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Date fruit (Phoenix dactylifera) is widely used in Moroccan pharmacopoeia to treat inflammation and
other diseases. For this purpose, six date fruit varieties (Boufgous, Bouskri, Bousrdon, Bousthammi, Jihl,
and Majhoul) were assessed for their phenolics profile and anti-inflammatory activity. Total phenolic
and flavonoid contents of these extracts were measured by the high-performance liquid chromatography
(HPLC). Protein denaturation was assessed employing bovine serum albumin. Edema formation was
induced in rat’s right hind paw and mice’s right ear using carrageenan and croton oil, respectively.
Membrane stabilizing activity was estimated by the prevention of hypotonicity induced-erythrocyte
membrane damage. The results showed that Gallic, Ferulic and Caffeic acids and Rutin were the most
dominant among the analyzed polyphenolic compounds. With regard to anti-inflammatory activity,
Bousrdoun showed highest NO scavenging ability (ICso =531.34 pg/mL), highest protein denaturation
inhibition (ICso=408.64 ug/mL) as well as highest membrane stabilizing effect (ICso=483.61 pug/mL).
However, Jihl exhibited highest reduction of ear edema (74%), while both Jihl and Bousrdoun exhibited
similar and highest paw oedema (40.35%). Our findings indicate that among the investigated date vari-
eties, Jihl and Bousrdoun are found to be the most active anti-inflammatory compounds. The difference
in activities seems to be related to the variations in the phenolic and flavonoids content between date
varieties.
© 2017 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Inflammation is the ordinary response of body’s immune sys-
tem to harmful stimuli involving several mediators and immune
cells (Larsen and Henson, 1983). The classical signs of inflamma-
tion include swelling, redness, pain, and fever (Williams and
Maier, 1992; Nathan, 2002). The inflammation process can be clas-
sified as either acute or chronic. Chronic inflammation induces the
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over-production of several factors such as reactive oxygen (ROS),
nitrogen species (RNS), cyclooxygenase (COX), and cytokines
(Balkwill, 2009). These factors are associated with the incidence
of several disorders such as atherosclerosis, diabetes, and sclerosis
(Aggarwal, 2004).

Accordingly, medicinal plants have been widely investigated
as alternative medicine to treat a variety of human disorders. In
this context, Phoenix Dactylifera extracts have been largely studied
for their therapeutic potential in animals (Middleton et al., 2000).

Date palm, a monocotyledon belonging to the Palmaceae family
that includes more than 2000 species (Jain and Priyadarshan,
2009), has been one of the most important fruit crops in the arid
districts of the Middle East and North Africa (Chao and Krueger,
2007). On the other hand, Phoenix Dactylifera, known as “Tmar or
Tyni” in Moroccan pharmacopeia, is used to treat different
diseases, mainly fever, inflammation, and hypertension (Tahraoui
et al.,, 2007; Abdelrahman et al., 2012). Moreover, date fruit is

1018-3647/© 2017 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


http://crossmark.crossref.org/dialog/?doi=10.1016/j.jksus.2017.08.011&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://dx.doi.org/10.1016/j.jksus.2017.08.011
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:bouhlali.eimad@gmail.com
http://dx.doi.org/10.1016/j.jksus.2017.08.011
http://www.sciencedirect.com/science/journal/10183647
http://www.sciencedirect.com

520 E.T. Bouhlali et al./Journal of King Saud University - Science 30 (2018) 519-526

characterized by a rich nutritional value because of its high energy
content and carbohydrates (Myhara et al., 2000). Besides, date fruit
contains high quantity of polyphenols; the most-studied natural
compounds in a wide range of pharmacological activities (Eid
et al., 2013; El Arem et al., 2014; Bouhlali et al. 2016b).
Therefore, this study aimed to investigate the anti-
inflammatory activity of six varieties of Moroccan date fruit.

2. Materials and methods
2.1. Animals

Male Wistar rats (220-240 g) and male Swiss albino mice (25—
30 g) were used in these experiments. The animals were obtained
from the animal care facility at the Faculty of Sciences and Tech-
niques, Errachidia, Morocco. They were divided into groups and
housed in plastic cages under a 12-h light/dark cycle. This was
done in a controlled temperature room (22 + 2 °C), with free access
to water and food. All studies were carried out according to ethical
rules of animals’ care as described by Zimmermann (1983).

2.2. Plant materials

The current study was performed using six Moroccan date vari-
eties locally known as Boufgous, Bouskri, Bousrdon, Bousthammi, Jihl
and Majhoul. The samples were given by Errachidia National Insti-
tute for Agricultural Research. They were rinsed, pitted, and stored
at — 20°C until analysis.

2.3. Preparation of rich polyphenol extracts

The rich phenolic extract was prepared according to the method
of Bouhlali et al. (2016a). Briefly, 30 g of pitted and crushed date
fruit were extracted with 150 ml methanol-water (4:1, v/v), at
35 °C for 12 h using an orbital shaker-incubator. The mixture
was then filtered and concentrated under reduced pressure at
40 °C until the total evaporation of solvent, using a rotary evapora-
tor. The resulting extract were kept at —20 °C in dark glass bottles
until use.

2.4. Identification and quantification of phenolic and flavonoid
compounds

Phenolic acids and flavonoidic profiles of date fruit varieties
were determined using the high-performance liquid chromatogra-
phy (HPLC) analysis according to the method used by Zhang et al.
(2013a). One g of date fruit extract, dissolved in 25 mL of acidified
methanol solution (1 N HCl/methanol/water, 1/80/19, v/v/v), was
ultrasonicated for 30 min. Then, the mixture was centrifuged at
1000 g for 15 min. Finally, 2 mL of the supernatant was filtered
via a 0.45 pm filter prior to injection. Standards of seven phenolic
acids (Caffeic, p-Coumaric, Chlorogenic, Ferulic, Gallic, Vanillic and
Syringic acids) and three flavonoids (Luteolin, Quercetin, Rutin)
were prepared at a concentration of 100 pg/ml.

Analytical separation was conducted on a Shimadzu liquid
chromatograph system (Kyoto, Japan) equipped with an autosam-
pler, dual pump (LC-20AB), a vacuum degasser, diode array detec-
tor (SPD-M10A), system controller (SCL-10A). The Restek C18
column (150 x 4.6 mm, 5um particle size) (Bellefonte, USA) was
used for polyphenolic separation at 40 °C. The binary mobile phase
consisted of water-acetic acid (97:3, v/v) (eluent A) and acetoni-
trile (eluent B). Elution was performed at a flow rate of 1 mL.min~"
with the following gradient outline: 0-5 min, 0-8% solution B (lin-
ear gradient); 5-25 min, 8-25% solution B (linear gradient); 25-
30 min, 25% solution B (isocratic elution); 30-50 min, 25-90% solu-

tion B (linear gradient). The injection volume was 20 pL, and the
wavelengths of detection were set at 280, 320, and 350 nm. The
components were identified based on the retention time and UV
spectra of phenolic standards, and their quantities were deter-
mined using a calibration curve. The results were expressed as mil-
ligrams per 100 g of dried weight of date fruit.

2.5. Nitric oxide radical scavenging activity

Nitric oxide scavenging ability was assessed using the Griess
reaction according to the method described by Balakrishnan et al.
(2009). Five hundred microliters of sodium nitroprusside (10 mM)
prepared in phosphate-buffered saline (pH 7.4) was mixed with
1mL of different date fruit extracts at various concentration
(100-1500 pg/mL), and incubated at 25 °C for 150 min. After incu-
bation, 1.5 mL of Griess reagent (1% sulfanilamide and 0.1% naph-
thylethylenediamine dihydrochloride in 2.5% phosphoric acid)
was added. The same method was repeated with equal volume of
buffer and Trolox (20-120 pg/mL) as control and standard, respec-
tively. The absorbance was determined at 546 nm after incubation
for 30 min at room temperature. The scavenging ability of nitric
oxide by date fruit extract and standards was enumerated using
the following formula:

(Abs Control — Abs Sample)

NO scavenging activity(%) = Abs Control x 100

where Abs control is the absorbance without sample, and Abs sam-
ple is the absorbance of sample (extract or standard).

ICsq is the inhibitory concentration of date fruit extract that
reduces 50% of the nitric oxide formation.

2.6. Inhibition of albumin denaturation

The inhibition of albumin denaturation was assessed using the
method of Chandra et al. (2012). Briefly, 1 mL of 1% bovine serum
albumin (prepared in phosphate-buffered saline, pH 6.4) was
added to 1 mL of different date fruit extract at varying concentra-
tions (200-1500 pg/ml). This mixture was left at room temperature
for 20 min and then heated at 70 °C for 5 min. The resulting solu-
tion was cooled at room temperature and their turbidity was read
at 660 nm. The same procedure was repeated with double-distilled
water and indomethacin as control and standard, respectively. The
inhibition percentage (IP%) of protein denaturation was calculated
as follows:

(Abs Control — Abs Sample)

Abs control x 100

Percentage inhibition(IP%) =

where Abs control is the absorbance without sample, and Abs sam-
ple is the absorbance of sample (extract or standard).

2.7. The membrane stabilization potential

The membrane stabilization potential was assessed using the
method established by Murugan and Parimelazhagan (2014). The
blood collected from healthy rats was mixed with an equal volume
of sterilized Alsever’s solution prepared by dissolving 2% dextrose,
0.8% sodium citrate, 0.05% citric acid and 0.42% of sodium chloride
in distilled water. The resulting blood solution was centrifuged at
3000 rpm; packed cells were washed with an isotonic saline solu-
tion (9 g/L). The reaction mixture contained 1 mL of phosphate buf-
fer, 2 ml of hypotonic saline solution (3.6 g/L), 0.5 mL date fruit
extract of various concentrations (200-1500 pg/mL), and 0.5 mL
of rat red blood cells at 10%. The mixtures were incubated at
37 °C for 30 min, and centrifuged at 3000 rpm. The same procedure
was repeated using distilled water and indomethacin as control
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and standard respectively. The hemoglobin content of supernatant
solution was estimated by a spectrophotometer at 560 nm.

The percentage membrane stabilizing activity was calculated as
follows:

Membrane Stabilizing Activity(MSA%)

__ (Abs Control — Abs Sample)
N Abs control

x 100

where Abs control is the absorbance without sample, and Abs sam-
ple is the absorbance of sample (extract or standard).
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2.8. Croton oil-induced ear edema in mice

The test of croton oil -induced ear edema in mice was estab-
lished according to the method of Khouya et al. (2015). Ten micro-
liters of 5% croton oil dissolved in acetone were applied with an
automatic pipette to the inner surface of the mice right ear of mice,
while the left ear was used as a control and received the vehicle.
After 10 min of croton oil -treatment, 20 uL of date fruit
(2.5 mg/ear), or indomethacin (500 pg/ear), dissolved in acetone,
were applied to the same place of the first treatment. Four hours
later, the thickness of the ear was measured using a digital caliper,
which was applied near the tip of the ear just distal to the cartilagi-
nous ridges and expressed in pm. The anti-inflammatory activity
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Fig. 1. HPLC-DAD chromatograms of different date varieties. Bousrdoun (A); Jihl (B); Bousthammi (C); Majhoul (D); Bouskri (E); Boufgous (F). 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)
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Table 1

Phenolic acids and flavonoid profiles determined by HPLC in six Moroccan date cultivars.

Date varieties (mg/100 g DW)

Boufgous Bouskri Bousrdoun Bousthammi Jihl Majhoul
Phenolic Acids
Caffeic acid 2.07£0.14 0.92£0.11 2341013 1.37£0.10 2.59+0.16 1.62£0.12
Chlorogenic acid 0.81+0.06 Nd 1.26 +0.05 Nd 0.63£0.09 0.46 + 0.04
p-Coumaric acid 1.12+0.10 0.49 + 0.04 1.46 + 0.07 1.08 +0.09 1.74+0.12 0.68 £0.05
Ferulic acid 24910.14 1.28+0.14 3.8220.15 1.96 £ 0.11 3.21+0.17 2.74+0.25
Gallic acid 10.38 +0.27 7.02+0.17 9.52+0.23 6.27 £0.25 8.16 +0.37 5.53 £0.20
Syringic acid 1.34+0.07 0.63 £ 0.06 1.81+0.12 0.93 £0.09 1.57 £ 0.06 1.24+0.10
Vanillic acid 0.27 £0.04 Nd 0.52 £0.03 Nd 0.35£0.05 0.39£0.08
Flavonoids
Luteolin Nd Nd 0.24£0.03 Nd 037 £0.03 Nd
Quercetin 0.33 £0.02 Nd 0.83 0.04 0.41 £0.07 0.69 +0.05 Nd
Rutin 0.94+0.16 0.52+0.14 2314021 1.63£0.15 2.86+0.20 0.74+0.13
Values are means of triplicate determinations # standard deviation. Nd, not determined.
was expressed as a rate of edema inhibition in treated ear in com-
parison to the control ear. The ear edema rate and inhibition rate of
each group were estimated as follows:
OH
(Vr — VL)
Ear edema = L~ 100
HO o)
OH oH
Inhibition rate(%) = Ec — Et/Ec | HO oH
. . . 0 0
where V. is the right ear volume (treated ear), and V| is the volume OH O (0]
of the left ear (untreated ear); Ec is the ear edema rate of the control
group, and Et is the ear edema rate of the treated group. HsC (0]
HO
HO
OH
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HO OH OH
OH OH OH
OH
GallicAcid Chlorogenic Acid
HO O
Os__OH o |
HO
= OH
ot o OH O
OH
Vanillic Acid Caffeic Acid Luteolin
COOH 0 OH
S~
OH OH
H3CO OCHs HO
OH HO 0
Syringic Acid p-Coumaric acid
0 OH
H3CO. X
3 OH OH O
HO
Ferulicacid Quercetin

Fig. 2. Chemical structures of the identified phenolic acids.

Fig. 3. Chemical structures of the identified flavonoids.
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2.9. Carrageenan-Induced rat paw edema

The anti-inflammatory activity of date fruit extract was
assessed using carrageenan-induced edema in the right hind paw
of the rat according to the method of Winter et al. (1962). Forty-
eight rats of both sexes divided into eight groups of 3 males and
3 females each were fasted for 16 h with free access to water.
Before the experiment, the initial volume of the right hind paw
of each rat was determined. Rats in the first and second groups
received orally saline solution and indomethacin (10 mg/kg),
respectively. Each of the other six groups was orally treated with
one date fruit variety extract at 1 g/kg. One hour after the treat-
ment, the paw edema was induced by injection of 100 puL of car-
rageenan solution (1% in physiological saline) in the subplantar
region of the right hind paw. One, 2, 3, 4, 5, and 6 h after the car-
rageenan injection, the measurement of edema was carried by cal-
culating the difference between the volume of the right paw before
and after injection using a plethysmometer (Ugo Basile, Italy).

2.10. Statistical analysis

Statistical tests were performed using R statistical software
(version 3.2.3) in combination with ggplot2 package (version
2.1.0). The groups were compared with student’s t-test, and one-

Table 2
Effect of date fruit varieties on membrane stabilization activity and protein
denaturation inhibition (ug/mL).

Nitric oxide radical
scavenging activity

Membrane
stabilization

Inhibition of protein
denaturation (ICsg)

activity (ICso) ~ (ng/mL) (ICs0) (ng/mL)

(ng/mL)
Boufgous 689.67 £6.78 583.09 +6.59 654.93 £3.65
Bouskri 803.22 +£12.06 757.28 £7.93 989.30 £ 4.62
Bousrdoun 483.61 £6.24 408.64 = 6.94 531.34 £4.08
Bousthammi  753.94 + 8.43 568.77 £ 8.87 753.79 £3.11
Jihl 54328 +8.14 518.05 £ 6.09 701.86 +£4.84
Majhoul 682.09 £ 6.43 611.38 £8.39 862.08 £4.36
Standard 97.83 + 0.66* 86.07 + 0.84* 95.04 +2.12**

Values in average (n = 6) + SD. *: Indomethacin, **: Trolox.

Ear edema inhibition (%
- N W & O O
o O O O O O O
PSR S-S S-S

way ANOVA test followed by post hoc Bonferroni tests to deter-
mine the two-group differences. P < 0.05 was considered statisti-
cally significant.

3. Results and discussion
3.1. Identification and quantification of phenolic compounds

To determine phenolic and flavonoidic compounds in six
Moroccan date fruit varieties, HPLC analysis was used to compare
retention times and UV spectra with those of the authentic stan-
dards analyzed under identical conditions (Fig. 1 and Table 1). All
analyzed date fruit varieties contained Caffeic acid, Syringic acid,
p-Coumaric acid Gallic acid, Ferulic acid, as well as Rutin in differ-
ent concentrations (Figs. 2 and 3). Gallic acid was found to be the
major phenolic acid of dates (5.53-10.38 mg/100 g) followed by
Ferulic acid, Caffeic acid, Syringic acid, p-Coumaric acid. However,
Chlorogenic acid and Vanillic acid were not detected in Bouskri and
Bousthammi varieties. In this line, similar phenolic profiles have
been reported for Saudi Arabian (Hamad et al. 2015), Tunisian
(Amira et al., 2012), and Algerian (Benmeddour et al., 2013)
varieties.

On the other hand, among the flavonoidic compounds, Rutin
was the most predominant (0.52-2.86 mg/100g followed by Quer-
cetin, which was present in all varieties except Bouskri and Maj-
houl. Meanwhile, Luteolin was found only in Jihl and Bousrdoun.
The differences of phenolic profile among date varieties may be
attributed to many factors such as growing conditions, maturity,
harvesting time, received sunlight, geographic origin, fertilizer, soil
type, and storage conditions (Al Harthi et al., 2015; Bouhlali et al.,
2015).

3.2. Nitric oxide radical scavenging activity

Nitric oxide (NO) is a strong mediator that is involved in neuro-
transmission, resistant reactions, provocative and vascular home-
ostasis (Tuteja et al., 2004). Moreover, an excess amount of NO is
associated with several diseases such as systemic lupus, psoriasis,
and septic shock (Abramson et al., 2001; Paolo, 2013). In addition,
different test models of inflammation including carrageenan
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Fig. 4. Anti-inflammatory activities of aqueous extracts of six date fruit on croton oil induced mice ear edema (A), and carrageenan induced rat paw edema (B). Animals were
treated with aqueous extract of Bouskri, Bousthammi, Majhoul, Boufgous, Bousrdon, and Jihl at 2 mg/kg. Indomethacin was used as a positive control (10 mg/kg). Values are
expressed as a mean + SD, (n = 6).The anti-inflammatory activity was expressed as a percentage of the edema inhibition in the treated ear or paw in comparison to controls.
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prompted vascular permeability in rat skin are associated with an
expansion in nitric oxide generation (Kubes et al., 1991). The scav-
enging effect of date fruit varieties on nitric oxide production is
presented in Table 2.

The highest nitric oxide scavenging ability was found in Bousr-
doun (ICsg = 531.34 pg/mL), but it remains lower than that of Tro-
lox (ICsp=95.04 pg/mL). These findings are in agreement with
those reported in our previous study (Bouhlali et al., 2016b), show-
ing a high significant scavenging activity in DPPH and ABTS assays.
These significant activities could be explained by the high phenolic
and flavonoidic content of date fruits.
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3.3. Inhibition of albumin denaturation

Many diseases such as serum sickness, glomerulonephritis,
rheumatoid arthritis and systemic lupus erythematosus are caused
by a type III hypersensitive reaction (Menon et al., 2011). Further-
more, the inhibition of protein denaturation is the fundamental
mechanism of NSAIDs action (Mizushima and Kobayashi, 1968)
before the discovery of their inhibitory ability on cyclooxygenase
by Vane (1971). Therefore, the alleged ability of different date
fruits to prevent protein denaturation was assessed as part of their
anti-inflammatory effect. All analyzed date fruit varieties inhibited
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Fig. 5. Evolution of edema formation in rat paws. The animals (n = 6) were treated with aqueous extract of six date fruit varieties at 2 g/kg: Indomethacin was used as a
positive control (10 mg/kg), Bouskri (A), Bousthammi (B), Majhoul (C), Boufgous (D), Bousrdon (E), Jihl (F). Data obtained from animal experiments were expressed as mean + SD.

**P<0.01; *** P<0.001.
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the denaturation of bovine serum albumin in a dose dependent
manner (Table 2). The potency order was as follows: Bousr-
doun > Jih > Bousthammi > Boufgous > Majhoul > Bouskri. This effect
variation may be related to the difference in phenolics contents
between date fruit varieties.

3.4. Membrane stabilization potential

Inflammatory response resulted in a significant release of lyso-
somal components leading to further tissues inflammation (Lima
et al., 2013). Several medicinal extracts limit this process via their
membrane stabilizing properties (Mounnissamy et al., 2008). In
this sense, we have investigated the ability of date fruit to stabilize
the erythrocyte membrane. These cells were chosen based on the
similarity between their membranes and the lysosomal ones. As
shown in table 2, Bousrdoun exhibited the highest membrane sta-
bilizing activity (ICso = 483.61 + 5.34 ug/mL) followed by Boufgous,
Jihl, Majhoul, Bousthammi, and Bouskri. Thus, the similarity
between erythrocyte and lysosomal membranes plead in favor of
the ability of date fruit extracts to stabilize the lysosomal mem-
branes as well. These results are consistent with those obtained
for other medicinal plants extracts (Chopade et al, 2012).
Therefore, it can be postulated that the stabilization capacity of
erythrocyte membrane by date fruit extract may mediate its
anti-inflammatory activity. In this context, our previous study
(Bouhlali et al. 2016b), have reported a highly content in phenolics
within these date varieties. Hence, these compounds may be the
principal contributors to the membrane protective activity of date
fruit extract.

3.5. Croton oil-induced ear edema in mice

Croton oil-induced ear edema is a usually used assay to investi-
gate the anti-inflammatory power of natural remedies that could
be beneficial to cure skin illnesses (Cabrini et al., 2011). The main
irritant factor in this process is 12-O-Tetradecanoylphorbol-13-ac
etate (TPA) (Murakawa et al., 2006) whose action is exerted by
cyclooxygenase, and other inflammatory mediators (Saraiva
et al., 2011). The date fruit extracts decreased significantly
(p < 0.05) ear thickness compared to the control mice. Among the
analyzed date fruit varieties, Jihl exhibited the highest reduction
of ear edema (74%), whereas Bouskri showed the lowest one
(19.33%) (Fig. 4A). Consequently, in light of the current results, date
fruit compounds could influence at least one steps of the inflam-
matory process induced by the croton oil. Indeed, gallic acid, ferulic
acid and caffeic acid, found as the main phenolic acids in the anal-
ysed date fruit varieties, can reduce COX-2 action (Nile et al., 2016).
In addition, previous studies have demonstrated that rutin possess
higher inhibitory activity against COX-1, COX-2 and 15-LOX (Zhang
et al. 2013b; Gautam et al. 2016; Zhang et al. 2015).

3.6. Carrageenan-induced inflammation in rat paw

To evaluate the anti-inflammatory activity of date fruit extracts,
carrageenan-induced edema in rat’s right hind paw was under-
taken. The highest inhibition of paw swelling was observed in Jihl
(65.02%) at the 4th hour of the experiment while the untreated ani-
mals reached a maximal intensity of edema. The lowest inhibition
(15.97%) of paw swelling ratio was found in Bouskri (Fig. 4). This
anti-inflammatory activity is still lower than that of indomethacin.
These findings are similar to those reported by Ali Haimoud et al.
(2016) who found an inhibition of paw edema varying between
35.64-67.56% after 5 h of carrageenan injection. Moreover, Kehili
et al. (2016) using formalin mice paw edema assays have also
reported a significant anti-inflammatory activity (68.23%). More-
over, Mohamed and Al-Okbi (2004) have noted that oral adminis-

tration of date fruits extracts suppresses the foot swelling induced
by adjuvant arthritis. The significant (p < 0.01) inhibition of paw
edema by date fruit extracts, from the early stages of inflammation
(Fig. 5A-F), is likely due to an inhibition of chemical mediators of
inflammation. It is well stated in the literature that some polyphe-
nolic compounds like caffeic acid and quercetin decrease the levels
of nuclear factor-kB, which ultimately inhibits the production of
NO via the reduction of iNOS biosynthesis (Kassim et al., 2010).
Correspondingly, gallic acid has also been shown to inhibit secre-
tion of histamine and pro-inflammatory cytokines from human
activated mast cells (Kim et al., 2006). In addition, ferulic acid
has been reported to reduce the activity of superoxide dismutase
(SOD), myeloperoxidase (MPO), nitric oxide (NO), and prostaglan-
din E2 levels during acetic acid induced-inflammation in rats
(Dong et al., 2003). Of note, the synergic effect of the phenolic com-
pounds identified in the date fruits cannot be excluded in these
experiments.

4. Conclusion

In conclusion, among the six Moroccan date varieties, Bousr-
doun and Jihl showed the most significant NO scavenging, mem-
brane stabilisation, protein denaturation, and edema inhibition
activity. This sustains the ethnopharmacological use of Phoenix
dactylifera fruits as anti-inflammatory agents. Polyphenols are the
predominant compounds of date extracts, which makes them
potential candidates in these activities. Further studies are in pro-
gress to elucidate the active constituent in hope to understand
their effects better.
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