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Abstract

In treating various diseases, natural therapies are widely preferred in the modern era to synthetic drugs as they offer little or
no side effects, in contrast to synthetic drugs. However, there is limited scientific knowledge about plants that have a broad
range of medicinal properties. Cleistocalyx nervosum var. paniala, native to Thailand and generally known as Ma-kiang in
Thai, is one of the least documented plant species. Due to its richness in phenolic compounds, especially anthocyanins,
C. nervosum var. paniala has been used in traditional medicine to treat several health complications. The fruits, seeds, and
leaves of C. nervosum var. paniala have been reported to exhibit antioxidant, antimicrobial, anti-mutagenic, anti-carcinogenic,
anti-aging, and neuroprotective properties. The extracts of C. nervosum var. paniala are non-toxic to living systems, and they
also can activate the immune system. Moreover, they are widely used in industrial applications, such as in functional food
products and in many health products, due to the colored anthocyanin pigments and the anthocyanin benefits of C. nervosum
var. paniala. However, there is a need to conduct research in this berry species to identify the mechanism behind its medicinal
properties. The present review summarizes the functional properties and bioactivities of C. nervosum var. paniala based on

available scientific information.
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Practical Application: The manuscript summarizes the beneficial effects of Cleistocalyx nervosum var. paniala, which helps to

develop value-added pharmacological products.

1 Introduction

Medicinal plants have been used in traditional medicine
for the prevention and treatment of several diseases by
improving immunity and reducing cellular stress, but scientific
documentation in this regard is very limited (Azuma, 1987;
Sriwanthana et al., 2007). Cleistocalyx nervosum var. paniala is
one of the least documented medicinal plant, which is widely
grown in the northern parts of Thailand (Thongma, 2002) and is
known to possess immense health benefits, such as antioxidant,
anti-mutagenic, anti-carcinogenic, and anti-aging properties
(Charoensin et al., 2012; Inboot et al., 2012; Taya et al., 2009;
Manosroi et al., 2015; Sukprasansap et al., 2017). C. nervosum
var. paniala belongs to the family Myrtaceae. It is endemic
or indigenous to Northern Thailand. Its fruits are known for
their antioxidant and anti-carcinogenic properties, due to the
presence of polyphenols and flavonoids (Leelapornpisit et al.,
2004). The characteristic feature of sweet and sour taste and
the natural red color makes it a key ingredient in health drinks
and functional foods (Patthamakanokporn et al., 2008). About
200 mL of 25% C. nervosum var. paniala fruit beverage possess
approximately 820 pumol of total antioxidants and 74 mg of
total phenolic compounds (Patthamakanokporn et al., 2008).

In addition, C. nervosum var. paniala fruit have the ability to
scavenge reactive oxygen radicals and ferric ion, thereby reducing
antioxidant power as well as up-regulating the expression of
endogenous antioxidant enzymes (Sukprasansap et al., 2017).

Cyanidin-3-glucoside is present in many fruits, including red
cabbage microgreen, blueberry, blackcurrant, mulberry, cherry,
black elderberry, black soybean, chokeberry, and jaboticaba
peel, and it has a variety of health benefits as it could mediate
inflammatory responses and alleviate obesity and its related
complications (Lee et al., 2017). Anthocyanin from blackcurrant
was observed to neutralize the cytotoxic effects of nicotine on
fibroblast and epithelial cells as well as inhibit the lipopolysaccharide
mediated secretion of interleukin-6 by human macrophages in
a dose-dependent manner (Desjardins et al., 2012).

The fruits of C. nervosum var. paniala are rich in anthocyanins,
which imparts the bright color to the fruit and confers several
health benefits: lowers the risk of cardiovascular diseases,
diabetes, arthritis, cancer and neurodegenerative diseases
(Charoensin et al., 2012; Sukprasansap et al., 2017; Slemmer
& Weber, 2014). C. nervosum var. paniala contains the highest
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amount of cyanidin-3-glucoside (24.06 mg/100 g dry weight)
(Sukprasansap et al., 2017) compared with a large variety of
fruits and vegetables that are known to have multiple health
benefits (Chaiyasut et al., 2016). The malic and citric acid
contents of C. nervosum var. paniala fruits are reported to be
0.12-0.19 and 1.57-1.82% respectively (Liawruangrath et al.,
2005). The predominant antioxidants found in the fruits of
C. nervosum var. paniala are glucopyranoside, caffeoylquinic
acid, gallic acid, monogalloyldiglucoside, methoxymethylgallate
and ellagic acid (Nuengchamnong & Ingkaninan, 2009).

In addition to the fruits of C. nervosum var. paniala, its leaf
extracts also have high amounts of phenolic compounds with
antioxidant activities (Poontawee et al., 2016). C. nervosum var.
paniala fruit extracts contain gallicacid (35.34 £ 17.31 mg/100 g
of dry weight), catechin (346.55 + 12.02 mg/100 g of dry weight)
and rutin (104.68 + 14.64 mg/100 g dry weight) (Poontawee et al.,
2016). Apart from the pulp, the seed of C. nervosum var. paniala
also has many potential antioxidants, which have received limited
consideration. The seed of C. nervosum var. paniala contains
tannins, which have cancer prevention property. However,
conditions such as climate, vegetation, soil characteristics, and
storage conditions have an impact on the level of antioxidants
in the plant (Belancic et al., 1997; Reynolds et al., 1995).

The effect of storage of C. nervosum var. paniala fruits on
their antioxidant activity was investigated. Fruits were collected
from two different provinces in Thailand, Lampang and Chaing
Rai, known for richness with respect to the total phenolic
content and antioxidant potential (Patthamakanokporn et al.,
2008). Additionally, storage of the fruits at -20° C for 3 months
did not reduce the moisture content, phenolic content and the
oxygen radical absorbance capacity (ORAC)-based antioxidant
activity. However, the ferric ion reducing antioxidant power
(FRAP)-based antioxidant activity declined during storage.
Similarly, fruits stored at 5° C for 10 days showed no changes
in moisture and phenolic content, but the antioxidant activity
was reduced significantly (Patthamakanokporn et al., 2008),
which was attributed to the temperature-induced degradation
of anthocyanins (Chaiyasut et al., 2016).

Reduce heavy metal

The present study summarizes the overall functional
properties and bioactivities of C. nervosum var. paniala with
recent scientific evidence.

2 Bioactivities of C. nervosum var. paniala

The major bioactivities reported for C. nervosum var. paniala
are shown in Figure 1 and explained in detail here.

2.1 Anti-oxidant and anti-aging properties

Supplementation with aqueous extract of C. nervosum
var. paniala fruit (500 mg/kg of body weight, 5 times/week
for 4 weeks) has been reported, due to its heme oxygenase-1
activation and ability to reduce oxidative stress in rat liver, at
a high dose, without causing any acute and subacute toxicity
(Taya etal., 2009). It is likely that ethanol extract of C. nervosum
fruit decreased lipid peroxidation and increased glutathione
peroxidase activity in rats (Thuschana et al.,, 2012).

Likewise, the water fruit extract of C. nervosum var.
paniala exhibited total antioxidant capacity, including
2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging
capacity assay (93.49 + 0.24% scavenging activity), ORAC assay
(91.06 *3.35 umol of trolox/g of dry weight) and FRAP assay
(42.89 + 0.85 pmol of trolox/g of dry weight). Furthermore,
the total phenolic content was 535.91 + 0.09 mg of gallic acid
equivalent (GAE)/100 g of dry weight, and the total anthocyanin
content was 50.49 * 0.64 mg of cyanidin-3-glucoside/100 g of
dry weight (Sukprasansap et al., 2017).

The ethanol extracts from the seeds of C. nervosum var.
paniala have been reported to contain total phenolic compounds
(173.6 + 1.9 mg of GAE/g of dry weight) and total flavonoids
(44.2 £ 0.2 mg of rutin equivalents (RE)/g of dry weight), with
free radical scavenging activity (IC, value of 0.09 mg/mg DPPH)
(Maisuthisakul et al., 2007).

Apart from the fruit and seed extracts, the leaf extracts of
C. nervosum var. paniala were also observed to exhibit potent
anti-aging and antioxidant activities, which were influenced
by the extraction method and age of the leaves. Three different
solvents, namely water, ethanol, and chloroform, were used to
extract total phenolic compounds and antioxidants from the leaves
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Figure 1. The reported bioactivity of C. nervosum var. paniala.
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of C. nervosum var. paniala in hot and cold extraction methods.
The hot methanol and hot water extracts showed maximum yields
from old leaves; the yields were 23.96 and 23.93% respectively.
The hot water extract from old leaves had the highest flavonoid
content (417.56 + 25.18 mg of QE/g of dried extract), and the
hot and cold methanol extracts from old leaves had the highest
radical scavenging activity of 0.01 + 0.005 and 0.02 + 0.004 mg/mL
respectively. The hot and cold chloroform extracts from old
leaves expressed high metal chelating activity (0.01+ 0.001 and
0.10 + 0.01 mg/mL respectively) compared with other tested
extracts. The cold water extract from young leaves showed the
highest phenolic content (1032.49 + 18.11 mg of GAE/mg of
dried extract). The cold methanol extract from old leaves and the
cold chloroform extract from young leaves exhibited tyrosinase
inhibiting activity. The cold water extracts from old and young
leaves showed gelatinases inhibition activity (Manosroi et al.,
2015).

2.2 Anti-mutagenicity and anti-carcinogenic activities

The methanol extract from C. nervosum var. paniala seed
(MECS) (100-1,000 pg/plate) had no mutagenic effect on
Salmonella typhimurium strains of TA98 and TA100. Interestingly,
MECS exhibited anti-mutagenic activity on TA98 against
aflatoxin B1 (AFB1) and 2-amino-3,4-dimethylimidazo [4,5-f]
quinolone (MelQ) induced mutation and on TA100 strain against
2-(2-furyl)-3-(5-nitro-2-furyl)-acrylamide (AF-2) induced
mutation. Moreover, MECS exhibited a chemoprotective effect
against diethylnitrosamine-induced hepatocarcinogenesis in
rat model (Inboot et al,, 2012). Similarly, aqueous extract of
C. nervosum var. paniala fruit (AECF) exhibited no mutagenic
activity on S. Typhimurium strains of TA98 and TA100 and
displayed slight anti-mutagenic activity against AFB1 and MelQ
induced mutagenesis. The study also showed that AECF was
non-toxic to rats up to a concentration of 5,000 mg/kg of body
weight. Unlike MECS treatment, AECF treatment does not
exhibit anti-diethylnitrosamine-induced hepatocarcinogenesis
in rat (Charoensin et al., 2012).

Diethylnitrosamine and phenobarbital induced
glutathione-S-transferase placental form, a marker for the induction
and development of neoplastic in rat liver, and preneoplastic
lesions were diminished in rats supplemented with 1000 mg/kg
of body weight of an aqueous extract of C. nervosum var. paniala
fruits. The level of malondialdehyde in the serum and liver of
the experimental subject was also reduced, and the activities of
antioxidant enzymes, such as glutathione peroxidase and catalase,
in the liver, were improved after the fruit extract of C. nervosum var.
paniala treatment (Taya et al., 2014). The chemoprotective effect
of the extract may be attributed to its richness in anthocyanins,
which are known bioactive compounds having chemopreventive
effects against diethylnitrosamine and phenobarbital-induced
hepatocarcinogenesis (Bishayee et al., 2011).

2.3 Anti-heavy metal toxicity

Cadmium (Cd) causes severe health defects mainly by
exhausting the antioxidant system of the host (Poontawee et al.,
2016; Valko et al.,, 2016; Sarkar et al., 2013; Cuypers et al,,
2010). Aqueous extract of C. nervosum var. paniala fruit
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(AECF) prevented Cd-induced weight loss without altering
food intake in rats. AECF supplementation (1 and 2 g/kg of
body weight) significantly reduced Cd-induced renal damages
and oxidative stress. Specifically, the levels of nitric oxide and
malondialdehyde were reduced in the treated group and the
equilibrium of enzymatic and non-enzymatic antioxidants was
also maintained. The results suggest that the antioxidant potential
of the extract was responsible for the renal-protective activity of
AECF (Poontawee et al., 2016). The presence of catechin, rutin,
gallic acid, and cyanidin-3-glycoside could be attributed to the
anti-oxidative stress property of C. nervosum var. paniala fruit
(Poontawee et al., 2016; Taya et al., 2014).

2.4 Neuroprotective property

Oxidative stress plays a key role in mediating different
neurodegenerative diseases, including Alzheimer’s disease
(Butterfield et al., 2006; Pratico, 2008). C. nervosum var. paniala
could play a critical role in mediating the oxidative stress levels
of the brain due to the presence of anthocyanins, which are
known to cross the blood-brain barrier (Andres-Lacueva et al.,
2005). The pre-treatment of cells with C. nervosum var. paniala
fruit extracts (0.05-1 pug/mL) for 24 hours significantly protected
against glutamate-induced toxicity in HT22 mouse hippocampal
neuronal cells. Additionally, glutamate was observed to activate
apoptosis-mediated cell death in cells as it increased the protein
expression of ER stress-apoptotic markers, including calpain,
cleaved caspase-12, and CHOP, which was significantly suppressed
by pretreatment of cells with C. nervosum var. paniala fruit extracts.
The extract also retained the shape of the neuronal cells, reduced
the intracellular ROS levels and maintained the equilibrium of
cellular antioxidant enzymes system. Thus, C. nervosum var.
paniala fruit extracts inhibited glutamate-induced oxidative
stress and apoptosis by up-regulating the gene expression of
superoxide dismutases, catalase, glutathione peroxidase, and
glutathione-S-transferases. These results show that C. nervosum
var. paniala fruit extracts have neuroprotective properties
mediated by antioxidant defense (Sukprasansap et al., 2017).

2.5 Anti-microbial activities

An absorbent and desorbent based concentrated ethanol-water
extract of C. nervosum var. paniala seed (CEWCE) showed a
high content of flavonoids and phenolic compounds compared
with the non-concentrated extract. The extract exhibited potent
antimicrobial activity against pathogens such as Escherichia coli
and S. Typhimurium, which are spiked on fresh-cut cantaloupe.
Also, CEWCE protected vegetables from microbial spoilage during
cold storage. The results suggest that concentrated C. nervosum
var. paniala seed extract could be used in the food processing
industry to prevent microbial decomposition of fresh vegetables
(Tantratian et al., 2019).

2.6 Immune enhancement

Aqueous extracts of C. nervosum var. paniala fruit significantly
elevated human lymphocyte proliferation and enhanced the activity
of natural killer (NK) cells, which suggest that C. nervosum var.
paniala fruit extract has the ability to alter the immune system
(Sriwanthana et al., 2007).

371



Properties of Cleistocalyx nervosum var. paniala berry

3 Commercial value and applications

Fruits of C. nervosum var. paniala are used for the
preparation of health drinks. Freeze-dried C. nervosum var.
paniala fruit extracts can be used in the food and cosmetic
industries. The extracted fruit pulp can be processed as
fruit jam with a sweet and sour taste. The essential oil can
be extracted from the seeds of C. nervosum var. paniala.
The residues of the fruits and seeds can be used for the
preparation of spa and aromatherapeutic products. Thus,
C. nervosum has commercial value without any wastage
(Chaisawadi & Methawiriyasilp, 2008).

Natural hair dyes are preferred by individuals to synthetic
dyes due to safety issues. Anthocyanins, which are richly present
in C. nervosum var. paniala, can be used as a natural coloring
agent (Boo et al., 2012). C. nervosum var. paniala fruit extracts
were tested for natural coloring property. The hydrochloric
ethanol extract of C. nervosum var. paniala fruit (HEECF) was
mixed with a stable base and used as a coloring spray; it was
tested on human volunteers. The results showed that HEECF
based natural hair coloring was feasible and stable under
accelerated test, and it retained up to 5 washes. The results of
the study suggest that HEECF could be a promising natural
colorant in cosmetic preparations without any adverse effects
(Pipattanamomgkol et al., 2018).

4 Concluding remarks

Though several studies have reported the bioactive
constitution of the different parts of the C. nervosum var. paniala
plant, a detailed biochemical report is missing. The functional
properties and bioactivity of C. nervosum var. paniala were
mainly influenced by the extraction method and concentration
techniques. Thus, an optimized extraction method has to
be determined to obtain superior quality extracts. Further
detailed studies are needed to reveal the mechanisms behind
the health benefits of this species. The anthocyanin content
of berry fruit, especially cyanidin-3-O-glucoside, improves
inflammatory bowel disease by reducing cytokine-induced
inflammation in intestinal cells (Serra et al., 2013) in addition
to showing anti-allergic activity by suppressing interleukin 4
and 13 in T cells (Pyo et al., 2014). Additionally, it was able
to protect human endothelial cells from TNF-a, by mediating
leukocyte adhesion, accumulation of hydrogen peroxide and
other oxidant molecules as well as regulating the activation
of NF-«kB (Ferrari et al., 2017; Speciale et al., 2010). Thus
more research on the functional and biological properties
of C. nervosum var. paniala will be useful in developing new
therapies. With proper scientific evidence, this berry fruit can
be used in the food, pharmaceutical, and cosmetic industries.
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