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pharmaceutical and nutraceutical properties
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Abstract

Mulberry (Morus sp.) is one of the economically important trees grown in Asian countries. It is cultivated
to provide leaves for feeding the caterpillars of the silk producing insect (Bombyx mori L.). It also adds
value by producing edible fruits, wood, and a number of pharmaceutically essential chemicals. Morus has
a diverse range of phytochemicals in its leaves, fruit, roots, and wood, which give it a diverse range of
biological functions (Antioxidant, anti-diabetic, anti-obesity, anticancer, antibacterial, antiviral, crypto
protective and neuroprotective activities etc.). Mulberry plants have attracted the interest of the
pharmaceutical industry due to their lucrative health benefits. The primary objective of this review is to
reveal the pharmacological mechanism and active principles found in mulberry plants, thus exposes the
mulberry plant's wide range of life-saving pharmacological properties.
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Introduction

Mulberry, Morus spp. of the Moraceae family, is important in the sericulture industry because
it is the primary food plant for the monophagous insect Bombyx mori. Mulberry is a fast-
growing woody perennial plant with over 15 different deciduous varieties. The major ones
include M. alba, M. indica, M. nigra, M. rubra, M. australis, M. atropurpurea, M. cathayana,
M. notabilis and M. mesozygia 1. Mulberry leaves have long been valued as a primary food
source for silkworms, helping to sustain the silk industry. The silkworm eats only mulberry
leaves to make its cocoon, produces silk, and there is a strong link between the leaf protein
content and cocoon production quality 1. Mulberry can be used as fodder for dairy animals
because it is nutritious, palatable, non-toxic, and has the potential to increase milk production
Bl Mulberry leaves, fruits, and bark have been used to treat fever, protect liver damage,
enhance eyesight, strengthen joints, promote urine discharge, and lower blood pressure ™.
Morus leaves, berries, root, and wood contain a broad variety of phytochemicals that have a
wide range of biological functions (antioxidant, anti-diabetic, anti-obesity, anticancer,
antibacterial, antiviral, cryptoprotective, and neuroprotective activities). Mulberry leaves are
effective against high blood pressure and hangover from alcohol . M. alba trees are
cultivated for their fruits rather than their foliage in Turkey and Greece I, M. alba leaves are
used to make tea in China, and fruit juice is consumed as a health beverage. Studies reveals
that the nutritional composition of mulberry leaves on dry weight basis that it contains 15.31-
30.91 per cent protein, 2.09- 7.92 per cent fat, 9.9-13.85 per cent crude fiber, 27.60- 43.6 per
cent neutral dietary fiber (NDF) and 11.3-17.24 per cent ash contents 1. Many scientists have
studied the pharmaceutical properties of mulberry plants, and they have stated that many
biochemical compounds isolated from mulberry plants, such as Moran line, Alba furan,
Albanol, Morusin, Kuwanol, Calystegine, and Hydroxymoricin, play an important role in the
pharmaceutical industry "1, Also three flavonol glycosides, quercetin 3-(6 malonylglucoside),
rutin, and isogercitrin, have been reported as major antioxidant compounds in the ethanol leaf
extract of M. alba &, Phytochemical studies of fruits of M. alba revealed that there are five
anthocyanin’s [ and 25 phenolic compounds present in the fruit. From the root bark of M.
alba, polyhydroxylated alkaloids have been isolated, including 1-deoxynojirimycin (DNJ) and
its derivatives [, The nutritional potential and the huge popularity of the mulberry fruits
motivated the investigations on the chemical con-tent and the antioxidant power of mulberry
fruits find new promising sources of natural antioxidants.
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Description

Mulberry is a small deciduous tree with a deep-root system
growing to 10-13 m tall woody perennial plant. The leaves are
10-20 cm long and 6-10 cm wide (up to 23 cm long on robust
shoots), downy on the underside, with very thin, stiff hairs on
the upper surface rough and clear, alternate, stipulate,
petiolate, whole or lobed leaves. Male catkins tend to be
longer than those of female catkins. Male flowers are loosely
spaced, and after pollen is shed, the inflorescence dries and
falls off. The female inflorescence is typically small, and the
flowers are arranged rather compactly. The calyx adheres to
the ovary throughout the growth of the mulberry flower and is
an accessory component of the drupelet. The fleshy bases of
pollinated flowers begin to swell and eventually change their
texture and color entirely, becoming succulent and full of
juice. For certain species such as M. alba the fruits are white
to pinkish and M. rubra is found to be red whereas M. nigra
purple in color. Leaves in mulberry alternate, stipulate,
variable in shape, lobed or unlobed, cordate, dentate,
acuminate, long-petiolate, 12 x 8 cm on fruiting branches, up
to 25 x 20 cm on vigorous non-fruiting branches, usually
smooth above, glabrous or pubescent along veins beneath,
thin, light green.

Diversity

Mulberry is considered to be originated in the border area of
the Indo-Chinese region and distributed in the lower slopes of
the sub-Himalayan zone up to an elevation of 3300 m 24,
Mulberries have, historically, been used in sericulture
throughout the world including India. The major mulberry
growing states in India includes states of Karnataka, Tamil
Nadu, Kerala, Uttar Pradesh, Bihar, Madhya Pradesh, West
Bengal, Rajasthan, Himachal Pradesh and Assam 2. Huge
diversity exists in available germplasm pool of mulberry in
India. However, the breeding efforts on mulberries in India
made so far were restricted to development of genotypes
suitable for sericulture, which was primarily being carried out
at Central Sericultural Germplasm Resources Centre, Hosur,
Tamil Nadu. In India, mulberry is either grown as a field crop
(plants kept in form of bushes and the leaves harvested
several times a year for the multivoltine race of silkworms) or
as a tree (leaves harvested only once a season for rearing
univoltine races of silkworms). Japan has about 700 types of
which 21 are extensively cultivated. Most important varieties
grown in India is M. alba var. multicaulis Also, native of
China, white mulberry is cultivated throughout the world
wherever silkworms are raised, and is occasionally cultivated
elsewhere in Europe, North America, and Africa. Having
escaped, trees often appear on roadsides, along fencerows,
and as ornamentals.

Mulberry cultivation is generally found in both tropical and
temperate regions, although the temperature of 26 °C is ideal
for cultivating mulberry. The average humidity should be
between 70-90%. It grows well in areas where annual rainfall

varies between 600 and 2500 millimetres per hour with a
minimum of 9.0 to 13.00 hours of sunshine per day. Mulberry
can be grown up to 4000 meters above sea level 81 The
optimal soil pH range is 6.2-6.8. Because mulberry is a hardy
crop, the soil moisture can be used to a greater extent by these
plants [14],

Mulberry Nutrition

Plants contain a wide variety of bioactive molecules, making
them a valuable source of various medicines. Over 50 per cent
of all modern clinical drugs are of natural product origin %
and natural products play an important role in drug
development programs in the pharmaceutical industry [,
Herbal drugs have gained importance in recent years because
of their efficacy and low cost. Mulberry plant is one of
conventional herbs which are used in medicine from centuries
ago due to its chemical composition and pharmacological
function. All most all parts of mulberry plants are used as
medicine in Chinese and Indian medicine. According to a
study it has been reported that mulberry leaves contain N-
containing sugars, rutin, quercetin, volatile oil, amino acid,
vitamins and microelements, which have so many
pharmacological activities such as reducing blood glucose,
antihyperlipidemia, hypertensive, bacteriostasis and antivirus
(171, Studies have reported many different medicinal properties
of mulberry leaves [ €. Pharmaceutical properties of
mulberry plants are reviewed by [°1. They found that many
biochemical compounds such as Moranoline, Albafuran,
Albanol, Morusin, Kuwanol, Calystegin and Hydroxymoricin
are isolated from mulberry plants which play an important
role in pharmaceutical industry. Mulberry fruits have been
reported to be 7.55% of all saturated lipids, with 87.5% of
unsaturated FA such as the highest amount of linoleic acid
(79.4%), followed by palmitic acid (8.6%) and oleic acid
(7.5%)34. The content of the total lipids in Turkish mulberry
fruits (57.3%) and Palmitic acid (22.4%).The poly unsaturated
fatty acids content in mulberry fruit is more than mono
unsaturated fatty acids and saturated fatty acids ?%. Linoleic
acid, a predominant fatty acid, is present in mulberry fruit as
an essential polyunsaturated fatty acid and plays a key role in
human growth, health promotion, and disease prevention in
human beings 2% 22, The difference in the fruit colour vary
due to the anthocyanin pigment content. Mulberries are a kind
of berry that grows on trees. Because of the high moisture
content, it is vulnerable to storage. The tartness of fruit comes
from its acidity. Mulberries contain more malic acids than
citric acids (Table 1). The most prevalent flavonoids are rutin,
quercetin, and morin. Between the vitamins, mulberries
contain adequate quantities of vitamin C as well as vitamins
abundant in the B-complex such as vitamin B2, B3, B6, B9,
Vitamin-E (tocopherol), and Vitamin-K (phylloquinone).
Vitamins like these act as cofactors in the body's protein, and
fat metabolism.

Table 1: Organic acid contents (g/100g of fresh weight) of mulberry

Mulberry Genotypes Citric acid | Malic acid | Tartaric acid | Acetic acid | Succinic acid | Lactic acid | Fumaric acid
Black Mulberry (Morus nigra) 1.084 1.323 0.123 0.019 0.342 0.049 0.011
White Mulberry (Morus alba) 0.393 3.095 0.223 0.008 0.168 0.074 0.024
Red Mulberry (Morus rubra) 0.762 4.467 0.336 0.015 0.132 0.074 0.02

(Source: Sanchez-Salcedo et al., 2015)
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Bioactive Compounds in Mulberry

Flavanoids

The genus Morus is a rich source of flavonoids, and most
flavonoids are substituted by prenyl and geranyl groups 2,
Diverse flavonoids are resulted by different positions of
substituents or cyclization.

e  Polyhydroxylated alkaloids

Polyhydroxylated alkaloids (alkaloidal imino sugars) are
considered as analogs of saccharides in which the ring oxygen
is replaced by nitrogen, and they are considered to have

therapeutic potentials ¥, The genus Morus has attracted

much attention for its polyhydroxylated alkaloids, especially
the principal a-glycosidase inhibitor—1-deoxyjirimycin (1-
DNJ) [%,

e Diels-Alder-type adducts

Diels—-Alder-type adducts, which formed by a Diels—-Alder
reaction between the a, B-olefinic moiety of a chalcone and an
isoprene moiety, are the most representative compounds in
the genus Morus. Nearly 90 Diels—Alder-type adducts have
been isolated from Morus plants so far %1, The structures of
some bioactive Diels—Alder-type adducts that have been
summarized by SBP 2 are shown in figure (a):
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Fig 1a: Bioactive Diels—Alder type adducts

e 2-Arylbenzofurans and stilbenes

Morus plants are also rich sources of 2-arylbenzofurans and
stilbenes, among which, 2-arylbenzo furans are commonly
substituted by prenyl and geranyl groups. Diverse 2-
arylbenzofurans are resulted by different positions of

substituents or cyclization 2],

Pharmacological effects of Mulberry Plant

Antioxidative effects

Antioxidants inhibit the oxidation process in the plant and
animal organisms and play a vital role in phyto physiological
process. Antioxidants are widely used in the foods and drinks
that are regularly served or consumed and have been
systematically examined for the prevention of diseases such
as cancer, heart disease and general sickness. Plants have
developed specific anti-oxidative defense enzymes including
catalase, peroxidase, polyphenol oxidase, ascorbate

peroxidase and glutathione reductase to control rapidly
increasing ROS under various environmental stress conditions
(271 Antioxidant potential of fruits of four mulberry species
namely M. alba, M. nigra, M. indica and M. laevigata were
studied and the result indicated higher total phenol and
alkaloid contents having values [(880£7.20) - (1650+12.25)]
mg/100g fresh weight and [(390+3.22)- (660+5.25)] mg/100g
fresh weight respectively. Based on the results, it was
concluded that mulberry fruit is a potential source of food diet
and radical scavenging activity 8. The ripe fruits are
abundant in polyphenolic antioxidants, which have greater
scavenging capacity. It was also stated that anthocyanin,
flavonoid, and phenolic acid, which has antioxidant activity,
was observed having a carboxyl/carbonyl group help to bind
hydrogen peroxide radicals and put an end to their radical
chains (table 2), %4,

Table 2: Antioxidant components (mg/100g of fw) of mulberry

Mulberry Genotypes  |Ascorbic acidTotal flavonoids (mg QE/100gm)[Total Anthocyanin|Total phenolics (mg GAE/100gm)
White Mulberry (Morus alba)| 21.8-24. 29 24.7 +0.3 142+6.1
Red Mulberry (Morus rubra) | 16.1-19.4 219 289.2 £0.9 435+4.2
Black Mulberry (Morus nigra)| 4 11.3-22.4 276 206.1+1.8 481+7.1

(Source: Ercisli and Orhan, 2007)

The presence of anthocyanins provides fruit with a dark color
that leads to antioxidant activity . It has been found that
mulberry fruits increase the strength of the anti-oxidative
protecting system and diminish the damaging oxidative
substances in the red blood cells (RBCs) of diabetes induced
rats 34, A study conducted on Low density lipoprotein (LDL)
antioxidant activity and extracted some compounds from
mulberry M. alba L. leaves. They found that quercetin 3-6-
malonylglucoside and rutin are the chief flavonol glycosides
in the mulberry leaves. Studies have reported that nine
flavonoids isolated from mulberry leaves and examined for
their free radical scavenging function were confirmed to be

antioxidative 2. Ripen fruits are affluent with anthocyanins
(polyphenol), which are tremendous antioxidant agents with
stronger scavenging activity against free radicals, viz., 2,2-
diphenyl-1-picrylhydrazyl (DPPH), 2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid (ABTS), hydroxyls and
superoxide anion radicals [,

Hypoglycemic activity

Hypoglycemia is a disease in which the body's blood sugar
content is too poor. From the centuries ago most of the
countries of world practiced the traditional medicinal systems
which are based on herbal plants. Mulberry was used in old
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Chinese herbal medicine for reducing blood serum glucose [,
Mulberry leaves are one of the most commonly used herbal
remedies to treat hyperglycemia. Experiments on animal
models proved that mulberry leaf extract possess
antihyperglycemic, antioxidant and antiglycation activity (4.
It is effective in modulating the nitric oxide synthase
expression in the hypothalamus of streptazotocin treated rats
(31, M. rubra leaf extract exerts its antidiabetic activity in
streptazotocin induced diabetic rats by decreasing the fasting
glucose levels, glycosylated haemoglobin and increasing the
plasma insulin and C-peptide levels %9, A study on mulberry
leaf extracts and found that mulberry leaf extract acts as a
natural inhibitor of a glucosidase due to deoxynojirimycin
(DNJ) and its derivatives . 1- Deoxynojirimycin (DNJ), a
known antidiabetic principle from mulberry has been shown
to inhibit intestinal glucosidases resulting in reduction of
blood glucose [,

Anti-inflammatory and antiallergic actions
Anti-inflammatory is a term that refers to the ability of
compounds to suppress swelling and inflammation is
characterized as the body's combined effect of physiological
protection mechanisms. Mulberry leaves were reported to
having antipyretic and anti-inflammatory effects B, Also, the
various flavonoids and related compounds isolated from M.
alba exhibited anti-inflammatory effects 8. They found that
hot water extract from the bark of M. alba root has strong
antihistaminic and antiallergic activity. Mulberry fruit
flavonoid extract would inhibit ear swelling in mice. The
levels of IL-1beta, including pro-inflammatory cytokines,
TNF-alpha, nitric oxide, and interferon-gamma have steadily
dropped after treatment of mulberry fruit extract in mice [,
The principal anthocyanins found in mulberries are cyanidin
3-O-glucoside (C3 G), cyanide 3-Orutinoside (C3R),
pelargonidin  3-O-rutinoside (P3R), and its antioxidant
intensity is extremely high. All mulberry genotypes had an
anti-inflammatory effect (measured by an inhibitory assay of
cyclooxygenase (COX)), which was also compared to two
commercial anti-inflammatory medicines.

Anticancer activity

Cancer is a serious public health problem worldwide. Many
medicinal plants have anti-bacterial, anti-viral, anti-
inflammatory,  anti-cancer,  immuno-stimulatory  and
antioxidant properties as well as compounds which effect
specific organs. The methanolic extract of mulberry leaves
shows efficient cytotoxic behavior against cancer cells.
Mulberry also contains several anticancer compounds. M.
fructus fruit extract induces cancer cell death in vitro and in
vivo. The in vitro effect is due the cell death in an ROS
dependent mitochondrial apoptotic pathway [©9. Phenolic
compounds from M. alba induces in vitro anticancer activity
in hepatoma cells by cell cycle arrest at G2-M phase and
inhibition of topoisomerase Il activity 4. M. alba is a rich
source of prenylated cyto-toxic flavonoids such as sanggenon,
cyclomorusin, morusin, atalantoflavone, kaempferol etc.
Morusin is the most potent among them with an 1Cs value of
0.64 uM against HelLa cells ™. New 2-arylbenzofuran
derivatives (namely moracins of different structure from M.
alba and wittifurans from M. wittiorum) with potent cytotoxic
activity against different human cancer cell lines were
identified recently 3. A new galactose binding lectin was
also purified from M. alba leaves with cytotoxic activity on
human breast cancer (ICsp-8.5 pg) and colon cancer cells
(1Cs0-16 pg).

Anticancer activities of Morus nigra

Morniga M, a mannose-specific jacalin-related lectin from the
bark of M. nigra, can preferentially trigger the proliferation
and activation of human T- and natural killer (NK-)
lymphocytes and dose-dependently induce cell death of a-
CD3 activated T lymphocytes when compared with
concanavalin A (Con A), a well-known mannose-specific
legume leptin from Canavalia ensiformis 14, Another brief
research had demonstrated dose-dependent anticancer activity
of n-hexane and aqueous methanol extract of M. nigra leaves
against HelLa cell line (human cervical cancer), with ICso
values of 1859 = 8.3 pg/mL and 56.0 + 1.7 pg/mL,
respectively [45]. Further the anticancer effects between fresh
and dried fruit extracts of M. nigra have been compared on
MCF-7 cell line (human breast cancer) 461,

Anti-
diabetic
Anti-
Antioxida inflamator
nt y
Morus nigra
_ (Black Mulberry) Antio-
Anti- melanoge
cancer nic
Anti- :
. . Anti-
e obesity
imic

Study results have shown that both ethanolic extracts dose-
and time-dependently inhibit cellular growth of MCF-7 cells;
exhibit apoptotic morphological changes in their cytoplasmic
membranes, cell bodies, and nuclei; induce DNA
fragmentations and single strand breaks; and decrease mitotic
indexes, with better pharmacological properties in fresh fruit
of M. Nigra. A study had also been done to evaluate the
anticancer activities of M. nigra fruit extract on PC-3 cells
(human prostate cancer) 7. Dimethyl sulfoxide (DMSO)
extract of M. nigra exhibited moderate cytotoxicity against
PC-3 cells with an 1Cs, value of 370.1 + 5.8 pg/mL. It
significantly increased the cell number at GO/G1 phase and
decreased the cell number at S phase, indicating that M. nigra
fruits inhibited the progression of the cell cycle at the G0/G1
phase. M. nigra fruit extract at a high dose (666 pg/mL)
significantly increased the number of necrotic, early apoptotic
and late apoptotic cells compared to the untreated control
group. It also dose-dependently decreased mitochondrial
membrane potential and increased activities of caspase 3 and
7 (key mediators of apoptosis) in PC-3 cells.

Anticancer activities of Morus alba

As increase in the incidence of cancer, new studies are
currently being performed with the aim of finding better and
safer therapeutic agents. 33 Prenylated flavanone, 7, 2', 4', 6'-
tetrahydoroxy-6geranylflavanone separated from ethyl acetate
extracts of M. alba root showed cytotoxic activity against
hepatoma cells in rats with an 1Cso of 52.8 mg/mL [,
Similarly, anthocyanins isolated from M. alba fruit showed
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inhibitory effect on invasion and migration of highly
metastatic A549 human lung carcinoma cells in dose
dependent manner ¥, Methanolic extract obtained from M.
alba and its sub fractions obtained from aqueous, butanol and
chloroform fractions blocked or inhibited the NO production
and significantly reduced the formation of tumor necrosis
factor-a (TNF-a) in macrophages, which were LPS activated
RAW2647 B9 Further evaluation and clinical trials may
reveal the therapeutic potential of M. alba against cytotoxic
cells, which may help in finding a cheap and easily available
source for treatment of cancer and decreasing invasiveness of
cancerous cells.

Anti-diabetic activity

Mulberry leaves have long been used in Chinese medicine for
the prevention and treatment of diabetes because as we now
know it contains chemical compounds that suppress high
blood sugar levels (hyperglycemia) following a carbohydrate-
rich meal B, The result is insulin resistance a dangerous
condition that, if unchecked, leads to type-2 diabetes. A
research group in Japan has found that, white mulberry leaves
contain compounds that inhibit these intestinal enzymes.
Mulberry contains 1-deoxynojirimycin (DNJ) and some of its
derivatives like alpha-glucosidase inhibitors that have been
used as medicines to treat diabetes mellitus 52 51,

M. nigra has also shown good antidiabetic effects on extracts
and active constituents from some parts of this plant.
Investigations have been done on the hypoglycemic efficacy
of M. nigra leaf extracts and its cell suspension cultures
treated with methyl jasmonate to induce accumulation of
flavonoid contents in cell cultures B4, Extracts from M. nigra
leaves  dose-dependently  decreased plasma glucose
concentrations and increased insulin levels up to 500
mg/kg/day in streptozotocin (STZ)-treated diabetic rats.
Hydroethanolic extracts of M. nigra leaves also significantly
decreased serum fasting and 2-h glucose concentrations (at
dose of 50 mg/kg) and increased serum insulin level (at dose
of 10 mg/kg) in nicotinamide-STZ-induced type 2 diabetic
rats ™, In addition, several phenolic compounds and
isoprenylated flavonoids isolated from extracts of M. nigra
twigs showed good antidiabetic activities, involving
mechanisms of peroxisome proliferators-activated receptor
gamma (PPARY) activation [ and o-glucosidase inhibition
1561, Several studies in animals and humans have reported that
mulberry or sericulture products containing DNJ suppress
postprandial increases of glucose 7 58, It was reported that,
certain nitrogen containing sugars were present in mulberry-
leaf extract, notably one called 1-deoxynojirimycin, strongly
inhibited the intestinal metabolism of disaccharides. Daily
consumption of mulberry leaves improved hyperglycemia in
diabetic rats and reduced oxidative stress in liver [,
Beverages containing mulberry leaf (Morus alba) are believed
to promote good health, especially people with diabetes in
Thailand and the effect of long term administration of an
ethanolic extracts of mulberry leaf was studied in blood
glucose. Daily administration of 1g/kg of MA for six weeks
decreased blood glucose by 22% which was comparable to
the effect of 4v/kg insulin. Findings indicated that long term
supplement of M. alba has anti-hyperglycemic effects in
chronic diabetic rats [,

Anti-obesity activity

Obesity is defined as abnormal or extravagant fat
accumulation that extant a risk to health. Researchers
suggested that mulberry extract might be beneficial in

preventing human diabetes by suppressing intestinal alpha-
glucosidase activities 61, The air dried leaves and fruits of
ficus and mulberry were examined in ethanol and hexane
extract and evaluated against hyperlipidaemia by estimating
the rate limiting enzyme of cholesterol biosynthesis. A short
term study on mice was conducted and exhibited an
antagonistic action of mulberry extract on melanin
concentrating hormone receptor, which help in decrease in
body weight. They also suggested that ethanolic extract
obtained from mulberry leaves showed antiobesity action on
diet-induced mice 2. Quercetin, the quantitatively major
flavonoids glycoside in  mulberry leaves effectively
suppressed the blood glucose levels 1.

Neuroprotective activity

M. nigra owing to the presence of bioactive polyphenolic
compounds such as anthocyanins, flavonoids, stilbene
glycosides, lectins, oligosaccharides, unsaturated fatty acids,
enzymes, and inhibitors possess pharmacological activities
such as antihyperglycemic, anti-inflammatory, and
neuroprotective effects 3. Fruit extract of M. nigra has
neuroprotective effect in inhibition of oxidative stress in the
zebrafish brain owing to potent antioxidant properties of
mulberry 4, Mulberry fruit extract when tested against
memory impairment and brain damage in animal model of
vascular dementia, it was observed that mulberry fruit is
potential natural cognitive enhancer and neuroprotectant ¢,
Mulberry  fruit contains the cyanidin-3-O-p-D-
glucopyranoside which prevents the neuronal cell damage.
They also suggest that mulberry fruit extracts having
neuroprotective properties and prevent the cerebral ischemic
damage caused by oxygen glucose deprivation (OGD) in
PC12 cells 8, The anaerobic treatment of mulberry leaves
makes y-aminobutyric acid to enhance the neuro-protection
effect against in vivo cerebral ischemia 671, The effectiveness
of M. alba in improving the vascular reactivity of diabetic
rats, the mechanism of which may associate with the
abatement of oxidative stress [58],

Conclusion

Constantly seeing and being around plants helps people feel
calmer and relaxed, thus decreasing levels of anxiety,
increases attentiveness and memory, increases productivity.
Reduces stress levels and boosts mood and parks creativity.
Medicinal plants have long been utilized in traditional
medicine and worldwide ethno-medicine. This chapter
presented a glimpse of the current status of mulberry and its
future trends in medicinal plant genomics, evolution, and
phylogeny. Mulberry plant is a common herb that has been
used in medicine for decades. Mulberry is currently used as
medication in several countries due to its pharmacological
properties. Mulberry is rich in phenols (resveratrol, oxy
resveratrol, chlorogenic acid, mulberroside, maclurin and
moracins), anthocyanins (cyaniding-3-glucoside, cyaniding-3-
rutinoside,  geranium-3-  glucoside),  non-anthocyanin
flavonoids(rutin, quercetin, kaempferol-3-rutinoside),
alkaloids (DNJ, fagomine) and polysaccharides possess
pharmacological properties including antioxidant,
antiflammatory, anti-carcinogenic, antibacterial, antiviral,
anti-obesity, anti-apoptotic, anti-diabetic, neuroprotective
activities. So, keep hoping it can relieve and/or regulate
pathologies if it is included in an Journal of Natural Remedies
Vol. 21, No. 5, 2020 43 ordinary diet. The industrialists have
gained popularity from the further industrial processing of
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mulberry by preparing various goods in the pharmaceutical,
food, nutrition, cosmetic, and healthcare systems.
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