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NATURAL DRUGS
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BY HUMAN PERIPHERAL BLOOD MONONUCLEAR CELLS
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Abstract: This study evaluates the effect of methanol extracts of three Brazilian medicinal plants on in vitro
proliferation of human mononuclear cells. Lymphoproliferation assay was carried out by incubating human
peripheral blood mononuclear cells from healthy donors (1 x 106 cells/mL) with extracts of Calophyllum
brasiliense (roots), Ipomoea pes-caprae (whole plant) and Matayba elaeagnoides (bark), both at 10, 50, 100 and
200 µg/mL, alone or with phytohemagglutinin (PHA, 5 µg/mL), in 96-well microplates at 37OC with 5% CO2,
for 72 h. The quantification of cell proliferation assay was performed by blue tetrazolium (MTT) reduction with
reading at 540 nm. Cells incubated with only the culture medium were used as negative control for cell proliferation, while the positive control consisted of cells and PHA. The results suggest that the extracts of all three
studied plants induce T lymphocyte proliferation. I. pes-caprae showed immunostimulatory activity three times
higher than the C. brasiliense extract, while that of the M. elaeagnoides extract was 1.5 times higher. The results
demonstrate immunostimulatory effects of these three plants, therefore the continuity of these studies is
recommended, in order to determine the active principles.
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and pain, has demonstrated its usefulness for treating pain associated with local reaction after contact
with jellyfish as well having antinociceptive and
antispasmodic activities (6-9). For M. elaeagnoides
RADLK (Sapindaceae), which is popularly used to
treat inflammation, analgesia and liver cancer, studies have confirmed its antinociceptive, antimicrobial, antifungal and antiparasite activities (10).
Immunomodulatory activity has been a focus of
study by researchers in the field of natural products.
The lymphocyte proliferation assay, also known as
lymphoblastogenesis or blastic transformation, is an
in vitro test that shows the lymphocyte stimulation or
suppression promoted by the extract or compound,
whether or not this occurs simultaneously to mitogens as phytohemagglutinin (PHA) (11, 12). This
study seeks to evaluate the activity of methanol
extracts of the above-mentioned plants on the in vitro
proliferation of human mononuclear cells.

The use of medicinal plants as a therapeutic
resource is common in Brazilian folk medicine (1, 2)
and studies have been carried out to scientifically
confirm their effects. The plants are recognized for
their ability to produce a large amount of secondary
metabolites, many of which have biological and
pharmacological activities, used as a starting point
for the development of modern drugs (3).
As part of a program to search for natural products with immunostimulatory activity, we have
selected three Brazilian medicinal plants,
Calophyllum brasiliense, Ipomoea pes-caprae and
Matayba elaeagnoides. The first, C. brasiliense
(Clusiaceae) is associated with ulcer treatment,
inflammation and pain, and has been proven to have
anti-secretory, cytoprotectant and antimicrobial
activities, among others (4, 5). I. pes-caprae (L.) R.
Br. (Convolvulaceae), popularly used to treat
inflammation, colic, diuretic disorders, gonorrhea
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EXPERIMENTAL
Plant material
The botanical material used was C. brasiliense
roots, the whole plant of I. pes-caprae, and M.
elaeagnoides bark, collected in FlorianÛpolis-SCBrazil, Jaguaruna-SC-Brazil and CaÁador-SCBrazil, respectively. Voucher specimens were
deposited at the Barbosa Rodrigues Herbarium,
ItajaÌ, Santa Catarina, Brazil under numbers VC
Filho 007, VC Filho 009 and MTS 001, respectively. The extracts were prepared from dried and powdered plant material using methanol as liquid extractor by maceration. After filtration, the solvent was
removed by rotary evaporation under reduced pressure, yielding the respective methanol extracts. The
methanol extracts were stored in desiccators with
silica, until use, when they were reconstituted with
2% of dimethylsulfoxide (DMSO) in the culture
medium Dulbeccoís Modified Eagleís Medium
(DMEM, Sigma Inc., St. Louis, MO, USA) and then
filtered (0.22 µm).
Biological material
Peripheral blood samples from 100 healthy
volunteers were collected with heparin, and
mononuclear cells were obtained by density gradient
separation (Ficoll-PaqueTM Plus, Amersham
Biosciences, Uppsala, Sweden). The cell viability
was determined by Trypan blue (13), using only the
samples with viability greater than 95%. This study
was approved by the Research Ethics Committee/
UNIVALI under number 06/06.
Lymphocyte proliferation assay
The DMEM used in the assay was supplemented with 10% fetal bovine serum, 2% sodium bicarbonate at 10%, 1% L-glutamine at 200 mM, 1%
HEPES at 10 mM and 110 mg/mL of sodium pyruvate. The assay was performed using 96-well cell
culture plates (TTP ñ Techno Plastic Products,
Trasadingen, Switzerland) at 37OC with 5% CO2, for
72 h (12, 14). The effect of the extracts on mononuclear cell proliferation at 10, 50, 100 and 200 µg/mL
(1 ◊ 106 cells/mL) was evaluated in the presence and
absence of mitogen PHA (5 µg/mL). The assay
included internal controls in order to determine the
presence of contamination. The cell culture alone
with supplemented DMEM was used as negative
control for cell proliferation, while the cell culture
exposed only to PHA was used as positive control
for cell proliferation. Cell proliferation was identified by MTT reduction (15) and the color intensity
was quantified by optical density (OD) at 540 nm

(Quick ELISA, Drake, S„o Paulo, Brazil). The
results of the lymphocyte proliferation assay were
presented as a percentage of average growth of four
experiments performed in triplicate, eliminating the
variation between the tests [% growth = 100 ◊
(ODtest ñ ODnegative control) / ODnegative control] (16, 17).
Statistical analysis
The results were evaluated by the KruskalWallis and Mann-Whitney tests, to determine their
statistical significance (p < 0.05). The correlation
between the concentration of the extract and its
effect on cell proliferation was assessed by the
growth curve obtained from the polynomial tendency line with order 3 and R2 = 1.0.
RESULTS
The methanol extract of C. brasiliense induced
human mononuclear cell growth, with average percentages of 20.6% to 47.4% in the absence of mitogen PHA, and 14.3 to 35.3% in the presence of PHA
(Fig. 1A). The extract showed cell proliferation
stimulation, and was significantly higher than the
positive control for cell proliferation (9.7%) when
incubated alone in culture at concentrations of 50
µg/mL, 100 µg/mL and 200 µg/mL (p ≤ 0.041). The
growth curve obtained from the polynomial tendency line with order 3 and R2 = 1.0 showed a doseresponse effect only at concentrations below 100
µg/mL, when the methanol extract of C. brasiliense
was incubated together with the mitogen.
The methanol extract of I. pes-caprae promoted human mononuclear cell growth, with an average
growth percentage of 90.6% to 140.8%, when the
extract was incubated alone in cell culture, and
106.5% to 162.4% when it was added together with
the PHA (Fig. 1B). This extract showed cell proliferation stimuli that was significantly higher than the
positive control for cell proliferation (27.3%) when
the extract (200 µg/mL) was maintained with mitogen in the cell culture (p = 0.038). The cell growth
observed with methanol extract of I. pes-caprae
showed no dose-response correlation.
The methanol extract of M. elaeagnoides also
resulted in stimulus for the human mononuclear
cells, both in the absence of PHA (29.0% to 95.6%)
and in the presence of mitogen (71.0% to 153.5%)
(Fig. 1C). The cell growth was significantly higher
than the positive control for cell proliferation
(15.4%) when the extract was incubated alone in the
cell culture, at 100 µg/mL and at 200 µg/mL (p =
0.029), and also when it was incubated simultane-

Immunostimulatory activity of Callophylium brasiliense, Ipomoea pes-caprae and...

71

Figure 1. Human mononuclear cells proliferation by methanolic extracts of Calophyllum brasiliense (A), Ipomoea pes-caprae (B) and
Matayba elaeagnoides (C), in the presence and absence of phytohemaglutinin (PHA, 5 µg/mL), for 72 h at 37OC and 5% CO2. C+ PHA:
phytohemaglutinin positive control (5 µg/mL), *p < 0.05 compared to C+. Results presented as the average and standard deviation of four
experiments performed in triplicate
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ously with PHA, at concentrations of 10 µg/mL, 100
µg/mL and 200 µg/mL (p = 0.029). Considering only
the results with significant difference when compared to positive control for cell proliferation, the
methanol extract of M. elaeagnoides showed no
dose-response effect on cell proliferation.
DISCUSSION AND CONCLUSION
Since the 1980s, the need for control and balance between the stimulatory and suppressor activities of the immune system has led to the identification and characterization of natural compounds with
immunomodulatory activity. The modern immune
therapy involves the use of immunomodulators for
the treatment of diseases caused by hypersensitivity
or immunodeficiencies, in addition to their traditional use in transplants. These drugs may exacerbate or
reduce the immune response from topical or systemic use, and are divided into two main groups,
according to their effect on the immune system:
immunostimulating drugs, which increase innate and
adaptive immunity, and immunosuppressants, which
decrease the activity of the immune system (3).
Most of the immunomodulators emerged
empirically, but the understanding of the pathophysiology of the immune system has facilitated the
development of new immunomodulators and also
the identification of their mechanisms of action (3).
The identification and study of substances that act
with the various components and mechanisms of the
immune system, aimed at maintaining health, has
been the focus of study by several research groups
(11, 12, 18, 19).
The methanol extracts from C. brasiliense, I.
pes-caprae and M. elaeagnoides evaluated here,
acted as stimuli for in vitro mononuclear cell human
proliferation. The dose-response effect was
observed only at concentrations of less than 100
µg/mL when the methanol extract of C. brasiliense
was incubated with mitogen in cell culture.
Lymphoproliferation assay with 72 h of incubation
and PHA as mitogenic stimuli is conventionally
used to verify T lymphocyte activation (11, 12, 14,
20). Considering this use of the lymphoproliferation
assay, the results obtained from all the plants suggest that both extracts induce the proliferation of T
cells.
The phytochemical studies showed that C.
brasiliense possesses a wide variety of compounds,
including xanthones, coumarins, biflavonoids, chalcones, benzophenones and triterpenes (4, 5, 21-24).
I. pes-caprae has indicated the presence of steroids,
terpenoids, flavonoids and alkaloids (6, 7). The phy-

tochemical evaluation of M. elaeagnoides allowed
the isolation of substances including steroids,
coumarins, triterpenes and flavonoids, among others
(10).
The coumarin tricyclic GUT-70 isolated from
bark of C. brasiliense was characterized as a natural
agent against cancer, inhibiting the growth of six
human leukemic cells lineage without causing inhibition of white blood cells and normal hepatocyte
proliferation (25, 26). Added to this, the betulinic
acid, common to the three species studied, was
described as a mitogenic inducer with the ability to
stimulate and modulate in vitro cytokine production
by human cells (27).
In contrast, triterpenes and flavonoids have
been described as inhibiting lymphocyte proliferation (12, 28). The triterpene friedelin had been
reported as inhibiting human lymphocyte proliferation (12, 29) and also inhibiting the growth of
human cancer cells (29). However, the results
obtained here suggest that the presence of triperpenes and flavonoids in methanolic extracts of the
plants studied are present in lower concentrations
than other compounds that stimulate cell proliferation. Therefore, it seems that compounds such as
coumarins and betulinic acid have an overlap activity in these extracts in cell culture, retaining the
stimulation of lymphocyte proliferation. Furthermore, the substances present in C. brasiliense suggest a toxic effect on tumor cells (25, 26), but the
results obtained here indicate a cytoprotecting effect
on normal cells, as well as stimulating immune
response.
The methanol extract of I. pes-caprae showed
immune stimulatory activity 3.0 times higher than
the extract of C. brasiliense in the absence of PHA,
and 3.6 times higher when incubated with PHA. The
I. pes-caprae extract stimulus was also 1.5 times
higher than that of M. elaeagnoides extract in the
absence of PHA, and similar when the extracts were
incubated in the presence of PHA. The M. elaeagnoides methanolic extract showed stimulus of
human mononuclear cell proliferation 2.0 times
higher than that of C. brasiliense extract in the
absence of PHA, and 3.3 times higher when incubated together with PHA.
The immune stimulating activity of C. brasiliense, I. pes-caprae and M. elaeagnoides methanolic
extracts on in vitro human mononuclear cells
observed in this study indicate the continuity of the
biomonitored study with fractions and isolated compounds from these medicinal plants, in order to identify the compounds responsible for this effect and
promote advances in the field of immunotherapy.
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