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Abstract

Aqueous extract of purple sweet potato tuber are supposed to prevent oxidative stress and protect
endothelial function by unknown mechanisms. The purpose of this study was to prove the ability of purple sweet
potato tuber aqueous extract in preventing oxidative stress through increasing superoxide dismutase (SOD) via
Nrf2 upregulation and decreasing VCAM-1 expression in rabbit aortic endothelium. This study was experimental
laboratoric study, with randomized post-test only control group design. The rabbits were randomized into 3
groups (6 rabbits per group). The control group was treated with standard diet, treatment 1 was treated with high-
cholesterol diet, and treatment 2 was treated with high-cholesterol diet plus aqueous extract of purple sweet
potato tuber with the dose of 4 mL/kg bw/day. After 12 weeks of treatment, blood samples were obtained for the
examination of SOD, MDA and total cholesterol level. The expression of Nrf2, SOD-2 and VCAM-1 in aortic
endothelium was evaluated based on immunohistochemical methods. One-way ANOVA test were applied in
data analysis, followed by path analysis. The results demonstrated significantly decreased MDA and increased
blood SOD level, accompanied by statistically-significant increase in SOD-2 and Nrf2 expression, and decrease
of VCAM-1 expression in the treatment group 2 compared to treatment group 1 (p <0.05). It can be concluded
that the purple sweet potato tuber aqueous extract prevents oxidative stress by increasing the expression of SOD-
2, via Nrf2 protein up-regulation, resulting in decreased VCAM-1 expression in the aortic endothelia of high-
cholesterol diet-fed rabbits.
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1. Introduction

Oxidative stress may cause endothelial dysfunction and atherosclerosis. The link between atherosclerosis with
oxidative stress and the role of antioxidant has been studied (Prior, 2003). The role of aqueous extract of purple
sweet potato with high anthocyanin content as an antioxidant has been studied (Jawi et al., 2008), with a variety
of unclear mechanisms (Ghosh and Konishi, 2007).

Anthocyanins can directly capture free radicals (Collins et al., 2003; Prior, 2003; Micallef et al., 2007), or
increase endogenous antioxidants expressions through a variety of poorly-elucidated mechanisms (Johnson et al.,
2009).

The most important endogenous antioxidant that is influenced by anthocyanins from different types of
plants is the enzyme superoxide dismutase (SOD). Increased SOD expression by anthocyanins from certain
plants, occurs via the activation of nuclear factor erythroid 2-related factor 2 (Nrf2) (Han et al., 2007; Wang et
al., 2010). The strength of anthocyanins in activating Nrf2 were highly varied, depending on the source of
anthocyanins (Sterling, 2001). Activation of Nrf2 can also downregulate VCAM-1 expression, so that Nrf2 can
inhibit the atherosclerosis (Chen et al., 2005).

The anthocyanin content of aqueous extract of purple sweet potato tuber is high (Suprapta et al., 2004),
and anthocyanin has been proven as an antioxidant in vitro (Padda, 2006) and in vivo (Jawi et al., 2008; Jawi and
Budiasa, 2011). The effect of purple sweet potato tuber-derived anthocyanin on the expression of SOD through
Nrf2 activation has not been proven yet. Therefore, this study was aimed on proving the purple sweet potato
tuber-derived anthocyanin antioxidative effects on SOD upregulation and anti-inflammatory effect by decreasing
VCAM-1 expression in aortic endothelial of rabbits with oxidative stress induced by high-cholesterol diets for 90
days.

2. Materials and Methods
2.1. Animals Model

This study was an experimental laboratoric study, with randomized post-test only control group design.
The samples in this study were 18 male local rabbits, 3-4 months of age, that were obtained from a local breeder
in Bali. The samples were divided into 3 groups, with 6 rabbits per group. Group 1 was fed with standard diets as
a negative control group. Group 2 was the group of rabbits given high-cholesterol diet, as a positive control
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group. Group 3 was the group given high-cholesterol diet and also aqueous extract of purple sweet potato tubers
with a dose of 4 mL/kg bw/day, by mixing with food, as the treatment group. The treatments were done for 12
weeks.

High-cholesterol diets for the rabbits were formulated in Pharmacology Department, Faculty of
Medicine, Udayana University, consisting of a mixture of rabbit diets (Goldblend, with a composition of 12%
water, 19% protein, 4% coarse crude fat, 5% crude fiber, 6.5% ash, 1.1% calcium, and 0.9% phosphorus), and 1
egg yolk per day for each rabbit.

2.2. Aqueous extract of purple sweet potato tubers

Aqueous extract of purple sweet potato tuber was made in the following manner: purple sweet potato
tubers, 3-4 months of age, obtained from Balinese farmers, were washed with clean water and then peeled. Once
peeled, the sweet potatoes are cut into chunks (thickness: 2 — 2.5 cm). The chunks were mixed with water at a
ratio of 1 kg sweet potato to 1 liter of water and then blended and filtered with three layers of gauze. Filtrate
obtained from screening was heated to boiling point. The content of anthocyanin of this material was 146 mg/mL.

2.3. Biochemical examination of blood

Post-test examinations were done after treatment for 90 days. Blood samples were taken from the veins
in the rabbits’ ears to quantify blood total cholesterol, SOD levels by RANDOX method, and MDA levels by
TBARS method. The principle of RANDOX method is to look at the activity or rate of SOD in neutralizing
superoxide ions formed during oxidative stress. This method uses xanthine and xanthine oxidase to form
superoxide ions to be neutralized with a solution of INT that will produce a red color. SOD activity will be
measured by the magnitude of the reaction barrier (expressed in U/g Hb).

2.4. Examination of endothelial Nrf2, SOD-2 and VCAM-1 expression in aorta

All rabbits were sacrificed by the administration of ether for anesthesia to obtain their aortae. Aortae
were then identified and 5 cm long segments were sampled. The aortic segments, were soaked in PBS solution
(pH 7.4) in sterile petri dish and stirred, so that the blood in the segments could be removed. Periaortic
connective tissues and fats were also removed. Once cleaned, aortic segments were then dissected, making it
easier to scrap the aortic endothelium with a scalpel. Scrapings were dissolved in PBS and centrifuged using a
Sartorius Centrifuge 2-6E's, for 8§ minutes at 2500 rpm. Supernatant was carefully removed, 0.25% trypsin
solution (100 pL) was added into the remaining pellets. The solution was stirred until evenly mixed for 10
minutes to give time for complete separation of the endothelial cells from its anchorage. PBS (1.5 mL) solution
was then added into the previous solution, stirred and centrifuged again for 5 minutes at 2500 rpm. Supernatant
was discarded, and the pellet was mounted on polylysine-coated slide for histological examination.

Fixation with methanol PA was performed, and slide that had been fixed was immunocytochemically-
stained with the following steps: Slide was washed with PBS and let stand for 5 minutes. After drained for 5
minutes, PBS was then discarded and treated with H,O, for 5 minutes. The slides were washed with PBS 4 times
and ultra V block (100 puL) was then added into the slide, and let the slide incubated for 5 minutes. After 5
minutes, the slides were washed with PBS, and dripped with 100 pL of rabbit Nrf2 antibody, rabbit SOD-2
antibody and rabbit VCAM-1 antibody (BIOSs) (diluted 1:200) (respectively for examination of Nrf2, SOD-2
and VCAM-1) and incubated for 1.5 hours in an incubator with a temperature of 25°C. After 1.5 hours, the rest
of the antibodies were removed and washed with PBS 4 times. Biotinylated goat anti-polyvalent (100pL) was
further added and incubated for 5 minutes at room temperature. After 5 minutes washed with PBS 4 times,
100pL of streptavidin peroxidase was added and incubated for 5 minutes. Then, the slide was washed with PBS
4 times and added DAB, let stand for 5 minutes then washed with aquabides.

The last step was staining with counterstain and placing coverslip onto the slide. Slide was then ready to
examined read under light microscope. Each slide was read in 10 field of view (40 times of magnification) with
Olympus microscope (CX41 Olympus DP12, Philippines).

2.5. Statistical test
The data obtained were presented in mean + SD. Data were then evaluated by Oneway-Anova, followed by path
analysis. The results with p value <0.05 were accepted as statistically-significant results.

3. Results
3.1. Blood Total Cholesterol, SOD, and MDA Levels in Rabbits

The results of blood examination to investigate total cholesterol, SOD and MDA levels were presented
in Table 1.

77



Journal of Biology, Agriculture and Healthcare www.iiste.org

ISSN 2224-3208 (Paper) ISSN 2225-093X (Online) iy
Vol.4, No.10, 2014 “STE
Table 1 Mean of Blood SOD, MDA and Total Cholesterol of The Rabbits
Groups Mean+SD of T. MeantSD of MeantSD of MDA

Cholesterol (mg/dL) SOD (U/g Hb) (mmol/L)
Control 101,200 +2,00° 618,64 +14,1° 0,99 +0,1°
Treatment 1 212,400 + 8,49° 395,48 + 15,7° 822+0,1°
Treatment 2 146,133 + 4,34° 751,41 £23.7° 0,71 £0,1°

*Mean (n=6) followed by the same superscript letters within the same column are not significantly
different according to least significance difference (LSD) at 5% level.

*Controls were standard diet-fed rabbits.

*Treatment 1 group was treated with high-cholesterol diet.

*Treatment 2 group was treated with high-cholesterol diet plus aqueous extract of purple sweet
potato tuber.

Table 1, shows that there was significant decline in blood SOD level, increase in blood MDA level and
total cholesterol (p <0.05) in the group treated with high-cholesterol diet (treatment 1), compared to control
group and the treatment 2. It was found that there was significant increase of blood SOD, decrease of blood
MDA level and total cholesterol (p<0.05) in group given water extract of purple sweet potato tuber (treatment 2)
compared with high-cholesterol diet-fed group. This study showed that hypercholesterolemia induced the
increase of blood MDA level and decrease of blood SOD activity. Provision of aqueous extract of purple sweet
potato tuber could prevent the increase of MDA and decrease of SOD activity due to hypercholesterolemia.

3.2. Nrf2 Protein and SOD-2 Expression in Aortic Endothelia of Rabbits

Microscopic examination (40 times of magnification, 5 fields of view) on the immunohistochemical
preparations of aortic endothelial cells was done to investigate the expression of Nrf2 protein and SOD-2 in
those cells. There results were presented in Table 2. These results indicate that the aqueous extract of purple
sweet potato tuber can increase Nrf2 protein and SOD-2 expression in the aortic endothelial cells of high-
cholesterol diet-fed. The photomicrographs of rabbit aortic endothelial cells treated with immunohistochemical
methods using anti-Nrf2 and anti-SOD-2 monoclonal antibodies are presented in Figure 1 and Figure 2.

Table 2 Mean of Nrf2 and SOD-2 Expression in Aortic Endothelia of Rabbits

Groups Mean+tSD of Nrf2 Mean+SD of SOD-2
(Cells/Field of View) (Cells/Field of View)
Control 13,8 +0,8° 29,0 £0,61°
Treatment 1 82+12° 22,46 +1°
Treatment 2 23,5+ 1,5° 34,76 + 1,8°

*Mean (n=6) followed by the same superscript letters within the same column are not significantly
different according to least significance difference (LSD) at 5% level.

*Controls were a standard diet-fed rabbits.

*Treatment 1 group was treated with high-cholesterol diet.

*Treatment 2 group was treated with high-cholesterol diet plus aqueous extract of purple sweet
potato tuber.

Results of path analysis, the effects of aqueous extract of purple sweet potato tuber on the expression of
SOD-2 in rabbit aortic endothelial, in general, the aqueous extract of purple sweet potato tuber increased SOD-2
expression in rabbit aortic endothelium with the total effect of 0.876, which consists of a direct effect of 0.237
and indirectly by 0.641, via Nrf2 up-regulation. The aqueous extract of purple sweet potato tuber also decrease
the expression of VCAM-1 via Nrf2 up-regulation indirectly by -0,814.

E
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Figure description:
A. Control group, endothelial cells express the Nrf2 protein (white arrows), seen as brown
color in the cytoplasm and nuclei of the cells, because of the Nrf2 localization in cytoplasm and nucleus.
Endothelial cells that do not express Nrf2 have pale color (black arrows).
B. Treatment 1, a decrease in the number of endothelial expression of Nrf2, and more endothelial cells
without Nrf2 (black arrows).
C. Treatment 2, endothelial cells appear to express Nrf2 with higher intensity than the control group.

(1mmunohistochemaical staining)

Figure description:

A. Control group, it appears that some endothelial cells express SOD-2 (white arrows). The cytoplasms express
brown colour, because SOD-2 is localized in the cytoplasms (the mitochondria). Endothelial cells that do
not express SOD-2 are marked with black arrows, their cytoplasms appears pale in colour.

B. Treatment 1, there is a decrease in the number of SOD-2-expressing endothelial cells, and there are pale
endothelial cells too.

C. Treatment 2, endothelial cells appear to have increased SOD-2 expression that is similar to those of the
control group.

3.3. Aortic Endothelial VCAM-1 Expression

The results of light microscopic examinations (40 times of magnification, 5 field of view) for each of
the sample is show in Table 2. The difference in VCAM-1 expression, elaborating the use of rabbit VCAM-1
antibody immunocytochemistry, is shown in Figure 6.

Table 3. Mean of Aortic Endothelial Cell and Mean of Aortic Endothelial Cells With VCAM-1 Expression of

Rabbits
Groups MeantSD of Endothelial MeantSD of VCAM-
Cell (cells/5 fields of 1(cells/5 fields of view)
view)
Control 66,5 +2,00° 0,00 +0,00°
Treatment 1 69,3 + 2,49 57,15 +2,7°
Treatment 2 67,6 + 1,34% 9,3+3,7°

*Mean (n=6) followed by the same superscript letters within the same column are not significantl

different according to least significance difference (LSD) at 5% level.
*Controls were a standard diet-fed rabbits. *Treatment 1 group was treated with high-cholesterol diet.
*Treatment 2 group was treated with high-cholesterol diet plus aqueous extract of purple sweet potato

tuber.
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riguic <.
VCAM-1-positive rabbit aortic endothelial cells in immunohystochemical studies using
VCAM-1-specific monoclonal antibodies.

Figure description:
A. Control group, showed VCAM-1 negative (endothelial cells appeared blue).
B. Treatment 1 (Hypercholesterolemic group), showed VCAM-1 positive in most of endothelial cells,
appeared brown.
C. Treatment 2 group, showed few endothelial cells with VCAM-1-positive (appeared brown).

4. Discussion
4.1. Blood Cholesterol, SOD and MDA Levels in the Rabbits

This study showed that blood MDA level increase significantly in hypercholesterolemic rabbits,
because high level of blood total cholesterol or hypercholesterolemia may increase of reactive oxygen species
(ROS) and cause oxidative stress (Cai and Harrison, 2000; Madamanchi et al., 2004). Increase of ROS such as
superoxide ion could increase lipid peroxidation so can increase of blood MDA, as one of biomarkers of
oxidative stress (Singhania et al.,2008; Abdelhalim, 2010). Treatment with aqueous extract of purple sweet
potato tubers in this study also showed decrease of MDA level and increase of SOD activity in the blood
significantly. The role of anthocyanin-rich aqueous extract of purple sweet potato tubers in this study (Suprapta,
2004; Lachman et al.,2009; Jiao et al.,2012), is a potent antioxidant (Kano et al., 2005; Padda, 2006; Jawi et al.,
2008; Garcia-Alonso et al.,2009; Jawi and Budiasa, 2011). Anthocyanin could be an antioxidant that act via
multiple mechanisms such as free-radicals scavenger (Lila, 2004), by increasing the range of antioxidant
enzymes SOD, through the activation of the antioxidant response element (Shih et al., 2007). Anthocyanins may
also interact with transition metal ions (act as chelating agent), such as with Fe and Cu, thus preventing the
formation of free radicals (Gomes et al., 2008).

The role of endothelial SOD in preventing oxidative stress is evident through diminished superoxide ion
level. Giving SOD inhibitors can induce 2-folds increases in the superoxide ion level in the endothelium of blood
vessels, thus SOD has essential role in preventing oxidative stress in blood vessels (Guzik et al., 2005).
Flavonoids in certain foods can increase tissue SOD expression (Jeon et al., 2001; Jeon et al., 2002).
Anthocyanins are a type of flavonoids, and it has been shown that anthocyanins from various plants can increase
SOD and other antioxidants levels in the hepatic tissue (Kyu-Ho et al., 2006). Aqueous extract of purple sweet
potato tubers in Bali is high in anthocyanin (Suprapta, 2004), thus the results are consistent with the findings that
there is oxidative stress amelioration (MDA decrease) due to increase of SOD (Guzik et al., 2005; Kyu-Ho et al.,
2006).

4.2. Nrf2 Protein and SOD-2 in Aortic Endothelial

In this study, high-cholesterol diet led to decreased expression of Nrf2 and SOD-2 (Mn-SOD/SOD-
mitochondrial), on aortic endothelial observed by immunohistochemical staining, using Nrf2 and SOD-2
monoclonal antibodies, compared with the control group and the treatment 2 (p <0.05). In the treatment 2 (the
group given aqueous extract of purple sweet potato tuber) there was significant increase in the expression of
Nrf2 and SOD-2 (p <0.05) compared with the control group and the group treated with high-cholesterol diet
(treatment 1).

SOD-2 is important in neutralizing superoxide ions there are formed in the mitochondria due to the
mitochondrial electron transport chain, so that enzyme prevents oxidative stress and prevents mitochondrial
dysfunction (Faraci and Didion, 2004). Role of SOD-2 enzymes in the blood vessels is estimated only 2% -12%
of the total SOD, but is crucial in protecting the cell, because it is the first line of defense in preventing oxidative
stress in mitochondria (Faraci and Didion, 2004; Heistad, 2006). The increase in endothelial superoxide ions
caused by the presence of hypercholesterolemia would lead to an increase in mitochondrial superoxide ions,
resulting in oxidative stress (Li and Shah, 2004). Oxidative stress in endothelial cells due to
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hypercholesterolemia also causes an increase in peroxynitrite (ONOO-). Peroxynitrite will reduce SOD-2,
thereby causing dysfunction of mitochondria, and increase in mitochondrial superoxide ions (MacMillan-Crow,
Cruthirds, 2001).

Aqueous extract of purple sweet potato tuber containing anthocyanin (Suprapta, 2004), in this study,
can prevent oxidative stress on aortic endothelial, resulting in increased expression of SOD-2, through activation
of Nrf2 protein. Mild oxidative stress due to the provision of anthocyanins from aqueous extract of purple sweet
potato tuber was able to break the bonds of Keap-1 protein with the Nrf2 protein which stimulate SOD-2
expression. In this study it was also proved that the increase of SOD-2 expression are the result of an increase in
Nrf2 protein. Pathway analysis proved that the Nrf2 protein had a role in increasing the expression of SOD-2 by
3 folds compared to the increase through other pathway. So in this study it was proved that increase in the
expression of SOD-2 in the aortic endothelial was facilitated by activating Nrf2 protein which is a transcription
factor essential for the expression of antioxidant genes.

Genes of the 3 types of SOD (SOD-1, SOD-2 and SOD-3) are different, but the transcription factors
that play a role in the expression of these three genes are almost the same Nrf2 protein. In this study, gene
expression of SOD was measured as SOD enzyme in the blood that is SOD-3 and SOD-2 in the aortic
endothelial which is the intracellular SOD. SOD-3 is an enzyme which is important in maintaining the vascular
endothelium, thus endothelial function may be normal or protected from oxidative stress caused by superoxide
ion (Lund et al., 2009).

In addition to the role of various inducer to SOD gene transcription regulation, Nrf2 predominantly only affect
SOD-3 and SOD-2 expressions, whereas its effect on SOD-1 is very low because the SOD-1 is a constitutive
SOD (Miao and StClair, 2009).

4.3. Endothelial VCAM-1

Rabbits fed with high-cholesterol diets (treatment 1) showed higher expression of VCAM-1 in aortic
endothelial cells significantly compared with treatment 2 and control group (p <0.05). VCAM-1 is one of the
adhesion molecules expressed by endothelial cells due to oxidative stress (Lee et al., 2001; Singhania et al., 2008;
Hartvigsen et al., 2009; Zhiqing et al., 2010; Dong et al., 2011). Hypercholesterolemia in rabbits fed with high-
cholesterol diets will cause oxidative stress, due to the activation of the enzyme NADPH oxidase, that increase
ROS production (Madamanchi et al., 2004). Increased ROS will lead to an increase in the formation of
uncoupled eNOS, that will enhance the formation of ions superoxide, resulting in impaired endothelial function
(Stangl, 2010).

The increase of ROS caused by hypercholesterolemia, and increased superoxide ion will affect the
endothelium and resulting in increased apoptosis, and increasing the expression of adhesion molecule VCAM-1
(Taniyama and Griendling, 2003; Gustavsson et al., 2010). These findings are consistent with studies in rabbits
given high-cholesterol diets for 3 weeks. The diets increase the expression of VCAM-1 in the endothelial cell
(Libby, 2003). Other researchers proved that there was increased VCAM-1 expression in the area of
atherosclerotic artery in mice fed with high-cholesterol diets, compared with control mice. VCAM-1 was
expressed on endothelial cell membrane after the mice were treated with high-cholesterol diet for one week.
This study proved that the role of VCAM-1 is essential in early stage of atherogenesis, because VCAM-1 will
stimulate rolling, strong adhesion of monocytes and lymphocytes to the endothelial area, that will have
atherosclerosis (Dansky et al., 2001; Libby, 2003; Hansson, 2005). Increase in plasma cholesterol levels would
increase the expression of VCAM-1 on endothelial cells, so there is a positive correlation between plasma
cholesterol levels with the expression of VCAM-1 (Gustavsson et al., 2010).

Provision of aqueous extract of purple sweet potato tubers in this study was able to reduce the
expression of VCAM-1 significantly (p <0.05). Purple sweet potato tubers contain anthocyanin, which is a
powerful antioxidant (Padda, 2006; Jawi ef al., 2008), and can increase total antioxidant level (Jawi and Budiasa,
2011). Anthocyanins are also shown to increase endogenous antioxidants through activation of Nrf2 (Ping-Hsiao
et al., 2007; Hwang et al., 2011). Anthocyanin found in purple sweet potato tuber water extract was able to
reduce oxidative stress and improve endothelial function, thereby reducing the expression of VCAM-1 in this
study. Protocatechuic acid, an anthocyanin metabolite, had been proven to reduce the expression of VCAM-1
and ICAM-1 in mice aortic endothelial cells (Wang et al., 2010). Anthocyanins may also act as anti-
inflammatory agents by decreasing adhesion molecule genes expression via NF-«B inhibition (Shan et al., 2009;
Speciale et al., 2010; Hwang et al., 2011), thereby reducing the expression of VCAM-1 (Xia et al., 2009 ).

5. Conclusion

Aqueous extract of purple sweet potato tubers increases blood SOD level and increases SOD-2 expression
through Nrf2 protein upregulation in the aortic endothelial cells of high-cholesterol diet-fed rabbits. Therefore,
the extract protects the endothelial cells of rabbits from superoxide-induced oxidative stress and decreases
VCAM-1 expression in the aortic endothelial cells.

81



Journal of Biology, Agriculture and Healthcare www.iiste.org

ISSN 2224-3208 (Paper) ISSN 2225-093X (Online) lL,i,l
Vol.4, No.10, 2014 IIS E
References

Abdelhalim, M.A K. 2010. The Potential Influence of High Cholesterol Diet-induced Oxidative stress on
Composition and Properties of Red Blood Cells in Rabbit. African Journal of Microbiology Research,
4(9):836-843.

Cai, H., Harrison, D G. 2000. Endothelial Dysfunction in Cardiovascular Diseases: The Role of Oxidant Stress.
Circulation Research. 87: 840-844.

Chen, X. L., Dodd, G., Thomas, S., Zang, X., Wasserman, M. A., Rovin, B. H., and Kunsch, C. 2005. Activation
of The Nrf2/ARE Pathway Protects Endothelial Cell from Oxidant Injury and Inhibits Inflammatory Gene
Expression. Am J Physiol heart Circ Physiol, 5(. 290):1862-1870.

Collins, A. R., Harrington, V., Drew, J., and Melvin, R. 2003. Nutritional Modulation of DNA Repair in a Human
Intervention Study. Carcinogenesis, 24(3): 511-515.

Dansky, H.M., Barlow,C.B., Lominska, C., Sikes, J.L., Kao, C., Weinsaft, J., Cybulsky,M.I., Smith, J.D. 2001.
Adhesion of Monocytes to Arterial Endothelium and Initiation of Atherosclerosis Are Critically Dependent
on Vascular Cell Adhesion Molecule-1 Gene Dosage. Arteriosclerosis, Thrombosis and Vascular Biology,
21: 1662- 1667.

Dong, A., Shen, J., Zeng, M,B., and Campochiaro, P. A. 2011. Vascular cell-adhesion molecule-1 plays a central
role in the proangiogenic effects of oxidative stress. PNAS, 108( 35): 14614-14619.

Faraci, FM., Didion, S.P. 2004. Vascular Protection Superoxide Dismutase Isoforms in the Vessel Wall.
Arterioscler Thromb Vasc Biol, 24:1367-1373.

Garcia-Alonso, M., Minihane, A.M., Rimbach, G., Rivas-Gonzalo, J.C, de Pascual-Teresa, S. 2009. Red wine
anthocyanins are rapidly absorbed in humans and affect monocyte chemoattractant protein 1 levels and
antioxidant capacity of plasma. J Nutr Biochem., 20(7):521-529.

Ghosh, D., Konishi, T. 2007. Anthocyanins and Anthocyanin-rich Extracts: Role in Diabetes and Eye Function.
Asia Pac J Clin Nutr. 16(2): 200-208.

Gomes, A., Fernandes, E., Lima, J.L.F.C., Mira,L and Corvo, L. 2008. Molecular Mechanisms of Anti-
Inflammatory Activity Mediated by Flavonoids. Current Medical Chemestry, 15 :1586-1605.

Guzik, T.J., Olszanecki, R., Sadowski, J., Kapelak, B., Rudzinski, P., Jopek, A., Kawczynska, A., Ryszawa,N.,
Loster, J., Jawien,J., Czesnikiewicz-Guzik, M., Channon, K.M., Korbut, R. 2005. Superoxide Dismutase
Activity and Expression in Human Venous and Arterial Bypass Graft Vessels. Journal of Physiology and
Pharmacology, 56(2): 313-323.

Gustavsson, C., Carl-David, A., Zetterqvist, A.V., Nilsson, J., Agardh, E., and Gomez, M.F. 2010. Vascular
Cellular Adhesion Molecule-1 (VCAM-) Expression in Mice Retinal Vessels Is Affected by Both
Hyperglycemia and Hyperlipidemia. PLOS One, 5(9): 12699-126100.

Han, X., Shen, T., and Lou, H. 2007. Dietary Polyphenol and Their Biological Significance. Int.J.Mol.Sci., 8:
950-988.

Hansson, G. K. 2005. Inflammation, Atherosclerosis, and Coronary Artery Disease. N. Engl. J. Med., 352:1685-
1695

Hartvigsen, K., Chou, M Y., Hansen, L.F., Shaw, P.X., Tsimikas, S., Binder, C.J., Witztum, J.L. 2009. The Role
of Innate Immunity in Atherogenesis. Journal of Lipid Research, 50: 388-393.

Heistad, D. D. 2006. Oxidative Stress and Vascular Disease. Arteriosclerosis, Thrombosis, and Vascular Biology.
26: 689-695

Hwang, Y.P., Choi, J.H., Yun, H.J..Han, E.H., Kim,H.G.,Kim, J.Y., Parka, B.H., Khanal, T., Choi, J.M., Chung,
Y.C., Jeong, H.G2011. Anthocyanins from purple sweet potato attenuate dimethylnitrosamine-induced
liver injury in rats by inducing Nrf2-mediated antioxidant enzymes and reducing COX-2 and iNOS
expression. Food and Chemical Toxicology, 49(1): 93-99.

Jawi, I M, Suprapta D N, Dwi S U, Wiwiek 1.2008. Ubi Jalar Ungu Menurunkan Kadar MDA dalam Darah
dan Hati Mencit setelah Aktivitas Fisik Maksimal. Jurnal Veteriner Jurnal Kedokteran Hewan
Indonesia, 9(2):65-72

Jawi, I M dan Budiasa K, 2011. Ekstrak Air Umbi Ubijalar Ungu Menurunkan Total Kolesterol Serta
Meningkatkan Total Antioksidan pada Darah Kelinci. Jurnal Veteriner, Jurnal Kedokteran Hewan
Indonesia, 12 (2); 120-125.

Jeon, S.M., Bok,S.H., Jang, M.K., Kim, Y.H., Nam,K.T., Jeong, T.S., Park, Y.B.,Choi,M.S.2002.Comparison of
antioxidant effects of naringin and probucol in cholesterol-fed rabbits.Clin Chim Acta, 317(1-2):181-190.

Jeon, S.M., Bok,S.H., Jang, M.K., Lee, M.K., Nam,K.T., Park, Y.B., Rhee, S.J., Choi,M.S.2001. Antioxidtive
activity of naringin and Lovastatin in high cholesterol-fed rabbits. Life Sci., 69(24):2855-2866.

Jiao, Y., Jiang,Y.,Zhai, W., and Yang, Z. 2012. Studies on antioxidant capacity of anthocyanin extract from purple
sweet potato (Ipomoea batatas L). African Journal of Biotechnology, 11(27):7046-7054.

Johnson, J., Maher, P., Hanneken, A. 2009. The Flavonoid, Eriodictyol, Induces Long-Term Protection in ARPE-
19 Cells Through its Effects on Nrf2 Activation and Phase II Gene Expression. Invest ophthalmol Vis

82



Journal of Biology, Agriculture and Healthcare www.iiste.org
ISSN 2224-3208 (Paper) ISSN 2225-093X (Online) l'—,i,l
Vol.4, No.10, 2014 Ils E

Sci.,50(5):2398-2406.

Kano, M., Takayanagi, T., Harada, K., Makino, K., and Ishikawa, E. 2005. Antioxidative Activity of
Anthocyanins from Purple Sweet Potato, Ipomoea batatas Cultivar Ayamurasaki. Biosci Biotechnol.
Biochem.,69(5):979-988.

Kyu-Ho, H., Sekikawa, M., Ken-ichiro, S., Hashimoto, M., Hashimoto, N., Noda, T., Tanaka, H., Fukushima,
M.2006. Anthocyanin-rich purple potato flake extract has antioxidant capacity and improves antioxidant
potential in rats. British Journal of Nutrition, 96:1125-1133.

Lachman, J., Hamouz, K., Sulc, M., Orsak, M., Pivec, V., Hejtmankova, A., Dvorak, P., Cepl, J. 2009. Cultivar
differences of total anthocyanins and anthocyanidins in red and purple-fleshed potatoes and their relation to
antioxidant activity. Food Chemistry, 144:836-843.

Lee, Y.W., Kiihn, H., Hennig, B., Andrew S. Neish, A. S., Toboreka, M.2001. IL-4-induced Oxidative Stress
Upregulates VCAM-1 Gene Expression in Human Endothelial Cells. Journal of Molecular and Cellular
Cardiology, 33(1): 83-94.

Lila, M.A. 2004. Anthocyanins and Human Health: An In Vitro investigative Approach. Journal of
Biotechnology, 5:306-313.

Libby, P. 2003. Inflammation in Atherosclerosis. Special Lecture. Available at http:/www.J-
circ.or.jp/english/sessions/reports/67th-ss/libby.htm. 25 Mei 2011.

Li, J. M and Shah, A.M. 2004. Endothelial cell superoxide generation: regulation and relevance for
cardiovascular pathophysiology. AJP - Regu Physiol, 287 (5):1014-1030.

Lund, D.D., Chu, Y., Miller, J.D., and Heistad, D.D.2009. Protective effect of extracellular superoxide
dismutase on endothelial function during aging. Am. J. Physiol. Heart Circ. Physiol., 296(6): 1920-1925.

MacMillan-Crow, L.A., Cruthirds, D.L. 2001. Manganese superoxide dismutase in disease. Free Radical Res.,
34:325-336

Madamanchi, N.R., Vendrov, A., Runge, M.S. 2004. Oxidative Stress and Vascular Disease. Arterioscler Throm
Vasc Biol., 25(1): 29-38.

Miao, L., StClair, D.K. 2009. Regulation of superoxide dismutase genes: implications in disease. Free Radic
Biol Med., 47(4):344-356.

Micallef, M., Lexis, L., Lewandowski, P. 2007. Red Wine Consumption Increases Antioxidant Status and
Decreases Oxidative Stres in The Circulation of Both Young and Old Humans. Nutrition Journal, 6:27.
Padda, M.S. 2006. “Phenolic Composition and Antioxidant Activity of Sweetpotatoes ( Ipomoea batatas L.)”.
(A Dissertation). Submitted to the Graduate Faculty of the Louisiana State University and Agricultural and
Mechanical College in partial fulfillment of the requirement for the degrre of Doctor of Philosphy in The

Department of Horticulture.

Ping-Hsiao, S., Chi-Tai,Y.,and Gow-Chin, Y. 2007. Anthocyanins Induce the Activation of Phase II Enzymes
through the Antioxidant Response Element Pathway against Oxidative Stress-Induced Apoptosis. J. Agric.
Food Chem., 55 (23): 9427-9435

Prior, R. L. 2003. Fruits and Vegetables in the Prevention of Cellular Oxidative Damage. American Journal of
Clinical Nutrition, 78(3): 570-578.

Shan, Q., Lu, J., Zheng, Y., Li, J., Zhou, Z., Hu, B., Zhang,Z., Fan, S., Mao, Z., Yong-jian, W., and Ma, D. 2009.
Purple Sweet Potato Color Ameliorates Cognition Deficits and Attenuates Oxidative Damage and
Inflammation in Aging Mouse Brain Induced by D-Galactose. Journal of Biomedicine and Biotechnology,
Volume 2009 (2009), Article ID 564737, 9 pages doi:10.1155/2009/564737

Shih, P. H., Yeh, C.T., Yen, G.C.2007. Anthocyanins induced the activation of phase Il enzymes through the
antioxidant response element pathway against oxidative stress-induced apoptosis. J Agric Food Chem.,
55(23):9427-9435.

Singhania, N., Puri, D., Madhu, S.V,, and Sharma, S.B. 2008. Assessment of oxidative stress and endothelial
dysfunction in Asian Indians with type 2 diabetes mellitus with and without macroangiopathy. QJM , 101
(6): 449-455.

Speciale, A., Canali, R., ChirafisiJ., Saija, A., Virgili,F,, and Cimino, F. 2010. Cyanidin-3-O-glucoside
Protection against TNF-a-Induced Endothelial Dysfunction: Involvement of Nuclear Factor-xB Signaling.
J. Agric. Food Chem., 58 (22):12048—-12054.

Stangl, K and Stangl, V. 2010. The Ubiquitin-Proteasome Pathway and Endothel (Dys)Function.
Cardiovasculaar Research, 85(2):281-290.

Sterling, M. R. D. 2001. Anthocyanins. From the december 2001 Issue of Nutrition Science News. Available
from http://chiro.org/nutrition/FULL/Anthocyanins.shtml.

Suprapta, D.N., Antara, M., Arya, N., Sudana,M., Duniaji, A S., Sudarma, M. 2004. Kajian Aspek Pembibitan,
Budidaya dan Pemanfaatan umbi-umbian sebagai sumber pangan alternatif. Laporan Hasil Penelitian.
Kerjasama BAPEDA Propinsi Bali dengan Fakultas Pertanian UNUD.

Taniyama, Y & Griendling, K.K. 2003. Reactive Oxygen Species in the Vasculature. Molecular and Cellular

83



Journal of Biology, Agriculture and Healthcare www.iiste.org

ISSN 2224-3208 (Paper) ISSN 2225-093X (Online) L'Tirl
Vol.4, No.10, 2014 Ils E

Mechanisms. Hypertention, 42:1075-81.

Wang, Y.P.,, Cheng,M.L., Zhang, B.F, MuM.,Wu,J. 2010. Effect of Bluebery on Hepatic Fibrosis and
Transcription Factor Nrf2 in Rats. World J. Gastroenterol., 16(21):2657-2663.

Xia, M., Ling, W., Zhu, H., Ma, J., Wang, Q., Hou, M., Tang, Z., Guo, H., liu, C., Ye, Q. 2009. Anthocyanin
Attennuates CD40-Mediated Endothelial Cell Activation and Apoptosis by Inhibiting CD40-Induced
MAPK Activation. Athrosclerosis, 202: 41-47

Zhiqing , L., Zhuge, X., Fuhuan, C., Danfeng, Y., Huashan, Z., Bencheng, L., Wei, Z., Huanliang, L., Xin, S.
2010. ICAM-1 and VCAM-1 expression in rat aortic endothelial cells after single-walled carbon nanotube
exposure. J Nanosci Nanotechnol.. 10(12):8562-7854.

84



The I1ISTE is a pioneer in the Open-Access hosting service and academic event
management. The aim of the firm is Accelerating Global Knowledge Sharing.

More information about the firm can be found on the homepage:
http://www.iiste.org

CALL FOR JOURNAL PAPERS

There are more than 30 peer-reviewed academic journals hosted under the hosting
platform.

Prospective authors of journals can find the submission instruction on the
following page: http://www.iiste.org/journals/ All the journals articles are available
online to the readers all over the world without financial, legal, or technical barriers
other than those inseparable from gaining access to the internet itself. Paper version
of the journals is also available upon request of readers and authors.

MORE RESOURCES

Book publication information: http://www.iiste.org/book/

Recent conferences: http://www.iiste.org/conference/

IISTE Knowledge Sharing Partners

EBSCO, Index Copernicus, Ulrich's Periodicals Directory, JournalTOCS, PKP Open
Archives Harvester, Bielefeld Academic Search Engine, Elektronische
Zeitschriftenbibliothek EZB, Open J-Gate, OCLC WorldCat, Universe Digtial
Library , NewJour, Google Scholar

e INDEX ({@‘ COPERNICUS

ros , . - I NTERNATIONAL
INFORMATION SERVICES

@ vimsice soumaocs @

£z 8 Elektronische
@O0@ Zeitschriftenbibliothek

open

Ny _?ﬂ nh
s " \ Y i—-. '. .GE()R(;ET()“N UNIVERSITY
oclc &) WF {IBRARY

eeeeeeeeeeeeeeeeee UniverseDigitall
ccccccccc WorldCat R gy —



http://www.iiste.org/
http://www.iiste.org/journals/
http://www.iiste.org/book/
http://www.iiste.org/conference/

