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Abstract

Background: The interest in natural antioxidants, especially polyphenols, is growing more and more thanks to their
positive contribution to human health. Thus, the prevention from the harmful action of oxidative stress which has
been involved in many diseases such as cancer, inflammation diabetes, and cardiovascular illness.

Recent research proved the bioactive compounds richness of date seeds which could be a good biological matrix
of natural antioxidants. Unfortunately, an important quantity of Tunisian dates seed is discarded yearly.

Methods: In this study, different solvents extraction (water, methanol, absolute acetone and aqueous acetone 80%)
were used and the evaluation of its effect on phytochemical level, in vitro antioxidant activities, in vitro hyperglycemia
key enzymes inhibition and in vivo anti-inflammatory proprieties were established for Tunisian date seeds.

Results: The result revealed that the polar solvent exhibited the highest amount of bioactive compounds. The
correlation between polyphenol compounds and the antioxidant potentiality explains the powerful effect of used
polar solvents on inflammation, TBARS and hyperglycemia inhibition. Furthermore, it showed its higher capacity to

scavenge radicals.

Conclusions: Therefore, this big waste of Tunisian seeds could be used as cheap source of natural antioxidant
compounds which are considered as a health challenge for the poor countries.
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Background

The interest in natural antioxidants, especially polyphe-
nols, is growing more and more thanks to their positive
contribution to human health.

Several authors have proved the second metabolite
richness of seeds in comparison to the edible portion of
fruits [1, 2]. Unfortunately, an important quantity of Tu-
nisian dates seed is discarded yearly as a result of food
processes or used as animals food. This big waste could
be used as a biological matrix and a cheap source of
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natural antioxidant compounds which are considered as
a health challenge for the poor countries.

No toxicity is expected in seed extract and the previ-
ous studies reported no adverse effects of date pits on
organ function, lipid profile, protein metabolism,
hematological parameters, and body weight [3].

There is no doubt that oxidative stress has been in-
volved in the initiation and/or the aggravation of many
diseases such as Diabetes Mellitus (DM). It is a meta-
bolic disorder characterized by the lost of blood glucose
level’s control which increased as a result of the
deficiency of insulin secretion or insulin effect [4]. It has
been confirmed that the inhibition of carbohydrate
hydrolyzing key enzymes such as a-amylase and a-
glycosidase is an interesting approach in the postpran-
dial blood glucose level control [5]. A range wide of side
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effects such as diarrhea, flatulence and abdominal bloat-
ing, are associated with the conventional inhibitors of
those enzymes [6]. However, effects similar to insulin are
showed when using of plant rich in polyphenols [7, 8].

Oxygen free radicals have been also reported to be in-
volved in the enhancement of the inflammatory response
and the affection of distant organs [9]. Furthermore, a
wide range of toxic oxidative reactions is caused in the cell
starting by the initiation of lipid peroxidation which leads
to direct dysfunction of mitochondria, the random
fragmentation of DNA and denaturation of enzymes [10].
The secondary metabolites of plants such as phenolics
and flavonoids showed an excellent inhibition effect on in-
flammation as it acts as a suppressor of NF-Kf [11].

Several reports focused on the anti-inflammatory
activity of date fruits such as the work of Kehili et al.
[12] However, few research works showed the inflamma-
tory inhibition of the other Phoenix dactylifera parts.
Although, the palm seeds has been used in the folk
medicine as remedy and applied to wounds, lesions,
inflammation, as we know, there are only the studies of
Mohamed et Al-Okbi [13] and Arzi et al. [14] who
proved the anti-inflammatory effect of date seed metha-
nolic extract on adjuvant arthritis in rats as a model of
chronic inflammation and on Carrageenan-Induced
Inflammation in Male rat’s Hind Paw respectively.

Rodent models are widely used in inflammatory inves-
tigation experiments for its several useful features. It is
considered superior to in vitro studies, simple and
reliable. Furthermore, those findings can be projected to
humans thanks to the close similarity of the overall
physiological, molecular, and inflammatory response in
rats and humans [15].

The reach and extraction of the secondary metabolites
from plant material are a major focus of investigation. The
presence of various phenolic families with different chem-
ical structure and polarities results in the use of wide range
of extraction solvents (water, acetone, methanol, ethanol,
or their mixtures with water). However, despite the several
works interests in the polyphenols extraction, there is no
single solvent which may be considered standard because
it is usually different for different plant matrices [16].

The objective of the study is determining the date
seeds phytochemical composition and the effect of its
different solvents extraction on its antioxidant activity,
in vitro antidiabetic and in vivo anti-inflammatory pro-
prieties in order to scientifically prove those biological
activities of date seeds and find the best way to benefit
its health power.

Methods
Samples
Two cultivars of date palm (P. dactylifera L.) fruits,
Korkobbi and Arechti, were purchased from Gabes
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littoral oasis (Southern Tunisia), during the 2013 harvest
season, at besser stage. The two varieties are authenti-
cated by local farmers, and this authentication is con-
firmed by Rhouma Abdelmajid, National Coordinator in
Tunisia and the voucher specimens were preserved with
the code N° 20.8 for Korkobbi and N° 5.7 for Arechti in
the National Institute of Agronomic Research of Tunisia
(INRAT). The seeds, after been washed and air dried,
was put at 50 °C [17] and ground into fine powder.

Phytochemical determination

Each sample (1 g) was extracted twice by stirring with
30 mL of each solvent (methanol, absolute acetone and
aqueous acetone), for the aqueous extract a decoction is
prepared by boiling 100 g of seeds powder in 1 L of dis-
tilled water for 15 min, then the mixture was filtered
and was dried at 40 °C. Each extract was redissolved in
its appropriate solvent (final concentration, 5 mg/mL)
for antioxidant activity evaluation.

The total phenolic content (TPC) were determied using
a colorimetric assay described by Paras and Hardeep [18]
and Reis et al. [19] based on the reduction of the Folin
Ciocalteu reagent by the samples and expressed as mg of
gallic acid equivalents (GAE) per g of extract.

For total flavonoid content (TFC), each extract (250 pl)
was mixed with 1.25 ml of distilled water and 75 pl of 5%
NaNO, solution. After 5 min, 150 ul of 10% AlCl; « H20
solution was added. After 6 min, 500 pl of 1 M NaOH and
275 ul of distilled water were added to prepare the mix-
ture. The absorbance was read at 510 nm.

For the condensed tannins content (CTC), 50 pL of
each extract was mixed with 1.5 mL of 4% vanillin and
750 uL of concentrated HCl. The solution was incubated
for 20 min. The absorbance against blank was read at
500 nm [20].

(+)-Catechin was used as standard and the results
were expressed as mg of (+)-catechin equivalents (CE)
per g of extract.

Antioxidant activity

Various concentrations of each date pits extract (0.3 ml)
were mixed with 2.7 ml of methanolic solution contain-
ing DPPH radicals (6 x 107> mol/l). The antioxidant
activity (AA) was measured using an improved ABTS
method. 3.9 mL of ABTS™™ solution was added to
0.1 mL of the test sample and mixed vigorously, incu-
bated for 6 min and read the absorbance at 734 nm.

For the reducing power, the test samples were mixed
with sodium phosphate buffer (pH 6.6) and 1% potas-
sium ferricyanide. After incubation at 50 °C for 20 min,
10% trichloroacetic acid was added and the mixture was
centrifuged. 5 ml was mixed with deionised water and
0.1% ferric chloride, and read at 700 nm.
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The extract concentration providing 0.5 of absorb-
ance (EC50) was calculated from the graph of absorb-
ance against extract concentration. Trolox was used
as standard [21].

The thiobarbituric acid-reactive species (TBARS) assay
was used to measure the amount of secondary product
of the oxidation of polyunsaturated fatty acids called
Malondialdehyde (MDA), formed from egg-yolk homog-
enates as lipid-rich matrix in a Fe >*/ascorbate free-
radical-induction system, in the presence and absence of
various concentrations of each seeds extract. The result-
ing pinkish red chromogen was read with an absorbance
maximum at 532 nm [22].

In vitro diabetes key enzymes inhibition

a-Glucosidase inhibition assay.

The a-Glucosidase inhibitory activity of the both different
seeds extracts (water, methanol, absolute acetone ad
aqueous acetone) was determined according to the
method of Tao et al. [23] with some modifications as
reported by Rengasamy et al. [24]. A mixture of 2.5 mM
p-nitrophenyl-a-glucopyranoside (pNPG), 250 pl of each
extract (10-0.32 mg/ml) in DMSO and 0.3 U/ml of a-
glucosidase in phosphate buffer, pH 6.9 was made. Control
tubes contained only DMSO, enzyme and substrate.
While in the positive control, Acarbose replaced the plant
extracts. The inhibition capacity of extracts and Acarbose
were calculated as following: Inhibition Percentage
(%) = 1 — DO sample /DO control x 100. The result is
expressed as IC50 (mg/ml) which revealed the inhibition
concentration of each extract of 50% of intestinal o-
glucosidase. All tests were carried out for three sample
replications.

a-Amylase inhibition assay.

The a-amylase inhibition assay of the both different
seeds extracts (water, methanol, absolute acetone and
aqueous acetone) with varying concentrations from 0.16
to 10 mg/ml. was determined to base on the method de-
scribed by Deguchi et al. [25] with slight modifications.
The reaction mixture contained 500 pl of 1% starch
solution, 400 pl of 0.1 M sodium phosphate buffer
(pH 7.0), 50 pl of each sample extract dissolved in
DMSO and 50 pl of pancreatic a-amylase (Sigma, St.
Louis, USA) solution (2 U/ml). After the incubated at
37 °C for 10 min of the reaction medium, 3 ml of 3,5-
dinitrosalicylic acid (DNS) color reagent was added.
Finally, the solution was diluted with 20 ml of distilled
water after its incubation in a boiling water bath for
5 min, and the absorbance was measured at 540 nm.
The absorbance of a control sample was prepared ac-
cordingly without plant extract and acted as a negative
control. The Acarbose was used as positive control. The
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inhibition capacity of extracts and Acarbose were calcu-
lated as following:

Inhibition Percentage (%) = 1-DO sample/DO control x 100.

The result is expressed as IC50 (mg/ml) which re-
vealed the inhibition concentration of each extract and
acarbose of 50% of pancreatic a-amylase. All tests were
carried out for three sample replications.

In vivo anti-inflammatory activity
Male Wistar rats (180-200 g, aged 12-14 weeks),
obtained from Central Pharmacy of Tunis, Tunisia,
were kept under standard laboratory conditions as
acclimatization period for 2 weeks (23 °C, 55 + 5%
humidity and a 12 h light/dark cycle), and maintained
with free access to water and a standard diet ad libi-
tum. The animals were housed in groups of four in
595 x 380 x 200 mm cages and were monitored
twice daily for health and clean behavior. No adverse
events were observed. All animals were used accord-
ing to the guidelines of the Tunisian Society for the
Care and Use of Laboratory Animals, and the study was
approved by the University of Tunisia Ethical Committee
(approval number: FST/LNFP/Pro 152,012). All sections
of this report adhere to the ARRIVE Guidelines for report-
ing animal research [26] (Additional file 1). A completed
ARRIVE guidelines checklist is included in Checklist S1.

The anti-inflammatory activity was performed on the
basis of the method of Winter et al. [27]. It consists in
the inhibition of carrageenan (an edematogenic agent) -
induced paw edema. Male Wistar rats were divided into
different groups of 6 animals. The control group re-
ceived 2.5 ml/kg of saline, the standard group received
the reference drug (acetyl salicylate of lysine (ASL),
300 mg/kg) and the test groups received different date’
seeds extracts at a dose of 100, 200 and 300 mg/kg.
Thirteen minutes later, 0.05 ml of 1% of carrageenan
suspension was injected to all animals in the right hind
paw. The paw volume, up to tibiotarsal articulation, was
measured using a plethysmometer. The measures were
determined at 0 h and 1, 3, and 5 h later.

The percentage of inhibition of each seeds extracts
was determined as following:

%inhibition = ((VT-VO0) control-(VT-VO0) treated group)
x100/(VT-VO0) control.

Where:
VO: the paw volume before edematogenic agent
injection.
VT: the paw volume at 1, 3 and 5 h after edematogenic
agent injection.
(VT - V0): was taken as the edema value.
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Statistical analysis

Results were given as mean * standard deviation of 3
replicates. The results are expressed as mean values and
standard deviation (SD). The results were analyzed using
one-way analysis of variance (ANOVA) followed by
Tukey’s HSD test with a = 0.05.

This treatment was carried out using SPSS 18.0
(SPSS Inc., Chicago, IL, USA) software.

Data obtained from animal experiments were expressed
as means + SE and as percentage. Results were statistically
evaluated by ANOVA and using Student’s t-test. p < 0.05
were considered significant.

Results and discussion

Solvents extraction effect on phytochemical composition
of date pits

The total phenolic, flavonoids and condensed tannins of
water, methanol, absolute acetone and aqueous acetone
of both seeds extract are depicted in Fig. 1.

It was elucidated that the water and methanol extracts
showed higher phenolic content than the acetones
extract. Water and methanol seed extract also exhibited
a high content of flavonoid and condensed tannins
(Fig. 1).The total polyphenolic content with regards to
different solvents used for extraction was as follows:
water > methanol > aqueous acetone > absolute acetone.

A good solvent is characterized by its optimal extrac-
tion and its capacity in conserving the stability of the
chemical structure of desired compounds [28].

Therefore the type of extraction solvent and its polar-
ity may have a significant impact on the level of ex-
tracted polyphenols. The polarities of the polyphenols
range from polar to non-polar, optimum extraction of
polyphenols is usually obtained in the polar solvent
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which have a better efficiency of solvation as a result of
interactions (hydrogen bonds) between the polar sites of
the antioxidant compounds and the solvent than nonpo-
lar one [29]. Therefore, water and an aqueous mixture of
methanol and ethanol are frequently used for recovering
polyphenols. Acetone gave a low level of antioxidant
compounds because of their lower efficiency of solv-
ation. The acetone molecules are known as proton ac-
ceptors only while methanol and water, are also proton
donors.

Solvents extraction effect on antioxidant activities of
date pits

The antioxidant activities of water, methanol, absolute
acetone and aqueous acetone of both seeds extract
against DPPH, ABTS, FRAP and TBARS are depicted in
Table 1.

The IC50 of the extract is inversely related to its
antioxidant compounds richness (Lower IC50 values
indicate a higher antioxidant activity).

It expresses the amount of antioxidant required to de-
crease the DPPH and the ABTS concentration by 50%,
to reduce the 50% of Fes/ferricyanide complex to the
Fe; and to inhibit the 50% of lipid peroxidation revealed
by the decrease of the formation of MDA as its resulted
product.

It was elucidated that the water and methanol extracts
showed higher antioxidant activities than the acetones
extract. The antioxidant activities with regards to differ-
ent used solvents were as follows: water > methanol >
aqueous acetone > absolute acetone.

There is a wide range of plant phytochemical compo-
nents. Among them, phenolic compounds lie on the
head of several research interests. This importance due
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Fig. 1 Effect of different solvents on phytochemical composition of both date seeds. Data expressed as means + standard deviations of three
independent extractions (n = 3). TPC: Total phenolic content (mg GAE per 100 g of extract), TFC: Total flavonoid content (mg CE per 100 g of
extract), CTC: Condensed tannins contents (mg CE per 100 g of extract), Different lower case letters in the same types of material indicate
significant differences between the different used solvents extraction (P < 0.05). KS: Korkobbi seed, AS Arechti seed
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Table 1 Effect of solvents extraction on antioxidant activity (ICso. mg mL™") of both date palm seeds

Extracts IC 50

DPPH ABTS FRAP TBARS

KS Methanol extract 074 + 002° 040 + 0,09° 027 +001° 042 + 0,02°
Aqueous extract 035 + 0,01° 037 + 0,03 0,12 +001° 0,32 +0,02°
Acetone 80% 141 +081¢ 082 + 0,04° 046 + 0,03° 075 + 0,09°
Acetone 100% 1,88 + 0,67° 1,13 +£0,34° 0,73 + 0,045° 0,99 + 0,07°

AS Methanol extract 061 % 0,047 053 + 0,05 0,26 + 0,01% 047 + 009
Aqueous extract 0,58 + 0,09" 048 + 0,07" 0,19 + 001" 042 + 0,05
Acetone 80% 1,61 + 0,53¢ 1,19 + 098° 071 +0,08° 0,98 + 0,09°
Acetone 100% 2,01 = 0,98° 1,40 + 0,65° 0,86 + 0,04° 1,22 +007°

Data expressed as means * standard deviations of three independent extractions (n = 3)
ICs0: The concentration at which 50% of radicals are scavenged, Fe3+ is reduced and TBARS is inhibited
Different lower case letters and capital letters in the same column for each type of material indicate significant effect differences between the different used

solvents extraction (P < 0.05)
KS Korkobbi seed, AS Arechti seed

mainly to the polyphenol capacity in preventing many
diseases at the bottom of which lies the reactive species
of oxygens such as cancer, inflammation, diabetes,
cardiovascular disease etc... . It includes phenolic acids,
hydrolyzable and condensed tannins, and flavonoids.
The efficiency of these compounds is explained by their
antioxidant action as free radical scavengers, hydrogen
donors and reducing agents [30].

The antioxidant power of the samples is closely associ-
ated with their total phenolic content (Table 2).

The extracts with higher levels of total phenolics, also
exhibit greater antioxidant activity. It is concluded that
the change in solvent polarity influences the dissolution
of selected antioxidant compounds and the antioxidant
activity estimation. Change in solvent polarity alters its
ability to dissolve a selected group of antioxidant com-
pounds and influences the antioxidant activity estima-
tion [31].

Solvents extraction effect on in vitro hyperglycemia key
enzymes inhibition of date pits

Four extracts of two varieties Phoenix dactylifera seeds
Arechti and Korkobbi ones were evaluated for their in
vitro inhibitory effect on a-amylase and a-glucosidase en-
zymes (Fig. 2). The four extracts (methanolic, aqueous,

Table 2 Pearson’ correlation analysis between the antioxidant
activity and phytochemical composition of both common date
palm seeds

TPC TFC c1c
DPPH -0.987** —-0.832** -0.794**
ABTS -0.982** —0.964** —0.909**
Reducing Power —0.983** —0.938%* -0.901%*
TBARS inhibition —0.953** —0.949%* —0.951**

**Significant correlation for p < 0.01
TPC Total phenolic content, TFC Total flavonoid content, CTC Condensed
tannins content. TAC Total anthocyanins content

and acetone at two concentration 100% and 80%) of
Korkobbi seed (at a concentration of 10 mg/ml) exhibited
82.28, 89.45, 57.8 and 58.16 «-amylase inhibitory activity
and 84.99, 92.39, 60.48 and 70.62 «-glucosidase inhibitory
activity, respectively. Whereas, for Arechti seed, the same
extracts exhibited 71.07, 77.25, 59.03 and 61.8 a-amylase
inhibitory activity and 81.98, 88.68, 60.58 and 69.83 a-
glucosidase inhibitory activity, respectively.

Acarbose was used as a standard reference drug, which
showed a-amylase inhibitory activity with an IC50 value
of 0.232 mg/ml and a-glucosidase inhibitory activity
with an IC50 value of 0.161 mg/ml. Among all, aqueous
extract of Arechti seed and Korkobbi seed has shown
best enzyme inhibitory activity with an IC50 value 0.783
and 0.353 mg/ml (a-amylase and a-glucosidase) and
0.987 and 0.768 mg/ml (a-amylase and «-glucosidase)
which were comparable with that of acarbose in com-
parison with other extracts (Table 3).

Interestingly, there was a dose-dependent increase in
percentage inhibitory activity against alpha amylase and
alpha-glucosidase enzymes. The aqueous extract of
Korkobbi seed showed marginally more inhibitory effect,
which could be explained by its more detected polyphe-
nols compounds.

Diabetes mellitus is a chronic metabolic disorder due
to an ineffective use of insulin and it is identified by
hyperglycemia which is a classical risk associated with a
rise of reactive oxygen species production, leading to
oxidative tissue damage and diabetic complications [32].

One of the useful strategies for treatment of diabetes
is the control of post-prandial hyperglycemia. This can
be accomplished by the inhibition of the carbohydrate
hydrolyzing enzymes a-amylase which is in charge of the
breakdown of 1, 4-glycosidic linkages of polysaccharides
(starch, glycogen) to disaccharides and o-glucosidase
which catalyzes the disaccharides to monosaccharides.
Inhibitors of these enzymes delay carbohydrate digestion
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Table 3 IC50 of a-amylase and a-glucosidase inhibition of

different seed extracts

Samples IC50 (mg/ml)
a-amylase a-glucosidase
Acarbose 023 +0,01 0,16 + 0,02
KS Methanol extract 1,31 + 0,08* 0,65 + 0,05
Aqueous extract 0,78 + 0,05 0,35 + 0,09
Acetone 80% extract 2,33 £ 06" 2,56 £ 09**
Acetone100% extract 247 + 0,8%* 240 + 0,79%
AS Methanol extract 1,65+ 0,1* 1,31 +0,8*
Aqgueous extract 099 £ 0,2* 0,77 £ 0,05
Acetone 80% extract 2,88 + 0,83** 2,72 +0,78%
Acetone100% extract 3,66 + 0,99** 2,85 + 0,86**

Data expressed as means * standard deviations of three independent

extractions (n = 3)

ICs0: the concentration at which 50% of enzyme is inhibited

KS Korkobbi seed, AS Arechti seed

*Significant difference for P < 0.05 and **Significant difference for P < 0.01

and reduce the rate of glucose retention which conse-
quently diminish the postprandial plasma glucose rise
[33-35]. Synthetic inhibitor such acarbose, miglitol and
voglibose are reported to cause an adverse effect such
as different gastrointestinal symptoms including ab-
dominal pain, diarrhea [36]. Hence, herbal medicines
are getting more importance as natural carbohydrate
hydrolyzing enzyme inhibitors having fewer/or no side
effects [37].

Many bioactive compounds from plants, in that
mostly phenolics, triterpenoids and flavonoids have a
positive correlation as antidiabetic agents [38—40].

Polyphenolic compounds may reduce the potency of
a-amylase and a-glucosidase by the interaction or inhib-
ition of specific positions in enzymes [41].

The flavonoids are known as a puissant blocker of
glucose absorption and inhibitor of sodium-dependent
glucose transporter-1 improving glucose tolerance.
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Furthermore, some flavonoid compounds like luteolin
and kaempferol may inhibit the a-amylase and a-
glucosidase activity in the intestine [42, 43].

In correlation with previous reports, several results
revealed the in vitro inhibition activity of carbohydrate
hydrolyzing enzymes of Phoenix dactylifera fruits and
seeds thanks to their richness with secondary metablites
such as polyphenols, flavonoids and tannins [44, 45].

Solvents extraction effect on in vivo anti-inflammatory
activity of date pits

The anti-inflammatory activity of four extracts of the
two Phoenix dactylifera varieties seeds Arechti and
Korkobbi were evaluated using the carrageenan-induced
rat paw edema model (Table 4: at bottom). When

Page 7 of 10

injected locally into the sub plantar region of rat paw of
the control group, carrageenan induced a severe inflam-
matory reaction remained even 6 h after its injection.
The presence of edema is one of the prime signs of in-
flammation. The maximum peak was observed between
3 and 5 h after injection. Intraperitoneal injection of
seeds extracts produced a significant reduction of edema
in a dose-related manner. Interestingly, the highest re-
duction of the edema of the extracts was at 3 h. The
aqueous extract of both varieties seeds showed the
highest inhibitory edema formation, followed by the
methanolic one then the acetone extracts, marked espe-
cially at 300 mg/kg with which the edema was found to
be reduced to the extent of 66.90% and 63.52% for
Korkobbi and Arechti seeds respectively. This value is

Table 4 Effect of solvents extraction on in vivo anti-inflammatory activity of both date seeds

Edema (10-*/mL) (mean + SD)

Edema inhibition (%)

Treatment Dose (mg/kg) Th 3h 5h Th 3h 5h
Control 34+15 595+ 17 683 + 1,09
KS Methanol extract 100 2703+19 29,26 £ 1,1* 3501 + 0,89* 20,5 50,82 48,74
200 23,08 + 2,8* 2411 +£ 0,8 30,13 + 1,04* 32,11 5947 55,88
300 19,1 £ 1,5% 23,34 £ 1,8 2804 + 1,65* 43,82 60,77 58,94
Aquous extract 100 255+ 1,07 27,12 + 2,02* 33,37 +1,98* 25 5442 51,14
200 2017 + 2,3* 22,02 + 1,98%* 27,52 + 267* 40,67 62,99 59,70
300 17 £ 2,7%% 19,69 + 1,08** 246 £ 2,13% 50 66,90 63,98
Acetone extract 80% 100 2924 + 2,1 35,17 + 2,09* 38,14 + 2,87* 14 40,89 44,15
200 26,18 = 1,03 29,04 + 1,98% 34,21 + 1,89% 23 51,19 4991
300 2141 £1,75% 263 £ 191 32,12 £ 2,09% 37,02 55,79 52,97
Acetone extract 100% 100 30,09 = 0,89 37,15 £ 2,09 41,07 £ 2,01* 11,5 37,56 39,86
200 2723 £ 287 32,21 +£2,02% 39,51 + 1,09% 1991 45,86 42,15
300 23,35+ 1,98% 27,5 +1,89% 3421 £1,19% 31,32 53,78 4991
AS Methanol extract 100 275 %176 31,15 + 1,09% 36,29 + 1,2% 19,11 47,64 46,86
200 2441 £157 27,21 +2,08% 32,14 +1,14*% 28,20 54,26 52,94
300 20,06 + 1,4* 245 £ 2% 30,34 + 2,03* 41 58382 55,57
Aquous extract 100 26,18 £ 2,34 2841 £ 2,02 34,21 + 3,01* 23 52,25 4991
200 21,5 +2,04% 23,34 + 1,03% 29,02 + 1,2* 36,76 60,77 57,51
300 18,05 £ 2,01** 21,7 £ 1,65% 27 +298* 46,91 63,52 60,46
Acetone extract 80% 100 285+ 187 35,17 £ 1,05 38,04 + 2,07* 16,17 40,89 44,30
200 26,18 £ 1,94 3197 £23 3515 + 1,84* 23 46,26 48,53
300 2312 £ 1,87* 2841 £ 2,03 34,21 £ 1,90% 32 52,25 4991
Acetone extract 100% 100 30,83 + 1,02 3838 + 1,98 4524 + 2,03* 932 3549 33,76
200 29,7 £1,09 34,29 £ 1,25 41,17 £ 2,5% 12,64 42,36 39,72
300 2547 £ 2,01 2817 +£1,38 3505 + 1,76* 25,08 52,65 48,68
Asl 300 22,29 +1,09* 2533 +134 31,61 + 1,87 34,44 5742 53,71

Values are expressed as mean + S.E.M. (N = 6); ASL: acetyl salicylate of lysine
KS Korkobbi seed, AS Arechti seed

*p < 0.05 significant from the control. **p < 0.01 significant from the control. ***p < 0.001 significant from the control
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comparable to that of the reference drug, ASL, a potent
inhibitor of cyclooxygenase-2 (300 mg/kg) which de-
creased paw edema by 57.42% at the third hour.

Although Inflammation is a defense mechanism which
is involved in the injurious tissues healing process, the
libiration of mediators responsible of protective reaction
such as cytokine, histamine, serotonin, leukotrienes and
prostaglandin can induce, maintain or aggravate many
diseases such as atherosclerosis, rheumatoid arthritis,
asthma, and neurodegenerative diseases [46].

Carrageenan-induced paw edema has been widely used
as a useful phlogistic tool for investigating the anti-
edematous effect of natural products. It is known as a
biphasic agent, the early phase (90-180 min) of the
inflammation is characterized by the release of hista-
mine, serotonin and similar substances. The later
phase (270-360 min) is known by the activation of
kinin-like substances and the release of prostaglan-
dins, proteases and lysosome [47, 48].

Any interruption of those phases allows the reduction
of the liberation of the mediators then the establishment
of normal state [49].

Many of the frequently used anti-inflammatory drugs
are becoming less acceptable due to serious side effects
on human health such as gastric intolerance, bone mar-
row depression and water and salt retention [50].

Several reports showed that free radicals are important
mediators that induce or aggravate inflammatory
processes and, consequently, antioxidants and radical
scavengers can decrease inflammation [51, 52].

Previous studies have indicated that the major
pharmacological activities of Phoenix dactylifera seeds
are derived from the richness of those by product with
the secondary metabolites such as polyphenols, flavo-
noids, tanins and terpenes.

The studied seeds extracts inhibited the both phases of
the carrageenan-induced edema by reducing the release
of histamine and serotonin and also the kinin-like
substances and prostaglandins. This pharmacological
property may be attributed to their chemical compos-
ition marked by different calasses of plyphenols, flavo-
noids and vitamin like tocopherol, cinamic acid.... [53].

Conclusion

Extracting solvent significantly affected phytochemical
content (total polyphenols, flavonoids, and condensed
tannins), antioxidant activity (DPPH, ABTS, FRAP, and
TBARS) and the inhibition capacity in both biological
activities (Inflammation and hyperglycemia key enzymes)
of date seeds extract. The most efficient solvents for
polyphenols extraction were water and methanol. For
both seeds extracts, polyphenol content of absolute acet-
one extracts was the lowest. The two polar solvents
showed the highest antioxidant activity, a powerful
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inhibition against TBARS, carrageenan-induced edema
and diabetes associated key enzymes.

A good correlation was obtained between antioxidant
properties of date seed extracts. Therefore, the aqueous
date seeds extract could be considered as a cheap and
safe source of natural antioxidants and involved in dif-
ferent applications both in the field of the food industry
and for the pharmacological use.

Additional file

[ Additional file 1: The ARRIVE Guidelines Checklist. (PDF 1 kb) ]

Abbreviations
ABTS: 2,2"-Azinobis-3-ethylbenzothiazoline-6-sulfonic acid; DPPH: 1,1-
Diphenyl-2-picrylhydrazyl; TBARS: Thiobarbituric acid-reactive substances

Acknowledgements
The authors would like to thank all of the colleagues and students who
contributed to this study.

Funding
The authors declare that they have received no funding for the research
reported.

Availability of data and materials
The complete data are all contained within the paper and are also available
from the corresponding author on reasonable request.

Authors’ contributions

AT was responsible for the collection and preparation of plant materials,
carried out all experiments, performed data analysis and drafted the
manuscript. HC, AEA, and RBH performed the experiments related to
antioxidants and anti-inflammatory evaluation; AOH performed the
experiments related to inhibition of hyperglycemia key enzymes; LA
organized this work and contributed to writing the manuscript. Al authors
read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests that might have
influenced the performance of the work described in this manuscript.

Consent for publication
“Not applicable” in this section.

Ethics approval

All animals were used according to the guidelines of the Tunisian Society for
the Care and Use of Laboratory Animals, and the study was approved by the
University of Tunisia Ethical Committee (approval number: FST/LNFP/Pro
152,012). All sections of this report adhere to the ARRIVE Guidelines for
reporting animal research [26]. A completed ARRIVE guidelines checklist is
included in Checklist S1.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

'Laboratoire de Recherche “Bioressourses, Biologie Integrative and
Valorisation”, Institut Superieur de Biotechnologie de Monastir, Avenue Tahar
Hadded, 74, 5000 Monastir, BP, Tunisia. “Laboratoire des maladies
transmissibles et substances biologiquement actives — Faculte de Pharmacie,
Rue Avicenne, 5000 Monastir, Tunisia.


dx.doi.org/10.1186/s12906-017-1751-y

Thouri et al. BMC Complementary and Alternative Medicine (2017) 17:248

Received: 16 December 2016 Accepted: 23 April 2017
Published online: 04 May 2017

References

1.

20.

21.

22.

23.

24.

Xu'Y, Fan M, Ran J, Zhang T, Sun H, Dong M, Zhang Z, Zheng H. Variation
in phenolic compounds and antioxidant activity in apple seeds of seven
cultivars. Saudi J Biol Sci. 2016;23:379-88.

Al AKH A, Hasan MA. Antioxidant Activity in Some Citrus Leaves and Seeds
Ethanolic Extracts. International Conference on Advances in Agricultural,
Biological & Environmental Sciences. 2015:22-3.

Habib H, lbrahim W. Effect of date seeds on oxidative damage and
antioxidant status in vivo. J Sci Food Agric. 2011,91:674-1679.

Maritime AC, Sanders RA, Watkins JB. Diabetes, oxidative stress, and
antioxidants: a review. J Biochem Mol Toxicol. 2003;17:24-38.

Kumar S, Kumar V, Rana M, Kumar D. Enzymes inhibitors from plants: an
alternate approach to treat diabetes. Pharmacogn Commun. 2012;2:18-33.
Bray GA, Greenway FL. Current and potential drugs for treatment of obesity.
Endocr Rev. 1999,20:805-79.

Riaz M, Zia-Ul-Haq M, Saad B. Anthocyanins and Human Health:
Biomolecular and Therapeutic Aspects. Springer International Publishing;
2016.

Zia-Ul-Hag M, Riaz M, DeFeo V, Jaafar HZE, Moga M. Rubus fruticosus L.
constituents, biological activities and health related uses. Molecules.
2014;19(8):10998-1029.

Slater TF. Free-radical mechanism in tissue injury. Biochem J. 1984;222:1-15.
Halliwell B, Gutteridge JMC. Free radicals in Biology and Medicine 3rd ed
Oxford: Oxford University Press. 1999,23-27.

Talhouk R, Karam C, Fostok S, El-Jouni W, Barbour E. Anti-inflammatory
bioactivities in plant extracts. J Med Food. 2007;10:1-10.

Mohamed DA, Al-Okbi SY. In vivo evaluation of antioxidant and anti
inflammatory activity of different extracts of date fruits in adjuvant arthritis.
Pol J Food Nutr Sci. 2004;13(54):397-402.

Kehili HE, Zerizer S, Beladjila KA, Kabouche Z. Anti-inflammatory effect
ofAlgerian date fruit(Phoenix dactylifera). Food Agric Immunol.
2016:820-9.

Arzi A, Azarbani S, Aghel N, Nazari Z, Rezaei M. The preventive effect of date
palm (Phoenix dactylifera) seed and fruit Hydroalcoholic extracts on
carrageenan-induced inflammation in Male rat’s hind paw. Jundishapur Sci
Med J. 2014;13(5):495-502.

Mercken EM, Crosby SD, Lamming DW, JeBailey L, Krzysik-Walker S, Villareal
DT. Calorie restriction in humans inhibits the PI3K/AKT pathway and induces
a younger transcription profile. Aging Cell. 2013;12:645-51.

Al-Farsi MA, Lee CY. Optimization of phenolics and dietary fibre extraction
from date seeds. Food Chem. 2008;108:977-85.

Rababah TM, Banat F, Rababah A, Ereifej K, Yang W. Optimization of
extraction conditions of total phenolics, antioxidant activities, and
anthocyanin of oregano, thyme, terebinth, and pomegranate. J Food Sci.
2010;75(7):626-32.

Pellegrini N, Colombi B, Salvatore S, Brenna OV, Galaverna G, Del Rio D,
Bianchi M, Bennett R, Brighenti F. Evaluation of antioxidant capacity of some
fruit and vegetable foods: efficiency of extraction of a sequence of solvents.
J Sci Food Agric. 2007,87:103-11.

Paras S, Hardeep SG. Antioxidant and phenol oxidase activity of germinated
barley and its milling fractions. Food Chem. 2010;120:673-8.

Reis FS, Heleno SA, Barros L, Sousa MJ, Martins A, Santos-Buelga C, Ferreira
ICFR. Toward the antioxidant and chemical characterization of mycorrhizal
mushrooms from Northeast Portugal. J Food Sci. 2011;76:824-30.

El Arem A, Saafi EB, Mechri B, Lahouar L, Issaoui M, Hammami M, Achour L.
Effects of the ripening stage on phenolic profile, phytochemical
composition and antioxidant activity of date palm fruit. J Agric Food Chem.
2012;60:10896-902.

Dogra NK. Phytochemical analysis and in vitro antioxidant studies of
Plumeria obtusa L. Leaves Indian J Pharm Sci. 2016;78(1):169-71.

Tao Y, Zhang Y, Cheng Y, Wang Y. Rapid screening and identification of
a-glucosidase inhibitors from mulberry leaves using enzyme-immobilized
magnetic beads coupled with HPLC/MS and NMR. Biomed Chromatogr.
2013:27(2):148-55.

Rengasamy KR, Aderogba MA, Amoo SO, Stirk WA, Van Staden J. Potential
antiradical and alpha-glucosidase inhibitors from Ecklonia maxima (Osbeck)
Papenfuss. Food Chem. 2013;141(2):1412-5.

25.

26.

30.

w

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

48.

49.

50.

Page 9 of 10

Deguchi Y, Osada K, Watanuki M. Effect of guava leaf extract in combination
with acarbose or voglibose on increased blood glucose level in sugar-
loaded normal mice. J Jpn Soc Nutr Food Sci. 2003;56:207-12.

Kilkenny C, Browne WJ, Cuthill IC, Emerson M, Altman DG. Improving
bioscience research reporting: the ARRIVE guidelines for reporting animal
research. PLoS Biol. 2010;8:21000412.

Winter CA, Risley EA, Nuss GW. Carrageenan-induced oedema in the hind
paw of rat as an assay for anti-inflammatory activity. ProcSoc Exp Biol Ther.
1962;111:544-7.

Harborne JB. Phytochemical methods a guide to modern techniques of
plant analysis. Plant Pathol J. 1999;48:146.

Liu X, Dong M, Chen X, Jiang M, Lv X, Yan G. Antioxidant activity and
phenolics of an endophytic Xylaria sp. From Ginkgo biloba. Food Chem.
2007;105(2):548-54.

Razzaghi-Asl N, Garrido J, Khazraei H, Borges F, Firuzi O. Antioxidant
properties of hydroxycinnamic acids: a review of structure-activity
relationships. Curr Med Chem J. 2013;20(36):4436-50.

Zhou K, Yu L. Effects of extraction solvent on wheat bran antioxidant
activity estimation. LWT-Food Sci Technol. 2004;37(7):717-21.

WHO. Global Strategy on Diet, Physical Activity and Health, Annual Report,
Geneva, Switzerland. 2006;1-2.

El-Kaissi S, Sherbeeni S. Pharmacological management of type 2 diabetes
mellitus: an update. Curr Diabetes Rev. 2011;7(6):392-405.

Ranilla LG, Kwon Y, Apostolidis E, Shetty K. Phenolic compounds,
antioxidant activity and in vitro inhibitory potential against key enzymes
relevant for hyperglycemia and hypertension of commonly used medicinal
plants, herbs and spices in Latin America. Bioresour Technol.
2010;101(12):4676-89.

Wild S, Roglic G, Green A, Sicree R, King H. Global prevalence of diabetes
estimates for the year 2000 and projections for 2030. Diabetes Care.
2004;27:1047-53.

Fowler MJ. Diabetes treatment, part 2: oral agents for glycemic
management. Clin Diabetes. 2007,25:131-4.

Valiathan MS. Healing plants. Curr Sci. 1998;75(11):1122-7.

Sales PM, Souza PM, Simeoni LA, Silveira D. A-amylase inhibitors: a review of
raw material and isolated compounds from plant source. J Pharm Pharm
Sci. 2012;15:141-83.

Brahmachari G. Bio-flavonoids with promising antidiabetic potentials: a
critical survey. In: Tiwari VK, Mishra BB, editors. Opportunity, challenge and
scope of natural products in medicinal chemistry, Trivandrum: research
signpost, vol. 2; 2011. p. 187-212.

Tundis R, Loizzo MR, Menichini F. Natural products as alpha-amylase and
alpha-glucosidase inhibitors and their hypoglycemic potential in the
treatment of diabetes: an update. Mini Rev Med Chem. 2010;10(4):315-31.
Rohn S, Rawel HM, Kroll J. Inhibitory effects of plant phenols on the activity
of selected enzymes. J Agric Food Chem. 2002;50:3566-71.

Cazarolli LH, Zanatta L, Alberton EH, Figueiredo MS, Folador P, Damazio RG.
Flavonoids: prospective drug candidates. Mini Rev Med Chem. 2008;8:1429-40.
Kim JS, Kwon CS, Son KH. Inhibition of alpha-glucosidase and amylase by
luteolin, a flavonoid. Biosci Biotechnol Biochem. 2000;,64:2458-61.

Khan SA, Al Kiyumi AR, Al Sheidi MS, Al Khusaibi TS, Al Shehhi NM, Alam T.
In vitro inhibitory effects on a-glucosidase and a-amylase level and
antioxidant potential of seeds of Phoenix dactylifera L. Asian Pac J Trop
Biomed. 2016;6(4):322-9.

El-Far AH, Shaheen HM, Abdel-Daim MM, Al Jaouni SK, Mousa SA. Date
palm (Phoenix dactylifera): protection and remedy food. Current Trends in
Nutraceuticals. 2016;1:2-9.

Sosa S, Balick MJ, Arvigo R, Esposito RG, Pizza C, Altinier G, Tubaro A.
Screening of the topical antiinfl ammatory activity of some central
American plants. J Ethnopharmacol. 2002;81:211-5.

Vinegar R, Truax JF, Selph JH, Johnsstone PR, Venable AL, Mckenzie KK.
Pathway to carrageenan induced inflammation of the hind limb of the rat.
Fed Proc. 1987,6:118-26.

Antonio MA, Brito ARMS. Oral anti-inflammatory and anti-ulcerogenic
activities of a hydroalcoholic extract and partitioned fractions of Turnera
ulmifolia (Turneraceae). J Ethnopharmacol. 1998,61:215-28.

Lope ER, Chapadeiro E, Raso P, Tafuri WL. Bogliolo — Patologia. 4. ed. Belo
Horizonte: Guanabara Koogan. 1987,67-112.

Xiao J, Jiang X, Chen X. Antibacterial, anti-inflammatory and diuretic effect
of flavonoids from Marchantia convoluta. Afr J Traditional Complementary
Altern Med. 2005;2:244-52.



Thouri et al. BMC Complementary and Alternative Medicine (2017) 17:248

51.

52.

53.

Delaporte RH, Sanchez GM, Cuellar AC, Giuliani A, Palazzo de Mello JC.
Anti-inflammatory activity and lipid peroxidation inhibition of iridoid lamiide
isolated from Bouchea fluminensis (Vell) Mold. (Verbenaceae). J Ethnopharmacol.
2002;82:127-30.

Geronikaki AA, Gavalas AM. Antioxidants and anti-inflammatory diseases:
synthetic and natural antioxidants with anti-inflammatory activity.
Combinatorial Chemistry & High Through put Screening. 2006;9:425-42.
Baliga MS, Baliga BRV, Kandathil SM, Bhat HP, Vayalil PK. A review of the
chemistry and pharmacology of the date fruits (Phoenix dactylifera L.).
Food Res Int. 2011;44:1812-22.

Page 10 of 10

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

* Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

* Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BiolMed Central




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Samples
	Phytochemical determination
	Antioxidant activity
	In vitro diabetes key enzymes inhibition
	α-Glucosidase inhibition assay.
	α-Amylase inhibition assay.

	In vivo anti-inflammatory activity
	Statistical analysis

	Results and discussion
	Solvents extraction effect on phytochemical composition of date pits
	Solvents extraction effect on antioxidant activities of date pits
	Solvents extraction effect on in vitro hyperglycemia key enzymes inhibition of date pits
	Solvents extraction effect on in vivo anti-inflammatory activity of date pits

	Conclusion
	Additional file
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval
	Publisher’s Note
	Author details
	References

