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Abstract: Impairment of the endothelial progenitor cells (EPCs) ability to proliferate and migrate in
the patients with coronary heart disease (CHD) is partly caused by oxidative stress. This research
evaluates the effect of treatment with Ipomoea batatas L./purple sweet potato (PSP) extract and l-ascorbic
acid on the proliferation and migration of impaired EPCs. EPCs were isolated from CHD patient’s
peripheral blood. EPCs culture were cultivated and divided into control (untreated), PSP extract
treatment (dose 1 and 25 µg/mL), and l-ascorbic acid treatment (dose 10 and 250 µg/mL) groups for
48 h. EPCs proliferation was analyzed with the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) cell proliferation assay, and migration was evaluated with the cell migration assay kit.
Statistical tests were evaluated using SPSS 25.0. This research showed that EPCs proliferation and
migration was significantly higher in all PSP extract and l-ascorbic acid treatment compared to the
control (p < 0.001). EPCs migration on treatment with a PSP extract dose of 25 µg/mL was significantly
higher compared to the treatment with l-ascorbic acid dose of 250 µg/mL (303,000 ± 1000 compared
to 215,000 ± 3000 cells, p< 0.001). In conclusion, both treatments with PSP extract and l-ascorbic acid
can improve the proliferation and migration of impaired EPCs. At the dose of 25 µg/mL, PSP extract
seems to be superior to the l-ascorbic acid dose of 250 µg/mL to improve EPCs migration.
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1. Introduction

Coronary heart disease (CHD) is responsible for around 33% of death in individuals aged 35 and
over in the World [1–3]. In Indonesia, the Ministry of Health reported that 12.9% of the mortality was
caused by CHD [4]. Endothelial progenitor cells (EPCs) from the patients with CHD had reduced
proliferation, and migration abilities, which can be worse as the disease progressed [5]. Impaired EPCs
proliferation and migration capabilities can reduce its ability to repair vascular damage [5,6]. Patients
with low EPCs count and impaired migration activity also have a higher incidence of cardiovascular
events, mortality, and morbidity compared to patients with higher total EPCs and normal migration
capabilities [7]. Multiple pathways were suggested to be responsible for EPCs impairment in CHD
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patients. It is suggested that oxidative stress plays significant roles in EPCs impairment through
intracellular damage and balance disruption [8]. Disruption of the intracellular environment will
alter the control of apoptosis, proliferation, self-renewal, senescence, and differentiation of EPCs, thus
predisposing to the development of vascular pathology [9].

Previous studies showed that several antioxidants could improve EPCs growth and stem cells
differentiation into EPCs [10,11]. Impaired proliferation of EPCs in cardiovascular-related disease was
also able to be enhanced with antioxidant treatment [12,13]. As a prominent antioxidant, Vitamin
C and E have been shown to prevent lowering the effect of TNF-α on EPCs proliferation through
increased expression of phosphorylated p38 [14]. Plant-based extract with antioxidant properties such
as Chokeberry (Aronia melanocarpa) [15], potato shoot (Solanum tuberosum) and Marigold (Calendula
officinalis) extract were also proven to improve impaired EPCs proliferation and migration [16].

Various studies had demonstrated antioxidant properties of the Ipomoea batatas L./purple sweet
potato (PSP) extract [13,17,18]. The major bioactive antioxidant constituents of PSP are anthocyanin [17]
and β-carotene [18]. PSP extract has been shown to prevent endothelial dysfunction through inhibition
of reactive oxygen species (ROS) and a nucleotide-binding domain (NOD)-like receptor protein 3
(NLRP3) signaling pathways [19]. It is also reported that the antioxidant capacity of PSP extract is quite
similar to the prominent antioxidant, l-ascorbic acid [13]. While l-ascorbic acid has been proven to
prevent the decrease of EPCs proliferation due to TNFα treatment via increase of phosphorylated-p38
and 5389 genes expression levels [14], no studies are showing the effect of both l-ascorbic acid and PSP
extract on the impaired EPCs from CHD patients. In this study, we evaluated the effect of PSP extract
and l-ascorbic acid toward proliferation, migration, and colony formation unit (CFU) of EPCs derived
from CHD patients.

2. Materials and Methods

2.1. PSP and l-Ascorbic Acid Preparation

PSP was obtained from UPT Materia Medica Batu, Indonesia. PSP extract was produced with
aqueous extraction method as described previously [20]. The l-ascorbic acid dose referred to previous
research which use the l-ascorbic acid dose of 10 µg/mL to prevent lowering the effect of TNFα to
EPCs proliferation [14] and dose of 250 µg/mL to improve adipocyte stem cells proliferation [21].
Briefly, PSP chunks were mixed in water with 1:1 ratio and blended. The mixture was filtered then
boiled for 30 min and dried up using a rotary evaporator. The extract was then evaluated with the
high-performance liquid chromatography (HPLC) analysis. Based on the HPLC analysis, PSP extract
contained 146 µg/mL of anthocyanin. PSP extract was diluted with the culture medium to achieve a
concentration of 1 and 25 µg/mL. l-ascorbic acid powder (Sigma-Aldrich, St Louis, MO, USA) was
suspended in double distilled water and diluted with culture medium to obtain a concentration of 10
and 250 µg/mL.

2.2. Subject Recruitment and Sample Collection

The blood sample was obtained from eight CHD subjects in Dr. Soetomo General Hospital with
inclusion criteria as follows: Male, aged 40–59, stable angina, and coronary angiography showed >50%
stenosis of left main coronary artery or >70% of other coronary arteries. Subjects with the history
of percutaneous coronary intervention, coronary artery bypass grafting, acute myocardial infarct,
diabetes, smoking, and anemia were excluded. This study protocol was approved by the Health
Research Ethics Committee of Dr. Soetomo General Hospital, Surabaya (No. 292/Panke.KKE/IV/2016,
approved on 15 April 2016). Each subject has signed an informed consent before subject recruitment.

2.3. EPCs Isolation and Culture

Peripheral blood mononuclear cells (PBMCs) were isolated from the blood sample by Ficoll
Histopaque 1077 (Sigma-Aldrich, St. Louis, MO, USA). To isolate EPCs from PBMCs, a standard
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protocol was conducted as described previously [22]. Briefly, 5 × 105 cells/mL PBMCs were cultured in
the fibronectin-coated 6-well plate with basal stemline II hematopoietic stem cell expansion medium
(Sigma-Aldrich, St. Louis, MO, USA) supplemented with 15% fetal bovine serum and 40 ng/mL
vascular endothelial growth factor. The culture was maintained at 37 ◦C with 5% CO2 in a humidified
atmosphere. Two days after, non-adherent cells were discarded, and fresh medium was added. Two
weeks after, cultured cells were stained FITC-labeled anti-human CD34 antibody clone 581 (Biolegend,
San Diego, CA, USA) and documented with an inverted immunofluorescence microscope. EPCs were
confirmed from CD 34 expression.

2.4. EPCs Proliferation Assay

The MTT cell proliferation assay kit (Sigma-Aldrich, St Louis, MO, USA) was used to measure
EPCs proliferation as described previously [12]. Treated EPCs were added with MTT reagent and
incubated in a 37 ◦C incubator with 5% CO2 for 4 h. Proliferation was determined from the reduction
of tetrazolium (MTT) into insoluble formazan product by viable EPCs mitochondria. Absorbance was
measured with a microplate reader at 595 nm wavelength.

2.5. EPCs Migration Assay

The Boyden chamber assay method was used to calculate EPCs migration [15]. Isolated EPCs were
detached using the Trypsin-EDTA solution (Sigma-Aldrich, St Louis, MO, USA). Then, 5 × 105 EPCs
were seeded in the upper chamber with basal media. Meanwhile, basal media and chemoattractant
were added in the lower chamber compartment with/without the addition of PSP extract or l-ascorbic
acid. The culture was maintained for 24 h at 37 ◦C. Non-migratory EPCs, located on the upper chamber,
were removed. After washing the upper chamber with PBS, the migrated EPCs, located below the
upper chamber were fixed with 3.7% paraformaldehyde and permeabilized with methanol. Migrated
EPCs were then stained with Giemsa and calculated.

2.6. CFU Assay

The CFU-Hill Liquid Medium Kit (Stemcell Technologies, Vancouver, BC, Canada) was used to
measure CFU formation, as described previously [6]. Treated EPCs were cultured in 24-well plate
wells with CFU-Hill colonies were calculated using an inverted light microscope. The colony with ≥15
EPCs were counted as single CFU.

2.7. Statistical Analysis

Statistical analyses were performed using the IBM SPSS Statistics 25.0 (IBM Corp, Armonk, NY,
USA). Data were considered significantly different if p < 0.05. Data, presented as mean ± SD, were
evaluated for distribution and compared using an appropriate test.

3. Results

3.1. Demography of Subjects

The blood samples were obtained from eight CHD subjects with the history of antihypertension
and statin treatment. Demography of the subjects is shown in Table 1.
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Table 1. Demography of subjects.

Variable Mean ± SD

Age (year) 54.5 ± 4.31
Height (cm) 168.0 ± 1.3
Weight (kg) 70.25 ± 6.34
Body Mass Index (kg/m2) 25.39 ± 2.13
Systolic Blood Pressure (mmHg) 137.5 ± 24.35
Diastolic Blood Pressure (mmHg) 80.0 ± 7.56
Heart Rate (beats/min) 86 ± 8.68
Total Cholesterol (mg/dL) 200.5 ± 74.75
Triglyceride (mg/dL) 97 ± 11.64
Low-density lipoprotein (LDL) (mg/dL) 145 ± 61.11
High-density lipoprotein (HDL) (mg/dL) 35 ± 7.64
Left Ventricle Ejection Fraction (%) 53.5 ± 4.11

3.2. PSP Extract and l-Ascorbic Acid Increased EPCs Numbers

As shown in Figure 1, under the treatment of PSP extract and l-ascorbic acid at all doses, the
number of EPCs was significantly higher than the untreated EPCs (p < 0.001, ANOVA). The 25 µg/mL
PSP extract-treated EPCs number was significantly higher than the 1 µg/mL PSP extract-treated EPCs
number (p < 0.001, t-test). However, no significant difference was observed on the EPCs number
between treatment with PSP extract dose of 1 µg/mL and l-ascorbic acid dose 10 µg/mL (p = 0.418,
t-test). Comparison between 25 µg/mL PSP extract-treated and 250 µg/mL L-ascorbic-treated EPCs
numbers also showed no significant differences.
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Figure 1. Purple sweet potato (PSP) extract and l-ascorbic acid induced endothelial progenitor
cells (EPCs) numbers. EPCs were treated with/without 1 µg/mL PSP extract, 25 µg/mL PSP extract,
10 µg/mL l-ascorbic acid or 250 µg/mL l-ascorbic acid for 48 h. Viable EPCs were counted using MTT
(3-[4,5-dimethylthiazole-2-yl]-2,5-diphenyltetrazolium bromide) proliferation assay and statistically
analyzed, as described in Materials and Methods. Sextuplicate was performed for each group.
a: Significant difference compared to the untreated group (p < 0.001), b: Significant difference compared to
the 1 µg/mL PSP extract-treated group (p < 0.001), c: Significant difference compared to the 25 µg/mL PSP
extract-treated group (p < 0.001), d: Significant difference compared to the 10 µg/mL l-ascorbic-treated
group (p < 0.001) and e: Significant difference compared to the 250 µg/mL l-ascorbic acid-treated group
(p < 0.001).

3.3. PSP Extract and l-Ascorbic Acid Induced EPCs Migration

As shown in Figure 2, under the treatment of PSP extract and l-ascorbic acid at all doses, the
number of EPCs was significantly higher than the untreated EPCs (p < 0.001, ANOVA). In the current
study, the highest number of migrated EPCs was seen on the treatment with 25 µg/mL PSP extract.
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Figure 2. PSP extract and l-ascorbic acid induced EPCs migration. EPCs were cultured in Boyden
chambers as described in Materials and Methods, EPCs were induced with/without 1 µg/mL PSP extract,
25 µg/mL PSP extract, 10 µg/mL l-ascorbic acid or 250 µg/mL l-ascorbic acid for 48 h. Sextuplicate was
performed for each group. a: Significant difference compared to the untreated group (p < 0.001), b:
Significant difference compared to the 1 µg/mL PSP extract group (p < 0.001), c: Significant difference
compared to the 25 µg/mL PSP extract group (p < 0.001), d: Significant difference compared to the
10 µg/mL l-ascorbic acid group (p < 0.001) and e: Significant difference compared to the 250 µg/mL
l-ascorbic acid group (p < 0.001).

3.4. PSP Extract and l-Ascorbic Acid Induced EPCs CFU Formation

As shown in Figure 3, the PSP extract seems superior to induce CFU formation compared to
the l-ascorbic acid. The highest number of CFUs was induced by treatment of 25 µg/mL PSP extract.
The 250 µg/mL l-ascorbic acid induced the CFU formation as well. However, treatment with 10 µg/mL
l-ascorbic acid did not induce the CFU formation and have a lower number of CFUs compared to the
one untreated with PSP extract/L-ascorbic. CFUs morphology was observed and shown in Figure 4.
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Figure 3. Effect of the PSP extract and l-ascorbic acid in inducing colony formation units (CFUs)
formation. EPCs were cultured in CFU-Hill Liquid Medium Kit as described in Materials and Methods.
The culture was treated with/without 1 µg/mL PSP extract, 25 µg/mL PSP extract, 10 µg/mL l-ascorbic
acid or 250 µg/mL l-ascorbic acid for 48 h. The colony with ≥15 EPCs were counted as a CFU.
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Figure 4. Morphology of CFUs. Light-inverted microscope view of EPCs under 100×magnification
after 48 h-treatment of negative control (untreated) (a), 1 µg/mL PSP extract (b), 25 µg/mL PSP
extract (c), 10 µg/mL l-ascorbic acid (d), and 250 µg/mL l-ascorbic acid (e). (f) FITC-labelled CD34
immunofluorescence expression of EPCs. White bar represent 100 µm.

4. Discussion

EPCs proliferation, migration, and differentiation are severely impaired in patients with CHD [5].
This research showed that l-ascorbic acid dose of 10 and 250 µg/mL had beneficial effects to improve
the proliferation and migration of the EPCs derived from the peripheral blood of CHD patients
in a concentration-dependent manner. Similar with this finding, the previous study showed that
exogenously supplemented 250 µg/mL l-ascorbic acid also improves the proliferation of adipocyte
stem cells [21], cardiac progenitor cells [23] and intestinal stem cells [24]. Meanwhile, in the EPCs,
in vitro incubation with l-ascorbic acid at dose 10 µg/mL can revert the lowering effect of TNF-α on
EPCs number through inhibition of p38 expression [14]. Suggesting that l-ascorbic acid may be a
potential candidate to improve impaired EPCs in CHD patients. However, this research also showed
that l-ascorbic acid was only able to improve CFUs number at the dose of 250 µg/mL. Suggesting that
to achieve improvement of proliferation, migration, and differentiation from impaired EPCs, a higher
dose of l-ascorbic acid is required.

In this research, it was shown that the PSP extract dose of 1 and 25 µg/mL have beneficial effects
to improve the proliferation, migration, and differentiation of impaired EPCs. As the PSP extract main
constituent was anthocyanins, previous research also showed that pure anthocyanin treatment was able
to improve the migration and proliferation of impaired EPCs in vivo [25]. Another plant-based extract
which contains a high-level of anthocyanin such as Aronia melanocarpa fruit extract has been proven to
reduce intracellular ROS formation and increase the proliferative activity of EPCs in a dose-dependent
manner [15]. This suggested that the anthocyanin from PSP extract may be responsible for its beneficial
effect on the proliferation, migration, and differentiation of impaired EPCs.

While the exact mechanism of the EPCs impairment in CHD patients remained unclear, it is
suggested that oxidative stress from ROS can induce cellular damage and disrupt the intracellular
balance, which impairs EPCs function to migrate and proliferate [8]. Some antioxidants such as
resveratrol, vitamin E, and l-arginine has been proven to increase EPCs number and functional
activities in vitro and in vivo [14,25]. In this research, we used l-ascorbic acid and PSP extract, which
has been shown to have antioxidant properties [17] and both treatments have been shown to improve
the impaired EPCs proliferation and migration capabilities

In the EPCs, ROS can cause endothelial nitric oxide (NO) synthase (eNOS) uncoupling and
therefore increased oxidative stress and impaired NO bioavailability [26]. Increased intracellular
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NO in the EPCs, may change the cytoskeleton and gene transcription, leading to enhanced EPCs
migration capacity [26]. Hence, a higher reduction of free radical through scavenging activities of
antioxidant may help EPCs maintain intracellular NO balance, thus improving its migration capabilities.
However, as this research did not evaluate each treatment antioxidant capacities and intracellular
NO, further validation should be pursued to verify this pathway and its involvement in the EPCs
functional improvement.

Compared to l-ascorbic acid, our results showed that the PSP extract was more potent in inducing
EPCs proliferation since the lower concentration of the PSP extract (25 µg/mL) had the same effectivity
with a higher dose of l-ascorbic acid (250 µg/mL). In the improvement of EPCs migration and
differentiation capabilities, the PSP extract was superior compared to l-ascorbic acid, since the lower
concentration of the PSP extract (25 µg/mL) had higher effectivity compared to a higher dose of
l-ascorbic acid (250 µg/mL). As we hypothesize that antioxidant mechanism might be responsible
for this effect, higher antioxidant capabilities of PSP extract compared to l-ascorbic acid may explain
the superiority of the PSP extract. Similar superiority of the PSP extract compared to l-ascorbic acid
was also observed in the previous research which showed at a similar dose of 50 µg/mL, PSP has 70%
superoxide scavenging activity while l-ascorbic acid only has 13% [27]. Despite these findings and
comparison, further research should be pursued to evaluate the direct association between antioxidant
capabilities of l-ascorbic acid and PSP extract with the functional improvement of EPCs.

5. Conclusions

Treatment of PSP extract and l-ascorbic acid can improve the proliferation, migration, and
differentiation of impaired EPCs from CHD patients. The PSP extract seems to be superior to l-ascorbic
acid to mainly improve impaired EPCs migrational capabilities. Hence, the PSP extract may become a
supplementary candidate to improve impaired EPCs in CHD patients.
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