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Abstract

Nyctanthes arbor-tristis (NAT) Linn, also known as Parijata or Harsinghar is an Indian traditional plant of great importance. It
has been used in Ayurveda, Siddha and Unani system of medicine for treatment of various infectious and non-infectious
diseases. Each part of the plant has some medicinal value and is used for various pharmacological actions such as anti-arthritic,
antispasmodic, antibacterial, anti-inflammatory, immunostimulant, antidiabetic, hepatoprotective, antioxidant, antimicrobial,
anthelminthic, antileishmanial, anti-pyretic, anti-allergic, antiviral and CNS depressant. The phytochemical analysis of plant
revealed presence of flavonoids, tannins, saponins, glycosides, alkaloids, steroids and phenolic compounds which are
responsible for these pharmacological actions of the plant. The chemical drugs being used for treating various ailments are
costly and moreover have various side effects. These drugs can be replaced by the herbal plants which have no such side
effects and are cost efficient, and one such alternative can be NAT. This paper reviews recent researches, importance,
applications, methods of propagation and future prospects of NAT. Particular emphasis has been given towards the

applications and methods of propagation of the plant.
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Introduction

Various synthetic drugs are being used as medicine for
treatment of diseases that comprise various side effects.
Plants are source of various chemical substances that
possess immense biological properties which can be used as
alternative to these synthetic drugs.

Various plants were explored as source of bioactive agents
that could treat different ailments. Among 4, 22, 000
flowering plants from the whole world, more than 50,000
plants are there which reportedly have medicinal and
pharmacological use ™.

Nyctanthes arbor-tristis Linn. (NAT), a small divine
ornamental tree, is used to pray God across India and is
known for its fragrant white flowers. The plant is a well-
known traditional Indian medicinal plant also, which in
Ayurveda is used for various pharmacological actions such
as anti-arthritic, antispasmodic, antibacterial, anti-
inflammatory, immunostimulant, antidiabetic,
hepatoprotective, antioxidant, antimicrobial, anthelminthic,
antileishmanial, anti-pyretic, anti-allergic, antiviral and CNS
depressant. It is an herbal remedy for treating sciatica,
malaria, enlargement of spleen and other various infectious
and non-infectious diseases. It is also used as blood purifier.
NAT in local language is commonly known as Harsinghar,
Parijata or night flowering jasmine >34, The generic name
‘Nyctanthes’ came from the Greek words ‘Nykhta’ meaning
‘night’ and ‘anthos’ meaning ‘flower’ while the specific
name ‘arbortristis’ means ‘the sad tree’ because of the dull
look of tree during the daytime B,

The plant is native to the subtropical Himalayas of Nepal
and India and geographically distributed in southern parts of
India, northern Pakistan and in south-east Asian countries
like Thailand, Malaysia and Indonesia . In India, it is

distributed in the outer Himalayas and tract of Jammu and
Kashmir, Nepal to East Assam, Bengal, Tripura and
extended throughout the central region up to Godavari in
south [,

Morphological Characters
It is a terrestrial woody shrub with white flowers having an

extraordinarily strong and pleasant fragrance whole night
that grows up to 10 meters in height and have a life span of
5-20 years 1, The plant can be cultivated in tropical and
subtropical regions all over the world, from sea-level up to
1500m altitude at the equator [, It usually grows in red and
black soil with pH of 5.6-7.5 and prefers arid and semi-arid
climatic conditions M. Flowering generally occur from July
to October and flowers are arranged at the tip of branches or
in axil of the leaves in cluster of 2-7 flowers together, each
flower opening at dusk and falling at dawn. These flowers
are fragrant and sessile having 6-8mm long, narrowly
campanulate, hairy outside, glabrous inside, ciliated calyx
and more than 13mm long, 6-8mm long tube, 5-8 unequally
obcordate and cuneate lobed white corolla with an orange-
red centre. Two stamens are inserted near the top of corolla
tube and stigma is obscurely bifid. The fruits are flat,
compressed, brown heart-shaped to round capsules with two
sections each containing a single seed. Seeds are
exalbuminous, testa are thick and outer layer of large
transparent cells is heavily vascularized while cotyledons
are flat, and radicle is inferior. The leaves are rough, hairy,
decussately opposite, simple, 6-12 cm long, 2-6.5 cm wide
with an entire margin. [ 91,
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(a) Leaves of NAT

Fig 1: Morphological Characters

Taxonomical Classification
Kingdom: Plantae
Subkingdom: Viridiplantae
Infrakingdom: Streptophyta
Superdivision: Embryophyta
Division: Tracheophyta
Subdivision: Spermatophytina
Order: Lamiales

Family: Oleaceae

Genus: Nyctanthes

Species: Nyctanthes arbor-tristis

Medicinal Usage of Various Parts of Nat In Ayurveda,
Siddha And Unani System

Nyctanthes arbor-tristis has been used by tribal people of
India (Orissa and Bihar) along with its use in Ayurveda,

Siddha and Unani system of medicines for many years.
Various pharmacological actions of different parts of plant
have been investigated [*°]. Seeds are used as anthelminthic,
in alopecia, bilious pyrexia and powdered form is used for
curing scurfy affections of scalp, piles and skin diseases [,

Powdered stem bark is given to patients with rheumatic joint
pain, used as an expectorant, in treatment of malaria, snake
bite, bronchitis, ulcers, bleeding gums, anorexia, liver
disorders, piles, worm infestation, blood disorder, oliguria,
skin diseases and fever. Stem bark pounded with Zingiber
officinale and Piper longum is boiled in water and the
resultant liquid is taken for two days for treatment of
malaria while the resultant paste on mixing with Arjuna
bark is rubbed on the body for treatment of internal injury
and joint broken bones. The oil prepared out of the bark of
the plant is mixed with rice gruel and rock salt to prepare a
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dose form (called anjana in ayurveda) used to apply in
sclera of eye is found to be beneficial for various eye
diseases [ 6 111, | eaves are used for the treatment of various
diseases such as obstinate sciatica, chronic pyrexia,
rheumatism, intestinal worm infection, anorexia,
haemorrhoid, liver disorders, biliary disorders, pyrexia with
rigors, and as laxative, diaphoretic, diuretic and antidote to
reptile venom. Leaf succulent mixed in honey, given thrice
daily is effective in cough. Paste of leaves with honey is
also given for treatment of pyrexia, high blood pressure,
diabetes and leaf juice with honey is used to cure chronic
fever and with loha-bhasma (mineral based ayurvedic
medicine that contains elemental iron micro-fine particles
prepared through the process of calcination under high
temperature) is used in anaemia and hepato-biliary diseases
(hepatic and spleen enlargement) while decoction of leaves
is specifically recommended for obstinate sciatica. Bitter
extract from leaves is given to children for expulsion of
roundworms and threadworms and fresh leaves are used for
preparing homeopathic medicines & & 8. The juice of 3-7
leaves is used as blood purifier to prevent skin infection by
tribal people in Orrisa [,

Flowers are used as stomachic, carminative, astringent to
bowel, antibilious, expectorant, hair tonic and treatment of
haemorrhoid,  obstinate  remittent  fever,  sciatica,
rheumatism, various skin diseases and for ophthalmic
purposes [ 8, Decoction of flowers given orally to ward off
wind in stomach, stimulate gastric secretion, improves
expectoration of lungs and used in treatment of gout [*2I.

Roots are used for emaciation 1.

Chemical Constituents of Nat

A variety of chemical constituent belonging to different
classes such as terpenes, steroids, glycosides, flavonoids,
alkaloids and aliphatic compounds were isolated and
identified in various parts of NAT. Glycosides and

alkaloids, the secondary metabolites, are the largest group of
chemicals produced by the plant. Glycoside and two
alkaloids, one soluble in water and other in chloroform, was
isolated from the bark. Roots are found to be composed of
alkaloids, tannins and glucosides while leaves contain tannic
acid, methyl salicylate, mannitol, B-sitosterol, flavanol
glycosides, Astringent, Sugar, an amorphous glycoside 1%,
mannitol 3%, amorphous resins 1.2%, ascorbic acid,
oleanolic acid, nyctanthic acid, benzoic acid, Friedelin,
lupeol, carotene and traces of volatile oil. It was found that
frying the leaves in oil increases ascorbic acid content.
Iridoid glycosides and arbortristoside A, B, D and E is
found in seeds. Seed kernel yields 12-16% of pale yellow
brown fixed oil that contains glucosides of linoleic, oleic,
lignoceric, stearic, palmitic acid, 3,4-secotriterpene acid and
[-sitosterozl. Flowers consist of essential oil, nyctanthin, D-
mannitol, tannin, glucose, carotenoids, glycosides, [-
monogentiobioside ester of a-crocetin (or crocetin-3), -
monogentiobioside, p-D monoglucoside ester of a-crocetin,
B-digentiobioside ester of a-crocetin (or crocin-1).
Phytochemical analysis of ethanolic extract of flower
revealed presence of rengyolone, a cyclohexylethanoid,
iridoid  glycosides  (6-o-trans-cinnamoyl-7-o0-acetyl-6§3-
hydroxyloganin, arborside C, 6p-hydroxyloganin) and a
phenylpropanoid glycoside, nyctanthoside. & 3 4. Flower
oil consists of a-pinen, p-cymene, 1-hexanol,
methylheptanone, phenyl acetaldehyde, 1-decanol and
anisaldehyde [*51,

Bright orange corolla tubes of flower contain a colouring
substance nyctanthin which is identical to «a-crocetin
(C20H2404) from saffron. The corolla tubes were formerly
used for dyeing silk, sometimes together with safflower or
turmeric [,

Some Phytoconstituents of Nat, Their Class and
Structure

Table 1
S. No Phytoconstituent Chemical Class Parts of plant constituting the Structure of the phytoconstituent
phytochemical
HO,
. _ . AN’
1. Desrhamnosylverbacoside Iridoid Glycoside Leaf "°D\/\[( j‘ on
0
A X
0 o o
2. B-sitosterol Steroid Leaf, stem, seed
3. Friedeline Terpenes Leaf
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4. Lupeol Terpenes Leaf

5. Nicotiflorin Flavonoid Leaf

Arbortristoside A
OH

HO.
HO:
H,C,
Arbortristoside A, B, C, D - . = o
6. and E Iridoid glycoside Seed ! &
o] [9) o] OH
OH

Arbortristoside B

HO, OH

‘OH

Arbortristoside C
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10. Oleanolic acid Terpenes

Leaf

Pharmacological Applications of Nat

Antioxidant activity: Anowar et al in their work on the
plant concluded the oxidative and protective role of hydro-
alcoholic flower extract of NAT against the oxidative stress
of hydrogen peroxide, H,0,. H,O; is weak oxidising agent
that can penetrate the cell membrane and enter the cell
where it reacts with Fe?* and Cu?* ions and forms hydroxy!l
radicals. These hydroxyl radicals further cause damage to
the cell by interacting with the micro and macromolecules in
the cell and inactivate enzymes usually by oxidation of the
thiol (-SH) groups. They treated the lymphocytes isolated
from chicken blood with H,0, that decreased the viability of
cells by lowering the cellular antioxidant, reduced
glutathione (GSH). The level of GSH was increased by
1.22-fold significantly when the lymphocytes were treated
with the flower extract of NAT. At the same time, the
specific activity of marker of membrane damage, lactate
dehydrogenase (LDH) was also found to decrease as
compared to intreated lymphocytes that suggests the non-
toxic effect of extract on the cellular system. The
experimental data of the study showed the antioxidant
property of the crude extract of NAT [ Some other
research has concluded leaves and stem of Nyctanthes
arbor-tristis as a potential source of natural antioxidant.
Phytochemical analysis of stem and leaves of the plant
showed presence of flavonoids, tannins, saponins,
glycosides, alkaloids, steroids and phenolic compounds. The
antioxidant activity of NAT might be considered due to the

phenolic compounds which act as free radical terminators
E]

Antibacterial activity: Antibacterial activity of flower,
leaf, seed and fruit ethyl acetate and chloroform extract
against gram-positive (Staphylococcus aureus) and gram-
negative (E. coli, Klebsiella pneumoniae, Pseudomonas
aeruginosa) bacteria was examined by K. Priya et al, 2007.
300 pl of both ethyl acetate and chloroform extract showed
significant antibacterial activity against the bacteria tested.
Flower ethyl acetate and seed chloroform extract showed
broad spectrum antibacterial activity against gram-negative
as well as gram-positive bacteria while leaf extract showed
antibacterial activity against only but all the gram-negative
bacteria. Fruit and seed ethyl acetate while flower and seed
chloroform extract showed inhibitory effect against only
Pseudomonas aeruginosa and Klebsiella pneumoniae. It was
also found that the antibacterial activity of fresh plant parts
was more than that of the dried one. Phytochemical analysis
revealed presence of phytosterols, phenolics, tannins,
flavonoids, glycosides and saponins. Phenolic compounds
and tannin were found to be active against the bacteria.
Tannins have been found to form irreversible complexes
with proline rich proteins that results in inhibition of the cell
protein synthesis and play an important role as stable and
potent antioxidant, astringent and in treatment of diarrhoea
and dysentery [,

Anti-fungal activity: Different parts of NAT plant were
examined for antifungal activity against three most
prevalent clinical pathogenic fungi- Aspergillus niger,
Penicillium and Aspergillus flavus. Fresh and mature leaves,
seeds, stem, bark and flowers were collected and dried, and
extraction was performed with distilled water, methanol and
chloroform. The antifungal activity of the extracts was
measured by well diffusion method in terms of “zone of
inhibition” of fungal growth. The results revealed that only
distilled water extract of stem and bark of NAT showed
antifungal activity against A. niger only while chloroform
extract of leaves was only effective against A. flavus. The
study showed that the most effective results for antifungal
activity was shown by methanolic extract of leaves, stem

and bark of NAT against both Aspergillus and Penicillium
(5]

Antihistaminic and Anti-asthmatic activity: Catalepsy is
a condition where the limbs remain in whatever position
they are placed. It is characterized by lack of response to the
external stimuli and muscle rigidity and can be induced by
neuroleptic drugs 61, Experimental results proved that the
clonidine-induced catalepsy can be inhibited by the
petroleum ether extract of NAT bark. The effect of
clonidine-induced catalepsy in Albino mice was studied and
it was concluded that the cataleptic effect of clonidine in
mouse is mediated by histamine from the mast cell and due
to the mast cell stabilizing property of the NAT, this extract
was able to inhibit the clonidine-induced catalepsy. The
observation of this study indicated the antihistaminic
activity of NAT bark and concluded that it may be useful in
treatment of asthma 7). Allergic asthma is a chronic
inflammatory disease that affects breathing. It is
characterized by bronchial obstruction reactions, airway
inflammation and airway hyper-reactivity towards variety of
stimuli like allergens, histamine, methacholine, etc. When
exposed to allergen, the main component of the early
asthmatic reaction is bronchoconstriction and it was
concluded that under asthmatic conditions, the bronchial
obstruction reaction and airway hyper-sensitivity are
associated with the deficiency of nitric oxide production
which plays a major role in maintenance of airway balance.
The ethanolic extract of NAT leaves were examined for
histamine-induced dose-dependent contraction of tracheal
smooth muscles which concluded that the extract could
inhibit the contractile responses produced by histamine and
thus confirmed the bronchodilatory activity of the ethanolic
extract of NAT leaves on airway smooth muscles. The
results of experiment showed that the acting mechanism of
the extract is through increase in production of nitrogen
oxide, NO.

It has also been concluded that the anti-asthmatic and anti-

allergic activity of NAT leaves is due to the presence of B-
sitosterol [81,
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Wound healing activity: The wound healing activity of
NAT was tested on Wistar albino rats by Matadeen et al,
2011.The rats were treated with 2% w/w NAT methanolic
extract for 16 days. It was found that the complete
epithelization of both incision and excision wounds took
about 16 days and wounds were completely healed. It was
concluded that 300mg dose/kg of NAT extract can be
considered a good solution for healing both the types of
wound [,

Immuno-stimulant activity: Aqueous leaf extract of NAT
has been found to be a potent immunomodulator which is
evidenced by both humoral and cell-mediated responses.
Flower has also shown immune-stimulant activity that
activates the cell-mediated immune system.
Immunomodulator activity against systematic candidiasis in
mice was shown by the seed and root ethanolic extracts of
NAT. Both iridoid glucosides i.e., arbotristosides A and C
were isolated from seeds of the plant [ 8]

Anti-ulcerogenic and ulcer-healing property: Peptic
ulcer, one of the major gastrointestinal disorders, occur due
to imbalance between offensive (mainly acid, pepsin, H.
pylori and bile salts) and defensive (mainly involves mucus-
bicarbonate secretion and prostaglandin) factors. Reduction
in production of gastric acid and gastric mucosal protection
are the two major approaches for gastric ulcer disorder
therapy. Arbortristoside-A and 7-O-trans-cinnamoyl-6(-
hydroxyloganin from NAT have been reported to possess
anti-ulcerogenic and ulcer-healing property. These two not
only prevent the formation of irritant-induced gastric ulcers
but also increase gastric ulcer healing 2%,

Analgesic and anti-inflammatory activity: The
pathophysiological response of mammalian tissue towards
various hostile agents such as infectious organisms, toxic
chemicals, physical injury or tumor growth is called
inflammation. Edema formation, leukocytes infiltration and
granuloma formation are components of inflammation.
Glucocorticosteroids and nonsteroidal anti-inflammatory
drugs (NSAIDs) are the two main types of anti-
inflammatory agents but due to their adverse side effects
various alternatives of NSAIDs and opiates are being
searched all over the world. NAT was examined for the
same and experiments were carried out on various animal
models. The methanolic extract of NAT stem bark showed
the analgesic and anti-inflammatory activity by preventing
stimulation of nociceptive components which may happened
due the inhibition of the production of prostaglandin and
related compounds. Experimental results also showed that
the extract reduced the rate of edema in carrageenan-
induced rat paw edema model 241,

The peripheral analgesic activity of leaf extract of NAT was
studied in mice using the acetic acid induced writhing test.
Studies revealed that the presence of flavonoids in NAT
might be responsible for the analgesic activity of the plant.
Flavonoids are known for inhibiting synthesis of
prostaglandin which are involved in pain perception by
inhibiting cyclooxygenase enzyme. Other chemicals like
methyl salicylate and benzoic acid which have strong
analgesic effect are also found in NAT [221,

Anthelminthic activity: Parasitic diseases, also known as
parasitosis, are infectious diseases caused or transmitted by

parasites. Helminths of class Cestoidea and Trematoda are
endoparasites (live inside body of the host) and cause
helminthiasis, also called worm infection. They often live in
the gastrointestinal tract of their hosts but may also burrow
into the organs inducing physiological damage.
Anthelminthics are the agents which are used to expel out
the parasitic worms (helminths) from body, either by
stunning or killing them. Alcoholic and aqueous extract of
NAT bark was examined for their anthelminthic activity
against Pheretima posthuma. P. posthuma due to its
anatomical and physiological resemblance with the
intestinal worm of human and easy availability was selected
for this assay. The study revealed that the alcoholic extract
was not only able to paralyze the worm in 8.53 min but also
caused death in 13.05 min. Phytochemical analysis revealed
presence of tannin that was responsible for the
antihelminthic activity of NAT. Tannin can bind to the free
protein present in gastrointestinal tract of host animal or
glycoprotein present on cuticle of the parasite and may
cause death of the worm [,

Antileishmanial activity: In a study, iridoid glucosides viz
arbortristoside A, B, C and 6B-hydroxy-loganin isolated
from NAT were reported for the antileishmanial activity. In
another study, calceolarioside A isolated from the
methanolic extract of NAT leaves by bioactivity-guided
fractionation showed in-vitro antileishmanial activity, which
was determined to be ICsp = 20pg/mL while its in-vivo
efficacy, when it reduced the hepatic and splenic parasite
burden by 79% and 80% respectively, was noted to be
20mg/kg body weight in L. donovani Ag83 infected golden
hamster model. This was the first report isolating
calceolarioside A from NAT and describing potent activity
of NAT against visceral leishmaniasis 1.

Anti-viral activity: Anti-viral activity of NAT was
examined against encephalomyocarditis (EMCV) and
Semliki Forest Viruses (SFV) in Swiss albino mice. The
experimental results showed that the crude ethanolic extract,
n-butanol fraction and isolated iridoid glycosides
(Arbortristosides A and C) showed inhibition of 75% of
cytopathic effect caused by both the viruses. In-vivo studies
against EMCV at different doses showed that the crude
ethanolic extract and n-butanol fraction protected 40% of
animals infected with EMCV at 250mg/kg body weight
dose while the aqueous fraction protected 50% of animals
infected with EMCV at 125 mg/kg body weight dose.
Whereas in case of in-vivo anti-SFV activity the result was
most promising with n-butanol fraction that provided 60%
protection to animals infected with SFV at 125 and 62.5
mg/kg body weight dose and Arbortristoside A that also
protected 60% of SFV infected animals but at a much lower
dose of 31.2mg/kg body weight. Both these fractions and
isolated compounds did not produce any significant antiviral
activity when administered orally. Further study revealed
that with increasing dose of virus (SFV) the level of
protection declined. However, animal treated with
Arbortristoside A recorded 66, 65 and 50% protection
against 5, 10 and 100 LDsp concentration. Based on the
experimental results, it was concluded that the
arbortristiside A isolated from n-butanol fraction of NAT
possess maximum antiviral activity against enveloped virus
(SFV) while moderate antiviral activity of n-butanol fraction
was observed against EMCV. It was also observed that the
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antiviral activity of n-butanol and arbortristiside A and C
depends upon the route of administration, challenged virus
concentration and dose of the compound 21,

Hypoglycemic and hypolipidemic activity: Diabetes
mellitus is a major global disease from which millions of
people are suffering. In diabetes, it is important not only to
control blood glucose level but also the blood lipid level as
diabetes tends to increase low-density lipoprotein
cholesterol and decrease high-density lipoprotein cholesterol
levels in blood that triggers coronary occlusions and blocks.
It has been concluded that the present treatment of diabetes
using synthetic hypoglycaemic agents may cause adverse
effects resulting in hypoglycaemia, gastro-intestinal
disturbances, renal toxicity and hepatotoxicity and this is
why plants are been considered as an alternative. Different
doses of boiled aqueous extract of fresh NAT flowers were
examined for the hypoglycaemic and hypolipidemic activity
in mice. 200, 500 and 750mg/kg of the extract was
administered in mice and subsequently fasting and random
glucose concentration were examined. After oral
administration of the extract, the effect of extract on glucose
tolerance, gastrointestinal glucose absorption, liver and
skeletal muscle glycogen content, diaphragm uptake, serum
lipid profile and in-vitro amylase assay were examined in
mice. The experimental results concluded that 500 and 750
mg/kg of the extract reduced fasting glucose levels by 49%
and 39% respectively at 4hr post-treatment while 500 mg/kg
of the extract decreased the random blood glucose level
significantly by 32% at 4hr post treatment. The extract also
significantly inhibited glucose absorption from intestine by
85%, increased diaphragm uptake of glucose by 64%,
decreased level of total cholesterol and triglycerides by
44.8% and 53% respectively, and increased the high-density
lipoprotein cholesterol by 57%. It also exhibits inhibition of
a-amylase enzyme activity by 16.66%. The biochemical and
toxicological effect of the extract neither showed any deaths
nor there were any signs of clinical toxicity, stress and
aversive behaviour during treatment period. Further
histopathology analysis of liver and kidney portion after
treatment with extract did not show any effect. The
experimental data concluded that the boiled aqueous extract
of fresh NAT flowers possess hypoglycaemic and
hypolipidemic activity which can be used as an alternative
medicine for treatment of diabetes and toxicological results
considered it safe for oral administration 24,

Antihyperlipidemic activity: Hyperlipidaemia is increased
level of lipid in blood which is first and for most factor
responsible for diseases like atherosclerosis, coronary heart
disease, ischemic cerebro-vascular disease, hypertension,
obesity and diabetes mellitus (Type IlI) etc. Methanolic
extract of NAT leaves was examined for antihyperlipidemic
activity in Wistar albino rats. The extract at the doses of 200
and 400 mg/kg body weight showed significant decrease in
lipid profile like triglycerides, total cholesterol (TC), low
density lipoprotein (LDL), very low-density lipoprotein
(VLDL), and significant increase in high density lipoprotein
(HDL). The effect of lipid lowering might be result of plant
sterols (B-stigmasterol and [-sitosterol) which reduce
cholesterol absorption and thus increase faecal excretion of
steroids and thus results in decrease of body lipids. It was
concluded that the methanolic extract of NAT leaves
showed antihyperlipidemic activity with specific and non-

specific mechanism which might be due to the presence of
phytochemicals like phenol, triterpenoids and flavonoids in
the extract [2°],

Anti-arthritic activity: Arthritis is an autoimmune
condition of synovial joints, triggered generally by
inflammatory  mediators and infections which s
characterized by chronic inflammation that results in pain,
inflammation of synovial joints, pannus formation, cartilage
rupture, impaired movement and disability. Currently for
treatment of arthritis nonbiologic disease modifying
antirheumatic drugs (DMARD) (such as methotrexate),
nonsteroidal anti-inflammatory drugs (NSAID) (such as
piroxicam), biological therapies (such as inhibitors of IL-6,
IL-1 and TNF-a) and glucocorticoids (such as methyl
prednisolone and triamcinolone) are used. NSAID are
considered as the first line therapy of rheumatoid arthritis
that effectively attenuate swelling, pain and joint stiffness
but have adverse side-effects including stomach ulcers,
bleeding, dyspepsia and risk of cardiovascular problems.
Non-biologic DMARDs used for treatment can cause
reversible alopecia, rash, nausea, loss of appetite, elevated
formation of rheumatoid nodules, mouth ulcers and
neurological problems while anti-TNFs therapy are
responsible for abdominal pain, headache, itching, bruising,
bleeding, rash, vomiting, diarrhoea, injection site reaction,
cellulitis and respiratory tract infections. Chronic use of
glucocorticoids also has multiple adverse effects including
increased risk of osteoporosis, diabetes mellitus, peptic
ulcer, gastrointestinal bleeding, cataract and infection. All
the adverse effects related to the current treating therapies,
increasing percentage of rheumatoid arthritis patients are
going towards the alternative medicines. Methyl, ethyl
acetate and n-hexane extracts of mature leaves of NAT were
examined for anti-arthritic activity using rat model of FCA-
induced arthritis. The comparative study of extracts showed
that the ethyl acetate extract of NAT leaves was most
promising than others. The ethyl acetate extract showed
maximum inhibition of paw edema as compared to the other
two extract. It more significantly attenuated infiltration of
inflammatory cells in ankle joint, total leukocyte count and
reduction in bone erosion as compared to other two as well
as the reference drug, piroxicam. The phytochemical
analysis of ethyl acetate extract showed presence of phytol,
eugenol and a-terpineol. Phytol suppresses oxidative stress
and cytokine production playing anti-inflammatory role
while eugenol possess anti-inflammatory activity via
regulating redox reaction. a-Terpineol is also known for its
anti-inflammatory activity that inhibits proinflammatory IL-
6 receptor gene expression levels whereas terpenoids
regulate inflammatory and immune responses by inhibiting
nuclear factor kappa B. The antiarthritic activity of the
extract was attributed to the presence of these terpenes and
terpenoids. The hepatotoxic and nephrotoxic effects of NAT
extracts were evaluated that showed absence of any such
effects in group of animals treated with the extracts and
considered safe 261,

Anti-spasmodic activity: A study taken on NAT for
antispasmodic activity of the plant was estimated using
guinea pig ileum preparation against acetylcholine, a
spasmodic agent. Antispasmodic activity of ethanolic
extract of different parts of plant was estimated on the basis
of inhibition of contractile effect of acetyl choline by
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various dilution of the extract, out of which flower and seed
extract were the most effective. The contractile response of
0.0002mg of acetylcholine was inhibited by 72mg of flower
and 90mg of seed extract which was less than that of 16mg
piperazine citrate #71,

CNS depressant action: A study was carried out with water
soluble portion of ethanol extracts of flowers, barks, seeds
and leaves of NAT to evaluate CNS depressant activity of
plant. It has been already concluded that the leaves of the
plant possess hypnotic and tranquilizing activity whereas its
flower possess sedative activity. The ethanol extract of plant
was extracted by Soxhlet extraction and the extract was
examined for the pharmacological activity in adult male
Swiss mice. The CNS depressant activity was evaluated by
observing the prolongation of sleeping in mice induced by
pentobarbital sodium. The attempts were made to determine
the possible mechanism behind the activity by determining
their effect on brain monoamine neurotransmitters like
serotonin and dopamine. The study showed that the
ethanolic extract of leaves, flowers, seeds and bark (600
mg/kg) of NAT possess significant CNS depressant activity
and some muscle relaxant activity. The leaves, flowers,
seeds and bark showed significant and dose dependent
prolongation of the onset and duration of sleep, which was
comparable to chlorpromazine, the standard drug. The
highest CNS depressant activity was observed to be
possessed by the leaves. It was also concluded that the
activity possess by the extract might be due to the decrease
in dopamine and increase in serotonin level in brain 2,

Hepatoprotective activity: Petroleum ether and methanol
extract of NAT bark were examined for the hepatoprotective
activity using carbon tetrachloride (CCls) induced
hepatotoxicity in Swiss albino mice. The hepatic toxicity
was induced in the liver of mice by injecting CCls and the
level of Serum Glutamate Pyruvic Transaminase (SGPT),
Serum Glutamate Oxaloacetic Transaminase (SGOT),
Alkaline phosphate (ALP), Direct Bilirubin (DB) and Total
Bilirubin (TB) in the serum of mice was measured for
determining the function of liver. Silymarin was used as
standard drug for the study. The administration of Silymarin
and both the extracts (100 mg/kg and 200 mg/kg)
significantly decreased the serum marker enzymes (SGPT,
SGOT, ALP, DB & TB). The dose of 200 mg/kg of
methanol extract was found to be more effective in
comparison to that of 100mg/kg methanol and 100 mg/kg
and 200 mg/kg of petroleum ether extract of NAT. The
phytochemical analysis of petroleum ether and methanol
extract of NAT showed presence of alkaloid, cardiac
glycosides, tannin, saponin, terpenoid, phlobatannins, fixed
oils, fats and flavonoids that might be responsible for the
activity 29,

Anti-pyretic activity: Fever is a complex physiological
response which is triggered by infectious or aseptic stimuli
that results in elevated body temperature which occur due to
increase in concentration of prostaglandin E (2) in certain
parts of brain that further alter the firing rate of neurons that
control thermoregulation in hypothalamus B, Antipyretics
are drugs that reduce the elevated body temperature. NAT
was examined for antipyretic activity in albino rats for
potential on normal body temperature and yeast-induced
pyrexia. The whole plant extract of NAT showed significant

antipyretic activity at the dose of 200 mg/kg by reducing
normal body temperature and yeast-provoked elevated
temperature in dose dependent manner. It was also found
that the effect of whole plant extract of NAT dose was
comparable to that of paracetamol (150 mg/kg), a standard
antipyretic agent B4, In another study the petroleum ether
and methanol extracts of NAT bark were examined for the
antipyretic activity of the plant against yeast induced
pyrexia in mice. Fever was induced by 20% aqueous
solution (10 mg/kg) of Brewer’s yeast subcutaneously
injected into the dorsum region of mice and aspirin (150
mg/kg) was used as standard drug. It was found that both
petroleum ether and methanol extract (100 mg/kg and 200
mg/kg) showed antipyretic activity by significantly reducing
rectal temperature after its administration 2,

Anxiolytic activity: Hydroalcoholic extract of NAT leaves
was examined in adult Albino rats and Wister mice for its
anxiolytic activity using various models like elevated zero
maze, elevated plus maze, open field exploratory behaviour,
novelty induced supressed feeding test and social interaction
test. Extract was given orally to rats in two different doses
i.e., 250 and 500 mg/kg that showed dose dependent
significant increase in open field ambulation, rearing, self-
grooming and activity in centre manifesting anxiolytic
activity of NAT. However, there were no significant
changes in open field fecal droppings. In open field, animals
are in novel environment, due to anxiety and fear, they
express increased defecation and decreased ambulation,
exploration, freezing, rearing and grooming behaviour and
these behavioural changes are attenuated by classical
anxiolytics and augmented by anxiogenic agents. Similarly,
anxiolytic agents increase responses in elevated plus maze
and elevated zero maze tests, open closed arm entries and
time ratios provide a measure fear induced inhibition of
exploratory activities. In experimental results, it was found
that NAT treated rats exhibited dose dependent significant
increase in time spent in open arms and entries made on
open arms whereas there was significant decrease in time
spent in enclosed arms and entries on enclosed arms as
compared to the control. The extract also increased social
interaction and attenuated novelty induced feeding latency
in comparison to vehicle treatment. Lorazepam (500 mg/kg;
i.p.) was used as standard drugs for comparison which
showed significant anxiolytic activity and the effects were
found to be more than that of the NAT extract. Overall
experimental results provided positive result for the
anxiolytic activity of the hydroalcoholic extract of NAT
leaves [*21,

Anti-amnesic activity: Neurological disorders are more
common disorder in population aging between 18 and 60
years, characterized by various psychiatric disorders like
depression, panic attacks, phobias, generalized anxiety and
obsessive-compulsive and post-traumatic disorders. Among
these, Alzheimer’s disease is the most common
degenerative disease which is characterized by neural loss,
inflammation, memory loss and age-related decline in
cognitive and learning disabilities. The pathogenesis of
Alzheimer’s disease results due to dysfunction of
cholinergic system and increased oxidative stress in the
hippocampal part of the brain. The anti-amnesic activity of
ethanolic flower extract of NAT was studied and the anti-
memory impairment activity of the extract was confirmed
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using Elevated plus maze (EPM), Passive avoidance (PA)
and Morris water maze (MWM) tests in adult male Wistar
rats. The study concluded that the ethanolic extract of NAT
flower improves memory by inhibiting acetylcholinesterase
activity and reducing the oxidative stress in the brain tissue.
GC-MS and UPLC-Q-TOF-MS/MS were used for
identification of the biologically active compound present in
the extract which regulate the brain function. Phytol and
Loliolide were identified through GC-MS analysis while
four compounds, namely 4-coumaric acid, chlorogenic acid
hemihydrate, chalcone and melatonin were identified using
UPLC-Q-TOF-MS/MS analysis in the extract. These active
compounds were reported first time in the flower of NAT
and neuroprotective activity of all these compounds was
reported in different study, concluding that the extract might
be useful in treating and controlling several
neurodegenerative diseases [, In another study, the
hydroalcoholic extract of NAT leaves was investigated for
its effect on scopolamine induced amnesia using Morris
water maze test in Albino Swiss male rats. After injecting
0.4 mg/kg scopolamine rats showed impairment of memory
compared to the control group in which little change in
escape latency time was noted to find hidden platform. Plant
extract was administered in different doses and the decrease
in escape latency time to find the hidden platform and the
time spent by rats in the target quadrant was taken as the
index of retrieval. Transfer latency time was estimated using
elevated plus maze and it was found that the extract
increased the transfer latency time, concluding that plant
have a nootropic activity. Further the in-vivo study of NAT
supported by the biochemical parameter estimation such as
brain Acetyl cholinesterase activity, Glutathione estimation,
malondialdehyde estimation and nitric oxide estimation
concluded that the hydroalcoholic extract of NAT leaves
improve learning and memory 51,

Anti-cancer activity: The methanolic crude extract of leaf,
fruit and stem of NAT were examined in-vitro for
antioxidant and anticancer activity of plant. By DPPH free
radical scavenging assay antioxidant activity of extract was
evaluated, it was reported that the dried fruit methanol
extract of NAT showed 93.8% scavenging effect of phenolic
crude at 1000 mg/ml conc., dried stem methanolic extract
showed a moderate value of 69.9% at 100 mg/ml conc.
while least value was 27.8% that was observed with dried
leaves methanol extract at 1.0 mg/ml conc. Based on
antioxidant activities the anti-cancer activity was evaluated
by MTT assay on MDB MB-231 cancer cell lines. It was
found that out of all the extracts, dried fruit methanol extract
showed high degree of inhibition against human breast
cancer cell lines (MDA-MB 231). The phytochemicals
isolated from NAT dried fruit methanol extract were
glycosides, tannins, phenols and steroids which were
predicted to be responsible for the anticancer activity of the
plant B4, In another study, the methanolic extract of leaves
of NAT were examined for anti-cancer activity of the plant
against Ehrlich Ascites Carcinoma (EAC) cells (107
cellss/mouse) where the extract was injected into
intraperitoneal route (200 and 400 mg/kg body weight) of
Swiss Albino mice. For the study 5-Fluorouracil (20mg/kg
body weight) was injected through intraperitoneal route as
standard anti-cancer drug. Based on the ability to inhibit
cancer cell growth in ascitic fluid of mice, the anticancer
activity of the extract was evaluated. Various parameters

were taken to establish the potency of the anticancer
property of methanol extract of NAT leaves including
percentage inhibition of total cell count, tumour volume,
viable and non-viable cell counts; percentage increase in life
span and hematological parameters. Administration of
extract at the doses of 200 and 400mg/kg b.w. significantly
reduced the total cell count and tumour volume. At 200
mg/kg conc. the percentage of inhibition of total cell count
and percentage inhibition of tumour volume was observed
to be 84.75% and 75.52% respectively while at 400 mg/kg
conc. the percentage of inhibition of total cell count and
percentage inhibition of tumour volume was observed to be
90.36% and 96.37% respectively. Administration of extract
at doses of 200 and 400 mg/kg also significantly decreased
the viable cell count and level of WBC while increased non-
viable cell count, life span and the level of both RBC and
haemoglobin. The overall results of the study concluded that
the methanol extract of NAT leaves possess anticancer
activity [,

Method of Propagation

Due to its peculiar and pleasant fragrance it is often
cultivated in garden. The shrubs can be propagated by seeds
as well as by cutting, but the phenolic compounds leaching
out of the imbibed seed decreases the rate of germination by
seeds 121, Due to low seed setting, poor germination by seed
because of the inhibitory compounds and attack of insects
during ripening stage, many young seedlings die under
natural conditions and thus propagation of NAT by seed
becomes very difficult 7 38 The inhibitory phenolic
compounds are stored in the pericarp of the seed coat. It was
studied that by either removing both the coverings or
treating seeds with a solution of antioxidants like
polyvinylpyrrolidine (PVP) and polyvinylpolypyrrolidine
(PVPP) prior to germination can improve germination rate
(2 In the Red Data Book, NAT has been recorded as a
‘valuable plant’ which is critically endangered and at
extremely high risk of extinction in the wild. Therefore, it is
highlighted for conservation in many documentations for
which in-vitro propagation is been used. The natural
propagation of NAT is also a slow process that could not
fulfil market demand 8. The plant is being markedly
diminishing due to destruction of its natural environment,
excessive over exploitation and unresolved problem of seed
viability and poor germination B%. Hence, for commercial,
ornamental and conservation purposes studies are needed to
be conducted on production of the plant in large scale [,
For saving this species from extinction, it is required to
propagate these plants using alternative approaches like
tissue culture techniques . Plantlets of NAT can be raised
by in vitro methods using excised cotyledons, hypocotyls,
roots, leaves and bases of internodes that are able readily
form callus in the culture. However, calli from cotyledons,
hypocotyls and roots exhibited faster growth as compared to
those from leaves and internodal bases when cultured in
Murashige and Skoog’s (MS) media with 2, 4
dichlorophenoxyacetic acid (2,4D), Naphthalene acetic acid
(NAA) and coconut milk 12,

In-vitro method of propagation of NAT

In a study conducted by Mahipal et al on in-vitro
regeneration of NAT, the shoot tips and nodal segments
with axillary buds were used as explant for establishment of
culture. The explants were passed through surface
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sterilization protocol where they were thoroughly rinsed

under running tap water, then were pre-soaked in Tween-20

(liquid detergent) for about 15min., and then were treated

with 0.1%(w/v) Bavistin (a fungicide) for 5min. After that,

the explants were soaked in 0.1% (w/v) HgCl, for 5-6min in

Laminar Air Flow cabinet, where they were finally rinsed

with sterile distilled water for 8-10 times. Murashige and

Skoog’s basal medium was used for shoot regeneration and

proliferation which was supplemented with 30g/L sucrose,

8g/L agar and additives (50mg/L ascorbic acid, 25mg/L
each of adenine sulfate, citric acid and arginine). Before
sterilizing the medium in the autoclave at 121°C for 15 min

the pH of the medium was adjusted to 5.8 + 0.02 using 0.1

N NaOH or HCI. For shoot propagation, the medium was

augmented with cytokinin, 6-benzylaminopurine (BAP) or

kinetin alone or in combination with Indole-3 acetic acid

(IAA) (0.1-0.2 mg/L BAP or kinetin and 0.5 mg/L IAA).

The proliferated shoot with mother explants were

transferred to fresh medium of same conc. of growth

hormone for 2-4 passages to check significance of
subsequent transfer on shoot multiplication. The cultures

were incubated for a photoperiod of 12/12hr light/dark. 5-6

cm long and healthy in-vitro regenerated shoots were then

excised and implanted to full-, half- and one-fourth MS salts
medium augmented with different conc. (1.0-5.0 mg/L) of
auxin (Indole acetic acid, IAA or indole-3-butyric acid, IBA
or 1-naphthaleneacteic acid, NAA) at 50, 100 and 200 mg/L
activated charcoal for induction of root. The cultures were
further incubated with diffused light for photoperiod of 8/16
hr light/dark. After 4-5 weeks, the in-vitro rooted
microshoots were then taken out from the culture vessels
and after washing thoroughly to remove adhered gel on
roots the microshoots were transplanted to paper cups
containing 559 autoclaved Soilrite (mixture of perlite, Irish
peat moss and exfoliated vermiculite) moistened with 1/4t"

MS salts solution. The entire setup was maintained in

greenhouse with 80% relative humidity and plants were

watered at an interval of days with 1/4" MS inorganic
solution. The following results were evaluated after the
study:

1. After 10 days of culturing shoot tips and nodal segment
of NAT on MS medium with 3.0 mg/L BAP, three to
four microshoots were produced and the number shoots
was increased to nine when the explants were incubated
for 4weeks on MS medium with same conc. of growth
regulators.

2. Kinetin alone and in combination with BAP (BAP +
kinetin) were not much effective in induction of shoot
as compared to the results of BAP alone.

3. Bud break and growth of axillary meristem cannot be
obtained with media devoid of growth regulators.

4. Nodal shoot with axillary buds gave better results in

comparison to shoot tip as explant.

5. The medium containing cytokinin with IAA (0.5mg/L)
produced multiple shoots in comparison to the medium
containing cytokinin only.

6. The rooting of in-vitro shoots was achieved in the
presence of auxin on half strength MS medium with
50mg/L charcoal and maximum root regeneration was
obtained with NAA (3.0mg/L) within 4 weeks while the
lower number of roots per shoots were observed with
the same concentration of IAA and IBA.

7. The explant collected during November to January
showed great regenerative effect on shoot induction
showing that season of collection of explant plays an
important role in success of micropropagation.

8. Within 6 weeks, the in-vitro rooted plantlets got
adapted to the natural environment of greenhouse and a
survival rate of about 86% was recorded during the
hardening process [31,

In another study conducted to develop a simple and high
frequency regeneration protocol for NAT, the influence of
Putrescine was evaluated as a regeneration enhancer in
combination with cytokinin and auxin. It was observed that
putrescine at a conc. of 50mg/L had maximum promoting
influence on percentage of culture response (93.33%) and
number of shoots regenerated per explant, but both the
percentage of culture response and number of shoots
regenerated per explant decreased when conc. of putrescine
was increased after 50mg/L. It was assumed that when the
endogenous pools of polyamines (e.g., putrescine) are at
minimum level they may lead to formation of methionine
that in turn produces ethylene and when putrescine is at
optimum level (50mg/L) organogenic response might be
induced by them.

Whereas when putrescine is at higher level, they may divert
to other biosynthetic pathways like ethylene or may cause
feedback inhibition. Well elongated microshoots obtained
when were subjected to in-vitro rooting, 86.66% rooting
was observed and after hardening and acclimatization for 6
weeks, plants were successfully rooted in natural
environment and a survival rate of almost 92% was
obtained. The results showed that the regeneration
frequency of NAT was enhanced by putrescine by
efficiently modulating ethylene and therefore putrescine can
be used as an additive in culture media to increase shoot
regeneration B,

Generalized steps for in-vitro propagation of NAT by
nodal shoot
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Collection of explant Surface Sterilization of Inoculation of excised
(Nodal shoot with explant 4 | explant in solidified M5
axillary bud) 1. Wash explant with media of pH 5.8 + 0.02
running tap water containing 3mg/L BAP for
2. Soak in Tween 20 for shoot proliferation.
about 15 min
3. Treatment with 0.1% l
(wiv) Bavistin (a
fungicide) for Smin Cultures maintained in
4. Treatment with 0.1% growth room with 12/12 h
(wiv) HegCl light/dark photoperiod at 25
(disinfectant) for 5-6 + 20C.
min in Laminar Air
Flow l
5 Rinse with sterile
distilled water to
-o Newly regenerated shoots
gerfg:v_e disinfectant for contimuously transferred on
- 10 times. fresh M5 medium fortified
with BAP and kinetin (each
1mg/L) and IAA (0.5mgL)
for enhancement of shoot.
In-vitro regenerated shoots
excised and inoculated to
half strength MS salt
medium augmented with
3mg/T NAA and 50mg/T
activated charcoal for root
induction.
l
o In-vitro rooted microshoots Cultures incubated in culture
E:a;g:ntshgms;lt:ﬁ;?g o taken out of culture vessels, 4‘_?\:;61{5 shelves with d_j:Efused l_ight
relative humidity and | washed and u“anspl_anted to -—— f_or a photoperiod of 8/16 h
watered at 4 days pa{}erlcup; cop];z_ltl.mng .S ?Eg d light/dark.
. - Ath autoclaved soilrite moistene,
E:I;i? h LA MS with 1/4 MS salt solution.

Conclusion and Future Prospect

Various synthetic chemicals are being widely used for
treatment of different diseases but encompass adverse side
effects. Due to these side effects of the drugs, various
alternatives are being explored by the researchers and for
the same plants are being studied. One such plant is
Nyctanthes arbor-tristis (NAT). The broad-spectrum
medicinal use of NAT is the matter of interest for the
researchers. The anti-arthritic, antispasmodic, antibacterial,
anti-inflammatory, immunostimulant, antidiabetic,
hepatoprotective, antioxidant, antimicrobial, anthelminthic,
antileishmanial, anti-pyretic, anti-allergic, antiviral and CNS
depressant activities of the plant show its great value in the
field of medicine. Considering NAT for treatment of various
ailments can provide effective and efficient alternative
against chemical drugs, which have no side effects and are
cost-effective. Further attention and research are required
for identification and characterisation of bioactive
compound(s) responsible for the biological activity of plant
and the elucidation of the mechanism of action in many
cases. The toxicity of the various extracts should be
considered, as human studies for safety and efficacy of the
extracts for long term administration are needed to be
proved. Use of various parts of NAT plants in Ayurveda,
Siddha and Unani system of medicine should be considered,
explored and effective treatment should be elucidated.
Tissue culture, recombinant DNA technology and molecular
marker-based approaches can be undertaken for increasing
production, selection of desired traits of the plant and for
studying diversity in germplasm of the species. Other
chemical compounds like putrescine should be identified

Fig 2

that would help in increasing productivity. Combinational
effect of various herbal plants along with NAT can be
examined which could provide best alternatives for various
ailments as was examined in case of wound healing activity
of ethanolic extract of Nyctanthes arbortristis and Murraya
koenigii by Jadhav et al, 2017. High potential of plant in
management of various ailments, easy availability and
requirement of no special condition for its collection and
cultivation make it a plant of clinical interest which requires
more attention and clinical trials for manufacturing
therapeutic preparations that can treat human ailments.
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