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Abstract
Modulation of the immune response in order to treat immune-mediated diseases has become a more and
more common approach. Increasingly, studies have been conducted to examine products from plants for
their ability to strengthen host immune defenses. In the present work, we investigated the
immunompdulatory potential  of a methanol extract from Daphne gnidium leaves on immune cells.

HPLC method was used for the tested extract analysis. PBMC was prepared from peripheral blood on a
Ficoll-Paque density gradient and monocytes were purified from freshly prepared PBMC by negative
selection using blocking agent and a mixture of biotinylated monoclonal antibodies. Proliferation of B
lymphocytes and maturation of monocytes were studied by flow cytometry using appropriate anti body.
Statistical significance was confirmed by t student test.

The obtained results indicated that this extract activated B-cells and monocytes by enhancing the
expression of CD19 and CD14, respectively. Further, methanol extract, as well as daphnetin and apigenin-
7-glucoside, enhanced the expression of CD86 by the monocytes. In addition, CD64 and HLA-DR
expression were also promoted after methanol extract treatment. Conclusion: These data provide the first
evidence of the potential utility of these natural products as part of a therapeutic arsenal to treat some
diseases by enhancing the host defense responses.

Introduction
The immune system has the role of protecting the body from numerous types of foreign infectious
agents. Many tissues and organs as well as other factors are implicated in this system. Many diseases
like cancer are a consequence of the immune system dysfunction [1]. Besides, an impairment of
immunological functions results in overwhelming the host by many pathogens that could cause
secondary infections [2].

Modulating of the immune system to alleviate diseases that appear under the conditions of impaired
immune response, involves induction of the expression of any part of the immune response [3].

Using medicinal plants as immunomodulators becomes an area of interest. In fact, medicinal plants
could provide an alternative to chemotherapy by having immunomodulatory properties allowing
improving the immunological response. Thus, plant-derived compounds such as lectins, peptides,
phenolics, flavonoids, polysaccharides, tannins and saponins have been reported to modulate the
immune system [4, 5].

Members of the Daphne genus (Thymelaeaceae) have been of interest due to their excellent medicinal
values. Different classes of natural products have been isolated from these species, including flavonoids,
coumarins and diterpenoids [6]. Some species are widely used to treat wound and bruises in folk
medicine [7]. In fact, the powdered roots of Daphne gnidium have been used in the traditional medicine as
an abortifacient and the bark has been used as a diuretic agent, to treat toothache and against hepatitis



Page 3/14

[8, 9]. Recently, we have demonstrated that the methanol extract from Daphne gnidium has antigenotoxic
and antioxidant activities in vivo [10]. We also reported an antitumoral and immunomodulatory potential
of the aqueous extract in vivo [11].

The objective of the present investigation was to study the immunomodulatory activity of the methanol
extract obtained from leaves of Daphne gnidium.

Materiel And Methods
Preparation of plant extract

Methanol extract was obtained by the Soxhlet apparatus. In fact, the powdered leaves (83g) were
extracted with successively petroleum ether, chloroform, ethyl acetate and methanol (one liter each), to
obtain respectively petroleum ether, chloroform, ethyl acetate and methanol extracts. Every cycle may be
allowed to repeat many times for 6 hours. The methanol extract was tested in the present work. 

Permission to collect plant material was given by Tunisian Ministry of Local Affairs and Environment. All
methods were performed in accordance with the local and national regulations

Analysis of the methanol extract by HPLC/DAD

The aqueous extract was characterized by HPLC/DAD analysis using the following solvent gradient:
solvent A 0.1 % formic acid; solvent B MeOH 0.1 % formic acid; here after solvent A percentages’: t0 98 %,
t2–12 90 %, t22 85 %, t35 75 %, t42 60 %, t43–45 55 %, with a flow rate of 0.8 ml/min. Identifications were
completed by comparison of retention time (RT) and UV/vis spectra with a laboratory-built database and
authentic samples.

Preparation of PBMC

Blood samples were obtained from healthy adult donors, peripheral blood mononuclear cell (PBMC) were
purified on a Ficoll-Paque density gradient (Amersham Biosciences AB, Upsalla, Sweden) by
centrifugation (800 g, 30 min, room temperature). PBMC were washed twice and diluted at 1.5 x 106

cells/ml in complete RPMI 1640 medium supplemented with penicillin and streptomycin (Cambrex Bio
Science, Verviers, Belgium), 1 mM sodium pyruvate, and 10% heat-inactivated fetal calf serum (both
Invitrogen, Paisley, UK).

Effect of methanol leaf extract on proliferation of PBMC

Aliquots of PMBC (2 x 105 cells) were seeded into 96-well plates in final volumes of 200 µl/well and then
treated with the methanol extract. After 8 days of incubation cells were centrifuged at 1500 rpm, re-
suspended in phosphate-buffered saline (PBS), and then stained for 15 min at 4 °C in darkness using
mouse anti-human fluorochrome conjugated antibodies. Identification of different type of lympohcytes
was done using flow cytometry.  Lymphocytes B were characterized as CD3+ /CD19+ cells using mouse
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anti-human, fluorochrome-conjugated monoclonal antibodies, specific for CD19 Apc-cy 7 and CD3 pacific
blue. Monocytes were identified as CD3-/C14+ using mouse anti-human, fluorochrome-conjugated
monoclonal antibodies, specific for CD14 PC7 and CD3 pacific blue.

Monocytes purification

Monocytes were purified from freshly prepared PBMC by negative selection, using blocking agent and a
mixture of biotinylated monoclonal antibodies (anti-body mix) against monocytes, according to
manufacturer instructions (Invitrogen). Purity of the monocytes was assessed by flow cytometry on LSR-
II cytometer (BD Bioscience). Monocytes were characterized as CD3-/CD14+ cells using mouse anti-
human, fluorochrome-conjugated monoclonal antibodies specific for CD14-PC5 and CD3-FITC. 

Effect of methanol extract, daphnetin, luteoline-7-glucoside and apigenin-7-glucoside on monocytes
maturation

Monocytes were cultured at a final concentration of 106 cells/ml in complete RPMI medium,
supplemented with 10% SVF (Invitrogen), 1mM sodium pyruvate (Invitrogen), 2 mM L-glutamine, 100
U/ml penicillin and 100 µg/ml streptomycin (Cambrex biosience, Rockland, ME,USA). Cells were treated at
the same day and for 48h by 1µg/ml of the tested extracts and 10 µM of the tested molecules.   

Monocytes were then washed with PBS and stained by anti-human, fluorochrome-conjugated monoclonal
antibodies specific for HLA-DR-FITC, CD86-PE, CD64-PC5 and CD14-PC7 (BD Biosciences).

Blood samples were collected and processed following the standard ethical procedures of declaration of
Helsinki, after obtaining written, informed consent from each donor and local ethical committee approval
for the study (Comité de Protection des Personnes Sud-Ouest et Outremer II, Bordeaux University Hospital;
ethical committee agreement 2013/57).

Results
Composition of the methanol extract

Daphnetin and two flavone glycosides were identified by HPLC/DAD analysis in methanol extract.
Retention times were observed at RT 17,3 min, 30,89 min and 34,4 min for daphnetin, apigenin-7-
glucoside and luteolin-7-glucoside respectively (Figure 1).

Effect of Daphne gnidium leaf extract on proliferation of PBMC

Incubation of human PBMC for 8days with the methanol extract of Daphne gnidium stimulated
proliferation of resident B-cells and monocytes. The percentage of B-cells evaluated by flow cytometry
(CD19+ cells) increased from ≈ 8% (control cell level) to ≈ 20%, when cells were treated with the extract
at 1 µg/ml (Figure 2). The percentage of monocytes (CD14+ cells) increased significantly from < 1%
(control cell level) to ≈ 4% due to the methanol extract (Figure 3). 
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Effect of extract on monocyte activation 

CD86, CD64, and HLA-DR expression was analyzed by flow cytometry to determine the level of
monocytes activation. Treatment of monocytes for 48h with the methanol extract at 1µg/ml, and
daphnetin and apigenin-7-glucoside at 10 µM, increased significantly the level of CD86 expression (Figure
4). In addition, CD64 and HLA-DR expressions were increased compared to levels in untreated cells due to
the extract (Figures 5 and 6). Figure 7 shows the adherent cells which appear after incubation with the
methanolic extract. These adherent cells should be monocytes after activation and differentiation into
macrophages.

Discussion
The use of traditional medicine to modulate the immune response and treating certain disease has been
described and several active ingredients derived from plants have been identified and purified [12, 13].

In the present study the methanol extract from Daphne gnidium leaves showed a stimulatory effect on
immune cells. In fact, our results revealed that the tested extract at 1µg/ml significantly increased B
lymphocyte activity. Thus, the incubation of the lymphocytes in the presence of the studied extract
increased the expression of CD19 estimated by a comparison with lymphocytes incubated without
stimulators. This indicates that the methanol extract possesses mitogenic activity. B lymphocytes are
implicated in the humoral immunity and they proliferate into immunoglobulin (Ig) secreting lymphocytes
after activation [14]. In the light of these results, we can conclude that the methanol extract from Daphne
gnidium leaves activate the humoral response.

Certain herbal medicinal ingredients affect the peripheral lymphocyte proliferation and serum antibody
titer [15]. Stimulating the humoral immunity was reported with many plants used in traditional medicines
[16]. The immunoenhancing activity observed with the tested extract can be attributed to flavonoides. In
fact, authors reported that cianidanol and the O-methyl-derivative have an immunoenhancing effect on T
and B cell functions [17]. Besides, Al-Abdaly [18] demonstrated significant increase of lymphocyte in mice
treated by flavonoides from crataegus oxyacantha. However, apigenin-7-glucoside identified in the
methanolic extract by HPLC-DAD (data not shown) showed no significant effect on PBMC proliferation.
Thus, we hypothesize that PBMC proliferation inducing effect observed with Daphne gnidium extracts
should be attributed to other unidentified flavonoids or to a mix of their different constituents.

The effect of the methanolic extract on the maturation of monocytes was investigated. Our results
revealed that this extract increased the expression of CD64, CD86 and HLA-DR antigens leading to more
mature phenotypes of monocytes. Thus, the studied extract enhance the monocytes differentiation into
macrophages which play the role of antigen-presenting cells (APCs). In fact, macrophages are involved in
the capture of infectious agents, senescent and apoptotic cells [19].

The ligation between macrophages and T cells is strengthened by adhesion molecules on macrophages
like B7–1 (CD80) and B7–2 (CD86). A decrease in the expression of certain markers involving the
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absence of costimulatory signals leads to the failure of T cell activation and apoptosis [20]. The effect
obtained with the methanol extract on CD86, can be ascribed to the presence of daphnetin and apigenin-
7-glucoside which enhances CD86 expression.

As CD64 is essential for the uptake of immune complexes [21], we have tested the effect of the
methanolic extract, on its expression. The extract was able to induces maturation of monocytes through
increasing the expression of CD64.

Daphnetin, luteolin-7-glucoside and apigenin-7-glucoside enhance only slightly the expression of HLA-DR
(data not shown). However, they may altogether in the methanolic extract induce a synergetic effect on
the expression of HLA-DR, as this extract stimulates the expression of this marker.

Several studies reported the effect of plant on dendritic cell maturation. In fact, Lu et al. [22] showed that
Antrodia camphorata water extract, enhance CD86 and HLA-DR expression. Besides, Hochu-ekki-to, a
traditional Japanese herbal medicine, up regulate CD80, CD83, and CD86 expression [23].

On the other hand, Wang et al. [24] showed that Areca nut extracts inhibit monocyte maturation and
decrease significantly the expression of CD86 [24].

Conclusion
Based on the present data it may be concluded that D. gnidium leaves can impart immunomodulatory
effects through stimulation of lymphocyte B and monocyte maturation. The pharmacological-active
ingredients in the methanolic extract from Daphne gnidium and the signaling pathways involved in the
modulation of both lymphocytes and monocytes responses, remain to be further elucidated.
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Figures

Figure 1

HPLC analysis of methanol extract 



Page 9/14

Figure 2

Effect of the methanol extract (1 µg/ml) from Daphne gnidium leaves on B-lymphocyte proliferation after
8 days of treatment. Values shown are means ± SD of three separate experiments. *Value significantly
from negative control (p < 0.05).
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Figure 3

Effect of the methanol extract (1 µg/ml) from Daphne gnidium leaves on monocytes proliferation after 8
days of treatment. Values shown are means ± SD of three separate experiments. *Value significantly
from negative control (p < 0.05).
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Figure 4

Methanol extract from Daphne gnidium leaves (1µg/ml), daphnetin, luteolin-7-glucoside and apigenin-7-
glucoside (10 µM) promote CD86 expression after 2 days of treatment. Values shown are means ± SD of
three separate experiments. Value significantly from negative control (*p < 0.05, **p < 0.01). MFI: Mean
fluorescence intensity.
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Figure 5

Methanol extract promotes CD64 expression after 2 days of treatment. Values shown are means ± SD of
three separate experiments. *Value significantly from negative control (p < 0.05). MFI: Mean fluorescence
intensity.
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Figure 6

Methanol extract promotes HLA-DR expression after 2 days of treatment. Values shown are means ± SD
of three separate experiments. *Value significantly from negative control (p < 0.05). MFI: Mean
fluorescence intensity.
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Figure 7

Metahnol extract enhances monocyte differenciation. (A) Untreated cells and (B) cells treated with
methanol extract at 1µg/ml: we can see adherent cells which may be monocytes differentiated into
macrophages.


