 6.6% tetrameric
proanthocyanidins and small amounts of monomeric and
high-molecular-weight oligomeric proanthocyanidins and
flavanols) were provided by Tianjin Jianfeng Natural Product
R&D Co., Ltd. (Tianjin, China). The components of GSPE
were analyzed using high-performance liquid chromatography
with gas chromatography-mass spectrometry detection.

Systolic blood pressure (SBP) measurement. SBP was measured
in conscious animals prior to the start of treatment and weekly
during treatment. SBP was determined using the tail-cuff
method (BP-2006A; Softron Beijing Incorporated, Beijing,
China). Prior to measurement, animals were placed in a heated
chamber at an ambient temperature of 30-34°C for 15 min and
were conditioned to numerous cuff inflation-deflation cycles
by a trained operator. Three consecutive SBP readings were
collected and averaged to obtain the exact SBP for presentation.

Tissue collection. At the end of week 22, animals in all groups
were sacrificed by decapitation under 3% sodium pentobar-
bital. Thoracic aortas were removed completely and rapidly.
Sections of the thoracic aorta (4 ym) were fixed in buffered
10% formalin for hematoxylin-eosin or sirius red-victoria blue
staining, while others were frozen in liquid nitrogen and stored
at -80°C for the biochemical assays.

Histopathological evaluation. Specimens of the middle part of
the thoracic aorta were fixed for 24 h in 10% formalin, routinely
processed in paraffin and cut into 4-ym-thick slices for staining
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with hematoxylin-eosin or sirius red-victoria blue. Briefly,
the paraffin sections were deparaffinized and rehydrated in
distilled water. Following washing with 70% ethanol for 2 min,
the sections were stained in victoria blue solution for 12 h at
37°C. The sections were then briefly washed with 95% ethanol
for several seconds and with distilled water for 2 min prior to
staining with 1% picrosirius red F3BA (Sigma-Aldrich; Merck
Millipore, Darmstadt, Germany) for 1 h. The sections were then
washed in running tap water for 10 min prior to dehydration,
clearing and mounting. Victoria blue- and picrosirius red-stained
sections were visualized by bright field and polarized light
under an Olympus BX53 microscope (Olympus Corporation,
Tokyo, Japan) and measured using Image-Pro Plus software,
version 5.0 (Media Cybernetics, Inc., Rockville, MD) to obtain
the percentage of collagen per media area and the collagen-elastic
ratio. The wall thickness (WT), inner diameter (ID) and aorta
radius (AR) of the thoracic aorta were determined using an
Olympus DP71 camera (Olympus Corporation), and then the
outer diameter (OD), vascular cross-sectional area (VCSA),
wall cross-sectional area (WSCA), luminal cross-sectional area
(LCSA), wall-lumen ratio (wall thickness:inner diameter) and
WSCA/LCSA were calculated.

Ultrastructural examination. A portion of the thoracic aorta
was fixed in 3% glutaraldehyde (Nanjing Chemical Reagent
Co., Ltd., Nanjing, China). Ultrathin sections cut from the
embedded blocks were stained with uranyl acetate and lead
citrate and then observed with an H-800 transmission electron
microscope (Hitachi, Ltd., Tokyo, Japan).

Pulse wave velocity (PWV). Two polyethylene cannulas were
inserted into the aorta via the left carotid and the left femoral
arteries for central and peripheral blood pressure measurements,
respectively. The aorta cannulas were connected to a pres-
sure recording system (MP100CE) and with AcqKnowledge
software, version 3.7.3 (BioPAC Systems, Inc., Goleta, CA,
USA). PWYV (cm/s) was calculated as the distance between the
central and peripheral cannula tips divided by the transit time.
The distance between the two central and peripheral cannula
tips was measured in situ subsequent to postmortem fixation
by sticking a damp cotton thread onto the aorta. Transit times
between the two central and peripheral pressure signals were
measured online for each 5 sec period by peak detectors of
the AcqKnowledge software, which systematically shifted the
peripheral pressure waveform in time with respect to the central
pressure waveform and determined the value of the time.

Enzyme-linked immunosorbent assay. The aorta tissue was
sectioned as small as possible that were homogenized 1:9
(w:v) in 0.9% saline. The homogenates were then centrifuged
at 1,500 x g for 5 min at 4°C, and the supernatant was used to
determine the content of nitric oxide (NO) and endothelin-1
(ET-1) and the levels of superoxide dismutase (SOD), catalase
(CAT) and malondialdehyde (MDA). The quantity of NO and
ET-1 in the aorta tissues was measured according to manufac-
turer's instructions using the NO Assay kit and the ET-1 Assay
kit, respectively (Nanjing Jiancheng Bioengineering Institute,
Nanjing, China). The levels of SOD, CAT and MDA in aorta
tissue were performed according to manufacturer's instruc-
tions using the SOD Assay kit, the CAT Assay kit and the



Table I. Effect of grape seed proanthocyanidin extract on the parameters of arterial remodeling.
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Groups
Parameter WKY-C SHR-C SHR-T
WT (ym) 109.99+17.14 234.69+51.76° 123 .44+21 .52¢
ID (#m) 1939.72+188.25 2286.03+37.18* 2146.63+121.73
Wall-lumen ratio (%) 5.76x1.40 10.26£2.27* 5.74+0.77¢
OD (um) 2551.94+168.60 2863.10+94.76° 2457.40+160.16¢
AR (ym) 1079.85+77.17 1377.71+£56.68° 1196.75+£78.02¢
VCSA (um?) 3995782.31+600797.63 6439627.69+423165.96° 4753893.19+624694.74°
WCSA (um?) 1023674.09+31811.67 2336546.56+£374561.53° 1128830.56+241649.31¢
LCSA (um?) 2972108.22+580826.92 4103081.13+133875.61* 3625062.64+410015.65
WCSA/LCSA (%) 35.21+£5.86 56.94+9 05° 31.01+4.04¢
PWYV (cm/s) 2492.10+789.70 6681.09+2154.93 4283.10+£946.05

Values are presented as the means + standard deviation for six rats. “P<0.05, *P<0.01 vs. WKY-C group; °P<0.05, “P<0.01 vs. SHR-C group.
WKY-C, Wistar-Kyoto control rats; SHR-C, spontaneously hypertensive control rats; WT, wall thickness; ID, inner diameter; wall-lumen
ratio, ratio of WT to ID; OD, outer diameter; AR, aorta radius; VCSA, vascular cross-sectional area; WCSA, wall cross-sectional area; LCSA,

luminal cross-sectional area; PWV, pulse wave velocity.

Figure 1. Effect of GSPE on histological sections of thoracic aorta stained with hematoxylin-eosin in the three groups (magnification: A-C, x40; D-F, x400).
(A and D) WKY-C group; (B and E) SHR-C group; (C and F) SHR-T group. GSPE, grape seed proanthocyanidin extract; WKY-C, Wistar-Kyoto rats treated
with 1 ml 0.9% nitric sodium orally; SHR-C, spontaneously hypertensive rats treated with 1 ml 0.9% nitric sodium orally; SHR-T, SHRs treated with GSPEs

at a dosage of 250 mg/kg-day.

Microscale MDA Assay Kkit, respectively (Nanjing Jiancheng
Bioengineering Institute).

Statistical analysis. Statistical analysis was performed by
one-way analysis of variance using SPSS software, version 19.0
(SPSS, Inc., Chicago, IL, USA). The results are expressed as
the mean + standard deviation. P<0.05 was considered to indi-
cate a statistically significant difference.

Results

GSPE ameliorates alterations in arterial remodeling. As
presented in Table I, wall thickness, OD, AR, VCSA, WCSA,

wall-lumen ratio, WCSA/LCSA and PWV were significantly
increased in the SHR-C group compared with the WKY-C
group. Following administration of GSPE (at a dose of
250 mg/kg-day), the above parameters were reversed, indi-
cating that GSPE reversed arterial remodeling. To further
investigate the effect of GSPE on arterial remodeling,
thoracic aortas were stained with hematoxylin-eosin or sirius
red-victoria blue.

Hematoxylin and eosin staining indicated that the arrange-
ment of the elastic fibers in the aortas in the WKY-C group
rats was normal and that there was no collagen hyperplasia in
the vessel wall, while the aortic wall in the SHR-C group rats
was thickened, with hyperplastic collagen fibers in the media
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Figure 2. Effect of GSPE on aortic fibrosis. (A-C) Representative images of bright fields. (D-F) Representative histological images of polarized light.
(A and D) WKY-C group; (B and E) SHR-C group; (C and F) SHR-T group. GSPE, grape seed proanthocyanidin extract; WKY-C, Wistar-Kyoto rats treated
with 1 ml 0.9% nitric sodium orally; SHR-C, spontaneously hypertensive rats treated with 1 ml 0.9% nitric sodium orally; SHR-T, SHRs treated with GSPEs

at a dosage of 250 mg/kg-day.
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Figure 3. Quantitative assessment of % area of collagen fibers and collagen-elastic ratio in the three groups. Data are presented as the mean + standard devia-
tion; n=10. “P<0.01 vs. the WKY-C group; *P<0.01 vs. the SHR-C group. WKY-C, Wistar-Kyoto rats treated with 1 m1 0.9% nitric sodium orally; SHR-C,
spontaneously hypertensive rats treated with 1 ml 0.9% nitric sodium orally; GSPE, grape seed proanthocyanidin extract; SHR-T, SHRs treated with GSPEs

at a dosage of 250 mg/kg-day.

and with reduced, disordered and even ruptured elastic fibers.
However, the aortic elastic fibers in the SHR-T group remained
ordered (Fig. 1).

Sirius red-victoria blue staining was observed in the
histological images (Fig. 2), where red fibers represent
collagen and blue fibers show elastin in the bright fields,
and under polarized light, the collagen I fibers presented
orange-red, whereas the thinner collagen III fibers appeared
yellow-green (14). Previous studies demonstrated that
certain conditions, such as hypertension and atherosclerosis,
stimulate vascular smooth muscle cells (VSMCs) to produce
extra collagen in the vessel wall (15,16) and that the arterial
collagen content increases progressively when blood pres-
sure rises (17,18).

The present study supports this theory by demonstrating
a marked increase in total collagen content per media area
of the aortic segment for the SHRs compared with the WKY
rats. In the SHR-C group, the aortic fibration was promoted

by increasing collagen deposition in the wall, particularly
collagen type I, while it was lower in the SHR-T group when
compared with the SHR-C group. In addition, the ratio of
collagen fibers and elastic fibers was reduced more in the
SHR-T group than in the SHR-C group. Collagen content and
the collagen-elastic ratio were lower in the SHR-T group than
in the SHR-C tissues, indicating that GSPE reduced collagen
deposition (Fig. 3).

GSPE preserves ultrastructural alterations of the thoracic
aorta. In the SHR-C group, the repeatedly repaired base-
ment membrane had numerous holes, and the internal elastic
lamina was split, with abundant extracellular matrix content
intertwined with the basement membrane. In addition,
fibroblast-like cells were present in the subendothelium, and
the apoptosis of endothelial cells was observed in the SHR-C
group, whereas normal ultrastructure was observed in the
aortic tissues of the WKY-C group. The administration of
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Endothelial cells

Figure 4. Effect of GSPEs on ultrastructural alterations in the thoracic aorta
in the three groups (magnification, x15,000). (A) WKY-C group; (B) SHR-C
group; (C) SHR-T group. GSPE, grape seed proanthocyanidin extract;
WKY-C, Wistar-Kyoto rats treated with 1 ml 0.9% nitric sodium orally;
SHR-C, spontaneously hypertensive rats treated with 1 ml1 0.9% nitric sodium
orally; SHR-T, SHRs treated with GSPEs at a dosage of 250 mg/kg-day.

GSPE resulted in improvements to the preservation of the
fine structure of the basement membrane and internal elastic
lamina and a reduction in the number of inserted fibroblast-like
cells in the subendothelium (Fig. 4).

GSPE significantly improves endothelial function. The
content of NO in the thoracic aorta in the SHR-C group
reduced significantly, while GSPE treatment increased NO
production when comparing the SHR-T group with the SHR-C
group. However, ET-1 expression was significantly increased
in the SHR-C group when compared with that of the WKY-C
group, which was capable of being reversed by GSPE treat-
ment, indicating that GSPE significantly improved endothelial
function (Fig. 5).

GSPE acts via the reduction of oxidative stress. During the
22 weeks of treatment, SBP was similarly increased in both
the SHR-C and the SHR-T groups, indicating that GSPE had
no effect on blood pressure (Fig. 6). As presented in Fig. 7,
compared with the WKY-C group, MDA expression was
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Figure 5. Effect of GSPE on the expression of NO and ET-1. The content of
NO and ET-1 in the thoracic aorta from the three groups. NO, nitric oxide;
ET-1, endothelin-1; groups as described in Fig. 1. Data are presented as the
mean + standard deviation; n=10. “P<0.01 vs. the WKY-C group; “P<0.01
vs. the SHR-C group. GSPE, grape seed proanthocyanidin extract; NO, nitric
oxide; ET-1, endothelin-1; WKY-C, Wistar-Kyoto rats treated with 1 m10.9%
nitric sodium orally; SHR-C, spontaneously hypertensive rats treated with
1 m10.9% nitric sodium orally; SHR-T, SHRs treated with GSPEs at a dosage
of 250 mg/kg-day.

Systolic blood pressure

2404 - WKY-C
220 —*+ SHR-C
1 SHR-T

*k

g

»
o
=]

ek

1804
1604
1404

120- ,,,!—-I———l—f"‘i’__H

100

*¥k

SBP/mmH

L] Ll I L Ll Ll L T T L] Ll 1
20 22 24 26 28 30 32 34 36 38 40 42
time/week

Figure 6. Effect of GSPE on SBP. SBP (mmHg) was measured across the
three groups at baseline and at weekly intervals. Data are presented as the
mean + standard deviation; n=10. “P<0.01 vs. the WKY-C group. GSPE,
grape seed proanthocyanidin extract; SBP, systolic blood pressure; WKY-C,
Wistar-Kyoto rats treated with 1 ml 0.9% nitric sodium orally; SHR-C,
spontaneously hypertensive rats treated with 1 m1 0.9% nitric sodium orally;
SHR-T, SHRs treated with GSPEs at a dosage of 250 mg/kg-day.

greater in the aorta tissue of the SHRs, while SOD and CAT
activities were reduced, which was accompanied by arterial
remodeling in SHRs, as demonstrated by a significant increase
in wall thickness, wall-lumen ratio (Table I) and increased
collagen fibers (Fig. 3). All of these parameters were reversed
in SHRs chronically supplemented with GSPE.
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Figure 7. Effect of GSPE on levels of SOD, CAT and MDA. Data are presented as the mean + standard deviation; n=10. “P<0.01 vs. the WKY-C group; *P<0.01
vs. the SHR-C group. GSPE, grape seed proanthocyanidin extract; SOD, superoxide dismutase; CAT, catalase; MDA, malondialdehyde; WKY-C, Wistar-Kyoto
rats treated with 1 ml 0.9% nitric sodium orally; SHR-C, spontaneously hypertensive rats treated with 1 ml 0.9% nitric sodium orally; SHR-T, SHRs treated

with GSPEs at a dosage of 250 mg/kg-day.

Discussion

Arterial remodeling is an active process of structural altera-
tion that involves the vessel wall thickening and histological
abnormalities, hemal wall/lumen ratio increases and finally
endothelial dysfunction. Morphological observations from
the current study indicated that a marked increase in wall
thickness, OD, AR, VCSA, WCSA, wall-lumen ratio and
WCSA/LCSA was observed in the SHR-C groups. Previous
studies suggested that arterial remodeling leads to increased
wall thickness and wall-lumen ratios, which appears to be due
to degradation and reorganization of the extracellular matrix
scaffold, in addition to hypertrophy and/or hyperplasia of the
VSMC:s (11,16). Consistent with these results, collagen deposi-
tion was observed in the aortas of the SHR group. Pulse wave
velocity (PWV), which is defined as the propagation speed
of the pressure or flow wave front traveling along the aorta,
has been regarded as a predictor for cardiovascular events and
mortality (19,20). The increased PWYV reflected arterial stiff-
ness as a result of structural alterations in the arterial wall (21).
The structure of vessels is altered when an increase in blood
pressure causes an augmentation of vascular tension in hyper-
tension. These effects, in turn, lead to an increase in aortic
wall stiffness and a quickening of PWV in hypertension. In the
current study, SHRs exhibited a significantly increased PW'V.

A previous study demonstrated that the imbalance of endo-
thelium-derived factors may elevate vasomotor tone, promote
VSMC proliferation and induce arterial remodeling (11). NO
is the key endothelium-derived relaxing factor that serves an
important role in the regulation of vascular function, and it
appears that the abnormalities in the production or actions

of NO lead to endothelial dysfunction and abnormal arte-
rial remodeling (22). ET-1 is the dominant vasoconstrictive
factor. A previous study identified that aortic ET-1 content
is significantly increased in deoxycorticosterone acetate-salt
hypertensive rats compared with that of age-matched control
rats (23). Studies investigating clinical and experimental
hypertension observed an imbalance between NO and
ET-1 (24,25). In the current study, an increase in ET-1 and a
reduction in NO were observed. The present study confirms
that SHRs have endothelial dysfunction, which may contribute
to arterial remodeling.

As identified in the current study, the process of arterial
remodeling leads to increased wall thickness, VCSA, WCSA,
AR, wall-lumen ratio, WCSA/LCSA and PWV, which appear
to be due to arterial wall hyperplasia and hypertrophy, and an
imbalance in NO and ET-1 leading to endothelial dysfunction.
However, these alterations were reversed by GSPE. A previous
study reported that phenolic compounds prevent target organ
damage in hypertensive rats (26). GSPE, a phenolic compound,
has been reported to protect against oxidative injury during
doxorubicin-induced/cyclosporine-induced cardiac injury and
ischemia/reperfusion in the rat heart (27-29).In a controlled
registry study involving 119 healthy, pre- and mildly hyperten-
sive subjects (30), GSPE significantly reduced blood pressure,
however, in the present study, its effect could not be observed in
the SHRs. In the current study, the starting time of treatment,
age and weight of the SHRs, which may serve an important role
in the treatment of high blood pressure, were different from
previous studies (11,12). It is suggested that this explains the
discrepancies between the results obtained in the current study
and those of previous studies. These results indicated that the
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vascular remodeling was improved independent of reducing
blood pressure, however was associated with the direct effects
of GSPE. Therefore, it is hypothesized that significantly
reduced wall thickness, OD, AR, VCSA, WCSA, wall-lumen
ratio, WCSA/LCSA, PWYV and ET-1, and increased NO in the
SHR-T group may be due to the antioxidant activity of GSPE.

Oxidative stress occurs when there is an excessive or
sustained ROS production that exceeds the available antioxi-
dant defense systems. ROS are highly reactive and unstable by
nature; hence, they can damage various cellular components,
including lipid membranes. Lipid peroxides are derived from
polyunsaturated fatty acid (PUFA) oxidation and are capable
of initiating lipid peroxidation via a free radical chain reac-
tion. MDA is a major end-product of PUFA peroxidation and
is often used as an indicator of cell injury. An increase in the
production of MDA may be due to the formation of reactive
oxidants. GSPE significantly inhibited oxidative stress, as
indicated by the reduced level of MDA in SHRs treated with
GSPE. The increase in MDA in the SHR-C group may be a
reflection of the reductions in the enzymatic and nonenzymatic
antioxidants defense system (31). Thus, the observations of the
present study confirm those of a previous study that indicated
that oxidative stress is present in hypertension (32). The results
of the current study additionally illustrate that the oral admin-
istration of GSPE reduces the production of MDA.

SOD and CAT balance together to eliminate ROS, and small
deviations in physiological concentrations may have marked
effects on the resistance of cellular lipids, proteins and DNA to
oxidative damage (33). Consistent with previous reports, SHRs
indicated significantly depleted activities of the antioxidant
enzymes SOD and CAT (27,34). Upon GSPE treatment, antioxi-
dant enzyme activities were significantly increased in the SHR-T
group, and the high free radical scavenging activity of GSPE
could be a possible reason for this reversal effect of the lipid
peroxidation levels and antioxidative enzyme activities (35).

All of these results suggested that oxidative stress was
closely involved in the development of arterial remodeling, and
GSPE exerted a significantly beneficial effect on preventing
the development of arterial remodeling by improving the
antioxidant system, thus reducing oxidative stress.
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