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ABSTRACT

Bioactive components such as polyphenols, present in many plants, are purported to
have anti-inflammatory and anti-angiogenic properties. Date syrup, produced from
date fruit of the date palm tree has traditionally been used to treat a wide range of
diseases with etiologies involving angiogenesis and inflammation. It was
hypothesized that polyphenols in date syrup reduce angiogenic responses such as
cell migration, tube formation and matrix metalloproteinase activity in an
inflammatory model by exhibiting anti-inflammatory activity mediated by vascular
endothelial growth factor (VEGF) and the prostaglandin enzyme cyclooxygenase-2
(COX-2) in endothelial cells. Date syrup polyphenols at 60ug/mL and 600ug/mL
reduced inflammation and suppressed several stages of angiogenesis, including
endothelial cell migration, invasion, matrix metalloproteinase activity and tube
formation without evidence of cytotoxicity. VEGF and COX-2 expression induced by
tumor necrosis factor - alpha (TNF- a) at both gene expression and protein level,
was significantly reduced by date syrup polyphenols in comparison to untreated
cells. In conclusion, polyphenols in date syrup attenuated angiogenic responses and
exhibited anti-inflammatory activity mediated by VEGF and COX-2 expression in

endothelial cells.

Keywords: angiogenesis, polyphenols, cyclooxygenase-2, vascular endothelial

growth factor, inflammation.
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Abbreviations

ACE; Advanced Chromatography Technologies LTD
ANOVA; Analysis of Variance

BME; Basement Membrane Extract

COX-2; Cyclooxygenase-2

DMEM,; Dulbecco’s modified Eagle’s medium
ECACC,; European Collection of Animal cell cultures
ELISA; Enzyme Linked Immunosorbant Assay
GAPDH; Glyceraldehyde-3-Phosphate Dehydrogenase
GUSB; Beta-glucuronidase

HECV; Human Vascular Endothelial Cell

HPLC; High Performance Liquid Chromatography
IL-18; Interleukin-1beta

IL-6; Interleukin-6

IL-8; Interleukin-8

IL-178; Interleukin-17beta

LC; Liquid chromatography

LC-ESI MS; Liquid chromatography — electrospray ionization mass spectrometry

LC/MSD; Liquid chromatography/mass spectrometer detector

MMP-2; Matrixmetalloproteinase-2

MMP-9; Matrixmetalloproteinase-9

MT1-MMP; Membrane associated Type 1- Matrix Metalloproteinase

PBS; Phosphate Buffered Saline

PCR; Polymerase Chain Reaction
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PPDS; extracted Date Syrup Polyphenol
Prostaglandin E2

TGF-B1; Tumor Growth Factor-betal
TNF-a; Tumor Necrosis Factor- alpha
TIMP; Tissue Inhibitor of Metalloproteinase
Act; Comparative Cycle Threshold method

VEGF; Vascular Endothelial Growth Factor
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1. Introduction

Angiogenesis encompasses the formation of new blood vessels from pre-existing
vasculature and is a tightly regulated and coordinated process involving both pro-
and anti-angiogenic factors [1]. The development of new capillaries from pre-existing
micro-vessels is a critical event in wound repair and tissue regeneration [2] and is a
time controlled physiological process [3]. When the homeostatic balance between
stimulation and inhibition is shifted, excessive angiogenesis ensues resulting in
inflammatory associated angiogenesis. Inflammatory associated angiogenesis is
commonly associated with oxidative stress [4]. Inflammation is a paramount process
in defense against pathogenic invasion and it can induce adverse effects on tissue

over time [5].

Key regulators involved in the angiogenic process include gelatinase matrix
metalloproteinases (MMPs), which degrade the extracellular matrix of endothelial
cells. MMP-2 and MMP-9 have been associated with inflammation and are key
factors involved in inflammatory associated angiogenesis [6]. Another important
physiological and pathological mediator is the cyclooxygenase (COX) enzyme COX-
2. The COX-2 enzyme catalyzes prostanoid synthesis and is involved in the
arachidonic acid pathway associated with prostaglandin E2 (PGEZ2) production [7].
COX-2 up regulates vascular endothelial growth factor (VEGF) another important
factor promoting vascular development and therefore promoting inflammatory

associated angiogenesis [8].



88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

Natural compounds have traditionally been used to prevent and treat various
illnesses worldwide. As a result, there has been a growing interest in assessing the
role of plant and food-based bioactive compounds such as polyphenols with reported
antioxidant [9,10], anti-inflammatory [11] and antimicrobial [12] activity. Anti-
angiogenic properties in endothelial cells have been described for several
polyphenol compounds including quercetin [13], epigallocatechin gallate [14],

curcumin [15] and resveratrol [16].

Date fruits, and date fruit products including date syrup from different cultivars, have
traditionally been used as alternative medicine in the treatment of a range of
ailments including stomach and intestinal disorders, fever, edema, bronchitis and in
wound repair [17]. Several bioactive compounds such as polyphenols have been
identified within date syrup, which suggest a possible rationale for date syrup’s
perceived traditional medicinal application. Date syrup has been found to have a
high content of polyphenol compounds such as flavonoids, tannins, carotenoids and
anthocyanins [18]. Given the increasing number of literature focusing on the role of
bioactive compounds such as polyphenols as anti-angiogenic and anti-inflammatory
agents, the action of polyphenols in date syrup, in relation to endothelial cells
angiogenic and inflammatory responses have not been investigated.

Hence it was hypothesized that polyphenols derived from date syrup reduce
angiogenic responses in an inflammatory model of endothelial cells and this
reduction is mediated by reduced expression of VEGF and COX-2.

To address this hypothesis, the objective of this study was to determine the pre-
treating of date syrup polyphenols (60ug/mL and 600ug/mL) on angiogenic

responses associated with tube formation, cell migration, cell invasion and MMP
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activity in human endothelial cells. Furthermore, the pro-inflammatory cytokine levels
secreted by endothelial cells stimulated with TNF-alpha and pre-treated with date
syrup polyphenols was determined. Additionally, the study further determined
whether changes in angiogenic and inflammatory responses in endothelial cells

treated with date syrup polyphenols reduced the expressions of COX-2 and VEGF.



118 2. Methods and materials

119

120 2.1. Chemicals and reagents

121

122 XAD-2 Resin, Folin-Ciocalteau reagent and all polyphenol standards including Gallic
123  acid were obtained from Sigma (Sigma Aldrich, United Kingdom). HPLC grade
124  methanol and formic acid was obtained from Fisher Scientific (UK). TRIzol® was
125 obtained from Life Technologies.

126

127  2.2. Extraction and chemical analysis of date syrup polyphenol

128

129 Date syrup was produced from the date fruit cultivar Khadrawi, belonging to the
130 family Arecaceae, genus Phoenix and species dactylifera during the wet seasons of
131 2012-2013. The date syrup was raw and unprocessed; it was stored at 4 °C on
132  receipt. Date syrup phenolic fraction was extracted according to the method

133 described by [19]. Unprocessed date syrup (50 g) was mixed with 250 mL of

134  acidified water (pH2) for 24 hours at room temperature; the mixture was filtered
135  through cotton wool to remove un-dissolved solid particles. XAD-2 resin (Supelco)
136  (approximately 47 g) was initially conditioned in 2M HCI for 1 hour, and further

137  conditioned by soaking in 1:1 methanol and water for pre-swelling overnight. The
138  slurry was packed into a glass column (MBL) and the solution removed to give an
139  approximate bed volume of 1 x 50 cm?® and rinsed with 1 L of deionized water. The
140 date syrup solution was passed slowly at 1mL / minute through the packed resin
141  column, followed by 250 mL of acidified water (pH2) and deionized water (300 mL)

142 (ELGA LabWater). Polyphenol fractions were finally eluted with 300 mL pure
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methanol. A 50 mL of collected methanol extract was concentrated to dryness under
vacuum at 40 °C. The extract (PPDS) was stored at -80 °C, subjected to chemical
analysis and dissolved accordingly for cell culture treatment in cell medium. The
guantification of total phenolic content of date syrup was determined by the Folin-
Ciocalteu colorimetric assay based on the procedure previously identified by Al-Farsi
and colleagues [20]. Gallic acid was used as a spectrophotometric standard (0-100
mg/mL) and results were expressed and means = SD mg of gallic acid equivalents
(GAE) per 100 g of date syrup. Measurements were taken in triplicate.

Extracted date syrup polyphenols were analyzed using HPLC based on the method
by [21]. Chromatographic analysis was carried out with an Agilent 1200 LC (Agilent,
Berkshire, UK). Data was processed with Agilent ChemStation software. An ACE
C18-300 column (250 x 7.75 mm) was used for the separation of phenolic
compounds at 30 °C and the mobile phase consisted (A) water and formic acid
(95:5) and (B) methanol which was previously degassed in a sonication system twice
for 50 minutes at 25 °C.

The solvent gradient system consisted of 35% B for 20 minutes, 45% B for 35
minutes, 80% B for 5 minutes and 95% B for 5 minutes followed by a post-time
isocratic run of 35% B for 30 minutes between injections. The flow rate was 0.8
mL/minute and the injection volume was maintained at 20 pl. The monitoring
wavelengths were 280 and 320 nm respectively. Subsequent quantification and
identification of polyphenols was assessed using an LC-ESI MS system consisted of
an Agilent LC 1200 series (Agilent, Berkshire, UK) coupled to a LC/MSD Trap XCT
Ultra (Agilent) mass spectrometer equipped with an ESI source and ion trap mass
analyzer. The drying gas temperature was set at 300 °C with a rate of 3.0 L/minute,

a spray voltage of 3.2 kV and the samples were scanned at m/z values of 120-1000
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amu using positive electrospray ionization. Data was processed with Agilent
ChemStation software and identified phenolic compounds were quantified by
correlating the measured peak area with the calibration curve and m/z obtained with

reference compounds.

2.2. Experimental design

2.2.1 Cell culture and treatments

Human HECV endothelial cell line was purchased from the European Collection of
Animal Cell Cultures (ECACC) (Salisbury, UK). HECV cells were grown in
Dulbecco’s modified Eagle’s medium (DMEM) (Gibco) (high glucose) supplemented
with 2 mM L-glutamine, 100 IU/mL penicillin and 200 ug/mL streptomycin (Gibco,
Life Technologies) and 10% v/v fetal calf serum (LabTech International). Cells were
maintained at 37 °C under a 5% CO2 and 95% air atmosphere at constant humidity
(New Brunswick Galaxy 170R, Eppendorf). HECV cells were used within the

passage range of 7 -15 for consecutive experiments in this study.

2.2.2. Cell viability assessment using CellTiter® Blue

HECV cells were seeded into sterile 96 well round bottomed polystyrene microtitre
plates (Corning Costar Ltd, NY, USA) and treated with extracted date syrup
polyphenols (PPDS) dissolved and rehydrated in culture medium at a maximum
concentration of 1200 ug/mL Extracted date syrup polyphenols were diluted over a

concentration range (60 - 1200 ug/mL) to a final concentration of 1200 ug/mL and

10



193 added to HECV cells. Following a 24-hour incubation, the supernatant was

194 aspirated, HECV cells were washed twice with phosphate buffered saline (PBS)
195  (Gibco) and the CellTiter® Blue (Promega) assay was performed as described by Lo
196 and colleagues [22].

197

198 2.2.3. Determination of VEGF, IL-8 and IL-6 levels in culture supernatants

199

200 HECV endothelial cells were seeded into 6-well plates and allowed to reach 80%
201  confluence. Cells were treated with and without TNF- a (20 ng/mL) one hour prior to
202  the addition of extracted PPDS at concentrations of 60 ug/mL and 600 pg/mL.

203  Culture supernatants were collected at 6 and 24 hour and stored at -80 °C. VEGF,
204 IL-8 and IL-6 were measured using enzyme-linked immunosorbant assays (ELISA; R
205 & D Systems, Abingdon, UK) using 96-well microtitre plates in accordance with the
206  manufacturer’s instructions [23].

207

208 2.2.4.Invitro cell invasion assay

209

210  The effect of extracted PPDS on HECYV cell invasion was assessed using a tissue
211  culture transwell insert, with an 8-um pore size polyethylene terephthalate

212 membrane and a 96-well companion plate included in the in vitro Angiogenesis

213  Assay Endothelial Cell Invasion kit (Cultrex Trevigen Inc., Gaithersburg, MD, USA),
214  all reagents were included within the kit. The invasion assay was performed as

215 described previously [24]. Briefly, on day 1, 50 ul (0.5 X) of Basement Membrane
216  Extract (BME) coating solution was placed in each well of the top invasion chamber.

217 HECV cells were starved overnight in serum free DMEM. The following day (day 2)

11
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HECV cells were harvested and seeded into the top chamber at 4 x 105 cells per well
in 50 pl of serum-free media. Extracted PPDS prepared at 60 pg/mL and 600 pg/mL
in serum-free media was added at 150 pl to each well of the bottom invasion
chamber in the presence and absence of TNF- a (20 ng/mL) and incubated at 37 °C
containing 5% COa2. After 16 hours incubation medium in both chambers was
aspirated and each well washed with washing buffer (1X). This was followed by 150
I of cell dissociation / Calcein-AM solution added to each well and incubated at 37
°C for 1 hour. The top chamber was removed and the bottom plate measured using
a fluorescence plate reader (Tecan infinite M200, Mannedorf, Switzerland) at 485 nm
excitation and 520 nm emissions. Experiments were performed in triplicate and

results expressed as percentage of cell invasion relative to control.

2.2.5. In Vitro migration assay

Cell migration was evaluated using the migration assay according to the method
described [25]. HECV cells at a cell density of 1 X 108/ mL were seeded into 6-well
plates and incubated to form a confluent monolayer. The supernatant was removed
and replaced with 60 pg/mL and or 600 pg/mL extracted PPDS with and without the
chemo-attractants TNF- a (20 ng/mL) and VEGF (15 ng/mL). The monolayer was
then scratched with a P200 pipette tip across the well to generate a scratch
approximately 0.5 mm wide. Cell migration was calculated and expressed as %

migration as an expression of the control.

2.2.6. In Vitro tube formation determination

12
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To study tubular formation in HECVSs, the in vitro Angiogenesis Assay Tube
Formation Kit (Cultrex, Trevigen Inc., Gaithersburg, MD, USA) was used according
to the manufacturer’s instructions and with slight modification according to [26].
Briefly, all reagents were included within the kit. Initially, growth factor-reduced
Basement Membrane Extract (BME) was aliquot into a 96-well plate and incubated
for 16 hours at 37 °C. Subsequently, HECV cells were incubated with a fluorescent
Calcein-AM solution (2 uM) for 30 minutes. HECV cells (1 x 10° per well) were
seeded in supplemented DMEM containing 60 pg/mL and or 600 ug/mL extracted
PPDS with and without TNF- a (20 ng/mL) and VEGF (15 ng/mL). Following a 10-
hour incubation period, three random fields were selected per well and tube-like
structures were viewed, monitored and photographed with a camera attached to a
fluorescence microscope (Axiovert 25 (20 x), Zeiss). Each determination was

performed in triplicate.

2.2.7. Detection of MMP-related proteins in supernatants of HECV cells using

ELISA-based arrays

To test for MMP-related proteins in supernatants of treated HECV cells with
extracted PPDS, an ELISA-based method using Quantibody chips from RayBiotech
(Norcross, GA, USA) was used according to the manufacturer's instruction [27],
allowing the simultaneous measurement of a range of MMP’s with specific emphasis
on MMP-2. HECVs were seeded into 6-well plates and allowed to reach 80%
confluence. Subsequently, HECVs were washed and treated with and without TNF-
a (20 ng/mL) in the presence of extracted PPDS at concentrations of 60 pg/mL and

or 600 ug/mL, and incubated for 24 hours at 37 °C. Whereby the supernatant was

13
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collected and assayed. According to the manufacturers instructions the arrays were
blocked with blocking solution for 1 hour at room temperature, 100 ul of sample
supernatant was added to each well and the array incubated at 4 °C for 16 hours.
Samples were decanted and the wells washed 5 times with PBS, followed by the
detection antibody cocktail added to each well and the plates incubated for 16 hours
at 4 °C. The detection antibody was decanted and washed 5 times with PBS, the
supplied fluorescent dye labeled-streptavidin was added and the array incubated for
a further 16 hours at 4 °C, washed 5 times with PBS, and the fluorescent signal

measured on a InnoScan 710 scanner (Innopsys, Chicago, lllinois, USA).

2.2.8. Determination of gene expression using Real-Time PCR

HECV cells were seeded into 6-well plates and treated with and without TNF- a (20
ng/mL) in the presence of extracted PPDS at concentrations of 60 ug/mL and or 600
Mg/mL, and incubated for 24 hours at 37 °C. Total RNA was extracted and isolated
using TRIzol® according to the manufacturer’s protocol. RNA was eluted in RNAse-
free water (ELGA LabWater) and stored at -80 °C. RNA concentration and purity
were assessed using the Nanodrop (ND-1000 Spectrophotometer, Thermo Fisher
Scientific, Wilmington, USA) system. Samples with an Azeo/2s0 ratio of RNA purity of
1.7 — 2.0 were subsequently used for cDNA conversion. cDNA conversion was
achieved using a High Capacity cDNA Reverse Transcription kit (Applied
Biosystems) according to the manufacturer’s instruction. Changes in the expression
of VEGF and COX-2 gene expression were assessed by one-step quantitative PCR
[28] (Tagman System, Applied Biosystems, Madrid, Spain). Amplification was

performed using 100 ng/mL cDNA for a total reaction of 20 ul in micro-well plates

14
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(Thermo Fisher Scientific) covered by optical adhesive covers, and using Tagman
Universal Master mix. Primers and probes were the following; VEGF-A (spanning
exon 3/ exon 4; ID; Hs00900055 _m1), COX-2 (spanning exon 5 / exon 6; ID;
Hs00153133 _m1), GAPDH (spanning exon 8 / exon 9; ID; Hs03929097 _g1) and
GUSB (spanning exon 8 / exon 9; ID; Hs00929627 m1). The quantitative PCR used
the Applied Biosystems 7500 Real-Time PCR System under the following conditions;
incubation at 50 °C for 2 minutes and 95 °C for 10 minutes, samples were amplified
for 40 cycles at 95 °C for 15 seconds, followed by 60 °C for 1 minute. The
expression level of target genes was normalized to the endogenous controls GAPDH
and GUSB using the ACt method for quantification [29]. All assays were performed

in triplicate.

2.3. Statistical analyses

All experiments were carried out three times independently and in triplicates and did
not involve a power analysis. All data are presented as means + SD. Significant
differences were determined by one-way analysis of variance with Bonferroni post-
hoc analysis used for multiple comparisons within different HECV endothelial cell
treatment and different PPDS concentrations. The level of significance was defined
as p <0.05 as statistically significant using superscript labeling. Statistical analysis
was performed using GraphPad Prism® Version 6 software (GraphPad Software, Inc.

La Jolla, CA, USA).
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3. Results

3.1.The effect of extracted date syrup polyphenols on HECV viability and cell

invasion

The quantification and determination of date syrup polyphenols is outlined in Fig. 1
and Table 1. The nine main peaks identified using ESI-MS methodology allowed the
identification of date syrup polyphenols based on their characteristic molecular ions
and its comparison against the Folin-Ciocalteau assay. The most common
polyphenol compounds identified in date syrup are the cinnamic acids and their
derivatives, namely p-Coumaric acid, 3-Caffeoylquinic acid, and Caffeic acid.

HECYV cell viability expressed as % was analyzed by the CellTiter® Blue assay and is
outlined in Fig. 2. HECV viability upon treatment with a range of extracted PPDS
concentrations (60 - 1200 ug/mL) showed no statistical difference (p >0.05) in any of
the concentrations indicating the extracted PPDS concentrations had no cytotoxic
effect on HECV cells. Since no significant changes in cell viability were observed
against tested compounds, two concentrations of extracted PPDS namely 600

pMg/mL and 60 pg/mL were used throughout the remainder of the study.

Cell motility and extracellular matrix invasion are fundamental processes within
angiogenesis; therefore the effect of date syrup polyphenols on invasion capacity
using a double chamber was investigated. Fig. 3 illustrates the effect of the addition
of extracted PPDS on the inflammatory stimulant TNF-a and the angiogenic growth
factor VEGF. Extracted PPDS at 60 pg/mL demonstrated the most significant

invasive capacity following incubation with VEGF and / or TNF-a (Fig. 3b and 3c)

16
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with the addition of TNF-a (10% increase) the greatest in comparison to VEGF (p <

0.05).

3.2. Extracted PPDS inhibit angiogenic responses in endothelial cells

For blood vessel formation, endothelial cells are required to differentiate and
reorganize to enable assembly of vascular like capillary structures. Endothelial cells
such as HECYV are able to form highly branched capillary-like structures when
cultured on BME obtained from mouse sarcoma cells. The effect of extracted PPDS
on angiogenesis in affecting de novo the formation of in vitro capillary-like structures
was examined; as shown in Fig. 4a and 4b respectively; incubation and pre-
treatment of HECV cultures on BME coated plates with extracted PPDS at
concentrations of 60 ug/mL and 600 pg/mL reduced the stimulated tube-like
differentiation in comparison to TNF-a and VEGF treated HECV cells. This resulted
in unconnected structures exhibiting no edges (Fig. 4a and 4b). Tube formation was
monitored and branching revealed (Fig. 4c) that branch points significantly decline in
a dose dependent manner in TNF-a and VEGF stimulated endothelial cells (p <
0.01), this further demonstrates a significant interaction between treatment groups
and concentration of PPDS, whereby the greater concentration of PPDS had the
greatest significance. This finding suggests that date syrup polyphenols exhibit anti-

angiogenic effect in a dose-dependent manner.

Similarly, the migration assay measuring endothelial migration (Fig. 5) demonstrated

that 600 pg/mL extracted PPDS decreased TNF-a migration of endothelial cells by

greater than 50% (Fig. 5) in comparison to the control, 60 pg/mL of PPDS also

17
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decreased percentage migration but the highest PPDS concentration, was more
effective in reducing migration as compared to HECV cells alone. Furthermore, this
effect was also observed for TNF-a and VEGF stimulated migration response, with
extracted PPDS responding and significantly decreasing locomotion (p < 0.05) in
VEGF greater than TNF-a. This indicates a clear in vitro anti-angiogenic response

for date syrup polyphenols.

3.3. Polyphenols in date syrup inhibit MMP-2 activity in endothelial cells

To assess and confirm the role of MMP-2 in promoting in vitro angiogenesis in
endothelial cells and their response to extracted PPDS, microarray analysis was
performed to assess MMP and tissue inhibitors of matrix metalloproteinases (TIMPS)
activity in endothelial cells. HECVs were stimulated with TNF-a, treated with
extracted PPDS and assessed for MMP-2 activity. In TNF-a induced HECV (Fig. 6),
microarray analysis revealed that TNF-a treated HECV, MMP-2 secreted in culture
media at 24 hours was significantly increased (Fig. 6). In comparison, HECV pre-
treatment with extracted PPDS significantly decreased the gelatinolytic activity of
MMP-2. This interaction effect was also observed in a concentration dependent
manner (Fig. 6), with a higher concentration of extracted PPDS (600 ug/mL) more
effective at reducing MMP-2 activity. MMP-2 activity is regulated by TIMPs; therefore
TIMP-1 and TIMP-2 release in culture media was measured, but no significant
change (p >0.05) in TIMP activity by extracted PPDS was found (data not shown).
Therefore the MMP-2/TIMP ratio decreased as a result of MMP-2 production. This
finding indicates that angiogenesis inhibition by polyphenols involves MMP-2

production in endothelial cells.
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3.4. Assessment of VEGF, IL-8 and IL-6 release in endothelial cells

Extracted PPDS concentrations of 60 pg/mL and 600 pg/mL significantly decreased
in a time and dose dependent manner the basal levels of VEGF and the increases in
VEGF induced by TNF-a (Fig. 7ai and 7aii). It is noteworthy that while both
concentrations of extracted PPDS decrease VEGF levels, 60 pg/mL achieved a
decline of VEGF in a time dependent manner by significantly reducing VEGF over 24
hours; statistical analysis demonstrated this effect was significant (p < 0.05) for both
time and treatment. Endothelial cells such as HECV secrete VEGF, IL-8 and IL-6 as
regulators of inflammation and angiogenesis in culture supernatants over time.
Under basal conditions, HECV’s secreted VEGF, IL-8 and IL-6 (Fig. 7), however the
levels of IL-6 were the lowest (ranging from 7-40 pg/mL per 108 cells after 24 hours)
(Fig. 7c). This is in contrast to the levels of VEGF (from 40-300 pg/mL after 24 hours)
and IL-8 (ranging from 100-600 pg/mL) (Fig. 7b). The pro-inflammatory cytokine
TNF-a up regulated both VEGF and IL-8 activity (treatment effect) in endothelial
cells. It was observed that the addition of extracted PPDS decreased VEGF, IL-8
and IL-6 in a simultaneous time and concentration dependent manner with statistical
significance across all cytokine activity (p < 0.05) (Fig. 7a, 7b and 7c). The addition
of extracted PPDS also reduced the expression of both VEGF and IL-8 in HECV
supernatants after TNF-a stimulation. Under basal conditions, VEGF and IL-8 were
down regulated by extracted PPDS, whereas very little difference was observed for
IL-6. These observations suggest that extracted PPDS modulate simultaneous anti-
angiogenic (decreasing VEGF) and anti-inflammatory (decreasing IL-8) responses in

endothelial cells associated with angiogenesis and inflammation.
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3.5. Extracted date syrup polyphenols inhibit TNF-a stimulated VEGF and COX-

2 activity and expression

The activation of COX-2 and VEGF is a tightly associated and regulated pathway in
the angiogenic and inflammatory response cascade. This investigation examined
extracted PPDS effects directly on COX-2 and VEGF gene expression by real time
PCR analysis. COX-2 gene expression was induced by the pro-inflammatory
cytokine TNF-a, but extracted PPDS caused a significant reduction in TNF-a induced
COX-2 gene expression (Fig. 8a) demonstrating both a concentration and treatment
effect (p < 0.05). This effect was also observed for HECV treated with extracted
PPDS alone when compared to the COX-2 gene expression of HECV (control). This
supports an anti-inflammatory response observed in Fig. 7 for VEGF, IL-8 and IL-6.
Interestingly, VEGF gene expression was also reduced in HECV cells induced with
TNF-a and treated with 600 pg/mL extracted PPDS (Fig. 8b) in comparison to HECV

cells induced with TNF-a.



431

432

433

434

435

436

437

438

439

440

441

442

443

444

445

446

447

448

449

450

451

452

453

454

455

4. Discussion

The anti-angiogenic and anti-inflammatory effect of bioactive compounds found
commonly in foods and their role in the prevention and treatment of inflammatory

and angiogenic-associated pathogenesis has been previously reported [30].

This investigation demonstrated the effect of quantified date syrup polyphenols on
angiogenic and inflammatory responses in human HECV endothelial cells. Moreover,
the study demonstrates that extracted PPDS inhibited COX-2 and VEGF gene
expression in TNF-a induced HECV, furthermore PPDS down regulated pro-
angiogenic growth factor VEGF, pro-inflammatory cytokine IL-8 and matrix
metalloproteinase activity MMP-2, which are direct responses, associated with
angiogenesis and inflammation. Additionally, date syrup polyphenol treatment of
TNF-a HECV cells inhibited cell proliferation, migration, invasion capacity and in vitro
capillary tube formation. These findings demonstrate the importance of endothelial
cells in an inflammatory model and demonstrate the anti-inflammatory effect of
polyphenols in date syrup and highlight the anti-angiogenic properties of extracted

PPDS on human HECV endothelial cell function.

Date syrup polyphenols consist predominantly of cinnamic acids such as p-
Coumaric acid, cinnamic acid, gallic acid, ferrulic acid, chlorogenic acid, catechin
derivatives and hydrocaffeic acid. Date syrup is also rich in flavanols, flavonoids,
tannins and carotenoids [18]. Most of the identified polyphenols and antioxidant-
associated compounds have demonstrated bioactive behavior and anti-inflammatory

and cancer progression delay routinely associated with angiogenesis [31,32,33].
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This study supports current literature examining different polyphenols in inflammation
and angiogenesis, therefore suggesting that polyphenols in date syrup contribute to

the anti-angiogenic and anti-inflammatory results observed.

The inflammatory process involves the accumulation of immune cells and the
subsequent release of pro-inflammatory cytokines and chemokines [34]. The
addition of TNF-a to endothelial cells creates an ‘inflammatory environment’ that
contributes to inflammatory associated disorders such as Crohn’s disease and retinal
disorders [35]. The activation of endothelial cells by TNF-a leads to an increase in
COX-2 expression, which stimulates increased expression and release of VEGF [8].
To investigate the anti-angiogenic and anti-inflammatory responses of extracted
PPDS, this study created an inflammatory environment in endothelial cells to model
inflammation and angiogenic responses. Stimulation with TNF-a increased the
expression of cytokines IL-8 and IL-6, COX-2 and VEGF, which are secreted in
response to an inflammatory environment. Extracted PPDS significantly attenuated
the cytokine-mediated inflammatory response (IL-8) indicating the potential of
extracted PPDS in preventing inflammation in endothelial cells. Data from this study,
supports previous research demonstrating that polyphenols regulate COX-2 and

inflammatory cytokine secretion [36, 37, 38].

Endothelial cell angiogenesis has developed an adjunct mechanism contributing to
inflammation [4]. Increased tissue vasculature enhances the tissue inflammatory
responses of recruitment and activation associated with endothelial cells [3]. This
study assessed the effect of extracted PPDS on angiogenic properties of HECV

cells. The stimulation of HECV with TNF-a or VEGF increased angiogenic responses
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of proliferation, migration, invasion and tube formation. Extracted PPDS inhibited
TNF-a and VEGF induced migration, invasion capacity and tube formation, which

indicate that polyphenols in date syrup in combination have anti-angiogenic activity.

Furthermore, the anti-angiogenic response of extracted PPDS was strongly
associated with significant reduction of COX-2 and VEGF gene expression, which
confirms our hypothesis that the inhibition of angiogenic responses of polyphenols in
date syrup in endothelial cells involves a decrease in COX-2 and VEGF gene
expression. The COX-2 pathway has been implicated in the concept of the
‘angiogenic switch’ [34] whereby heightened COX-2 expression in a given tissue
environment initiates a shift towards pro-angiogenesis by stimulating tissue formation
[38]. Stimulation of COX-2 consequently induces the activation and production of
VEGF [9]. Down regulation of COX-2 and VEGF pathways have been associated
with anti-angiogenic, anti-inflammatory and anti-carcinogenic activity of polyphenols
and polyphenol rich foods [38, 39, 40, 41] in in vitro and in vivo models of
angiogenesis and inflammation. This study has demonstrated and observed the anti-
angiogenic responses of extracted PPDS in an inflammatory endothelial function and
has enhanced the knowledge and understanding of the potential pathway of the
combination of polyphenols in date syrup in anti-inflammatory and anti-angiogenic

prevention.

Various stimulants initiate or enhance gelatinase expression and inflammatory
cytokine stimulation in diverse cell types. Examples include TNF-a, transforming
growth factor 1 (TGF- B1), and interleukin 1B (IL-1B). The activation and release of

specific cytokines, chemokines, and growth factors at tissue sites under stress
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activates nearby endothelial cells towards the defective site, a process that
progresses via up-regulation of MMP activity. MMPs are a family of zinc-dependent
endopeptidases, which are involved in the breakdown of the extracellular matrix
(ECM) during tissue remodeling [42]. Excessive breakdown of ECM is associated
with pathological inflammatory diseases such as arthritis, autoimmune skin diseases
and tumor invasion [43]. Among MMPs, MMP-2 and MMP-9 (gelatinase A and B) are

implicated in angiogenesis and inflammation [44].

MMP-2 is secreted from cells as latent zymogens, which are maintained by their
specific endogenous inhibitors, the tissue inhibitor of metalloproteinase (TIMP)-2
and TIMP-1. Once activated, MMP-2 is able to digest components of the basement
membrane such as type IV collagen and fibronectin [45]. This suggests that
gelatinizes such as MMP-2 are likely to promote the progression of angiogenesis
and inflammation by inducing a collagen poor environment, which facilitates cell
migration, proliferation and vascular formation. Date syrup polyphenols inhibit MMP-
2 activity by maintaining a collagen rich environment thus preventing angiogenesis

associated inflammation.

There are several potential limitations to this study, there is limited evidence on the
use of the HECYV cell line in the assessment of angiogenesis and inflammation,
VEGF was the only direct marker at both protein and gene levels assessing
angiogenesis and the extent of MMP-2 and MMP-9 relationship and activity needs
further evaluation since only MMP-2 was investigated. However the inhibition of

MMP-9 points to all endothelial cells being subjected to inflammation and
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angiogenesis once activated and previous research have utilized the HECV
endothelial cell line looking at IL-17B [46], serine protease matriptase-2 associated
with cancer progression [47] and endothelial cell function linked with adhesion and
migration [48]. Further research is needed to effectively assess the role of HECV

endothelial cells in angiogenesis

This study reports the significant effects of date syrup polyphenols on stimulated
endothelial inflammation and angiogenesis in assessing angiogenic and
inflammatory responses in human HECV endothelial cells. This investigation
demonstrated extracted PPDS significantly inhibited TNF-a mediated endothelial
invasion, migration, MMP-2 activity and tube formation. In addition, the anti-
inflammatory effect of extracted PPDS in HECV was confirmed by an observed
reduction of pro-inflammatory cytokines IL-8, IL-6 and the growth factor VEGF. The
reduction in COX-2 and VEGF gene expression would support the view, that date
syrup polyphenol’s anti-angiogenic and anti-inflammatory activity occurs through

COX-2 and VEGF regulatory pathways.
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List of captions
Table 1.
Table 1. Quantification and determination of total and individual phenolic

compounds in date syrup.

Figure 1.

Fig. 1. Chemical composition of extracted date syrup polyphenols. HPLC
chromatogram representing extracted date syrup polyphenols at 280 nm. Fractions
a-i were quantitatively identified in triplicates on three separate occasions (n=9)
using LC-MS and the resulting peaks represent the following polyphenols (left to
right): (a) Gallic acid; (b) hydrocaffeic compound; (c) catechin derivative; (d)
Cinnamic acid derivative; (e) 3-Caffeoylquinic acid; (f) Caffeic acid; (g) p-Coumaric

acid; (h) Unknown compound; (i) 3-O-caffeoylshikimic acid

Figure 2.

Fig. 2. Effect of extracted date syrup polyphenols on HECYV viability. Cell
viability after incubation for 24 hours with 60 - 1200 ug/mL extracted date syrup
polyphenol (PPDS) by the CellTiter® Blue assay. Cell viability is presented as
percentage means = SD of control (n=3). Data were analyzed using one-way
ANOVA using Bonferroni post hoc correction. No significant difference (p > 0.05)

was observed compared with untreated cells (X).

Figure 3.

Fig. 3. Effect of extracted PPDS on HECV invasion capacity. Cells incubated for

24 hour with 60 pg/mL and 600 pg/mL extracted date syrup polyphenols (PPDS) and
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assessed using the in vitro Angiogenesis Assay Endothelial Cell Invasion kit; a)
effect of HECV cells with 60 pg/mL and 600 uyg/mL PPDS on invasion capacity for 24
hours, b) effect of pre-treated HECV with 60 ug/mL and 600 ug/mL extracted PPDS
for 24 hours with stimulant VEGF c) effect of pre-treated HECV cells with 60 pg/mL
and 600 pg/mL extracted PPDS for 24 hours with stimulant TNF-a. Invasion capacity
is presented as percentage invasion means = SD of independent replicates (n=3).
Data were analyzed using one-way ANOVA using Bonferroni post hoc correction
between different HECV endothelial cell treatment group and PPDS concentrations.
Means without a common superscript are significantly different from each other (p

<0.05 vs. control).

Figure 4.

Fig. 4. Effect of extracted PPDS on HECV tube formation. Culture plates (96-well
plate) were coated with growth factor reduced BME overnight. HECVs (1 x 10° cells)
were grown overnight before being treated with 60 ug/mL & 600 ug/mL extracted
date syrup polyphenol (PPDS) in the presence of a) TNF-a and b) VEGF for 10
hours. Images of tube formation were taken (x 20). Figures are representative of the
whole culture treatment. c) Semi-quantitation of capillary-like formation of HECV.
HECV cells stimulated with TNF-a and or VEGF and treated with extracted PPDS
were monitored for tube formation. Data represents means tubule branch points per
field = SD (n = 6 fields) per treatment (n = 3). Data were analyzed using one-way
ANOVA using Bonferroni post hoc correction. Means without a common superscript

are significantly different from each other (p <0.05) of treatments and concentrations.

Figure 5.
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Fig. 5. Effect of extracted PPDS on cell migration. Cell migration was evaluated
by the migration assay. HECV cells were stimulated with TNF-a and or VEGF, pre-
treated with 60 pg/mL or 600 pg/mL extracted PPDS and scratched through the
monolayer. Migration percentages relative to control (equated to 100%) were
analyzed relative to microscope cells per field. Figures are representative of the
whole culture treatment. Results are presented as means = SD of replicates (n =4)
and data were analyzed using one-way ANOVA using Bonferroni post hoc
correction. Means without a common superscript are significantly different from each

other (p <0.05) of cell treatments and different PPDS concentrations.

Figure 6.

Fig. 6. MMP-2 activity on HECYV cells treated with extracted PPDS. HECV cells
were stimulated with the pro inflammatory cytokine TNF-a and treated with 60 ug/mL
and 600 pg/mL extracted date syrup polyphenol (PPDS) for 24 hours. MMP activity
was assessed using a fluorescence microarray. Data is presented as means + SD of
independent replicates (n =3) and data were analyzed using one-way ANOVA using
Bonferroni post hoc correction. Means without a common superscript are
significantly different from each other (p <0.05) representative of independent PPDS

concentrations and different treatment.

Figure 7.

Fig. 7. Regulation of cytokine and VEGF activity by extracted PPDS. HECV cells
were stimulated with TNF-a and treated with 60 ug/mL and 600 pg/mL extracted
date syrup polyphenol (PPDS) respectively. After 6 and 24 hour incubation,

supernatants were collected and examined for a) VEGF, b) IL-8 and c) IL-6 activity
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using ELISA methodology. Data is presented as means + SD of independent
replicates in triplicate (n =6) of different treatments at different PPDS concentrations.
Data were analyzed using one-way ANOVA using Bonferroni post hoc correction.
Means without a common superscript are significantly different from each other (p

<0.05) of treatments and concentrations.

Figure 8.

Fig. 8. Effect of extracted PPDS on gene expression of COX-2 and VEGF. HECV
cells stimulated with TNF-a and treated with 600 ug/mL of extracted date syrup
polyphenol (PPDS) for 24 hours was investigated for relative gene expression of
COX-2 and VEGF using quantitative real-time PCR to baseline levels of HECV cells
(control). Quantitation was normalized against the endogenous controls GAPDH and
GUSB. Results are means + SD of triplicate replicates in triplicate (n =9). Data were
analyzed using one-way ANOVA using Bonferroni post hoc correction. Means
without a common superscript are significantly different from each other (p <0.05)

representative of concentrations of PPDS and different treatments .
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