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Ocimum basilicum Linn. (OB) is an edible plant with high concentrations of caffeic (CA) and p-coumaric
acid (pCA). In this study, the authors evaluated the immunomodulatory activities of aqueous extract of
OB, CA and pCA on human peripheral blood mononuclear cells (PBMC) by lymphoproliferation test, and
defined the responding cells by flow cytometry, secretion of various cytokines by ELISA, and
expression of mRNA by quantitative Real Time-PCR (qPCR) methods. At concentrations tested (0.135,
0.27, and 0.54 µg/ml of OB extract, 2.5, 5, and 10 µg/ml of CA, 5, 10, and 20 µg/ml of pCA), OB, CA, and
pCA were capable of dose-dependently stimulating DNA synthesis of human PBMC. In addition, OB
extract suppressed cytokines produced by TH1 (IL-2, IFN-γ, and TNF-β), TH2 (IL-5, IL-10) as well as
regulatory T (TGF-β) cells, and expression of ERK2 mRNA in PBMC. OB constituents CA and pCA also
suppressed some of the cytokines. These data convincingly demonstrate that OB possesses direct
immunomodulatory effect on basic functional properties of human immune cells, possibly mediated by
the ERK2 MAP-kinase signal pathway. Thus, aqueous extract of OB can be considered as a powerful
natural immunomodulatory spice influencing various types of immune-responses and may have
potential health effects.
Key words: Immunomodulation, Ocimum basilicum (Linn.), caffeic acid, immune cells, cytokines, p-coumaric
acid.
INTRODUCTION
Epidemiological evidence increasingly suggests that
consumption of a diet rich in fruit, vegetables, and cereals
has a protective effect against certain forms of chronic
diseases (Arts and Hollman, 2005; Neuhouser, 2004;
Rice-Evans et al., 1997). It is well-known that most
spices, especially those belonging to the Lamiaceae
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family, possess a wide range of biological and
pharmacological activities with potential health beneficial
effects. Since ancient times, they have been used to
improve the flavour and the organoleptic properties of
various types of food.
Ocimum basilicum Linn. (OB), also known as basil,
belongs to the genus Ocimum (Lamiaceae) which
contains up to 150 species of herb and shrubs in the
tropical regions of Asia, Africa, and Central and South
America (Simon et al., 1990). It is a popular perennial
widely cultivated herb prominently featured in Italian
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cuisine, and also plays a major role in the Southeast
Asian cuisines of Vietnam, Thailand, Cambodia, and
Laos as a fresh herb and as a dried spice (Chang et al.,
2009; Manosroi et al., 2006). In addition, it is traditionally
used in alternative medicine and natural therapies such
as supplementary treatment of stress, asthma, and
diabetes in India. In Siddha medicine, it is used for
treating pimples on the face. In China, it is used to treat a
variety of infectious diseases (Lin and Kan, 1990). In
local Uighur medicine, it is used as cardiotonic, antidiarrheal drugs, and abdominal pain reliever (Upur et al.,
2004).
OB is used in the pharmaceutical industries for its
spasmolytic, carminative, hepatoprotective, diuretic and
stimulating properties, and perfumes and cosmetics
industries for its pleasant odour (Baritaux et al., 1992;
Bozin et al., 2006; Brophy and Jogia, 1986; Manosroi et
al., 2006). The essential oil extracted via steam
distillation from the leaves and other parts of the plants of
basil is used to flavour foods, snuff, dental and oral
products, and a fragrance in traditional rituals and
medicines (Chang et al., 2009; Kirbaslar, 2001; Simon et
al., 1990).
Plants produced various bioactive constituents
throughout their development for a variety of reasons
such as defense against microorganisms, insects, and
herbivores (Crozier et al., 2006; Herms and Mattson,
1992; Rice-Evans et al., 1997). There has been much
research into the health benefits conferred by OB. Olson
and Bidlack (1997) found that OB has the innate ability to
discourage herbivores; therefore, it can be used as an
alternative pest control (Olson and Bidlack, 1997).
Scientific studies also have shown that basil oil contains
bioactive constituents that are antioxidant (Bozin et al.,
2006), anticancer (Duke et al., 2001; Manosroi et al.,
2006), antimicrobial (Bozin et al., 2006; Lis-Balchin and
Deans, 1997; Ntezurubanza et al., 1984), antiviral
(Chiang et al., 2005), antifungal (Bozin et al., 2006;
Reuveni et al., 1984), repellent (Maganga et al., 1996;
Paula et al., 2004; Popovic et al., 2006; Tawatsin et al.,
2001), insecticidal (Chang et al., 2009; Chavan and
Nikam, 1982; Chogo and Crank, 1981; Deshpande and
Tipnis, 1977; Keita et al., 2001; Salvatore et al., 2004), or
nematicidal (Chatterjee et al., 1982; de Almeida et al.,
2007). In addition, basil has been shown to possess
hypoglycemic effect (Agrawal et al., 1996; Aguiyi et al.,
2000; Vats et al., 2002) and decrease the occurrence of
platelet aggregation and experimental thrombus in mice
(Tohti et al., 2006). In fact, the antimicrobial activity has
formed the basis of many applications, including food
preservation, pharmaceuticals, alternative medicine, and
natural therapies (Lin and Kan, 1990).
Although, plants contain a variety of bioactive
constituents, recent research has focused on polyphenols
due to their potential therapeutic and health promoting
effects (Arts and Hollman, 2005; Garcia-Lafuente et al.,
2009; Neuhouser, 2004). Polyphenolic compounds are

widespread constituents of fruits, vegetables, cereals,
and beverages such as tea and red wine (D'Archivio et
al., 2007). Polyphenolic compounds are the most
abundant natural antioxidants in their diet and their
radical scavenging capabilities play an important role in
preventing many chronic diseases (Garcia-Lafuente et
al., 2009; Rathee et al., 2009). Polyphenols exert their
protective effects by modulating various enzymes such
as cyclooxygenase (Hussain et al., 2005; Lin et al., 2002;
O'Leary et al., 2004), lipoxygenase (Sadik et al., 2003;
Schewe et al., 2001), telomerase (Naasani et al., 2003),
receptors, signal transduction pathways (Kong et al.,
2000; Santangelo et al., 2007; Spencer et al., 2003;
Wiseman et al., 2001), caspase-dependent pathway
(Auyeung and Ko, 2010; Han et al., 2007; Monasterio et
al., 2004; Way et al., 2005), and cell cycle regulation
(Fischer and Lane, 2000).
Polyphenols can be divided into several classes
according to the number of phenol rings and the
structural elements. The main groups of polyphenols are:
flavonoids, phenolic acids, phenolic alcohols, stilbenes,
and lignans (D'Archivio et al., 2007). Caffeic acid (CA);
(Figure 1) is the most abundant phenolic acid in dietary
substances and occurs in many foods with high
concentration such as Arctium lappa (Linn.) (CA content
in the root: 2,500 parts per million, or ppm), Helianthus
annuus (Linn.) (CA content in the seed: 1600 - 1800
ppm), O. basilicum Linn. (CA content in the leaf: 19,000
ppm), Origanum vulgare Linn. (CA content in the leaf and
the plant: 1060 and 6,000 ppm, respectively), Pyrus
communis (Linn.) (CA content in the fruit: 19,700 ppm),
Stachys officinalis Trevisan (CA content in the plant:
5,000 ppm), and Thymus vulgaris Linn. (CA content in
the leaf: 16,900 ppm) (Duke, 2001).
Caffeic acid has previously been shown to possess
various potential health beneficial effects (Arts and
Hollman, 2005), namely antioxidant, anti-inflammatory,
and cancer chemopreventive activities (Facino et al.,
1995; Nardini et al., 1998; Natarajan et al., 1996; Neradil
et al., 2003). CA has been reported to exert an
antioxidant action through reducing glutathione depletion
and inhibiting lipid peroxidation in vitro (Nardini et al.,
1998). In addition, Facino et al. demonstrated that CA
protected collagen from free radical damage through a
scavenging effect on reactive oxygen species (Facino et
al., 1995). Moreover, CA affects leukotriene biosynthesis.
Leukotrienes are involved in immunomodulation as well
as in a variety of diseases, including various allergic and
inflammatory conditions. Koshihara et al. (1984) demonstrated that CA is a selective inhibitor of 5-lipoxygenase,
which catalyzes biosynthesis of leukotrienes from
arachidonic acid (Koshihara et al., 1984). Caffeic acid
phenyl ester (CAPE), a component in propolis, has been
shown to possess antiviral and anticarcinogenic (Chiao et
al., 1995; Demestre et al., 2009; Huang et al., 1996)
properties. In immunological studies, CAPE was reported
to suppress mitogen-induced T cell proliferation,
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Figure 1. Structure and/or immunomodulatory effects of caffeic acid, p-coumaric acid and aqueous extract of O. basilicum
(Linn.) on human immune cells. Note: * Main immunomodulatory effects of caffeic acid, p-coumaric acid, and aqueous
extract of O.basilicum (Linn.) on human immune cells. The drugs were evaluated on direct stimulation of resting PBMC
without mitogen in triplicate of healthy volunteers. One-way ANOVA and multiple comparison of Dunnett's t test were used to
evaluate the difference between test drug and solvent control (0.5% DMSO). Upward (↑) and downward (↓) arrows denote
significant (p < 0.05) upregulatory and downregulatory effects, respectively.

lymphokine production (Ansorge et al., 2003), and
nuclear factor (NF)-κB activation (Natarajan et al., 1996).
CAPE attenuated osteoclastogenesis and bone
resorption via the suppression of RANKL-induced NF-κB
and NFAT activities (Ang et al., 2009). CAPE also
inhibited cytokine and chemokine production by human
monocyte-derived dendritic cells (Wang et al., 2009).
A p-coumaric acid (pCA) (Figure 1), another constituent
of OB with high concentration, can be found in a wide
variety of edible plants (Duke, 2001). A pCA possessed
radical scavenging, antioxidant (Andreasen et al., 2001;
Burns et al., 2000; Yeh and Yen, 2003), antigenotoxic
(Ferguson et al., 2005), and antimutagenic (Ferguson et
al., 2003) properties and was believed to reduce the risk
ok of stomach cancer by reducing the formation of
carcinogenic nitrosamine (Gary, 2004).
Inappropriate immunity has been shown as a common
etiology in an ever-growing array of pathological
processes including infections, allergy, aging, cancer,
and a variety of disorders of various organs (Peakman
and Vergani, 1997). To date, there is only a modest body
of knowledge about the nutraceutical active compounds
in common food and their roles in promoting human
health by immunomodulation. To explore the potentially
health-promoting effect of OB and possible role of CA
and pCA
in
this effect, the evaluated the

immunomodulatory activities of OB, CA, and pCA on
resting mononuclear cells by lymphoproliferation test, and
defined the responding cells by flow cytometry, secretion
of various cytokines by ELISA, and expression of mRNA
by quantitative Real Time-PCR (qPCR) methods.

MATERIALS AND METHODS
Crude extracts and chemicals
Fresh plants were collected in spring from Taichung County,
located in Central region of Taiwan, and the authenticity of the plant
was confirmed by Mau-Shing Yeh at Department of Agronomy,
National Chung Shing University, Taichung, Taiwan. Fresh leaves
(500 g) were extracted using Braun MP80 Juice Extractor
(Kronberg, Germany). The juice was then subjected to centrifuge at
20,000 g, 20 min. The supernatant was filtered using Minisart
syringe filter from Sartorius Biotech Gmbh (Goettingen, Germany),
concentrated in vacuum, and then lyophilized. The aqueous extract
was collected and stored at -70°C until use. Heparin, FicollHypaque, dimethylsulfoxide (DMSO), phytohemagglutinin (PHA),
and caffeic acid (CA) were obtained from Sigma-Aldrich Co. (St.
Louis, MO, U.S.A.). The p-coumaric acid (pCA) was obtained from
MP Biomedicals (Solon, OH, U.S.A.). The purity of CA and pCA
were more than 99 and 98%, respectively. 5-Bromo-2'-deoxyuridine
(BrdU) Flow Kits were obtained from BD Biosciences (San Jose,
CA, U.S.A.)
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Lymphoproliferation test
Peripheral blood from six healthy Taiwanese volunteers aged 20~35
years old was collected in a sterile syringe containing sufficient
heparin to provide a final concentration of 100 units/ml.
Mononuclear cells were obtained by centrifuging (25˚C, 400 g,
30min) of the mixture of blood and normal saline (1/1, v/v) on FicollHypague (2.4:1) gradients as described by the manufacture’s
protocol (Sigma-Aldrich). After centrifugation, 0.05 ml (5.0 × 105 )
unfractionated PBMC was placed in a 5 ml test tube containing 0.15
ml fetal calf serum and 0.75 ml of RPMI 1640, with 0.05 ml of test
samples, mitogen (positive control: PHA) (Severinson and Larsson,
1986), medium (negative control) or additional medium with DMSO
(solvent control). After gentle mixing, 200 µl were added into the
wells of a 96-well microculture plate in triplicate. The culture plate
was then allowed to incubate for 3 days at 37˚C in a 5% CO2
incubator. At the end of the incubation, 20 µl per well of BrdU
labeling solution were added and the culture plate was reincubated
for additional 24 h at 37˚C. Then, the BrdU flow cytometric analysis
was completed according to the manufacturer's instruction. The
study protocol was approved by the Institutional Review Boards of
China Medical University, Taichung, Taiwan

various test drug-treated cells using RNeasy™ Mini Kit from Qiagen
GmbH (Hilden, Germany), and then treated with DNase I from
Promega (Madison, WI, U.S.A.) following the manufacturer's
protocols. The resulting RNA was quantified spectrophotometrically
using infinite™ 200 from TECAN (Grödig, Austria), aliquoted, and
stored at - 70˚C until further use. In each case, 1 µg of total RNA
were transcribed in a final volume of 20 µl using ReverAid™ First
Strand cDNA Synthesis Kit from Fermentas (Burlington, ON,
Canada) according to the manufacturer's instruction and the
reaction mixture was kept frozen at - 70°C until enzymatic
amplification.
All samples were analyzed in triplicate. A 20 µl reaction mixture
consisted of 10 µl TaqMan™ Gene Expression Master Mix from
Applied Biosystems (Carlsbad, CA, U.S.A.), 1 µl of the RT-reaction,
and 1 µl of predesigned TaqMan™ probe for ERK2 gene (Assay ID:
Hs00177066_m1) from Applied Biosystems. An endogenous
control of 18S rRNA gene (Assay ID: Hs99999901_s1, Applied
Biosystems) was used. To compare the obtained values the ddCt
method (User Bulletin #2, Applied Biosystems) was used.
Reactions were carried out in an ABI PRISM™ 7900 Sequence
Detection
Systems
from
Applied
Biosystem,
following
manufacturer's instructions.

Enzyme-linked immunosorbent assay (ELISA)

Statistical analysis

The cultivation and treatment of human PBMC was completed as
previously described in the lymphoproliferation test. After 3 days,
particulates were removed from the supernatants by centrifugation,
and the samples were stored at - 70˚C until used. The ELISA
procedures for various cytokines using human Interleukin (IL)-2, IL5, IL-10, interferon-gamma (IFN-γ), transforming growth factor-β
(TGF-β), and tumor necrosis factor-β (TNF-β) immunoassay kits
from R and D Systems Inc. (Minneapolis, MN, U.S.A.) were
performed according to the manufacturer's instruction.

Results were expressed as mean ± standard error. The one-way
ANOVA and multiple comparison of Dunnett’s t test (> 2 groups) or
2-tails of Student’s t test (2 groups) were used to evaluate the
difference between the control and test samples by the SPSS Base
8.0 software for Windows. A p value of less than 0.05 was
considered to be a significant difference in all experiments.

Immunophenotyping

DNA synthesis of PBMC

All fluorescein isothiocyanate (FITC)-, phycoerythrin (PE)-, and
Cy5-conjugated monoclonal antibodies (mAbs) were purchased
from Becton Dickinson (San Jose, CA, USA). Optimal
concentrations of mAbs were determined for each mAb by titration.
The isolated PBMC were cultured in triplicate with p-coumaric acid
(20 µg/ml), caffeic acid (10 µg/ml), OB (0.54 µg/ml), PHA (5 µg/ml),
DMSO (0.5%) or medium for 3 days at 37˚C in a 5% CO2 incubator.
Then, the numbers of NK cells (CD3¯ , CD16+, CD56+), CD8+ T, total
T cells (CD3+), total B cells (CD3¯ , CD19+) and activated T cells
(CD3+, HLA-DR+) at 0 or 3 days were determined by standard
FACSCalibur procedures with mAbs according to the manufacture’s
protocol. In brief, at the indicated time period, the cultured cells
were stained with 20 µl of mAb for 30 min at 25˚C. The stained cells
were centrifuged (25˚C, 300 g, 5 min.) and the supernatant was
aspirated leaving 50 µl of residual fluid in the tube. The cell pellet
was resuspended and then 2 ml of PBS was added to each tube.
Each tube was vortexed thoroughly at low speed for 3 s and then
centrifuged (25˚C, 200 g, 5 min). After aspiration of the supernatant
until there was 50 µl of residual fluid left, the cell pellet was
resuspended and then 0.5 ml of 1% paraformaldehyde was added
to each tube. Finally, the stained PBMC were analyzed on a
FACSCalibur cytometer (Becton Dickinson, Cookeysville, MD,
U.S.A.).
Gene expression analysis
The ERK2 gene expression was investigated by relative
quantitative Real Time-PCR (qPCR). Total RNA was isolated from

RESULTS

DNA synthesis and increased cell growth of specific
immune cells are preconditions of an effective adaptive
immune response in vivo. Human PBMC were stimulated
with different concentrations of CA (2.5, 5, and 10 µg/ml),
pCA (5, 10, and 20 µg/ml), and aqueous extract of OB
(0.135, 0.27, and 0.54 µg/ml) for 72 h. DNA synthesis
was measured after labeling with BrdU by flow cytometric
analysis. As shown in Figure 2, DNA synthesis of PBMC
was enhanced by OB extract in a concentrationdependent manner. Stimulatory effects were also
obtained for some of the OB constituents like CA and
pCA.

Immunophenotyping
To determine which types of cells directing the
immunostimulation, they used flow cytometric analysis.
After culturing for three days, some cell fractions were
changed. The immunostimulatory effects by PHA
+
exhibited elevation of total B, activated T, and CD8 T
cells. The immunostimulation by pCA, CA, and OB
extract showed that pCA increased NK, CA increased
+
CD8 T, and both CA and OB extract increased total B as
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Figure 2. Concentration-dependent stimulation of DNA synthesis of human PBMC by caffeic acid, pcoumaric acid, and aqueous extract of O. basilicum Linn.

well as activated T cells significantly (Figure 3).
Cytokine production/release
Immune cells synthesize and secrete soluble polypeptide
factors named cytokines. Most of the secreted cytokines
are then bind to specific receptors on the surface of
target cells to modulate growth and/or differentiation.
Special profile of cytokine production may reflect the
functions of individual cell types involved in the immune
system. IL-2 is produced by TH1 cells that acts in an
autocrine manner to stimulate T cell proliferation. IL-5 is
produced by TH2 cells and stimulates the growth and
differentiation of eosinophil and activates mature
eosinophils (Abbas, 2007; Ansorge et al., 2003;
Romagnani, 1994). TGF-β is produced by regulatory T
cells, mononuclear phagocytes, and other cells whose
main actions are to suppress the proliferation and
differentiation of T cells, to suppress the activation of
macrophages and to counteract the effects of
proinflammatory cytokines (Abbas, 2007; Levings and
Roncarolo, 2000; Sakaguchi, 2000). Given these crucial
roles of cytokines in modulating various cells of the
immune system, there has been some interest in the
effect of OB and its constituents in regulating the
production of different types of cytokines by PBMC.
PBMC were cultured for 72 h in the presence of CA (10
µg/ml), pCA (20 µg/ml) or OB extract (0.54 µg/ml).
Compared to the DMSO control, in all cases a significant
suppression on the production/release of cytokines
produced by TH1 (IL-2, IFN-γ, and TNF-β) Figure 4), TH2

(IL-5 and IL-10) (Figure 5) as well as regulatory T (TGFβ) cells (Figure 6) was found with OB extracts.
Suppressive effects were also found on some of the
cytokines with the OB constituents CA (including IL-2,
TNF-β, IL-10, and TGF-β) and pCA (including IL-2, TNFβ, IL-5, and IL-10) (Figure 4 to 6).
Gene expression analysis
To investigate the possible molecular mechanisms
responsible for the upregulation of cellular growth effect
by OB extract and its components, they studied one of
the MAP kinase signal pathways involved in the
proliferation, differentiation, transformation, and apoptosis
of cells. The authors observed the mRNA expression of
the extracellular signal-regulated kinase 2 (ERK2), which
is capable of regulating several transcription factors
which in turn regulate critical genes of lymphocyte
functions including that of IL-2 (Hardy and Chaudhri,
1997). In their experiments, OB extract suppressed the
expression of ERK2 mRNA significantly (Figure 7).
DISCUSSION
This study provides compelling evidence for an
immunomodulatory effect of OB extract and its major
constituents such as CA and pCA on human immune
cells. Data shown in this study convincingly demonstrated
that OB extract was capable of stimulating DNA synthesis
of PBMC in a concentration-dependent manner.
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Figure 3. Immunomodulatory effects of aqueous extract of Ocimum basilicum
Linn., caffeic, and p-coumaric acids on human PBMC.

Figure 4. Aqueous extract of O. basilicum Linn., caffeic, and p-coumaric acids suppressed
various cytokines produced by TH1 cells.

Lymphocyte proliferation was correlated to the
of the cell fractions of total B and activated
Furthermore, these effects at least in part
mediated by some of its constituents such as

increase
T cells.
may be
CA and

pCA. Considering the fact that hundreds of different
substances (Duke, 2001) including various polyphenols
have been identified as constituents of OB, one could
speculate that the effect of OB extract on the cell cycle
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Figure 5. Effects of aqueous extract of O. basilicum Linn., caffeic,
and p-coumaric acids on the production/release of cytokines
produced by TH 2 cells.

Figure 6. Effects of aqueous extract of O.
basilicum Linn., caffeic, and p-coumaric
acids on the production/release of cytokines
by T regulatory cells.
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Figure 7. Aqueous extract of O. basilicum Linn. Suppressed the expression of
ERK2 mRNA by PBMC.

has to be considered as a cumulative resultant of various
negative as well as positive effectors.
Ocimum sanctum Linn., another species of Lamiaceae,
also possesses proliferative effects in bovine subclinical
mastitis with increased neutrophil and lymphocyte counts
and enhanced phagocytic activity (Mukherjee et al.,
2005). This clearly suggests that these spices may act
via a common growth regulating mechanism which finally
leads to a cell proliferation. In addition to exhibiting
growth regulating activity on lymphocytes, cytokine
production and/or release was also found to be
influenced by OB extract and some of its constituents.
Significant changes in cytokine production and/or release
were found for the TH1 cytokine IL-2, IFN-γ, and TNF-β;
for the TH2 cytokine IL-5, IL-10 as well as for the
regulatory T cell-derived cytokine TGF-β.
Cytokines produced by TH1 (such as IL-2, IFN-γ, and
TNF-β) and TH2 (such as IL-5 and IL-10) cells were both
targeted by OB extract. These results supported the
conclusion that OB extract could be used to treat TH1dependent inflammatory processes and autoimmune
diseases as well as TH2-dependent allergic disorders. It
has been shown that targeted disruption of the
interleukin-10 gene (Rennick et al., 1997) or TGF-β gene
(Shull et al., 1992) resulted in multifocal inflammation in
animal studies. This clearly implied that besides other
functions
both
cytokines
possesses
strong
immunosuppressive effects which may partially explain
the growth modulating effect of OB extract observed in
this study. Changes in cell growth and cytokine
production should be associated with changes in signal

transduction pathways. To investigate the possible
molecular mechanism of the phenomenon observed, they
studied the effect of OB extract and its constituents on
the expression of ERK2 mRNA in PBMC. It has been
shown that, following T cell receptor ligation, the Ras is
activated, eventually leading to the activations of Raf,
ERK2 and downstream transcription factors (Abbas,
2007; Hardy and Chaudhri, 1997). Raf kinase have been
described as a point of convergence of other receptortriggered signaling pathways. ERK2 plays an important
role in transducing both the signal from T cell receptor
and costimulatory molecules on the T cell surface, and is
able to regulate several of the transcription factors
controlling the expression of critical genes, including that
for IL-2. Biological outcome of ERK2 activation is
dependent on cell types, extracellular factors, and their
receptors (Lahlou, 2003).
In this study, ERK-2 mRNA expression was found to be
suppressed by OB extract. This clearly suggested that
one way of signaling triggered by OB extract was
mediated by the MAP kinase ERK2. However, this finding
does not exclude that additional signal pathways and
transcription factors targeted by OB extract are
responsible for the results observed. Remarkably, some
of the effects resulting from the application of OB extract
as a complex mixture were found to be similar to those
provoked by the different constituents studied here,
especially CA. This is suggesting that the main effects of
OB extract on the immune functions may be due, at least
in part, to these particular substances.
In conclusion, their data provide a rational basis for the
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beneficial usage of OB as folk medicine since ancient
time. In this study we have provided evidence that OB
extract and a selected number of its constituents had a
direct modulatory effect on basic immune cell functions in
human. OB extract was shown to be capable of
downregulating TH1 and TH2 as well as regulatory T
derived cytokines, possibly via the ERK2 signal pathway.
The property of augmenting resting PBMC proliferation
by OB extract may partly explain for the popular use of O.
basilicum Linn. for treating infections (Chiang et al., 2005)
and inflammatory diseases (Yasukawa et al., 1993).
ACKNOWLEDGEMENTS
This work was supported by grants from National Taiwan
University Hospital (NTUH. 098-001216), National
Science Council (NSC98-2314-B002-091-MY3), and
China Medical University Beigang Hospital, Taiwan.
Abbreviations: BrdU, 5-Bromo-2'-deoxyuridine; CA, Caffeic
acid; DMSO, dimethylsulfoxide; ELISA, enzyme-linked
immunosorbent assay; FITC, isothiocyanate; IFN-γ, interferongamma; IL-2, interleukin 2; IL-5, interleukin 5; IL-10, interleukin
10; mAbs, monoclonal antibodies; OB, Ocimum basilicum
(Linn.); PBMC, peripheral blood mononuclear cells; pCA, pcoumaric acid; PE, phycoerythrin; PHA, phytohemagglutinin;
qPCR, quantitative real time-PCR; TGF-β, transforming growth
factor-β; TNF-β, tumor necrosis factor-β.

REFERENCES
Abbas AK, Lichtman AH, Pillai S (2007). Effector mechanisms of
immune responses. In: Abbas AK LA, Lichtman AH, Pillai S (eds)
Cellular and Molecular Immunology, 6th ed. Philadelphia: Saunders,
pp. 267-348.
Agrawal P, Rai V, Singh RB (1996). Randomized placebo-controlled,
single blind trial of holy basil leaves in patients with noninsulindependent diabetes mellitus. Int. J. Clin. Pharmacol. Ther., 34: 406409.
Aguiyi JC, Obi CI, Gang SS, Igweh AC (2000). Hypoglycaemic activity
of Ocimum gratissimum in rats. Fitoterapia, 71: 444-446.
Andreasen MF, Landbo AK, Christensen LP, Hansen A, Meyer AS
(2001). Antioxidant effects of phenolic rye (Secale cereale L.)
extracts, monomeric hydroxycinnamates, and ferulic acid
dehydrodimers on human low-density lipoproteins. J. Agric. Food
Chem., 49: 4090-4096.
Ang ES, Pavlos NJ, Chai LY, Qi M, Cheng TS, Steer JH, Joyce DA,
Zheng MH, Xu J (2009). Caffeic acid phenethyl ester, an active
component of honeybee propolis attenuates osteoclastogenesis and
bone resorption via the suppression of RANKL-induced NF-kappaB
and NFAT activity. J. Cell Physiol., 221: 642-649.
Ansorge S, Reinhold D, Lendeckel U (2003). Propolis and some of its
constituents down-regulate DNA synthesis and inflammatory cytokine
production but induce TGF-beta1 production of human immune cells.
Z. Naturforsch. C., 58: 580-589.
Arts IC, and Hollman PC (2005). Polyphenols and disease risk in
epidemiologic studies. Am. J. Clin. Nutr., 81: 317S-325S.
Auyeung KK, Ko JK (2010). Novel herbal flavonoids promote apoptosis
but differentially induce cell cycle arrest in human colon cancer cell.
Invest. New Drugs, 28: 1-13.
Baritaux O, Richard H, Touche J, Derbesy M (1992). Effects of drying
and torage of herbs and spices on the essential oil. Part I. Basil,

1881

Ocimum basilicum L. Flavour Fragrance J., 7: 267-271.
Bozin B, Mimica-Dukic N, Simin N, Anackov G (2006). Characterization
of the volatile composition of essential oils of some lamiaceae spices
and the antimicrobial and antioxidant activities of the entire oils. J.
Agric. Food Chem., 54: 1822-1828.
Brophy JJ, Jogia MK (1986). Essential Oils from Fijian Ocimum
basilicum L. Flavour Fragr. J., 1: 53-55.
Burns J, Gardner PT, O'Neil J, Crawford S, Morecroft I, McPhail DB,
Lister C, Matthews D, MacLean MR, Lean ME (2000). Relationship
among antioxidant activity, vasodilation capacity, and phenolic
content of red wines. J. Agric. Food Chem., 48: 220-230.
Chang CL, Cho IK, Li QX (2009). Insecticidal activity of basil oil, transanethole, estragole, and linalool to adult fruit flies of Ceratitis capitata,
Bactrocera dorsalis, and Bactrocera cucurbitae. J. Econ. Entomol.,
102: 203-209.
Chatterjee A, Sukul NC, Laskar S, Ghoshmajumdar S (1982).
Nematicidal principles from two species of lamiaceae. J. Nematol.,
14: 118-120.
Chavan SR, Nikam ST (1982). Mosquito larvicidal activity of Ocimum
basilicum Linn. Indian J. Med. Res., 75: 220-222.
Chiang LC, Ng LT, Cheng PW, Chiang W, Lin CC (2005). Antiviral
activities of extracts and selected pure constituents of Ocimum
basilicum. Clin. Exp. Pharmacol. Physiol., 32: 811-816.
Chiao C, Carothers AM, Grunberger D, Solomon G, Preston GA, Barrett
JC (1995). Apoptosis and altered redox state induced by caffeic acid
phenethyl ester (CAPE) in transformed rat fibroblast cells. Cancer
Res., 55: 3576-3583.
Chogo JB, Crank G (1981). Chemical composition and biological activity
of the Tanzanian plant Ocimum suave. J. Nat. Prod., 44: 308-311.
Crozier A, Jaganath IB, Clifford MN (2006). Phenols, polyphenols, and
tannins: an overview. In: Crozier A, Clifford MN, Ashihara H (eds.)
Plant Secondary Metabolites: Occurrence, Structure, and Role in the
Human Diet. Oxford: Blackwell Publishing, pp. 1-24.
D'Archivio M, Filesi C, Di Benedetto R, Gargiulo R, Giovannini C,
Masella R (2007). Polyphenols, dietary sources and bioavailability.
Ann. Ist. Super. Sanita, 43: 348-361.
de Almeida I, Alviano DS, Vieira DP, Alves PB, Blank AF, Lopes AH,
Alviano CS, Rosa MS (2007). Antigiardial activity of Ocimum
basilicum essential oil. Parasitol. Res., 101: 443-452.
Demestre M, Messerli SM, Celli N, Shahhossini M, Kluwe L, Mautner V,
Maruta H (2009). CAPE (caffeic acid phenethyl ester)-based propolis
extract (Bio 30) suppresses the growth of human neurofibromatosis
(NF) tumor xenografts in mice. Phytother. Res., 23: 226-230.
Deshpande RS, Tipnis HP (1977). Insecticidal activity of Ocimum
basilicum L. Pesticides, 11: 11-12.
Duke JA (2001). Handbook of Phytochemical Constituents of GRAS
Herbs and Other Economic Plants. Boca Raton, London, New York,
Washington, D.C: CRC Press.
Duke JA, Bogenschutz-Godwin MJ, duCellier J, Duke PAK (2001).
Handbook of Medicinal Herbs, 2nd ed. Boca Raton, London, New
York, Washington, D.C.: CRC Press.
Facino RM, Carini M, Aldini G, Saibene L, Pietta P, Mauri P (1995).
Echinacoside and caffeoyl conjugates protect collagen from free
radical-induced degradation: a potential use of Echinacea extracts in
the prevention of skin photodamage. Planta Med., 61: 510-514.
Ferguson LR, Lim IF, Pearson AE, Ralph J, Harris PJ (2003). Bacterial
antimutagenesis by hydroxycinnamic acids from plant cell walls.
Mutat. Res., 542: 49-58.
Ferguson LR, Zhu ST, Harris PJ (2005). Antioxidant and antigenotoxic
effects of plant cell wall hydroxycinnamic acids in cultured HT-29
cells. Mol. Nutr. Food Res., 49: 585-593.
Fischer PM, Lane DP (2000). Inhibitors of cyclin-dependent kinases as
anti-cancer therapeutics. Curr. Med. Chem., 7: 1213-1245.
Garcia-Lafuente A, Guillamon E, Villares A, Rostagno MA, Martinez JA
(2009). Flavonoids as anti-inflammatory agents: implications in
cancer and cardiovascular disease. Inflamm. Res., 58: 537-552.
Gary J, Kelloff HE, Sigman CC (2004). Cancer Chemoprevention:
Promising Cancer Chemopreventive Agents Vol I. Totowa, New
Jersey: Humana Press.
Han J, Sun M, Cui Y, Wang T, Zhang W, Guo M, Zhou Y, Liu W, Zhang
M, Duan J (2007). Kushen flavonoids induce apoptosis in tumor cells
by inhibition of NF-kappaB activation and multiple receptor tyrosine

1882

J. Med. Plant. Res.

kinase activities. Phytother. Res., 21: 262-268.
Hardy K, Chaudhri G (1997). Activation and signal transduction via
mitogen-activated protein (MAP) kinases in T lymphocytes. Immunol.
Cell Biol., 75: 528-545.
Herms DA, Mattson WJ (1992). The dilemma of plants: to grow or
defend. Q. ReV. Biol., 67: 283-335.
Huang MT, Ma W, Yen P, Xie JG, Han J, Frenkel K, Grunberger D,
Conney AH (1996). Inhibitory effects of caffeic acid phenethyl ester
(CAPE) on 12-O-tetradecanoylphorbol-13-acetate-induced tumor
promotion in mouse skin and the synthesis of DNA, RNA and protein
in HeLa cells. Carcinogen, 17: 761-765.
Hussain T, Gupta S, Adhami VM, Mukhtar H (2005). Green tea
constituent epigallocatechin-3-gallate selectively inhibits COX-2
without affecting COX-1 expression in human prostate carcinoma
cells. Int. J. Cancer, 113: 660-669.
Keita SM, Vincent C, Schmit J, Arnason JT, Belanger A (2001). Efficacy
of essential oil of Ocimum basilicum L. and O. gratissimum L. applied
as an insecticidal fumigant and powder to control Callosobruchus
maculatus (Fab.). J. Stored Prod. Res., 37: 339-349.
Kirbaslar FG (2001). The compositions of Turkish Bergamot oils
produced by cold-pressing and steam distillation. J. Essent. Oil Res.,
13: 411-415.
Kong AN, Yu R, Chen C, Mandlekar S, Primiano T (2000). Signal
transduction events elicited by natural products: role of MAPK and
caspase pathways in homeostatic response and induction of
apoptosis. Arch. Pharm. Res., 23: 1-16.
Koshihara Y, Neichi T, Murota S, Lao A, Fujimoto Y, Tatsuno T (1984).
Caffeic acid is a selective inhibitor for leukotriene biosynthesis.
Biochim. Biophys. Acta, 792: 92-97.
Lahlou LN, Este`ve J-P, Eyche`ne A, Pradayrol L, Pyronnet S, Susini S
(2003). sst2 Somatostatin Receptor Inhibits Cell Proliferation through
Ras-, Rap1-, and B-Raf-dependent ERK2 Activation. J. Biol. Chem.,
278: 39356-39371.
Levings MK, Roncarolo MG (2000). T-regulatory 1 cells: a novel subset
of CD4 T cells with immunoregulatory properties. J. Allergy. Clin.
Immunol., 106: S109-112.
Lin CC, Kan WS (1990). Medicinal plants used for the treatment of
hepatitis in Taiwan. Am. J. Chin. Med., 18: 35-43.
Lin SY, Tsai SJ, Wang LH, Wu MF, Lee H (2002). Protection by
quercetin against cooking oil fumes-induced DNA damage in human
lung adenocarcinoma CL-3 cells: role of COX-2. Nutr. Cancer, 44: 95101.
Lis-Balchin M, Deans SG (1997). Bioactivity of selected plant essential
oils against Listeria monocytogenes. J. Appl. Microbiol., 82: 759-762.
Maganga ME, Gries G, Gries R (1996). Repellency of various oils and
pine oil constituents to house flies (Diptera: Muscidae). Environ.
Entomol., 25: 1182-1187
Manosroi J, Dhumtanom P, Manosroi A (2006). Anti-proliferative activity
of essential oil extracted from Thai medicinal plants on KB and P388
cell lines. Cancer Lett., 235: 114-120.
Monasterio A, Urdaci MC, Pinchuk IV, Lopez-Moratalla N, Martinez-Irujo
JJ (2004). Flavonoids induce apoptosis in human leukemia U937
cells through caspase- and caspase-calpain-dependent pathways.
Nutr. Cancer, 50: 90-100.
Naasani I, Oh-Hashi F, Oh-Hara T, Feng WY, Johnston J, Chan K,
Tsuruo T (2003). Blocking telomerase by dietary polyphenols is a
major mechanism for limiting the growth of human cancer cells in
vitro and in vivo. Cancer Res., 63: 824-830.
Nardini M, Pisu P, Gentili V, Natella F, Di Felice M, Piccolella E, Scaccini
C (1998). Effect of caffeic acid on tert-butyl hydroperoxide-induced
oxidative stress in U937. Free Radic. Biol. Med., 25: 1098-1105.
Natarajan K, Singh S, Burke TR, Grunberger D, Aggarwal BB (1996).
Caffeic acid phenethyl ester is a potent and specific inhibitor of
activation of nuclear transcription factor NF-kappa B. Proc. Natl.
Acad. Sci. U.S.A., 93: 9090-9095.
Neradil J, Veselska R, Slanina J (2003). UVC-protective effect of caffeic
acid on normal and transformed human skin cells in vitro. Folia Biol.
(Praha), 49: 197-202.
Neuhouser ML (2004). Dietary flavonoids and cancer risk: evidence
from human population studies. Nutr. Cancer, 50: 1-7.
Ntezurubanza L, Scheffer JJ, Looman A, Baerheim SA (1984).
Composition of essential oil of Ocimum kilimandscharicum grown in

Rwanda. Planta Med., 50: 385-388.
O'Leary KA, de Pascual-Tereasa S, Needs PW, Bao YP, O'Brien NM,
and Williamson G (2004). Effect of flavonoids and vitamin E on
cyclooxygenase-2 (COX-2) transcription. Mutat. Res., 551: 245-254.
Olson PE, Bidlack JE (1997). Yield and enzymatic activity of sweet basil
(Ocimum basilicum) subjected to alternative pest control. J. Herbs
Spices Med. Plants, 4: 3-16.
Paula JP, Farago PV, Checchia L, Hirose K.M, Ribas J (2004).
Repellent activity of Ocimum selloi Benth. Essential oil (variety
eugenol) against Anopheles braziliensis chagas. Acta Farmaceutica
Bonaerense, 23: 376-378
Peakman M, Vergani D (1997). Basic and clinical immunology. NY:
Churchill Livingstone.
Popovic Z, Kostic M, Popovic S, Skoric S (2006). Bioactivities of
essential oils from basil and sage to Sitophilus oryzae L. Biotechol.
Biotechnological Equip., 20: 36-40.
Rathee P, Chaudhary H, Rathee S, Rathee D, Kumar V, Kohli K (2009).
Mechanism of action of flavonoids as anti-inflammatory agents: a
review. Inflamm. Allergy Drug Targets, 8: 229-235.
Rennick DM, Fort MM, Davidson NJ (1997). Studies with IL-10-/- mice:
an overview. J. Leukoc. Biol., 61: 389-396.
Reuveni R, Fleisher A, Putievsky E (1984). Fungistatic activity of
essential oils from Ocimum basilicum chemotypes. Phytopathol. Z.,
110: 20-22.
Rice-Evans CA, Miller NJ, Paganga G (1997). Antioxidant properties of
phenolic compounds. Trends Plant. Sci., 2: 152-159.
Romagnani S (1994). Lymphokine production by human T cells in
disease states. Annu. Rev. Immunol., 12: 227-257.
Sadik CD, Sies H, Schewe T (2003). Inhibition of 15-lipoxygenases by
flavonoids: structure-activity relations and mode of action. Biochem.
Pharmacol., 65: 773-781.
Sakaguchi S (2000). Regulatory T cells: key controllers of immunologic
self-tolerance. Cell, 101: 455-458.
Salvatore A, Borkosky S, Willink E, Bardon A (2004). Toxic effects of
lemon peel constituents on Ceratitis capitata. J. Chem. Ecol., 30:
323-333.
Santangelo C, Vari R, Scazzocchio B, Di Benedetto R, Filesi C, Masella
R (2007). Polyphenols, intracellular signalling and inflammation. Ann.
Ist. Super. Sanita, 43: 394-405.
Schewe T, Sadik C, Klotz LO, Yoshimoto T, Kuhn H, Sies H (2001).
Polyphenols of cocoa: inhibition of mammalian 15-lipoxygenase. Biol.
Chem., 382: 1687-1696.
Severinson E, Larsson EL (1986). Lymphocyte responses to polyclonal
B and T cell activators. In: Weir DM (ed.) Handbook of Experimental
Immunology. Oxford: Blackwell.
Shull MM, Ormsby I, Kier AB, Pawlowski S, Diebold RJ, Yin M, Allen R,
Sidman C, Proetzel G, Calvin D (1992). Targeted disruption of the
mouse transforming growth factor-beta 1 gene results in multifocal
inflammatory disease. Nat., 359: 693-699.
Simon JE, Quinn J, Murray RG (1990). Basil: a source of essential oils.
In Janick J and Simonyi JE (eds.) Advances in new crops. Portland:
Timber Press.
Spencer JP, Rice-Evans C, Williams RJ (2003). Modulation of prosurvival Akt/protein kinase B and ERK1/2 signaling cascades by
quercetin and its in vivo metabolites underlie their action on neuronal
viability. J. Biol. Chem., 278: 34783-34793.
Tawatsin A, Wratten SD, Scott RR, Thavara U, Techadamrongsin Y
(2001). Repellency of volatile oils from plants against three mosquito
vectors. J. Vector Ecol., 26: 76-82.
Tohti I, Tursun M, Umar A, Turdi S, Imin H, and Moore N (2006).
Aqueous extracts of Ocimum basilicum L. (sweet basil) decrease
platelet aggregation induced by ADP and thrombin in vitro and rats
arterio--venous shunt thrombosis in vivo. Thromb. Res., 118: 733739.
Upur H, Yusup A, Umar A, Moore N (2004). Uighur traditional medicine
syndrome of Abnormal Savda in men is associated with oxidative
stress, which can be improved by Munziq and Mushil of Abnormal
Savda. Therapie., 59: 483-484.
Vats V, Grover JK, Rathi SS (2002). Evaluation of anti-hyperglycemic
and hypoglycemic effect of Trigonella foenum-graecum Linn, Ocimum
sanctum Linn. and Pterocarpus marsupium Linn. in normal and
alloxanized diabetic rats. J. Ethnopharmacol., 79: 95-100.

Tsai et al.

Wang LC, Lin YL, Liang YC, Yang YH, Lee JH, Yu HH, Wu WM, Chiang
BL (2009). The effect of caffeic acid phenethyl ester on the functions
of human monocyte-derived dendritic cells. BMC Immunol., 10: 39.
Way TD, Kao MC, Lin JK (2005). Degradation of HER2/neu by apigenin
induces apoptosis through cytochrome c release and caspase-3
activation in HER2/neu-overexpressing breast cancer cells. FEBS
Lett., 579: 145-152.
Wiseman S, Mulder T, Rietveld A (2001). Tea flavonoids: bioavailability
in vivo and effects on cell signaling pathways in vitro. Antioxid. Redox
Signal., 3: 1009-1021.
Yasukawa K, Yamaguchi A, Arita J, Sakurai S, Ikeda A, Takido M (1993).
Inhibitory
Effect
of
Edible
Plant
Extracts
on
12-0Tetradecanoylphorbol- 13-acetate-induced Ear Oedema in Mice.
Phytother. Res., 7: 185-189.

1883

Yeh CT, Yen GC (2003). Effects of phenolic acids on human
phenolsulfotransferases in relation to their antioxidant activity. J.
Agric. Food Chem., 51: 1474-1479.
Yen MH, Lin CC, Chuang CH, Liu SY (1991). Evaluation of root quality
of Bupleurum species by TLC scanner and the liver protective effects
of "xiao-chai-hu-tang" prepared using three different Bupleurum
species. J. Ethnopharmacol., 34: 155-165.

