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In developed countries, the proportion of older 
people is progressively increasing with advances 
in medical technologies.1 This prolonged lifespan 
is directly associated with a higher prevalence of 
neurodegenerative diseases, generally related to 
neuronal dysfunction and neuronal cell death. The 
central nervous system (CNS) is vulnerable to various 
harmful factors, and spontaneous regeneration of 
neuronal cells in damaged tissues is poor. Such sources 
as irradiation, pollutants, drugs, or stress may disturb 
the activity of cerebral cells leading to excessive 
glutamate release, mitochondrial dysfunction, oxidative 
stress, or pathological aggregation of protein. All these 
disturbances may lead to excitotoxicity processes and 
inflammation, which promote neurodegeneration and 
are directly involved in various conditions such as 
Alzheimer’s disease, Parkinson’s disease, Huntington’s 
disease, brain injury, stroke, ischemia, and trauma.2-4  

The pathological excitotoxicity process occurs when 
nerve cells are damaged or killed by excessive 

overactivations of receptors by neurotransmitters such as 
glutamate and similar substances. 

Lignans are a group of secondary plant metabolites 
with elevated structural diversity derived from oxidative 
dimerization of two phenylpropanoid units.5  Honokiol 
(HNK) is a lignan that is distributed naturally in several 
Magnolia species.  It has been used in traditional medicine 
for centuries.  HNK has emerged as a multifunctional 
compound with many potential therapeutic properties, 
including antioxidant, anti-inflammatory, antimicrobial, 
anticancer, antithrombotic, antidepressant, and 
neuroprotective activities.6-10 HNK has been reported 
to cross the blood-brain barrier, suggesting that it can 
be a powerful therapeutic compound against a broad 
spectrum of neurological disorders.11 An increasing 
amount of experimental data provides evidence of its 
neuroprotective activity in the CNS via 1) enhanced 
antioxidative activity; 2) inhibition of the excitotoxicity; 
3) impact on cell signaling in neuroinflammation.

ABSTRACT

Neurological disorders incidence is growing in developed countries, together with increased lifespan.  There 
currently are still no effective treatments for neurodegenerative pathologies, which make it necessary to search for 
new therapeutic agents. Honokiol (HNK) is a natural bioactive phenylpropanoid compound, belonging to the class 
of neolignane, found in notable amounts in the bark of the Magnolia tree, and had been reported to exert various 
pharmacological properties including neuroprotective activities. HNK can permeate the blood-brain barrier and 
the blood-cerebrospinal fluid to increase its bioavailability in neurological tissues. Diverse studies have provided 
evidence on the neuroprotective effect of HNK in the central nervous system (CNS), due to its potent antioxidant 
activity, and amelioration of the excitotoxicity mainly related to the blockade of glutamate receptors and reduction 
in neuroinflammation. Also, recent studies suggest that HNK can attenuate neurotoxicity exerted by abnormally 
aggregated amyloid-beta (Aβ) in Alzheimer’s disease.

Antioxidative Properties of Honokiol 

Numerous studies have shown that HNK can reduce oxidative stress parameters in several catabolic tissues such as 
the liver, endothelial cells, muscle tissue, heart, or kidney. HNK was able to produce significantly stronger antioxidative 
activity compared to α-tocopherol, a type of vitamin E.12 

Chuang et al.13 studied the ability of HNK to ameliorate oxidative stress and inflammation in neuronal and 
microglial cells. HNK (10 µM) alone did not affect neuronal superoxide production but significantly inhibited N-
methyl-D-aspartate (NMDA)-induced superoxide production. Moreover, the authors indicated that exposure of 
microglial cells to interferon-γ also caused reactive oxygen species (ROS) production by the ERK1/2-NADPH 
oxidase pathway, and HNK was also able to inhibit ROS production.13

In the hippocampus and prefrontal cortex of mice with a lipopolysaccharide (LPS)-induced model of depression, 
the significant increase in both oxidative stress parameters (malondialdehyde, glutathione) and nitrosative stress 
parameters (nitrite) were measured. Pretreatment with HNK lowered the amount of oxidative and nitrosative stress in 
both settings.14 Moreover, pretreatment and posttreatment with HNK reduced infarct volume in rats exposed to focal 
cerebral ischemia injury by significantly lowering the levels of lipid peroxidation and neutrophil activation, leading to 
a reduction of ROS level.15 Another study showed that HNK could attenuate oxidative stress production in the brains 
of mice exposed to NMDA. The exposure for three days on HNK reduced NMDA-induced neurobehavioral signs and 
significantly decreased lipid peroxidation in cerebral tissue and restored glutathione level.16

Amorati et al.17 recently performed a kinetic and mechanistic investigation on the antioxidant activity of HNK. In 
their study, the combination of intramolecular hydrogen bonding among OH groups with the aromatic and allyl 
π-systems seems to have a fundamental role for the antioxidant activity of a biphenolic moiety of HNK, rather than 
among the reactive OH groups as in the case of structure-related compounds (magnolol). HNK scavenges oxygen-
derived free radicals directly, whereas other phenols without allyl groups, such as α-tocopherol, may act as free 
radical chain-breaking antioxidants.18 HNK also induces the activation of cellular antioxidant defense mechanisms 
through upregulation of the Nrf2-pathway, which in unstressed conditions is restricted from inducing antioxidant 
and cytoprotective genes by Keap1- and additional negative regulators present in the nucleus. The authors have 
hypothesized a hormetic effect of active nutraceuticals present in magnolia bark extract, able to disrupt Keap1 
destabilization of Nrf2, allowing the translocation of Nrf2 to the nucleus and activation of antioxidant cellular stress 
response genes.19

Honokiol and Excitotoxicity 

The inhibitory effect of HNK on excitotoxicity is mainly associated with the blockade of glutamate receptors.20  
Excessive glutamate production leads to the overactivation of the glutamate receptors (NMDA, AMPA, and kainite 
receptors) and in turn to excessive Ca2+ influx into neurons through ionic channels, and finally to neuronal dysfunction, 
damage or even death. HNK-mediated inhibition of Ca2+ influx via depolarization and modulation of voltage-
dependent Ca2+ channels has been previously demonstrated in rat urine21 and swine-derived smooth muscle cells 
isolated from the trachea.22 Consistently, HNK reduced KCI-evoked intracellular Ca2+ signals, suggesting that it can 
interfere with voltage-dependent Ca2+ channels in murine cerebellar granule neurons.23 Moreover, Lin et al.24 showed 
that HNK blocks glutamate-induced Ca2+ and Na+ influx and increases NMDA-induced seizure thresholds. These 
results provide a potential mechanism for HNK-mediated neuroprotection via inhibitory actions on excitatory amino 
acid-induced deregulation of cellular ionic status and attenuation of neuronal loss.24

HNK can permeate the blood-brain barrier and the blood-cerebrospinal fluid to 
increase its bioavailability in neurological tissues.
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Honokiol and Neurotoxic Effect of Peptide Aβ
Recent studies provide supportive evidence that HNK may attenuate neurotoxicity exerted by aggregated Aβ 
and thereby may represent a therapeutic approach for Alzheimer’s disease (Fig. 1). It has been suggested that 
the neuroprotective effects of HNK may be mediated by reduced ROS production, suppression of intracellular 
Ca2+ influx, and inhibition of caspases-3 activity.1 It was shown that HNK reduced, in a concentration-dependent 
manner, Aβ1-40-induced ROS production.47, 48  Furthermore, Hoi et al.47 demonstrated that HNK counteracted 
Aβ1-40-induced elevation of Ca2+, which is in substantial agreement to the antioxidative properties of HNK. 2, 47, 49 
There are also reports indicating that HNK can inhibit caspase-3 activity in Aβ1-40-treated rat pheochromocytoma 
cells.47  Therefore, HNK could exert a neuroprotective effect by inhibition of Aβ-induced apoptosis.47 Moreover, it 
was shown that the administration of Magnolia officinalis ethanol extract (10 mg/kg in 0.05% ethanol) inhibited 
LPS-induced amyloidogenesis.42 It is known that the administration of LPS induces neuroinflammation, which in turn 
accelerates the accumulation of Aβ via enhanced β-secretase expression and activity.50, 51 Lee et al.42 further 
indicated that ethanol extracts of Magnolia officinalis might reduce amyloidogenesis due to its anti-
neuroinflammatory effect.

Figures 1A-C. Morris water maze test. The spatial learning and memory ability of mice were tested by Morris water maze. 
(A) The time mice spent to find the platform during 5 training days. (B) The percentage of time mice spent in the target zone
in the spatial probe test. (C) The representative pathways of mice in the spatial probe test. Results are presented as the
mean ± SD (n = 6). **P < 0.01 vs. the control group, ##P < 0.01 vs. the Aβ group.

However, it cannot be excluded that the neuroprotective 
action of HNK may also be due to the removal of 
ROS, generated by NMDA, in brain tissue. Cui et 
al.16 showed that HNK alleviated behavioral toxicity 
by preventing oxidative stress in the brain tissue of mice 
treated with NMDA.  Furthermore, studies by Chang-
Mu et al.25 demonstrated that both the behavioral 
and neurotoxic effects of injection of NMDA were 
prevented by treatment with HNK. The occurrence of 
generalized seizures was attenuated, seizure scores 
were reduced, latency to generalize seizures was 
prolonged, and motor impairments were lessened in 
mice that received HNK before NMDA treatment. All 
of the neurochemical changes of the synaptosomes 
(such as an increase in synaptosomal ROS production, 
Ca2+ concentration, and a decrease in mitochondrial 
membrane potential, and neuronal membrane Na+/
K+-ATPase activity) were also ameliorated by HNK.25 

The above findings support the hypothesis that one of
the mechanisms of HNK neuroprotective action is due
to its ability to block glutamate-induced neurotoxicity.

GABAA function 

Glutamate 

neurotransmission in CNS is counteracted by the 
inhibitory transmitter, GABA, which produces its 
effects via modulation of ionotropic GABAA and 
metabotropic GABAB receptors. Of particular

importance for clinical practice are GABAA receptors.
Drugs that affect its function, such as benzodiazepines,
are used for the management of neuropsychiatric
disorders, including anxiety, epilepsy, insomnia,
and aggression.26 These studies suggest that
enhancement of GABAergic neurotransmission may
be considered as a neuroprotective strategy, parallel 
to glutamate receptor antagonists.27 Kristensen et al.28 
have demonstrated that a GABAA receptor agonist 
gaboxadol can protect against NMDA-induced 
excitotoxicity in organotypic hippocampal slice 
cultures.

receptor-mediated excitatoryERK1/2, and 
JNKs.40  Additionally, Xian et al.41 showed that 

Moreover, the GABA receptor has been associated with 
the recovery of seizures following ischemic stroke.29  There 
is evidence that HNK acts as a modulator of GABAA 
receptor function in in vitro studies.30-32  Furthermore, 
the research of Ai et al.30 has shown the selectivity 
of HNK on the α subunit of GABAA. Therefore, the
neuroprotective effects of HNK may also be attributed 
to enhanced GABAA function.

Honokiol and Neuroinflammation 

HNK possesses potent anti-inflammatory properties, 
but precise mechanisms of its effect remain unclear. 
HNK inhibits ROS in neutrophils33 and suppresses 
LPS-induced TNF-α and nitric oxide expression in 
macrophages.34,35 The anti-inflammatory impact of HNK 
has been demonstrated following cerebral ischemia-
reperfusion injury and LPS-induced inflammation in glial 
cells by lowering LPS-stimulated nitric oxide production.36  
 Furthermore, data suggest that HNK can inhibit NF-κB 
activation in mouse B cells,37 macrophages,34 and 

LPS-stimulated microglial cells.36 HNK may selectively

modulate the PI3K/Akt pathway.35, 38, 39 Treatment with 
HNK lowered TNF-α-induced phosphorylation of the 
kinases: p38, 

 HNK significantly suppresses the production of 
prostaglandin  E2 and cyclooxygenase-2 
expression in the brain of  scopolamine-treated 
mice at the mRNA level. As well, ethanol  extracts of 
Magnolia officinalis ameliorated the LPS-induced 

 expression of inducible nitric oxide synthase and 
COX-2 

protein and inhibited the activation of 
astrocytes and  microglia.42  Moreover, it is not 

HNKexcluded that interaction of  with 
cannabinoid receptors,43 which are associated with a  
broad range of inflammatory processes,44, 45 may 
present a  novel mechanism of an HNK anti-
inflammatory effect.

Honokiol, Anxiety, and Sleep 

It was demonstrated in mice that HNK induced anxiolytic activity in the elevated plus-maze test (Fig. 2; 1). 
It was shown in mice that HNK induced anxiolytic activity in the elevated plus-maze test. This effect was 
inhibited by flumazenil (a benzodiazepine receptor antagonist) and bicuculine (a GABAA 
receptor antagonist).53  Furthermore, Ku et al.54 showed that chronic treatment with HNK induced anxiolytic 
activity in the mouse elevated plus-maze test, and an increase in hippocampal glutamic acid decarboxylase 
activity, an essential enzyme in the GABA synthesis pathway.  HNK shortened sleep latency and increased 
the length of non-rapid eye movement sleep (Figs. 3,4).  The above data suggest that HNK exerts its 
anxiolytic effect by activation of GABAA receptors and by augmentation of GABA synthesis.
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Sulakhiya et al. demonstrated that pretreatment of mice with HNK attenuated LPS-induced depressive-like 
behavior in the forced swim test and the tail suspension test (Fig. 5; 2).  Moreover, Jangra et al.57 

described the reduction of restraint stress-induced depressive-like response in the above-described trials 
after chronic (7 days) HNK treatment.  HNK was also able to reduce the NMDA-induced seizures 
thresholds24 and to induce the antinociceptive effect20 in mice.  Antinociception is the action or process 
of blocking the detection of a painful or injurious stimulus by sensory neurons.

Figure 2. Anxiolytic activity of magnolol and 
honokiol. Treatment with each agent was for seven 
days. Values represent the mean ± standard error 
for 10 animals. *, statistically significant (p < 0.05) 
as compared to the vehicle-treated group.

Figures 5A, B. The effects of honokiol 
on (A) the forced swim test (FST) and (B) 
the tail suspension test (TST). Data are 
expressed as mean ± SEM (n = 10/
group). ### p < 0.001 LPS vs. control; 
** p < 0.01 LPS + Honokiol vs. LPS.

Figures 3A-E. Effect of honokiol on sleep-wake 
profiles in mice. Typical examples of polygraphic 
recordings and corresponding hypnograms 
illustrating the effects of injection with vehicle (A) 
or honokiol (B) given to a mouse at 20:00 h. (C) 
Sleep latency after administration of honokiol and 
diazepam. (D) Time-course changes in NREM and 
REM sleep and wakefulness after administration of 
honokiol (20 mg·kg-1, i.p.) to mice. The horizontal 
filled and open bars on the X-axis (Clock time) 
indicate the 12 h dark and 12 h light periods, 
respectively. (E) Total time spent in each stage for 
4 h after administration of vehicle and honokiol 
or diazepam. Data shown are the means ± SEM 
(n = 5–6). *P < 0.05, **P < 0.01, significantly 
different from their vehicle controls, ##P < 0.01, 
significantly different from honokiol at 5 mg·kg-1; 
one-way ANOVA, with the PLSD test.

Figures 4A, B. Effect of flumazenil on 
honokiol-induced sleep. (A) Time-course 
changes in NREM and REM sleep and 
wakefulness after pretreatment with 
flumazenil (1 mg·kg-1, i.p. at 19:45 h) and 
injection of honokiol (20 mg·kg-1, i.p. at 
20:00 h) or vehicle in mice. The horizontal 
filled and open bars on the X-axis (Clock 
time) indicate the 12 h dark and 12 h light 
periods, respectively. (B) Total time spent 
in each stage for 4 h after administration 
of vehicle, flumazenil, and honokiol. Data 
shown are the means ± SEM (n = 8). **P 
< 0.01, significantly different from vehicle; 
two-tailed paired t-test.
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A growing body of evidence demonstrates significant beneficial protective effects of HNK on cognitive 
impairments induced by various factors.  It has been shown in the passive avoidance test and the water 
maze test that the administration of ethanol extract of Magnolia officinalis for seven days improves the 
long-term spatial memory in a scopolamine-induced mouse model of amnesia.20 Additionally, pretreatment 
with HNK for 14 days prevented learning and memory impairment in the passive avoidance test and the 
novel object recognition test in an aged animal model.58 Lee et al.42 indicated that an ethanol extract of 
Magnolia officinalis prevented memory dysfunction in the LPS-induced model of Alzheimer’s disease, the mice 
passive avoidance and water maze tests.  Xian et al.41 described an experiment in which HNK significantly 
decreased scopolamine-induced impairments in spatial learning and memory functions in a water maze 
test in mice. The studies of Jangra et al.57 showed that the treatment with HNK for seven days reduced the 
restraint stress-induced cognitive impairment in the mouse water maze test and novel object recognition test, 
confirming the ability of HNK to minimize learning and memory impairments.

Conclusion
In summary, honokiol, a biphenol derived from Magnolia officinalis bark, can interact with cell membrane 
proteins to induce a broad spectrum of pharmacological activities. It is currently utilized to support the 
conditions of the CNS, cardiovascular system, or gastrointestinal tract. This summary has focused on the 
neuroprotective action of HNK. Various mechanisms that likely mediate the neuroprotective effects of HNK 
were described.  Based on these studies, HNK may be considered as a prominent candidate in the search 
for active agents for the management of neurodegenerative disorders. 
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