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Abstract: The purpose of this study was to: 1) examine the effects of hydroxysafflor yellow A (HSYA) on the
proliferation, collagen and cytokine synthesis of vascular adventitial fibroblasts as induced by angiotensin Il (Ang
II) in normal Sprague-Dawley (SD) rats in vitro, and 2) to assess the effects of HSYA on morphological changes and
collagen accumulation of vascular adventitia in spontaneously hypertensive rats (SHR) in vivo. In vitro experiment,
vascular adventitial fibroblasts from SD rats were isolated, cultured, and divided into control groups, model groups
and HSYA groups. Cell morphology of adventitial fibroblasts was assessed using laser confocal microscopy, while
cell proliferation with the MTT assay, and collagen synthesis was determined using hydroxyproline chromatometry.
Immunocytochemistry and reverse transcription PCR were used for detecting the expression of TGF-1, MMP-1,
a-SMA and NF-kB in adventitial fibroblasts. In vivo experiment, vascular adventitia proliferation and collagen synthe-
sis were analyzed using hematoxylin-eosin and Sirius staining. Our results showed that: 1) in vitro experiment of SD
rats, HSYA inhibited proliferative activity and collagen synthesis of adventitial fibroblasts as induced by Ang Il, and
the inhibitory effects of HSYA on the increased expression of MMP-1, TGF-B1, a-SMA and NF-kB p65 as induced by
Ang Il were assessed, and 2) in vivo experiment of SHR, histological analysis displayed fewer pathological changes
of vascular adventitia in HSYA treatment groups as compared with no HSYA treatment groups, and MMP-1, TGF-81,
a-SMA and NF-kB p65 expression significantly reduced after HSYA treatment (P < 0.05). Our results revealed that
HSYA treatment significantly decreased the amount of cytokines and collagen synthesis in vascular adventitia com-
ponents. This study provides experimental evidence demonstrating that HSYA has the capacity to decrease vascular
adventitia proliferation and hyperplasia during vascular remodeling.
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Introduction

Processes involved with vascular remodeling
contribute to many cardiovascular, reproduc-
tive and ocular diseases. The prevailing belief is
that hyperplasia of the vascular intima and tuni-
ca media play a major role in modulating vascu-
lature structure and function, while the role of
the vascular adventitia has long been neglect-
ed. More recent findings, which demonstrate
that fibroblasts contribute to the formation of
intimal atherosclerotic lesion or vascular reste-
nosis, suggests that the vascular adventitia
may serve as a critical regulator of vascular
restenosis [1, 2]. Moreover, results from work
within our laboratory [3, 4] revealed that fibro-
blasts in the adventitia are activated prior to

atherosclerotic lesion formation and thus may
play an important role in the early process of
atherosclerosis. Adventitial fibroblasts are acti-
vated during the early stages of injury or stress
and secrete large numbers of cytokines,
enzymes and chemokines [5, 6]; all of which
can influence cell migration, proliferation and
differentiation [7, 8]. In addition, increases in
the production and accumulation of collagen
and elastin are observed in the adventitia dur-
ing the development of remodeling following
injury or stress.

Angiotensin Il (Ang Il), an important component
of the renin-angioensin system (RAS), can pro-
duce hypertension by changing vascular ten-
sion and blood flow. In hypertension develop-
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ment within spontaneous hypertensive rats
(SHR), the RAS system is activated and gener-
ates a large number of Ang Il. Ang Il can also
induce proliferation and hyperplasia of medial
smooth muscle cells and the vascular adventi-
tia to cause their migration to the intima [9].

Safflower is a traditional Chinese herbal medi-
cine that shows a remarkable efficacy in the
treatment of coronary heart disease through its
capacity of preventing arteriosclerosis and
inhibiting platelet activation [10-12]. Hydroxy-
safflor yellow A (HSYA) is a water soluble mono-
mer extracted from safflower that can exert a
variety of effects upon the cardiovascular sys-
tem. For example, HSYA can reduce phenyleph-
rine or KCl-induced vasoconstriction [13], inhib-
it endothelin release, increase myocardial flow,
improve myocardial oxygen consumption, and
inhibit myocardial ischemia [14]. However,
whether HSYA has the capacity to protect vas-
cular adventitia proliferation and hyperplasia
against vascular injury induced by Ang Il is not
known. In this study, we examined some of the
possible mechanisms of HSYA as related to
vascular adventitia remodeling and evaluated
the potential for treatment of atherosclerosis
and hypertension with HSYA.

Materials and methods
Animals and reagents

Male Sprague-Dawley (SD) rats, 9-weeks-old
(230-260 g) and 9-week-old spontaneously
hypertensive rats (SHR) were used in these
experiments. Rats were provided by experimen-
tal animal center of Binzhou Medical University.
All experimental animals were treated accord-
ing to guidelines approved by University
Committee on the use and care of laboratory
animals. Hydroxysafflor yellow A was purchased
from the Puzhen Biological Technology Co
(Shanghai, China). The hydroxyproline assay kit
was purchased from the Jiancheng Co (Nanjing,
China). Trizol and the two-step PCR detection
kits were purchased from the TaKaRa Co
(Dalian, China). Anti-TGF-B1 antibody, anti-a-
SMA antibody, anti-MMP-1 antibody, anti-NF-«kB
p65 antibody for immunocytochemistry were
purchased from the Boster Co (Wuhan, China).
The light microscope and camera were pur-
chased from the Nikon Corporation (Japan). All
other chemicals and reagents were of analyti-
cal grade.
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Adventitial fibroblasts cultivation and experi-
mental groups of SD rats

The SD rats were euthanized with 3% excessive
pentobarbital anesthesia and then sterilized by
immersion within 75% alcohol. Under aseptic
conditions, abdominal aortas were isolated
[15]; the adventitia was stripped and sectioned
into small tissue blocks. Tissue blocks were
incubated in a humidified atmosphere of 5%
CO, in air at 37°C in DMEM culture medium
(containing 15% fetal bovine serum). The medi-
um was changed every two days until the cells
coated the bottom of the bottle. The cells were
subcultured and the resultant ~2-3 generations
of cells, which were cultured on 25-mm cover
slips, were used in the experiments. Vascular
adventitial fibroblasts were identified by immu-
nohistochemical staining using the primary
antibodies vimentin, desmin and SM-a-actin
(1:100).

The 2-3 generations of adventitia fibroblasts
were cultured in 10% fetal bovine serum (FBS),
and seeded at a density of 3 x 10* cells/well in
6-well plates. When cells approached 80% con-
fluence, the culture medium was changed to
1% FBS medium. The fibroblasts were the ali-
quoted into the following groups: control (no
Ang 1), model (Ang Il 1 x 10° mol/L), HSYA1
(HSYA 50 pg/mL plus Ang Il 1 x 10°mol/L) and
HSYA2 (HSYA 100 pg/mL plus Ang Il 1 x 10°
mol/L). All cells were cultured for 24 or 48 h.

MTT assay for observing cell proliferation of
SD rats

Vascular adventitial fibroblasts were evaluated
for their in vitro proliferation activity with use of
the MTT (3-(4, 5-dimethylthiazol-2-yl)-2, 5-diph-
enyl-2H-tetrazolium bromide) assay. The fibro-
blast cell lines were harvested during the loga-
rithmic growth phase and seeded in 96-well
plates at a density of 1 x 10*cells/mL. The
fibroblasts were then divided into the four treat-
ment groups described above and all cells were
cultured for 12 h, 24 h, 36 h, 48 h, respectively.
At each of the time points, 20 yL of MTT solu-
tion (5 mg/mL) was added to each well and the
cells were then incubated for an additional 4 h.
The culture supernatant was removed and 150
pL of dimethyl sulfoxide was added to each well
to fully dissolve the MTT-formazan crystals. Cell
growth inhibition was determined by measuring
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the absorbance (Abs) at A = 570 nm using a
microplate reader and calculated according to
the following equation: Growth inhibition = (1 -
OD of treated cells/OD of control cells) x 100%.

Hydroxyproline assay technique for determina-
tion of cell collagen synthesis of SD rats

The hydroxyproline assay [16] involved extrac-
tion of hydroxyproline from collagen and oxida-
tion to pyrrole by chloramine-T, for production
of color with para-dimethyl benzaldehyde. The
adventitial fibroblast lines were harvested dur-
ing the logarithmic growth phase and seeded in
24-well plates at a density of 1 x 10%cells/mL
(n = 5). A total of 1 mL was added to each well
which was then cultured at 37°C in a humidi-
fied incubator for 24 h (5% CO,). The culture
medium was then changed to 1% FBS medium.
The cells were then divided into the four treat-
ment groups, as described above, and treated
with either Ang Il or HSYA/Ang Il for 48 h. A sam-
ple from the supernatant was removed for the
hydroxyproline assay. The color signals were
measured in a spectrophotometer at 550 nm,
and compared to a standard curve.

Adventitial fibroblast morphological analysis
and immunohistochemical staining of SD rats

The inhibitory effects of HSYA on the increased
expression of MMP-1, TGF-B1, o-SMA and
NF-kB p65 were assessed. The cells were fixed
in 4% paraformaldehyde, and then incubated
with primary antibodies in blocking solution
overnight at 4°C, washed 3X in PBS, and incu-
bated with the secondary antibody in a 37°C
incubator for 30 min. The cells were identified
by immunohistochemical staining using the pri-
mary antibodies TGF-f1 (1:500), MMP-1
(1:100), a-SMA (1:200) and NF-kB (1:100) with
IgG FITC or IgGCy3 (1:200) as the fluorescence
labeling goat anti rabbit I1gG, nuclear dye (DAPI)
as the second antibody. The cells of the control
groups were incubated with PBS in the absence
of the primary antibody. Laser confocal micros-
copy was used for fluorescent analysis. The
experiment was repeated three times. Ten dif-
ferent horizons of cells were randomly selected,
and the rates of positive cell conversions were
calculated.

SD rats adventitial fibroblast mMRNA extraction
and reverse transcription PCR

Reverse transcription PCR was used to deter-
mine MmMRNA expression of TGF-f1, MMP-1,
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a-SMA and NF-kB in the adventitial fibroblasts
of the four groups as described above. Total
RNA extraction was performed according to the
Trizol reagent kit instructions and subsequently
according to the two-step PCR detection kit
manual of the TakaRa Company.

PCR primers were synthesized by the TaKaRa
Company (Table 1). A reverse transcription PCR
amplification system in a total of 12.5 ul were
applied to the following PCR program: 5 min @
94°C (pre denaturation), 30 s @ 94°C (initial
denaturation), 30 s @ 58°C, 1 min @ 72°C,
repeated 30 times, and 5 min @ 72°C
(@amplification). The PCR products were
assessed on 1.5% agarose gels. Results of the
electrophoresis were scanned by a Gel imaging
system for quantitative analysis and
photographed.

Animal model and morphological analysis of
SHR

A total of 18 males, 9-week-old spontaneously
hypertensive rats (SHR) were used as experi-
mental subjects. These rats were randomly
divided into the following groups: model (treat-
ed daily with normal saline), HSYA1 (treated
daily with single dose of 0.5 ml/kg HSYA) and
HSYA2 (1 mi/kg HSYA, daily). A separate group
of 6 males, 9-week-old SD rats (230 g) treated
with normal saline served as a control group.
After 48 days of treatment (daily intraperitoneal
injections of the drugs described above) rats
were sacrificed.

The grades of vascular adventitia proliferation
and hyperplasia of SHR were analyzed by
hematoxylin-eosin and Sirius staining. Samples
from the abdominal aortas were isolated, fixed
with 10% paraformaldehyde solution in sterile
phosphate-buffered saline and embedded in
paraffin wax. Sections were cut at 5 um using a
microtome and deparaffinized tissue sections
were subjected to staining for histological
examination. The slides were examined by light
microscopy and photographed.

SHR vascular adventitia mRNA extraction and
reverse transcription PCR

Abdominal aortas of SHR were isolated and the
adventitia stripped. Total RNA was extracted
from aorta adventitia using Trizol reagent
according to the manufacturer’s instructions.
RNA was reverse-transcribed into cDNA using
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Table 1. PCR primers used in this study

Gene Name Sequence

decreased gradually with as a func-
tion of increasing concentrations of
HSYA.

HSYA downregulates adventitial
fibroblast mRNA expression of SD
rats

The PCR reaction was evaluated
using each band of agarose gel

forward: 5’-GTCATAGATTGCATTGTTGC-3’

TGF-p1 reverse: 5’-AAGGAGACGGAATACAGGG-3’

MMP-1. forward: 5’-GATGGATCCCAAGCCATATATGGACGTTCC-3’
reverse: 5’-TTGGAATTCCGGACTTCATCTCTGTCGG-3’

5 SMA forward: 5-CGAGAAGCTGCTCCAGCTATGTG-3’
reverse: 5’-CTCTCTTGCTCTGCGCTTCGT-3’

NFKB forward: 5-GAAGAAGCGAGACCT GGAG-3’
reverse: 5’-T CCGGAACACAATGGCCAC-3’

R-actin forward: 5-GGAGATTACTGCCCTGGCTCCTA-3’

reverse: 5'-GACTCATCGTACTCCTGCTTGCTG-3’

absorbance and analysis of the grey
PCR product was evaluated by a Gel
imaging system. The grey values

reverse transcriptase. PCR was then performed
in a final volume of 20 pL using a PCR reagent
kit (Takara Co). The 3-actin gene was used as
aninternal control. The cycling program involved
preliminary denaturation at 95°C for 10 min,
followed by 35 cycles of 94°C for 30 s, 55°C for
30, and 72°C for 1 min, and a final elongation
step at 72°C for 5 min.

Statistical analysis

Data were presented as the mean + SD. For
determination of the significant differences,
statistical analysis was performed with the
one-way ANOVA followed by multiple compari-
son tests using SPSS software. Values of P <
0.05 were regarded as being statistically
significant.

Results

Effect of HSYA on adventitial fibroblasts prolif-
eration and collagen synthesis of SD rats

As shown in Figure 1A, HSYA inhibited prolifera-
tive activity as a function of exposure time and
concentration. Growth inhibition rates of fibro-
blasts treated with HSYA for 48 h at concentra-
tions of 50 and 100 yg/ml group were 19.3 and
40.2% of the respective model group (P < 0.05).
As shown in Figure 1B, with regard to collagen,
as determined by hydroxyproline content, the
group receiving Ang |l showed greater amounts
of hydroxyproline content as compared with
controls. However, hydroxyproline content was
significantly reduced after HSYA administration
(P < 0.05), the collagen expressed as a function
of culture duration with statistically significant
differences being obtained among each of the
four groups of 12 h, 24 h, 36 h and 48 h, and
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were calculated relative to 3-actin.
The fibroblasts in model groups cul-

tured with Ang Il upregulated TGF-1, MMP-1,
a-SMA and NF-kB mRNA expression compared
to control groups, while HSYA groups signifi-
cantly downregulated mRNA expression com-
pared to model groups. What’s more, there was
significant difference between HSYA1l and
HSYA2 groups (P < 0.05) (Figure 2A, 2B). These
data of expression demonstrated that HSYA
can inhibit MMP-1, TGF-B1, a-SMA and NF-kB
expression at transcriptional and translational
levels.

HSYA downregulates MMP-1, TGF-B1, a-SMA
and NF-KB expression of SD rats

It was observed that Ang Il can upregulate the
TGF-B1, MMP-1, a-SMA and NF-kB expression
in fibroblasts as determined with immunocyto-
chemistry. However, treating fibroblasts with 50
or 100 pg/mL of HSYA for 48 h resulted in sig-
nificantly lower levels of TGF-B1, MMP-1 expres-
sion. In addition, a-SMA expression, which rep-
resents a characteristic marker of myofibro-
blasts, was also down regulated by HSYA.
Results from immunofluorescent assays have
indicated that little or very weak intracellular
staining of NF-kB was present following HSYA
treatment (Figure 2C). With comparing the
expression of TGF-f1, MMP-1, o-SMA and
NF-kB in the four treatment groups, it appears
that HSYA was effective in inhibiting the
increase that would normally be present in
expression of these cytokines.

Effect of HSYA on the expression of TGF-31,
MMP-1, a-SMA and NF-kB mRNA of vascular
adventitia tissue of SHR

The gene expression of TGF-B1, MMP-1, a-SMA
and NF-kB were examined in vascular adventi-
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Figure 1. Growth and collagen synthesis curve of fibroblasts in various groups. A: Maximal growth inhibition rates of
the HSYA2 group (40.2% of those model group) was observed following 48 h of HYSA treatment using a concentra-
tion of 100 pg/ml (P < 0.05). B: Collagen expression decreased as a function of increasing concentrations of HSYA,
with maximal effects being obtained in the HSYA2 group (P < 0.05).
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Figure 2. Expression of TGF-B1, MMP-1, a-SMA and NF-kB in adventitial fibroblasts with or without HSYA treatment.
A: Significant differences among groups are indicated by RT-PCR. B: Averages of at least three independent experi-
ments (n = 3). Bars indicate the mean + SD. *P < 0.05 compared to the control (model vs. control, *P < 0.05; HSYA1
and HSYA2 vs. model, **P < 0.05). C: Fibroblasts stained with FITC anti-body (green) indicating intracellular TGF-B1;
Fibroblasts stained with Cy3 anti-body (red) indicating intracellular MMP-1; a-SMA and NF-kB (nuclei stained blue
(DAPI). Representative photographs of immunofluorescence of fibroblasts induced by Ang Il in the absence (left, L)
or presence (right, R) of HSYA. a, b: Fibroblasts stained with TGF-B1 (green); ¢, d: Fibroblasts stained with MMP-1
(red); e, f: Fibroblasts stained with a-SMA (red). g, h: Fibroblasts stained with NF-kB (red) (x 200).
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Figure 3. Expression of TGF-B1, MMP-1, a-SMA and NF-kB in vascular adventitia in the presence or absence of
HSYA. A: Significant differences in mRNA expression among the four groups are indicated by RT-PCR. Results rep-
resent the average of at least six independent experiments (n = 6). B: Bars indicate the mean + SD. *P < 0.05
compared to the control. (model vs. control, *P < 0.05; HSYA1 and HSYA2 vs. model, **P < 0.05).

tia tissue of SHR using quantitative RT-PCR
(Figure 3A, 3B). The model group (SHR treated
with normal saline) showed significant increas-
es (P < 0.05) in the levels of TGF-f1, MMP-1,
a-SMA and NF-kB mRNA expression as com-
pared to the control group (SD rats treated with
normal saline). Treatment of SHR with HSYA sig-
nificantly decreased mRNA levels compared to
the model group (P < 0.05). This effect
appeared to be dose-dependent as the higher
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dose of HSYA was associated with a more sub-
stantial reduction in mRNA levels. It is believed
that HSYA affected the expression of these
genes at the transcriptional and translational
levels in the vascular adventitia.

SHR vascular adventitia morphological analy-
sis and histochemical staining

Samples from serial sections of the ascending
aorta ascending were stained with haematoxy-
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Figure 4. Expression of collagen in vascular adventitia. Representative examples of Hematoxylin-Eosin and Sirius
staining: SHR vasculature without HSYA treatment (left, L); SHR vasculature with HSYA treatment (middle, M); SD
rat vasculature with normal saline as control (right, R). A: Hematoxylin-Eosin staining showing artery atherosclerotic
plagques in vascular walls of SHR without HSYA treatment. B: SHR with HSYA treatment showing fewer pathological
changes in vasculature as compared with the SHR without HSYA treatment in the model groups. However, the vascu-
lature, especially adventitia of SHR without HSYA treatment, remained thicker than that of SD rats in control groups.
C: Vasculature of SD rats treated with normal saline in the control group showing thinner walls than that of SHR (x
100). D-F: Vasculature was stained with Sirius red to identify collagen fibers. Photographs show the distribution of
collagen in the three groups described above (L, M, R), Collagen fibers were found mainly to exist in the vascular
adventitia. Collagen | was the main type present, but a small amount of collagen Ill was also observed. SHR with or
without HSYA treatment showed greater amounts of collagen content in the vascular adventitia than that of control

SD rats. However, collagen content was significantly reduced after HSYA treatment of SHR (P < 0.05).

lin and eosin in order to observe changes in the
tissue morphology. Some sections were stained
with red Sirius to identify collagen fibers. A com-
parative analysis of the adventitia tissue from
the groups is presented in Figure 4. The sever-
ity of changes varied from slight to moderate.
Histological analysis indicated that the HSYA
treatment groups displayed fewer pathological
changes in vascular adventitia as compared
with the model group.

Discussion

Cardiovascular diseases are a leading cause of
mortality. Vascular remodeling represents a
major component of cardiovascular diseases
due to its association with atherosclerosis and
hypertension [17, 18]. Recently, the vascular
adventitia has been recognized as playing an
important role in vascular remodeling [19], in
particular, the vascular adventitial fibroblasts

5778

[20]. Adventitial fibroblasts are activated during
the early stages of vascular remodeling and
change their phenotype into myofibroblasts.
These myofibroblasts show characteristics of
smooth muscle with smooth muscle «a-actin
(-SMA) in plasma and migrate toward the neo-
intimal lumen where they are involved in prolif-
eration of vascular restenosis. Activated adven-
titial fibroblast exhibit a number of specific his-
tological, biochemical, and functional charac-
teristics involved with the development of
remodeling. These include the expressions of
TGF-B [21, 22], MMPs and NF-kB, all of which
contribute to regulating vascular proliferation
responses. TGF-B1 represents one of the most
important cytokines in this regard as it appears
to promote vascular proliferation, migration
and to increase the production and accumula-
tion of collagen and elastin in the adventitia
during remodeling [23]. MMP-1 is an extracel-
lular matrix protein hydrolysis enzyme, which
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participates in regulating vascular remodeling
and cell migration. Results from a number of
studies have shown that intimal hyperplasia
and vascular remodeling is dependent on the
role of MMPs [24, 25]. Zhang et al. [26] report-
ed that TGF-B via activation of the NF-kB path-
way induces the production of MMP-9. This
MMP-9, through the degradation of extracellu-
lar matrix, results in myofibroblast migration.
Inhibition of MMPs activity can significantly
inhibit the occurrence of restenosis.

Activation of the nuclear transcription factor
NF-kB can affect a variety of gene expressions
and regulations. Many promoter regions of
genes encode cytokines containing transcrip-
tion factors for NF-kB binding sites, such as
IL-1B and TNF-a. As a result, NF-kB activation
can lead to an increase in the expression of a
number cytokines. Brand K [27] demonstrated
that lesions accompanying atherosclerosis
were associated with the presence of the acti-
vated form of NF-kB. Chun-Yan S [28] reported
that Hydroxysafflor Yellow A inhibited NF-kB
activation, thus altering the expression of these
inflammatory cytokines. Ang Il represents an
important physiological component in this pro-
cess by regulating vascular tension and blood
flow, and promoting cell growth and prolifera-
tion. Secretion of Ang Il occurs at local tissue
sites in response to vascular injury and has
been shown to induce a proliferation of vascu-
lar adventitial fibroblasts [9]. Ang Il can also
stimulate vascular fibroblasts secreting colla-
gen, thereby increasing TGF-B1 expression
which then further increases the expression of
fibroblast collagen. In this way, Ang Il can work
by strengthening the expressions of other
growth factors [29].

Safflower is a traditional Chinese herbal medi-
cine and has remarkable efficacy in treating
coronary heart disease, arteriosclerosis and
cerebral infarction. HSYA is a water soluble
monomer component extracted from safflower
and shows a number of protective effects upon
vascular tissue damage. For example, HYSA
decreases blood pressure, improves organ
blood flow, inhibits blood clots and reduces
inflammation [30, 31]. Other effects of HYSA
have been reported by Zang et al. [10] who
found that HSYA inhibits the platelet activating
factor that combines with specific platelet
receptors on the cell membranes, and can
inhibit the pindolol-B receptor specific binding
capacity of ventricular muscle cells located in
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the membrane [11]. Other reports that HSYA
could significantly reduce blood pressure and
heart rate, which may be related to activation
of cell membrane BKCa and K-ATP channels
[12]. Taken together, these results suggest that
HSYA can affect cell membranes and thus,
transmembrane signal transduction. The fact
that HSYA is water-soluble and therefore will
not readily pass through cell membranes fur-
ther supports a role for the cell membrane to
serve as a likely target for HSYA. At this site,
one potential effect of HSYA can involve the
blocking of transmembrane signal transduc-
tion. Further work will be required to confirm
this, as well as other potential mechanisms of
HYSA action.

To the best of our knowledge there are no
reports regarding the potential for HSYA to pro-
tect vascular remodeling against adventitia
proliferation and hyperplasia as induced by Ang
Il. Based upon the results of the present experi-
ment, it is clear that a number of bioactive sub-
stances are released from vascular adventitial
fibroblasts by Ang Il induced proliferation.
These substances, which include cytokines or
chemokines, may not only activate the prolifer-
ation of vascular adventitial fibroblasts but also
participate in the hyperplasia of vascular
remodeling. The exact role of HSYA in the repair
of vascular remodeling remains unclear. Some
notable effects observed in the present experi-
ment include a decrease in some cytokines
and gene expression and inhibition of vascular
adventitial hyperplasia as induced by Ang II.

Additional work will be critical to ascertain the
exact mechanisms of restoration and angio-
genesis resulting from HYSA and to identify
ways of promoting beneficial angiogenesis
while inhibiting vascular adventitial hyperpla-
sia. This study provides a foundation not only
for future work on these mechanism but also
for the identification of effective management
in the prevention and treatment of vascular
adventitia remodeling diseases of the cardio-
vascular system as well as in retinal and pla-
cental sites of injury.
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