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A B S T R A C T

Date (Phoenix dactylifera L.) seeds are seen as good drug to cure rheumatoid arthritis and asthma in Moroccan
traditional medicine. The present research aimed to study the anti-inflammatory effect, of methanol extract of
different date seed varieties using membrane stabilizing effect, nitric oxide radical scavenging activity, inhibition
of protein denaturation, carrageenan-induced paw edema and croton oil induced ear edema. The polyphenolic
profile was examined using HPLC-DAD. Rutin, quercetin, p-coumaric and caffeic acids were the main among the
analysed phenolic compounds. Concerning the anti-inflammatory activity, the analysed date seed were signifi-
cantly effective in scavenging nitric oxide free radical, in stabilisation of erythrocyte membrane and possessed a
high anti denaturation effect. In agreement with this finding, date seed exhibited a profound ability to reduce paw
and ear swelling induced by carrageenan and croton oil respectively. The biochemical parameters showed that
date seed are able to reduce the erythrocyte sedimentation rate (ERS) and C-reactive protein (CRP) concentration
in rats used in Carrageenan-induced paw edema model. The predominant phenolic compounds are the potential
candidates that drive these activities and the differences observed among varieties are related to their chemical
composition. These data suggest that date seeds can be explored as a therapeutic agent for the treatment of in-
flammatory diseases.
1. Introduction

Inflammation is a physiologic reaction that happens in response to
unsafe stimuli like irritants, damaged cells or infection (Debnath et al.,
2013). This inflammation can be chronic or acute, systemic or localized
forms (Zhang and Tsao, 2016). A wide range of mediators, including
prostaglandins, cytokines and various reactive oxygen species (ROS),
such as hydroxyl radical (OH�), nitric oxide (NO), and superoxide anion
(O2�-) are produced, by different types of immune cells or respiratory
burst of neutrophils, produced to protect cells and tissues, throughout the
process of acute inflammation (Zhang and Tsao, 2016). Nevertheless, the
persistent immune reactions can lead to an overproduction of ROS, the
key exogenous source of oxidative stress, oxidative stress, which can
cause several diseases, including chronic inflammation-associated dis-
orders (Tungmunnithum et al., 2018). Flavonoids and phenolic
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compounds, which are produced by plants to protect themselves or to
boost growth during adverse conditions, scavenge reactive species and
thus stop the chain reaction before the viability of the cell is seriously
affected (Hussain et al., 2016). Moreover, polyphenols may have an
anti-inflammatory effect by regulating cell activity in inflammatory cells
and by modulating the activities of enzymes implicated in the meta-
bolism of arachidonic acid (phospholipase A2, cyclooxygenase (COX),
lipoxygenase (LOX)), arginine metabolism (NOS), modulating the
secretion of other pro-inflammatory molecules (Hussain et al., 2016).

Synthetic drugs, widely used to treat inflammation, are not safe
anymore as they are associated with drug-related toxicity, iatrogenic
reactions, and harmful adverse reactions that complicate the treatment
progress on long-term use (Elisha et al., 2016). These secondary effects
include gastrointestinal bleeding and peptic ulcers, renal and hepatic
failure, osteoporosis, cataracts and skin rashes (Beg et al., 2011).
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Therefore, safer and more effective anti-inflammatory agents need to be
developed from traditional medicine known for their effectiveness in
treating multiple human illnesses in recent decades.

Date palm (Phoenix dactylifera L.) represents the most important
arboriculture crop in the oasis of the Middle East and North Africa
(Bouhlali et al., 2018). Furthermore, date seeds are the waste product of
many date processing plants producing pitted dates, date syrup and date
confectionery (Al-Farsi and Lee., 2008).

Traditionally, date (Phoenix dactylifera L.) seed powder is used for
treating liver problems, diabetes, cancer, gastrointestinal disorders,
toothaches, pulmonary and throat diseases, diarrhea and various infec-
tious diseases (Bnouham et al., 2002). In Ayurvedic medicine, seed
powder is applied to wounds in order to reduce inflammation (Shan-
mugapriya and Patwardhan, 2012). Besides, date seeds contain a great
amount of polyphenols which are known for their numerus pharmaco-
logical activities according to several studies (Bouhlali et al., 2017).

The aim of this research is to investigate the chemical composition
and anti-inflammatory properties of the aqueous methanol extracts of
date seeds, as a new possible source of bioactive compounds.

2. Materials and methods

2.1. Preparation of date seed powder

The seeds of four date fruit varieties, named locally Boufgous, Bous-
thammi, Jihl andMajhoulwere washed, dried and ground separately using
Cutting Mill to form a fine powder.

2.2. Preparation of rich polyphenol extracts

The preparation of date seed extracts was performed as described
previously Bouhlali et al. (2017). Briefly, 150 ml of methanol–water was
added to a 250 mL flask containing 30 g of the pulverized date seeds and
extracted using an orbital shaker-incubator. After 12 h at 35 �C, the
mixture filtered, and the solvent was evaporated at 40 C under reduced
pressure using a rotary evaporator. The result dried extracts were kept in
dark glass bottles at - 20 �C for downstream use. The extract of each date
seed variety has been prepared in triplicate. The extracts were redis-
solved into a pre-established concentration known dilution to determine
phenolic and flavonoidic contents as well as their anti-inflammatory
capacity.

2.3. Animals

Thirty-six rats of Wistar strain (150–180 g) and thirty Swiss albino
mice weighing about 25–30 g were obtained from the animal house,
Faculty of sciences and techniques, Errachidia (FSTE), Morocco. Animals
were housed under a light/dark period of (12h/12h) and controlled room
temperature (24 � 2 �C) in spacious hygienic plastic cages, with ad
libitum access to water and food. The protocols for present research were
agreed by the Animal Research Ethics Committee of the Faculty of Sci-
ences and techniques (AREC) (AREC-FSTE-08/2017) and conducted in
line with the National Institute of Health Guide for the Care and Use of
Laboratory Animals.

2.4. Phenolic and flavonoid compound identification and quantification

The phenolics and flavonoids profiling of seeds from studied date fruit
varieties were performed as described previously in Bouhlali et al. (2018)
using an Shimadzu HPLC system coupled to a diode array detector
(SPD-M10A) with a LC-20AB model dual pump, SIL-20A autosampler,
DGU-20A degasser and connected to a Shimadzu SCL-10A model system
controller. A C18 analytical column of 150mm� 50mm and 5μm particle
size (Restek, Bellefonte, USA) was used. The column oven temperature
was set at 40 �C. The elution flow rate was maintained at 1 mL/min. The
acquisition wavelengths were set at 280, 320, and 350 nm. A binary
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gradient solvent system of water-acetic acid (97:3, v/v) (A) and aceto-
nitrile (B) was used as follows: 0–8% of B between 0 and 5 min (linear
gradient); 8–25% of B between 5 and 25 min (linear gradient); 25% of B
between 25 and 30 min (isocratic elution) and 25–90% of B between 30
to 50 min (linear gradient). Standard stock solutions (100 μg/mL of three
flavonoids: rutin, quercetin, luteolin and seven phenolic acids: chloro-
genic, caffeic, ferulic, p-coumaric, gallic, syringic and vanillic acids were
used to prepare calibration curves. The sample was prepared by dis-
solving one gram on date seed extracts in 25 mL acidified methanol so-
lution (1 N HCl/methanol/water, 1/80/19, v/v/v) using an ultrasonic
homogenizer for 30 min and 20 μL of filtrate was injected in HPLC-DAD
system. The peaks were identified based on phenolic standard retention
time and UV spectra, and their quantity was determined using a cali-
bration curve. The results were recorded as milligrams per 100 g dried
weight of date seeds.

2.5. Nitric oxide radical scavenging activity

The ability of date seeds extract to scavenge nitric oxide radicals was
examined using a Griess reaction based on Boora et al. (2014). Griess
reagent has been prepared by combining the same amount of 0.1%
N-(1-naphthyl) ethylenediamine dihydrochloride and 1% sulphanila-
mide, both prepared in 2.5% phosphoric acid. For the experiment, 500 μL
of 10 mM sodium nitroprusside in phosphate buffered saline (pH 7.4),
mixed with 1 mL of date seed extract at different concentrations
(100–1500 μg/mL) were incubated for 150 min at 25 �C. After the in-
cubation period, 1.5 mL of freshly prepared Griess reagent was added to
the resulting mixture. Then, the absorbance of the mixture was measured
at 546 nm. The control and standard were prepared in a similar manner
as was done for the test samples using buffer and Trolox instead of
extract. The nitric oxide scavenging capacity of each extract was calcu-
lated as follows:

% NOsa ¼ (Abs.control –Abs.sample)x 100)/(Abs.control)

Where Abs control and Abs sample are the absorbance of buffer and the
absorbance of sample extract/standard, respectively. Then IC50 value
that represents the concentration of drug or extracts required to scavenge
50% of nitric oxide radicals was determined.

2.6. Inhibition of protein denaturation

The effect of date seeds extracts on protein denaturation was evalu-
ated based on the method described by Hmidani et al. (2019). The re-
action mix made of 1 mL date seed extracts at different doses (20–1000
μg/mL) and 1 mL of 1% bovine albumin prepared in phosphate-buffered
saline (PBS, pH 6.4). The reaction mixtures were left at 37 �C for 20 min
and then heated in a shaking water bath at 70 �C for 5 min. After cooling,
the reaction mixtures turbidity was determined at 660 nm. The control
and standard were prepared in a similar manner as was done for the test
samples using buffer and diclofenac sodium (20–1000 μg/mL) instead of
extract. The percent inhibition of protein denaturation (%IPD) was
calculated as follows:

% IPD ¼ (Abs.control –Abs.sample) x 100)/(Abs.control)

Abs control and Abs sample are the absorbance buffer and the
absorbance of sample extract/standard, respectively. Then IC50 value
that represents the concentration of drug or extracts required to inhibit
protein denaturation by 50% was determined.

2.7. Membrane stabilizing effect

The membrane stabilizing effect was assessed as described previously
by Hmidani et al. (2019). A volume of human blood collected from
healthy volunteers who did not receive non-steroidal anti-inflammatory
drugs (NSAIDs) within the fifteen days before to study, was mixed with
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the of Alsever sterilized solution which has been prepared in distilled
water by combining 0.42% sodium chloride, 0.05% citric acid and 2%
dextrose. The cell pellet obtained after centrifugation of blood solution at
3000 rpm was washed twice with normal saline (9 g/L) and then to make
a 10% cell pellet suspension. For the experiment, 500 μL of extract mixed
with 1000 μL of PBS and 2000 μL of hypotonic saline (0.36 %) were
added to 500 μL of cell pellet suspension (10%) and incubated for 30 min
at 37 �C. After the incubation period, the solution mixture was centri-
fuged (5 min at 3000 rpm) and using a spectrophotometer at 560 nm the
supernatant haemoglobin content was determined. Different concentra-
tions (20–1000 μg/mL) of each extract have been tested. The control and
standard were prepared in a similar manner as was done for the test
samples using buffer and diclofenac sodium (20–1000 μg/mL) instead of
extract. The membrane stabilisation rate was calculated as follows:

%MS ¼ (Abs.control –Abs.sample) x 100)/(Abs.control)

Abs control and Abs sample are the absorbances of buffer and sample
(extract or standard), respectively. Then IC50 value that represents the
concentration of drug or extracts required to inhibit erythrocytes he-
molysis by 50% was determined.

2.8. Croton oil-induced ear edema in mice

The ability of date seed extracts to reduce croton oil -induced ear
edema was investigated as described in our previous research (Bouhlali
et al., 2018). Swiss albino mice of either sex were split into five groups of
6 mice. The ear edema was induced by topical application of 10 μL of 5%
freshly prepared Croton oil in acetone on the anterior and posterior
surface of the right ear. The left ear received the vehicle and served as a
control. Ten minutes after Croton oil treatment, the animals of group I, II,
III, IV, V were given topically of Indomethacin, seeds extract of Boufgous,
Bousthammi, Majhoul and Jihl respectively in the same place of the first
treatment. The standard drug and date seed extracts were freshly pre-
pared by dissolving 500 μg of each one in 20 μL of acetone. The difference
of thickness between the right and left ear, determined using a digital
vernier caliper was used to evaluate ear swelling degree 4 h after the
application of the irritant. The anti-inflammatory activity of exract
expressed as the percentage of ear edema inhibition was estimated as
follows:

Ear edema¼ (Vr – Vl) x 100/Vl

% Edema inhibition ¼ (Et-Ec) x 100/Et

where Vr and Vl are the right and left ear volumes respectively; Ec and Et
are the rate of ear edema of control and treated groups respectively.

2.9. Carrageenan-induced rat paw edema

Carrageenan-induced rat paw edema was performed as described
previously (Bouhlali et al., 2018). The rats were divided into six groups
containing three rats of either sex (n ¼ 6) and were subjected to fasting
period (12h) with free access to drinking water. Prior to experiment the
initial volume of the right hind paw for each rat was measured. The rats
of group 1 (saline control: carrageenan induced group) received normal
saline, the second group was given the indomethacin (10 mg/kg BW).
The groups III, IV, V and VI received seed extracts of Boufgous, Bous-
thammi, Jihl and Majhoul at (30 mg/kg BW) respectively. One hour after
the above administration, the paw oedema was induced by injection of
0.1 ml of 1% freshly prepared carrageenan in normal saline into the
plantar surface of the right hind paw. The paw volume was measured
once an hour for 6 h after carrageenan injection by means of a plethys-
mometer (Ugo Basile, Italy). The percentage inhibition of paw swelling
was determined for each hour of the experience with the following
formulas

% Paw swelling ¼ (V sample – V normal) x 100/ V normal
3

% IPS ¼ (PS saline –PS sample) x 100/ PS sample
where Vsample is the paw volume of treated rat and Vnormal is the
volume of the paw of untreated rats; PS saline is the % of paw swelling of
saline control (carrageenan induced group) and PS sample is the % of
paw swelling of sample (treated rats by extract or drug).

2.9.1. C-reactive protein (CRP) determination
After 5hr of carrageenan administration, blood was collected by

puncturing retro-orbital plexus and serum was separated. The serum
levels of C reactive protein (CRP) was examined using a highly sensitive
immune-turbidimetric method using Konelab 60i (Thermo Fisher Sci-
entific Inc. MA, USA) automatic analyser, on the basis of the principle of
particle-enhanced immunologic agglutination.

2.9.2. Erythrocyte sedimentation rate (ESR)
Animal ESR was determined 5hr after the carrageenan administration

using the automatic instrument Ves-Matic 20 (DIE-
SSE—DiagnosticaSenese, Siena, Italy). Blood samples were collected by
puncturing retro-all orbital plexus into trisodium citrate tubes.

2.10. Ethics approval

All experiments carried out in this research paper, including human
material (blood) were in line with the institutional and research com-
mittee's ethical standards and with the Helsinki Declaration of 1964 and
its later modifications or comparable ethical rules and written informed
consent for publication has been obtained from the participants.

2.11. Statistical analysis

The statistical software R (version 3.2.3) with ggplot2 package
(version 2.1.0) used to plot the graphs was applied for statistical analysis.
One-way ANOVA test was used to compare groups. The post hoc Bon-
ferroni test was to determine the two-group differences in the levels of p
< 0.01.

3. Results and discussion

3.1. Phenolic and flavonoid compound identification and quantification

HPLC chromatogram showing the phenolic profiling of analysed date
seed is displayed in Figure 1, and the results are illustrated in Table 1.
Statistically significant differences (p < 0.05) were detected between the
studied date seed varieties for analysed phenolic compounds. Date seeds
of all varieties contained examined phenolic and flavonoid compound at
different concentrations except syringic acid which was absent in Bouf-
gous and Jihl seeds. p-coumaric acid was found to be the main phenolic
acid in studied date seed ranging between 116.96 � 1.64 and 143.60 �
1.81 mg/100g followed by caffeic acid (59.40 � 0.95–88.64 � 0.82 mg/
100g), gallic acid (10.35 � 0.10–17.62 � 0.18 mg/100g), ferulic acid
(5.51 � 0.21–12.16 � 0.22 mg/100g), chlorogenic acid (4.55 �
0.11–10.34 � 0.31 mg/100g), vanillic acid (5.26 � 0.16–10.81 � 0.22
mg/100g) and syringic acid (0–1.43 � 0.03 mg/100g) was the least
abundant phenolic acid. Among the analyzed flavonoids compounds,
rutin (39.46 � 0.75–80.26 � 0.94 mg/100g) was the predominant
compound, followed by quercetin (21.93� 0.14–36.39� 0.32 mg/100g)
and luteolin (7.62 � 0.26–12.68 � 0.31 mg/100g). The greatest amount
of ferulic acid, caffeic acid, vanillic acid, chlorogenic acid, luteolin and
rutin was found in Jihl seeds while the highest amount of gallic acid and
p-coumaric acid was revealed in Boufgous seeds. The highest content of
quercetin and syringic acid was established in Bousthammi seeds. The
present findings are in agreement with those found by Al-Farsi and Lee.
(2008) studied phenolic acids in seeds of Omanian date seed varieties
and found nine phenolic acids included four hydroxylated benzoic acid



Figure 1. HPLC-DAD chromatograms of different date seed varieties. Boufgous (A); Bousthammi (B); Jihl (C); Majhoul (D). Peak numbers: gallic acid (1); chlorogenic
acid (2); vanillic acid (3); caffeic acid (4); syringic acid (5); p-coumaric acid (6); ferulic acid (7); rutin (8); luteolin (9); quercetin (10).

Table 1. Phenolic acids and flavonoid profiles determined by HPLC in four Moroccan date seed cultivars extract (mg/100g DW).

Boufgous Bousthammi Jihl Majhoul

Phenolic acid

caffeic acid 59.40 � 0.95a 76.62 � 0.85b 88.64 � 0.82c 66.39 � 0.96d

chlorogenic acid 8.39 � 0.31d 4.55 � 0.11c 10.34 � 0.31b 7.23 � 0.20a

p-coumaric acid 143.60 � 1.81b 122.36 � 1.91a 133.68 � 1.73d 116.96 � 1.64c

ferulic acid 6.46 � 0.19c 8.62 � 0.19d 12.16 � 0.22a 5.51 � 0.21b

gallic acid 17.62 � 0.18a 15.39 � 0.20b 13.80 � 0.23c 10.35 � 0.10d

syringic acid Nd 1.43 � 0.03d Nd 0.70 � 0.02a

vanillic acid 8.46 � 0.17d 5.26 � 0.16c 10.81 � 0.22b 9.67 � 0.11a

Flavonoids

luteolin 8.73 � 0.27a 10.99 � 0.29b 12.68 � 0.31c 7.62 � 0.26d

quercetin 27.24 � 0.15c 36.39 � 0.32d 31.74 � 0.41b 21.93 � 0.14a

rutin 64.07 � 0.87b 73.29 � 0.60a 80.26 � 0.94d 39.45 � 0.75c

Values are means of triplicate determinations � standard deviation. Nd, not determined.
Means in the same line followed by different letters are significantly different from each other according to post hoc Bonferroni tests (p < 0.01).
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derivatives (protocatechuic acid, gallic acid, vanillic acid and ρ-hydrox-
ybenzoic acid) and five cinnamic acid derivatives (ferulic acid, caffeic
acid, p-coumaric acid, o-coumaric acid and m-coumaric acid). The same
phenolic profile has been reported also by El-Rahman and Al-Mulhem
(2017) found mainly cinnamic acid, ferulic acid, syringic acid, proto-
catechuic acid, caffeic acid, ρ-coumaric acid, salicylic acid, benzoic acid
and a high amount of kaempferol. Moreover, Messaoudi et al. (2013)
studied phenolic acids in pits of seven Algerian date fruit varieties and
found that catechin or epi catechin derivatives, sinapic, cinnamic, and
coumaric acid derivatives are the main compounds of all varieties. Also,
El-Mergawi et al. (2016) studied phenolic profiles of seeds of ten Saudi
Arabian date fruits varieties and found all varieties contained four
4

phenolic acids (protocatechuic acid, p-hydroxybezoic acid, caffeic acid
and coumaric acid) and five flavonoid compounds (quercetin, kaemp-
ferol, naringenin, luteolin and isorhamnetin) with different concentra-
tions. Although the present research displayed a similar phenolic profile,
the concentration of each compound was different to those reported
earlier. These differences among date seeds varieties in terms of seed
phenolic profiles may be due to many factors such as inter-variety genetic
diversity, growing conditions, water availability, diseases, maturity,
harvesting times, storage conditions, geographic origin, light, tempera-
ture, fertilizer and soil type as well as extraction system and method of
analysis (Bouhlali et al., 2018). Our findings suggest that date seeds serve
as an important phenolic and flavonoid source known as natural
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anti-oxidative compounds that could potentially be used in food and
nutraceutical formulation.

3.2. Nitric oxide (NO) radical scavenging activity

The activation of macrophages, neutrophil granulocytes and many
other immune cells by lipopolysaccharide (LPS) during bacterial infec-
tion or by cytokines being IL-1, TNF-α or IFN-γ, induces overexpression of
iNOS that enhances overproduction of NO (Coleman, 2001). Nitric oxide
is a signalling agent that possesses a crucial role in the pathogenesis of
inflammation (Boora et al., 2014). Using in-vitroassays, Asanuma et al.
(2001) have revealed that the non-steroidal anti-inflammatory medicines
are able to block inducible nitric oxide synthase (iNOS) and to scavenge
nitric oxide. Numerous studies have shown that NO boosts the expression
of COX-2 leading to increased prostaglandin formation
(Gonz�alez-Gallego et al., 2007). Therefore, NO quenching ability repre-
sents an important therapeutic advance in the inflammatory diseases
management. The statistical analysis of NO scavenging capacity results
showed a significant difference (p < 0.05) between the studied date seed
varieties (Table 2). Jihl variety seeds (IC50 ¼ 108.57 μg/mL) showed the
strongest antioxidant ability, whereas Majhoul seeds exhibited the
weakest capacity (IC50 ¼ 163.63 μg/mL). These results are similar to
those obtained by Trolox (84.87 μg/mL). Date seeds have the property of
quenching NO and thus might be of great importance in avoiding the
detrimental effects of excessive NO production in the human body.
Additionally, the scavenging activity may help interfere with the chain of
reactions induced by NO overproduction that are harmful to human
health. These results corroborate our previous study in which we found
that date seeds possessed an important antioxidant activity based on
three antioxidant assays. In the same study, we showed that flavonoids
compounds are key contributor of antioxidant activity (Bouhlali et al.,
2018). Hence, the observed variation among the analysed date seed va-
rieties may be attributed to the differences in their phenolic and flavo-
noids content.

3.3. Inhibition of protein denaturation

Protein denaturation in tissue is one of the clearly established causes
of arthritic and inflammatory diseases (Bouhlali et al., 2018). Indeed,
many disorders like serum disease, rheumatoid arthritis, glomerulone-
phritis and systemic lupus erythematosus result from hypersensitive re-
action a type III, which, in turn is related to the antigens produced during
protein denaturation (Elisha et al., 2016). Thus, substances that can
avoid proteins denaturation would be useful for developing new
anti-inflammatory drugs. As displayed in Table 2, all analysed date seed
extracts are able to inhibit protein denaturation in a dose-dependent
manner and significant difference (p < 0.05) has been shown between
studied date seed varieties. The most potent anti-denaturation effect was
observed in Jihl seeds (IC50¼ 90.34 μg/mL) and the least impactful effect
was found in Majhoul seeds (IC50 ¼ 193.71 μg/mL). The
anti-denaturation effect of date seed is greater compared to that of the
diclofenac sodium (IC50 ¼ 225.04 μg/mL). Several studies have shown
that the interaction with polyphenolic compounds improved the thermal
Table 2. Effect of date fruit varieties on membrane stabilization activity and protein

Membrane stabilization activity (IC50)
(μg/mL)

Inhibition
(μg/mL)

Boufgous seeds 241.65 � 6.69a 167.32 � 5

Bousthammi seeds 138.04 � 7.83b 110.87 � 6

Jihl seeds 116.63 � 6.75c 90.34 � 4.

Majhoul seeds 209.38 � 9.01d 193.71 � 7

Standards 304.87 � 7.54#e 225.04 � 5

Values in average (n ¼ 6) � SE.#: Diclofenac sodium; ##: Trolox.
Means in the same column followed by different letters are significantly different fro
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stability of proteins (Czubinski and Dwiecki, 2017; Ozdal et al., 2013).
Indeed, using bovine serum albumin (BSA), bovine p-Iactoglobulin, and
soybean glycinin with gallic acid, caffeic acid and courmaric acid, Ali
et al. (2012) have shown that the thermal stability of these proteins
improves compared to these proteins alone. Moreover, Ojha et al. (2012)
reported that the interaction with ferulic acid increased the thermal
stability of the BSA. Indeed, strong correlations (R2 > 0.760) were found
between the inhibition of protein denaturation effect and caffeic acid,
ferulic acid, luteolin, rutin and quercetin (Table 3). Phenol interactions
with proteins caused changes in protein secondary structure (Ali et al.,
2012). Therefore, the differences in phytochemical composition of the
analysed date seed varieties may explain the differences in their
anti-denaturation effect.

3.4. Membrane stabilizing effect

During an inflammatory response, lysosomal components, including
bactericidal enzymes and proteases are released by activated neutrophils
release and result in further inflammation of tissue and a wide range of
disorders (Bouhlali et al., 2018). Several anti-inflammatory drugs limit
the inflammatory reaction by stabilizing the lysosomal membranes and
thereafter inhibiting the release of their constituent (Mounnissamy et al.,
2008). The resemblance between lysosomal and erythrocyte membrane
suggest that the capacity of date seed extracts to stabilize membrane
erythrocyte may also protect the lysosomal membranes (Hmidani et al.,
2019). Based on data presented in Table 2, all analysed date seeds sta-
bilise erythrocyte membrane in a dose-dependent way. Jihl seeds
exhibited the highest membrane stabilizing activity by IC50 ¼ 116.63
μg/mL and the lowest was found in Boufgous seeds by IC50 ¼ 241.65
μg/mL. Date seed membrane stabilizing capacity reported here is higher
compared to that of diclofenac sodium (IC50 ¼ 304.87 μg/mL). Signifi-
cant difference (p < 0.05) has been revealed between date seed varieties
for the membrane stabilizing effect. Flavonoids may interact at the water
lipid interface with the polar head of phospholipids and raised the ri-
gidity of membrane, reduced fluidity and increased mechanical lipid
bilayers stability (Tarahovsky et al., 2014). In addition, Oteiza et al.
(2005) proposed that polyphenol interactions at the bilayer surface by
hydrogen bonding could diminish access to harmful molecules (i.e., ox-
idants), thereby preserving membrane structure and function. High
correlations between the membrane stabilizing effect and caffeic acid (R2

¼ 0.94), ferulic acid (R2 ¼ 0.76) and luteolin (R2 ¼ 0.81) were observed
at a 95% confidence level. Moderation correlation (R2 ¼ 0.53) was also
found between quercetin and the membrane stabilizing effect (Table 3).
Hence, the dissimilarity observed between the studied date seed varieties
for the membrane stabilisation effect may be attributed to the differences
their phenolic composition especially luteolin, quercetin, ferulic and
caffeic acids.

3.5. C-reactive protein (CRP) determination

C-reactive protein (CRP) is an acute phase protein secreted by hepa-
tocytes in response to circulating interleukin-6 (IL-6), and to a lesser
extent in response to IL-1β and TNF-α during acute and chronic
denaturation inhibition (μg/mL).

of protein denaturation (IC50) Nitric oxide radical scavenging activity (IC50)
(μg/mL)

.82a 144.45 � 7.63a

.45b 118.36 � 5.92b

62c 108.57 � 5.15b

.25d 163.63 � 6.39c

.96#e 84.87 � 4.66##d

m each other according to post hoc Bonferroni tests (p < 0.01).



Table 3. Correlation between phenolic and flavonoid compounds with the anti-inflammatory assays.

caffeic. A chlorogenic. A p-coumaric.A ferulic.A syringic.A gallic.A vanillic.A luteolin rutin quercetin

EEI 0.517 0.045 0.004 0.579 0.161 0.118 0.214 0.773 0.783 0.973

IPS 0.866 0.017 0.003 0.906 0.025 0.008 0.005 0.976 0.763 0.693

IPD 0.766 0.017 0.028 0.886 0.085 0.003 0.014 0.982 0.867 0.763

MSE 0.940 0.000 0.064 0.764 0.019 0.070 0.003 0.806 0.460 0.530

NoSA 0.688 0.018 0.060 0.858 0.143 0.001 0.021 0.967 0.923 0.790

CRP 0.942 0.009 0.149 0.668 0.137 0.051 0.014 0.640 0.252 0.289

ESR 0.967 0.179 0.004 0.883 0.050 0.017 0.129 0.774 0.393 0.227

NoSa: Nitric oxide scavenging activity; MSE: Membrane stabilization activity; IPD: Inhibition of protein denaturation; ESR: erythrocyte sedimentation rate; CRP: C-
reactive protein; EEI: Ear edem inhibition; IPS: inhibition of paw swelling.
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inflammatory conditions (Gonz�alez-Gallego et al., 2007). Significant (p<

0.05) anti-inflammatory effect monitored by the decrease in serum level
of C reactive protein (CRP) was noticed in rat treated with date seeds
compared to the saline control (carrageenan induced group) (14.37
mg/L). As displayed in Table 4, C reactive protein amount ranged from
7.14 mg/L for Jihl seeds to 12.39 mg/L for Boufgous seeds, both were
greater than the C reactive protein level of indomethacin (5.32 mg/L)
and normal control (2.24 mg/L). The interleukin-6 stimulates the repli-
cation of CRP mRNA by hepatocytes, which in turn is induced by tumor
necrosis factor (TNF-α) and interleukin-1 (Sakande et al., 2013). Nile
et al. (2016) have found that gallic acid, ferulic acid, caffeic acid and
p-coumaric acid, the main polyphenolic molecules in analysed date seeds,
revealed promising inhibitory effect of TNF-α and IL-6. Moreover,
Gonz�alez-Gallego et al. (2007), found that high intake of flavonoid-rich
foods are negatively correlated with CRP levels. Hence, the disparity
between the studied date seed extracts to regulate the CRP level depends
the quantity and chemical diversity of phenolic compounds.
3.6. Erythrocyte sedimentation rate (ESR)

The rate of erythrocyte sedimentation (ESR) remains a useful method
for diagnosing inflammatory diseases, especially, rheumatoid arthritis
(Wolfe et Pincus, 2001). During the inflammatory process, great amount
of fibrinogen is released in blood (Esmon, 2005) which causes red cells to
stick to each other, resulting in raising ESR (Harrison, 2015). The results
of this test are given in Table 4. All extracts demonstrated significant (p<

0.01) reduction of erythrocyte sedimentation rate as compared to saline
control (6.72 mm/h). Significant differences (p < 0.01) were established
among the studied date seeds varieties which may depend the quantity
and chemical diversity of their phenolic compounds. The strongest
reduction of erythrocyte sedimentation rate was observed for Jihl by
(4.47 mm/h) and the least potent effect was found in Boufgous seeds
(6.07 mm/h). These results still lower compared to that found for the
indomethacin (3.54 mm/h). The study of Kleemann et al. (2011), con-
ducted using the humanized atherosclerosis model, ApoE3L mice, has
revealed that quercetin supplementation reduced significantly fibrinogen
level during atherogenic process. Moreover, Dallas et al. (2014) found
Table 4. Effect of date seed cultivars on erythrocyte sedimentation rate (ESR) and C

CRP (mg

Boufgous seeds 12.39 �
Bousthammi seeds 8.56 � 0

Jihl seeds 7.14 � 0

Majhoul seeds 10.04 �
Normal control 2.24 � 0

Indomethacin 5.32 � 0

Saline 14.37 �

Values expressed in average (n ¼ 6) � SE.
Means in the same column followed by different letters are significantly different fro

6

that the consumption of a citrus polyphenolic for 12-week reduced
significantly circulating level of CRP and fibrinogen based on study
conducted on volunteers. Wannamethee et al. (2011) observed low
concentrations of CRP and fibrinogen in men taking vitamin C
supplements.
3.7. Croton oil-induced inflammation

Inflammatory response caused by Croton oil is a commonly used
model for evaluating the topical anti-inflammatory efficacy of various
substances (Cabrini et al., 2011). Topical use of Croton oil or its pre-
dominant phorbol ester, the 12-O-tetradecanoylphorbol-13-acetate
(TPA), provokes an intense dermatitis characterized by vasodilatation,
leukocytes migration and edema establishment (Cabrini et al., 2011).
These inflammatory reactions are mediated by protein kinase C that
stimulates a rise in phospholipase A2, cyclooxygenase and lipoxygenase
activities resulting in the release of arachidonic acid, prostaglandins and
leukotrienes (Otuki et al., 2005). Other inflammation mediators such as
histamine 5-hydroxitriptamine, bradykinin have been implicated in these
inflammatory processes (Junior et al., 2004). The topical application of
date seed extracts mitigated significantly ear thickness compared to the
control mice (Figure 2). Significant variations (p < 0.01) in ear edema
inhibition were observed between the studied date seeds varieties.
Bousthammi seeds possessed the greatest diminution of ear edema
(77.17%), while Majhoul seeds presented the least potent effect on ear
edema (50.64%). The inhibition of ear edema obtained by indomethacin
was 95.11%. These findings suggest that date seeds extract may regulate
at least one step of the inflammatory pathwaycaused by the croton oil. In
fact, rutin, quercetin and luteolin efficiently inhibited lipoxygenase,
cyclooxygenase and phospholipase (PLA2) pathway (Lee and Kim, 2010;
Kumar et al., 2014; Yarla et al., 2015). Moreover, the study of Nile et al.
(2016) has revealed that p-coumaric, ferulic, caffeic and gallic acids have
demonstrated potential inhibition of cyclooxygenase-2. The strong re-
lationships were found between the inhibition of ear edema and luteolin
(R2¼ 0.77), rutin (R2¼ 0.78) and quercetin (R2¼ 0.97). While moderate
correlations were found between this effect and caffeic acid (R2 ¼ 0.52)
and ferulic acid (R2 ¼ 0.58) (Table 3). Hence, the differences in ear
-reactive protein (CRP).

/L) ESR (mm/h)

0.32a 6.07 � 0.23a

.40b 5.39 � 0.17b

.33c 4.47 � 0.18c

0.27d 5.72 � 0.20ab

.18e 1.82 � 0.13d

.28f 3.54 � 0.23e

0.31g 6.72 � 0.20f

m each other according to post hoc Bonferroni tests (p < 0.01).



Figure 2. Inhibition of croton oil induced mice ear edema by date seed cultivars. Values expressed in average (n ¼ 6) � SE. *** indicates a significant difference (p <

0.001) vs. negative control group.
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thickness inhibition capacity among date seeds varieties might depend
the quantity and chemical diversity of their phenolic compounds.
3.8. Carrageenan induced rat paw edema

Carrageenan-induced paw edema assay has been widely used to
determine anti-inflammatory effect and is supposed to be biphasic (Tsai
et al., 2015). The early stage (0–1 h) is characterised with the secretion of
histamine, serotonin, bradykinin, and overproduction of prostaglandins
in surrounding damaged tissue (Begum et al., 2015). The later stage (1–6
Figure 3. Inhibition of carrageenan induced paw swilling by date seed cultivars at 6
differences (p < 0.001) from the saline control: carrageenan induced group.
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h) is the target of the most clinically effective anti-inflammatory drugs
due to an overproduction of pro-inflammatory mediators like bradykinin,
leukotrienes, prostaglandins, platelet-activating factor, nitric oxide and
proteolytic enzymes by neutrophil in the inflamed tissues (Tsai et al.,
2015; Kuedo et al., 2016).The effect of date seed extracts on
carrageenan-induced swelling of rat paw was monotored for up to 6 h
(Figure 4). For all tested extracts, paw swelling reaches the maximum
level on the 4th hour and ranged from 29.54% for Jihl seed to 61.10 % for
Majhoul seed (p < 0.05). In the treated rats, date seed extracts, given at a
dose of 30 mg/kg, caused a significant diminution in paw swelling levels
th hour. Results are the mean values (n ¼ 6) �SE. ***: points out the significant



Figure 4. Evolution of edema formation in rat paws. The animals (n ¼ 6) were treated with aqueous extract of four date seed varieties at 30 mg/kg: Indomethacin was
used as a positive control (10 mg/kg). Data obtained from animal experiments were expressed as mean � SE. ***: points out the significant differences (p < 0.001)
from the negative control: carrageenan induced group.

Table 5. Relationship between NoSa, MSE, IPD, CRP, ESR, EEI and IPS of date seed extract.

NoSa MSE IPD CRP ESR EEI IPS

NoSa 1

MSE 0.732 1

IPD 0.991 0.808 1

CRP 0.516 0.938 0.608 1

ESR 0.611 0.826 0.683 0.870 1

EEI 0.882 0.684 0.874 0.438 0.377 1

IPS 0.948 0.900 0.981 0.736 0.779 0.829 1

NoSa: Nitric oxide scavenging activity; MSE: Membrane stabilization activity; IPD: Inhibition of protein denaturation; ESR: erythrocyte sedimentation rate; CRP: C-
reactive protein; EEI: Ear edem inhibition; IPS: inhibition of paw swelling.
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at 6 h of treatment and varied significantly (p < 0.01) between 41.87%
for Majhoul seed and 87.28 % for Jihl seed as compared to the saline
control (Figure 3). Indomethacin was more effective than date seed ex-
tracts (p< 0.01) as it caused a 101.19% reduction in paw swelling levels.
Saline had no effect (0%). The low anti-edematogenic effect observed for
indomethacin during the early stage looks to be normal since the
non-steroidal anti-inflammatory remedies like aspirin or indomethacin
are unable to inhibit the early stage of swelling as reported by Salvemini
et al. (1996). The fact that the oral administration of date seed extracts
inhibited significantly (p< 0.05) paw edema formation during all phases
of inflammation (Figure 4), suggests that date seed compounds inhibit
diverse facets and chemical mediators of inflammation. Therefore, we
hypothesize that these compounds might be acting through the inhibition
of histamine release, cyclooxygenase enzymes that produced prosta-
glandin, lysosomal enzymes as well as scavenging ability the free radical
produced by polymorphonuclear leucocytes that would lead to tissue
damage in the site of inflammation. According to Kimata et al. (2000),
histamine, prostaglandin and leukotrienes release is inhibited by luteolin
and quercetin. Chlorogenic and caffeic acids also inhibited histamine and
leukotriene production (Kimura et al., 1985). Jayaprakasam et al. (2006)
have found that ferulic and caffeic acids inhibited the enzymes COX-1
and COX-2. Moreover, using in-vitro assay, Kim et al. (2005) have
8

found the production of histamine and pro-inflammatory cytokines such
as TNF-α and IL-6 from human activatedmast cells was inhibited by gallic
acid. Indeed, there was a strong correlation between paw swelling inhi-
bition with caffeic acid (R2 ¼ 0.87), ferulic acid (R2 ¼ 0.91), luteolin (R2

¼ 0.97), rutin (R2¼ 0.76) and quercetin (R2¼ 0.70) (Table 3). Therefore,
the synergistic effect of these phenolic compounds identified in date seed
may be responsible of their potent anti-inflammatory activity. These
variations of reduction in paw swelling levels among date seeds varieties
may be related to the quantity and chemical diversity of their phenolic
moleculesmainly, luteolin, rutin, quercetin, caffeic and ferulic acids.

The strong linear relationships (R2 � 0.736) of carrageenan-induced
rat paw edema with both in-vitro inflammatory assays, hematological and
biochemical parameters (Table 5) show that the stabilization of the
lysosomal membranes, the inhibition of protein denaturation, the ability
to scavenge nitric oxide free radical and the inhibition of c-reactive
protein and fibrinogen production may be the action mechanisms of date
seed to attenuate the paw thickness induced by carrageenan. High cor-
relations between Croton oil induced ear edema reduction and nitric
scavenging activity (R2 ¼ 0.882), inhibition of protein denaturation (R2

¼ 0.874) and membrane stabilizing effect (R2 ¼ 0.684), however mod-
erate to low associations have been established between Croton oil
induced ear edema and C-reactive protein level (R2 ¼ 0.438) and
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erythrocyte sedimentation rate (R2 ¼ 0.377). In line with these findings,
Tatiya et al. (2017) have reported significant correlations between
inflammation developments assessed using adjuvant-induced arthritis in
rats assay and membrane stabilizing effect, inhibition of protein dena-
turation, ESR and CRP in the other hand. Moreover, the study of Garg
et al. (2017) has revealed that the inflammatory disease is associated
with augmented concentration of serum nitrite (NO) concentration CRP
and ESR. Also, Vazquez et al. (2015) studying the systemic changes in
rats treated by carrageenan have found wide modifications in some blood
parameters, such as fibrinogen, CRP and nitric oxide (NO) levels. By
comparing the correlation coefficients (R-value), it is possible to suggest
that nitric scavenging activity, inhibition of protein denaturation and
membrane stabilizing effect of date seed extracts are highly responsible
for the anti-inflammatory activity determined using the croton oil
induced ear edema assay.

4. Conclusion

This is the first study to investigate the anti-inflammatory propriety of
date seed extracts. Our findings suggest that these extracts mediate anti-
inflammatory activities through the inhibition of protein denaturation,
stabilisation of the lysosomal membranes, nitric oxide free radical scav-
enging ability and inhibition of C-reactive protein and fibrinogen pro-
duction. These findings may be connected with considerable quantity of
phenolic compounds as rutin, quercetin, p-coumaric and caffeic acids
present in these date seed varieties, especially Jihl seeds which showed
the most important anti-inflammatory activity among analysed date seed
varieties. Further investigations are underway in our lab to address the
precise mechanisms involved for effective and safe usage.
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