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Summary. Objectives: The nutrients, active ingredients and pharmacological effects of the immune enhanc-
ing herbs have drawn attention. The pertinent aspects of the edible immune enhancing products are a topic
of interest, and their cardiovascular effects warrant deeper understanding. Methods: The data sources of this
study are based on retrieval of the literature of edible immune enhancing products from the MEDLINE and
China Biology Medicine Disc (CBMdisc) databases between 1990 and 2016. Resu/ts: Immune enhancing
herbs work by nourishing white blood cells, protecting against toxins, and influencing the innate immune
system through alkaloids, flavonoids, saponins and polysaccharides, etc. The cardiovascular effects of the im-
mune enhancing products are closely related to the active ingredients that they contain. They have a common
anti-oxidant effect against myocardial ischemia. The anti-angiotensin converting enzyme, calcium antago-
nistic, acetycholine-like and non quinidine-like, cellular contractility-strengthening and platelet aggregation
inhibiting properties endow them with anti-hypertensive, myocardial protective, anti-arrhythmic, inotropic
and lipid-lowering effects. Conclusions: Researches on the active ingredients and cardiovascular effects of the
edible immune enhancing products extend their pharmacological application spectrum to heart disorders.
The pharmacological effects are closely related to the active ingredients that they contain. Further research on
the active ingredients of the products would facilitate the mechanistic study and subsequent drug discovery.
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Introduction

Chinese medicinal research works have revealed
that some medicinal herbs can be of immune modu-
lating effects, either immune enhancing or immune
inhibiting. Of the immune enhancing herbs, the ma-
jority of them belong to the tonic Chinese medicine,
which are further divided into gi-invigorating (such as,
Panax Ginseng, Codonapsis pilosula and Radix Astragali,
etc.), blood-replenishing (such as, Radix angelicae sin-
ensis, Polygonum multiflorum and Radix paeoniae alba,
etc.), yin-nourishing (such as, Radix rebmanniae, Radix
ophiopogonis and Asparagus cochinchinensis) and yang-
warming herbs (such as, Cornu Corvi nippon parvum,

Cistanche deserticola and Epimedium brevicornum) (1).
Even in Western countries, Echinacea, Astragalus, Panax
Ginseng, garlic, ginger, cat’s claw, Origanum vulgare,
turmeric, bell pepper, and cloves are commonly rec-
ognized as excellent immune boosting herbs, for their
specific anti-inflammatory and anti-cancer characteris-
tics by aiding glucose metabolism and moderating the
immune response (2). Their immune enhancing effects
are largely related to the polysaccharide ingredients,
for example, Astragalus polysaccharide and Lycium bar-
barum polysaccharide. The polysaccharides approach
to positive regulation of immune function by stimulat-
ing the secretion or proliferation of macrophages, T and

B lymphocytes and natural killer cells, modulating the
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release of cytokines, promoting the production of anti-
bodies and activating the complement system, ezc. (3).
Recently, study on immune mechanisms of Achyranthes
bidentata polysaccharides revealed that the polysaccha-
rides play an important role in promoting the immune
function by impacting on 7z vivo nerve, endocrine and
immune network (4). Some of the edible immune en-
hancing products, like Ganoderma Lucidum, royal jelly
(R]), Panax Ginseng, lily, mushrooms (Russula, Lion’s
Mane Mushroom, straw mushroom and Sh7itake mush-
room, efc.) and fungus (black and white), that we take
in everyday life for immunomodulatory purposes, carry
promising anti-cancer and immunomodulatory effects
by way of nourishing leukocytes, protecting against tox-
ins and influencing the innate immune system through
flavonoids and saponins in addition to polysaccharides,
by the example of Ganoderma Lucidum (5). Meanwhile,
these products also show cardiovascular effects in lower-
ing blood pressure and treating a heart attack. However,
the cardiovascular aspects of the immune enhancing
products have not been fully elucidated. This study is
designed to evaluate the cardiovascular efficacy of these
immune enhancing products.

Methods

Medical literature of the edible immune enhanc-
ing products including Ganoderma Lucidum, R], Panax
Ginseng, lily, mushrooms and fungus is retrieved from
the MEDLINE and China Biology Medicine Disc
(CBMdisc) databases from 1990 to present. The ar-
ticles on cardiovascular effects (anti-hypertensive,
myocardial protective, anti-arrhythmic, inotropic and
lipid-lowering effects) of these products are compre-
hensively collected and reviewed.

Results

Ganoderma lucidum

Ganoderma Lucidum, also named Reishi, is one of
the noticeable herbs. It is also known as Lingzhi in Chi-
na, and is regarded as herb of spiritual potency due to
the associated longevity, health and spiritual power (6).
Ganoderma lucidum has been under in-depth research,

showing potent cardiovascular activities in improving
myocardial function by protecting against myocardial
ischemia and hypoxia, improving oxygen metabolism,
hemodynamics and rheology, ezc. Furthermore, its im-
portant ingredients polysaccharides and Germanium
element are found to accelerate metabolism, defer cell
senescence and induce the production of interferon.

Ganoderma Iucidum tincture showed significant
inotropic effects on the isolated toad heart and in vivo
rabbit heart, probably by improving cardiac contractil-
ity and increasing cardiac output (7).

Clinical observations revealed that all prepara-
tions of Ganoderma lucidum had substantial anti-hy-
pertensive effects with a total effective rate of 84.5% in
the treatment of hypertension in the elderly patients.
Moreover, Ganoderma lucidum can synergistically
enhance the pharmacological effects of other anti-
hypertensive agents. This anti-hypertensive effect of
Ganoderma lucidum was proposed to be attributable to
ribosidoadenine and ganoderic acids that it contains
and to the reduced production of angiotension (8). Hu
and Cai (9) observed that Ganoderma lucidum polysac-
charides significantly inhibited nicotinamide adenine
dinucleotide phosphate (NADPH) oxidase activity in
the aorta of deoxycorticosterone acetate (DOCA) salt
hypertensive rats. Zhang ez a/. (10), in their double-
blinded placebo-controlled study, found that plasma
nitric oxide increased significantly one month after
Ganoderma lucidum additive was supplemented. Tran
et al. (11) administered auto-digested Reishi extract to
spontaneous hypertensive rats and disclosed its higher
inhibitory effect against angiotensin converting en-
zyme (ACE) than that of the hot-water extract (11).

The sporophores, mycelium, fermentation broth
and dry powder of Ganoderma lucidum all could en-
hance the hypoxic endurance of the experiemtnal ani-
mals. Injection of the total alkaloids of Ganoderma lu-
cidum could increase the canine coronary flow by 62%
and decrease coronary resistance. Ganoderma lucidum
(BR2) syrup at a dose of 6 mL, twice daily, for 2-6
months for the treatment of coronary artery disease
showed a total effective rate of 71.7-89.6% for angina,
69.1-83.3% for electrocardiographic ischemic changes
and, 86% for decreasing cholesterol (12).

Research on the herbal preparation of Ganoderma
lucidum on experimental thrombosis revealed that it
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could significantly reverse the hypercoagualtion state
reduced by thrombin reduction and remarkably pro-
long the activated partial thromboplastin time, pro-
thrombin time and thrombin time. The results indi-
cated that Ganoderma lucidum might inhibit both in-
ternal and external thrombin (13). When Ganoderma
lucidum extract was given to 33 patients in a dosage
of 110 mg, four times daily, orally taken, for 2 weeks,
the whole blood viscosity and plasma viscosity were
significantly decreased and the blood pressure was re-
duced simultaneously, however, no changes were found
in hematocrit and erythrocyte sedimentation rate af-
ter treatment (14). Ganoderma lucidum polysaccharide
preparation can significantly inhibited thrombus for-
mation, reduce the content of fibrinogen, and obvious-
ly prolong the activated partial thromboplastin time in
the experimental mice, and the water-soluble parts of
Ganoderma lucidum have shown anti-aggregant effects,
where adenosine, uridine and purine have been identi-
fied as the charging ingredients (15). Crude extract of
the fruiting bodies of Ganoderma lucidum also showed
significant anti-aggregant activities, and it was found
that lucidenolactone of the extract was a platelet ag-
gregation inhibitor from the chloroform soluble frac-
tion (16).

Panax Ginseng

Panax Ginseng (Araliaceare) belongs to Panax Gin-
seng C.A. Meyer, originated in China and Korea. The
active compounds in Panax Ginseng are believed to be
ginseng saponin, ginseng essential oils, B-sitosterol and
glucostetrin, prostisol, daucosterol, choline, ethanola-
mine, spermine and 16 kinds of amino acids, vitamins,
ginseng polypeptide, ginseng polysaccharide, ginseng
flavonoid glycosides and pectin, ec., more important
active ingredients of which are ginsenoside, ginseng es-
sential oil, ginseng polysaccharide, ginseng polypeptide,
prostisol and ginseng flavonoid (17).

Ginsenoside Rb is extracted from the stem leaves
and roots of Panax Ginseng, one of the plants of the
genus Panax, including Rb1, Rb2 and Rb3. Phar-
macological studies showed ginsenoside Rb could
significantly enhance hypoxic tolerance of mice, and
improve electrocardiographic changes of pituitrin-
induced acute myocardial ischemia in rats (18). It was
also evidenced in canine acute myocardial infarction

model that Ginsenoside Rb could remarkably decrease
myocardial infarct size, decrease serum creatine kinase
(CK) and lactate dehydrogenase activities, reduce se-
rum free fatty acid and lipid peroxide contents and
increase SOD activity (19). In canine acute myocar-
dial infarction model, ginsenoside Rb pretreatment
by the duodenal route at doses of 25 and 50 mg/kg,
brought about a series of promising hemodynamic im-
provements, including reduction of heart rate, mean
arterial pressure, maximal rising rate of left ventricular
pressure (+dp/dt...), left ventricular end diastolic pres-
sure (LVEDP), left ventricular work index and total
periphery resistance, along with increase of stroke in-
dex, +dp/dt... and coronary blood flow, and decrease
of coronary vascular resistance. Meanwhile, cardiac
oxygen consumption and myocardial oxygen utiliza-
tion rate were also decreased (20). In ¢T'nTgyw trans-
genic mouse model of dilated cardiomyopathy, long-
term administration of ginsenoside Rb1 significantly
improved cardiac function and reduced mortality by
50%. Histological analysis of the c¢TnTruw-heart
showed ginsenoside Rb1-attenuated myocardial dis-
array and decreased interstitial fibrosis, and Western
blot analysis indicated that ginsenoside Rb1 treatment
significantly downregulated heparin-binding epider-
mal growth factor-like growth factor (HB-EGF) and
pSTAT3 expressions, which, however, overexpressed
steadily in the placebo mice (21).

The calcium antagonistic effect of panaxadiol
saponins (PDS) has been investigated in the isolated
working rabbit hearts with myocardial ischemia and
reperfusion injury. PDS of different concentrations
40, 80, 160 and 320 mg/L was perfused into the heart
with cardioplegic solutions at 30 min and 60 min after
aortic crossclamp, respectively. After reperfusion, the
myocardial calcic contents were lower in the PDS 40,
80 and 160 mg/L groups, being lowest in the PDS 160
mg/L group, but no significant difference was noted
between the PDS 320 mg/L group and the control
group. As a supplement to the cardioplegic solution,
PDS of 40-160 mg/L showed calcium antagonistic ef-
fect on myocardial ischemia and reperfusion injury in a
dose-depent manner; whereas PDS of 320 mg/L failed
to show any calcium antagonistic effect (22).
effects
panaquilons and eleutherosides were comparatively

of ginsenosides,

The hemodynamic
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evaluted on isolated working rat heart by Cao ez al.
(23), who found all three ingredients had marked
negative inotropic action with reduced arterial blood
pressure, left ventricular systolic pressure and +dp/dt,..
and rise of LVEDP similar to verapamil. Ginseno-
sides showed the most powerful effects, followed by
panaquilons and eleutherosides.

RJ

The composition of RJ is more complex. R] (dry
weight) contains mostly proteins, account for 36-55%,
followed by sugar, amino acids, nucleic acids and a va-
riety of fatty acids. It also contains sterols, phospholip-
ids, glycolipids, vitamins, enzymes and inorganic ele-
ments. Research shows that R] has a variety of phar-
macological effects, such as anti-hypertensive, anti-
fatigue, anti-allergic, anti-bacterial, sex hormone-like
effect, anti-oxidant, immune enhancing and myocar-
dial protective effects in experimental diabetic rats and
it can also protect against viral myocarditis. It has been
found that R] may lower blood pressure by directly di-
late blood vessels (24,25). R] proteins were found to
inhibit renin activity in spontaneously hypertensive
rats (26). With R]J preparation injected into the vein of
the experimental rabbit, arterial blood pressure, heart
rate and left ventricle pressure decreased in a dose-
dependent manner (27). It was therefore believed that
the pharmacological effect of R] depended on acetyl-
choline impacting on the heart and blood vessels (27).
With increasing concentrations between 1:1000-1:100,
the effect of RJ on myocardial contractility and heart
rate of isolated toad heart was gradually suppressed in
a close dose dependence, similar to the M-type effects
of acetylcholine on the heart, unrelated to f-receptor
activation (28). Matsui ez a/. (29) found active anti-
hypertensive components of RJ might be derived from
the gastrointestinal enzyme production of bioactive
peptides, i.e., the ACE inhibitory peptides isolated
from the di- and tri-peptides of RJ hydrolysate. Lu and
Lin (32) stated that, although major R] protein-1 did
not show an effect on the activity of ACE, but it might
inhibit the activity of ACE peptides, thereby decreas-
ing the diastolic blood pressure of the spontaneously
hypertensive rats by 22.7 mmHg in average (30).

In diabetic rat model, RJ (400 mg/kg, twice daily)
were given for 8 weeks,. decreased malondialdehyde
(MDA), elevated serum superoxide dismutase (SOD)
activity and alleviated myocardium pathologic changes
were found in addition to a reduced blood glucose lev-
el (31). Xing and Meng (32) treated 27 patients with
viral myocarditis with RJ (30 mL, thrice daily) and
observed significant improvement of left ventricular
function. The myocardial protective effects were con-
sidered to be due to taurine-enriched RJ that might
improve lipid fluidity of the cellular membrane and al-
leviate the ultrastructural changes of the myocardium.

Russula

The fruit bodies of Russula are rich in amino acids,
polysaccharides, a variety of essential mineral elements
of the human body, fatty acids and cholesterol. Rus-
sula polysaccharide has excellent functions in lowering
blood glucose and lipid levels of mice model with
diabetes and hyperlipidemia (33,34). Lou ez a/. (35)
and Zeng ez al. (36) observed that Russula polysaccha-
rides could significantly increase myocardial contrac-
tion of isolated frog heart for one fold and there was
a period of premature beat and compensatory interval.
The active ingredients of Russula fruit bodies, such as
amino acid and essential mineral elements, could in-
crease SOD activity of the brain, heart and liver of the
experimental mice and increase the glutathione, while

reducing the MDA contents.

Lily

The Chinese herbal medicine Lily contains some
active ingredients, such as alkaloids, saponins, phos-
pholipids and polysaccharides, e#., and nutrients, such
as starch, proteins, amino acids, vitamins and microele-
ments. Lily is good at moisturizing the lung and stop-
ping cough, clearing away the heart evi/in the pericar-
dium, and calming the nerves and strengthening the
immunity (37). Baihe Nignshe Decoration (B & T 4
>74) is an effective prescription for treating depression.
It is composed of lily, fried Semen Ziziphi Sponosae,
Albizia julibrissin, and caulis 30 g each, and angelica
10 g, salvia 15 g and licorice 6 g, decorated taken for
twice, one dose daily and 10 more doses after complete
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resolution of the symptoms. With this decoration, L
(38) treated “heartache” (with electrocardiographic evi-
dences of coronary insufficiency, conduction block and
T wave changes) for 7-60 days. The total effective rate
was 90%.

Tremella

Tremella polysacchrides (TP) is the main active
ingredient of Tremella. It has a variety of pharmaco-
logical effects, such as regulation of human immune
function, ant-tumor, ant-radiation and anti-aging, ezc.
TP has the effect of scavenging oxygen free radicals
and anti-lipid peroxidation. This result suggested that
TP have anti-apoptotic effects to myocardiocytes. In
an in vitro experiment of cultured separated neonate
rat cardiomyocytes and an iz vivo experiment in mice,
in which TP-pretreated groups were peritoneally in-
jected with D-galactose intragastric administration
of 100, 200 and 400 mg/kg TP, respectively. Results
showed that Na*-K'-ATPase activities of the cardio-
myocytes were normal control group > TP-pretreated
group > apoptosis-induced group; apoptotic indices
were apoptosis-induced group > TP-treated group >
normal control group in iz vitro study; while the ap-
optotic indices detected by TUNEL in 77 vivo study
were 400 mg/kg TP group < 200 mg/kg TP group <
positive control group. Myocardial homogenate MDA
and lipofuscin were significantly lower in 200 and 400
mg/kg TP groups than in positive control, and signifi-
cantly lower in 400 mg/kg TP than in 200 mg/kg TP
group; while the activities of glutamione peroxide dis-
mutase and SOD were significantly higher in all three
TP groups than in positive control; among which the
400 mg/kg TP group showed the highest activity of

glutamione peroxide dismutase (39).

Auricularia auricula

Auricularia auricula is a kind of edible and medici-
nal fungi belonging to Basidiomycetes. The nutritients
of black fungus are very rich, rich in sugar and protein,
and there are plentiful microelements, such as calcium
and iron. Auricularia auricular polysaccharide (AAP) is
a natural active ingredient in the black fungus. Ye ez al.
(40) fed myocardial infarct rat model with oral AAP
at three different does of 50, 100 and 200 mg/kg/day

for 20 days. The average myocardial infarct size in the

AAP groups was significantly smaller than that in the
ischemia group. The level of serum lactate dehydro-
genase induced by regional myocardial ischemia was
significantly decreased in the AAP group compared to
the ischemia group. Thus, AAP may prevent myocar-
dium from ischemic injury as an anti-oxidant agent.

Discussion

Wang e al. (41) analyzed 189 medicinal herbs
enlisted in the textbook Pharmacology of Chinese Tra-
ditional Medicine and found that 95 (50.3%) herbs
have cardiovascular effects. The cardiovascular herbs
distribute in blood-activating herbs (100%), liver-
calming herbs (87.5%), tonifying herbs (82%), and
resuscitation-inducing herbs (80%), ezc. The pharma-
cological effects of the medical herbs have been proved
to be closely related to the active ingredients that they
contain. Researches of ingredient-effect relations of
the common cardiovascular herbs have made better
understanding of pharmacological mechanisms, and
different herbal ingredients have different pharmaco-
logical effects in acting mechanisms and potency of ef-
fect (Table 1).

With the development of economy and steady
improvement of people's living standards, the desire
for health maintenance is growing rapidly. The ed-
ible immune enhancing products, popularly known as
health food, are drawn much attention. This has also
led to the research and further understanding on the
pharmacology and long-term effects of these products.
It is firstly recognized their immune enhancing nature,
and the intake pathway, absorbility and curative ef-
fect are highly valued. Decocting processing as used
in the traditional herbal medicine is usually regarded
as a favorable way for obtaining as more as possible ac-
tive ingredients, however, it is not so practical for the
herbal health food products, but to take herbal tea is a
substitute method of it, instead.

The edible immune enhancing products that are
discussed in the present article are heterogeneous in
terms of classification of traditional Chinese medicine,
pharmacological effects and active ingredients, ezc. The
ingredients and pharmacological effects of Ganoderma
Lucidum, Panax Ginseng and even R] have undertaken
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Table 1. Cardiovascular effects of herbal ingredients

Herbal Anti-hypertension Lipd-regulation Anti-thrombosis Myocardial Anti-arrhythmia Inotropic activity

ingredients protection

Alkaloids ~ Direct inhibition of Increase the Inhibite platelet  Increase oxyradical Non quinidine-like Directly enhance-

aortic smooth muscle activity of leci-  aggregation (42); scavenging capac- effect (42,45); ment of myocar-
contraction (42); thirll—cholfesterc?l ity (42); Shorten the A-H (fiial contractile
a, receptor blockade <Y transterase; Anti-lipid peroxi- interval of His orce (42)

of vascular smooth  Increase NO level; dation (42) bundle electrocar-

muscle (43); Decrease CRP diogram (45)

Inhibition of acetyl- content (44)

cholinesterase activ-

ity (43);

Calcium antagonist-

like effect (43);

Inhibition of syn-

thesis & release of

endothelin & reduc-

tion of plasma renin

activity (43)

Direct vasodilation

(46);

Saponins Downregulate Decrease platelet  Relieve cell mor- Non-quinidine-  Inhibit Na+-K+-
nuclear factor ®B  aggregation & phology changes like effect (46) ATPase of myo-
expression (46);  platelet aggrega- & maintain DNA cardium
Decrease CRP tion time (46); synthesis (46).
content, vascular  Prolong thrombus
cell adhesion fac-  formation time
tor-1 & monocyte (46);
chemotactic pro- Improve prostacy-
tein-1 (46) clin and NO levels

(46);

Enhance synthesis
& secretion of
tissue type plas-
minogen activator
in the vascular
endothelial cells
(46)

Flavonoids ~ Reduce endothelin  Lower plasma Inhibit platelet ~ Decrease myocar- Non-quinidine- ~ Via cAMP or
(43); cholesterol & tri-  aggregation & dial oxygen con- like effect (47) tyrosine kinase
Increase NO (43); glyceride thrombus forma-  sumption (43); pathway (48)

tion;

Improve endothelial
function (43);
Inhibit ACE activity

& synthesis of angio-
tensin II (43)

Decrease blood
viscosity

Dilate coronary
artery (43);

Protect against
oxidant free radi-

cals (43)

(continued)
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Table 1 (continued). Cardiovascular effects of herbal ingredients

Herbal Anti-hyperten- Lipd-regulation Anti-thrombosis Myocardial Anti-arrhythmia Inotropic activity
ingredients sion protection
Polysaccharides Reduce lipid Enhance phago- Induce change = Protect against ~ Antagnize chlo-  Increase cardiac

peroxidation (43); cytotic capacity of of configuration

Regulate the re- low density lipo- & activate an-
lease of vasoactive PTOtein of mac-  tithrombin (50);
factors (43); rophages (49); Activate serum
Protect endothe- Induce mac- protease inhibitor
lial cell function rophages to (50)
(43) produce NO &

-TNF (49).

oxidant free

myocardial re-

modeling (49) (49).

roform-induced
radicals & against ventricular ar-
rhythmias in mice

output;

Dilate coronary
artery (49)

ACE: angiotensin converting enzyme; ATP: adenosine triphosphate; cAMP: cyclic adenosine monophosphate; CRP: C-reactive protein;
DNA: deoxyribonucleic acid; TNF: tumor necrosis factor; NO: nitric oxide.

Table 2. Cardiovascular effects of the edible immune enhancing products

Edible Dosage form /activein-  Cardiovascular effects Subjects Mechanisms
products gredient
Ganoderma Tincture Inotropic Isolated toad heart Improve cardiac contractil-
lucidum ity
All preparations/ribosi- Anti-hypertensive Elderly patients Decrease the production of
doadenine and ganoderic angiotension
acids
Polysaccharide Anti-hypertensive Hypertensive rats Inhibit NADPH oxidase
activity
Additive Anti-hypertensive Hypertensive patients Increase nitric oxide level
Auto-digested Anti-hypertensive Spontaneous hypertensive  Inhibit ACE activity
Reishi extract rats
Sporophores, mycelium, Myocardial protective Experiemental animals. Enhance the hypoxic
fermentation broth and dry endurance
powder
Total alkaloids Myocardial protective Canine Increase the coronary flow &
decrease coronary resistance
Syrup (6 mL, twice daily, = Myocardial protective Patients with coronary

for 2-6 months)

artery disease

Extract Anti-aggregant Patients Decrease blood and plasma
viscosity
Polysaccharide Anti-aggregant Mice Prolong the activated partial

thromboplastin time

(continued)
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Table 2 (continued). Cardiovascular effects of the edible immune enhancing products

Edible Dosage form /activein-  Cardiovascular effects Subjects Mechanisms
products gredient
Panax Ginseng ~ Ginsenoside Myocardial protective AMI rat model Anti-oxidant capacity
Ginsenoside Myocardial protective AMI canine model Hemodynamic
improvement
Ginsenoside Myocardial protective Isolated working rabbit heart Calcium antagnistic effect
Royal jelly Royal jelly protein Anti-hypertensive Spontaneous hypertensive rats Inhibit RAA system
Royal jelly Myocardial protective Diabetic rat nodel Anti-oxidant capacity
Russula Polysaccharide Lipid-lowering Mice
Polysaccharide Myocardial protective Isolated frog heart Anti-oxidant capacity
Lily Decoration Myocardial protective Patients with coronary ar-  Improve myocardial is-
tery disease chemia
Tremella Polysaccharide Myocardial protective Cultured rat myocardiocytes ~ Anti-oxidant capacity
Auricularia Polysaccharide Myocardial protective AMI rat model Anti-oxidant capacity
auricula

CE: angiotensin-converting-enzyme inhibitor; AMI: acute myocardial infarction; NADPH: nicotinamide adenine dinucleotide phosphate.

thorough investigations; while those of the remind-
ers, including lily, Russu/a and fungus have not. From
the view of ingredient-effect relations, the immune
enhancing and cardiovascular effects of these edible
products are attributable more to the polysaccharides.
In another word, the polysaccharides play a major
role in the multiple target effects of the cardiovascular
pharmacology of these products, probably leading to a
somewhat weaker action than the conventional cardio-
vascular herbs. Moreover, there has not been enough
research on lily and Russula (Table 2).

This article points out primarily the ingredient-
effect relation of the traditional Chinese medicine, and
extends it into the edible immune enhancing prod-
ucts. However, lack of prospective randomized control
studies, heterogeneous research works to each product,
and lack of special criteria for curative effect judgment
constitute the main drawbacks of this study. It is very
important to take dosage form, extraction methods
and use of effective components and drug delivery into
consideration. Mechanisms of these edible immune

enhancing products need to be further elucidated in
the future.

Conclusions

The cardiovascular effects of the herbs are closely
related to the active ingredients that they contain. Ac-
cording to the ingredient-effect relations, immune en-
hancing products play cardiovascular effects dominantly
with polysaccharides. They have so much in common
that their antioxidant effects play an important role in
the protection against myocardial ischemia. The anti-
ACE (of Ganoderma lucidum and of R]), calcium an-
tagonistic (of Panax Ginseng) acetycholine-like (of RJ)
and anti-platelet aggregation properties (at least of
Ganoderma lucidum and Panax Ginseng) endow these
products with anti-hypertensive, myocardial protective,
anti-arrhythmic, inotropic and lipid-lowering effects.
This article primarily offers information for extending
the pharmacological application spectrum of edible im-
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mune enhancing products to heart disorders. Investi-
gations on cell membrane ion channel and endothelial
function have provided new ideas for the cardiovascular
pharmacology of the products. Further research on ac-
tive ingredients of the herbs would facilitate the mecha-
nistic study and subsequent research of drug discovery.

References

1. Xin A]J. Traditional Chinese medicine and immunity. J
Shaaxi Coll Tradit Chin Med 2007; 30: 67-9.

2. Ongking C, Cabanas E. Immune boosting herbs. http://
www.herbs-info.com/immune-boosting-herbs.html. ~ Ac-
cessed April 8, 2016.

3. Shang QH, Xie HY, Zhang GG, Jiang SZ, Yang ZB, Yang
WR, Zhang CY. Immune regulation roles of phytogenic
polysaccharides and its mechanisms. Chin J Anim Nutr
2015; 27: 49-58.

4.Tian GY. Research and development of the immune modu-
lator of Chinese herbal medicine. 1999; 8: 721-4.

5. Senchina DS, Hallam JE, Cheney DJ. Multidisciplinary
perspectives on mechanisms of activity of popular immune-
enhancing herbal supplements used by athletes. Front Biol
2013; 8: 78-100.

6. Wachtel-Galor S, Yuen J, Buswell JA, Benzie IF. Chap-
ter 9. Ganoderma lucidum (Lingzhi or Reishi): a medici-
nal mushroom. In: Benzie IFF, Wachtel-Galor S, editors.
Herbal medicine: biomolecular and clinical aspects. 2nd
edition. Boca Raton (FL): CRC Press; 2011.

7.Zhong XQ, Xu H. A survey of Ganoderma lucidum re-
search. Guangxi ] Tradit Chin Med 1999; 22: 44-7.

8. Yang K. New progress in the research on disease treatment
with Ganoderma lucidum. Kexue Yangsheng 2010; 2: 29-30.

9. Hu TP, Cai YB. Effect of Ganoderma lucidum polysaccha-
rides on activity of NADPH oxidase in aortas of DOCA
salt hypertensive rats. ] Commun Med 2007; 5: 1-3.

10. Zhang GP, Jin HM, Long JJ, Qian RZ, Cao X, Zhang M,
Luo BQ, Wang Z, Sen CF. Effects of Ganoderma Lucidum
(Ling Zhi) combined with hypotensor on blood sugar, plas-
ma NO, microcirculatiou and hemorrheology in treatment
of refractory hypertension. Chin ] Microcirc 1999; 3: 75-8.

11. Tran HB, Yamamoto A, Matsumoto S, Ito H, Igami K,
Miyazaki T, Kondo R, Shimizu K. Hypotensive effects and
angiotensin-converting enzyme inhibitory peptides of Rei-
shi (Ganoderma lingzhi) auto-digested extract. Molecules
2014; 19: 13473-85. doi:10.3390/molecules190913473.

12. Modern research of Ganoderma lucidum: coronary
heart disease angina and hyperlipidemia. http://www.
liushizhongyi.com/jiankang/zhongyao/zhongyaochang-
shi/2009/0511/67440.html. Accessed on September 23,
2015.

13. Wen ZB, Li JC, He XF, Xiong SL, He SL. Effect of Gan-

oderma Japonicum (Fr.) Lloyd mixture on experimental

thrombosis. Bull Hunan Med Univ 1997; 22: 15-8.

14. Cheng ZH, Wang JY, Shao YD, Liang Z]J, Ning YH, Bai
7], Dong S, Ye YC, Mori M, Huang WR. Effects of Ling-
zhi (Ganoderma lucidum) on hemorrheology parameters
and symptoms of hypertensive patients with hyperlipidemia
and sequelae of cerebral thrombosis. ] Chin Pharm Sci
1992; 1: 46-50.

15. Lin L, Fang NH, Wu D. Study on the main biological ac-
tivities of Ganoderma lucidum. Edible Fungi China 2002;
21: 38-40.

16. Wu TS, Shi LS, Kuo SC, Cherng CY, Tung SF, Teng CM.
Platelet aggregation inhibitor from Ganoderma lucidum. J
Chin Chem Soc 1997; 44: 157-61.

17.Su YL, Su YX, Su WL. Advance in studies on active com-
ponents and compound preparation of Panax Ginseng. Gin-
seng Res 2008; 20: 7-11.

18. Qin XC, Sui DY, Yu XF, Su WL. The effect of ginseno-
side Rb on experimental myocardial ischemia. Ginseng Res
1998; 10: 32-5.

19. Sui DY, Chen MQ, Yu XF, Qu SC, Lii ZZ. Protective effect
of ginsenoside-Rb on experimental myocardial infarction in
dogs. Chin Tradit Herb Drug 2001; 32: 136-9.

20. Sun Q, Sui DY, Yu XF, Qu SC, Li ZZ. Effects of ginseno-
side-Rb on cardiac hemodynamics and oxygen metabolism
in dogs with acute myocardial infarction. Chin Tradit Herb
Drugs 2002; 33: 718-22.

21. Zhao HP, Zhang W, Feng ], Lii D, Dong W, Huang L, Qin
C, Zhang LF. Ginsenoside-Rbl inhibits the HB-EGF ex-
pression and fibrosis during development of dilated cardio-
myopathy in cTnTRI41w transgenic mouse. Chin ] Compar
Med 2009; 19: 11-5.

22. Cui DZ, Chen LB, Zhang LZ, Liu YM. Calcium antago-
nist effect of panaxadiol saponins on myocardial ischemia
and reperfusion injury. Chin J Cardiovasc Med 2006; 11:
1-2,31.

23. Cao X, Gao YF, Li H, Yang H, Yang SJ, Du XR. Com-
parative study of effects of ginsenosides, panaquilons and
eleutherosides on isolated working heart. ] N Bethune Univ
Med Sci 2001; 27: 246-8.

24. Albert S, Bhattacharya D, Klaudiny J, Schmitzové ], Simuath
J. The family of major royal jelly proteins and its evolution. J
Mol Evol 1999; 49: 290-7.

25. Schmitzova J, Klaudiny ], Albert S, Schroder W, Schrecken-
gost W, Hanes J, Jadovi ], Simuth J. A family of major royal
jelly proteins of the honeybee Apis mellifera L. Cell Mol
Life Sci 1998; 54: 1020-30.

26. Sultana A, Nabi AH, Nasir UM, Maruyama H, Suzuki
KM, Mishima S, Suzuki F. A dipeptide YY derived from
royal jelly proteins inhibits renin activity. Int ] Mol Med
2008; 21: 677-81.

27. Xiong SH, Wang XJ, Chen DS, Li GH. Effect of royal jelly
on arterial blood pressure of rabbit. Chin J Gerontol 2013;
11: 5369-71.

28.Guan S, Tang ZY, Fu L, Lin Y, Li B, Yu CP, Lu Y. Acta
Chin Med Pharmacol 2008; 36: 18-21.

29. Matsui T, Yukiyoshi A, Doi S, Sugimoto H, Yamada H,



358

S.M. Yuan

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Matsumoto K. Gastrointestinal enzyme production of bio-
active peptides from royal jelly protein and their antihyper-
tensive ability in SHR. J Nutr Biochem 2002; 13: 80-6.

Lu L, Lin ZB. Research progress of pharmacological action
and active components of royal jelly. Herald Med 2004; 23:
887-90.

Liu X. The protection of bee royal jelly on myocaidium in
type 2 diabetic rats. ] Mudanjiang Med Coll 2003; 24: 1-3.
Xing YH, Meng FL. Efficacy of royal jelly in treating viral
myocarditis. ] Binzhou Med Coll 1998; 21: 47.

Chen XJ, Zhang WQ. Polysaccharide Extract from Russula
and its role of lowering blood glucose and lipid. Food Sci
2010; 31: 255-8.

Ma S, Li BC. Effect of the tea-polyphenols, tea-polysac-
charide, Russula-polysaccharide in vitro frog heart. ] Wuyi
Univ 2008; 27: 34-6.

Lou XH, Gan YK, Wang LM, Li Y, Yang X. protective
effect of Russula extract on oxidative damage induced by
formaldehyde. ] Toxicol 2007; 21: 225-6.

Zeng SY, Gan YK, Ye CF. Study on effect of Russula ex-
tracting solution on anti-oxidation of the elder mice. ] An-
hui Agr Sci 2009; 37: 7464-6.

Qu WG, Zhou RB, Tong QZ, He YS, Luo MH, Gao J.
Study progress on chemical component of lily. Hunan
Guiding ] TCM 2004; 10: 75-6, 88.

Li H. The treatment of 40 cases of heart ache with the ad-
dition of Lily Ning Shen Decoction. J Sichuan Tradit Chin
Med 2001; 19: 46.

Qu D, Zhang H, Feng XH, Jin D, Cai DL. Effect of Tre-
mella polysacharides on myocardiocytes in vitro and in vivo.
Chin J Clin Nutrit 2009; 17: 215-9.

Ye TM, Cui J, Qian LB, Wang HP, Ye ZG, Xia Q. Effect of
Auricularia auricular polysaccharide on ischemia myocardial
injury. Chin J Pathophysiol 2009; 25: 2118-21.

Wang J, Liu ], Wang JL. Computer analysis of the distribu-
tion of traditional Chinese medicine for the treatment of
cardiovascular diseases. ] Hebei TCM Pharm 2015; 30: 55-

42.

43.

44,

45.

46.

47.

48.

49.

50.

7.

Feng LP, Shang JH. Advances in research on cardiovascular
pharmacological effects of alkaloids from Chinese herbal
medicine. Yunnan J Tradit Chin Med 2009; 30: 58-60.

Liu LL. Effects of active components of Chinese herbal
medicine on anti hypertension. ] China Tradit Chin Med
Inform 2010; 2: 136, 149.

Feng L. Mechanism of lipid-lowering effect of paniculata
total alkaloids. J Liaoning Med Univ 2015; 36: 15-8.
Zhang XM. Treatment of cardiovascular diseases with tra-
ditional Chinese medicine. ] Clin Exp Med 2006; 5: 286-7.
Liu W], Zhu CH. Analysis of the therapeutic effect of Chi-
nese herbal medicine on cardiovascular diseases. Chin J Clin
Ration Drug Use 2010; 3: 157-8.

Wang ZY. Study on the antiarrhythmic mechanism of
mistletoe flavonoids. Master degree thesis, Harbin Medi-
cal Univeristy. 2005. http://d.wanfangdata.com.cn/Thesis/
Y760537

Wu JX. The positive inotropic effect of genistein on guinea
pig right ventricle papillary muscles Acta Acad Med Xu-
zhou 2008; 28: 88-91.

Li DF, He XL, Du JS, Gu N. Study survey of Astragalus
polysaccarides in angiomyocardiac pharmacologic action.
Liaoning J Tradit Chin Med 2013; 40: 586-7.

Yu W, Wang H, Wu JL. Research progress of polysaccha-
ride from traditional Chinese Medicine. ] Xianning Coll
(Med Sci) 2007; 21: 548-51.

Correspondence:

Prof. Shi-Min Yuan

The First Hospital of Putian, Teaching Hospital,
Fujian Medical University, 389 Longdejing Street,
Chengxiang District, Putian 351100,

Fujian Province, People’s Republic of China

Tel: 86 594 6923117

E-mail: shiminyuan@126.com



