Biomedicine & Pharmacotherapy 107 (2018) 555-562

Contents lists available at ScienceDirect

Biomedicine & Pharmacotherapy

biomedicine ..
PHARMACOTHERAPY

journal homepage: www.elsevier.com/locate/biopha

Review

Honokiol: An anticancer lignan )

Check for
updates

Abdur Rauf*", Seema Patel®, Muhammad Imran®, AneelaMaalik?, Muhammad Umair Arshad®,
Farhan Saeed®, Yahia N. Mabkhot"¢, Salim S. Al-Showiman"¢, Nazir Ahmad®, Eman Elsharkawy"#

@ Department of Chemistry, University of Swabi, Anbar, 23561, Khyber Pakhtunkhwa, Pakistan

® Bioinformatics and Medical Informatics Research Center, San Diego State University, San Diego, 92182, CA, USA

€ University Institute of Diet & Nutritional Sciences, Faculty of Allied and Health Sciences, The University of Lahore, Pakistan
d Department of Chemistry, COMSATS University Abbottabad Campus, 22060, Abbottabad, Pakistan

© Faculty of Home and Food Sciences, Government College University, Faisalabad, Pakistan

£ Department of Chemistry, College of Science, King Saud University, P.O. Box 2455, Riyadh, 1451, Saudi Arabia

8 Department of Chemistry, Faculty of Science, Northern Borders University, Saudi Arabia

ARTICLE INFO ABSTRACT

Background: Honokiol ((3’,5-di-(2-propenyl)-1,1’-biphenyl-2,2’-diol), a lignan, is a promising antitumor com-
pound, having exerted activity against a number of human cancer cell lines. Honokiol has inhibitory role on the
proliferation, invasion and survival of cancer cells in in vitro as well as in vivo studies. It interferes with signaling
pathways components in order to elicit the anticancer effect.

Scope and approach: In present review, the published data on the efficacy of honokiol against various cancer cell
lines and tumor-bearing animal models has been presented and discussed.

Key findings and conclusions: Honokiol lowers the expression of pluripotency-factors, the formation of mam-
mosphere, P-glycoprotein expression, receptor CXCR4 level, c-FLIP, steroid receptor coactivator-3 (SRC-3),
Twistl, matrix metalloproteinases, class I histone deacetylases, H3K27 methyltransferase among numerous other
anticancer functions. It increases bone morphogenetic protein 7 (BMP7), Bax protein, among others. It does so by
interfering with the major checkpoints such as nuclear factor kappa B (NF-kB), and activator of transcription 3
(STAT3), mammalian target of rapamycin (m-TOR), epidermal growth factor receptor (EGFR), Sonic hedgehog
(SHH). It promotes the efficacy of several anticancer drugs and radiation tolerance. The derivatization of hon-
okiol results in compounds with interesting attributes in terms of cancer control. This review will shed light on
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the scopes and hurdles in the relevance of the bioactive lignan honokiol in cancer management.

1. Introduction

Honokiol (3,5-di-(2-propenyl)-1,1-biphenyl-2,2-diol) is a phenyl-
propanoid molecule, a biaryl-type lignan, present in the genus Magnolia
[1,2]. It is present in all parts of the Magnolia genus such as bark,
phloem, wood, leaf blades, and petioles. It has been detected in the
species M, obovata, M. officinalis, M. grandiflora, and M. dealbata. In M.
officinalis powder, the amount of honokiol ranged from 17 to 19 mg/g.

Magnolia bark extracts have been in usage as traditional herbal
medicines in Korea, China and Japan, among other countries [3]. Wide-
ranging pharmacological activities of honokiol are emerging. Honokiol
has neuroprotective function [4]. It suppressed the production of
prostaglandin E2 and cyclooxygenase-2 (COX-2) level in the brain of
mice, ameliorating neuroinflammatory processes [5]. Neonatal rats,
when injected with honokiol (10 mg/kg), acute pain response was
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subdued [6]. It exerted anti-inflammatory effect by targeting Lyn kinase
in human neutrophils [7]. Honokiol inhibited collagen-induced arthritis
by negating pro-inflammatory cytokines and matrix metalloproteinases
and blocking oxidative tissue damage [8]. A study found that honokiol
inhibits the replication, viral gene expression, and endocytotic process
of dengue virus (DENV-2) [2]. The application of 25 mg/kg honokiol to
guinea pig models lowered the testosterone level as compared with
letrozole [9].

Its apoptosis induction and malignancy control role has received
much attention in recent times.It has shown various degree of efficacy
towards pancreatic cancer, prostate cancer gastric cancer, oral cancer,
glioblastoma or brain cancer, skin cancer, ovarian cancer, bone cancer/
osteosarcoma [10], chondrosarcoma, lung cancer, nasopharyngeal and
thyroid cancer, blood caner, liver cancer, colon cancer, bladder cancer.

Honokiol reduced tumor growth in SKMEL-2 and UACC-62
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melanoma xenografts in mice [11]. Honokiol pretreatment of cervix
squamous carcinoma A431 cells induced apoptosis and DNA fragmen-
tation. At 50 umol/L dose, GO/G1 cell cycle arrest occurred [12].
Honokiol inhibited the migration of urinary bladder cancer cells [13];
oral squamous cell carcinoma cells [14]; bladder tumor [15]; colon
cancer [16]; and thyroid cancer [17]. Mice glioma could be treated
with honokiol-induced autophagy [18].

2. Anticancer mechanisms of honokiol

Cancer is an heterogenous disease, manifesting in multiple subtypes.
The initiation and progression of cancer is found associated both with
epigenetic as well as genetic aberrations, which dysregulate key cell
signaling pathways. Be that melanoma, glioma, renal cancer, hepatic
cancer or any other tissue-specific cancer, the problem is the same.
Oxidative stress and high inflammation 1 [19] lead to acidosis [20-22]
and hypoxia [23]. As a result, aromatase enzyme goes into an overdrive
[24], and excess estrogen is produced [25]. Excess expression of es-
trogen receptors result to capture the estrogen. So, honokiol’s response
towards any of those cancers is mediated by the same mechanisms. The
selected anticancer pathways of honokiol has been discussed below.

Honokiol scavenges superoxide as well as peroxyl radicals. This
antioxidative property is responsible for antitumor response, as NF-kf3
(nuclear factor kappaB) is stimulated by reactive oxygen species (ROS)
[26]. NF-xf activation creates a gamut of inflammatory components
such as MMP-9, TNF-a, IL-8, ICAM-1 and MCP-1, among others
[27,28]. Metastatic role of the proteolytic enzymes MMP-9 and the
proangiogenic factors IL-8 is well-validated [29]. So, carcinogenesis can
be prevented in its absence. Honokiol suppressed NF-kB activation, by
inhibiting the nuclear translocation and phosphorylation of p65 sub-
unit. Also, it enhanced TNF-a -induced apoptotic cell death [27].
Honokiol can reduce hypoxia-inducible factor-1a (HIF-1a) protein level
and suppressing the hypoxia-related signaling pathway. HIF-1a is a key
mediator of for the adaptation of cancer cells to low oxygen levels [30].
As hypoxia promotes tumor, anticancer role of honokiol is under-
standable [31].

Honokiol significantly inhibited the calcineurin inhibitor cyclos-
porine A-induced survival of renal cancer cells, by downregulating
VEGF (vascular endothelial growth facto) and HO-1 (heme oxygenase-
1) [32]. VEGF is an angiogenic factor and is up-regulated in tumors for
mediating autocrine signaling pathways [33]. Receptor tyrosine kinase
c-Met can promote cancer growth by inducing differentiation, pro-
liferation, cell cycle, motility, and apoptosis, through the regulation of
HO-1 [34]. HGF (hepatocyte growth factor) is a ligand for c-Met, and
excess c-Met expression in gastric cancer and lung cancer has been
observed [35,36]. So, honokiol is likely to be interfering with the kinase
function. Honokiol’s role in inhibition of STAT3 (signal transducers and
activators of transcription 3) activation in hepatocellular carcinoma
(HCC) cells by the interference of upstream kinases such as c-Src, Janus-
activated kinase 1 (JAK 1), and Janus-activated kinase 2 (JAK 2) is
well-known [37]. Constitutively activated STAT3 levels are correlated
with cellular transformation and aggressive cancer forms [38]. c-Src
kinase over-expression transforms cell phenotypes imparting ancho-
rage-independent growth and tumorigenicity [39]. The interaction of
honokiol with another oncogenic transcription factor FOXM1 and
subsequent inhibition has been explained to result in anticancer effect
[40]. The induction and overexpression of FoxM1 by Ras, results in
malignancies [41].

Honokiol is capable of suppressing high-glucose-induced in-
flammatory responses of human renal mesangial cells [42]. The ab-
normal glucose metabolism, hyperglycemia, and cancer link has been
proven [43]. Persistent hyperglycemic condition fuels NF-«f3 activation
which leads to the expression of a number of cytokines, chemokines and
cell adhesion molecules [44].

Honokiol also reduces the effect of extracellular signal-regulated
kinase (ERK) activation, protects mitochondrial respiratory chain (ETC)
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enzyme, and inhibits protein kinase C (PKC) and NADPH oxidase ac-
tivities. It leads to the accumulation of cells in the G2/M phase of the
cell cycle and elevates the level of caspases and Poly (ADP-ribose)
polymerase (PARP). Honokiol induced the apoptosis of hepG2 human
hepatocellular carcinoma cells by activating p38 MAPK pathway and
subsequent caspase-3 [45]. It down-regulates the expression of cyclin
D1, cyclin D2, Cdk2, Cdk4 and Cdké proteins and up-regulates the
expression of Cdk's inhibitor proteins p21 and p27 [12].

It prevented the invasion of urinary bladder cancer cell by the
downregulation of steroid receptor coactivator-3 (SRC-3), matrix me-
talloproteinase (MMP)-2 and Twistl [13]. So, it suppressed epithelial-
mesenchymal transition (EMT) by the induction of E-cadherin and re-
pression of N-cadherin [13]. Honokiol inhibited EMT-driven migration
of human NSCLC cells in vitro by targeting c-FLIP [46]. Twist1, a basic
helix-loop-helix domain-containing transcription factor, promotes
tumor metastasis, by inducing EMT. Twistl is upregulated by multiple
factors including SRC-1, STAT3, MSX2, HIF-1q, integrin-linked kinase,
NF-kB [47], and it uses PDGFRa as its transcriptional target [48].
Modulators of Twistl are regarded as promising therapy for metastatic
cancer, and honokiol merits investigation in this context.

When applied to neuro-2a cells, honokiol selectively induced DNA
fragmentation and cell apoptosis by increasing the expression of the
proapoptotic Bax protein and its translocation from the cytoplasm to
mitochondria. It induced the activation of caspases-9, -3, and -6, which
led to the apoptosis of neuroblastoma cells [49]. Honokiol induced
autophagy of glioma cells (human glioma U87 MG) and neuroblastoma
cells through the ROS-mediated regulation of the p53/cyclin D1/CDK6/
CDK4/E2F1-dependent pathway, p53/PI3K/Akt/mTOR signaling
pathway and endoplasmic reticular stress/ERK1/2 signaling pathways
and suppressing cell migration [18,50,51]. Autophagy markers such as
Beclin-1 and LC3-II have been observed after the lignan treatment.
Beclin-1, the macroautophagy protein, forms part of the phosphatidy-
linositol-3 kinase complexes which tag membranes for autophagosome
generation, and subsequent union with lysosomes [52]. Blood-brain
barrier (BBB) integrity is important for nervous system homeostasis.
Cancer cells often escape the drugs by exploiting this barrier. Hono-
kiol’s ability to traverse the BBB is emerging [51]. If the drug can also
cross the BBB, it can inhibit the cancer [53]. Honokiol suppresses the
migration of highly metastatic renal cell carcinoma (RCC) through the
activation of RhoA/ROCK (Rho-associated protein kinase)/MLC
(phosphorylated myosin light chain) signaling [54].

This lignan can control bladder tumor growth by suppressing on-
coprotein EZH2 (Enhancer of zeste homolog 2), a histone H3K27 me-
thyltransferase [15]. Histone modification can lead to the change in the
chromatin architecture, affect transcriptional regulation and cause
cancer [55]. It also induces caspase-dependent apoptosis in B-cell
chronic lymphocytic leukemia (B-CLL) cells [56]. This lignan down-
regulates c-FLIP (cellular-FLICE inhibitory protein), an anti-apoptotic
regulator, by increasing its degradation by ubiquitin/proteasome-
mediated mechanism, which modulates the death receptor-induced
apoptosis [57]. c-FLIP can inhibit cell death mediated by the death
receptors Fas, DR4, DR5, and TNF-R1 [58]. So, honokiol might be
exploited to inhibit c-FLIP, the apoptosis inhibitor. Honokiol might be a
potential treatment for t(8;21) translocation leukemia as it can target
AMLI1-ETO oncoprotein, a chromosomal translocation product, by in-
creasing the expression of UbcHS8, an E2-conjugase [59]. The t(8;21)-
encoded AML1-ETO chimeric product leads to anomalous hemato-
poietic cell proliferation [60]. So, the abolition of this fusion product by
honokiol holds prospect for leukemia therapy.

Honokiol upregulates the expression of bone morphogenetic protein
7 (BMP7) in colon cancer cells, which plays role in the activation of p53
[16]. BMP7 are transforming growth factor-beta superfamily cytokines
secreted by bone stromal cells and are involved in Smad signaling [61].
These proteins can lead to vascular calcification, and control gastric
cancer progression [62]. They can prevent recurrent metastatic disease
like prostate cancer stem-like cells on bones [63]. BMP7’s role in cancer
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inhibition is via the activation of p38 mitogen-activated protein kinase,
increased expression of the cell cycle inhibitor p21, and the metastasis
suppressor gene NDRG1 (N-myc downstream-regulated gene 1) [63].
Also, honokiol targets SW480 colon cancer stem cells by inhibiting the
y-secretase complex and the Notch signaling pathway [64]. Honokiol
induces cell cycle arrest and apoptosis induction on acute myeloid
leukemia by inhibiting class I histone deacetylases [65].

Honokiol markedly decreased the expression of cyclins (D1 and E)
and cyclin-dependent kinases (Cdk2 and Cdk4), increased Cdk in-
hibitors, p21 and p27, enhanced of Bax/Bcl-2 and Bax/Bcl-xL ratios in
pancreatic cancer cells [66]. Honokiol-treated pancreatic cancer had
retarded tumor growth and metastasis due to the downregulation of
CXCR4 and SHH (Sonic hedgehog) by the lignan, causing muted tumor-
stromal cross-talk [67]. CXCR4 is a G protein-coupled receptor (GPCR)
for CXCL12 chemokine, and it mediates the proliferation, survival,
migration, and homing of cancer cells [68]. HER2 (human epidermal
receptor 2) enhances the expression of CXCR4 by stimulating CXCR4
translation and attenuating CXCR4 degradation [69]. It is increasingly
being acknowledged that the molecules targeting CXCR4 can be cancer
therapeutics. Chemotherapy resistance is a major obstacle in successful
oncotherapy, which is largely due to abundant efflux protein expression
on the cancer cell membranes. Honokiol downregulated the expression
of P-glycoprotein in MCF-7, leading to drug accumulation, and in-
creased sensitivity of cancer cells [70]. Low extracellular pH, due to
intracellular calcium levels and inhibition of PKC, enhance the higher
expression of P-glycoprotein [71]. The lignan lowering the drug efflux
pump expression might be dose- and variable-dependent, and the result
might not replicate in vivo. The administration of honokiol with poor
soluble P-glycoprotein substrate sirolimus for oral delivery is being
considered [72]. SHH plays role in the formation of desmoplasia in
pancreatic cancer [73], and SHH signaling pathway is involved in
medulloblastomas [74]. Honokiol acts as the agonist of both retinoid X
receptor (RXR) and peroxisome proliferator-activated receptor gamma
(PPARY) [75].

Honokiol acts as a radio-sensitizing agent for colorectal cancers
[76]. Radiosensitizers enhance the sensitivity of hypoxic, tumor cells to
the lethal effect of radiations. The lignan might be modulating the
milieu, so that selective absorption of the radiation by the cancer cells
occur. In fact, a number of phytochemicals has been attributed to im-
prove radiation therapy outcomes, by either acting as radiosensitizer to
tumor cells or as radioprotector to normal cells [77]. A plant phenol
thymol protected Chinese hamster lung fibroblast (V79) cells from ra-
diation-induced oxidative stress, and lipid peroxidation, promoting cell
viability [78]. Honokiol is assumed to prevent radiation-induced da-
mage by the same antioxidative mechanism, common to several phe-
nolic compounds [79].

All the above discussed cancer perspectives are summarized along
with their most probable mechanism of action in Table 1. Fig. 1 pre-
sents the structure and biological activities of honokiol.

3. Scopes and hurdles

Honokiol enhances the anticancer effect of oxaliplatin in colon
cancer cells [80]. Honokiol raise the efficacy of anticancer drug im-
atinib against human leukemia cells [81]; lapatinib against HER-2 over-
expressed breast cancer cells [82]; adriamycin (doxorubicin) against
4T1 cells [83]; paclitaxel and doxorubicin against HCC cells [37],
among others. When combined with rosiglitazone had superior growth
inhibitory effect on SK-Hepl hepatoma cells, which occurred via the
GO0/G1 phase-related proteins p21, cyclin D1, cyclin E1, and Rb [75].
While it is encouraging result, the risk of drug-herb adverse reaction is
there. If the lignan hampers or modifies the intended effect of the drugs
need to be probed.
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4. Efficacy enhancement of Honokilol

Honokiol is a lipophilic compound. While patient tolerance of
honokiol is its merit, its water insolubility compromises its efficacy.
Also, pharmacokinetics of honokiol in rats has been studied by in-
travenous injection of this lignan, and subsequent blood analysis, which
showed quick distribution and rapid decrease [84]. From another rat
model study, it came forth that the elimination of honokiol in liver,
kidney and brain was more rapid than in plasma [85]. In another
pharmacokinetics study on nude mice bearing RKO-incubated tumor,
honokiol was absorbed quickly following intraperitoneal injection, and
was maintained in plasma for more than 10h [86]. To enhance the
stability and bioavailability of honokiol, it is processed as honokiol-in-
HP-B-CD-n-liposome. So, pegylated liposome (PEGL) is used to en-
capsulate honokiol. PEGylated liposomal honokiol improves the solu-
bility, and drug concentration in plasma, while reducing clearance rate
[87]. Pharmacokinetic study has revealed that honokiol-in-HP-B-CD-in-
liposome has longer residence time in circulating system than the un-
treated honokiol [87]. Honokiol-loaded polymeric nanoparticles was
tested against nasopharyngeal carcinoma [88]. The co-delivery of pa-
clitaxel and honokiol by pH-responsive polymeric micelles for the
suppression of multidrug resistance (MDR) and metastasis of breast
cancer cells was studied [89]. Liposomal honokiol combined with cis-
platin synergistically target colon cancer models [90] as well as ovarian
carcinoma [91].

Structural modification of honokiol to develop more effective ana-
logues to control cancer has been studied, confirming a structure-ac-
tivity connection [92]. Honokiol derivative 5-formylhonokiol possesses
strong inhibitory activity against K562 (human myelogenous leu-
kemia), A549 (human lung adenocarcinoma) and SPC-Al (human lung
adenocarcinoma) tumor cell lines [93]. On several tumor cell lines, 5-
formylhonokiol exerted better anti-angiogenesis capacity than hono-
kiol, by the downregulation of the ERK signal pathway [94]. Some
other honokiol derivatives include 3’,5-Diallyl-2,4’-dihydroxy-[1,1’-bi-
phen-yl]-3,5’-dicarbaldehyde, butyrate ester derivative of honokiol
with unsubstituted phenol group, 4’-O-methylhonokiol, honokiol posi-
tion isomers. Table 2 presents the honokiol derivatives and their ther-
apeutic potential.

5. Discussion

Irrespective of the heterogeneity and tissue specific-behavior, most
cancers are resultant of acidosis, hypoxia, inflammation, enzyme acti-
vation, and estrogen dominance. Cancer mitigation lies in raising the
pH and lowering the estrogen level. From literature review of different
in vitro paradigms, it was clear that honokiol mediates cancer inhibi-
tion via the same ERK, Akt/mTOR, p38, and JNK pathways.

The in vitro-derived results on the cancer control ability of honokiol
are promising but biased interpretations. It is increasingly being ac-
knowledged that it is the milieu which regulates the fate of cancer. If
the enzyme is aberrant activated and endocrine system is disrupted,
cancer turns aggressive. In the in vitro system, there is no effect of
immune system, so the results are more likely to be positive, yet mis-
leading. But, in in vivo or human system, there are numerous enzymes
to metabolize honokiol, rendering it ineffective. Even if honokiol is
effective on certain cancer, it is mostly by its structural similarity to
estrogen. So, this phenol might be acting as agonist or antagonist of
estrogen. In fact, reports exist to conform that lignans inhibit aromatase
enzyme activity in human pre-adipose cell culture system [95]. Also, it
is biochemically a lignan. Lignan from soy, flaxseed, and sesame are
often considered phytoestrogen [96]. Dietary lignans are metabolized
by gut flora into enterolactone and enterodiol. Secoisolariciresinol,
matairesinol, lariciresinol and pinoresinol are some of the enterolignan
precursors [96]. Plant lignans have been considered as SERM (selective
estrogen receptor modulators), to tame excess estrogen, the cause of
carcinogenesis. So, the role of lignans in cancer is dual and conflicting.
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Table 1
Anticancer perspectives of honokiol.
Cancer types Mechanisms
Breast Inhibited tumor growth rate, induced apoptosis, and decreased microvasculature density

Increased LKB1 expression, and suppressed individual cell-motility Reduced expression of pluripotency-factors, formation of mammosphere, and aldehyde
dehydrogenase activity
Activated the AMP-dependent protein kinase (AMPK)
Inhibited the expressions of pluripotency factors (Nanog, Oct4, and Sox2)
Suppressed the STAT3-phosphorylation
Induced apoptosis, inhibited cell growth, and caused cell cycle arrest
Suppressed the epithelial-mesenchymal-transition, and mammosphere-formation
Decreased levels of Oct4, stemness factors, and Nanog
Enhanced the expression and cytoplasmic-localization of LKB1 Increased miR-34a in LKB1-dependent manner
Inhibited EMT, nuclear-localization and Zebl expression, expression of stemness factors and mammosphere-formation
Inhibited TNF-a-induced Nur77 mRNA expression
Inhibited the expression level of Mucin 1 and multidrug resistance proteins
Pancreatic Reduced the desmoplasia, and expression of C-X-C chemokine receptor type 4 and sonic hedgehog
Lowered the levels of cyclins D1, E and cyclin-dependent kinases (Cdk2 and Cdk4)
Decreased the phosphorylation of kappa B alpha (IkB-a) inhibitor
Prostate Decreased levels of mRNA expression and phosphorylated c-Myc proteinl
Lowered Cyclin D1 and increase Zeste Homolog 2
Inhibited the cell viability, androgen receptor signaling
Suppressed the androgen receptor stimulation
Down regulated AR protein
Decreased expressions of Bcl-xL as well as Mcl-1 proteins
Induced apoptosis, apoptotic DNA fragmentation
Gastric Down regulated the expressions of cdc25C, CDC2, and Cyclin B1, Increased Bax expressions, and up regulated p-cdc25c, p 21 & 53, and p-CDC2 expressions
Activated the endoplasmic reticulum (ER) stress and down regulated the peroxisome proliferator-activated receptor-y (PPARY) activity
Enhanced cytokeratin-18, endoplasmic reticulum (ER) stress, and E-cadherin
Lowered vimentin, and Snail expressions
Decreased the vessel density, reversed epithelial-to-mesenchymal transition
Inactivated nuclear factor kappa-light-chain-enhancer of activated B cell
Oral Inhibited Akt, JAK2/STAT3, and Erk signaling pathways
Suppressed tumor growth and IL-6 level
Lowered the levels of PCNA and endothelial marker CD31
Decreased levels of EGFR, and mTOR
Suppressed tumor growth, and decreased expressions of Cdks and cyclins
Suppressed transcription factor specificity protein 1 (Sp1)
Up regulated p21 and p27, and reduction of anti-apoptotic proteins including surviving and Mcl-1 were reported after supplementation of honokiol
Skin Inhibited COX-2 activity, PGE2 production, and suppressed UVB-induced DNA hypermethylation
Attenuated protein kinase B, and activated AMP-activated protein kinase (AMPK) signaling
Lowered tumor multiplicity, and induced apoptosis
Decreased cell viability, cell growth, & survival rate
Modulated cell cycle regulatory proteins
Decreased the production of expressions of IL-1a and IL-8
Glioblastoma Inhibited cell migration, and activated PI3K/Akt/mTOR and endoplasmic reticular stress/ERK1/2 signaling pathways
Down regulated the expressions of Hes1 and Notch3
Reduced cell viability, and induced apoptosis
Induced G1 cell cycle arrest and increased phosphorylation levels of p21 and p53
Down regulated cyclin D1, E2F1, and phosphorylated (p)RB, CDK4, and CDK6
Induced apoptosis, reduced the cell viability, triggered intracellular Ca (*>*) concentration ([Ca(2+)]i)
Lowered mitochondrial membrane potential, activated caspase-9/caspase-3, and released cytochrome ¢

Ovarian Altered Bcl-2 members and caspase-3
Bone Decreased the number of macrometastases

Up regulated Bax and Bak, and enhanced expression and activities of glucose-regulated protein 78 (GRP78)
Renal Activated the signaling of phosphorylated myosin light chain

Down-regulated Ras activation and c-Met phosphorylation
Inhibited the expression of calcineurin inhibitor (CNI)-induced HO-1, promoted apoptosis
Lung Induced endoplasmic reticulum (ER) stress and autophagy
Protected from the increment of migration, c-FLIP, N-cadherin (a mesenchymal marker), snail (a transcriptional modulator), p-Smad2/3 expression
Induced autophagy and up regulated the Sirt3
Blood Lowered the activity of histone deacetylases, and suppressed the clonogenic activity of hematopoietic progenitors
Induced caspase-dependent cell death, and activated caspase-3, -8, and -9
Up-regulated the Bcl2-associated protein (Bax)
Liver In SK-Hep1 hepatoma cells, honokiol has been found to activate PPARy, induce cell cycle arrest in the GO/G1 phase, exhibit growth inhibition, decrease cyclin D1,
E1, and Rb expressions, and increases p21 level (Chen et al., 2016).
Suppressed Janus-activated kinase 1, upstream kinases c-Src, and Janus-activated kinase 2
Colon Up regulated the expression of bone morphogenetic protein 7 (BMP7)
Decreased prostaglandin E2 (PGE2) and vascular endothelial growth factor (VEGF) levels
Inhibited expressions of COX-2, AKT/p-AKT, VEGF, extracellular signal-related kinase (ERK)1/2/p-ERK1/2
Reduced endothelial cell density (CD31 staining), and elevated levels of apoptosis (TUNEL staining)
Bladder Suppressed the epithelial-mesenchymal transition
Induced E-cadherin and repressed N-cadherin
Down regulated the cell invasion-associated genes, MMP-2, steroid receptor coactivator-3 (SRC-3), and Twist1
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EGFR, MAPK, SHH
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Induction of cell cycle arrest and apoptosis
Elevation of caspases and PARP
Suppressionof NF-kappaB activation

Suppression of epithelial-mesenchymal transition
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v
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(053, p21, CDK6, CDK4, cyclin D1, E2F1, Bcl-2, Bax N-cadherin,
E-cadherin, Snail, f-catenin, ICAM-1, VCAM-1, CXCR4)

Fig. 1. The structure and biological activities of honokiol.

Table 2
Honokiol derivatives and their therapeutic potential.

S.No  Compound Therapeutic potential

1 5-Formylhonokiol Showing strongest inhibitory activity against K562 (human myelogenous leukemia), A549 (human lung
3’- Formylhonokiol adenocarcinoma) and SPC-A1 (human lung adenocarcinoma) tumor cell lines
3’, 5-Diformylhonokiol

2 3,5-Diallyl-2,4’-dihydroxy-[1,1’-biphen-yl]-3,5"- inhibit the newly-grown segmental vessels from the dorsal aorta of zebrafish
dicarbaldehyde exhibit more potent growth inhibitory effects on human umbilical vein endothelial cells (HUVECs), A549, HepG2,

and LL/2

3 A butyrate ester derivative of honokiol with Play a vital role in the antiproliferative activity and identified an interesting pharmacological lead against
unsubstituted phenol group hepatocellular carcinoma

4 4'-O-methylhonokiol (MH) Cannabinoid-(CB2) receptor selective antiosteoclastogenic scaffold

5 Honokiol position isomers Antitumor and antiviral activities, with minimal cytotoxicity

Apart from honokiol, M. officinalis produces another biphenolic
compound magnolol, isomer of honokiol, known to possess antioxidant
and anti-inflammatory properties [97]. Lignan mixture (wikstromal,
matairesinol and benzylbutyrolactol) from Cedrus deodara has apop-
tosis-inducing effect towards several cancer cell lines [98]. Podophyllum
hexandrum [99] and Linum album [100] have an aryltetralin lactone
lignan podophyllotoxin. Podophyllotoxin is an anticancer agent and it
used to semisynthetically derive anticancer drugs etoposide, teniposide
and etopophose [99]. All the lignans with anticancer potential act by
shrinking the tumor, and lowering the expression of estrogen, insulin
growth factor, VEGF and MMP enzymes, but enhancing caspase-3
[101].

Other plant phenol such as eugenol has breast cancer treatment
potential, via the interference with E2F1/surviving [102]. So, a number
of plant phenols exert cancer anti-proliferation by the same pathways.
Ellagic acid activates cdk inhibitory protein p21, causing cell cycle
arrest at G phase, in cervical carcinoma (CaSki) cells [103]. So, most
plant phenols reduce oxidative stress, and mitigate inflammation,
lowering cancer risk. Studies have shown that a-santalol, when com-
bined with honokiol and magnolol can inhibit skin cancer. So, not only
honokiol, but plant phenols from different origins can exert anticancer
effect [104]. The therapeutic potential lies in their ring structure, which
is related to estrogen. Apart from lignans, other class of plant secondary
metabolites such as alkaloids, glucosides, terpene, terpenoids, flavones,
coumarins have also intervene in carcinogenesis by acting as different
steps of the same cancer propagation pathways [105].

The dosage and the administration route play important role in the
therapeutic efficacy of almost all therapeutic agents, including
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honokiol. Because drugs are toxic, and they must tread the fine balance
between efficacy and safety. Further, there is no universal dosage for all
patients, as age, gender, comorbidity and other medical history must be
taken care of. Additional studies on human subjects can shed light on its
potential for health care. There are abundant bioactive phytochemicals,
but the real challenge lies in retaining their stability. Also, the pro-
mising results might be the resultant of poorly-designed studies. As long
as the inflammatory agents are not eliminated, and hormonal im-
balance is not corrected, a phytochemical ca not resolve a complex
disease like honokiol.

6. Conclusion

Honokiol has attracted research and clinical attention for its im-
mune elicitation and cancer regulation properties. It intervenes the
critical pathways as STAT3, NF-xB, mTOR, EGFR, MAPK, SHH among
several others. It induces apoptosis, suppresses the proliferation, ex-
pression of cancer stem cell marker protein, P-glycoprotein number
reduction, and radiosensitization. Its implication in cancer therapy is
still in budding stage, and clinical trials on this lignan ought to be
pursued. Further research undertakings can shed light on the mechan-
istic pathways of cancer inhibition.

Acknowledgements

This project was supported by King Saud University, Deanship of
Scientific Research, College of Science Research Center.



A. Rauf et al.

References

[1]

[2]

[3]

[4]

(5]

(6]

[71

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]
[22]

[23]

[24]

[25]

M. Zbidah, A. Lupescu, T. Herrmann, W. Yang, M. Foller, K. Jilani, F. Lang, Effect
of honokiol on erythrocytes, Toxicol. In Vitro 27 (2013) 1737-1745, https://doi.
org/10.1016/j.tiv.2013.05.003.

C.Y. Fang, S.J. Chen, H.N. Wu, Y.H. Ping, C.Y. Lin, D. Shiuan, C.L. Chen, Y.R. Lee,
K.J. Huang, Honokiol, a lignan biphenol derived from the Magnolia tree, inhibits
dengue virus type 2 infection, Viruses 7 (2015) 4894-4910, https://doi.org/10.
3390/v7092852.

Y.J. Lee, Y.M. Lee, C.K. Lee, J.K. Jung, S.B. Han, J.T. Hong, Therapeutic appli-
cations of compounds in the Magnolia family, Pharmacol. Ther. 130 (2011)
157-176, https://doi.org/10.1016/j.pharmthera.2011.01.010.

V. Praveen Kumar, R. Gajendra Reddy, D.D. Vo, S. Chakravarty, S. Chandrasekhar,
R. Grée, Synthesis and neurite growth evaluation of new analogues of honokiol, a
neolignan with potent neurotrophic activity, Bioorg. Med. Chem. Lett. 22 (2012)
1439-1444, https://doi.org/10.1016/j.bmcl.2011.12.015.

Y.F. Xian, S.P. Ip, Q.Q. Mao, Z.R. Su, J.N. Chen, X.P. Lai, Z.X. Lin, Honokiol im-
proves learning and memory impairments induced by scopolamine in mice, Eur. J.
Pharmacol. 760 (2015) 88-95, https://doi.org/10.1016/j.ejphar.2015.04.013.

A. Woodbury, S.P. Yu, D. Chen, X. Gu, J.H. Lee, J. Zhang, A. Espinera, P.S. Garcia,
L. Wei, Honokiol for the treatment of neonatal pain and prevention of consequent
neurobehavioral disorders, J. Nat. Prod. 78 (2015) 2531-2536, https://doi.org/
10.1021/acs.jnatprod.5b00225.

H.R. Liao, C.R. Chien, J.J. Chen, T.Y. Lee, S.Z. Lin, C.P. Tseng, The anti-in-
flammatory effect of 2-(4-hydroxy-3-prop-2-enyl-phenyl)-4-prop-2-enyl-phenol by
targeting Lyn kinase in human neutrophils, Chem. Biol. Interact. 236 (2015)
90-101, https://doi.org/10.1016/j.cbi.2015.05.004.

K.R. Kim, K.-K. Park, K.-S. Chun, W.-Y. Chung, Honokiol inhibits the progression of
collagen-induced arthritis by reducing levels of pro-inflammatory cytokines and
matrix metalloproteinases and blocking oxidative tissue damage, J. Pharmacol.
Sci. 114 (2010) 69-78, https://doi.org/10.1254/jphs.10070FP.

D. Rase, P. Bernard, Use of Lignans in Pharmaceutical, Cosmetic, Dermatological
and/or Nutraceuticals Composition, (2008).

P. Steinmann, D.K. Walters, M.J.E. Arlt, 1.J. Banke, U. Ziegler, B. Langsam,

J. Arbiser, R. Muff, W. Born, B. Fuchs, Antimetastatic activity of honokiol in os-
teosarcoma, Cancer 118 (2012) 2117-2127, https://doi.org/10.1002/cncr.26434.
R. Guillermo-Lagae, S. Santha, M. Thomas, E. Zoelle, J. Stevens, R.S. Kaushik,

C. Dwivedi, Antineoplastic effects of honokiol on melanoma, Biomed Res. Int.
2017 (2017), https://doi.org/10.1155/2017/5496398.

C. Chilampalli, R. Guillermo, R.S. Kaushik, A. Young, G. Chandrasekher,

H. Fahmy, C. Dwivedi, Honokiol, a chemopreventive agent against skin cancer,
induces cell cycle arrest and apoptosis in human epidermoid A431 cells, Exp. Biol.
Med. 236 (2011) 1351-1359, https://doi.org/10.1258/ebm.2011.011030.

L. Shen, F. Zhang, R. Huang, B. Shen, J. Yan, Honokiol inhibits bladder cancer cell
invasion through repressing SRC-3 expression and epithelial-mesenchymal tran-
sition, Oncol. Lett. 14 (2017) 4294-4300, https://doi.org/10.3892/01.2017.6665.
X.-R. Chen, R. Lu, H.-X. Dan, G. Liao, M. Zhou, X.-Y. Li, N. Ji, Honokiol: a pro-
mising small molecular weight natural agent for the growth inhibition of oral
squamous cell carcinoma cells, Int. J. Oral Sci. 3 (2011) 34-42, https://doi.org/
10.4248/1J0S11014.

Q. Zhang, W. Zhao, C. Ye, J. Zhuang, C. Chang, Y. Li, X. Huang, L. Shen, Y. Li,
Y. Cui, J. Song, B. Shen, 1. Eliaz, R. Huang, H. Ying, H. Guo, J. Yan, Honokiol
inhibits bladder tumor growth by suppressing EZH2/miR-143 axis, Oncotarget 6
(2015) 37335-37348, https://doi.org/10.18632/oncotarget.6135.

R.-X. Liu, W.-Y. Ren, Y. Ma, Y.-P. Liao, H. Wang, J.-H. Zhu, H.-T. Jiang, K. Wu, B.-
C. He, W.-J. Sun, BMP7 mediates the anticancer effect of honokiol by upregulating
p53 in HCT116 cells, Int. J. Oncol. 51 (2017) 907-917, https://doi.org/10.3892/
ijo.2017.4078.

C.-H. Lu, S.-H. Chen, Y.-S. Chang, Y.-W. Liu, J.-Y. Wu, Y.-P. Lim, H.-I. Yu, Y.-

R. Lee, Honokiol, a potential therapeutic agent, induces cell cycle arrest and
program cell death in vitro and in vivo in human thyroid cancer cells, Pharmacol.
Res. 115 (2017) 288-298, https://doi.org/10.1016/j.phrs.2016.11.038.

G.-J. Wu, C.-J. Lin, Y.-W. Lin, R.-M. Chen, Data analyses of honokiol-induced
autophagy of human glioma cells in vitro and in vivo, Data Brief 9 (2016)
667-672, https://doi.org/10.1016/].dib.2016.09.045.

S. Patel, Inflammasomes, the cardinal pathology mediators are activated by pa-
thogens, allergens and mutagens: a critical review with focus on NLRP3, Biomed.
Pharmacother. 92 (2017) 819-825, https://doi.org/10.1016/j.biopha.2017.05.
126.

S. Patel, Stressor-driven extracellular acidosis as tumor inducer via aberrant en-
zyme activation: a review on the mechanisms and possible prophylaxis, Gene 626
(2017), https://doi.org/10.1016/j.gene.2017.05.043.

M. Damaghi, J.W. Wojtkowiak, R.J. Gillies, pH sensing and regulation in cancer,
Front. Physiol. 4 (2013) 370, https://doi.org/10.3389/fphys.2013.00370.

M.D. Glitsch, Extracellular acidosis and cancer, Mol. Genet. Dysregulated pH
Homeost, (2014), pp. 123-133, https://doi.org/10.1007/978-1-4939-1683-2_7.
1.B. Barsoum, M. Koti, D.R. Siemens, C.H. Graham, Mechanisms of hypoxia-
mediated immune escape in cancer, Cancer Res. 74 (2014) 7185-7190, https://
doi.org/10.1158/0008-5472.CAN-14-2598.

S. Patel, Disruption of aromatase homeostasis as the cause of a multiplicity of
ailments: A comprehensive review, J. Steroid Biochem. Mol. Biol. 168 (2017)
19-25, https://doi.org/10.1016/j.jsbmb.2017.01.009.

S. Patel, A. Homaei, A.B. Raju, B.R. Meher, Estrogen: the necessary evil for human
health, and ways to tame it, Biomed. Pharmacother. 102 (2018) 403-411, https://
doi.org/10.1016/j.biopha.2018.03.078.

560

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

Biomedicine & Pharmacotherapy 107 (2018) 555-562

S. Dikalov, T. Losik, J.L. Arbiser, Honokiol is a potent scavenger of superoxide and
peroxyl radicals, Biochem. Pharmacol. 76 (2008) 589-596, https://doi.org/10.
1016/j.bcp.2008.06.012.

AXK.-W. Tse, C.-K. Wan, X.-L. Shen, M. Yang, W.-F. Fong, Honokiol inhibits TNF-
alpha-stimulated NF-kappaB activation and NF-kappaB-regulated gene expression
through suppression of IKK activation, Biochem. Pharmacol. 70 (2005)
1443-1457, https://doi.org/10.1016/j.bcp.2005.08.011.

K.S. Ahn, G. Sethi, S. Shishodia, B. Sung, J.L. Arbiser, B.B. Aggarwal, Honokiol
potentiates apoptosis, suppresses osteoclastogenesis, and inhibits invasion through
modulation of nuclear factor-kappaB activation pathway, Mol. Cancer Res. 4
(2006) 621-633 doi:4/9/621 [pii]lr10.1158/1541-7786.MCR-06-0076.

E.K. Rofstad, B. Mathiesen, K. Kindem, K. Galappathi, Acidic extracellular pH
promotes experimental metastasis of human melanoma cells in athymic nude
mice, Cancer Res. 66 (2006) 6699-6707, https://doi.org/10.1158/0008-5472.
CAN-06-0983.

N.U. Samarajeewa, F. Yang, M.M. Docanto, M. Sakurai, K.M. McNamara,

H. Sasano, S.B. Fox, E.R. Simpson, K.A. Brown, HIF-1a stimulates aromatase ex-
pression driven by prostaglandin E2 in breast adipose stroma, Breast Cancer Res.
15 (2013) R30, , https://doi.org/10.1186/bcr3410.

K.L. Lan, K.H. Lan, M.L. Sheu, M.Y. Chen, Y.S. Shih, F.C. Hsu, H.M. Wang, R.S. Liu,
S.H. Yen, Honokiol inhibits hypoxia-inducible factor-1 pathway, Int. J. Radiat.
Biol. 87 (2011) 579-590, https://doi.org/10.3109/09553002.2011.568572.

P. Banerjee, A. Basu, J.L. Arbiser, S. Pal, The natural product honokiol inhibits
calcineurin inhibitor-induced and Ras-mediated tumor promoting pathways,
Cancer Lett. 338 (2013) 292-299, https://doi.org/10.1016/j.canlet.2013.05.036.
A.M. Duffy, D.J. Bouchier-Hayes, J.H. Harmey, Vascular endothelial growth factor
(VEGF) and its role in non-endothelial cells: autocrine signalling by VEGF, VEGF
Cancer, (2004), pp. 133-144, https://doi.org/10.1007/978-1-4419-9148-5_13.
M. Balan, E.Mier Y. Teran, A.M. Waaga-Gasser, M. Gasser, T.K. Choueiri,

G. Freeman, S. Pal, Novel roles of c-met in the survival of renal cancer cells
through the regulation of HO-1 and PD-L1 expression, J. Biol. Chem. 290 (2015)
8110-8120, https://doi.org/10.1074/jbc.M114.612689.

C.H. Park, S.Y. Cho, J. Du Ha, H. Jung, H.R. Kim, C.O. Lee, L.Y. Jang, C.H. Chae,
H.K. Lee, S.U. Choi, Novel c-Met inhibitor suppresses the growth of c-Met-addicted
gastric cancer cells, BMC Cancer 16 (2016), https://doi.org/10.1186/5s12885-016-
2058-y.

R. Salgia, Role of c-Met in cancer: emphasis on lung cancer, Semin. Oncol. 36
(2009), https://doi.org/10.1053/j.seminoncol.2009.02.008.

P. Rajendran, F. Li, M.K. Shanmugam, S. Vali, T. Abbasi, S. Kapoor, K.S. Ahn,
A.P. Kumar, G. Sethi, Honokiol inhibits signal transducer and activator of tran-
scription-3 signaling, proliferation, and survival of hepatocellular carcinoma cells
via the protein tyrosine phosphatase SHP-1, J. Cell. Physiol. 227 (2012)
2184-2195, https://doi.org/10.1002/jcp.22954.

D.L. Silver, H. Naora, J. Liu, W. Cheng, D.J. Montell, Activated signal transducer
and activator of transcription (STAT) 3: localization in focal adhesions and func-
tion in ovarian cancer cell motility, Cancer Res. 64 (2004) 3550-3558, https://doi.
org/10.1158/0008-5472.CAN-03-3959.

C. Oneyama, T. Hikita, S. Nada, M. Okada, Functional dissection of transformation
by c-Src and v-Src, Genes Cells 13 (2008) 1-12, https://doi.org/10.1111/j.1365-
2443.2007.01145.x.

M. Halasi, B. Hitchinson, B.N. Shah, R. Véraljai, I. Khan, E.V. Benevolenskaya,
V. Gaponenko, J.L. Arbiser, A.L. Gartel, Honokiol is a FOXM1 antagonist article,
Cell Death Dis. 9 (2018), https://doi.org/10.1038/541419-017-0156-7.

H.J. Park, J.R. Carr, Z. Wang, V. Nogueira, N. Hay, A.L. Tyner, L.F. Lau,

R.H. Costa, P. Raychaudhuri, FoxM1, a critical regulator of oxidative stress during
oncogenesis, EMBO J. 28 (2009) 2908-2918, https://doi.org/10.1038/emboj.
2009.239.

J.P. Wu, W. Zhang, F. Wu, Y. Zhao, L.F. Cheng, J.J. Xie, H.P. Yao, Honokiol: an
effective inhibitor of high-glucose-induced upregulation of inflammatory cytokine
production in human renal mesangial cells, Inflamm. Res. 59 (2010) 1073-1079,
https://doi.org/10.1007/s00011-010-0227-z.

P. Stattin, O. Bjor, P. Ferrari, A. Lukanova, P. Lenner, B. Lindahl, G. Hallmans,
R. Kaaks, Prospective study of hyperglycemia and cancer risk, Diabetes Care 30
(2007) 561-567, https://doi.org/10.2337/dc06-0922.

S.V. Suryavanshi, Y.A. Kulkarni, NF-kf: a potential target in the management of
vascular complications of diabetes, Front. Pharmacol. 8 (2017), https://doi.org/
10.3389/fphar.2017.00798.

J. Deng, Y. Qian, L. Geng, J. Chen, X. Wang, H. Xie, S. Yan, G. Jiang, L. Zhou,
S. Zheng, Involvement of p38 mitogen-activated protein kinase pathway in hon-
okiol-induced apoptosis in a human hepatoma cell line (hepG2), Liver Int. 28
(2008) 1458-1464, https://doi.org/10.1111/j.1478-3231.2008.01767.x.

X.Q. Lv, X.R. Qiao, L. Su, S.Z. Chen, Honokiol inhibits EMT-mediated motility and
migration of human non-small cell lung cancer cells in vitro by targeting c-FLIP,
Acta Pharmacol. Sin. 37 (2016) 1574-1586, https://doi.org/10.1038/aps.
2016.81.

Q. Qin, Y. Xu, T. He, C. Qin, J. Xu, Normal and disease-related biological functions
of Twistl and underlying molecular mechanisms, Cell Res. 22 (2012) 90-106,
https://doi.org/10.1038/cr.2011.144.

M.A. Eckert, T.M. Lwin, A.T. Chang, J. Kim, E. Danis, L. Ohno-Machado, J. Yang,
Twistl-induced invadopodia formation promotes tumor metastasis, Cancer Cell 19
(2011) 372-386, https://doi.org/10.1016/j.ccr.2011.01.036.

J.W. Lin, J.T. Chen, C.Y. Hong, Y.L. Lin, K.T. Wang, C.J. Yao, G.M. Lai, R.M. Chen,
Honokiol traverses the blood-brain barrier and induces apoptosis of neuro-
blastoma cells via an intrinsic bax-mitochondrion-cytochrome c-caspase protease
pathway, Neurol. Oncol. 14 (2012) 302-314, https://doi.org/10.1093/neuonc/
nor217.


https://doi.org/10.1016/j.tiv.2013.05.003
https://doi.org/10.1016/j.tiv.2013.05.003
https://doi.org/10.3390/v7092852
https://doi.org/10.3390/v7092852
https://doi.org/10.1016/j.pharmthera.2011.01.010
https://doi.org/10.1016/j.bmcl.2011.12.015
https://doi.org/10.1016/j.ejphar.2015.04.013
https://doi.org/10.1021/acs.jnatprod.5b00225
https://doi.org/10.1021/acs.jnatprod.5b00225
https://doi.org/10.1016/j.cbi.2015.05.004
https://doi.org/10.1254/jphs.10070FP
http://refhub.elsevier.com/S0753-3322(18)32782-3/sbref0045
http://refhub.elsevier.com/S0753-3322(18)32782-3/sbref0045
https://doi.org/10.1002/cncr.26434
https://doi.org/10.1155/2017/5496398
https://doi.org/10.1258/ebm.2011.011030
https://doi.org/10.3892/ol.2017.6665
https://doi.org/10.4248/IJOS11014
https://doi.org/10.4248/IJOS11014
https://doi.org/10.18632/oncotarget.6135
https://doi.org/10.3892/ijo.2017.4078
https://doi.org/10.3892/ijo.2017.4078
https://doi.org/10.1016/j.phrs.2016.11.038
https://doi.org/10.1016/j.dib.2016.09.045
https://doi.org/10.1016/j.biopha.2017.05.126
https://doi.org/10.1016/j.biopha.2017.05.126
https://doi.org/10.1016/j.gene.2017.05.043
https://doi.org/10.3389/fphys.2013.00370
https://doi.org/10.1007/978-1-4939-1683-2_7
https://doi.org/10.1158/0008-5472.CAN-14-2598
https://doi.org/10.1158/0008-5472.CAN-14-2598
https://doi.org/10.1016/j.jsbmb.2017.01.009
https://doi.org/10.1016/j.biopha.2018.03.078
https://doi.org/10.1016/j.biopha.2018.03.078
https://doi.org/10.1016/j.bcp.2008.06.012
https://doi.org/10.1016/j.bcp.2008.06.012
https://doi.org/10.1016/j.bcp.2005.08.011
http://refhub.elsevier.com/S0753-3322(18)32782-3/sbref0140
http://refhub.elsevier.com/S0753-3322(18)32782-3/sbref0140
http://refhub.elsevier.com/S0753-3322(18)32782-3/sbref0140
http://refhub.elsevier.com/S0753-3322(18)32782-3/sbref0140
https://doi.org/10.1158/0008-5472.CAN-06-0983
https://doi.org/10.1158/0008-5472.CAN-06-0983
https://doi.org/10.1186/bcr3410
https://doi.org/10.3109/09553002.2011.568572
https://doi.org/10.1016/j.canlet.2013.05.036
https://doi.org/10.1007/978-1-4419-9148-5_13
https://doi.org/10.1074/jbc.M114.612689
https://doi.org/10.1186/s12885-016-2058-y
https://doi.org/10.1186/s12885-016-2058-y
https://doi.org/10.1053/j.seminoncol.2009.02.008
https://doi.org/10.1002/jcp.22954
https://doi.org/10.1158/0008-5472.CAN-03-3959
https://doi.org/10.1158/0008-5472.CAN-03-3959
https://doi.org/10.1111/j.1365-2443.2007.01145.x
https://doi.org/10.1111/j.1365-2443.2007.01145.x
https://doi.org/10.1038/s41419-017-0156-7
https://doi.org/10.1038/emboj.2009.239
https://doi.org/10.1038/emboj.2009.239
https://doi.org/10.1007/s00011-010-0227-z
https://doi.org/10.2337/dc06-0922
https://doi.org/10.3389/fphar.2017.00798
https://doi.org/10.3389/fphar.2017.00798
https://doi.org/10.1111/j.1478-3231.2008.01767.x
https://doi.org/10.1038/aps.2016.81
https://doi.org/10.1038/aps.2016.81
https://doi.org/10.1038/cr.2011.144
https://doi.org/10.1016/j.ccr.2011.01.036
https://doi.org/10.1093/neuonc/nor217
https://doi.org/10.1093/neuonc/nor217

A. Rauf et al.

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[591]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

73]

P.S. Yeh, W. Wang, Y.A. Chang, C.J. Lin, J.J. Wang, R.M. Chen, Honokiol induces
autophagy of neuroblastoma cells through activating the PI3K/Akt/mTOR and
endoplasmic reticular stress/ERK1/2 signaling pathways and suppressing cell
migration, Cancer Lett. 370 (2016) 66-77, https://doi.org/10.1016/j.canlet.2015.
08.030.

C.J. Lin, Y.A. Chang, Y.L. Lin, S.H. Liu, C.K. Chang, R.M. Chen, Preclinical effects
of honokiol on treating glioblastoma multiforme via G1 phase arrest and cell
apoptosis, Phytomedicine 23 (2016) 517-527, https://doi.org/10.1016/j.phymed.
2016.02.021.

C. Miinz, Beclin-1 targeting for viral immune escape, Viruses 3 (2011) 1166-1178,
https://doi.org/10.3390/v3071166.

N.A. De Vries, J.H. Beijnen, W. Boogerd, O. Van Tellingen, Blood-brain barrier and
chemotherapeutic treatment of brain tumors, Expert Rev. Neurother. 6 (2006)
1199-1209, https://doi.org/10.1586/14737175.6.8.1199.

S. Cheng, V. Castillo, M. Welty, 1. Eliaz, D. Sliva, Honokiol inhibits migration of
renal cell carcinoma through activation of RhoA/ROCK/MLC signaling pathway,
Int. J. Oncol. 49 (2016) 1525-1530, https://doi.org/10.3892/ij0.2016.3663.

H. Wu, X. Chen, J. Xiong, Y. Li, H. Li, X. Ding, S. Liu, S. Chen, S. Gao, B. Zhu,
Histone methyltransferase G9a contributes to H3K27 methylation in vivo, Cell
Res. 21 (2011) 365-367, https://doi.org/10.1038/cr.2010.157.

T.E. Battle, J. Arbiser, D.A. Frank, The natural product honokiol induces caspase-
dependent apoptosis in B-cell chronic lymphocytic leukemia (B-CLL) cells, Blood
106 (2005) 690-697, https://doi.org/10.1182/blood-2004-11-4273.

S.M. Raja, S. Chen, P. Yue, T.M. Acker, B. Lefkove, J.L. Arbiser, F.R. Khuri, S.-
Y. Sun, The natural product honokiol preferentially inhibits cellular FLICE-in-
hibitory protein and augments death receptor-induced apoptosis, Mol. Cancer
Ther. 7 (2008) 2212-2223, https://doi.org/10.1158/1535-7163.MCT-07-2409.
S. Shirley, O. Micheau, Targeting c-FLIP in cancer, Cancer Lett. 332 (2013)
141-150, https://doi.org/10.1016/j.canlet.2010.10.009.

B. Zhou, H. Li, C. Xing, H. Ye, J. Feng, J. Wu, Z. Lu, J. Fang, S. Gao, Honokiol
induces proteasomal degradation of AML1-ETO oncoprotein via increasing ubi-
quitin conjugase UbcH8 expression in leukemia, Biochem. Pharmacol. 128 (2017)
12-25, https://doi.org/10.1016/j.bcp.2016.12.022.

T. Okuda, Z. Cai, S. Yang, N. Lenny, C.J. Lyu, J.M. van Deursen, H. Harada,

J.R. Downing, Expression of a knocked-in AML1-ETO leukemia gene inhibits the
establishment of normal definitive hematopoiesis and directly generates dysplastic
hematopoietic progenitors, Blood 91 (1998) 3134-3143 http://www.ncbi.nlm.
nih.gov/pubmed/9558367.

R.J. Lund, M.R. Davies, K.A. Hruska, Bone morphogenetic protein-7: an anti-fi-
brotic morphogenetic protein with therapeutic importance in renal disease, Curr.
Opin. Nephrol. Hypertens. 11 (2002) 31-36, https://doi.org/10.1097/00041552-
200201000-00005.

M. Aoki, S. Ishigami, Y. Uenosono, T. Arigami, Y. Uchikado, Y. Kita, H. Kurahara,
M. Matsumoto, S. Ueno, S. Natsugoe, Expression of BMP-7 in human gastric cancer
and its clinical significance, Br. J. Cancer 104 (2011) 714-718, https://doi.org/10.
1038/sj.bjc.6606075.

A. Kobayashi, H. Okuda, F. Xing, P.R. Pandey, M. Watabe, S. Hirota, S.K. Pai,
W. Liu, K. Fukuda, C. Chambers, A. Wilber, K. Watabe, Bone morphogenetic
protein 7 in dormancy and metastasis of prostate cancer stem-like cells in bone, J.
Exp. Med. 208 (2011) 2641-2655, https://doi.org/10.1084/jem.20110840.

S. Ponnurangam, J.M.V. Mammen, S. Ramalingam, Z. He, Y. Zhang, S. Umar,

D. Subramaniam, S. Anant, Honokiol in combination with radiation targets notch
signaling to inhibit colon cancer stem cells, Mol. Cancer Ther. 11 (2012) 963-972,
https://doi.org/10.1158/1535-7163.MCT-11-0999.

H.Y. Li, H.G. Ye, C.Q. Chen, L.H. Yin, J.B. Wu, L.C. He, S.M. Gao, Honokiol induces
cell cycle arrest and apoptosis via inhibiting class I histone deacetylases in acute
myeloid leukemia, J. Cell. Biochem. 116 (2015) 287-298, https://doi.org/10.
1002/jcb.24967.

S. Arora, A. Bhardwaj, S.K. Srivastava, S. Singh, S. McClellan, B. Wang, A.P. Singh,
Honokiol arrests cell cycle, induces apoptosis, and potentiates the cytotoxic effect
of gemcitabine in human pancreatic cancer cells, PLoS One 6 (2011), https://doi.
org/10.1371/journal.pone.0021573.

C. Averett, A. Bhardwaj, S. Arora, S.K. Srivastava, M.A. Khan, A. Ahmad, S. Singh,
J.E. Carter, M. Khushman, A.P. Singh, Honokiol suppresses pancreatic tumor
growth, metastasis and desmoplasia by interfering with tumor-stromal cross-talk,
Carcinogenesis 37 (2016) 1052-1061, https://doi.org/10.1093/carcin/bgw096.
M. Katoh, M. Katoh, Integrative genomic analyses of CXCR4: transcriptional reg-
ulation of CXCR4 based on TGFf, Nodal, activin signaling and POU5F1, FOXA2,
FOXC2, FOXH1, SOX17, and GFI1 transcription factors, Int. J. Oncol. 36 (2010)
415-420, https://doi.org/10.3892/ijo-00000514.

J.L. Benovic, A. Marchese, J.L. NBress, A. Benovic, C. Marchese, Cell, A new key in
breast cancer metastasis, Cancer Cell 6 (2004) 429-430, https://doi.org/10.1016/
j.ccr.2004.10.017.

D. XU, Q. LU, X. HU, Down-regulation of P-glycoprotein expression in MDR breast
cancer cell MCF-7/ADR by honokiol %, Cancer Lett. 243 (2006) 274-280, https://
doi.org/10.1016/j.canlet.2005.11.031.

O. Thews, B. Gassner, D.K. Kelleher, G. Schwerdt, M. Gekle, Impact of extracellular
acidity on the activity of P-glycoprotein and the cytotoxicity of chemotherapeutic
drugs, Neoplasia 8 (2006) 143-152, https://doi.org/10.1593/ne0.05697.

W. Ding, X. Hou, S. Cong, Y. Zhang, M. Chen, J. Lei, Y. Meng, X. Li, G. Li, Co-
delivery of honokiol, a constituent of Magnolia species, in a self-microemulsifying
drug delivery system for improved oral transport of lipophilic sirolimus, Drug
Deliv. 23 (2016) 2513-2523, https://doi.org/10.3109/10717544.2015.1020119.
J.M. Bailey, B.J. Swanson, T. Hamada, J.P. Eggers, P.K. Singh, T. Caffery,

M.M. Ouellette, M.A. Hollingsworth, Sonic hedgehog promotes desmoplasia in
pancreatic cancer, Clin. Cancer Res. 14 (2008) 5995-6004, https://doi.org/10.

561

[74]

[75]

[76]

[771

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

Biomedicine & Pharmacotherapy 107 (2018) 555-562

1158/1078-0432.CCR-08-0291.

H.L. Weiner, R. Bakst, M.S. Hurlbert, J. Ruggiero, E. Ahn, W.S. Lee, D. Stephen,
D. Zagzag, A.L. Joyner, D.H. Turnbull, Induction of medulloblastomas in mice by
sonic hedgehog, independent of Glil, Cancer Res. 62 (2002) 6385-6389.

H.C. Chen, H.T. Hsu, J.W. Weng, Y.F. Chang, C.Y. Hsia, H.C. Lee, C.W. Chi,
Combined effect of honokiol and rosiglitazone on cell growth inhibition through
enhanced GO/G1 phase arrest in hepatoma cells, J. Chin. Med. Assoc. 79 (2016)
415-421, https://doi.org/10.1016/j.jcma.2016.03.003.

Z. He, D. Subramaniam, Z. Zhang, Y. Zhang, S. Anant, Honokiol as a radio-
sensitizing agent for colorectal cancers, Curr. Colorectal Cancer Rep. 9 (2013)
358-364, https://doi.org/10.1007/s11888-013-0191-4.

B.D. Lawenda, Response to “radiation therapeutic gain and Asian botanicals,” by
Stephen Sagar, Integr. Cancer Ther. 9 (2010) 14-15, https://doi.org/10.1177/
1534735410361476.

P.R. Archana, B. Nageshwar Rao, M. Ballal, B.S. Satish Rao, Thymol, a naturally
occurring monocyclic dietary phenolic compound protects Chinese hamster lung
fibroblasts from radiation-induced cytotoxicity, Mutat. Res. - Genet. Toxicol.
Environ. Mutagen. 680 (2009) 70-77, https://doi.org/10.1016/j.mrgentox.2009.
09.010.

K. Csepregi, E. Hideg, Phenolic compound diversity explored in the context of
photo-oxidative stress protection, Phytochem. Anal. 29 (2018) 129-136, https://
doi.org/10.1002/pca.2720.

H. Hua, W. Chen, L. Shen, Q. Sheng, L. Teng, Honokiol augments the anti-cancer
effects of oxaliplatin in colon cancer cells, Acta Biochim. Biophys. Sin. (Shanghai)
45 (2013) 773-779, https://doi.org/10.1093/abbs/gmt071.

Y. Wang, Z. Yang, X. Zhao, Honokiol induces paraptosis and apoptosis and exhibits
schedule-dependent synergy in combination with imatinib in human leukemia
cells, Toxicol. Mech. Methods 20 (2010) 234-241, https://doi.org/10.3109/
15376511003758831.

H. Liu, C. Zang, A. Emde, M.D. Planas-Silva, M. Rosche, A. Kiihnl, C.O. Schulz,
E. Elstner, K. Possinger, J. Eucker, Anti-tumor effect of honokiol alone and in
combination with other anti-cancer agents in breast cancer, Eur. J. Pharmacol. 591
(2008) 43-51, https://doi.org/10.1016/j.ejphar.2008.06.026.

W. Hou, L. Chen, G. Yang, H. Zhou, Q. Jiang, Z. Zhong, J. Hu, X. Chen, X. Wang,
Y. Yuan, M. Tang, J. Wen, Y. Wei, Synergistic antitumor effects of liposomal
honokiol combined with adriamycin in breast cancer models, Phyther. Res. 22
(2008) 1125-1132, https://doi.org/10.1002/ptr.2472.

S.Z. Chen, H. Jia, Y.H. Wu, H. Wang, [Pharmacokinetics of honokiol in rats],
Beijing Da Xue Xue Bao 36 (2004) 41-44 http://www.ncbi.nlm.nih.gov/entrez/
query.fcgi?cmd = Retrieve&db = PubMed&dopt = Citation&list_uids = 14970886.
W. Jun-jun, M. Xiao-lei, C. Jing-ya, C. Yong, The pharmacokinetics and tissue
distribution of honokiol and its metabolites in rats, Eur. J. Drug Metab.
Pharmacokinet. 41 (2016) 587-594, https://doi.org/10.1007/s13318-015-
0281-6.

F. Chen, T. Wang, Y.F. Wu, Y. Gu, X.L. Xu, S. Zheng, X. Hu, Honokiol: a potent
chemotherapy candidate for human colorectal carcinoma, World J. Gastroenterol.
10 (2004) 3459-3463, https://doi.org/10.3748/wjg.v10.i23.3459.

X. Wang, L. Deng, L. Cai, X. Zhang, H. Zheng, C. Deng, X. Duan, X. Zhao, Y. Wei,
L. Chen, Preparation, characterization, pharmacokinetics, and bioactivity of
honokiol-in-hydroxypropyl-p-cyclodextrin-in-liposome, J. Pharm. Sci. 100 (2011)
3357-3364, https://doi.org/10.1002/jps.22534.

B. Yang, X. Ni, L. Chen, H. Zhang, P. Ren, Y. Feng, Y. Chen, S. Fu, J. Wu, Honokiol-
loaded polymeric nanoparticles: an active targeting drug delivery system for the
treatment of nasopharyngeal carcinoma, Drug Deliv. 24 (2017) 660-669, https://
doi.org/10.1080/10717544.2017.1303854.

Z. Wang, X. Li, D. Wang, Y. Zou, X. Qu, C. He, Y. Deng, Y. Jin, Y. Zhou, Y. Zhou,
Y. Liu, Concurrently suppressing multidrug resistance and metastasis of breast
cancer by co-delivery of paclitaxel and honokiol with pH-sensitive polymeric
micelles, Acta Biomater. 62 (2017) 144-156, https://doi.org/10.1016/j.actbio.
2017.08.027.

N. Cheng, T. Xia, Y. Han, Q.J. He, R. Zhao, J.R. Ma, Synergistic antitumor effects of
liposomal honokiol combined with cisplatin in colon cancer models, Oncol. Lett. 2
(2011) 957-962, https://doi.org/10.3892/01.2011.350.

Y. Liu, L. Chen, X. He, L. Fan, G. Yang, X. Chen, X. Lin, L. Du, Z. Li, H. Ye, Y. Mao,
X. Zhao, Y. Wei, Enhancement of therapeutic effectiveness by combining lipo-
somal honokiol with cisplatin in ovarian carcinoma, Int. J. Gynecol. Cancer 18
(2008) 652-659, https://doi.org/10.1111/§.1525-1438.2007.01070.x.

L. Ma, J. Chen, X. Wang, X. Liang, Y. Luo, W. Zhu, T. Wang, M. Peng, S. Li, S. Jie,
A. Peng, Y. Wei, L. Chen, Structural modification of honokiol, a biphenyl occurring
in magnolia officinalis: the evaluation of honokiol analogues as inhibitors of an-
giogenesis and for their cytotoxicity and structure-activity relationship, J. Med.
Chem. 54 (2011) 6469-6481, https://doi.org/10.1021/jm200830u.

Y. Luo, Y. Xu, L. Chen, H. Luo, C. Peng, J. Fu, H. Chen, A. Peng, H. Ye, D.C. Xie,
A. Fu, J. Shi, S. Yang, Y. Wei, Preparative purification of anti-tumor derivatives of
honokiol by high-speed counter-current chromatography, J. Chromatogr. A 1178
(2008) 160-165, https://doi.org/10.1016/j.chroma.2007.11.072.

W. Zhu, A. Fu, J. Hu, T. Wang, Y. Luo, M. Peng, Y. Ma, Y. Wei, L. Chen, 5-for-
mylhonokiol exerts anti-angiogenesis activity via inactivating the ERK signaling
pathway, Exp. Mol. Med. 43 (2011) 146-152, https://doi.org/10.3858/emm.
2011.43.3.017.

C. Wang, T. Mékel4, T. Hase, H. Adlercreutz, M.S. Kurzer, Lignans and flavonoids
inhibit aromatase enzyme in human preadipocytes, J. Steroid Biochem. Mol. Biol.
50 (1994) 205-212 (Accessed 29 September 2016), http://www.ncbi.nlm.nih.
gov/pubmed/8049151.

L.E.J. Milder, E.J.M. Feskens, I.C.W. Arts, H.B. Bueno de Mesquita,

P.C.H. Hollman, D. Kromhout, Intake of the plant lignans secoisolariciresinol,


https://doi.org/10.1016/j.canlet.2015.08.030
https://doi.org/10.1016/j.canlet.2015.08.030
https://doi.org/10.1016/j.phymed.2016.02.021
https://doi.org/10.1016/j.phymed.2016.02.021
https://doi.org/10.3390/v3071166
https://doi.org/10.1586/14737175.6.8.1199
https://doi.org/10.3892/ijo.2016.3663
https://doi.org/10.1038/cr.2010.157
https://doi.org/10.1182/blood-2004-11-4273
https://doi.org/10.1158/1535-7163.MCT-07-2409
https://doi.org/10.1016/j.canlet.2010.10.009
https://doi.org/10.1016/j.bcp.2016.12.022
http://www.ncbi.nlm.nih.gov/pubmed/9558367
http://www.ncbi.nlm.nih.gov/pubmed/9558367
https://doi.org/10.1097/00041552-200201000-00005
https://doi.org/10.1097/00041552-200201000-00005
https://doi.org/10.1038/sj.bjc.6606075
https://doi.org/10.1038/sj.bjc.6606075
https://doi.org/10.1084/jem.20110840
https://doi.org/10.1158/1535-7163.MCT-11-0999
https://doi.org/10.1002/jcb.24967
https://doi.org/10.1002/jcb.24967
https://doi.org/10.1371/journal.pone.0021573
https://doi.org/10.1371/journal.pone.0021573
https://doi.org/10.1093/carcin/bgw096
https://doi.org/10.3892/ijo-00000514
https://doi.org/10.1016/j.ccr.2004.10.017
https://doi.org/10.1016/j.ccr.2004.10.017
https://doi.org/10.1016/j.canlet.2005.11.031
https://doi.org/10.1016/j.canlet.2005.11.031
https://doi.org/10.1593/neo.05697
https://doi.org/10.3109/10717544.2015.1020119
https://doi.org/10.1158/1078-0432.CCR-08-0291
https://doi.org/10.1158/1078-0432.CCR-08-0291
http://refhub.elsevier.com/S0753-3322(18)32782-3/sbref0370
http://refhub.elsevier.com/S0753-3322(18)32782-3/sbref0370
http://refhub.elsevier.com/S0753-3322(18)32782-3/sbref0370
https://doi.org/10.1016/j.jcma.2016.03.003
https://doi.org/10.1007/s11888-013-0191-4
https://doi.org/10.1177/1534735410361476
https://doi.org/10.1177/1534735410361476
https://doi.org/10.1016/j.mrgentox.2009.09.010
https://doi.org/10.1016/j.mrgentox.2009.09.010
https://doi.org/10.1002/pca.2720
https://doi.org/10.1002/pca.2720
https://doi.org/10.1093/abbs/gmt071
https://doi.org/10.3109/15376511003758831
https://doi.org/10.3109/15376511003758831
https://doi.org/10.1016/j.ejphar.2008.06.026
https://doi.org/10.1002/ptr.2472
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve%26db=PubMed%26dopt=Citation%26list_uids=14970886
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve%26db=PubMed%26dopt=Citation%26list_uids=14970886
https://doi.org/10.1007/s13318-015-0281-6
https://doi.org/10.1007/s13318-015-0281-6
https://doi.org/10.3748/wjg.v10.i23.3459
https://doi.org/10.1002/jps.22534
https://doi.org/10.1080/10717544.2017.1303854
https://doi.org/10.1080/10717544.2017.1303854
https://doi.org/10.1016/j.actbio.2017.08.027
https://doi.org/10.1016/j.actbio.2017.08.027
https://doi.org/10.3892/ol.2011.350
https://doi.org/10.1111/j.1525-1438.2007.01070.x
https://doi.org/10.1021/jm200830u
https://doi.org/10.1016/j.chroma.2007.11.072
https://doi.org/10.3858/emm.2011.43.3.017
https://doi.org/10.3858/emm.2011.43.3.017
http://www.ncbi.nlm.nih.gov/pubmed/8049151
http://www.ncbi.nlm.nih.gov/pubmed/8049151
http://refhub.elsevier.com/S0753-3322(18)32782-3/sbref0480
http://refhub.elsevier.com/S0753-3322(18)32782-3/sbref0480

A. Rauf et al.

[971

[98]

[991

[100]

matairesinol, lariciresinol, and pinoresinol in Dutch men and women, J. Nutr. 135
(2005) 1202-1207 doi:135/5/1202 [piil.

Y.L. Sheng, J.H. Xu, C.H. Shi, W. Li, H.Y. Xu, N. Li, Y.Q. Zhao, X.R. Zhang, UPLC-
MS/MS-ESI assay for simultaneous determination of magnolol and honokiol in rat
plasma: application to pharmacokinetic study after administration emulsion of the
isomer, J. Ethnopharmacol. 155 (2014) 1568-1574, https://doi.org/10.1016/j.
jep.2014.07.052.

S.K. Singh, M. Shanmugavel, H. Kampasi, R. Singh, D.M. Mondhe, J.M. Rao,
M.K. Adwankar, A.K. Saxena, G.N. Qazi, Chemically standardized isolates from
Cedrus deodara stem wood having anticancer activity, Planta Med. 73 (2007)
519-526, https://doi.org/10.1055/s-2007-967185.

J. Doussot, V. Mathieu, C. Colas, R. Molinié, C. Corbin, J. Montguillon, L.Moreno
Y. Banuls, S. Renouard, F. Lamblin, P. Dupré, B. Maunit, R. Kiss, C. Hano, E. Lainé,
Investigation of the lignan content in extracts from Linum, Callitris and Juniperus
species in relation to their in vitro antiproliferative activities, Planta Med. 83
(2017) 574-581, https://doi.org/10.1055/5-0042-118650.

M. Yousefzadi, M. Sharifi, N.A. Chashmi, M. Behmanesh, A. Ghasempour,
Optimization of podophyllotoxin extraction method from Linum album cell cul-
tures, Pharm. Biol. 48 (2010) 1421-1425, https://doi.org/10.3109/13880209.

562

[101]

[102]

[103]

[104]

[105]

Biomedicine & Pharmacotherapy 107 (2018) 555-562

2010.489564.

S.M. Ezzat, S.A. Shouman, A. Elkhoely, Y.M. Attia, M.S. Elsesy, A.S. El Senousy,
M.A. Choucry, S.H. El Gayed, A.A. El Sayed, E.A. Sattar, N. El Tanbouly,
Anticancer potentiality of lignan rich fraction of six Flaxseed cultivars, Sci. Rep. 8
(2018), https://doi.org/10.1038/s41598-017-18944-0.

1. Al-Sharif, A. Remmal, A. Aboussekhra, Eugenol triggers apoptosis in breast
cancer cells through E2F1/survivin down-regulation, BMC Cancer 13 (2013) 600,
https://doi.org/10.1186,/1471-2407-13-600.

B.A. Narayanan, O. Geoffroy, M.C. Willingham, G.G. Re, D.W. Nixon, p53/
P21(WAF1/CIP1) expression and its possible role in G1 arrest and apoptosis in
ellagic acid treated cancer cells, Cancer Lett. 136 (1999) 215-221, https://doi.
org/10.1016/50304-3835(98)00323-1.

R. Kaushik, X. Zhang, M. Hildreth, A. Young, H. Fahmy, D. Zeman, C. Dwivedi,
Chemopreventive effects of combination of honokiol and magnolol with a-santalol
on skin cancer developments, Drug Discov. Ther. 7 (2011) 109-115, https://doi.
org/10.5582/ddt.2013.v7.3.109.

Q. Kong, Y. Zhang, Anti-cancer secondary metabolites in plants, Sect. Title Plant
Biochem. 21 (2005) 421-426 439.


http://refhub.elsevier.com/S0753-3322(18)32782-3/sbref0480
http://refhub.elsevier.com/S0753-3322(18)32782-3/sbref0480
https://doi.org/10.1016/j.jep.2014.07.052
https://doi.org/10.1016/j.jep.2014.07.052
https://doi.org/10.1055/s-2007-967185
https://doi.org/10.1055/s-0042-118650
https://doi.org/10.3109/13880209.2010.489564
https://doi.org/10.3109/13880209.2010.489564
https://doi.org/10.1038/s41598-017-18944-0
https://doi.org/10.1186/1471-2407-13-600
https://doi.org/10.1016/S0304-3835(98)00323-1
https://doi.org/10.1016/S0304-3835(98)00323-1
https://doi.org/10.5582/ddt.2013.v7.3.109
https://doi.org/10.5582/ddt.2013.v7.3.109
http://refhub.elsevier.com/S0753-3322(18)32782-3/sbref0525
http://refhub.elsevier.com/S0753-3322(18)32782-3/sbref0525

	Honokiol: An anticancer lignan
	Introduction
	Anticancer mechanisms of honokiol
	Scopes and hurdles
	Efficacy enhancement of Honokilol
	Discussion
	Conclusion
	Acknowledgements
	References




