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Abstract

Background: Studies have demonstrated that plant extracts possess various biological
characteristics including immunomodulatory activity. Objective: Euphorbia cheiradenia
Boiss et Hohen (Euphorbiaceae), a medicinal herb native to Iran was investigated for its
immunomodulatory effects. Methods: The methanolic extract of the plant was prepared
and added to mitogen-induced human peripheral blood lymphocyte cultures at different
concentrations. Effect of E. cheiradenia on in vivo cell-mediated immunity was measured
by delayed type hypersensitivity (DTH) reaction. The effect of the extract on humoral an-
tibody synthesis was also measured in immunized mice treated with different extract con-
centrations. Results: The stimulation index (SI) for cultures treated with 0.01 to 200
μg/ml of the extract ranged from 1.3±0.04 to 2.4±0.06, (p<0.01) showing a significant
stimulatory effect of E. cheiradenia on the lymphocytes. IL-2 secreted from lymphocytes
treated with the extract was significantly higher than that from the non-treated cells
(p<0.001). Cell cycle analysis on mitogen-treated lymphocytes exposed to different con-
centrations of the extract showed an increase in the percentage of cells at G2M phase with
increases in the concentration of the extract, but the results was not significant. In DTH
skin test, the mean footpad thickness of all mice groups treated with 1, 50 and 100
mg/kg of the extract at 24 hours after immunization with antigen was 3.5±0.6 mm com-
pared to 2.5±0.5 mm for the non-treated group (p=0.005). Moreover, an increase in pro-
duction of specific antibody in mice immunized with different extract concentrations was
also demonstrated. Conclusion: Results of this study showed the ability of the E. chei-
radenia extract to induce proliferation of lymphocytes and enhance both cellular and hu-
moral specific immune responses.
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INTRODUCTION

The genus Euphorbia (Euphorbiaceae family) comprises more than 1000 species with a
broad distribution in both temperate and tropical regions (1). In Iran over 70 species
have been reported, 17 of which are endemic (2). Some of the plants of this family are
used in folk medicine to cure skin diseases, gonorrhea, migraines, intestinal parasites,
and warts (3). Euphorbia has been the source of a large number of biological active
compounds. Tannins, flavonoids, unsaturated sterols/triterpenes, carbohydrates, lactones
and proteins/amino acids were reported as major active constituents of some Euphorbia
species such as E. paralias (4).
A variety of diterpenoids with antibacterial, anticancer, prostaglandin E2-inhibitory,
antifeedant, anti-HIV, and analgesic activity have also been isolated from different
Euphorbia species. They include jatrophane, ingenol, and myrsinane diterpenoids (5-
7). These diterpenoids have been reported to act in diverse ways; they have been
found to be skin-irritants, tumor-promoters, anti-cancer agents, and recently, agents
for overcoming multidrug-resistance (6, 8-9). In addition to anti-tumor activity, sev-
eral species of this genus have been investigated for their immunomodulatory activity
(8) and some immunotoxic, immunosuppressive and immunostimulatory effects have
been reported. These broad range and diversity of biological activities in the Euphor-
bia genus, perhaps due to the presence of various components with different modes of
action in the plants, encouraged us to investigate the possible immunomodulatory ac-
tivity of E. cheiradenia Boiss et Hohen, a native plant of this genus to Iran. E. chei-
radenia is used for the treatment of infectious diseases and for scorpion bites in Ira-
nian traditional medicine. This plant grows wild on the slopes of Dena Mountain (near
Yasouj, Kohkiloyeh and Boirahmad Province, Iran). In a study by Abbas et al, (10)
three new diterpene esters, cheiradone, cheiradone A, and cheiradone B, have been
isolated from the aerial parts of E. cheiradenia. In the present study, in order to ex-
plore the possible immunomodulatory activities of E. cheiradenia, the effect of its ex-
tract on in vitro human lymphocyte proliferation and in vivo cell-mediated and hu-
moral immune response in mice was investigated.

MATERIALS AND METHODS

Materials. [3H]-Thymidine was purchased from Amersham, Germany. Ficoll-hypaque
and phytohemagglutinin (PHA) were obtained from Biotest, Germany. PPrrooppiiddiiuumm iioo--
ddiiddee,, proteinase K and 3-[4, 5-dimethyl-2-thiazolyl]-2, 5-diphenyl-2H-tetrazolium bro-
mide (MTT) were purchased from SSiiggmmaa,, SStt.. LLoouuiiss,, MMiissssoouurrii,, UUSSAA.. The following
items were also used. Tissue culture plates from Nunclone, Denmark. RNase A from
Boehringer Mannheim, Germany. Interleukin 2 (IL-2) commercial enzyme immunoas-
say (ELISA) kit from Roche, Germany. RPMI 1640 and fetal calf serum (FCS) from
Gibco-BRL, Germany. Penicillin and streptomycin as antibiotics from Iran Daru Co,
Tehran, Iran.
Animals. Male BALB/c mice (20–22 g) were obtained from Pasteur Institute, Tehran, Iran.
Animal experiments were conducted in accordance with current ethical regulations on ani-
mal research. Mice were randomized and housed five to a cage in plastic cages. The ani-
mals were maintained under standard laboratory conditions of a temperature of 25±2°C and
a photoperiod of 12 h and received standard mouse chow and water ad libitum.
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Plant Material and Preparation of the Extract. Aerial parts of E. cheiradenia were col-
lected from Dena Mountain, at the time of flowering in May. The plant was identified by
Mr. Azizolah Jafari from the Department of Botany, Research Center for Natural Re-
sources and Animal Husbandry, Yasuj, Iran. The specimen (herbarium No.3212) was de-
posited in the herbarium of the above mentioned center.
The aerial parts were air dried in a shaded area, powdered and defatted with petroleum
ether for 4 hours. A methanol extract was obtained by maceration of the plant in 3x1500
ml methanol at room temperature for 48 hours. The methanol extract was filtered and
concentrated under reduced pressure and yielded 5.3% (w/w). Dried extract were later
dissolved in DMSO followed by RPMI culture medium to obtain 20 mg/ml and mixed
at 37ºC for 20 min. This solution was passed through 0.22 μm filters for sterilization
and then diluted with the medium and prepared at different concentrations.
Lymphocyte Activation Assay. Peripheral blood lymphocytes (PBLs) from at least
three healthy adult individuals, who provided informed consent, were separated using
Ficoll-hypaque gradient centrifugation.
100 μl PBL (106 cells/ml) was added to each of the wells of a 96-well flat-bottomed tis-
sue culture plate. Then the same volume of the media containing two-fold concentra-
tions of 0.1 to 200 g/ml of the extract was added. Triplicate wells containing the ex-
tract-untreated cells and 20 g/ml of PHA as the mitogen, and those containing the
extract-untreated cells and the solvent in a final concentration equal to the test wells,
were considered as controls.
The effect of the extract on lymphocyte proliferation in the presence of a sub-optimal
dose of PHA was also assessed by adding PHA (10 μg/ml) into the wells. After 3 days
of incubation at 37ºC in an atmosphere of humidified air containing 5% CO2, cultures
were pulsed with 0.5 Ci/well of [3H]-Thymidine prior to harvesting. Radioactivity was
measured using a beta-counter (Pharmacia, Sweden). The mean CPM value of each of
the three independent experiments performed in triplicate was determined and then the
stimulation index (SI) calculated.
Assay of IL-2 Secretion. PBL from normal donors, suspended at 105 cells per well,
were cultured with PHA alone or in combination with varying concentrations of the ex-
tract for 3 days as mentioned above. Culture supernatants were then collected and as-
sayed for IL-2 concentration by ELISA method. The IL-2 assay had a lower sensitivity
limit of 5 pg/ml.
Analysis of Cell Cycle and DNA Synthesis. 2x106 cells/ml were seeded into a 24 well
plate and treated with PHA (10 μg/ml) and the appropriate concentrations of the extract
for 72 hours. Cells were then collected by centrifugation at 1000 rpm for 15 min and
thoroughly rinsed with PBS. The pellets were fixed overnight in ice cold 70% ethanol at
-20 °C. After being washed twice with PBS, the cells were resuspended in phosphate
buffered citrate and then centrifuged (1000 rpm for 15 min). After washing, the cells
were resuspended in 1 ml of PBS containing 10 mg/ml RNase and 1mg/ml propidium
iodide and incubated for 1 hour at 37ºC in the dark. The DNA content of the cells was
then analyzed with a FACScalibur flow cytometer (Becton-Dickinson, USA). The dis-
tribution of DNA content was expressed as G1, S, G2 and M.
Delayed Type Hypersensitivity (DTH) Skin Test. Sheep red blood cells (SRBC), col-
lected in Alsever's solution, were washed three times in large volumes of pyrogen free
0.9% normal saline and adjusted to a concentration of 5×109 cells/ml for immunization
and challenge. DTH test was performed as described previously with some modifica-
tions (11). Mice were divided into four groups, each group containing 5 mice. Different
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concentrations of the extract (1, 50 and 100 mg/kg) were injected (ip) to three groups at
days -2, -1, 0, 1 and 2. The solvent was injected to group 4 on the same days as in the
control. The animals were immunized subcutaneously by injection of 108 SRBC/100 μl
on day 0. The mice were then challenged by injection of SRBC suspension in the right
hind foot pad at day 7. The thickness of the right hind foot pad was measured using
vernier caliper (Mitutoyo, Japan) after 24 hours.
Humoral Antibody Synthesis. The method used was that of Marake et al. with some
modifications (12). Five groups of 5 mice were immunized intraperitoneally (ip) with
5x109 SRBC on days 0 and +7. In three groups, different doses of extract (1, 50 and
100 mg/kg) were administrated on days -2, -1, 1 and 2 of immunization (ip). The mice
in the fourth group were injected with levamisol on the same days as an immunopo-
tentiating agent (2 mg/kg, ip). The fifth group was considered as non-treated control
and were only injected with equal amounts of the solvent. Blood samples were ob-
tained from each mouse on day +7 for primary and on day +14 for secondary re-
sponses. Antibody titer was determined by hemagglutination assay. 25l of 0.1%
SRBC suspension was added to 25 l of two-fold diluted serum samples in V-shaped
microtitration plates. After 1 hour of incubation, the highest dilution of serum samples
producing hemagglutination was considered as antibody titer. To compare results,
mean Log2 of the titers was determined.
Statistical Analysis. Data were presented as mean±SD and the differences between
groups were assessed using SPSS software (SPSS Inc, Chicago, IL, USA) and the
Mann-Whitney U test. P values less than 0.05 were considered significant.

RESULTS

Effect of E. cheiradenia on Lymphocyte Activation. The immunomodulatory effects
of the methanolic extract of E. cheiradenia were tested for its mitogenic activity in
human lymphocytes. Comparison of the lymphocyte proliferation in extract-treated
and non-treated cultures revealed a mild mitogenic activity in extract concentrations
above 10μg/ml (Figure 1A). Effect of the extract on lymphocyte proliferation in the
presence of a suboptimal dose of PHA was determined. A marked increase in mitogen-
induced proliferation was observed at all concentrations of the extract. The SI in cul-
tures treated with 0.01 to 200 μg/ml of the extract was from 1.3±0.04 to 2.4±0.06,
p<0.01 showing a significant dose dependent stimulatory effect of E. cheiradenia on the
PHA-treated cells (Figure 1B).
Effect of E. cheiradenia on the Production of IL-2. The mean IL-2 concentration at 1 to
100 μg/ml of the extract in lymphocyte proliferation assay was from 325±13 to
2256±60 pg/ml, demonstrating a strong increase compared to that of the non-treated
culture (32±2.9 pg/ml) (p< 0.001).The concentration of IL-2 increased dose dependently
with an increase in the concentration of the extract (Figure 2).
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Figure 1. The Effect of different concentrations of E. cheiradenia on the human peripheral blood
lymphocytes. A. Direct effect of the extract on the cells, B. Effect of the extract on cells treated
with a suboptimal dose of phytohemagglutinin as mitogen. Values represent the mean of three
independent experiments. A significant dose dependent stimulatory effect of the extract on the
cells is observed (p<0.01).

Figure 2. Effect of different concentrations of the E. cheiradenia on the secretion of IL-2 by lym-
phocytes treated with phytohemagglutinin. A marked increase in IL-2 production in the extract
treated cultures compared to the non-treated culture is observed (p< 0.001).

Effect of E. cheiradenia on Cell Cycle. Cell cycle analysis on PHA-treated lympho-
cytes exposed to 1, 100 and 200 μg/ml of the extract was performed by flow cytometer.
The corresponding percentages of cells at G2M phase were 10±0.21, 13.2±1.6 and
14.01±0.85, respectively. The percentage for PHA-treated cells was 14.7± 0.05 (Table 1)
indicating that with increasing concentrations of the extract, the number of proliferative
cells was weakly and non-significantly augmented.
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Effect of E. cheiradenia on Delayed Hypersensitivity Reaction. Footpad thickness
was measured after immunization of extract-treated mice with SRBC. The mean foot-
pad thickness of all mice groups treated with 1, 50 and 100 mg/kg of the extract at 24
hours after immunization was 3.5±0.6 mm compared to 2.5±0.5 mm for the non-
treated group (p=0.005). The mean footpad thicknesses of the mice groups treated
with 1, 50 and 100 mg/kg of the extract were 2.8±0.5, 3.7±0.4 and 4.1±0.1 mm, re-
spectively, indicating that the exposure to higher concentrations of the extract in-
creased hypersensitivity reaction (Figure 3).

Table 1. Flowcytometric analysis of the cell cycle of mitogen-treated
lymphocytes

Extract concentration (μg/ml) Percentage of cells at G2M
1
100
200
Negative control*

10±0.21
13.2±1.6
14.01±0.85
14.7± 0.05

p= 0.1

*Cells that were stimulated with a suboptimal dose of phytohemagglutinin without adding the extract were considered
as the negative control
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Figure 3. Effects of E. cheiradenia extract on delayed type hypersensitivity (DTH) reaction in
mice immunized with sheep red blood cells. Values represent mean±SD of footpad thicknesses
measured 24 hours after immunization. The mean footpad thickness of mice groups treated with
the extract was more than that of untreated group (p=0.005).

Effect of E. cheiradenia on Humoral Antibody Response. Figure 4 shows the effect
of the extract on humoral antibody synthesis. Log2 of the mean antibody titer for 100
mg/kg of the extract was 10.5±0.6 compared to 8.3±0.5 for the non-treated mice after
the primary response, and 11.6±0.5 versus 9±0.4 at the secondary response (p<0.007).
The stimulatory effect of the extract on antibody production at this concentration was
comparable to the effect of levamisol as a positive control at both primary (10.5±0.6)
and secondary (11.2±0.4) responses.
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Figure 4. Effects of different doses of E. cheiradenia extract on antibody synthesis in mice. Val-
ues represent mean±SD of Log2 of antibody titer at primary and secondary response to sheep
red blood cells. C: Levamisol treated mice. A significant increase in antibody titer in both primary
and secondary immune responses is observed (p<0.007).

DISCUSSION

In previous studies on Euphorbia species, some immunomodulatory effects have been
reported. Xu et al (13) have shown the immunomodulatory activity of the ethanolic ex-
tract of E. ebracteolata. In a study by Valente et al (14), three new diterpene polyesters
were isolated and characterized from the whole dried plant of E. pubescens and their in
vitro effect on the proliferation of human peripheral blood lymphocytes were evaluated.
These diterpene compounds exhibited no effect on the mitogenic response of human
lymphocytes to PHA. Mitogenic activity on the murine spleen lymphocytes and/or hu-
man T-lymphocytes in three other studies on the latex of E. neriifolia (15), E. marginata
(16) and E. characias L. (17) have shown to be due to lectins present in the plant ex-
tracts. In contrary to these reports, immunosuppressive effects of an ethyl acetate frac-
tion from E. Royleana has also been reported (18) which may indicate the presence of
different compounds in Euphorbia species with a variety of modes of action on the im-
mune system. In the present study we demonstrated that the methanolic extract of E.
cheiradenia significantly stimulated the proliferation of human lymphocytes in vitro,
triggered by a suboptimal concentration of a mitogen. This is the first report showing
the immunomodulatory properties of E. cheiradenia extract on peripheral blood lym-
phocytes. We also showed that E. cheiradenia weakly stimulated proliferation of lym-
phocytes in the absence of PHA.
The results of our study showing a significant increase in the production of IL-2 in cul-
tures treated with the extract, demonstrates the ability of E. cheiradenia to enhance acti-
vation of T cells and release of IL-2 cytokine.
In analysis of the effect of E. cheiradenia on the lymphocyte cell cycle, we found a mild
increase in the percentage of cells in G2M phase. This increase did not exceed the value
obtained for the control, perhaps due to the presence of other compounds in the extract
with different modes of action.
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The present study showed that cell-mediated immunity, as evaluated by DTH to SRBC,
can be potentiated by the injection of the extract. The immunopotentiating action of the
extract on the DTH could be due to its effect on the number of specifically committed
lymphocytes and the availability of blood monocytes that could be recruited locally at
the site of interaction (19). The mechanism (s) whereby E. cheiradenia can enhance the
activity of these components is unclear, but it may be due to the increased secretion of
cytokines or the increased chemotactic response of the immune cells.
The extract also showed stimulatory effects on the humoral immune response. Injection
of E. cheiradenia into immunized mice showed a significant increase in anti-SRBC he-
magglutinine titer in both primary and secondary immune responses. The antibody pro-
duction, directed at T dependent antigen SRBC, requires the cooperation of T and B
lymphocytes (20). The stimulation of humoral response to SRBC could be due to differ-
ent cytokines produced at the site of T cell and B cell stimulation (21). Taken together
the result of this study indicates the immunostimulatory effects of E. cheiradenia that
may justify the traditional use of this plant in infectious diseases, however, the possible
direct effect on the microbial agents should also be considered. The direct antimicrobial
effects of a few species of Euphorbia have also been reported (22-24), but there is no
study on the antimicrobial property of E. cheiradenia.
In our previous study, E. cheiradenia showed some cytotoxic activity on different tumor
cells which was in line with the anti cancer activity reported for some other species of
Euphorbia genus (24). Several medicinal herbs have been reported to possess immu-
nostimulatory effects with antitumor activity. These dual effects have mostly been at-
tributed to different compounds particularly certain polysaccharides present in plants
that can directly inhibit the proliferation of mammalian tumor cells and stimulate the
immune system upon acting as a mitogen (25,26).
In conclusion, the enhancement of antibody synthesis together with DTH response indi-
cates that the extract contains a bioreactive components that stimulate both humoral and
cellular immune responses.
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