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INTRODUCTION

In plants, there are a lot of phytochemicals which contain many
minerals and plenty nonsoluble dictary fibers to produce various
physiological functions. Phytochemicals are in general classified
by alkaloids, flavonoids, terpenoids, carotenoids polyketides, and
phenylpropanoids. They exert anti-oxidative stress action [1],
radical scavenging activity [2,3], antibacterial actions [4],
and cardio-and neuro-vascular actions [5,6]. Moreover, the
anti-ageing effects [7] and the improvement of poor blood
circulation [8,9] have also been reported.

Herbal medicine is also composed of many herbs (from
several to more than 10 constituents) and possesses plenty
phytochemicals in each herb of the formulations for various
clinical treatments [10]. In the phytochemicals of foods, as well
as herbs, there are well-known numerous bioactive substances;
Le., lycopene in tomato, anthocyanin in blueberry and red wine,
caffeine, theophylline and catechins in coffee and tea, capsaicin
in paprika and red pepper, and quercetin in onion and many
herbs. The pharmacological actions of some phytochemicals
investigated so far in my laboratory and their important roles
for cardiovascular and intestinal functions are discussed.

METHYLXANTHINES

Caffeine contained in coffee or tea is popularly in widespread
use for a long time. Caffeine and theophylline are the well-
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. Food ingestions generally regulate many physiological functions to maintain a healthy life. Furthermore, herbal
medicine is prescribed for the prevention and the treatment of various diseases. There are not a few herbal
medicine-derived drugs (phytochemicals) clinically using now. The phytochemicals such as digitalis, curare,
morphine, quinidine, atropine, and so on are so much important drugs for clinical treatments. Herbal medicine
and foods are composed of many constituents. The pharmacological actions that contain phytochemicals are
exerted each by each mediated through different receptors, ionic channels, and cellular signal transductions.
Thus, they produce multiple pharmacological and pathophysiological functions mediated by the complex
interactions with lots of the ingredients.

KEY WORDS: Anti-ageing effects, foods, herbal medicine, mixture, profitable effects, phytochemicals

known phytochemicals, as well using as a clinical drug. In
cardiac Purkinje fibers, caffeine at 0.5-10 mM caused an
initial transient increase and a subsequent decrease in the
contractile force [11-13]. Caffeine’s effects are modulated
by the changes in the concentration of intracellular calcium
[Ca?*] .. Under the conditions to elevate [Ca**], the positive
inotropic effect was reduced (or abolished), but the negative
inotropic effect was further enhanced. Once [Ca?*]. was
declined, the positive inotropic effect was potentiated,
and the negative inotropic effect was reduced or abolished.
Therefore, the negative inotropic effect of caffeine is mostly
related to the development of cellular calcium overload but
not to Ca’* depletion in sarcoplasmic reticulum (SR). The
same responses had been shown in cardiac electrophysiological
actions [14]. Although the mechanisms by which calcium
overload decreases the force are not fully known, caffeine
modifies a key factor to regulate Ca** homeostasis such as
Ca’* channel, ryanodine receptor on SR, and Ca** sensitivity
to cardiac muscle.

Moreover, the arithmetic skill was enhanced by the intake
of coffee (with 180 mg caffeine) at 40-60 min later under
double-blind experiments [15], presumably resulting from the
blockade of brain adenosine receptor [16,17]. Simultancously,
the systemic blood pressures (SBP) diastolic blood pressures
(DBP) increased, but the heart rate (HR) decreased. In other
methylxanthines, tea (mainly caffeine) decreased SBP and
did not affect DBP. HR was markedly reduced. Cocoa (mainly
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about 200 mg theobromine) reduced both SBP and DBP
and also slightly decreased HR. Simultaneously, as indices
of wave reflection; an augmentation index (Al), the ratio of
ejection and reflection pressures from the radial artery was also
measured [6]. The Al and the central systemic arterial blood
pressure (CBP) significantly increased by 11.6% and 6.8%
with coffee, and by 13.1% and 2.8% with tea, but decreased
by 4.3% and 3.8% with cocoa, respectively. Cocoa contains
theobromine, caffeine, cacao polyphenols, and theophylline
(much lower content). In the cocoa, however, the content of
theobromine or caffeine is not enough to elicit the significant
effects by itself. Theobromine also antagonizes adenosine
receptor-like caffeine. The methylxanthine derivatives cause
the accumulation of Cyclic adenosine monophosphate (cAMP)
by phosphodiesterase (PDE) inhibition, resulting in the
productions of many physiological and pharmacological effects
via protein kinase A (PK-A) activity. We, daily take some drinks
containing several methylxanthines (and other phytochemicals).
The resultant responses are exhibited as a net of the effects of
the constituents and ingredients contained in a drink. A cup of
coffee or tea increases human vascular wall tone, but a cup of
cocoa decreases it, presumably due to the cardiovascular and
central nervous modulation as a mixture.

Anthocyanins

Anthocyanins at 0.03-3 mg/ml from cassis and bilberry caused
the potent vasorelaxation in rat aorta in a concentration-
dependent manner [18]. Moreover, in 38 healthy paramedical
students (averaged 26 years old), after an oral administration
(100 mg/a tablet), the SBP and DBP had less or no effect; by
—1.4% and —0.9% in cassis, and by —0.6% and —0.6% in bilberry
anthocyanins, respectively. The HR decreased by 4.6% and 7.8%.
Simultancously, cassis and bilberry anthocyanins clevated Al
by 5.0 = 2.7% and 9.4 = 2.4% (P < 0.05), and CBP by —1.1%
and 1.3%, respectively. Thus, bilberry anthocyanin exhibited the
stronger cffects. The responses were lasted for approximately
1 h. Both anthocyanins increased human vascular wall tone and
then, clevated the Al (in spite of the potent vasodilatation in
isolated rat aorta), but had no or less effect on the HR, blood
pressure, and CBP.

Capsaicin

The hemodynamic functions of 34 healthy students
(approximately 24.3 years old) were also measured in
comparison between a fiery noodle with so much hot flavor
and non-hot noodle [19]. The indicator of hot taste is not
clear yet, although Scoville heat unit is present. The Scoville
scale of the hot and fiery noodle used in this study was never
indicated anywhere. But it was not so easy for usual persons
take all hot noodles. Both increased the blood pressure and the
CBP. Hot noodle clevated especially the SBP by 9.2 £ 3.2% and
the DBP by 29.5 = 3.3% (P < 0.05), but non-hot noodle had
less or no effect. The HR was reduced by 6-9% in both noodles.
The Al increased and reached to maximal (by 12.7 = 2.3%,
P < 0.05) at 20 min later in hot noodle, whereas it had just a
weak enhancement in non-hot noodle. These responses were
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lasted for 40-60 min. Capsaicin contained in the hot and fiery
foods causes the acute hemodynamic effects, and may exert the
multiple profitable actions as a hot medicine; the stimulation
of energy metabolism, the enhancements of endothelial (NO)-
and immune (immunoglobulin M)-activities, and potentiation
of anti-oxidative stress action, as well as the elevation of body
temperature.

Bilobalide

Most healthful foods are also derived from the bioactive
substances in plants or animals. Bilobalide contained in Ginkgo
biloba extract (GBE) at 1 uM enhanced the L-type Ca**
current (I,) by 40.0 £ 23% (n = 6, P < 0.05), and the
delayed rectifier K* outward current (I, ) by 14.0 = 2.3%
(n =6, P < 0.05), concentration-dependently. The inwardly
rectifying K* current (I ) was unaffected. These responses were
reversible (approximately 70-80% of control) after 10-20 min

washout [5,20].

In general, the vasodilating actions decreased in accordance
with ageing. The comparison between the vasodilating
actions induced by GBE (as a health food in Japan) and
the phytochemical, bilobalide, was examined [21-23]. The
vasorelaxation induced by bilobalide at 30 uM significantly
decreased from 11.8 = 1.4% (n = 4) in 5-week-old rats to 2.3 =
1.5% (n=5,P < 0.01) in 25-week-old rats, and at 100 M from
202 £34% (n=4)t05.6 =2.5% (n=5,P < 0.01), respectively.
On the other hand, GBE at 1 mg/ml decreased it from 28.4 =
3.8% (n = 5) in 5-week-old rats to 23.7 = 7.1 (n = 7) in 25-week-
old rats, but not significantly. The maximum vasodilatation
induced by GBE (3 mg/ml) was 73.7 £ 2.1% (n = 4, P < 0.001)
in 10-weck-old rats. Bilobalide (a phytochemical) elicited
the age-dependent attenuation, but GBE (a mixer-maxter)
maintained more vasodilatation even at elder ages.

Although the mechanisms are still unclear, there are several
possibilities. The effect on the L-type Ca’* channel in the
fetal bovine is more marked than that in the adult, indicating
an alteration of Ca** channel density. And the age-related
modulation of Ca** channel inhibitor is not due to changes
in affinity to drugs but is due to alterations in the population
of the Ca’* channel. Moreover, the vasodilatations induced by
the bilobalide and GBE are produced mediated through the
endothelium-dependent mechanisms (endothelium-derived
relaxing factor [EDRF]) [21]. The endothelium-dependent
vasorelaxation (via NO release) is slowly attenuated along
with ageing. The vasodilations by both drugs would be also
modulated by the other mechanisms, as well as the alterations
of Ca** channel, cAMP, PGIL, and PK-C. Besides bilobalide,
GBE contains numerous constituents such as terpenoids
(ginkgolides A, B, and C) and flavonoids (quercetin and rutin),
which by themselves also produce vasodilating actions. Each
contributes to the GBE-induced vasodilatation, and GBE as
a whole produces the mixed responses [24]. The phenomena
resemble the characteristics of Japanese herbal (Kampo)
medicine as a mixture of herbal drugs; more effective for elder
persons [10].
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Quercetin

Quercetin, a kind of flavonoids, contains in many herbal
medicines as well as onion. Quercetin causes lots of profitable
physiological actions. In guinea pig ventricular cardiomyocytes,
quercetin at 0.3-300 uM decreased the action potential
duration and inhibited the underlying ionic currents (I,
... and 1)) [24]. In rat aorta, quercetin (0.1-100 uM)
relaxed the contraction induced by 5 uM NE concentration-
dependently [20,22]. NG-monomethyl-L-arginine acctate
(L-NMMA) at 100 uM decreased the quercetin (100 wM)-
induced vasorelaxation from 97.0 = 3.7% (n = 10, P < 0.05)
to 78.0 = 11.6% (n = 5, P < 0.05). Endothelium removal
as well attenuated the vasodilatation. In the presence of
both L-NMMA (100 uM) and indomethacin (10 uM), the
quercetin-induced vasorelaxation was further reduced by high
K (30 mM) or 10 uM tetraethyl ammonium (TEA). Among

K., channel inhibitors, the quercetin-induced vasodilatation
decreased at 0.3 M apamin (sensitive to SK), but not at 30 nM
charybdotoxin (sensitive to BK and IK) [25]. Under KCI-
induced vasoconstriction, the quercetin-induced vasorelaxation
was inhibited by PK-C inhibitors; G66983 (c-, B-, v-, 8, and
C-sensitive) dilated stronger than Ro-31-8425 (a-, B-, -, and
e-sensitive) [26].

Furthermore, the involvement with an endothelium-derived
hyperpolarizing factor (EDHF) was investigated using rat
mesenteric artery because EDHF is considered not contributed
to the vasodilatation of aorta. The quercetin-induced
vasodilatation was almost resistant to both L-NG-nitro
arginine methyl ester (L-NAME, an NO-synthesis inhibitor)
(100 uM) and indomethacin (100 uM), presumably related
with EDHF. The candidates of EDHF are considered as
K*, epoxyeicosatrienoic acid and H,O, from endothelium.
The L-NAME/indomethacin-resistant quercetin-induced
vasodilatation was inhibited by TEA (1 mM), and also by
gap junction inhibitors of 18c- (100 uM) and 18- (50 uM)
glychrrhetinic acids [27,28]. Therefore, quercetin dilates
the vascular smooth muscle mediated by endothelium-
dependent (EDRF, EDHE and gap junction) and-independent
(the inhibitions of I, SK channel, and PK-C§, and PGI,

production) mechanisms.
Sinomenin and Tetrandrine

Mokuboito (Mu-Fang-Yi-Tang) is composed of four herbal
drugs; Sinomenium acutum, Cinnamomi cortex, Ginseng radix,
and gypsum. S. acutum (a vine plant), the main constituent,
possesses the phytochemicals such as sinomenine, tetrandrine,
and magnoflorine. They are alkaloid. Sinomenine (1 mM) and
tetrandrine (100 uM) inhibited the ionic currents to the same
extent [29]. At I mM sinomenine inhibited the I, at 0 mV by
182+21% (n=6,P <0.05). The I, at 60 mV was inhibited
by 16.2 = 2.6% (n = 6, P < 0.05), and the I, at =120 mV by
472 £3.8% (n=06,P <0.01). As aresult, these phytochemicals
simultaneously affected the action potential configurations.
Sinomenine (300 uM) and tetrandrine (30 uM) had almost the
similar effects, but magnoflorine (1 mM) had less or no effect.
Interestingly, sinomenine abolished the dysrhythmias elicited by
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the cellular Ca?* overload. Thus, these phytochemicals have the

profitable electropharmacological and cardioprotective actions.

In the analyses of the age-related effects, sinomenine (100 wM)
alone dilated NE-induced vasoconstriction by 68.8 * 5.2%
(n=6,P <0.01) in 10-wecks old rats, but only by 18.6 = 1.5%
(n=16,P <0.01) in 65-weeks old rats [30,31]. S. acutum caused
the vasodilatations at 3 mg/ml by 96.7 £ 4.8% (n =7,P < 0.01)
in 10-weeks old rats, and by 46.0 £ 5.7% (n = 6, P < 0.01) in
65-weeks old rats. Mokuboito at 3 mg/ml dilated aorta by 98.9
+28% (n="7,P <0.01) in 10-wecks and by 97.5 = 13.5%
(n =6, P < 0.01) in 65-weeks old rats. Thus, Mokuboito,
S. acutum (multiple compounds) and sinomenine (single
phytochemical) by themselves had the potent vasodilating
actions. However, the pharmacological effects of just single
phytochemical are strongly influenced in advance with ageing.
In contrast, S. acutum (multiple compounds) suppresses
the age-dependent attenuation of vasodilating action, and
Mokuboito (as a mixture) maintains the marked action. In short,
S. acutum- and sinomenine-induced vasodilatations decreased
along with ageing, but Mokuboito has less or no effect on the
age-dependent attenuation in any aged rats. The mixture is so
much important against the age-dependent alterations of the
effectiveness. Thus, herbal medicine produces more effective
pharmacological stability [32]. Mokuboito exhibits as a net
mediated by the complicated interactions among the contained
ingredients.

Paeoniflorin and Glychrrhetic Acid

Shakuyakukanzoto (Shao-yao-Gan-chao-Tang), a traditional
formulation of Kampo medicine, is composed of paconiae
radix and glycyrrhizae radix. Shakuyakukanzoto relaxed
0.3 uM carbachol (CCh)-induced contraction of rat ileum in
a concentration-dependent manner [33]. Both components
(paconiae radix and glycyrrhizae radix) each dilated the
CCh-induced contraction. Main ingredient is paconiflorin
in paeoniae radix and glycyrrhetic acid in glycyrrhizae radix.
Both phytochemicals and the metabolic products (18-o- and
18-B-glycyrrhetinic acids) had almost the same actions. Under
the conditions with spontancous contractions, an application
of Shakuyakukanzoto completely abolished the abnormal
contractions. Thus, Shakuyakukanzoto caused the potent
relaxant actions not only by the anti-cholinergic effect but also
by Ca** channel and PDE inhibitory effects [34]. Furthermore,
S}nkuyakukmzoto produces an anti-spasmodic action. However,
the whole effects induced by Shakuyakukanzoto are never equal
with a sum of each effect of the phytochemicals in paconiac
radix and glycyrrhizae radix. The responses are exhibited as a
net among the contained ingredients.

Phytochemicals in a Mixture

Phytochemicals by themselves generally produce anti-
arteriosclerosis (or protection of ischemia and stroke) and improve
poor blood circulation, resulting from the great vasodilating
actions due to such multiple mechanisms as endothelium-
dependent actions (EDRF and EDHF), and endothelium-
independent actions (PG, production, PDE inhibition, Ca**
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channel inhibition, and PK-C inhibition) [35,36]. Moreover,
phytochemicals have anti-oxidative stress action [1] and
radical scavenging activity [37], produce anti-inflammation
and immuno-modulation [38], and induce the mRNA leading
to the production of some functional proteins.

There is a quite difference between single phytochemical
and mixture drugs with a lot of ingredients (including
phytochemicals). The effects of herbal medicine (a mixter-
maxter) are never just a sum of cach effect induced by all
ingredients. The contained phytochemicals exhibit the
pharmacological effects via the interaction with other contained
ingredients, but never by themselves alone [39]. On the complex
interactions, the effect of a phytochemical may be potentiated
or attenuated (or blocked).

Mixture of plenty phytochemicals plays an important role
for the anti-ageing effects and the potentiation of effective
pharmacological and physiological responses. Advance in ages
produces various pathophysiological deleterious changes such
as plaque formation in vascular systems. Simultancously, the
age-dependent functional depressions of receptors, ion channels
and cellular signal transduction pathways must be caused
in the endothelium, and cardiac and smooth muscle cells.
As a result, the age-related alterations would be responsible
for physiological and anatomical reductions. Furthermore,
ageing declines the sensitivity to drugs. However, herbal
medicine generally modulates the age-dependent changes and
can maintain the pharmacological effects (but not fully). In
Kampo medicine, Rokumigan (Liu-Wei-Wan) possesses six
herbs as a base, Hachimijiogan (Ba-Wei-Di-Huang-Wan), eight
herbs (Rokumigan plus two herbs), and Goshajinkigan (Niu-
Che-Shen-Qi-Wan), ten herbs (more two herbs are added to
Hachimijiogan). These formulations increase in order to the
number of contained ingredients in increment of two herbs. The
larger the number of the contained ingredients of herbs become,
the more potent vasodilatation is produced [39]. Furthermore,
the addition of Gypsum (mainly calcium sulfate) produced
stronger vasodilatation in Kampo medicine (Japanese herbal
medicine) such as Mokuboito and Chotosan (Diao-Teng-San).

For elder persons, therefore, the mixture (such as health
foods and herbal medicine) with lots of ingredients (and
phytochemicals) plays a key role for much more effectiveness.
The similar effectiveness might be also expected in general
foods. Herbal medicine as a mixture keeps the balance and can
produce either vasoconstriction or vasodilatation. Increasing
the number of phytochemicals can maintain the effectiveness
to some extent in elder rats, presumably due to compensation
of the age-dependent decline of pharmacological sensitivity to
the receptors.

CONCLUSION

Now, out of a number of residual phytochemicals which are not
western drugs exit. From the modern in detail analyses, many
phytochemicals have recently been discovered to possess the
effective pharmacological activities including the modification
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of the genes of target; the hormone secretions for long life such
as ghrelin, adiponectin and aquaporins, and switch-on of the
long-life genes like sirtuins [40,41].

In the future, can some phytochemicals independently become
a new drug? The development needs so much more clinical
pharmacological tests, accompanied with long-term and huge
cost. If so, it is not easy for any pharmaceutical company to start
newly to develop a phytochemical as a new drug. Hence, it is
doubtful that a phytochemical in herbs will be able to become
independently as a clinical drug. Each phytochemical in herbs
never plays an important role each by each, but exerts as a
mixture of herbal medicine, leading to more effectiveness for
the multiple diseases and the age-related disorders [10]. This
is the most important role for the phytochemicals.
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