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Abstract
Background: Honokiol is a major bioactive compound extracted from Magnolia. The present
study was designed to determine whether liposomal honokiol has the antitumor activity against
human lung cancer as well as potentiates the antitumor activity of cisplatin in A549 lung cancer
xenograft model, if so, to examine the possible mechanism in the phenomenon.

Methods: human A549 lung cancer-bearing nude mice were treated with liposomal honokiol,
liposomal honokiol plus DDP or with control groups. Apoptotic cells and vessels were evaluated
by fluorescent in situ TUNEL assay and by immunohistochemistry with an antibody reactive to
CD31 respectively.

Results: The present study showed that liposomal honokiol alone resulted in effective suppression
of the tumor growth, and that the combined treatment with honokiol plus DDP had the enhanced
inhibition of the tumor growth and resulted in a significant increase in life span. The more apparent
apoptotic cells in the tumors treated with honokiol plus DDP was found in fluorescent in situ
TUNEL assay, compared with the treatment with control groups. In addition, the combination of
honokiol and DDP apparently reduced the number of vessels by immunolabeling of CD31 in the
tissue sections, compared with control groups.

Conclusion: In summary, our data suggest that honokiol alone had the antitumor activity against
human lung cancer in A549 lung cancer xenograft model, and that the combination of honokiol with
DDP can enhance the antitumor activity, and that the enhanced antitumor efficacy in vivo may in
part result from the increased induction of the apoptosis and the enhanced inhibition of
angiogenesis in the combined treatment. The present findings may be of importance to the further
exploration of the potential application of the honokiol alone or the combined approach in the
treatment of lung carcinoma.
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Background
Lung cancer is the leading cause of cancer related death in
both males and females. Non-small cell lung cancer
(NSCLC) comprises approximately 75–80% of all lung
cancers. Despite aggressive approaches made in the ther-
apy of lung cancer in the past decades, the prognosis of
NSCLC remains poor, with 5-year survival rates of 5–14%,
even if treated with surgery, radiotherapy and/or chemo-
therapy [1-3]. Efforts are therefore continuing to develop
new and less toxic therapeutic approaches for the treat-
ment of lung cancer.

Honokiol is a major bioactive compound extracted from
Magnolia [4]. It has been reported that honokiol induces
apoptosis and inhibits the in vitro growth of a variety of
human cancer cell lines such as leukemia cell lines HL-60
and Molt 4B; colon cancer cell line RKO; lung cancer cell
line CH27 [5-9]. Honokiol also exhibited the potent anti-
proliferative activity against endothelial cells transformed
endothelial cell line SVR and the primary human
endothelial cells in vitro [4]. These findings suggest that
honokiol has both anti-angiogenic and anti-tumor activ-
ity in vitro. Furthermore, there are several reports of in
vivo antitumor activity of honokiol against skin tumors
and SVR angiosarcoma in a mouse model [4,10]. How-
ever, little is known about the antitumor activity in lung
cancer in an animal model.

Cisplatin (DDP) remains the most widely used first-line
element of cytotoxic chemotherapy to solid tumors [11].
However, the efficacy of DDP based on the treatment is
limited in curing most solid tumors due to dose-depend-
ent toxicity. Therefore, several new therapeutic strategies
under investigation involve modulation of cellular chem-
osensitivity, including the inhibition of tumor neovascu-
larization, reversing tumor resistance, and increasing
therapeutic effects of chemotherapy [12,13].

Because of differences in the possible mechanisms of
action and toxicity profiles of honokiol and cisplatin, the
combination of the above two agents may have clinical
potential. The present study was designed to determine
whether liposomal honokiol has the antitumor activity
against human lung cancer as well as potentiates the anti-
tumor activity of cisplatin in A549 lung cancer xenograft
model, if so, to examine the possible mechanism in the
phenomenon, and to provide some potential implica-
tions for the treatment of human lung cancer.

Methods
Agents
Polyethylene glycol 4000-phosphoethanolamine (PEG-
PE), cholesterol and PC were purchased from Sigma
Chemical Co, (St. Louis, MO). Cisplatin (DDP) was pur-
chased from QiLu pharmaceutical factory. A rat anti-
mouse CD31 monoclonal antibody was purchased from

BD Biosciences Co (PharMingen, San diego, CA). In situ
Cell Death Detection kit was purchased from Roche Co.
(Promega, Madison, WI). Honokiol was separated and
purified by High-speed counter-current chromatography
from cortex Magnoliae Officinalis, as reported previously
[14]. Its purity and identification were analyzed by high
performance liquid chromatography and nuclear mag-
netic Resonance. The purities of the isolated honokiol
were more than 99.6%.

Preparation of liposomal honokiol
The preparation of PEG-modified Liposomal honokiol
was modified as reported previously by us [15]. Briefly,
the mixture of PC, cholesterol, PEG4000-PE and honokiol
in weight ratios of 1:0.15:0.24:0.22 were dissolved in 15
ml chloroform/methanol at a ratio of 3:1 (v/v). The mix-
ture was gently warmed to 40°C in a round-bottomed
flask, and the solvent was evaporated under vacuum in a
rotary evaporator until a thin lipid film was formed. The
dried lipid films were left overnight and sonicated in 5%
glucose solution at constant container followed by con-
centrated and lyophilized. The preparation of empty free
liposome was the same way as the liposomal honokiol
withour honokiol addition. The final liposomal honokiol
was small multilamellar liposomes in a size range of 130
± 20 nm. Lyophilized liposomal honokiol and free lipo-
some were dissolved in 5% glucose water for vitro and
vivo studies.

Animal tumor models and treatment
Human A549 lung adenocarcinoma cells were obtained
from the American Type Culture Collection (ATCC, Man-
assas, VA). The cells were maintained in RPMI1640 (Life
Technologies, Bedford, MA) containing 10% heat-inacti-
vated FCS, 100 units/mL penicillin, and 100 units/mL
streptomycin in a humid 5% CO2 incubator at 37°C.
Human A549 tumor models were established in 6 – 8
weeks old, athymic nude mice (SPF grade). Athymic nude
mice were inoculated with A549 cells/0.1 ml (1.0 × 107)
s.c. All these mice were obtained from Sichuan University
Animal Center (Sichuan, Chengdu, China). All studies
involving mice were approved by the institute's animal
care and use committee.

In our preliminary experiment, we have performed a
series of experiment in order to determine the optimum
doses for the two agents. Human A549 lung cancer cells
(1.0 × 107) were injected s.c.. Once tumors were palpable,
mice were randomly assigned into each group (n = 5
mice/group). Treatments were given i.p. with PBS, lipo-
some, free honokiol alone, or liposomal honokiol at dif-
ferent doses of 1 to 50 mg/kg every day for 21 days,
respectively.

In the next set of the experiment, 549 lung cancer cells
(1.0 × 107) were injected s.c.. Seven days later, once
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tumors were palpable, mice were randomly divided into
each group. Treatments were given i.p. with liposomal
honokiol (25 mg/kg) every day for 21 days or with PBS,
liposome or cisplatin (5 mg/kg) or free honokiol alone as
a control. In combination treatment, liposomal honokiol
is injected 4 hours later after cisplatin administration.
DDP (5 mg/kg) was given i.p. twice a week for two weeks,
as we reported previously [13]. In the other experiments,
the courses are repeated every 4 weeks, namely, treatment
was stopped for 1 week followed by a new cycle of ther-
apy. Survival time and tumor volume were observed.
Tumor size was determined by caliper measurement of
the largest and perpendicular diameters. Tumor volume
was calculated according to the formula V = 0.52ab2 [14].

Pharmacokinetic studies
Pharmacokinetic studies were performed as reported pre-
viously by us [15]. Briefly, on day 15 after the inoculation
of the tumor, the liposomal honokiol or the free honokiol
dissolved in DMSO was given i.v. to these mice at a dose
of 25 mg/kg. Mice were sacrificed at defined time points
(at 5 and 30 min, and at 1, 5, 12, 24, and 48 h after the
administration of honokiol). At each time point, four
mice were sacrificed and their blood was collected from
the orbital cavity vein plexus, heparinized, and centri-
fuged to obtain the plasma. The tumor, kidney, liver, lung,
intestine, heart, and spleen tissues were excised and
weighed, and homogenized. Plasma and the homoge-
nized organs were added to accetonitrile, and supernatant
fluid was collected and evaporated to dryness. The dry res-
idues were dissolved in methanol for high-performance
liquid chromatography analyses.

Quantitative assessment of apoptosis
Quantitative assessment of apoptosis was performed as
reported previously by us [13,15]. Briefly, terminal deox-
ynucleotidyl transferase – mediated nick-end labeling
staining was done using an in situ cell death detection kit
(Roche Molecular Biochemicals) following the manufac-
turer's protocol. It is based on the enzymatic addition of
digoxigenin nucleotide to the nicked DNA by terminal
deoxynucleotidyl transferase. In tissue sections, five
equal-sized fields were randomly chosen and analyzed.
Density was evaluated in each field, yielding the density of
apoptotic cells (apoptosis index).

Detection of CD31 by immunohistochemistry
The anti-angiogenesis effects were determined by immu-
nohistochemistry with an antibody reactive to CD31 as
described previously by us [15]. Briefly, frozen sections
were fixed in acetone and incubated with a monoclonal
goat anti-rabbit CD31 antibody (1:400; Santa Cruz Bio-
technology) at 4°C overnight, followed by incubation
with biotinylated polyclonal rabbit anti-rat antibody
(1:200; Vector, Burlingame, CA) in a humidified chamber
for 1 h, and then were immersed in 0.3% H2O2 in abso-

lute methanol for 15 min to block endogenous peroxi-
dase. Positive reaction was visualized using 3, 3-
diaminobenzidine as chromagen (DAB substrate kit; Vec-
tor). Sections were counterstained with hematoxylin and
mounted with glass coverslips. Vessel density was deter-
mined by counting the number of microvessels per high-
power field in the section. Then tissue sections were visu-
alized in an Olympus microscope to determine microves-
sel density (MVD).

Observation of potential toxicity
The toxicities of the treatment regimens were estimated by
changes in the incidence of drug-associated death. Gross
measures, such as weight loss, ruffling of fur, life span,
behavior, and feeding were studied. Tissues of heart, liver,
spleen, lung, kidney, brain, bone marrow, etc. were also
fixed in 10% neutral buffered formalin solution and
embedded in paraffin. Sections of 4 μm were stained with
H&E. Blood was obtained from the tail vein for complete
blood count and differentials as well as enzyme analysis.

Statistical analysis
For comparison of individual time points, different results
between the groups were reported as means ± SD and
tested by performing one-way analysis of variance
(ANOVA) and a log-rank test. The statistical significance
level was set as p less than 0.05.

Results
Tumor growth inhibition
In order to determine the optimum doses for honokiol,
human A549-bearing nude mice were treated with lipo-
somal honokiol at different doses ranged from 1 to 50
mg/kg. The mice treated with 15 and 10 mg/kg liposomal
honokiol showed different inhibiting response to tumor
compared with control group, including free liposome
group and PBS controls. When the dose of liposomal
honokiol was elevated to 25 mg/kg, there are significantly
inhibitions of tumor growth, whereas there was no further
enhancement of the antitumor activity at the dose of 50
mg/kg. Hence, we selected the dose of 25 mg/kg as opti-
mum dose for the combination treatment with cisplatin.
In the next set of experiment, Mice were treated with intra-
peritoneal injection of liposomal honokiol at 25 mg/Kg
once daily for 21 days and/or administration of DDP i.p.
twice a week for two weeks (5 mg/kg, starting at 4 hours
before the initiation of liposomal honokiol) or appropri-
ate controls 0.2 ml PBS or liposome alone at the same
time point. Tumor volume and life span of mice assay
showed that both liposomal honokiol and DDP individ-
ually resulted in the antitumor activity (Figure 1A and
1B). Combined treatment with liposomal honokiol plus
DDP had a superior suppression of the tumor growth
antitumor (Figure 1A). For example, the combined group
showed markedly regression of tumor volume (352.43 ±
159.98 mm3) on the day 40, compared with the control
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groups, including PBS (3317.28 ± 380.46 mm3), lipo-
some (3215.32 ± 295.80 mm3), liposomal honokiol
(1028.72 ± 190.59 mm3) or cisplatin (1264.27 ± 121.12
mm3) alone. The combination of liposomal honokiol
therapy with DDP also resulted in a significant increase in
life span (Figure 1B). Similar results were also found in
LLC Lewis lung cancer model in C57BL/6 mice (data not
shown).

Inhibition of angiogenesis by combination Liposomal 
honokiol plus DDP
Having witnessed apparent antitumor activity in A549
human lung cancer model, we further quantified vessel
density as measures of angiogenesis by immunolabeling
of CD31 in tissue sections. The combination of liposomal
honokiol and DDP apparently reduced the number of ves-
sels compared with control groups (Figure 2), including
liposome, PBS, liposomal honokiol, DDP alone (P <
0.05). Angiogenesis was also inhibited in the treatment
with honokiol or DDP alone (Figure 2).

In vivo Induction of apoptosis with the combined 
Treatment
To explore the role of liposomal honokiol on the apopto-
sis of tumor cells, we examined the apoptosis-related

molecular marker on tumor sections. An apoptosis detec-
tion kit was used to detect early DNA fragmentation asso-
ciated with apoptosis. The treatment with liposomal
honokiol or DDP alone affected the apoptosis rate of
tumor cells, whereas the density of the apoptotic cancer
cells apparently increased after the combined therapy
(Figure 3). Data represent the mean apoptotic index ± SD
of cancer cells as percent normalized to apoptotic index of
cancer cells.

The plasma honokiol concentrations of liposomal honokiol 
and free honokiol
Plasma honokiol concentrations in tumor-bearing mice
were determined after i.v. injection of 25 mg/kg liposomal
honokiol and free honokiol. The pharmacokinetics of
liposomal honokiol differed significantly from those of
free honokiol. Liposomal honokiol prolonged blood cir-
culation times in tumor-bearing mice in comparison with
free honokiol (Figure 4). The plasma honokiol concentra-
tions remained above 30 and 10 μg/ml for 24 and 48
hours study respectively in liposomal honokiol-treated
mices, whereas those fell quickly, with less than 5 μg/ml
by 12 hours in free honokiol-treated mice,.

The representative experiment of tumor suppression and survival advantage in miceFigure 1
The representative experiment of tumor suppression and survival advantage in mice. Mice were treated i.p. with liposomal 
honokiol (25 mg/kg) every day for 21 days. In the combination treatment, liposomal honokiol is injected 4 hours later after cis-
platin administration. (5 mg/kg, i.p. twice a week for two weeks). In addition, the control groups including PBS, liposome or cis-
platin (5 mg/kg) alone. A, suppression of s.c. tumor growth in mice. The combination of liposomal honokiol with DDP can 
enhance the inhibition of the tumor growth. The results were expressed as the mean volume ± SD; B, a significant increase in 
survival in combined treatment mice compared with the controls. Liposomal honokiol plus cisplatin (solid square), liposomal 
honokiol (open triangle), cisplatin (solid triangle), liposome (open circles) and PBS (solid circle).
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Observation of the potential toxicity
The animals were particularly investigated for potential
toxicity. None of pathologic changes in liver, lung, kidney,
etc. were found by microscopic examination after the
administration of liposomal honokiol or liposomal
honokiol plus DDP. No adverse consequences were
shown in gross measures, such as weight loss, ruffling of
fur, life span, behavior, or feeding. For the evaluation of
the effects on hematopoiesis, animals were subjected to
complete peripheral blood counts and differentials. Anal-
ysis of peripheral blood revealed that no significant differ-
ence was observed between DDP-treated and the
combined treatment group (Table 1). In addition, the
treatment with liposomal honokiol alone did not show
the decrease of blood cells, compared with saline control
group. Our data suggested that the traditional chemother-
apeutic DDP in the combination with honokiol may be
concurrently practicable with less host toxicity.

Discussion
It has been reported that honokiol induces apoptosis and
inhibits the in vitro growth of a variety of human cancer

cell lines [5-9]. Honokiol also shows the potent anti-pro-
liferative activity against endothelial cells transformed
endothelial cell line SV and the primary human endothe-
lial cells in vitro [4]. These findings suggest that honokiol
has both anti-angiogenic and anti-tumor activity. In the
present study, several observations have been made con-
cerning the induction of apoptosis, the inhibition of ang-
iogenesis, antitumor activity and the combined treatment
with liposomal honokiol plus DDP. The present study
has, to our knowledge, for the first time demonstrated
that liposomal honokiol had the inhibitory effect on the
in vivo growth of human lung cancer in A549 lung cancer
xenograft model, and that liposomal honokiol plus DDP
induced the enhanced antitumor activity and augmented
the induction of apoptosis in lung cancer cells in vivo as
well as the inhibition of the angiogenesis.

Although the exact mechanism by which the combination
of liposomal honokiol with DDP can enhance the antitu-
mor activity remained to be determined, the enhanced
antitumor efficacy in vivo may in part result from the
increased induction of the apoptosis as well as inhibition

The representative experiment of inhibition of the angiogenesis within tumorsFigure 2
The representative experiment of inhibition of the angiogenesis within tumors. Mice bearing the established tumors were 
administered i.p. with liposomal honokiol (25 mg/kg) every day for 21 days, and/or cisplatin (5 mg/kg, i.p. twice a week for two 
weeks).or liposome or PBS alone. Vessel density was determined by counting per high-power field in the sections stained with 
an antibody reactive to CD31, as described in Materials and Methods. The combination of liposomal honokiol and DDP (A) 
apparently reduced the number of the microvessels, compared with the control groups, including liposomal honokiol (B), cispl-
atin (C), liposome (D) or PBS (E) alone. Vessel density was determined by counting per high-power (F).Column, the mean of the 
microvessels per high-power field; bars, ± SD. H and L mean liposomal honokiol and liposome alone respectively.
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of angiogenesis in the combined treatment. This sugges-
tion is supported by the present findings. The more appar-
ent apoptotic cells in the tumors treated with liposomal
honokiol plus DDP was found in fluorescent in situ
TUNEL assay, compared with the treatment with control
groups, including PBS, liposome, honokiol or DDP alone.
In addition, the combination of liposomal honokiol and
DDP apparently reduced the number of vessels by immu-
nolabeling of CD31 in the tissue sections, compared with
control groups. DDP has been effective in inducing apop-
tosis in variety of tumor cell lines [13,16-18]. Its apopto-
sis-inducing effects are known to be correlated with DNA
damage by forming DNA-Pt adducts and DNA strand
breaks. It has been reported that DNA synthesis of human
umbilical endothelial cells was in vitro inhibited by DDP
in a dose-dependent fashion, and that rabbit corneal neo-
vascularization in vivo was also suppressed by intrave-
nous injection of DDP, suggesting that DDP might have
an indirect anti-neoplastic effect through the suppression
of neovascularization required for the tumor growth [19].
Recently, evidence indicated that honokiol directly trig-
gered the apoptosis in variety of human cancer cells by the

Induction of the apoptosis in vivoFigure 3
Induction of the apoptosis in vivo. Sections from the tumor-bearing mice treated with liposomal honokiol and DDP (A), lipo-
somal honokiol (B), cisplatin (C), liposome (D) or PBS (E) alone were stained with FITC-dUTP as described in Materials and 
Methods. Apoptotic nuclei (green) were identified by TUNEL staining with FITC-dUTP and observed under a fluorescence 
microscope (× 200). The treatment with liposomal honokiol and DDP showed apparent apoptotic cells within the tumors, 
compared treatment with the control groups. Data for the quantitative assessment of apoptosis was expressed as the mean 
apoptotic index ± SDs (F). H and L mean liposomal honokiol and liposome alone respectively.

The concentration-time curve of honokiol in plasma both liposomal honokiol and free honokiolFigure 4
The concentration-time curve of honokiol in plasma both 
liposomal honokiol and free honokiol. Mice were i.v. treated 
by liposomal or free honokiol at a dose of 25 mg/kg, as 
described in Materials and Methods. The honokiol in plasma 
was detected as described in Materials and Methods. Lipo-
somal honokiol (open circle), free honokiol (solid circle).
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induction of caspase-dependent and -independent apop-
tosis [8,9]. It has been also reported that honokiol may be
a potent inhibitor of angiogenesis and may inhibit angio-
genesis by interfering with phosphorylation of VEGFR2 in
human endothelial cells [4]. In addition, it was also
reported that the invasion (MMP-9, IAM-1) and angiogen-
esis (VEGF) were down-regulated by honokiol [20]. Thus,
we may speculate that besides the direct apoptotic effect of
both liposomal honokiol and DDP on tumor cells them-
selves, the antiangiogenesis activity by liposomal
honokiol and DDP may as well play a partial role in the
antitumor activity by retarding or preventing adequate
nourishment of tumors during their regrowth after a
chemotherapeutic insult, resulting in tumor growth stasis.
The other findings have shown that honokiol in the com-
bination with low-dose docetaxel enhanced the inhibi-
tion of the growth and bone metastasis in prostate tumor
[21] and enhanced the cytotoxicity induced by fludarab-
ine, cladribine, or chlorambucil in B-cell chronic lym-
phocytic leukaemia (B-CLL) cells [22]. Furthermore, it
was known that the combination of an antiangiogenic
agent such as CXC Chemokine Ligand 10 [13], vascular
endothelial growth factor receptor-2 antibody [23],
squalamine [24], etc., with chemotherapy can enhance
tumor growth inhibition. Taken together, these findings
mentioned above also support our suggestion that the
enhanced antitumor efficacy in the present study may in
part result from the increased induction of the apoptosis
as well as the increased inhibition of angiogenesis in the
combined treatment.

It has been known that A549 cells have a mutant active
Ras oncogene [25]. Our data suggest that honokiol alone
had the antitumor activity against human lung cancer in
A549 lung cancer xenograft model, and that the combina-
tion of honokiol with DDP can enhance the antitumor
activity. It has also been reported that the mutant K-ras
blocks the efficacy of targeted EGFR inhibitors, like iressa
and tarceva [26]. Therefore, whether or not honokiol
could sensitize A549 cells to these agents is an intriguing
question to be further explored.

The preparation of the clinically available honokiol has
been limited by its poor solubility. We have found that
except for dimethylsulfoxide, honokiol was seldom
solved in the other solvents available to the preparation of
the drugs. However, there are concerns about using higher
doses of dimethylsulfoxide, as it causes the dose-depend-
ent hemolysis, it is harmful to the liver and kidneys, and
it has an unpleasant odor for 48 hours after the adminis-
tration [27-29]. In the present study, we encapsulated
honokiol as PEG-PE modified liposome nanoparticle,
since liposomes have been used previously as carriers for
delivery of a variety of drugs, including antibiotic, anti-
fungal, and cytotoxic agents [30,31]. In the present study,
we found that honokiol-encapsulated liposome has
shown the improvement in the solubility of honokiol and
the prolongation of its circulation time in plasma. The
management of unresectable lung cancers remains a
major therapeutic challenge to medical oncologists [1,3].
The present study has demonstrated that liposomal
honokiol had the inhibitory effect on the growth of
human lung cancer in A549 lung cancer xenograft model,
and that liposomal honokiol plus DDP induced the
enhanced antitumor activity without adverse conse-
quences found. Thus, our observations may have poten-
tial implications for the treatment of human lung cancer
by liposomal honokiol plus DDP.

Conclusion
In summary, our data suggest that that liposomal
honokiol alone had the antitumor activity against human
lung cancer in A549 lung cancer xenograft model, and that
the combination of honokiol with DDP can enhance the
antitumor activity, and that the enhanced antitumor effi-
cacy in vivo may in part result from the increased induc-
tion of the apoptosis and the enhanced inhibition of
angiogenesis in the combined treatment. The present
findings may be of importance to the further exploration
of the potential application of the liposomal honokiol
alone or the combined approach in the treatment of lung
carcinoma.
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Table 1: The representative experiment of hematologic evaluation

RBC (106/μl) Platelets(106/μl) WBC(103/μl) Neutrophils(103/μl) Lymphocytes(103/μl)

Saline 10.8 ± 1.7 1.6 ± 0.2 10.8 ± 3.2 4.1 ± 2.2 4.6 ± 2.5
Honokiol 9.2 ± 2.1 1.6 ± 0.4 10.2 ± 2.4 4.0 ± 1.5 4.2 ± 1.8
DDP 9.2 ± 2.6 1.5 ± 0.5 8.9 ± 2.1 3.6 ± 1.3 3.2 ± 2.3
Honokiol
plus DDP 9.1 ± 3.3 1.5 ± 0.7 8.8 ± 2.8 3.8 ± 1.7 3.3 ± 1.9

RBC, platelets, WBC, neutrophils and lymphocyte counts were performed before therapy and at weekly intervals for 4 weeks. The administration 
of liposomal honokiol plus DDP was described in the Materials and Methods section, The treatment with honokiol, DDP or the combined did not 
show the significant decrease of the cell counts on day 14 after the therapy, compared with saline alone(P > 0.05), as shown in the table. The similar 
results were found on day 7, 21, 28 after the therapy.
Page 7 of 8
(page number not for citation purposes)



BMC Cancer 2008, 8:242 http://www.biomedcentral.com/1471-2407/8/242
Authors' contributions
QqJ, LyF carried out the animal experiment, participated
in the sequence alignment and drafted the manuscript.
GlY, WHG, and WlH carried out the immunohistochemi-
cal study. QqJ and LjC participated in the design of the
study and performed the statistical analysis. YqW con-
ceived of the study, and participated in its design and
coordination. All authors read and approved the final
manuscript.

Acknowledgements
These studies were supported by the State Key Laboratory of Biotherapy, 
West China Hospital, Sichuan University.

References
1. Khuri FR, Herbst RS, Fossella FV: Emerging therapies in non-

small-cell lung cancer.  Ann Oncol 2001, 12:739-44.
2. Soria J-C, Jiang SJ, Khuri FR, Hassan K, Liu D, Hong WK, Mao L:

Overexpression of cyclin B1 in early-stage non-small cell
lung cancer and its clinical implication.  Cancer Res 2000,
60:4000-4.

3. Vora SA, Daly BDT, Blaszkowsky L, McGrath JJ, Bankoff M, Supran S,
Dipetrillo TA: High dose radiation therapy and chemotherapy
as induction treatment for stage III nonsmall cell lung carci-
noma.  Cancer 2000, 89:1946-52.

4. Bai X, Cerimele F, Ushio-Fukai M, Waqas M, Campbell PM,
Govindarajan B, Der CJ, Battle T, Frank DA, Ye K, Murad E, Dubiel
W, Soff G, Arbiser JkL: Honokiol, a small molecular weight nat-
ural product, inhibits angiogenesis in vitro and tumor growth
in vivo.  J Biol Chem 2003, 278:35501-7.

5. Hirano T, Gotoh M, Oka K: Natural flavonoids and lignans are
potent cytostatic agents against human leukemic HL-60
cells.  Life Sci 1994, 55:1061-1069.

6. Wang T, Chen F, Chen Z, Wu YF, Xu XL, Zheng S, Hu X: Honokiol
induces apoptosis through p53-independent pathway in
human colorectal cell line RKO.  World J Gastroenterol 2004,
10:2205-2208.

7. Hibasami H, Achiwa Y, Katsuzaki H, Imai K, Yoshioka K, Nakanishi K,
Ishii Y, Hasegawa M, Komiya T: Honokiol induces apoptosis in
human lymphoid leukemia Molt 4B cells.  Int J Mol Med 1998,
2:671-673.

8. Ishitsuka K, Hideshima T, Hamasaki M, Raje N, Kumar S, Hideshima
H, Shiraishi N, Yasui H, Roccaro AM, Richardson P, Podar K, Gouill
SL, Chauhan D, Tamura K, Arbiser J, Anderson KC: Honokiol over-
comes conventional drug resistance in human multiple mye-
loma by induction of caspase-dependent and independent
apoptosis.  Blood 2005, 106:1794-800.

9. Yang SE, Hsieh MT, Tsai TH, Hsu SL: Down-modulation of Bcl-
XL, release of cytochrome c and sequential activation of cas-
pases during honokiol-induced apoptosis in human squa-
mous lung cancer CH27 cells.  Biochem Pharmacol 2002,
63:1641-1651.

10. Konoshima T, Kozuka M, Tokuda H, Nishino H, Iwashima A, Haruna
M, Ito K, Tanabe M: Studies on inhibitors of skin tumor promo-
tion, IX: neolignans from Magnolia officinalis.  J Nat Prod 1991,
54:816-822.

11. The International Adjuvant Lung Cancer Trial Collaborative Group:
Cisplatin-based adjuvant chemotherapy in patients with
completely resected non-small-cell lung cancer.  N Engl J Med
2004, 350:351-60.

12. Folkman J: Seminars in medicine of the Beth Israel Hospital,
Boston. Clinical applications of research on angiogenesis.  N
Engl J Med 1995, 333:1757-63.

13. Li G, Tian L, Hou JM, Ding ZY, He QM, Feng P, Jun WY, Xiao F, Yao
B, Zhang R, Peng F, Jiang Y, Luo F, Zhao X, Zhang L, Zhou Q, Wei
YQ: Improved therapeutic effectiveness by combining
recombinant CXC chemokine ligand 10 with Cisplatin in
solid tumors.  Clin Cancer Res 2005, 11:4217-24.

14. Wang X, Wang Y, Geng Y, Li F, Zheng C: Isolation and purifica-
tion of honokiol and magnolol from cortex Magnoliae offici-

nalis by high-speed counter-current chromatography.  J
Chromatogr A 2004, 1036:171-5.

15. Yuan ZP, Chen LJ, Fan LY, Tang MH, Yang GL, Yang HS, Du XB, Wang
GQ, Yao WX, Zhao QM, Bin Y, Rui W, Peng D, Wei Z, Wu HB, Xia
Z, Wei YQ: Liposomal quercetin efficiently suppresses
growth of solid tumors in murine models.  Clin Cancer Res 2006,
12:3193-9.

16. Saris CP, Vaart PJ van de, Rietbroek RC, Blommaert FA: In vitro for-
mation of DNA adducts by cisplatin, lobaplatin and oxalipla-
tin in calf thymus DNA in solution and in cultured human
cells.  Carcinogenesis 1996, 17:2763-9.

17. Faivre S, Chan D, Salinas R, Woynarowska B, Woynarowski JM: DNA
strand breaks and apoptosis induced by oxaliplatin in cancer
cells.  Biochem Pharmacol 2003, 66:225-37.

18. Zhong X, Li X, Wang G, Zhu Y, Hu G, Zhao J, Neace C, Ding H, Reed
E, Li QQ: Mechanisms underlying the synergistic effect of
SU5416 and cisplatin on cytotoxicity in human ovarian
tumor cells.  Int J Oncol 2004, 25:445-51.

19. Yoshikawa A, Saura R, Matsubara T, Mizuno K: A mechanism of
cisplatin action: antineoplastic effect through inhibition of
neovascularization.  Kobe J Med Sci 43:109-120.

20. Ahn KS, Sethi G, Shishodia S, Sung B, Arbiser JL, Aggarwal BB:
Honokiol potentiates apoptosis, suppresses osteoclastogen-
esis, and inhibits invasion through modulation of nuclear fac-
tor-kappaB activation pathway.  Mol Cancer Res 2006, 4:621-33.

21. Shigemura K, Arbiser JL, Sun SY, Zayzafoon M, Johnstone PA, Fuji-
sawa M, Gotoh A, Weksler B, Zhau HE, Chung LW: Honokiol, a
natural plant product, inhibits the bone metastatic growth of
human prostate cancer cells.  Cancer 2007, 109:1279-89.

22. Battle TE, Arbiser J, Frank DA: The natural product honokiol
induces caspase-dependent apoptosis in B-cell chronic lym-
phocytic leukemia (B-CLL) cells.  Blood 2005, 106:690-697.

23. Klement G, Baruchel S, Rak J, Man S, Clark K, Hicklin DJ: Continu-
ous low-dose therapy with vinblastine and VEGF receptor-2
antibody induces sustained tumor regression without overt
toxicity.  J Clin Invest 2000, 105:15-24.

24. Williams JI, Weitman S, Gonzalez CM, Jundt CH, Marty J, Stringer SD,
Holroyd KJ, Mclane MP, Qiming C, Zasloff M, Von HD: Squalamine
treatment of human tumors in nu/nu mice enhances plati-
num-based chemotherapies.  Clin Cancer Res 2001, 7:724-33.

25. Aoyama Y, Avruch J, Zhang XF: Nore1 inhibits tumor cell growth
independent of Ras or the MST1/2 kinases.  Oncogene 2004,
23:3426-33.

26. Viloria-Petit AM, Kerbel RS: Acquired resistance to EGFR inhib-
itors: mechanisms and prevention strategies.   Int J Radiat Oncol
Biol Phys 2004, 58(3):914-926.

27. Muther RS, Bennett WM: Ejects of dimethyl sulfoxide on renal
function in man.  JAMA 1980, 244:2081-3.

28. Marshall LF, Camp PE, Bowers SA: Dimethyl sulfoxide for the
treatment of intracranial hypertension: a preliminary trial.
Neurosurgery 1984, 14:659-63.

29. Rijtema M, Mosig D, Drukker A, Guignard JP: The effects of dime-
thyl sulfoxide on renal function of the newborn rabbit.  Biol
Neonate 1999, 76:355-61.

30. Allen TM, Cullis PR: Drug delivery systems: entering the main-
stream.  Science 2004, 19:1818-22.

31. Batist G, Ramakrishnan G, Rao CS, Chandrasekharan A, Gutheil J,
Guthrie T, Shah P, Khojasteh A, Nair MK, Hoelzer K, Tkaczuk K, Park
, Lee LW: Reduced cardiotoxicity and preserved antitumor
efficacy of liposome-encapsulated doxorubicin and cyclo-
phosphamide compared with conventional doxorubicin and
cyclophosphamide in a randomized, multicenter trial of
metastatic breast cancer.  J Clin Oncol 2001, 19:1444-54.

Pre-publication history
The pre-publication history for this paper can be accessed
here:

http://www.biomedcentral.com/1471-2407/8/242/pre
pub
Page 8 of 8
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11484947
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11484947
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10945597
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10945597
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10945597
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11064351
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11064351
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11064351
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12816951
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12816951
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12816951
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8084211
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8084211
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8084211
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15259066
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15259066
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15259066
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9850734
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9850734
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15870175
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15870175
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15870175
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12007567
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12007567
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12007567
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1659613
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1659613
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14736927
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14736927
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14736927
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7491141
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7491141
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15930360
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15930360
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15930360
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15146918
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15146918
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15146918
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16707620
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16707620
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9006117
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9006117
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9006117
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12826265
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12826265
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12826265
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15254743
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15254743
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15254743
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9489296
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9489296
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9489296
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16966432
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16966432
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16966432
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17326044
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17326044
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17326044
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15802533
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15802533
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15802533
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10619856
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10619856
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10619856
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11297269
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11297269
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11297269
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15007383
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15007383
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14967451
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14967451
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7001051
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7001051
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6462399
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6462399
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10567764
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10567764
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11230490
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11230490
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11230490
http://www.biomedcentral.com/1471-2407/8/242/prepub

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Agents
	Preparation of liposomal honokiol
	Animal tumor models and treatment
	Pharmacokinetic studies
	Quantitative assessment of apoptosis
	Detection of CD31 by immunohistochemistry
	Observation of potential toxicity
	Statistical analysis

	Results
	Tumor growth inhibition
	Inhibition of angiogenesis by combination Liposomal honokiol plus DDP
	In vivo Induction of apoptosis with the combined Treatment
	The plasma honokiol concentrations of liposomal honokiol and free honokiol
	Observation of the potential toxicity

	Discussion
	Conclusion
	Competing interests
	Authors' contributions
	Acknowledgements
	References
	Pre-publication history

