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Deterioration of the immune function weakens the body’s resistance to various infections, leading to
a series of diseases. Immunomodulatory biomaterials have been used to reduce the side effects of im-
munosuppressants or to enhance immunity. Agarwood is the aromatic resinous portion of Aquilaria
trees that has been traditionally used as a medicinal herb for the treatment of various diseases.
Although previous studies have shown that agarwood can improve the body’s immunity, evidence
for this claim is still lacking. In this study, the immune-enhancing effects of the agarwood methanol
extracts of Aquilaria malaccensis Lamk were evaluated in a RAW 264.7 macrophage model. Based on
the results, the agarwood extracts markedly enhanced phagocytosis in the absence of cytotoxicity. The
agarwood extract-treated RAW 264.7 cells exhibited the typical morphology of activated macrophages,
which are spindle-shaped with elongated filopodia. Agarwood extract also significantly increased the
production of nitric oxide (NO), which is associated with the increased expression of inducible NO
synthase. Moreover, the secretion and expression levels of cytokines, such as tumor necrosis factor-a
and interleukin (IL)-18 and IL-6, were increased by agarwood treatment. Notably, these are also asso-
ciated with a mitogen-activated protein kinase signaling pathway. Taken together, our findings pro-
vide scientific evidence that agarwood has potential immune-enhancing effects in vitro.
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Fig. 1. Effects of agarwood extracts on the morphology and cell viability in RAW 264.7 macrophages. RAW 264.7 cells were treated
with various concentrations of agarwood methanol extracts (IDNL and IDNH), red ginseng ethanol extract (RG) and LPS
for 24 hr. (A) The representative morphological changes of cells were taken using an inverted microscope (x50 magnification).
Filopodia portions are indicated by arrows. (B) Cell viability was assessed by an MTT assay. Data are expressed as the
mean * SD (p<0.05, p<0.01 and ~ p<0.001 compared with the untreated cells). IDNL and IDNH are methanol extracts of
agarwood taken from A. malaccensis Lamk, and VNL and VNH are methanol extracts of agarwood taken from A. crassna

Pierre ex Lecomte.
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Fig. 2. Effect of agarwood extracts on the phagocytotic activity in RAW 264.7 macrophages. RAW 264.7 cells were treated with
the indicated concentration of IDNL, IDNH, RG and LPS for 24 hr. (A and B) Representative flow cytometry histograms
of phagocytosis using fluorescent FITC-IgG latex beads are presented. (C) The results of quantitative analysis of phagocytosis
using fluorescent FITC-IgG latex beads are shown. Data are expressed as the mean + SD (p<0.05 and ~ p<0.001 compared
with the untreated cells). (D) The phagocytic cells were visualized by fluorescence microscopy. The nuclei were stained

with DAPI (blue).
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204.7 cells were treated with the indicated concentration of IDNL, IDNH, VNL, VNH, RG and LPS for 24 hr. (A) The amounts
of NO in the cell supernatant were measured using Griess reagent. (B) The protein expression of M1 macrophage markers
including iNOS and COX-2 was investigated by Western blot analysis. Actin was used as an internal control. (C) The expression
of each protein was indicated as a fold change relative to the control. (A and C) Data are expressed as the mean + SD
(p<0.05, "p<0.01 and ~p<0.001 compared with the untreated cells).
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of TNF-a (A), IL-18 (B) and IL-6 (C) in the cell supernatant were measured with ELISA kits. (D) The protein expression
of TNF-q, IL-18 and IL-6 was investigated by Western blot analysis. Actin was used as an internal control. (E-F) The expression
of each protein was indicated as a fold change relative to the control. (A-C and D-G) Data are expressed as the mean
+SD (p<0.05, 'p<0.01 and ~ p<0.001 compared with the untreated cells).
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Fig. 5. Activation of MAPKs signaling pathway by agarwood extracts (IDNL and IDNH) in RAW 264.7 macrophages. RAW 264.7
cells were treated with 10 pg/ml of IDNL and IDNH for the indicated times. (A and C) Total cell lysates were examined
by Western blotting for the phosphorylation of ERK, ]NK and p38. (B and D) Bar graphs represent the relative band density
of the phosphorylated/ unphosphorylated protein ratio in Western blot analysis. Data are expressed as the mean + SD (
p<0.05, "p<0.01 and ~ p<0.001 compared with the untreated cells).
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