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Myocardial infarction following ischemia is a significant 
cause of mortality worldwide.  Although early reperfusion 
is necessary for myocardial salvage, reperfusion 
itself exacerbates myocardial injury.1, 2 Myocardial 
ischemia/reperfusion (I/R) injury causes adverse events 
such as local inflammation and free radical-mediated 
lipid peroxidation.3, 4 The latter is associated with 
harmful effects on reversible injuries of myocardial cells5 

and contributes to cardiac dysfunction.6 

Honokiol (HNK) is an active component of Magnolia 
officinalis (Houpo), a traditional Chinese herb used for 
the treatment of various vascular diseases, including 
ischemia, heart disease, and stroke.7 HNK has 
been shown to mitigate cerebral I/R injury through 
its antioxidant and anti-inflammatory effects.8, 9 Early 
studies have also demonstrated that HNK is able to 
limit infarct size and display anti-arrhythmic results in 
rats with acute myocardial infarction.10, 11 However, the 

mechanism remains unclear, and there have been few 
studies concerning HNK in myocardial I/R injury.

Cardiac hypertrophy is a physiologic or pathologic state 
of the heart that occurs in response to a variety of intrinsic 
or extrinsic stimuli. Fully differentiated cardiac myocytes 
achieve this by an increase in size, enhanced protein 
synthesis, and increased sarcomere organization, 
in association with reactivation of the fetal gene 
program. Even though this could be a compensatory 
response initially to normalize increased wall tension 
of the ventricles, sustained increase in hypertrophy 
leads to ventricular dilation and heart failure. At the 
molecular level, cardiac hypertrophy is a consequence 
of an imbalance between the activities of pro- and 
anti-hypertrophic molecules. It has previously been 
demonstrated that Sirt3 is one of the anti-hypertrophic 
molecules whose deficiency causes development of 
hypertrophy, whereas cardiac-specific overexpression 
of Sirt3 blocks the hypertrophic response.12

ABSTRACT

Honokiol (HNK) protects the heart through multiple mechanisms.  Although early reperfusion following ischemia 
is necessary for myocardial salvage, reperfusion itself worsens the myocardial injury.  HNK lowers myocardial 
infarct size following ischemia/reperfusion (I/R), as well as I/R-induced myocardial injury and neutrophil infiltration.  
Cardiac hypertrophy is caused by an imbalance between the activities of pro- and anti-hypertrophic molecules.  
It has previously been demonstrated that Sirt3 is one of the anti-hypertrophic molecules whose deficiency causes 
development of hypertrophy, whereas cardiac-specific overexpression of Sirt3 blocks the hypertrophic response.  HNK 
blocks and reverses cardiac hypertrophy by activating Sirt3. Platelets are anuclear blood cells from megakaryocytes, 
and their activation and aggregation are involved in thromboembolic disorders. HNK antagonizes thrombotic platelet 
plug formation and improves blood flow rate. Finally, anti-β1-adrenergic receptor autobodies (β1-AAB) induce the 
death of adult rat ventricular myocytes in vitro, which may be related to cardiomyocyte apoptosis. HNK ameliorates 
the suppression of ventricular contractility and reverses cardiac dysfunction following β1-AR-ECII treatment.

Honokiol (HNK) protects the heart through multiple mechanisms. HNK blocks and 
reverses cardiac hypertrophy by activating Sirt3.

Platelets are anuclear blood cells from megakaryocytes that play a central role in hemostatic processes. Platelet 
activation and aggregation are also involved in thromboembolic disorders. When platelets are activated, they 
adhere to the damaged blood vessel walls through the glycoprotein (GP) Ib-V-IX complex with von Willebrand factor 
(vWF) immobilized on the exposed subendothelial matrix.13  Tethered platelets can then bind to collagen and initiate 
cellular activation processes. Activation signaling leads to a rise in the cytosolic Ca+2 concentration, cytoskeletal 
rearrangement, the release of granule contents, and the functional upregulation of integrin adhesion receptors 
enabling firm adhesion and thrombus growth. Thrombi that develop through this mechanism is the significant source 
of many cardiovascular disorders (e.g., ischemic stroke, atherosclerosis, and myocardial infarction).13

Platelet collagen receptors are grouped based on their interaction with collagen.  GP VI, integrin α2β1, and 
CD36 bind to collagen directly, whereas GP Ibα and integrin αIIbβ3 interact with collagen-bound vWF.14  Platelet 
GP VI is the primary platelet collagen receptor in the formation of platelet aggregates on collagen surfaces under 
blood flow.15  Integrin α2β1 is also a significant collagen receptor on both endothelial cells and platelets.14

Hu et al.16 reported that HNK substantially inhibited collagen-stimulated rabbit platelet aggregation ex vitro, 
and prolonged the thrombus occlusion time in an electrical current-stimulated carotid thrombosis model in rats.  
Preliminary findings similarly revealed that HNK specifically inhibited collagen-stimulated washed human platelet 
aggregation. Despite the crucial role of platelets in the development of cardiovascular diseases, detailed data on 
the characteristics and functional activity of HNK in platelet activation are relatively scant.

It has been shown that anti-β1-adrenergic receptor autobodies (β1-AAB) are significantly distributed in the sera of 
patients with dilated cardiomyopathy and ischemic cardiomyopathy.17, 18 Binding of specific autoantibodies can 
lead to increased pulsatility and atrial contractility and activation of the Ca2+ channels.19 Previous studies have 
demonstrated that the long-term existence of β1-AAB causes cardiac function impairments.17, 20 Cardiomyocyte 
death is one of the major factors causing heart dysfunction.21 β1-AAB induces the death of adult rat ventricular 
myocytes in vitro, which may be related to cardiomyocyte apoptosis.22 It has been shown that β1-AAB and its 
agonist isoproterenol decrease autophagy and are critical for the maintenance of cardiomyocyte homeostasis.23  
Thus, β1-AAB can be used to establish a rat model of myocardial dysfunction.
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Figure 1. HNK attenuates I/R-induced myocardial necrosis. 
Infarct size was expressed as a percentage of area at risk 
mass (n = 5). Figures 3A-F. HNK blocks induction of cardiac 

hypertrophic response in vivo. (a) Heart weight 
body weight (HW/BW) ratio of control (Ct), 
TAC (transverse aortic constriction) and TAC mice 
treated with HNK, mean ± s.e., n = 8–10 mice. 
(b) Expression levels of collagen-1, β-MHC and
ANF mRNA in different groups of mice, mean ±
s.e., n = 8–10 mice, *P < 0.01 compared with
TAC alone. (c) Top panel, sections of hearts stained
with Masson’s trichrome to detect fibrosis (blue);
scale bars, 20 μm; bottom panel, heart sections
stained with wheat germ agglutinin (WGA) to
demarcate cell boundaries, scale bars, 10 μm.
(d,e) Quantification of cardiac fibrosis and myocyte
cross-sectional area in different groups of mice.
Mean ± s.e., n = 5 mice. For the panels a,b,d
and e, ANOVA was applied to calculate the P
value. (f) Heart lysate of different groups of mice
was subjected to immunoblotting using indicated
antibodies. Results of two mice in each group are
shown.

Figures 2. Histopathological changes in rat cardiac tissue (hematoxylin and eosin, 
x400). The sham and sham-HNK groups showed normal tissue structure; the I/R 
group showed widespread myocardial structure disorder, perivascular edema, and 
neutrophil infiltration; I/R-HNK showed mild structural damage and interstitial edema. 

Honokiol blocks and reverses cardiac hypertrophy in mice by activating mitochondrial Sirt325 

The ability of HNK to prevent the development of cardiac hypertrophy in vivo was tested.  Mice were subjected to 
transverse aortic constriction (TAC) for 28 days. The second day after surgery, HNK treatment was started, and it 
was maintained throughout the study.  TAC induction in control mice resulted in cardiac hypertrophy as estimated 
by heart weight to body weight ratio (HW/BW) (Fig. 3A). This was associated with increased ventricular wall 
thickness and activation of the fetal gene program. These changes were markedly reduced in HNK-treated mice 
(Fig. 3B). HNK treatment also reduced TAC-induced accumulation of fibrosis in the interstitial space, and an 
increase in cardiomyocyte size (Fig. 3C-E). Sirt3 levels and its activity were also tested in mice that underwent 
TAC.  Sirt3 levels were markedly reduced in mice subjected to TAC but were maintained to control levels in  
HNK-treated mice (Fig. 3F). This increase in Sirt3 levels also correlated with the acetylation status of MnSOD. 
MnSOD was hyperacetylated in mice subjected to TAC, whereas HNK treatment restored it to control levels  
(Fig. 3F). These results suggested that HNK is also capable of activating Sirt3 and blocking the cardiac hypertrophic 
response in vivo.

Selected Research Review 

Honokiol protects rat hearts against myocardial ischemia-reperfusion injury by reducing oxidative stress and 
inflammation24

Following 2-h reperfusion, HNK treatment significantly reduced myocardial infarct size compared with that in the 
I/R group (Fig. 1). No histological lesions were observed in the sham or sham-HNK groups. In the I/R group, there 
was evident structural disorder, perivascular edema, and neutrophil infiltration. However, HNK treatment markedly 
suppressed the I/R-induced myocardial injury and neutrophil infiltration (Fig. 2). 
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Honokiol as a specific collagen receptor glycoprotein VI antagonist on human platelets: 
Functional ex vivo and in vivo studies27 

In this study, the ex vivo shear-induced platelet plug formation in whole human blood was tested. The PFA-
100 instrument was used to mimic the in vivo conditions of blood vessel injury in humans, in whom platelets 
are exposed to a high shear rate. Treatment with HNK or caffeic acid phenethyl ester (CAPE), which has 
been evidenced as a specific antagonist of collagen receptors,28 significantly increased the closure time of 
collagen/epinephrine (CEPI) (Fig. 5A). Furthermore, the effect of HNK on thrombus formation in mice was 
investigated. When HNK was administered after pretreatment with fluorescein sodium, the occlusion times 
were significantly prolonged compared with those of the dimethyl sulfoxide (DMSO)-treated controls (Fig. 5B). 
The thrombotic platelet plug was observed in the mesenteric microvessels at 150 s, but not at 5 s, following 
irradiation in the DMSO-treated group (Fig. 5Ca/b). After the administration of HNK, platelet plug formation 
was not observed at either 5 or 150 s after irradiation (Fig. 5Cc/d). The blood flow rate of the DMSO-treated 
venule was lower than that of the HNK-treated venule because the platelet plug appeared at 150 s (Fig. 5Cb).

Knowing that HNK possesses anti-hypertrophic activity, it was next investigated whether HNK can reverse  
pre-existing (post-banding) cardiac hypertrophy, which is a more clinically relevant situation. Mice were subjected to 
aortic banding to develop hypertrophy for four months.  Once the hypertrophy was established, they were treated with 
HNK for 28 days. As shown in Figure 4A, HNK treatment significantly reduced the HW/BW ratio in mice subjected 
to TAC. Consistent with this, HNK treatment also decreased the ventricular wall thickness and improved the fractional 
shortening following TAC, compared with untreated mice (Fig. 4B,C). Also, HNK treatment significantly reduced the 
accumulation of interstitial fibrosis and activation of the fetal gene program (Fig. 4D-F). After this, there was analysis 
of the effect of HNK on the signaling program that is known to be activated during hypertrophy.  Increased Akt 
activation is known to induce cardiac hypertrophy in response to a variety of stresses.26 The role of HNK in regulating 
Akt signaling was therefore examined. Increased phosphorylation of Akt was observed in banded mice, and HNK 
treatment helped to maintain it to control levels. Consistent with Akt, ERK1/2 was also activated in TAC mice, and 
HNK was capable of blocking its activation. Per this, there was increased phosphorylation of S6 ribosomal protein 
in TAC mice, whereas HNK treatment restored it to normal levels, thus suggesting that HNK negatively regulated the 
cardiac hypertrophic response by controlling the Akt signaling pathway (Fig. 4G). Together, these data indicated that 
HNK treatment is capable of blocking both the induction and progression of cardiac hypertrophy.

Figures 4A-G. HNK attenuates pre-established cardiac 
hypertrophy in mice. (a) Mice were subjected to TAC 
for 4 months and then treated with HNK for 28 days. 
Bar diagram shows HW/BW ratio of control, TAC, 
TAC mice treated with HNK and HNK alone, mean ± 
s.e., n = 5–8 mice; ANOVA. (b,c) Echocardiographic
measurements of ejection fraction and fractional
shortening in control, TAC, TAC treated with HNK,
and HNK alone mice. For panels a–c, mean ± s.e.,
n = 5–8 mice; ANOVA was applied to calculate
the P-value. (d) Top panel, whole heart of control,
TAC and TAC treated with HNK and HNK alone
mice; scale bars, 1 mm; middle panel, H & E-stained
sections of whole hearts of different groups of mice;
scale bars, 1 mm; bottom panel, sections of hearts
stained with Masson’s trichrome to detect fibrosis
(blue); scale bars, 20 μm. (e) Quantification of cardiac
fibrosis in different groups of mice, mean ± s.e., n
= 5–8 mice; ANOVA was applied to calculate the
P-value. (f) β-myosin heavy chain (MHC), collagen-1,
and ANF mRNA levels in the heart samples of control,
TAC alone, and TAC plus HNK and HNK alone
treated mice. (g) Heart lysates of different groups of
mice were subjected to immunoblotting with antibodies
as indicated. Results are shown for two animals of
each group.

Figures 5A-C. HNK on closure time determined through PFA-100 analysis and thrombotic platelet plug formation in the mesenteric venules of mice. 
(A) Shear-induced platelet plug formation in whole blood was determined according to closure time (CT). The CT of CEPI for whole blood was
recorded for the solvent control (0.5% DMSO), HNK (10 μM), or CAPE (50 μM). Data are presented as the means ± SEM (n = 6). **p < 0.01 and
***p < 0.001, compared with the solvent control group. (B) Mice were administered an intravenous bolus of the solvent control (0.5% DMSO)
or HNK (0.5 or 1.0 mg/kg), and the mesenteric venules were irradiated to induce microthrombus formation (occlusion time). Data are presented
as the means ± SEM (n = 6). **p < 0.01, compared with the 0.5% DMSO group. (C) Microscopic images (x400 magnification) of DMSO-treated
controls (a,b) and honokiol (1.0 mg/kg)-treated groups (c,d) were recorded at 5 s (a,c) and 150 s (b,d) after irradiation. The photographs are
representative examples of 6 similar experiments. The arrow indicates platelet plug formation.
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Honokiol Protects against Anti-β1-Adrenergic Receptor Autoantibody-Induced
Myocardial Dysfunction via Activation of Autophagy29 

To investigate the cardiac ventricular function, echocardiography was used to examine it at 12 h following 
injection with saline or β1-AR-ECII.30 As shown in Figure 6, the M-mode echocardiography evaluation showed 
that compared to the control group, significant suppression of cardiac ventricular contractility was observed 
in the group with β1-AR-ECII treatment (Fig. 6A, B). In contrast, treatment with HNK reversed the decrease of 
myocardial contraction, whereas there was no significant difference between the β1-AR-ECII treatment and 
β1-AR-ECII plus saline treatment groups (Fig. 6C,D).  

To examine the cardiac systolic and diastolic function, the following parameters were measured after active 
immunization: left ventricular systolic pressure (LVSP), left ventricular end-diastolic pressure (LVEDP), and 
maximal positive and negative values of the instantaneous first derivative of left ventricular pressure (+dP/
dtmax and -dP/dtmax). LVSP and +dP/dtmax represent systolic function. LVEDP and -dP/dtmax indicate 
diastolic function. Compared to the control group, the values of LVSP and +dP/dtmax were significantly 
reduced, and the values of LVEDP and -dP/dtmax increased in the β1-AAB-positive group (Fig. 7). HNK 
addition significantly reversed all these effects induced by β1-AAB, but there was no difference in the saline 
cotreatment group (Fig. 7).  These data indicate that the continuous immunization significantly inhibits cardiac 
ventricular contractility, but HNK-combined therapy ameliorates the suppression of ventricular contractility and 
reverses cardiac dysfunction.

Figures 6A-D. HNK ameliorated cardiac 
contractility suppressed by β1-AAB. 
Representative M-mode echocardiograms 
were obtained from the rats at 12 h after each 
treatment. (a) Saline treatment (control group); 
(b) β1-AR-ECII administration (β1-AAB group);
(c) β1-AR-ECII plus HNK administration (β1-
AAB + HNK group); and (d) β1-AR-ECII plus
saline administration (β1-AAB + vehicle group). 

Figures 7A-D. HNK protected cardiac systolic and diastolic function. Rats were randomly divided 
into the control group (saline treatment), β1-AAB group (β1-AR-ECII treatment), β1-AAB + HNK group 
(β1-AR-ECII plus HNK treatment), and β1-AAB + vehicle group (β1-AR-ECII plus saline treatment). LVSP 
(a), LVEDP (b), +dP/dtmax (c), and −dP/dtmax (d) were measured. In the β1-AAB group, LVSP and 
+dP/dtmax decreased and LVEDP and −dP/dtmax increased. These values changed in the opposite
direction in the β1-AAB + HNK group, whereas there was no difference in the β1-AAB + vehicle 
group. Data were expressed as mean ± SD (n = 12 per group). *P < 0.05 relative to the control
group. #P < 0.05 relative to the β1-AAB group.
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Summary 
HNK reduces myocardial infarct size following I/R, as well as I/R-induced myocardial injury 
and neutrophil infiltration.  I t also blocks and reverses cardiac hypertrophy by activating Sirt3. HNK 
additionally antagonizes thrombotic platelet plug formation and improves the blood flow rate. It also 

ameliorates the suppression of ventricular contractility and reverses cardiac dysfunction following β1-
AR-ECII treatment. These data indicate many cardioprotective effects with HNK. 
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