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The drug oxaliplatin is important in the chemotherapy of colorectal carcinoma, but its toxicity,
especially dose-related neurosensory toxicity, is not well tolerated. We investigated if honokiol could
augment the anti-tumor effect of oxaliplatin in colon cancer HT-29 cells in vitro and determined if
honokiol could be used with oxaliplatin to decrease its dose. Cell proliferation, apoptosis, and
prostaglandin E2 (PGE,;) and vascular endothelial growth factor (VEGF) levels were investigated.
Expression of cyclo-oxygenase 2 (COX-2), VEGF, AKT/p-AKT, extracellular signal-related kinase
(ERK)1/2/p-ERK1/2, nuclear factor kappa B (NF-kB), P65/p-P65, and caspase-3 was examined. Honokiol
or oxaliplatin alone suppressed the proliferation of HT-29 cells in a concentration-dependent manner.
HT-29 cells were more sensitive to oxaliplatin treatment in the presence of honokiol. Oxaliplatin
combined with honokiol improved the rate of HT-29 cell apoptosis and reduced PGE, and VEGF
secretion levels. Expression of COX-2 and VEGF protein and phosphorylation of AKT, ERK1/2, NF-kB
and P65 were also inhibited, caspase-3 levels were upregulated after honokiol treatment. Therefore,
honokiol can be combined with oxaliplatin in the chemotherapy of colorectal carcinoma, this
combination allows a reduction in oxaliplatin dose, and thereby reduces its adverse effects, and may

also enhance the chemotherapeutic effect of oxaliplatin for this disease.
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INTRODUCTION

Oxaliplatin is a platinum-based chemotherapeutic agent
with a 1,2-diaminocyclohexane carrier ligand that
produces bulkier DNA conjugates due to the restricted
freedom of motion of the platinum atom. Oxaliplatin plays
very important role in the chemotherapy of colorectal and
ovarian cancer (Kweekel et al., 2005). The chemotherapy
regimens, folinic acid/fluorouracil/oxaliplatin (FOLFOX) or
capecitabine/oxaliplatin (XeLOX) are a first-line treatment
in advanced colorectal cancer. Oxaliplatin combined with
fluorouracil (5-Fu) can markedly improve the 5-year

survival rates of colorectal cancer patients, but oxaliplatin
toxicity, especially its dose-related neurotoxicity
(Cavalettia et al., 2001; Pasetto et al., 2006), is not well
tolerated by most patients. Drug resistance to oxaliplatin
is also a problem in chemotherapy. Therefore, finding the
right dosing scheme and strategy for each individual
patient that minimizes the side effects remains a
challenge for individual-based chemotherapy manage-
ment. Meanwhile, the discovery of new drugs that can
augment the anti-tumor effect of oxaliplatin efficiently
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and also enable a reduction in its dose is needed
urgently.

Honokiol is an active component that has been isolated
and purified from the Chinese traditional herb magnolia. It
has been shown to have anti-angiogenic, anti-invasive,
and anti-proliferative activities in several types of human
cancer cells (Han et al., 2009), which include leukemia
(Hibasami et al., 1998; Battle et al., 2005), human breast
cancer cells (Liu et al., 2008; Park et al., 2009), human
hepatocellular (Han et al.,, 2009), human multiple
myeloma (Ishitsuka et al., 2005), human prostate cancer
cells (Hahm and Singh, 2007), and human squamous
lung cancer (Yang et al., 2002). In this study, we
analyzed the effect of honokiol, either alone or in
combination with oxaliplatin, on the proliferation and
apoptosis of the human colon cancer cell line HT-29. We
also investigated the expression of several downstream
molecular mechanisms to analyse the way in which
honokiol may induce cell apoptosis.

MATERIALS AND METHODS
Reagents

Oxaliplatin was obtained from Sanofi-Aventis Pharmaceutical Co.
Ltd. Honokiol (purity, 98.7%) was obtained from the National
Institute for the Control of Pharmaceutical and Biological Products
of China. The colon cancer cell HT-29 AQueous Cell Viability Assay
kit was procured from Promega (WI, USA). Anti-vascular
endothelial growth factor (VEGF) and anti-cyclo-oxygenase-2
(COX-2) antibodies used in western blotting analysis were obtained
from Santa Cruz Pharmaceuticals (CA, USA). Anti-AKT/phospho-
AKT, extracellular signal-related kinase (ERK)1/2/phospho-ERK1/2,
nuclear factor (NF)-kB P65/p-P65, caspase-3, and anti-
glyceraldehyde  3-phosphate  dehydrogenase (anti-GAPDH)
antibodies were obtained from Cell-Signaling Technology (MA,
USA). All other chemicals were of reagent grade and were obtained
from Sigma (St. Louis, MO, USA).

Cell culture and treatment

Human colon cancer HT-29 cells were purchased from the
American Type Culture Collection (ATCC, VA, USA). Cells were
passaged three to five times and were used throughout the study.
HT-29 cells were cultured in Dulbecco's modified Eagle's medium
(DMEM) supplemented with 10% heat-inactivated fetal bovine
serum (FBS; Gibco, Grand Island, NY, USA), 5.6 mM glucose,
glutamine, and antibiotics (penicillin and streptomycin) at 37°C
under 5% CO, in air. HT-29 cells were plated out at 1 x 10°
cells/well in 96-well plate; cells were treated at a range of
concentrations with either honokiol (0, 0.25, 0.5, 1, 2, 5, 10, 20, 50
or 100 yM) or oxaliplatin (0, 0.07, 0.15, 0.3, 0.6, 1.25, 2.5, 5 or 10
MM) alone, or with oxaliplatin (0.6 uM) plus honokiol (0.2, 1, 5 or 20
UM) in combination for 48 h, respectively, and cell viability was
evaluated through 3,4-(5-dimethylthiazol-2-yl)-5-(3-
carboxymethoxyphenyl)  -2-(4-sulfophenyl)-2H-tetrazolium  salt
(MTS) assay. MTS and an electron coupling reagent, phenazine
methosulfate (PMS), were used in the MTS assay. The reduction
MTS to formazan, measured as absorbance at 490 nm using a
spectrophotometer, was used to estimate the number of viable
cells. Three duplicate experiments were performed for each
experimental condition.
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Annexin V/propidium iodide (PI) apoptosis assay

Cell apoptosis was measured using an annexin V-FITC apoptosis
detection kit (BD PharMingen, CA, USA). Briefly, HT-29 cells were
removed from the culture dish and stained with annexin V-FITC and
Pl and were analyzed by flow cytometry (FACSCalibur, BD
PharMingen) after treatment. Cells that were annexin V-FITC and
Pl double-negative were considered to be non-apoptotic for
statistical analysis.

Analysis for prostaglandin E2 (PGE;) and VEGF production

The concentrations of PGE, and VEGF in culture supernatants
were determined using a competitive enzyme-linked immuno-
sorbent assay (ELISA) kit (R&D Systems, MN, USA).

Western blotting

Cells were treated with honokiol or oxaliplatin alone or combined,
then harvested and washed three times with ice-cold phosphate-
buffered saline (PBS). Cell lysates were prepared for western blot
analysis of VEGF, COX-2, GAPDH using whole cellular protein
extraction kits (Active Motif, California, USA). A DC protein assay kit
was used (Bio-Rad, Richmond, CA, USA) to examine the protein
concentration in each cell lysate; 40 ug protein was mixed with
sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE) sample loading buffer and denatured for 10 min at 95°C.
Proteins were separated on a 10% polyacrylamide gel and blotted
on a nitrocellulose membrane (Bio-Rad, Hercules, CA, USA).
Nitrocellulose membranes were blocked with 5% bovine serum
albumin (BSA; Sigma) in Tris-buffered saline (TBS; 25 mM Tris—
HCI, 150 mM sodium chloride and pH 7.2) for 2 h at room
temperature. Blots were incubated with rabbit polyclonal
immunoglobulin G (IgG) primary antibody overnight at 4°C. Blots
were washed three times with washing buffer (PBS with 0.1%
Tween-20) and then incubated in horseradish peroxidase (HRP)-
conjugated goat anti-rabbit second antibody (1:2000 dilution) for 2 h
at room temperature. After thorough washing, the blots were
incubated with HRP-conjugated secondary antibody. The reaction
was developed using enhanced chemiluminescence (ECL)
reagents (Amersham, NJ, USA) and analyzed using a VersaDoc
MP5000 imaging system (Bio-Rad, CA, USA).

Statistical analysis

The results were expressed as the mean value and standard error
of the mean. Statistical significance was analyzed by one-way
analysis of variance (ANOVA). A value of P < 0.05 was considered
to be statistically significant.

RESULTS

Effect of honokiol and oxaliplatin on inhibition of
proliferation of HT-29 cells

We used the 3-(4,5-dimethythiazol-. 2-yl)-2,5-diphenyl
tetrazolium bromide (MTT) assay to detect HT-29 cells
viability after treatment with different concentrations of
honokiol or oxaliplatin. The addition of either honokiol or
oxaliplatin had a concentration-dependent inhibitory
effect (Figure 1). A honokiol concentration of 20 uM was
the maximum concentration that did not affect HT-29 cell
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Figure 1. MTT assay to detect HT-29 cells viability after treatment. Absorbance at 490 nm of cell cultures treated with

different concentrations of (A) oxaliplatin (OXL) or (B) honokio
**P < 0.01 versus normal control (0 pM).
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Figure 2. MTT assay to detect HT-29 cells viability after treatment. Absorbance at 490 nm of HT-29
cell cultures treated honokiol (HNK) combined with oxaliplatin (OXL). HNK combined with OXL can
improve significantly the suppression of cell proliferation compared with the controlgroup and with the
OXL alone treated group. **P < 0.01 versus group 1, *P < 0.05 versus group 1. **P < 0.01 versus

group 10. P < 0.05 versus group 10, 24p < 0.01 versus group 6, **P < 0.01 versus group 7, P <

0.01 versus group 8, ""P < 0.01 versus group 9.

proliferation and oxaliplatin at 0.6 uM was the minimum
effective concentration. The anti-proliferation capability of
oxaliplatin was enhanced significantly when honokiol was
also added to the cells (Figure 2). The data showed that

HT-29 cells were more sensitive to the combined
treatment than treatment with single reagents alone. The
addition of honokiol markedly increased the anti-
proliferation effect of low concentrations of oxaliplatin.



Effect of honokiol and oxaliplatin on induction of
apoptosis of HT-29 cells in vitro

A range of concentrations of honokiol (0, 0.2, 1, 5, and
20 pM) combined with 0.6 uM oxaliplatin was used. The
percentage of apoptotic HT-29 cells increased signifi-
cantly when honokiol was added (Figure 3); for example,
the addition of honokiol (20 uM) increased the number of
cells that were undergoing apoptosis from 9.61 to
44.22%. Therefore, there was a significant synergistic
effect following honokiol and oxaliplatin treatment. The
induction of cell apoptosis was more effective at a lower
concentration of oxaliplatin in the presence of honokiol.

PGE; and VEGF production in culture supernatants

The levels of PGE, and VEGF in HT-29 cells culture
supernatants were examined by competitive ELISA after
treatment with honokiol or oxaliplatin alone or combined.
Addition of honokiol at concentrations greater than 1 uM
reduced the production of PGE; and VEGF (Figure 4) in a
concentration-dependent manner. Honokiol added at
concentrations above 5 uM had a significant suppressive
effect when compared with the control group, indepen-
dent of the addition of oxaliplatin (P < 0.01). There was a
synergetic suppressive effect between oxaliplatin and
honokiol when honokiol was at added at concentrations
between 1 to 5 uM (P < 0.05).

Possible mechanisms of honokiol induction of HT-29
cell apoptosis

We found that honokiol combined with low concentrations
of oxaliplatin (0.6 umol/L) suppressed HT-29 cell
proliferation and induced apoptosis markedly; therefore,
we investigated the possible mechanisms of honokiol-
induced HT-29 cell apoptosis using western blotting.
Honokiol at a concentration of 20 uM reduced the
production of VEGF and COX-2 proteins significantly,
inhibited the phosphorylation of AKT, ERK1/2 and NF-kB
P65, and caspase-3 expression was upregulated (Figure
5). This effect was increased if oxaliplatin and honokiol
were given together. However, there was no effect of
addition of oxaliplatin alone when compared with the
control group.

DISCUSSION

Oxaliplatin therapy has been considered to be a first-line
therapy strategy in the chemotherapy of advanced
colorectal cancer. But oxaliplatin toxicity, especially its
neurotoxicity, is not well tolerated by most patients. After
long-term administration of oxaliplatin, patients may
present with deep sensory loss, sensory ataxia and
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functional impairment. This type of neurotoxicity usually
has late onset and is correlated with the cumulative dose
of oxaliplatin. Resistance to oxaliplatin is also a problem
after long-term therapy. Severe toxic reactions and high
resistance to this drug after long-term treatment limit its
clinical application, therefore, there is an urgent need to
minimize the adverse effects and improve the anti-cancer
functions.

In recent years, anti-cancer agents derived from natural
products have been considered to play an important role
in the development of cancer therapy. Honokiol is a
neolignan isolated from the traditional medicinal herb
Magnoliae cortex, it has been shown to be effective in the
therapy of several types of human cancer cells, such as
breast cancer, human hepatocellular carcinoma,
leukemia, human prostate cancer cells, human
squamous lung cancer, and human multiple myeloma.
Honokiol can traverse the blood-brain barrier and induce
apoptosis of neuroblastoma (Lin et al., 2012). Honokiol
was also observed to have antimetastatic activity in
osteosarcoma (Steinmann et al., 2012). In this study, we
evaluated the anti-cancer value of honokiol in colon
cancer HT-29 cells. We found that low concentrations
oxaliplatin combined with non-toxic concentrations of
honokiol had a much more powerful effect on inhibition of
cell proliferation, induction of apoptosis, and inhibition on
PGE, and VEGF expression in human colon HT-29 cells
than either oxaliplatin or honokiol alone. We also
investigated the molecule mechanisms of honokiol
induction of cell apoptosis. Honokiol could suppress the
expression of VEGF and COX-2, inhibit the
phosphorylation of AKT, ERK1/2 and NF-kB P65, and
upregulate the expression of caspase-3.

AKT has been recognized as a key mediator of cell
proliferation, differentiation, and survival. AKT is
phosphorylated in response to variety of stimuli
(hormones, growth factors, cytokines) (Mora et al., 2004;
Yoeli-Lerner and Toker, 2006). A large variety of proteins
can then be activated by phosphorylated AKT, these
protein include bcl-associated death (BAD), cAMP-
response-element binding protein (CREB), members of
the forkhead box protein O (FoxO) family of transcriptions
factors, inhibitory (I)x-B kinase, procaspase-9, glycogen
synthase kinase (GSK3)-a/f, mammalian target of
rapamycin (mTOR)/FK506 binding protein 12-rapamycin
associated protein 1 (FRAP), and p21 (Brazil et al., 2004;
Fresno Vara et al., 2004; Martelli et al., 2005, 2006). AKT
is recognized, therefore, as a key mediator of cell
proliferation, differentiation, and survival. Moreover,
increased evidence points to the likelihood that AKT
plays an important role in tumorigenesis and resistance
to chemotherapeutic drugs (Fresno Vara et al.,, 2004;
Martelli et al., 2005), as overexpression of phosphoino-
sitide (PI3K)/AKT has been observed in many cancer
cells. Furthermore, increased activities of PI3BK/AKT are
considered to be related to the resistance of cancer cells
to respond to anti-cancer drugs (McCubrey et al., 2006).
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Figure 3. Measurement of apoptosis. (A to G) HT-29 cells treated with honokiol (HNK) and oxaliplatin (OXL) at a range of
concentrations. HT-29 cells were removed from the culture dish and stained with annexin V-FITC and Pl and analyzed by flow
cytometry. A: Normal control, B: HNK 0.2 uM + OXL 0.6 pM, C: HNK 1 pM + OXL 0.6 pM, D: HNK 5 uM + OXL 0.6 pM, E: HNK 20
UM + OXL 0.6 pM, F: HNK 20 pM, G: OXL 0.6 pM.



1200 - B

1000

800

600

VEGFmg/ml)

400

200

Group 1 2 B
HNK (M) ) 02 1
oxL (um) 0 0.6 0.6

9 10
0
0 0.6

S g
S o
=)
)
—
= oo
[
>

0 ;
.6 0 0

Hua et al. 2601

2500 A

2000

1500

PGE2 (ng/ml)

1000

500

Group 2 3

HNK (M) ()2 1
oxL (um) 0.6 0.6

8 9 10
5 20 0
0 0 06

5 6
20 02 1
6 06 0 0

= o -

Figure 4. Enzyme-linked immunosorbant assay (ELISA) of levels of (A) prostaglandin E2 (PGE) and (B) vascular endothelial growth
factor (VEGF) in culture supernatants treated by a range of concentrations of honokiol (HNK) or oxaliplatin (OXL) alone or combined.
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Figure 5. Western blood analysis of protein cell lysates to investigate a possible mechanism of honokiol
induction of HT-29 cells apoptosis. GAPDH was used as the positive control.

ERKs are typical members of the mitogen-activated
protein kinase (MAPK) family and have been shown to be
involved in cell proliferation and survival (Park et al.,
2010). ERKs are phosphorylated and activated in cells
upon exposure to serum or oncogenes (Troppmair et al.,
1994). Upregulated expression of ERKs is observed in
cancer cells (Nakayama et al., 2001; Kallergi et al.,
2008). Increased activities of ERKs are also suggested to

give resistance to cancer cells in response to anti-cancer
drugs (McCubrey et al., 2006).

NF-kB plays a major role in the control of apoptosis,
cell proliferation and differentiation, and is activated in
response to several pro-apoptotic stimuli, such as tumor
necrosis factor (TNF)-a, ionizing radiation, oxidative
stress, and cytotoxic. NF-kB phosphorylated by these
stimuli then translocates into the nucleus and regulates
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the expression of anti-apoptotic genes. Therefore,
inhibition of NF-kB in cancer cells has become one of the
major targets of anti-cancer therapy.

These studies suggest that honokiol could induce cell
apoptosis and inhibit cell proliferation by the suppression
of AKT, ERK1/2, and NF-kB P65 phosphorylation, by the
suppression of COX-2 and VEGF expression, and by the
upregulation of caspase-3 expression. These results
show, as far as we know for the first time, that honokiol
can augment the anti-tumor effect of oxaliplatin. This
effect may not only enable a reduction of the dose of
oxaliplatin given to patients and thereby prevent the
associated adverse effects, but may also enhance the
chemotherapeutic effect on colon cancer. Honokiol can
reduce the toxicity and side effects of oxaliplatin by
decreasing the dosage, and lead to improved efficacy
and less drug resistance of oxaliplatin in chemotherapy.
Patients who cannot stand the oxaliplatin toxicity or have
poor effect will benefit from honokiol.
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kinase; PBS, phosphate-buffered saline; PI, propidium
iodide; PMS, phenazine methosulfate; VEGF, vascular
endothelial growth factor.

REFERENCES

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

Brazil DP, Yang ZZ, Hemmings BA (2004). Advances in protein kinase
B signalling: AKTion on multiple fronts. Trends Biochem. Sci. 29:
233-242.

Cavalettia G, Tredicib G, Petrucciolic MG (2001). Effects of different
schedules of oxaliplatin treatment on the peripheral nervous system
of the rat. Eur. J. Cancer 37: 2457-2463.

Fresno Vara JA, Casado E, de Castro J, Cejas P, Belda-Iniesta C,
Gonzélez-Bar6n M (2004). PI3K/Akt signalling pathway and cancer.
Cancer Treat. Rev. 30:193.

Hahm ER, Singh SV (2007). Honokiol causes Go—G; phase cell cycle
arrest in human prostate cancer cells in association with suppression
of retinoblastoma protein level/phosphorylation and inhibition of E2F1
transcriptional activity. Mol. Cancer Therap. 6: 2686-2695.

Han L-L, Xie L-P, Li L-H, Zhang X-W (2009). Reactive oxygen species

production and Bax/Bcl-2 regulation in honokiol-induced apoptosis in
human hepatocellular carcinoma SMMC-7721 cells. Environ. Toxicol.
Pharmacol. 28: 97-103.

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

Ishitsuka K, Hideshima T, Hamasaki M, Raje N, Kumar S, Hideshima H,
Shiraishi N, Yasui H, Roccaro AM, Richardson P, Podar k, Le Gouill
S, Chauhan D, Tamura K, Arbiser J, Anderson KC (2005). Honokiol
overcomes conventional drug resistance in human multiple

myeloma by induction of caspase-dependent and -independent
apoptosis. Blood 106:1794-1800.

Kallergi G, Agelaki S, Kalykaki A, Stournaras C, Mavroudis D,
Georgoulias V (2008). Phosphorylated EGFR and PI3K/Akt signaling
kinases are expressed in circulating tumor cells of breast cancer
patients. Breast Cancer Res. 10:R80.

Kweekel DM, Gelderblom H, Guchelaar H-J (2005). Pharmacology of
oxaliplatin and the use of pharmacogenomics to individualize therapy.
Cancer Treatment Rev. 31:90-105.

Liu H, Zang C, Emde A, Maricarmen D (2008). Anti-tumor effect of
honokiol alone and in combination with other anti-cancer agents in
breast cancer. Eur. J. Pharmacol. 591:43-51.

McCubrey JA, Steelman LS, Abrams SL, Lee JT, Chang F, Bertrand
FE, Navolanic PM, Terrian DM, Franklin RA, D’Assoro AB, Salisbury
JL, Mazzarino MC, Stivala F, Libra M (2006). Roles of the
RAF/MEK/ERK and PI3K/PTEN/AKT pathways in malignant
transformation and drug resistance. Adv. Enzyme Reg. 46:249-279.

Martelli AM, Tabellini G, Bortul R, Tazzari PL, Cappellini A, Billi AM,
Cocco L (2005). Involvement of the phosphoinositide 3-kinase/Akt
signaling pathway in the resistance to therapeutic treatments of
human leukemias. Histol. Histopathol. 20:239.

Martelli AM, Faenza |, Billi AM, Manzoli L, Evangelisti C, Fala F, Cocco
L (2006). Intranuclear 3'-phosphoinositide metabolism and Akt
signaling: new mechanisms for tumorigenesis and protection against
apoptosis? Cell. Signal 18:1101-1107.

Mora A, Komander D, Van Aalten DM, Alessi DR (2004). PDK1, the
master regulator of AGC kinase signal transduction. Semin. Cell Dev.
Biol. 15:161-170

Nakayama H, Ikebe T, Beppu M, Shirasuna K (2001). High expression
levels of nuclear factor kappaB, IkappaB kinase alpha and Akt kinase
in squamous cell carcinoma of the oral cavity. Cancer 92:3037-3044.

Park E-J, Min H-Y, Chung H-J (2009). Down-regulation of c-Src/EGFR-
mediated signaling activation is involved in the honokiol-induced cell
cycle arrest and apoptosis in MDA-MB-231 human breast cancer
cells. Cancer Lett. 277:133-140.

Park I-S, Jo J-R, Hong H (2010). Aspirin induces apoptosis in YD-8
human oral squamous carcinoma cells through activation of
caspases, down-regulation of Mcl-1, and inactivation, of ERK-1/2 and
AKT. Toxicol. invitro, 24(3): 713-720.

Pasetto LM, D’Andrea MR, Rossi E (2006). Oxaliplatin-related
neurotoxicity: how and why? Crit. Rev. Oncol./Hematol. 59:159-168.
Troppmair J, Bruder JT, Munoz H, Lloyd PA, Kyriakis J, Banerjee P,

Avruch J, Rapp UR (1994). Mitogen-activated protein
kinase/extracellular signal regulated protein kinase activation by
oncogenes, serum, and 12-O tetradecanoylphorbol-13-acetate
requires Raf and is necessary for transformation. J. Biol. Chem.

269:7030-7035.

Yang SE, Hsieh MT, Tsai TH, Hsu SL (2002). Down-modulation of Bcl-
X-L, release of cytochrome ¢ and sequential activation of caspases
during honokiol-induced apoptosis in human squamous lung cancer
CH27 cells. Biochem. Pharmacol. 63:1641-1651.

Yoeli-Lerner M, Toker A (2006). Akt/PKB signaling in cancer: a function
in cell motility and invasion. Cell Cycle 5:603-605.

Lin JW, Chen JT, Hong CY, Lin YL, Wang KT, Yao CJ, Lai GM, Chen
RM (2012). Honokiol traverses the blood-brain barrier and induces
apoptosis of neuroblastoma cells via an intrinsic bax-mitochondrion-
cytochrome c-caspase protease pathway. J. Neuro Oncol. 14:302-
314.

Steinmann P, Walters DK, Arlt MJ, Banke 1J, Ziegler U, Langsam B,
Arbiser J, Muff R, Born W, Fuchs B (2012). Antimetastatic activity of
honokiol in osteosarcoma. Cancer 18:2117-2127.


http://www.ncbi.nlm.nih.gov/pubmed/22259050
http://www.ncbi.nlm.nih.gov/pubmed/22259050
http://www.ncbi.nlm.nih.gov/pubmed/22259050
http://www.ncbi.nlm.nih.gov/pubmed/21935912
http://www.ncbi.nlm.nih.gov/pubmed/21935912
http://www.ncbi.nlm.nih.gov/pubmed/21935912

