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Introduction

Herbs are staging a comeback and herbal ‘renaissance’ is happening all
over the globe. The herbal products today symbolise safety in contrast to
the synthetics that are regarded as unsafe to human and environment.
Although herbs had been priced for their medicinal, flavouring and
aromatic qualities for centuries, the synthetic products of the modern age
surpassed their importance, for a while. However, the blind dependence
on synthetics is over and people are returning back to the naturals with a

hope of safety and security.

Over three-quarters of the world population relies mainly on plants and
plant extracts for health care. More than 30% of the entire plant species,
at one time or other, were used for medicinal purposes. It has been
estimated that in developed countries such as United States, plant drugs
constitute as much as 25% of the total drugs, while in fast developing
Asian countries such as China and India, the contribution is as much as
80%.

Traditional systems of medicine continue to be widely practised on many
accounts. Population rise, inadequate supply of drugs, exorbitant cost of
treatments, side effects of several allopathic drugs and development of
resistance to currently used drugs for infectious diseases have led to
increased emphasis on the use of plant materials as a source of medicine

for a wide variety of human ailments. Global estimates indicate that 80%
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of about 4 billion population can not afford the products of the Western
Pharmaceutical Industry and have to rely upon the use of traditional
medicines which are mainly derived from plant material. This fact is well
documented in the inventory of medicinal plants, listing over 40,000
species. In spite of the overwhelming influences and our dependence on
modern medicine and tremendous advances in synthetic drugs, a large
segment of the world population still depend on drugs from plants. In
many of the developing countries the use of plant drugs is increasing
because modern life saving drugs are beyond the reach of three quarters
of the third world’s population although many such countries spend
40-50% of their total wealth on drugs and health care. As a part of the
strategy to reduce the financial burden on developing countries, it is
obvious that an increased use of plant drugs will be followed in the

future.

Of the 2,50,000 higher plant species on earth, more than 80,000 are
medicinal. India is one of the world’s 12 biodiversity centres with the
presence of over 45000 different plant species (Joy et al., 1998). India’s
diversity is unmatched due to the presence of 16 different agro-climatic
zones, 10 vegetation zones, 25 biotic provinces and 426 biomes (habitats
of specific species). Of these, about 40000 plants have good medicinal
value. However, only 7000-7500 species are used for their medicinal
value by traditional communities. In India, drugs of herbal origin have
been used in traditional systems of medicine such as Unani and Ayurveda
since ancient times. The Ayurveda system of medicine uses about 700
species, Unani 700, Siddha 600, Amchi 600 and modern medicine around
30 species(Joy et al., 1998). The drugs are derived either from the whole
plant or from different organs, like leaves, stem, bark, root, flower, seed,

etc (Cragg and David, 2001). Some drugs are prepared from excretory
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plant products such as gum, resins and latex. Even the Allopathic system
of medicine has adopted a number of plant-derived drugs which form an
important segment of the modern pharmacopoeia. Some important
chemical intermediates like diosgenin, solasodine, B-ionone needed for
manufacturing the modern drugs are also obtained from plants. Not only,
that plant-derived drug offers a stable market world wide, but also plants

continue to be an important source for new drugs.

Among ancient civilisations, India has been known to be a rich repository
of medicinal plants. The forests in India is the principal repository of
large number of medicinal and aromatic plants, which are largely
collected as raw materials for manufacture of drugs and perfumery
products. About 8,000 herbal remedies have been codified in Ayurveda.
The Rigveda (5000 BC) has recorded 67 medicinal plants, Yajurveda
(1400-1000 B.C) 81 species, Atharvaveda (4500-2500 BC) 290 species,
Charaka Samhita (700 BC) and Sushruta Samhita (200 BC) had described
properties and uses of 1100 and 1270 species respectively, in
compounding of drugs and these are still used in the classical
formulations, in the Ayurvedic system of medicine. Unfortunately, much
of the ancient knowledge and many valuable plants are being lost at an
alarming rate. With the rapid depletion of forests, impairing the
availability of raw drugs, Ayurveda, like other systems of herbal
medicines has reached a very critical phase. About 50% of the tropical
forests, the treasure house of plant and animal diversity have already been
destroyed. In India, forest cover is disappearing at an annual rate
1.5 mha/yr. What is left at present is only 8% as against a mandatory 33%
of the geographical area(Joy et al., 1998). Many valuable medicinal

plants are under the verge of extinction.
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Plants have evolved the ability to synthesize chemical compounds that
help them defend against attack from a wide variety of predators such as
insects, fungi and herbivorous mammals. These compounds are toxic to
plant predators but show beneficial effects when used to treat human
diseases. Such secondary metabolites are highly varied in structure, many
are aromatic substances, most of which are phenols or their oxygen-
substituted derivatives. At least 12,000 have been isolated so far; a
number estimated to be less than 10% of the total. Chemical compounds
in plants mediate their effects on the human body by binding to receptor
molecules present in the body; such processes are identical to those
already well understood for conventional drugs and as such herbal
medicines do not differ greatly from conventional drugs in terms of how
they work. This enables herbal medicines to be in principle just effective
as conventional medicines. As a result many secondary metabolites of
plants are commercially important and find use in a number of
pharmaceutical compounds. However, a sustained supply of the source
material often becomes difficult due to the factors like environmental
changes, cultural practices, diverse geographical distribution, labour cost,
selection of the superior plant stock and over exploitation by

pharmaceutical industry.

Plants, the small fraction of flowering plants that have so far been
investigated have vyielded about 120 therapeutic agents of known
structure from about 90 species of plants. Some of the useful plant drugs
include vinblastine, vincristine, taxol, podophyllotoxin, camptothecin,
digitoxigenin, gitoxigenin, digoxigenin, tubocurarine, morphine, codeine,
aspirin, atropine, pilocarpine, capscicine, allicin, curcumin, artemesinin
and ephedrine among others. In some cases, the crude extract of

medicinal plants may be used as medicaments. On the other hand, the
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isolation and identification of the active principles and elucidation of the
mechanism of action of a drug is of paramount importance. Hence work
in both mixture of traditional medicine and single active compounds are
very important, where the active molecule cannot be synthesized
economically, the product must be obtained from the cultivation of plant
material. About 121 (45 tropical and 76 subtropical) major plant drugs
have been identified for which no synthetic one is currently available.
Some of the plant drugs for which no synthetic one is currently available
is listed in Table. The scientific study of traditional medicines, derivation
of drugs through bioprospecting and systematic conservation of the

concerned medicinal plants are thus of great importance.

The major plant drugs for which no synthetic one is currently available
(Kumar et al., 1997).

Drug Plant Use
Allicin Allium sativum Antifungal, amoebiasis
Amalacine Catharanthus roseus | Anticancer, hypotensive
Artemisinin Artemesia annua Antimalarial
Atropine Atropa belladona Spasmolytic, cold
Atropine Hyoscyamus niger Spasmolytic, cold
Berberine Berberis For leishmaniasis
Cardiac glycosides Digitalis sp. For congestive heart
failure
Catechin Acacia catechu Antiulcer
Cocaine Erythroxylum coca | Topical anaesthetic
Codeine Papaver somniferum | Anticough
Emetine Cephaelis Amoebiasis
Ipecacuanha
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Forskolin Coleus forskohlii Hypotensive, cardiotonic

Glycyrrhizin Glycyrrhizia glabra | Antiulcer

Gossypol Gossypium sp. Antispermatogenic
Magnolol Magnolia bank Peptic ulcer

Nimbidin Azardichta indica Antiulcer

Pilocarpine Pilocarpus jaborandi | Antiglaucoma
Plumbagin Plumbago indica Antibacterial, antifungal
Pristimerin Celastrus paniculata | Antimalarial
Quassinoids Ailanthus Antiprotozoal

Quinine Cinchona sp. Antimalarial,

amoebic dysentery

Rescinnamine Rauwolfia serpentina | Tranquilizer
Reserpine Rauwolfia serpentina | Tranquilizer
Sophoradin Sophora Antiulcer
subprostrata
Taxol Taxus baccata Breast and ovary cancer,
Taxus brevifalia antitumour
Vinblastine Catharanthus roseus | Anticancer

Phytochemical studies

Phytochemicals are attracting attention for use as medicines,
pharmaceuticals, functional components, pigments, fragrances and flavor
compounds. These are active principles of low molecular weight organic
compounds, which are of great importance for the plant to survive in its
natural environment (Hartmann, 1985). Carbohydrates, fats, proteins and
nucleic acids are considered as primary metabolites and they act as
precursors for the production of secondary metabolites. The data base
NAPRALERT contain about 88,000 secondary metabolites, and every
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year some 4,000 new ones are being reported (Fransworth, 1996). About
30% of therapeutically active compounds are of plant origin and are
presently extracted from various plant tissues. The secondary compounds

are usually extracted from plants using organic solvents.

1. Secondary metabolites are produced in small quantities.

2. Production of secondary metabolites in nature depends on age and
environmental factors. These environmental factors vary from region
to region.

3. Extraction and isolation of these secondary metabolites is expensive.

4. Stereostructure of some of the secondary metabolites is highly

complex and cannot be synthesized.

Phytochemical analysis

Various medicinal properties have been attributed to natural herbs.
Medicinal plants constitute the main source of new pharmaceuticals and
healthcare products (Ivanova et al, 2005). The use of medicinal plants in
the industrialised societies has been traced to the extraction and
development of several drugs from these plants as well as from
traditionally used folk medicine (Shrikumar and Ravi, 2007). Extraction
and characterization of several active phytocompounds from these green
factories have given birth to some high activity profile drugs (Mandal et
al, 2007). The use of traditional medicine is widespread in India
(Jeyachandran and Mahesh, 2007). A growing body of evidence indicates
that secondary plant metabolites play critical roles in human health and
may be nutritionally important (Hertog et al., 1993). It is believed that
crude extract from medicinal plants are more biologically active than
isolated compounds due to their synergistic effects (Jana and Shekhawat,

2010), Phytochemical screening of plants has revealed the presence of
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numerous chemicals including alkaloids, tannins, flavonoids, steroids,
glycosides and saponins etc. Secondary metabolites of plants serve as
defense mechanisms against predation by many microorganisms, insects
and herbivores (Cowan, 1999). Herbal medicines have become more
popular in the treatment of many diseases due to popular belief that green
medicine is safe, easily available and with less side effects. Indeed, the
market and public demand has been so great that there is a great risk that
many medicinal plants today, face either extinction or loss of genetic
diversity (Misra, 2009).

Normally free radicals of different forms are generated at a low level in
cells to help in the modulation of several physiological functions and are
quenched by an integrated antioxidant system in the body. However, if
free radicals are produced in excess amount they can be destructive
leading to inflammation, ischemia, lung damage and other degenerative
diseases (Halliwell et al., 1992; Cavalcanti et al., 2006), Free radical
reactions, especially with participation of oxidative radicals, have been
shown to be involved in many biological processes that cause damage to
lipids, proteins, membranes and nucleic acids, thus giving rise to a variety
of diseases (Lee et al., 2005; Campos et al., 2006).

The phenolic compounds are one of the largest and most ubiquitous
groups of plant metabolites that possess an aromatic ring bearing one or
more hydroxyl constituents (Singh et al., 2007). Phenolic compounds are
widely found in the secondary products of medicinal plants, as well as in
many edible plants (Hagerman et al., 1998). A number of studies have
focused on the biological activities of phenolic compounds, which are
potential antioxidants and free radical-scavengers (Rice-Evans et al.,
1995; Cespedes et al., 2008; Reddy et al., 2008; Chanda and Dave, 2009).
They posses biological properties such as: antiapoptosis, anti-ageing,

anticarcinogen, anti-inflammation, anti-atherosclerosis, cardiovascular
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protection and improvement of the endothelial function, as well as
inhibition of angiogenesis and cell proliferation activity (Han et al.,
2007). Several studies have described the antioxidant properties of
medicinal plants, foods and beverages which are rich in phenolic
compounds (Brown and Rice-Evans, 1998; Krings and Berger, 2001).
Natural antioxidants mainly come from plants in the form of phenolic
compounds such as flavonoids, phenolic acids, tocopherols, etc. (Ali et
al., 2008). Many reports suggest that plants which are having more
phenolic content show good antioxidant activity that is there is a direct
correlation between total phenol content and antioxidant activity
(Brighente et al., 2007; Salazar et al., 2008).

Any part of the plant may contain active components. Knowledge of the
chemical constituents of plants is desirable because such information will
be of value for the synthesis of complex chemical substances. Such
phytochemical screening of various plants is reported by many workers
(Mojab et al., 2003; Parekh and Chanda, 2007; Parekh and Chanda,
2008).

Secondary metabolic compounds are characterized by High Performance
Liquid Chromatography (HPLC). It is a chromatographic technique that
can separate a mixture of compounds and is used in biochemistry and
analytical chemistry to identify, quantify and purify the individual
components of the mixture. It is based on the principles of adsorption,
partition, ion-exchange, exclusion and affinity chromatography. HPLC
technique is used with high pressure (up to 8,000 psi). The flow rate is
high and experimental time is shortened considerably. Therefore, this
technique is highly efficient and has a very fast speed of resolution .

Ruta graveolens is known as a medicinal plant since ancient times and
currently used for treatment of various diseases. The presence of many

coumarins, alkaloids, terpenes and flavonoids has already been reported.
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The components of R. graveolens are of great interest in medicinal
chemistry as these compounds show a broad range of biological activity

and number of them are used in medicine.
Plant Profile

About the Plant
Ruta graveolens L.
Systematic position

Kingdom Plantae

Division Magnoliophyta

Class Magnoliopsida
Order Sapindales
Family Rutaceae
Genus Ruta

Species graveolens

Ruta (Rue) is a genus of strongly scented evergreen subshrubs, 20-60 cm
tall, in the family Rutaceae, native to the Mediterranean region,
Macaronesia and Southwest Asia. There are 40 species in this genus. A
well-known species is the common Rue. The plant is known by various

vernacular names.
Common names of the plant and synonyms (in each country)

Morphology: Ruta graveolens, also known as “herb of grace” and
“common rue” is a hardy, evergreen shrub of up to one metre tall with a
characteristic grayish colour and a sharp unpleasant odour. The leaves are
small, oblong, deeply divided, pinnate, glandular dotted. The stems are
very ramified. The flowers are small (13 mm), yellow and in clusters

during spring and summer. They have 4 petals except for the central
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flower, which has 5 petals. The fruits are round, small and 4 or 5

lobulated capsule.

Ruta graveolens is an ornamental, aromatic, culinary and medicinal plant,
cultivated in gardens. It prefers rocky, well drained soils and it resists dry

weather.

Distribution

Ruta graveolens is native to Europe, specially the Mediterranean region
but widely distributed into all the temperate and tropical regions. It is a
very popular and attractive garden shrub in South America, where it is
grown not only for ornamental and medicinal reasons but also because of

the belief that it provides protection against evil.

Therapeutic uses

The medicinal properties of this plant is due to the presence of different
classes of natural products such as acridone alkaloids, coumarins,
essential oils, flavonoids and furanoquinolones in the roots and aerial
parts. (De Feo et al., 2002; Oliva et al., 2003). Many of these compounds
are physiologically active and therefore of pharmacological interest
(Kuzovkina et al.,, 2004). The medicinal action of common rue is
abortifacient, antihelmenthic, antiseptic, antispasmodic, carminative,
(Browner 1985; Alzoreky et al., 2003).

The main uses of rue are to relieve gouty and rheumatic pains and to treat
nervous heart problems (Chavez et al., 2003; Atta et al., 1998). The

infusion is said to be useful in eliminating worms (San Miguel, 2003).

It is said that the Rue extract is a pharmaceutical fungicide (Ali-Shtayeh
and Abu-Ghdeib, 1999; Trovato et al., 2000) and the flavonoid content of
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the herb has been reported to possess antibacterial activity (Alzoreky and
Nakahara, 2003).

It is revealed that rue plants contained cardiovascular active substance
that had a direct effect on the cardiovascular system (Chiu et al., 1997).
Further, it is reported that Ruta in combination with Caz(PO,), could be
used for effective treatment of brain cancers, particularly glioma (Pathak
et al., 2003)

Main active principles

The main active principles of R. graveolens taken up in this study are
furanocoumarins like psoralen, bergapten and xanthotoxin (Plate 1).

Furanocoumarins present in R. graveolens are used in the treatment of
various diseases like vitiligo, psoriasis, multiple sclerosis, cutaneous-
lymphomas, several cancers (Edelson, 1988) and it is reported that the
furanocoumarins are potent anti HIV agents (Bisaccia, 1993). DNA
topoisomerases are essential cellular enzymes required for cell
proliferation and therefore have recently emerged as important cellular
targets for chemical intervention in the development of anti-cancer
agents. Potent topoisomerase — | inhibitors [Furanocoumarins — Psoralen,
Bergapten and Xanthotoxin] are observed in in vitro culture extracts of R.

graveolens (Diwan and Malpathak, 2009).

Now-a-days, pharmaceutical industry uses Bergapten as a side product
from Citrus bergamia (bergamot tree) essential oil. However this culture
is declining and other sources need to be found. Plants belonging to the
Rutaceae family are possible candidates for the production of such
metabolites (Mc cloud et al., 1992). Investigators have reported the
amount and localization of these molecules in entire plants of

R. graveolens.
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Psoralen

Bergapten (5- Methoxypsoralen)

OCHgs

Plate 1 : Furanocoumarins




Objective

To estimate psoralen , bergapten and xanthotoxin (furanocoumarins) by
Reversed phase HPLC (RP-HPLC) studies in stem and leaf of
R.graveolens grown in Bengaluru during different seasons of a year
(April 2014- January 2015) before and after flowering in Ruta
graveolens. The estimation of psoralen , bergapten and xanthotoxin
(furanocoumarins) by RP-HPLC studies in stem and leaf of R.graveolens
during different seasons of a year and during different stages of plant will
help us to know when the plant contains more content of psoralen,
bergapten and xanthotoxin . This facilitates the pharmaceutical company
to extract these furanocoumarins and help in the drug development

especially in the development of anticancer agents.
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Review of Literature

The genus Ruta graveolens L. is a perennial medicinal plant synthesizing
several types of metabolites, notably flavonoids, alkaloids, essential oils
and furanocoumarins (Hornok,1992 ; Junghanns, et al., 1998; Diwan and
Malpathak, 2007). Furanocoumarins are used in treatment of various
diseases like vitiligo, psoriasis, multiple sclerosis, cutaneous lymphomas.
The extracts of R. graveolens were shown to have potent anticancer
activity (Pathak, et al., 2003 ; Preethi, et al., 2006) and are also potent
anti HIV agents (Bisaccia, 1993).Because of its medicinal properties,
furanocoumarins have gained wide applications in pharmaceutical
industry (Diwan and Malpathak, 2007).

R. graveolens was reported to be one of the promising candidates for

containing high furanocoumarin content (Poutaraud, et al., 2000).

Zobel and Brown in 1989 have reported that three linear furanocoumarins
namely psoralen, bergapten and xanthotoxin were localised histologically
in shoots. The highest amounts were present in the epidermis, lesser
amounts in the parenchyma cells and only traces in the glands. They have
observed that the Scrapings and filter paper rubbings from leaf and stem
surfaces gave qualitative indications of their presence. As determined by
liquid chromatography, large amounts (up to at least 60% of the total in
the plant) were extractable into boiling water indicating their localization
in the -cuticle. Xanthotoxin was usually present in the highest
concentrations on the surface but in most cases, amounts of psoralen were
only slightly lower. In both the scanning electron microscope and the
light microscope a layer covering the cuticle was observed; its crystal —
like structure varied over the surface in the regions of the glands and

other parts of the epidermis. It was thicker in younger leaves, and during
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leaf expansion it was stretched and sometimes broken. Localization of a
substantial portion of these linear furanocoumarins on the surface is a

factor in the propensity of this species to induce photophytodermatitis.

Abyshev et al., in 1992 have isolated three known coumarins ( bergapten,
chalepin and chalpensin) from the aerial parts of flowering plants of Ruta
graveolens growing in Azerbaijan. Three known coumarins (bergapten,
chalepin and chalepensin) were isolated from the aerial parts of flowering

plants growing in Azerbaijan.

Sahoo et al., in 2012 have reported maximum amount of secondary
metabolites in summer and minimum in rainy season in some arid

medicinal plants.

Thiago et al., in 2012 have reported seasonal variation in the production
of secondary metabolites in Guapira graciliforia and Pseudobombax

marginatum which are used in Brazilian traditional medicine.

Dragana et al., in 2013 have reported that there was variation in the
production of phenolics and flavonoids in Chelidonium majus during
different phenological stages (stage of rosette, the initial flowering stage,

the stage of fully formed flowers and stages of fruits formation).

Meena Harsahay et al., in 2014 have reported that the isocratic HPLC was
found more suitable, accurate, less time consuming and reproducible
method for the estimation of furanocoumarins like psoralen,
isopsoralen(Angelicin), 8-methoxypsoralen (xanthotoxin) and 5-

methoxypsoralen (bergapten) in Psoralea corylifolia and Ammi majus.
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MATERIALS AND METHODS

Materials

Potted healthy plants were procured from University of Agricultural
Sciences, which were maintained in the nursery, Nagarabhavi, Bengaluru.
Required number of potted plants were maintained in the garden at home.
Stem and fully mature leaves exposed to sunlight were collected during
summer (April-June 2014), rainy (July-September 2014) and winter
(December 2014-January 2015) seasons which were dried and used for

phytochemical analysis (Plate 2).

Chemicals

Reference standards like psoralen, bergapten , xanthotoxin and solvents
like HPLC- grade methanol, acetonitrile were purchased from Sigma
company.

The other analytical grade solvents like methanol, distilled water were

purchased from SD Fine chemicals.

METHODS

Experiment 1: Preparation of crude plant extract by Soxhlet extraction

method.

Experiment 2: Estimation of psoralen, bergapten and xanthotoxin by

RP-HPLC studies in stem and leaf of plants harvested during different

seasons of a year.
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Experiment 2:

Estimation of psoralen, bergapten and xanthotoxin by RP-
HPLC studies in stem and leaf of plants harvested during

different seasons of a year April 2014-January 2015.

HPLC is a most important, reliable, accurate and reproducible method for
estimation of active ingredients from crude plant materials. Isocratic
HPLC method is reliable, accurate, less time consuming and reproducible
for estimation of four furanocoumarins namely psoralen, bergapten and
xanthotoxin and angelicin (Meena Harashay et al., 2014). In the present
study Reversed-phase HPLC is used wherein psoralen, bergapten
xanthotoxin were quantified at 254nm using peak area by comparing the

calibration curve of respective reference standards.

Analysis of all samples were carried out by Agilent 1200 series HPLC

which consists of a Photodiode array detector.
Reversed phase column (C-18RP, 150x4.6x5 pm) was used.

Preparation of reference standard solution of Psoralen, Bergapten and

Xanthotoxin

1. 4.8mg (4800 ppm) of psoralen was dissolved in filtered 1 ml
methanol.

2. 5.0 mg (5000 ppm) of bergapten was dissolved in filtered 1 ml
methanol.

3. 4.7 mg (4700 ppm) of xanthotoxin was dissolved in filtered 1 ml
methanol.
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Extraction of Furanocoumarins

25 mg of methanolic crude extract of each sample was dissolved in 5 ml
of methanol. Then the extracts were filtered through 2 filter into a 1 ml

vial and 10 pl sample was injected into HPLC.

Isocratic elution method was adopted with a flow rate of 0.8m/min for
separation.The detection wavelength of photodiode Array was 254 nm

and the column temperature was kept 28 c.

Injection volume was taken 10 pl.Water, methanol and acetonitrile
(55:35:10 v/v ) were used as mobile phase for separation of psoralen,
bergapten and xanthotoxin from the stem and leaf extract of Ruta

graveolens.

Data analysis

Data analysis were analysed using open lab chemstation software. The

results were shown as the means of 3 replicates.
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Observations

The methanolic extract of stem and leaf of R.graveolens harvested during
different seasons before and after flowering were subjected to HPLC

analysis. The data obtained are given in Table 1.

HPLC analysis of psoralen standard showed a sharp single peak at

retention time of 9.232 min with 100% recovery. (Fig. 1a).

HPLC analysis of bergapten standard showed a sharp single peak at
retention time of 16.432 min with 100% recovery (Fig. 1b).

HPLC analysis of xanthotoxin standard showed a sharp single peak at

retention time of 10.134 min with 100% recovery (Fig. 1c).

HPLC analysis of mixture of psoralen , bergapten and Xxanthotoxin
standards showed sharp 3 peaks of psoralen , bergapten and xanthotoxin
at retention time of 9.896 min, 16.225 min and 10.852 min respectively
with 100% recovery (Fig. 2).

HPLC analysis of methanolic extracts isolated from various samples
showed variation in the number of peaks as well as differences in the

quantity of psoralen , bergapten and xanthotoxin content.
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Stem and leaf harvested before flowering during summer

season (April-June 2014)

HPLC analysis of methanolic extract of stem showed a peak at retention
time of 9.900 min with 0.63% recovery of psoralen , bergapten showed a
peak at retention time of 16.852 min with 2.2% recovery and xanthotoxin
showed a peak at retention time of 10.894 with 0.002% recovery
respectively. The calculated amount of psoralen was 60 mg/100g dry
weight of the sample , bergapten was 240 mg/100g dry weight of the
sample and xanthotoxin was 0.7 mg/100g dry weight of the
sample (Fig.3a).

HPLC analysis of methanolic extract of leaf showed a peak at retention
time of 9.412 min with 0.39% recovery of psoralen , bergapten showed a
peak at retention time of 16.200 min with 2.5% recovery and xanthotoxin
showed a peak at retention time of 10.387 with 0.01% recovery
respectively. The calculated amount of psoralen was 70 mg/100g dry
weight of the sample , bergapten was 518 mg/100g dry weight of the
sample and xanthotoxin was 1 mg/100g dry weight of the

sample (Fig.3b).
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Stem and leaf harvested after flowering during summer

season (April-June 2014)

HPLC analysis of methanolic extract of stem showed a peak at retention
time of 9.861 min with 0.5% recovery of psoralen , bergapten showed a
peak at retention time of 16.939 min with 2.1% recovery and xanthotoxin
showed a peak at retention time of 10.893 with 0.002% recovery
respectively. The calculated amount of psoralen was 15 mg/100g dry
weight of the sample, bergapten was 63 mg/100g dry weight of the
sample and xanthotoxin was 0.8 mg/100g dry weight of the sample
(Fig.4a).

HPLC analysis of methanolic extract of leaf showed a peak at retention
time of 9.897 min with 0.27% recovery of psoralen , bergapten showed a
peak at retention time of 16.861 min with 1.8% recovery and xanthotoxin
showed a peak at retention time of 10.906 with 0.003% recovery
respectively. The calculated amount of psoralen was 120 mg/100g dry
weight of the sample , bergapten was 810 mg/100g dry weight of the
sample and xanthotoxin was 1 mg/100g dry weight of the sample
(Fig. 4b).
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Stem and leaf harvested before flowering during rainy

season (July-September 2014)

HPLC analysis of methanolic extract of stem showed a peak at retention
time of 9.897 min with 0.4% recovery of psoralen , bergapten showed a
peak at retention time of 16.261 min with 1.8% recovery and xanthotoxin
showed a peak at retention time of 10.806 with 0.01% recovery. The
content of psoralen , bergapten and xanthotoxin were 65 mg/100g dry
weight of the sample , 240 mg/100g dry weight of the sample and 0.7
mg/100g dry weight of the sample respectively (Fig.5a).

HPLC analysis of methanolic extract of leaf showed a peak at retention
time of 9.890 min with 0.6% recovery of psoralen , bergapten showed a
peak at retention time of 16.852 min with 2.2% recovery and xanthotoxin
showed a peak at retention time of 10.844 with 0.01% recovery. The
content of psoralen , bergapten and xanthotoxin were 150 mg/100g dry
weight of the sample , 750 mg/100g dry weight of the sample and 0.9
mg/100g dry weight of the sample respectively (Fig.5b).
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Stem and leaf harvested after flowering during rainy season
(July-September 2014)

HPLC analysis of methanolic extract of stem showed a peak at retention
time of 9.790 min with 0.91% recovery of psoralen , bergapten showed a
peak at retention time of 16.689 min with 1.9% recovery and xanthotoxin
showed a peak at retention time of 10.741 with 0.06% recovery. The
content of psoralen , bergapten and xanthotoxin were 78 mg/100g dry
weight of the sample , 170 mg/100g dry weight of the sample and 5.1
mg/100g dry weight of the sample respectively(Fig. 6a).

HPLC analysis of methanolic extract of leaf showed a peak at retention
time of 9.885 min with 0.92% recovery of psoralen , bergapten showed a
peak at retention time of 16.870 min with 2.9% recovery and xanthotoxin
showed a peak at retention time of 10.848 with 0.05% recovery. The
content of psoralen , bergapten and xanthotoxin were 280 mg/100g dry
weight of the sample , 900 mg/100g dry weight of the sample and 10
mg/100g dry weight of the sample respectively (Fig.6b ).
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Stem and leaf harvested before flowering during winter

season (Dec-January 2014-15)

HPLC analysis of methanolic extract of stem showed a peak at retention
time of 9.129 min with 0.25% recovery of psoralen , bergapten showed a
peak at retention time of 16.347 min with 0.53% recovery and
xanthotoxin showed a peak at retention time of 10.204 with 0.01%
recovery respectively. The calculated amount of psoralen was 20
mg/100g dry weight of the sample , bergapten was 50 mg/100g dry
weight of the sample and xanthotoxin was 1 mg/100g dry weight of the
sample (Fig.7a).

HPLC analysis of methanolic extract of leaf showed a peak at retention
time of 9.011 min with 0.92% recovery of psoralen , bergapten showed a
peak at retention time of 16.142 min with 3.03% recovery and
xanthotoxin showed a peak at retention time of 10.011 with 0.01%
recovery respectively. The calculated amount of psoralen was 200
mg/100g dry weight of the sample , bergapten was 720 mg/100g dry
weight of the sample and xanthotoxin was 2 mg/100g dry weight of the
sample (Fig.7b).
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Result and Discussion

HPLC is the most important, reliable, accurate and reproducible method
for estimation of active ingredients from crude plant materials. Isocratic
HPLC method is reliable, accurate, less time consuming and reproducible
for estimation of four furanocoumarins namely psoralen, bergapten,
xanthotoxin and angelicin (Meena Harashay et al., 2014). In the present
study Reversed-phase HPLC is used wherein psoralen, bergapten and
xanthotoxin were quantified at 254nm using peak area by comparing the

calibration curve of respective reference standards.

Fig-1 shows HPLC chromatograms of standard 3 furanocoumarins-
Psoralen, Bergapten and Xanthotoxin. The retention time of psoralen,

bergapten and xanthotoxin are 9.9, 10.8 and 16.2 minutes respectively.

Data on the content of psoralen, bergapten and xanthotoxin in Ruta
graveolens during different seasons from the stem and leaf before and

after flowering are represented in Table 1.

The leaves harvested after flowering during the month end of September
2014 contained more content of psoralen, bergapten and xanthotoxin
(Fig- 6b).

The highest content of bergapten was recorded 900 mg/100 g dried
leaves powder followed by psoralen recorded 280 mg/ 100 g dried leaves
powder and xanthotoxin of very low concentration recorded 10 mg/ 1009

dried leaves powder of Ruta graveolens.

From the above result it is observed that production of psoralen,
bergapten and xanthotoxin in Ruta graveolens vary before and after

flowering in stem and leaf and also vary during different seasons.
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Environmental conditions affect the plant growth as well as the formation
of secondary metabolites as they are mostly formed in young and actively
growing tissues ( Waller et al: 1978), the age and the stage of the plant
generally have an impact on phenolic contents (Wong, 1973). Factors
such as water level in the soil, evapotranspiration rate, light intensity,
photosynthetic efficiency, plant water potential and plant stage directly
respond to these variations (Ferri, 1986; Larcher, 2004; Taiz and Zeiger,
2004)

According to Gobbo- Neto and Lopes (2007) and Neube et al (2010) the
physiological characters associated with the genetic conditions of plants
are responsible for the variations in the production of secondary

metabolites which arise due to different climatic conditions.

Neube et al; (2010) have found variation in the production of
polyphenols in Tulbaghia violacea, Hypoxis hemerocallidea, Merwilla

plumbea and Drimia robusta during different seasons.

Other authors Ma et al; (2003), Brooks and Feeny (2004), Ercsli et al;
(2008), Ruiz-Terah et al;(2008), Santos and Kaye (2009), Sialka and
Kasparova (2010) and Thiago et al..(2013) have also attributed to the
variation in the production of secondary metabolites to environmental
factors. The explanation lies precisely in the climate differences, biotic

and environmental conditions, in addition to the genetic aspect.

The present work is in conformity with the above view.
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Conclusion

There is a variation in the production of furanocoumarins- psoralen,
bergapten and xanthotoxin in stem and leaves of Ruta graveolens during

different seasons of a year and also before and after flowering.

The present work showed more production of psoralen, bergapten and
xanthotoxin in leaves which were harvested after flowering during rainy
season, September 2014. In conclusion Ruta graveolens contain more
content of bergapten followed by psoralen. But Xanthotoxin

concentration is very less.

Thus the estimation of furanocoumarins namely psoralen, bergapten and
xanthotoxin in stem and leaf of R.graveolens during different seasons of a
year and during different stages of plant will help us to know when the
plant contains more content of psoralen, bergapten and xanthotoxin . This
facilitates the pharmaceutical company to extract these furanocoumarins
and help in the drug development especially in the development of

anticancer agents.
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