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Abstract: Aging and aging-associated diseases are issues with unsatisfactory answers in the medical
field. Aging causes important physical changes which, even in the absence of the usual risk factors,
render the cardiovascular system prone to some diseases. Although aging cannot be prevented, slowing
down the rate of aging is entirely possible to achieve. In some traditional medicine, medicinal herbs
such as Ginseng, Radix Astragali, Ganoderma lucidum, Ginkgo Biloba, and Gynostemma pentaphyllum
are recognized by the “nourishing of life,” and their role as anti-aging phytotherapeutics is increasingly
gaining attention. By mainly employing PubMed here we identify and critically analysed 30 years of
published studies focusing on the above herb’s active components against aging and aging-associated

conditions. Although many plant-based compounds appear to exert an anti-aging effect, the most effec-

ARTICLE HISTORY  tjve resulted in being flavonoids, terpenoids, saponins, and polysaccharides, which include astraga-

loside, ginkgolide, ginsenoside, and gypenoside specifically covered in this review. Their effects as anti-
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aging factors, improvers of cognitive impairments, and reducers of cardiovascular risks are described, as
well as the molecular mechanisms underlying the above-mentioned effects along with their potential
safety. Telomere and telomerase, PPAR-a, GLUTs, FOXOI1, caspase-3, bcl-2, along with
SIRT1/AMPK, PI3K/Akt, NF-«kB, and insulin/insulin-like growth factor-1 pathways appear to be their
preferential targets. Moreover, their ability to work as antioxidants and to improve the resistance to
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DNA damage is also discussed. Although our literature review indicates that these traditional herbal
medicines are safe, tolerable, and free of toxic effects, additional well-designed, large-scale randomized
control trials need to be performed to evaluate short- and long-term effects and efficacy of these medici-
nal herbs.

Keywords: Herbal medicine, aging, cardiovascular diseases, cognitive impairment, metabolic disorders, elderly, traditional
medicine, signaling, signal transduction, antioxidants, oxidative stress, inflammation.

1. INTRODUCTION accumulation of cell damage after prolonged exposure to
oxidative stress and chronic inflammatory over a lifetime [1;
2]. Slowing aging is always a significant concern in public
health. The approach towards interventions aimed at main-

taining health throughout the lifespan should be considered

Aging is characterized by deterioration in physical func-
tions. The features of this process include the gradual

as a priority with regard to the quality of life [3]. In fact, the
considerable improvement in life expectancy over the past
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century in industrialized countries has been paralleled by a
dramatic increase in the aging of the population, which mean
that by 2030 approximately 20% of the population will be at

© 2019 Bentham Science Publishers
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Fig. (1). Medicinal herbs and their impacts on CVD risk factors, aging and cognitive impairments.

the age of 65 or older [4]. In this age group, cardiovascular
diseases (CVDs) are the leading pathological conditions,
causing 40% of all deaths [5]. CVDs can be cross-linked
with several aging-associated conditions such as hyperten-
sion, type 2 diabetes, dyslipidemia, obesity or cognitive dis-
order in elderly people. While some previous studies proved
that cardiovascular diseases (CVDs) could lead to cognitive
decline, now it is becoming clearer that cardiovascular risk
factors may be associated with cognitive disorders (Fig. 1)
[6]. Interestingly, a positive association was found between
hypertension and diabetes and cognitive decline over a pe-
riod of 6 years in the late middle-aged population [7]. In this
context, interventions aimed at preventing or counteracting
hypertension and diabetes should begin before age 60, which
might decrease the burden of cognitive disorders in later life
[7]. On the other hand, evidence for a link between dyslipi-
demia, obesity and the risk of cognitive impairments seem to
be a pending issue [8]. A dietary intake rich in fruits and
vegetables appears capable to prevent and/or counteract
many age-related diseases including cardiovascular [9-11],
therefore, a holistic approach aimed at slowing aging by re-
ducing cardiovascular risks in people who age is reasonable.

Currently, western medicine, herbal medicine, and inte-
grative medicine are the three main methods of health care
worldwide [12]. Herbal medicines have shown their efficacy
in treating many diseases. Some herbs have a long history of
medicinal use in Asian countries and their role as anti-
oxidants, hypolipidemics, anti-hyperglycemics and neuro-
protectants have been reported [13]. In recent years, the stud-
ies of herbal medicine have been growing exponentially,
particularly in western countries [14]. It has been reported
that some traditional herbs such as ginseng, radix astragali,
ganoderma, and ginkgo have anti-aging properties and they
are potential candidates for the treatment of chronic and ag-
ing-associated diseases [13] (Fig. 1). Although herbs have
been widely used in traditional medicine as well as in the
modern one, a limited number of reviews that gather them
and comprehensively focus on their mechanisms of action
and safety are available. In this review, we focus on the effi-
cacy, mechanisms, and safety of some of the most recog-
nized herbal medicines (e.g., Ginseng, Radix Astragali,
Ganoderma Lucidum, Ginkgo Biloba and Gynostemma pen-
taphyllum), describing and critically analyzing their effect in

slowing aging and aging-associated diseases such as cogni-
tive impairments and cardiovascular risks.

2. GINSENG

Ginseng (Fig. 2) has an ancient history of ritual use and its
cultivation dates back at least 2000 years. Ginseng is indige-
nous to Asian countries (Korea, China, Japan, and Vietnam)
and North America (eastern and central North America, native
to Canada and the United States). The most common ginsengs
are Korean red ginseng (Panax ginseng C.A. Mey), Chinese
ginseng (Panax notoginseng), American ginseng (Panax
quinquefolium L.), and Japanese ginseng (Panax japonicas).
Ginseng has reached the western modern medicine interest
since the early 20 century with the first attempting of two
British physicians F. Porter Smith and G.A. Stuart to uncover
the veil of Chinese herbal remedies [15].

Roots of 5 to 7 year-old plants are either air-dried under
the sun yielding “white ginseng” or steam-treated at 98-100
°C for 2-3 h and then dried or sun-dried giving rise to “red
ginseng” [16]. It has been reported that the change in the
chemical constituents that occurs during steaming treatment
gives to the red ginseng a more effective action in pharma-
cological activities than white ginseng [16].

&,

Fig. (2). Ginseng.
(Source https://pngtree.com/freepng)
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Fig. (3a). Ginsenoside protopanaxadiol (PPD).

Ginsenoside PPD Type R1 R2
Rbl -0-Gle-Gle -0-Gle-Gle
Rd -0-Gle-Gle -0-Gle
Rb2 -O-Gle-Gle -O-Glc-Ara (p)
Rg3 -0-Gle-Gle OH
Compound K OH -0-Gle
R2:

H

Fig. (3b). Ginsenoside protopanaxatriol (PPT).
Ginsenoside PPT Type R1 R2
Re -O-Glc-Rha -0-Gle
Rf -0-Gle-Gle -0-Gle
Rgl -0-Gle -0-Gle

Over 300 compounds have been isolated from ginseng
including more than 30 ginsenosides, the most active ingre-
dients able to influence body metabolism [17]. Of the several
ginsenosides, Rb1, Rgl, Rg3, Re, and Rd are the most fre-
quently studied (Fig. 3a and b) [18]. In many model systems,
ginseng extracts obtained from the root, berry, and leaf of
ginseng has historically demonstrated anti-obesity, anti-
hyperglycemic, antihypertensive, insulin sensitization, and
antihyperlipidemic effects [19].

2.1. Ginseng and Anti-Aging Properties

Increasingly evidences suggest that ginseng is a potential
candidate for the prevention or treatment of healthy aging
and aging-associated diseases. Studies show that ginseng has
multi-functional effects and by acting through different

Current Vascular Pharmacology, 2019, Vol. 17, No. 00 3

mechanisms which can protect our body delaying the aging
process [20]. Although the molecular mechanisms underpin-
ning ginseng multi-stages and multi-targets action are com-
plex and yet to be elucidated, its anti-oxidation property
plays a key role in achieving the reported therapeutic effects.
Ginsenosides appear to have free radical scavenging and
metal ion chelating abilities. In a study performed by Lu and
colleagues (2012), the ginseng bioactive compound Rbl can
substantially and selectively alleviate the effects of hydroxyl
radical and hypochlorous acid, two of the strongest reactive
oxygen species (ROS). In a cell-free system, Rb1 not only
protects plasmid DNA from hydroxyl radical-damage in-
duced damage but also effectively counteracts hypochlorous
acid-induced tyrosine chlorination [21]. By virtue of their
chelating activity against transition metal ions and free radi-
cals scavenging properties, constituents of the North Ameri-
can ginseng lipid-soluble and water-soluble extracts exhibit a
strong antioxidant activity [22]. Old rats, alimentary supple-
mented with North American ginseng for four months, dis-
played diminution of both ROS production and the age-
related oxidative damage in proteins of the heart and muscle
fibers. The potential mechanism underpinning the observed
effects may be attributed to the increased activity of both
superoxide dismutase (SOD), and glutathione peroxidase
(GSH-Px) detected in several rat tissues [23]. The ginse-
noside Rg3 facilitates skin restoration and exerts an anti-
aging effect by counteracting mitochondrial dysfunction and
enhancing the expression of antioxidant proteins such as
nuclear factor erythroid 2-related factor-2 (Nrf2) and heme
oxygenase-1 (HO-1) (Table 1) [24]. During aging, essential
components of the immune system such as T-cell function
and interleukin-2 (IL-2) level decline. In this context, ad-
ministration of Rgl in vivo or in vitro can promote lympho-
cyte proliferation and enhances IL-2 level. At the same time,
Rgl can also increase the level of cAMP and ¢cGMP, which
are two seconds messengers of many immunomodulatory
pathways [25].

2.2. Effects of Ginseng on Cognitive Impairments

The high levels of oxygen consumption, associated with
simultaneously production elevated concentrations of free
radicals make our brain more likely susceptible to oxidative
stress and ultimately to senescence [20]. For the past ten
years, the development of a D-galactose-induced aged rat
model has helped scientists to elucidate the theories on anti-
aging mechanisms. D-galactose can induce brain molecular
and functional changes similar to natural aging [26]. D-
galactose oversupply gives rise to cognitive disorders and
free radical production in the brain. In this regard, the extract
from ginseng has been reported significantly attenuates neu-
ronal injury and cognitive deficits in rats [27]. Zhu et al.
(2014) provided evidence that ginsenoside Rg1 treatment can
prevent cognitive impairment and hippocampus senescence
in a rat model of D-galactose-induced aging. By regulating
telomere length, neural stem or progenitor cell survival and
differentiation, both anti-oxidation and anti-inflammation
capacity Rgl could be responsible for the observed antiaging
effects [28]. Consistently, the saponins from Panax japoni-
cus protects against neuronal injury by via decreasing oxida-
tive stress and apoptosis, ultimately improving cognitive
performance in D-gal-induced brain aging with mechanisms
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partly related to Nrf2 and SIRT1 anti-oxidant signaling
pathways (Table 1) [29].

2.3. Effects of Ginseng on Cardiovascular Risks

As CVDs prevalence is proportional to age increasing,
the senescence process is recognized as the main non-
modifiable risk factor for the development of CVDs [30].
Vice versa, CVDs may be linked with several aging-
associated conditions. An increasing number of independent
research groups have demonstrated that ginseng has a hypo-
glycemic effect, which is based on various mechanisms [31].
This effect was verified both in animal models [31] and in
clinical trials [31; 32]. Panax ginseng has the ability to sig-
nificantly reduce blood glucose in diabetic [33] or metabolic
syndrome rat models [34]. Such an effect appear to be due to
the increase of both serum insulin levels and glucose oxida-
tion/glycogen deposition mediated by 5’ adenosine mono-
phosphate kinase (AMPK) upregulation [33]. Concomitantly,
ginseng can promote high expression levels of insulin recep-
tor [35], participate in glucose transport by increasing the
glucose transporting protein-2 (GLUT-2) in the liver of dia-
betic rats [33], and GLUT-4 in the skeletal muscle and liver
in obese mice [35]. In addition, by inhibiting 110-
hydroxysteroid dehydrogenase type 1, Rb1l improved insulin
resistance in a high-fat diet (HFD)-induced type 2 diabetes
mellitus mouse model ultimately boosting the glucocorticoid
function and facilitating blood glucose lowering [36]. The
ginsenoside compound K, the final metabolic product of
protopanaxadiol saponin, can improve insulin sensitivity by
activating the PI3K/Akt signaling pathway in diabetic rats
[37]. In this regard, by activating AMPK and decreasing
FOXOL activity, the ability of Rgl, Rb3 and the compound
K to reduce gluconeogenesis has also been reported [38].

The ginseng beneficial effect on lipid metabolism was
recorded more than three decades ago and reported in several
papers [39; 40]. In humans and rats, red ginseng supplemen-
tation improves lipid profiles by reducing plasma total cho-
lesterol (TC), triglyceride (TG), low-density lipoprotein-
cholesterol (LDL-C), free fatty acid (FFA), platelet adhe-
siveness, and increasing high-density lipoprotein (HDL-C)
[34; 41]. Besides, ginseng reduces body weight gain, adipose
tissue mass, and adipocyte size [35; 42]. In clinical trials,
administration of ginseng extract resulted in the diminution
of TC, TG and LDL-C, and the increase of HDL, effects that
were attributed to its potent antioxidant effect [43]. A study
by Park et al. (2005) recorded that an alimentary supplemen-
tation with Korean red ginseng, or a combination of ginseng,
mulberry and banana leaf extract, significantly enhanced
insulin sensitivity and improved hyperglycemia in a non-
insulin-dependent diabetes mellitus mice model [44]. The
mixed integration of the different compounds works as per-
oxisome proliferator-activated receptor (PPAR) agonists,
which are known to improve atherogenic dyslipidemia by
augmenting liver PPAR-a mRNA and raise lipoprotein lipase
mRNA expressions [44]. In agreement with this study, the
results of Shin and colleagues (2018) demonstrated that gin-
seng could prevent obesity and dyslipidemia in HFD-fed
castrated mice and suggested that these processes are medi-
ated through the inhibition of adipogenesis-related gene ex-
pression (SREBP-1C, PPARY, FAS, SCDI1, and ACC1) in
visceral adipose tissues [42]. Ginseng extracts or ginse-
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nosides may exert similarly and act synergistically with tes-
tosterone to further increase these inhibitory effects [42]. The
concept of improving lipid metabolism by PPAR pathway
activation with ginseng has also been investigated in other
research [35; 45]. By modulation, the secretion of lipopro-
teins, ginseng also reduces the microsomal triglyceride trans-
fer protein (MTTP) [46], which plays an essential role in
lipid metabolism and transport [41].

Also, lipids profiles tend to improve in diabetic rats re-
ceiving ginseng, suggesting that Panax ginseng can amelio-
rate dyslipidemias originated from diabetes mellitus [33; 41].
Ginsenoside Rgl increases the promoter activity of perox-
isome proliferator-activated receptor alpha (PPARa) thus
triggering the expression of its target genes carnitine palmi-
toyltransferase-1 (CPT-1) and acyl-CoA oxidase (ACO),
which are involved in fatty acid oxidation. These findings
indicate that the Rgl-induced improvement of lipid profiles
may be associated with increased fatty acid oxidation via
PPARa activation (Table 1) [47].

By increasing the production of NO, inhibiting ACE ac-
tivity and blocking the Ca*'-gated channels, ginseng and its
extracts also elicit an antihypertensive effect [48; 49]. Ad-
ministration of American ginseng in type 2 diabetic patients
significantly reduces systolic and diastolic blood pressure, as
well as the augmentation index (AI), a measurement of arte-
rial stiffness [50]. Consonantly, Rg3-Korean red ginseng
extract acutely lowers central and peripheral arterial pres-
sures in healthy adults [51], while the extract of Panax gin-
seng (G115) inhibits ACE activity in human umbilical vein
endothelial cells and angiotensin I-induced contractions of
bovine mesenteric arteries [49]. By inhibiting arginase activ-
ity, increasing NO generation and enhancing eNOS dimer
formation, the Korean ginseng induces NO-dependent
vasorelaxation thus improving the vascular tone [52].

2.4. Safety, Toxicity, and Side Effects of Ginseng

Following many decades of research into the composi-
tion, effects, mechanisms and medicinal applications of gin-
seng, enormous attention has now been paid to ginseng
safety in both experimental and clinical settings [17]. A
compliance survey conducted by Durgnat and colleagues
(2005), analyzing the maximum permitted levels of pesti-
cides and heavy metals, showed that 80% of the analyzed
ginseng-extracted products had compounds concentrations
above the detection limit [53], raising potential concerns
about the safety of commercial ginseng products. Neverthe-
less, many in vitro and in vivo studies, as well as experiments
on volunteers, showed that ginseng extracts side effects are
negligible [54]. A systematic review on Panax ginseng in
randomized controlled trials revealed adverse events in 40
studies, with 135 minor events and no serious adverse events
[55]. Tissue cultured mountain ginseng adventitious roots
(TCMGARs) failed to induce a significant number of mu-
tants when tested for its mutagenic properties in diverse
strains of Salmonella typhimurium and Escherichia coli.
Similarly, chromosomal aberration and micronucleus tests
were found to show no significant mutagenicity in mice ex-
posed to increasing dosage of TCMGARs. Moreover, no
significant changes were found in blood and urine biochemi-
cal parameters, as well as in the organs between treated and
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control animals. These findings confirm the biosafety and
non-toxicity of ginseng adventitious roots at an average die-
tary consumption [56].

Lee and colleges (2012) performed a randomized, dou-
ble-blind, placebo-controlled, and parallel group trial con-
ducted in healthy volunteers who received P. ginseng extract
(1g/day or 2g/day) or placebo over a four-week period. Al-
though mild adverse events, such as dyspepsia, hot flash,
insomnia, and constipation, were reported in both P. ginseng
and placebo group, P. ginseng administration for four weeks
was shown to be safe, tolerable, and free of toxic effect in
healthy volunteer subjects. Moreover, non-significant
changes were observed in hematological and biochemical
tests [57]. Using an acute, randomized, placebo-controlled,
double-blind, crossover design, with 25 well-controlled
T2DM participants, Shishtar et al. (2014) showed that acute
administration of Korean white ginseng appears to be safe
with no serious adverse events recorded [58]. Recently, song
et al. (2018) performed large scale research with 1000 par-
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ticipants randomly divided into two groups receiving either
2g of Korean red ginseng or a placebo for 24 weeks. In this
study, the frequently occurring adverse drug reactions
(ADRs) were pruritus (2.0%), headache (1.6%), diarrhoea
(1.4%), and dizziness (1.2%) in the Korean red ginseng
(KRG) group, while pruritus (2.0%), headache (1.8%), diz-
ziness (1.6%), rash (1.4%), and diarrhea (1.2%) in the pla-
cebo group. No significant abnormal changes were revealed
by the anthropometric, laboratory, and vital sign measure-
ments in the KRG group as compared with the placebo
group, further reconfirming the safety and tolerability of
daily intake KRG [59].

Overall, ginseng and its ginsenosides are widely known
to possess many health benefits including anti-aging, neuro-
protection, cardio- and vascular-protection (Table 1). Al-
though their efficacy and safety have been verified in nu-
merous studies yet, additional well-designed, large-scale
randomized control trials should be conducted in the future.

Table 1. Ginseng and its effects.
T f Gi
Effects . yp.e of Ginseng/ Potential Mechanisms Models References
Bioactive Components
Ginsenoside Rgl Enhances the activity of the antioxidant enzymes GSH-Px and | D-galactose induced aging rats [28]
D.
Panax quinquefolius SO Old rat tissues [23]
0 Ginsenoside Rgl Increases telomere lengths and telomerase activity down- D-galactose induced aging rats [28]
a regulate the mRNA expression of cellular senescence-
_<£ associated genes p53, p21“°"V*™ and p19**
<
< Ginsenoside Rgl Reduces the levels of proinflammatory cytokines IL-1b, IL-6, | D-galactose induced aging rats [28]
and TNF-a
Ginsenoside Rg3 Counteracts mitochondrial dysfunction and enhances the Normal human dermal fibro- [24]
expression of antioxidant proteins (Nrf2 and HO-1) blast (NHDF) cells
. Saponins from Panax ja- Decreases oxidative stress and apoptosis, related to Nrf2 and D-galactose induced aging rats [29]
2 ponicus SIRT1-mediated anti-oxidant signaling pathways enhances anti-
-% 2 oxidant genes expression (Mn-SOD, HO-1, NQO1, and GCLC)
>
:‘5 g8 Panax ginseng extract Reduces the number of glial fibrillary acidic protein- Vascular dementia rats [27]
oy immunoreactive cells decreases apoptosis by upregulating
© Bcl-2 and downregulating Bax protein expression
P Panax quinquefolius Attenuates expression of lipogenic genes reduce acetyl CoA Metabolic syndrome pheno- [34]
8 carboxylase and PKCa reduces intestinal lipid gene expres- type (ETKO) mice
L‘f sion (FAS and SREBP1) and the fatty acid transporters CD36
‘g and FATP4
Q
=]
= Korean red ginseng Inhibits lipid accumulation and the expression of adipocyte- 3T3-L1 cells [46]
?g specific genes (PPARy, C/EBPa, aP2, and leptin) decreases
__é‘ both the mRNA levels and activity of MMP-2 and MMP-9
E reduces the expression of NF-kB and AP1, the transcription
factors of MMP-2 and MMP-9
Improves atherogenic dyslipidemia by augmenting liver C57BL/KsJ-db/db, male [44]
PPAR-a mRNA raises lipoprotein lipase mRNA expressions
Inhibits adipogenesis-related gene expression (SREBP-1C, Visceral adipose tissues/ HFD- [42]
PPARy, FAS, SCDI, and ACC1) fed castrated mice
Protopanaxadiol and proto- Reduces microsomal triglyceride transfer protein (MTTP) High-fat diet/streptozocin- [41]
panaxatriol-type saponins induced mice
Ginsenoside Rgl Increases fatty acid oxidation via PPARa activation Type 2 diabetic mice [47]

Table (1) contd....
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T f Gi
Effects . ypfe of Ginseng/ Potential Mechanisms Models References
Bioactive Components
Rises insulin levels, activates glucose kinase and glycogen
) synthase through AMPK promotes expression levels of the Diabetic rats [33]
Panax ginseng insulin receptor, increases GLUT-2
Increases GLUT-4 in the skeletal muscle and liver Obese mice [35]
B . . Inhibits llB-hydrOX}./stf?roid de?lydrog‘eflas‘e type 1, which in High-fat diet (HFD)-induced
5 Ginsenoside Rb1 turn boost glucocorticoid function facilitating blood glucose . . [36]
2 . type 2 diabetes mellitus mouse
= lowering
Q
E I insuli itivity by activating the PI3K/Akt sig-
3 Ginsenoside compound K THIPTOVES HISUTN Senst 1V%ty y activating the PI3K/Akt sig Diabetic rats [37]
= naling pathway
50
=)
E& Ginsenoside Rgl HFD-fed C57BL/6J mice [60]
Ginsenoside Rb3 Reduces gluconeogenesis by activating AMPK and decreasing HepG2 cells [61]
FOXOL activity Tyoe 2 diabetic mi d
t
Ginsenoside compound K Ype 2 Clabete mice ai [62]
HepG2 cells
. . Attenuates hepatic glucagon response via the suppression of .
Ginsenoside Rg5 . ) . . HFD-fed mice [63]
succinate-associated HIF-1alpha induction
3. GINKGO BILOBA

Ginkgo biloba (also called maiden hair tree in English)
(Fig. 4) is believed to be one of the oldest seed plants, a “liv-
ing fossil”. The ginkgo tree has long been cultivated in
China, and then extensively distributed in Asia, Europe,
North America, New Zealand [64]. Like ginseng, ginkgo has
a long history in traditional Chinese medicine and is men-
tioned in the Chinese Materia Medica for its therapeutic use
more than 5000 years ago. Main active agents of ginkgo are
flavonoids (ginkgo-flavone glycosides) and terpenoids
(ginkgolides and bilobalides) (Figs. 5-7). Among flavonoids,
representative substances are glycosides of kaempferol,
quercetin, and isorhamnetin with glucose and rhamnose.
Ginkgolides are unique compounds which have not been
found in any other living species, and they are classified into
types A, B, C, J, M. These bioactive compounds are present
in extracts from dried leaves and pass through multiple steps
during the commercial manufacture. The other ginkgo parts
enclose a great concentration of the active ingredients in
roots and even a potentially toxic substance in seeds, ginkgo-
toxin (4-O-methoxypyridoxine), which inhibits vitamin B6
activity and GABA formation [65]. The ginkgo commercial
product, is a standardized extract obtained from high-quality
ginkgo leaves, EGb 761, containing 24% of flavonoids, 6%
of terpenoids, 5-10% organic acids, and other constituents
[66].

3.1. Ginkgo and Anti-Aging Properties

Among the concepts of aging, “oxidative stress theory”
and “mitochondrial theory” appear to be two interesting
theories that may explain the anti-aging mechanisms of
ginkgo. (1) Aging-related ROS increase leads to the func-
tional alterations and pathological conditions; (2) mitochon-
dria are responsible for aging modulation whereby leaking of
electrons from the electron transport chain (ETC) further

Fig. (4). Ginkgo biloba.
(Source https://pngtree.com/freepng)
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Fig. (6). Bilobalide.

OH O

Fig. (7). Structural skeleton of flavonoids.

increases ROS levels, damages ETC components, and mito-
chondrial DNA, eventually leading to mitochondrial dys-
function and cellular senescence [67]. Thus, the administra-
tion of antioxidants and mitochondrial protection may decel-
erate the aging process as well as age-associated impair-
ments at both cellular and tissue levels. Scavenger effects
against superoxide anion, hydroxyl and peroxyl radicals
were reported with the ginkgo extract EGb 761 on [68]. Fla-
vonoids have well known as major contributors to the anti-
oxidant activity of ginkgo [69]. Mechanisms underlying their
antioxidant property are free radical scavenging and transi-
tion metal ion chelating activity [70]. In this regard, in-
creased catalase (CAT) and SOD activities in the hippocam-
pus, striatum and substantia nigra of rats treated with EGb
761 have been observed [71]. Moreover, In vitro and in vivo
studies demonstrate that the flavones components of ginkgo
biloba extract can inhibit lipid peroxidation and platelet ag-
gregation [72].

The protective effects of gingko on mitochondrial func-
tion have been investigated both in vitro and in vivo models.
Using PC12 cells, dissociated mice brain cells, and isolated
mitochondria, Abdel-Kader er al. (2007) mimicked aging-
associated mitochondrial abnormalities and reported that
EGb 761 protects mitochondrial function in vitro [73]. EGb
761 showed a beneficial effect on complexes I, IV and V in
the brains of old mice but not in the young ones, suggesting
the potential efficacy of ginkgo in providing protection
against aging-associated processes [73]. SAMP strain of
mice, a model for aging and aging-associated disorders, has
been employed in a study by Shi ef al. (2010), showing that
12 weeks of EGb 761 treatment protects against platelets
mitochondrial dysfunction in two age groups mice (15-week-
old and 52-week-old). A different effect was found at the
level of the central nervous system, where EGb 761 exerted a
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protective only in the hippocampi of the older animal group,
which might be due to an age-associated increase in perme-
ability of the blood-brain barrier [74]. Collectively, the effi-
cacy of ginkgo in providing antioxidant and mitochondrial
protection makes it an excellent candidate as an anti-aging
“drug” [66]. Counteract telomere shortening by employing
telomerase activators is emerging as a new anti-aging strat-
egy to combat age-related diseases [75]. In this regard,
gingko appears to delay the onset of endothelial progenitor
cells (EPCs) senescence, most likely via dose-dependent
increase of telomerase activity. The molecular mechanisms
underpinning the gingko-induced increase of telomerase ac-
tivity seems due to the augmented protein kinase Akt activ-
ity, which leads to increased telomerase phosphorylation and
activity thereby preventing the onset of EPCs senescence
[76].

3.2. Effects of Ginkgo on Cognitive Impairments

Ginkgo has been widely investigated in preclinical and
clinical studies for central nervous system-associated condi-
tions such as Alzheimer-associated, normal cognitive decline
in the elderly, cerebrovascular insufficiency, ischemic stroke,
tinnitus, and sensorineural hearing loss. Neuromodulatory
effects of the EGb 761 ginkgo extract encompass improve-
ment of cognition, protection against oxidative stress, im-
provement of cerebral blood flow and circulation, regulation
of neurotransmitters, and prevention apoptosis [77]. Ginkgo
extract preparations are classified as anti-dementia drugs or
nootropics, which improve high integrated noetic functions
(e.g., memory, concentration, comprehension, attention,
thinking and orientation) and impairment of vigilance [78].
In the last three decades, there has been a steady increase in
the proposed causes of Alzheimer’s disease (AD) including
cholinergic neuronal loss, neuroinflammation, oxidative
stress, apoptosis, excessive activation of N-methyl-D-
aspartate (NMDA) receptors, cholesterol and amyloid depo-
sition [79]. In this regard, it has been reported that most of
the above mechanisms are targeted by ginkgo as it has the
capability to improve AD-associated cognitive impairments
by performing several protective effects against disease-
associated oxidative damage and cell death. Indeed, ginkgo
has been found to (a) function as a platelet-activating factor
(PAF) antagonist capable of attenuating ROS generation; (b)
protect brain neurons against oxidative stress elicited by hy-
drogen peroxide- [80] or by B-amyloid-peptide (AB); (c) re-
duce cell membrane lipid peroxidation in experimental
model of spinal cord injury [81]; (d) protect brain neurons
against peroxidation-induced oxidative stress [82]; (e) pro-
tect hippocampal neurons against cell death induced by AB
[83]; (f) suppress AP production by lowering free cholesterol
levels [84]; (g) inhibit A fibrils formation; (h) inhibit Af
aggregation and caspase-3 activation [85]; (i) prevent hy-
droxyl radical-elicited apoptosis in rat cerebellar neuronal
cells; (1) Improve mitochondrial dysfunction; (m) elicit nu-
clear factor kappa-B-dependent amelioration of cognitive
and memory impairment [86].

3.3. Effects of Ginkgo on Cardiovascular Risks

An increasing number of evidences support the role of
ginkgo in modulating many pathological conditions related
to high blood glucose levels. The molecular mechanisms
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underpinning the above-mentioned effects may be associated
with an overall improvement of hyperglycemia-induced oxi-
dative stress condition likely attained by improving B-cells
function and enhancing antioxidant defense mechanisms in
pancreatic islets [87]. Indeed, hyperglycemia, one of the ma-
jor contributing factors of increased ROS production of dur-
ing diabetes, causes tissue damage or disease-associated
complications [88]; hence the employment of antioxidants
may be a valuable pharmacologic approach to managing
diabetes [87]. Administration of ginkgo for 30 days has been
reported to increase SOD, CAT, and GSH-Px activity along
with glutathione (GSH) levels in the liver and pancreas of
diabetic rats [89]. The above antioxidant effect might be re-
sponsible for the increased GLUT-4 mRNA expression and
improved glucose uptake and blood glucose metabolism
[90]. The EGb 761 ginkgo extract seems to affect the glucose
status of single neurons by activating hippocampal K'-
channels which in turn prompt the increased expression of
insulin receptor binding and GLUT-3 [91] ultimately im-
proving glucose tolerance and insulin resistance [92]. Oral
treatment of the HFD-fed mice with EGb 761 dose-
dependently enhances glucose tolerance, decreases insulin
levels, and the index values in the Homeostatic Model As-
sessment of Insulin Resistance [93]. EGb 761 also improves
the insulin signaling by means of several mechanisms in-
cluding stimulation of IRS-2 transcription [92], protection of
insulin receptor IRp and IRS-1 against HFD-induced degra-
dation and up-regulation of PI3K- and AMPK-mediated glu-
cose uptake [93] EGb 761-mediated activation of AMPK
leads to increased phosphorylation of both AMPK al and
a2, which not only improves hepatic lipid metabolism but
also benefit insulin signaling [93]. Ginkgo stimulates PI 3-
kinase (PI3K) activity, which is a major switch element on
the glucose uptake pathway. An about 65-fold increase in the
activity of PI3K was observed skeletal muscle cells exposed
to ginkgo, as well as the activity of p38 MAPK, a down-
stream mediator of AMPK [94]. Overall these data suggest
ginkgo as a promising anti-diabetic drug.

Among the constituents of ginkgo, flavonoids compo-
nents are believed to have a substantial hypolipidemic and
anti-sclerotic role [95]. Ginkgolide C, a diterpene derivative
isolated from ginkgo leaves possesses an anti-hyperlipidemic
effect in 3T3-L1 [96] and HepG2 cells [97]. Such an effect
appears to be exerted via various mechanisms including
hormone-sensitive lipase-dependent decomposition of
triglycerides, AMPK-dependent decreased fatty acid synthe-
sis, sirtl/AMPK-mediated lipolysis increased, decreasing
adipogenesis-related transcription factor expression, and
stimulating CPT-1 to activate fatty acid f-oxidation [96; 97].
EGb 761 and its constituents, especially terpenoids and fla-
vonoids, have also been recognized for possessing cardiopro-
tective effects, which are exerted by means of their vasodila-
tory and antihypertensive properties [98] including an ACE
inhibitory activity [99] a pronounced antioxidant activity
[100], and an endothelial dysfunction improvement [99].

A recent study from Abdel-Zaher et al. (2018) reports
that prolonged treatment of hypertensive rats with EGb 761
progressively reduced systolic, diastolic and arterial blood
pressure mean. Co-treatment experiments also indicated the
ability of EGb 761 to enhance the effect of losartan, an an-
giotensin II type 1 antagonist, on both kidney function and
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structure of the employed animal model. Hypertension-
induced elevation of renal malondialdehyde (MDA) and ni-
trite levels, as well as the lowering of reduced glutathione
(GSH) levels, were inhibited by EGb 761. Likewise, EGb
761 inhibited hypertension-induced increases in tumor ne-
crosis factor-alpha (TNF-a), interleukin-6 (IL-6) and inter-
leukin-1B (IL-1B) levels in renal tissues. In addition, EGb
761 treatment increased endothelial nitric oxide synthase
(eNOS) protein expression and decreased the protein expres-
sions of inducible NO synthase (iNOS) [100]. Consistently
with the above-mentioned findings, Mansour et al. (2011)
demonstrated that the treatment of 2K1C hypertensive rats
with EGb 761 (180mg/kg/day for three weeks) increased the
activity of the antioxidant enzyme GSH peroxidase [99].
Moreover, by virtue of different NO-mediated vasorelaxation
mechanisms, EGb 761 also elicited a noticeable improve-
ment of both endothelial specific and general kidneys func-
tion [99].

Although the evidence of ginkgo antihypertensive effects
has been confirmed in different animal model studies [99],
however, some contradictory data have been reported on
humans [101]. With the aim of determining the effects of
ginkgo (240 mg/day) on blood pressure and incident hyper-
tension, Binkley et al. (2010) collected data of 3,069 partici-
pants (mean age, 79 years; 46% female; 96% white) from the
Ginkgo Evaluation of Memory study (GEM) [101]. Over six
years follow up, similar changes in BP and pulse pressure
(PP) were recorded in the ginkgo and placebo groups.
Among participants who were not on antihypertensive medi-
cations at baseline, no significant differences were found
between treatment groups in medication use over time. No
differences were also found for what concerns the rate of
incident hypertension between participants assigned to the
treated and placebo group. These data indicate that ginkgo
does not reduce BP or the incidence of hypertension in eld-
erly men and women [101].

3.4. Safety, Toxicity, and Side Effects of Ginkgo

In the EGb 761 extract, the toxic constituents ginkgolic
acids contained less than 5 mg/kg (5 ppm) [66]. Ginkgolic
acids provoke strong allergic reactions. These compounds
appear to inhibit dehydrogenases, cyclooxygenases, lipoxy-
genases, glucosidases, aldose reductases, and tyrosinases in
mammalian systems. It is reported that ginkgolic acids have
antioxidant, anti-inflammatory and anti-allergic properties
and it is non-allergic as long as the carboxylic acid group is
intact [66].

4-O-methylpyridoxin (ginkgotoxin), a toxic chemical
compound found in the ginkgo leaf extract has been reported
to interfere with the pyridoxine (vitamin B6) metabolism,
leading to neurotoxicity, seizures, and loss of consciousness
[102]. Nevertheless, the extract toxin amount is likely to be
too low in order to be able to exert a harmful effect after
administration [102]. According to a recent study performed
by the National Institute of Health, under the National Toxi-
cology Program, ginkgo leaf extract may elicit toxic and
cancer-related consequences, such as stomach ulcers lesions,
as well as organs modification including liver and thyroid
gland hypertrophy, liver hyperplasia and hyperkeratosis
[103]. Intake of ginkgo leaf products should be stopped at
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least two weeks before elective surgery procedures due to the
potential risk of bleeding and postoperative bleeding, an ef-
fect attributed to Its platelet anti-aggregation activity due to
the PAF antagonism of ginkgolides, bilobalides and other
constituents present in the extract [104]. Taken orally at the
typical dosage the ginkgo leaf extract may cause mild gastro-
intestinal upset, headache, dizziness, palpitations, constipa-
tion and allergic skin reactions. Higher dosages can cause
restlessness, diarrhea, nausea, vomiting, and weakness [105].
Even though there are not enough data supporting the
ginkgo-induced seizures reported in some anecdotes, it is
recommended to avoid these products in patients with a his-
tory of seizures [106].

A meta-analysis of the efficacy and safety of ginkgo for
the treatment of dementia on thirteen studies concludes that a
240-mg daily intake of EGb 761 is effective and safe in the
dementia treatment [107]. A recent randomized clinical trial
compared subjects randomized to twice-daily doses of either
120-mg of IDN 5933 (also known as Ginkgoselect®Plus, an
extracted from dried leaves containing 24.3% of flavone
glycosides and 6.1% of terpene lactones) or to placebo for a
six-month period. The study enrolled 47 subjects, 27 in the
treatment group and 20 in the placebo group. Several clinical
(adverse clinical effect and liver injury) and genomic (mi-
cronucleus frequency, comet assay, c-myc, p53, and ctnnbl
expression profile in lymphocytes) parameters were assessed
at baseline and after the intervention. Overall, no adverse
clinical effects or increased markers of liver injury were re-
corded. Analysis of the genomic profile did not reveal differ-
ences in the expression profile of the three genes investi-
gated. Taken together these results support the safety of IDN
5933 at doses prescribed and for a duration of six months
intake [108].

4. GANODERMA LUCIDUM

Due to its medicinal properties, Ganoderma Ilucidum
(Ling Zhi) (Fig. 8) has been widely used in Asian countries,
such as China, Japan, and Korea for a long time. Plenty of
commercial Ganoderma lucidum products are available in
different forms, including powders, dietary supplements, and
tea. Such products are made from different parts of the
mushroom, counting mycelia, spores, and fruit body [109].
The bioactive compounds are usually extracted with hot wa-
ter or ethanol from fruiting bodies, mycelia or spores [110].
G. lucidum encompasses a diverse set of bioactive com-
pounds. The main chemical ingredients include triterpenes
(Fig. 9), polysaccharides, nucleosides, steroids, fatty acids,
alkaloids, proteins, peptides, amino acids, and inorganic
elements [109]. These bioactive compounds have displayed
multiple pharmacological properties, such as immunomodu-
lation, anti-oxidation, liver protection, anti-proliferation, and
anti-angiogenesis actions [111]. For what concern anti-aging
or anti-aging related functions, polysaccharides, triterpenes
and peptides are the main active components of G. lucidum
[111,112].

4.1. G. lucidum and Anti-Aging Properties

During the past years, G. lucidum has been proven to be
effective in a variety of anti-aging studies and data from
animal trials appear to support its use in clinical applications.
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Fig. (8). Ganoderma lucidum.
(Source https://pngtree.com/freepng).

Ganodermanontriol

Fig. (9). Structure of Triterpenes from Ganoderma Lucidum.

G. lucidum extract enhances the activities of Krebs cycle
dehydrogenases and respiratory chain complexes [-1V in the
heart of mitochondria of aged rats, thus improving the age-
associated decrease of cellular energy status [113]. Impaired
mitochondrial function followed by increasing oxidative
stress over time has been proposed as an underlying cause of
cardiomyocyte loss during aging [114]. In this regard, G.
lucidum has been shown to be effective on the age-related
alteration of enzymatic and non-enzymatic antioxidant status
in mitochondria of heart and brain of aged mice. Like the
heart, the brain is also an organ vulnerable to the injury re-
lated to the aging process. G. lucidum treatment remarkably
reduces the level of ROS in aged rats indicating its effect in
scavenging ROS during the aging process [115].

The accumulation of unrepaired DNA damage has long
been proposed as one of the major causal factors implicated
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in aging [116]. Data from Lee and colleagues (2001) have
proved that the amino polysaccharide fraction of G. lucidum
(G009) has protective effects on UV-induced DNA strand
breakage in human promyelocytic leukemia (HL-60) cells
[117]. Similarly, G. lucidum significantly protects human
lymphocyte DNA against H,O,-induced oxidative damage
[118]. Several signaling pathways including insulin/IGF-1,
mTOR, AMPK and sirtuins are considered as a major modu-
lator of the aging process [119; 120]. Using Caenorhabditis
elegans as a model organism, the implication mTOR/S6K in
the G. lucidum-elicited protection against heavy metal-
induced oxidative stress has been reported (Table 2) [121]. A
study from Chuang et colleagues (2009) also demonstrated
that the G. [lucidum polysaccharide (RF3) extends
Caenorhabditis elegans lifespan by activating the expression
of the longevity-associated transcription factor DAF-16 via
TIR-1 receptor and MAPK pathway (Table 2) [122].

By regulating the expression of genes coding for several
anti-oxidants (e.g., HO-1, GST, NQO-1), the nuclear factor-
E2-related factor (Nrf2) is considered a cytoprotective factor
and a potent longevity modulator [123]. In this regard, the G.
lucidum ethanol extract raises the expression and phosphory-
lation of Nrf2 in C2C12 myoblast leading to the upregulation
of HO-1 and ultimately eliciting an antioxidant activity (Ta-
ble 2) [124]. Elevating HO-1 gene expression has become
known as a promising therapeutic goal for antiaging and
anti-Inflammation interventions [125]. Interestingly, among
the pathways detected as potential antiaging targets, the im-
mune inflammatory pathways could be ranked among the
first [126]. Ganodermanontriol, a bioactive triterpene iso-
lated from G. lucidum, has hepatoprotective properties by
alleviating oxidant-induced cellular damage in Hepalclc?7
and mice liver cell via a PI3K/Akt/p38-mediated, Nrf-2-
dependent increase of HO-1 gene expression (Table 2) [127].
As PI3K/Akt plays a key role in the Nrf2-mediated antioxi-
dant response, a drugs-based approach aimed at modulating
the Nrf2 upstream signals is conceivable [128]. By maintain-
ing energy and metabolic homeostasis, AMPK plays a vital
role in cellular and organism survival during metabolic stress
[129]. Similarly to the previously cited study, Li et al. (2013)
demonstrated that ganodermanondiol, through an AMPK-
mediated, Nrf2-dependent expression of HO-1, has potential
cytoprotective effects on t-BHP-induced hepatotoxicity in
human liver-derived HepG2 cells (Table 2) [130].

Although strong evidences in animal models suggest that
G. lucidum has potential antioxidant and anti-aging effects,
data from human trials still remain limited. A follow-up
study was conducted by Watchtel Galor and colleagues
(2005) to evaluate the effects of 4 weeks Lingzhi supplemen-
tation on a range of antioxidant status biomarkers and Coro-
nary Heart Disease (CHD) risk. Eighteen healthy people took
part in double-blinded, crossover, placebo-controlled inter-
vention study. The study results indicate increased plasma
total antioxidant status and improved CHD biomarkers after
10-day supplementation. Moreover, no evidence of renal,
liver, or DNA toxicity was observed suggesting the safety in
the employment of Lingzhi as a potential therapeutic agent in
the promotion of healthy aging [131]. To investigate the an-
tioxidant properties of G. lucidum and its effects on DNA
damage and repair in lymphocyte, a cross-over human inter-
vention study was performed on seven healthy volunteers.
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Plasma total antioxidant power and the lymphocyte DNA
damage were evaluated before and after the treatment of sin-
gle acute dose of G. lucidum. Administration of G. lucidum
enhanced the plasma antioxidant power, but no effect on the
rate of DNA lymphocytic repair was observed, indicating
that bioavailable antioxidants from G. lucidum had no effect
on DNA resistance to oxidative stress or repair in vivo [132].
However, the studies on humans seem to be limited in quan-
tity and the sample size making them less valuable than
those performed in animals. On the whole, the discussed data
provide the current scenario conceding the underlying
mechanisms of G. lucidum as an antiaging agent. However,
further clinical studies should be performed to elucidate the
anti-aging properties of G. lucidum in humans.

4.2. Effects of G. lucidum on Cognitive Impairments

Oxidative damage has been illustrated in aging and age-
associated cognitive deterioration. Evidence from cross-
sectional studies supports a relationship between antioxidant
status and loss of cognitive function in the elderly [133]. G.
lucidum has anti-aging effect accompanied by protective
property against age-related neurodegenerative diseases
[112]. A study performed to investigate the effects of G. lu-
cidum on aging, learning and memory aptitude in senes-
cence-accelerated mice (SAMPR) reports its ability to in-
crease SOD, GSH-Px and GSH-Rd, while lowering brain
amyloid in comparison with the control group, suggesting
ability in ameliorating learning and memory capacities and
accelerating antioxidative activities [134]. Furthermore, the
effects of GLPs against oxidative stress-induced neuronal
apoptosis inhibited H,O,-induced apoptosis, reduced expres-
sion of caspase-3, Bax and Bim and elevated Bcl-2 in the
treated cells as compared with the control ones are reported
in another study (Table 2), thus supporting a potential clini-
cal use of G. lucidum for the treatment of oxidative stress-
associated neurodegenerative diseases [135]. The potential
neuroprotective effect of G. lucidum was also investigated by
adopting a co-culture method of dopaminergic neurons and
microglia, which demonstrates the ability of G. lucidum to
inhibit microglial activation ultimately reducing dopaminer-
gic neuron degeneration [136]. By inhibiting the apoptotic-
associated signaling pathways JNK-c-Jun, p38MAP kinase
signaling the G. lucidum, aqueous extract has been shown
preventing exterminating toxin Af-induced detrimental ef-
fects in primary cortical neurons (Table 2) [137]. As up-
regulation of the above-mentioned kinases has been reported
linked to AD, the employment of G. lucidum as a treatment
for this disease is conceivable [138]. Further, the G. lucidum
extract-induced up-regulation of both MAP kinase and
cAMP-response element binding protein (CREB) signaling
pathways also causes neuronal differentiation of PC12 cells
and protect nerve growth factor-dependent PC12 neurons
from apoptosis (Table 2) [139]. Since a positive association
between CVD risk factors such as hypertension, diabetes,
and cognitive decline has been reported, regular screenings
for cognitive abilities starting as early as middle age with
regard to CVD risk factors is highly recommended [6].

The presented papers report clear data indicating G. lu-
cidum-elicited neuroprotective effects, as well as the signal-
ing pathway underlying this specific health benefit that may
be at the base of its aging delaying effect. Nevertheless, fur-
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ther clinical studies should be developed and implemented to
confirm G. lucidum potential use in humans.

4.3. Effects of G. lucidum on Cardiovascular Risks

It is well known that type 2 diabetes (T2DM) is closely
linked to increased cardiovascular morbidity and mortality.
Patients with T2DM undergo a two to four-fold increased
risk of coronary heart disease, ischemic stroke, and a 1.5 to
3.6-fold rise in mortality [140]. In this regard, several oral
antidiabetic medications are currently used, but patients may
suffer from side effects [141]. During the last twenty years,
several beneficial therapeutic impacts on diabetes have been
recorded employing the G. lucidum extracts [142]. In a study
carried out by Seto ef al. (2009), the hypoglycemic effects of
G. lucidum water-extract were evaluated in obese/diabetic
(+db/+db) mice. As a result, G. lucidum reduced fasting se-
rum glucose levels in type 2 diabetic mice and simultane-
ously decreased the mRNA expression of a gluconeogenesis
key regulatory enzyme the phosphoenolpyruvate car-
boxykinase (PEPCK) (Table 2) [143]. Since the hepatic
PEPCK gene expression is increased under diabetic condi-
tion, interventions aimed at reducing its expression may be
considered good therapeutic approaches for diabetes treat-
ment [144]. Xiao and colleagues (2012) investigated hypo-
glycemic effects and mechanism actions of G. lucidum poly-
saccharides (GLPs) in type 2 diabetic mice treated for seven
days. GLPs-treated mice showed diminished levels of fasting
serum glucose accompanied by reduced mRNA expression
of hepatic glycogen phosphorylase, glucose-6-phosphatase,
fructose-1,6-bisphosphatase, and PEPCK (Table 2), further
indicating an intense action of G. lucidum in modulating
gluconeogenesis/glycogenolysis key regulatory enzymes
[145]. Likewise, F31 a predominant B-heteropolysaccharide
present GLP has been reported to down-regulate glucose
regulatory enzymes in the liver of diabetic mice via an
AMPK-dependent mechanism (Table 2) [146]. Moreover,
augmented insulin secretion due to the facilitation of Ca2+
entry into pancreatic beta cells has also been proposed as a
hypoglycemic effect of G. lucidum polysaccharides on nor-
mal fasted mice (Table 2) [147]. A different hypoglycemic
mechanism has been reported for a GLPs proteoglycan ex-
tract (FYGL), which induces the suppression of both expres-
sion and activity of protein tyrosine phosphatase 1B
(PTP1B) a pivotal insulin receptor signaling down-regulator
(Table 2) [148]. Moreover, according to a recent study con-
ducted by Yang et al. (2017), FYGL caused hypoglycemic
and weight loss effects in obese C57BL/6 ob/ob mice. The
authors reported that FYGL efficiently inhibits the expres-
sion of PTP1B in the skeletal muscle tissues of ob/ob mice
and in PTP1B-transfected cells, an effect that is paralleled by
the IRS1/PI3K/Akt/ AMPKa/GLUT4 cascade upregulation, a
critical regulatory pathway in the control of glucose metabo-
lism [149]. Although data from animal studies strongly point
out an antidiabetic effect of G. lucidum, clinical trials in this
regard are still limited. A clinical study performed on 72
T2DM patients having GLPs and placebo three times per
day, evidenced a significant reduction HbA1C and glucose
plasma after 12 weeks of intake, demonstrating anti-
hyperglycemic properties of this substance [150]. On the
other hand, a double-blind, randomized, placebo-controlled
trial employing G. lucidum for the treatment of cardiovascu-
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lar risk factors of metabolic syndrome, failed to provide
positive data in 84 participants with type 2 diabetes mellitus
and metabolic syndrome [151].

Dyslipidemia is regarded as the most important risk fac-
tor for cardiovascular disease (CVD) [152]. In this context,
accumulating evidence revealed that G. lucidum possesses an
antihyperlipidemic effect. In animal studies, G. lucidum
polysaccharide elicited hypolipidemic properties by signifi-
cantly reducing plasma total cholesterol, LDL, and triglyc-
eride [153]. FYGL has also been reported to significantly
decreases the serum concentration of total cholesterol (TC),
triglyceride (TG), while markedly increases the serum levels
of LDL-¢c HDL-C in C57BL/6 db/db diabetic mice [154;
155]. Additionally, the water extract of G. lucidum mycelium
is able to reduce body weight and insulin resistance in high-
fat diet HFD-fed mice [156]. These results are consistent
with the data presented by Li et al. (2018), indicating that
GLPs could prevent the risk of obesity caused by high-fat
intake [157]. The effects of G. lucidum spores (GLSP) on
blood lipid compositions in diabetic rats were also investi-
gated. A study by Wang et al. (2015) provided some clear
evidence that GLSP decreased serum level of TC and TG
concomitantly with the up-regulation of acyl-CoA oxidase 1
(Acox1) and Insig-1/2 gene expression (Table 2) [158].
Noteworthy, Acox1, one of the essential enzymes associated
with fatty acid oxidation process, was activated by over 5-
folds in GLSP-treated diabetic rats, strongly suggesting its
role in accelerating lipid B-oxidation [158]. Another study by
Gao et al. (2018) was also performed to clarify the molecular
mechanism underpinning the hypolipidemic mechanism of
the G. lucidum ethanol extract (GL95). The experiments
were carried out on HFD-fed Wistar rats, and the mRNA
expression levels of several genes associated with lipid and
cholesterol metabolism were assessed including CYP7AI,
LXRa, HMGCR, PPARa, ACAT2, FAS, SREBP-1C, Acoxl
and FXR (Table 2). The study showed that GL9S reduced the
mRNA levels of FAS, ACAT2, SREBP-1C, HMGCR and
elevated the mRNA levels of CYP7A1, PPARa, ApoB, and
Acox1, indirectly suggesting that GL95 may ameliorate lipid
metabolic disorders [159]. Although the effects of G. [u-
cidum on CVD risk factors were also shown via human tri-
als, the data obtained so far are still inconsistent. In a double-
blinded, placebo-controlled, cross-over intervention study,
the effects of 4 weeks G. lucidum intake on CVD risk factors
were investigated on eighteen healthy adults (aged 22-52
years). G. lucidum induced no significant change of lipid
profile; only a slight decrease of TC, TG and LDL-c levels
was revealed [131]. Another study by Chu ef al. (2012) was
designed to assess the cardiovascular and metabolic re-
sponses to G. lucidum treatment in patients with a marginal
increase in blood pressure and/or cholesterol. Also in this
study, the data obtained from twenty-three subjects demon-
strated no alterations in blood pressure [160]. However, a
decrease in TG and increase in HDL-cholesterol were re-
corded after G. lucidum treatment, an effect that is consonant
with data obtained in some animals and in vitro studies
[160]. One more study by Klupp et al. (2016) revealed no
significant effects of G. lucidum on hypertension or lipid
profile in adults with metabolic syndrome or type 2 diabetes
mellitus [151].
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Tables 2. Ganoderma lucidum and its effects.
Effects Bioactive Components Potential Mechanisms Models References
Total water extract of G. Improves the resistance to oxidative stress via the mTOR/S6K sig- Caenorhabditis elegans [121]
lucidum naling
G. lucidum polysaccha- Activates the expression of DAF-16 via TIR-1 receptor and MAPK Caenorhabditis elegans [122]
z rides (RF3)
&
é G. lucidum ethanol extract Increases the expression of Nrf2/ HO-1 C2C12 mouse myoblast [124]
< cell line
Ganodermanontriol Increases the expression of Nrf2/ HO-1 via PI3K/Akt Hepalclc7 cells [127]
Ganodermanondiol Increases the expression of Nrf2/ HO-1 via AMPK HepG2 cells [130]
@ G. lucidum polysaccha- Reduces the expression of caspase-3, Bax and Bim rat cerebellar granule cells [135]
=)
Q rides CGC
E elevates the expression of Bcl-2 ( )
3
2
£ G. lucidum aqueous extract Inhibits the apoptotic-associated signaling pathways JNK-c-Jun, cortical neurons [137]
2 p38MAP kinase signaling
b G. lucidum aqueous extract Up-regulates MAP kinase and cAMP-response element binding rat PC12 cells [139]
© protein (CREB) signaling pathways
G. lucidum water extract Decreases the expression of PEPCK obese/diabetic (+db/+db) [157]
mice
G. lucidum polysaccha- Decreases the mRNA expression of hepatic glycogen phosphory- type 2 diabetic mice [145]
" rides lase, glucose-6-phosphatase, fructose-1,6-bisphosphatase
S
% G. lucidum polysaccha- Decreases the mRNA levels of hepatic glucose regulatory enzymes type 2 diabetic mice [146]
Q rides (F31) via AMPK activation
=)
§ Ganoderma polysaccarides Facilitates Ca2+ entry into pancreatic f cells beta cells normal fasted mice [147]
)
é GLPs proteoglycan extract Suppress the expression of protein tyrosine phosphatase 1B type 2 diabetes mellitus [148]
T (FYGL) (PTPIB) (T2DM) rats.
GLPs proteoglycan extract Inhibits the expression of PTP1B, activate PI3K/Akt obese C57BL/6(ob/ob) [149]
(FYGL) . . . mice
increases phosphorylation of AMPK, up-regulate the expression of
GLUT 4 rat myoblast L6 cells
‘& 2 G. lucidum spores Up-regulates acyl-CoA oxidase 1 (Acoxl) and Insig-1/2 gene ex- diabetic rats [158]
—_ .
T e pression
a o
_—E é G. lucidum ethanol extract Reduces the mRNA levels of FAS, ACAT2, SREBP-1C, HMGCR HFD-fed Wistar rats [159]
g3 (GL95)
elevates the mRNA levels of CYP7A1, PPARa, ApoB and Acox1

Overall, most of the studies demonstrating the efficiency
of G. lucidum on CVD risk factors have been performed in
animals, and the outcomes from clinical researches are still
limited. Thus, more studies on humans should be conducted
to better clarify the efficacy and safety of G. lucidum in the
clinical setting.

4.4. Safety, Toxicity, and Side Effects of G. lucidum

Although diverse studies on the biological effects of G.
lucidum have been performed, no systematic toxicological
assessment has been reported so far. A long time period of
research focusing on composition, effects, mechanisms and
therapeutic applications has been dedicated to studying the
safety of G. lucidum in both experimental and clinical set-
tings. In recent experimentation employing both males and

females rodents, GLPs failed to cause clinical signs of toxic-
ity either instantly or during the post-treatment period even
at a dose up to 5000 mg/kg bwt [161]. Indeed, subchronic
toxicity assays revealed no changes in body weight, neither
considerable differences were observed throughout the
whole administration period. All biochemical parameters
were within the normal range, except glucose levels, al-
though no significant increase was recorded when compared
with normal range. Besides, no mutagenic activity was ob-
served in the chromosome aberration assay [161]. Similarly,
a profile of total triterpenes isolated from G. lucidum failed
to induced symptoms of toxicity or behavioral change when
tested at increasing doses in Swiss albino mice, and no ani-
mals mortality was recorded even a dose up to 5000 mg/kg
b.wt [162].
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A 10-day controlled trial performed on 16 subjects hav-
ing G. lucidum and placebo revealed no changes in the inves-
tigated effect including intermittent low-abdominal pain,
thirst or fatigue, and no apparent differences of blood CD4,
CDS8, and CD19 levels were acknowledged [163]. A study
evaluating the effect of G. lucidum on platelet and global
hemostatic function proved that a dose of 1.5 g daily the ex-
tract failed to induce gross impairments such us alteration of
coagulation screen, fibrinogen concentration, von Willebrand
ristocetin cofactor activity, platelet function and risk of
bleeding [164]. Nevertheless, some experimental and clinical
studies carried out by J. Tao and K. Y. Feng in 1990 indi-
cates that doses of G. lucidum above 3000 mg/ day can affect
platelet aggregation, extracorporeal thrombus as well as the
wet and dry weights of thrombin, justifying caution in the
employment of G. lucidum in patients suffering low platelet
counts [165]. At higher doses or varying the G. lucidum ex-
tracts, some of the common side effects observed have been
dry mouth and nose, itchiness and stomach upset [166].
Based on the analyzed literature G. lucidum has been proven
to possess various health benefits leading to its prevalent
utilization worldwide. G. lucidum-associated cardio- and
neuro-protection appears to be supported by the several sig-
naling pathways described in the analyzed papers. However,
the researches into G. lucidum safety conducted so far, do
not sufficiently support its use in humans, as further clinical
trials are required to confirm its efficacy and safety.

5. RADIX ASTRAGALI

The medicinal herb Radix Astragali (R. Astragali) (Fig.
10), commonly prepared from the dried root of Astragalus
membranaceus (Fisch.) Bunge (A. membranaceus) and As-
tragalus mongholicus Bunge (Fabaceae), is used in patients
with chronic diseases and healthy people who want to im-
prove their body vital functions. Botanically, the genus As-
tragalus comprises 2000 - 3000 species, two subspecies, 35
varieties and two forms in China, of which only 12 can be
used as medicinal plants [167]

Fig. (10). R. Astragali.
(Source https://pngtree.com/freepng).

To date, more than 200 compounds have been isolated
and identified from A. membranaceus. Its total polysaccha-
rides, saponins, and flavonoids fractions and several other
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isolated compounds have been the most studied, and are
those that bear the biological activities of 4. membranaceus
in vivo or in vitro [167; 168].

Triterpenoid Saponins (Astragalosides): More than 161
saponins have been detected, among them, five major sapon-
ins, including astragalosides I, II, and IV, and isoastraga-
loside I and II, and Astragaloside IV are the qualitative con-
trol biomarkers. Flavonoids: 63 flavonoids are mainly in-
cluded such as isoflavones, isoflavones, pterocarpans, fla-
vonols, flavones, flavanones and three special flavonoids
including sulfuretin, isoliquiritigenin, and penduline. Among
them, isoflavones are the major constituents, and calycosin-
7-0O-B-D-glucoside, as one of the isoflavones, is the domi-
nant component and used as a chemical marker in quality
analyses of A. membranaceus. Polysaccharides: The under-
standing of Astragalus polysaccharides is quite limited due
to their complicated chemical structures; therefore it is rela-
tively difficult to isolate and characterize their individual
components. There are 14 polysaccharides in 4. mem-
branaceus, and 13 of them have - D-(1—3)-galactan moie-
ties branched with B-D-(1—6)- galactooligosaccharide side-
chains. Special monomers extract from 4. membranaceus:
TA-65 and TAT2, single chemical entities, were isolated
from the extract of the 4. membranaceus root [167; 168].

5.1. R. Astragali and Anti-Aging Properties

Several healthspan-extending properties have been as-
cribed to A. membranaceus [169]. To investigate the anti-
aging effect of astragalosides (AS) and its mechanism of
action, Hong et al (2003) performed rotating rod test and
step-down type passive avoidance test to determine the ef-
fects of AS on the neuromotor activity of D-galactose (D-
gal)-induced senescent mice and the middle-aged mice.
These findings proved that AS has an anti-aging effect on D-
gal-induced senescent mice by delaying middle-aged mice
senility through the improvement of both brain and immu-
nomodulatory function (Table 3) [170].

Using Zebrafish as an animal vertebrate model, Xia et al
(2012) concluded that the Astragalus polysaccharide delay
zebrafish aging by counteracting cell senescence and apopto-
sis in the fish early development stages, a phenomenon due
to the inhibition of p53 and p21 genes expression and
upregulation of mdm2 and TERT (Table 3) [171]. In the
nematode model Caenorhabditis elegans, Zhang et al.
(2012) showed that astragalan not only reduces polyglu-
tamine-induced aggregation but also alleviates the treatment-
associated neurotoxicity. In this model, astragalan was able
to extend the adult lifespan of wild-type and polyglutamine
nematodes, indicating a connection of its anti-aging benefit
with the toxicity-suppressing effect. Further examination
demonstrates that astragalan extended the lifespan of daf-2
and age-1 but not that of daf-16 mutants of the insulin-like
aging and stress pathway, suggesting a lifespan-regulation
signaling independent of DAF (dauer abnormal formation)-
2/IGF-1R (insulin-like growth factor 1 receptor), but de-
pendent on the DAF-16/FOXO (forkhead box O) transcrip-
tion factor, a pivotal integrator of signaling pathways related
to both lifespan modulation and stress resistance (Table 3)
[172]. TA-65 is a dietary supplement based upon an im-
proved formulation of a small molecule telomerase activator
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that was discovered in a systematic screening of natural ex-
tracts from R. Astragali. A randomized, double-blind, pla-
cebo-controlled clinical research involving 117 relatively
healthy cytomegalovirus-positive subjects aged 53-87 years
old highlighted that TA-65 could lengthen telomeres sug-
gesting that TA-65 may inhibit senescence-associated
mechanisms in a clinically significant manner (Table 3)
[173].

5.2. Effects of R. Astragali on Cognitive Impairments

The A. membranaceus polysaccharides are effective
components with several significant bioactivities, such as
immunomodulation,  antioxidant, anti-diabetes, anti-
inflammation and neuroprotection actions. Huang et al.
(2017) determined the effects of Astragalus membranaceus-
polysaccharides (APS) on metabolically stressed transgenic
mice in order to use these macromolecules for the treatment
of sporadic Alzheimer’s disease (AD), a neurodegenerative
condition with metabolic risk factors. The results of this
study showed that APS improved the behavior performance
of metabolically stressed transgenic mice and may be a
therapeutic approach to ameliorate metabolic stress-induced
diabesity and the subsequent neuroinflammation in AD-
related pathologies (Table 3) [174]. Li et al. (2016) investi-
gated the effects of Astragaloside-IV (A-IV) on memory
impairment induced by transient cerebral ischemia and reper-
fusion in mice, as well as the associated signaling mecha-
nisms. These results demonstrate that AS-IV could amelio-
rate cognitive impairments after transient cerebral ischemia
and reperfusion. AS-IV showed anti-inflammatory activities,
and these properties might occur by reducing microglia acti-
vation, decreasing the expression of inflammatory cytokines
and inhibiting activation of the TLR4 (Toll-Like Receptor 4)
and NLRP3 (nucleotide-binding oligomerization domain-like
receptor family, pyrin domain containing 3) signaling in the
brain (Table 3) [175]. In this context, It has also been sug-
gested that AS-IV might be a useful chemical in improving
spatial memory and relieving the oxidative stress and neu-
roinflammation in Alzheimer patients [176]. Using
Caenorhabditis elegans models, Li ef al. (2016) investigated
the protective effect of astragalan against the neurotoxicity
of 6-hydroxydopamine (6-OHDA), a neurotoxin that can
induce Parkinsonism. Astragalan was able to alleviate oxida-
tive stress by reducing ROS level and malondialdehyde con-
tent, increasing SOD and GSH-Px activities and reducing the
expression of the proapoptotic gene egl-1 in 6-OHDA-
intoxicated nematodes. Further, astragalin was also able to
restore the decreased acetylcholinesterase activity elicited by
the 6-OHDA in the treated nematodes (Table 3) [177]. To-
gether, these results demonstrate that the protective effect of
astragalan against 6-OHDA-elicited neurotoxicity is likely
due to oxidative stress alleviation and regulation of apoptosis
pathway and cholinergic system providing essential insights
into the therapeutic potential of Astragalus polysaccharide
against neurodegenerative conditions

5.3. Effects of R. Astragali and Cardiovascular Risks

A study by Wang et al. (2018) demonstrated that AS can
exert a lipid-lowering effect in insulin-resistant hepatocytes
by stimulating AMPK activation and decreasing phosphory-
lation of SREBP (Sterol regulatory element-binding protein)-
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Ic at Ser372, indicating that AS can ameliorate hepatic stea-
tosis, and suggesting its potential therapeutic employment
for treating non-alcoholic fatty liver disease (Table 3) [178].

Although AS-1V is well known to counteract obesity and
hypertension, whether it could prevent obesity-associated
hypertension by inhibiting pro-inflammatory reaction and
leptin resistance is yet unclear. In this regard, Jiang et al.
(2018) demonstrated that, by inhibiting inflammatory reac-
tions and improving leptin resistance, AS-IV efficiently pre-
vented obesity-associated hypertension in HFD-induced
obese rats. The AS- IV-induced effects were partly related to
increased a7nAchR expression accompanied by the suppres-
sion of IKKB/NF-KB signaling and pro-inflammatory cyto-
kines in the hypothalamus and adipose tissue [179]. Song et
al. (2018) demonstrated that AS-IV treatment reduces uri-
nary albumin excretion and ameliorates structural and func-
tional abnormalities associated with diabetic kidneys in a
streptozotocin-induced diabetic mouse model. The molecular
mechanisms underlying the renoprotective effects of AS-IV
might be related to the inhibition of MEK1/2-ERK1/2-RSK2
signaling [180].

APS has been shown to possess several biological activi-
ties including anti-oxidant and anti-inflammatory functions
in different diseases. In pulmonary arterial hypertension,
APS significantly ameliorates lung function by activating the
eNOS/NO signal pathway, inhibiting the expression of sev-
eral inflammatory and oxidants markers such as MPO, IL-
1B, IL-6, and TNF-a, with an NF-kB-dependent mechanism
[181]. Cheng and colleagues (2011) analyzed both efficacy
and underlying mechanisms of APS on plasma lipids levels
in hypercholesterolemic hamsters. The study data indicated
that APS reduces plasma cholesterol by up-regulating the
expression of cholesterol-7a-hydroxylase, a cholesterol me-
tabolism associated gene [182]. Moreover, increased fecal
bile acid and neutral sterol excretion, along with inhibited
intestinal fractional cholesterol absorption were found (Table
3) [182]. Insulin resistance is associated with obesity and
type 2 diabetes. In this regard, Ke e a/ (2017) suggested that
APS-promoted glucose uptake and increased insulin sensitiv-
ity in n 3T3-L1 implicate miR-721-PPAR-y-PI3K/AKT-
GLUT4 signaling pathway, thus highlighting this pathway as
a new therapeutic target for treating insulin resistance in obe-
sity and diabetes [183].

5.4. Safety, Toxicity, Side-effects of R. Astragali

Toxicological studies performed on R. Astragali demon-
strated that its extract is safe without any distinct toxicity and
side effects. In this study, the long-term toxicity of R. As-
tragali on rats was investigated for evaluating its safety dur-
ing long-term medication [184]. No negative influences were
detected over three months of consecutive medication on the
general status, the routine control of blood and urine, the
mass, and coefficient of major organs of the rats. There were
no pathological changes on heart, liver, spleen, lung, and
kidney demonstrating no obvious toxicity of R. Astragali on
rats during chronic medication [184].

A study established to investigated potential pharma-
cokinetic interaction between R. Astragali and pioglitazone
demonstrated that seven days of co-administration did not
affect the pharmacokinetics of pioglitazone especially in
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Table3. R. Astragali and its effects.
Effects Bioactive Components Potential Mechanisms Models References
Astragalosides Exerts immunomodulatory effects D-galactose (D-gal)-induced senescent mice [170]
and the middle-aged mice
%‘) Astragalus Inhibits p53 and p21 genes expression and upregu- Zebrafish [171]
%D polysaccharide lates mdm?2 and TERT
=
< Astragalan Extends the lifespan of daf-2 and age-1 mutants Nematode Caenorhabditis elegans [172]
TA-65 Lengthens telomeres Relatively healthy cytomegalovirus-positive [173]
subjects aged 53-87 years old
Astragalus polysaccha- Improves behavior performance Metabolically stressed transgenic mice mice [174]
g ride
Q
_g Astragaloside-IV Decreases the expression of inflammatory cytoki- Transient cerebral ischemia and reperfusion [175]
g* nes inhibits activation of the TLR4 signaling path- in mice
E; way and NLRP3 inflammasome in the brain
5) Astragalan Reduces ROS level and malondialdehyde content, Caenorhabditis elegans models (nematode) [177]
8 increases SOD and GSH-Px activities reduces the
expression of the proapoptotic gene egl-1
_ii Astragalosides Stimulates AMPK activation decrease phosphoryla- Insulin-resistant hepatocyte [178]
2 o tion of SREBP-1c¢ at Ser372
g <
'-§ = Astragalus polysaccha- Up-regulates the expression of cholesterol-7o- Hypercholesterolemic hamsters [182]
S ride hydroxylase

diabetic groups, suggesting that R. Astragali and pioglita-
zone might be feasible herb-drug co-effectiveness [185]. A
derivative extract (RRF) of the famous Chinese herbal for-
mula-Danggui Buxue Tang (DBT) containing R Astragali,
Radix Angelicae Sinensis (RAS) and Folium Epimedii (FE)
has been proven to possess remarkable immune-potentiating
activity along with a relatively wide margin of safety. In-
deed, Long-term treatment of RRF exhibited estrogenic
properties and retarded certain age-associated degenerative
features [186].

6. GYNOSTEMMA PENTAPHYLLUM

Gynostemma pentaphyllum (Fig. 11) is one of the about
17 species in the genus Gynostemma, nine of which are en-
demic to China. However, G. pentaphyllum has a wide dis-
tribution outside of China, ranging from India and Bangla-
desh to Southeast Asia as well as Japan, Korea and New
Guinea [187]. Till recently, it has been a locally known herb
used primarily in mountainous regions of southern China and
in northern Vietnam. It has been described by the local in-
habitants as the "immortality herb".

G. pentaphyllum contains more than 100 types of triter-
penoid saponins, many of which have a very similar struc-
ture to the saponin found in ginseng and Triad. In fact, four
of the 85 saponins in this herb are identical to those of Gin-
seng, but about four times as concentrated. Other saponins
are converted into ginseng saponins while some other sapon-
ins are unique to this herb. The flavonoid glycosides rutin,
ombuoside, and yixingensin have also been identified as
components of G. pentaphyllum [187]. In addition, G. penta-
phyllum contains other flavonoids, vitamins and many mi-

croelements such as zinc, iron, selenium and especially cal-
cium, all of which have anti-aging effects [188].

Fig. 11). G. pentaphyllum.
(Source https://pngtree.com/freepng).

6.1. Effects of G. pentaphyllum on Cognitive Impairments

The antioxidant capacity of G. pentaphyllum or its bioac-
tivity has long been recognized. As early as 1993, it was
established that G. pentaphyllum protects biomembranes
from oxidative injury and decreases intracellular leakage of
lactate dehydrogenase from vascular endothelial cells [189].
It was reported that gypenosides derived from G. pentaphyl-
lum suppresses NO synthesis, inhibits INOS and reduces
NF-kB activity [190; 191]. Other saponins isolated from this
plant exhibit potent in vitro and in vivo anti-inflammatory
activities as well [192], which also are due to its inhibitory
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Table4. G. pentaphyllum and its effects.
Effects Bioactive components Potential Mechanisms Models References
Gynostemma isolated Reduces total cholesterol, triglycerides, and LDL-cholesterol Poloxamer P407 induced hy- [199]
triterpine glycosides by reversing the P407 inhibition of LPL activity perlipidemia in rats
'[xll
2 Heat-processed G. pen- Anti-obesity effect stimulates fat oxidation and glucose uptake Ob/ob mice [201]
;g taphyllum extract via AMPK activation
Q
s Phanoside Stabilizes blood sugar by stimulating insulin secretion from Mice [206]
'-§ pancreatic islets
<
© G. pentaphyllum sapon- | Promotes hypoglycemic effect by upregulating SOD and GSH- STZ-induced diabetic rat [208]
ins px via Nrf2 signaling Lo
Goto-kakizaki rats [209]
Gypenosides Suppress NO synthesis, inhibits INOS and reduces NF-xB Murine macrophages [175, 190,
activity . 191, 217]
Human osteoarthritis chondro-
cytes
Extraction of dried aerial Counteracts the 1) ACA-mediated increases in arterial CO, Asphyxial cardiac arrest rat [195]
G. pentaphyllum with tension and blood glucose values; 2) increase in the activity of model
‘g 75% ethanol/25% water the respiratory chain complexes II + III; 3) elevation in cardi-
E olipin content
<
="
£ G. pentaphyllum ethano- | Modulates N-methyl-D-aspartate (NMDA) receptor-ERK1/2- An MPTP-lesioned mouse [196]
E lic extract CREB activates dopaminergic neurons improving spatial model of Parkinson’ Disease
Eﬂ memory deficits
© G. pentaphyllum poly- Decreases blood lactate and urea nitrogen concentrations, Rats [197]
saccharides increases hemoglobin and glycogen concentrations in liver and
muscle
G. pentaphyllum ethano- Reduces corticosterone serum levels, increases the activity of In mice model of chronic elec- [198]
lic extract dopamine and serotonin neurons, reduces the expression of tric footshock (EF) stress-
c-Fos induced anxiety disorders

effect on NF-kB and STAT3 signaling [193]. Besides NF-xB
and STAT3, also the p38 MAPK is involved in the anti-
inflammatory response elicited by G. pentaphyllum against
bacterial lipopolysaccharide (LPS)-induced inflammation
[194].

According to its antioxidant and anti-inflammatory ac-
tivities, cognitive improvement and neuroprotective effects
and of G. pentaphyllum have been reported in a rodent model
of cardiopulmonary resuscitation [195]. G. pentaphyllum-
exerted neuroprotection appears due to the counteraction of
several parameters including ACA-mediated increases in
arterial CO, tension and blood glucose values; transient in-
crease in the activity of the respiratory chain complexes II +
III; elevation in cardiolipin content; hippocampal CA1 neu-
rodegeneration, and loss of normal novelty-object seeking
[195]. By the modulation of N-methyl-D-aspartate (NMDA)
receptor-ERK1/2-CREB and activating dopaminergic neu-
rons and spatial memory deficits G. pentaphyllum improves
memory deficit in an MPTP-Lesioned Mouse Model of Park-
inson's Disease [196]. G. pentaphyllum in vitro neuroprotec-
tive effects against AP (25-35)-induced neurotoxicity in
PC12 cells have also been reported, which are mainly ex-
erted by the increase of GSH level and SOD activity, de-
creased Bax/Bcl-2 protein expression ratio and caspase-3
activation [197]. Noteworthy is the anti-fatigue effect ex-

erted by G. pentaphyllum in rats during a forced swimming
test. Indeed, the plant extract was able to extend the exhaus-
tive swimming time of the rats by decreasing the blood lac-
tate and urea nitrogen concentrations, increasing the hemo-
globin, along with the glycogen concentrations both liver and
muscle [197]. By reducing corticosterone serum levels, in-
creasing the activity of dopamine and serotonin in neurons,
G. pentaphyllum exerts a remarkable anxiolytic effect in a
mice model of chronic electric footshock (EF) stress-induced
anxiety disorders [198].

6.2. Effects of G. pentaphyllum and Cardiovascular Risks

G. pentaphyllum was traditionally used to treat many
diseases including Hypercholesterolemia. In this regard,
Megalli et. Al. (2005) shown that G. pentaphyllum reduces
total cholesterol, triglycerides, and LDL-cholesterol in hy-
perlipidemic rats [199]. Interestingly, the degree of reduction
in these lipidemic parameters by G. pentaphyllum is equiva-
lent to that of atorvastatin [199], an aspect supported by an-
other study further confirming this equivalence [200]. G.
pentaphyllum is also known to stimulate fat oxidation and
glucose uptake, thereby improving obesity in ob/ob mice
[201], an aspect further confirmed in a randomized, double-
blind, placebo-controlled trial demonstrating the anti-obesity
effect of G. pentaphyllum extract [202].
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Accumulating evidence confirms a hypoglycemia effect
of G. pentaphyllum [203]. The bioactives in G. Pentaphyllum
not only reduce blood levels of LDL-cholesterol but also
stabilize blood sugar in type 2 diabetic patients [204, 205]. In
2004, the Vietnamese Central Institute of Medicinal Materi-
als, in association with Karolinska Institute (Sweden), found
new insulin secretion stimulating ingredient in G. Pentaphyl-
lum named phanoside. Results showed that in mice, the de-
gree of phanoside’s effects varies based on the glucose lev-
els. When glucose levels are high, island cells' sensitivity to
phanoside is more heightened than when glucose levels are
lower. This may indicate that G. pentaphyllum does not
lower blood sugar when blood sugar levels are within normal
limits but only reduce blood sugar in people with high blood
sugar levels [206]. The underlying mechanism of phanoside
appears to be due to its ability to stimulate insulin secretion
from pancreatic islets [207]. Moreover, bioactives isolated
from this plant, which mainly include saponins [208] and a
polysaccharide [205] exert anti-diabetic effects as well.
These saponins, by upregulating antioxidant enzyme such as
SOD and GSH-px via Nrf2 signaling [208], caused a hypo-
glycemic effect in STZ-induced diabetic [208] and Goto-
kakizaki rats [209]. Other mechanicistic aspects of G. penta-
phyllum-elicited anti-diabetic and hypoglycemic effect are
related to its ability to ameliorate the activities of hepatic
glucose metabolic enzyme such as glucokinase and glucose-
6-phosphatase [210], improving the hepatic insulin sensitiv-
ity by suppressing gluconeogenesis [211]. Clinical trials
support this antidiabetic effect of G. pentaphyllum. Indeed,
in 2010, a clinical trial involving type 2 diabetic patients
with blood glucose level in the range of 9 to 14 mmol/L was
conducted. These patients were given G. pentaphyllum at a
dose of 6 grams per day (equivalent to 3 packs of 2 grams G.
pentaphyllum tea), for a period of 12 weeks. The results
showed that blood glucose level was decreased to 3 mmol/L
compared to the control group [212]. Another study further
supported that the use of this G. pentaphyllum tea increased
cellular sensitivity to insulin and the ability of cells to utilize
glucose, thereby helping to stabilize blood glucose [213].

6.3. Safety, Toxicity, and Side Effects of G. pentaphyllum

Ankang Pharmaceutical Institute of the Beijing Medical
University indicates that total gypenoside extracts are safe,
without side effects and toxicity. The Dictionary of Chinese
Medicine describes G. pentaphyllum as having ‘no toxicity’.
In a clinical trial, 537 bronchitic patients were treated 3 times
a day with G. pentaphyllum (2.5-3 g, prepared as tablets or
capsules). Among all the treated patients, 4.7% were cured,
24.8% achieved significant effects, 49.5% achieved some
effect, and 21% had no effect. Adverse side effects affecting
a small number of patients included vomiting, abdomen ten-
sion, diarrhea (or constipation), dizziness, blurred vision, and
tinnitus. These symptoms were mild and did not stop the
patients from taking the extract [188]. A 6-month chronic
intake of G. pentaphyllum in Wistar rats revealed no toxic
effects at a dose up to 750 mg kg—1 day—1 [214]. Similar
results were also reported in an acute oral toxicity test using
a single oral dose of 5000 mg/kg [215]. A very recent ran-
domized, double-blind, placebo-controlled clinical trials util-
izing G. pentaphyllum extract in 72 healthy adults revealed
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no causal relation between ingestion of the ethanolic extract
of G. pentaphyllum leaves and adverse reactions [216].

CONCLUSION

In this review, we collected and critically appraised thirty
years of published articles focusing on the antiaging effect of
some herbs originated in Asia such as Ginseng, Ginkgo,
Ganoderma, Astragalus. We collected data from in vitro ex-
periments, animal trials, and human studies, which compre-
hensively well-document both herbs effects and mechanisms
of action against aging and aging-associated diseases with
particular reference to cardiovascular risk and cognitive im-
pairment. In this regard, the multitude of reported data dis-
secting the molecular mechanisms of multitargeted effects of
herbs may help to establish new therapeutic agents for the
intervention of aging and age-related diseases.

Although different animal models provide robust evi-
dence for the beneficial effects of herbal medicines, the find-
ings from clinical studies remain contradictory. This review
reveals that most of the human trials performed so far suffer
from small sample sizes and are not done using a random-
ized design. Therefore, no conclusive evidence can be drawn
concerning the efficacy of these herbal medicines, though
some of them have reported beneficial effects on aging, dia-
betes, lipid profiles, and cognitive disorders. Other limita-
tions of using herbal remedies need to be pointed out such as
adulteration of the extracts, misidentification of the plants,
and others potential issues [218] including the pro-oxidant
and toxic effects of some of their components [219-222].

Despite the extensive use of the above herbs, a relatively
low number of toxicological studies have been conducted in
humans. However, based on our data collection, the re-
viewed herbs appear to be safe, tolerable, and free of toxic
effects in in vitro experiments and in clinical trials. To our
knowledge, no distinctive adverse events have been recorded
in several in vivo experiments, and data concerning physical,
haematological, and biochemical parameters gathered in the
review did not reveal any substantially abnormal changes.
Nonetheless, additional well-designed, large-scale random-
ized control trials to evaluate short- and long-term effects
and efficacy of these medicinal herbs should be conducted
among collaborative multicentre in the future.

LIST OF ABBREVIATIONS

11B-HSD 1 = 11B-hydroxysteroid dehydrogenase
type 1

6-OHDA = 6-hydroxydopamine

A. membranaceus= Astragalus membranaceus

ACC1 = Acetyl-CoA carboxylase 1

ACE = Acetylcholinesterase

ACO = Acyl-CoA oxidase

Acoxl1 = Acyl-CoA oxidase 1

AD = Alzheimer’s disease

Akt = the serine/threonine protein kinase

AMPK 5’ adenosine monophosphate kinase

ApoB = Apolipoprotein B
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APS =

AS =
Bcl-2 =
C/EBP =
CPT-1 =
CREB =

CVD =
CYP7A1 =
EGb =
eNOS

FOXO1
G. Pentaphyllum =
GAL4

GCLC =

GLPs =

GLS =
GLU =
GLUT-2 =
HDL-C =
HMGCR =

HO-1 =
HOCI =
IL-1B =
IL-6 =
iNOS =
IRS-1 =
IR =
LDL-C =
Mn-SOD =
MTTP =

NF-xB =

NO =
NQOI1 =
Nrf2 =

OH =
p38MAPK =
PEPCK
PEPCK
PI3K =
PPARa =

PTPIB =
R. Astragali =
ROS =
SCD1 =

Astragalus membranaceus-
polysaccharides

Astragaloside

B-cell lymphoma 2
enhancer-binding protein
carnitine palmitoyltransferase-1
cAMP-response-element-binding
protein

Cardiovascular disease
cholesterol 7alpha-hydroxylase gene
Extract of ginkgo biloba
Endothelial nitric oxide synthase
Forkhead transcription factor 1
Gynostemma Pentaphyllum

a positive regulator of gene expression
of galactose-induced genes
Glutamate-Cysteine ligase catalytic

G. lucidum polysaccharides

G. lucidum spores

Glucose

glucose transporting protein-2
High-density lipoprotein-cholesterol
3-Hydroxy-3-Methylglutaryl-CoA
Reductase

Heme oxygenase-1

Hypochlorous acid

Interleukin-1

Interleukin-6

Inducible nitric oxide synthase

Insulin receptor substrate 1

insulin receptor 3

Low-density lipoprotein-cholesterol
Manganese superoxide dismutase
Microsomal triglyceride transfer pro-
tein

Nuclear factor kappa-light-chain-
enhancer of activated B cells

Nitric oxide

NAD(P)H quinone oxidoreductase 1
Nuclear factor erythroid 2-related fac-
tor 2

Hydroxyl radical

P38 Mitogen-activated protein kinases
Phosphoenol pyruvate carboxykinase
Phosphoenolpyruvate carboxykinase
Phosphatidylinositol-3 kinases

peroxisome proliferator-activated re-
ceptor alpha

Protein tyrosine phosphatase 1B
Radix astragali

Reactive oxygen species
Stearoyl-Coenzyme A desaturase- 1

Phu et al.

SIRT = Silent mating type information regula-
tion 2 homologue

SREBP-1C = Sterol regulatory element-binding
transcription factor 1

T2DM = Type 2 diabetes mellitus

TC = Total cholesterol

TERT = Telomerase reverse transcriptase

TG = Triglyceride

TNF-a = Necrosis factor-alpha

CONSENT FOR PUBLICATION

Not applicable.

FUNDING

None.

CONFLICT OF INTEREST

The authors declare no conflict of interest, financial or

otherwise.

ACKNOWLEDGEMENTS

This publication was supported by the Qatar University

Grants [QUCG-CHS-2018\2019-1] and [IRCC 181] to GP

REFERENCES

(1]

(2]

[11]

[12]

Frasca D, Blomberg BB, Paganelli R. Aging, Obesity, and Inflam-
matory age-related diseases. Front Immunol 2017; 8: 1745.
[http://dx.doi.org/10.3389/fimmu.2017.01745] [PMID: 29270179]
Liguori I, Russo G, Curcio F, et al. Oxidative stress, aging, and
diseases. Clin Interv Aging 2018; 13: 757-72.
[http://dx.doi.org/10.2147/CIA.S158513] [PMID: 29731617]
Rattan SI. Aging is not a disease: implications for intervention.
Aging Dis 2014; 5(3): 196-202.
[http://dx.doi.org/10.14336/AD.2014.0500196] [PMID: 24900942]
Costantino S, Paneni F, Cosentino F. Ageing, metabolism and
cardiovascular disease. J Physiol 2016; 594(8): 2061-73.
[http://dx.doi.org/10.1113/JP270538] [PMID: 26391109]

North BJ, Sinclair DA. The intersection between aging and cardio-
vascular disease. Circ Res 2012; 110(8): 1097-108.
[http://dx.doi.org/10.1161/CIRCRESAHA.111.246876]
22499900]

Leritz EC, McGlinchey RE, Kellison I, Rudolph JL, Milberg WP.
Cardiovascular disease risk factors and cognition in the elderly.
Curr Cardiovasc Risk Rep 2011; 5(5): 407-12.
[http://dx.doi.org/10.1007/s12170-011-0189-x] [PMID: 22199992]
Knopman D, Boland LL, Mosley T, et al. Cardiovascular risk fac-
tors and cognitive decline in middle-aged adults. Neurology 2001;
56(1): 42-8.

[http://dx.doi.org/10.1212/WNL.56.1.42] [PMID: 11148234]
Grodstein F. Cardiovascular risk factors and cognitive function.
Alzheimers Dement 2007; 3(2)(Suppl.): S16-22.
[http://dx.doi.org/10.1016/j.jalz.2007.01.001] [PMID: 19595969]
Dreher ML. Dietary patterns in aging and disease. 1995.

Saleh Al-Shehabi T, Iratni R, Eid AH. Anti-atherosclerotic plants
which modulate the phenotype of vascular smooth muscle cells.
Phytomedicine 2016; 23(11): 1068-81.
[http://dx.doi.org/10.1016/j.phymed.2015.10.016] [PMID: 26776961]
Anwar MA, Al Disi SS, Eid AH. Anti-hypertensive herbs and their
mechanisms of action: part II. Front Pharmacol 2016; 7: 50.
[http://dx.doi.org/10.3389/fphar.2016.00050] [PMID: 27014064]
Liu C, Huang Y. Chinese herbal hedicine on cardiovascular dis-
eases and the mechanisms of action. Front Pharmacol 2016; 7: 469.
[http://dx.doi.org/10.3389/fphar.2016.00469] [PMID: 27990122]

[PMID:



Herbal Medicine for Slowing Aging and Aging-Associated Conditions

[13]

[17]

[18]

[19]

[20]

[21]

[22]

[27]

[29]

Cheung B, Kwan M, Chan R, Sea M, Woo J. Potential of Asian
natural products for health in aging: Molecular Nutrition Series. El-
sevier Inc. 2016.
[http://dx.doi.org/10.1016/B978-0-12-801816-3.00047-9]

Bent S. Herbal medicine in the United States: review of efficacy,
safety, and regulation: grand rounds at University of California,
San Francisco Medical Center. J Gen Intern Med 2008; 23(6): 854-
9.

[http://dx.doi.org/10.1007/s11606-008-0632-y] [PMID: 18415652]
Shih-Chen L, Smith F, Stuart G. Chinese medicinal herbs 1973.
Kim WY, Kim JM, Han SB, et al. Steaming of ginseng at high
temperature enhances biological activity. J Nat Prod 2000; 63(12):
1702-4.

[http://dx.doi.org/10.1021/np990152b] [PMID: 11141123]

Mahady GB, Gyllenhaal C, Fong HH, Farnsworth NR. Ginsengs: a
review of safety and efficacy. Nutr Clin Care 2000; 3: 90-101.
[http://dx.doi.org/10.1046/j.1523-5408.2000.00020.x]

Lee CH, Kim JH. A review on the medicinal potentials of ginseng
and ginsenosides on cardiovascular diseases. J Ginseng Res 2014;
38(3): 161-6.

[http://dx.doi.org/10.1016/j.jgr.2014.03.001] [PMID: 25378989]
Kim JH. Cardiovascular diseases and panax ginseng: A review on
molecular mechanisms and medical applications. J Ginseng Res
2012;36(1): 16-26.

[http://dx.doi.org/10.5142/jgr.2012.36.1.16] [PMID: 23717100]

Ho YS, So KF, Chang RC. Anti-aging herbal medicine--how and
why can they be used in aging-associated neurodegenerative dis-
eases? Ageing Res Rev 2010; 9(3): 354-62.
[http://dx.doi.org/10.1016/j.arr.2009.10.001] [PMID: 19833234]
Li JM, Weakley SM, Yang Z, Hu M, Yao Q, Chen C. Ginsenoside
Rb1 directly scavenges hydroxyl radical and hypochlorous acid.
Curr Pharm Des 2012; 18(38): 6339-47.
[http://dx.doi.org/10.2174/138161212803832254] [PMID: 22974003 ]
Kitts DD, Wijewickreme AN, Hu C. Antioxidant properties of a
North American ginseng extract. Mol Cell Biochem 2000; 203(1-
2): 1-10.

[http://dx.doi.org/10.1023/A:1007078414639] [PMID: 10724326]
Fu Y, Ji LL. Chronic ginseng consumption attenuates age-
associated oxidative stress in rats. J Nutr 2003; 133(11): 3603-9.
[http://dx.doi.org/10.1093/jn/133.11.3603] [PMID: 14608081]

Lee H, Hong Y, Tran Q, et al. A new role for the ginsenoside RG3
in antiaging via mitochondria function in ultraviolet-irradiated hu-
man dermal fibroblasts. JGR 2018; pp. 1-11.

Tsang KH, Cheung HY. Recent Studies of Anti-Aging Herbs: The
Biomedical Functions of Gingko, Lycium Barbarum Fruitus and
Ginseng. Hong Kong Pharml J 2014; 21: 65-71.

Song X, Bao M, Li D, Li YM. Advanced glycation in D-galactose
induced mouse aging model. Mech Ageing Dev 1999; 108(3): 239-
51.

[http://dx.doi.org/10.1016/S0047-6374(99)00022-6] [PMID:
10405984]

Zhu JD, Wang JJ, Zhang XH, Yu Y, Kang ZS. Panax ginseng
extract attenuates neuronal injury and cognitive deficits in rats with
vascular dementia induced by chronic cerebral hypoperfusion. Neu-
ral Regen Res 2018; 13(4): 664-72.
[http://dx.doi.org/10.4103/1673-5374.230292] [PMID: 29722318]
Zhu J, Mu X, Zeng J, et al. Ginsenoside Rgl prevents cognitive
impairment and hippocampus senescence in a rat model of D-
galactose-induced aging. PLoS One 2014; 9(6)e101291
[http://dx.doi.org/10.1371/journal.pone.0101291]
24979747]

Wang T, Di G, Yang L, et al. Saponins from Panax japonicus at-
tenuate D-galactose-induced cognitive impairment through its anti-
oxidative and anti-apoptotic effects in rats. J Pharm Pharmacol
2015; 67(9): 1284-96.

[http://dx.doi.org/10.1111/jphp.12413] [PMID: 25892055]
Cervantes Gracia K, Llanas-Cornejo D, Husi H. CVD and Oxida-
tive Stress. J Clin Med 2017; 6(2): 22.
[http://dx.doi.org/10.3390/jcm6020022] [PMID: 28230726]

Wang Z, Zhang H. Antidiabetic effects of Ginseng in humans and
rodents. J Metab Syndr 2012; 1: 106.
[http://dx.doi.org/10.4172/2167-0943.1000106]

Shishtar E, Sievenpiper JL, Djedovic V, et al. The effect of ginseng
(the genus panax) on glycemic control: a systematic review and
meta-analysis of randomized controlled clinical trials. PLoS One
2014;9(9)el07391

[PMID:

[33]

[34]

[36]

[37]

[40]

[41]

[42]

[45]

[46]

[47]

Current Vascular Pharmacology, 2019, Vol. 17, No. 00 19

[http://dx.doi.org/10.1371/journal.pone.0107391] [PMID: 25265315]
Abdelazim A, Khater S, Ali H, ef al. Panax ginseng improves glu-
cose metabolism in streptozotocin-induced diabetic rats through
5'Adenosine mono phosphate kinase up-regulation. Saudi J Biol Sci
2018; eee: 1-11.

Singh RK, Lui E, Wright D, Taylor A, Bakovic M. Alcohol extract
of North American ginseng (Panax quinquefolius) reduces fatty
liver, dyslipidemia, and other complications of metabolic syndrome
in a mouse model. Can J Physiol Pharmacol 2017; 95(9): 1046-57.
[http://dx.doi.org/10.1139/cjpp-2016-0510] [PMID: 28666094]
Mollah ML, Kim GS, Moon HK, et al. Antiobesity effects of wild
ginseng (Panax ginseng C.A. Meyer) mediated by PPAR-y,
GLUT4 and LPL in ob/ob mice. Phytother Res 2009; 23(2): 220-5.
[http://dx.doi.org/10.1002/ptr.2593] [PMID: 18830966]

Song B, Ding L, Zhang H, et al. Ginsenoside Rb1 increases insulin
sensitivity through suppressing 11p-hydroxysteroid dehydrogenase
type I. Am J Transl Res 2017; 9(3): 1049-57.

[PMID: 28386332]

Jiang S, Ren D, Li J, et al. Effects of compound K on hyperglyce-
mia and insulin resistance in rats with type 2 diabetes mellitus. Fi-
toterapia 2014; 95: 58-64.
[http://dx.doi.org/10.1016/j.fitote.2014.02.017] [PMID: 24613802]
Zhang BB, Zhou G, Li C. AMPK: an emerging drug target for
diabetes and the metabolic syndrome. Cell Metab 2009; 9(5): 407-
16.

[http://dx.doi.org/10.1016/j.cmet.2009.03.012] [PMID: 19416711]
Qureshi AA, Abuirmeileh N, Din ZZ, Ahmad Y, Burger WC, El-
son CE. Suppression of cholesterogenesis and reduction of LDL
cholesterol by dietary ginseng and its fractions in chicken liver.
Atherosclerosis 1983; 48(1): 81-94.
[http://dx.doi.org/10.1016/0021-9150(83)90019-9] [PMID: 6882511]
Yamamoto M, Uemura T, Nakama S, Uemiya M, Kumagai A.
Serum HDL-cholesterol-increasing and fatty liver-improving ac-
tions of Panax ginseng in high cholesterol diet-fed rats with clinical
effect on hyperlipidemia in man. Am J Chin Med 1983; 11(1-4):
96-101.

[http://dx.doi.org/10.1142/S0192415X83000161] [PMID: 6660221]
Deng J, Liu Y, Duan Z, et al. Protopanaxadiol and proto-
panaxatriol-type saponins ameliorate glucose and lipid metabolism
in type 2 diabetes mellitus in high-fat diet/streptozocin-induced
mice. Front Pharmacol 2017; 8: 506.
[http://dx.doi.org/10.3389/fphar.2017.00506] [PMID: 28824430]
Shin SS, Yoon M. Korean red ginseng (Panax ginseng) inhibits
obesity and improves lipid metabolism in high fat diet-fed castrated
mice. J Ethnopharmacol 2018; 210: 80-7.
[http://dx.doi.org/10.1016/j.jep.2017.08.032] [PMID: 28844680]
Kim SH, Park KS. Effects of Panax ginseng extract on lipid me-
tabolism in humans. Pharmacol Res 2003; 48(5): 511-3.
[http://dx.doi.org/10.1016/S1043-6618(03)00189-0] [PMID:
12967598]

Park MY, Lee KS, Sung MK. Effects of dietary mulberry, Korean
red ginseng, and banaba on glucose homeostasis in relation to
PPAR-alpha, PPAR-gamma, and LPL mRNA expressions. Life Sci
2005; 77(26): 3344-54.
[http://dx.doi.org/10.1016/).1£5.2005.05.043] [PMID: 15979095]
Yang J-W, Kim SS. Ginsenoside Rc promotes anti-adipogenic
activity on 3T3-L1 adipocytes by down-regulating C/EBPo and
PPARY. Molecules 2015; 20(1): 1293-303.
[http://dx.doi.org/10.3390/molecules20011293] [PMID: 25594343]
Oh J, Lee H, Park D, Ahn J, Shin SS, Yoon M. Ginseng and its
active components ginsenosides inhibit adipogenesis in 3T3-L1
cells by regulating MMP-2 and MMP-9. Evid Based Complement
Alternat Med 2012; 2012265023
[http://dx.doi.org/10.1155/2012/265023] [PMID: 23258984]

Park J-H, Lee J-Y, Yeo J-Y, Nam J-S, Jung M-H. Antihyperlipi-
demic effect of ginsenoside Rgl in type 2 diabetic mice. J Life Sci
(Calicut) 2011; 21: 932-8.
[http://dx.doi.org/10.5352/JL.S.2011.21.7.932]

Park JB, Kwon SK, Nagar H, et al. Rg3-enriched Korean Red
Ginseng improves vascular function in spontaneously hypertensive
rats. J Ginseng Res 2014; 38(4): 244-50.
[http://dx.doi.org/10.1016/j.jgr.2014.05.011] [PMID: 25379003]
Persson 1A, Dong L, Persson K. Effect of Panax ginseng extract
(G115) on angiotensin-converting enzyme (ACE) activity and ni-
tric oxide (NO) production. J Ethnopharmacol 2006; 105(3): 321-5.
[http://dx.doi.org/10.1016/j.jep.2005.10.030] [PMID: 16387458]



20 Current Vascular Pharmacology, 2019, Vol. 17, No. 00

[50]

[51]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[67]

Mucalo I, Jovanovski E, Raheli¢ D, Bozikov V, Romi¢ Z, Vuksan
V. Effect of American ginseng (Panax quinquefolius L.) on arterial
stiffness in subjects with type-2 diabetes and concomitant hyper-
tension. J Ethnopharmacol 2013; 150(1): 148-53.
[http://dx.doi.org/10.1016/j.jep.2013.08.015] [PMID: 23973636]
Jovanovski E, Bateman EA, Bhardwaj J, et al. Effect of Rg3-
enriched Korean red ginseng (Panax ginseng) on arterial stiffness
and blood pressure in healthy individuals: a randomized controlled
trial. ] Am Soc Hypertens 2014; 8(8): 537-41.
[http://dx.doi.org/10.1016/j.jash.2014.04.004] [PMID: 24997863]
Shin W, Yoon J, Oh GT, Ryoo S. Korean red ginseng inhibits
arginase and contributes to endotheliumdependent vasorelaxation
through endothelial nitric oxide synthase coupling. J Ginseng Res
2013;37(1): 64-73.

[http://dx.doi.org/10.5142/jgr.2013.37.64] [PMID: 23717158]
Durgnat JM, Heuser J, Andrey D, Perrin C. Quality and safety
assessment of ginseng extracts by determination of the contents of
pesticides and metals. Food Addit Contam 2005; 22(12): 1224-30.
[http://dx.doi.org/10.1080/02652030500199439] [PMID: 16356886]
Park KS, Park KI, Kim JW, et al. Efficacy and safety of Korean red
ginseng for cold hypersensitivity in the hands and feet: a random-
ized, double-blind, placebo-controlled trial. J Ethnopharmacol
2014; 158 Pt A: 25-32.

Shergis JL, Zhang AL, Zhou W, Xue CC. Panax ginseng in ran-
domised controlled trials: a systematic review. Phytother Res 2013;
27(7): 949-65.

[http://dx.doi.org/10.1002/ptr.4832] [PMID: 22969004]

Murthy HN, Dandin VS, Park SY, Paek KY. Quality, safety and
efficacy profiling of ginseng adventitious roots produced in vitro.
Appl Microbiol Biotechnol 2018; 102(17): 7309-17.
[http://dx.doi.org/10.1007/s00253-018-9188-x] [PMID: 29971477]
Lee NH, Yoo SR, Kim HG, Cho JH, Son CG. Safety and tolerabil-
ity of Panax ginseng root extract: a randomized, placebo-
controlled, clinical trial in healthy Korean volunteers. J Altern
Complement Med 2012; 18(11): 1061-9.
[http://dx.doi.org/10.1089/acm.2011.0591] [PMID: 22909282]
Shishtar E, Jovanovski E, Jenkins A, Vuksan V. Effects of Korean
White Ginseng (Panax Ginseng CA Meyer) on vascular and gly-
cemic health in type 2 diabetes: results of a randomized, double
blind, placebo-controlled, multiple-crossover, acute dose escalation
trial. Clin Nutr Res 2014; 3(2): 89-97.
[http://dx.doi.org/10.7762/cnr.2014.3.2.89] [PMID: 25136536]
Song SW, Kim HN, Shim JY, et al. Safety and tolerability of Ko-
rean Red Ginseng in healthy adults: a multicenter, double-blind,
randomized, placebo-controlled trial. J Ginseng Res 2018; 42(4):
571-6.

[http://dx.doi.org/10.1016/j.jgr.2018.07.002] [PMID: 30337818]
Liu Q, Zhang FG, Zhang WS, et al. Ginsenoside Rgl Inhibits glu-
cagon-induced hepatic gluconeogenesis through Akt-FoxOl inter-
action. Theranostics 2017; 7(16): 4001-12.
[http://dx.doi.org/10.7150/thno.18788] [PMID: 29109794]

Meng F, Su X, Li W, Zheng Y. Ginsenoside Rb3 strengthens the
hypoglycemic effect through AMPK for inhibition of hepatic glu-
coneogenesis. Exp Ther Med 2017; 13(5): 2551-7.
[http://dx.doi.org/10.3892/etm.2017.4280] [PMID: 28565878]

Wei S, Li W, Yu Y, ef al. Ginsenoside Compound K suppresses the
hepatic gluconeogenesis via activating adenosine-5'monophosphate
kinase: A study in vitro and in vivo. Life Sci 2015; 139: 8-15.
[http://dx.doi.org/10.1016/j.1f5.2015.07.032] [PMID: 26285176]
Xiao N, Lou MD, Lu YT, et al. Ginsenoside Rg5 attenuates hepatic
glucagon response via suppression of succinate-associated HIF-1a
induction in HFD-fed mice. Diabetologia 2017; 60(6): 1084-93.
[http://dx.doi.org/10.1007/s00125-017-4238-y] [PMID: 28280902]
Belwal T, Giri L, Bahukhandi A, ef al. Ginkgo biloba 1995.
Kleijnen J, Knipschild P. Ginkgo biloba. Lancet 1992; 340(8828):
1136-9.

[http://dx.doi.org/10.1016/0140-6736(92)93158-J] [PMID: 1359218]
Chan PC, Xia Q, Fu PP. Ginkgo biloba leave extract: biological,
medicinal, and toxicological effects. J Environ Sci Health C Envi-
ron Carcinog Ecotoxicol Rev 2007; 25(3): 211-44.
[http://dx.doi.org/10.1080/10590500701569414] [PMID: 17763047]
Kregel KC, Zhang HJ. An integrated view of oxidative stress in
aging: basic mechanisms, functional effects, and pathological con-
siderations. Am J Physiol Regul Integr Comp Physiol 2007; 292(1):
R18-36.

[http://dx.doi.org/10.1152/ajpregu.00327.2006] [PMID: 16917020]

[71]

[72]

(73]

[74]

[77]

(78]

[79]

(81]

(82]

(83]

(84]

(86]

Phu et al.

Droy-Lefaix MT. Effect of the antioxidant action of Ginkgo biloba
extract (EGb 761) on aging and oxidative stress. Age (Omaha)
1997;20(3): 141-9.

[http://dx.doi.org/10.1007/s11357-997-0013-1] [PMID: 23604306]
Tiedtke J, Marks O. Multi-functional botanical active based on
ginko for anti-aging. Cosmetic Sci Technol 2005; 2005: 18-25.
Wang T-y, Li Q, Bi K-s. Bioactive flavonoids in medicinal plants:
Structure, activity and biological fate. Asian J Pharm 2018; 13: 12-
23.

[http://dx.doi.org/10.1016/j.ajps.2017.08.004]

Bridi R, Crossetti FP, Steffen VM, Henriques AT. The antioxidant
activity of standardized extract of Ginkgo biloba (EGb 761) in rats.
Phytother Res 2001; 15(5): 449-51.
[http://dx.doi.org/10.1002/ptr.814] [PMID: 11507743]

Diamond BJ, Shiflett SC, Feiwel N, ef al. Ginkgo biloba extract:
mechanisms and clinical indications. Arch Phys Med Rehabil 2000;
81(5): 668-78.

[http://dx.doi.org/10.1016/S0003-9993(00)90052-2] [PMID:
10807109]

Abdel-Kader R, Hauptmann S, Keil U, ef al. Stabilization of mito-
chondrial function by Ginkgo biloba extract (EGb 761). Pharmacol
Res 2007; 56(6): 493-502.
[http://dx.doi.org/10.1016/j.phrs.2007.09.011] [PMID: 17977008]
Shi C, Xiao S, Liu J, et al. Ginkgo biloba extract EGb761 protects
against aging-associated mitochondrial dysfunction in platelets and
hippocampi of SAMPS mice. Platelets 2010; 21(5): 373-9.
[http://dx.doi.org/10.3109/09537100903511448] [PMID: 20459350]
Aydin Y. Antiaging strategies based on telomerase activity 1995.
Dong XX, Hui ZJ, Xiang WX, Rong ZF, Jian S, Zhu CJ. Ginkgo
biloba extract reduces endothelial progenitor-cell senescence
through augmentation of telomerase activity. J Cardiovasc Pharma-
col 2007; 49(2): 111-5.
[http://dx.doi.org/10.1097/FJC.0b013e31802e£519] [PMID:
17312453]

Darlington CL, Smith PF, Maclennan K. The neuroprotective prop-
erties of ginkgo extracts: Ginkgo biloba.Ginkgo biloba. Amster-
dam: Hardwood Academic 2000; pp. 331-44.

Schulz J, Halama P, Hoerr R. Ginkgo biloba extracts for the treat-
ment of cerebral insufficiency and dementia.Ginkgo biloba. Am-
sterdam: Harwood Academic 2000; pp. 345-70.

Ramassamy C, Longpré F, Christen Y. Ginkgo biloba extract (EGb
761) in Alzheimer’s disease: is there any evidence? Curr Alzheimer
Res 2007; 4(3): 253-62.
[http://dx.doi.org/10.2174/156720507781077304] [PMID: 17627482]
Oyama Y, Chikahisa L, Ueha T, Kanemaru K, Noda K. Ginkgo
biloba extract protects brain neurons against oxidative stress in-
duced by hydrogen peroxide. Brain Res 1996; 712(2): 349-52.
[http://dx.doi.org/10.1016/0006-8993(95)01440-3] [PMID: 8814913]
Kog¢ RK, Akdemir H, Kurtsoy A, et al. Lipid peroxidation in ex-
perimental spinal cord injury. Comparison of treatment with
Ginkgo biloba, TRH and methylprednisolone. Res Exp Med (Berl)
1995; 195(2): 117-23.

[http://dx.doi.org/10.1007/BF02576781] [PMID: 7659833]

Ni Y, Zhao B, Hou J, Xin W. Preventive effect of Ginkgo biloba
extract on apoptosis in rat cerebellar neuronal cells induced by hy-
droxyl radicals. Neurosci Lett 1996; 214(2-3): 115-8.
[http://dx.doi.org/10.1016/0304-3940(96)12897-4] [PMID: 8878097]
Bastianetto S, Ramassamy C, Doré S, Christen Y, Poirier J,
Quirion R. The Ginkgo biloba extract (EGb 761) protects hippo-
campal neurons against cell death induced by beta-amyloid. Eur J
Neurosci 2000; 12(6): 1882-90.
[http://dx.doi.org/10.1046/j.1460-9568.2000.00069 x] [PMID:
10886329]

Yao ZX, Han Z, Drieu K, Papadopoulos V. Ginkgo biloba extract
(Egb 761) inhibits beta-amyloid production by lowering free cho-
lesterol levels. J Nutr Biochem 2004; 15(12): 749-56.
[http://dx.doi.org/10.1016/j.jnutbio.2004.06.008] [PMID:
15607648]

Luo Y, Smith JV, Paramasivam V, et al. Inhibition of amyloid-beta
aggregation and caspase-3 activation by the Ginkgo biloba extract
EGb761. Proc Natl Acad Sci USA 2002; 99(19): 12197-202.
[http://dx.doi.org/10.1073/pnas.182425199] [PMID: 12213959]
Zhang LD, Ma L, Zhang L, et al. Hyperbaric oxygen and ginkgo
biloba extract ameliorate cognitive and memory impairment via
Nuclear Factor Kappa-B pathway in rat model of Alzheimer’s dis-
ease. Chin Med J (Engl) 2015; 128(22): 3088-93.



Herbal Medicine for Slowing Aging and Aging-Associated Conditions

(87]

[91]

[92]

[97]

(98]

[99]

[100]

[101]

[102]

[http://dx.doi.org/10.4103/0366-6999.169105] [PMID: 26608991]
Robertson RP, Tanaka Y, Takahashi H, Tran PO, Harmon JS.
Prevention of oxidative stress by adenoviral overexpression of glu-
tathione-related enzymes in pancreatic islets. Ann N Y Acad Sci
2005; 1043: 513-20.

[http://dx.doi.org/10.1196/annals.1333.058] [PMID: 16037273]
Giacco F, Brownlee M. Oxidative stress and diabetic complica-
tions. Circ Res 2010; 107(9): 1058-70.
[http://dx.doi.org/10.1161/CIRCRESAHA.110.223545] [PMID:
21030723]

Cheng D, Liang B, Li Y. Antihyperglycemic effect of Ginkgo
biloba extract in streptozotocin-induced diabetes in rats. BioMed
Res Int 2013; 2013162724

[http://dx.doi.org/10.1155/2013/162724] [PMID: 23509685]

Li X, HuY, Fu Y, Ying Y, Chen G. [Effect of Ginkgo biloba ex-
tract on glucose uptake of diaphragm in diabetic rats]. Zhongguo
Zhongyao Zazhi 2010; 35(3): 356-9. [Effect of Ginkgo biloba ex-
tract on glucose uptake of diaphragm in diabetic rats].

[PMID: 20423005]

Loffler T, Lee SK, Noldner M, Chatterjee SS, Hoyer S, Schliebs R.
Effect of Ginkgo biloba extract (EGb761) on glucose metabolism-
related markers in streptozotocin-damaged rat brain. J Neural
Transm (Vienna) 2001; 108(12): 1457-74.
[http://dx.doi.org/10.1007/s007020100020] [PMID: 11810408]
Zhou L, Meng Q, Qian T, Yang Z. Ginkgo biloba extract enhances
glucose tolerance in hyperinsulinism-induced hepatic cells. J Nat
Med 2011; 65(1): 50-6.
[http://dx.doi.org/10.1007/s11418-010-0456-z] [PMID: 20814756]
Cong W-n, Tao R-y, Tian J-y, et al. EGb761, an extract of Ginkgo
biloba leaves, reduces insulin resistance in a high-fat-fed mouse
model. Acta Pharm Sin B 2011; 1: 14-20.
[http://dx.doi.org/10.1016/j.apsb.2011.04.006]

Kim S-C, Han M-Y, Kim H-J, Jung K-H. The effect of Ginkgo
biloba Extract (GB) on Glucose Uptake in L6 Rat Skeletal Muscle
Cells. Korea J Herbology 2007; 22: 155-61.

Auger C, Teissedre PL, Gérain P, et al. Dietary wine phenolics
catechin, quercetin, and resveratrol efficiently protect hypercholes-
terolemic hamsters against aortic fatty streak accumulation. J Agric
Food Chem 2005; 53(6): 2015-21.
[http://dx.doi.org/10.1021/jf048177q] [PMID: 15769129]

Liou CJ, Lai XY, Chen YL, Wang CL, Wei CH, Huang WC. Gink-
golide C suppresses adipogenesis in 3T3-L1 adipocytes via the
AMPK signaling pathway. Evid Based Complement Alternat Med
2015; 2015298635

[http://dx.doi.org/10.1155/2015/298635] [PMID: 26413119]

Huang WC, Chen YL, Liu HC, Wu SJ, Liou CJ. Ginkgolide C
reduced oleic acid-induced lipid accumulation in HepG2 cells.
Saudi Pharm J 2018; 26(8): 1178-84.
[http://dx.doi.org/10.1016/j.jsps.2018.07.006] [PMID: 30532639]
Perez-Vizcaino F, Duarte J, Jimenez R, Santos-Buelga C, Osuna A.
Antihypertensive effects of the flavonoid quercetin. Pharmacol Rep
2009; 61(1): 67-75.
[http://dx.doi.org/10.1016/S1734-1140(09)70008-8] [PMID:
19307694]

Mansour SM, Bahgat AK, El-Khatib AS, Khayyal MT. Ginkgo
biloba extract (EGb 761) normalizes hypertension in 2K, 1C hyper-
tensive rats: role of antioxidant mechanisms, ACE inhibiting activ-
ity and improvement of endothelial dysfunction. Phytomedicine
2011; 18(8-9): 641-7.
[http://dx.doi.org/10.1016/j.phymed.2011.01.014] [PMID: 21353510]
Abdel-Zaher AO, Farghaly HSM, El-Refaiy AEM, Abd-Eldayem
AM. Protective effect of the standardized leaf extract of Ginkgo
biloba (EGb761) against hypertension-induced renal injury in rats.
Clin Exp Hypertens 2018; 40(8): 703-14.
[http://dx.doi.org/10.1080/10641963.2018.1425421] [PMID:
29351002]

Brinkley TE, Lovato JF, Arnold AM, et al. Effect of Ginkgo biloba
on blood pressure and incidence of hypertension in elderly men and
women. Am J Hypertens 2010; 23(5): 528-33.
[http://dx.doi.org/10.1038/ajh.2010.14] [PMID: 20168306]

Arenz A, Klein M, Fiehe K, et al. Occurrence of neurotoxic 4’-O-
methylpyridoxine in Ginkgo biloba leaves, Ginkgo medications and
Japanese Ginkgo food. Planta Med 1996; 62(6): 548-51.
[http://dx.doi.org/10.1055/s-2006-957967] [PMID: 17252495]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

Current Vascular Pharmacology, 2019, Vol. 17, No. 00 21

Rider CV, Nyska A, Cora MC, et al. Toxicity and carcinogenicity
studies of Ginkgo biloba extract in rat and mouse: liver, thyroid,
and nose are targets. Toxicol Pathol 2014; 42(5): 830-43.
[http://dx.doi.org/10.1177/0192623313501235] [PMID: 23960164]
1zzo AA, Ernst E. Interactions between herbal medicines and pre-
scribed drugs: an updated systematic review. Drugs 2009; 69(13):
1777-98.

[http://dx.doi.org/10.2165/11317010-000000000-00000] [PMID:
19719333]

Diamond BJ, Bailey MR. Ginkgo biloba: indications, mechanisms,
and safety. Psychiatr Clin North Am 2013; 36(1): 73-83.
[http://dx.doi.org/10.1016/j.psc.2012.12.006] [PMID: 23538078]
Miwa H, lijima M, Tanaka S, Mizuno Y. Generalized convulsions
after consuming a large amount of gingko nuts. Epilepsia 2001;
42(2): 280-1.

[http://dx.doi.org/10.1046/j.1528-1157.2001.33100.x] [PMID:
11240603]

Hashiguchi M, Ohta Y, Shimizu M, Maruyama J, Mochizuki M.
Meta-analysis of the efficacy and safety of Ginkgo biloba extract
for the treatment of dementia. J Pharm Health Care Sci 2015; 1: 14.
[http://dx.doi.org/10.1186/s40780-015-0014-7] [PMID: 26819725]
Bonassi S, Prinzi G, Lamonaca P, et al. Clinical and genomic
safety of treatment with Ginkgo biloba L. leaf extract (IDN
5933/Ginkgoselect®Plus) in elderly: a randomised placebo-
controlled clinical trial [GiBiEx]. BMC Complement Altern Med
2018; 18(1): 22. [GiBiEx].
[http://dx.doi.org/10.1186/s12906-018-2080-5] [PMID: 29357859]
Ahmad MF. Ganoderma lucidum: Persuasive biologically active
constituents and their health endorsement. Biomed Pharmacother
2018;107: 507-19.

[http://dx.doi.org/10.1016/j.biopha.2018.08.036] [PMID: 30114634]
Heleno SA, Barros L, Martins A, ef al. Fruiting body, spores and in
vitro produced mycelium of Ganoderma lucidum from Northeast
Portugal: A comparative study of the antioxidant potential of phe-
nolic and polysaccharidic extracts. Food Res Int 2012; 46: 135-40.
[http://dx.doi.org/10.1016/j.foodres.2011.12.009]

Sanodiya BS, Thakur GS, Baghel RK, Prasad GB, Bisen PS. Gan-
oderma lucidum: a potent pharmacological macrofungus. Curr
Pharm Biotechnol 2009; 10(8): 717-42.
[http://dx.doi.org/10.2174/138920109789978757] [PMID: 19939212]
Wang J, Cao B, Zhao H, Feng J. Emerging Roles of Ganoderma
Lucidum in Anti-Aging. Aging Dis 2017; 8(6): 691-707.
[http://dx.doi.org/10.14336/AD.2017.0410] [PMID: 29344411]
Sudheesh NP, Ajith TA, Janardhanan KK. Ganoderma lucidum
(Fr.) P. Karst enhances activities of heart mitochondrial enzymes
and respiratory chain complexes in the aged rat. Biogerontology
2009; 10(5): 627-36.
[http://dx.doi.org/10.1007/s10522-008-9208-9] [PMID: 19123066]
Hagen TM, Moreau R, Suh JH, Visioli F. Mitochondrial decay in
the aging rat heart: evidence for improvement by dietary supple-
mentation with acetyl-L-carnitine and/or lipoic acid. Ann N Y
Acad Sci 2002; 959: 491-507.
[http://dx.doi.org/10.1111/j.1749-6632.2002.tb02119 x] [PMID:
11976222]

Sudheesh NP, Ajith TA, Ramnath V, Janardhanan KK. Therapeutic
potential of Ganoderma lucidum (Fr.) P. Karst. against the declined
antioxidant status in the mitochondria of post-mitotic tissues of
aged mice. Clin Nutr 2010; 29(3): 406-12.
[http://dx.doi.org/10.1016/j.clnu.2009.12.003] [PMID: 20044 182]
Mc Auley MT, Guimera AM, Hodgson D, et al. Modelling the
molecular mechanisms of aging. Biosci Rep 2017
37(1)BSR20160177

[http://dx.doi.org/10.1042/BSR20160177] [PMID: 28096317]

Lee JM, Kwon H, Jeong H, et al. Inhibition of lipid peroxidation
and oxidative DNA damage by Ganoderma lucidum. Phytother Res
2001; 15(3): 245-9.

[http://dx.doi.org/10.1002/ptr.830] [PMID: 11351361]

Shi YL, James AE, Benzie IF, Buswell JA. Mushroom-derived
preparations in the prevention of H202-induced oxidative damage
to cellular DNA. Teratog Carcinog Mutagen 2002; 22(2): 103-11.
[http://dx.doi.org/10.1002/tcm.10008] [PMID: 11835288]

Longo VD, Kennedy BK. Sirtuins in aging and age-related disease.
Cell 2006; 126(2): 257-68.
[http://dx.doi.org/10.1016/j.cell.2006.07.002] [PMID: 16873059]



22 Current Vascular Pharmacology, 2019, Vol. 17, No. 00

[120]

[121]

[122]

[123]

[124]

[125]

[126]

[127]

[128]

[129]

[130]

[131]

[132]

[133]

[134]

[135]

[136]

Lapierre LR, Hansen M. Lessons from C. elegans: signaling path-
ways for longevity. Trends Endocrinol Metab 2012; 23(12): 637-
44.

[http://dx.doi.org/10.1016/j.tem.2012.07.007] [PMID: 22939742]
Cuong VT, Chen W, Shi J, et al. The anti-oxidation and anti-aging
effects of Ganoderma lucidum in Caenorhabditis elegans. Exp Ger-
ontol 2019; 117: 99-105.
[http://dx.doi.org/10.1016/j.exger.2018.11.016] [PMID: 30476533]
Chuang MH, Chiou SH, Huang CH, Yang WB, Wong CH. The
lifespan-promoting effect of acetic acid and Reishi polysaccharide.
Bioorg Med Chem 2009; 17(22): 7831-40.
[http://dx.doi.org/10.1016/j.bmc.2009.09.002] [PMID: 19837596]
Loboda A, Damulewicz M, Pyza E, Jozkowicz A, Dulak J. Role of
Nrf2/HO-1 system in development, oxidative stress response and
diseases: an evolutionarily conserved mechanism. Cell Mol Life
Sci 2016; 73(17): 3221-47.
[http://dx.doi.org/10.1007/s00018-016-2223-0] [PMID: 27100828]
Lee YH, Kim JH, Song CH, et al. Ethanol Extract of Ganoderma
lucidum Augments Cellular Anti-oxidant Defense through Activa-
tion of Nrf2/HO-1. J Pharmacopuncture 2016; 19(1): 59-69.
[http://dx.doi.org/10.3831/KP1.2016.19.008] [PMID: 27280051]
Sass G, Soares MC, Yamashita K, ef al. Heme oxygenase-1 and its
reaction product, carbon monoxide, prevent inflammation-related
apoptotic liver damage in mice. Hepatology 2003; 38(4): 909-18.
[http://dx.doi.org/10.1002/hep.1840380417] [PMID: 14512878]
Balistreri CR. Anti-Inflamm-Ageing and/or Anti-Age-Related
Disease Emerging Treatments: A Historical Alchemy or Revolu-
tionary Effective Procedures? Mediators Inflamm 2018;
20183705389

[http://dx.doi.org/10.1155/2018/3705389] [PMID: 29576745]

Ha T, Oh J, Khoi NM, et al. In vitro and in vivo hepatoprotective
effect of ganodermanontriol against t-BHP-induced oxidative
stress. J Ethnopharmacol 2013; 150(3): 875-85.
[http://dx.doi.org/10.1016/j.jep.2013.09.039] [PMID: 24140584]
Lee YJ, Jeong HY, Kim YB, ef al. Reactive oxygen species and
PI3K/Akt signaling play key roles in the induction of Nrf2-driven
heme oxygenase-1 expression in sulforaphane-treated human meso-
thelioma MSTO-211H cells. Food Chem Toxicol 2012; 50(2): 116~
23.

[http://dx.doi.org/10.1016/j.fct.2011.10.035] [PMID: 22019695]
Sid B, Verrax J, Calderon PB. Role of AMPK activation in oxida-
tive cell damage: Implications for alcohol-induced liver disease.
Biochem Pharmacol 2013; 86(2): 200-9.
[http://dx.doi.org/10.1016/j.bcp.2013.05.007] [PMID: 23688501]
LiB, Lee DS, Kang Y, Yao NQ, An RB, Kim YC. Protective effect
of ganodermanondiol isolated from the Lingzhi mushroom against
tert-butyl hydroperoxide-induced hepatotoxicity through Nrf2-
mediated antioxidant enzymes. Food Chem Toxicol 2013; 53: 317-
24.

[http://dx.doi.org/10.1016/j.fct.2012.12.016] [PMID: 23266269]
Wachtel-Galor S, Tomlinson B, Benzie IF. Ganoderma lucidum
(“Lingzhi”), a Chinese medicinal mushroom: biomarker responses
in a controlled human supplementation study. Br J Nutr 2004;
91(2): 263-9.

[http://dx.doi.org/10.1079/BIN20041039] [PMID: 14756912]
Wachtel-Galor S, Wong W-c, Choi S-W, Benzie IFF. Antioxidant
Power and DNA Repair Effects of Lingzhi or Reishi Medicinal
Mushroom, Ganoderma lucidum (W.Curt.:Fr.) P. Karst. (Aphyllo-
phoromycetideae), in Human Acute Post-ingestion Study. Int J
Med Mushrooms 2010; 12: 359-66.
[http://dx.doi.org/10.1615/Int)MedMushr.v12.i4.30]

Deary 1J, Corley J, Gow A, et al. Age-associated cognitive de-
cline. Br Med Bull 2009; 92: 135-52.
[http://dx.doi.org/10.1093/bmb/ldp033] [PMID: 19776035]

Wang M-F, Chan Y-C, Wu C-L, et al. Effects of Ganoderma on
aging and learning and memory ability in senescence accelerated
mice. Int Congr Ser 2004; 1260(C): 399-404.
[http://dx.doi.org/10.1016/S0531-5131(03)01682-0]

Sun XZ, Liao Y, Li W, Guo LM. Neuroprotective effects of gano-
derma lucidum polysaccharides against oxidative stress-induced
neuronal apoptosis. Neural Regen Res 2017; 12(6): 953-8.
[http://dx.doi.org/10.4103/1673-5374.208590] [PMID: 28761429]
Zhang R, Xu S, Cai Y, Zhou M, Zuo X, Chan P. Ganoderma lu-
cidum protects dopaminergic neuron degeneration through inhibi-
tion of microglial activation. Evid Based Complement Alternat
Med 2011; 2011156810

[137]

[138]

[139]

[140]

[141]

[142]

[143]

[144]

[145]

[146]

[147]

[148]

[149]

[150]

[151]

[152]

Phu et al.

[http://dx.doi.org/10.1093/ecam/nep075] [PMID: 19617199]

Lai CS, Yu MS, Yuen WH, So KF, Zee SY, Chang RC. Antagoniz-
ing beta-amyloid peptide neurotoxicity of the anti-aging fungus
Ganoderma lucidum. Brain Res 2008; 1190: 215-24.
[http://dx.doi.org/10.1016/j.brainres.2007.10.103] [PMID: 18083148]
Chong YH, Shin YJ, Lee EO, Kayed R, Glabe CG, Tenner AlJ.
ERK1/2 activation mediates Abeta oligomer-induced neurotoxicity
via caspase-3 activation and tau cleavage in rat organotypic hippo-
campal slice cultures. J Biol Chem 2006; 281(29): 20315-25.
[http://dx.doi.org/10.1074/jbc.M601016200] [PMID: 16714296]
Cheung WM, Hui WS, Chu PW, Chiu SW, Ip NY. Ganoderma
extract activates MAP kinases and induces the neuronal differentia-
tion of rat pheochromocytoma PC12 cells. FEBS Lett 2000; 486(3):
291-6.

[http://dx.doi.org/10.1016/S0014-5793(00)02317-6] [PMID:
11119721]

Sarwar N, Gao P, Seshasai SR, et al. Diabetes mellitus, fasting
blood glucose concentration, and risk of vascular disease: a col-
laborative meta-analysis of 102 prospective studies. Lancet 2010;
375(9733): 2215-22.
[http://dx.doi.org/10.1016/S0140-6736(10)60484-9] [PMID:
20609967]

Chaudhury A, Duvoor C, Reddy Dendi VS, et al. Clinical review
of antidiabetic drugs: Implications for type 2 diabetes mellitus
management. Front Endocrinol (Lausanne) 2017; 8: 6.
[http://dx.doi.org/10.3389/fendo.2017.00006] [PMID: 28167928]
Li F, Zhang Y, Zhong Z. Antihyperglycemic effect of ganoderma
lucidum polysaccharides on streptozotocin-induced diabetic mice.
Int J Mol Sci 2011; 12(9): 6135-45.
[http://dx.doi.org/10.3390/ijms12096135] [PMID: 22016649]

Seto SW, Lam TY, Tam HL, ez al. Novel hypoglycemic effects of
Ganoderma lucidum water-extract in obese/diabetic (+db/+db)
mice. Phytomedicine 2009; 16(5): 426-36.
[http://dx.doi.org/10.1016/j.phymed.2008.10.004] [PMID: 19109000]
Oda H, Okuda Y, Yoshida Y, Kimura N, Kakinuma A. Phenobarbi-
tal reduces blood glucose and gluconeogenesis through down-
regulation of phosphoenolpyruvate carboxykinase (GTP) gene ex-
pression in rats. Biochem Biophys Res Commun 2015; 466(3):
306-11.

[http://dx.doi.org/10.1016/j.bbrc.2015.09.010] [PMID: 26348778]
Xiao C, Wu QP, Cai W, Tan JB, Yang XB, Zhang JM. Hypogly-
cemic effects of Ganoderma lucidum polysaccharides in type 2
diabetic mice. Arch Pharm Res 2012; 35(10): 1793-801.
[http://dx.doi.org/10.1007/s12272-012-1012-z] [PMID: 23139131]
Xiao C, Wu Q, Zhang J, Xie Y, Cai W, Tan J. Antidiabetic activity
of Ganoderma lucidum polysaccharides F31 down-regulated he-
patic glucose regulatory enzymes in diabetic mice. J Ethnopharma-
col 2017; 196: 47-57.

[http://dx.doi.org/10.1016/j.jep.2016.11.044] [PMID: 27902927]
Zhang HN, Lin ZB. Hypoglycemic effect of Ganoderma lucidum
polysaccharides. Acta Pharmacol Sin 2004; 25(2): 191-5.

[PMID: 14769208]

Teng BS, Wang CD, Zhang D, et al. Hypoglycemic effect and
mechanism of a proteoglycan from ganoderma lucidum on strepto-
zotocin-induced type 2 diabetic rats. Eur Rev Med Pharmacol Sci
2012; 16(2): 166-75.

[PMID: 22428467]

Yang Z, Wu F, He Y, ef al. A novel PTP1B inhibitor extracted
from Ganoderma lucidum ameliorates insulin resistance by regulat-
ing IRS1-GLUT4 cascades in the insulin signaling pathway. Food
Funct 2018; 9(1): 397-406.
[http://dx.doi.org/10.1039/C7TFO01489A] [PMID: 29215104]

Gao Y, Lan J, Dai X, Ye J, Zhou S. A Phase I/II Study of Ling Zhi
Mushroom Ganoderma lucidum (W.Curt.:Fr.)Lloyd (Aphyllo-
phoromycetideae) extract in patients with type II diabetes mellitus.
Int J Med Mushrooms 2004; 6: 8.
[http://dx.doi.org/10.1615/Int)MedMushr.v6.i1.30]

Klupp NL, Kiat H, Bensoussan A, Steiner GZ, Chang DH. A dou-
ble-blind, randomised, placebo-controlled trial of Ganoderma lu-
cidum for the treatment of cardiovascular risk factors of metabolic
syndrome. Sci Rep 2016; 6: 29540.
[http://dx.doi.org/10.1038/srep29540] [PMID: 27511742]

Miller M. Dyslipidemia and cardiovascular risk: the importance of
early prevention. QJM 2009; 102(9): 657-67.
[http://dx.doi.org/10.1093/qjmed/hcp065] [PMID: 19498039]



Herbal Medicine for Slowing Aging and Aging-Associated Conditions

[153]

[154]

[155]

[156]

[157]

[158]

[159]

[160]

[161]

[162]

[163]

[164]

[165]

[166]

[167]

[168]

Chen WQ, Luo SH, LI HZ, Yang H. [Effects of ganoderma lu-
cidum polysaccharides on serum lipids and lipoperoxidation in ex-
perimental hyperlipidemic rats]. Zhongguo Zhongyao Zazhi 2005;
30(17): 1358-60.

[PMID: 16323548]

Wang CD, Teng BS, He YM, et al. Effect of a novel proteoglycan
PTP1B inhibitor from Ganoderma lucidum on the amelioration of
hyperglycaemia and dyslipidaemia in db/db mice. Br J Nutr 2012;
108(11): 2014-25.

[http://dx.doi.org/10.1017/S0007114512000153] [PMID: 22453054]
Pan D, Zhang D, Wu J, et al. Antidiabetic, antihyperlipidemic and
antioxidant activities of a novel proteoglycan from ganoderma lu-
cidum fruiting bodies on db/db mice and the possible mechanism.
PLoS One 2013; 8(7)e68332
[http://dx.doi.org/10.1371/journal.pone.0068332] [PMID: 23874589]
Chang CJ, Lin CS, Lu CC, et al. Ganoderma lucidum reduces
obesity in mice by modulating the composition of the gut microbi-
ota. Nat Commun 2015; 6: 7489.
[http://dx.doi.org/10.1038/ncomms8489] [PMID: 26102296]

Liang Z, Yuan Z, Li G, Fu F, Shan Y. Hypolipidemic, antioxidant,
and antiapoptotic effects of polysaccharides extracted from Reishi
Mushroom, Ganoderma lucidum (Leysser: Fr) Karst, in mice fed a
high-fat diet. J Med Food 2018; 21(12): 1218-27.
[http://dx.doi.org/10.1089/jmf.2018.4182] [PMID: 30183494]
Wang F, Zhou Z, Ren X, et al. Effect of Ganoderma lucidum
spores intervention on glucose and lipid metabolism gene expres-
sion profiles in type 2 diabetic rats. Lipids Health Dis 2015; 14: 49.
[http://dx.doi.org/10.1186/s12944-015-0045-y] [PMID: 25994182]
Guo WL, Pan YY, Li L, Li TT, Liu B, Lv XC. Ethanol extract of
Ganoderma lucidum ameliorates lipid metabolic disorders and
modulates the gut microbiota composition in high-fat diet fed rats.
Food Funct 2018; 9(6): 3419-31.
[http://dx.doi.org/10.1039/C8FO00836A] [PMID: 29877551]

Chu TT, Benzie IF, Lam CW, Fok BS, Lee KK, Tomlinson B.
Study of potential cardioprotective effects of Ganoderma lucidum
(Lingzhi): results of a controlled human intervention trial. Br J Nutr
2012;107(7): 1017-27.
[http://dx.doi.org/10.1017/S0007114511003795] [PMID: 21801467]
Zhang J, Gao X, Pan Y, Xu N, Jia L. Toxicology and immunology
of Ganoderma lucidum polysaccharides in Kunming mice and Wis-
tar rats. Int J Biol Macromol 2016; 85: 302-10.
[http://dx.doi.org/10.1016/j.ijbiomac.2015.12.090] [PMID:
26763176]

Smina TP, Mathew J, Janardhanan KK, Devasagayam TP. Antioxi-
dant activity and toxicity profile of total triterpenes isolated from
Ganoderma lucidum (Fr.) P. Karst occurring in South India. Envi-
ron Toxicol Pharmacol 2011; 32(3): 438-46.
[http://dx.doi.org/10.1016/j.etap.2011.08.011] [PMID: 22004964]
Wicks SM, Tong R, Wang CZ, et al. Safety and tolerability of
Ganoderma lucidum in healthy subjects: a double-blind random-
ized placebo-controlled trial. Am J Chin Med 2007; 35(3): 407-14.
[http://dx.doi.org/10.1142/S0192415X07004928] [PMID: 17597499]
Kwok Y, Ng KF, Li CC, Lam CC, Man RY. A prospective, ran-
domized, double-blind, placebo-controlled study of the platelet and
global hemostatic effects of Ganoderma lucidum (Ling-Zhi) in
healthy volunteers. Anesth Analg 2005; 101(2): 423-6. [table of
contents.].
[http://dx.doi.org/10.1213/01.ANE.0000155286.20467.28] [PMID:
16037156]

Tao J, Feng KY. Experimental and clinical studies on inhibitory
effect of ganoderma lucidum on platelet aggregation. J Tongji Med
Univ 1990; 10(4): 240-3.

[http://dx.doi.org/10.1007/BF02887938] [PMID: 2098581]

Necyk C, Zubach-Cassano L. Natural health products and diabetes:
A practical review. Can J Diabetes 2017; 41(6): 642-7.
[http://dx.doi.org/10.1016/j.jcjd.2017.06.014] [PMID: 28826695]
Fu J, Wang Z, Huang L, ef al. Review of the botanical characteris-
tics, phytochemistry, and pharmacology of Astragalus mem-
branaceus (Huangqi). Phytother Res 2014; 28(9): 1275-83.
[http://dx.doi.org/10.1002/ptr.5188] [PMID: 25087616]

Jin M, Zhao K, Huang Q, Shang P. Structural features and biologi-
cal activities of the polysaccharides from Astragalus mem-
branaceus. Int J Biol Macromol 2014; 64: 257-66.
[http://dx.doi.org/10.1016/j.ijbiomac.2013.12.002] [PMID:
24325861]

[169]

[170]

[171]

[172]

[173]

[174]

[175]

[176]

[177]

[178]

[179]

[180]

[181]

[182]

[183]

[184]

[185]

[186]

Current Vascular Pharmacology, 2019, Vol. 17, No. 00 23

Liu P, Zhao H, Luo Y. Anti-aging implications of Astragalus
Membranaceus (Huangqi): A well-known Chinese tonic. Aging Dis
2017; 8(6): 868-86.

[http://dx.doi.org/10.14336/AD.2017.0816] [PMID: 29344421]

Lei H, Wang B, Li WP, Yang Y, Zhou AW, Chen MZ. Anti-aging
effect of astragalosides and its mechanism of action. Acta Pharma-
col Sin 2003; 24(3): 230-4.

[PMID: 12617771]

Xia G, Han X, Qi J, et al. The effects of Astragalus polysaccharide
on zebrafish cell apoptosis and senescence. Am J Mol Biol 2012;
02:103-9.

[http://dx.doi.org/10.4236/ajmb.2012.22011]

Zhang H, Pan N, Xiong S, et al. Inhibition of polyglutamine-
mediated proteotoxicity by Astragalus membranaceus polysaccha-
ride through the DAF-16/FOXO transcription factor in Caenorhab-
ditis elegans. Biochem J 2012; 441(1): 417-24.
[http://dx.doi.org/10.1042/BJ20110621] [PMID: 21892924]
Salvador L, Singaravelu G, Harley CB, Flom P, Suram A, Raffaele
JM. A natural product telomerase activator lengthens telomeres in
humans: a randomized, double blind, and placebo controlled study.
Rejuvenation Res 2016; 19(6): 478-84.
[http://dx.doi.org/10.1089/rej.2015.1793] [PMID: 26950204]
Huang YC, Tsay HJ, Lu MK, et al. Astragalus membranaceus-
polysaccharides ameliorates obesity, hepatic steatosis, neuroin-
flammation and cognition impairment without affecting amyloid
deposition in metabolically stressed APPswe/PS1dE9 mice. Int J
Mol Sci 2017; 18(12)E2746
[http://dx.doi.org/10.3390/ijms18122746] [PMID: 29258283]

Cai H, Liang Q, Ge G. Gypenoside attenuates beta amyloid-
induced inflammation in N9 microglial cells via SOCS]1 signaling.
Neural Plast 2016; 20166362707
[http://dx.doi.org/10.1155/2016/6362707] [PMID: 27213058]

Pan YF, Jia XT, Song EF, Peng XZ. Astragaloside protects against
abetal-42-induced oxidative stress, neuroinflammation and cogni-
tive impairment in rats. Chin Med Sci J 2018; 33(1): 29-37.

[PMID: 29620512]

Li H, Shi R, Ding F, et al. Astragalus polysaccharide suppresses 6-
hydroxydopamine-induced neurotoxicity in Caenorhabditis Ele-
gans. Oxid Med Cell Longev 2016; 20164856761
[http://dx.doi.org/10.1155/2016/4856761] [PMID: 27885333]
Wang C, Li Y, Hao M, Li W. Astragaloside IV inhibits triglyceride
accumulation in insulin-resistant HEPG2 cells via AMPK-induced
srebp-1c phosphorylation. Front Pharmacol 2018; 9: 345.
[http://dx.doi.org/10.3389/fphar.2018.00345] [PMID: 29713279]
Jiang P, Ma D, Wang X, et al. Astragaloside IV prevents obesity-
associated hypertension by improving pro-inflammatory reaction
and leptin resistance. Mol Cells 2018; 41(3): 244-55.

[PMID: 29562733]

Song G, Han P, Sun H, ef al. Astragaloside IV ameliorates early
diabetic nephropathy by inhibition of MEK1/2-ERK1/2-RSK2 sig-
naling in streptozotocin-induced diabetic mice. J Int Med Res 2018;
46(7): 2883-97.

[http://dx.doi.org/10.1177/0300060518778711] [PMID: 29896981]
Yuan LB, Hua CY, Gao S, et al. Astragalus polysaccharides at-
tenuate monocrotaline-induced pulmonary arterial hypertension in
rats. Am J Chin Med 2017; 45(4): 773-89.
[http://dx.doi.org/10.1142/S0192415X17500410] [PMID: 28521513]
Cheng Y, Tang K, Wu S, et al. Astragalus polysaccharides lowers
plasma cholesterol through mechanisms distinct from statins. PLoS
One 2011; 6(11)e27437
[http://dx.doi.org/10.1371/journal.pone.0027437] [PMID: 22110652]
Ke B, Ke X, Wan X, et al. Astragalus polysaccharides attenuates
TNF-a-induced insulin resistance via suppression of miR-721 and
activation of PPAR-y and PI3K/AKT in 3T3-L1 adipocytes. Am J
Transl Res 2017; 9(5): 2195-206.

[PMID: 28559971]

Jing LIU, Zhong-zhen Z, Hu-biao C. Review of Astragali Radix.
Chin Herb Med 2011; 3: 90-105.

Yuan YM, Gao JW, Shi Z, et al. Herb-drug pharmacokinetic inter-
action between radix astragali and pioglitazone in rats. J Ethno-
pharmacol 2012; 144(2): 300-4.
[http://dx.doi.org/10.1016/j.jep.2012.09.012] [PMID: 23026308]
Xie JH, Chen ZW, Pan YW, et al. Evaluation of safety of modi-
fied-Danggui Buxue Tang in rodents:immunological, toxicity and
hormonal aspects. J Ethnopharmacol 2016; 183: 59-70.
[http://dx.doi.org/10.1016/j.jep.2015.12.049] [PMID: 26732632]



24  Current Vascular Pharmacology, 2019, Vol. 17, No. 00

[187]

[188]

[189]

[190]

[191]

[192]

[193]

[194]

[195]

[196]

[197]

[198]

[199]

[200]

[201]

[202]

Mishra RN, Joshi D. Jiao Gu Lan (Gynostemma pentaphyllum):
The Chinese Rasayan-Current Jiao Gu Lan (Gynostemma penta-
phyllum): The Chinese Rasayan- Current Research Scenario.
IJRPBS 2011; 2: 1503-19.

Razmovski-Naumovski V, Huang TH-W, Tran VH, et al. Chemis-
try and pharmacology of Gynostemma Pentaphyllum. Phytochem
Rev 2005; 4: 197-219.
[http://dx.doi.org/10.1007/s11101-005-3754-4]

Li L, Jiao L, Lau BH. Protective effect of gypenosides against
oxidative stress in phagocytes, vascular endothelial cells and liver
microsomes. Cancer Biother 1993; 8(3): 263-72.
[http://dx.doi.org/10.1089/cbr.1993.8.263] [PMID: 7804367]

Aktan F, Henness S, Roufogalis BD, Ammit AJ. Gypenosides
derived from Gynostemma pentaphyllum suppress NO synthesis in
murine macrophages by inhibiting iNOS enzymatic activity and at-
tenuating NF-kappaB-mediated iNOS protein expression. Nitric
Oxide 2003; 8(4): 235-42.
[http://dx.doi.org/10.1016/S1089-8603(03)00032-6] [PMID:
12895433]

Huang TH, Li Y, Razmovski-Naumovski V, et al. Gypenoside
XLIX isolated from Gynostemma pentaphyllum inhibits nuclear
factor-kappaB activation via a PPAR-alpha-dependent pathway. J
Biomed Sci 2006; 13(4): 535-48.
[http://dx.doi.org/10.1007/s11373-006-9076-8] [PMID: 16525884]
Yang F, Shi H, Zhang X, Yang H, Zhou Q, Yu LL. Two new
saponins from tetraploid jiaogulan (Gynostemma pentaphyllum),
and their anti-inflammatory and a-glucosidase inhibitory activities.
Food Chem 2013; 141(4): 3606-13.
[http://dx.doi.org/10.1016/j.foodchem.2013.06.015]
23993527]

Wong WY, Lee MM, Chan BD, et al. Gynostemma pentaphyllum
saponins attenuate inflammation in vitro and in vivo by inhibition
of NF-kB and STAT3 signaling. Oncotarget 2017; 8(50): 87401-
14.

[http://dx.doi.org/10.18632/oncotarget.20997] [PMID: 29152090]
Shen CY, Jiang JG, Shi MM, Yang HL, Wei H, Zhu W. Compari-
son of the effects and inhibitory pathways of the constituents from
Gynostemma Pentaphyllum against lps-induced inflammatory re-
sponse. J Agric Food Chem 2018; 66(43): 11337-46.
[http://dx.doi.org/10.1021/acs.jafc.8b03903] [PMID: 30301351]
Keilhoff G, Esser T, Titze M, Ebmeyer U, Schild L. Gynostemma
pentaphyllum is neuroprotective in a rat model of cardiopulmonary
resuscitation. Exp Ther Med 2017; 14(6): 6034-46.

[PMID: 29250141]

Kim KS, Zhao TT, Shin KS, et al. Gynostemma pentaphyllum
ethanolic extract protects against memory deficits in an MPTP-
lesioned mouse model of Parkinson’s disease treated with L-
DOPA. J Med Food 2017; 20(1): 11-8.
[http://dx.doi.org/10.1089/jmf.2016.3764] [PMID: 28005447]
Lin-Na S, Yong-Xiu S. Effects of polysaccharides from Gy-
nostemma pentaphyllum (Thunb.), Makino on physical fatigue. Afr
J Tradit Complement Altern Med 2014; 11(3): 112-7.
[http://dx.doi.org/10.4314/ajtcam.v11i3.17] [PMID: 25371572]
Choi HS, Zhao TT, Shin KS, et al. Anxiolytic effects of herbal
ethanol extract from Gynostemma pentaphyllum in mice after ex-
posure to chronic stress. Molecules 2013; 18(4): 4342-56.
[http://dx.doi.org/10.3390/molecules18044342] [PMID: 23584055]
Megalli S, Aktan F, Davies NM, Roufogalis BD. Phytopreventative
anti-hyperlipidemic effects of gynostemma pentaphyllum in rats. J
Pharm Pharm Sci 2005; 8(3): 507-15.

[PMID: 16401396]

Wang M, Wang F, Wang Y, Ma X, Zhao M, Zhao C. Metabonom-
ics study of the therapeutic mechanism of Gynostemma pentaphyl-
lum and atorvastatin for hyperlipidemia in rats. PLoS One 2013;
8(11)e78731

[http://dx.doi.org/10.1371/journal.pone.0078731] [PMID: 24223845]
Gauhar R, Hwang SL, Jeong SS, et al. Heat-processed Gy-
nostemma pentaphyllum extract improves obesity in ob/ob mice by
activating AMP-activated protein kinase. Biotechnol Lett 2012;
34(9): 1607-16.

[http://dx.doi.org/10.1007/s10529-012-0944-1] [PMID: 22576281]
Park SH, Huh TL, Kim SY, et al. Antiobesity effect of Gy-
nostemma pentaphyllum extract (actiponin): a randomized, double-
blind, placebo-controlled trial. Obesity (Silver Spring) 2014; 22(1):
63-71.

[http://dx.doi.org/10.1002/0by.20539] [PMID: 23804546]

[PMID:

[203]

[204]

[205]

[206]

[207]

[208]

[209]

[210]

[211]

[212]

[213]

[214]

[215]

[216]

[217]

[218]

[219]

[220]

Phu et al.

Megalli S, Davies NM, Roufogalis BD. Anti-hyperlipidemic and
hypoglycemic effects of Gynostemma pentaphyllum in the Zucker
fatty rat. J Pharm Pharm Sci 2006; 9(3): 281-91.

[PMID: 17207412]

Lokman EF, Gu HF, Wan Mohamud WN, Ostenson CG. Evalua-
tion of antidiabetic effects of the traditional medicinal plant Gy-
nostemma pentaphyllum and the possible mechanisms of insulin re-
lease. Evid Based Complement Alternat Med 2015; 2015120572
[http://dx.doi.org/10.1155/2015/120572] [PMID: 26199630]

Wang Z, Zhao X, Liu X, et al. Anti-diabetic activity evaluation of a
polysaccharide extracted from Gynostemma pentaphyllum. Int J
Biol Macromol 2019; 126: 209-14.
[http://dx.doi.org/10.1016/j.ijbiomac.2018.12.231] [PMID:
30590141]

Norberg A, Hoa NK, Liepinsh E, ef al. A novel insulin-releasing
substance, phanoside, from the plant Gynostemma pentaphyllum. J
Biol Chem 2004; 279(40): 41361-7.
[http://dx.doi.org/10.1074/jbc.M403435200] [PMID: 15220351]
Hoa NK, Norberg A, Sillard R, et al. The possible mechanisms by
which phanoside stimulates insulin secretion from rat islets. J En-
docrinol 2007; 192(2): 389-94.
[http://dx.doi.org/10.1677/joe.1.06948] [PMID: 17283239]

Gao D, Zhao M, Qi X, et al. Hypoglycemic effect of Gynostemma
pentaphyllum saponins by enhancing the Nrf2 signaling pathway in
STZ-inducing diabetic rats. Arch Pharm Res 2016; 39(2): 221-30.
[http://dx.doi.org/10.1007/s12272-014-0441-2] [PMID: 25066072]
Lundqvist LCE, Rattigan D, Ehtesham E, Demmou C, Ostenson
CG, Sandstrom C. Profiling and activity screening of Dammarane-
type triterpen saponins from Gynostemma pentaphyllum with glu-
cose-dependent insulin secretory activity. Sci Rep 2019; 9(1): 627.
[http://dx.doi.org/10.1038/s41598-018-37517-3] [PMID: 30679754]
Yeo J, Kang YJ, Jeon SM, et al. Potential hypoglycemic effect of
an ethanol extract of Gynostemma pentaphyllum in C57BL/Ks]J-
db/db mice. ] Med Food 2008; 11(4): 709-16.
[http://dx.doi.org/10.1089/jmf.2007.0148] [PMID: 19053864]
Yassin K, Huyen VT, Hoa KN, Ostenson CG. Herbal extract of
gynostemma pentaphyllum decreases hepatic glucose output in
type 2 diabetic goto-kakizaki rats. Int J Biomed Sci 2011; 7(2):
131-6.

[PMID: 23675229]

Huyen VT, Phan DV, Thang P, Hoa NK, Ostenson CG. Antidia-
betic effect of Gynostemma pentaphyllum tea in randomly assigned
type 2 diabetic patients. Horm Metab Res 2010; 42(5): 353-7.
[http://dx.doi.org/10.1055/s-0030-1248298] [PMID: 20213586]
Huyen VT, Phan DV, Thang P, Hoa NK, Ostenson CG. Gy-
nostemma pentaphyllum tea Improves Insulin sensitivity in Type 2
diabetic patients. ] Nutr Metab 2013; 2013765383
[http://dx.doi.org/10.1155/2013/765383] [PMID: 23431428]
Attawish A, Chivapat S, Phadungpat S, et al. Chronic toxicity of
Gynostemma pentaphyllum. Fitoterapia 2004; 75(6): 539-51.
[http://dx.doi.org/10.1016/j.fitote.2004.04.010] [PMID: 15351107]
Chiranthanut N, Teekachunhatean S, Panthong A, Khonsung P,
Kanjanapothi D, Lertprasertsuk N. Toxicity evaluation of standard-
ized extract of Gynostemma pentaphyllum Makino. J Ethnophar-
macol 2013; 149(1): 228-34.
[http://dx.doi.org/10.1016/j.jep.2013.06.027] [PMID: 23796877]
Choi EK, Won YH, Kim SY, ef al. Supplementation with extract of
Gynostemma pentaphyllum leaves reduces anxiety in healthy sub-
jects with chronic psychological stress: A randomized, double-
blind, placebo-controlled clinical trial. Phytomedicine 2019; 52:
198-205.

[http://dx.doi.org/10.1016/j.phymed.2018.05.002] [PMID: 30599899]
Wan ZH, Zhao Q. Gypenoside inhibits interleukin-1p-induced
inflammatory response in human osteoarthritis chondrocytes. J
Biochem Mol Toxicol 2017; 31(9)e21926
[http://dx.doi.org/10.1002/jbt.21926] [PMID: 28422402]

Al Disi SS, Anwar MA, Eid AH. Anti-hypertensive herbs and their
mechanisms of action: part I. Front Pharmacol 2016; 6: 323.
[http://dx.doi.org/10.3389/fphar.2015.00323] [PMID: 26834637]
Posadino AM, Cossu A, Giordo R, et al. Resveratrol alters human
endothelial cells redox state and causes mitochondrial-dependent
cell death. Food Chem Toxicol 2015; 78: 10-6.
[http://dx.doi.org/10.1016/j.£ct.2015.01.017] [PMID: 25656643]
Posadino AM, Cossu A, Giordo R, et al. Coumaric acid induces
mitochondrial damage and oxidative-mediated cell death of human
endothelial cells. Cardiovasc Toxicol 2013; 13(3): 301-6.



Herbal Medicine for Slowing Aging and Aging-Associated Conditions

[221]

[http://dx.doi.org/10.1007/s12012-013-9205-3] [PMID: 23504614] [222]
Giordo R, Cossu A, Pasciu V, Hoa PT, Posadino AM, Pintus G.

Different redox response elicited by naturally occurring antioxi-

dants in human endothelial cells. Open Biochem J 2013; 7: 44-53.
[http://dx.doi.org/10.2174/1874091X01307010044] [PMID:

23730364]

Current Vascular Pharmacology, 2019, Vol. 17, No. 00 25

Pasciu V, Posadino AM, Cossu A, et al. Akt downregulation by
flavin oxidase-induced ROS generation mediates dose-dependent
endothelial cell damage elicited by natural antioxidants. Toxicol
Sci2010; 114(1): 101-12.

[http://dx.doi.org/10.1093/toxsci/kfp301] [PMID: 20015842]


https://www.researchgate.net/publication/335217121

