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The fruit of Ziziphus Lotus L. (ZL) is rich in bioactive components. It is known
for its high content in polyphenols which gives it its immunomodulatory, antioxidant, and
antimicrobial properties. Objective: The intent of the current study was to evaluate, in vivo,
the effect of the aqueous extract of ZL fruit’s pulp on humoral immune response as well as
its effect on neutrophils’ bactericidal activities, hemolytic and antioxidant and activities. The
antioxidant activity of ZL's aqueous extract’s was evaluated using DPPH. Hemmagglutination
titer assay was used to evaluate the effect of the extract on humoral immune response. ZL
extract’s hemolytic activity was assessed by enumerating hemoglobin rates. The effect of ZL
extract on the bactericidal activity of Neutrophils was evaluated using MTT colorimetric
assay. A significant (P<0.05) immunosuppressive effect on humoral immunity (6-fold) was
observed. Significant suppression (P<0.05) of the bactericidal activity of neutrophils treated
with 0.5 and 1 g/ml of the extract was observed compared to untreated neutrophils. The extract
exhibited a high antioxidant activity determined by DPPH test with an IC50 value 10-fold
higher (P<0.05) than the IC50 of ascorbic acid. The highest hemolytic activity was found with
the lowest concentration of the extract while the higher concentrations tested seem to have an
anti-hemolytic activity with a dose dependent effect. The aqueous extract of ZLs fruit pulp
possesses an immunosuppressive activity on both the innate and adaptive immunity responses.
Our results demonstrate an anti-oxidative activity as well as an ability to decrease neutrophil
bactericidal hemolytic activities as well as humoral immune responses.

Keywords: Antioxidant; Humoral immune response; Immunosuppressive;
Neutrophil bactericidal activity; Ziziphus Lotus L (Desf.) fruits.

The custom of using plants in traditional
medicine has a significant role in Moroccan culture
and has been an integral part of the Moroccan
“public care” system. Indeed, many ethnobotanic
inquiries led in various regions of Morocco, show

that 70% to 80% of Moroccans resort to medicinal
plants as treatment, for in spite of the development
of modern treatments, they remain in most cases
out of reach by their expensiveness and lack of
proximity. Their use continues to progress partially
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because of the high price of medicine but also
because of the notorious efficiency of traditional
medicine'.

Ziziphus Lotus L. (Desf) (ZL), also called
jujube, is part of the angiosperm Rhamnaceae
family. In Morocco, ZL is a fruit growing shrub
commonly called “Sedra” and is found in many
arid and semi-arid regions. ZL is one of the
traditional plants commonly used in folk medicine
in Morocco. The fruits, which have an edible
endocarp, called “Nbag” is a valuable source
of nutrients still consumed by local population
and contains an important number of phenols,
carbohydrate, tanins and flavonoids®'®. ZL fruits
are rich in vitamins E and C, fatty acids, calcium,
amino acids, fibers and magnesium''.

In herbal medicine, bioactive compounds’
properties will differ depending on the type of
extract and the part of the plant used (root barks,
leaves, or fruit).

For example, the oral administration of
ZL’s fruits aqueous extract inhibited significantly
and, in a dose dependent way, the HCL/ethanol
induced ulcer and reduction of the secretion of
gastric juice in pylorus legated rats as reported by
Wahida et al.'>.

The methanolic extracts of leaves
and fruits of ZL exhibited strong antibacterial,
antifungal and antioxidant activities® "*.

ZL fruit was found to improve glucose
tolerance, dyslipidaemia and fatty liver disease,
but not the severity of obesity in mice induced by
a high-fat-diet'.

Aqueous extract of root barks of ZL
administered intraperitoneally has shown dose-
dependent and significant analgesic and anti-
inflammatory activities'* and has caused significant
relaxation of spontaneous contractions induced
by spasmogenic agents in rodents's. It was also
reported that the ethyl acetate and chloroformic
extracts were less active than the polar extracts
(aqueous and methanolic)'®. Hence, the presence
of the saponin and flavonoid fractions in the
methanolic extracts of root bark and leaves of ZL
was responsible of inhibition of algesia, nitrite
production and paw edema?®.

It is acknowledged that ZL is rich in
polyphenols, displaying antimicrobial, antioxidant,
immunomodulatory and antidiabetic properties.'"
17.18 Fruit, leaves and seeds are also rich in different
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vitamins that are responsible of in vitro antioxidant
properties'® 2,

All parts of ZL are rich in the members of
polyphenol family and the fruit’s major compounds
are total phenols. Natural plant polyphenols
exhibited great inhibitory effects on abnormal
human lymphocytes cells?'. It was also reported
that antimicrobial activities of ZL fruits were
attributed to its phenolic compounds content®.

Polyphenols are also known to
modulate human immune cell signaling. An
immunosuppressive effect, in vitro, on human
T cells and Jurkat cells proliferation by ZL
polyphenols was reported'” ''. T-cells signaling
mechanisms were assessed by Chan et al. who
were able to provide the confirmation that a
combination of herbs rich with Zizyphus extracts
were able to induce the expression of mitogen-
activated protein kinases (i.e. JNK, p38 and ERK)
in T-cells. This indicated that the effects of Zizyphus
on immunomodulatory activities involves the
activation of second messenger cascade?.

The immune system is the body’s defense
system against pathogens. On the one hand,
immune deficiency can be described as a situation
where the immune system is less active than it
should, leading to recurrent and life-threatening
affections. Additionally, a hyperactive immune
system can lead to autoimmune diseases or
allergies.

A limited number of studies have explored
the effect of the fruits of Ziziphus lotus on the
immune system, in vivo, or on other expressions
of the immune responses other than T lymphocytes
proliferation in vitro.

In the current study, the objective was
to evaluate the effect of ZL fruit’s pulp aqueous
extract on humoral immune response, NF-éB
signaling pathway, as well as its effect on others
non-specific immune responses such as the
bactericidal activity of neutrophils, hemolytic and
antioxidant activities.

MATERIALS AND METHODS

Preparation of Ziziphus lotus aqueous extract
The pulp of Ziziphus lotus (ZL) fruit was
first dried in shade, and later crushed into a powder
and kept in a dry and dark place before use. The
extract was gathered by boiling under reflux for 1h
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at 60°C (decoction) 100 g of pulp powderin 1 L of
distilled water. The solution was then centrifuged
and filtered before it was evaporated using rotary
vacuum evaporator at 40°c. The extract was then
saved at -20°C until the time it had to be used.
Yields percentages were calculated using the
following formula:

. w
Extract yield % = —x 100
Wse

Wr = weight of plants residues
Ws = weight of raw sample plant.

Qualitative Phytochemical screening

ZL extract was exposed to phytochemical
screening to highlight the presence or absence of
phenols, flavonoids and tannins:
» The detection of phenols was carried out by
adding 3 ml of the extract was to a mix of 1 ml
of Folin Ciocalteu and 1 ml of 20% of Na,CO,. A
blue coloration indicated the presence of phenols.
* The detections of flavonoids was carried out by
adding 3 ml of the extract to 1 ml of a solution of
NAOH at 10%. A blue coloration indicated the
presence of flavonoids.
* The detection of tannins was carried out by adding
2 ml of a solution of FeCl, at 5% to 5 ml of extract.
A dark green coloring indicated the presence of
catechic tannins. The presence of a dark blue color
indicated the presence of gallic tannins.
Antioxidant activities assay

DPPH free radical scavenging method
(also known as 2, 2-diphenyl-1-picrylhydrazyl)
was the one used to determinate the antioxidant
activities of the aqueous extract of Ziziphus Lotus
fruit pulp. The DPPH assay was adapted according
to the method described by Roy et al.?*. Fifty pl
of ZLs extract at different concentrations (10, 15,
20, 25, 30, 50 ml/ml) or ascorbic acid (positive
standard) at the following concentrations (0.075;
0.09; 0.2; 0.4; 0.6; 0.8 and 1 mg/ml) were added
to 1.950 ml of a methanolic solution of DPPH.
The mixture was kept for 30 minutes at room
temperature and in the dark. The absorbance was
later measured at 517 nm. All the experiences
were performed three times. A methanolic DPPH
solution was used as the blank solution. The
antiradical activity was expressed as IC50 in mg/
ml; which represented the sample’s concentration
needed to scavenge 50% DPPH free radicals.
Inhibition percentage was assessed using the
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following equation:

ADPPH - Azample

ADPPH x 100

% Inhibition =
Where: - A DPPH = DPPH’s absorbance,

» A sample = Sample’s absorbance (sample or
ascorbic acid).

Assessment of Ziziphus Lotus’ aqueous
extract on humoral immune activity
Hemagglutination antibody titer assay

The mice were immunized by injecting
200 iL of Rat Red Blood Cells (RRBC) diluted
in PBS (30% v/v) on day 0 via intra-peritoneal
route. Two groups of 5 mice each were used. The
first group received the extract via oral route, at
a concentration of 5 g/kg body weight, starting 3
days before immunization for a period of 10 days
in total. The second group received the vehicle only
(control group). Seven days after immunization,
blood was collected from the mice and the serum
recovered after an incubation at 4 °C, overnight.
It was then centrifuged, incubated at 56 °C for
30 minutes to inactivate the complement and
kept until use at —20 °C. The hemagglutination
technique described by Bin Hafeez et al. ! was
used to determine antibody levels. Briefly, 25 il
of RRBC diluted in a physiological solution to a
concentration of 1% (v/v) were added to the serum
that was serially diluted in 25il PBS two-fold in
96-well microplates. The mix was incubated for 2h
at room temperature. The reciprocal of the highest
dilution of the positive test serum agglutination was
taken as the antibody titer. This experiment was
repeated three times (3 independent experiments
n=3).

In vitro hemolytic activity assay

Hemolytic activity assay was performed
by following the method used by Bulmus et al.?®.

Blood from human volunteers having
signed an informed consent was drawn in EDTA
tubes.

The blood was centrifuged (15 min at
200 g), to collect the plasma. The human red blood
cells (HRBCs) were then washed three times with
a solution of 150 mM of NaCl, suspended in a
100 mM of PBS (phosphate buffer solution)) and
diluted to a final concentration of 10® HRBCs per
200ml (to 10% of their initial concentration). Then,
800 ml of PBS was mixed to 200 ml of HRBC and
50 ml of different concentrations (10, 50, 100, 200,
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500 and 1000 mg/ml) of the extract of ZL. The
tubes were centrifuged for 5 min at 13500 g after
an incubation of 1h at a temperature of 37°C. The
absorbance of the supernatant was measured at 540
nm. HRBC were incubated with Triton-X100 (1 wt
%) and considered as positive control. A solution
of PBS was used as negative control.

The experiments were performed three
times and the extract’s inhibitory activity was
calculated using the below equation. The results
were expressed as percentage of hemolytic activity.

Abz of zample
o . o
7 of hemolytic activity Abe of positive control

x 100
Abs: absorbance.
SDS-PAGE and immunoblotting

Proteins were resolved in SDS-PAGE
(sodium dodecyl sulfate—polyacrylamide gel
electrophoresis) gels at 12 % and later transferred
to nitrocellulose membranes. The latter were
blocked for 1 h using 5% non-fat dry milk
before being washed three times with a solution
of TBS/T (150 mM NaCl, 20 mM Tris, pH 7.4,
0.1% Tween-20) and incubated overnight, at
4 °C, with the primary antibody p-I€Base3#7,
Enhanced chemiluminescence (PerkinElmer Life
Sciences) was used to detect bound peroxidase
activity. Finally, membranes were stripped and
blocked using 5% milk and later blotted for 4-actin
to assess equal protein loading.

Neutrophil bactericidal activity assay
Bacterial strain

The antibacterial strength of the plant
extract was evaluated on Staphylococcus aureus
ATCC43300 strain at different concentrations (2,
1 and 0.5 g/ml) in view to determine the one that
has no effect on the viability of the strain.

Determination of the concentration
of Antimicrobial activity of ZL extract on
Staphylococcus aureus

The Disk diffusion method was used to
assess the antimicrobial activity of Ziziphus lotus
extract on Staphylococcus aureus ATCC43300
strain. The bacteria were cultured in Nutritive
broth overnight, at 37°C and diluted to a final
concentration of 10" CFU/ml.

Miieller Hinton agar plates were inoculated
using a cotton swab. Sterile paper discs embedded
with 20 pl of different concentrations of the plant
extract (at2; 1 or 0.5 g/ml) were then placed on the
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plates. Sterile discs embedded with sterile distilled
water were used as negative control. Positive
control consisted of Amoxicillin at 0.05%.

After an incubation for 24h at 37 °C, the
inhibition’s zones diameters were measured. This
enabled to classify the sensitivity of the bacteria
to ZL extract (<8 mm diameter, non-sensitive;
sensitive for diameters between 9 mm and 14 mm;
very sensitive for diameters > 15 mm).

Isolation of human neutrophils

Human Neutrophils were extracted from
blood collected from volunteers using the method
described by Boyum?*” and adjusted by Kobayashi
et al. *®. Human blood collected in heparinized
tubed was obtained from healthy donors after they
provided a signed informed consent.

The blood was mixed with a 0.9% solution
of sodium chloride containing 3% Dextran T-500
(Pharmacia) and incubated at room temperature for
20 minutes to enable sedimentation of erythrocytes.
The supernatant (rich with leukocytes) was
centrifuged for 10 min at 550 g, then the pellet
was suspended in 35 ml of a solution of sodium
chloride at 0.9 % and undeplayed with 10 ml of
Ficoll-Paque (1.077 g/l, Pharmacia). The mix was
then centrifuged for a duration of 30 minutes to
extract the PMNSs. The interface layer was removed
and the residual red blood cells were destroyed
by hypotonic lysis. PMNs were finally suspended
in RPMI 1640 medium (GIBCO), buffered with
Hepes at a concentration of 10 mM, and kept on
ice. PMNs were numbered in 2% acetic acid, using
a hemacymeter. Slides were prepared and stained
with a modified Wright-Giemsa (Sigma). Each
preparation of PMNs had a final rate of 95-98%
neutrophils.

In vitro treatment of neutrophils with ZL
aqueous extract

A volume of 50 ml of 1 x 107 neutrophils
/ml in RPMI containing Fetal Bovine Serum (5%)
and 50 ml of ZL extract at the following final
concentrations: 1g/ml; 0.5 g/ml and 0.1 g/ml was
incubated 37°C for a duration of 30 minutes in
wells of a flat bottom 96 well plates. The control
neutrophils were only incubated in RPMI. All
experiments were performed in triplicate.
Colorimetric bactericidal assay

Staphylococcus aureus was first pre-
cultured at 37°C for 18h in Nutrient Broth to
obtain a concentration of 1 x 10® Bacteria /ml. It
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was then opsonized in RPMI 1640 (Dubelco) at
37°C for a duration of 20 minutes using autologous
inactivated human serum. The neutrophils treated
with ZL as well as the non-treated Neutrophils were
supplemented with a volume of 50 ml/well of S.
aureus. Plates were then incubated at 37°C for a
duration of 1h under agitation to permit bactericidal
activity of neutrophils. The previously opsonized
bacteria were diluted to concentrations of 0, 30, 60
and 90% in RPMI and co-incubated in plates as a
base to enable the construction of a standard curve
of bactericidal activity. Neutrophils were lysed by
using 50 ml of a solution of Triton X-100 at 0.2%
in PBS and kept on ice for 5 min. The neutrophils
and bacteria were triturated in the well. Later, each
well was supplemented with a solution of 2 mg/ml
of MTT. The plates were then incubated at room
temperature for a duration of 10 minutes and then
centrifuged for 5 minutes at 1600 g. The pellet was
dissolved with a solution of DMSO (150 ml). After
an incubation at room temperature for 10 minutes,
the plates were shaken to solubilize the formazan
and 50 ml of PBS was added to dissolve the residual
formazan.

The OD measured at 560 nm enabled
the quantification of bacteria produced formazan.
OD equivalent to 0 - 90% killing bacteria was
established by linear regression analysis using
a standard curve. Neutrophils incubated with
opsonized bacteria alone were used as positive
control. The percentage of killed bacteria was
determined using the following formula:

( Samples's 0D) — (9024 killing's OD)
(0% killing's OD} — (90 % killing"sOD)

x 90%

Statistical analysis

All experiments were performed 3 times
and the results are represented as mean = SEM
(n>3)

The significance of the difference between
all values was determined using ANOVA, with a
significance level of P<0.05.

RESULTS

Yields percentages and qualitative
Phytochemical screening

The yield percentage of ZL aqueous extract
was 54, 08% + 3,57. Preliminary quantitative
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phytochemical screening of aqueous extract of
Ziziphus lotus fruit pulp showed the presence of
gallic tannins, phenols and flavonoids.

Effect of ZL extract on humoral immunity

The effect of Ziziphus lotus’ aqueous
extract on the production of antibodies in mice
was carried out. Results are shown in figure 1. A
decrease of 6-times, in titer values, of antibodies
of mice treated with ZL extract (8192) when
compared to those of the untreated mice (54613)
was highlited. The extract of Ziziphus lotus has
shown a significant (P<0.05) immunosuppressive
effect on humoral immune response in vivo.
Effect of ZL extracts on NF-kB signaling
pathway activation

The effect Ziziphus lotus fruit’s aqueous
extract on NF-kB signaling pathway activation was
evaluated. NF-kB is a transcription factor that plays
key roles in many cellular phenomena, including
cell proliferation and immunity. As shown in
figure 2, ZL extract activates NF-kB pathway by
phosphorylating I€B4. When phosphorylated, [éBa
is conducted to proteasome degradation which
allows NF-kB activation.

Antioxidant activity of ZL extract

In the present study, the extract of Ziziphus
lotus fruit pulp showed a great antioxidant activity
with an IC,  value of 11.26 mg/ml which was
10-times higher (P<0.05) than IC, of the positive
control, ascorbic acid (0,152 mg/ml) (Table 1).
In vitro hemolytic activity

The aim of this experiment was to
evaluate whether ZL’s extract had a hemolytic
effect, in vitro, on erythrocytes. Results are shown
in figure 3. The extract shows anti-hemolytic
effects at high concentrations. Indeed, maximum
percentage hemolytic activity on HRBC (75.96 +
1.75%) was obtained in the presence of the lowest
concentration of the extract (10mg/ml), while the
higher concentrations of ZL extract tested (50-
1000 mg/ml) seems to have an anti-hemolytic
activity that was dose dependent. The highest anti-
hemolytic activity (12.9 + 1.72 %) was observed
in the presence of a concentration of 500 mg/ml of
the extract.

No significant difference was observed
(P>0.05) in the hemolytic activity of the extract
when HRBC were treated with ZL extracts
concentrations higher than 200 mg/ml.
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Fig. 1. Immunomodulatory effect of Ziziphus lotus fruit’s pulp aqueous extract on the humoral immune response
in mice. Control = water. Each value is represented as mean + SEM (n = 3)
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Fig. 2. Ziziphus lotus fruit’s pulp aqueous extract
activates NF-kB pathway activation
Figure represents the mean of data of overlay blots,
expressed as arbitrary units in optical density, as
compared to control (n=3, * and **P<0.05 vs. control).

ZL’s aqueous extract seems to have an
anti-hemolytic activity in a dose dependent way.
Effect of ZL extract on Staphylococcus aureus

Ziziphus lotus’ fruit aqueous extract
was explored to evaluate its antibacterial activity
against Staphylococcus aureus using the disk
diffusion method. At a concentration of 2 g/ml,
the extract showed an antibacterial effect on the
bacterial strain with inhibition diameters of 12.67
+ 0.6 mm. This antibacterial activity is weaker
than the one displayed by the positive control,
amoxicillin (18.3 £ 1.5 mm) (Table 2). Of note
that at lower concentrations (1 and 0.5 g/ml), the
extract did not show any antibacterial activity on
Staphylococcus aureus.

Neutrophil bactericidal activity

The incubation of neutrophils for a
duration of 30 min with 0.1; 0.5 and 1 g /ml in
of Ziziphus lotus’ fruit pulp extract displayed
an inhibition of the bactericidal activity of
Neutrophils. Results are shown in figure 4. The
inhibitive effect was dose dependent as it increased
with the concentrations of ZL. Indeed, neutrophils
treated with 0.5 g / ml were able to kill 51.06 +
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2.5 % of bacteria and the ones treated with 1g/ml
showed 4.99 = 0.9 % ofkilled bacteria. A treatment
with 0.1 g/ml (67.8 + 8% of killed bacteria) did
not show any significant effect on the bactericidal
activity of neutrophils compared to untreated
neutrophils (74.43 £ 2.6 % of killed bacteria).

A significant suppression (P£0.05) of the
bactericidal activity (compared to the non-treated
neutrophils) was reached in the presence of 0.5 and
1 g/ml of the aqueous extract,
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DISCUSSION

In the current study, we evaluated the
effect of ZL’s fruit pulp aqueous extract on
multiple aspects of the immune responses in vivo
and in vitro. Antioxidants have been considered as
immunomodulatory molecules®. Reactive oxygen
species (ROS) and free radicals are a group of
molecules resulting from the partial reduction of
oxygen. They serve many physiological functions

d,
e fg

1000

€8
00

Concentration of ZL extract (mg/ml)

Fig. 3. Hemolytic activity of Ziziphus lotus (ZL) aqueous extract in vitro on Human Red Blood Cells (HRBC).
Each value is represented as mean = SEM (n = 3). Values followed by different letters (a—f) are significantly different (p <0.05).
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Fig. 4. Effect of aqueous extract of Ziziphus lotus fruit pulp on human Neutrophil bactericidal activity in vitro.
Results were expressed as mean + SEM (n=3). Values followed * were significantly different (P<0.05).
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Table 1. IC 50 (png/ml) values of aqueous
extract of Ziziphus lotus fruit pulp
compared to ascorbic acid

IC 50 values

ZL extract
Ascorbic acid

11.26 mg/ml
0.152 mg/ml

by participating to the defense of the body against
foreign particles and by controlling biological
processes like apoptosis and cell proliferation.
ROS also play an important role in the immune
system. Indeed, phagocytosis by macrophages and
neutrophils is made possible by the production of
ROS. However, to maintain body’s homeostasis,
ROS levels need to be balanced. When the levels
increase and accumulate beyond the needs of the
cells, their signaling pathways get altered, causing
pathologies like cardiomyopathies and auto-
immune pathologies®® 3!,

Antioxidants are molecules capable of
suppressing ROS actions by inhibiting specific
oxidizing enzymes. Researchers have shown an
increasing interest in natural antioxidants because
of their abundance and their potency. A wide range
of antioxidants can be found in medicinal plants
and foods*~.

Among the identified phytochemical
molecules, flavonoids and phenolics molecules
show the most effective antioxidant properties.
Flavonoids possess a structure that is considered
ideal for scavenging free radicals as they present
hydroxyls that can act as hydroxyl-donors, making
them antioxidant agents. Phenolic compounds’
antioxidant activity rests on their redox activities.

DPPH free radical scavenging test is one
among the most widely employed tests to evaluate
the antioxidant activity of extracts from plants
due to its stability and reproducibility. This test is
based on the aptitude of the tested compound to
donate an atom of hydrogen, reducing to yellow
the purple color of DPPH. In the current study,
this test highlited that the aqueous extract of ZL’s
fruit pulp has an antioxidant activity ten times
higher than that of ascorbic acid. Abdelhafidh et
al. P have shown that ZL’s fruit extract has a
protective activity against oxidative stress induced
by Cypermethrin in mice. This protection might
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Table 2. Inhibition diameters values of ZL aqueous
extract and amoxicillin
on Staphylococcus aureus. Amoxicillin was
considered as positive control

Inhibition diameters

12.67 £ 0.6 mm
183+ 1.5 mm

ZL extract (2mg/ml)
Amoxicillin

be due to the antoxidant properties of the extract
its antioxidant property as well as its ability to
scavenge active free radicals. Our study confirms
this ability of ZL’s fruit aqueous extract.

The results can be attributed to the
presence of flavonoids and phenolic components
in the aqueous extract of Ziziphus lotus s fruit pulp
which was assessed by a phytochemical screening
and described in other studies®.

Benammar et al.'"” have highlited
comparable results, attributing the antioxidant
activity of aqueous extract of different parts of
ZL (leaves, roots, stem, seed and fruit pulp) to the
presence of Vitamins A and C. Dahiru and Obidoa*
have shown that flavonoids, tannins and phenolic
compounds of Ziziphus mauritania have protective
effects against oxidative damage induced by
alcohol administration in rats. Ziziphus mauritania
Lam and Ziziphus oenoplia (L) were also described
as having strong antioxidant activities®*. These
preliminary results suggest that Ziziphus lotus
L. (Desf.) can be considered as a good source of
antioxidants.

The inhibition of neutrophils’ bactericidal
activity highlited in our study can also be linked
to the presence in ZL’s extract, of antioxidant
components. These results are in accordance with
those highlited of Ciz et al. % who demonstrated
comparable data by showing the ability of
flavonoids to inhibit neutrophil’s respiratory burst.

Neutrophils represent an essential part
of the body’s defense against foreign pathogens.
These molecules use different mechanisms to
destroy invading microorganisms, among which,
production of ROS. Just like the phagocytosis of
bacteria, neutrophils are able to release reactive
chemical species: it’s the oxidative burst. The
latter generates H,0, that forms with CI- and
myeloperoxidase effective bactericidal agents®”3#,

It was also highlighted in the current study
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that ZL extract shows an anti-hemolytic activity.
The membrane of erythrocytes is mainly composed
of proteins and lipids, disposed in such a way as
to enable a reversible deformation of red blood
cells while maintaining their integrity*. One of
the mechanisms that could cause the hemolysis of
erythrocytes is the oxidation of proteins and lipids,
and more specifically, lipids peroxidation. Lipid
peroxidation is a reaction in chain of free radicals,
resulting in the deterioration of RBC’s membranes,
leading to hemolysis. Costa et al.** highlited that
free radicals could be inactivated in presence of
flavonoids and phenols, leading to the decrease of
oxidative hemolytic activity. These results are in
accordance with the anti-hemolytic activity of ZL
extract highlighted here.

Another mechanism used by flavonoids
and phenols to achieve their anti-hemolytic effect
is by interfering in the conformity of the membrane
of erythrocytes. Different studies highlited that
certain flavonoids and polyphenols interact with the
membrane of erythrocytes, decreasing its fluidity
and reducing the diffusion of free radicals***!.

Benammar et al." have observed that
aqueous extract of different parts of ZL exerted
immunosuppressive effect on T-cell proliferation
with seed extracts showing the most effective
immunosuppressive activity on IL-2 mRNA
expression and T cell proliferation in vitro.

The effects of ZL extract in vivo have
never been tested on the immune responses. In
the present study we show that the ZL fruit pulp
extracts inhibited or decreased the production of
antibodies in mice when these are challenged by an
antigen with a dose dependent effect. This response
is linked to the activation and amplification of T
lymphocytes clones. If this extract has an anti-
proliferative effect on T cells" that can explain
the decrease of antibodies production in animals
challenged with ZL fruit pulp extract compared to
controls. Our results are in accordance with those
of Adhvaryu et al.**. Indeed, they have shown that
extracts of Ziziphus exert immunomodulatory
activities on guinea pigs. Here, we also showed that
Ziziphus lotus fruit’s aqueous extract activates NF-
kB signaling pathway NF-kB by phosphorylating
[eB4. The latter, when phosphorylated is degraded
by proteasome allowing NF-kB activation.

When activated, NF-kB a transcription
factor, regulates many cellular phenomena

2339

including cell proliferation and immune response.

In conclusion, the ZL fruit pulp aqueous
extract has an immunosuppressive activity on the
innate and adaptive immunity by its anti-oxidative
activity, its decreasing or inhibiting of neutrophil
bactericidal activity, its hemolytic activities and
the decrease of humoral immune responses.

To our best knowledge, no study has, been
carried out as yet on the effects on autoimmune
disease of Zizyphus lotus L. (Desf.). Additional
studies should be undertaken to clarify the effects
of the different plant extracts in the evolution of
autoimmune diseases.
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