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Date seeds are a by-product of the date fruit processing industry with minimal human
use; however, they are a rich source of polyphenols with a range of potential biological
properties. The current study investigates the cytotoxicity of date seed polyphenols
against cancer cell lines, its ability to combat hyperglycemia, its antioxidant potential
and its anti-adipogenic effect. The present work aimed to establish the usefulness of
date seeds in the food industry as a functional ingredient. The anti-tumour activity of
DSE was tested in a panel of cell lines such as MCF-7, MDA-MB-231, Hep-G2, Caco-2,
and PC-3 by measuring cell viability and cleaved PARP. Lipid accumulation and effect
on the differentiation of 3T3-L1 cells (adipocytes) were tested with date seed extract
treatments. The influence of date seed polyphenols on glucose uptake was studied in
3T3-L1 cells and C2C12 cells (muscle cells). The antioxidant activity of the polyphenols
from date seed products such as date seed extract (DSE), date seed powder (DSP), and
date seeds fortified bread (DSB) was tested following in-vitro digestion to study their
stability in the gastrointestinal milieu. DSE treatment resulted in significantly reduced
viability in MCF-7 and Hep-G2 cells with 48-h treatments. Glucose uptake increased
in the adipocytes with DSE treatments; moreover, it inhibited adipocyte differentiation
and lipid accumulation. DSE decreased the expression levels of PPAR-y, C/EBPq,
adiponectin and upregulated GLUT-4, and phospho-AMPK. This study also found that
date seed samples retained antioxidant activity in the digestive milieu and concludes
that the date seed polyphenols remain active in the digestive milieu and exhibit potential
anti-hyperglycemic and anti-adipogenic activity.
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INTRODUCTION

Due to multiple health properties, polyphenols receive increasing attention as a potential
nutritional therapeutic agent against several chronic diseases. Numerous in-vitro studies provide
evidence on a range of bioactivity of polyphenols and polyphenol-rich extracts in affecting platelet
functions (1), exerting cardioprotective activity (2), preventing systemic inflammation by acting
as immunomodulatory and anti-inflammatory agents (3), as anti-tumour agents by inducing
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0.05, *significant difference between treatment groups.

FIGURE 6 | (A) Viability assay in 3T3-L1 cells after treatment with date seed extract. (B) Lipid accumulation assay in 3T3-L1 cells. Data expressed as a percentage
calculated against untreated control for both (A,B). Mean =+ s.d presented. ANOVA with multiple comparisons was performed, and statistical significance set at p <

100 pg/ml, respectively. Magnification (A=E) 20X. (F)-40X magnification.

FIGURE 7 | Oil Red-O Staining in 3T3-L1 cells. 3T3-L1 adipocytes differentiated from mouse 3T3-L1 fibroblasts with DSE concentrations (A-E) O, 10, 25, 50, and

by inhibiting the signalling pathway of PPAR-y, adiponectin
and C/EBP-a proteins in the cells. PPAR-y is a transcription
factor that has been connected to regulating adiponectin gene
expression in adipose tissue (49). We observed downregulation
of both PPAR-y and adiponectin in 3T3-L1 cells with DSE
treatments. DSE also altered the expression level of C/EBP-a, an
upstream regulator of PPAR-y. Adiponectin is a crucial protein
produced entirely in the adipocyte during the differentiation
process—an increase in adiponectin results in increased lipid
accumulation in adipocytes. Adiponectin regulates metabolic
activity by regulating insulin sensitivity or fatty acid stimulation
in tissues. The liberation of adiponectin is controlled with DSE

to diminish adipocyte differentiation. Thus, the result throws
light on the mechanism involved in reduced lipid accumulation
in 3T3-L1 cells observed with Oil Red O staining. Our results
are in agreement with a recent study by Etesami et al. in
3T3-L1 cells (50). This study reported decreased differentiation
potential in 3T3-L1 and downregulated expression of C/EBP-
o and PPAR-y with DSE treatment. However, it is crucial to
note that the DSE used by Etesami et al. is an aqueous extract
prepared with heat. The lowest effective concentration in the
study was 315pg/ml. Our results demonstrate that date seed
polyphenols extracted with ethanol: water (1:1) was effective at
a concentration as low as 25 pug/ml. Such differences are expected
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as most polyphenols in date seeds such as hydroxybenzoic
acids, hydroxycinnamic acids, and flavan-3-ols are sensitive to
heat. AMPK is a serine/threonine-protein kinase that plays a
significant role in regulating glucose, lipids, and cholesterol
metabolism. The data presented here showed that polyphenols
from DSE effectively inhibited lipid accumulation during
the 3T3-L1 differentiation process by suppressing adipocyte-
specific proteins and activating the phosphorylation of AMPK
in all concentration levels. Since AMPK activation inhibits
cell proliferation, it consecutively attenuates the expression
of the adiponectin, PPAR-y, and C/EBPa (51). The results
when converged also highlights the molecular mechanism

FIGURE 8 | Light microscopic images of C2C12 differentiation. (A,C)
undifferentiated cells at 10x field and 20x magnification, respectively. (B,D)
differentiated cells displaying the myotube formation at 10x and 20x

magnification, respectively.

involved in the increased glucose uptake in 3T3-L1 cells with
DSE treatment.

The present study investigated the total polyphenol content
and antioxidant activity during simulated in-vitro digestion
to quantify the change occurring during digestion. Three
different forms of date seed proposed for human use was
investigated; DSP, DSE, and DSB. Total polyphenol content
after digestion increases in DSB, indicating their release from
the food matrix during the digestive process. During digestion,
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FIGURE 10 | Effect of date seed extract on the critical adipogenic
transcription factors; PPAR y and C/EBP-a, adiponectin, GLUT-4, p-AMPK,
and AMPK. 3T3-L1 adipocytes were incubated with or without DSE
concentrations (0-100 ) for 24 h. NC, Untreated control.
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FIGURE 9 | Glucose uptake assay in 3T3-L1 and C2C12 cells. Data expressed in pmol 2-D6P detected. DSE, date seed extract (jug/ml). (+) insulin supplemented
group, (-) insulin-deficient group. Mean + s.d presented. ANOVA with multiple comparisons was performed, and statistical significance set at p < 0.05, *significant

C2C12 Cells

800

600

400+

2-DG6P (pmol)

200

100 200 50 100 200

+ o

Frontiers in Nutrition | www.frontiersin.org

11

August 2021 | Volume 8 | Article 667514


https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles

Hilary et al.

In-vitro Investigation of Date Seed Extract

Total Polyphenols

1500

*
= — |
(=2
£ 1000
s 1 *

2 1 * —_—

[} p

() o

2 1 —
< 1

3 I I
g ]

2 ]

o ]

L

T T
DSP

DSB DSE
DPPH
0.08
E
& 0.06 * ;[-
: 1
£
2>
11
2 0.04
3
€
©
T
3 0.02
€
<
0.00 y

T
DSB DSE DSP

Hm Undigested

powder.

O Gastric Phase

FIGURE 11 | Total polyphenol content and antioxidant activity of date seed sample during in-vitro digestion. Data presented as mean + s.d. ANOVA with multiple
comparisons were performed, and statistical significance set at p < 0.05, *significant difference. DSB, date seed bread; DSE, date seed extract; DSP, date seed
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macromolecules get favourable pH condition for the hydrolysis
and polyphenols that are bound to it are released (52, 53).
Therefore, increased polyphenol content promote antioxidant
properties in the digested samples of date seed bread. This
assertion is possible because polyphenols are responsible for
the antioxidant activity of the samples; therefore, the increase
in the total phenolic content increases the antioxidant activity
correspondingly (54). From the results, both DPPH radical
scavenging assay and TEAC assay, the antioxidant power of DSB
following digestion was improved significantly, indicating the
release of polyphenol from the food matrix. However, a decrease
in the polyphenol content was observed in DSE, which led to
differing antioxidant activity levels between the three assays in
the study.

As demonstrated from the DPPH radical scavenging assay, the
antioxidant activity remained unchanged despite the decrease in
total polyphenol content. At the same time, FRAP and TEAC

recorded a successive decrease in the antioxidant activity at the
end of intestinal digestion. The results in DSE are not surprising
since it is a crude mixture of polyphenols that are being subjected
to the digestive process. Polyphenols are known to undergo
irreversible structural changes by auto-oxidation, isomerisation
and conjugation in alkaline pH during intestinal digestion, but
some species are more stable than others dependent on the
structure (55, 56). Such dynamics are expected to change the
polyphenolic content and, thereby, antioxidant activity. DSE is a
crude mix of the free polyphenolic fraction, is more likely affected
by the digestive process. In DSP, the total polyphenol content
increases at the gastric stage due to polyphenols™ release from
the food matrix. However, the levels are significantly reduced
in the intestinal phase due to the digestive process’s effect. A
similar observation was made by Srisena et al. (57) in their study
where subsequent lowering of date seed polyphenols such as
procyanidin B, catechins, and epicatechin was observed from the
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gastric phase to the intestinal phase as the digestion progressed.
A solid food matrix such as DSP has to be disrupted and the
polyphenols solubilised into digestive fluids to be bioaccessible.
Most polyphenols are located in the plant cell vacuole and
apoplast, where they are usually conjugated to monosaccharides,
polysaccharides, and proteins (58). Once they are released
from the cell upon cell wall breakdown due to processing or
metabolism, free polyphenols may form interactive associations
with proteins and dietary fibre in the food matrix (59). Losses of
polyphenols between gastric and intestinal digestion stages have
been observed before; for example, Correa-Betanzo et al. (60)
reported a loss of 44% in wild blueberry.

CONCLUSIONS

The study concludes that DSE does not exert significant
cytoxicity in MDA-MB-231, Caco-2, and PC-3 cell lines at
clinically relevant doses (<1,000 j.g/ml). The cytotoxic potential
of DSE in cancer cell lines was limited to MCF-7 and Hep G2
cells with a treatment period of 48h in our study. However,
the polyphenols in DSE can inhibit lipid accumulation and
differentiation of 3T3-L1 cells. The anti-adipogenic potential of
DSE is achieved by down-regulation of key adipogenic regulators
such as adiponectin, PPAR-y, and C/EBPa. Consequently, there
is upregulation of phosphorylated AMPK in 3T3-L1 cells and
upregulation of GLUT-4, resulting in increased glucose uptake
by the cells, pointing to a possible anti-hyperglycemiceffect. The
present study also demonstrates that date seeds polyphenols,
when ingested either as a powder or extract or when fortified
in food such as date seed bread, retain their antioxidant
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