
―151―

Tokai J Exp Clin Med., Vol. 46, No. 3, pp. 151-161, 2021

Cardiovascular Protective Effects of Polyphenols Contained in Passion 
Fruit Seeds Namely Piceatannol and Scirpusin B: A Review

Yutaka MATSUMOTO*1 and Yumi KATANO*2

*1Faculty of Nursing, Tokai University School of Medicine 
*2Division of Theoretical Nursing and Pathophysiology, Yamagata University School of Medicine

(Received May 7, 2021; Accepted August 6, 2021)

Cardiovascular disease is a global health problem. According to the World Health Organization, ischemic 
heart disease was the leading cause of death globally in 2019, followed by stroke. The French paradox, which 
has been known since the early 1990s, describes the lower incidence of ischemic heart disease in French peo-
ple despite the consumption of a diet rich in saturated fatty acids. This phenomenon has been attributed to 
the high intake of red wine, which is rich in polyphenols, namely, resveratrol and piceatannol. It is becoming 
clear that scirpusin B, a dimer of piceatannol, has anti-atherosclerotic properties such as vasodilation, anti-
oxidant effects, and suppression of postprandial hyperglycemia; nonetheless, the effects of scirpusin B on 
the cardiovascular system have not been fully elucidated. This review aimed to describe the cardiovascular 
effects of piceatannol and scirpusin B on aortic and coronary artery dilation and cardiac function and to 
outline the cardiovascular effects of prostacyclin and nitric oxide, as these substances are involved in the 
vasodilatory effects exerted by these polyphenols.
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INTRODUCTION

Global Increase in Cardiovascular Disease (CVD) 
and the French Paradox

In recent years, atherosclerosis caused by the in-
creasing prevalence of dyslipidemia and diabetes has 
become a major issue in public health and preventive 
medicine. Vascular risk factors such as smoking, diabe-
tes, hypertension, and dyslipidemia increase the risk of 
atherosclerosis and a wide range of complications in-
cluding ischemic heart disease, cerebrovascular disease, 
atherosclerosis obliterans, and dementia [1-3]. Ischemic 
heart disease and cerebrovascular disease have been 
the major leading causes of death in Japan over the 
past 20 years. Heart disease replaced cerebrovascular 
disease as the second most common cause of death in 
Japan in 1985; the mortality rate from heart disease 
has continued to increase since then. Currently, heart 
disease accounts for approximately 15% of all deaths 
in Japan (Table 1). By contrast, according to the World 
Health Organization [4], ischemic heart disease was 
the leading cause of death worldwide in 2019 (approxi-
mately 8.9 million), which accounted for 16% of the to-
tal deaths. Since 2000, ischemic heart disease has been 
the largest contributor to the increase in deaths. Stroke 
is the second leading cause of death (approximately six 
million), followed by lower respiratory tract infections 
(approximately three million). Atherosclerosis, which 
is a risk factor for ischemic heart disease and stroke, 

continues to be a major health challenge worldwide.
In France, the incidence of ischemic heart disease 

is low despite a diet rich in saturated fatty acids, as 
opposed to other developed countries with a similar 
diet; this phenomenon was reported in 1992 and was 
termed the “French paradox” [5]. This epidemiological 
paradox has been linked to the high consumption 
of red wine; the latter has been associated with a 
lower incidence of myocardial infarction in France 
by approximately 40% compared with that in other 
European countries [5]. The French paradox has been 
attributed to the inhibitory effect of polyphenolic 
antioxidants, such as resveratrol, which are present in 
red wine, on cardiovascular events [6]. While oxidative 
stress, which causes dysfunction of vascular endothelial 
cells, is associated with the development of athero-
sclerosis and CVD [7], polyphenols exhibit various 
anti-atherosclerotic effects such as the inhibition of 
platelet aggregation [8], improvement in endothelial 
function [9], and inhibition of low-density lipoprotein 
oxidation. This topic remains debatable 30 years after 
the French paradox was first reported; nonetheless, 
considerable evidence-based data support the idea 
that trace components of wine can exert a powerful 
cardioprotective effect [10]. This review aimed to focus 
on the polyphenols that can be extracted from passion 
fruit seeds namely, piceatannol and scirpusin B, and 
outline the cardioprotective effects of these compounds 
and the mechanisms through which they exert those 
effects.
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The French Paradox Reveals the Cardiovascular 
Benefits of Polyphenols

In general, polyphenols are recognized as im-
portant antioxidants that are found in many plants. 
Resveratrol, which is thought to play an important role 
in the French paradox, is a polyphenol that is found in 
grapes and red wine [11]. Resveratrol is a phytoalexin 
that is produced by seed plants in response to exter-
nal stimuli such as a fungal infection or an injury. 
Phytoalexins are secondary metabolites with antimi-
crobial activity that accumulate at the site of infection, 
are generally undetectable in the plant body before 
infection, and are rapidly synthesized when the plant 
is attacked by microorganisms. Resveratrol is found in 
red wine, grapes, mulberries, passion fruits [12], and 
peanuts [13]. Biological activities of resveratrol against 
CVD include anti-inflammation [10, 14], suppression 
of the ICAM-1 gene expression [15], antioxidation [16, 
17], inhibition of vascular smooth muscle cell prolifer-
ation [18, 19], enhancement of endothelial nitric oxide 
synthase (eNOS) activity [20, 21], inhibition of platelet 
aggregation [22], suppression of postprandial hypergly-
cemia [23], and promotion of vasodilation [20, 24].

Piceatannol (3,4,3’,5’-tetrahydroxy-trans-stilbe-
ne), which is an analog of resveratrol (3,4,5-trihy-
droxy-trans-stilbene) (Fig. 1), has been reported to 
have the following effects: antioxidation [25, 26], 
anti-inflammation [14, 27-29], inhibition of smooth 
muscle cell proliferation [30], anti-arrhythmia [31], 
anticancer [32, 33], anti-melanin generation [12, 25], 
stimulation of collagen synthesis [12], inhibition of 
a-amylase activity in mouse plasma [34], enhanced 
expression of eNOS as manifested by increased levels 
of eNOS mRNA and protein [35], suppression of post-
prandial hyperglycemia [23], increased fat oxidation 
[36], inhibition of androgen synthesis and androgen 
receptor activation [37], and alleviation of endoplas-
mic reticulum stress [38]. In addition, piceatannol 
has been reported to have beneficial effects on many 
pathological conditions including behavioral disorders 
and brain injury in an aging mouse model [39], 
Streptococcus suis infection [40], cytomegalovirus infec-
tion [41], ischemic heart disease [42], arrhythmias, neu-
rodegenerative diseases, diabetes [43-45], liver fibrosis 
[46], benign prostatic hypertrophy [38], obesity [47], 
obesity-related early-stage nephropathy [48], angiogen-
esis-related disease [49], and dry skin [50]. However, in 
many cases, the anti-inflammatory and antioxidative 
effects of piceatannol are involved in the underlying 
mechanisms. Thus, both resveratrol and piceatannol 
exert inhibitory effects on atherosclerosis; however, 
piceatannol has been reported to be more effective in 
improving the vascular endothelial dysfunction caused 
by oxidative stress [51].

As shown in Table 2, piceatannol is abundantly 
present in passion fruit seeds [12]. In addition to 
piceatannol, scirpusin B is another polyphenol that 
is abundant in passion fruit seeds [52]. Resveratrol, 
piceatannol, and scirpusin B are all stilbene derivatives. 
As shown in Fig. 1, scirpusin B is a dimer of piceat-
annol and has been shown to exert various biological 
actions such as vasodilation [52], superoxide anion 
removal [53], inhibition of postprandial hyperglycemia 
[34], inhibition of a-amylase activity [34], protection of 
neurons from neurotoxins [54], anti-amyloid-b aggre-
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gation effect [54], and anti-human immunodeficiency 
virus activity [55]. Furthermore, scirpusin B has been 
reported to have stronger antioxidative effect and 
stronger nitric oxide (NO)-mediated vasodilation than 
piceatannol [52]. These findings suggest that piceatan-
nol and scirpusin B (a dimer of piceatannol), which 
are both analogs of resveratrol, may be useful in the 
prevention of cardiovascular events.

T h e  Nu m b e r  o f  P u b l i c a t i o n s  R e l a t e d  to 
Resveratrol, Piceatannol, and Scirpusin B in 
PubMed

Figure 2 shows the results of a PubMed search per-
formed using the keywords “resveratrol,” “piceatannol,” 
and “scirpusin B” to examine the trends in the research 
on stilbene derivatives. The annual number of papers 
published on resveratrol began to increase rapidly 

around 1998, and at present, nearly 1,400 papers are 
published annually. While the number of publications 
regarding piceatannol started to increase around the 
same time as that on resveratrol, the current annual 
number of publications has remained 50-60 (Fig. 2). 
The number of papers published on scirpusin B is 
even lower, with 0-2 papers per year and only nine pa-
pers over 15 years from 2005 to 2020. Thus, although 
resveratrol is well documented in the literature, the 
cardiovascular effects of piceatannol and scirpusin B 
have remained largely unexplored.

CARDIOVASCULAR EFFECTS OF PICEATANNOL 
AND SCIRPUSIN B

The information provided in this section is mainly 
based on the data obtained from our laboratory, as a 
limited number of studies have been performed on the 

Fig. 1 Chemical structure of stilbene derivatives.
 Stilbene derivatives are a type of polyphenol found in plants. When plants are attacked by micro-

organisms, stilbene derivatives are rapidly produced and act as antimicrobial active substances. 
Piceatannol is a more active resveratrol analog due to the presence of additional hydroxyl group at 3’ 
position, and scirpusin B is a dimer of piceatannol.

Fig. 2 Annual trend of the number of publications regarding resvera-
trol, piceatannol, and scirpusin B in PubMed.

 The figure shows the number of hits when the three stilbene 
derivatives were searched on PubMed using the words “resvera-
trol,” “piceatannol,” and “scirpusin B.” The number of published 
papers on resveratrol increased rapidly from around 1998, while 
the number of papers on piceatannol has remained constant 
at 50-60 in recent years. The number of published papers on 
scirpusin B is very low (0-2 papers per year) that it cannot be 
identified on the graph, and data labels are not shown. The total 
number of publications on scirpusin B per year includes one 
article per year in 2005, 2006, 2011, 2013, 2017, 2019, and 2020 
and two articles in 2016.
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topic.

Effects of Piceatannol and Scirpusin B on the 
Aorta

When intact rat thoracic aortic endothelial speci-
mens were suspended in an organ bath and cumu-
lative doses (1-30 nM) of piceatannol and scirpusin 
B were administered, weak vasoconstrictor effects at 
low concentrations (1-10 nM) and strong vasodilator 
effects at higher concentrations (30 nM) were observed 
with both drugs [52]. Scirpusin B exerted a weaker 
vasoconstrictor effect than piceatannol at low con-
centrations and a stronger vasodilator effect at high 
concentrations. The administration of the NOS inhib-
itor, NG-nitro-L-arginine methyl ester hydrochloride 
(L-NAME), significantly attenuated the vasodilatory 
effect. Therefore, dilation of the aorta by piceatannol 
and scirpusin B is thought to be mediated by NO.

Effects of Piceatannol and Scirpusin B on the 
Coronary Arteries

The Langendorff technique of heart perfusion was 
used to measure the direct effects of piceatannol and 
scirpusin B on the heart. The Langendorff technique 
is a classic experimental technique in which a cannula 
is inserted into the aorta of the removed heart, and the 
heart is perfused through the coronary arteries. The 
advantage of this technique is its ability to evaluate the 
direct effects of drugs on the heart while excluding the 
effects of bioactive substances derived from the auto-
nomic nervous system and other organs. Therefore, it 
allows for a multifaceted evaluation of cardiac func-
tion [56]. The experiments showed that a single dose of 
piceatannol (100 nM) did not significantly increase the 
perfusion of the heart through rat coronary arteries; 
however, a continuous infusion of piceatannol (final 
concentration 30 nM) into rat coronary arteries in-
creased the coronary perfusion to approximately 120% 
after 10 min, compared with 100% before the infusion 
[57]. When the coronary perfusion rate was 10 mL/
min, the final concentration of 0.1 mL of a solution 
of 100 nM of the drug administered over 10 s was 
approximately 5.64 nM. With the continuous infusion 
of piceatannol, a significant increase in coronary per-
fusion began 1 min after the start of the infusion [57]. 
Based on the above, two possible reasons have been 
formulated to account for the fact that a single dose of 
piceatannol did not increase the coronary perfusion: 
(1) a single dose with a concentration of 100 nM might 
have diluted the drug to a concentration below that at 
which it could exert its effect in the perfusion circuit, 
and (2) it might have taken some time (in the order 
of several tens of seconds) for piceatannol to exert its 
dilating effect on the coronary arteries.

By contrast, a single dose of scirpusin B (100 nM) 
injected into the rat coronary arteries increased coro-
nary perfusion to approximately 108% compared with 
a pre-dose perfusion of 100% [58]. In addition, the 
dilating effect of scirpusin B on the coronary arteries 
was dependent on the concentration; with the admin-
istration of single doses of ≥ 30 nM, the coronary 
arteries were significantly dilated. To investigate the 
mechanism underlying dilation of the coronary ar-
teries with a single dose of scirpusin B, L-NAME was 
used as an NOS inhibitor and diclofenac as a cycloox-

ygenase (COX) inhibitor. As a result, the dilating effect 
of scirpusin B on the coronary arteries in the L-NAME 
pretreatment group and the diclofenac pretreatment 
group was significantly weakened compared with the 
scirpusin B monotherapy group. These findings sug-
gest that the vasodilatory effect of scirpusin B may be 
mediated by the release of NO and prostacyclin (PGI2). 
At present, few studies have reported the direct effects 
of scirpusin B and piceatannol on the heart using 
Langendorff’s technique of heart perfusion. Therefore, 
further studies are needed on this topic.

Effects of Piceatannol and Scirpusin B on Cardiac 
Function

Piceatannol and scirpusin B do not exert an effect 
on heart rate (HR), left ventricular pressure, and its 
first derivative (dP/dt) [58]. Continuous administration 
of piceatannol and single-dose administration of 
scirpusin B increased the coronary perfusion without 
increasing the myocardial oxygen demand. The heart 
requires a large amount of oxygen, and the oxygen 
uptake rate in the coronary circulation is extremely 
high (approximately 75%) compared with the oxygen 
uptake rate in other organs (approximately 25%). The 
normal partial pressure of oxygen (PaO2) in humans 
is 80-100 mmHg, whereas the PaO2 in the coronary 
sinuses, which collect blood from the coronary cir-
culation, is approximately 20 mmHg. Therefore, it is 
difficult to further increase the oxygen uptake rate of 
the myocardium during the increased oxygen demand 
associated with elevated heart rate during exercise, and 
hence the myocardial oxygen demand and supply are 
balanced by the dilation of the coronary arteries to 
increase the coronary perfusion.

In ischemic heart disease, the oxygen supply to the 
myocardium does not meet the oxygen demand. The 
fact that piceatannol and scirpusin B dilate the coro-
nary arteries without increasing oxygen consumption 
suggests that these drugs may have a protective effect 
against ischemic heart disease. Table 3 describes the 
direct effects of piceatannol and scirpusin B on the 
cardiovascular system and their various protective 
effects against atherosclerosis. Since the aorta and 
coronary arteries are considered to have different prop-
erties as blood vessels, Table 3 describes the effects of 
piceatannol and scirpusin B on the aorta and coronary 
arteries separately. A study reported a difference in the 
development of atherosclerosis between the coronary 
arteries and the aorta [59]. Moreover, NO plays a ma-
jor role in the regulation of vascular tonus of relatively 
large vessels, and PGI2 has been reported to exert its 
effects somewhat uniformly on both large vessels and 
microvessels [60-62].

Cardioprotective Effects of Piceatannol and 
Scirpusin B

Thrombolytic therapy for cardiac disease can cause 
reperfusion arrhythmias, transient mechanical dys-
function, and cell death when oxygenated blood flows 
into the ischemic region [63, 64]. Overproduction of 
reactive oxygen species (ROS) [65] and overload or 
redistribution of intracellular calcium [66] have been 
proposed as mechanisms by which these tissue injuries 
occur. The preinfusion of piceatannol dramatically 
reduced the incidence and duration of reperfusion-in-
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duced arrhythmias (ventricular tachycardia and ven-
tricular fibrillation) and reduced the cardiac infarct 
size from 44.4 ±  4.1% to 19.1 ±  2.4% in the rat hearts 
after ischemia/reperfusion [42].

In the piceatannol group, there was a significant im-
provement in left ventricular pressure, but no effects 
on heart rate, coronary flow, and the first derivative of 
left ventricular pressure [57]. Resveratrol is also an an-
tioxidant present in red wine [16, 17], and it has been 
reported that preinfusion of resveratrol can effectively 
prevent reperfusion-induced arrhythmias and mortality 
[63]. Similar studies have not been conducted on the 
effects of scirpusin B, and future studies are needed. 
Moreover, the concept that ROS plays a role in the 
pathogenesis of myocardial ischemia and myocardial 
infarction has been proposed, and antioxidants such 
as polyphenols present in foods may be beneficial in 
the prevention of these diseases [67, 68].

ROLE OF NO AND PGI2 IN THE CARDIOVASCULAR 
SYSTEM

Endothelial cells secrete various vasoactive sub-
stances including PGI2, NO, endothelium-derived 
hyperpolarizing factor, protein C, protein S, tissue 
plasminogen activator, thromboxane, and endothelin; 
these substances contribute to the maintenance of the 
physiological state of the circulatory system through the 
regulation of vascular tonus and their antithrombotic 
effects [2, 61, 69-71]. In addition, in vivo experiments 
have demonstrated that atrial natriuretic peptide plays 
an important role in the regulation of coronary flow 
[72]. Endothelial dysfunction is characterized by the 
decreased production of vasodilators such as PGI2 and 
NO. Therefore, endothelial dysfunction is associated 
with cardiovascular events [73].

The effects of PGI2 and NO on the cardiovascular 
system are summarized in Table 4. PGI2 is known to 
mobilize vascular endothelial progenitor cells from 
the bone marrow to the bloodstream and to the site of 
ischemic injury. The non-cardiovascular effects of NO 
include synaptic transmission in the brain [74], dilation 
of gastrointestinal smooth muscle [75], sterilization 
when produced by macrophages and neutrophils [76, 
77], neural plasticity (learning and memory) [74], and 
cell apoptosis [78, 79]. Although further investigation 
is needed, the vasodilatory effects of piceatannol and 
scirpusin B are thought to be mediated by PGI2 and 
NO, as mentioned above. A comparison of the effects 
of piceatannol and scirpusin B (Table 3) with those of 
PGI2 and NO on the cardiovascular system (Table 4) 
led to the conclusion that the anti-atherosclerotic effects 
including vasodilation, anti-inflammation, and inhibi-
tion of smooth muscle cell proliferation were consistent 
between the two substances. This finding supports the 
fact that piceatannol and scirpusin B exert their effects 
via PGI2 and NO. Furthermore, piceatannol and scir-
pusin B have been reported to have antioxidative ef-
fects [52]. Since a relationship exists between oxidative 
stress and development of atherosclerosis [80-82], these 
polyphenols with antioxidative effects where suggested 
to have anti-atherosclerotic effects. Hence, piceatannol 
and scirpusin B may inhibit cardiovascular events such 
as ischemic heart disease in the presence of preserved 
endothelial cell function.

The administration of NOS inhibitors to animals 
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and humans causes vasoconstriction and a marked 
increase in blood pressure [83]. This implies that the 
sustained release of NO is essential in the mainte-
nance of normal blood pressure. In the Langendorff-
perfused heart, continuous administration of an NOS 
inhibitor (L-NAME) caused a sustained decrease in 
coronary perfusion. This could be attributed to the 
inhibition of NO production by L-NAME, which 
results in a reduction in the vascular smooth muscle 
relaxation of the coronary arteries. By contrast, contin-
uous administration of a COX inhibitor (diclofenac) in 
Langendorff-perfused hearts did not reduce coronary 
perfusion. This finding may appear contradictory 
since COX inhibitors suppress the production of PGI2; 
however, experiments performed on PGI2 receptor 
(IP receptor) knockout mice might enable us to un-
derstand the reasons behind such a finding. A study 
reported that IP-deficient mice develop normally and 
show no change in bleeding time or blood pressure [84]. 
This suggests that the effects of PGI2 on platelets and 
vascular smooth muscle are not exerted under normal 
conditions; instead, PGI2 is involved in the regulation 
of platelet function and local organ blood flow during 
various pathological conditions [84]. Regarding the 
regulation of vascular tonus, NO acts on large vessels, 
and PGI2 acts on vessels of both large and small cali-
ber [60]. Furthermore, the crosstalk between NO and 
PGI2 [85] and the actions of other bioactive substances 
are intricately intertwined to maintain blood circula-
tion in vivo.

CONTENT OF PICEATANNOL AND SCIRPUSIN 
B IN FOODS AND BEVERAGES

The human body can obtain piceatannol through 
two routes: the metabolism of resveratrol by CYP1A2 
to piceatannol and the ingestion of piceatannol from 
food [87-90]. In addition to both red wine and grapes, 
passion fruit (Passiflora edulis), highbush blueberry, 
deerberry, and peanuts are known to contain piceat-
annol [89-91]. The amount of piceatannol in passion 
fruit is approximately 50 times higher than that in 
grapes [12, 92], and approximately 88% of the total 
polyphenols (by weight) in passion fruit are found in 
its seeds [12]. The most important sources of piceat-
annol in the human diet are grapes and wine [90]. 
Piceatannol is produced by the action of bacterial 
b-glucosidase during grape ripening and during the 
fermentation process [93].

Resveratrol in grapes is reported to be 3.18 ng/
g, while piceatannol in grapes is about a quarter of 
that, 0.78 ng/g [94]. Alternately, the concentration of 

trans-resveratrol in wine ranges from 0.63–3.39 mg/L, 
cis-resveratrol from 0.48-4.93 mg/L, and trans-piceat-
annol is 0.54-5.22 mg/L [90]. There is limited infor-
mation on the piceatannol content in foods; the search 
results are summarized in Table 4. At present, there 
are few studies scirpusin B (Fig. 2), and the scirpusin B 
content in foods and the oral pharmacokinetic profiles 
are unknown.

C L I N IC A L  S T U D I E S  T H AT  E X A M I N E D 
R E L AT IONS H I P BE T W E E N I N TA K E OF 
PICE ATA NNOL A ND SCI R PUSIN B A ND 
INCIDENCE OF CVD

Currently, the oral dosage of piceatannol and 
scirpusin B necessary to prevent the development of 
CVD is unknown. The vasodilatory effects of piceat-
annol and scirpusin B are shown in Table 2, but the 
coronary artery dilatation observed in Langendorff 
perfused hearts was transient. Therefore, the an-
ti-atherosclerotic effect of these polyphenols may be 
more important than its vasodilator effect in terms of 
prevention of CVD by oral intake. Presently, there are 
very few studies on scirpusin B, and no clinical studies 
have been reported. On the other hand, two clinical 
studies of piceatannol have been reported. In the first 
report, oral administration (20 mg/day for 8 weeks) 
of piceatannol, which was purified from passion fruit 
seed extract (purity 81.4%) improved insulin sensitivity 
and blood pressure in overweight men [97]. In the 
second report, the effects of oral administration of 
passion fruit seed extract (5 mg/day of piceatannol 
for 8 weeks) on dry skin showed improvements after 4 
weeks, with the effects maintained at 8 weeks [50].

The effective dose of piceatannol for humans can 
be deduced from a previously reported research paper 
on resveratrol. Many clinical studies conducted on 
resveratrol in overweight and obese individuals have 
reported an improvement in risk factors for CVD 
such as systolic blood pressure, total cholesterol, and 
fasting glucose when the dose of resveratrol was 300 
mg or more per day [98, 99]. On the other hand, the 
antioxidant effects and bioavailability of piceatannol 
have been reported to be superior to resveratrol [100]. 
The estimated oral bioavailability of resveratrol in 
humans has been reported to be less than 1.0% [101]. 
Besides, the bioavailability of piceatannol in humans is 
unknown, but animal studies have shown that piceat-
annol has much more effective oral bioavailability of 
more than 1% [49, 102]. As reference data, in a study 
where piceatannol was orally administered to rats at 
200 ml/kg, the maximal plasma concentration and 

Table 3 Effects of prostacyclin (PGI2) and nitric oxide (NO) on the cardiovascular system [61, 74, 89].
Effects on the cardiovascular system

PGI2

Vasodilation
NO production from vascular endothelial cells
Inhibition of leukocyte adhesion
Inhibition of smooth muscle cell migration and proliferation
Protection of vascular endothelium
Promotion of cholesterol esterase activity

Inhibition of platelet aggregation
Inhibition of pro-inflammatory cytokine production
Inhibition of neutrophil migration
Inhibition of PDGF production
Myocardial protection against ischemic injury
Inhibition of superoxide anion production

NO

Vasodilation
Increased production of PGI2 from vascular endothelial cells
Inhibition of leukocyte adhesion
Inhibition of blood coagulation
Involved in vascular reconstruction and angiogenesis

Inhibition of platelet aggregation
Inhibition of pro-inflammatory cytokine production
Inhibition of LDL oxidation
Inhibition of angiotensin II action

PDGF, platelet-derived growth factor; LDL, low density lipoprotein.
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mean residence time of piceatannol after oral admin-
istration were 2.34 ±  2.04 nM and 117 ±  53 min, 
respectively; however, its bioavailability (F =  6.99% 
±  2.97) was low [103]. The potential mechanism by 
which piceatannol exerts its superior antioxidant activi-
ty compared to resveratrol and its anti-apoptotic effects 
is via the nuclear factor erythroid 2-related factor 2/
heme oxygenase-1 in addition to the sirtuin 1-depen-
dent pathway [100]. Several reports have shown the 
superior efficacy of piceatannol as compared to resver-
atrol in inhibiting COX-2 activity, NF-lB activity, and 
cytokine production (TNF-a, IL-1b) [14].

In summary, oral intake of piceatannol in the order 
of 100 mg/day may reduce the risk factors for CVD. 
However, as shown in Table 4, it is difficult to obtain 
such high quantities of piceatannol from a single 
source of food. If we assume that the piceatannol con-
tent in red wine is 300 ng/mL (Table 4), drinking 400 
mL would provide 120 mg of piceatannol, but in the 
long term, ethanol will pose adverse health risks. Foods 

also contain other polyphenols, such as resveratrol, and 
a practical approach for optimal polyphenol intake 
is needed to prevent the development of CVD. Since 
passion fruit seeds are rich in piceatannol, it would be 
possible to extract piceatannol from the seeds and use 
it as a supplement. It has been pointed out that the low 
water solubility and bioavailability of piceatannol may 
limit its use in the pharmaceutical and food industries 
[104], and further research is needed for its application 
in dietary supplements.

CONCLUSION

In the 19th century, William Osler, who described 
the Osler’s node, stated, “A man is as old as his arter-
ies.” In the 21st century, the fact that ischemic heart 
disease and cerebrovascular disease are the leading 
causes of death in many countries supports the 
statement made by Dr. Osler. Based on our findings, 
a modern interpretation of the statement would be, 

Table 4 Piceatannol content of selected beverages, juices, and fruits, based on published papers.
Sample Ref. Concentration

Black tea 1 [95] 14 ± 1 [ ng/g ]
Black tea 2 [95] 53 ± 6 [ ng/g ]
Red tea 1 [95] 34 ± 2 [ ng/g ]
Red tea 2 [95] 40 ± 3 [ ng/g ]
Green tea 1 [95] 53 ± 3 [ ng/g ]
Green tea 2 [95] 14 ± 2 [ ng/g ]
Breakfast tea [95] 36 ± 3 [ ng/g ]
Ceylon tea [95] 49 ± 4 [ ng/g ]
Lime blossom [95] 68 ± 2 [ ng/g ]
Camomile [95] 11 ± 0.2 [ ng/g ]
Black tea drink [95] 48 ± 1 [ ng/mL ]
Peach flavor tea drink [95] 23 ± 2 [ ng/mL ]
Apple juice [95] 15 ± 3 [ ng/mL ]
Peach/grape juice [95] 36 ± 5 [ ng/mL ]
Peach juice [95] 14 ± 4 [ ng/mL ]
Apple [95] ND [ ng/g ]
Pear [95] ND [ ng/g ]
Grape [92] 520 [ ng/g ]
Red grape [95] 376 ± 16 [ ng/g ]
White grape [95] 43 ± 5 [ ng/g ]
Deerberry [91] 195 [ ng/g dry sample ]
Deerberry [91] 138 [ ng/g dry sample ]
Highbush blueberry [91] 186 [ ng/g dry sample ]
Highbush blueberry [91] 422 [ ng/g dry sample ]
White wine 1 [96] 37 ± 1 [ ng/mL ]
White wine 2 [96] 96 ± 18 [ ng/mL ]
White wine 3 [96] 32 ± 3 [ ng/mL ]
White wine 4 [96] ND [ ng/mL ]
White wine 5 [96] ND [ ng/mL ]
White wine 6 [96] 37 ± 6 [ ng/mL ]
Red wine 1 [96] 595 ± 92 [ ng/mL ]
Red wine 2 [96] ND [ ng/mL ]
Red wine 3 [96] 111 ± 8 [ ng/mL ]
Red wine 4 [96] ND [ ng/mL ]
Red wine 5 [96] 388 ± 17 [ ng/mL ]
Red wine 6 [96] 166 ± 60 [ ng/mL ]
Red wine 7 [96] 271 ± 26 [ ng/mL ]
Red wine 8 [96] 215 ± 21 [ ng/mL ]
Red wine 9 [96] 378 ± 36 [ ng/mL ]
Passion fruits seed [12] 4,800　* [ ng/g dry sample ]

ND: not detected
*　It translates to 2,200 ng/g in raw passion fruit seed.
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“A man is as old as his vascular endothelium.” The 
vascular endothelium is not simply the lining of blood 
vessels, but it also plays an important role in blood 
circulation through the production of biologically 
active substances with anti-thrombotic and vasodilatory 
properties, such as NO and PGI2. The plasma levels 
of NO are considered a major indicator of endothelial 
function.

This review focused on the polyphenols that can be 
extracted from passion fruit seeds namely, piceatannol 
and scirpusin B. Unfortunately, the number of pub-
lished papers on scirpusin B is very low (Fig. 2), there-
fore the cardioprotective effects of scirpusin B is not 
fully elucidated. On the other hand, piceatannol has 
anti-inflammatory and antioxidative effects and has 
been reported to have potential beneficial effects on 
many pathological conditions such as cancer, ischemic 
heart disease, arrhythmia, neurodegenerative diseases, 
diabetes, liver fibrosis, benign prostatic hypertrophy, 
and obesity-related early-stage nephropathy. Since most 
of the experimental results were obtained in cells and 
rodents, further research is needed for validation in 
humans. Nonetheless, since passion fruit seeds are 
rich in piceatannol (Table 4), it is worthwhile to utilize 
the piceatannol present in passion fruit seeds instead 
of discarding those seeds. Furthermore, it has been 
reported that modifications such as prenylation and 
methylation are useful for increasing the bioavailabil-
ity of piceatannol [89], and further research in this 
direction is needed. An efficient method for extracting 
piceatannol and scirpusin B from passion fruit seeds 
has been described [105], and it is hoped that an 
efficient and low-cost extraction method will be widely 
available in the future.

Increasing the intake of polyphenols as an isolated 
measure to completely suppress atherosclerosis is 
challenging due to population aging and changing 
dietary and lifestyle habits. However, previous studies 
[3, 70] have shown that regular exercise and a healthy 
diet can inhibit the development of atherosclerosis to 
a considerable extent. We hope that further research 
on polyphenols such as piceatannol and scirpusin B, 
which are expected to be studied in detail, will lead to 
a healthier population with a longer life expectancy.
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