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The regulatory effects of honokiol on the cellular responses of 
macrophages and monocytes were evaluated. Specifically, we 
investigated the effects of honokiol with respect to lipopoly-
saccharide (LPS)-induced cytotoxicity, LPS- or phorbol-12-myr-
istate-13-acetate (PMA)-mediated morphological changes, and 
relevant events (FITC-dextran-induced phagocytic uptake). Ho-
nokiol blocked the LPS-induced cytotoxicity of RAW264.7 
cells in a dose-dependent manner. In addition, honokiol ap-
peared to block the production of cytotoxic cytokines such as 
interleukin (IL)-1β and tumor necrosis factor (TNF)-α, nitric ox-
ide (NO), and reactive oxygen species (ROS). Moreover, hono-
kiol strongly prevented the morphological changes in RAW 
264.7 and U937 cells that were induced by LPS and PMA. The 
surface levels of marker proteins, which are up-regulated un-
der the morphological changes of RAW264.7 and U937 cells, 
were also diminished. The data presented here strongly sug-
gest that the honokiol modulates various cellular responses 
managed by macrophages and monocytes. [BMB reports 2009; 
42(9): 574-579]

INTRODUCTION

Monocytes and macrophages are major immune cells that play 
critical roles in innate immunity. Specifically, these cells act as 
a first line of defense against bacterial, fungal or viral infec-
tions during host immune responses (1). Some pro-inflam-
matory cytokines [e.g., tumor necrosis factor (TNF)-α and inter-
leukin (IL)-1β] and cytotoxic molecules [e.g., nitric oxide (NO) 
and reactive oxygen species (ROS)] are primary molecules in-
volved in macrophage-mediated innate immune responses (2, 
3). In some cases, however, these cellular defensive systems 
cause serious damage to the host cells through activation of 
cytotoxic pathways such as necrosis and apoptosis (4).
    Honokiol [C18H18O2, molecular weight = 266.33] (Fig. 1) is 

the major component isolated from the bark of the roots and 
stems of various Magnolia species (5). To date, various phar-
macological effects of honokiol, such as neuroprotective, anti-
cancer, cardiotonic, and anti-inflammatory activities have been 
reported (6-8). It is believed that the molecular mechanisms in-
volved in honokiol pharmacology are managed by modulation 
of a signaling cascade composed of Ras, Raf, the extracellular 
signal-regulated kinase (ERK), and NF-κB/IκB kinase (IKK) in re-
sponse to TNF-α or LPS stimulation and via control of the cel-
lular redox system (9, 10). Although various cellular responses 
to honokiol treatment have been evaluated, the damage and 
morphological alteration of cells induced by inflammatory 
stimuli have not yet been evaluated. Therefore, in this study, 
we carefully examined the cytoprotective effects of honokiol 
under the cellular damage conditions induced by various im-
munogens such as LPS, peptidoglycan (PGN) and zymosan, as 
well as on the morphological changes observed in over-acti-
vated macrophages and monocytes.

RESULTS AND DISCUSSION

We investigated the modulatory effects of honokiol on various 
cellular responses managed by monocytes and macrophages. 
The data presented here suggest that honokiol can strongly 
protect host immune cells from inflammation-mediated cyto-
toxic conditions (Fig. 2) induced by cytokine production (Fig. 
3A) and NO generation (Fig. 3B), but not those induced by the 
release of ROS (Fig. 3C). Furthermore, this compound also 
suppressed the morphological changes (Fig. 4A, B) that oc-
curred in macrophages during LPS or PMA exposure, as well 
as morphological alteration-relevant phagocytic uptake.
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Fig. 2. Effect of honokiol on the cytoprotective effect involved in 
LPS-induced cytotoxicity of RAW264.7 cells. (A and B) RAW264.7 
cells (2 × 106 cells/ml) were incubated with the indicated concen-
trations of honokiol or other compounds [MMA (500 μM), anti-TNF-α
antibody (αTNF: 5 μg/ml), α-tocopherol (Toco: 15 μM)] in the pres-
ence or absence of LPS (1 μg/ml) for 12 h. The cell viability was then
determined by MTT assay as described in the Materials and Methods.
##P ＜ 0.01 represents a significant difference as compared to normal.
*P ＜ 0.05 and **P ＜ 0.01 represent a significant difference as com-
pared to control (stimulus group).

    LPS generates several cytotoxic molecules that have serious 
impacts on normal cell viability, including TNF-α, ROS and 
NO (11). In the present study, LPS treatment led to a decrease 
in normal RAW264.7 cells of up to 80% (Fig. 2A). However, 
the cell death activities of these cytotoxic molecules were sig-
nificantly abolished by neutralizing antibody to TNF-α, an-
ti-oxidant against ROS, and inhibitor of NO production (Fig. 
2B). As shown in Fig. 2A, honokiol also clearly suppressed 
LPS-induced cell death in a dose-dependent manner. Based on 
these results, the mechanism of honokiol-mediated cytopro-
tection was investigated in terms of the production of TNF-α, 
NO and ROS. As shown in Fig. 3A (left panel), honokiol sig-
nificantly suppressed TNF-α production by up to 60% at 20 
μM. This inhibitory effect was also observed in the production 
of other proinflammatory cytokines (IL-1β and IL-6) (Fig. 3A, 
left panel) and in the case of different stimulatory conditions 
(Fig. 3A, right panel). These results suggest that honokiol is ca-
pable of blocking a common pathway involved in the pro-

duction of proinflammatory cytokines. Indeed, it has been re-
ported that honokiol suppresses TNF-α production by sup-
pressing a series of activation pathways composed of Akt, IKK, 
IκBα, and NF-κB, which is a signaling event generally seen un-
der inflammatory conditions (9).
    The iNOS inhibitor, MMA, strongly suppressed LPS-induced 
cell death, which indicates that NO is the major cytotoxic mol-
ecule involved in the blockage of normal cell viability (Fig. 
2A). It is well known that honokiol suppresses NO production 
in macrophages (12). In the present study, we reevaluated the 
modulatory effect of this compound on various NO productive 
conditions induced by different NO stimulatory ligands. As 
previously reported (12), honokiol suppressed LPS-induced 
NO production in a dose-dependent manner (Fig. 3B, left pan-
el). Honokiol also led to a significant reduction in the NO pro-
duction triggered by the other pattern recognition receptor li-
gands (Fig. 3B, right panel) that was similar to its inhibitory ef-
fect on TNF-α production. It has been reported that honokiol 
blocks iNOS expression at the transcriptional level (9, 13). 
Interestingly, honokiol inhibition appears to be lower in the 
toll like receptor 2 (TLR2)-mediated signaling pathway. As 
shown in Fig. 3 (right panel), honokiol weakly suppresses NO 
production by two representative ligands, PGN and Pam3CSK. 
Honokiol is also known to strongly neutralize the reactivity of 
radicals (14, 15). Therefore, we also tested the scavenging ef-
fect of honokiol on the generation of ROS. Unlike studies con-
ducted under in vitro conditions (14, 15), honokiol failed to 
decrease the reactivity of SNP-derived radicals in RAW264.7 
cells (Fig. 3C, left panel). Conversely, honokiol enhanced radi-
cal reactivity by 10%, which indicates that honokiol may be 
metabolized in the cell to a form with pro-oxidative or low-
ered anti-oxidative properties. In contrast, α-tocopherol show-
ed inhibitory activity against SNP-induced radical generation 
(Fig. 3C, right panel), which suggests that this experiment was 
conducted properly.
    Morphological changes in macrophages and monocytes un-
der activation conditions are critical for adaptation to environ-
mental changes triggered by inflammatory mediators or cyto-
kines (16, 17). Indeed, flexible changes in morphology are re-
quired for activation, differentiation, migration, infiltration and 
the movement of cells. Since honokiol suppressed functional 
activation of macrophages via various inflammatory inducers, 
we evaluated the ability of honokiol to regulate morphological 
changes in macrophages and monocytes that were induced by 
LPS and PMA, as well as the surface levels of marker proteins 
involved in morphological alteration. Interestingly, honokiol 
strongly suppressed the morphological alteration of these cells. 
Thus, it blocked LPS-induced changes in RAW264.7 and U937 
cells at a concentration of 20 μM (Fig. 4B, left panel). Additio-
nally, the strong up-regulation of the surface level of CD69 in 
response to LPS exposure was also diminished remarkably 
(Fig. 4B, right panel) in response to honokiol treatment, which 
is in agreement with the results of a previous study (9) con-
ducted to evaluate co-stimulatory molecules (e.g. CD80). 
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Fig. 3. Effect of honokiol on the 
production of cytotoxic molecules 
in LPS-activated RAW264.7 cells. 
(A and B) RAW264.7 cells (2 ×
106 cells/ml) were incubated with 
the indicated concentrations of 
honokiol in the presence or ab-
sence of LPS (1 μg/ml) (A) or oth-
er stimuli [PGN (10 μg/ml), zymo-
san (500 μg/ml), curdlan (100 
μg/ml), poly (I：C) (20 μg/ml) and 
Pam3CSK (10 μg/ml)] for 12 h. 
The secreted levels of cytokines 
(TNF-α, IL-1β and IL-6) or NO in 
culture supernatant were de-
termined by ELISA or Griess as-
say, as described in the Materials 
and Methods. (C) RAW264.7 cells 
(1 × 106) were pretreated with 
various concentrations of honokiol 
or α-tocopherol in the presence 
or absence of SNP (100 μM) for 
30 min. The level of generated 
ROS was then determined by 
flow cytometric analysis as de-
scribed in the Materials and 
Methods. ##P ＜ 0.01 represents a 
significant difference as compared 
to normal. *P ＜ 0.05 and **P 
＜ 0.01 represent a significant dif-
ference as compared to control.

Furthermore, honokiol treatment also abrogated PMA-induced 
morphological changes and led to a significant suppression of 
the levels of CD82 (Fig. 4B, left panel). Similarly, honokiol 
strongly inhibited phagocytic uptake of FITC-dextran essen-
tially accompanying the morphological change. Taken togeth-
er, these results imply that honokiol can modulate the cellular 
responses involved in morphological changes. Because the ac-
tin cytoskeleton is known to play a critical role in regulation of 
flexible changes in cell morphology (18), cytoskeleton re-

arrangement requires further examination to determine if hon-
okiol is able to directly regulate actin.
    In conclusion, we report here that honokiol can block the 
LPS-induced cytotoxicity of RAW264.7 cells by suppressing 
the production of cytotoxic molecules such as TNF-α and NO, 
but not ROS. Moreover, honokiol strongly suppressed the 
phagocytic uptake of FITC-dextran and morphological changes 
in RAW264.7 and U937 cells. These findings suggest that hon-
okiol may attenuate additional inflammatory responses in-
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Fig. 4. Effect of honokiol on mor-
phological changes in RAW264.7 or 
U937 cells induced by LPS or PMA.
RAW264.7 (A) or U937 (B and C) 
cells (1 × 105) were incubated with
the indicated concentrations of hon-
okiol in the presence or absence of 
LPS or PMA (10 ng/ml) for 12 or 24 
h. The images of the cells (A left 
panel, B left panel and C) in culture
were obtained using an inverted 
phase contrast microscope attached 
to a video camera. (A right panel 
and B right panel) The surface ex-
pression of CD69 or CD82 was de-
termined by flow cytometric analy-
sis as described in the Materials and
Methods. (D) RAW264.7 cells (2 ×
105 cells/ml) that had been pre-
treated with honokiol were stimu-
lated with FITC-dextran (1 mg/ml) 
for 6 h. The extent of the phagocytic
uptake was then determined by flow 
cytometric analysis, as described in 
the Materials and Methods. ##P ＜
0.01 represents a significant differ-
ence as compared to normal. *P ＜
0.05 and **P ＜ 0.01 represent a 
significant difference as compared 
to control.

duced by the inflammation-mediated cell death pathway of 
macrophages and monocytes and may negatively modulate 
migration or infiltration into of cells inflamed sites.

MATERIALS AND METHODS

Materials
Phorbol 12-myristate 13-acetate (PMA), α-tocopherol, dihydro-
rhodamine 123 (DHR123), peptidoglycan (PGN), zymosan, 
monomethyl-L-arginine (MMA), lipopolysaccharide (LPS), α-to-

copherol (Toco), poly (I : C), pam3CSK4, curdlan, sodium ni-
troprusside (SNP), and fluorescein isothiocyanate (FITC)-label 
dextran were obtained from Sigma Chemical Co. (St. Louis, 
MO, USA). RAW264.7 and U937 cells were purchased from 
ATCC (Rockville, MD, USA). All other chemicals were of re-
agent grade. FITC-labeled antibodies to CD69 and CD82 were 
obtained from Immunotech (Marseilles, France).

Cell culture
RAW 264.7 and U937 cells were obtained from the American 
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Type Culture Collection (Rockville, MD, USA) and cultured in 
RPMI1640 medium supplemented with 10% heat-inactivated 
fetal bovine serum (Gibco, Grand Island, NY, USA), glutamine 
and antibiotics (penicillin and streptomycin) at 37oC under 5% 
CO2.

Cytokine production 
The inhibitory effect of honokiol on TNF-α production was de-
termined as previously described (19). Briefly, honokiol was 
solubilized with vehicle (100% ethanol) and then diluted with 
RPMI1640. Next, RAW264.7 cells (2 × 106 cells/ml) were in-
cubated with LPS (2.5 μg/ml) in the presence or absence of 
honokiol for 6 h. Supernatants were assayed for the levels of 
TNF-α, IL-1β and IL-6 using mouse ELISA kits (Amersham, 
Little Chalfont, Buckinghamshire, UK).

NO assay 
RAW 264.7 cells were preincubated with or without honokiol 
for 30 min and then continuously activated with LPS (2.5 
μg/ml) for 24 h. Nitrite determination was conducted using 
Griess reagent (20). The absorbance of the product dye was 
measured at 540 nm using a flow-through spectrophotometer.

MTT assay
Cell proliferation was measured by 3-(4,5-dimethylthiazol-2- 
yl)-2,5-diphenyl tetrazolium bromide (MTT) assay as previous-
ly described (19).

ROS determination
The level of intracellular ROS was determined based on the 
change in fluorescence resulting from oxidation of the fluo-
rescent probe, DHR123 (21). Briefly, 5 × 105 cells/well were 
incubated with honokiol 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.

Phagocytic uptake
To measure the phagocytic activity of RAW264.7 cells, a pre-
viously reported method was used, with slight modification 
(22). Briefly, RAW 264.7 cells (1 × 106 cells/ml) were pre-
incubated with or without honokiol for 30 min, and then fur-
ther incubated for 6 h. Finally, the cells were incubated with 
FITC-dextran (1 mg/ml) for 30 min at 37oC. The reaction was 
then stopped by addition of 2 ml of ice-cold PBS, after which 
the cells were washed four times with cold PBS. After fixing 
the cells with 3.7% formaldehyde, phagocytic uptake was ana-
lyzed using a FACScan device (Becton-Dickinson, San Jose, 
CA, USA).

Flow cytometric analysis 
Surface levels of CD69 and CD82 on U937 or RAW264.7 
cells were determined by flow cytometric analysis using a pre-
viously described method (23). Stained cells were analyzed on 

a FACScan device (Becton-Dickinson, San Jose, Calif., USA).

Statistical analysis
A student’s t-test and one-way ANOVA were used to de-
termine the statistical significance of differences between the 
experimental and control groups. P values of 0.05 or less were 
considered to be statistically significant.
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