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ABSTRACT

Nardostachys jatamansi, commonly known as “jatamansi,” is a perennial herbaceous plant renowned for its medicinal properties.
The rhizomes of N. jatamansi have been traditionally used in various medicinal practices owing to their therapeutic benefits.
This abstract delves into the extraction process and isolation of phytoconstituents from N. jatamansi thizomes, elucidating the
extraction, purification, and structural analysis methods. The extraction of bioactive compounds from N. jatamansi rhizomes
commonly employs soxhlet extraction, percolation, and maceration extraction techniques. These methods enable the efficient
extraction of phytoconstituents from the plant material, ensuring optimal yield and purity. N. jatamansi has a rich history of
traditional uses, including its application in Ayurvedic and traditional medicine systems for its diverse therapeutic properties.
The rhizomes are reputed for their efficacy in treating various ailments, such as anxiety, insomnia, epilepsy, and gastrointestinal
disorders. Furthermore, the bioactivity of isolated phytoconstituents from N. jatamansi rhizomes has been extensively studied.
These bioactive compounds exhibit a range of pharmacological activities, including neuroprotective, anti-inflammatory,
antioxidant, and antimicrobial effects. Structural elucidation of these phytoconstituents through advanced analytical techniques
provides insights into their chemical composition and potential therapeutic mechanisms. The study concludes that the extraction,
purification, and structural analysis of phytoconstituents from N. jatamansi rhizomes contribute to understanding its medicinal
properties and pave the way for developing novel therapeutics with diverse pharmacological applications.
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INTRODUCTION

Within the Valerianacae family, Nardostachys jatamansi is
one of the rarest and most ancient species. It is tiny, dwarf,
hairy, perennial, rhizomatous, and herbaceous. Distributed
throughout the Himalayas from Pakistan, India (including
Jammu and Kashmir, Himachal Pradesh, Uttarakhand,
Sikkim), Nepal, Tibet, and China, these regions demonstrate
the historical and contemporary applications of homeopathy,
Ayurveda, ethnomedicine, and the Indian System of Medicine
(ISM). There are three forms of polyploidy in Verbena
officinalis: diploid, tetraploid, and octaploid. Tatamansi
Nardostachys D.C. The herb known as “spikenard” is a woody
rootstock that is tall and robust, coated with fibers from the
petioles of withered leaves. It grows naturally at an altitude of
11-17 thousand feet in the Himalayan areas, rising eastward
through Punjab, Kumaon, Sikkim, and Bhutan.!

Jatamansi is mentioned in various ancient writings, such
as the Sushruta Samhita, Nighantus Chikitsagranthas, and

Charaka Sambhita, indicating its importance in the classics
of Ayurveda. Sangyasthapana talks about its qualities in the
Charaka Sambhita, while Mahakashaya serves as Hikkashwasa’s
dhumvarti in Kushtha. Hriveradighrita is used to treat illnesses
such as Arsha and Kasa. Furthermore, Mahaishachikaghrita
is used in unmade. It is known as Kumararasayana in the
Sushruta Samhita.>”

The plant was first known by the name Valeriana in the
ninth and eleventh centuries. Ancient medical traditions such
as Ayurveda in India, Unani in ancient Greece and Arabia,
and the medical systems of ancient Egypt and Rome have
all acknowledged the great therapeutic efficacy of jatamansi
throughout history. Its enduring significance underscores its
longstanding reputation as a therapeutic herb with multifaceted
applications in traditional medicine systems across different
cultures and civilizations.%’

The powdered root of N. jatamansi is significant in some
Islamic traditions; it is said to symbolize the fruit that Adam
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ate in heaven, even though God forbade it. The plant gains
additional spiritual significance from this esoteric connection.
Furthermore, N. jatamansi was used to season food in medieval
European cuisine, especially as a component of spice mixes
that were used to flavor meals. Notably, realizing the plant’s
potential health advantages, Hippocrates, the ancient Greek
physician sometimes hailed as the founder of medicine, included
the herb to wine concoctions that were spiced and sweetened.
The medicinal qualities of the rhizomes of N. jatamansi are
highly valued in the Ayurvedic medical system. They are
employed as a bitter tonic to stimulate digestion, as a stimulant,
and to address conditions such as epilepsy, antispasmodic,
and hysteria. This extensive usage across diverse cultures
and historical periods underscores the plant’s versatility and
perceived medicinal value, making it a revered botanical in
traditional medicine systems worldwide.®!°

Extraction Process and Isolation of Phytoconstituents

The finely powdered N. jatamansi was air-dried and extracted
in 90% ethanol. The extraction process employed a soxhlet
extractor, which allowed for the effective extraction of bioactive
chemicals over 72 hours at temperatures between 50 and 60°C.
A concentrated extract was created by cooling the liquid extract
after extraction and using a rotary evaporator to concentrate
the solvent content.!"!3

The method for isolating and purifying bioactive

compounds is as follows:'*!7

Extraction

This is the initial step where solvents extract bioactive
compounds from the natural source material. Different solvents
can be used depending on the targeted compounds’ properties.

Separation and refinement

After extraction, the crude extract may contain a mixture
of compounds. Separation techniques such as column
chromatography can be employed to isolate the desired bioactive
compounds from the mixture. Column chromatography
separates compounds based on their different affinities for the
stationary phase within the column.

Purification

Once separated, the bioactive compounds may still contain
impurities. Purification steps are necessary to obtain highly
pure compounds. High-pressure liquid chromatography
(HPLC) is a powerful tool for this purpose. It allows for the
separation of compounds based on their differential interaction
with the stationary phase under high pressure, enabling
faster and more efficient purification compared to traditional
chromatographic methods.

Identification

After purification, the isolated compounds undergo a crucial
phase of identification, where spectroscopic techniques play
a vital role. Mass spectrometry, nuclear magnetic resonance
(NMR), infrared (IR), and UV-visible spectroscopy are
among the commonly utilized methods for this purpose.
Each technique offers unique insights into the compounds’

molecular structure, composition, and properties, facilitating
researchers in confirming their identity and elucidating their
characteristics.

UV-visible spectroscopy involves the measurement of the
absorption of ultraviolet and visible light by the compound.
This technique provides insight into the electronic transitions
occurring within the molecule, aiding in the identification
of chromophores and functional groups. By comparing the
absorption spectra with known standards, researchers can
confirm the identity and purity of the compounds.'®

Infrared (IR) spectroscopy measures the absorption of
infrared radiation by the compound, providing information
about the functional groups present in the molecule. Each
functional group absorbs infrared radiation at characteristic
frequencies, allowing for the identification of specific chemical
bonds and confirming the molecular structure.

Nuclear magnetic resonance (NMR) spectroscopy relies
on the interaction between nuclei with spin and an external
magnetic field. It provides detailed information about the
molecular structure, including the connectivity of atoms,
stereochemistry, and molecular dynamics. By analyzing
the signals generated by different atomic nuclei within
the molecule, one can deduce its structure and confirm its
identity.?°

Mass spectrometry enables the determination of the
molecular weight and structural information of the compounds
by ionizing them and analyzing the mass-to-charge ratios of the
resulting ions. This technique helps in identifying the elemental
composition and structural features of the molecules.?!

The outlines of the procedure are depicted in Figure 1.

The popular methods adopted in the extraction of the N.
Jjatamansi thizomes are represented in Table 1.

The Common Methods Adopted in The Extraction of
Nardostachys jatamansi Rhizomes
Soxhlet extraction

It is a technique used for the extraction of soluble components
from a solid material into a solvent. It is commonly employed in
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Figure 1: The procedure of extraction, purification, and structural
analysis of Nardostachys jatamansi rthizome
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Table 1: The prevalent procedure approved in the extraction of
Nardostachys jatamansi thizomes

Methodology

The methodology involved the soxhlet process

95% ethyl alcohol was used as the extraction solvent for 7-8 hours®?

95% ethanol is used as the extraction solvent?

Using 95% ethanol as the extraction solvent for 7-8 hours?*
95% ethanol is used as the extraction solvent?

95% ethanol was used as the extraction solvent for 7-8 hours>®

90% ethanol as the extraction solvent, heated to 50-60°C for 72
hours?’

90% ethanol as an extraction solvent®®
90% ethanol as solvent for extraction®’
90% ethanol as solvent for extraction®

90% ethanol as solvent for extraction and fractioning with n-hexane,
chloroform, n-butanol and water’!

80% ethanol as solvent for extraction at 60—70°C for 6 hours
80% ethanol as solvent for extraction at 60—70°C for 6 hours
75% ethanol is used as the extraction solvent®*

75:25 and 50:50 ethanol as a solvent for extraction®

70% ethanol as solvent for extraction at 50—60°C for 72 hours*®
50% ethanol as a solvent for extraction at 60°C for 18 hours’’
50% ethanol as a solvent for extraction®®

50% ethanol as a solvent for extraction®

50% ethanol as a solvent for extraction*

50% ethanol as a solvent for extraction®!

80% ethanol as a solvent for extraction at 90°C*?

50% ethanol as a solvent for extraction*’

Methodology involved the maceration process

90% ethanol as a solvent for extraction**

50% ethanol as a solvent for extraction®

90% ethanol as a solvent for extraction*®

90% ethanol and 10% acetic acid (9:1) used as a solvent*’

90% ethanol as solvent at 95°C for 90 minutes*®

90% ethanol as a solvent for extraction*

90% ethanol as solvent at 90°C for 16 hours®®

90% ethanol as a solvent for extraction®!

90% ethanol as a solvent for extraction™

90% ethanol as a solvent for extraction™

90% and 50% ethanol as solvent for extraction®*

80% ethanol as a solvent for the extraction>

80% ethanol by cold maceration at room temperature

80% ethanol, chloroform, and acetone as solvents for cold maceration
at room temperature’’

Methodology involved the percolation process

99.9% ethanol, petroleum ether, chloroform, and ethyl acetate™®
90% ethanol as solvent at 60—80°C>’

80% ethanol at room temperature®

70% ethanol at room temperature®!

50% ethanol at room temperature®
Methodology involves a combination process

90% ethanol as a solvent for extraction using hot percolation and cold
maceration®3

70% ethanol as a solvent by percolation and maceration®*

90% ethanol as a solvent for extraction by both cold maceration and
soxhelation®

70% ethanol as a solvent by maceration, percolation, and
soxhlet extraction®

90% ethanol as a solvent by maceration, percolation, and
soxhlet extraction®’

chemistry laboratories for the extraction of organic compounds
from a solid matrix.

The setup typically consists of a soxhlet extractor, a
condenser, a round-bottom flask, and a heating source. Here’s
how the process generally works:

o Solid sample preparation

The N. jatamansi rhizomes are finely ground or chopped
into small pieces to increase the surface area available for
extraction.

e Extraction

The N. jatamansi rhizomes are laced in a porous thimble made
of filter paper or cellulose, which is then loaded into the soxhlet
extractor. The extractor is filled with the extraction solvent.

* Heating and cycling

The solvent is heated, causing it to vaporize and rise into the
condenser. As the vapor cools in the condenser, it condenses
back into liquid form and drips back into the soxhlet extractor.
This process continues cyclically: the solvent repeatedly
evaporates, condenses, and drips back into the sample. This
cycle allows for efficient extraction of the target compounds
from the solid sample.

e Collection

The condensed solvent, now containing the extracted
compounds, accumulates in the round-bottom flask positioned
below the Soxhlet extractor. The process continues until a
satisfactory level of extraction is achieved.

Soxhlet extraction is particularly useful for extracting
compounds that have low solubility in the extraction solvent or
for separating mixtures of compounds with varying solubilities.
It’s widely used in various fields such as pharmaceuticals,
food analysis, environmental analysis, and natural product
extraction in chemistry research.

Percolation

It is a method of extracting soluble components from a solid
material using a solvent by passing the solvent through the solid
material in a continuous flow. It’s often used in the extraction
of active compounds from plant material or the preparation
of herbal extracts. Here’s a general procedure for percolation
extraction:
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* Preparation of solid material

The solid material (N. jatamansi thizomes) is placed in the
percolator. The particle size may vary depending on the specific
requirements of the extraction process.

» Assembly of percolator

The percolator consists of a vessel with a perforated plate or
a filter at the bottom to hold the solid material (V. jatamansi
rhizomes). Above the solid material, there is space for the
solvent to pass through. At the top of the percolator, there’s
an outlet for the solvent.

e Saturate the solid material

Initially, the solid material is saturated with the solvent to
ensure even distribution and thorough extraction. This can
be done by pouring the solvent over the solid material and
allowing it to soak for some time.

» Continuous flow of solvent

Once the solid material is saturated, a continuous flow of the
solvent is introduced into the percolator. The solvent passes
through the solid material, dissolving the soluble components
and carrying them along.

» Collection of extract

As the solvent percolates through the solid material, it picks
up the dissolved compounds and exits through the outlet at the
bottom of the percolator. The solvent containing the extracted
components is collected in a receiving vessel.

* Monitoring and adjustment

Throughout the extraction process, the flow rate and volume
of solvent are monitored and adjusted as necessary to optimize
extraction efficiency.

» Completion of extraction

The extraction process continues until the desired amount
of solvent has passed through the solid material, or until the
concentration of extracted compounds reaches a satisfactory
level.

» Concentration (Optional)

If a concentrated extract is desired, the collected solvent extract
may undergo further processing to remove the solvent and
concentrate the desired compounds.

Percolation is a widely used method in various industries,
including pharmaceuticals, herbal medicine, and food
processing, for extracting bioactive compounds from natural
sources. It offers advantages such as efficient extraction,
scalability, and the ability to control extraction parameters for
tailored extraction processes.

Maceration extraction

It is a simple and commonly used method for extracting
compounds from plant materials (Nardostachys jatamansi
rhizomes) using a solvent. Here’s a step-by-step procedure for
maceration extraction:

» Prepare the plant material
The plant material (V. jatamansi thizomes) should be cleaned

and dried if necessary. It’s often recommended to grind or chop
the plant material into smaller pieces to increase the surface
area for extraction.

e Select a solvent

Choose a suitable solvent based on the properties of the
compounds you want to extract. Common solvents include
ethanol, methanol, water, or a mixture of these solvents
depending on the polarity of the target compounds.

» Combine plant material and solvent

Place the prepared plant material (V. jatamansi rhizomes) into
aclean glass container, such as a jar or beaker. Add the chosen
solvent to cover the plant material completely. The ratio of
solvent to plant material can vary depending on factors such
as the desired concentration of the extract and the solubility
of the target compounds.

* Seal and store

Seal the container to prevent evaporation and contamination.
Store the mixture in a cool, dark place to allow for extraction
to occur. The duration of maceration can range from several
hours to several weeks, depending on the desired strength of
the extract and the properties of the plant material.

* Agitate or stir

Periodically agitate or stir the mixture to enhance the
extraction process. This helps to ensure that the solvent comes
into contact with all parts of the plant material, facilitating the
extraction of the desired compounds.

» Filter

After the desired extraction time has elapsed, filter the mixture
to separate the liquid extract from the solid plant material.
This can be done using filter paper, cheesecloth, or a fine
mesh strainer.

» Evaporation (Optional)
If necessary, the solvent can be evaporated to concentrate the

extract. This can be done using gentle heat under controlled
conditions, such as a rotary evaporator or a vacuum oven.

» Storage

Transfer the filtered extract into a clean, airtight container for
storage. Store the extract in a cool, dark place away from direct
sunlight to maintain its stability and potency.

Maceration extraction is a straightforward method suitable
for extracting a wide range of compounds from plant materials.
It’s often used in herbal medicine, natural product extraction,
and botanical research.

Traditional Uses

N. jatamansi has a long history of traditional uses in various

cultures, particularly in Ayurveda, traditional Chinese

medicine (TCM), and Tibetan medicine. Some of the traditional

uses of N. jatamansi include:

» Jatamansi oil is noted for its antiarrhythmic properties
and is utilized as a flavoring agent in medicinal oil
formulations.®®
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In modern medicine, N. jatamansi is predominantly

employed for its benefits in cognitive and neurological
functions.®

Jatamansi is known to alleviate symptoms such as vertigo
and seizures during fever episodes.”

Medicated jatamansi oil contributes to smooth, silky, and
healthy hair.”!

The herb exhibits a protective effect against conditions like
epilepsy, cerebral ischemia, and liver damage.”

N. jatamansi is highly effective in managing non-specific
stress manifestations.”?

It finds application in mental disorders, insomnia,
hypertension, and heart diseases.”*

Used as a carminative, jatamansi acts as an antispasmodic
in conditions such as hysteria, palpitations, convulsions,
and seminal debility.”

It is recommended for treating scorpion stings.”®

Jatamansi aids in increasing appetite, relieving phlegm

in cough and asthma, proves beneficial in hepatitis, and
addresses liver enlargement.”’

Bioactivity of Isolated Phytoconstituents and Their
Chemical Structures

The bioactivity of isolated phytoconstituents from N. jatamansi
has been of interest to researchers due to the plant’s traditional
medicinal uses and potential therapeutic benefits. Some of
the bioactivities associated with the phytoconstituents of N.
Jjatamansi include (Table 2):

The vital contents in N. jatamansi rhizomes (the techniques
expressed in Table 1) with their structures are illustrated in
Table 3.

In addition to the above the herbaceous plant contains
volatile oils, essential oils, resin, sugar and starch, bitter
extractive matter, gum, ketone, steroids, alkaloids, sterols,
tannins, mucilage, flavonoids, carbohydrates, gums, terpenes
and glycosides.!!”12°

Table 2: The bioactivity of the phytoconstituents from N. jatamansi

Activity Description

Antimicrobial Strong activity was shown by the n-butanol fraction against every pathogen that was tested. Its efficacy against Escherichia
coli, the pathogen with the highest susceptibility among the tests, was especially impressive.”®

Anti-ulcer Reduced gastric output, adjusted the pH of gastric juice, and decreased levels of free acidity in pyloric ligation animals to
prevent the formation of ulcers, suggesting the possibility of managing gastric ulcers.”

Antihypertensive The action of hydroalcoholic extract as an ACE inhibitor.%

Anticancer Moderate outcomes while using these extracts for therapy, There were found morphological alterations in the cells.®!

Insomnia Notably sedative or hypnotically active, yet significantly anti-anxiety. This makes them more effective in treating anxiety

Anti-diabetic

Anti-diuretic

anti-inflammatory

neurosis.®?

Hydroalcoholic extracts in rats with diabetes caused by alloxan.%?

Urine and electrolyte excretion increased in a dose-dependent manner when petroleum ether and ethanol extracts were
used. In comparison to petroleum ether extract, relatively greater activity was displayed by the ethanolic extract.®*

Protective impact against inflammatory models that are acute, subacute, and chronic.>

Essential oils that have been water-distilled may be developed into natural fumigants or pesticides to keep insects out of

Promoting or shielding bone marrow hematopoiesis and the rise in haematological components in peripheral blood that

Insecticidal

grains that have been kept.%’
Haematopoietic
activity follows.%

Anti-depressant

Using well-established depression models, ethanolic extract combined with whole-body electron beam radiation caused
depression in Swiss albino mice.?’

Substantial anticancer efficacy in mice with solid tumours harbouring Sarcoma 180, which is similar to the gold standard

Because mice’s higher levels of antioxidants and ability to scavenge free radicals.®

Behavioural, metabolic, and neurotransmitter levels in the haloperidol-induced catalepsy rat model of the illness using

Anticancer

5-fluorouracil.®®
Radioprotective
Anticataleptic

hydroalcoholic root extract.”
Hypertension

Antibacterial and
antiosidant

Antioxidant

Cardioprotective

Antianxiolytic

Extremely promising, safe, and successful medication when used in conjunction with dietary changes and lifestyle

modifications to treat individuals with essential hypertension.’!

Only K. pneumoniae and E. aerogenes were shown to be susceptible among gram-negative bacteria. P. aeruginosa and S.
typhimurium, however, were resistant. Antioxidant activity shows its capacity to lower DPPH.”?

How 70% hydroethanolic extract reduces stress.”®

Effectiveness against doxorubicin-induced lysosomal and mitochondrial damage in rats. Its antioxidant action and the
reduction of oxidative stress may be the mechanisms by which the cardioprotective effectiveness is mediated.’*

Jatamansone, sesquiterpenoid [0.0 2—0.1%], spirojatamol, patchouli alcohol, jatamol A and B, jatamansic acid, and
nardostachone are among the elements of volatile essential oil. Other ingredients include gum, sugar, starch, resin, and
bitter extractive matter.”
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Table 3: Chemical structure of some important medicinal compounds

Structure & chemical content
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CONCLUSION

These phytochemicals contribute to the medicinal properties In conclusion, the extraction, purification, and structural
of N. jatamansi, which include anti-inflammatory, antioxidant, —analysis of phytoconstituents from N. jatamansi rhizomes
neuroprotective, and sedative effects, among others. shed light on the plant’s remarkable medicinal properties.
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Through techniques such as soxhlet extraction, percolation,
and maceration extraction, bioactive compounds are efficiently
extracted, ensuring optimal yield and purity. With a rich
history of traditional uses in various medicinal practices, V.
Jjatamansi continues to be valued for its therapeutic benefits
in treating ailments ranging from anxiety to gastrointestinal
disorders. Moreover, extensive studies on the bioactivity of
isolated phytoconstituents reveal their diverse pharmacological
activities, including neuroprotective, anti-inflammatory,
antioxidant, and antimicrobial effects. Structural elucidation of
these compounds further enhances our understanding of their
chemical composition and potential therapeutic mechanisms.
Overall, these findings pave the way for the development of
novel therapeutics rooted in the rich pharmacological potential
of N. jatamansi, offering promising prospects for future
medical applications.
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