
THE HONOKIOL-GABAA CONNECTION        RESEARCH HIGHLIGHTS

  www.betterhealthpublishing.com  |  707.583.8619

THE HONOKIOL-GABAA CONNECTION

www.betterhealthpublishing.com
707.583.8619

Selected Research*

On the comprehensive approach and 
use of honokiol in the setting of the 
hypothalamic-pituitary-adrenal axis.

BETTER HEALTH
PUBLISHING



THE HONOKIOL-GABAA CONNECTION   RESEARCH HIGHLIGHTS

*This material is being provided to health care professionals and it is not intended to be used in marketing to customers.  |   www.betterhealthpublishing.com  |  707.583.8619

ABSTRACT

Sleep is essential for health, especially mental health. Several signaling molecules that play a role in sleep have been 
identified. GABAA receptors are critical therapeutic targets for the treatment of insomnia because they rapidly inhibit 
neurotransmission and participate in tonic inhibition. Honokiol (HNK) is a principal bioactive constituent of  
M. officinalis bark and has proven to be an efficient sedative and hypnotic. HNK allosterically enhances the inhibitory 
action of GABA on GABAA receptors, which could explain the central depressant and anxiolytic effects of HNK. 
HNK-induced increases in non-rapid eye movement (NREM) sleep were antagonized by flumazenil, suggesting that 
the benzodiazepine recognition site is one of the targets for the hypnotic action of HNK.

INTRODUCTION
Sleep is a crucially important process in the animal 
kingdom. Sleep disorders affect a large portion 
of the population worldwide, and insomnia is the 
most commonly reported sleep disorder. More than 
half of the American population suffers from sleep 
disorders.1 Insomnia is characterized by difficulty in 
initiating sleep and maintaining sleep, non-restorative 
sleep, or poor-quality sleep.1, 2 Sleep disturbances 
cause people to suffer from mental dysfunction and 
daytime sleepiness and can lead to various health and 
socioeconomic issues. People who have insomnia for 
extended periods may also suffer from depression and 
experience a decreased quality of life.3

Sleep remains one of the most poorly understood 
biological processes. The function and molecular 
processes underlying sleep remain elusive but 
are becoming clearer after decades of research.4 
Mammalian sleep states are characterized by altered 
brain activity during the rapid eye movement (REM) 
stage and several non-rapid eye movement (NREM) 
stages that follow a clearly defined cyclical pattern.5, 6  
Several signaling molecules that play a role in sleep 
have been identified. Various neurotransmitters, 
including noradrenaline, acetylcholine, histamine, 
dopamine, serotonin, and the neuropeptides orexin 
A and B (also referred to as hypocretins), promote 
wakefulness. By contrast, GABA (γ-aminobutyric 
acid) and adenosine encourage sleep.5 GABA is the 
principal neurotransmitter that exerts inhibitory 
activity in the central nervous system (CNS), and more 

than 20% of all brain neurons are GABAergic. Three 
pharmacologically distinct classes of GABA receptors 
have been identified: GABAA receptors, GABAB 
receptors, and GABAC receptors.  The GABAA receptor, 
which was the first to be identified, has a pentameric 
transmembrane structure that includes 19 subunits 
(α1-6, β1-3, γ1-3, δ, ε, π, θ, and ρ1-3). Different subunit 
combinations produce subtypes with different locations 
and physiologies.7, 8 GABAA receptors are ligand-gated 
chloride ion channels that are activated by GABA and 
the agonist muscimol, blocked by bicuculline, and 
coupled to the GABA, barbiturate, benzodiazepine, and 
picrotoxin binding sites.9 GABAA receptors are critical 
therapeutic targets for the treatment of insomnia 
because they rapidly inhibit neurotransmission and 
participate in tonic inhibition.10

Herbal medicine has been used to treat insomnia 
in worldwide countries for centuries. The anxiolytic 
and sedative properties of these medicinal plants 
were described in plant records during ancient 
times; one such example is the Compendium of 
Materia Medica.2, 11 Over the last two centuries, 
the scientific understanding of herbal plants has 
advanced significantly. Herbal medicines typically 
contain complex mixtures of compounds, and their 
mechanisms of action often remain unclear. However, 
recent studies have shown that central GABAergic 
neurotransmission changes when people or animals 
ingest the extracts of most herbal plants that are 
reported to possess anxiolytic and sedative properties.  
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Honokiol (HNK) is a principal bioactive constituent 
of M. officinalis bark and has proven to be an efficient 
sedative and hypnotic. HNK possesses multiple 
biological activities such as anti-anxiety, antioxidant, 
antitumor, anti-inflammatory, and anti-microbial 
effects.12-16 The research aimed at the use of HNK 
against glioma showed that it could effectively cross 
the blood-cerebrospinal fluid barrier (BCSFB) and 
blood-brain barrier (BBB) after oral administration, 

which makes it a potential drug for central nervous 
system diseases.17 Also, previous studies suggested 
that HNK might possess antidepressant properties.15, 

18, 19 While these beneficial effects could be mediated 
through a variety of targets, HNK has been shown to 
bind to and positively modulate GABAA receptors.20 
This white paper highlights vital research on the HNK-
GABAA connection.

SELECTED RESEARCH REVIEW
Behavioral pharmacological characteristics of honokiol, an anxiolytic agent present in extracts of Magnolia bark, 
evaluated by an elevated plus-maze test in mice21 
Maruyama et al.22 had previously demonstrated by the use of an improved apparatus for the plus-maze test that 
at doses less than one-hundredth of those eliciting central depressant action, treatment for seven days with HNK 
extended the time spent in the open arms of the maze (suggesting anxiolytic activity). The current study further 
clarified the behavioral, pharmacological effect of HNK by assessing the combined impact of HNK with drugs 
(diazepam, flumazenil, and bicuculline) that have either agonistic or antagonistic action on the GABAA-benzodiazepine 
receptor complex, or cholecystokinin ammonium salt (CCK-4).
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Table 1.  Effects of oral HNK (0.2 mg kg-1, seven-day treatment) or 
diazepam (1 mg kg-1), either alone or in combination with other drugs, on 
plus-maze, ambulatory activity, and traction performance in mice. In the 
HNK study, 24 h after the last administration of HNK, bicuculline, CCK-4, 
or caffeine was administered, and the behavioral tests were conducted 
10, 10, 10, or 15 min, respectively, after administration. In the diazepam 
study, diazepam, bicuculline, and CCK-4 were administered 10 min 
before, and caffeine 15 min before the behavioral tests. Values are means 
± s.e., n = 10. *P < 0.05, significantly different from the result from the 
Tween-80-treated group. †P < 0.05, significantly different from the result 
from the HNK- or diazepam-treated groups.

Table 1 shows the results obtained after 
the combined administration of HNK or 
diazepam with various drugs.  Flumazenil, 
an antagonist at the benzodiazepine site 
of the GABAA receptor, at 0.3 mg kg-1, 
reduced the time spent in the open arms 
in the plus-maze test without affecting the 
motor activity or traction performance.
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Honokiol and magnolol increase the number of [3H] muscimol binding sites three-fold in rat forebrain membranes 
in vitro using a filtration assay, by allosterically increasing the affinities of low-affinity sites23

Using whole forebrain membranes, GABA alone almost doubled [3H] flunitrazepam (FNM) binding maximally. In 
the presence of HNK or magnolol (M; another neolignan biphenolic substance that is a significant component of 
Magnolia officinalis), the EC50 values for GABA were decreased. Using cerebellar membranes, GABA alone maximally 
increased [3H]FNM binding to about 170% of control. HNK or M decreased the EC50 values for GABA (Table 2 and 
Fig. 1). In the presence of 200 nM GABA, which only slightly enhanced [3H]FNM binding to forebrain membranes, 
HNK and M maximally increased [3H]FNM binding (Table 3 and Fig. 2).

Saturating concentrations of HNK, M, 2,6-diisopropyl phenol (P), and 2’,4’-difluoro-4-hydroxy-3-biphenyl carboxylic 
acid (D) all increased the affinity of GABA for its receptors, as measured by enhancement of [3H]FNM binding, using 
forebrain membranes. In contrast, using cerebellar membranes, only HNK increased the affinity of GABA (Table 2). 
Only HNK potentiated the enhancing effect of 200 nM on [3H]FNM binding more potently using the cerebellum 
compared to forebrain membranes (Table 3). 

Using membranes from whole rat forebrain, HNK, and M increased [3H]muscimol (MUS) binding. Using cerebellar 
membranes, HNK and M also increased [3H]MUS binding (Table 4 and Fig. 3). Combining saturating concentrations 
of HNK and M gave no additivity (data not shown).

Scatchard analysis of [3H]MUS binding to forebrain membranes revealed that HNK and M increased Bmax (number 
of binding sites), without changing the high-affinity binding constants (Kd values) (Table 5 and Fig. 4).

Only HNK was more potent in enhancing [3H]MUS binding to the cerebellar, compared to the forebrain, 
membranes. The maximal percent enhancements produced by HNK, M, P, and D were all more substantial using 
forebrain, compared to cerebellar, membranes (Table 4).

[35S]t-butylbicyclophosphorothionate (TBPS) binds to the picrotoxin site in the GABAA receptor complex. HNK and 
M inhibit the binding of [35S]TBPS with IC50 values in the low micromolar range using both forebrain and cerebellar 
membranes (Table 6 and Fig. 5). The inhibitory effects of HNK and M on [35S]TBPS binding were reversed by the 
potent GABAA receptor blocker R5135,24 suggesting further that HNK and M produce GABA-enhancing effects 
(data not shown).

The inhibitory effect of HNK on [35S]TBPS binding was significantly more potent using cerebellar compared to 
forebrain membranes. Conversely, P was more potent using forebrain, compared to cerebellar, membranes (Table 6). 
These findings further confirm the well-known fact that cerebellum and forebrain contain GABAA receptors with 
different subunit combinations, probably with some overlap.
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Table 2. Enhancement of [3H]flunitrazepam binding to EDTA/water dialyzed rat forebrain and cerebellar membranes in 150 mM NaCl 
+ 5mM Tris-HCl, pH 7.5, by GABA alone, and together with 4 phenolic compounds at the indicated concentrations. The EC50 values, 
in nM, are the means ± SEM of 3 separate experiments except for GABA alone with forebrain membranes, which was 6 separate 
experiments. *P values are for compounds compared with GABA alone. EC50 for forebrain is significantly larger than the corresponding 
EC50 for cerebellum; aP = 0.0029; bP = 0.0011; n EC50 values for forebrain and cerebellum are not significantly different (P > 0.05).

Table 3. Potentiation of 200 nM GABA’s enhancing effect on [3H]flunitrazepam binding to EDTA/water dialyzed rat forebrain and 
cerebellar membranes in 150 mM NaCl + 5 mM Tris-HCl, pH 7.5, by 4 phenolic compounds. The EC50 values, in µM, and the maximal 
enhancements, in % of control, are the means ± SEM of 3 separate experiments. a EC50 value significantly larger (P = 0.014) than the 
corresponding value for cerebellum. n EC50 values for forebrain and cerebellum are not significantly different (P > 0.05).

Table 4. Enhancement of [3H]muscimol binding to EDTA/water dialyzed rat forebrain and cerebellar membranes in 150 mM NaCl + 
5 mM Tris-HCl, pH 7.5, by 4 phenolic compounds. The EC50 values, in µM, and the maximal enhancements, in % of control, are the 
means ± SEM of 3 separate experiments. a EC50 value for forebrain is significantly larger (P = 0.011) than the corresponding value 
for cerebellum. n EC50 values for forebrain and cerebellum are not significantly different (P > 0.05). % Enhancement in forebrain is 
significantly larger than the corresponding value in cerebellum; b P = 0.021; c P = 0.025; d P = 0.018; e P = 0.044.
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Table 5. Scatchard analysis of [3H]muscimol binding (from 2 to 50 nM) to EDTA/water dialyzed rat forebrain membranes, in 
150 mM NaCl + 5 mM Tris-HCl, pH 7.5, alone and in the presence of 50 µM HNK, or 100 µM magnolol. The Bmax values 
are expressed as fmol per mg original wet weight. The Bmax and Kd values are the means ± SEM of 4 separate experiments. 
* P values are for HNK or magnolol compared with control.

Table 6. Inhibition of [35S]t-butylbicyclophosphorothionate binding to EDTA/water dialyzed rat forebrain and cerebellar membranes, 
in 200 mM KBr + 5 mM Tris-HCl, pH 7.5, by 4 phenolic compounds. The IC50 values, in µM, are the means ± SEM of 3 separate 
experiments. a IC50 value significantly larger (P = 0.002) than the corresponding value for cerebellum. b IC50 value significantly smaller (P = 
0.011) than the corresponding value for cerebellum. n IC50 values for forebrain and cerebellum not significantly different (P > 0.05).

Figures 1A,B. Concentration-response curves for GABA alone (closed circle) and in the presence of 5 µM HNK (closed triangle) 
or magnolol (closed square). The enhancement of [3H]flunitrazepam binding by GABA alone and in the presence of 5 µM HNK or 
magnolol. The symbols in parentheses represent binding without GABA and in the presence of 5 µM HNK or magnolol. A Forebrain 
membranes. B Cerebellar membranes.
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Figures 2A,B. Enhancement of [3H]flunitrazepam binding by HNK (closed triangle) and magnolol (closed square) in the presence of 200 
nM GABA. The dashed lines represent specific control binding in 150 mM NaCl + 5 mM Tris-HCl, pH 7.5 + 200 nM GABA. A Forebrain 
membranes. B Cerebellar membranes.

Figures 3A,B. Enhancement of [3H]muscimol binding by HNK (closed triangle) and magnolol (closed square). The dashed lines represent 
specific control binding in 150 mM NaCl + 5mM Tris-HCl, pH 7.5. A Forebrain membranes. B Cerebellar membranes.
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Figure 4. Scatchard analysis of [3H]muscimol binding (from 2 to 50 nM), 
alone (closed circle) and in the presence of 50 µM HNK (closed triangle) 
or 100 µM magnolol (closed square) on forebrain membranes. Bound is 
expressed as fmol per mg original wet weight.

Figure 5. Inhibition of [35S]TBPS binding to forebrain membranes by HNK 
(closed triangle) or magnolol (closed square).

Honokiol Potentiates Pentobarbital-Induced Sleeping Behaviors through GABAA Receptor Cl-  
Channel Activation25

Pentobarbital is known to potentiate the effects of GABA, acting at GABA receptors ionophore complex.26 Many 
hypnotic, anti-anxiety, and anti-epilepsy drugs have prolonged pentobarbital-induced sleeping time. This study 
was undertaken to investigate whether HNK could enhance the pentobarbital-induced sleeping behaviors through 
GABA receptor intracellular chloride ion (Cl-) channel activation. It also aimed to find out the typical responding 
subunits of the effective dosages of HNK, which might have at least a close relationship with the acting site by 
which HNK acts on GABAA receptors and exerts its sleeping potentiating effects.

Thirty minutes after the oral administration of HNK, the ICR mice received sodium pentobarbital. The time elapsed 
from pentobarbital injection to the loss of the righting reflex was taken as sleeping latency. The time elapsed 
between the loss and voluntary recovery of the righting reflex was considered as the total sleeping time. Although 
all three tested dosages of HNK had no effect on the latency of pentobarbital-induced sleep, HNK increased 
sleeping time induced by pentobarbital in a dose-dependent manner (Fig. 65).

Treatment with HNK increased [Cl-]I in the primary cultured cerebellar neurons. Pentobarbital also increased the 
influx of Cl- in primary cultured cerebellar granule cells (Fig. 7).

Treatment of primary cultured cerebellar granule cells with HNK for 5 d could selectively increase the expression of 
GABAA receptor α-subunit (Fig. 8A), but had no effect on the abundance of β-subunit (Fig. 8B) or γ-subunit (Fig. 8C).
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Figure 6. Effects of HNK on pentobarbital (PENT)-induced sleeping in 
mice. Each column represents the mean ± SEM. * p < 0.05, ** p < 0.01, 
***  p < 0.005, compared with that of control (CON) group.

Figures 8A-C. Effects of HNK on the expression of GABAA receptor 
subunits. Each column represents the mean ± SEM. * p < 0.05, compared 
with that of control group.

Figure 7. Effects of HNK on Cl- influx in primary cultured cerebellar 
neurons. Each column represents the mean ± SEM. *p < 0.05, ** p < 0.01, 
*** p < 0.005, compared with that of control group.
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Honokiol promotes non-rapid eye movement sleep via the benzodiazepine site of the GABA(A) receptor in mice27

To determine whether the GABAergic system might be involved in the somnogenic effects of HNK, HNK-treated 
mice were pretreated with flumazenil. Flumazenil alone showed no significant impact on sleep latency or total 
amounts of sleep (data not shown). HNK increased the amount of NREM sleep by 2.4-fold during the first 4 h after 
administration. In contrast, pretreatment with flumazenil completely abolished the somnogenic effect of HNK (Fig. 
9A, B). These results indicate that the induction of sleep caused by HNK is modulated by the benzodiazepine site of 
the GABAA receptor.

To better understand the sleep-wake profile caused by HNK, the total number and mean duration of NREM and 
REM sleep and wake episodes were determined. As shown in Figure 10A, HNK increased the number of NREM 
bouts by 4.4-fold and wake episodes by 4.2-fold, but the mean duration of NREM and REM sleep was not altered 
during the 4 h period after the injection. The mean duration of episodes of wakefulness was significantly decreased 
by 83% after HNK injection.

Also, HNK increased NREM sleep and wake bouts relative to vehicle control. These bouts ranged from 0 to 240 
s and from 10 to 480 s, respectively (Fig. 10C), whereas the longer duration of NREM sleep and wakefulness was 
not altered after HNK injection. In contrast, REM sleep bouts did not change after administration of HNK (data not 
shown).

As a result, the numbers of state transitions from wakefulness (W) to NREM sleep (N) and from N to W were 
increased after the injection with HNK (Fig. 11A). However, no change in either the number of transitions from N to 
REM (R) or that from R to W was observed.

HNK changed the number and duration of episodes of wakefulness and NREM sleep and the transitions between these 
two states. These alterations were entirely abolished by flumazenil (Fig. 10B,D and 11B,D), supporting the conclusion 
that HNK promotes sleep via the benzodiazepine site of the GABAA receptor.

To study the effects of HNK on the ventrolateral preoptic area (VLPO) sleep center and the histaminergic 
tuberomammillary nucleus arousal center, the number of c-Fos immunoreactive neurons in these areas were 
investigated after HNK treatment. The VLPO consists of the VLPO cluster, just lateral to the optic chiasma, and 
the extended VLPO that extends dorsally and medially from this cluster.28 Figure 12A-D shows representative 
photomicrographs of immunostaining for c-Fos in the VLPO and TMN of mice treated with HNK or with the vehicle. 
HNK increased the expression of c-Fos in the VLPO cluster, relative to the vehicle control. Fos-positive neurons in 
the extended VLPO were also increased after treatment of HNK.

Analysis of the numbers of c-Fos immunoreactive nuclei showed that HNK decreased the expression c-Fos in the 
TMN (Fig. 12I), relative to the vehicle control. These findings indicate that HNK activates the VLPO sleep center 
and inhibits the activity of the TMN arousal system.

Figure 12E-H shows composite drawings of representative photomicrographs of c-Fos expression in the VLPO 
and TMN in mice pretreated with flumazenil, followed by HNK or by vehicle. Flumazenil alone did not affect c-Fos 
expression compared with the vehicle. Pretreatment with flumazenil completely antagonized the change in the 
number of Fos-positive cells caused by HNK in the VLPO cluster, extended VLPO, and TMN (Fig. 12J).
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Figures 10A-D.  Characteristics of sleep–wake 
episodes caused by HNK and flumazenil. 
Total number and mean duration of wake, 
NREM and REM bouts in a 4 h period after 
the administration of HNK (A) or flumazenil + 
HNK (B). Changes in the numbers of NREM 
and REM sleep bouts for different ranges of 
episode duration during the 4 h following the 
administration of HNK (C) or flumazenil + HNK 
(D). Data shown are means ± SEM (n = 5–6). *P 
< 0.05, **P < 0.01, significantly different from 
corresponding vehicle; two-tailed paired t-test.

Figures 9A, B.  Effect of flumazenil on HNK-
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 HNK (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 HNK. Data shown are the 
means ± SEM (n = 8). **P  < 0.01, significantly 
different from vehicle; two-tailed paired t-test.
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Figures 12A-J.  Effect of honokiol and flumazenil 
on c-Fos expression in the VLPO and the 
TMN. (A–D) Low-power and (a–d) high-power 
photomicrographs representative of the VLPO 
and TMN in mice treated with vehicle and HNK 
(20 mg•kg−1). (I) Mean numbers of Fos-positive 
cells in VLPO cluster and TMN after HNK 
treatment. Pretreatment with flumazenil (Flu) 
at 1 mg•kg−1 antagonized Fos expression in 
VLPO and TMN induced by HNK (20 mg•kg−1). 
(E–H) Low-power and (e–h) high-power 
photomicrographs representative of the VLPO 
and TMN in mice pretreated with flumazenil 
(1 mg•kg−1), then given vehicle or honokiol (20 
mg•kg−1) 15 min later. (J) Flumazenil (1 mg•kg−1) 
blocked the change in the number of Fos-positive 
cells in the VLPO cluster and TMN caused by 
HNK (20 mg•kg−1). Data shown are the means ± 
SEM (n = 5–6). **P < 0.01, significantly different 
from the vehicle group; one-way ANOVA, with 
Tukey’s test.

Figures 11A-D.  Sleep–wake state transitions 
and EEG power density produced by HNK. 
Sleep–wake state transitions during the 4 h 
following the administration of HNK (A) or 
flumazenil + HNK (B). W, N and R represent 
the stages for wakefulness, NREM and REM 
sleep respectively. Data shown are means 
± SEM (n = 5–6). *P < 0.05, significantly 
different from vehicle: two-tailed paired t-
test. EEG power density of NREM sleep after 
the administration of HNK (C) or flumazenil + 
HNK (D).



SUMMARY 
Flumazenil shortened the time spent in the open arms in the plus-maze test, showing an anxiogenic effect. 
This indicates that the GABAA-benzodiazepine receptor complex is involved in the anxiolytic effect of HNK 
after repeated administration. HNK allosterically enhances the inhibitory action of GABA on GABAA receptors, 
which could explain the central depressant and anxiolytic effects of HNK. HNK can enhance the hypnotic 
effects of pentobarbital. The GABAA receptor/chloride channel complex might be involved in the mechanisms 
of these actions. Finally, HNK-induced increases in NREM sleep were antagonized by flumazenil, suggesting 
that the benzodiazepine recognition site is one of the targets for the hypnotic effect of HNK.
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