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Iréne Lund, Sweden
Gail Mahady, USA
Jeanine L. Marnewick, South Africa
Francesco Marotta, Italy
Virginia S. Martino, Argentina
James H. McAuley, Australia
Andreas Michalsen, Germany
David Mischoulon, USA
Hyung-In Moon, Republic of Korea
Albert Moraska, USA
Mark Moss, UK
Mark A. Moyad, USA
Stephen Myers, Australia
MinKyun Na, Republic of Korea
Vitaly Napadow, USA
F. R. F. Nascimento, Brazil
Isabella Neri, Italy
T. Benoı̂t Nguelefack, Cameroon
Martin Offenbacher, Germany
Ki-Wan Oh, Republic of Korea
Y. Ohta, Japan
Olumayokun A. Olajide, UK
Thomas Ostermann, Germany
Stacey A. Page, Canada
Tai-Long Pan, Taiwan
Patchareewan Pannangpetch, Thailand
Bhushan Patwardhan, India
Berit Smestad Paulsen, Norway
Andrea Pieroni, Italy
Richard Pietras, USA
Xianqin Qu, Australia
Cassandra L. Quave, USA
Roja Rahimi, Iran
Khalid Rahman, UK
Cheppail Ramachandran, USA
Cesar R. Ramos-Remus, Mexico
Ke Ren, USA
Mee-Ra Rhyu, Republic of Korea
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Many diseases related to aging have been increasing because
the aged population rapidly increases in the world.Therefore,
the importance of antiaging active natural products has been
increasing. Aging brings many disorders like cardiovascular
problems, diabetes, senile dementia, Alzheimer’s disease,
cerebral infarction, degenerative neural disease, sleeping
problems, various kinds of cancer, and so on. Since the
side effects of modern medicines for aged bodies frequently
occurs, the therapeutic use of natural products like herb
medicines and/or phytomedicines having antiaging activity
has been expanding widely depending on the accumulation
of evidence-based experiences. As traditional medicines have
a historical background of thousands of years based on a
huge number of experiments for human bodies, such real
evidence-based traditional medicine becomes important to
accumulate the knowledge of antiaging activities.

The authors in this special issue provide a comprehensive
summary of their most recent knowledge on antiaging
natural products. The more than 60 plant species including
several pure compounds have been introduced in this issue.
Also 500 or more references found at the end of individual
chapters will help not only antiaging researchers but also
many researchers, research scholars, academician, industri-
alists, and so on, for working in the numerous fields of
natural products. This issue has encompassed all branches
of antiaging phenomena like skin aging, hepatoprotective,
antioxidant activity, Alzheimer’s disease, cerebral ischemia,
memory impairment, and brain damage, neuroprotection,

inflammation, and anticancer. Therefore, this issue is widely
related to pharmacognosy, pharmacology, pharmaceutical
chemistry, natural product research, clinical, and hospital
pharmacy and cosmetics and so on. All interested readers
around the world can freely access articles online.

Yukihiro Shoyama
Chun-Su Yuan
Daofeng Chen
Tibor Wenger
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e fact that the skin is themost visible organmakes us aware of the ageing process everyminute.e use of plant extracts and herbs
has its origins in ancient times. Chronological and photo-ageing can be easily distinguished clinically, but they share important
molecular features.We tried to gather themost interesting evidence based on facts about plants and plant extracts used in antiaging
products. Our main idea was to emphasize action mechanisms of these plant/herbal products, that is, their “strategies” in �ghting
skin ageing. Some of the plant extracts have the ability to scavenge free radicals, to protect the skin matrix through the inhibition
of enzymatic degradation, or to promote collagen synthesis in the skin. ere are some plants that can affect skin elasticity and
tightness. Certainly, there is a place for herbal principles in antiaging cosmetics. On the other hand, there is a constant need for
more evaluation and more clinical studies in vivo with emphasis on the ingredient concentration of the plant/herbal products, its
formulation, safety, and duration of the antiaging effect.

1. Introduction

e process of ageing begins at the moment we are born. e
fact that the skin is the most visible organ makes us aware of
the ageing process every minute. e eternal desire of people
around the world is to live longer, to be young longer, or at
least to look younger. We are socially, sexually, and physically
active for an increasingly longer time [1]. Why should our
wrinkles always remind us of the inexorable passing of time
[1]?

In the 21st century, the age of modern science and burst
of technology, with plastic surgery and laser rejuvenation
techniques, one question is imposing—is there a place for
natural, herbal products?

ere is a growing tendency for physicians to use less
invasive procedures that reduce the risks and complications.
Patients not only wish to look younger but also want fewer
scars [2].

Over the last decade, there has been an increase in
scienti�c interest in reducing the appearance of ageing [3].
e use of plant extracts and herbs has its origin in ancient
times, with the earliest records originating from ancient

China and Egypt [4]. Plants produce a great variety of organic
compounds and can be classi�ed into three major groups:
terpenoids, alkaloids, and phenolic compounds [5].

We tried to gather the most interesting evidence based on
facts about plants and plant extracts used in antiaging prod-
ucts. Our main idea was to emphasize action mechanisms
of these plant/herbal products, that is, their “strategies” in
�ghting skin ageing.

2. Chronological and Photo-Ageing

ere are two different types of changes that occur in the skin.
Changes in the skin resulting from the passage of time alone
are called chronological ageing. e term photoageing refers
to the changes resulting from chronic sun exposure.

Clinical manifestation of chronologically aged skin
includes xerosis, laxity, wrinkles, slackness, and the appear-
ance of a variety of benign neoplasms such as seborrheic ker-
atosis and cherry angioma [6]. Hair becomes depigmented,
terminal hair converted to vellus hair, loss of hair is increased.
ere are changes in nail plate.ere are fewer glands in aged
skin [6].
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e most evident and reproducible biological feature
of ageing skin is the �attening of the dermal-epidermal
junction [6, 7]. ere is a general atrophy of the extracellular
matrix [8], which is re�ected by a decrease in the number
of �broblasts, reduced levels of collagen [8] and elastin, and
their organization is impaired [7].

ese changes are in part the result of cumulative endoge-
nous damage from continuous formation of reactive oxygen
species (ROS) generated during oxidative cell metabolism.
Substantial evidence exists to support that ageing is associ-
ated with, though more likely, the consequence of free radical
damage by various endogenous ROS [9]. ere are in vivo
evidence for a causal relationship between mitochondrial
oxidative damage, cellular senescence, and ageing pheno-
types in the skin [10].

Ageing is accelerated in areas exposed to sunlight (ultra-
violet radiation), a process known as photoageing. It is called
photoageing because of a combination of short wavelength
(UVB) injury to the outer layers of the skin (epidermis) and
long wavelength (UVA) injury to the middle layers (dermis)
[11].

Clinical presentation of photoageing includes dryness of
the skin, irregular pigmentation-freckles, lentigines, hyper-
pigmentation, wrinkling, and inelasticity [6]. Histologically
there are an increased compaction of stratum corneum,
increased thickness of granular cell layer, reduced epi-
dermal thickness, elongation of epidermal rete ridges,
and an increased number of hypertrophic dopa-positive
melanocytes [6].

Ultraviolet radiation stimulates ROS synthesis, which has
been implicated in mutagenesis and photoageing [9, 11].

Neutrophils are present in the sunburned skin. Moreover,
they are potent producers of a wide array of proteolytic
substances, including the pluripotent neutrophil elastase,
Matrix metalloproteinase-8 (MMP-8), and MMP-9 [12].

Although the typical appearance of photoaged and
chronologically aged human skin can be readily distin-
guished, recent evidence indicates that chronologically aged
and UV-irradiated skin share important molecular features
including altered signal transduction pathways that promote
MMP expression [13], decreased procollagen synthesis, and
connective tissue damage [14].

3. Free Radical Scavengers

e free radicals are reactive chemical species that contain
one or more unpaired electrons; they are products of oxida-
tive cell metabolism [15].e body and especially the skin are
routinely exposed to stressful environmental factors such as
pollutants and UV radiation, which produce a large number
of aggressive oxidants that damage all the biological skin cell
membranes [15].

A great number of plants and plant extracts are studied
for their antioxidative action. Flavonoids like Rutin and
phenolic compounds likeHesperidin derivates also have anti-
tumor, antiviral and antibacterial activities, and antiradical
and antioxidative activities [16]. e phenolic compounds
are characterized by presenting in its chemical structure

an aromatic ring linked to a hydroxyl group, which has a
great ability to donate electron and hydrogen, this explains
their exceptional antioxidant activities [15]. Among the
characteristics of polyphenols of Green tea and Yerba Mate,
the following deserves special attention: chemopreventive
and therapeutic activities in cancer treatment; prevention of
lipoperoxidation in mammals; prevention of adverse effects
caused by UV radiation, with a reduction of oxidative
damage and reduction in metalloproteinase production [15].
However, the topical use of tea compounds requires the
solution of technical problems linked to the instability of
catechins and their scarce penetration across the keratinized
layer [17].

e extract of the fruits of the coffee plant (Coffea ara-
bica) has shown to exhibit antioxidant activity mediated by
potent antioxidant polyphenols, especially Chlorogenic acid,
condensed proanthocyanidins, Quinic acid, and Ferulic acid
[18, 19]. is extract showed improving �ne lines, wrinkles,
pigmentation, and overall appearance [18, 19]. Apigenin, a
nontoxic botanical-derived �avonoid occurring in numerous
herbs, fruits, and vegetables, Curcumin obtained from the
turmeric rhizome (Curcuma longa), Proanthocyanidins from
the seeds of grapes (V. vinifera) [20], and Resveratrol,
a polyphenol found in numerous plant species including
grapes, peanuts, fruits, red wine, and mulberries, have also
shown to possess the ability to protect the skin from harmful
UV-induced effects by displaying antimutagen, antioxidant,
free radical scavenging, anti-in�ammatory, and anticarcino-
genic properties [21].

Hormesis is a term used by toxicologists to refer to a
biphasic dose response to an environmental agent charac-
terized by low dose stimulation or bene�cial effect, and a
high dose inhibitory or toxic effect. In the �elds of biology
and medicine, hormesis is de�ned as an adaptive response
of cells and organisms to a moderate (usually intermittent)
stress. Examples include ischemic preconditioning, exercise,
dietary energy restriction, and exposures to low doses of
certain phytochemicals [22].

e hormetic induction of a stress response elicited by
the hormetin Curcumin led to increased protection against
a further oxidant challenge, supporting the view that mild
stress-induced hormesis can be applied for the modulation
of ageing and for improving the cellular functionality [23].

e ethanol extract of Licorice (Glycyrrhiza glabra L)
showed powerful antioxidant activity by means of substantial
ROS scavenging, hydrogen-donating, metal ion chelating,
mitochondrial antilipid peroxidative and reducing abilities;
the consequence was attributed to the high content of
phenolic components [24].

Glycyrrhizin, a conjugate of one molecule of Gly-
cyrrhetinic acid and two molecules of Glucuronic acid, is the
main constituent of G. glabra [25]. It is considered to be the
most common of the Asiatic folk medicines that acts as an
anti-in�ammatory agent on neutrophil functions including
ROS generation [25]. us, Glycyrrhizin can be considered
as a quenching agent of free radicals and a blocking agent
of lipid peroxidation chain reactions. Tested on animal
model, Glycyrrhizin showed an effective chemopreventive,
antioxidant, and antiproliferative activity [25].
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T 1: Plants with antioxidative activity.

Antioxidative activity
(free radicals scavenging)

Grape Vitis vinifera
Green Tea Camellia sinensis
Tumeric Curcuma longa
Mulbery Morus alba

Antioxidative activity
Licorice Glycyrrhiza glabra
Japanese star anise Illicium anisatum
Yerba Mate Ilex paraguariensis
Coffee Coffea arabica
Poplar bud Populus nigra

yme T. caucasicus,
T. kotschyanus and T. vulgaris

Rosemary Rosmarinus officinalis
Oregano Origanum vulgare
Basil Ocimum basilicum

Extract of Mulberry (Morus alba) exhibited super oxide
scavenging activity that is involved in the protection against
autooxidation [26, 27].

e antioxidant activity of Basil, Oregano, and yme
essential oils has been evaluated in a series of in vitro
tests [28]. e antioxidant activity of ymus species may
be due to different mechanisms, such as prevention of
chain initiation, decomposition of peroxides, prevention
of continued hydrogen abstraction, free-radical scavenging
[29], reducing capacity, and binding of transition metal
ion catalysts [30]. Examples of new antioxidants within
Lamiaceae species include phenolic diterpenes, phenolic
carboxylic acids, biphenyls, and �avonoids extracted from
Rosemary, Sage, Oregano, and yme [30].

ere are data supporting potential bene�cial effect of
Poplar bud (Populus nigra) extract on skin ageing as it showed
a strong modulation of transcription of genes involved
in antioxidant defenses, in�ammatory responses, and cell
renewal [31].

Illicium anisatum essential oil has good antioxidant, anti-
elastase, and anti-in�ammatory effects and low cytotoxicity
in human cell lines [32] (Table 1).

4. Photoageing

Photoageing and the development of skin cancer are of
an increasing importance since changes in lifestyle have
led to a signi�cant increase in the individual commutative
UV doses. In addition to the conventional organic-chemical
and physical-mineral type sunscreens, other non-sunscreen
protective strategies have been developed [33].

e extract of the tropical Cabbage palm fern (Poly-
podium leucotomos) is a plant-derived product that has
been studied in vitro as well as in vivo. Its topical or oral
administration is tolerated without toxicity. P. leucotomos

demonstrates dual protective effects on the extracellular
matrix via the inhibition of the proteolytic enzymes and the
stimulation of TIMPs, structural collagens (types I, III, V) of
extracellular matrix, and TGF-𝛽𝛽 in �broblasts [34].

A review of numerous studies with Green tea (Camellia
sinensis) has concluded that both oral consumption and
topical application of green tea protects against in�ammation
and chemical- and UV-induced carcinogenesis. In addition,
UV-induced immunosuppression is prevented by Green tea
[35].

Silymarin, a �avonoid complex isolated from the seeds
of Milk istle (Silybum marianum), has been demonstrated
to possess anti-in�ammatory, antioxidative, and anticarcino-
genic properties in vivo in animal models. Moreover, Sily-
marin may favorably supplement sunscreen protection and
provide additional antiphotocarcinogenic protection [36].

It has also been shown that the Pomegranate (Punica
granatum) extract protects human immortalized HaCaT ker-
atinocytes against UVB-induced oxidative stress andmarkers
of photoageing, and therefore, might be a useful supplement
in skin care products [37]. e Catechin, an active compo-
nent of Punica granatum, inhibited the UVB-induced skin
photoageing [38].

Extract of Ixora parvi�ora attenuatesUVB-induced photo
damage and in�ammation by modulating the expression of
MMPs, Mitogen-activated protein kinases (MAPK) path-
way, and Cyclooxygenase-2 (COX-2). is extract, therefore,
appears to be a potent agent against the photoageing [39].

e Iso�avone extract from Soybean cake is a good
candidate for an anti-photo-ageing agent in skin care. Fur-
thermore, Iso�avone extract prevents skin cell apoptosis,
erythema, and in�ammation reactions [40].

It was recently shown that oral ingestion as well as
topical application of rice wine suppresses epidermal barrier
disruption caused by UV exposure [41]. Rice wine treatment
decreased UV-induced epidermal thickening in mice. Based
on these results, it is suggested that rice wine may actually be
able to exert signi�cant anti-ageing activities on skin. It has
potential as an anti-ageing agent by stimulating pro-collagen
synthesis, decreasing MMP-1 and tumor necrosis factor 𝛼𝛼
(TNF-𝛼𝛼) expression, and promoting laminin-5 production in
skin cells as well as by reducing transepidermal water loss,
skinwrinkling, and epidermal thickening in animal skin [42].

Labisia pumila extract clearly showed the photo protec-
tive potential [43] and could be used as an agent against
extrinsic ageing. Apart from that, Labisia pumila could
also upregulate the synthesis of collagen in human dermal
�broblast cells. e herbal extract also has the ability to
protect the human skin from the ROS attacks generated by
critical UVB exposure. is is mainly due to the presence of
bio�avonoids and phenolic acids in the plant extract [44].

Coffea arabica extract, diminished UVB irritation
induced photo-ageing by inhibiting MMPs and elevating
type I pro-collagen production through ROS scavenging and
downregulation of MAPK pathway [45].

Extract of Emblica officinalis fruit has an antioxidant
activity related to UV protection (against photo-ageing) [46]
(Table 2).
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T 2: Plants with anti photo-ageing action.

UV protection
Green Tea Camellia sinensis
Pomegranate Punica granatum
Cabbage palm fern Polypodium leucotomos
Coffee Coffea arabica
Milk thistle Silybum marianum
Kacip fatimah Labisia pumila

Photo-ageing
Soybean Glycine max
Coffee Coffea arabica
Ixora �xora parvi�ora
Amla �mblica o�cinalis

5. Protection of the SkinMatrix

A few years ago, an intriguing microin�ammatory model of
skin ageingwas postulated, and offers an interesting approach
to account for the loss of dermal elasticity and resilience as
well as for wrinkle appearance [47]. Random tissue injury, for
instance, as a result of ultraviolet exposure or the formation
of reactive oxygen species, results in the development of
a chronic vicious circle that in the course of time leads
to increasing matrix damage. Both low-dose and high-
dose ultraviolet radiations induce several cytokines, among
them very prominently TNF-𝛼𝛼, through a post-translational
mechanism.

Interleukin-6 (IL-6) mediates collagenolytic effects by
modulating the ultraviolet- and infrared radiation-induced
stimulation of MMP-1. On the other hand, it has been widely
accepted that TNF-𝛼𝛼 substantially impairs collagen synthesis
in the human skin via TNF-R55 activation.

Ultimately, the clinical result is a substantial deterioration
of the connective tissue leading to the development of
wrinkles and the loss of skin elasticity and �rmness [48].
Subjects of this destabilization are collagen, hyaluronan, and
glycosaminoglycans.

ere are two mechanisms of the action of Arctium
lappa. Firstly, anti-in�ammatory effects in terms of inhibition
of IL-6 and TNF-𝛼𝛼 effectively and continually protect the
extracellular matrix from subclinical, chronic tissue in�am-
mation. Secondly, the profound stimulation of connective
tissue metabolism (e.g., collagen and hyaluronan synthesis)
regenerates the dermal structure [48].

Topical treatment with an A. lappa fruit extract offers
an effective skin care regimen for mature skin. Matrix
metabolism is signi�cantly stimulated in vivo and wrinkles
are visibly reduced. Arctiin counteracts the chronic in�am-
mation in the ageing skin offering the �rst cosmetic treatment
option that targets these subclinical processes in the ageing
skin [48].

Immunohistochemical study of the effects of Castanela
asiatica on wound healing showed that TGF-𝛽𝛽 and Induced
nitric oxide synthase (iNOS) immune-reactivity were weaker
and laminin and �bronectin immune reactivity were stronger
in the collagenase ointment group than the C. asiatica.

Still, this study does not negate matrix protective effects or
promotion of collagen synthesis of C. asiatica [49].

Phenolic substance puri�ed from Areca catechu has an
anti-ageing effect by protecting connective tissue proteins.
e CC-517 was identi�ed as a phenolic substance by using
various speci�c methods. A remarkable inhibition of elastase
by CC-517may protect themajor proteins of the extracellular
matrix, activate its reconstruction, and indirectly improve the
tone of the capillary walls [50].

Xanthorrhizol in Curcuma xanthorrhiza suppressed
UVB-induced MMP-1 expression and increased type I pro-
collagen expression [51]. Polypodium leucotomos extract has
been shown to inhibit the activities of MMP-1, and MMP-
2 [34], erythrodiol-3-acetate isolated from Styrax japonica
inhibited UV-induced MMP-1 expression [52].

e Soybean Bowman-Birk inhibitor (BBI) is a water-
soluble protein, a metalloprotein and the removal of metal
bound to BBI enhances BBI inhibitory activity against MMP-
1 [53].

e anti-in�ammatory properties of the plant �ild �am
(Dioscorea villosa) make it suitable for dermatologic prod-
ucts used in the treatment of irritated or aged skins [54].
e extract also shows anticollagenase activity, suggesting
a possible use in anti-ageing products and, in general, to
�ght skin degenerative syndromes [54]. Together with the
advantageous effects of Diosgenin on ageing skin, it is
suggested that Diosgenin may be a good and safe health food
for the aged, especially to alleviate the effects of climacteric
issues [55]. However, the effects of Diosgenin may differ
dependently on the endogenous estrogen levels, tissue or
cell types, the route of administration, the time, and level of
exposure [55].

e root of Astragalus (Radix astragali) is one of the
most popular Chinese herbs, which is used traditionally
to strengthen the immune system, boost the energy, and
promote skin health. Bacillus subtilis natto-fermented Radix
astragali signi�cantly stimulate hyaluronic acid production in
cultured human epidermal keratinocytes and human dermal
�broblasts. e enhancement was not based on the growth
stimulation of the skin cells, but corresponded well to the
higher expression of hyaluronan synthetase transcripts [56].

Camellia japonica oil can induce the synthesis of type I
collagen, has high moisturizing effect, and is safe to use. is
suggests that Camellia japonica oil might be introduced as a
possible antiwrinkle agent for themanagement of skin ageing
[57].

It is demonstrated that Panax ginseng root extract can
induce the synthesis of type I collagen, and the mecha-
nisms underlying its action may be mediated via the Smad
activation pathway. e Smads are a series of proteins that
perform downstream functions from the serine/threonine
kinase receptors of the TGF-𝛽𝛽 family [58].

e most interesting, according to our opinion, is the
�rst demonstration of the cinnamon extract effect on human
dermal �broblasts. Cinnamon extract signi�cantly promotes
type I collagen biosynthesis within dermal �broblasts. Cin-
namaldehyde is the major active component in the Cinna-
mon extract that induces type I collagen biosynthesis. e
underlying molecular mechanism is believed to trigger the
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T 3: Plants with matrix protective action.

Antihyalorunidase activity
Burdock Arctium lappa
Areca nut palm Areca catechu

Antielastase activity
Areca nut palm Areca catechu

Anticolgeenase activity
Wild Yam Dioscorea villosa

MMP inhibition
Temulawak Curcuma xanthorrhiza
Styrax Styrax japonica
Cabbage palm fern Polypodium leucotomos
Soybean Glycine max
Coffee Coffea Arabica

Stimulation of hyaluronic acid
production

Astragalus root Radix astragali
Promotion of collagen synthesis

Amla Emblica o�cinalis
Gotu Kola Centella asiatica
Burdock Arctium lappa
Camellia Camellia japonica
Ginseng Panax ginseng

Cinnamon Cinnamomum
zeylanicum

activation of Insulin-like growth factor-I (IGF-I) signalling
via the direct IGF-I receptor activating pathway. ese �nd-
ings could be helpful in improving the signs and symptoms
of the ageing skin [59].

Amla extract (Emblica officinalis) elevates the mito-
chondrial activity of human skin �broblasts and promotes
production of procollagen. ese results suggest that Amla
extract has a number of potential mitigative, therapeutic, and
cosmetic applications. [60] (Table 3).

6. Depigmentation

Many plant extracts are more potent inhibitors of melanin
formation than Hydroquinone, Kojic acid or Arbutin, and
are not associated with cytotoxicity or mutagenicity of
melanocytes [61]. Whiter skin appears younger.

e Licorice extract is the safest pigment-lightening
agent with the fewest side effects. e main ingredient in
the hydrophobic fraction of licorice extract is glabridin,
which inhibits tyrosinase activity in cultured B16 murine
melanoma cells without affecting DNA synthesis. Glabrene,
Isoliquiritigenin licuraside, Isoliquiritin, and Licochalcone
A are other active compounds within licorice extract that
inhibit tyrosinase activity. Liquiritin is another main active
ingredient of Licorice extract, and it appears to induce skin
lightening by dispersing melanin [20].

Raspberry ketone fromRheum officinale inhibits melano-
genesis through a posttranscriptional regulation of tyrosinase
gene expression in cultured B16 melanoma cells. In addition,
Raspberry ketone also inhibits melanogenesis of the skin in
both �ebra-�sh and mice� raspberry ketone would appear to
have high potential for use in the cosmetics industry [62].
Tiliroside, an organic compound from raspberry, could sig-
ni�cantly inhibit intracellular tyrosinase activity andmelanin
production. is evidently supports the idea that Tiliroside
could be a potential skin whitening agent in cosmetic or
pharmaceutical industries [63].

Arbutin, a naturally occurring b-D-glucopyranoside
derivative of Hydroquinone, exists in the dried leaves of
certain plant species, such as Bearberry (Arctostaphylos uva-
ursi) and Oryganum majorana [64].

Deoxyarbutin (4-[tetrahydrofuran-2-yl-oxy]-phenol) has
also demonstrated effective inhibition of mushroom tyrosi-
nase in vitro. In a human clinical trial, topical treatment with
deoxyarbutin for 12 weeks resulted in a signi�cant or a slight
reduction in overall skin lightness and improvement of solar
lentigines in a population of light-skinned or dark-skinned
individuals, respectively [65].

Origanoside from Origanum vulgare has a depigmen-
tation effects, a fact that may be exploited in future food
additives and skin-whitening cosmetics. e mechanism
by which origanoside inhibits melanin synthesis results
in the decline in cellular Dihydroxyphenyl-alanine oxidase
(DOPA oxidase) activity, rather than in direct inhibition
of tyrosinase activity. is phenomenon is associated with
the down regulation of the gene and protein expressions of
Microalmia-asociated transcription factor (MITF), tyrosi-
nase, and tyrosinase-related proteins 2 (TRP-2) of Orig-
anoside in vitro and in vivo, which may result in a prominent
antimelanogenic effect [61].

Aloesin, a compound isolated from the Aloe vera, has
been proven to competitively inhibit tyrosinase from human,
mushroom, and marine sources [66].

Mulberroside F (moracin M-6, 30-di-O-beta-D-glucopy-
ranoside), the active component of Mulbery (Morus alba),
shows inhibitory effects on tyrosinase activity and onmelanin
formation in melan-𝛼𝛼 cells, suggesting a role for Morus alba
as a component of lightening cosmetics [66]. Mulberroside
A was isolated from the ethanol extract of Morus alba roots.
Mulberroside A, Oxyresveratrol, and Oxyresveratrol-3-O-
glucoside showed depigmenting effects in brown guinea pig
skin stimulated by UVB irradiation [67].

Treatment with Radix ginseng in the presence of various
concentrations of Radix trichosanthis suppressed tyrosinase
activity and melanin content but increased cell proliferation
slightly in B16melanoma cells, raising the possibility that this
combination may be effective as a skin-lightening agent [68].

Diosgenin from Wild Yam (Dioscorea villosa) extract has
a depigmenting effect and can therefore be used in melasma,
melanodermatitis, and sun lentigo [69]. A study carried out
on melanoma cells has shown that the depigmenting effect is
linked to the activation of the cellular Phosphatidylinositol-
3-kinase (PI3K) pathway, suggesting that Diosgenin may be
an effective inhibitor of hyperpigmentation [69].
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T 4: Plants with lightening properties.

Licorice Glycyrrhiza glabra
Rhubarb Rheum officinale
Bearberry Arctostaphylos uva-ursi
Ginseng Panax Ginseng
Aloe Aloe vera
Wild Yam Dioscorea villosa
Japana Roxa Eupatorium triplinerve Vahl
Oregano Origanum vulgare, O. majorana
Pineaple Ananas comosus
Evening primrose Oenothera biennis
Persimmon Diospyros kaki
Rose hips Rosa canina
Ginger Zingiber officinale
Raspberry Rubus ideus
Mulbery Morus alba

Methanol extract of Eupatorium triplinerve Vahl demon-
strated inhibitory activities on melanin formation in B16
melanoma cells and tyrosinase enzyme activity [70].

ere are eighteen known phenolic compounds and two
sulfur containing compounds isolated from pineapple fruit
Ananas comosus. ese compounds may contribute to the
well-known antibrowning effect of pineapple juice and may
be potential skin whitening agents in cosmetic applications
[71].

Saponi�ed Evening Primrose oil (Oenothera biennis)
exerts a pigment-whitening effect by inhibiting the expres-
sion of tyrosinase and related enzymes; therefore, this effect
may be related to the high proportions of Linoleic acid
released by saponi�cation from Evening Primrose oil [72].

Persimmon (Diospyros kaki) leaf extract demonstrated
anti-wrinkle and skin-lightening effect comparable to that of
hydroquinone effect, without any side effects [73].

Proanthocyanidins contributed greatly to the melano-
genesis-inhibiting effect of Rose hips extract (Rosa canina)
in B16 mouse melanoma cells. Moreover, Rose hips extract
inhibited pigmentation together with tyrosinase activity in
guinea pig skin.ese data suggest that Rose hips extractmay
be useful as a skin whitening agent when taken orally [74].

Gingerol, is an active component of Ginger (Zingiber
officinale), shows antipyretic and anti-in�ammatory activ-
ities [75]. It inhibits melanin synthesis in murine B16F10
melanoma cells, by reducing MITF and inhibiting the tyrosi-
nase activity [75] (Table 4).

7. Elasticity and Tightening

Ethanol extracts of Glycyrriza glabra, Curcuma longa (roots],
seeds ofPsorolea corylifolia,Cassia tora, Areca catechu, Punica
granatum, fruits of Embelica officinale, leaves of Centella
asiatica, dried bark of Cinnamon zeylanicum, and fresh gel
of Aloe vera in varied concentrations showed improvement
of the viscoelastic and hydration properties of the skin. ese
bene�cial effects might be due to the synergistic antioxidant,

T 5: Plants with tightening and �rming action on the skin.

Tightening and �rming action on the skin
Licorice Glycyrriza glabra
Tumeric Curcuma longa
Psorolea Psorolea corylifolia
Cassia Cassia tora
Areca palm Areca catechu
Pomegranate Punica granatum,
Amla Embelica officinale
Gotu Kola Centella asiatica
Cinnamon Cinnamon zeylanicum
Aloe Aloe vera

Breast tightening
Hops Humulus lupulus
Sausage Tree Kigelia Africana
Wild Yam Dioscorea villosa

Skin elasticity
Dill Peucedanum graveolens
Sichuan pepper Zanthoxylum bungeanum

anti-in�ammatory and��protective properties of the herbal
ingredients [76].

Hops (Humulus lupulus L) extracts are also useful in the
prevention of skin ageing and in the treatment of loose skin,
stretch marks, and sagging [77]. ey are also used in breast
tightening to promote the presence of the phytoestrogen 8-
prenylnaringenin, even though clinical trials do not allow a
reliable evaluation of this treatment and cannot exclude the
insurgence of noxious effects [55].

In certain African populations, women grind the fruit of
Sausage Tree (Kigelia Africana) to a poultice, which is then
spread on the breast to improve its �rmness [55]. e fruit
active principles are known to induce a �rming effect on
the dermis and its musculature. Such an effect would be due
to iso�avones and steroid saponosides present in the fruit.
Iso�avones are phytoestrogens acting on tissues in a way
similar to that of human estrogens. Saponosides induce skin
drainage and exert restitution, thus restoring the elasticity
and �rmness of the dermis [55].

Wild Yam’s (Dioscorea villosa) Diosgenin is also used for
breast cosmetic liing since it seems to induce an increase
of adipocyte volume resulting in an increase of breast turgor
[55].

Aer treatment with the Dill (Peucedanum graveolens)
extract, skin elasticitywas improved, the skin feltmore elastic,
wrinkles appeared smoothed, and face contours appeared
remodelled [78].

Zanthoxylum bungeanum is a functional cosmetic ingre-
dient for the temporary improvement of skin wrinkles [79]
(Table 5).

8. Conclusion

Phenolic compounds, Flavonoids, and Proanthocyanidins
from plants are responsible for antioxidative activities of
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herbal products. is is explained by their chemical structure
and their ability to donate free electron andhydrogen [15, 20].

e extracts of the tropical Cabbage palm fern (Poly-
podium leucotomos) [34] and Green tea (Camellia sinen-
sis) have strong photoprotective properties [35]. e great
number of plant extracts can diminish UVB-induced photo
damage by decreasing activity of enzymes involved in tissue
degradation (i.e., Ixora parvi�ora, Co�ea arabica) [39, 45],
or by increasing of synthesis tissue constituents (i.e., Labisia
pumila) [43].

Numerous plants and plants extracts can attenuate degra-
dation of skin matrix. A. lappa [48], A.catechu [50], D.
villosa [54], C. xanthorrhiza [51], and S. japonica [52] are
examples of plants that can inhibit Hyalorunidase, Elastase,
Colagenase, and MMP. Some plants have the ability to
promote synthesis of collagen, that is, �. o�cinalis [60], C.
asiatica [49], P. ginseng [58], and C. zeylanicum [59].

Plants and plant extracts with depigmentation properties
act through various mechanisms: inhibition of melano-
genesis [62], dispersion of melanocytes [20], inhibition of
Tyrosianase [62, 63], decline in activity of cellular DOPA
oxidase [61], and downregulation of the gene and protein
expression of the MITF [61].

Some plants can improve skin �rmness and elasticity,
mainly due to phytoestrogens and saponosides [55].

Plant extracts are oen considered safe [33], because of
the simple fact that they come from nature [80]. On the other
hand, irritation, contact allergic dermatitis, and other adverse
reactions to natural products have been documented [55, 81].

Over the past decade, a great number of plant extracts
have been studied. In our opinion, there is a constant need
for more evaluation and more clinical studies in vivo with
the emphasis on the ingredient concentration of the herbal
products, their formulation, safety, and the duration of the
anti-ageing effect.
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In the present study, in vitro antioxidant, free radical scavenging capacity, and hepatoprotective activity of methanol extracts from
Polyalthia longifolia and Cassia spectabilis were evaluated using established in vitro models such as ferric-reducing antioxidant
power (FRAP), 2,2-diphenyl-1-picryl-hydrazyl (DPPH•), hydroxyl radical (OH•), nitric oxide radical (NO•) scavenging, metal
chelating, and antilipidperoxidation activities. Interestingly, all the extracts showed considerable in vitro antioxidant and free
radical scavenging activities in a dose-dependent manner when compared to the standard antioxidant which verified the presence
of strong antioxidant compound in leaf extracts tested. Phenolic and flavonoid content of these extracts is significantly correlated
with antioxidant capacity. Since P. longifolia extract was exhibited better in vitro antioxidant activities, it was subjected for in
vivo hepatoprotective activity in paracetamol-intoxicated mice. Therapy of P. longifolia showed the liver protective effect on
biochemical and histopathological alterations. Moreover, histological studies also supported the biochemical finding, that is, the
maximum improvement in the histoarchitecture of the liver. Results revealed that P. longifolia leaf extract could protect the liver
against paracetamol-induced oxidative damage by possibly increasing the antioxidant protection mechanism in mice. Our findings
indicated that P. longifolia and C. spectabilis have potential as good sources of natural antioxidant/antiaging compounds.

1. Introduction

Oxidation process is essential to many living organisms
for the production of energy to fuel biological processes.
However, oxygen-centered free radicals and other reactive
oxygen species (ROS) which are continuously produced in
vivo may result in cell death and tissue damage. The free
radicals are fundamental in modulating various biochemical
processes and represent an essential part of aerobic life and
metabolism [1]. The most common ROS include superoxide
anion (O2

−), hydrogen peroxide (H2O2), and hydroxyl
radicals (OH−) which resulted from cellular redox processes.
At low or moderate concentrations, ROS exert beneficial
effects on cellular response and immune function but at
high levels, these radicals become toxic and disrupt the

antioxidant defense system of the body, which may lead to
“oxidative stress” [2]. The oxidative stress cascade initiated by
free radicals obtains stability through electron pairing with
biological macromolecules such as proteins, lipids, and DNA
in healthy human cells and causes damage in cell structures
that include proteins and DNA along with lipid peroxidation.
Moreover, the formation of free radicals shortens cells life
span and produces changes that resemble aging. This has
contributed to a wide range of diseases including coronary
heart diseases, aging, neurodegenerative disorders, arthri-
tis, diabetes, inflammation, lung damage, and cancer [3].
Although aging is likely to be a multifactorial process and not
reducible to any one single cause but the evidence from the
free radical theory detailing the impact of these free radicals
on aging [4]. Since the formation of free radicals has a great
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impact on the aging process, it is appropriate to examine the
role of natural antioxidant as a defense system. Accordingly,
plant-based natural antioxidants with free radical scavenging
activity are emerging as the primary components of holistic
approaches in impeding aging. Therefore, this study focuses
on local medicinal plants as alternative nutraceutical sources
in impeding aging, namely, Polyalthia longifolia and Cassia
spectabilis (Leguminosae).

Plants are humans’ oldest friends and our life, directly
or indirectly, depends on various plant-related products in
many fields including medicine. Hence, natural products
which are disease-free agents are gifts from mother nature.
A full range of plant derived nutritional supplements,
phytochemicals, and provitamins that help in sustaining
good health and fighting diseases is now being described
as functional foods, nutriceuticals, and nutraceuticals [5].
Medicinal plants from the tropical and subtropical climates
are recognized to possess many medicinal properties.
Apart from the commonly consumed vegetables, some
underconsumed medicinal plants are known in traditional
medicine, especially in rural communities. These are rarely
consumed, unknown, and unfamiliar and have not received
much attention as antioxidant sources compared to common
vegetables. This could be due to their lack of popularity
among local people, lack of scientific information on their
nutritional values, and lack of promotion or campaigns
for these medicinal plants. These medicinal plants are of
great importance to consumers considering the biological
health benefits they bring and their role as antiaging
agents.

Polyalthia longifolia var. angustifolia Thw. (Annonaceae),
is a small medium-sized tree with linear-lanceolate leaves,
1 to 1.5 cm broad, occurring in Sri Lanka and now grown
in tropical parts of India along road sides and in gardens
for their beautiful appearance [6]. P. longifolia is one of the
most important indigenous medicinal plants and found
throughout Malaysia and widely used in traditional medicine
as febrifuge and tonic [7]. The diterpenes, alkaloids, steroid
and miscellaneous lactones were isolated from its bark
[7]. The stem bark extracts and isolated compounds were
studied for various biological activities like antibacterial,
cytotoxicity and antifungal activity [8]. On the other hand,
Cassia spectabilis (Leguminosae) is widely grown as an
ornamental plant in tropical and subtropical areas and has
been commonly used in traditional medicine for many
years. It has been used in traditional Brazilian medicine
for the treatment of flu, cold and also as a laxative and
purgative [9]. The C. spectabilis leaf extract is reported to
possess various types of pharmacological activities such as
antioxidant, antifungal and antimicrobial activities [10, 11].
Therefore, by focusing on these two plants, namely, P.
longifolia and C. spectabilis to determine their antioxidant
and free radical scavenging properties, the study further
contributes to the knowledge of Malaysian traditional
plants. In the present study, an attempt was made to find
the relationship between phenolic content and antioxidant
activity of these two plants. The function of natural
antioxidants as antiaging agents were also correlated and
discussed.

2. Materials and Methods

2.1. Plant Collection. The leaves of P. longifolia and C.
spectabilis were collected from various areas in Universiti
Sains Malaysia, Penang in January 2012 and was identified
by Mr Shunmugam Vellosamy at the Herbarium of School
of Biological Sciences, Universiti Sains Malaysia, Pulau
Pinang, Malaysia where the voucher specimen was deposited
(Number: USM/HERBARIUM/11306 for P. longifolia and
USM/HERBARIUM/11033 for C. spectabilis). The leaves,
which were separated and cut into small pieces, were first
washed with tap water and then with distilled water. They
were then dried in an oven at 60◦C for 7 days, after which the
dried leaves were ground into fine powder using a grinder
and stored in clean, labeled airtight bottles.

2.2. Solvent Extraction. Dried sample (approximately 100 g)
was added to methanol (300 mL) and soaked for 4 days at
room temperature (30 ± 2◦C). The suspension was stirred
from time to time to allow the leaf powder to fully dissolve
in the methanol. Removal of the sample from the solvents
was done by filtration through cheesecloth followed by filter
paper (Whatman no. 1); the filtrate was concentrated under
vacuum to one-fifth its volume using a rotary evaporator
at 60◦C and then sterilized by filtration using a 0.22-mm
membrane. The thick paste obtained was further dried in
an oven at 40◦C. The resultant extract was kept at 4◦C for
further analysis. Methanol was used for the extraction in this
study to mimic the use of water by traditional healers to make
decoction. Water and methanol have the highest polarity in
the polar protic solvent group. Moreover, the use of methanol
makes the process of evaporation easier compared to that of
water.

2.3. Determination of Total Phenolic and Flavonoid Contents.
A total phenolic content was determined by the Folin-
Ciocalteau method [12, 13] with a slight modification. The
extract samples (0.1 mL of different dilutions) were mixed
with Folin Ciocalteu reagent (0.75 mL, 1 : 10 diluted with
distilled water) and incubated for 5 min at 22◦C. Then
Na2CO3 (0.5 mL, 7%) was added to the mixture. This
mixture was allowed to stand for 90 min at 22◦C and the
phenols were determined by colorimetric method at 765 nm.
The standard curve was prepared by 0, 50, 100, 150, 200, 250,
and 500 mg/mL solutions of Gallic acid in methanol : water
(50 : 50, v/v). Total phenol values are expressed in terms of
Gallic acid equivalent (mg/g of dry mass), which is a standard
reference compound.

Total flavonoid content of the extracts was determined
according to colorimetric method described by Zhishen et
al. [14] with some modification. Briefly 0.5 mL of extracts
(1 mg/mL) were added in three bijoux bottles and mixed
with 2 mL of distilled water. Subsequently 0.15 mL of sodium
nitrite (NaNO2, 5% w/v) was added into each bottle and
the reaction mixture was allowed to stand for 6 min. Then
0.15 mL aluminium trichloride (AlCl3, 10%) was added and
allowed to stand for 6 min, followed by the addition of
2 mL of sodium hydroxide (NaOH, 4% w/v) to the reaction
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mixture. Distilled water was next added to the mixture to
bring the final volume up to 5 mL. The reaction mixture was
mixed thoroughly and allowed to stand for another 15 min.
The absorbance of pink colour that developed was measured
at 510 nm using a spectrophotometer (HITACHI U-1900
spectrophotometer). Distilled water was used as blank. The
final absorbance of each sample was compared to a standard
curve plotted using catechin. The total flavonoid content was
expressed in mg of catechin per gram of extract. All tests were
conducted in triplicate.

2.4. In Vitro Antioxidant Assays

2.4.1. DPPH-Radical-Scavenging Assay. The stable 1,1-
diphenyl-2-picryl hydrazyl radical (DPPH) was used in
the determination of free radical scavenging activity of
the extract [15]. The reaction mixture contained 50 µL of
different concentrations of the extracts and 5 mL of 0.04%
(w/v) solution of DPPH in 80% methanol. After 30 min incu-
bation at room temperature, the absorbance was recorded
at 517 nm using a spectrophotometer (HITACHI U-1900
spectrophotometer 200 V). The commercially known antiox-
idant, butylated hydroxytoluene (BHT) was used as a positive
control. The experiment was performed in triplicate. The
percentage of the DPPH free radical was calculated using the
following equation:

DPPH scavenging effect (%) =
[
A0 − A1

A0

]
× 100, (1)

where A0 was the absorbance of the control, and A1 was
the absorbance in the presence of the extract or positive
control. The IC50 (concentration providing 50% inhibition)
values were calculated by using the dose inhibition curve in
linear range by plotting the extract concentrations versus the
corresponding scavenging effect.

2.4.2. Reducing Power Assay. The reducing power of extracts
was determined according to the method proposed by Yen
and Chen [16] with slight modification. Different concen-
trations of extracts (0.5 mL) were mixed with phosphate
buffer (2.5 mL, 0.2 M, pH 6.6) and potassium ferricyanide
[K3Fe(CN)6] (2.5 mL, 1%). The mixture was incubated at
50◦C for 20 min. A portion (2.5 mL) of trichloroacetic acid
(10%) was added to the mixture to terminate the reaction,
which was then centrifuged at 3000 rpm for 10 min. The
upper layer of solution (2.5 mL) was mixed with distilled
water (2.5 mL) and FeCl3 (0.5 mL, 0.1%). The reaction
mixture was then incubated for 10 min at room temperature
and the absorbance was measured at 700 nm. All tests were
performed six times. A higher absorbance of the reaction
mixture indicated greater reducing power. BHT was used as
a positive control.

2.4.3. Hydroxyl Radical Scavenging Assay. The capacity to
scavenge hydroxyl radicals was measured according to the
method proposed by Halliwell et al. [17] with modification.
The hydroxyl radicals are generated by iron-ascorbate-
EDTA-H2O2, which then react with deoxyribose to form

thiobarbituric acid reactive substances (TBARS). This sub-
stances yield pink chromogen at low pH while heating with
trichloroacetic acid (TBA). The hydroxyl scavengers from
the leaves extract compete with deoxyribose for hydroxyl
radicals and decrease TBARS, which leads to a reduction
in the formation of pink chromogen [18]. The reaction
mixture contained 4 mM deoxyribose, 0.3 mM ferric chlo-
ride, 0.2 mM EDTA, 0.2 mM ascorbic acid, 2 mM H2O2 and
various concentrations of extracts. The tubes were capped
tightly and incubated for 30 min at 37◦C. Then 0.4 mL
of 5% TBA and 0.4 mL of 1% TBA were added to the
reaction mixture which was kept in a boiling water bath
for 20 min. The intensity of pink chromogen was measured
spectrophotometrically at 532 nm against the blank sample.
Ascorbic acid was used as a positive control. All tests were
performed in triplicate. The hydroxyl radical scavenging
activity of leaves extract was reported as % inhibition of
deoxyribose degradation and calculated using the following
equation:

% Inhibition =
[
A0 − A1

A0

]
× 100, (2)

where A0 was the absorbance of the control and A1 was the
absorbance in the presence of the extract or positive control.

2.4.4. Nitric Oxide Scavenging Assay. At physiological pH,
nitric oxide generated from aqueous sodium nitroprusside
(SNP) solution interacts with oxygen to produce nitrite ions
which were measured by the Griess Illosvoy reaction [19].
The reaction mixture contained SNP (10 mM), phosphate
buffer saline (pH 7.4) and different concentrations of the
extract and incubated for 180 min at 25◦C. Then Griess
reagent (1% sulphanilamide, 0.1% naphthylethylenediamine
dichloride (NED) and 3% phosphoric acid) was added and
the mixture was further incubated for 30 min at 25◦C.
The pink chromophore formed during diazotization of
nitrite ions with sulphanilamide and subsequent coupling
with NED was measured spectrophotometrically at 540 nm
against blank sample. Quercetin was used as a positive
control [20]. All tests were performed in triplicate. The nitric
oxide radicals scavenging activity was calculated according to
the following equation:

% Inhibition =
[
A0 − A1

A0

]
× 100, (3)

where A0 was the absorbance of the control, and A1 was the
absorbance in the presence of the extract or positive control.

2.4.5. Ferrous Ion Chelating Assay. The chelating activity of
the extracts for ferrous ions Fe2+ was measured according
to the Dinis et al. [21] method. Briefly, 0.5 mL of different
concentrations of the extract was added to a solution
of 2 mM FeCl2 (0.05 mL). The reaction was initiated by
the addition of 5 mM Ferrozine (0.2 mL). The mixture
was shaken vigorously and left at room temperature for
10 min. Ferrozine reacted with the divalent iron to form
stable magenta complex species that were very soluble
in water. Absorbance of the solution was then measured
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spectrophotometrically at 562 nm. The percentage inhibition
of ferrozine- Fe2+ complex formation by leaves extract was
calculated as following:

Percentage of inhibition (%) =
[
A0 − A1

A0

]
× 100, (4)

where A0 was the absorbance of the control, and A1 was the
absorbance of the extract or ascorbic acid (positive control).

2.4.6. Antilipid peroxidation (ALP) Assays. The antilipid
peroxidation activity of methanolic leaves extract of P.
longifolia and C. spectabilis was determined by the standard
method followed by the slight modification with the chicken
liver homogenate [22]. Chicken liver was obtained from a
local market in Penang Island and perfused with normal
saline through hepatic portal vein. The liver was harvested
and its lobes were briefly dried between filter papers to
remove excess blood and cut thinly with a heavy-duty blade.
The small pieces were then transferred to a sterile vessel con-
taining phosphate buffer (pH 7.4) solution. After draining
the buffer solution as completely as possible, the liver was
immediately ground to make a tissue homogenate (1 g/mL)
using freshly prepared phosphate buffer (pH 7.4). The
extracts with different concentrations (10–0.15625 mg/mL)
were mixed with liver homogenate (2.9 mL), 50 mM FeSO4

(0.2 mL) and incubated for 30 minutes at 37◦C. One mL of
reaction mixture was mixed with 2.5 mL of 10% TCA- 0.67%
TBA (thiobarbituric acid) in acetic acid (50%) for blocking
the reaction. Then the mixture was boiled for 1 hour at 90◦C
and centrifuged at 10,000 rpm for 5 minutes. Supernatant
was taken for absorbance at 535 nm. ALP % was calculated
using the following formula:

Percentage of inhibition (%) =
[
A0 − A1

A0

]
× 100, (5)

where A0 was the absorbance of the control, and A1 was the
absorbance of the extract or Ascorbic acid (positive control).

2.5. In Vivo Hepatoprotective Activity of P. longifolia Leaf
Extract. Since P. longifolia showed better antioxidant activity
compared with C. spectabilis it was further evaluated for in
vivo hepatoprotective Activity.

2.5.1. Animals. Eighteen specific pathogen-free and age-
matched (7- to 10-week-old) male Wister albino mice were
used to study the hepatoprotective activity of the P. longifolia
leaf extract. The Institution Animal Ethics Committee of
University has approved the animal study (USM/Animal
Ethics Approval/2011/(74) (365)) for this project. The
animals were kept at 27 ± 2◦C, relative humidity 44–56%
and light and dark cycles of 10 and 14 h, respectively, for
a week before and during the experiments. Animals were
provided with a standard diet (Lipton, India) and water ad
libitum. The food was withdrawn 18–24 h before starting the
experiment. All experiments were performed in the morning
according to current guidelines for the care of the laboratory
animals and the ethical guidelines for the investigation of
experimental pain in conscious animals [23].

2.5.2. Paracetamol Dose Regimen. Paracetamol tablets were
obtained from a nearby clinic. Each tablet contains 500 mg
of paracetamol. The dose administered to the mice to induce
hepatotoxicity was set as 1 g/kg. The paracetamol was turned
into a fine powder using a mortar and pestle to increase
the dissolution. The powdered paracetamol was suspended
in saline and was administered orally according to the body
weight of mice.

2.5.3. Grouping of Mice and Treatments. Eighteen mice (25–
30 g) were randomly divided into three groups, each group
consisting of six mice. The first group received a single daily
dose of 1 mL/kg of saline orally (control group). Group
II was given a single daily dose of paracetamol (1.0 g/kg)
orally (induced group) and Group III received orally a single
daily dose of both 1.0 g/kg paracetamol [24] and 200 mg/kg
of P. longifolia leaf extract, respectively (treated group). P.
longifolia leaf extract was administered three hours after
the administration of paracetamol. The treatments were
continued for seven days and on the eighth day of the
experiment, all the mice were anesthetized and dissected
[25].

2.5.4. Sacrifice and Organ Harvesting. The liver was removed
carefully after euthanizing and killing the animals by cervical
dislocation. The livers were fixed in 10% buffered formalin.
After fixation, the livers were dehydrated in a graded series
of alcohol, cleared in xylene and embedded in paraffin wax.
Multiple 5 µm sections from each block were mounted on
slides and stained with hematoxylin and eosin.

2.5.5. Biochemical Parameters. The mice of each group were
anaesthetized with ether, and blood was collected directly
from the heart. It was centrifuged at 2,000 g for 10 min
at 4◦C to separate the serum and kept at 4◦C to assay
the activities of serum enzymes. Aspartate aminotransferase
(AST) and alanine aminotransferase (ALT) were determined
by the method described by Reitman and Frankel [26].
Serum bilirubin level was estimated according to Malloy and
Evelyn’s method [27].

2.5.6. Statistical Analysis. All values are mean ± S.E.M.
obtained from six mice in each group. For statistical analysis,
one-way ANOVA with Duncan’s variance (SPSS 15) was used
to compare the groups. In all the cases a difference was
considered significant when P < 0.05.

3. Results and Discussion

3.1. Antioxidant Activity. In the present study, in vitro
antioxidant and free radical scavenging capacity of methanol
extracts from P. longifolia and C. spectabilis methanolic
extract were evaluated using established in vitro models
such as ferric reducing antioxidant power, DPPH, hydroxyl
radical, nitric oxide radical, scavenging, and metal chelating
activities. It is believed that the role of antioxidant in
disease prevention is due to its ability to scavenge free
radicals in the biological systems. Antioxidants can deactivate
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radicals by three major mechanisms: hydrogen atom transfer
(HAT), electron transfer (ET), and combination of both HAT
and ET [28]. HAT measures the ability of an antioxidant
to quench free radicals by hydrogen donation, while ET
detects the ability of antioxidant to transfer one electron to
reduce radicals, metals and carbonyls [29]. Ferric reducing
antioxidant power is an ET assay. DPPH assays combine both
HAT and ET mechanisms.

3.2. Total Phenolic and Flavonoid Contents. Antioxidant
activity of plants might be due to their phenolic compounds.
The highest antioxidant activity reported for the tested
extract might be due to the presence of these bioactive con-
stituents. The antioxidant activity of phenolic compounds
is mainly due to their redox properties, which can play
an important role in adsorbing and neutralizing free radi-
cals, quenching singlet and triplet oxygen, or decomposing
peroxides [30]. Crude extracts of medicinal plant materials
rich in phenolics are increasingly of interest in the food
industry. Therefore, the total phenolic content of P. longifolia
and C. spectabilis methanolic extracts was determined with
the Folin-Ciocalteu reagent in this study. Gallic acid was
used as a standard compound and the total phenols were
expressed as mg/g gallic acid equivalent using the standard
curve equation: y = 0.0036x + 0.3742, R2 = 0.8581, where
y is absorbance at 760 nm, and x is total phenolic content
in the different extracts of P. longifolia and C. spectabilis
expressed in mg/g extract. P. longifolia leaf had the highest
TPC (87.43 ± 1.230 mg GAE/g extract) compared to C.
spectabilis leaf (44.30 ± 2.101 mg GAE/g extarct). Although
some studies have demonstrated a correlation between
phenolic content and antioxidant capacity [31], our results
are in agreement with many other findings. Li et al. [32]
stated that no correlation between total phenolic contents
and antioxidant activities in jujube fruits is possible because
the antioxidant activity observed was not solely from the
phenolic contents of jujube. Instead, a substantial fraction of
total antioxidant activity could also be due to the presence of
other phytochemicals such as ascorbic acid, tocopherol and
pigments as well as the presence of synergistic effects among
compounds that contribute to the total antioxidant activity.
Therefore, these antioxidant compounds may regenerate,
increasing their antioxidant activity. Hence, the antioxidant
activity observed in this study might also be contributed by
various phytochemicals besides phenolic compounds, thus
warrants further studies.

Beside phenolic compounds, the presence of flavonoids
in leaf extracts might affect the observed antioxidant activity.
The flavonoids content obtained from leaf extracts was
70.25 ± 3.12 mg and 35.41 ± 2.82 mg of catechin equiv-
alent (CE) per gram of P. longifolia and C. spectabilis
extracts respectively, with reference to standard curve (y =
0.0071x + 0.1139 and r2 = 0.9927). Flavonoids are a broad
class of low molecular weight, secondary plant phenolics
characterized by the flavan nucleus. The protective effects
of flavonoids in biological systems are ascribed to their
capacity to transfer electrons to free radicals, chelate metal
catalysts [33], activate antioxidant enzymes [34], reduce

alpha-tocopherol radicals [35], and inhibit oxidases [36].
Moreover, the highest total flavonoids amount was found
in the P. longifolia extract. Based on the antioxidant assays,
it is thus suggested that flavonoids present in P. longifolia
extract have strong antioxidant activities. This could be due
to the antioxidant mechanisms of flavonoids towards free
radicals.

3.3. DPPH Radical Scavenging Assay. The results of the
DPPH scavenging activity of the extracts are as shown in
Figure 1. The methanolic extracts of P. longifolia and C.
spectabilis leaf exhibited concentration dependent antiradical
activity by inhibiting DPPH radical with inhibitory con-
centration 50% (IC50) values of 2.721 ± 0.116 mg/mL (P.
longifolia), 30.178 ± 0.129 mg/mL (C. spectabilis) and while
those of the standard was 0.547 ± 0.088 mg/mL (BHT).
As a rapid and simple measure of antioxidant activity, the
DPPH radical scavenging capacity has been used in this
study to determine the free radical scavenging activity of P.
longifolia and C. spectabilis leaf extracts. The DPPH assay
was based on the reduction of the stable radical DPPH to
yellow colored diphenyl picrylhydrazine in the presence of
a hydrogen donor [37]. The results of this study indicate
that all the samples tested have noticeable effect on DPPH
radical. P. longifolia and C. spectabilis exhibited sustainable
hydrogen donating and radical scavenging abilities. However,
C. spectabilis exhibited moderate DPPH scavenging activity
compared to the P. longifolia extract. The extracts of P. longi-
folia and C. spectabilis showed lower DPPH scavenging activ-
ity compared to the positive control BHT used in this study.
It has been reported in literature that the antioxidant activity
of many medicinal plants is proportional to their phenolic
content, suggesting a contributory relationship between total
phenolic content and antioxidant activity [38]. The character
of phenolics contributing to their electron transfer/hydrogen
donating ability is also reported to be associated to the
DPPH radical scavenging activity [39]. Radical scavenging
activity is very important due to the deleterious role of free
radicals biological systems. P. longifolia and C. spectabilis have
demonstrated good free radical scavenging activity which
ensured the ability to reduce the harmful free radicals in the
maintenance of health and the management of aging.

3.4. Reducing Power Assay. As shown in Figure 2, P. longifolia
and C. spectabilis leave extracts exhibited increased ferric
reducing power with increased concentration. The reducing
power of extracts and standard antioxidants decreased in the
order of BHT >P. longifolia >C. spectabilis. In reducing power
assay, the presence of antioxidants in the samples would
result in reducing Fe3+ to Fe2+ by donating an electron by
the extract. The extract with reducing power reveal that they
are electron donors, reduce the oxidized intermediates and
act as primary antioxidant substances [40]. In this assay, the
yellow colour of the test solution changes to various shades
of green and blue depending on the reducing power of each
compound present in the leave extracts. The compounds
with reduction potential react with potassium ferricyanide
(Fe3+) to form potassium ferrocyanides (Fe2+), which then
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Figure 1: Scavenging effect of methanolic leaf extract of Polyalthia
longifolia and Cassia spectabilis on DPPH free radicals compared
with butylated hydroxytoluene (BHT). Each value is expressed as
means ± SEM (n = 3), (P < 0.05).
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Figure 2: Reducing power of methanolic leaf extract of Polyalthia
longifolia and Cassia spectabilis compared to butylated hydroxy-
toluene (BHT). Each value is expressed as means ± SEM (n = 3).

react with ferric chloride to form ferric ferrous complex that
is greenish in colour.

Potassium ferricyanide + Ferric chloride

−→ Potassium ferrocyanides + ferrous chloride.
(6)

The amount of Fe2+ complex was monitored by mea-
suring the formation of Perl’s Prussian blue at 700 nm.
Increasing absorbance at 700 nm indicated an increase in
reductive ability. The higher absorbance of extract may be
due to its strong reduction potential. The reducing power of
the extracts may be caused by the bioactive compounds in the
extracts which possess potent donating abilities. This assay
further confirmed the antioxidant properties of the extracts
observed from the DPPH assay. The correlation between
reducing power and DPPH values could be due to the same
mechanism on which these methods rely. The results clearly
indicated that the extracts tested can act as electron donors

and react with free radicals, and convert them to more stable
products, thus terminating the radical chain reaction and
preventing aging related problem.

3.5. Hydroxyl Radical Scavenging Assay. The Hydroxyl rad-
ical is the most reactive oxygen species that induces severe
damage in biomolecules. The hydroxyl scavenging ability of
methanolic extracts of P. longifolia and C. spectabilis was
estimated by generating hydroxyl radicals using deoxyribose
method [17]. The hydroxyl radical generated through fenton
reaction which degraded deoxyribose using Fe2+ as an
important catalytic component. The potential of leaf extract
to inhibit hydroxyl radical-mediated deoxyribose damage
was determined by means of iron (II) dependent DNA
damage assay. In this assay, the test and standard compound
colour changed to various shades of pink. Antioxidant
efficiency of the leave extracts compared to the standard
control ascorbic acid was determined as the ability to
scavenge the free radicals generated. The results are shown
in Figure 3. The IC50 values of C. spectabilis leave extract
were less than those of P. longifolia extract which were
1.377 ± 0.083 and 3.874 ± 0.081 mg/mL, respectively. While
the standard ascorbic acid shows good antioxidant activity
with IC50 values of 0.315 ± 0.085 mg/mL to scavenge 50%
of hydroxyl radicals. The ability of the extracts to quench
hydroxyl radicals can be related to the prevention of lipid
peroxidation. Moreover, it seemed to be a good scavenger
of active oxygen species, thus reducing the rate of chain
reaction.

3.6. Nitric Oxide Scavenging Assay. Nitric oxide (NO) or
reactive nitrogen species such as NO2, N2O4, N3O4, NO3,
and NO2 are formed during the reactions of nitrogen
with oxygen or with superoxides which are very reactive.
These compounds are responsible for altering the structural
and functional behavior of many cellular components.
Plant/plants products may have the property to counter-
act the effect of NO formation and in turn may be of
considerable interest in preventing ill effects of excessive
NO generation in the human body. NO is also implicated
for inflammation, cancer, and other pathological conditions
[41]. The relative NO scavenging potential of the extracts of
P. longifolia and C. spectabilis in the study as compared with
standard control quercetin are presented in Figure 4.

In summary, the radical scavenging potential of extracts
obtained was in the following order: quercetin >C. spectabilis
> P. longifolia with inhibitory concentration 50% (IC50)
values of 3.472 ± 0.090 mg/mL (P. longifolia), 8.549 ±
0.093 mg/mL (C. spectabilis) and while that of the standard
was 1.178 ± 0.083 mg/mL (Quercetin). Moreover, both
tested leave extracts showed good NO-scavenging activity
which has the potential to inhibit the nitric oxide in dose-
dependent manner. Due to rich phytochemicals and their
aroma, medicinal plants have become a vital source of
chemoprotective agents. This research provides comparative
information about local medicinal plants with respect to
their NO-scavenging activity. According to the findings,
P. longifolia and C. spectabilis exhibited dose-dependent



Evidence-Based Complementary and Alternative Medicine 7

0

10

20

30

40

50

60

70

80

90

0 1 2 3 4 5 6 7 8 9 10 11

Sc
av

en
gi

n
g 

ef
fe

ct
 (

%
)

Ascorbic acid

b

a

Concentration  (mg/mL)

ab

P. longifolia
C. spectabilis

Figure 3: Scavenging effect of methanolic leaf extract of Polyalthia
longifolia and Cassia spectabilis on hydroxyl radicals compared to
ascorbic acid. Each value is expressed as mean ± SEM (n = 3), (P <
0.05).
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Figure 4: Scavenging effect of methanolic leaves extract of
Polyalthia longifolia and Cassia spectabilis on nitric oxide radicals
compared with Quercetin. Each value is expressed as means ± SEM
(n = 3), (P > 0.05).

manner of NO-scavenging activity. It means that the use of
leaf extracts as an antioxidant healthy beverage as well as the
protection against NO-mediated damage and aging is highly
promising.

3.7. Ferrous Ion Chelating Assay. In this assay, the chelating of
ferrous ions by the methanolic leaves extracts of P. longifolia
and C. spectabilis was evaluated. Ferrozine produces a violet
complex with Fe2+. In the presence of other chelating agents,
the ferrozine complex formation is interrupted and as a
result the violet colour of the complex is decreased. Figure 5
shows chelating effect of methanolic leave extracts of P.
longifolia and C. spectabilis on ferrous ions compared to
that on ascorbic acid. This assay demonstrated that the
formation of ferrozine-Fe2+ complex was interrupted at high
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Figure 5: Chelating effect of methanolic leaves extract of Polyalthia
longifolia and Cassia spectabilis on ferrous ions compared to
ascorbic acid. Each value is expressed as mean ± SEM (n = 3),
(P < 0.05).

concentrations of test and standard solution, which resulted
in a reduction in violet colour complex. This may indicate the
absorbance of ferrozine-Fe2+ complex and decreased dose-
dependence due to the presence of chelating agents. The IC50

values of the leave extracts of P. longifolia and C. spectabilis
were 3.079 ± 0.082 mg/mL and 8.549 ± 0.093 mg/mL,
respectively. The standard control ascorbic acid showed
strong activity and needed 0.666 ± 0.086 mg/mL for 50%
inhibition of complex formation. The P. longifolia leaf
extract revealed good ion chelating activity compared to
the C. spectabilis extract. The ability of chelating the ferrous
ions by the methanolic leaf extract of P. longifolia and C.
spectabilis proved that these antioxidants can deactivate the
free radicals by electron transfer to the free radicals.

3.8. Antilipid Peroxidation Activity. In this study, an
experiment was performed to analyze the antihyperlipidemic
effect of methanolic extract of the selected plants on chicken
liver homogenate from 10.000 mg/mL to 0.156 mg/mL by
measuring the levels of malondialdehyde (MDA), which
were produced, based on the acid-catalyzed decomposition
of lipid peroxides. The analysis confirmed that antilipid
peroxidation activity (IC50) was at 0.774 ± 0.080 mg/mL of
P. longifolia and at 2.373 ± 0.081 mg/mL of C. spectabilis
compared to 2.089 ± 0.091 mg/mL of standard ascorbic
acid. Antioxidant activity of P. longifolia, C. spectabilis
and ascorbic acid was gradually increased when the
test concentration was increased gradually. From these
experimental results, it was certainly confirmed that the
methanolic extracts of both plants have potent antioxidant
property; with the P. longifolia extract having more potent
antioxidant property in comparison to the C. spectabilis
extract and standard ascorbic acid (Figure 6 and IC50 value).
The antilipid peroxidation assay is a good in vitro model for
in vivo cellular oxidation. Antioxidants may offer resistance
against the oxidative stress by scavenging the free radicals
and inhibiting the lipid peroxidation and other mechanisms
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Table 1: Effect of P. longifolia leaf extract on liver marker enzymes and serum bilirubin content.

Parameters Control group Paracetamol treated group P. longifolia extract treated group

AST (IU/L) 36.72± 6.12 111.72± 11.28∗∗ 46.51± 7.11∗

ALT (IU/L) 33.42± 5.21 93.24± 11.26∗∗ 38.19± 6.87∗

Bilirubin (mg/L) 1.7± 0.4 7.9± 4.1∗∗ 3.1± 1.4∗

Results are expressed as mean ± S.E.M; ∗Statistically significant compared to paracetamol treated animals (P < 0.05); ∗∗Statistically significant to control
animals (P < 0.05).

0

10

20

30

40

50

60

70

80

0 1 2 3 4 5 6 7 8 9 10 11

Sc
av

en
gi

n
g 

ef
fe

ct
 (

%
)

Concentration  (mg/mL)

Ascorbic acid

a

a
a

P. longifolia
C. spectabilis

Figure 6: Antilipidperoxidation activity of methanolic leaf extract
of Polyalthia longifolia and Cassia spectabilis compared to ascorbic
acid. Each value is expressed as mean ± SEM (n = 3), (P > 0.05).

[42]. In conclusion the present study demonstrated that
P. longifolia and C. spectabilis has significant antilipid
peroxidative and free radical scavenging activity, which
might be useful in preventing or suppressing the progress of
different oxidative stress related diseases and aging.

3.9. Biochemical Parameters. The effects of P. longifolia
extract on liver marker enzymes and serum bilirubin content
are displayed in Table 1. The data exhibited that the control
group demonstrated a normal range of AST, ALT, and
bilirubin levels while the paracetamol-treated group showed
elevated levels of AST, ALT, and bilirubin, thus confirming
that paracetamol causes liver injury at higher doses. The
elevation of cytoplasmic AST and ALT is considered an
indicator for the release of enzymes from disrupted liver
cells. Bilirubin concentration has been used to evaluate
chemically induced hepatic injury. Besides its various normal
functions, the liver excretes the breakdown product of
hemoglobin, namely bilirubin, into bile. It is well known
that necrotizing agents like paracetamol produces sufficient
injury to the hepatic parenchyma to cause large increases in
bilirubin content [43]. Furthermore, the P. longifolia extract-
treated group showed a very interesting result. Based on the
Table 1 data, it is apparent that the biochemical parameters
of the extract-treated group are higher than those of the
control group (P < 0.05), yet show much lower levels
of AST, ALT, and bilirubin than the paracetamol-treated

group. In other words, the P. longifolia extract treatment
significantly reduced the previously raised levels of AST,
ALT, and bilirubin in hepatotoxic mice. The decrease in
the serum levels of these enzymes might be due to the
presence of various phenolic compounds in the leaf extract
that enhanced the liver’s regeneration ability.

3.10. Histopathology Analysis. The results of light
microscopy examination of the transverse section of control,
paracetamol-treated and extract-treated mice livers are
presented in Figure 7. Figure 7(a) shows the liver cells of mice
in the control group. From that image, it can be observed
that the liver cells are normal in shape with a well-preserved
cytoplasm, prominent nucleus and clear central vein (CV).
Hepatic cells are arranged in cord like fashion, which are
separated by sinusoids. Overall, a healthy set of cells can
be observed. Figure 7(b) shows the liver of paracetamol
intoxicated mice showing wide necrosis across the cells. The
liver sections of these mice indicate necrosis, ballooning and
degeneration in hepatic plates and loss of cellular bound-
aries. There was also a heavy accumulation of neutrophils
surrounding the portal vein. These neutrophils act as an
indicator of the occurrence of cell damage as they are absent
in normal healthy tissues. The hepatocytes are disrupted
and sinusoids (DS) are damaged as well. Figure 7(c) shows
the histological architecture of treated liver sections with a
mild degree of degeneration and necrosis. The hepatocytes
nucleuses are at a recovery stage and there are very minimal
numbers of neutrophils surrounding the portal vein. Hence,
therapy with P. longifolia extract was effective in restoring the
paracetamol induced histopathological lesions and almost
normal liver architecture was exhibited, with well-formed
hepatocytes separated by sinusoids (SS) and maintained
cord arrangement. The histopathological examination thus
verified the hepatoprotective effect of P. longifolia extract
against the model hepatotoxicant paracetamol.

4. Conclusions

Collectively, data of this study provide direct evidence that P.
longifolia is a potential antiaging candidate, which possesses
good in vivo hepatoprotective activity. An overdose of parac-
etamol results in the generation of free radicals following the
oxidative stress in the liver cells [44]. However, when the mice
were pretreated with P. longifolia leaf extract, the biochemical
parameters in the liver significantly dropped compared
to the group receiving paracetamol only. Obviously, liver
cells with numerous mitochondria are more vulnerable to
free radical oxidation than any other cells in the body
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Figure 7: Light microphotographs of liver cell of control (a), mice
exposed to paracetamol (b) and treated with P. longifolia extract
(c). (CV, central vein; H: hepatocytes; N: nucleus; SS: sinusoid; NP:
Neutrophil; DS: dilated sinusoid; FN: focal necrosis).

since mitochondria form reactive oxygen species during
oxidative phosphorylation. Furthermore, oxidative damage
caused by free radicals is arguably the most popular current
explanation of aging [45]. The results of this study also
showed that the P. longifolia possesses antioxidant activity
with polyvalent actions towards various free radicals such as
superoxide anion, hydrogen peroxide, and hydroxyl radicals,
which are commonly found in mitochondria. This model
provides a rational explanation for P. longifolia leaf extract to
be developed as antiaging agents. In conclusion, the present
study has demonstrated that P. longifolia and C. spectabilis
leaves possessed good antioxidant activity. The hepatopro-
tective activity of P. longifolia may be due to its free radical-
scavenging and antioxidant activity, resulting from the
presence of some flavonoids and phenolic compounds in the

extracts. The findings thus establish the potential medicinal
value of P. longifolia and C. spectabilis used in traditional sys-
tems of medicines and suggest that could be developed as an
antiaging agent to determine the lead bioactive compounds.
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Rheum emodi Wall has been reported to possess protective effect in many inflammatory diseases and oxidative stress-related
injuries. This study aims to investigate antioxidant power of stilbenoids from R. emodi and then explore the material basis for its
antioxidant potential. The most abundant stilbenoid piceatannol-4′-O-β-D-glucopyranoside (PICG) and its aglycon piceatannol
(PICE) were isolated from R. emodi rhizome. Using well-accepted antioxidant chemicals as reference, antioxidant activity of these
stilbenoids was examined by measuring DPPH and superoxide anion radical scavenging, ferric reducing power, and inhibition
of lipid peroxidation in vitro. Both PICG and PICE displayed promising antioxidant activity in all the four assays. Comparisons
among the tested compounds indicated that PICE has the most potent antioxidant activity and the presence of 3′-hydroxyl group
may enhance antioxidant activity of stilbenoids. The antioxidative effect of PICE at the cellular level was further demonstrated
on the model of hydrogen-peroxide-induced H9c2 rat cardiomyoblasts injury. Taking into account the rapid in vivo metabolic
transformation of PICG into PICE it can be inferred that the most abundant stilbenoid PICG may be an important constituent
responsible for the antioxidant potential of R. emodi and promising to be developed as an antioxidant agent for supplementary or
therapeutic use.

1. Introduction

Reactive oxygen species (ROS) are chemically reactive
molecules containing oxygen. Examples include oxygen ions
and peroxides. In biological system ROS form as a natural
byproduct of the normal metabolism of oxygen and have
important roles in cell signaling and homeostasis [1]. ROS
are also generated by exogenous sources (such as ionizing
radiation) and times of environmental stress (e.g., UV or
heat exposure). This may result in dramatically increased
ROS levels and then significant damage to cell structures
[2]. Cumulatively, this is known as oxidative stress, which
plays a key role in the pathophysiology of many age-related
degenerative diseases such as age pigments, cataractogenesis,
heart attack, stroke, liver injury, and cancers [3, 4]. Several
endogenous antioxidant systems are developed in human
body to balance the production of ROS. When endoge-
nous antioxidants are insufficient, exogenous supplements
would be necessary for preventing oxidative damages [5,
6]. During the last few years, vegetal stilbenoids have

received considerable attention as source of antioxidants
for various health benefits and safety in biological systems.
Resveratrol (3, 5, 4′-trihydroxystilbene, Figure 1), a naturally
occurring phytoalexin present in numerous plant species, is a
representative. Large numbers of studies have demonstrated
that this dietary chemical exerts various beneficial effects
in organism and may be a useful chemoprotective agent of
various important pathologies [7–9]. Recently, the major
form of resveratrol in plants, its 3-O-β-D-glucoside, namely,
polydatin, was approved by State Food and Drug Admin-
istration of China for clinical trial to treat cardiovascular
diseases [10].

Rheum emodi Wall. (Polygonaceae) is a food plant with
medicinal value restricted to the temperate, subalpine, and
alpine zones of the Himalayas in altitudes ranging from 2,800
to 3,800 m [11]. In China, R. emodi is mainly distributed to
the west of the line from Daxinganling Mountains, Taihang
Mountains, Qinling Mountains, Dabashan Mountains to
Yunnan-Guizhou Plateau [12]. The roots and rhizomes
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Figure 1: Chemical structures of the four stilbenoid compounds
investigated. PICE and PICG were isolated from R. emodi rhizomes,
whereas RES and POD were from commercial source and used as
references for comparison.

of R. emodi have been in use in traditional Chinese and
Tibetan medicine for the past 2,000 years to treat piles,
haemorrhage, gastroenteritis, nephritis, and other inflam-
matory diseases [13]. The recent findings from animal
test and clinical trials further indicated the hypoglycemic
activity and neuroprotective effect of this plant [14, 15]. R.
emodi is known to contain several secondary metabolites,
of which anthraquinones (such as emodin and rhein) are
considered as the active ingredients [16]. It has been recently
reported that extracts of R. emodi rhizomes have antioxidant
and cytotoxic activities, and phenolic compounds might
be responsible for these therapeutic properties [17]. By
now several stilbenoids including piceatannol (3,5,3′,4′-
tetrahydroxystilbene) and its glycosides have been found in
this plant [18, 19]. The content of piceatannol-4′-O-β-D-
glucopyranoside in R. emodi could even be up to 7.5% of
the total dry weight for both wild and cultivated species [20].
However, the antioxidant effects of this abundant stilbenoid
from R. emodi have not been reported yet.

The present study aims to investigate antioxidant poten-
tial of stilbenoids in R. emodi, and then explore the
material basis responsible for the antioxidant activities of
this herb. Piceatannol and its 4′-O-β-D-glucopyranoside
were chromatographically isolated from 95% ethanol extract
of R. emodi rhizome. Various methods were applied for
antioxidant activity evaluation, including 1,1-Diphenyl-2-
picrylhydrazyl (DPPH) and superoxide anion radical scav-
enging, ferric reducing power, inhibition of lipid peroxida-
tion, and protection on cardiomyocyte injury induced by
hydrogen peroxide (H2O2) in vitro. Along with ascorbic
acid (an endogenous antioxidant) and edaravone (3-methyl-
1-phenyl-pyrazolin-5-one, a radical scavenging agent used
for patients with cerebral infraction), resveratrol and its
glycoside polydatin were used as reference compounds for
comparison and structure-activity analysis.

2. Materials and Methods

2.1. Chemicals and Other Reagents. DPPH, thiobarbituric
acid (TBA), trichloroacetic acid (TCA), and dimethyl sul-
foxide (DMSO) were purchased from Sigma Chemical Co.

(St. Louis, MO, USA). Resveratrol (RES) and polydatin
(POD) were supplied by Great Forest Biomedical Ltd.
(Hangzhou, China). Edaravone (EDA) and ascorbic acid
(Vc) were obtained from Aladdin Reagent Co. (Shang-
hai, China). Fetal bovine serum (FBS) and cell culture
medium Dulbecco’s Modified Eagle’s Medium (DMEM)
were purchased from Sijiqing Biological Engineering Materi-
als Co. Ltd. (Hangzhou, China) and Invitrogen Corporation
(USA), respectively. Penicillin, streptomycin, and antiactin
were purchased from Beyotime Institute of Biotechnology
(Jiangsu, China). Trypsin and 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium (MTT) were products of Amresco
Corporation (USA). The remaining chemicals and solvents
used were of standard analytical or HPLC grade.

2.2. Extraction, Isolation, and Identification. The air-dried
R. emodi rhizomes were collected from the cultivation base
of Tibetan medicinal materials in Lhasa (at altitude of
3600 m), Tibet, China in July, 2010. The rhizomes (1 kg)
were powdered and then extracted with 95% ethanol under
reflux (3 × 5 L, 2 h each time). The EtOH extract was
concentrated under vacuum to yield crude extract, which
was suspended in water and then successively extracted
with petroleum ether (60–90◦C, 2 × 2 L), EtOAc (2 × 2 L),
and n-BuOH (2 × 2 L), respectively. The EtOAc solution
was concentrated to give a residue for silica gel column
chromatography using gradient mixtures of CHCl3-MeOH
(1 : 0∼0 : 1) as eluents. Then two compounds with the purity
above 98% were yielded. By comparison of physical and
spectral data with literature [21, 22], they were characterized
as piceatannol (PICE) and piceatannol-4′-O-β-D-gluco-
pyranoside (PICG), respectively. The chemical structures
were shown in Figure 1.

2.3. HPLC Analysis. The chemical profiles of various subsec-
tions from crude extract were analyzed by an Agilent 1100
HPLC system consisting of a G1314A variable wavelength
detector and a G1312A binary pump, and equipped with an
Agilent Zobax SB-C18 column (4.6 mm × 250 mm, 5 μm).
Gradient elution was performed at 30◦C with solution A
(methanol) and solution B (0.3% HCOOH in water) in
the following gradient elution program: 0–20 min—33% of
solution A; 20–25 min—46% of solution A; 25–30 min—
70% of solution A. Detection was conducted at wavelength of
320 nm. Flow rate and injection volume were set at 1 mL/min
and 20 μL, respectively.

2.4. DPPH Radical Scavenging Assay. This assay protocol was
modified from the microplate-based method as described
by Fukumoto and Mazza [23]. Test samples were dissolved
in DMSO and serially diluted into different concentrations.
An aliquot of 10 μL sample solution was mixed with 190 μL
fresh prepared DPPH ethanol solution (200 μmol/L) on a
96-well microplate at room temperature. After incubation
in dark for 30 min, DPPH level of each well was evaluated
by detecting absorbance at 517 nm with Microplate Reader
(BioTek Instruments Inc., USA). Percentage DPPH scaveng-
ing activity was calculated and expressed as %DRSA.
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2.5. Superoxide Anion Scavenging Assay. According to the
instructions from manufacturer, a commercial kit (Jiancheng
Biologic Engineering Co. Ltd., Nanjing, China) was used for
superoxide anion (O2

−•) scavenging activity assay. In order
to mimic the xanthine and purine oxidase reaction system
in organism, both electronic transmit substance and Gress
reagents were applied to obtain superoxide anion radical.
The solutions with various concentrations were accurately
prepared for test. Absorbance at 550 nm was measured for
sample tube and control tube, respectively. Then percentage
superoxide anion scavenging activity was calculated and
expressed as %SASA.

2.6. Lipid Peroxidation Assay. This assay is based on the
reaction of MDA with TBA forming an MDA-TBA2 adduct
and performed as described by Zhou and Li [24] with slight
modification. The peroxidation reaction system contained
200 μL 1.5% lecithin in phosphate buffer (0.1 mol/L, pH 7.4),
100 μL sample solution, and 200 μL FeSO4·7H2O solution
(25 mmol/L). Phosphate buffer was added to make a final
volume of 2 mL. The reaction mixture was incubated at
37◦C for 1 h. Then 1.75 mL of TCA solution (20%) was
added to stop the oxidation reaction followed by an addition
of 0.25 mL TBA (3.2% in 0.1 mol/L NaOH). The reaction
solution was delivered to a boiling water bath for 20 min,
cooled and centrifuged at 3500 g for 10 min. Absorbance
of the supernatant was recorded at 532 nm. Percentage
inhibition of lipid peroxidation was calculated and expressed
as %LPI.

2.7. Ferric Reducing Power Assay. This assay was conducted
according to the protocol of Oyaizu [25] with some modi-
fications. An aliquot of 1.0 mL test sample was mixed with
2.5 mL phosphate buffer (0.2 mol/L, pH 6.6) and 2.5 mL 1%
aqueous solution of potassium ferricyanide. The mixture
was incubated in a water bath at 50◦C for 20 min, then
2.5 mL of TCA solution (10%, W/V) was added followed by
centrifugation at 600 g for 10 min at room temperature. An
aliquot of 0.25 mL supernatant was collected and then com-
bined with 3.75 mL distilled water and 1.0 mL fresh-prepared
ferric chloride solution (0.1%, W/V). Absorbance of the
reaction mixture was measured immediately at 700 nm.
According to standard calibration curve, the amount of Fe2+

was calculated. Then concentration-effect relationship was
plotted, and linear regression was conducted. With Vc as
reference, the slope ratio was further calculated as ascorbic
acid equivalence (AAE) to quantitatively compare ferric
reducing power. The reducing power of 1 AAE means that the
reducing power of 1 μmol/L sample is equivalent to 1 μmol/L
ascorbic acid.

2.8. Cell Culture, Treatments, and MTT Assay for Cell Cyto-
toxicity. This assay was performed according to the protocol
as previously described [26]. Normal rat cardiomyocyte
H9c2 cells (Cell Bank of Chinese Academy of Science,
Shanghai, China) were maintained in DMEM medium
supplemented with 20% FBS, 100 U/mL penicillin, and 100
μg/mL streptomycin at 37◦C in a humidified atmosphere

of 5% CO2 and 95% air. After being cultured for 24 h,
cells were pretreated with or without various concentrations
of test samples for another 24 h, followed by incubation
with H2O2 (120 μmol/L) for 1 h. Cells then were transferred
to 96-well plates at a density of 1 × 105 cells/well. The
number of surviving cells was counted using the MTT
assay, through MTT labeling at a final concentration of
0.5 mg/mL for another 4 h incubation at 37◦C. The reduced
MTT-formazan was solubilized with 100 μL of DMSO, and
the absorbance of MTT-formazan solution at 570 nm was
measured with Microplate Reader (BioTek Instruments Inc.,
USA) using 630 nm as reference wavelength. The cell viability
was calculated according to the ratio of absorbance value of
sample-treated cells to that of nontreated cells.

2.9. Statistical Analysis. All data in vitro represent the mean
of samples from three separate experiments. Results were
expressed as mean ± standard deviation. The significance
of difference was analyzed by one-way ANOVA followed by
Tukey’s test. A value of P < 0.05 was considered statistically
significant.

3. Results

3.1. Estimation of PICE and PICG Contents in R. emodi
Rhizomes. With the isolated compounds as control, contents
of PICE and PICG in various subsections from extract of
R. emodi rhizomes were determined. As shown in Table 1,
EtOAc-soluble fraction was the most abundant fraction
for both PICE and PICG, while petroleum-soluble fraction
contained the least amount of stilbenoids. Moreover, the
content of PICG was 10 times more than that of PICE
in EtOAc-soluble fraction or n-BuOH-soluble fraction. In
EtOAc-soluble fraction the contents of PICG and PICE were
12.92% and 0.86%, respectively.

3.2. Scavenging Activities against DPPH and O2
−• Radicals.

For both DPPH and O2
−• radicals, all the four stil-

benoid compounds displayed a concentration-dependent
scavenging. Results were plotted as %DRSA and %SASA
and illustrated in Figures 2(a) and 2(b), respectively. The
scavenging capacity was further expressed as IC50 value (the
concentration causing 50% inhibition) and shown in Table 2.
As to DPPH radical scavenging, PICE was found to be
more efficient than the other three stilbenoids, of which
POD was the weakest and merely showed 29% scavenging
at 0.8 mmol/L. However, all the four stilbenoids were
weaker than Vc and EDA. The two reference compounds
showed similar scavenging ability against DPPH radical with
the IC50 values of 77.52 μmol/L and 62.63 μmol/L for Vc
and EDA, respectively. As for superoxide anion radical,
Vc displayed the strongest scavenging with a IC50 value
of 18.97 μmol/L, while EDA was the weakest with 15%
scavenging at 0.6 mmol/L. All the stilbenoids displayed a
scavenging tendency similar to that against DPPH radi-
cal. At a concentration of 0.6 mmol/L, PICE, PICG, RES,
and POD showed 78%, 47%, 43%, and 39% scavenging,
respectively.
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Table 1: Weight percentage (%) of PICE and PICG in different
subsections of R. emodi rhizome extract.

Petroleum EtOAc n-BuOH

PICE 0.023 0.86 0.12

PICG 0.045 9.92 6.48

3.3. Lipid Peroxidation Assay. The results of antilipid perox-
idative effect plotted as %LPI were illustrated in Figure 3.
The inhibitory capacity expressed as IC50 value was further
shown in Table 2. All the tested compounds but PICG were
capable of preventing formation of MDA in a concentration-
dependent manner. PICE was observed to be the most potent
inhibitor of lipid peroxidation with an IC50 value slightly
less than that of EDA. For stilbenoids, both PICE and RES
were significantly more potent than their glycoside, PICG
and POD, respectively.

3.4. Ferric Reducing Antioxidant Property. Ferric reduction
property of all the stilbenoids and reference compounds were
displayed as the amount of Fe2+ in Figure 4. AAE value for
further quantitative comparison was shown in Table 3. All
the test compounds exerted ferric reduction property in a
concentration-dependent manner. Moreover, PICE showed
the highest reducing power and was even more efficient than
Vc. PICG had an AAE value of 0.494, which was much lower
than that of PICE (1.195) but close to those of RES (0.532)
and EDA (0.435). POD displayed the weakest reducing power
with an AAE value of 0.195.

3.5. Effect of PICE on H2O2-Induced Deficiency of Cell
Viability. Using the model of H9c2 cells induced by H2O2,
the protective activity against oxidative damage was further
evaluated for PICE, the most potent stilbenoid in the above
four in vitro antioxidant assays. Moreover, edaravone (EDA)
was used as a positive control since its protective effect on
H9c2 cells against chemical hypoxia induced injury has been
reported [27]. As shown in Figure 5, H9c2 cells viability
fell to 32.0 ± 4.3% with exposure to 120 μM H2O2 for 1 h.
When preconditioned with 20 μM EDA, the inhibition of
cell viability by H2O2 was effectively blocked. Pretreatment
with PICE could significantly attenuate the cytotoxicity of
H2O2 and increase cell viability in a dose-dependent manner
at concentrations ranging from 0.04 μM to 1 μM, which
suggested that PICE could decrease H2O2-induced oxidative
damage to protect cardiomyocytes.

4. Discussion

A growing amount of evidence indicates that ROS are
associated with aging and various degenerative diseases
such as cancers, cardiocerebrovascular diseases, Alzheimer’s
and Parkinson’s diseases [28]. The antioxidants can protect
from the potentially damaging oxidative stress, which is a
result of an imbalance between the over formation of ROS
and body antioxidant defense [29]. During the last few
years, interest has considerably increased in finding naturally
occurring antioxidants for the potential in health promotion

Table 2: Antioxidant activities of different compounds expressed
as IC50 values (μmol/L) from in vitro assays of DPPH (I) and
superoxide anion (II) scavenging and lipid peroxidation inhibition
(III).

PICE PICG RES POD Vc EDA

I 138.9 149.8 167.2 — 77.5 62.6

II 124.6 305.2 438.3 — 18.97 —

III 31.28 — 37.70 72.89 166.4 29.65

— indicated that the activity was rather weak and therefore IC50 value could
not be calculated.

Table 3: Linear regression analysis of dose-response data from
ferric to ferrous reduction assay for different compounds.

PICE PICG RES POD EDA Vc

Slop 1.2535 0.4839 0.5018 0.1825 0.4548 1.2267

Intercept 23.779 14.191 14.599 13.273 14.615 20.764

r 0.9966 0.9998 0.9968 0.9973 0.9952 0.9966

AAE 1.022 0.394 0.409 0.149 0.371 1.000

AAE, namely, ascorbic acid equivalence, is the slope ratio calculated with Vc
as reference.

and disease prevention, and the high safety and consumer
acceptability [30]. Plant secondary metabolites have been
extensively studied in the recent search of novel sources of
antioxidants, among which floral stilbenoid is one of the
most promising class.

In the present study, PICE and its glucoside PICG from R.
emodi were found to possess promising antioxidant activity
in various in vitro models used. When compared with the
reference stilbenoids, PICE was observed to be more active
than RES, and PICG more active than POD. On the other
hand, both PICE and RES were more potent than their
respective glycosides, PICG and POD. These results indicated
that antioxidant activity of stilbenoid compounds might
increase with the number of hydroxyl group. Moreover, the
presence of 3′-hydroxyl group would significantly enhance
antioxidant activity. It was consistent with the concept that
antioxidant properties of stilbenoids are associated with
their ability to form stable radicals, and 3′-hydroxyl group
could stabilize the semiquinone radical-anion intermediate
by resonance through the trans double bond [31]. This
might be further demonstrated by the fact that aromatic
compounds with catechol structure appear to be important
scavenger [32].

It is well known that reducing power is related to the
ability to transfer electrons and may, therefore, serve as
an important index of potential antioxidant activity. Vc is
just a vital endogenous antioxidant for prominent reducing
property. With an AAE value exceeding 1.0, PICE was
observed to be the most potent reducer among the four
stilbenoids investigated, and even more potent than Vc.
This stilbenoid was also revealed to strongly inhibit lipid
peroxidation with an IC50 value close to that of edaravone
(EDA), which is the only free radical scavenger within the
past decade clinically used as neuroprotective agent with
protecting against lipid peroxidation as the main mechanism
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Figure 2: Scavenging effect on DPPH radical (a) and superoxide anion (b). �, �, �, �, •, and© indicated PICE, PICG, RES, POD, Vc, and
EDA, respectively. Results are presented as the mean scavenging percentage (DRSA% for DPPH radical and SASA% for superoxide anion)
from triplicate tests.
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Figure 3: Inhibitory effect on lipid peroxidation. �, �, �, �, •,
and© indicated PICE, PICG, RES, POD, Vc, and EDA, respectively.
Results are presented as the mean scavenging percentage (DRSA%
for DPPH radical and SASA% for superoxide anion) from triplicate
tests and expressed as LPI%.

[33, 34]. Lipid peroxide is a free-radical chain reaction
accelerated by ROS. The ability to prevent lipid peroxidation
might directly relate to the quenching of hydroxyl radicals
and then the generation and development of many diseases
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Figure 4: Ferric reducing power. �, �, �, �, •, and © indicated
PICE, PICG, RES, POD, Vc, and EDA, respectively. Results are
presented as the mean amount of ferrous ion produced in triplicate
tests.

[35, 36]. These findings suggest that PICE might prevent
reactive radical species from damaging biomolecules such as
lipoproteins, polyunsaturated fatty acids, DNA, amino acids,
proteins, and sugars in biological systems.
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Figure 5: Protective effect of PICE against H2O2-induced oxidative
damage in rat cardiomyoblast H9c2 cells. Cells were pretreated
with or without test compound for 24 h prior to incubation with
H2O2 for 1 h. Data are represented as mean ± SD of triplicate tests.
Group a was pretreated with 20 μM EDA, and groups b to e were
pretreated with PICE under concentration of 0.04, 0.2, 1, and 5 μM,
respectively. #P < 0.01 versus control group; ∗P < 0.05, ∗∗P < 0.01
versus H2O2 group.

Pharmacokinetic studies on these stilbenoids from R.
emodi have recently been carried out to understand their in
vivo process. It is indicated that PICG administrated to rats
by oral or vein could be quickly metabolized (within 5 min
after administration) and PICE is a principal metabolite [37].
Cleaving the glycosidic bond through enzymatic or bacterial
hydrolysis is a prevalent metabolic pathway for glycosides.
Polydatin is an example and reported to be metabolized
into resveratrol after intravenous administration in dog
and rat [38]. Although PICG showed inferior antioxidant
capability to its aglycon PICE in all these in vitro assays, the
rapid metabolic transformation combining with the potency
of its metabolite thus may make the naturally abundant
stilbenoid PICG a promising antioxidant agent in vivo. In
order to demonstrate antioxidant potency of PICE at the
cellular level, we further evaluate protective effect of PICE
on H2O2-induced oxidative injury in H9c2 cells, a cardiac
myoblast cell line derived from rat heart tissue. Super-
physiologic increases in ROS can cause oxidative injury to
tissue cells. Among various activated oxygen species, H2O2

plays a significant role in oxidative stress injury and is a
well-accepted model to induce ROS and oxidative damage
[39]. Data from the present study indicated that PICE
could effectively protect H9c2 cells from oxidative damage
in a dose-dependent manner within certain concentration
(ranging from 0.04 μM to 1 μM). Importantly, these findings
provided much more convincing evidence to develop this
natural product for therapeutic use. For subsequent research,

we need to carry out more relative experiments on this com-
pound to determine its in vivo antioxidative characteristics
and the precise molecular mechanism involved.

In conclusion, all the results from the present study
support that R. emodi is a medicinal herb with potent
antioxidative activity and its effects may contribute to the
stilbenoids in this plant. As the most abundant stilbenoid
compound in R. emodi rhizomes, PICG is worthy to be
developed as a beneficial antioxidant since it could be rapidly
in vivo metabolized into PICE with outstanding antioxidant
potency, especially in reducing power, preventing lipid
peroxidation, and decreasing oxidative stress-induced cell
damage.

Acknowledgment

This work is supported by the National Natural Science
Foundation of China (no. 81102780).

References

[1] T. W. Stief, “The physiology and pharmacology of singlet
oxygen,” Medical Hypotheses, vol. 60, no. 4, pp. 567–572, 2003.

[2] T. P. A. Devasagayam, J. C. Tilak, K. K. Boloor, K. S. Sane, S. S.
Ghaskadbi, and R. D. Lele, “Free radicals and antioxidants in
human health: current status and future prospects,” Journal of
Association of Physicians of India, vol. 52, pp. 794–804, 2004.

[3] H. U. Simon, A. Haj-Yehia, and F. Levi-Schaffer, “Role of reac-
tive oxygen species (ROS) in apoptosis induction,” Apoptosis,
vol. 5, no. 5, pp. 415–418, 2000.

[4] A. P. Wickens, “Ageing and the free radical theory,” Respiration
Physiology, vol. 128, no. 3, pp. 379–391, 2001.

[5] J. H. Cohen, A. R. Kristal, and J. L. Stanford, “Fruit and
vegetable intakes and prostate cancer risk,” Journal of the
National Cancer Institute, vol. 92, no. 1, pp. 61–68, 2000.

[6] J. Lee, N. Koo, and D. B. Min, “Reactive oxygen species, aging,
and antioxidative nutraceuticals,” Comprehensive Reviews in
Food Science and Food Safety, vol. 3, no. 1, pp. 21–33, 2004.

[7] K. P. L. Bhat, J. W. Kosmeder, and J. M. Pezzuto, “Biological
effects of resveratrol,” Antioxidants and Redox Signaling, vol. 3,
no. 6, pp. 1041–1064, 2001.

[8] J. A. Baur and D. A. Sinclair, “Therapeutic potential of resvera-
trol: the in vivo evidence,” Nature Reviews Drug Discovery, vol.
5, no. 6, pp. 493–506, 2006.

[9] D. Delmas, B. Jannin, and N. Latruffe, “Resveratrol: pre-
venting properties against vascular alterations and ageing,”
Molecular Nutrition and Food Research, vol. 49, no. 5, pp. 377–
395, 2005.

[10] X. W. Xu, G. Q. Qiu, M. Z. Li et al., “Study on hemolysis,
allergic reaction and stimulation of polydatin injection,”
Traditional Chinese New Drugs and Clinical Pharmacology, vol.
19, no. 3, pp. 174–178, 2008.

[11] B. P. Nautiyal, V. Prakash, U. C. Maithani, R. S. Chauhan, H.
Purohit, and M. C. Nautiyal, “Germinability, productivity and
economic viability of Rheum emodi Wall. ex Meissn. cultivated
at lower altitude,” Current Science, vol. 84, no. 2, pp. 143–148,
2003.

[12] Z. Q. Xie, “Ecogeographical distribution of the species from
Rheum L., (Polygonaceae) in China,” in Proceedings of the
3rd Chinese National Symposim on Biodiversity Protection and
Sustained Utilization, pp. 230–238, 1998.



Evidence-Based Complementary and Alternative Medicine 7

[13] X. Peigen, H. Liyi, and W. Liwei, “Ethnopharmacologic study
of Chinese rhubarb,” Journal of Ethnopharmacology, vol. 10,
no. 3, pp. 275–293, 1984.

[14] J. L. Li, Z. B. Wang, and J. S. Li, “Studies on hypoglycemic
action of Rheum emodi,” Journal of Chinese Medicinal Materi-
als, vol. 20, no. 5, pp. 249–250, 1997.

[15] Z. Q. Liu, A. Q. Zhu, and M. H. Yu, “Effect of Rheum emodi
Wall on express level of TNF-α, IL-1β and IL-6 on acute
ischemic stroke at high altitude,” Chinese Traditional Patent
Medicine, vol. 30, no. 8, pp. 1100–1102, 2008.

[16] B. A. Zargar, M. H. Masoodi, B. Ahmed, and S. A. Ganie,
“Phytoconstituents and therapeutic uses of Rheum emodi wall.
ex Meissn,” Food Chemistry, vol. 128, no. 3, pp. 585–589, 2011.

[17] V. Rajkumar, G. Guha, and R. A. Kumar, “Antioxidant and
anticancer potentials of Rheum emodi Rhizome extracts,”
Evidence-Based Complementary and Alternative Medicine, vol.
2011, Article ID 697986, 9 pages, 2011.

[18] A. Q. Wang, J. L. Li, and J. S. Li, “Chemical constituents of
Rheum emodi,” Chinese Traditional and Herbal Drugs, vol. 41,
no. 3, pp. 343–347, 2010.

[19] B. Liu, J. Yang, and S. Wang, “The chemical constituents in
rhubarb rhizomes and roots derived from Rheum emodi wall,”
West China Journal of Pharmaceutical Sciences, vol. 22, no. 1,
pp. 33–35, 2007.

[20] J. G. Lu, S. Wang, X. L. Yan et al., “Content determination
of piceatannol-4′-O-β-D-glucopyranoside in Rheum emodi,”
West China Journal of Pharmaceutical Sciences, vol. 23, no. 6,
pp. 704–705, 2008.

[21] B. C. Vastano, Y. Chen, N. Zhu, C. T. Ho, Z. Zhou, and
R. T. Rosen, “Isolation and identification of stilbenes in two
varieties of Polygonum cuspidatum,” Journal of Agricultural and
Food Chemistry, vol. 48, no. 2, pp. 253–256, 2000.

[22] N. R. Ferrigni, J. L. McLaughlin, R. G. Powell, and C. R.
Smith, “Use of potato disc and brine shrimp bioassays to
detect activity and isolate piceatannol as the antileukemic
principle from the seeds of Euphorbia lagascae,” Journal of
Natural Products, vol. 47, no. 2, pp. 347–352, 1984.

[23] L. R. Fukumoto and G. Mazza, “Assessing antioxidant and
prooxidant activities of phenolic compounds,” Journal of
Agricultural and Food Chemistry, vol. 48, no. 8, pp. 3597–3604,
2000.

[24] R. Zhou and S. F. Li, “In vitro antioxidant analysis and
characterisation of antler velvet extract,” Food Chemistry, vol.
114, no. 4, pp. 1321–1327, 2009.

[25] M. Oyaizu, “Studies on products of browning reaction—
antioxidative activities of products of browning reaction pre-
pared from glucosamine,” Japanese Journal of Nutrition, vol.
44, no. 6, pp. 307–315, 1986.

[26] H. Y. Fan, Y. Yang, F. H. Fu et al., “Cardioprotective effects of
salvianolic acid A on myocardial ischemia-reperfusion injury
in vivo and in vitro,” Evidence-Based Complementary and
Alternative Medicine, vol. 2012, Article ID 508938, 9 pages,
2012.

[27] A. L. Zhang, A. P. Lan, D. D. Zheng et al., “Edaravone protects
H9c2 cells against chemical hypoxia-induced injury,” Chinese
Journal of Arteriosclerosis, vol. 20, no. 4, pp. 304–308, 2012.

[28] T. Finkel and N. J. Holbrook, “Oxidants, oxidative stress and
the biology of ageing,” Nature, vol. 408, no. 6809, pp. 239–247,
2000.

[29] B. Halliwell, R. Aeschbach, J. Löliger, and O. I. Aruoma,
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Plants are an invaluable source of potential new anti-cancer drugs. Momordica charantia is one of these plants with both edible
and medical value and reported to exhibit anticancer activity. To explore the potential effectiveness of Momordica charantia,
methanol extract of Momordica charantia (MCME) was used to evaluate the cytotoxic activity on four human cancer cell lines,
Hone-1 nasopharyngeal carcinoma cells, AGS gastric adenocarcinoma cells, HCT-116 colorectal carcinoma cells, and CL1-0 lung
adenocarcinoma cells, in this study. MCME showed cytotoxic activity towards all cancer cells tested, with the approximate IC50

ranging from 0.25 to 0.35 mg/mL at 24 h. MCME induced cell death was found to be time-dependent in these cells. Apoptosis was
demonstrated by DAPI staining and DNA fragmentation analysis using agarose gel electrophoresis. MCME activated caspase-3 and
enhanced the cleavage of downstream DFF45 and PARP, subsequently leading to DNA fragmentation and nuclear condensation.
The apoptogenic protein, Bax, was increased, whereas Bcl-2 was decreased after treating for 24 h in all cancer cells, indicating the
involvement of mitochondrial pathway in MCME-induced cell death. These findings indicate that MCME has cytotoxic effects
on human cancer cells and exhibits promising anti-cancer activity by triggering apoptosis through the regulation of caspases and
mitochondria.

1. Introduction

Cancer is one of the leading causes of death worldwide,
accounting for millions of death each year. Previous stud-
ies have examined the association between the intake of
antioxidant-rich foods and beneficial effects related to the
prevention of cancer, cardiovascular diseases, diabetes, and
other oxidative-stress-related chronic diseases [1, 2]. The
highly reactive and bioactive phytochemical antioxidants
in plants are postulated to be responsible, in part, for
the protective effects of plant foods. Biochemically active
phytochemicals found in plant-based foods also have many
powerful biological properties that are not necessarily related

to their antioxidant properties [3, 4]. Some cancer patients
use agents derived from different plants or nutrients as
complementary or alternative medicines, exclusively or con-
currently with traditional chemotherapy and/or radiother-
apy [5]. Although there are increasing numbers of drugs
available for patients with cancer, the effects of many drug
treatments are temporary and noncurative. Due to the need
for new therapeutic options for cancer therapy, the discovery
of food plants with medicinal effects has prompted studies
evaluating possible anticancer agents in fruits, vegetables,
herbs, and spices [6].

Momordica charantia L. (bitter gourd), a member of the
family Cucurbitaceae, is widely grown in tropical areas and
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used as a traditional medicine plant indigenous to China.
In addition to culinary usage, M. charantia is also used in
folklore medicine worldwide [6, 7]. M. charantia was found
to possess antiviral, antibacterial, and immunomodulatory
properties and used as a topical remedy for expelling
intestinal gas and treating skin problems such as scabies,
eczema, and itchy rashes [8–10]. Most often, crude extracts
of the bitter gourd fruits were used as hypoglycemic or
antidiabetic agents in pathophysiological conditions [11].
In Taiwan, both cultivars and wild-grown M. charantia are
found. Wild populations with smaller fruit sizes, used as a
folklore medicine for a long history by aboriginal people,
are native to Taiwan and currently exhibit a sympatric
distribution or introgression of cultivars for agricultural
purposes [12]. M. charantia contains an array of com-
ponents that possess different biological activities. Extract
of the fruit of M. charantia was suggested to modulate
signal transduction pathways for inhibition of breast cancer
cell growth [13]. Data from in vitro studies suggest that
alpha- and beta-mormorcharin exert possible anti-herpes-
virus effects [14], while momordin, a protein found in M.
charantia, has anticancer activity in animal experiment [15].
More recently, MAP30, a 30-kDa protein isolated from seeds
of M. charantia, has shown promising effects for treating
tumors and HIV infection [16, 17]. In addition, cytotoxicity
of RNases, ribosome inactivating protein, and triterpenoids
isolated from the fruit of M. charantia on tumor cells has
been demonstrated by numerous in vitro and in vivo studies
[18–20].

Our preliminary assays indicated that extracts of M.
charantia leaves obtained from eastern area of Taiwan were
effective on inhibiting the growth of cancer cells. Hence
the bioactivity of M. charantia is determined by extraction
process and cultivars. To elucidate the antitumor activity
of M. charantia with introgressed characteristics between
cultivars and wild populations in the eastern Taiwan, we
comparatively examined the effect of M. charantia methanol
extract (MCME) by different human cancer cell lines in this
study.

2. Materials and Methods

2.1. Preparation of M. charantia Methanol Extracts. M.
charantia cultivated in the Hualien agriculture research and
extension station (HARES, Hualien, Taiwan) with intro-
gressed characteristics between cultivars and wild popula-
tions was authenticated before being used for this study. The
plant material collected was identified by HARES, where a
voucher specimen (no. 2381) has been deposited. The air-
dried leaves of M. charantia were soaked in methanol at
room temperature for 2 months, filtered and centrifuged at
500×g for 10 min. The supernatant was evaporated under
reduced pressure to afford a dark brown residue, which was
lyophilized at −80◦C. The dried extract of M. charantia
was stored at −20◦C until required for treatments and
dissolved in dimethyl sulfoxide with a stock concentration of
200 mg/mL before dilution with media.

2.2. Chemicals, Drugs, and Antibodies. Bovine serum albu-
min, 3-(4,5-dimethylthiazol-z-yl)-2,5-di-phenyl tetrazoli-
um bromide (MTT), agarose, dimethylsulfoxide (DMSO),
DMEM medium, penicillin, streptomycin, L-glutamine,
sodium bicarbonate, trypsin/EDTA, propidium iodide (PI),
DAPI, RNase A, Triton X-100, HEPES, NaOH, NaCl, EDTA,
NP-40, Tris, sucrose, SDS, sodium deoxycholate, glycerol,
Tween-20 were purchased from Sigma Chemical Company
Inc. (St Louis, MO, USA). Anti-ICAD (113416), anti-caspase
3 (123678), anti-PARP (100573), anti-Bax (109683), anti-
Bcl-2 (100064), and anti-β-actin (100315) were purchased
from GeneTex Inc. (ICON-GeneTex, Hsinchu, Taiwan).

2.3. Cell Culture. To evaluate the antitumor properties of M.
charantia, four human cancer cell lines, human nasopha-
ryngeal carcinoma cells (Hone-1), gastric adenocarcinoma
cells (AGS), colonrectal carcinoma cells (HCT-116), and
lung adenocarcinoma cell (CL1-0), were used in this study.
Cells were grown in DMEM, F-12 K, Mccoy’s 5a and RPMI
for Hone-1, AGS, HCT-116, and CL1-0 cells, respectively.
All cultured media were supplemented with 10% FBS,
100 U/mL penicillin-100 μg/mL streptomycin, and 0.1 M
sodium bicarbonate. Cells were maintained in a humidified
incubator at 37◦C under 5% CO2.

2.4. Cell Viability Assay. Cytotoxicity of MCME on human
cancer cells was assessed by MTT which measures the
metabolic activity of viable cells as described [21]. Briefly,
cells were plated out at a density of 5 × 103 cells/well in
96-well microtiter plates. Following overnight cell adherence,
fresh medium along with the corresponding concentrations
of MCME were added to the culture. Cultural media were
replaced by drug-free medium and MTT solution at a final
concentration of 0.5 mg/mL after treatments, and incubation
was prolonged for 4 h at 37◦C. After carefully removing
the supernatants, the MTT-formazan crystals formed by
metabolically viable cells were dissolved in DMSO and
absorbance was determined at 570 nm in a multiwell plate
ELISA reader (Bio-tek Instruments, Winooski, VT, USA).
The MCME concentration that caused approximate 25%
and 50% growth inhibition was calculated, respectively, from
extrapolating in the trend line by using the optical density
OD value of control and the treated cells.

2.5. Propidium Iodide Staining of DNA Content. All cancer
cells were seeded with an appropriate density in petri dishes
and allowed to grow for 24 to 48 h at 37◦C, in a condition of
5% CO2/95% air. Cells were harvested after treatments and
fixed overnight with 70% ethanol at −20◦C. Cells containing
apoptotic bodies were counted under fluorescence micro-
scopic observation (IX71, Olympus Co.).

For cell cycle analysis, cells were washed twice with PBS,
and resuspended in 100 μL of PI solution for 30 min at
room temperature in the dark. Distribution of cells with
different DNA contents was analyzed by a FACSCalibur
flow cytometer and CellQuest software (BD Biosciences,
San Jose, CA, USA) at an excitation wavelength of 530 nm.
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Fluorescence emission was measured using a 620 nm band
pass filter.

2.6. DNA Fragmentation Assay. DNA fragments from cancer
cells treated with MCME for 6, 12, 18, and 24 h were
analyzed by agarose gel electrophoresis. Apoptotic DNA
was isolated using DNA lysis buffer through the processes
described previously [22]. Isolated DNA, mainly derived
from the apoptotic bodies occurred in cells, was subjected
to 2.0% agarose electrophoresis at 50 V for 3 h. DNA
fragments, consisting of multimers of 160–200 base pairs,
were visualized under ultraviolet light after staining with
ethidium bromide.

2.7. Nuclear Staining. After treatment with MCME, cancer
cells were fixed with 4% paraformaldehyde by 0.1% Tri-
ton X-100 and stained with 2 μg/mL of 4,6-diamidine-2-
phenylindole (DAPI) for 30 min at room temperature. Cells
were washed twice with PBS and morphologic changes of
nuclei with apoptosis characteristic were determined and
counted by fluorescence microscopy (IX71, Olympus Co.).

2.8. Western Blot. Cells were harvested after various treat-
ments and lysed with lysis buffer, containing 1 mM EDTA,
150 mM NaCl, 100 μg/mL PMSF, 50 mM Tris-HCl (pH =
7.5), protease and phosphatase inhibitor cocktails (Sigma
Co., MO, USA), and incubated on ice for 5 min. After
centrifugation for 15 min at 4◦C, the supernatant was
transferred to fresh tube and stored at −20◦C. Protein
concentrations were determined using the Bradford protein
assay reagent (Bio-Rad, CA, USA). For western blot analysis,
equal amount of total protein was mixed with SDS sample
buffer, incubated at 100◦C for 5 min and separated by SDS-
polyacrylamide gel electrophoresis. After electrophoresis,
protein was blotted on a PVDF membrane (Millipore Co.,
Bedford, MA, USA) and blocked for 1 h in blocking solu-
tion at room temperature. Each membrane was incubated
with appropriate primary antibodies at 4◦C overnight and
washed with PBST. The blots were incubated with the
HRP-conjugated secondary antibodies at room temperature
for 1 h, washed three times with PBST, and then followed
by visualization with Immobilon western (Millipore Co.,
Bedford, MA, USA).

2.9. Statistical Analysis. Quantified expression of proteins
in all experiments was conducted using a densitometer
(Personal Densitometer SI, Molecular Dynamics, Sunnyvale,
CA, USA). All data were calculated as mean ± SD. Statistical
analysis of group differences was conducted using the one
way ANOVA and the Tukey’s post hoc test for multiple
comparisons. A value of P < 0.05 was considered statistically
significant.

3. Results

3.1. Inhibition of Human Cancer Cell Growth by MCME. The
effect of MCME on cell survival in four human cancer cell
lines was evaluated for 24 h by an MTT assay. As shown in
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Figure 1: Inhibitory effect of MCME on the viability of cancer
cells. Hone-1, AGS, HCT-116, and CL1-0 cells were used to evaluate
the anticancer activity of MCME. Cell viability was determined by
dose-response curves obtained by the MTT assay. To comparatively
evaluate the susceptibility of cells to MCME, data of each cell
line were shown only at concentrations ranging from 0.15 to
0.35 mg/mL for the approximate viability of 75% and 50% at 24 h
for each. All experiments were performed in triplicate, and results
are expressed as mean ± SD at a sample number of 8 for each
experiment. (∗) and (∗∗) indicate significant P values <0.05 and
<0.01, respectively, as compared to control (Ctrl).

Figure 1, Hone-1, AGS, HCT-116, and CL1-0 were exposed
to 0.15 ∼ 0.35 mg/mL MCME for 24 h. MCME exhibited
cytotoxic activity in all cancer cell lines tested, displaying a
minor difference of IC50. The inhibitory effects were similar
in Hone-1 cells (estimated IC50, 0.35 mg/mL), AGS cells
(estimated IC50, 0.3 mg/mL), HCT-116 cells (estimated IC50,
0.3 mg/mL), and CL1-0 cells (estimated IC50, 0.25 mg/mL).
Approximately 50% of cancer cells survived after exposure
for 24 h in each cell line, as follows: 52.0 ± 3.5% for Hone-
1 cells, 56.5 ± 4.2% for AGS cells, 52.3 ± 5.1% for HCT-
116 cells, and 54.2 ± 3.2% for CL1-0 cells. Therefore, the
susceptibility of these cancer cells to MCME was considered
to be similar.

3.2. Effects of MCME on Apoptosis Induction. The cytotoxic
effects of MCME on these cancer cells were investigated by
examining the cell cycle distribution using PI staining. The
quantitative data indicated that exposure to MCME induced
an increased amount of cells at sub-G1 phase, whereas a
reduced amount of cells in S phase to total cells, in all cancer
cell lines. After treatment with MCME for 24 h, the sub-G1
population increased from 4.6% to 28.2% in Hone-1 cells,
from 2.1% to 44.5% in AGS cells, from 5.1% to 34.5% in
HCT-116 cells, and from 10.5% to 44.2% in CL1-0 cells
(Figure 2).

The increased sub-G1 population indicated a less
amount of MCME-treated cancer cells entering cell cycle
after MCME treatment. However, cell population at sub-G1
phase was much less than that determined by cell viability
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Figure 2: Cell cycle distribution of MCME-treated cancer cells. Cells were treated with MCME for 6, 12, 18, and 24 hours at a concentration
of 0.35, 0.25, 0.3, and 0.25 mg/mL for Hone-1, AGS, HCT-116, and CL1-0 cells, respectively. MCME-treated cells were analyzed by flow
cytometry using PI staining to determine the population at sub-G1 phase. All experiments were performed in triplicate, and results were
expressed as mean ± SD. Ctrl indicates the control group of cells.

assay. To further evaluate MCME induced cell death in
these cancer cells, DNA ladder pattern of internucleosomal
DNA fragments was analyzed as shown in Figure 3. DNA
fragmentation was observed in MCME-treated Hone-1,
AGS, and HCT-116 cells from 12 h after treatment, whereas a
significant ladder pattern of DNA fragmentation was found
at 6 h in CL1-0 cells. These results indicated that MCME
resulted in DNA fragmentation in cancer cells and the
susceptibility of CL1-0 cells to MCME induced cell death was
higher than that of Hone-1, AGS, and HCT-116 cells.

In addition, DNA damage was observed in all cell
lines, as indicated by morphological changes in nuclei. It
indicated that MCME caused marked apoptotic changes

characterized by nuclear shrinkage and chromatin con-
densation (Figure 4(a)), which were quantified as shown
in Figure 4(b). The increased percentage of apoptotic cells
found after treatment with MCME for 24 h, coincided with
that evaluated by sub-G1 populations (Figure 2).

3.3. MCME-Induced Apoptosis through Caspase-Dependent
Pathway. To explore the mechanism of MCME-induced
apoptosis, activation of caspase and expression of proapop-
togenic proteins were analyzed by western blotting. Caspase-
3 is one of the hallmarks of apoptosis and is responsible for
inducing apoptosis by cleaving a variety of substrates such as
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Figure 3: Induction of DNA fragmentation by MCME in cancer cells. Cells were treated at a number of 1 × 106 with MCME for 6, 12,
18, and 24 hours at a concentration of 0.35, 0.25, 0.3, and 0.25 mg/mL for Hone-1, AGS, HCT-116, and CL1-0 cells, respectively. The DNA
fragmentation of cells was detected on a 2% agarose gel electrophoresis. DNA fragmentation was visualized by Ethidium Bromide (EtBr)
under UV light. Ctrl indicates the control group of cells.

DFF-45 (DNA fragmentation factor 45, also known as ICAD)
and poly-(ADP-ribose) polymerase (PARP) [23, 24]. DFF-45
is the inhibitor of DFF-40 (also known as CAD), which is
responsible for double-stranded DNA cleavage in apoptosis.
The functional loss of DFF-45 allows DFF-40 to dimerize
into the catalytic form, inducing DNA fragmentation [25].
To identify the mechanism involved in MCME-induced
apoptosis, we investigated the activation of caspase-3 and
DFF-45 in cancer cells treated with MCME for 24 h. MCME
significantly decreased the activation of procaspase-3 and the
cleavage of DFF-45 (endogenous substrate of caspase-3) in
a time-dependent manner (∗P < 0.05) (Figure 5). These
findings suggest that the activation of caspases involved in

the apoptotic pathway is one of the major mechanisms by
which MCME affects human cancer cell lines.

3.4. Effect of MCME on the Cleavage of PARP. PARP is a key
signaling nuclear protein involved in triggering DNA repair
[26]. This enzyme can catalyze poly (ADP-ribose) ligation
to an acceptor protein, including itself. During apoptosis,
PARP is cleaved by the activation of caspase-3, resulting in
DNA damage and apoptosis [27]. As PARP is a downstream
substrate of caspase-3, cleavage of PARP is an indicator of
apoptosis. Treatment with MCME in all cancer cell lines
resulted in the cleavage of PARP to yield an 85-kDa cleaved
fragment (Figure 5). After treatment with MCME for 24 h,
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Figure 4: Analysis of the apoptosis in MCME-treated cancer cells. (a) Morphological changes of Hone-1, AGS, HCT-116, and CL1-0 cells
treated with MCME at 0.35, 0.25, 0.3, and 0.25 mg/mL for 24 h. (b) Assessment of apoptotic cells in MCME-treated cancer cells. Cells with
apoptotic characteristic DAPI-staining nuclei were counted by at least 1000 cells using fluorescence microscopy. Data were represented by
mean ± SD from three independent experiments. Asterisk (∗) indicates a significant P value < 0.05, as compared with controls.
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Figure 5: Expression of apoptogenic proteins in MCME-treated cancer cells. Hone-1, AGS, HCT-116, and CL1-0 cells were treated for 6, 12,
18, and 24 hours with MCME at a concentration of 0.35, 0.25, 0.3, and 0.25 mg/mL, respectively. Equal amounts of lysates from these cancer
cells treated with MCME were immunoblotted with anti-pro-caspase 3, anti-DFF, and anti-PARP antibodies. Blots were reproved with an
antibody for β-actin to control for protein loading and transfer. Gels shown are representative of those obtained from three independent
experiments. The protein expression levels were quantified and normalized to β-actin and expressed as the fold-change to the respective
control. Asterisk (∗) indicates a significant P value < 0.05 as compared to controls.

PARP (85) showed a 3 ∼ 5-fold increase of activity at the
approximate IC50 concentrations in all cancer cells (∗P <
0.05).

3.5. MCME-Mediated Expression of Bax and Bcl-2. Bcl-2
family proteins have a central role in controlling the mito-
chondrial pathway. The Bcl-2 family significantly regulates
apoptosis either as an activator or as an inhibitor. It has
been suggested that the Bax/Bcl-2 ratio was a key factor in

regulation of the apoptotic process [28, 29]. As shown in
Figure 6, expression of proapoptotic Bax was significantly
increased, whereas the antiapoptotic Bcl-2 protein was
decreased after treatment with MCME in a time-dependent
manner. MCME-induced the increased expression of Bax
and decreased expression of Bcl-2, leading to a consequential
increase of Bax/Bcl-2 ratio. Bax/Bcl-2 ratio was significantly
increased by treating with MCME for 18 h and was increased
with a range from 6.3 to 19.4 at 24 h on different cancer
cells. The initiation of apoptosis through mitochondrial
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Figure 6: Expression of Bcl-2 family proteins in MCME-treated cancer cells. Hone-1, AGS, HCT-116, and CL1-0 cells were treated for 6, 12,
18, and 24 hours with MCME at a concentration of 0.35, 0.25, 0.3, and 0.25 mg/mL, respectively. Equal amounts of lysates from these cancer
cells treated with MCME were immunoblotted with anti-Bax and anti-Bcl-2 antibodies. Blots were reproved with an antibody for β-actin to
control for protein loading and transfer. Gels shown are representative of those obtained from three independent experiments. The protein
expression levels were quantified and normalized to β-actin and expressed as the fold-change to the respective control. Asterisk (∗) indicates
a significant P value < 0.05 as compared to controls.

membrane permeability by the increased Bax/Bcl-2 ratio
indicates that apoptosis induced by MCME is mitochondria
related.

4. Discussion

Plant-derived herbal medicines have been used for a long
time in several Asian countries. Anticancer activity is one

among all the effects been reported by studies in vitro using
natural herb extracts [30, 31]. M. charantia, also called bitter
melon, is a popular vegetable in Asia. The ability of this
plant to decrease blood sugar was recognized more than
600 years ago [32]. Recent research confirms the presence
of proteins and metabolites in M. charantia that exhibit
hypoglycemic effect and act as antitumor and antiviral agents
[9, 33, 34]. For instance, Kuguacin J and momorcharins
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were effective against human prostate cancer [35, 36]. These
findings suggest that M. charantia has great potential as a
health food or a source for new drug development. In the
current study, we extended the antitumor potential of M.
charantia to other different cancers. Same as studies reported
previously, MCME exhibited cytotoxicity on Hone-1, AGS,
HCT-116, and CL1-0 cells, which was attributed to its action
on the induction of cell death.

Apoptosis is a programmed cell death that can occur by
a variety of internal or external stimuli, and these signals
are controlled by two distinct pathways. One is an extrinsic
pathway (death receptor pathway), and the other is an
intrinsic pathway in which mitochondria are involved [37,
38]. Caspases play a key role in apoptosis [39, 40]. A regu-
latory cascade eventually leads to the activation of effector
caspases, such as caspase-3. These caspases are responsible
for the cleavage of cellular proteins, such as cytoskeletal
components, leading to the typical morphological changes
observed in cells undergoing apoptosis [41]. Our results
indicated that MCME increased caspase-3 activity in Hone-
1, AGS, HCT-116, and CL1-0 cells in a time-dependent
manner. Programmed cell death involves the activation of
caspases and the subsequent cleavage of several substrates
such as actin, PARP, gelsolin, DFF-45, lamins, and fodrin
[42]. PARP is involved in repairing DNA damage by cat-
alyzing the synthesis of poly (ADP-ribose), binding to DNA
strand breaks, and modifying nuclear proteins [23, 24, 43].
The ability of PARP to repair DNA damage is prevented by
cleavage of PARP by caspase-3 [44]. The fragmentation of
DNA into nucleosomal units as seen in DNA fragmentation
assays is caused by an enzyme known as DFF-40, or caspase-
activated DNase. Normally, DFF-40 exists as an inactive
complex with its inhibitor, DFF-45. During apoptosis, DFF-
45 is cleaved by caspases, such as caspase-3, to release DFF-
40 and followed by rapid fragmentation of the nuclear DNA
[45, 46].

In this study, we found that MCME exhibited a signif-
icant effect on the morphological and biochemical features
of the cancer cells tested, indicating that MCME induces
apoptosis in both dose- and time-dependent manner. We
observed that treatment of cells with up to 0.15∼ 0.2 mg/mL
MCME reduced one fourth of cell viability, whereas about a
half of cell viability was found at 0.25 ∼ 0.35 mg/mL. MCME
significantly inhibited cell viability and induced chromatin
condensation in Hone-1, AGS, HCT-116, and CL1-0 cells.
In addition, MCME induced the cleavage of caspase-3
and DFF-45, and the activation of PARP, leading to DNA
fragmentation. Among all the tested cancer cells, CL1-0 cells
were more susceptible to MCME with a lower IC50 and the
apace increased cleavage of PARP and DNA fragmentation
at 6 h after treatment. Cells containing apoptotic bodies
confirmed that MCME-induced cell death and sub-G1
populations in CL1-0 and AGS cells were mainly mediated
through caspase-dependent apoptotic pathway. However, the
lower population of cells with apoptotic bodies and sub-
G1 phase distribution imply some other pathways may be
involved in MCME-reduced viability in Hone-1 and HCT-
116 cells.

Both biochemical and genetic evidence indicates that
Bcl-2 family members, including proapoptotic proteins such
as Bax, Bak and antiapoptotic proteins such as Bcl-2, Bcl-
xl, can regulate cell death induced by caspases [47, 48]. In
recent years, the importance of Bcl-2 family members in
mitochondria-associated apoptotic network is noticed [49].
Bcl-2, a caspase substrate, can function as an antioxidant
to inhibit apoptosis in a wide variety of cell types, which
play a vital role in regulating the mitochondria-dependent
pathway [50]. The Bax/Bcl-2 ratio can be recognized as a key
factor for apoptotic process by regulating cytochrome c from
mitochondria to cytosol [51, 52]. Extract of M. charantia
was reported to inhibit growth of several cancer cells by
augmenting Bax/Bcl-2, Bad/Bcl-2, or Bak/Bcl-2 [36, 53]. Our
results showed that Bcl-2 was significantly decreased and Bax
was increased in MCME-treated cancer cells. The increased
Bax/Bcl-2 ratio indicates that mitochondria-mediated apop-
tosis is involved in MCME-induced cell death in these treated
cell lines [49]. The activation of caspase-3 and enhanced
production of cleaved PARP, subsequently leading to DNA
fragmentation and apoptosis, in MCME-treated cancer cells
coincided with that treated by Kuguacin J, a triterpenoid, and
Rutin, a flavonoid, from leaf of M. charantia, in leukemia,
prostate, and ovarian cancer cells [36, 54, 55]. Therefore,
both Kuguacin J and Rutin may be the active components
exhibiting anti-cancer activity in MCME. Interestingly, our
results on Hone-1 nasopharyngeal carcinoma cells did not
meet the unchanged Bcl-2 expression in M. charantia lectin-
induced apoptosis in another nasopharyngeal carcinoma
CNE-1 cells [19]. It indicates that MCME mediated different
processes in cancer cells toward apoptosis.

Owing to the edible properties of M. charantia, two
cancer cell lines of digestive track, AGS and HCT-116 cells,
were used to comparatively investigate the anticancer effect
of M. charantia on two other cancer cell lines, Hone-1 and
CL1-0 cells, in this study. In spite to the difference of MCME-
induced cell viability, all these cells represent a suscepti-
bility to MCME-induced cell death through caspase- and
mitochondria-dependent apoptotic pathways. Since people
consume fruit and/or leaves of M. charantia as food in Asia,
MCME used in this study represents a promising candidate
agent to develop for cancer prevention in the future.

5. Conclusion

In conclusion, we demonstrated that caspase- and
mitochondria-dependent pathways are involved in MCME-
induced apoptosis in Hone-1, AGS, HCT-116, and CL1-0
cancer cells. Since a lot of processes may be initiated,
cell death other than apoptosis is probably involved in
death stimuli in these cancer cells by MCME. Edible
materials possess anti-cancer properties, may be particularly
useful for synergistic remedy with conventional drugs
to circumvent drug resistance in cancer therapy. MCME
that can initiate anti-cancer actions through caspase- and
mitochondria-dependent pathways exhibits the potential for
complementary therapy on cancers.
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The present study aimed to determine acute toxicity, the protective effect, and underlying mechanism of PM52, a combined extract
of Cissampelos pareira and Anethum graveolens, against age-related cognitive impairment in animal model of age-related cognitive
impairment. PM52 was determined as acute toxicity according to OECD guideline. Male Wistar rats, weighing 180–220 g, were
orally given PM52 at doses of 2, 10, and 50 mg/kg at a period of 14 days before and 7 days after the bilateral administration of
AF64A via intracerebroventricular route. All animals were assessed according to spatial memory, neuron density, MDA level, the
activities of SOD, CAT, GSH-Px, and AChEI effect in hippocampus. It was found that all doses of PM52 could attenuate memory
impairment and neurodegeneration in hippocampus. The possible mechanisms might occur via the suppression of AChE and the
decreased oxidative stress in hippocampus. Therefore, our data suggest that PM52 may serve as food supplement to protect against
age-related cognitive impairment such as mild cognitive impairment (MCI) and early phase of Alzheimer’s disease. However,
further researches are still essential.

1. Introduction

Aging is a phenomenon leading to the dysfunction of normal
cellular regulation including cognitive function. As the age
advances, the cognitive capability is declined. Since the
cognitive decline is the most costly, in terms of the financial,
personal, and societal, it is regarded as a major health and
social issue burden. Therefore, age-related cognitive memory
impairment is one of the important health problems that
should be concerned.

Current studies demonstrate that cognitive impairment
in both aged human and rodents is correlated with the accu-
mulation of oxidative damage to lipids, proteins, nucleic
acids [1–3], and the vulnerability of various neurotransmit-
ters to oxidative stress [4–6]. Moreover, it is also reported

to be related to the hypofunction of cholinergic system and
manifested by the decreased acetylcholinesterase (AChE),
one of the major markers of cholinergic function in various
cerebral areas [7]. Since the present strategy has not yet been
met by effective symptomatic treatments or preventative
strategies, the novel strategy to protect against age-related
cognitive decline is still required. Based on the role of
oxidative stress and cholinergic system mentioned earlier, it
has provided the rationale for protecting and treating age-
related cognitive decline with substances targeting at enhanc-
ing cholinergic function and decreasing oxidative stress.

In traditional practices of medicine, numerous plants
have been used to enhance cognitive function both in healthy
individuals and those with diseases states such as mild cog-
nitive impairment (MCI) and Alzheimer’s disease (AD). The
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herbal medicine can be used either by single herb or by poly-
herbal formulation. The concept of polyherbalism is very
peculiar to Oriental Medicine such as Ayurveda and Tradi-
tional Chinese Medicine (TCM). It is believed that the poly-
herbalism can provide high efficiency partly due to syner-
gism. Therefore, the herbal ingredients in these formulations
are selected based on their healing property with respect to
the disease condition such as antioxidant and acetylcholine
inhibitory (AChEI) effects. In order to assure the safety
and therapeutic efficacy, this study aimed to determine the
acute toxicity and cognitive-enhancing effect of combined
extract of Cissampelos pareira and Anethum graveolens or
PM52. Moreover, the possible underlying mechanism was
also further explored.

2. Materials and Methods

2.1. Plant Materials and Preparation of Combined Extract. All
plants materials used for the preparation of extract were
purchased from organic farms of Srithat District, Udon
Thani province. They were identified morphologically, his-
tologically and authenticated by Associate Professor Panee
Sirisa-ard, Faculty of Pharmacy, Chiang Mai University.
Voucher specimens were kept at Integrated Complimentary
Alternative Medicine Research and Development Group,
Khon Kaen University. Powders of the Cissampelos pareira
and Anethum graveolens were mixed at a ratio of 1 : 5 and
extracted with hydroalcoholic solvent at the concentration of
50 : 50. The yielded extract was freeze-dried to powder with
evaporator.

2.2. Determination of Total Phenolic Compounds. Total phe-
nolic compounds of combined extract of Cissampelos pareira
and Anethum graveolens were determined total phenolic
compounds using Folin-Ciocalteau method. In brief, an
aliquot of 0.1 mL of plant extract was added to 1.9 mL
of deionized water and 1.0 mL of Folin-Ciocalteu phenol
reagent (Sigma). After 8 min, 5.0 mL of 20% Na2CO3 was
added and the mixture was heated in a boiling water bath for
1 min comparatively to gallic acid standard. Absorbance was
measured at 765 nm with a UV-spectrophotomet (Pharmacia
LKB-Biochrom4060) after cooling in darkness and the result
was expressed as mg Gallic acid equivalents (GAE)/100 g
extract.

2.3. Determination of Total Flavonoid. Total flavonoid con-
tent in extract of Cissampelos pareira and Anethum graveolens
was determined via colorimetric method. Briefly, 0.5 mL of
each sample and 300 μL of NaNO2 (1 : 20 w/v) were pipette
into a test tube. The contents were vortexed for 10 s and left
at room temperature for 5 min. The mixture was then added
300 μL of AlCl3 (1 : 10 w/v), 2 mL of 1 M NaOH, and 1.9 mL
of distilled water. After 10 s of vortexing, the absorbance for
each sample was measured at 510 nm. Quercetin was used
as reference compound to produce standard curve and the
result was expressed as g of quercetin equivalents (QE)/g of
extract.

2.4. Animals. Healthy male Wistar rats (180–220 grams, 8
weeks old) were obtained from National Laboratory Animal
Center, Salaya, Nakhon Pathom. They were housed in group
of 4 per cage in standard metal cages at 22± 2◦C on 12 : 12 h
light-dark cycle. All animals were given access to food and
water ad libitum. The experiments were performed to mini-
mize animal suffering in accordance with the internationally
accepted principles for laboratory use and care of European
Community (EEC directive of 1986; 86/609/EEC). The
experimental protocols were approved by the Institutional
Animal Care and Use Committee (AE006/54).

2.5. Experimental Protocol. All rats were randomly assigned
to 7 groups of 8 animals each.

Group I Vehicle + ACSF: rats were treated with vehicle at
a period of 14 days before and 7 days after the administration
of artificial cerebrospinal fluid (ACSF) via intracerebroven-
tricular route bilaterally.

Group II Vehicle + AF64A: rats had been treated with
vehicle for 14 days before and 7 days after the administration
of AF64A, a cholinotoxin, in order to induce a cholinergic
deficit as observed in MCI and early phase of AD.

Group III Donepezil + AF64A: animals were treated with
Donepezil, a cholinesterase inhibitor which used as standard
treatment for cognitive impairment. This group was used as
positive control in this study.

Group IV Vitamin C + AF64A: animals were treated
with Vitamin C (250 mg/kg BW), a well-known antioxidant
which previously showed the neuroprotective and cognitive-
enhancing effects. This group was also used as positive con-
trol in this study.

Group V–VII combined extract of Cissampelos pareira
and Anethum graveolens + AF64A: rats had been treated with
the polyherbal extract at various doses ranging from 2, 10,
and 50 mg/kg BW for 14 days before and 7 days after the
administration of AF64A, respectively, (the doses used in this
study were selected based on our preliminary data on the
cognitive-enhancing effect).

The animals determined the spatial memory at 7 days
after AF64A administration.

Then, they were sacrificed and determined the density of
survival neurons and in various subregions of hippocampus.

2.6. AF64A Administration. AF64A was prepared as an aque-
ous solution of acetylethylcholine mustard HCl (Sigma, St.
Louis, MO, USA) and was adjusted to pH 11.3 with NaOH.
After stirring for 30 min at room temperature, the pH was
lowered to 7.4 with the gradual addition of HCl and stirred
for 60 min. The amount of AF64A was then adjusted to
2 nmol/2 μL. The vehicle of AF64A was distilled water pre-
pared in the same manner as the AF64A and recognized as
ACSF. In order to administer AF64A bilaterally via intracere-
broventricular (i.c.v.) route, the animals were anesthetized
with the intraperitoneal injection of sodium pentobarbital
at dose of 60 mg/kg BW. Then, AF64A (2 nmol/2 μL) was
infused bilaterally via intracerebroventricular (i.c.v.) route
with a 30-gauge needle inserted through a burr hole drilled
into the skull into both the right and left lateral ventricles.
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Stereotaxic coordinates were (from the bregma) posterior
0.8 mm, lateral ±1.5 mm, and ventral (from dura) 3.6 mm.
The rate of infusion was 1.0 μL/min and the needle was left
in place for 5 min after infusion and then slowly withdrawn.

2.7. Morris Water Maze Test. The Morris water maze test is
one of the most important paradigms used for testing spatial
navigation task, which is thought to be dependent on the
proper functioning of the hippocampus. The testing appara-
tus for all tasks used in this study was a stainless-steel circular
pool that 147 cm in diameter and 47 cm in depth. The inte-
rior of the pool was flat and the pool was placed on the steady
floor. The pool was filled with water to a depth of 12 cm. The
water was maintained at 23± 1◦C and darkened by nontoxic
powder.

The pool was divided into four quadrants (NE, NW, SE,
and SW) by two imaginary lines crossing the center of the
pool. For each animal, the invisible platform was placed in
the center of one of the quadrants and remained there for
a training period of 4 days. Each rat was gently placed in the
water facing the wall of the pool from one of the four starting
points (N, E, S, or W) along the perimeter of the pool, and
the animal was allowed to swim until it climbed onto the
platform. When an animal could not reach the platform in
60 s, it was gently placed on the platform by the experimenter.
In either cases, the animal was left on the platform for 10 s
and removed from the pool. Then, it was quickly dried
with a towel before being returned to the home cage. The
time which animal spent to find the immersed platform was
regarded as escape latency. The 24 hr after the determination
of escape latency, rats were reexposed to the same condition
except that the immersed platform was removed and the time
which the animal spent in the quadrant previously located in
the immersed platform was recorded as retention time.

2.8. Histological Procedure. Following anesthesia with
sodium pentobarbital (60 mg/kg BW), fixation of the
brain was carried out by transcardial perfusion with
fixative solution containing 4% paraformaldehyde in 0.1 M
phosphate buffer pH 7.3. The brains were removed after
perfusion and stored over a night in a fixative solution that
used for perfusion. Then they were infiltrated with 30%
sucrose solution for approximately 4◦C. The specimens were
frozen rapidly and 30 μM thick sections were cut on cryostat.
They were rinsed in the phosphate buffer and picked up
on slides coated with 0.01% of aqueous solution of a high
molecular weight poly L-lysine.

2.9. Morphological Analysis. Five coronal sections of each rat
in each group were studied quantitatively. Neuronal counts
in hippocampus were performed by eye using a 40x magni-
fication with final field 255 μm2 according to the following
stereotaxic coordinates: AP −4.8 mm, lateral ±2.4–6 mm,
and depth 3–8 mm. The observer was blind to the treatment
at the time of analysis. Viable-stained neurons were identified
on the basis of a stained soma with at least two visible pro-
cesses. Counts were made in five adjacent fields and the mean
number extrapolated to give total number of neurons per

255 μm2. All data are represented as number of neurons per
255 μm2.

2.10. Determination of Malondialdehyde Level and Acetyl-
cholinesterase Activity. Hippocampus was isolated and pre-
pared as hippocampal homogenate and the determination of
the malondialdehyde (MDA) level and acetylcholinesterase
(AChE) activity in hippocampus was performed. Malondi-
aldehyde was indirectly estimated by determining the accu-
mulation of thiobarbituric acid reactive substances (TBARS)
while the activity of AChE was determined using Ellman
method.

2.11. Determination of Scavenging Enzymes Activities. In
order to determine the activities of antioxidant enzymes
including superoxide dismutase (SOD), catalase (CAT), and
glutathione peroxidase (GSH-Px), the brain tissues were
weighed and homogenized with a buffer consisting of 10 mM
sucrose, 10 mM Tris-HCl, and 0.1 mM EDTA (pH 7.4). Then
the brain homogenates were centrifuged at 3000 g for 15 min
at 4◦C. The supernatant was used for bioassays. The activity
of SOD was determined using a xanthine/xanthine oxidase
system for the production of superoxide radical and subse-
quent measurement of cytochrome c as a scavenger of the
radicals. Optical density was determined using a spectrom-
eter (UV-1601, Shimadzu) at 550 nm. One unit of enzyme
activity was defined as the quantity of SOD required to
inhibit the rate of reduction of cytochrome c by 50%. SOD
activity was presented as units per milligram of protein (U
mg−1 protein). CAT activity in the supernatant was measured
by recording the rate of decrease in H2O2 absorbance
at 240 nm. The activity of CAT was expressed as μmol
H2O2/min/mg protein. GSH-Px was determined using t-
butylhydroperoxide as a substrate. The optical density was
spectrophotometrically recorded at 340 nm. One unit of the
enzyme was defined as micromole (μmol) of reduced nicoti-
namide adenine dinucleotide phosphate (NADPH) oxidized
per minute. GSH-Px activity was expressed as U/mg protein.

2.12. Statistical Analysis. Data are presented as mean ± stan-
dard error of mean (S.E.M). One-way analysis of variance
(ANOVA), followed by Tukey post hoc test. A probability
level less than 0.05 was accepted as significance.

3. Results

3.1. Total Phenolic Compounds and Flavonoids Contents in
PM52. To date, the use of plant-based formulations is lead-
ing to a fast growing market for Ayurvedic, nutraceutical, and
polyherbal formulations. The development of polyherbal
formulation has been regarded as a challenging task because
of the large number of varied chemical compounds present
in the different medicinal plants can possibly provide more
benefit. However, during the formulation of new drugs or the
reformulation of existing products, the interaction between
active markers of various plant extracts also occurs resulting
in changes in the chemical nature and therapeutic response.
Therefore, the characteristic of PM52 has been developed
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Table 1: Total phenolic compounds and total flavonoids content in Anethum graveolens, Cissampelos pareira, and PM52.

Tested substance
Total phenolic compounds Total flavonoids

(mg of GAE/100 g of plant extract) (mg QE/g of plant extract)

Anethum graveolens 462.80 ± 4.59 10.90 ± 0.11

Cissampelos pariera 404.56 ± 3.06 8.38 ± 0.01

PM52 582.09 ± 8.72 18.80 ± 0.25

and determined in this study. It was found that the extract
contained the total phenolic compounds at concentration
of 582.09± 8.72 mg of GAE/100 g of plant extract and con-
tained total flavonoids at concentration of 18.80± 0.25 mg of
QE/100 g of plant extract. Therefore, a combined extract
of Cissampelos pareira and Anethum graveolens contained
more phenolic compounds and flavonoids than Cissampelos
pareira or Anethum graveolens as shown in Table 1.

3.2. Acute Toxicity of PM52. In the acute toxicity study, it
was found that PM52 up to the level of 5000 mg/kg BW
failed to exhibit the lethality and toxic symptoms. No behav-
ioral change and macroscopic changes of histology of vital
organs were observed. Further dosing to evaluate the LD50

of PM52 had not been performed. According to the Organi-
zation of Economic Cooperation and Development (OECD)
guidelines for acute oral toxicity, an LD50 of 2000 mg/kg BW
or above is categorized as unclassified and hence the product
is found to be safe. Therefore, PM52 is safe especially for
short duration application.

3.3. Cognitive-Enhancing Effect and Neuroprotective Effect of
PM52. Figure 1 showed the cognitive-enhancing effect of
PM52 at doses of 2, 10, and 50 mg/kg BW on spatial memory
in memory deficit rats induced by AF64A. Our data showed
that Vehicle + ACSF showed no significant changes of both
escape latency and retention time. These findings indicated
that both vehicle which used to dissolved PM52 and ACSF
which used to dissolved AF64A produced no effect on the
mentioned parameters. Rats which exposed to AF64A signif-
icantly enhanced escape latency but decreased retention time
(P-value < .001 all; compared to vehicle + ACSF). However,
these changes could be mitigated by Donepezil, Vitamin C,
and PM52 at all doses used in this study (P-value < .001 all;
compared to vehicle + AF64A).

Since PM52 exerted the cognitive-enhancing effect, the
effect of PM52 on the neuron density in hippocampus was
investigated. The results were shown in Figures 2, 3, 4, and 5.
The rats which received vehicle + AF64A showed the signifi-
cant changes in CA1 (P-value < .001; compared to vehicle +
ACSF) and CA3 (P-value < .001; compared to vehicle +
ACSF). Rats treated with Donepezil or Vitamin C signifi-
cantly mitigated the reduction of neuron density in CA1 (P-
value < .01; compared to vehicle + AF64A) and CA3 (P-
value < .001 all; compared to vehicle + AF64A). Interestingly,
rats treated with either Donepezil or Vitamin C plus AF64A
showed the increased neuron density in CA2 (P-value < .001
all; compared to vehicle + AF64A). It was found that treated
with PM52 at doses of 2 mg/kg BW significantly increased

neuron density in CA1 and CA3 (P-value < .01 and .05, resp.,
compared with vehicle + AF64A) while the medium dose
treatment could enhance the neuron density in CA1, CA2,
and CA3 (P-value < .01 all, compared with vehicle + AF64A).
Moreover, the result showed that PM52 at doses of 50 mg/kg
BW significantly increased neuron density in CA1 (P-value
< .05, compared with vehicle + AF64A). No changes were
observed in dentate gyrus.

3.4. Effect of PM52 on AChEI Activity and Oxidative Stress
Markers. Since acetylcholine has been reported to play the
crucial roles on cognitive function especially learning and
memory, this study also focuses on the alteration of the
mentioned transmitter and the activity of AChE was used to
indicate the alteration of acetylcholine. The effect of PM52
on the activity of AChE in hippocampus was investigated
and the results were shown in Figure 6. Rats which exposed
to ACSF did not show a significant change of AChE activity
whereas rats which exposed to AF64A showed the elevation
of AChE (P-value < .01; compared to vehicle + ACSF). How-
ever, this change was reversed by Donepezil, Vitamin C, and
PM52 at doses of 10 and 50 mg/kg BW (P-value < .01, .05,
.01, and .01, resp.; compared to vehicle + AF64A).

The data obtained from previous part had revealed the
neuroprotective effect of PM52. Based on the crucial role of
oxidative stress on the pathophysiology of neurodegenera-
tion, this part was focused on the effect of PM52 on oxidative
stress markers including MDA level and the activities of
scavenger enzymes including SOD, CAT, and GSH-Px.

Figure 7 showed that rats which exposed to ACSF did not
produce any change on MDA level. Rats subjected to AF64A
treatment revealed the decreased MDA level (P-value < .01;
compared to vehicle + ACSF). This reduction was reversed by
Vitamin C and PM52 both at dose of 2 and at dose of
10 mg/kg BW (P-value < .01 all; compared to vehicle +
AF64A).

The effect of PM52 on the activities of SOD, CAT, and
GSH-Px activities was shown in Figures 8, 9, and 10. It was
found that rats subjected to AF64A treatment reversed the
decreased CAT and GSH-Px activities in hippocampus (P-
value < .05 and .01 resp.; compared to vehicle + ACSF). The
decreased CAT activity was reversed by the high dose of
PM52 (P-value < .001; compared to vehicle + AF64A) while
the decreased GSH-Px was reversed by Vitamin C and PM52
both at low and medium doses (P-value < .01 all; compared
to vehicle + AF64A). In addition, rats which exposed to
Donepezil and medium dose of PM52 and AF64A also
enhanced the activity of SOD in the area just mentioned (P-
value < .05 all; compared to vehicle + AF64A).
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Figure 3: Effect of Donepezil, Vitamin C, and various doses of PM52 ranging from 2, 10, and 50 mg/kg BW on neuron density in CA2 of
hippocampus of memory impairment rats induced by AF64A. Values are expressed as mean ± SEM. (n = 8/group) a,aa,aaaP-value < .05, .01
and .001 compared with vehicle plus ACSF-treated group, ∗,∗∗,∗∗∗P-value < .05, .01 and .001 compared with vehicle plus AF64A-treated
group.

4. Discussion

Medicinal plants have long been used in traditional folk-
lore in various cultures throughout the world. Recently, a
scientific interest for phytotherapy has increased in various
aspects especially the researches targeting at justifying the
reputations of medicinal plants in traditional folklore and at
their possible underlying mechanism.

PM52 showed not only cognitive-enhancing effect but
also neuroprotective effect. PM52 could attenuate the neu-
rodegeneration and could disturb the function of the affected
areas. It has been reported that neurodegeneration occurs as
the result of various factors including oxidative stress. Pre-
vious study demonstrated that oxidative stress is strongly
scavenged by polyphenolic compounds including flavonoids
which are found in herbal extracts [8]. Our data showed that
PM52 significantly enhanced the activities of SOD, CAT,
and GSH-Px in hippocampus and decreased MDA level in
the mentioned area. The decrease in MDA level reflected

the decreased attack of oxidative stress at lipid component,
the main component of membrane including neuronal
membrane resulting in the increased survival of neuron and
cholinergic neuron in hippocampus.

Hippocampus is regarded as a brain region essential for
intact cognitive abilities and appears to be particularly vul-
nerable to the oxidative stress during aging [9, 10]. The neu-
rodegeneration and the degeneration of cholinergic neuron
in hippocampus contribute the important role on the spa-
tial memory or hippocampal-dependent memory [11–15].
Therefore, the enhanced neuron density in hippocampus
might also responsible in part for the cognitive-enhancing
effect of PM52.

Therefore, our data suggested that the cognitive-enhanc-
ing effect of PM52 might occur via 2 main mechanisms: (1)
the suppression of AChE leading to the elevation of ACh,
a neurotransmitter playing an important role on learning
and memory and (2) the enhanced neuron density in
hippocampus via the decreased oxidative stress induced by
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Figure 4: Effect of Donepezil, Vitamin C, and various doses of PM52 ranging from 2, 10, and 50 mg/kg BW on neuron density in CA3 of
hippocampus of memory impairment rats induced by AF64A. Values are expressed as mean ± SEM. (n = 8/group) a,aa,aaaP-value < .05, .01
and .001 compared with vehicle plus ACSF-treated group, ∗,∗∗,∗∗∗P-value < .05, .01 and .001 compared with vehicle plus AF64A-treated
group.

the increased antioxidant enzyme activities as shown in
Figure 11. The possible active ingredient which contributes
the role on the neuroprotective and cognitive-enhancing
effect might be polyphenolic compounds especially quercetin
which previously showed both cognitive-enhancing effect
and neuroprotective effect [16, 17]. However, the influence
of interaction effects of various ingredients still cannot be
omitted.

In this study, PM52 failed to show dose-dependent man-
ner in both cognitive-enhancing effect and neuroprotective
effect. The possible explanation might be related to the
nonsimple relationship between the concentration of PM52
and the interested parameters such as spatial memory and
neuron density. Since both the memory and survival of
neuron were under the influence of numerous factors, it
was not possible to observe the simple relationship between
the concentration of PM52 and the interested parameters.
In addition, PM52 is the combined extract of Cissampelos
pareira and Anethum graveolens and all ingredients are in the
form of crude extract not a pure substance. Therefore, the
effect of active ingredient was possibly masked by the other
ingredients.
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Figure 6: Effect of Donepezil, Vitamin C, and various doses of
PM52 ranging from 2, 10, and 50 mg/kg BW on the acetylcholines-
terase inhibitory activity in hippocampus of memory impairment
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treated group, ∗∗P-value < .01 compared with vehicle plus AF64A-
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Figure 7: Effect of Donepezil, Vitamin C, and various doses
of PM52 ranging from 2, 10, and 50 mg/kg BW on level of
malondialdehyde (MDA) in hippocampus of memory impairment
rats induced by AF64A. Values are expressed as mean ± SEM. (n =
8/group) aaP-value < .01 compared with vehicle plus ACSF-treated
group, ∗∗P-value < .01 compared with vehicle plus AF64A-treated
group.

5. Conclusions

The results obtained from this study confirm that PM52, a
polyherbal formulation of ethanolic leaves extracts of Cis-
sampelos pareira and Anethum graveolens, provides the ben-
eficial effect on the nervous system. It can enhance learning
and memory in memory deficit condition especially in age-
related cognitive decline such as mild cognitive impairment
and early phase of Alzheimer’s disease. In addition, PM52
also shows neuroprotective effect. The possible underlying
mechanism occurs partly via the enhanced acetylcholine and
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Figure 8: Effect of Donepezil, Vitamin C, and various doses of
PM52 ranging from 2, 10, and 50 mg/kg BW on the superoxide
dismutase (SOD) activity in hippocampus of memory impairment
rats induced by AF64A. Values are expressed as mean ± SEM. (n =
8/group) ∗P-value < .05 compared with vehicle plus AF64A-treated
group.
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Figure 9: Effect of Donepezil, Vitamin C, and various doses of
PM52 ranging from 2, 10, and 50 mg/kg BW on the catalase activity
in hippocampus of memory impairment rats induced by AF64A.
Values are expressed as mean ± SEM. (n = 8/group) aP-value < .05
compared with vehicle plus ACSF-treated group, ∗∗∗P-value < .001
compared with vehicle plus AF64A-treated group.

the decreased oxidative stress. PM52 can provide beneficial
effect at low dose while safety range is very wide. Therefore,
PM52 can be served as adjuvant or complimentary therapy
against age-related cognitive impairment. However, this
study is only the preliminary study and further studies are
necessary to fully elucidate the possible active ingredients,
the detail mechanism of action, and subchronic toxicity of
the polyherbal formulation. Moreover, further development
of the standardized product of PM52 so that it can be used
easily at home when required is still necessary.
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Figure 10: Effect of Donepezil, Vitamin C, and various doses of
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Figure 11: Schematic diagram of the possible underlying mecha-
nism of PM52 to improve memory impairment in animal model
of age-related cognitive decline condition such as mild cognitive
impairment (MCI) and early phase of Alzheimer’s disease.
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Ginsenoside Rb1 shows neuroprotective effects in various neurons, including dopaminergic cells. However, the precise mechanisms
of action are uncertain. In this paper, we examine whether Rb1 has a neuroprotective effect on MPP+-induced apoptosis and
attempt to clarify the signaling pathway in PC12 cells. Apoptosis of PC12 cells was determined by DNA fragmentation assay,
the activation of caspase-3, or by the inactivation of Bcl-xL. Rb1 inhibited MPP+-induced caspase-3 activation and DNA
fragmentation and activated Bcl-xL in MPP+-treated PC12 cells. These antiapoptotic effect was abrogated in PC12 cells
transfected with estrogen receptor siRNA. Levels of DNA fragmentation were increased by wortmannin or PD 98059, while they
were decreased by SB 203580 or SP 600125 in MPP+-treated PC12 cells. Rb1 increased phosphorylation levels of ERK1/2 or Akt in
MPP+-treated PC12 cells, while it reduced phosphorylated p38 or SAPK/JNK. The increased phosphorylation of ERK/1/2 or Akt by
Rb1 was abrogated by estrogen receptor siRNA. Rb1-induced inhibition of SAPK/JNK or p38 phosphorylation was also abolished
by estrogen receptor siRNA. These results suggest that ginsenoside Rb1 protects PC12 cells from caspase-3-dependent apoptosis
through stimulation of estrogen receptor with consequent activation of ERK1/2 and Akt and inhibition of SAPK/JNK and p38.

1. Introduction

Ginseng (botanical name: Panax ginseng C.A.Meyer) is one of
the most popular herbal remedies and ginseng root extracts
have long been used in traditional Chinese medicine to
restore and enhance well-being [1]. Recent studies have
suggested that administration of Panax ginseng powder
improved cognitive performance in patients with Alzheimer
disease [2], and in healthy young volunteers [3]. Ginseng
also ameliorated psychomotor performance during exercise
without affecting exercise capacity [4] and improved certain
psychomotor functions in healthy subjects [5]. Ginseno-
sides, saponins of Panax ginseng, are structurally similar to
steroids (Figure 1(a)) [6]. Panax ginseng and ginsenosides
are re-ported to attenuate degeneration of dopaminergic

neurons and symptoms in vitro and in vivo conditions
[7]. Recent studies have demonstrated the neuroprotec-
tive effect by ginsenoside Rb1, a major active component
of the traditional herb ginseng, on some experimental
models [8–10].

Defects in complexes I, II, and IV of the mitochondrial
respiratory chain have been detected in Alzheimer, Parkin-
son, and Huntington diseases [11]. 1-Methyl-4 phenylpyri-
dinium (MPP+), an active toxic metaboliteof1-methyl-
4-phenyl-1,2,3,6-tetrahydropyridine (MPTP), is selectively
accumulated in dopaminergic neurons and is concentrated
within mitochondria where it acts to inhibit electron trans-
port chain, decreases mitochondrial membrane potential,
and induces disturbances in Ca2+ homeostasis, which could
eventually lead to neuronal loss [12].



2 Evidence-Based Complementary and Alternative Medicine

PC12 cells, a clonal rat pheochromocytoma cell line, pos-
sess dopamine synthesis, metabolism, and transporting sys-
tems and therefore have been used extensively as a model for
studies of MPP+ neurotoxicity and Parkinson disease [13].

Aim of the present work was to clarify intracellular
signaling pathways involved in ginsenoside-Rb1-induced
cytoprotective effects on MPP+ toxicity in PC 12 cells.

2. Materials and Methods

2.1. Materials. Ginsenoside-Rb1 standard was obtained
from Wako Pure Chemical Industries, Ltd. (Osaka,
Japan). 1-Methyl-4 phenylpyridinium (MPP+) iodine was
purchased from Sigma-Aldrich, Inc. (St Louis, MO, USA).
The structures of ginsenoside Rb1(2-O-β-Glucopyranosyl-
(3β,12β)-20-[(6-O-β-D-glucopyranosyl-β-D-glucopyranosyl)
oxy]-12-hydroxydammar-24-en-3-yl β-D-glucopyranoside)
and MPP+ are illustrated in Figure 1(a). Cell Death
Detection ELISA Plus kit was from Roche Diagnostics
GmbH (Penzberg, Germany). Celltiter-blue Cell Viability
Assay was purchased from Promega (Madison, WI, USA).
Wortmannin, SP 600125, and SB 203580 were from
Calbiochem (Merck KGaA, Darmstadt, Germany). PD
98059 was obtained from Santa Cruz biotechnology (Santa
Cruz, CA, USA). Estrogen receptor (ER) alpha and beta
small interfering RNA (siRNA) were from Santa Cruz
biotechnology. Androgen receptor (AR) siRNA was from
Sigma-Aldrich. Phospho-Akt, Akt, phospho-p44/42 MAPK
(ERK1/2), ERK1/2, phospho-SAPK/JNK, SAPK/JNK, cas-
pase-3, and Bcl-xL antibodies were purchased from Cell
Signal Technology, Inc. (Beverly, MA, USA). Phospho-p38
MAPK and p38 MAPK antibodies were obtained from
Santa Cruz biotechnology. Dulbecco’s modified Eagle’s
medium (DMEM) was purchased from Sigma-Aldrich.
Fetal bovine serum (FBS) was obtained from Sanko Junyaku
Co., Ltd. (Tokyo, Japan). Horse serum (HS) was from
LifeTechnologies (Carlsbad, CA, USA).

2.2. Cells Culture and Treatments. Undifferentiated rat
pheochromocytoma PC12 cells were cultured in 75 cm2

tissue culture flasks (BD Falcon, CA, USA). Cells were
maintained in Dulbecco’s modified Eagle’s medium
(DMEM) containing 5% heat-inactivated FBS and 10% heat-
inactivated HS supplemented with 100 U/mL penicillin and
100 μg/mL streptomycin in a water-saturated atmosphere of
5% CO2 in air at 37 degrees centigrade. Cells were plated
in 60 mm dishes (for Western blot analysis) or 24-well
culture plate (for cell viability assay and apoptotic DNA
fragmentation assay) at a density of 0.5 × 106 cells/cm2 and
grown to 90% confluency. Cells were stabilized for 24 hours
in serum-free medium. Ginsenoside Rb1 Standard, MPP+,
ER alpha, beta, AR siRNA were added to PC12 cells for
indicated time described elsewhere.

2.3. Cell Viability Assay. Cell viability was assayed with
CellTiter-Blue Cell Viability Assay (Promega, Madison, WI,
USA). This assay evaluates metabolic capacity of viable cells
to reduce resazurin into resorufin, which is highly fluo-
rescent. Nonviable cells do not generate fluorescent signal

to lose ability to reduce resazurin. Assays were performed
according to the manufacturer’s instructions. Briefly, PC12
cells were seeded at a density of 0.5 × 106 cells/cm2 in
24-well plates and grown to 90% confluency. PC12 cells
were pretreated with or without 10−6 M ginsenoside Rb1 for
4 hours and then exposed to 10−4 M MPP for 24 hours.
After the incubation period, 20 μL CellTiter-Blue reagent
(highly purified resazurin) was added to each well. The plates
were incubated 37 degrees centigrade for 4–6 hours. The
amount of fluorescence was quantitated on Bio-Rad model
550 Microplate Reader (Bio-Rad Laboratories, Inc., Hercules,
CA, USA) at 590 nm.

2.4. Measurement of Apoptotic Cell Death (DNA Fragmen-
tation Assay). Apoptotic cell death was assayed with Cell
Death Detection ELISA plus (Roche Diagnostics GmbH,
Penzberg, Germany). This assay is a quantitative sandwich
enzyme immunoassay using mouse monoclonal antibodies
directed against DNA and histones, respectively, and eval-
uates cytoplasmic histone-associated DNA fragments after
induced cell death. Assays were performed according to
the manufacturer’s instructions. PC12 cells were seeded
at a density of 0.5 × 106 cells/cm2 in 24-well plates and
grown to 90% confluency. PC12 cells were pretreated with
or without 10−6 M ginsenoside Rb1 for 4 hours and then
exposed to 10−4 M MPP+ for 24 hours. The fluorescence was
recorded on Bio-Rad model 550 microplate reader (Bio-Rad
Laboratories, Inc., Hercules, CA, USA) at 405 nm. The final
absorbance was calculated by subtracting the absorbance of
the untreated cells and background value. Each sample was
analyzed in triplicate.

2.5. Western Blot Analysis. Cultured confluent monolayers
of cells were lysed in a buffer containing 20 mmol/L Tris-
HCl (pH 7.5), 150 mmol/L NaCl, 1 mmol/L EDTA, 1 mmol/L
EGTA, 1% Triton-X, 2.5 mmol/L sodium pyrophosphate,
1 mmol/L β-glycerophosphate, 1 mmol/L Na3VO4, 1 μg/mL
leupeptin, and 1 mmol/L PMSF. Total cell lysates containing
indicated amounts of protein were electrophoresed in 12.5%
SDS-PAGE and then transferred to polyvinylidene difluoride
(PVDF) membrane. The membranes were blocked with
5% defatted milk and were washed in phosphate-buffered
saline containing 0.1% Tween20 (TBST). The membranes
were incubated with anti-caspase-3 (1 : 1000 dilution),
anti-Bcl-xL (1 : 1000 dilution), anti-phosphospecific p38
MAPK (1 : 400 dilution), anti-p38 MAPK (1 : 400 dilution),
anti-phosphospecific SAPK/JNK (1 : 2000 dilution), anti-
SAPK/JNK (1 : 2000 dilution), anti-phosphospecific ERK1/2
(1 : 10000 dilution), anti- ERK1/2 (1 : 10000 dilution), anti-
phosphospecific Akt (1 : 1000 dilution), anti-Akt antibodies
(1 : 1000 dilution) overnight at 4 degrees centigrade. The
membranes were washed three times for 10 minutes each
in TBST, after which they were incubated for 1 hour
with anti-rabbit or anti-mouse IgG horseradish peroxidase
conjugated secondary antibodies (1 : 1000 dilution). The
membranes were washed three times for 20 minutes each in
TBST. Blots were developed using luminol chemiluminescent
substrate (LumiGLO Kirkegaard & Perry Laboratories, Inc.,
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Figure 1: (a) Structure of ginsenoside Rb1 and MPP+. (b) Protective effects of ginsenoside Rb1 on MPP+-induced cytotoxicity. PC12 cells
were pretreated with 10−6 M ginsenoside Rb1 for 4 hours and then exposed to 10−4 M MPP+ for 24 hours. The cell viability was expressed
as the percent (%) of vehicle value by resazurin reduction (CellTiter-Blue) assay. ∗P < 0.01 versus vehicle, ∗∗P < 0.05 versus MPP+ treated
group. (c) DNA fragmentation of PC12 cells induced by MPP+. PC12 cells were pretreated with 10−6 M ginsenoside Rb1 for 4 hours and
then exposed to 10−4 M MPP+ for 24 hours. The experimental values were normalized and presented as a percentage of the vehicle section.
The data represent means ± SD of three independent experiments. ∗P < 0.01 versus vehicle, ∗∗P < 0.05 versus MPP+ treated group. (d, e)
Representative blots illustrating the effects of ginsenoside Rb1 during MPP+ exposure on activation of caspase-3 and Bcl-xL in PC12 cells.
Cells were pretreated with 10−6 M ginsenoside Rb1 for 4 hours and then exposed to 10−4 M MPP+ for 24 hours.
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Figure 2: Antiapoptotic effect by ginsenoside Rb1 was abolished by ER alpha or beta siRNA but not by AR siRNA. Cells were transfected
with 10 nM ER-alpha or -beta siRNA using HiperFect transfection reagent in 1 mL transfection medium for two hours. Then 3 mL of culture
medium was added to each dish for another 22 hours. (a) The improvement of cell survival by ginsenoside Rb1 was abolished by ER alpha or
beta siRNA, but not by AR siRNA; ∗not significant, ∗∗P < 0.05. (b) The restraint of DNA fragmentation by ginsenoside Rb1 was abolished
by ER alpha or beta siRNA, but not by AR siRNA; ∗not significant, ∗∗P < 0.05.

Gaithersburg, MD, USA) and detected using photographic
film (KODAK Biomax Film).

2.6. Small Interfering RNA Transfection. siRNA-inhibited ER
alpha or beta were used separately. PC12 cells were seeded at
a density of 0.5 × 106 cells/cm2 in 60 mm dishes and grown
to 60% confluency in nonantibacterial medium. Then cells
were transfected with 10 nM ER alpha or beta siRNA using
HiperFect transfection reagent (Qiagen) in 1 mL transfection
medium (Santa Cruz). Two hours later, 3 mL of culture
medium was added to each dish for another 22 hours.
Knockdown effect was assessed by Western blot using ER
alpha or beta antibodies.

2.7. Statistical Analysis. Data are expressed as mean ± S.D.
values. Statistical significance was assessed by the one-way
analysis of variance (ANOVA). Probability values less than
0.05 were considered statistically significant.

3. Results

3.1. Ginsenoside Rb1 Affords Neuroprotective Effect against
MPP+-Induced Cytotoxicity in PC12 Cells. Cell viability
decreased to 65% of vehicle in cells exposed to 10−4 M MPP+

for 24 hours. Ginsenoside Rb1 significantly improved cell
viability in MPP+-treated PC12 cells (Figure 1(b)). We also
assayed DNA fragmentation. PC12 cell apoptosis induced
by MPP+ was significantly attenuated by treatment with
ginsenoside Rb1 (Figure 1(c)).

3.2. Ginsenoside Rb1 Induces Downregulation of Caspase-3
and Upregulation of Bcl-xL. The activities of caspase-3 and

Bcl-xL were determined by Western blot analysis. The Bcl-
2 family member Bcl-xL is related to apoptosis resistance
by heterodimerization with an apoptotic protein to inhibit
its apoptotic effect and by its direct pore-forming effect
on the outer membrane of mitochondria to help maintain
a normal membrane state under stress conditions [14–
17]. When PC12 cells were treated with ginsenoside Rb1
alone, the activity of caspase-3 was less than that seen in
vehicle. Exposure to MPP+ increased the activity of caspase-
3 compared to vehicle. Treatment with ginsenoside Rb1
reduced the activity of caspase-3 in MPP+-treated PC12 cells
(Figure 1(d)). When treated with ginsenoside Rb1 alone,
PC12 cells showed greater activity of Bcl-xL than that seen
in vehicle. MPP+ reduced the activity of Bcl-xL compared
to vehicle and addition of both MPP+ and ginsenoside Rb1
increased the activity of Bcl-xL compared to MPP+ alone
group (Figure 1(e)).

3.3. Antiapoptotic Effect by Ginsenoside Rb1 Was Abolished
with Estrogen Receptor Alpha or Beta siRNA, but Not with
Androgen Receptor siRNA. In order to investigate which
steroid receptors would be involved in the Rb1-mediated
antiapoptotic action, PC12 cells were transfected with 10 nM
ER alpha or beta siRNA using HiperFect transfection reagent
in 1 mL transfection medium for two hours. Then 3 mL
of culture medium was added to each dish for another 22
hours. PC12 cells were treated with 10−6 M ginsenoside Rb1
for 4 hours prior to exposing PC12 cells to 10−4 M MPP+ for
24 hours. The results showed that the improvement of cell
survival or the restraint of DNA fragmentation induced by
ginsenoside Rb1 was abrogated by ER alpha or beta siRNA
but not by AR siRNA (Figures 2(a) and 2(b)).
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Figure 3: (a) Time course during ginsenoside Rb1 exposure in PC12 cells to phosphorylation of Akt, ERK1/2, SAPK/JNK, or p38 MAPK by
Western blot. (b) Time course of phospho-p38 MAPK, phospho-SAPK/JNK, phospho- ERK1/2, or phospho-Akt protein expression during
MPP+ exposure in PC12 cells by Western blot. Total protein expression of p38 MAPK, SAPK/JNK, ERK1/2, or Akt was also shown. (c)
Effects of ginsenoside Rb1 in MPP+-mediated apoptotic signaling. PC12 cells were pretreated with 10−6 M ginsenoside Rb1 for 1hour and
then exposed to 10−4 M MPP+ for 30 minutes. Total protein expression of p38 MAPK, SAPK/JNK, ERK1/2, Akt are also shown. (d) Effects
of wortmannin, PD 98059, SB 203580, or SP 600125 on DNA fragmentation assay. PC12 cells were pretreated with 10−7 M wortmannin,
10−5 M PD 98059, 10−5 M SB 203580, or 10−5 M SP 600125 for 1 hour before the addition of 10−6 M ginsenoside Rb1 for 4 hours and then
exposed to 10−4 M MPP+ for 24 hours. The experimental values were normalized and presented as a percentage of the vehicle section. The
data represent means ± SD of three independent experiments. ∗P < 0.05 versus MPP+ treated group, ∗∗P < 0.05 versus MPP+ and Rb1
treated group.
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3.4. Ginsenoside Rb1 Activates the Phosphorylation of Akt,
ERK1/2 and Inactivates the Phosphorylation of SAPK/JNK,
P38 MAPK. Phosphorylation levels of Akt at serine 473
and ERK1/2 at Thr 202/Tyr 204 were increased and those
of SAPK/JNK at Thr 183/Tyr 185 and p38 MAPK at Tyr
182 were reduced within 2 hours after exposure to 10−6 M
ginsenoside Rb1 in PC12 cells (Figure 3(a)). Levels of the
phosphorylated form of SAPK/JNK or p38 MAPK were
increased and those of the phosphorylated forms of Akt
or ERK1/2 were reduced within 1hour by MPP+ treatment
(Figure 3(b)). The results in Figure 3(c) showed the effect
of ginsenoside Rb1 on MPP+-mediated apoptotic signaling.
Ginsenoside Rb1 reduced phosphorylated protein expression
of SAPK/JNK or p38 MAPK and increased phosphorylated
protein expression of Akt or ERK1/2.

Levels of DNA fragmentation were increased by wort-
mannin (a specific and direct inhibitor of PI3 kinase) or
PD 98059 (a highly selective inhibitor of MEK1) while it
were decreased by SB 203580 (a highly specific p38 MAPK
inhibitor) or SP 600125 (an inhibitor of JNK) in MPP+

treated PC12 cells (Figure 3(d)).

3.5. Estrogen Receptor Is Involved in Ginsenoside Rb1-Induced
Activation of Akt, ERK1/2 and Inactivation of SAPK/JNK,
p38 MAPK. In order to investigate which receptors could
be involved in the ginsenoside Rb1-mediated changes in
the apoptotic signaling, we used siRNA to knock down
gene expression of ER alpha or beta. The increase of
phosphorylated forms of Akt, ERK1/2 and the decrease of
phosphorylated SAPK/JNK, p38 MAPK induced by gin-
senoside Rb1 were significantly abrogated by suppressing
expression of ER alpha or beta (Figure 4).

4. Discussion

Ginsenosides with a few exceptions share a similar basic
structure, consisting of a saturated 1, 2-cyclopentanoperhy-
drophenanthrene (sterane or gonane) steroid nucleus [18].
The potential health effects of ginsenosides include anticar-
cinogenic, immunomodulatory, anti-inflammatory, antial-
lergic, antiatherosclerotic, antihypertensive, and antidiabetic
effects, as well as antistress activity and effects on the
central nervous system [18]. Although the extracts from
fresh or processed P. ginseng have been extensively tested for
their pharmacological effects, the precise biological functions
and underlying action mechanisms of pure molecules from
ginseng extract are still largely unknown [19].

In this paper we have demonstrated that purified
ginsenoside Rb1 has a neuroprotective effect on MPP+-
induced apoptosis. Ginsenoside Rb1 inhibited MPP+-
induced caspase-3 activation and cell DNA fragmentation. It
also activated Bcl-xL in MPP+-treated PC12 cells.

Interestingly, the antiapoptotic effect by ginsenoside Rb1
was abolished by ER siRNA but not by AR siRNA.

Ginsenosides (except Ro) belong to a family of steroids
named steroidal saponins [20]. It has been demonstrated
that ginsenoside Rb1 acts both as phytoestrogen [21–23]
and as phytoandrogen [24]. The brain is a highly estrogen
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Figure 4: Estrogen receptor involvement in p38 MAPK, SAPK/JNK,
ERK1/2, or Akt phosphorylation induced by ginsenoside Rb1 in
MPP+-treated PC12 cells. Cells were transfected with 10 nM ER-
alpha or -beta siRNA using HiperFect transfection reagent in 1 mL
transfection medium for two hours. Then 3 mL of culture medium
was added to each dish for another 22 hours.

responsive tissue where estrogens induce several beneficial
actions [25]. Our data indicates that ginsenoside Rb1
possesses estrogenic properties in PC12 cells, suggesting that
ginsenoside Rb1 acts as a phytoestrogen in neural tissue.

Accumulating reports provide the evidence that phos-
phorylation of SAPK/JNK, p38 MAPK serves as a proapop-
totic factor and phosphorylation of ERK1/2, Akt acts as
a cell survival factor [6, 13, 26–29]. In this paper, we
have demonstrated that the ginsenoside Rb1-induced neu-
roprotective effects were mediated through the reduction
in phosphorylated SAPK/JNK, p38 MAPK and the increase
in phosphorylated protein of Akt, ERK1/2. The increased
phosphorylation of ERK/1/2 or Akt was abrogated by ER
alpha or beta siRNA but was not affected by AR siRNA.
Ginsenoside Rb1-induced inhibition of SAPK/JNK or p38
MAPK phosphorylation was also abolished by ER alpha
or beta siRNA but not by AR siRNA. Taken together,
our findings suggest that ginsenoside Rb1 protects PC12
cells from caspase-3-dependent apoptosis induced by MPP+

through stimulation estrogen receptor alpha and beta with
the consequent activation of ERK1/2 or Akt and the inhibi-
tion of SAPK/JNK or p38 MAPK.

In this study, we have used both DNA fragmentation
and caspase activity for measurements of apoptotic cell
death, however other specific assays including Terminal
deoxynucleotidyl transferase dUTP nick end labeling assay
would be required further to confirm the conclusions.

Liu et al. previously demonstrated the absorption and
disposition of ginsenosides after oral administration of
Panax notoginseng extract to rats [30]. According to their
reports, the maximal plasma concentrations of the ginseno-
side Rb1 were 1000 to 1200 nM after oral administration
of Panax notoginseng extract within 6 to 10 hours. In our
studies, ginsenoside Rb1 showed significant neuroprotective
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effects at concentrations of 10−6 M. Plasma concentration of
10−6 M ginsenoside Rb1 has been retained after usual dose of
ginseng in human, suggesting a possible mechanism of action
by which ginseng has exerted its pharmacological effects in
traditional Chinese medicine [1–5].
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This study investigated the effect of cyanidin-3-O-β-glucoside on an experimental model of partial/transient cerebral ischemia
in the rats in order to verify the effectiveness of both pre- and posttreatments. Cyanidin-3-O-β-glucoside-pretreated rats were
injected with 10 mg/Kg i.p. 1 h before the induction of cerebral ischemia; in posttreated rats, the same dosage was injected during
reperfusion (30 min after restoring blood flow). Cerebral ischemia was induced by bilateral clamping of common carotid arteries
for 20 min. Ischemic rats were sacrificed immediately after 20 min ischemia; postischemic reperfused animals were sacrificed after
3 or 24 h of restoring blood flow. Results showed that treatment with cyanidin increased the levels of nonproteic thiol groups after
24 h of postischemic reperfusion, significantly reduced the lipid hydroperoxides, and increased the expression of heme oxygenase
and γ-glutamyl cysteine synthase; a significant reduction in the expression of neuronal and inducible nitric oxide synthases
and the equally significant increase in the endothelial isoform were observed. Significant modifications were also detected in
enzymes involved in metabolism of endogenous inhibitors of nitric oxide. Most of the effects were observed with both pre- and
posttreatments with cyanidin-3-O-β-glucoside suggesting a role of anthocyanin in both prevention and treatment of postischemic
reperfusion brain damage.

1. Introduction

Cerebral ischemia is defined as a condition where the
brain or its parts do not receive enough blood flow
to maintain normal neurological function. This causes
metabolic changes and possibly cellular death. Restoration
of blood flow, although necessary for brain survival, could
lead to excessive reactive oxygen species (ROS) formation
and nitric oxide synthase (NOS) activation with resulting
oxidative/nitrosative stress. Thus, cerebral ischemia and
reperfusion can produce neuronal damage triggering a
complex series of biochemical events that affect structure and
function of brain.

Mechanisms implicated in neuronal death are complex
and multifactorial, also involving intracellular Ca++ overload
with consequent activation of nitric oxide synthase (NOS),

the enzyme that catalyses the synthesis of nitric oxide (NO),
a small reactive gas acting both as a signalling molecule
and a neurotoxin [1–4]. Several experimental evidence
demonstrated a dual role for NO following an ischemic
episode [5–7]; in fact, it can exert detrimental and beneficial
effects depending on several factors such as the isoform of
NOS involved, the amount of NO released, the time and
the site of NO production. To this regard, NO produced by
endothelial NOS (eNOS) immediately after ischemic attack,
promoting vasodilatation, may play a protective role. Later,
when overactivation of neuronal NOS (nNOS) and de novo
expression of inducible NOS (iNOS) occur, the contribution
of NO to brain damage becomes relevant.

An increasing number of reports in the literature indicate
that endogenously produced inhibitors of NOS, particularly
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asymmetric dimethylarginine (ADMA), regulate NO gener-
ation, and then may be implicated in the pathophysiology
of several disorders [8–12]. The major pathways for ADMA
elimination are via renal clearance and via metabolism to
L-citrulline by the intracellular enzymes dimethylarginine
dimethylaminohydrolase (DDAH 1 and DDAH 2) and
it is increasingly apparent that metabolism of ADMA is
highly regulated [13]. Thus, regulation of DDAHs might
represent a novel mechanism by which ADMA levels can
be modulated to regulate NO generation and to evaluate
possible therapeutical options [14].

Although the pathobiological mechanisms of ischemia/
reperfusion injury are multifactorial, oxidative stress seems
to represent the common final path [15]. Recently, intense
interest has focused on the antioxidant properties of natural
products. In particular, natural products may act by prevent-
ing the free radical generation, neutralizing free radicals by
nonenzymatic mechanisms, and/or by enhancing the activity
of endogenous antioxidants [16] such as stress-inducible
proteins.

Heme oxygenase (HO) (EC 1.14.99.3) is a microso-
mal enzyme that oxidatively cleaves heme and produces
biliverdin, carbon monoxide (CO) and iron [17]. To date,
two isoforms of HO have been identified: HO-1, or inducible
enzyme, and HO-2 or constitutive isoform [17–21]. A sub-
stantial body of evidence demonstrates that HO-1 induction
represents an essential step in cellular adaptation to stress
subsequent to pathological events [13, 22–25]; then HO-1
hyper-expression can be considered both a marker of cellular
stress and also regarded as a potential therapeutic target in a
variety of oxidant-mediated diseases [26].

Recently it has been reported that polyphenolic natural
compounds are able to induce potently HO-1 expression,
exercising protective effects [27–29]. As a consequence, the
beneficial actions attributed to several natural substances
could be also due to their intrinsic ability to activate the HO-
1 pathway [27–29]. The list of natural compounds acting
as antioxidants includes anthocyanins, a widespread group
of water-soluble plant constituents collectively known as
flavonoids.

Cyanidin-3-O-β-D-glucoside (C3G) is a natural com-
pound whose antioxidant, anti-inflammatory, and iron-
chelating properties have been demonstrated in numerous
studies using several methods, both in vivo and in vitro [30–
33].

The present in vivo study was performed to verify
whether the treatment with C3G is able to counteract oxida-
tive stress induced by postischemic reperfusion and if its
effect may be mediated by HO-1. In addition, the possibility
of an interference of C3G on DDAH/NOS pathway was also
tested.

2. Material and Methods

2.1. Animals. Male Wistar rats (100–120 g b.w.) were fed a
certified balanced diet and kept in temperature (20 + 1◦C)
and humidity (50%) controlled rooms, caged with raised
floors of wide mesh. The animals were deprived of food

for 12 hours before experiment but allowed free access to
water. All the experimental procedures reported in this study
were approved by the Animal Care and Use Committee of
University of Catania, Italy (approval number 037, prot.
37394 TIT cc VIII/2).

2.2. Experimental Protocols. For experiments, animals were
anaesthetized by ethyl urethane (1.2 g/kg b.w., i.p.); cerebral
ischemia was induced by bilateral clamping of common
carotid arteries for 20 min. The induction of ischemia was
confirmed by measuring lactate levels. A lot of untreated,
sham-operated animals was used as control. C3G-pretreated
and post-treated sham-operated rats were also included in
the experimental protocol. Sham-operated animals did not
undergo ischemia and reperfusion: they were anesthetized,
their skin was incised, and the carotid arteries were exposed,
but not occluded. All the animals were sacrificed by injection
of an overdose of anaesthetic. Rats were randomly divided
into 3 groups: (a) saline-treated animals, (b) C3G-pretreated
rats, and (c) C3G posttreated rats. C3G-pretreated rats were
injected with 10 mg/Kg intraperitoneal (i.p.) 1 h before the
induction of cerebral ischemia; in C3G post-treated rats
the same dosage of C3G was injected during reperfusion
(30 min after restoring blood flow). These times were chosen
according to data reported in literature about plasma con-
centrations of C3G after i.p. administration [34]. Ischemic
rats were sacrificed immediately after 20 min of bilateral
clamping of carotids; animals subjected to postischemic
reperfusion were sacrificed after 3 or 24 h restoring blood
flow. Since ischemic rats were sacrificed immediately after
20 min ischemia, we could not administer the cyanidin
30 min after restoring blood flow.

2.3. Survival Rate. Percentage of survival was determined by
keeping 30 animals, submitted to experimental procedure of
20 min partial cerebral ischemia, under observation for 24
hours. A group of saline-treated, ischemic rats were used as a
reference. A lot of sham-operated (both saline- and C3G-pre
and posttreated) animals were regarded as control group.

All brains were rapidly removedin a cold room, frozen
at −80◦C and processed for biochemical analysis within 3
days. Brain tissue was homogenized in 9 volumes of the
cold proper buffer. Aliquots of homogenate of each sample
were used for determining brain levels of lactate, non proteic
thiol groups (RSH) and lipid peroxide (LOOH), for the
evaluation of heme oxygenase (HO-1) by specific enzyme-
linked immunosorbent assay (ELISA) kit, for expression of
γ-glutamyl cysteine synthase (γ-GCS), endothelial, neuronal,
and inducible nitric oxide synthetases (eNOS, nNOS, and
iNOS, resp.), DDAH-1 and DDAH-2 by western blot (WB),
and for determination of DDAH activity. Results of WB were
normalized to β-actin and expressed as Arbitrary Units (AU).
Protein content was determined by Lowry’s method [35].

2.4. Lactate Level Determination. For the determination of
the lactate levels the tissue was homogenized in 20 mM
glycylglycine buffer, pH 10, containing 70 mM glutamate;
the homogenate was deproteinized by 4% HClO4 (final
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concentration); the spectrophotometric assay was performed
following NADH formation at λ = 340 nm using Noll’s
method [36].

2.5. Nonproteic Thiol Group Determination. Cerebral levels
of non proteic thiol groups (RSH) were measured in 200 μL
of brain homogenate using a spectrophotometric assay
based on the reaction of thiol groups with 2,2-dithio-bis-
nitrobenzoic acid (DTNB) at λ = 412 nm (εM = 13,600) [37].
Results are expressed as nmoles/mg proteins + S.D.

2.6. Determination of Lipid Hydroperoxide Levels. The lev-
els of lipid hydroperoxides were evaluated following the
oxidation of Fe+2 to Fe+3 in the presence of xylenol
orange at λ = 560 nm [38]. The assay mixture contained,
in a total volume of 1 mL: 100 μL of brain homogenate,
100 μM xylenol orange, 250 μM ammonium ferrous sulfate,
90% methanol, 4 mM butylated hydroxytoluene, 25 mM
H2SO4. After 30 min incubation at room temperature, the
absorbance at λ = 560 nm was measured using a U2000
Hitachi spectrophotometer (Tokyo, Japan). Calibration was
obtained using hydrogen peroxide (0.2–20 μM). Results are
expressed as nmoles/mg proteins + S.D.

2.7. Determination of HO-1 by ELISA. For the determination
of HO-1 protein content, 100 μL of brain homogenates were
assayed by enzyme-linked immunosorbent assay (ELISA)
[39] (Stressgen, VIC, Canada), according to manufacture’s
instructions. Results are expressed as pg/mg protein + S.D.

2.8. Western Blotting. Brain homogenates were collected for
western blot analysis and protein levels were visualized
by immunoblotting with antibodies against γ-GCS, nNOS,
eNOS, iNOS, DDAH-1, or DDAH-2. Briefly, aliquots of
homogenate containing 50 μg of proteins were separated by
sodium dodecyl sulfate/polyacrylamide gel electrophoresis
and transferred to a nitrocellulose membrane. In order
to block nonspecific binding sites, the membranes were
incubated overnight with 5% nonfat dry milk in 10 mM
Tris-HCl (pH 7.4), 150 mM NaCl, 0.05% Tween 20 (TBST)
buffer at 4◦C. After washing with TBST, the membranes
were incubated with a 1 : 1000 dilution of anti-DDAH-1,
DDAH-2, or anti γ-GCS antibodies, and with 1 : 500 dilution
of anti-eNOS, iNOS or n-NOS for 12 hours at 4◦C with
constant shaking. The filters were then washed and sub-
sequently probed with horseradish peroxidase-conjugated
anti-rabbit for γ-GCS, eNOS, nNOS, and iNOS at a dilution
of 1 : 20000, anti-goat for DDAH-1, and DDAH-2 at a
dilution of 1 : 10000. Detection was performed using an
Enhanced Chemiluminescence Detection kit according to
the manufacturer’s instructions. Results are expressed as
Arbitrary Units (AU) normalized with β-actin.

2.9. DDAH Activity Assay. Brain homogenates were cen-
trifuged at 5000 xg for 60 min at 4◦C and supernatants were
collected for DDAH activity assay, performed by determining
L-citrulline formation in 96-well microtiter plate, according
to Knipp’s method [40]. Results are expressed as units/mg
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Figure 1: Effect of pre- and posttreatment with C3G on RSH
levels in rat brain during ischemia/reperfusion injury. Each value
represents the mean of 10 samples in triplicate with standard
deviations represented by vertical bars. ∗P < 0.005 with respect to
sham, untreated rats; ∗∗P < 0.001 with respect to untreated rats,
same reperfusion time.
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Figure 2: Effect of pre- and posttreatment with C3G on LOOH
levels in rat brain during ischemia/reperfusion injury. Each value
represents the mean of 10 samples, in triplicate, with standard
deviations represented by vertical bars. ∗P < 0.001 with respect to
sham, untreated rats; ∗∗P < 0.001 with respect to untreated rats,
same reperfusion time.

protein + S.D. One unit of enzyme activity was defined as the
amount of enzyme catalyzing the formation of one mmol L-
citrulline/min at 37◦C.

2.10. Protein Assay. Protein content was evaluated according
to the method of Lowry [35].

3. Statistical Analysis

One-way analysis of variance (ANOVA) followed by Bonfer-
roni’s t-test was performed in order to estimate significant
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Figure 3: Effect of pre- and posttreatment with C3G on HO-1
protein content; ∗P < 0.001 versus sham; ∗∗P < 0.001 with respect
to untreated rats.

differences among groups. Data were reported as mean val-
ues ± S.D. and differences between groups were considered
to be significant at P < 0.005.

4. Results

As already reported in our previous studies, this experimen-
tal procedure allowed the induction of cerebral ischemia [41–
48]; in fact a significant increase in lactate levels was found
in ischemic animals compared to sham-operated controls
(sham-operated: 22.84 ± 3,42 nmol/mg prot, ischemic ani-
mals: 72.15± 2.89 nmole/mg prot. Each value represents the
mean ± SD of 10 animals; P < 0.001).

Figure 1 reports RSH levels in brain tissues of rats
submitted to our experimental conditions of partial cerebral
ischemia and subsequent reperfusion, both in saline-treated
animals and in C3G pre- or posttreated rats. No significant
change was observed in saline-treated rats after 20 min
ischemia or after 3 h postischemic reperfusion respect to
sham-operated animals; after 24 h postischemic reperfusion,
brain RSH levels underwent to a significant 23% reduction
with respect to sham-operated animals. The same figure
also shows results obtained in C3G-treated animals; in
sham operated animals, C3G administration induces a
significant increase in RSH levels with respect to untreated
rats. However, C3G treatment was not able to induce
significant modifications in RSH levels in ischemic rats or
after 3 h postischemic reperfusion. Significant differences in
brain RSH levels are evident after prolonged postischemic
reperfusion; in fact, after 24 h postischemic reperfusion,
C3G-pretreated rats showed higher RSH levels with respect
to untreated animals; however C3G resulted less efficient in
maintaining RSH levels when administered after ischemic
event (posttreatment).

Figure 2 reports LOOH levels; in saline-treated animals
a significant decrease of such oxidative stress marker is
evident after 20 min ischemia and after 3 h postischemic
reperfusion. These results can be explained considering
the need of oxygen for LOOH formation. Following 24 h
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Figure 4: Effect of pre- and posttreatment with C3G on γ-GCS
expression; densitometric analysis was performed after normal-
ization with β-actin (S.D. is represented by vertical bars). Blots
shown are representative of Western blot analysis from 4 separate
experiments; ∗P < 0.001 versus sham-operated animals; ∗∗P <
0.005 with respect to untreated rats, same time of reperfusion.

postischemic reperfusion LOOH levels are similar to those
observed in sham-operated rats. C3G treatment significantly
reduces LOOH levels in sham-operated animals; however,
after 20 min ischemia or after 3 h postischemic reperfusion,
neither pretreatment nor posttreatment with C3G induced
significant differences with respect to untreated rats. By
contrast after 24 h postischemic reperfusion, C3G efficiently
contrasted lipid peroxidation; in fact, LOOH levels resulted
significantly decreased in C3G-treated animals when com-
pared to untreated rats.

Results regarding HO-1 content are reported in Figure 3.
In untreated animals a significant increase in HO-1 is
evident after 24 h postischemic reperfusion. C3G treatment
caused a significant increase in HO-1 levels in sham-operated
rats, whilst no significant difference was observed between
untreated and C3G-treated animals, neither after 20 min
ischemia nor after 3 h postischemic reperfusion. The HO-1
inducing effect of C3G is evident in brains of rats pretreated
with C3G and submitted to 24 h postischemic reperfusion;
in fact, as shown in Figure 3, when C3G is injected before
ischemic insult, it increased HO-1 expression following 24 h
reperfusion. This effect was not evident when C3G was
administered after the ischemic injury.

No significant change in γ-GCS was observed in the
brain of saline-treated rats submitted to our experimental
conditions of cerebral ischemia and reperfusion (Figure 4).
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Figure 5: iNOS in whole brain homogenate after ischemia-
reperfusion—effect of pre- and posttreatment with C3G. Protein
levels were visualized by immunoblotting with antibody against
iNOS. Densitometric analysis was performed after normalization
with β-actin (S.D. is represented by vertical bars). Blots shown are
representative of western blot analysis from 4 separate experiments.
∗P < 0.001 versus sham, ∗∗P < 0.0001 with respect to untreated
rats, same time of reperfusion.

The same figure also shows the effect of C3G treatment: in
sham operated C3G-injected animals a significant decrease
in γ-GCS expression was observed with respect to untreated
animals; however the same pretreatment resulted in a gradual
and significant increase following ischemia and subse-
quent reperfusion particularly. The posttreatment with C3G
induced a significant increase in enzyme expression after 3 h
of reperfusion; following 24 h postischemic reperfusion the
enzyme expression was similar to that observed in saline-
treated animals at the same reperfusion time.

Results regarding iNOS expression in brains of rats
underwent our experimental conditions of partial and
transient cerebral ischemia are reported in Figure 5; iNOS
is expressed in untreated, both sham-operated and ischemic
animals. After 3 h and 24 h postischemic reperfusion a
significant increase in iNOS expression was observed. The
same figure also shows results concerning the effects of C3G
treatment. As it can be seen, C3G pretreatment caused a
significant reduction of iNOS expression which is evident
both in sham-operated and in ischemic or postischemic
reperfused rats. Similar results were obtained when C3G was
injected after ischemic insult.

The expression of the neuronal isoform of nitric oxide
synthase is reported in Figure 6. In brains of untreated ani-
mals the expression of this protein is significantly augmented
following 24 h reoxygenation compared to sham-operated
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Figure 6: nNOS in whole brain homogenate after ischemia-
reperfusion—effect of pre- and posttreatment with C3G. Protein
levels were visualized by immunoblotting with antibody against
nNOS. Densitometric analysis was performed after normalization
with β-actin (S.D. is represented by vertical bars). Blots shown are
representative of western blot analysis from 4 separate experiments.
∗P < 0.0001 versus sham-operated animals, ∗∗P < 0.001 versus
untreated rats, same time of reperfusion.

rats. The same figure also reports the effect of C3G treatment
on the expression of nNOS: no significant difference was
observed between saline- and C3G-treated animals either
after 20 min ischemia or after 3 h reperfusion. More relevant
changes in nNOS expression were observed after 24 h
postischemic reperfusion, when both pre- and posttreatment
with C3G significantly decreased nNOS expression.

The pattern of eNOS expression, reported in Figure 7,
showed a significant decrease in untreated animals following
20 min ischemia and after 3 or 24 h reperfusion. C3G
treatment induced a significant increase in eNOS expression
in sham-operated animals; however, only the pretreatment
was able to maintain high levels of expression of eNOS after
ischemia and 3 or 24 h reperfusion; in fact, C3G posttreated
rats showed eNOS levels similar to those observed in
untreated animals.

Western blot analysis of cerebral contents in DDAH-1
evidenced that this protein was poorly modified under our
experimental conditions of cerebral postischemic reperfu-
sion. In fact, as shown in Figure 8, no significant change
in DDAH-1 levels was observed in saline-treated animals
between sham-operated and ischemic, 3 h or 24 h postis-
chemic reperfused rats. C3G both pre- and posttreatment
induced a significant increase in DDAH-1 expression with
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Figure 7: Effect of pre- and posttreatment with C3G on eNOS
expression. Densitometric analysis was performed after normal-
ization with β-actin (S.D. is represented by vertical bars). Blots
shown are representative of Western blot analysis from 4 separate
experiments; ∗P < 0.001 versus sham; ∗∗P < 0.001 with respect to
untreated rats.

respect to saline-treated rats. Highest levels of DDAH-1 were
observed in brains of rats C3G-pretreated and reperfused for
24 hs.

Very relevant resulted the changes observed in DDAH-
2 expression and reported in Figure 9. In untreated rats,
DDAH-2 expression significantly increased after 3 h reper-
fusion and then trended to reduce again to control values.
C3G treatment caused a significant DDAH-2 reduction in
sham-operated animals and this trend was also kept under
ischemia/reperfusion conditions, both following pretreat-
ment and post-injection with C3G.

Results regarding the determination of DDAH activity
are reported in Figure 10: the pattern resembles DDAH-2
expression, both in untreated and in C3G-treated animals.

The administration of C3G significantly increased the
survival rate of rats, both if administered before and after
ischemic injury (Figure 11). In sham-operated rats, both
untreated and C3G-treated the survival rate was 100%
(Figure 11).

5. Discussion

Stroke represents one of the major causes of death or
invalidity in developed countries. In most cases, stroke
results from the obstruction of blood flow in a major cerebral
vessel. Understanding biochemical mechanisms involved in
brain damage subsequent to ischemic injury is crucial for
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Figure 8: Effect of pre- and posttreatment with C3G on DDAH-
1 expression. Densitometric analysis was performed after normal-
ization with β-actin (S.D. is represented by vertical bars). Blots
shown are representative of Western blot analysis from 4 separate
experiments; ∗P < 0.005 with respect to untreated group.

developing new therapies. After ischemic insult, neuronal cell
death proceeds through a mixture of mechanisms including
excitoxicity, apoptosis, inflammation and oxidative stress
[15]. The occurrence of this cascade of events was also
demonstrated under in vivo experimental conditions of par-
tial and transient cerebral ischemia in rats and was indirectly
confirmed by protective effects observed following treatment
with drugs acting with different molecular mechanisms
[41–46]. Over recent years, neuroscientists have acquired
a considerable body of evidence to support the fact that
the mammalian brain can adapt to injurious insults such
cerebral ischemia, thus increasing the chances of survival
[47, 48]. So, sublethal ischemic insults may protect tissues
from subsequent insults. This phenomenon is known as
preconditioning or ischemic tolerance (also defined as a
short, sublethal ischemic episode that activates endogenous
mechanisms able to protect organs or tissues from further
longer and more severe episodes of ischemia); while it
would be dangerous and impractical to precondition at-
risk patients with ischemia, elucidation of the endogenous
cell survival pathways involved in ischemic tolerance has
many clinical implications and may lead to new therapeutic
strategies. HO-1 (also known as stress protein HSP32)
can be over-expressed in many tissues following stressful
stimuli including hypoxia, hyperoxia, ischemia-reperfusion,
and a wide range of conditions characterized by alteration
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Figure 9: Effect of pre- and posttreatment with C3G on DDAH-
2 expression. Densitometric analysis was performed after normal-
ization with β-actin (S.D. is represented by vertical bars). Blots
shown are representative of western blot analysis from 4 separate
experiments; ∗P < 0.001 versus untreated, sham operated rats;
∗∗P < 0.001 versus untreated group.

of the cellular redox state [22, 28, 49–55]. HO-1 expres-
sion might represent an important protective endogenous
mechanism; in this regard, induction of this enzyme has
shown beneficial effects in several pathological conditions
[56, 57]. In this context, pharmacologic modulation of HO-
1 system may represent an effective strategy to intervene in
several pathologic conditions but it is important to induce
HO-1 expression without causing cell damages. Recently
the ability of several natural antioxidants to induce HO-1
has been reported [27, 58–62]. The anthocyanin are part
of the widespread group of plant constituents, collectively
known as flavonoids. Cyanidin-3-O-β-glucoside, also known
as kuromanin, is probably the best known and most
investigated cyanidin-glycoside. There are several reports
mentioning beneficial effects of C3G, such as prevention of
LDL oxidation, cardiovascular diseases, inflammation and
obesity, vascular failure, and myocardium damage, besides
the well-known free radical-scavenging activity [32, 63–71].
Results obtained in the present study confirmed antioxidant
properties of C3G and also suggested that it was not merely
attributable to its antioxidant activity.

Interestingly, the effect of C3G treatment on γ-GCS
expression seemed to be related to cellular needs; in fact,
the significant reduction in γ-GCS expression observed in
C3G-treated sham-operated animals suggested that under
physiological condition the antioxidant activity of C3G made
cells adequately protected from oxidant; however, the same
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treatment was able to induce significant increases in γ-
GCS in animals underwent to ischemic/reperfusion damage
thus enhancing glutathione (GSH) levels and their defences
against oxidative stress.

Our previous studies, carried out on the same exper-
imental model of partial and transient cerebral ischemia,
indicated that the environment of injured neurons seemed
to determine the ability of axons to regenerate after injury
[47, 72]. To this regard, endogenous mediators affecting
vasculature such as endothelium-derived NO, inducing
smooth muscle relaxation and then vasodilatation of brain
vessels, might improve tissue perfusion, attenuating the
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ischemic insult and promoting functional recovery of the
infarcted brain area. Consequently, upregulation of eNOS
may serve a protective role by facilitating the maintenance
of cerebral blood flow and promoting revascularisation
after an ischemic insult. Here reported data demonstrated
that C3G treatment was able to induce e-NOS expression
both in sham-operated animals and in ischemic/reperfused
rats (although pretreatment had more efficient results). In
addition it has to be noted that C3G treatment evoked other
very important effects on NO pathway. Large amounts of
NO produced by nNOS and iNOS contribute to metabolic
deterioration and adversely affect the ischemic brain. Results
obtained in the present study demonstrated the ability
of C3G administration to significantly decrease iNOS and
nNOS expressions. One of the more relevant effects of C3G
treatment in postischemic reperfusion brain damage was
probably due just to its ability to discriminate between
endothelial or inducible/neuronal NOS isoforms. Numerous
reports in the literature indicated that endogenously pro-
duced inhibitors of NOS, particularly ADMA, regulate NO
generation [14, 73, 74]; ADMA levels, in turn, are highly
regulated by DDAH enzymes, which are responsible for
ADMA metabolism. Thus, activation or hyperexpression of
DDAHs, resulting in enhanced catabolism of the endoge-
nous NOS inhibitor ADMA, lead to increased amounts of
NO. Conversely, specific inhibitors of DDAH activity or
expression induce an accumulation of the inhibitor and then
smaller amounts of NO.

Results obtained in the present study evidenced no
significant change in DDAH-1 expression in untreated,
ischemic/reperfused rats. In the same experimental group
the observed changes in enzymatic activity appeared to be
mainly due to DDAH-2isoform. In fact enzyme activity
showed the same trend of DDAH-2 expression, both in
untreated and in C3G-injected rats. In this regard, particu-
larly interesting was the significant decrease observed both
in DDAH-2 expression and DDAH activity of C3G-treated
rats. Given the pleiotropic effect of NO during cerebral
ischemia, DDAH has the potential to regulate all the effects
of NO through modulation of ADMA levels. Another equally
relevant result was that cyanidin was able to produce its
effects even when administered after ischemic insult, not only
when given before ischemia.

The ability of C3G to inhibit DDAH activity and expres-
sion, along with the capacity to selectively affect different
NOS isoforms strongly suggested an important therapeutic
role of this anthocyanin also confirmed by the significant
increase in survival rate, observed both in C3G -pretreated
and post-treated rats. The multiplicity of effects observed
in C3G-treated rats indicated a complex mode of action of
the natural molecule involving several pathways. All these
features, according to reports of Min et al. [75], suggested
that it might be very useful both in prevention and therapy
of postischemic reperfusion brain damage.
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[40] M. Knipp and M. Vašák, “A colorimetric 96-well microtiter
plate assay for the determination of enzymatically formed
citrulline,” Analytical Biochemistry, vol. 286, no. 2, pp. 257–
264, 2000.

[41] C. Di Giacomo, V. Sorrenti, A. Russo et al., “Cerebroprotection
during post-ischemic reperfusion,” Italian Journal of Biochem-
istry, vol. 49, p. 265, 1994.

[42] V. Sorrenti, C. Di Giacomo, M. Renis et al., “Lipid peroxi-
dation and survival in rats following cerebral post-ischaemic
reperfusion: effect of drugs with different molecular mecha-
nisms,” Drugs under Experimental and Clinical Research, vol.
20, no. 5, pp. 185–189, 1994.

[43] A. Vanella, C. Di Giacomo, V. Sorrenti et al., “Free radical scav-
enger depletion in post-ischemic reperfusion brain damage,”
Neurochemical Research, vol. 18, no. 12, pp. 1337–1340, 1993.

[44] M. Renis, C. Di Giacomo, V. Sorrenti et al., “Heat shock
proteins following rat cerebral ischemic/repefusion episode:
effect of ketamine,” Biochemistry and Molecular Biology Inter-
national, vol. 33, no. 2, pp. 345–354, 1994.

[45] M. Fresta, G. Puglisi, C. Di Giacomo, and A. Russo, “Li-
posomes as in-vivo carriers for citicoline: effects on rat
cerebral post-ischaemic reperfusion,” Journal of Pharmacy and
Pharmacology, vol. 46, no. 12, pp. 974–981, 1994.

[46] C. Di Giacomo, V. Sorrenti, R. Acquaviva et al., “Ornithine
decarboxylase activity in cerebral post-ischemic reperfusion
damage: effect of methionine sulfoximine,” Neurochemical
Research, vol. 22, no. 9, pp. 1145–1150, 1997.

[47] G. Martinez, C. Di Giacomo, M. L. Carnazza et al., “MAP2,
synaptophysin immunostaining in rat brain and behavioral
modifications after cerebral postischemic reperfusion,” Devel-
opmental Neuroscience, vol. 19, no. 6, pp. 457–464, 1997.

[48] G. Martinez, M. L. Carnazza, C. Di Giacomo, V. Sorrenti, M.
Avitabile, and A. Vanella, “GFAP, S-100 and vimentin proteins
in rat after cerebral post-ischemic reperfusion,” International
Journal of Developmental Neuroscience, vol. 16, no. 6, pp. 519–
526, 1998.

[49] J. M. Gidday, “Cerebral preconditioning and ischaemic toler-
ance,” Nature Reviews Neuroscience, vol. 7, no. 6, pp. 437–448,
2006.

[50] S. M. Keyse and R. M. Tyrrell, “Heme oxygenase is the major
32-kDa stress protein induced in human skin fibroblasts by
UVA radiation, hydrogen peroxide, and sodium arsenite,”
Proceedings of the National Academy of Sciences of the United
States of America, vol. 86, no. 1, pp. 99–103, 1989.

[51] D. Lautier, P. Luscher, and R. M. Tyrrell, “Endogenous
glutathione levels modulate both constitutive and UVA radi-
ation/hydrogen peroxide inducible expression of the human



10 Evidence-Based Complementary and Alternative Medicine

heme oxygenase gene,” Carcinogenesis, vol. 13, no. 2, pp. 227–
232, 1992.

[52] J. Balla, H. S. Jacob, G. Balla, K. Nath, J. W. Eaton, and
G. M. Vercellotti, “Endothelial-cell heme uptake from heme
proteins: induction of sensitization and desensitization to
oxidant damage,” Proceedings of the National Academy of
Sciences of the United States of America, vol. 90, no. 20, pp.
9285–9289, 1993.

[53] M. Rizzardini, M. Carelli, M. R. Cabello Porras, and L.
Cantoni, “Mechanisms of endotoxin-induced haem oxygenase
mRNA accumulation in mouse liver: synergism by glutathione
depletion and protection by N-acetylcysteine,” Biochemical
Journal, vol. 304, no. 2, pp. 477–483, 1994.

[54] A. M. K. Choi and J. Alam, “Heme oxygenase-1: function, reg-
ulation, and implication of a novel stress-inducible protein in
oxidant-induced lung injury,” American Journal of Respiratory
Cell and Molecular Biology, vol. 15, no. 1, pp. 9–19, 1996.

[55] R. Tyrrell, “Redox regulation and oxidant activation of heme
oxygenase-1,” Free Radical Research, vol. 31, no. 4, pp. 335–
340, 1999.

[56] N. G. Abraham, “Heme oxygenase,” in Biology and Medicine,
N. G. Abraham, J. Alam, and K. Nath, Eds., pp. 343–386,
Kluwer Academic/Plenum publishers, New York, NY, USA,
2002.

[57] A. Cuadrado and A. I. Rojo, “Heme oxygenase-1 as a
therapeutic target in neurodegenerative diseases and brain
infections,” Current Pharmaceutical Design, vol. 14, no. 5, pp.
429–442, 2008.

[58] N. G. Abraham and A. Kappas, “Pharmacological and clinical
aspects of heme oxygenase,” Pharmacological Reviews, vol. 60,
no. 1, pp. 79–127, 2008.

[59] G. Scapagnini, D. A. Butterfield, C. Colombrita, R. Sultana,
A. Pascale, and V. Calabrese, “Ethyl ferulate, a lipophilic
polyphenol, induces HO-1 and protects rat neurons against
oxidative stress,” Antioxidants and Redox Signaling, vol. 6, no.
5, pp. 811–818, 2004.

[60] G. Li Volti, D. Sacerdoti, C. Di Giacomo et al., “Natural
heme oxygenase-1 inducers in hepatobiliary function,” World
Journal of Gastroenterology, vol. 14, no. 40, pp. 6122–6132,
2008.

[61] M. L. Ferrándiz and I. Devesa, “Inducers of heme oxygenase-
1,” Current Pharmaceutical Design, vol. 14, no. 5, pp. 473–486,
2008.

[62] H. S. Cho, S. Kim, S. Y. Lee, J. A. Park, S. J. Kim, and H. S.
Chun, “Protective effect of the green tea component, l-
theanine on environmental toxins-induced neuronal cell
death,” NeuroToxicology, vol. 29, no. 4, pp. 656–662, 2008.

[63] P. Sawle, B. E. Moulton, M. Jarzykowska et al., “Structure-
activity relationships of methoxychalcones as inducers of
heme oxygenase-1,” Chemical Research in Toxicology, vol. 21,
no. 7, pp. 1484–1494, 2008.

[64] A. M. Amorini, G. Fazzina, G. Lazzarino et al., “Activity and
mechanism of the antioxidant properties of cyanidin-3-O-β-
glucopyranoside,” Free Radical Research, vol. 35, no. 6, pp.
953–966, 2001.

[65] T. Tsuda, F. Horio, K. Uchida, H. Aoki, and T. Osawa, “Dietary
cyanidin 3-O-β-D-glucoside-rich purple corn color prevents
obesity and ameliorates hyperglycemia in mice,” Journal of
Nutrition, vol. 133, no. 7, pp. 2125–2130, 2003.

[66] V. Sorrenti, C. Di Giacomo, A. Russo, R. Acquaviva, M. L. Bar-
cellona, and A. Vanella, “Inhibition of LDL oxidation by red
orange (Citrus sinensis) extract and its active components,”

Journal of Food Science, vol. 69, no. 6, pp. C480–C484, 2004.
[67] I. Serraino, L. Dugo, P. Dugo et al., “Protective effects

of cyanidin-3-O-glucoside from blackberry extract against
peroxynitrite-induced endothelial dysfunction and vascular
failure,” Life Sciences, vol. 73, no. 9, pp. 1097–1114, 2003.

[68] M. P. Kähkönen and M. Heinonen, “Antioxidant activity of
anthocyanins and their aglycons,” Journal of Agricultural and
Food Chemistry, vol. 51, no. 3, pp. 628–633, 2003.

[69] T. Tsuda, F. Horio, and T. Osawa, “Cyanidin 3-O-β-
D-glucoside suppresses nitric oxide production during a
zymosan treatment in rats,” Journal of Nutritional Science and
Vitaminology, vol. 48, no. 4, pp. 305–310, 2002.

[70] Y. Noda, T. Kaneyuki, A. Mori, and L. Packer, “Antioxidant
activities of pomegranate fruit extract and its anthocyanidins:
delphinidin, cyanidin, and pelargonidin,” Journal of Agricul-
tural and Food Chemistry, vol. 50, no. 1, pp. 166–171, 2002.

[71] N. P. Seeram, R. A. Momin, M. G. Nair, and L. D. Bourquin,
“Cyclooxygenase inhibitory and antioxidant cyanidin glyco-
sides in cherries and berries,” Phytomedicine, vol. 8, no. 5, pp.
362–369, 2001.

[72] G. Martinez, C. Di Giacomo, V. Sorrenti et al., “Fibrob-
last growth factor-2 and transforming growth factor-beta1
immunostaining in rat brain after cerebral postischemic
reperfusion,” Journal of Neuroscience Research, vol. 63, no. 2,
pp. 136–142, 2001.

[73] T. Teerlink, Z. Luo, F. Palm, and C. S. Wilcox, “Cellular ADMA:
regulation and action,” Pharmacological Research, vol. 60, no.
6, pp. 448–460, 2009.

[74] F. Arrigoni, B. Ahmetaj, and J. Leiper, “The biology and
therapeutic potential of the DDAH/ADMA pathway,” Current
Pharmaceutical Design, vol. 16, no. 37, pp. 4089–4102, 2010.

[75] J. Min, S. W. Yu, S. H. Baek et al., “Neuroprotective effect
of cyanidin-3-O-glucoside anthocyanin in mice with focal
cerebral ischemia,” Neuroscience Letters, vol. 500, no. 3, pp.
157–161, 2011.



Hindawi Publishing Corporation
Evidence-Based Complementary and Alternative Medicine
Volume 2012, Article ID 173297, 7 pages
doi:10.1155/2012/173297

Review Article

Pharmacological Effects of Ginseng on Liver Functions and
Diseases: A Minireview

Nguyen Huu Tung,1 Takuhiro Uto,1 Osamu Morinaga,1

Young Ho Kim,2 and Yukihiro Shoyama1

1 Faculty of Pharmaceutical Sciences, Nagasaki International University, 2825-7 Huis Ten Bosch, Sasebo, Nagasaki 859-3298, Japan
2 College of Pharmacy, Chungnam National University, Daejeon 305-764, Republic of Korea

Correspondence should be addressed to Yukihiro Shoyama, shoyama@niu.ac.jp

Received 8 June 2012; Accepted 10 August 2012

Academic Editor: Chun-Su Yuan

Copyright © 2012 Nguyen Huu Tung et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.

Ginseng, an ancient and famous medicinal herb in the Orient, has been used as a valuable tonic and for the treatment of various
diseases including hepatic disorders. Ginseng saponins, commonly known as ginsenosides, are principal constituents and have
believed to be responsible for multiple ginseng health benefits. There are more 40 ginsenosides isolated from ginseng. To date,
treatment options for common liver diseases such as cirrhosis, fatty liver, and chronic hepatitis remain problematic. In this
regard, ginseng extracts and individual ginsenosides have shown a wide array of beneficial role in the regulation of regular liver
functions and the treatment of liver disorders of acute/chronic hepatotoxicity, hepatitis, hepatic fibrosis/cirrhosis, hepatocellular
carcinoma, and so on in various pathways and mechanisms. In this paper, we first outline the pharmacological effects of ginseng
and ginsenosides on the liver functions.

1. Introduction

Botanical medicines have been applied for the treatment of
various human diseases with thousands of years of history
in Asia and are sharing a large market in the form of
drugs, dietary supplements, and foods. In the west, botani-
cal medicines are categorized as complementary/alternative
medicines, dietary supplements, or foods. Ginseng, referred
to as the root of Panax ginseng C.A. Meyer (Araliaceae), is
one of the most valuable medicinal plants, particularly in
Korea, China, and Japan [1].

Ginseng has been used as a valuable tonic and for the
treatment of various diseases [1, 2]. Traditionally, ginseng has
been processed to make white ginseng (air-drying after har-
vest) and red ginseng (steaming or heat process) to enhance
its preservation and efficacy. In which, red ginseng is more
common as an herbal medicine than white ginseng because
steaming induces changes in the chemical constituents and
enhances the biological activities of ginseng [1, 2]. The phar-
macological properties of ginseng are mainly attributed to
ginseng saponins, commonly called ginsenoisdes, the major

and bioactive constituents [3, 4]. With the development of
modern chromatography, there are more 40 ginsenoisdes
such as ginsenoisdes Rb1, Rb2, Rg1, Rd, and Re identified
from ginseng up to date [4, 5]. Except for ginsenoisde Ro
and polyacetylene ginsenoisde Ro belonging to oleanane-
type saponins, other ginsenoisdes are of dammarane-type
saponins and classified into protopanaxadiol and pro-
topanaxatriol groups depending on whether or not hydroxyl
group at C-6 of aglycon moieties exist (Figure 1). On the
other hand, ginseng and ginsenoisdes have been found
to exhibit multiple pharmacological activities via different
mechanisms and pathways in vitro, in vivo, and clinical mod-
els [2–4]. Having been well documented, there are hundreds
of research papers as well as extensive reviews spotlighted
on individual topics, that is, cardiovascular [6, 7], central
nervous [8], and immune systems [9, 10]. However, the
pharmacological effects of ginseng/ginsenoisdes on liver dis-
orders have not been systematically reviewed. The purpose of
this paper is to introduce the multifaceted pharmacological
effects and related mechanisms of ginseng/ginsenoisdes on
hepatic functions.
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Figure 1: Panax ginseng C.A. Mayer and ginsenoisde skeletons.

2. Liver Diseases and Herbal Medicine in
the Treatment of Liver Diseases

Liver diseases represent a major health burden worldwide,
with liver cirrhosis being the ninth leading cause of death
in western countries [11]. Chronic viral hepatitis B and C,
alcoholic liver disease, nonalcoholic fatty liver disease, and
hepatocellular carcinoma are the major entities and many
problems remain unresolved. Therapies developed along the
principles of western medicine are often limited in efficacy,
carry the risk of adverse effects, and are often too costly,
especially for the developing world. Therefore, treating liver
diseases with plant-derived products which are accessible
and do not require laborious pharmaceutical synthesis seems
highly attractive. Furthermore, in spite of the advances in
conventional medicine in the last decades, professionals and
the lay public of developed countries pay increasing attention
to phytomedicine. Several recent surveys from Europe and
the United States have demonstrated a sharp rise in the use of
botanical drugs within a few years, and up to 65% of patients
with liver disease take herbal preparations [12–15].

3. Protective Effect of
Ginseng Extracts and Ginsenoisdes on
Hepatic Functions and Diseases

3.1. Ginseng Extracts

3.1.1. Multiple Efficacies

General Hepatotoxicity. Acute/chronic hepatotoxicity suffers
from drugs used, alcohol, contaminant, and poisoning
and may be incidence of liver diseases including liver
hepatitis, cirrhosis/fibrosis, and hepatocellular carcinoma
(HCC). Ginseng extracts have been reported to show
protective effects on hepatocytes in vitro and liver injury
in various animal, and clinical models induced by a
wide variety of hepatotoxins including hydrogen perox-
ide (H2O2) [16], alcohol [17, 18], carbon tetrachloride
(CCl4) [16, 19–22], aflatoxin B1 [23, 24], fumonisins [24],

tert-butylhydroperoxide (t-BHP) [25], cadmium chloride
(CdCl2) [26, 27], benzo[alpha]pyrene (BP) [28], 2,3,7,8-
tetrachlorodibenzo-p-dioxin [29], lipopolysaccharide [30],
diethylnitrosamine [31], galactosamine (GalN) [32–34], bro-
mobenzene [35], xenobiotics [36], and mercuric chloride
[37]. Ginseng has also found to protect liver cells from
radiation [38] and viral hepatitis [39].

Liver Regeneration and Transplantation. Ginseng is beneficial
in the treatment of acute graft-versus-host disease, a rare
complication after liver transplantation with an extremely
poor prognosis [40]. On the other hand, red ginseng is
markedly effective in liver regeneration after partial hepatec-
tomy in rats (70%) [41] and dogs (40%) [42] by increase of
the liver weight and acceleration of hepatocyte proliferation.

Fatty Liver and Liver Glycogen. Liver and adipose tissue play
an important role in both lipid and sugar metabolism. It has
been found that ginseng has effects on lipid and sugar when
administrated to rats in vivo [43, 44]. Hepatic cholesterol
and triglyceride contents are decreased and phospholipid is
increased by ginseng administration in the high cholesterol
diet-fed rats, supporting to improvement of the fatty liver
[45]. In another study, ginseng produces a decrease of hepatic
glycogen content in fat diet-fed rats [44].

Liver Cancer. HCC is one of the most frequent tumor types
worldwide. It is the fifth most common cancer and the
third leading cause of cancer death [46]. Ginseng has been
evaluated as a chemopreventive therapy against HCC [47–
49]. Results of epidemiological studies of ginseng intake and
cancer cases (4600 patients) show that those who take gin-
seng are less likely to contract various cancers such as cancer
of the stomach, liver, and lung than those who do not take
it, and that increased intake leads to a lesser ratio of danger,
proving its usefulness for primary prevention [50, 51]. In a
clinical survey, the prolonged administration of red ginseng
extract significantly inhibits the incidence of hepatoma and
also proliferation of pulmonary tumors induced by aflatoxin
B1 and urethane [52]. Recently, another clinical research
reported that ginseng administration induced a significant
improvement in liver function tests, decreased the tumor
marker levels, and decreased the viral titers in HCV (hepatitis
C virus) patients, supporting powerful therapeutic effects
against HCV and liver cancer [39].

3.1.2. Mechanisms of Actions

Antioxidation. The mechanisms which provide ginseng’s
hepatoprotective effects are closely attributed to antioxida-
tion properties. Ginseng enhanced the antioxidant defense
mechanism [53] and increased self-antioxidant enzyme
activities of superoxide dismutase (SOD), catalase (CAT),
glutathione peroxidase (GPx), glutathione reductase (GR),
glutathione-S-transferase (GSH), and heme oxygenase-1 in
the aged-rat liver [54] and hepatotoxins-induced liver dam-
ages in rats [20, 23, 26, 28, 30, 55, 56]. Ginseng treatments
inhibited oxidative stress damage such as lipid peroxidation
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[16, 26, 28, 54], malondialdehyde [23], thiobarbituric acid
reactive substance [23, 30, 56], alanine aminotransferase
(ALT), aspartate aminotransferase (AST), and lactate dehy-
drogenase (LDH) [25, 28, 39, 42, 57]. The protective
effects have been histologically and histochemically moni-
tored. Recently, further molecular mechanism studies found
that ginseng suppresses mitogen-activated protein kinase
(MAPK) signals [16], nuclear factor-kappa B (NF-kB), and
inducible nitric oxide synthase (iNOS) protein expression
[30, 56].

Anti-Inflammation. Inflammatory effects of ginseng have
been responsible for the liver protection. Ginseng suppressed
the production of inflammatory cytokines (IL-1β, IFN-
γ) and chemokines (MCP-1, MIP-2β, KC) in CCl4-treated
mice [55]. Recently, ginseng was found to inhibit tumor
necrosis factor alpha (TNF-α)-stimulated NF-kB activation
and further suppressed the gene expression of iNOS and
cyclooxygenase-2 (COX-2) in HepG-2 cells [58].

Inhibition of Cytochrome P450 (CYP). Ginseng and gin-
senoisdes may have selectively inhibitory effects on CYP
activities. In a recent animal study, ginseng was found to
inhibit specifically benzo [alpha]pyrene-induced CYP1A1
activation by downregulation of the gene expression [28].
Another study also indicated that the inhibitory effects of
ginseng on CYP enzymes take part in the protection of rat
liver microsomes against CCl4 [21]. Further investigation
into ginseng metabolism suggested that ginsenoisde metabo-
lites like compound K, produced after oral administration,
are responsible for the inhibition of the CYP-mediated
metabolism rather than naturally occurring ginsenoisdes
[59]. These evidence may explain some of the hepatoprotec-
tive effects of ginseng against hepatotoxins.

3.2. Ginsenoisdes

3.2.1. Ginsenoisde Rb1. Ginsenoisde Rb1, a major ginseng
saponin, protects hepatocytes against t-BHP and CCl4 by
regulating inducible hepatic enzymes of ALT and AST
[22, 60] and may be associated with modulating liver
CYP activation [61] and protein phosphorylations [62].
In a recent study, ginsenoisde Rb1 significantly inhibits
liver fibrosis by inhibiting activation, proliferation, and
expression of collagen, transforming growth factor-β1 (TGF-
1), matrix metalloproteinase (MMP)-2, and tissue inhibitor
of metalloproteinase (TIMP)-1 in hepatic stellate cells,
the major cause of liver fibrosis, at 10–80 μg/mL [63].
More recently, ginsenoisde Rb1 is found to inhibit TNF-α-
mediated NF-kB transcriptional activity in HepG2 cells with
IC50 of 27.45 μM and gene expression of iNOS and COX-2
inducible inflammatory enzymes [58].

Ginsenoisde Rb1 is beneficial against fatty/high choles-
terol liver as well as hepatic triglycerides in rats fed on
high-fat diet, supporting that ginsenoisde Rb1 may be
involved in lipid metabolism by regulating the activity of
microsomal CYP monooxygenase and 3-hydroxy-3-methyl
glutaryl coenzyme A (HMG-CoA) reductase [64–66].

3.2.2. Ginsenoisde Rg1. Ginsenoisde Rg1, also one of the
most abundant ginseng components of ginseng, significantly
improves the extent of liver fibrosis in rat induced by
thioacetamide as reducing the serum levels of fibrotic
markers of ALT, AST, and alkaline phosphatase and hepatic
hydroxyproline content [67]. In addition, in cultured hepatic
stellate cells, ginsenoisde Rg1 markedly inhibits cell prolifer-
ation, activation and formation of reactive oxygen species,
and the NF-kB activity [67]. Also, ginsenoisde Rg1 is found
to inhibit TNF-α-mediated NF-kB transcriptional activity in
HepG2 cells with IC50 of 28.14 μM and gene expression of
iNOS and COX-2 inducible inflammatory enzymes [58].

Recently, ginsenoisde Rg1 suppresses hepatic glucose
production via AMP-activated protein kinase (AMPK) acti-
vation in HepG2 cells [68].

3.2.3. Ginsenoisdes Rd, Re, and Ro. Yuan et al. reported that
ginsenoisde Re (40 mg/kg) attenuates alcoholic fatty liver
disease through regulation of AMPK and mitogen-activated
protein kinase (MAPK) pathways in alcoholic-fed ICR mice
[69]. In another related study, the same group revealed
ginsenoisde Re to lower blood glucose and lipid level via
activation of AMPK pathway in HepG2 cells and high-fat diet
fed mice, suggesting therapeutic benefits on type 2 diabetic
patients with insulin resistance and dyslipidemia [70].

Ginsenoisde Rd is recently found to inhibit TNF-α-
mediated NF-kB transcriptional activity in HepG2 cells with
IC50 of 12.05 μM and gene expression of iNOS and COX-2
inducible inflammatory enzymes [58].

Ginsenoisde Ro, an oleanane-type ginsenoisde, (50
and 200 mg/kg, p.o.) shows the protective effects on GalN
and CCl4-induced acute hepatitis rats as monitored by the
level of inducible hepatic enzymes of glutamic oxaloacetic
transaminase and glutamic pyruvic transaminase [32].

3.2.4. Ginsenoisdes Rg2, Rg3, and M1. Ginsenoisdes Rg2

and Rg3 represent major components of red ginseng [5].
Ginsenoisde M1 or compound K is an intestine bacterial
metabolite of the ginseng protopanaxadiol-type saponins. In
a recent study, ginsenoisde Rg2 significantly inhibits hepatic
glucose production in HepG2 cells via activation of AMPK
pathway like ginsenoisde Re [71]. Meanwhile, ginsenois-
des Rg3 and M1 have well evaluated for their cancer
chemopreventative against several cancer cell lines and
tumors in vitro and in vivo including leukemia, colon, and
HCC [51, 72–74]. More recently, ginsenoisde Rg3 at 25–
200 μg/mL shows significantly antiproliferative effects on
liver cancer cells (SMMC-7721, Hep1-6, and HepG2) and
hepatocellular tumor growth in vivo by inhibiting cancer
cell proliferation and promoting cancer cell apoptosis [75,
76]. In another research, ginsenoisde M1 exhibits anti-
hepatocellular carcinoma activity by augmenting apoptosis
via Bid-mediated mitochondrial pathways [77]. On the
other hand, ginsenoisde M1 has beneficial role against
hyperlipidemia and obesity by attenuating hepatic lipid
accumulation via AMPK activation in human hepatoma
cells [78]. In addition, ginsenoisdes Rg3 and M1 are also
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involved in general hepatoprotection against hepatotoxins
[60, 79].

4. Application of Ginseng to Hepatic Diseases

Liver disorders are among the most serious sicknesses in the
population. Together with healthy lifestyle recommendation,
therapies for hepatic diseases are necessary and need be
more effective and economical [80]. Botanical medicines
have been used traditionally worldwide for the prevention
and treatment of liver disease. By now, herbal products
are increasingly consumed, mainly in chronic liver disease.
Turmeric (Curcuma longa), green tea (Camellia sinensis), gar-
lic (Allium sativa), licorice (Glycyrrhiza spp.), especially milk
thistle (Silybum marianum) with have been well researched
and recognized as phytotherapies for use in a wide variety of
prevention and treatment of hepatic diseases [81, 82].

Based on compelling experimental evidence, ginseng
has an interesting hepatoprotective profile. From a ther-
apeutic standpoint, ginseng could provide an alternative
phytomedicine and another option for the preventative
therapy and treatments of common liver diseases such as
cirrhosis, fatty liver, and chronic hepatitis in addition to a
well-known tonic and in forms of healthy foods.

5. Conclusions

Ginseng and its principal components, ginsenoisdes, have
shown a wide array of pharmacological activities including
beneficial role in the regulation of liver functions and the
treatment of liver disorders of acute/chronic hepatotoxicity,
hepatitis, hepatic fibrosis/cirrhosis, liver hepatectomy, liver
transplantation, and even liver failure and HCC. The possible
activity pathways of the actions have been also investigated.
There is increasing attention to the effects of ginseng
on the liver functions. However, more detailed molecular
mechanisms of the activities of ginseng/ginsenoisdes as well
as further efficacy and safety studies remain to be explored.

It is another important area for further research and
development to combine ginseng with other liver active
drugs to investigate their possible synergic efficacy and
preferably pharmacological properties.

Taken together, accumulating evidence supports the po-
tential of ginseng in the treatment of the hepatic diseases and
further studies will facilitate their application so far.
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Saussurea involucrata (Kar. et Kir.), known as the snow lotus, grows in the Tian Shan and A’er Tai areas of China. It has recently
been reported that the ethyl acetate extract of S. involucrata (SI-2) can inhibit proliferation and induce apoptosis in PC-3 human
prostate cancer cells. This study investigated the protective effect of ethyl acetate extract of S. involucrata (SI-2) or rutin, a flavonoid
extracted from ethyl acetate extract of S. involucrata (SI-2), on D-galactose- (D-gal-) induced brain injury in mice. Administering
SI-2 or rutin (30 mg/kg/d and 30 mg/kg/d) for 6 weeks, concomitant with D-gal injection, significantly increased superoxide
dismutase and glutathione peroxidase activities and decreased the MDA level in plasma. Furthermore, the result showed that the
percentages of cleaved caspase-3 and PARP in the D-gal-treated mice were much higher than those in the control. Pretreatment
using SI-2 or rutin decreased the expression of cyclooxygenase-2 via downregulation of NF-kappaB, resulting in a decrease in
lipid peroxidation. Furthermore, our results also showed that oral administration of rutin to these mice significantly improved
behavioral performance in a step-through passive avoidance task and these results suggest that SI-2 or rutin exerts potent antiaging
effects on D-gal in mice via antioxidative mechanisms.

1. Introduction

Oxidative stress is believed to be a primary factor in neurode-
generative diseases, as well as in the normal process of aging
[1–3]. Oxygen-derived free radicals exert detrimental effects
including peroxidation of membrane lipids, enzyme inac-
tivation, DNA fragmentation, and activation of apoptosis

[4–6]. Exogenous H2O2 can increase oxidative stress and
apoptotic cell death by causing mitochondrial dysfunction
and activation of caspases. Furthermore, ROS themselves can
increase and/or induce cellular cyclooxygenase-2 (COX-2)
expression [7–9]. In previous studies, apoptotic cell death
induced by exposure to cyanide can be inhibited by selective
COX-2 inhibitor [10, 11]. On the other hand, superoxide
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Figure 1: Chemical structure of rutin.

dismutase (SOD), catalase (CAT), and glutathione peroxi-
dase (GPx) act by scavenging the superoxide anion and H2O2

to prevent reactive-oxygen-species- (ROS-) induced damage
[12]. Oxidative stress-induced COX-2 expression can also be
prevented by free radical scavengers in numerous cell types
especially in neurons. Therefore, oxidant stressors may be
specific and critical inducers of COX-2 gene expression and
natural compounds or extracts that can efficiently reduce the
expression of COX-2 may have therapeutic potential for
ROS-induced neuronal damage.

D-galactose (D-gal) is a reducing sugar that can be
metabolized at normal concentration. However, at high
levels, D-gal can be converted into aldose and hydroperoxide
under the catalysis of galactose oxidase, resulting in the gen-
eration of a superoxide anion and oxygen-derived free radi-
cals [13]. D-galactose also reacts readily with the free amines
of amino acids in proteins and peptides both in vivo and
in vitro to form advanced glycation end products (AGEs).
Evidence shows that AGEs can remarkably cause the accumu-
lation of reactive oxygen species (ROS), especially superoxide
radicals and hydrogen peroxide. Mice injected with D-gal
have been used as an animal model of oxidative stress
[14–17]. Recently, oxidative stress mediated DNA damage
caused alternative synaptic structure and memory mainte-
nance as well as learning abilities were also demonstrated in
mouse models [18–20].

Saussurea involucrata (Kar. et Kir.), known as the snow
lotus, grows in rocky habitats of mountains 2600 m in eleva-
tion or higher in the Tian Shan and A’er Tai areas of China.
Because of excessive harvesting of the wild plants used
in pharmaceutical preparations and the particularly slow
growth of S. involucrata, the wild population of this plant has
been threatened with depletion in recent years. Saussurea
involucrata is now almost extinct and has been listed as a
second grade national protected wild plant in China [21, 22].
Based on the theories of traditional Chinese medicine, S.
involucrata has the effects of warming the kidney, activating
“yang,” expelling wind, eliminating dampness, inducing
menstruation, and promoting blood circulation. In folk
medicine, it is used to treat rheumatoid arthritis, impotence,
irregular menses, cough with cold, stomachache, and altitude
sickness, among others [23, 24]. It was revealed that S.
involucrata is a potential agent for CAM and investigated its
biological mechanism as an antineoplastic agent for

androgen-independent prostate cancer patients. It has been
demonstrated that treatment of PC-3 cells with ethyl
acetate extract of S. involucrata (SI-2) has a highly potent
inhibitory effect on the phosphorylation and activation of
EGFR and on the AKT and STAT3 pathways [22]. There-
fore, these results may offer therapeutic advantages in the
treatment and prevention of human prostate cancer.
Rutin (3,3′,4′,5,7-pentahydroxyflavone-3-rhamnoglucoside;
Figure 1) is a flavonoid of the flavonol type that is found
plenty in S. involucrata. It has been reported that rutin has
several pharmacological properties, including antioxidant,
anticarcinogenic, cytoprotective, antiplatelet, antithrom-
botic, vasoprotective, and cardioprotective activities [25–30].
Moreover, rutin was found to be a neuroprotective agent
[31]. Rutin has demonstrated anticonvulsant activities in
pentylenetetrazol models in rats and mice [32] and has also
ameliorated ischemic reperfusion injury in the brain [33].
Prolonged supplementation with rutin significantly reversed
trimethyltin- (TMT-) induced spatial memory impairment
and damage to pyramidal neurons in the hippocampal CA3b
region. These effects could be related to the antioxidative
effects of rutin [34].

However, the effect of ethyl acetate extract of S. involu-
crata (SI-2) or rutin to attenuate the neural ROS-induced
DNA damage in D-gal-treated mice has not been investi-
gated. This study aims to evaluate the antioxidant potential of
ethyl acetate extract of S. involucrata (SI-2) and rutin through
inhibiting COX-2 expression in D-gal-induced brain DNA
damage and explore the mechanisms of its action.

2. Materials and Methods

2.1. Preparation of Fractions. The wild plant of S. involucrata
used in this study was a gift from Biopure Biotechnology
(Changhua, Taiwan). Twenty grams of dried and powdered
aerial parts, including flower, of S. involucrata were extracted
with 100 mL of methanol three times under reflux for 2 h,
respectively. The methanol extracts (SI-1) were combined,
and the solvent was evaporated in vacuo to give a deep brown
syrup. The syrup was resuspended in water and then par-
titioned successively with pentane, ethyl acetate (SI-2), and
n-butanol (SI-3) to leave a water layer (SI-4). The solvents
were evaporated, respectively, and the residues were used
throughout this study.

2.2. Reverse-Phase High-Performance Liquid Chromatography
(HPLC) Analysis of Flavonoids in S. involucrata. The deter-
mination of flavonoids from S. involucrata was carried out by
HPLC with a photo diary detector. The HPLC system
consisted of a Shimadzu LC-20AT solvent delivery system,
equipped with a SPD-M20A photodiode array detector, set at
270 nm. Samples were injected with SiL-20A autosample to
separate on the TSK-Gel ODS-100S column. The column
was maintained at an ambient temperature of 25◦C. The flow
rate of the system was 1.0 mL/min. The mobile phase
consisted of solvent A (0.3% formic acid) and solvent B
(acetonitrile). The elution profile for A was 0–10 min, with a
linear gradient change of 0–5%, 10–40 min, with a linear
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gradient change to 55%, and maintained for another 10 min
with a post runtime to equilibrate the column and for the
baseline to return to the normal and initial working condi-
tions.

2.3. Chemicals and Reagents. Rutin was dissolved in DMSO
to a concentration of 50 mM and stored in−20◦C as a master
stock solution. Dimethyl sulfoxide (DMSO), 3-(4,5-dimethyl
thizol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT), 2′,7′-
dichlorofluorescein diacetate (H2DCF-DA), Hoechst 33342,
thiobarbituric acid (TBA), hydrogen peroxide (H2O2),
Trichloroacetic Acid, (TCA), malondialdehyde (MDA), pro-
pidium Iodine (PI), and actin antibody were purchased from
Sigma Chemical Co. (St. Louis, MO, USA). NuPAGE Bis-Tris
Electrophoresis System (precast polyacrylamide mini gel)
was purchased from Invitrogen (Carlsbad, CA, USA). COX-2
antibody was purchased from Thermo scientific (Waltham,
MA, USA). PARP antibodies and horseradish peroxidase -
conjugated anti-mouse or anti-rabbit IgG secondary anti-
bodies were purchased from Cell Signaling (MA, USA).
Polyvinyl difluoride (PVDF) membranes, BSA protein assay
kit, and western blot chemiluminescence reagent were pur-
chased from Amersham Biosciences (Arlington Heights, IL).
Superoxide dismutase activity assay kit was purchased from
Biovision (Mountain View, CA). Glutathione peroxidase
assay kit was purchased from Cayman Chemical (MI, USA).
DNA Fragmentation Assay Kit was purchased from Clontech
Laboratories (Mountain View, CA). Nonradioactive Cytoxic-
ity Assay was purchased from Promega (Madison, WI, USA).

2.4. Animal Experiments. 8–12 weeks old wildtype male
C57BL/6 mice were purchased from National Laboratory
Animal Center and were housed in Animal Facility of ILan
University in Taiwan. The animal study was approved by
the review boards of 100–24. Experimental procedures fol-
lowed the Guidelines of Animal Use and Care of the
National Institute of Health. Briefly, mice were housed in a
room (23 ± 2◦C) maintained on a 12 hr light/dark cycle
(lights on at 7 AM) with food and water continuously
available. Animals were randomly divided into four groups
(control, D-gal administration, rutin administration, and
D-gal administration plus rutin 30 mg/kg treatment) D-gal
(300 mg/kg) was injected subcutaneously (s.c.) daily into
mice for 6 weeks. Rutin (30 mg/kg body weight) was injected
subcutaneously (s.c.) 3 h prior to D-gal injection. All control
animals were given saline. At the end of administration, mice
were performed behavior evaluation or sacrificed on the last
day of treatment, and blood, sera, and major organs were
immediately collected for histopathological analysis or other
molecular experiments.

2.5. Intracellular Reactive Oxygen Species Detection. The
production of intracellular reactive oxygen species was esti-
mated by using a fluorescent probe, 2′,7′-dichlorofluorescein
diacetate (DCFH-DA). DCFH-DA is transported across the
cell membrane and hydrolyzed by intracellular esterases
to form nonfluorescent 2′,7′-dichlorofluorescein (DCFH),

which is then rapidly converted to highly fluorescent 2′,7′-
dichlorofluoresecin (DCF) in the presence of reactive oxygen
species. The DCF fluorescence intensity is believed to be par-
allel to the amount of relative oxygen species formed intra-
cellularly. After 24 h treatment with 200 μM H2O2, collected
cell, and added CH2 DCFDA (final concentration 10 μM)
for 60 min at 37◦C, cells were washed by PBS for at least
three times. The production of reactive oxygen species was
measured immediately by Cell lab Quanta SC Flow cytome-
ter (Beckman coulter).

2.6. Measurement of MDA Content and Antioxidant Enzyme
Activities. The content of MDA was determined using the
thiobarbituric acid method. Equal volumes of 0.67% thio-
barbituric acid reagent were added to the sample super-
natant and boiled for 10 min at 100◦C, and cooled; the
absorbance of each supernatant was measured at 532 nm.
MDA content was calculated by MDA standard. Antioxidant
enzyme activities were assayed with superoxide dismutase
activity assay kit (BioVision) and Glutathione peroxidase
assay kit (Cayman). The assay was in accordance with the
manufacturer’s instructions.

2.7. Western Blot Analysis. The cells were lysed on ice
with 200 mL of lysis buffer (50 mMTris-HCl, pH 7.5, 0.5
MNaCl, 5 mM MgCl2, 0.5% Nonidet P 40, 1 mM phenyl-
methylsulfonyl fluoridefor, 1 mg/mL pepstatin, and
50 mg/mL leupeptin) and centrifuged at 13,000 g at 4◦C for
20 min. The protein concentrations in the supernatants were
quantified using a BSA Protein Assay Kit. Electrophoresis was
performed on an NuPAGE Bis-Tris Electrophoresis System
using 50 mg of reduced protein extract per lane. Resolved
proteins were then transferred to polyvinyl difluoride
(PVDF) membranes. Filters were blocked with 5% nonfat
milk overnight and probed with appropriate dilution of
primary antibodies for 1 h at room temperature. Membranes
were washed with three times with 0.1% Tween 20 and
incubated with HRP-conjugated secondary antibody for 1 h
at room temperature. All proteins were detected using
Western Lightning Chemiluminescence Reagent Plus and
quantified using a densitometer.

2.8. Immunohistochemical Staining. All tumor tissues were
fixed in 10% formalin at 4◦C and then embedded in paraffin.
Paraffin sections (5 μm) were deparaffinized in xylene and
rehydrated through a graded series of ethanol solutions. The
sections were incubated with blocking solution (5% nonfat
milk powder in phosphate-buffered saline) for 60 min at
room temperature, followed by a 4◦C overnight incubation
with anti-caspase-3-mouse (1/100; Abcam, Cambridge, MA)
and anti-PARP-rabbit monoclonal antibodies (1/100; Cell
Signaling Technology, Beverly, MA, USA) in blocking solu-
tion. Subsequently, the immune complexes were visualized
using the LSAB2 system (Dako North America, Carpinte-
ria, CA), and then incubated for 15 min with 0.5 mg/mL
diaminobenzidine and 0.03% (v/v) H2O2 in PBS. Finally,
sections were counterstained with hematoxylin, mounted,
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observed under a light microscope at magnifications of
×400, and photographed.

2.9. Inhibitory Avoidance Learning Task. Passive one-way
avoidance paradigm was used to measure memory retention
in the mice. The apparatus consisted of a trough-shaped alley
divided by a sliding door which separates an illuminated safe
compartment and a dark compartment. A shock generator
which produced current was connected to the floor of
the dark compartment (UGO Basile, Comerio, VA, Italy).
The behavioral task, including the training and testing
procedures, was recorded between 8.00 and 18.00 h. One
day before the experiment, mice were habituated in the
unplug apparatus with the sliding door open for 10 min to
adjust to the environment. In the training phase, the mice
were placed at the far end of the illuminated compartment
facing away from the door. As the mice turned around, the
door was closed and, after 1 sec, a 0.7 mA/sec footshock
for 3 sec was given. The mice were then removed from the
alley and returned to its home cage. The same stimulus was
delivered again the next day. The memory retention test was
carried out 1 day and 7 days later in the same manner as in
the training, but without receiving a shock. Testing was
terminated either when mouse entered the dark chamber or
after 600 sec without entry. Mice which did not enter the dark
compartment and reached the ceiling score of 600 sec were
removed from the alley.

2.10. Statistical Analysis. Data were shown as mean with
standard deviation. The statistical difference was analyzed
using Student’s t-test for normal distributed values and by
nonparametric Mann-Whitney t-test for values of nonnor-
mal distribution. Values of P < 0.05 were considered signifi-
cant. Behavioral data were analyzed with one-way analysis of
variance (ANOVA), followed by post-hoc Dunnett’s t test or
Newman-Keul’s multiple comparison tests. The q values
represent those calculated from separate sets of Newman-
Keul’s analysis.

3. Results

3.1. Histopathological Studies on Effects of Ethyl Acetate
Extract of SI-2 or Rutin in the D-gal-Treated Mice Brain.
The morphological features of hematoxylin and eosin (H&E)
stained brain sections are shown in Figure 2(c). Severe
structural damages were observed in the brain structure of
D-gal-treated mice, as compared to that in the brains of
vehicle control mice. We used H&E staining to quantify cell
death within the hippocampus and counted the pyknotic
nuclei in the H&E section. The result showed that the
percentages of pyknotic nuclei in the D-gal-treated mice were
much higher than those in the control. Animals with SI-2
or rutin treatment showed a significant decreased damaged
cells, suggested that both these compounds can effectively
attenuate the hippocampus injury induce by D-gal in
mice (Figure 2(c)). To further confirm this phenomenon,
mice 42 d after treated with SI-2 or rutin were performed
immunohistochemical staining for active caspase-3 and

PARP cleaved PARP. Mice with SI-2 or rutin treatment can
significantly reduce the expression of active caspase-3 in D-
gal injured mice when compared with control ones (Figure
2(a)). Reduced PARP activation also can be confirmed in SI-2
or rutin treatment mice (Figure 2(b)). These results conclud-
ed that SI-2 or rutin had neuroprotect effects in D-gal injured
animal model.

3.2. Ethyl Acetate Extract of SI-2 or Rutin Decreases ROS in
the Plasma and Brain of D-gal-Treated Mice. As shown in
Figure 3, administering D-gal significantly increased ROS by
4.8 times in the mice plasma (Figures 3(a) and 3(b)) and 4.0
times in the mice brain (Figures 3(c) and 3(d)), as compared
to that of the control group. The data indicated that oxidative
stress in vivo was elevated in the plasma and brain of D-gal-
treated mice. SI-2 or rutin + D-gal group could dramatically
decrease ROS in the plasma and brain, as compared to the
D-gal-treated mice (Figure 3). Pretreatment SI or rutin
attenuated the H2O2-induced accumulation of ROS.

3.3. Effects of Ethyl Acetate Extract of S. involucrata (SI-2) or
Rutin on the Expression of NF-κB p65, COX-2, and iNOS in
the Brain of D-gal-Treated Mice. After treatment with D-gal,
the DNA-binding activity of NF-κB p65 in nuclear extract
fractions increased, as compared to that of the control. How-
ever, this binding activity decreased upon the presence of
SI-2 or rutin, as compared to D-gal alone. Furthermore, after
treatment with D-gal, the expressions of COX-2 and iNOS
were markedly induced (Figure 4(a)). As shown in Figure
4(b), SI-2 or rutin markedly inhibited the expressions of
these molecules in the brain of D-gal-treated mice. Upon
cotreatment with the SI-2 or rutin, however, the intensities of
the COX-2 and iNOS bands significantly reduced, as com-
pared to D-gal treatment alone. Protein expression of the NF-
kappa B subunits p65 was downregulated by pretreatment
with SI-2 or rutin, indicating that SI-2 or rutin decreased the
expression of COX-2 via downregulation of NF-kappa B.

3.4. Antioxidant Effects of Ethyl Acetate Extract of S. involu-
crata (SI-2) or Rutin in the D-gal Aging Model. We measured
the activities of T-SOD and GSH-Px and the MDA level in
the plasma of mice. The MDA level in D-gal-treated mice was
significantly increased, as compared to that in the control
group (Figures 5(a) and 5(b)). Administering SI-2 or rutin
(30 mg/kg/d and 30 mg/kg/d) significantly inhibited this
increase. The activities of T-SOD and GSH-Px in D-gal-
treated mice were significantly decreased, as compared to
those in the control group, and administering SI-2 or rutin
(30 mg/kg/d and 30 mg/kg/d) significantly attenuated these
decreases (Figures 5(a) and 5(b)).

3.5. Rutin Prevents D-Galactose-Induced Memory Impairment
in Passive One-Way Avoidance Task. In the present study,
mice were randomly divided into control, D-gal, rutin, or
(rutin + D-galactose) treatments (each n = 10). A footshock
was delivered when mice entered a dark chamber from an
illuminated chamber. Latency to enter the dark chamber
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Figure 2: Effect of ethyl acetate extract of Saussurea involucrata (SI-2) or rutin on neuronal damage analysis in D-galactose-treated (aged)
mice. Immunocytochemistry staining shows that cleaved caspase-3 (a) and cleaved PARP (b) in galactose-treated group were significantly
increased compared with vehicle-treated group (PBS) and decreased in galatose + SI-2 (SI + D-gal) or rutin (Rutin) treated group compared
with galatose (D-Gal) alone group in the CA1 subfield of hippocampus after 6 weeks of administration. (c) H&E staining for morphologicl
analysis.

1 day and 7 days after footshock served as a measure of short-
term and long-term memory retention. Cut-off latency was
set at 600 s. Before footshock was delivered, all groups of
mice spent approximately the same time entering the dark
chamber from an illuminated chamber (P > 0.05, Figure 6).
D-galactose-treated mice showed less retention in the illumi-
nated compartment one day after stimulation (q = 4.97, P <
0.01, when comparing control versus D-gal-treated groups at
Day 1). The concentration of rutin (30 mg/kg) adopted in
this study did not cause any effect on memory formation
(P > 0.05, when comparing control versus rutin groups).
When rutin was applied in advance, memory impairment
was no longer observed in D-gal-treated mice (q = 4.2,
P < 0.01, when comparing D-gal versus rutin + D-gal groups
on Day 1). These results indicated that rutin prevented D-
gal-induced short-term memory retrieval impairment in a
passive avoidance paradigm. The long-term effect of rutin
was assessed 7 days later, demonstrating that D-gal-treated
mice still spent less time in the illuminated chamber 7 days
after footshock (tD = 5.6, P < 0.01). Pretreatment of
rutin significantly prevented memory retrieval impairment

in D-gal-treated mice (q = 3.91, P < 0.05, when comparing
D-gal versus rutin + D-gal groups at Day 7) (Figure 6).

4. Discussion

Results of the present study provide evidence that ethyl
acetate extract of S. involucrata (SI-2) or rutin can exert
antiaging effects on D-gal-induced oxidative stress in mice.
Concurrent treatment with SI-2 or rutin inhibited intra-
cellular ROS formation. Although a small proportion of
H2O2 may be scavenged by cellular antioxidant enzymes, it
nonetheless directly induces the oxidation of various intra-
cellular targets, including the fluorescence probe DCFH-DA.
When cells were exposed to exogenous H2O2, DCF fluo-
rescence increased significantly. The formation of hydroxyl
radicals mediated by intracellular heavy metal ions may also
contribute to the increased DCF fluorescence in response
to H2O2. Many reports indicate that flavonoids can access
intracellular locations, because of their benzylic structures,
justifying their ability to attenuate oxidative stress induced
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Figure 3: Effect of ethyl acetate extract of Saussurea involucrata (SI-2) or rutin on plasma ROS level in D-galactose-treated (aged) mice. The
control group received subcutaneous (s.c.) injections of phosphate-buffered saline. The aged group received D-galactose (300 mg/kg, s.c.).
SI-2 + G-gal or rutin + G-gal groups received D-galactose (300 mg/kg/day, s.c.) plus SI-2 or rutin (30 mg/kg/day, p.o.). Treatments were
administered for 6 weeks. SI-2 + G-gal or rutin + G-gal treatment groups attenuated the aging characteristics of increased ROS level. Data
are presented as mean ± standard deviation (SD) (n = 3 mice). ∗P < 0.05 versus the aged group.

by diverse stimuli [35, 36]. The chemical structure of rutin
may contribute to its direct antioxidant properties. However,
antioxidant activity was also found in other cellular models,
and the concentrations of rutin required for antiaging were
far lower than those of H2O2 used in our present experi-
ments, suggesting that it may not be a simple stoichiometric
interaction.

Antioxidant activity of SI-2 or rutin was observed in the
present study at dosages of 30 mg/kg/d and 30 mg/kg/d. In
our previous studies of H2O2-induced oxidative stress and S.
involucrata in SHSY-5Y cultures cells, we have found that SI-
2 decreased ROS formation at concentrations of 100 μg/mL.
It has been reported that SHSY-5Y cells used in the present
study are clonal cells derived from rat neuroblastoma. Treat-
ment using retinoic acid (RA) induces the differentiation
of SHSY-5Y cells into a sympathetic neuron-like phenotype
[37]. This cell line has been used widely as a model in neuro-
biologic, neuropharmacologic, and neurotoxicologic studies.
Results of the present study provide evidence that SI-2
or rutin can exert neuroprotective effects on H2O2-induced
oxidative stress in SHSY-5Y cells. Concurrent treatment with
SI-2 or rutin inhibited intracellular ROS formation (data not
shown).

Results of the present study showed that SI-2 or rutin
inhibited the expression of COX-2 and decreased lipid

peroxidation. The dual intrinsic enzyme activities of COX-2
catalyze two sequential reactions in the metabolism of
arachidonic acid (AA). The COX-2 enzyme possesses
cyclooxygenase activity that metabolizes AA to hydroper-
oxide (PGG2; 9,11-endo-peroxy-15-hydroperoxyprostaglan-
din) utilizing two oxygen molecules (202). In addition, the
COX-2 enzyme also possesses a heme-containing active site
that provides peroxidase activity, which requires two elec-
trons (2e−) to become active. The peroxidase reaction
converts PGG2 to PGH2 by removing oxygen(s), (Ox), which
may be a source of oxygen radicals. Therefore, as more AA
is metabolized to PG by COX-2, more electron donors are
depleted and more oxygen radicals are generated. The COX-
2-dependent production of ROS is likely to be involved in
the enhanced lipid peroxidation in H2O2-treated cells.
Results in Figure 4 demonstrate that the level of COX-2
in the brain of a D-gal-treated mouse was significantly higher
than that in the vehicle control mouse. In various inflamma-
tory events, nitric oxide (NO) may have a decisive function
involved with cytokine activation under soft tissue and
bone damage conditions [38–40]. Although NO played an
important role in the host defense on various pathogens, the
overproduction of NO can be harmful and result in septic
shock, rheumatoid arthritis, and autoimmune diseases [41].
Therefore, therapeutic agents that inhibit the iNOS may be
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Figure 4: Modulation of the cyclooxygenase-2 (COX-2) isozyme and NF-kappa B subunits (RELA and P50) by Saussurea involucrata (SI-2)
or rutin pretreatment in D-galactose-treated (aged) mice. SI-2 or rutin pretreatment decreased this protein expression (a). SI-2 or rutin
pretreatment also decreased COX-2 protein expression induced by D-galactose (b).

useful in relieving these inflammatory conditions. Figure 4
shows that the level of iNOS in the brain of the D-gal-treated
mouse was significantly higher than that in the vehicle con-
trol mice. Expression of iNOS and COX-2 is largely regulated
by transcriptional activation. Among these transcription
factors, NF-κB, which is a primary transcription factor and
regulates various genes, is critical in the inflammation
[4, 42]. NF-κB is a redox-sensitive transcription factor that
regulates a multitude of inflammatory genes, including
cytokines, chemokines, adhesion molecules, and acute phase
proteins. Under basal conditions, NF-κB is inactive and
prevented from DNA binding and nuclear translocation by
tight association in the cytoplasm with inhibitory proteins.
Cell activation by a variety of extracellular signals, such as
oxidative stress, induces a cascade of events that lead to
activating NF-κB then translocating it to the nucleus where
it binds to DNA elements in the promoters of numerous
proinflammatory gene families [28, 29]. In our study, after
treatment with D-gal, the expression of NF-κB p65 in nuclear
extract fractions increased, as compared to that of the control
(Figure 4). PGE2 is an eicosanoid produced by COX that is
usually considered as a potent inflammatory mediator [43].
PGE2 and its signaling pathway has been the target of clinical
utility for a variety of disease/pathophysiological conditions,
such as kidney failure. However, systemic side effects have
limited their clinical utility. The pharmacological activities of
PGE2 are mediated through the activation of G-protein

coupled receptors, known as the EP receptors. The four sub-
types of EP receptors are designated as EP1, EP2, EP3, and
EP4. Previous studies have shown that induction of EPs is
associated with the expression of proinflammatory enzymes
such as iNOS and COX-2 [43].

Many studies have shown that flavonoids possess potent
antioxidant properties in vitro and in vivo. No previous stud-
ies have reported on the protective effect of rutin on D-gal-
induced aging in mice. To protect cells against oxidative dam-
age induced by ROS, the antioxidant system in the body is
activated, and endogenous antioxidant enzymes, such as
SOD and GPx, scavenge ROS or prevent their formation.
The production of ROS can also be evaluated indirectly by
analyzing the level of MDA, a product of free radical-induced
lipid peroxidation. Analysis of the number of pyknotic
nuclei cells in the hippocampus showed that Rutin had
an important protective effect on D-gal-induced cell death
(Figure 2(c)). Overall, our findings suggest that rutin can
protect mice against oxidative stress injury induced by D-
gal and improves impairments in aging mice. It has been
reported that administration of rutin at doses of 10 and
100 mg/kg daily for one week prior to training induced a
significant increase in memory retrieval, as compared to the
control-treated group in the first retention test (one day after
training). Rutin at doses of 5, 10, and 100 mg/kg significantly
increased the memory retrieval in the second retention test of
the passive avoidance paradigm, as compared to the control
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Figure 5: Effect of ethyl acetate extract of Saussurea involucrata (SI-2) or rutin on plasma MDA level and SOD and GPx activities in D-
galactose-treated (aged) mice. The control group received subcutaneous (s.c.) injections of phosphate-buffered saline. The aged group
received D-galactose (300 mg/kg, s.c.). SI-2 + G-gal or rutin + G-gal groups received D-galactose (300 mg/kg/day, s.c.) plus SI-2 or rutin
(30 mg/kg/day, p.o.). Treatments were administered for 6 weeks. (SI-2) and rutin treatment attenuated the aging characteristics of increased
MDA level and downregulated SOD and GPx activities. Data are presented as mean ± standard deviation (SD) (n = 6 mice). ∗P < 0.05
versus the aged group.

(two days and one week after training). Furthermore, rutin
(10 mg/kg) significantly increased the memory retrieval, as
compared to the rutin at doses of 100 mg/kg rats in the third
retention test of the passive avoidance paradigm (one week
after training) [44]. Our study is the first to demonstrate
that six weeks of 30 mg/kg rutin administration daily prior to
training results in an increased retrieval of memory in D-gal-
treated mice, as observed in the first and second retention
tests of the passive avoidance test (Figure 6). This effect was
more significant when rutin was administered at a dose of
30 mg/kg, whereas the lower dose of 3 mg/kg had no influ-
ence on memory retrieval of D-galactose-induced aging mice
(data not shown). In recent years, it has been revealed that a
set of ion transport-related genes change their expression in

the hippocampus before any detectable memory and learn-
ing impairment, thus suggesting that ion transport dysfunc-
tion could be crucial in the initiation of D-gal-related brain
damage. Additionally, prolonged D-gal administration se-
quentially affected multiple-pathways, including protein
transport and signal transduction, which could play key roles
in maintaining the stability of synaptic structures [18]. It is
possible that rutin acts by several mechanisms, mediating a
potential role in memory retrieval in rats. Further study is
necessary to evaluate the effect of rutin on retention of
memory and to determine the molecular mechanisms.

In conclusion, SI-2 or rutin decreased oxidative stress-
induced ROS production and lipid peroxidation and also
maintained endogenous antioxidant enzymatic activities,
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Figure 6: Effects of rutin (30 mg/kg) on the step-through latencies
in rats. The control group received subcutaneous (s.c.) injections
of phosphate-buffered saline. The aged group received D-galactose
(300 mg/kg, s.c.). SI-2 + G-gal or rutin + G-gal groups received
D-galactose (300 mg/kg/day, s.c.) plus SI-2 or rutin (30 mg/kg/day,
p.o.). Treatments were administered for 6 weeks. Retention tests
were performed one, two, and seven days after training, ∗P < 0.05,
∗∗P < 0.01, and compared to the same day control, Tukey-Kramer’s
test. Values are expressed as means ± SEM.

stabilizing mitochondrial function. Although more detailed
mechanistic studies are necessary to clarify the mechanisms
of antiaging using SI-2 or rutin, these results should encour-
age further studies to explore the potential antiaging effects
of SI-2 or rutin in neurologic diseases.
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“Clinical pharmacokinetics of antioxidants and their impact
on systemic oxidative stress,” Clinical Pharmacokinetics, vol.
42, no. 5, pp. 437–459, 2003.

[28] J. R. Sheu, G. Hsiao, P. H. Chou, M. Y. Shen, and D. S. Chou,
“Mechanisms involved in the antiplatelet activity of rutin, a
glycoside of the flavonol quercetin, in human platelets,”
Journal of Agricultural and Food Chemistry, vol. 52, no. 14, pp.
4414–4418, 2004.

[29] F. Mellou, H. Loutrari, H. Stamatis, C. Roussos, and F. N. Koli-
sis, “Enzymatic esterification of flavonoids with unsaturated
fatty acids: effect of the novel esters on vascular endothelial
growth factor release from K562 cells,” Process Biochemistry,
vol. 41, no. 9, pp. 2029–2034, 2006.

[30] S. Trumbeckaite, J. Bernatoniene, D. Majiene, V. Jakštas, A.
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Nowadays, the preventive strategy of vascular dementia, one of the challenge problems of elderly, has received attention due to
the limitation of therapeutic efficacy. In this study, we aimed to determine the protective effect and possible mechanism of action
of mulberry fruit extract on memory impairment and brain damage in animal model of vascular dementia. Male Wistar rats,
weighing 300–350 g, were orally given mulberry extract at doses of 2, 10 and 50 mg/kg at a period of 7 days before and 21 days
after the occlusion of right middle cerebral artery (Rt.MCAO). It was found that rats subjected to mulberry fruits plus Rt.MCAO
showed the enhanced memory, the increased densities of neuron, cholinergic neuron, Bcl-2-immunopositive neuron together with
the decreased oxidative stress in hippocampus. Taken all data together, the cognitive enhancing effect of mulberry fruit extract
observed in this study might be partly associated with the increased cholinergic function and its neuroprotective effect in turn
occurs partly via the decreased oxidative stress and apoptosis. Therefore, mulberry fruit is the potential natural cognitive enhancer
and neuroprotectant. However, further researches are essential to elucidate the possible active ingredient.

1. Introduction

Vascular dementia has been recognized as the second most
common dementia in elderly. Its prevalence is increased in
accompany with the dramatic increase in elderly population.
It has been reported that the prevalence of vascular dementia
in the elderly is approximate 1.2 to 4.2% and it accounts
for 10 to 50% of dementia cases [1]. It occurs as a result of
ischemic injury or oligaemia to brain areas involved in cog-
nition, memory, and behavior leading to a progressive cogni-
tion decline, functional ability impairment, and behavioral
problems [2]. Recent findings point out that brain damage
induced in this condition is associated with oxidative stress
[3], cholinergic dysfunction [4, 5], and apoptosis [6]. Since,
there is no cure for vascular dementia available until now, the
focus is currently on preventing further brain damage.

According to Traditional Chinese Medicine (TCM),
vascular dementia is considered as a result of insufficiency
of kidney-yin and yin-blood [7]. It is believed that yin
tonification or a therapeutic treatment that nourishes and
replenishes yin of the body when it is deficient or weak can
improve yin deficiency condition. Yin tonification can be
induced by various methods. However, dietary therapy is a
method that is very much easy to approach. According to
TCM, food is categorized as “Yin” or “Yang” food according
to their characteristics. Since, “Yin foods” such as food with
blue or black colors can be used to treat people with yin
deficiency, the benefit of consumption of “Yin foods” to
prevent vascular dementia has been considered.

Morus alba Linn. or Mulberry, an economic plant in
the Northeast of Thailand, is belonging to the family of
Moraceae. It is classified in the modern Chinese Materia
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Medica as a blood tonic. Therefore, it can nourish and pro-
mote production of body fluid.

Traditionally, mulberry fruit has been used as a medicinal
agent to nourish the yin and blood, benefit the kidneys,
and treat weakness, fatigue, anemia, and premature graying
of hair. It is also utilized to treat urinary incontinence,
tinnitus, dizziness, and constipation in the elderly and
the anemic. Recently, it was found that anthocyanin, a
flavonoid pigments in mulberry fruit, could protect against
cerebral ischemia [8]. Mulberry fruit also possesses anti-
inflammatory [9]. In addition, it also possesses antioxidant
activity and exert protective against oxidative stress related
disease such as Parkinson’s disease [10]. Based on Yin prop-
erty and antioxidant activity of mulberry, we hypothesized
that mulberry fruit might prevent against vascular dementia
induced by cerebral ischemia.

2. Materials and Methods

2.1. Animals. Adult male Wistar rats (300–350 g, 8 weeks
old) were obtained from National Laboratory Animal Center,
Salaya, Nakorn Pathom and were housed in group of 5 per
cage in standard metal cages at 22± 2◦C on 12 : 12 h light-
dark cycle. All animals were given access to food and water
ad libitum. The experiments were performed to minimize
animal suffering in accordance with the internationally
accepted principles for laboratory use and care of European
Community (EEC directive of 1986; 86/609/EEC). The
experimental protocols were approved by the Institutional
Animal Care and Use Committee (AEKKU 1/2552).

2.2. Plant Preparation. All mulberry fruits used in this study
are prepared and provided by the Queen Sirikit Department
of Seri Culture, Thailand. Mulberry fruits were collected
from the Queen Sirikit Seri Culture Center Udon Thani.
All berries were picked at the commercially ripen stage
and selected according to uniformity color. Then, the fruits
were dried at 70◦C for 4 days and grounded to powder.
Then, 4 kilograms of mulberry fruit powder were extracted
3 times with ethyl alcohol 5 liters per time by percolation
techniques. The obtained extracts were evaporated under
reduced pressure to yield 7.37% of ethanol extract.

2.3. The Experimental Design. Rats were randomly divided
into various groups as described following. (1) Vehicle +
MCAO; (2) donepezil + MCAO (positive control); (3) Mul-
berry fruits (2 mg/kg BW) + MCAO; (4) Mulberry fruits
(10 mg/kg BW) + MCAO; (5) Mulberry fruits (50 mg/kg
BW) + MCAO. All animals were treated with vehicle or
positive control or mulberry fruits extract at a period of 1
week before and 3 weeks after right middle cerebral artery
occlusion (MCAO).

2.4. Surgical Procedure to Induce Vascular Dementia. Focal
cerebral ischemia was performed according to modified
method of Longa [11]. In brief, rats were anesthetized by
thiopental sodium at dose of 50 mg/kg BW. The right com-
mon carotid artery and the right external carotid artery were

exposed through a ventral midline neck incision and were
ligated proximally. A silicone coated nylon monofilament (4–
0) suture (USS DGTM sutures; Tyco Healthcare group LP,
Connecticut, USA) with its tip rounded by heating near a
flame was inserted through an arteriectomy in the common
carotid artery just below the carotid bifurcation and then
advanced into the internal carotid artery approximately
17 mm distal to the carotid bifurcation until a mild resistance
was felt. Occlusion of the origins of the anterior cerebral
artery, the middle cerebral artery, and the posterior commu-
nicating artery was thereby achieved. Then, the wound was
sutured, the rats were returned to their cages with free access
to food and water. The incision sites were infiltrated with
10% povidone-iodine solution for antiseptic postoperative
care.

2.5. Determination of Total Phenolics Compound. The total
phenolics compound concentration was measured by a
modified Follin-Ciocalteu colorimetric method [12]. Briefly,
a sample diluted was added to a test tube containing 1.58 mL
of distilled water. Folin-Ciocalteu reagent of 100 μL was
added, and the tube was stirred and allowed to stand at
room temperature for 8 min. 300 μL of Na2CO3 (7%, w/v)
was added to the mixture and the absorbance was measured
at 765 nm after 120 min at room temperature using a
spectrophotometer. The results were expressed as milligram
of gallic acid equivalents (GAE) per 100 gram fruit (mg
GAE/100 g fruit).

2.6. Determination of Total Flavonoid Content. Total flavo-
noid content was determined by using a colorimetric assay
[13]. The absorbance of the solution was measured versus a
blank at 433 nm using a spectrophotometer. The results were
expressed as mg of quercetin equivalents (QE) per 100 gram
fruit (mg QE/100 g fruit).

2.7. Determination of Total Anthocyanins. Total anthocyanins
were estimated by a pH-differential method [14]. Two dilu-
tions of plants were prepared, one with potassium chloride
buffer (pH 1.0) (0.189 g KCl in 100 mL of distilled water,
pH value adjusted to 1.0 with concentrated HCl), and
the other with sodium acetate buffer (pH 4.5) (5.669 g
CH3CO2Na·3H2O in 100 mL of distilled water, pH value
adjusted to 4.5 with concentrated HCl), absorbance was
measured simultaneously at 520 and 700 nm after 15 min
incubation at room temperature. The content of total antho-
cyanins was expressed in mg of cyanidin-3-glucoside equiv-
alents (CGE) per kg of berries using a molar extinction coef-
ficient (ε) of cyanidin-3-glucoside of 26900 L mol−1 cm−1

and molar weight (MW) (449.2 g mol−1). Data presented are
mean ± standard error of mean (SEM).

2.8. Determination of Antioxidant Activity by the 2,2-Diph-
enyl-1-Picrylhydrazyl (DPPH) . DPPH assay was determined
by previously method described [14]. Each sample (0.5 mL)
was added to 0.5 mL of 0.4 mM DPPH in methanol. The mix-
ture was shaken vigorously and allowed to stand for 30 min;
the absorbance of the resulting solution was measured at
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517 nm with a spectrophotometer. Percent inhibition of
DPPH radical was calculated for each dilution of berry
extract according to formula: % inhibition = [(ADPPH−Aplant)
/ADPPH)] × 100, where ADPPH is the absorbance value of the
DPPH versus blank solution and Aplant is absorbance value of
the sample solution. A lower level of absorbance indicated a
stronger radical scavenging activity.

2.9. Determination of Antioxidant Activity by Ferric Reduc-
ing Antioxidant Power (FRAP). Ferric reducing antioxidant
power assay was carried out as previously described [15]
with some modifications. The stock solutions were included
300 mM acetate buffer (3.1 g C2H3NaO2·3H2O and 16 mL
C2H4O2), pH 3.6, 10 mM tripyridyltriazine (TPTZ) solution
in 40 mM HCl, and 20 mM FeCl3·6H2O solution. The fresh
working solution was prepared by mixing 25 mL acetate
buffer, 2.5 mL TPTZ solution, and 2.5 mL FeCl3·6H2O
solution. The plant extract (10 μL) in 1 mL distilled water
was allowed to react with 1.8 mL of the FRAP solution for
10 min at 37◦C. The absorbance of the tested solution was
monitored at 593 nm. Results are expressed in μM Ascorbic
acid/100 g fresh weight.

2.10. Assessment of Cognitive Function. Animals were tested
spatial memory by the Morris water maze test [16]. The
apparatus was a pool with 170 cm diameter filled up with tap
water for 40 cm deep and the water surface was covered with
nontoxic powder. The pool was divided into four quadrants
and the removable escape platform was placed in the center
on one quadrant below the water level. For animals, the
location of the platform was invisible and it remained there
throughout the training. The animals must memorize the
environment cues to locate the platform. Each animal was
placed in the water in the starting quadrant and allowed to
swim until it found and climbed onto the platform. The
time for animal to reach the hidden platform was recorded
as escape latency or acquisition time.

2.11. Determination of Scavenging Enzymes and the Malon-
dialdehyde Level. After the last dose of administration, all
rats were sacrificed. The hippocampus of the lesion side
was isolated and prepared as a homogenate to determine
superoxide dismutase (SOD) activity was estimated by the
method of McCord and Fridovich [17] while catalase and
glutathione peroxidase activities were determined by method
of Aebi et al. [18] and Dundar et al. [19], respectively. In
addition, the MDA and AChE were estimated by determining
the accumulation of thiobarbituric acid reactive substances
(TBARS). The activities of all enzyme mentioned above were
expressed as U/mg protein.

2.12. Histological and Immunohistochemical Studies

2.12.1. Cresyl Violet Staining for Nissl Substance. Adjacent
series of sections hippocampus from control, sham operate,
vehicle, Aricept, vitamin C, Morus alba treated group stained
with 0.5% cresyl violet to aid in neuronal death density
determination. All sections of hippocampus had elevated

with the aid Olympus light microscope model BH-2 (made
in Japan). To determine the density of neurons, fine represen-
tative nonadjacent sections contain hippocampus had been
selected for analysis. The observer blinded to the treatment
at time of analysis. The density of neuron cell death had
determined at 40X magnification.

2.12.2. Immunohistochemical Staining of Bcl-2 Immunopos-
itive Neurons and Cholinergic Neurons Density. A series of
sections containing hippocampus were reacted in a mouse
monoclonal antibody directed against Bcl-2 (Chemicon
Internation, Inc., CA, USA) and a modification of a
previously described protocol employing the DAKO Strept
ABC Complex/HRP duet kit. In brief, the sections were
eliminated endogenous peroxidase activity by 0.5% H2O2 in
methanol. Sections were washed in running tap water and
distilled water for 1 minute each, then rinsed in KPBS and
KPBS-BT for 5 minutes per each process. Excess buffer was
removed, and then incubated for 30 minutes in a blocking
solution composed of 5% normal goat serum in KPBS-
BT. Then, the sections were incubated in mouse primary
antibody against Bcl-2 diluted 1 : 400 in KPBS-BT at room
temperature for 2 hours and incubate at 4◦C for 48 hours.
The tissue was rinsed in KPBS-BT (2 washes× 7 minutes),
incubated for 1 hours in biotinylated goat antimouse IgG
antibody, rinsed in KPBS-BT (2 washes× 7 minutes), and
then incubated in Strept ABC Complex/HRP for 4 hours.
The sections were rinsed in KPBS-BT (1 minutes), and
KPBS (2 washes× 10 minutes). Bcl-2 immunoreactivity
was visualized using 0.025% 3,3′diaminobenzedine (DAB,
Sigma) and 0.01% H2O2. for 24 hours. Finally, sections were
rinsed in running tap water, air dried, and cover-slipped
using permount.

According to this part, the mouse monochonal antibody
direct against choline acetyltransferase (ChAT) were use
instead of monochonal antibody direct against Bcl-2.

2.13. Statistical Analysis. Data were presented as mean ±
standard error of mean (SEM). The analysis was performed
using one-way analysis of variance (ANOVA), followed by
LSD test. All statistical results were considered significant at
P value < .05

3. Results

3.1. The Contents of Phenolic Compounds, Total Flavonoids,
Anthocyanin, and Antioxidant Effect of Mulberry Fruit. In the
first part of this study we had determined and compared
the phenolic compounds, total flavonoids, and anthocyanin
contents of mulberry fruits with the fruits which reputed
for anthocyanin riches and possesses neuroprotective and
cognitive enhancing effects as blueberries. In addition, the
antioxidant effect was also determined using DPPH and
FRAP assays. The results were shown in Table 1. Our
data clearly demonstrated that dried powder of mulberry
fruits contained phenolic compounds at concentration of
5.19 mg GAE/g of fruit whereas blueberry fruits contained
the mentioned compounds at concentration of 2.25 mg
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Table 1: The phenolic compounds, total flavonoids, and anthocyanin contents of mulberry and blueberries.

Plants
Total phenolics Total flavonoids Total flavonoids Total anthocyanins DPPH EC50 FRAP EC50

(mg GAE/100 g fruit) (mg QE/100 g fruit) (mg Rutin/100 g fruit) (mg/100 g fruit) (μg/mL) (μg/mL)

Mulberry 5.19 9.44 6.92 667.95 232.25 422.28

Blueberry 2.25 2.74 1.45 333.98 574.38 >1000.00
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Figure 1: The effect of mulberry fruit extract on spatial memory in
animal model of vascular dementia.

GAE/g of fruit. The contents of total flavonoids in the forms
of quercetin of mulberry fruits and blueberry fruits were
observed at concentrations of 9.44 and 2.74 mg QE/100 g
of fruit while total flavonoids which determined in the
form of rutin contents were observed at concentrations of
6.92 and 1.45 mg Rutin/100 g of fruit. Therefore, mulberry
fruits contained more phenolic compounds than blueberry
fruits approximately 43%. Mulberry fruits also contained
more quercetin and rutin than blueberry fruits around 29
and 20%. We also determined the contents of anthocyanin
in both types of fruit. It was found that anthocyanin
contents in mulberry and blueberry fruits were 667.95 and
333.98 mg/100 g of fruit. Again, mulberry fruits showed
higher concentration of anthocyanin more than blueberry
fruits approximately 50%. Therefore, it is very interesting
that mulberry fruit which is very much cheaper than blue-
berry fruit contains more benefit phytochemical ingredients.
However, health benefit of mulberry fruit has not received
much attention.

3.2. Cognitive Enhancing Effect and Neuroprotective Effect
of Mulberry Fruit. The effect of mulberry fruit extract on
spatial memory in animal model of vascular dementia was
shown in Figure 1. Our data showed that at 21-day after
MCAO, rats subjected to donepezil, a standard drug for
dementia treatment which was used as positive control
showed the significant decreased escape latency (P value <
.01 compared to MCAO + vehicle treated group) whereas no
significant change of retention time was observed. Rats which
obtained mulberry fruit extract at doses of 10 to 50 mg/kg
BW also showed the significant decreased escape latency

(P value < .05 all; compared to MCAO + vehicle treated
group). However, no significant changes of retention time
were observed in any groups.

Figure 2 showed the effect of mulberry fruit extract on
neuron density in hippocampus. The results showed that rats
which received donepezil showed the significant elevation
of neuron density only in CA1 (P value < .01 compared to
MCAO + vehicle treated group). Surprisingly, rats subjected
to all doses of mulberry fruit extract significantly enhanced
neuron density in CA2 (P value < .001, .001 and .05
respectively; compared to MCAO + vehicle treated group)
and CA3 (P value < .001, .01, and .01, respectively; compared
to MCAO + vehicle treated group) whereas no significant
changes were observed in CA1 and dentate gyrus.

We also determined the effect of mulberry fruits extract
on cholinergic system. It was found that rats which received
either donepezil or mulberry fruit extract at dose of 10 mg/kg
BW showed the increased neuron density in CA3 subregion
of hippocampus (P value < .01 all compared to MCAO +
vehicle treated group) as shown in Figure 3. In addition,
the effect of mulberry fruit on the activity of AChE in
hippocampus was also investigated and data were shown
in Figure 4. The present findings showed that rats which
received either donepezil or mulberry fruit at doses of 10
and 50 mg/kg BW showed the significant reduction of AChE
activity in hippocampus (P value < .01 and .05, respectively;
compared to MCAO + vehicle treated group).

3.3. Effect of Mulberry Fruit on Bcl-2-Immunopositive Neurons
Density. Since apoptosis also contributed the crucial role
on brain damage in vascular dementia, we also focused
on the alteration of Bcl 2, the apoptosis regulator. The
effect of mulberry fruit extract on the density of Bcl-2-
immunopositive neurons in hippocampus was investigated
and data were shown in Figure 5. Rats which exposed
to donepezil showed the increased Bcl-2-immunopositive
neurons density only in CA3 (P value < .05 compared to
MCAO + vehicle treated group). It was found that rats
subjected to mulberry fruit extract at dose of 10 mg/kg BW
showed the significant increase in Bcl-2-immunopositive
neurons density in CA1 and CA3 (P value < .05 all;
compared to MCAO + vehicle treated group) while rats
which received the extract at dose of 2 mg/kg BW showed the
significant increase Bcl-2-immunopositive neurons density
only in dentate gyrus (P value < .05 compared to MCAO +
vehicle treated group).

3.4. Effect of Mulberry Fruit Extract on Oxidative Stress Mark-
ers. In this study, we also determined the effect of mulberry
fruits extract on oxidative stress markers including the level
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Figure 2: The effect of mulberry fruit extract on neuron density in hippocampus (Photomicrographs of coronal sections of rat brain
histologically stained with cresyl violet at 40X magnification).

of MDA and the activities of superoxide dismutase (SOD),
catalase (CAT) and glutathione peroxidase (GSH-Px). The
results were shown in Table 2. It was found that both
rats subjected donepezil and rats subjected to all doses of
extract significantly decreased MDA level in hippocampus
(P value <.001, .05, .01, and .01, respectively; compared to
MCAO + vehicle treated group) but increased CAT activity
in the mentioned area (P value < .05, .001, .001, and .001,
respectively; compared to MCAO + vehicle treated group).
The enhanced activity of SOD in hippocampus was also
observed in rats treated with donepezil and mulberry fruit
extract at doses of 2, 10 and 50 mg/kg BW (P value <
.05 all; compared to MCAO + vehicle treated group). The
enhanced GSH-Px activity was also observed in rats treated
with mulberry fruit at dose of 10 and 50 mg/kg (P value <
.05.all; compared to MCAO + vehicle treated group).

4. Discussion

The present study has revealed that mulberry fruit possessed
higher contents of phytochemical compounds and exerted
more potent antioxidant activity than blueberry fruit. We
have clearly demonstrated that mulberry fruit extract signif-
icantly improved oxidative status and enhanced the densities

of neuron and cholinergic neuron in hippocampus. In addi-
tion, the enhanced density of Bcl-2-immunopositive neurons
and the suppression of AChE in the area just mentioned
were also observed in accompany with the increased spatial
memory in animal model of vascular dementia.

The present study has revealed that mulberry fruit
possessed higher contents of phytochemical compounds
and exerted more potent antioxidant activity than blue-
berry fruit. We have clearly demonstrated that mulberry
fruit extract significantly improved oxidative status and
enhanced the densities of neuron and cholinergic neuron in
hippocampus. In addition, the enhanced density of Bcl-2-
immunopositive neurons and the suppression of AChE in the
area just mentioned were also observed in accompany with
the increased spatial memory in animal model of vascular
dementia.

In our behavioral test, we found that mulberry fruit
extract could improve memory impairment in animal model
of vascular dementia. To further elucidate the possible mech-
anism associated with the recovery of memory impairment
in cerebral ischemia rat, we had determined the function of
cholinergic system which played the pivotal role on learning
and memory in the hippocampus. We had found that the
function of cholinergic system in this area increased by the
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Figure 3: The effect of mulberry fruit extract on alteration of density of cholinergic neuron in various subregion of hippocampus
(Photomicrographs of coronal sections of rat brain (panel A = CA3 of hippocampus) immunohistologically stained with cholineacetyl
transferase at 40X magnification).
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Figure 4: The effect of mulberry fruit extract on the alteration of acetylcholinesterase enzyme activity.
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Figure 5: The effect of mulberry fruit on Bcl-2-immunopositive neurons density in various subregion of hippocampus.

Table 2: Effect of mulberry fruit extract on oxidative stress markers.

Group
SOD Catalase GSH-Px MDA

(μ/mg·protein) (μ/mg·protein) (μ/mg·protein) (μ/mg·protein)

Vehicle + MCAO 1.65± 0.18 12.84± 1.54 0.52± 0.10 2.45± 0.80

Donepezil 1 mg + MCAO 1.82± 0.33 36.46± 7.11∗∗∗ 0.95± 0.28 1.68± 0.39

Mulberry 2 mg + MCAO 2.65± 0.41 15.22± 4.05 0.78± 0.22 1.55± 0.32

Mulberry 10 mg + MCAO 2.47± 0.55 19.80± 6.65 1.19± 0.36∗ 0.98± 0.28∗

Mulberry 50 mg + MCAO 2.77± 0.51∗ 13.88± 3.64 1.33± 0.16∗ 1.51± 0.25

Data are the mean ± SEM. ∗P < .05, ∗∗P < .01, ∗∗∗P < .001 compared with vehicle treated group.
Abbreviations: SOD: Superoxide dismutase; GSH-Px: Glutathione peroxidase; MDA: Malondialdehyde.

enhanced cholinergic neuron and the suppression of AChE.
Since cholinergic dysfunction played an important role in
the pathophysiology of vascular dementia [20], therefore, the
improved memory impairment induced by mulberry fruit
might occur partly via the enhanced cholinergic function.

In addition the enhanced neuron density in hippocam-
pus was also observed especially in CA2 and CA3. It has been
reported that CA3 and CA1 contribute the important role in
associative memory function. Both areas also play the role
in encoding process while only CA3 also play a pivotal role in
retrieval process [21, 22]. Unfortunately, the function of CA2
has not been yet understood. The increased neuron density
observed in this study might be associated with the decreased
oxidative stress induced by the elevation of SOD, GSH-Px,
and CAT in hippocampus or the ability of mulberry fruit
to directly scavenge the stable free radicals and its reducing
power. However, the role of mulberry fruits on apoptosis still
could not omitted.

Previous study had demonstrated that memory impair-
ment in MCAO rat was associated with neuronal apoptosis in
hippocampus [23]. In addition, it was also reported that this
process can be suppressed by the enhanced expression of Bcl-
2. [24, 25]. In this study, we found that Bcl-2 expression was
significantly increased in rats subjected to mulberry fruits

extract + MCAO rats. Therefore, this finding suggested that
the neuroprotective effect of mulberry fruit against apoptosis
in rat hippocampal was also mediated partly by the increased
Bcl-2-immunopositive neurons density.

Taken all together, mulberry fruit might decrease oxida-
tive stress and increase Bcl-2 resulting in the increased den-
sities of neurons and cholinergic neurons in hippocampus
especially in CA3. Both the increased neuron density in
CA3 and the increased cholinergic function gave rise to the
increased encoding and retrieval capacity and finally resulted
in the enhanced memory in animal model of vascular
dementia.

Although the determination of possible active ingredient
was beyond the scope of this study, we did suggest that
the beneficial effect of mulberry fruit might be associated
with its phytochemical compounds such as polyphenolic
compounds especially anthocyanin, quercetin, and rutin
[26–29].

5. Conclusions

Mulberry fruit is the potential functional food that can
protect against brain damage and memory impairment in
vascular dementia. The possible underlying mechanisms are
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associated with the improved cholinergic function and the
decreased apoptosis by enhancing the Bcl-2 immunospos-
itive neuron density in hippocampus. In addition, the
decreased oxidative stress by the enhanced SOD and CAT
activities in hippocampus and the direct ability to scavenge
stable oxidative stress and reducing power of mulberry fruits
may also contribute the role. The decreased oxidative stress
and apoptosis give rise to the enhanced neuron density in
hippocampus especially CA3 which in turn increase the
encoding and retrieval capability of learning and memory
process and finally lead to the improved memory impair-
ment. However, further researches about possible active
ingredient is still required.

Acknowledgments

This study was supported in part by the National Research
Council of Thailand, the Queen Sirikit Department of Seri-
culture, Ministry of Agriculture and Cooperatives, Bangkok,
Thailand and the Integrative Complimentary Alternative
Medicine Research and Development Group, Khon Kaen
University, Khon Kaen, Thailand.

References

[1] D. Knopman, J. Parisi, B. F. Boeve et al., “Vascular dementia in
a population-based autopsy study,” Archives of Neurology, vol.
60, no. 4, pp. 569–575, 2003.

[2] G. C. Román, “Vascular dementia: distinguishing characteris-
tics, treatment, and prevention,” Journal of the American Geri-
atrics Society, vol. 51, no. 5, pp. S296–S304, 2003.

[3] S. Bennett, M. M. Grant, and S. Aldred, “Oxidative stress in
vascular dementia and Alzheimer’s disease: a common pathol-
ogy,” Journal of Alzheimer’s Disease, vol. 17, no. 2, pp. 245–257,
2009.

[4] G. C. Román, “Cholinergic dysfunction in vascular dementia,”
Current Psychiatry Reports, vol. 7, no. 1, pp. 18–26, 2005.

[5] J. Wang, H. Y. Zhang, and X. C. Tang, “Cholinergic deficiency
involved in vascular dementia: possible mechanism and
strategy of treatment,” Acta Pharmacologica Sinica, vol. 30, no.
7, pp. 879–888, 2009.

[6] A. Baskys and A. C. Hou, “Vascular dementia: pharmacolo-
gical treatment approaches and perspectives,” Clinical Inter-
ventions in Aging, vol. 2, no. 3, pp. 327–335, 2007.

[7] X. Liu, J. Du, J. Cai et al., “Clinical systematic observation
of Kangxin capsule curing vascular dementia of senile kidney
deficiency and blood stagnation type,” Journal of Ethnophar-
macology, vol. 112, no. 2, pp. 350–355, 2007.

[8] W. H. Shin, S. J. Park, and E. J. Kim, “Protective effect of antho-
cyanins in middle cerebral artery occlusion and reperfusion
model of cerebral ischemia in rats,” Life Sciences, vol. 79, no. 2,
pp. 130–137, 2006.

[9] A. J. Kim and S. Park, “Mulberry extract supplements ame-
liorate the inflammation-related hematological parameters in
carrageenan-induced arthritic rats,” Journal of Medicinal Food,
vol. 9, no. 3, pp. 431–435, 2006.

[10] H. G. Kim, M. S. Ju, J. S. Shim et al., “Mulberry fruit protects
dopaminergic neurons in toxin-induced Parkinson’s disease
models,” British Journal of Nutrition, vol. 104, no. 1, pp. 8–16,
2010.

[11] E. Z. Longa, P. R. Weinstein, S. Carlson, and R. Cummins,
“Reversible middle cerebral artery occlusion without craniec-
tomy in rats,” Stroke, vol. 20, no. 1, pp. 84–91, 1989.

[12] E. Tsantili, Y. Shin, J. F. Nock, and C. B. Watkins, “Antiox-
idant concentrations during chilling injury development in
peaches,” Postharvest Biology and Technology, vol. 57, no. 1, pp.
27–34, 2010.

[13] A. Djeridane, M. Yousfi, B. Nadjemi, D. Boutassouna, P.
Stocker, and N. Vidal, “Antioxidant activity of some algerian
medicinal plants extracts containing phenolic compounds,”
Food Chemistry, vol. 97, no. 4, pp. 654–660, 2006.

[14] L. Jakobek, M. Seruga, M. Medvidovic-Kosanovi, and I.
Novak, “Antioxidant activity and polyphenols of Aronia in
comparison to other berry species,” Agriculturae Conspectus
Scientificus, vol. 72, pp. 301–306, 2007.

[15] I. F. F. Benzie and J. J. Strain, “The ferric reducing ability of
plasma (FRAP) as a measure of ’antioxidant power’: the FRAP
assay,” Analytical Biochemistry, vol. 239, no. 1, pp. 70–76, 1996.

[16] R. G. Morris, P. Garrud, J. N. Rawlins, and J. O’Keefe,
“Place navigation impaired in rats with hippocampal lesions,”
Nature, vol. 297, no. 5868, pp. 681–683, 1982.

[17] J. M. McCord and I. Fridovich, “Superoxide dismutase. An
enzymic function for erythrocuprein (hemocuprein),” Journal
of Biological Chemistry, vol. 244, no. 22, pp. 6049–6055, 1969.

[18] H. Aebi, S. R. Wyss, B. Scherz, and F. Skvaril, “Heterogeneity
of erythrocyte catalase II. Isolation and characterization of
normal and variant erythrocyte catalase and their subunits,”
European Journal of Biochemistry, vol. 48, no. 1, pp. 137–145,
1974.

[19] K. Dundar, T. Topal, H. Ay, S. Oter, and A. Korkmaz, “Pro-
tective effects of exogenously administered or endogenously
produced melatonin on hyperbaric oxygen-induced oxidative
stress in the rat brain,” Clinical and Experimental Pharmacol-
ogy and Physiology, vol. 32, no. 11, pp. 926–930, 2005.

[20] G. C. Román, “Cholinergic dysfunction in vascular dementia,”
Current Psychiatry Reports, vol. 7, no. 1, pp. 18–26, 2005.

[21] M. E. Hasselmo, B. P. Wyble, and G. V. Wallenstein, “Encoding
and retrieval of episodic memories: role of cholinergic and
GABAergic modulation in the hippocampus,” Hippocampus,
vol. 6, no. 6, pp. 693–708, 1996.

[22] J. Ji and S. Maren, “Differential roles for hippocampal areas
CA1 and CA3 in the contextual encoding and retrieval of
extinguished fear,” Learning and Memory, vol. 15, no. 4, pp.
244–251, 2008.

[23] X. Li, F. Han, D. Liu, and Y. Shi, “Changes of Bax, Bcl-2 and
apoptosis in hippocampus in the rat model of post-traumatic
stress disorder,” Neurological Research, vol. 32, no. 6, pp. 579–
586, 2010.
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Health-related physical fitness declines as the age advances. Oxidative stress is reported to contribute the crucial role on this
phenomenon. This condition is also enhanced by antioxidant. Therefore, we aimed to determine the effect of Kaempferia parviflora,
a plant reputed for antifatigue, longevity promotion, and antioxidant effects, on health-related quality physical fitness and oxidative
status of the healthy elderly volunteers. Total 45 subjects had been randomized to receive placebo or K. parviflora extract at doses
of 25 or 90 mg once daily for 8 weeks. They were determined baseline data of physical performance using 30 sec chair stand test,
hand grip test, 6 min walk test, and tandem test. Serum oxidative stress markers including malondialdehde (MDA) level and the
activities of superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase (GSH-Px) were also assayed. All assessments
were performed every 4 weeks throughout the 8-week study period. The results showed that K. parviflora increased performance in
30-second chair stand test and 6 min walk test together with the increased all scavenger enzymes activities and the decreased MDA
level. Therefore, K. parviflora can enhance physical fitness partly via the decreased oxidative stress. In conclusion, K. parviflora is
the potential health supplement for elderly. However, further study is required.

1. Introduction

Health-related physical fitness is defined as fitness related to
some aspect of health. It is regarded as a major marker of
health status at any age. It comprises of 4 main domains
including strength and endurance of skeletal muscles, joint
flexibility, body composition, and cardiorespiratory endur-
ance [1]. Physical fitness is varied depending on the age.
It has been reported that physical fitness achieves the peak
performance during late teens and begins a slow decline in
their early 20s. Therefore, the definition of physical fitness
must be defined with consideration for an individual’s age. It
is defined as a physical condition that allows an individual
to work without becoming overly fatigued, perform daily

chores, and have enough energy left over to engage in
leisure activities in younger person, whereas it is defined as
the physical condition that allows an individual to conduct
daily activity without becoming exhausted or tired. Thus,
the decreased health-related physical fitness produces great
impact on quality of life and disability condition of the
elderly. Therefore, the ultimate goal in ageing society nowa-
days is to maintain the health-related physical fitness of the
elderly.

Recent findings showed that age-related physical decline
might be related to oxidative damage perpetrated by free
radicals [2]. Free radicals disrupt the homeostasis of biolog-
ical systems by damaging their major constituent molecules,
leading eventually to cell death [3, 4]. It has been reported
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that oxidative damage may play a crucial role in the
decline of functional activity in human skeletal muscle with
normal aging [5, 6]. Recent findings showed that plasma
antioxidant concentrations correlate positively with physical
performance and strength. Higher dietary intakes of most
antioxidants, especially vitamin C, are associated with higher
skeletal muscular strength in elderly persons [7]. In addition
to the muscle strength, oxidative stress also plays an impor-
tant role on cardiopulmonary performance, which can be
assessed via 6 min walk test [8].

Since the health-related quality of life produces great
impact on quality of life and it is under the influence of many
factors, various strategies have been implemented to enhance
and maintain the health-related quality of life. Among vari-
ous strategies, phytomedicine or herbal therapy, which has
been long-term used in traditional folklore to treat various
ailments and to restore physical fitness [9], has gained much
attention.

K. parviflora Wall. ex Baker or Krachai Dam is belonging
to the family of Zingiberaceae. It has been long term used
in Thai traditional medicine for treating various ailments
including allergy, fatigue, sexual dysfunction, and ulcer. In
addition, it is also used as longevity promoting substance
and as nerve tonic. Recent findings showed that K. parviflora
rhizomes extract contained numerous flavonoids [10], which
was previously reported to possess antioxidant activity,
neuroprotective, and cognitive-enhancing effects [11]. Based
on the antifatigue and antioxidant effect of K. parviflora,
we hypothesized that K. parviflora might enhance the
physical fitness and oxidative status in healthy elderly. To
elucidate this issue, we aimed to determine the effect of 8-
week consumption of K. parviflora extract on health-related
physical fitness and on oxidative stress status of healthy
elderly volunteers.

2. Materials and Methods

2.1. Subjects. A total 45, healthy elderly volunteers were
initially recruited to take part in a randomized trial designed
to investigate the effects of an 8-week consumption of K.
parviflora on health-related physical fitness. Subjects were
volunteers who were older than 60 years, healthy, and with-
out history of cardiovascular diseases, respiratory diseases,
neuropsychological diseases, head injury, diabetes, cancer,
alcohol addiction, and smokers of more than 10 pieces per
day. Any persons taking prescribed and nonprescribed drugs
or nutraceutical compounds influencing the function of the
nervous system were also excluded. All participants were also
requested and agreed to abstain from caffeine-containing
products, throughout each study day, and alcohol for a
minimum of 12 h prior to the test sessions. This study was
approved by the Khon Kaen University Ethics Committee of
Human Research.

Prior to the participation, each volunteer had signed
an informed consent form and completed a medical health
questionnaire. All recruited subjects were screened for
healthy status again by the physician. In addition, the blood
was also collected for the determination of oxidative stress
markers.

2.2. Kaempferia parviflora Preparation. A standardized ex-
tract of K. parviflora was prepared by the Center for Research
and Development of Herbal Health Product, Faculty of Phar-
maceutical Sciences, Khon Kaen University. All K. parviflora
used in this study was obtained from Loei Province. The
plant was authenticated and kept as voucher specimen at
Faculty of Pharmaceutical Sciences, Khon Kaen University.
Standardization and conformity of the extract is assured by
strict in-process controls during manufacture and complete
analytical control of the resulting dry extract. A-day capsule
contained a specialized rhizome extract containing 5,7
dimethoxyflavone (2.1%), 5,7,4′-trimethoxyflavone (3.1%),
and 3,5,7,3′,4′-pentamethoxyflavone (2.3%). Each K. parvi-
flora capsule contained crude extract of K. parviflora at doses
of 25 and 90 mg.

Placebo tablets were manufactured using the same phar-
maceutical excipient and replicated the active in appear-
ance, odor, and texture. Packaging and randomization was
performed by Integrative Complementary and Alternative
Medicine Research and Development Group, Khon Kaen
University, the study coordinator.

2.3. Procedures and Intervention. In this study, we deter-
mined the health-related physical fitness by using modified
method of Fanò et al., which focused on muscular strength
and cardiopulmonary endurance [6]. In addition to the
domain just mentioned, we also focused on the postural
control because it produced great influence on risk to fall
of the elderly. Therefore, our tests were consisted of 30-
second chair stand test, hand grip strength test, 6-minute
walk test, and tandem test. The 30-second chair stand test
was used to assess the strength of skeletal muscle especially
muscle of the lower extremity whereas hand grip strength
test was used to assess the strength of muscle of the
upper extremity, especially the hand muscle. The cardio-
pulmonary endurance was performed via 6-minute walk test,
whereas the postural control was assessed using tandem test.
Subjects were assessed the physical fitness with the same
sequence in all assessments. The health-related physical fit-
ness and oxidative stress markers were assessed every 4 weeks
throughout the experimental period.

The code for study allocation was only broken when
the last participant completed the entire followup. Staffs
involved in the collection of the study’s endpoints were
instructed to follow a rigorous protocol and not to discuss
any issues related to the use of medication. The review of
compliance with medication and side-effects was performed
independently by the investigators, who were also blinded to
group allocation. Adverse effects were assessed during every
study visit. Subjects were requested to call the study center
if they experienced any medical problems during the 8-week
study period.

2.4. Health-Related Physical Fitness Assessment. To assess the
health-related physical fitness in the elderly, we used the
battery test as follows.

30-Second Chair Stand Test. This test was used to evaluate
lower-body muscular strength. According to this test, the
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number of times within 30 second that an individual can rise
to a full stand from a seated position with back straight and
feet flat on the floor, without pushing off with the arms, was
recorded.

Handgrip Strength Test. This test was the upper-body mus-
cular strength by using a digital dynamometer. Subjects
performed (alternately with both hands) the test twice
allowing a 1-minute rest period between measures. The best
value of 2 trials for each hand was chosen, and the average of
both hands was registered.

6-Minute Walk Test. This test involves the determination of
the maximum distance (meters) that can be walked in 6 min
along a 45.7 meters rectangular course. It reflects the cardio-
pulmonary endurance.

Tandem Stance Test. This test was performed with both eyes
opened and with eye closed while one foot placed in front of
the other foot when both feet touching each other. Standing
duration without swaying was recorded.

2.5. Determination of Oxidative Stress Markers. Fasting
venous blood sample was collected in all subjects and care
was taken. Serum was separated and analyzed for oxidative
stress parameters including the level of malondialdehyde
(MDA) and the activities of superoxide dismutase (SOD),
catalase (CAT), and glutathione peroxidase (GSH-Px). MDA
was measured by thiobarbituric acid reactive substances
assay (TBRAS) method [12]. SOD activity was measured
using the xanthine/xanthine oxidase reaction as a source of
substrate (superoxide) and reduced nitroblue tetrazolium
as an indicator of superoxide [13]. The activity of CAT
was assayed based on the decomposition of substrate H2O2,
which was monitored via spectrophotometrically at 340 nm
for 5 minutes [14], whereas the activity of GSH-Px was
performed using t-buthylhydroperoxide as the substrate
[15].

2.6. Statistical Analysis. All data are expressed as mean ±
S.E.M. Between-group comparisons and the comparison
between baseline data and the changes observed at various
time points of physical fitness and biochemical parameters
were performed using analysis of variance (ANOVA). Post
hoc, Dunnett test was used after using one-way analysis
of variance. Statistical significance was regarded at P value
<0.05.

3. Results

3.1. Demographic Data of Subjects. The baseline data about
demographic data of subjects in all groups were shown in
Table 1. No significant differences of all parameters among
various groups were observed.

3.2. Effect of K. parviflora on Health-Related Physical Fitness.
Effects of various doses of K. parviflora on various param-
eters indicating physical fitness were shown in Table 2. It
was found that subjects who consumed K. parviflora at dose

of 90 mg/day significantly increased 30-second chair stand
test (P value <0.05; compared to baseline data). In addition,
it was found that subjects who consumed the extract at
dose of 90 mg/may increase 6 min walk test (P value <0.05
all; compared to either baseline or placebo treated group).
However, no other significant effects were observed.

3.3. Effect of K. parviflora on Oxidative Stress Markers. The
effect of K. parviflora on various oxidative stress markers
including superoxide dismutase (SOD), catalase (CAT), and
glutathione peroxidase (GSH-Px) activities and the level of
malondialdehyde (MDA) in serum were shown in Figures 1–
4. Our data showed that subjects who consumed K. parviflora
extract at dose of 25 mg/day showed the significant increase
in SOD activity at 4-week (P value <0.01 compared to
placebo-treated group; P value <0.05 compared to baseline
data) and 8-week period (P value <0.001 all; both compared
to placebo treated group and compared to baseline data).
However, subjects who consumed the low dose of extract
failed to show significant changes of CAT and GSH-Px
activities and MDA level at 4-week intervention period.
It was found that at 4-week study period, subjects who
consumed K. parviflora extract at dose of 90 mg showed
the significant elevation of SOD activity (P value <0.05;
compared to baseline data and P value <0.001 compared
to placebo-treated group). The significant elevation of CAT
activity was also observed (P value <0.001; compared to
placebo treated group), whereas no significant changes of
GSH-Px activity and MDA level were not observed at this
duration. When the consumption period was increased fur-
ther to 8 weeks, it was found that subjects who consumed K.
parviflora at dose of 90 mg showed the significant elevation
of SOD (P value <0.001 all; both compared to placebo
treated group and compared to baseline data), CAT (P value
<0.001 all; both compared to placebo-treated group and
compared to baseline data), and GSH-Px activities (P value
<0.05 compared to placebo treated group and P value <0.01
compared to baseline data). In addition, the decreased MDA
level was also observed (P value <0.01 compared to placebo
treated group; P value <0.05 compared to baseline data).

4. Discussion

This study has clearly revealed that K. parviflora significantly
enhanced the performance in 30-second chair stand test and
6 min walk test which reflect the enhanced strength of muscle
of lower extremities and the enhanced cardiopulmonary
endurance together with the improved oxidative stress status.

Current trend in the dramatically increased elderly
population enhances the importance of sustaining physical
fitness of this group of population. It has been reported that
as the age advances, the physical fitness declines. Both muscle
area and fiber numbers are decreased since the fourth decade
[16]. A parallel decrease in muscle strength (knee extension)
also occurs with the decrease in muscle mass. In addition to
the decreased muscle mass, the decreased muscle efficiency
such as decreased oxygen uptake [17] and the decreased
muscle mitochondria ATP production [18], the decreased
ratio between type I and type II [19], are also observed. All
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Table 1: Demographic data of subjects (n = 15/group).

General characteristic Placebo KP25 KP90

62.66± 6.33

Age (years) 64.2± 6.95 61.53± 6.39 F(0.05, 2, 42) = 0.6236,

P = 0.5409

7.33± 2.96

Education (years) 7.73± 2.65 7.53± 2.82 F(0.05, 2, 42) = 0.0754,

P = 0.9275

91.26± 4.31

Full-scale IQ 90.6± 7.66 89.2± 63.55 F(0.05, 2, 42) = 0.4160,

P = 0.6624

120.20± 5.94

Systolic blood pressure (mmHg) 122.26± 8.22 121.20± 6.63 F(0.05, 2, 42) = 0.3270,

P = 0.7229

84.80± 6.47

Diastolic blood pressure (mmHg) 81.53± 6.84 83.26± 7.64 F(0.05, 2, 42) = 0.8165,

P = 0.4489

23.04± 1.67

Body mass index 21.92± 2.06 23.27± 1.34 F(0.05, 2, 42) = 2.6763,

P = 0.50805

Data were present as mean ± SEM.

Table 2: Effect of various doses of K. parviflora on health related physical fitness.

Measured parameters Group Pre-dose 1 month 2 month

Placebo 24.53 + 2.55 24.33 + 2.28 24.33 + 2.46

Grip strength (Rt) (kg) KP25 25.06 + 3.01 25 + 2.97 24.86 + 3.18

KP90 23.93 + 3.30 24.6 + 3.13 24.8 + 3.14

Placebo 21.06 + 1.83 21.33 + 1.58 21.2 + 1.56

Grip strength (Lt) (kg) KP25 22.06 + 1.86 21.66 + 1.5 21.26 + 1.48

KP90 20.86 + 2.72 21.6 + 2.02 21.6 + 1.84

Placebo 19.13 + 2.79 19.26 + 1.43 18.93 + 1.70

30-second chair stand test. (sec) KP25 18.33 + 2.58 19 + 2.77 20 + 3.11

KP90 18.6 + 2.52 19.6 + 2.13 20.66 + 2.28#

Placebo 567.33 + 33.52 598.73 + 31.57 571.26 + 32.05

6 min. walk test (m.) KP25 571.26 + 33.68 570.33 + 38.32 575.53 + 36.04

KP90 572.8 + 32.65 575.46 + 34.29 601.26 + 33.70∗#

Placebo 164.8± 12.34 163.06± 10.35 165.06± 9.80

Tandem test(Opened Eye, Right leg is in front) (sec) KP25 161.8± 11.16 164.06± 9.63 162.26± 8.93

KP90 164± 10.50 166.6± 6.81 168.46 + 6.90

Placebo 112.33± 11.00 110.66± 10.01 109 + 10.20

Tandem test (Opened Eye, Left leg is in front) (sec) KP25 111.93± 7.77 112.33± 11.39 111.8 + 10.16

KP90 108.2± 11.32 109.33± 13.62 110.46 + 13.31

Placebo 33.8± 9.22 30.8± 10.74 31.66 + 10.41

Tandem test (Closed Eye, Right leg is in front) (sec) KP25 31.86± 10.12 32.6± 7.44 32.73 + 7.67

KP90 31.26± 11.09 31.86± 9.33 33.4 + 8.94

Placebo 18.8 + 3.60 19.86 + 5.01 21.2 + 4.57

Tandem test (Closed Eye, Left leg is in front) (sec) KP25 20.93 + 3.41 21.33 + 3.79 21.26 + 3.19

KP90 20.46 + 4.24 21.26 + 4.58 22.06 + 3.93

Data were present as mean ± SEM (n = 15/group).
∗P value <0.05 compared to placebo, #P value <0.05 compared to baseline.
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Figure 1: Effect of various doses of K. parviflora on level of
superoxide dismutase in serum. Data were present as mean ± SEM
(n = 15/group). ∗∗,∗∗∗P value <0.01; 0.001 compared with placebo
group, respectively. #,###P value <0.05; 0.01 compared to baseline,
respectively.
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Figure 2: Effect of various doses of K. parviflora on level of catalase
in serum. Data were present as mean ± SEM (n = 15/group).
∗∗,∗∗∗P value <0.01; 0.001 compared with placebo group, respec-
tively. ###P value <0.001 compared to baseline.

factors mentioned earlier are also essential for the strength of
muscle limb and aerobic or cardiopulmonary endurance.

A recent finding has shown that the enhanced blood
flow plays the crucial role on the metabolic implications,
which in turn influenced on the functional capacity of the
muscle [20], and oxidative stress interferes ATP production
of mitochondria [21]. Since we also found the enhanced
antioxidant enzymes activities and the decreased MDA level
in this study, we suggested that the enhanced performance
of muscle of lower extremities in subject following 8-week
consumption of K. parviflora at dose of 90 mg/day might be
associated with the enhanced blood flow [22, 23] and the
decreased oxidative stress [24] of this medicinal plant.

Our data showed the improved muscle strength only in
the lower extremities while no significant changes of muscle
of extremities were observed. Since muscle of the lower
extremities contained more type I muscle fiber, a muscle
with high vascular supply, than the muscle of the upper
extremities, we did suggest that the effect of K. parviflora
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Figure 3: Effect of various doses of K. parviflora on level of glu-
tathione peroxidase in serum. Data were present as mean ± SEM
(n = 15/group). ∗P value <0.05 compared with placebo group. ##P
value <0.01 compared to baseline.
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Figure 4: Effect of various doses of K. parviflora on level of mal-
ondialdehyde (MDA) in serum. Data were present as mean ± SEM
(n = 15/group). ∗∗P value <0.01 compared with placebo group. #P
value <0.05 compared to baseline.

selectively depended on types of muscle and the main
principal action of K. parviflora might be associated with
its vasodilation effect resulting in the enhanced blood flow
especially in muscle of lower extremities.

It has been clearly demonstrated that 6 min walk test
is a valid and reliable measurement of physical endurance
in elderly [25]. The aerobic endurance, which reflect the
function, of cardiopulmonary function, is under the influ-
ence of antioxidant. Substance possessing antioxidant has
been previously reported to enhance oxygen utilization [26].
Theoretically, improved oxygen usage could improve aerobic
endurance performance. Recent finding also showed that
flavonoid could increase muscle oxidative capacity and
endurance in mice [27]. Therefore, K. parviflora, which con-
tained flavonoid and possessed antioxidant effect, might
enhance oxygen usage and oxidative capacity and resulting in
the increased performance in aerobic endurance manifesting
by enhanced capability in 6-minute walk test.

Taken all data together, K. parviflora could enhance blood
flow to muscle, enhance oxygen utilization, and decrease
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Figure 5: Schematic diagram illustrated the possible action of
K. parviflora on muscle strength of lower extremities and aerobic
endurance.

oxidative stress which in turn enhanced ATP production
capacity of mitochondria and resulted in the increased
muscle strength especially in lower extremities and enhanced
aerobic endurance as shown in Figure 5. In addition, unpub-
lished data of our colleagues also showed that subchronic
toxicity of K. parviflora extract is safe up to 500 mg/kg.
Therefore, the safety range of this extract is quite wide and
may be possible to develop as food supplement for elderly.

5. Conclusions

K. parviflora or Thai ginseng is the potential food supple-
ment to enhance muscle strength and aerobic endurance,
the important components of health-related physical fitness.
Therefore, it may also improve health quality of life and
decrease risk to fall in the elderly. However, further study is
required.
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