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Tabebuia sp. (Bignoniaceae) is representative traditional herbal plants, found in tropical rain forest areas 
throughout Central and South America. These plants have been mostly used as a folk medicine to treat bacterial 
infection, blood coagulation, cancer and inflammatory diseases. In this study, we aimed to demonstrate the 
modulatory role of Tabebuia avellanedae in various macrophage- or monocyte-mediated immune responses 
using its water extract (Ta-WE). Ta-WE was able to up-regulate cell-cell interaction by decreasing the migration 
of cells and by enhancing CD29-mediated cell-cell adhesion, and the surface levels of adhesion molecules 
(CD18, CD29, and CD82) and costimulatory molecules (CD80 and CD86) linked to macrophage stimulation as 
seen in up-regulation of ROS release. In addition, this fraction also suppressed an alteration in the membrane 
levels of macrophages such as phagocytic uptake and morphological changes. Therefore, these results suggest 
that the water extract of T. avellanedae can strongly modulate an ability of macrophages and monocytes to 
manage immune cell-cell interaction in host defence system. 
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INTRODUCTION 

 
Tabebuia avellanedae Lorentz ex Griseb., a Bignonia-
ceae, is a representative herbal plant used for treating 
various skin inflammatory diseases including eczema, 
psoriasis, fungal infections and even skin cancers for 
over 1,000 years (Casinovi et al., 1963; de Santana et al., 
1968; Woo and Choi, 2005). Recent pharmacological 
studies have also increased the under-standing of its 
therapeutic efficacies including astringent, anti-
inflammatory, antibacterial, antifungal, diuretic, anti-
coagulational and laxative properties as well as an anti-
cancer effect (Choi et al., 2003; Machado et al., 2003; 
Awale et al., 2005; Bohler et al., 2008). So far, the variety 
of pharmacologically active ingredients with such  
biological activities from the plant such as naphthoquinones,  
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furanonaphthoquinones, anthrax-quinones, benzoic acid 
derivatives, benzaldehyde derivatives, iridoids, 
coumarins and flavonoids (Kreher et al., 1988; Ueda et 
al., 1994; Choi et al., 2003; Machado et al., 2003; Pereira 
et al., 2006; Kim et al., 2007; Kung et al., 2007) have 
been identified.  

Previously, we reported that the water extract of this 
plant can suppress several inflammatory responses 
including lipopolysaccharide (LPS)-induced nitric oxide 

(NO) and prostaglandin (PG)E2 production in 

macrophage-like RAW264.7 cells and arachidonic acid-
treated mouse ear edema (Byeon et al., 2008). In 
addition, other groups proposed that aqueous extract of 
this plant can display anti-nociceptive and anti-
edematogenic properties, linked to its anti-inflammatory 
and analgesic activities (de Miranda et al., 2001; Awale 
et al., 2005). In this study, we aimed to investigate the 
modulatory roles of the water extract on various cellular 
events managed by macrophages and monocytes, major 
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inflammatory cells. 

 
MATERIALS AND METHODS 
 
Materials 
 
The water extract from the inner bark of T. avellanedae, was 
prepared as previously reported (de Miranda et al., 2001; Byeon et 
al., 2008). FITC-dextran, Sodium nitroprusside (SNP), (3 - 4, 5-
Dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide, a tetrazole 
(MTT) and LPS (Escherichia coli 0111:B4) were purchased from 
Sigma Chemical Co. (St. Louis, MO). Fetal bovine serum and 
RPMI1640 were obtained from GIBCO (Grand Island, NY). 
RAW264.7 and U937 cells were purchased from ATCC (Rockville, 
MD). All other chemicals were of Sigma grade. Aggregation-
inducing antibodies to CD29 (MEM 101A), CD43 (161-46) were 
used for these studies (Diaz et al., 1997; Cho et al., 2003). 
Antibodies to CD69, CD80, CD82, and CD86 were purchased from 
BD Bioscience (San Jose, CA). 

 

Cell culture 
 
RAW264.7, a murine macrophage cell line and U937 cells, a human 
promonocytic cell line, were maintained in RPMI1640 supplemented 
with 100 U/ml of penicillin, 100 µg/ml of streptomycin and 10% fetal 
bovine serum. Cells were grown at 37°C and 5% CO2 in humidified 
air. 

 

Quantitative homotypic cell-cell assay 
 
For quantitative aggregation assays (Diaz et al., 1997), 50 µl of 
cells were resuspended in RPMI1640 medium supplemented 10% 

FCS at 2 × 10
6
 cells/ml and plated in a flat bottom microwell with an 

equal volume of various concentrations of test compounds. The 
plates were cultured at 37°C for 30 to 60 min. Twenty microliter cell 
suspension was placed into round bottom microplate well followed 
with 20 µl of mAb solution added. Cells were then incubated for a 
further 3 h in the same conditions. Thereafter, the numbers of 
unaggregated and total cells were counted in a haemocytometer 
and percentage of cells in aggregates was determined by the 
following equation: 

 
% of cells in aggregates = [total cells-free cells/total cells] × 100. 
 
In some experiments, the results were expressed as % of control, 
showing aggregation in presence of inhibitors as a % of 
aggregation in the presence of aggregating mAb only. 
 

 
Cell-extracellular matrix protein (fibronectin) adhesion assay 
 

For the cell-fibronectin adhesion assay, U937 cells (5 × 10
5
 

cells/well) were seeded on a fibronectin (50 µg/ml)-coated plate and 
incubated for 3 h (Larrucea et al., 1998). After removing unbound 
cells with PBS, the attached cells were treated with 0.1% of crystal 
violet for 15 min. The OD value at 540 nm was measured by a Bio-
TEK EL800 reader (Winooski, VT). 
 

 
Cell migration assay 
 

RAW264.7 cells (2 × 10
5
 cells/ml) were incubated with indicated 

concentrations of Ta-WE for 30 min. After scratching the cultured 
cells with a pipette, the cells were further incubated for 12 h. The 

 
 
 
 

 
images of the cells in culture were obtained using an inverted 
phase contrast microscope attached to a video camera. 
 

 
Flow cytometric analysis 
 
Surface levels of CD18, CD29, CD69, CD80, CD82, and CD86 on 
U937 or RAW264.7 cells were determined by flow cytometric 
analysis as reported previously (Cho et al., 2001). The fluorescence 
level of stained cells was analyzed by a FACScan device (Becton-
Dickinson, San Jose, CA). 

 

ROS determination 
 
The level of intracellular ROS was measured by determining 
fluorescence levels generated from oxidation of the probe DHR123 

(Bai et al., 2005). Briefly, 5 × 10
5
 cells/well were incubated with Ta-

WE for 30 min and then with SNP (125 µM) for an additional 6 h. 
After a final incubation with 2.5 µM DHR123 for 1 h, the intracellular 
ROS level was determined using flow cytometry. 

 

LPS-induced morphological change 
 

RAW264.7 cells (1 × 10
5
) were incubated with indicated 

concentrations of Ta-WE in the presence or absence of LPS for 24 
h. The images of the cells in culture were obtained using an 
inverted phase contrast microscope attached to a video camera. 

 

Phagocytic uptake 
 
To measure the phagocytic activity of RAW264.7 cells, a previously 
reported method was used with slight modifications (Lee et al., 

2007). RAW 264.7 cells (1 × 10
6
 cells/ml) were preincubated with 

or without Ta-WE for 30 min, and further incubated for 6 h. Finally, 
the cells were further incubated with FITC-dextran (1 mg/ml) for 30 
min at 37°C. The incubation was stopped by addition of 2 ml of ice-
cold PBS, and the cells were washed four times with cold PBS. 
After fixing the cells with 3.7% formaldehyde, phagocytic uptake 
was analyzed using a FACScan device (Becton-Dickinson, San 
Jose, CA, USA). 

 

Statistical analysis 
 
The student’s t-test and one-way ANOVA were used to determine the 

statistical significance between values of the various experimental and 

control groups. Data (Figures 1, 2A, 3A, 3C and 4B) expressed as 

means ± standard errors (SEM) are taken from at least three 

independent experiments performed in triplicate (Figures 1, 2A, 3A, 3C 

and 4B). The data (Figures 2B, 3B, 4A and 4C) are representative of 

three different experiments with similar results. P values of 0.05 or less 

were considered to be statistically significant. 
 

 

RESULTS AND DISCUSSION 
 

Taheebo has been used in South American area for a 
long time to treat skin inflammatory diseases such as 
eczema and psoriasis and anti-fungal diseases such as 
candidiasis, pyorrhea and athlete’s foot (Burnett and 
Thomson, 1968). Recently, since its anti-cancer activity 
has been demonstrated, water extract of the inner bark of 
T. avellanedae is now being directly used to cancer 
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Figure 1. Effect of Ta-WE on cell-cell and cell-fibronectin adhesion. (A and B) U937 cells (1 × 10
6
 cells/ml) pretreated with Ta-WE 

were incubated either in the presence or absence of pro-aggregative (agonistic) antibodies (1 µg/ml each) to CD29 (MEM 101A), 
CD98 (ANH-18) or CD43 (161-46) for 3 h. Images of the cells in culture (A) were obtained using an inverted phase contrast 
microscope attached to a video camera. Quantitative analysis of cell-cell clusters (B) was assessed by quantitative cell-cell 

adhesion assay as described in Materials and methods. (C) U937 cells (1 × 10
6
 cells/ml) pretreated with Ta-WE were seeded on 

fibronectin (50 µg/ml)-coated plates and further incubated for 3 h. Attached cells were determined by crystal violet assay, as 

described in Materials and Methods. (D) RAW24.7 cells (1 × 10
5
 cells/ml) pre-treated with Ta-WE were scratched with pipette and 

further incubated for 24 h. (E) RAW264.7 cells (1 × 10
6
 cells/ml) were treated with Ta-WE for 24 h. Cell viability was determined by 

the MTT assay Data (B, C, D and E) represent mean ± SEM of three independent observations performed in triplicate. *: p < 0.05, 
**: p < 0.01 compared to control. 
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Figure 2. Effects of Ta-WE on surface level of adhesion and costimulatory molecules. (A and C) U937 cells 

(1 × 10
6
 cells/ml) were treated with Ta-WE for 12 h. The surface levels of CD29, CD18, and CD82 in U937 

cells were determined by flow cytometry as described in Materials and Methods. (B) RAW264.7 cells (1 × 

10
6
 cells/ml) were treated with Ta-WE for 12 h in the presence or absence of LPS (1 µg/ml). The surface 

levels of CD69, CD80, and CD86 were determined by flow cytometry. Data represent mean ± SEM of three 
independent observations performed in triplicate. *: p < 0.05 compared to control. 
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Figure 3. Effect of Ta-WE on the production of ROS in SNP-treated 

RAW264.7 cells. RAW264.7 cells (1 x 10
6
) were pretreated with various 

concentrations of Ta-WE in the presence or absence of SNP (100 µM) for 30 
min. The level of generated ROS was determined by flow cytometric analysis 
as described in Materials and Methods. Data represent mean ± SEM of three 
independent observations performed in triplicate. *: p < 0.05 and **: p < 0.01 
compared to control. 

 

 

patients (Mukherjee et al., 2009). Previously, we have 
demonstrated that the anti-inflammatory effect of this 
medicinal plant could be due to blockade of NO and 

PGE2 generation in LPS-activated macrophage-like 

RAW264.7 cells (Byeon et al., 2008). In this study, we 
tried to further characterize the modulatory effect of 
macrophage and monocyte functions by Ta-WE to 
understand its immunoregulatory potentials.  

Ta-WE significantly up-regulated: 1) The functional 
activity of CD29 under treatment of its function-activating 
antibody and fibronectin, an extracellular matrix protein 
(Martin et al., 1998) interacting with CD29 (Figure 1 and 
2). The normal surface expression levels of adhesion 
molecules (CD29 and CD18) (Figure 2A) and 
costimulatory molecules (CD80, CD82 and CD86) 
(Figures 2B and 2C); and 3) The generation of ROS 
induced with SNP (100 µM) (Figure 3). In contrast, this 
herb negatively regulated; 1) Normal cell migration events 
observed after scratching RAW264.7 cells with pipette 
(Figure 1D); 2) LPS-induced morphological changes 
(Figure 4A); and 3) Phagocytic uptake of FITC-labelled 
dextran (Figure 4). Therefore, these results suggest that 
the extract seems to clearly affect cellular responses 
occurred in macrophages and monocytes.  

Immune responses are mediated by various types of 
immune cells such as antigen presenting cells (APC) 
(such as dendritic cells, macrophages, and monocytes), 
lymphocytes, neutrophils and NK cells (Friedl et al., 
2005). One of recent important issues is how to interact 

 
 

 

between these immune cells performing their immunolo-
gical activity. Some cases (e.g. between APC and 
lymphocytes) are now greatly understood on their 
interaction mechanism (Friedl et al., 2005), but others 
(e.g. between macrophages and NK cells) are still 
unelucidated yet. Such an interaction is known to be 
mediated by adhesion molecules such as β1-integrins 
(CD29) and β2-integrins (CD18) (Cho et al., 2001). The 
activation of these molecules could lead the cells to close 
interaction between cells to be immunologically up-
regulated (Ohkawara et al., 2000; Gasic et al., 2004). By 
the reason, various soluble factors such as cytokines and 
inflammatory mediators can be more produced and 
subsequent tremendous immune responses are main-
tained (Brown et al., 2003; Sabatos et al., 2008). The 
facts that; 1) Ta-WE treatment strongly enhanced the 
cell-cell adhesion events up to 35 to 40% at 50 to 400 
µg/ml (Figure 1B); 2) U937 cell-fibronectin adhesionevent 
mediated by activated CD29 was also strongly up-
regulated by 2-fold at 400 µg/ml (Figure 1C); 3) The 
migration of scratched cells has been completely 
blocked; 4) Surface expression levels of two 
representative adhesion molecules (CD29 and CD18) as 
well as CD82 were increased up to 2-fold level at 400 
µg/ml (Figures 2A and C); and Ta-WE simply maintained 
the cluster formation of RAW264.7 cells even after LPS 
treatment (Figure 4A) seem to indicate an assumption 
that this extract may play an important role in up-
regulating cell-cell interaction through stimulation of cell 
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Figure 4. Effect of Ta-WE on the alteration of membrane levels in RAW264.7 cells. (A) in 

RAW264.7 cells (1 × 10
5
) were incubated with indicated concentrations of Ta-WE in the presence 

or absence of LPS (1 µg/ml) for 12 h. The images of the cells (in culture were obtained using an 

inverted phase contrast microscope attached to a video camera. (B) RAW264.7 cells (2 × 10
5
 

cells/ml), pretreated with Ta-WE, were stimulated with FITC-dextran (1 mg/ml) for 6 h. The extent 
of the phagocytic uptake was determined by flow cytometric analysis, as described in Materials 
and Methods. Data (B) represent mean ± SEM of three independent observations performed in 
triplicate. *: p < 0.05, **: p < 0.01 compared to control. 

 
 

 

clustering formation. Furthermore, the enhancement of 
cell-cell adhesion seemed to block the migration of 
macrophages or monocytes, since scratched area in Ta-
WE-treated cells was not filled by the cells. We have not 
yet measured further immunological responses such as 
cytokine production under cell-cell adhesion conditions. 
However, the facts that CD29 activation is capable of 
enhancing ROS generation in U937 cells (Wang et al., 
2000; Hunt et al., 2002), and that Ta-WE strongly 
increased both CD29 activation (Figure 1) and ROS 
generation (Figure 3) may imply the up-regulatory roles of 
this extract on immune cell-cell interaction. Furthermore, 

 
 
 

 

the effect on the expression of costimulatory molecules 
such as CD69, CD80 and CD86 in RAW264.7 cells also 
appears to suggest that Ta-WE may up-regulate the 
interaction between APC and T lymphocytes, since these 
costimulatory molecules are involved in cellular 
interaction between these cells (Dong et al., 2008). 
Detailed studies will be further followed to prove this 
possibility.  

The major active compounds identified in the hot water 
extract include naphthoquinones, uranonaphthoquinones, 
anthraquinones, benzoic acid derivatives, benzaldehyde 
derivatives, iridoids, coumarins, and flavonoids 
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(Kreher et al., 1988; Ueda et al., 1994; Choi et al., 2003; 
Machado et al., 2003; Pereira et al., 2006; Kim et al., 
2007; Kung et al., 2007). So far, regulatory effects of 
these compounds on macrophage functions are not fully 
elucidated, while anti-cancer and anti-microbacterial 
effects of these compounds were reported previously 
(Tobe et al., 1982; Mukherjee et al., 2009). Therefore, 
which components can be involved in such modulatory 
activities on macrophage- or monocyte-mediated cell-cell 
interaction should be followed in the next project.  

In summary, we have demonstrated that the water 
extract of T. avellanedae is able to up-regulate cell-cell 
interaction by decreasing the migration of cells and by 
enhancing the functional activation of adhesion mole-
cules such as CD29, and the surface levels of their 
proteins (CD18, CD29, and CD82) and costimulatory 
molecules (CD80 and CD86) linked to macrophage 
stimulation such as increased ROS release. In addition, 
this fraction suppressed an alteration in the membrane 
structure levels such as phagocytic uptake and mor-
phological changes. Considering all the data, these 
results suggest that water extract can impose an ability of 
macrophages and monocytes to modulate immune cell-
cell interaction in host immune responses. 
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