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In Vitro Screening of Crude Extracts from Thai Plants in the
Moraceae and Leguminosae Families on Proliferation
of Swine Lymphocyte and Maturation of

Monocyte-Derived Dendritic Cell
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Boonchoo Sritularak? Angkana Tantituvanont?*

Abstract

In this study, nine crude extracts from Thai plants in the Moraceae and Leguminosae families were screened
for theirimmunoadjuvant activities on the proliferation of swine lymphocytes and the maturation of monocyte-derived
dendritic cells (MoDCs). The study demonstrated that the total phenolic content was significantly higher in the extract
from Artocarpus gomezianus (264.17+6.5 mg of gallic acid equivalents/gm of extract) than in the extracts from the other
plants. The crude extract from the root bark of A. gomezianus significantly increased the proliferative response of
peripheral blood mononuclear cells measured using both MTT and CFSE assays (p <0.05). In addition, the A. gomezianus
extract induced the maturation of MoDCs through major histocompatibility (MHC) Class II and CD80 expression.
Constituents of phenolic compounds, in particular tannins and flavonoids in the y-benzopyrone nucleus group, may
be important for the immunoadjuvant effect. The results of this study suggest that the extract from A. gomezianus have
immunoadjuvant activities that may be developed as vaccine adjuvants.
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Introduction

Vaccination is one of the most effective ways
to induce an immune response to protect the body
from diseases. However, although the component that
induces immunity in vaccine is a pathogen that claims
not to cause the disease after its administration into the
body, such substances raise safety concerns in
consumers. New generation vaccines, such as subunit,
synthetic protein, recombinant and DNA vaccine, have
been shown to alleviate the potential problem of back-
reversion of the vaccine to virulence. The drawback is
that such vaccines have poor immunogenicity and
require the use of an adjuvant to accelerate the immune
response to the antigen.

An adjuvant is a substance thatis added to
vaccine preparation to enhance the body’s immune
response to the pathogen, generally referred to as the
antigen, towards the desired immune response. The
adjuvant helps to stimulate immune responses
through various mechanisms, including extending the
antigen deposition time, sustaining the release of
antigen from the depot and inducing irritation at the
injection site (Coffman et al., 2010; Del Giudice et al.,
2001; Fischer et al., 2007; Schijns, 2000). Some adjuvants
function directly on the immune cells by targeting the
antigen presenting cells (APCs), enhancing the
expression of both co-stimulatory molecules and major
histocompatibility (MHC) Class II on the surface of
APCs, inducing the release of cytokine from
lymphocytes and APCs (Cox and Coulter, 1997; Foged
et al., 2002) and promoting dendritic cells migration to
the T cell area of the lymph nodes (Foged et al., 2002;
Martin-Fontecha et al., 2003). Most of the adjuvants
available on the market can stimulate the humoral
immune response leading to pathogen-specific
antibody production, but lack the ability to stimulate
the cell-mediated immune response (Reed et al., 2009).
A cell-mediated immune response is important to
combat infected or abnormal cells such as cancer or
tumor cells. Although some adjuvants can stimulate
cell-mediated immune responses, these adjuvants
usually cause many side effects such as fever, allergy
and fatigue (Gupta, 1998; Minutello et al., 1999; Asa et
al., 2000; Podda, 2001). Therefore, it is necessary to find
new adjuvants that are safe and can stimulate both
humoral and cell-mediated immune responses.

The wide use of plant-derived remedies in
both traditional and modern medicine has made
medicinal plants an interesting source of new
therapeutics. Recently, there has been increased
attention on finding new adjuvants from plants
containing phenolic compounds. Several plant
phenolic compounds were reported to enhance the
proliferative response of lymphocytes (Brattig et al.,
1984); induce the activation of lymphocytes and
macrophages; increase antibody production (Brattig et
al., 1984; Kong et al., 2004); promote the secretion of the
inflammatory cytokines IL-1p, TNF-a, and IL-6 (Barak
etal., 2001); increase the mRNA expression of IL-1p3, IL-
6, iNOS, and TNF-a (Johnson et al, 2003); and
stimulate the expression of the IFN-y coding gene
(Nair et al., 2002; Chauhan et al., 2010).

Medicinal plants that contain phenolic
compounds are commonly found in the Moraceae and
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Leguminosae families (Barron and Ibrahim, 1996);
within these families, immunoadjuvant properties
have been found in Acacia catechu, Artocarpus
integrifolia, Ficus carica, Ficus bengalensis, Morus alba,
Pachyrhizus erosus and Pongamia glabra (Kabir, 1998;
Albuquerque et al., 1999; Rosa et al., 1999; Kim et al.,
2000; Ismail and Asad, 2009; Venkatachalam et al.,,
2009; Patil et al., 2010; Sharma et al., 2011; Heroor et al.,
2012; Kumalasari et al, 2014). Extracts from these
plants were shown to induce both humoral and cell-
mediated immunity (Ismail and Asad, 2009; Patil et al.,
2010; Sharma et al., 2011); activate the complement
system, induce lymphocyte proliferation, stimulate
macrophages (Patil et al, 2010), enhance humoral
antibody (HA) titers and increase total leukocyte
counts (TLC) and differential leukocyte counts (DLC)
(Singh et al., 2011). Plants in the Moraceae and
Leguminosae families that are very common in
Thailand include Artocarpus altilis, Broussonetia
papyriferra, Morus alba, Derris reticulata, Derris scandens,
Erythrina wvariegata, Pithecolobium dulce, Artocarpus
gomezianus and Dalbergia cultrata. Investigating the
effects of these plants on the proliferation of peripheral
blood mononuclear cells (PBMCs) and the maturation
of monocyte-derived dendritic cells (MoDCs) may lead
to the discovery of new adjuvants that can be utilized
in future vaccine production and also add value to Thai
plants. Therefore, the objective of the study was to
investigate Thai herbal plants in the Moraceae and
Leguminosae families for their immunoadjuvant
activities on the proliferation of swine PBMCs and the
maturation of MoDCs.

Materials and Methods

Plant materials: Nine plants in the Moraceae and
Leguminosae families, whose local Thai and scientific
names are listed in Table 1, were collected and
investigated for their phenolic content and
immunoadjuvant activities. Authentication of these
nine plants was performed by comparison with the
herbarium specimens at the Department of National
Park, Wildlife and Plant Conservation, Ministry of
National Resources and Environment, Bangkok,
Thailand. Crude extracts were obtained from these
plants using maceration and evaporation techniques.
Briefly, the dried plants were ground into coarse
powder. The coarse powder was macerated with
methanol for 3 days at room temperature and filtered
through filter paper (Whatman No. 1). The filtrates
were dried in a rotary evaporator (Buchi, Flawil,
Switzerland). The crude extracts were kept at -20°C
until used.

Total phenolic content assay: The total phenolic
content was determined by spectrophotometry. The
amount of total phenolic compound in the crude
extracts was determined using the Folin-Ciocalteu
method (Javan et al., 2003). In brief, 50 ul of each crude
extract solution (5 mg/ml in dimethylsulfoxide or
DMSO) was transferred into 15 ml test tubes, 2.5 ml of
a10% (v/v) Folin-Ciocalteu reagent was added and the
resulting solution was mixed thoroughly. After 5 min,
2 ml of 7.5% (w/v) sodium carbonate was added and
mixed. The obtained mixture was incubated in the dark
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for 15 min at 45°C before the absorbance was read at
765 nm using UV-VIS spectrophotometer (Shimadzu,
Kyoto, Japan). Gallic acid was used as the standard and
the total phenolic content was expressed as mg/ g gallic
acid equivalents (GAE). The standard concentrations
of gallic acid were 0.2-0.8 mg/ml in DMSO. All the
experiments were performed in triplicate.

Preliminary phytochemical studies: The crude extract
from the root bark of A. gomezianus was used for

Tablel  Total phenolic content of crude extracts
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preliminary  phytochemical tests.  Preliminary
phytochemical testing for the presence of various
compounds by standard methods like shinoda test,
pew test and anthocyanins test for flavonoids (Peach
and Tracey, 1959; Khandelwal, 2000), Mayer’s test,
Marme’s test and Dragendorff’s test for alkaloids
(Wagner et al., 1996), and ferric chloride test and lead
acetate test for tannins (Trease and Evans, 1978) was
conducted (Sharanabasappa et al., 2007).

Local name Scientific name Family name Part Content
(mg GAE/g)

Sake Artocarpus altilis Moraceae Stem 48.3+4.52
(Parkinson) Fosberg

Hat nun Artocarpus gomezianus Moraceae Root bark 264.246.5¢
Wall. ex Trécul

Po krasa Broussonetia papyriferra (L.) ~ Moraceae Root bark 92.943.1¢
Vent.

Mon Morus alba L. Moraceae Root bark 190.7+6.24

Kra phi khao khwai Dalbergia cultrata Graham ~ Leguminosae Heartwood 173.2+2.0d
ex Benth.

Cha em nuea Derris reticulata Craib Leguminosae Stem 78.5£5.6P

Thao wan priang Derris scandens Leguminosae Stem 163.5+7.34
(Roxb.) Benth.

Thong lang lai Erythrina variegate L. Leguminosae Stem bark 106.6+6.8¢

Ma kham thet Pithecolobium dulce (Roxb.) ~ Leguminosae Stem 77 442.0b
Benth.

Isolation of porcine peripheral blood mononuclear
cells: Blood samples were collected from the same
three pigs throughout this study. PBMCs were isolated
from whole blood samples by density gradient
centrifugation as previously described (Nilubol et al.,
2004). In brief, the blood sample was diluted with an
equal volume of phosphate buffer saline (PBS). The
diluted blood sample was overlaid on Isoprep
(Robbins Scientific, CA, USA) and centrifuged at 400 x
g for 30 min at 20°C. The lymphocyte layer was
transferred into a new test tube, washed twice with
PBS and resuspended in a complete medium;
advanced RPMI 1640 media (Invitrogen, CA, USA)
supplemented with 10% (v/v) fetal bovine serum
(Gibco®, MD, USA), 1% (v/v) L-glutamine (Invitrogen,
CA, USA), 1% (v/v) Antibiotic/ Antimycotic solution
(Sigma-Aldrich®, MO, USA), 25% (v/v) HEPES
(Gibco®, MD, USA) and 0.1% (v/v) 2-mercaptoethanol
(Gibco®, MD, USA). PBMCs were used to determine
cytotoxic and proliferation effects of the crude extracts
using MTT and Carboxyfluorescein succinimidyl ester
(CFSE) assays, respectively.

MTT cytotoxicity assay: The effects of nine crude
extracts on the viability of PBMCs were determined
using a colorimetric technique, the 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium
bromide (MTT) assay, as previously described (Yeap et
al., 2007). In brief, 100 pl of a suspension of 5 x 105
cells/ml of PBMCs was seeded in a flat-bottomed 96-
well culture plate and cultured for 24 hr at 37°C, 5%
CO; in a humidified atmosphere. At approximately
70% cell confluence, the PBMCs were treated with the
crude extracts at final concentrations of 1, 10, 50 and
100 pg/ml and incubated at 37°C, 5% CO; in a

humidified atmosphere for 3 days. Following 3 days of
incubation, 20 pl of an MTT reagent (Sigma-Aldrich®,
MO, USA) at 5 mg/ml was added into each well; the
cell cultures were further incubated for 4 more hours.
After 4 hours, the medium and MTT solution was
removed from every well and 100 ul DMSO (Fisher
Scientific, LE, UK) was then added into each well to
dissolve formazan crystals. Finally, the culture plate
was read at 570 nm using a microplate reader (Perkin
Elmer, MA, USA). Cells treated with
Phytohemagglutinin (PHA, 5 pg/ml) and cells treated
with 0.5% DMSO in complete medium were used as
the positive control group and the control group,
respectively. The experiments were performed in
triplicate. Relative percentage of cell survival was
calculated by dividing the absorbance of treated cells
by that of the control group in each experiment. Crude
extracts that demonstrated no toxicity to PBMCs were
further tested for lymphocyte proliferative effects
using the CFSE dye dilution assay.

CESE  lymphocyte  proliferation  assay: The
proliferative effect of the crude extracts on PBMCs was
performed using CFSE staining, as previously
described (Parish and Warren, 2002). In brief, 1 x 107
cells/ml of PBMCs in sterile PBS were transferred to a
15 ml test tube, labeled with 2.5 uM CFSE (Invitrogen,
CA, USA) in PBS and incubated for 5 min at room
temperature with periodic mixing. The reaction was
stopped by addition of 0.5 ml fetal bovine serum (FBS).
The PBMCs were washed once with sterile PBS, then
washed again with the complete medium. The CFSE-
labeled PBMCs were seeded in a 96-well flat-bottomed
culture plate at density of 5 x 105 cells/well in 200 pl of
0.5% DMSO in complete medium (the control group),
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5 pg/ml PHA (the positive control group), or each of
the crude extract (1, 10, 50 and 100 pg/ml, the
treatment groups). The treated cultures were further
incubated at 37°C in a 5% CO» humidified atmosphere
for 3 consecutive days. Lymphocyte proliferation was
determined by flow cytometric analysis (FACS
Calibur™, CA, USA). Relative proliferative index was
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calculated by dividing the percentage of proliferating
cells in the treatment group by that of the control group
in each experiment. Crude extracts that significantly
enhanced the proliferation of PBMCs were selected for
further investigation into the maturation of porcine
MoDCs.
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Figure 1

Cell viability was analyzed using MTT assay. (A) Effects of 1, 10, 50, and 100 pg/ml of nine crude extracts on PBMC

cytotoxicity. (B) Percentage of viable PBMC on Artocarpus gomezianus and Dalbergia cultrata treatment.
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Proliferation of PBMCs was determined by using CFSE dye. (A) Proliferative effect of 100 pug/ml of crude extracts of

Artocarpus gomezianus and Dalbergia cultrata on porcine PBMCs, compared to 5 ug/ml of phytohemagglutinin (PHA). (B)
Flow cytometric histograms of CFSE stained PBMCs. * p < 0.05 versus non-treated control.
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Generation of porcine monocyte-derived dendritic
cells: Porcine MoDCs were generated from PBMCs as
previously described (Dauer et al, 2003). Briefly,
PBMCs at density of 1 x 107 cells/ ml were resuspended
in Iscove's Modified Dulbecco's Medium (IMDM)
supplemented with 5% FBS (Gibco®, MD, USA),
seeded in a 6-well culture plate (Corning, NY, USA)
and incubated at 37°C in a humidified atmosphere at
5% COy for 2 hr to allow monocytes adherence.
Peripheral blood lymphocytes (PBLs) were then
removed and the adhered monocytes were washed
gently twice with PBS. The monocytes were cultured in
advanced complete RPMI 1640 supplemented with
10% (v/v) fetal bovine serum (Gibco®, MD, USA), 1%
(v/v) Antibiotic/ Antimycotic (Sigma-Aldrich®, MO,
USA), 50 ng/ml of granulocyte-macrophage colony-
stimulating factor (GM-CSF) and 50 ng/ml of
recombinant human interleukin-4 (IL-4) (R&D
systems®, MN, USA) and incubated at 37°C in a
humidified atmosphere at 5% CO; for 48 hr to generate
immature MoDCs. The immature MoDCs were then
harvested, resuspended in the complete medium, and
plated into a 24-well culture plate at a concentration of
5 x 105 cells/ml. Quality of the MoDCs generated was
monitored visually using microscopy and by flow
cytometric comparisons of the expression level of
CD80 and MHC Class II molecules on these MoDCs
and freshly isolated monocytes.

Determination of monocyte-derived dendritic cell
maturation by flow cytometry: The crude extracts
selected from the CFSE dye dilution assay were tested
for their effects on the maturation of MoDCs. MoDCs
are a major component of the cellular immune system
and are highly potent in the induction of specific
immune responses by using major histocompatibility
Class II (MHC II) and costimulatory molecules (CD80,
CD86, etc.) which are upregulated in mature MoDCs.
To detect the expression of MHC Class II and CD80,
immature MoDCs at density of 5 x 105 cells/ml were
resuspended in the complete medium and cultured in
a 24-well flat-bottomed culture plate with 100 pg/ml
crude extracts. Ten pg/ml of lipopolysaccharide (LPS)
and the complete medium were used as the positive
control group and the control group, respectively. The
cells were incubated at 37°C in a humidified
atmosphere at 5% CO: for 48 hr and then harvested for
immunophenotyping. The harvested cells were stained
with 1:50 of anti-human CD80 PE (BD Biosciences, CA,
USA) and 1:50 of mouse (IgG2a) anti-pig SLA-DR (BD
Biosciences, CA, USA) as the primary antibody and
incubated at 4°C in the dark for 30 min. Subsequently,
the cells were stained with 1:100 of secondary
conjugate, goat anti-mouse IgG2a FITC (Invitrogen,
CA, USA), diluted in FACS buffer and incubated at 4°C
in the dark for 30 min. Washing between each staining
step was performed by adding 200 pl of FACS buffer.
In the final state, the pellet was resuspended in 400 pl
of 2% formaldehyde to fix the MoDCs. Analysis of the
expression level of surface antigens was performed by
flow cytometry (BD Biosciences, CA, USA). Relative
fluorescence intensity of MHC Class Il and CD 80 after
incubation of the MoDCs with crude extracts in
comparison to incubation with LPS was reported.

367

Statistical analysis: All data were expressed as the
mean * standard deviation of three independent
experiments. Difference in the mean values between
the groups was analyzed by a one-way analysis of
variance (ANOVA) for randomized block design.
Homogeneity of variance were analyzed by Levene’s
test followed by a post-hoc test using the Dunnett test
in the case of unequal variance or the Tukey HSD test
in the case of equal variance. A p <0.05 was considered
statistically significant.

Results

The total phenolic content of the nine crude
extracts is shown in Table 1. The amount of phenolic
compound in all nine crude extracts varied widely,
ranging from 48.3+5.3 to 264.246.5 mg of GAE/gm of
extract. Crude extracts from Artocarpus gomezianus had
significantly higher levels of total phenolic compound
compared to the other eight crude extracts (264.17+6.5
mg GAE/gm extract). The next highest levels of total
phenolic compound were found in the extracts from
Morus alba, Dalbergia cultrata and Derris scandens
(190.746.2, 1732+2.0 and 163.5t7.3 mg GAE/gm
extract, respectively). In contrast, Artocarpus altilis had
the lowest level of total phenolic compound (48.3+4.5
mg GAE/gm extract).

The effects of the nine crude extracts on the
viability of PBMCs are shown in Figure 1. PBMCs were
exposed to 1, 10, 50, and 100 pg/ml of the crude
extracts for 72 hr in normal culturing condition. in the
MTT assay, seven crude extracts, i.e. extracts from
Artocarpus altilis, Broussonetia papyriferra, Morus alba,
Derris reticulata, Derris scandens, Erythrina variegata, and
Pithecolobium dulce, decreased cell viability in a
concentration-dependent manner compared to the
control group (PBMCs incubated with 0.5% DMSO in
complete medium). Interestingly, the PBMCs treated
with A. gomezianus and D. cultrata at 100 pg/ml
showed 230% and 165%, respectively, increase in the
cell viability compared to the control group (p < 0.05),
showing the potential of these two crude extracts to
enhance lymphocyte proliferative responses. Non-
toxic concentrations of all nine crude extracts were
chosen to investigate the ability of the extracts to
stimulate PBMCs proliferation using the CFSE dye
dilution assay.

PBMCs were treated with the non-toxic
concentrations of all nine crude extracts and cell
proliferation was measured using the CFSE staining
assay. Only the extracts from A. gomezianus and D.
cultrata, at the concentration of 100 pg/ml significantly
enhanced the proliferation of PBMCs compared to the
control group (p < 0.05). The proliferative index of cell
treated with A. gomezianus and D. cultrate were 1.8
times and 1.5 times, respectively, higher than that of
the control group (Fig 2A). The other seven crude
extracts from A. altilis, B. papyriferra, M. alba, D.
reticulata, D. scandens, E. variegata and P. dulce did not
induce PBMC proliferation at any of the concentrations
tested (data not shown). Flow cytometric analysis also
confirmed that the crude extracts from A. gomezianus
and D. cultrata could stimulate the proliferation of
PBMCs as observed by the progressive halving of CFSE
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fluorescence within daughter cells following cell
division (Fig 2B). Therefore, the 100 pug/ml of crude
extracts of A. gomezianus and D. cultrata were further
investigated for their ability to induce MoDCs
maturation, as dendritic cell maturation is a key event
in regulating and amplifying the antigen specific
immune response.

The characteristics of the MoDCs were
confirmed by the appearance of dendrite-like cells
using microscopy in conjunction with the expression of

co-stimulatory molecules using flow cytometry. After
the incubation of monocytes with IL-4 and GM-CSF for
48 h, the appearance of the monocytes changed from a
rounded shape to a dendritic shape (Fig 3A), which is
a unique characteristic of dendritic cells. Moreover,
flow cytometric immunophenotyping showed that the
expression level of MHC Class Il and CD 80 was higher
in the MoDCs than in the monocytes (Fig 3B), as
expected in dendritic cells.
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Figure 3  Cell viability was analyzed using MTT assay. (A) Effects of 1, 10, 50, and 100 pg/ml of nine crude extracts on PBMC
cytotoxicity. (B) Percentage of viable PBMC on Artocarpus gomezianus and Dalbergia cultrata treatment.

=
)

Relative fluorescence intensity

Hl MHC Class 1T
® [ CD 8o

Figure4  Relative fluorescence intensity of MHC Class Il and CD80 expression on surface of MoDCs incubated with crude extracts
of Artocarpus gomezianus and Dalbergia cultrata. * p < 0.05 versus lipopolysaccharide (LPS) as a positive control.

Crude extracts from both A. gomezianus and
D. cultrata were tested for their ability to induce the
expression of MHC Class Il and CD80 on the surface of
MoDCs. The immature MoDCs incubated with 100
ug/ml of the crude extract from A. gomezianus showed
an increase in the number of MHC Class II and CD80
molecules compared to the positive control group
(MoDCs treated with 10 pg/ml LPS). The relative
fluorescent intensity of MHC Class II and CD80
expressed in PBMCs treated with A. gomezianus were 2
times and 3 times higher than that of the control group

(p <0.05, Fig 4). Although the expression level of MHC
Class II and CD80 surface antigen was slightly
increased after the incubation of MoDCs with the
crude extract from D. cultrata (Fig 4), the effect was not
statistically significant when compared to the positive
control group.

Discussion

Immunomodulatory substances can
stimulate, suppress, or modulate any aspect of the
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immune system, including both the adaptive and the
innate  arms of the immune  system.
Immunomodulators can be classified into three
categories: immunoadjuvants, which enhance the
efficacy of vaccines; immunostimulants, which induce
activation of the immune response; and
immunosuppressants, which are used to treat various
types of organ transplant rejection and autoimmune
diseases (Sharma et al., 2011; Kumar et al., 2012).
Several methods, including antibody production
assays, lymphocyte proliferation assays, phagocytic
activity assays and assays to measure the maturation
of antigen presenting cells have been used to
investigate immunomodulators (Chen et al., 2012; Li et
al., 2012; Wang et al., 2012). Phenolic compounds,
commonly found in many plants, including those from
the Moraceae and Leguminosae families, have
multiple biological effects, including
immunomodulatory =~ properties. This study
investigated the immunoadjuvant properties of nine
Thai herbal plants in the Moraceae and Leguminosae
families on the proliferation of PBMCs and the
maturation of MoDCs.

The results of the study demonstrated that
two of the nine crude extracts, extracts from the root
bark of A. gomezianus and the heartwood of D. cultrata,
showed immunoadjuvant potential. The
immunoadjuvant activities of the crude extract of A.
gomezianus was greater than that of the crude extract of
D. cultrata. Both crude extracts from A. gomezianus and
D. cultrata could significantly increase the viability and
the proliferation of PBMCs. However, only the crude
extract from the root bark of A. gomezianus could
induce the maturation of dendritic cells. The A.
gomezianus extract increased the expression of MHC
Class II and CD80 by 50% compared to the control
group, whereas the D. cultrata extract had no
significant effect on the expression of MHC Class Il and
CD80.

As expected, high total phenolic content in the
extracts of A. gomezianus and D. cultrata corresponded
to their ability to stimulate PBMCs proliferation and
dendritic cells maturation. D. cultrata and A. gomezianus
are in the Leguminosae and Moraceae families,
respectively. Many plants in both families have been
reported to have immunomodulatory activities both in
vitro and in vivo (Kim et al., 2000; Ismail and Asad,
2009; Patil et al., 2010) and it is hypothesized that their
phenolic compounds are the main constituents
responsible for this immunomodulation. Although the
crude extracts from Morus alba and Derris scandens
showed high phenolic content, these extracts were not
included in the study due to their toxicity and limited
ability to increase the number of PBMCs observed in
the MTT assay.

This is the first study to demonstrate the effect
of crude extracts from the heartwood of D. cultrata and
the root bark of A. gomezianus on the proliferation of
PBMCs and to show the stimulatory effect of the
extract from the root bark of A. gomezianus on MoDCs.
The phenolic compounds currently identified in D.
cultrata are neoflavanoids and dalberatins A and B, all
classified as flavonoids (Donnelly et al., 1972). Thus,
flavonoids may be the main compounds responsible
for the proliferative effect of D. cultrata crude extract on
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PBMCs. There are many phytochemical reports on
other parts of A. gomezianus such as the heartwood
(Likhitwitayawuid et al, 2006), the stem bark
(Sritularak et al., 2010), the root (Likhitwitayawuid et
al., 2000; Prashanth et al., 2014), fruit and aerial parts
(Prashanth et al., 2014). However, there are no reports
on the secondary metabolites from the root bark of this
plant, the immunoadjuvant compounds in the root
bark of A. gomezianus are therefore unknown. Our
preliminary phytochemical screening of the extract
from the root bark of A. gomezianus showed the
presence of tannins by lead acetate, 1% ferric chloride
and vanillin-HCI tests and flavonoids in the y-
benzopyrone nucleus group such as flavones,
flavanones and dihydroflavonols by the shinoda test.
In addition, it was reported that one of the components
in the root of A. gomezianus was in the group of stilbene
compounds (Likhitwitayawuid and Sritularak, 2001;
Hakim et al., 2002). Stilbene compounds such as trans-
3,5,4'-trihydroxystilbene (resveratrol) found in the root
of A. gomezianus have been reported to be ligands for
Toll-like receptor 4. Activation of Toll-like receptor 4
leads to the maturation of dendritic cell (Thomas et al.,
2003; Yusuf et al, 2009). Thus, these groups of
compounds may also be found in the root bark of A.
gomezianus and may be responsible for the proliferation
of PBMCs and the maturation of dendritic cells
observed in this study. However, the evidence
supporting which constituents in the crude extracts are
responsible for the immunoadjuvant activity is
ambiguous; further studies of the chemical
constituents of crude extract from the root bark of A.
gomezianus are needed.

Based on the results presented in this study,
the crude extracts from the root bark of A. gomezianus
possessed immunoadjuvant properties that caused the
proliferation of PBMCs and the maturation of
monocyte-derived dendritic cells. Thus, the extracts
from the root bark of A. gomezianus may potentially be
used as an adjuvant in vaccine formulations.
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