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ABSTRACT

Valeriana jatamansi Jones is a perennial herb, belonging to the family Valerianaceae. The pharamaceutical
significance of this plant is mainly because of the rhizomes and roots. The species has become threatened in
its natural habitats due to exploitation of its rhizomes for drug preparation in pharmaceutical industries. In
vitro plant cell and tissue culture would not only surmount the limitations of vegetative propagation but
also can hasten the production of clonal material for field planting and production of unlimited amount of
secondary metabolites. In the present study, MS medium supplemented with 2 mg/L of Benzyl amino
purine (BAP) produced maximum shoot bud regeneration with shoot numbers (6), shoot lengths (3 cm),
root numbers (6.3), and root length (1.4 cm). Methanolic in vitro extracts of V. jatamansi resulted in the
highest phenolic content (55± 1.00 mg GAE/g) compared to the wild sample (49±1.00 GAE/g) and the
highest flavanoid content (219±1.00 mg QE/g) as compared to the wild (124±1.00 mg QE)/g). DPPH activity
was also highest in in vitro extracts (84.33±0.577%) as compared to the wild (78.33±0.569%). GC-MS profiling
of the wild plant extracts revealed the presence of important bioactive compounds including valeric
anhydride, valerenol. A reproducible protocol was established using shoot bud explants which will be
benefitted towards utilization of natural resources for the production of pharmaceutically important
compounds at a large scale from V.jatamansi.
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Abbreviations

MS: Murashige and Skoog, 1962; mg/L: milligram per li-
ter; GAE/g: Gallic acid equivalent per gram; QE/g: Quer-
cetin equivalent per gram; DPPH: 2,2-diphenyl-1-
picrylhydrazyl; GC-MS: Gass chromatography mass spec-
trometry; BAP: Benzyl amino purine.

Introduction

Valeriana jatamansi, a valuable medicinal plant is an
herb, belonging to the family valerianaceae, also
known as Sugandhawal have multiple uses in tradi-
tional and modern systems of medicine and also a
native plant species of Himalaya, distributed widely
in the tropical and subtropical regions of the world
(Prakash et al., 1999). The essential oil and extracts
from the roots and rhizomes is used worldwide
(Singh et al., 2010), and is highly demanded in drug
industry (Das et al., 2013). In Nepal, this species has
been banned for export due to its high medicinal

properties and also been prioritized for research
and development (Chaudhary et al., 2016). The pres-
ence of valeopotriates, a group of monoterpenoids
having epoxy group and beta-acetoxy isovaleric ac-
ids has been a source of high medicinal importance
in this plant (Kaur et al., 1999). The pharmaceutical
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benefits of valeopotriates is due to its tranquilizing
properties which play a major role in its its effectiv-
ity in leprosy (Singh et al., 2010). Roots and rhi-
zomes of the species has been reported to cure obe-
sity, skin diseases, epilepsy, insanity and skin poi-
soning (Prakash et al., 1999). In India this species has
been listed in high trade consumption between 100
and 200 metric tons as the plants have been continu-
ously used in industries thus depleting the natural
resources (Jugran et al., 2015). Thus conservation of
this species is very important to meet the needs of
the pharmaceutical industries. The roots and rhi-
zomes are continuously being harvested from large
quantities from the wild to meet the demand of
pharmaceutical industries because of valeopotriates
and valtrates which contributes to its multipurpose
medicinal value, thus leading to the conservation
and sustainable utilization (Kumar et al., 2012).
Naturally, the herb is propagated through seeds for
the propagation, but still has limitation for propaga-
tion due to dormant nature of the seeds (Kaur et al.,
1999). Therefore, plant tissue culture can be a alter-
native for in vitro propagation in a large scale within
a small period of time as this method has been reli-
able and useful for conservation of important me-
dicinal plants and production of important
phytochemicals (Pant et al., 2014). Previously, the
bioactive constituents  in north-east India analyzed
by GC-MS revealed the presence of twenty-one
compounds (Das et al., 2011). Though there are re-
ports on propagation of V. jatamansi Jones (Das et al
2013., Kaur., 1999, Jugran et al., 2015), this paper fo-
cuses on using shoot bud explants for in vitro propa-
gation of V. jatamansi. Phytochemical analysis for
the total phenolics, flavanoids and antioxidant activ-
ity of the wild roots and also the in vitro roots was
determined and compared followed by GC-MS of
the wild plants to characterize the valuable second-
ary metabolites.

Materials and Methods

Plant material and surface sterilization

The fresh plants of V. jatamansi were collected from
Dabur Nepal, Kathmandu and planted in the de-
partmental garden of Tribhuvan University. Shoot
buds explants were excised and rinsed in running
tap water followed by sterilization with few drops
of Tween 20 (Himedia, India) and rinsing in sterile
water for 30 min. The explants were then treated

with 0.1% HgCl2 (mercuric chloride) for 5 min fol-
lowed by rinsing five times with sterile water to re-
move traces of HgCl2. The explants were dried using
a Whatman filter paper and inoculated onto
Murashige and Skoog (MS) (Murashige and Skoog
1962) medium containing 3% sucrose (w/v), 0.1%
myoinositol  supplemented with different combina-
tion of BAP, prior adjusting the pH of the medium
to 5.8 prior to autoclaving (121 ºC, 20 min), solidi-
fied with 0.8% plant tissue culture tested agar-agar
(w/v) (Himedia, India) The cultures were main-
tained at 25 °C ± 2 °C and 1000 flux lux under 16/8
h photoperiod with 75% relative humidity (RH).

Inoculation in culture medium and Shoot
Proliferation, Elongation and root formation

Explants (shoot buds) were cultured on MS basal
medium supplemented with different concentra-
tions  BAP (0.5 to 2 mg/L). All cultures were incu-
bated under 16h photoperiod with a light intensity
of 55 molm–2s–2 provided by cool white fluorescent
lamps (Phillips, India) at 25 ± 2 °C. Subcultures were
carried out after 4-weeks and number of shoots
were calculated.

Acclimatization and Hardening

After 5-6 weeks, the in vitro raised plantlets were
taken out from the culture medium, rinsed with dis-
tilled water. The plantlets were subsequently trans-
planted into plastic pots containing a mixture of
coco peat: soil (3:1), and placed in green house.

Phytochemical analysis

Plant material and extract preparation

The fresh roots of wild plant as well as in vitro plants
were washed under running tap water, dried with
filter paper and shade dried at room temperature.
100 mg of dried tissue was homogenized in 100 mL
of methanol and extractions were carried on an or-
bital shaker (REMI, India) with constant stirring at
180 rpm for 24 h followed by  centrifuging at 10,000
rpm for 15 min and the supernatant ltered through
lter paper. Measurements for biochemical param-
eters were taken in Lamda-35 double beam spectro-
photometer (Perkin-Elmer, USA).

Determination of total polyphenols, total flavanoid

Quantitative estimation of  total phenolic content
(TPC), and total flavanoid content (TFC), using the
extracts were carried out according to the methods
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described by Singleton and Rossi (1965) and Chang
et al., (2002). The results of TPC, TFC, were ex-
pressed in mg standard gallic acid equivalent (GAE)
and quercetin equivalent (QE) per gram of dry tis-
sue respectively.

Antioxidant activity assay

DPPH radical scavenging assay

The DPPH radical activity was estimated using the
method of Liyana-Pathiranan and Shahidi, (2005). A
solution of 0.135 mM DPPH in methanol was pre-
pared, 1.0 mL of this was mixed with 1.0 mL of dif-
ferent concentrations (0.02 – 0.1 mg) of the extract
prepared in methanol, following the reaction mix-
ture vortexed in dark at room temperature 27  ºC for
30 min The absorbance was measured spectropho-
tometrically at 517 nm. DPPH radical scavenging
activity was calculated as follows

DPPH radical scavenging activity (%) = [(Abs
control – Abs sample)]/(Abs control)] x 100 where
Abs control is the absorbance of DPPH radical +
methanol; Abs sample is the absorbance of DPPH
radical + sample extract /standard.

GC MS analysis

The extracts of the wild roots were analyzed using
gas chromatography and mass spectrometry GC-
MS 4000 (Varian, USA)system with a HP-5MS
agilent column (30m × 0.25 mm, 0.25 5 film thick-
ness). Injector temperature was 28 C. Oven tempera-
ture programme used was holding at 50 ºC for
5min, heating to 28 ºC at 3 ºC/min, and keeping the
temperature constant at 28 ºC for 7min. Helium was
used as a carrier gas at a constant flow of 1.0 mL/
min and an injection volume of 0.20 5L was em-
ployed. The important bioactive compounds were
studied according to previous literatures and their
biological properties.

Data Analysis

All the samples were analyzed in triplicates. The
values were expressed as means of triplicate analy-
sis of the samples (n = 3) ± SD. All the data were
further analyzed using a one-way analysis of vari-
ance (ANOVA) followed by Duncan’s multiple
range test (p< 0.05) with the aid of SPSS (17 version)
statistical package program. p< 0.05 was considered
as indicative of significance and the percentage of
response was scored on the basis of DMRT analysis.

Results and Discussion

Establishment of in vitro cultures from shoot buds

Das et al., (2013) reported efficient callus-mediated
shoot regeneration system for the large-scale pro-
duction of V. jatamansi Jones. The effect of composi-
tion and contents of growth regulators in culture
media on the accumulation of secondary metabo-
lites in in vitro cultures is well known Maurmann et
al., 2006. In our study, the shoot bud, explants in-
oculated on MS media supplemented with various
concentration of BAP (Table 1), for shoot initiation
and proliferation. Shoot initiation was observed in
the medium supplemented with BAP (Fig 1B), par-
ticularly among the various concentrations of BAP
tested 2 mg/L induced maximum shoot initiation
(6.0 shoots per explant) after 7 days of culture (Fig
1C, D). The average shoot length (3.0 cm), average
root numbers (6.3) and average root length (1.4 cm)
were also highest compared to other tested concen-
tration of BAP ( Table 1). High multiplication and
rooting rate was achieved using combination of
BAP (1.5µM) along with either NAA or IAA (0.5
µM), and GA3 by Purohit et al., 2015. This combina-
tion of BAP and NAA has been used for high-fre-
quency shoot multiplication for several species in-
cluding V.  jatamansi. Kaur et al., (1999) also reported

Table 1. Statistical analysis of all the treatments using ANOVA. Data were taken after 5 weeks of culture.Data pre-
sented as mean±SD

Plant Growth Average shoot Average shoot Average root Average root
Regulators number length (cm) number length (cm)

BAP (mg/L)

0 1.0±0.00 0.5±0.00 0.3±0.33 0.16±0.16
0.5 2.3±0.33 1.4±0.06 2.0±0.57 0.3±0.33
1 4.0±0.57 2.0±0.00 3.667±0.33 0.2±0.03

1.5 5.0±0.00 2.1±0.05 1.667±0.33 0.1±0.057
2 6.00±0.00 3.0±0.10 6.33±0.33 1.4±0.17
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that shoot buds cultured on medium fortified with
BA and IAA or NAA induced shoots, and subse-
quently produced roots on the same medium. Dur-
ing our experiments using BAP, root formation was
also observed (Fig 1C, D).  Previous literatures re-
ported that cytokinins BA, TDZ, zeatin or Kinetin
had no effect on callus induction, shoot organogen-
esis Das et al., 2013. But in our experiment BAP pro-
duced plantlet regeneration. The production of
roots in Valeriana species is very important because
the valuable bioactive metabolites is accumulated in
roots and roots are harvested to meet the demands
of industries. The acclimatized plantlets were estab-
lished showed and 80 % survival rate (Fig 1E,F).
Being one of the medicinally rich plant, the knowl-

edge of the biochemical constitution of V. jatamansi
is essential. The methanolic in vitro root extracts of
V. jatamansi  possessed the highest phenolic,
flavanoid  content and antioxidant activity when
compared with wild extracts (Table 2, 3). The phe-
nolic content of all the extracts was considerably
high, which could be a major contributing factor to
the antioxidant activity of this plant extracts. Ac-
cording to Asekun et al., (2007) high phenolic con-
tent of plant extracts could be responsible for their
enhanced antioxidant activity. Flavonoids, a groups
of natural compounds also classified as natural phe-
nolics by Agrawal et al., (1989). Both valepotriates
and valerenic acids were detected in root tissues of
wild plants when profiled using GC-MS (Table 4).
Thus this protocol can be useful for isolation and
characterization of medicinally important metabo-
lites valepotriates. The proposed tissue culture sys-
tem will be able to maximize the production of these
plants.

Table 2. Contents of total phenolic and flavonoid of in vitro and wild extract. Values are expressed as mean ± SD (n=3).

Sample Extract Total phenol Total flavonoids
(mg gallic acid g-1)  (mg quercetin g-1)

In vitro Methanol 55± 1.00 219±1.00
Wild Methanol 49±1.00 124±1.00

Fig. 1. In vitro regeneration of V. jatamansi in MS+ BAP
(2mg/L) (A) Mother plant of V. jatamansi; (B)
shoot bud explants post 3 days incubation; (C)
Shoot initiation after 8 days of culture (D) Shoot
elongation after 30 days of culture. (E,F) Plants of
V.jatamansi, hardened on Coco peat : soil (3:1).

Table 3. Total antioxidant capacity of the extracts. Values
are expressed as mean ± SD (n=3).

Sample Extract DPPH(%)

In vitro Methanol 84.33±0.577
Wild Methanol 78.33±0.569

Conclusion

In the present research, an efficient protocol for in
vitro propagation of V. jatamansi using shoot bud as
explants was established. This protocol will be use-
ful for the conservationof this valuable medicinal
plant. This paper presents the phytochemical poten-
tial of in vitro propagated plants to produce high
amounts of phenolics, flavanoids and antioxidants.
Important bioactives compounds including
Valerenol and Valeric anhydride, a class of
valepotriates was also detected from the wild roots
of V.jatamansi, which is a pharmaceutically impor-
tant compounds and simultaneously the in vitro cul-
tures can also be used for the production of the
same without disturbing the natural habitat.
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Recommendation

From the present research, since the pharmaceutical
industries harvest all the wild resources, the present
protocol can be useful to produce the plant irrespec-
tive of season, which can be highly benefitted to the
farmers to produce the plants throughout the year.
Supplementation of BAP as a growth hormone can
aid in producing more plants in short duration,
which will be  a great advantage for the pharmaceu-
tical industries as well as the farmers.
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