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Nutrition and Cancer

Natural Lignans Honokiol and Magnolol as Potential Anticarcinogenic 
and Anticancer Agents. A Comprehensive Mechanistic Review

Sayeh Mottaghia and Hassan Abbaszadehb

aDepartment of Pediatrics, School of Medicine, Ahvaz Jundishapur University of Medical Sciences, Ahvaz, Iran; bDepartment of 
Pharmacology, School of Pharmacy, Ahvaz Jundishapur University of Medical Sciences, Ahvaz, Iran

ABSTRACT
Plant lignans constitute an important group of polyphenols, which have been demonstrated 
to significantly induce cancer cell death and suppress cancer cell proliferation with minimal 
toxicity against non-transformed cells. Numerous epidemiological studies have shown that 
the intake of lignans is associated with lower risk of several cancers. These natural compounds 
have the potential to inhibit carcinogenesis, tumor growth, and metastasis by targeting 
various signaling molecules and pathways. Growing evidence indicates that honokiol and 
magnolol as natural lignans possess potent anticancer activities against various types of 
human cancer. The aim of present review is to provide the reader with the newest findings 
in understanding the cellular and molecular mechanisms mediating anticancer effects of 
honokiol and magnolol. This review comprehensively elucidates the effects of honokiol and 
magnolol on the molecular targets and signal transduction pathways implicated in cancer 
cell proliferation and metastasis. The findings of current review indicate that honokiol and 
magnolol can be considered as promising carcinopreventive and anticancer agents.

Abbreviations: AMPK: adenosine monophosphate-activated protein kinase; APAF-1: apoptotic 
protein-activating factor 1; Bcl‐2: B‐cell lymphoma 2; CAM: chorioallantoic membrane; CDK: 
cyclin-dependent kinases; CDKi: CDK inhibitors; .DR: Death receptors; ECM: extracellular 
matrix; EMT: epithelial-mesenchymal transition; ERK: extracellular signal-regulated kinase; 
HIF‐1α: hypoxia‐inducible factor‐1alpha; HUVECs: human umbilical vein endothelial cells; JNK: 
c‐Jun N‐terminal kinase; MAPK: mitogen‐activated protein kinases; MMP: mitochondrial 
membrane potential; MMPs: matrix metalloproteinases; mTOR: mammalian target of rapamycin; 
NF‐κB: nuclear factor kappa B; PARP: poly-(adenosine 5′-diphosphate-ribose) polymerase; 
PI3K: phosphatidylinositol 3‐kinase; PTEN: phosphatase and tensin homolog; ROS: Reactive 
oxygen species; RTKs: receptor tyrosine kinases; STAT3: signal transducer and activator of 
transcription 3; TNF-α: tumor necrosis factor-alpha; TRAIL-R: Trail receptor; VEGF: vascular 
endothelial growth factor

Introduction

Cancer and Plant Lignans

Cancer disease has become a growing threat to the 
world with 18.1 million new cases and 9.6 million 
deaths in 2018, which represents one of the most 
important health issues (1, 2). Cancer is a complex 
disease driven by genetic and epigenetic changes that 
cause cells to overproliferate and avoid mechanisms 
that topically control their survival, growth, and migra-
tion (3). Carcinogenesis is recognized as a multistep 
and multipath process in which distinct molecular and 
cellular alterations occur, consisting of three stages: 

initiation, promotion, and progression (4). In cancer 
cells, there is a dysregulation of cell-cycle and disrup-
tion of processes, which cause cell death such as apop-
tosis (3). The toxicities and severe systemic side effects 
of chemotherapeutic drugs have prompted scientists 
to develop and discover novel phytochemicals for can-
cer therapy (5). Many studies have indicated that poly-
phenolic compounds possess potent anticancer activities 
(6). Polyphenols constitute one of the largest and most 
important groups of plant secondary metabolites found 
abundantly in fruits, vegetables, flowers, grains, spices, 
soy, tea, and wine (7). The chemical structures of 
polyphenolic compounds are very diverse and complex, 
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Figure 2.  Chemical structures of honokiol and magnolol.

with molecular weights ranging from 500 to 3000 Da 
(6). Polyphenols possess one or more aromatic rings 
directly attached to several hydroxyl groups, which 
can be classified into several major groups, including 
flavonoids, phenolic acids, stilbenes, and lignans (6, 
8). Plant lignans are a complex group of phenolic 
compounds that are present in higher levels in sesame 
and flax seeds and in lower levels in various seeds, 
grains, fruits, and vegetables (9, 10). In 1936, the term 
lignan was first described by Haworth as phenylpro-
panoid dimers composed of two phenylpropane units 
(C6–C3) attached by their central carbon (C8) (11), 
as shown in Figure 1. Lignans, as non-flavonoid poly-
phenols, are mostly found in nature in the free form, 
while their conjugated form as glycosides are only a 
minor form (12). Numerous studies indicate that plant 
lignans possess various biological and pharmacological 
effects such as antioxidant, anti-inflammatory, antial-
lergic, antihyperlipidemic, antithrombotic, antibacterial, 
antiviral, antiprotozoal, antiangiogenic, and anticancer 
effects (10, 13–16). Natural lignans have the potential 
to suppress different stages of carcinogenesis, including 
initiation, promotion, and progression by targeting 
various signaling molecules and pathways (17). Many 
epidemiological studies have revealed the beneficial 
effects of dietary lignans on prevention of several types 
of malignant tumors (18). These natural compounds 
have shown to have potent anticancer activities against 
various human cancers In Vitro and In Vivo (19, 20). 
Studies indicate that anticancer effects of lignans are 
associated with the modulation of a wide range of 
molecular targets such as protein tyrosine kinases, 
pro-apoptotic and anti-apoptotic proteins, transcription 
factors, membrane receptors, chemokines, cell surface 
adhesion molecules, cell cycle proteins, and cell sig-
naling pathways (20, 21). Natural lignans have attracted 
much attention because of their potent anticancer 
effects such as the antiproliferative effects of podo-
phyllotoxin and its derivatives (etoposide and tenipo-
side) (22). There is much evidence indicating that 
plant lignans with potent anticancer effects could be 
developed as effective anticancer agents (20, 23). 
Indeed, several natural lignans have been investigated 
in the phase I and II clinical trials as anticancer agents 
(24). Honokiol and magnolol as natural lignans have 
been reported to have remarkable biological effects 

such as anticancer activities (19, 25, 26). Numerous 
experimental studies have demonstrated that honokiol 
and magnolol possess potent anticancer activity against 
various cancer cell lines. The present review aimed to 
provide a comprehensive overview of the cellular and 
molecular mechanisms by which honokiol and mag-
nolol exert their anticancer effects against different 
types of human cancer.

Overview of Plant Lignans Honokiol and 
Magnolol

Honokiol (5,3′-Diallyl-2,4′-dihydroxybiphenyl) and 
magnolol (5,5′-diallyl-2,2′-dihydroxybiphenyl) are bio-
active natural compounds extracted from the bark of 
Magnolia officinalis, which possesses a wide variety of 
pharmacological properties (Figure 2) (27). Magnolia 
officinals bark extract has been employed for centuries 
in Chinese and Japanese traditional medicines (28). 
Herbal preparations and supplements containing 
Magnolia bark are still widely used for treatment of 
thrombotic stroke, gastrointestinal disturbances, anxi-
ety, nervous disorders, allergic and inflammatory dis-
eases, and malignant tumors (28, 29). The safety and 
toxicity of Magnolia extract have been extensively 
evaluated (30). Magnolia bark extract has been found 
to be a safe natural compound with little toxicity (30, 
31). In Vitro and In Vivo genotoxicity investigations 
demonstrate that magnolia bark extract has no geno-
toxic and mutagenic properties (32). In recent years, 
Magnolia officinals bark extract has attracted consid-
erable attention due to its potent anticancer activities. 
Honokiol and magnolol are the major constituents 
responsible for the anticancer effects of the magnolia 
bark extract (30). Honokiol is characterized by a chem-
ical structure similar to its isomer, magnolol. In fact, 
the only difference between their chemical structures 
is the position of one hydroxyl group (33). In the last 

Figure 1.  Phenylpropane unit.
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decade, honokiol and magnolol have been shown to 
possess a wide range of biological and pharmacological 
properties, including neuroprotective, antidepressant, 
ant i t h romb ot i c ,  ant iv i r a l ,  ant i m i c robi a l , 
anti-inflammatory, antioxidant, and anticancer effects 
(34–36). In the past few years, many studies have 
focused on antiproliferative effects of honokiol and 
magnolol on various types of cancer. Numerous In 
Vitro and In Vivo studies indicate that honokiol and 
magnolol have potent anticancer activities. These nat-
ural compound exert their anticancer effects by mod-
ulating a variety of molecular targets and signal 
transduction pathways (37, 38). It has been reported 
that co-treatment with honokiol and magnolol exerts 
synergistic anticancer effects. Honokiol and magnolol 
synergistically inhibit cancer cell proliferation and 
induce cancer cell death (39). Several studies have 
demonstrated the selective cytotoxicity of honokiol and 
magnolol against various cancer cell lines. Theses plant 
lignans have the potential to inhibit cancer cell pro-
liferation with low toxicity against normal cells (40–42).

Major Signaling Molecules and Pathways 
Implicated in Anticancer Effects of Honokiol 
and Magnolol

Apoptosis Signaling Pathways and Anticancer 
Effects of Honokiol and Magnolol

Apoptosis is a tightly regulated process of programmed 
cell death that plays a pivotal role in both physiolog-
ical and pathological conditions. In mammalian cells, 
apoptosis can be triggered through two major path-
ways, including the extrinsic cell death pathway and 
the intrinsic cell death pathway (43). The Bcl-2 family 
proteins play a key role in the intrinsic mitochondrial 
pathway, which are stratified into two functional sub-
groups: the anti-apoptotic members (Bcl-2, Bcl-xl, and 
MCL-1) and pro-apoptotic members (Bax, Bad, Bak, 
and Bid) (8, 44). BCL-2 family members can facilitate 
or prevent the release of cytochrome c from mito-
chondria into cytosol and regulate the formation of 
the apoptosome (45). The anti-apoptotic Bcl-2 pro-
teins act through direct interaction with pro-apoptotic 
proteins, resulting in the inhibition of their activity 
and apoptosis. Pro-apoptotic proteins such as Bax 
directly trigger mitochondrial outer membrane per-
meabilization, which leads to the release of cyto-
chrome c during apoptosis (46). It is well known that 
the Pro-apoptotic protein Bax serves as the major 
transcriptional target of P53. During p53-mediated 
apoptosis, tumor suppressor protein p53 directly affect 
the pro-apoptotic protein Bax, leading to the 

activation of Bax protein (47). The extrinsic pathway 
initiates apoptosis in response to the activation of 
death receptors such as Fas (also known as CD95), 
TRAIL receptor (TRAIL-R) or tumor necrosis factor 
receptor 1 (TNFR1). The activated death receptors 
can initiate apoptosis directly, via the activation of 
initiator and effector caspases or indirectly, by poten-
tiating the death receptor signal via the activation of 
the mitochondrial pathway (43). Many studies indicate 
that honokiol and magnolol have the ability to 
potently cause cancer cell death by inducing apoptosis 
through different cellular and molecular mechanisms 
(20, 23) (Figure 3). Honokiol has been found to have 
potent anticancer effects by activating caspase-dependent 
apoptotic pathways in various cancer cells (21, 26). 
Honokiol causes apoptosis in bladder cancer cells via 
a mitochondrial apoptosis pathway. This plant lignan 
leads to the ROS generation, collapse of mitochondrial 
membrane potential, and activation of caspase‑3 and 
-7 in bladder cancer cells (48). Honokiol can lead to 
caspase-mediated apoptosis in KRAS mutant lung 
cancer cells by upregulating the expression of 
pro-apoptotic protein Bax and downregulating the 
expression of anti-apoptotic protein Bcl-2 (49). 
Honokiol has the potential to significantly induce 
apoptosis in ovarian carcinoma cells via the activation 
of caspase-9, -3, and -7 and cleavage of PARP (40). 
Honokiol triggers apoptosis in human gastric carci-
noma cells via upregulation of the pro-apoptotic Bax 
and downregulation of anti-apoptotic Bcl-2 (50). 
Honokiol activates intrinsic apoptosis pathway in 
osteosarcoma cells through downregulation of Bcl-2, 
Bcl-xl, and survivin and activation of caspase-9 and 
-3 and cleavage of PARP (37). It has been reported 
that honokiol-induced apoptosis in glioblastoma mul-
tiforme (GBM) cells is associated with the suppression 
of Rb protein and cleavage of PARP and Bcl-x (S/L) 
(51). Magnolol has been found to activate mitochon-
drial apoptotic pathway in gallbladder cancer cells. 
Magnolol treatment leads to the upregulation of p53 
and Bax, downregulation of Bcl-2, loss of MMP, 
release of cytochrome c, activation of caspase-9 and 
-3 and cleavage of PARP in gallbladder cancer cells 
(52). Magnolol has been shown to cause apoptotic 
cell death in esophagus cancer KYSE-150 cells by 
downregulating the protein expression of Bcl-2 and 
upregulating the protein expression of caspase-3, 
caspase-9, and Bax (53). It has been reported that the 
mitochondrial  dysfunction is involved in 
Magnolol-mediated apoptosis in MCF-7 human breast 
cancer cells. Magnolol triggers apoptosis in MCF-7 
cells through ROS production, upregulation of p53 
and Bax, downregulation of Bcl-2, collapse of MMP, 
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and release of cytochrome c and apoptosis inducing 
factor (AIF) from mitochondria into the cytosol (19). 
Magnolol significantly induces apoptotic cell death in 
human leukemia cells through disruption of MMP, 
release of cytochrome c into the cytosol, activation 
of caspase-9, -3 and -2, and cleavage of PARP (54). 
Magnolol is able to cause apoptotic cell death in 
human lung squamous carcinoma CH27 cells via 
downregulation of Bcl-XL protein, upregulation of Bad 
and Bcl-XS, release of cytochrome c and activation of 
caspase-9, -3 and -6 (55). The studies indicate that 
magnolol-induced apoptosis in MG-63 and 143B 
osteosarcoma cells is associated with the upregulation 
of p53 and activation of mitochondrial apoptotic path-
way (56). Magnolol treatment can lead to apoptotic 
cell death in HCT-116 colon cancer cells by decreasing 
the expression of Bcl2 and increasing the expression 
of p53, Bax, caspase-3, the active forms of PARP, and 
cytosolic cytochrome c (57). Magnolol has the poten-
tial to remarkably upregulate the expression of Bax 
and cleaved PARP-1, downregulate the expression of 
Bcl-2, and induce the collapse of MMP and release 
of cytochrome c from mitochondria into the cytosol 
in human hepatocellular carcinoma HepG2 cells (58). 
Magnolol significantly promotes apoptosis in thyroid 
carcinoma cells by releasing cytochrome-c into cytosol 
and increasing the levels of activated caspase‐9 and 
‐3 and cleaved PARP (59). Honokiol and magnolol 
also have the ability to induce apoptosis in cancer 
cells by targeting the extrinsic pathway. These plant 

lignans activate death receptor pathway, which leads 
to the activation of caspase-8, caspase-3 and apoptotic 
cell death (60–64) (Table 1).

ROS Generation and Anticancer Effects of 
Honokiol and Magnolol

Reactive oxygen species (ROS), a group of highly 
reactive molecules containing oxygen, are generated 
as natural by-products of cellular metabolism (65). It 
is well accepted that ROS play a major role in the 
regulation of intracellular signaling pathways. Studies 
have provided evidence that excessive ROS production 
can result in the apoptotic cell death (66). ROS-induced 
apoptosis can be initiated via intrinsic and extrinsic 
pathways. (67). Enhanced generation of ROS induces 
a rapid depolarization of mitochondrial membrane 
potential, which results in the release of cytochrome 
c from the mitochondria into the cytosol. After 
release, it activates caspase-9 and subsequently acti-
vates downstream caspase-3 (68). ROS at elevated 
levels can also lead to the activation of death receptors 
and caspases-8 and -10. Activated caspases-8 and -10 
directly cleave and activate downstream effector 
caspases such as caspases-3, -6, and -7, resulting in 
apoptotic death (67). Honokiol and magnolol have 
been found to exert their anticancer activities through 
intracellular ROS production. These natural lignans 
significantly induce the generation of ROS in cancer 
cells, which results in the activation of apoptotic 

Figure 3.  Schematic illustration of honokiol and magnolol effects on apoptosis signaling pathways. Plant lignans honokiol and 
magnolol induce apoptotic cell death in various human cancer cells by activating intrinsic mitochondrial and extrinsic death 
receptor pathways.
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signaling pathway (69, 70). Honokiol has the potential 
to induce ROS-dependent apoptosis in bladder cancer 
cells. This plant lignan causes a significant ROS accu-
mulation and collapse of MMP in bladder cancer cells, 
leading to the activation of caspase-3 and -7 and 
apoptotic cell death (48). Honokiol has been reported 
to enhance the generation of intracellular ROS in 
human osteosarcoma U2OS and HOS cells, which 
plays an important role in the upstream pathway of 
honokiol-induced apoptosis in osteosarcoma cells (69). 
Magnolol has been reported to induce cancer cell 
death in renal carcinoma 786-O and OS-RC-2  cells, 
which is associated with increased ROS generation, 
loss of MMP, release of cytochrome c, activation of 
caspases and apoptotic cell death (56). Magnolol 
causes the accumulation of intracellular ROS in 
MCF-7 human breast cancer cells, which leads to the 
decreased ΔΨm, release of cytochrome c and AIF 
from mitochondria into the cytosol, and induction of 
apoptosis (70) (Table 1).

Cell Cycle Arrest and Anticancer Effects of 
Honokiol and Magnolol

Cell cycle is a highly organized and regulated process 
by which cells grow and divide (71). The progression 

of cell cycle is regulated through cyclins that control 
the activities of CDKs and play a key role in cell 
cycle regulation (71, 72). There are at least four major 
classes of cyclins (A, B, D, and E) that are clearly 
involved in cell-cycle control. Entry into S-phase is 
regulated by the activation of the cyclin E and D 
(cyclins D1, D2, and D3), and progression through S 
phase requires cyclin A. Cyclin B is a mitotic cyclin, 
which is essential to take cells into mitosis (73). CDK 
inhibitors (CDKi), such as p15, p16, p21, p27, p53, 
and retinoblastoma tumor suppressor protein (RB) 
have shown to negatively regulate the cell cycle, which 
can result in the inhibition of cell proliferation by 
cell cycle arrest (74). Alterations in the expression of 
cell cycle regulatory proteins, which lead to the loss 
of normal cell-cycle control are a hallmark of many 
malignant tumors. (75). Cell cycle arrest is one of the 
major molecular mechanisms that contributes to the 
anticancer activities of plant lignans (76, 77). Honokiol 
and magnolol have shown to modulate a number of 
cell-cycle regulatory proteins such as cyclins, CDKs, 
and CDKi in cancer cells, consequently leading to cell 
cycle arrest (38, 78) (Figure 4). Honokiol has been 
found to cause G0/G1 phase cell cycle arrest in oral 
squamous cell carcinoma cells via upregulation of 
CDK inhibitors, p21 and p27 and downregulation of 

Table 1. A nticancer cellular and molecular mechanisms of honokiol and magnolol.
Lignan Type of cancer Anticancer cellular and molecular mechanisms

Honokiol Lung, breast, ovarian, 
prostate, bladder, 
skin, pancreatic, and 
thyroid cancers, 
glioblastoma, 
osteosarcoma, gastric 
carcinoma, squamous 
cell carcinoma, 
glioma, and 
fibrosarcoma

Induction of apoptosis (by upregulating Bax, downregulating Bcl-2, Bcl-xl, and survivin, activating caspase-3, 
-7, and -9 and cleaving PARP, and also by targeting extrinsic death receptor pathway, leading to a 
sequential activation of caspase-8 and -3)

ROS production
Induction of cell cycle arrest (by upregulating p53, p21, and p27, downregulating cyclin D1, cyclin D2, cyclin 

B1, cyclin E, CDK2, CDK4, and CDK6, and inhibiting the phosphorylated retinoblastoma protein)
Induction of autophagy (via activation of AMPK and ERK 1/2 pathways and suppression of PI3K/Akt/mTOR 

pathway)
Inhibition of angiogenesis (by suppressing the PI3K/Akt/mTOR and MAPK phosphorylation, and 

downregulating the expression of VEGFR-2 and VEGFR-3, HIF-1α, and VEGF)
Inhibition of cancer cell migration and invasion (by modulating the AMPK/mTOR signaling pathway, 

downregulating the expression of MMP-2, MMP-9, N-cadherin, Twist1, snail, slug, and vimentin and 
inhibiting EMT by targeting Stat3/Zeb1/E-cadherin axis)

Inhibition of NF-κB signaling pathway
Modulation of MAPK signaling pathway (via activation of p38 and ERK1/2 and also by reducing the 

phosphorylation of ERK1/2)
Suppression of PI3K/Akt/mTOR signaling pathway

Magnolol Gallbladder, breast, 
colon, esophagus, 
liver, lung, thyroid, 
prostate, and ovarian 
cancers, leukemia, 
epidermoid 
carcinoma, 
fibrosarcoma, and 
osteosarcoma,

Induction of apoptosis (by upregulating p53, Bax, Bad, and Bcl-XS, downregulating Bcl-2 and Bcl-XL, activating 
caspase-3, ‐7, and -9 and cleaving PARP, and also by activating extrinsic death receptor pathway, leading 
to a sequential activation of caspase-8 and -3)

ROS generation
Induction of cell cycle arrest (via upregulation of the expression levels of p53, p21, and p27 and downregulation 

of the expression levels of cyclin D1, cyclin B1, cyclins E, cyclin A2, CDC25A, CDK2, CDK1, CDK4, and Cdc2)
Induction of autophagy (via inhibition of PI3K/Akt/mTOR pathway and activation of ERK 1/2 pathway)
Inhibition of angiogenesis (by inhibiting VEGFR2 and PI3K/Akt/mTOR/ p70s6k and Ras-dependent MAPK 

pathways and downregulating the expression of HIF-1α and VEGF)
Inhibition of cancer cell migration and invasion of (by upregulating the expression of E-cadherin, ZO-1, and 

claudin, downregulating the expression of MMP-2 and MMP-9, N-cadherin, TWIST1, Slug, and Snail, and 
suppressing TGF-β-induced EMT)

Inhibition of NF-κB signaling pathway
Modulation of MAPK signaling pathway (via activation of JNK, inactivation of ERK1/2 and by inducing the 

phosphorylation of p38 and ERK1/2)
Suppression of PI3K/Akt/mTOR signaling pathway
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cyclin D1, CDK2, and CDK4 (37). Honokiol has the 
potential to inhibit UV-induced skin tumor develop-
ment by increasing the expression of p21 and p27 
and decreasing the expression of cyclin E, cyclin D1, 
cyclin D2, CDK2, CDK4, and CDK6 in UVB-induced 
skin cancer (79). Honokiol arrests the progress of cell 
cycle at G2/M in human gastric carcinoma MGC-803 
cells by increasing the expression of P53 and p21 and 
decreasing the expression of cyclin B1 (50). Honokiol 
has the ability to inhibit human prostate cancer cell 
proliferation by inducing cell cycle arrest at G0/G1 
phase, which is associated with increase in the protein 
expression of p53 and p21, decrease in the protein 
expression of cyclin D1, CDK4, CDK6, and cyclin E, 
and suppression of phosphorylated retinoblastoma 
protein (78). Honokiol treatment leads to G0/G1 
phase cell cycle arrest in KRAS mutant lung cancer 
cells by increasing the protein levels of p21 and p27 
and decreasing the protein level of cyclin D1 (49). 
Magnolol is able to affect cell cycle progression of 
human prostate cancer cells by inhibiting the expres-
sion of cyclin A, cyclin B1, cyclin D1, cyclin E, CDK2 
and CDK4, resulting in the cell cycle arrest at 
G2/M-phase (80). Magnolol has been reported to sup-
press cell cycle progression at G2/M phase in 
non-small cell lung cancer cells by upregulating the 
expression levels of p21 and p27 and downregulating 
the expression levels of cyclin A2, cyclin D1, CDK1, 
and CDK4 (38). The studies indicate that G0/G1phase 
arrest induced by magnolol in gallbladder cancer cells 
is associated with the upregulation of p53 and p21 

and downregulation of cyclin D1 and CDK2 (52). 
Magnolol treatment significantly causes cycle arrest 
at G0/G1 phase in human glioblastoma cells by 
increasing the expression of p21 and decreasing the 
expression of cyclin A and cyclin D1 (81). Magnolol 
triggers cell cycle arrest at G2/M phase in epidermoid 
carcinoma cells by upregulating the expression of p21 
and downregulating the expression of cyclin A, cyclin 
B1, CDK4, and Cdc2 (82). It has been reported that 
the inhibitory effects of magnolol on the proliferation 
of MCF-7 human breast cancer cells is associated with 
the cell cycle arrest at G2/M phase. This plant lignan 
remarkably increases the expression of p53 and p21 
and decreases the expression of cyclin B1 and CDK1 
in MCF-7 cells (19) (Table 1).

Autophagy Signaling Pathway and Anticancer 
Effects of Honokiol and Magnolol

Autophagy is a tightly regulated lysosomal system that 
digests cytoplasmic material and organelles (83). 
Autophagy is well known as type II programmed cell 
death (PCD-type II) that can be described as a type 
of caspase independent cell death (84). During  
the autophagic process, cytoplasmic components  
are engulfed by the autophagosome (a double 
membrane-bound vesicle) and transported to the 
lysosome for degradation (85, 86). Simultaneously, a 
soluble form of LC3 (LC3-I) is converted to 
LC3-phosphatidylethanolamine conjugate (LC3-II), 
which is localized in autophagosomal membranes. 

Figure 4.  Schematic diagram showing honokiol and magnolol effects on cell cycle. Honokiol and magnolol induce cell cycle 
arrest in human cancer cells by targeting various cell cycle regulatory proteins, leading to the inhibition of cancer cell 
proliferation.
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LC3-II is an important autophagosome marker for 
monitoring autophagy activity (87). A set of 
autophagy-related genes (ATGs) has been found to 
initiate and form autophagosomes (88, 89). Autophagy 
induction is regulated by the cellular ATP and energy 
level, which are detected by the energy-sensing kinase, 
adenosine monophosphate–activated protein kinase 
(AMPK) (90). Activated AMPK is known to suppress 
activity of the mammalian target of rapamycin 1 
(mTORC1). mTOR inactivation has been reported to 
be essential for the induction of autophagy via activa-
tion of ULK1-ATG13-FIP200 complex (91). In cancer 
cells, autophagy activation can cause cell death and 
suppress cell survival, which lead to the inhibition of 
carcinogenesis (86, 92). The natural lignans honokiol 
and magnolol have been found to remarkably induce 
cancer cell death not only by activating the apoptosis 
pathway, but also through induction of autophagy path-
way (37, 38) (Figure 5). In the present review, auto-
phagy signaling pathways involved in anticancer 
potentials of honokiol and magnolol have been 
described. Honokiol has been found to upregulate the 
level of autophagy markers in human glioblastoma 
multiforme DBTRG-05MG cells. This plant lignan sig-
nificantly increases the expression levels of 
autophagy-related proteins, Beclin-1 and LC3 in human 
glioblastoma multiforme cells (51). Honokiol has been 
reported to trigger autophagy in KRAS mutant lung 

cancer cells by targeting the AMPK-mTOR signaling 
pathway. This natural lignan increases the level of 
phospho-AMPK and inhibits mTOR phosphorylation, 
which result in the autophagocytosis in non-small cell 
lung cancer (NSCLC) cell lines harboring KRAS muta-
tions (49). Honokiol causes autophagic cell death in 
human oral squamous cell carcinoma by activating the 
AMPK signaling molecule and suppressing the Akt/
mTORC1 pathway (37). Honokiol can lead to the auto-
phagy induction in human prostate cancer cells via 
suppression of mTOR and AKT phosphorylation and 
ROS generation (93). Honokiol has been found to sig-
nificantly induce autophagy-dependent cell death in 
human thyroid cancer cells by inhibiting the Akt/mTOR 
pathway (94). Honokiol treatment activates autophagy 
pathway in human osteosarcoma cells by affecting the 
ROS/ERK1/2 signaling pathway. This plant lignan 
induces phosphorylation of ERK1/2 and enhances ROS 
generation in osteosarcoma cells (69). Studies indicate 
that honokiol and magnolol have the potential to syn-
ergistically provoke autophagy in glioblastoma cells. 
The combination of honokiol and magnolol signifi-
cantly increases the expression of p-ERK in glioblas-
toma cells (39). It has been reported that autophagic 
cells death induction by magnolol in human non-small 
lung cancer H460 cells is associated with the suppres-
sion of PI3K/Akt pathway (95). Magnolol has the ability 
to trigger autophagy in A549 and NCI-H1299 non-small 

Figure 5.  Schematic illustration of honokiol and magnolol effects on autophagy pathway. Honokiol and magnolol can lead to 
autophagy induction in human cancer cells via suppression of PI3K/AKT/MTOR pathway and activation of AMPK and ERK 1/2 
pathways.
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cell lung cancer cells by suppressing the Akt/mTOR 
pathway, which leads to cell death (38) (Table 1).

Angiogenesis Inhibition and Anticancer Effects of 
Honokiol and Magnolol

Angiogenesis, the generation of new blood vessels 
from preexisting vessels, plays a pivotal role in both 
physiological processes such as wound healing, repro-
ductive function, and embryonic development and 
pathological states such as tumor growth, invasion, 
and metastasis (96, 97). Matrix degradation, endothe-
lial cell proliferation, migration, sprouting, and 
recruitment of mural cells occur during this process 
(98). Angiogenesis is a complex and multistage pro-
cess, which is tightly regulated by angiogenic factors, 
cytokines, angiogenic enzymes, adhesion molecules, 
and endothelial cell receptors (99). Vascular endothe-
lial growth factor (VEGF) has been described as a 
key and specific angiogenic factor, which plays a fun-
damental role in the generation of new blood vessels 
(100). VEGF interacts with specific receptors (VEGFR) 
on endothelial cells to initiate the intracellular pro-
cesses necessary for proliferation, adhesion, and 
migration of these cells, thus promoting angiogenesis 
(97). Under hypoxia condition, hypoxia-inducible fac-
tor 1 (HIF-1) acts as an angiogenic factor (101). HIF-1 
is known as a primary regulator of VEGF during 
hypoxic conditions (102). Inhibition of angiogenesis 
is considered to be an effective approach to suppress 
tumor progression (96). Studies indicate that plant 

lignans have the potential to significantly inhibit 
angiogenesis in several standard models of angiogen-
esis (103, 104). Honokiol and magnolol have been 
found to have potent antiangiogenic activities. These 
natural lignans have the ability to inhibit new blood 
vessels formation via direct inhibitory effects on 
angiogenesis process (105, 106). The data presented 
in this review reveals the mechanisms of action under-
lying the antiangiogenic influences of honokiol and 
magnolol (Figure 6). Honokiol has been found to have 
potent inhibitory effects on endothelial cell prolifer-
ation, migration, and tube formation by inhibiting the 
HIF pathway, which suppresses the secretion of VEGF 
protein (107). Honokiol potently suppresses lymph-
angiogenesis in Lewis lung carcinoma model. This 
natural lignan inhibits endothelial cell survival, pro-
liferation, and tubule formation by suppressing the 
phosphorylation of Akt and MAPK and attenuating 
the expression of VEGFR-2 and VEGFR-3 in HUVECs 
and human lymphatic vascular endothelial cells 
(HLECs), respectively (106). Honokiol is known to 
significantly suppress endothelial cell proliferation and 
growth of aggressive angiosarcoma by inhibiting the 
phosphorylation of VEGFR-2, Akt, and MAPK (108). 
Magnolol has been reported to have potent antian-
giogenic activities In Vitro and In Vivo. This natural 
lignan potently inhibits VEGFR2 receptors, which 
subsequently inactivates Akt/mTOR/p70s6k signaling 
pathway in hypoxic human bladder cancer cells and 
tumor tissues. Magnolol inhibits HUVEC tube for-
mation and blood vessels generation in chicken 

Figure 6.  Molecular mechanisms by which honokiol and magnolol inhibit angiogenesis process. Natural lignans honokiol and 
magnolol block tumor angiogenesis by inhibiting VEGF receptors and Ras-dependent MAPK and PI3K/AKT/MTOR signaling path-
ways and downregulating the expression of VEGF and HIF-1α.
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chorioallantoic membrane and matrigel plug by sup-
pressing the protein expression of HIF-1α and VEGF 
(109). Magnolol has the potential to inhibit endothe-
lial cell proliferation, migration, and tubulogenesis as 
well as the microvessel sprouting in Ex Vivo model 
by inhibiting Ras-dependent MAPK and PI3K/Akt 
signaling pathways (105) (Table 1).

Inhibition of Cancer Cell Migration and Invasion 
and Anticancer Effects of Honokiol and Magnolol

Cell migration and invasion are involved in the patho-
physiology of many diseases such as cancer (110). 
Several molecules have been shown to play key roles 
in the signaling processes associated with cell migra-
tion (111). Matrix metalloproteinases (MMPs) are cal-
cium- and zinc-dependent endopeptidases, which are 
capable of degrading the extracellular matrix (ECM) 
(112). Overexpression of MMPs has been found to be 
implicated in the processes of cancer invasion and 
metastasis (113). It is well known that the expression 
of MMPs is mainly regulated by multiple signaling 
pathways, including AMPK/MTOR, MAPK, PI3K/Akt/
MTOR, NF-κB, and JAK/STAT signaling cascades 
(114–116). Studies have revealed that the suppression 
of MMPs activity is associated with the inhibition of 
cancer cell invasion and migration (117). Therefore, 
MMPs can serve as the potential molecular targets for 
treatment of cancer (118). Epithelial-mesenchymal 
transition (EMT) is a complex and critical process 
during development by which epithelial cells obtain 
the features of invasive mesenchymal cells (119). EMT 
has been found to be involved in cancer invasiveness 
and metastasis (120). EMT is characterized by upreg-
ulation of mesenchymal markers, N-cadherin followed 
by downregulation of epithelial surface marker, 
E-cadherin (121). This process is regulated by a com-
plex network of signaling pathways and transcription 
factors. During EMT, downregulation of E-cadherin is 
mediated by its transcriptional repression via the bind-
ing of EMT transcription factors (EMT-TFs) such as 
TWIST, SNAIL, and SLUG to the E-cadherin promoter 
(122). The studies demonstrate that honokiol and mag-
nolol are able to modulate a variety of molecular and 
cellular targets such as MMPs to inhibit cancer cell 
migration and invasion (123, 124). Honokiol and mag-
nolol have the potential to target EMT pathways, 
which are implicated in cancer metastasis (125, 126). 
Numerous studies indicate that honokiol has the ability 
to significantly inhibit invasion and metastasis of var-
ious types of cancer. This plant lignan suppresses gli-
oma cell migration and invasion by downregulating 
the expression of epidermal growth factor receptor, 

MMP-2, and MMP-9 (126). Honokiol has been found 
to suppress the migration of non-small cell lung cancer 
cells via down-regulation of matrix metalloproteinases 
MMP-2 and MMP-9 (127). Honokiol remarkably 
inhibits EMT in bladder cancer cells by upregulating 
E-cadherin and downregulating N-cadherin. This nat-
ural lignan blocks bladder cancer cell migration and 
invasion by decreasing the expression of steroid recep-
tor coactivator-3 (SRC-3), MMP-2, and Twist1 (128). 
Honokiol has been found to suppress migration of 
human non-small cell lung cancer cells by inhibiting 
EMT. This natural lignan downregulates the expression 
levels of N-cadherin, Snail, and c-FLIP induced by 
TNF-α + TGF-β1 in human non-small cell lung cancer 
cells (129). Honokiol is able to suppress breast cancer 
cell metastasis by inhibiting EMT. This natural lignan 
significantly upregulates the expression level of 
E-cadherin and downregulates the expression levels of 
Snail, Slug, and vimentin in breast cancer cells (130). 
Honokiol potently inhibits EMT in breast cancer cells 
by targeting Stat3/Zeb1/E-cadherin axis. Honokiol 
enhances the expression of E-cadherin by releasing 
Zeb1 from E-cadherin promoter (131). Honokiol treat-
ment effectively suppresses migration and invasion of 
ovarian cancer cells by targeting the AMPK/mTOR 
signaling pathway. This natural compound significantly 
activates the AMPK in ovarian cancer cells, leading 
to the inhibition of mTOR/4EBP1 (40). Honokiol and 
magnolol have been reported to inhibit the invasive-
ness of human fibrosarcoma HT-1080 cells by sup-
pressing the activity of MMP-9 (124). Magnolol 
significantly suppresses the migration of human col-
orectal cancer cells via inhibition of EMT. This plant 
lignan enhances the expression of epithelial markers 
E-cadherin, claudin, and ZO-1 and attenuates the 
expression of mesenchymal markers N-cadherin, Slug, 
Snail, and TWIST1 in human colorectal cancer cells 
(125). Magnolol is found to inhibit the invasion and 
metastasis of breast cancer cells by suppressing the 
expression of MMP-9 through inactivation of the 
NF-κB pathway (19). Magnolol has the ability to 
inhibit migration and invasion of PC-3 human prostate 
cancer cells by enhancing the expression levels of 
MMP-2 and MMP-9 in a concentration-dependent 
manner (123) (Table 1).

NF-κB Signaling Pathway and Anticancer 
Effects of Honokiol and Magnolol

NF-κB signaling pathway plays a fundamental role in 
cancer development and progression (132). NF-κB 
resides in the cytosol of resting cells in an inactive 
form, bound to a family of inhibitory proteins called 
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IκB (inhibitors of κB) such as IκB-α (133). Activation 
of NF-κB has been found to be associated with several 
cellular processes in malignant tumors (134). 
Numerous studies have revealed the activation of 
NF-κB-regulated genes in many hematologic and solid 
malignancies (135). NF-κB activation mediates cancer 
cell proliferation, inhibits apoptosis, and induces 
angiogenesis (136). NF-κB also triggers epithelial mes-
enchymal transition, which promotes cancer cell 
migration and invasion (137). Inhibition of NF-κB 
signaling pathway in cancer cells can lead to the 
tumor suppression, making this pathway a potential 
therapeutic target for cancer (138). Many plant lignans 
have indicated to inhibit NF-κB pathway in cancer 
cells. The suppression of NF-κB activity by these nat-
ural compounds induces apoptotic cell death and 
inhibits cancer cell proliferation, migration, and inva-
sion (139, 140). Honokiol and magnolol have been 
reported to significantly suppress the NF-κB signaling 
pathway in cancer cells (60, 141) (Figure 7). Honokiol 
has the potential to inhibit NF-κB activation and 
NF-κB-dependent gene expression in cancer cells by 
suppressing the IκB kinase activity in cancer cells. 
This plant lignan exerts anticancer effects by inhibit-
ing the nuclear translocation and phosphorylation of 
NF-κB (60). The studies demonstrate that honokiol 
is able to block invasion and migration of non-small 
cell lung cancer cells through the inhibition of NF-κB/
p65 activity (127). Honokiol significantly suppresses 

the transcriptional activity of NF-κB in pancreatic 
MIA PaCa-2 and PANC-1 cancer cells. Honokiol 
increases cytoplasmic accumulation of NF-κB with a 
reduction in nuclear NF-κB in pancreatic cancer cells 
(142). Magnolol is found to inhibit the migration and 
invasion of MDA-MB-231 cells by suppressing NF-κB 
transcriptional activity, which leads to the downreg-
ulation of MMP-9 expression (19). Magnolol has the 
potential to inhibit the proliferation, migration, and 
invasion of cholangiocarcinoma cells by suppressing 
the NF-κB activity (141) (Table 1).

MAPK Signaling Pathway and Anticancer Effects 
of Honokiol and Magnolol

Mitogen-activated protein kinase (MAPK) cascades are 
crucial signal transduction pathways that regulate sev-
eral important cellular processes, including cell prolif-
eration, differentiation, and migration as well as 
apoptosis and angiogenesis (143). The MAPK pathway 
consists of four major cascades, including the extra-
cellular signal-regulated kinase (ERK)1/2), the p38 
MAPK, the c-Jun N-terminal kinase (JNK), and the 
ERK5 (144). It has been reported that ERK pathway 
is mostly activated by growth factors. In contrast, the 
p38 and JNK are potently activated by stress signals 
such as tumor necrosis factor (TNF), interleukin 
(IL)-1β, ultraviolet radiation, and ROS and respond 
weakly to growth factors. (145). MAPK signaling 

Figure 7.  Honokiol and magnolol exert anticancer effects through inhibition of transcriptional activity of NF-κB in cancer cells. 
These plant lignans inhibit the IκB kinase (IKK) activity and the nuclear translocation of NF-κB, which result in the induction of 
apoptosis and inhibition of cancer cell proliferation and metastasis.
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pathways regulate the expression of genes controlling 
apoptosis process through various cellular mechanisms. 
Indeed, the modulation of apoptosis by MAPKs is 
highly complex. MAPKs can play a dual role in the 
regulation of apoptosis. Depending on the type of 
stimulus and cell, MAPKs can activate or inhibit apop-
tosis pathway (146). The MAPK signaling pathway has 
been found to play an important role in apoptosis 
induced by lignans honokiol and magnolol in cancer 
cells (37, 42). The studies indicate that honokiol has 
the potential to modulate the MAPK signaling pathway 
in glioblastoma U87 cells. Honokiol induces apoptosis 
in glioblastoma cells by reducing the phosphorylation 
of ERK1/2 and increasing the activation of p38 (64). 
Honokiol potently causes apoptotic and autophagic cell 
death in human osteosarcoma cells through the acti-
vation of ERK (37). Magnolol is capable of inducing 
apoptosis in non-small cell lung cancer cells through 
the activation of p38 and JNK (42). The studies 
demonstrate that magnolol triggers apoptosis in human 
lung squamous carcinoma CH27 cells through the 
inactivation of ERK1/2 and the activation of JNK (55). 
Magnolol is found to provoke apoptosis in esophagus 
cancer KYSE-150 cells by targeting the MAPK signal-
ing pathway. This plant lignan significantly upregulates 
the phosphorylation of p38 and ERK1/2 in esophagus 
cancer cells (53) (Table 1).

PI3K/Akt/mTOR Signaling Pathway and Anticancer 
Effects of Honokiol and Magnolol

Phosphatidylinositol-3-kinase (PI3K)/Akt/mammalian 
target of rapamycin (mTOR) signaling pathway is an 
important intracellular pathway, which plays a pivotal 
role in regulating cell survival, proliferation, differen-
tiation, and migration in physiological and patholog-
ical conditions (147). The activation of PI3K/Akt/
mTOR signaling pathway is achieved through multiple 
distinct mechanisms (148). The PI3K/Akt/mTOR path-
way is activated in response to the binding of a ligand 
to a tyrosine kinase receptor (149). The PI3K/AKT/
mTOR pathway has been identified to be one of the 
most frequently dysregulated signaling cascades almost 
in all human cancers (147). The dysregulation of this 
pathway has been associated with a various types of 
cancer hallmarks such as uncontrolled proliferation, 
genomic instability, and metabolic reprogramming in 
cancer cells (150, 151). The activation of PI3K/Akt/
mTOR pathway can lead to the development of cancer, 
metastasis, and resistance to anticancer agents (152). 
This makes PI3K/Akt/mTOR pathway a key signaling 
cascade involved in the development and progression 

of cancer (153). Suppression of PI3K/AKT/mTOR 
pathway can contribute to decreased cancer cell pro-
liferation and increased cancer cell death (147). PI3K/
AKT/mTOR pathway inhibition is being studied as a 
promising target to develop novel therapeutic agents 
for the management of cancer (147). Honokiol and 
magnolol have been found to exert their anticancer 
effects by suppressing the PI3K/Akt/mTOR signaling 
pathway (154, 155). Honokiol provokes autophagic 
and apoptotic cell death in human osteosarcoma 
MG63 cells through inhibition of the PI3K/Akt/mTOR 
signaling pathway. This plant lignan remarkably 
reduces the protein levels of PI3K, p-Akt, and p-mTOR 
in MG-63 cells (155). Honokiol treatment has the 
ability to trigger apoptosis and inhibit migration and 
invasion of ovarian carcinoma SKOV3 and Caov-3 
cells by targeting the AMPK/mTOR signaling pathway. 
It significantly activates the AMPK signaling pathway 
in ovarian carcinoma cells, leading to the downregu-
lation of p-mTOR (40). Honokiol has the potential to 
cause ROS-induced autophagic cell death in glioma 
cells by modulating the p53/PI3K/Akt/mTOR signaling 
pathway. It significantly attenuates the protein expres-
sion of PI3K, p-Akt, and p-mTOR in glioma cells 
(156). Honokiol has been reported to exert anticancer 
effects on breast cancer cells by downregulating the 
PI3K/Akt/mTOR signaling pathway (157). Honokiol 
treatment causes autophagy-dependent cell death in 
human prostate cancer PC-3 and LNCaP cells by sup-
pressing the mTOR and Akt phosphorylation (93). 
Honokiol induces autophagy in neuroblastoma cells 
by affecting the PI3K/Akt/mTOR signaling pathway. 
This natural lignan significantly attenuates the amount 
of PI3K and downregulates the phosphorylation of 
protein kinase B (Akt) and mTOR in neuro-2a cells 
(158). The studies indicate that magnolol anticancer 
effects against ovarian cancer cells are attributed to 
the inhibition of the HER2 downstream PI3K/Akt/
mTOR signaling pathway in HER2-overexpressing 
ovarian cancer cells (159). Magnolol is found to trig-
ger apoptotic cell death in human prostate cancer cells 
by suppressing the EGFR/PI3K/Akt signaling pathway 
(154) (Table 1).

Conclusions and Future Perspectives

In oncology, plant-derived bioactive constituents such 
as polyphenols have a long-term history of promising 
and encouraging preliminary results, especially consid-
ering them as safe compounds. In recent years, lignans 
as natural polyphenolic compounds have interested 
many researcher with evidence supporting potent 
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antiproliferative activities of these natural compounds. 
Since a detailed mechanistic insight into the anticancer 
effects of plant lignans can contribute to the develop-
ment of new compounds with potent and selective 
anticarcinogenic and anticancer effects, therefore, the 
major goal of this review is to mechanistically provide 
detailed information on the anticancer effects of 
honokiol and magnolol. Natural lignans honokiol and 
magnolol have been reported to modulate multiple 
molecular mechanisms involved in cancer initiation 
and progression. The current review demonstrates that 
honokiol and magnolol have the potential to signifi-
cantly affect many various signaling molecules and 
pathways in cancer cells, including apoptosis, ROS lev-
els, cell cycle, autophagy, angiogenesis, MMPs, EMT, 
and NF-κB, MAPK, and PI3K/Akt/mTOR signaling 
pathways (Figure 8). Because cellular and molecular 
mechanisms underlying anticancer activity of honokiol 
and magnolol are still not fully known, therefore, fur-
ther studies are needed to characterize the detailed 
mechanisms involved in anticancer effects of these plant 
lignans. In addition, despite the promising results 
obtained from In Vitro and In Vivo studies, the real 
applicability of honokiol and magnolol is still debated, 
since the In Vitro and In Vivo results have not been 
transferred to human clinical trials. Therefore, clinical 
researches are essential to be conducted to provide 
more reliable evidence. Studies have revealed that one 
of the most important drawbacks of polyphenolic com-
pounds is their low bioavailability, which restricts their 
clinical use (8). Honokiol and magnolol have been 

found to have poor oral bioavailability, which is asso-
ciated with their poor water-solubility, extensive 
first-pass metabolism, and low absorption (160). 
Therefore, the bioavailability of honokiol and magnolol 
is needed to be improved for clinical use. So far, several 
nanocarrier-based strategies have been utilized to 
enhance the oral bioavailability and anticancer activities 
of honokiol and magnolol (141, 160–162). Studies have 
reported that nanoparticles, as great drug delivery sys-
tems, can improve the absorption and bioavailability 
of honokiol and magnolol, thereby enhancing their 
anticancer potency in clinical practice (141, 160–162). 
However, more studies are needed to be conducted to 
explore more efficient nano delivery systems for 
enhancement of the oral bioavailability of honokiol and 
magnolol. In conclusion, this review presents compre-
hensive In Vitro and In Vivo evidence supporting the 
bright future of honokiol and magnolol for prevention 
and treatment of cancer disease, as these natural lignans 
have shown potent antiproliferative effects with mini-
mal toxicity against non-tumorigenic cells. Since plant 
lignans honokiol and magnolol have the ability to syn-
ergistically act against cancer cells, therefore, the com-
bination of these natural compounds can be an effective 
approach for prevention and treatment of malig-
nant tumors.
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