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Abstract
Gentiana kurrooRoyle is a critically endangered medicinal herb of the Indian Himalaya. It has bioactive seco-iridoid glycosides,
notably gentiopicroside, in the rhizome and roots. In this study, we report on the in vitro production of gentiopicroside (GPD)
from adventitious (AD) roots induced directly from the leaf, nodal, and suspension cell cultures of G. kurroo. Murashige and
Skoog (MS) media fortified with Indole-3-butyric acid (IBA) 2 mg L−1 + Naphthaleneacetic acid (NAA) 0.5 mg L−1 and IBA
2 mg L−1 + Indole-3-acetic acid (IAA) 1 mg L−1 produced the maximum number of roots. Suspension cell cultures derived AD
roots showed a 1.41-fold higher biomass production than adventitious roots induced from leaf and nodal explants. Among the
various concentrations of MS media salts evaluated, half-strength MS suspension media favored the higher biomass and GPD
accumulation. The maximum accumulation of GPD (2.58 mg g –l dry weight (DW)) and AD root biomass (18.96 g L−1 DW) was
observed on the 48th day. Furthermore, GPD produced from AD root cultures were separated by using TLC, characterized using
Nuclear Magnetic Resonance (NMR) and High-Resolution Liquid Chromatograph-Mass Spectrometer (HR LC-MS) and quan-
tified with High-Performance Liquid Chromatography (HPLC).
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Introduction

Gentiana kurroo Royle, commonly known as the Indian or
Himalayan gentian, is included in the Indian pharmaceutical
codex (Behera and Raina 2012; Skinder et al. 2017). It grows
in high altitude regions of Western and Northwestern
Himalayas (Sharma et al. 2014). The roots of G. kurroo are
widely used to treat liver and stomach inflammation in India
(Ando et al. 2007). In Europe and Asia, gentian root extracts
are used as an anti-inflammatory, analgesic, anti-rheumatic,
antipyretic, antidiuretic, and hypoglycemic agent (Sezik
et al. 2005; Niiho et al. 2006; Chen et al. 2009; Wani et al.
2013). Annually, about 6000 tons of gentian plants are har-
vested for its roots (Ando et al. 2007). The wild population of
G. kurroo is limited due to unregulated over exploitation and
has become red-listed as critically endangered by the

International Union for Conservation of Nature (IUCN) in
India (Ved et al. 2015). Hence, this plant has been banned
from being exported by the Ministry of Commerce,
Government of India vide Notification no. 2 (RE-98) 1997–
2002 dated April 13, 1998, (Hayta et al. 2011). Chemical
analysis of Gentiana spp. root extracts showed that
gentiopicroside (GPD), swertiamarin, and loganic acid are
the major bioactive compounds in the species G. lutea and
G. kurroo (Ando et al. 2007; Wani et al. 2013). The presence
of these three bioactive compounds (gentiopicroside,
swertiamarin, and loganic acid) was used for the quality as-
sessment of gentian roots for medicinal purposes (Huang et al.
2014). Thus, an alternative source is needed to meet the ever-
growing demand for Gentian roots.

The in vitro culture system is an alternative way for the
large-scale production of economically valuable secondary
metabolites in a sustainable manner (Siva et al. 2012). Plant
tissue culture has been shown to produce a higher level of
secondary metabolites that are more stable (Silja and
Satheeshkumar 2015). Previously, several reports on the in-
duction of hairy root in Gentiana species have been accom-
plished using Agrobacterium-mediated transformation and re-
generation (Nakatsuka et al. 2006). Few researchers have
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attempted to produce GPD using hairy root cultures of
Gentiana species (Huang et al. 2014). The content of GPD
in hairy root cultures was investigated in G. macrophylla by
Zhang et al. (2010), G. cruciata L. (Hayta et al. 2011), and
G. scabra (Huang et al. 2014). Since secondary metabolite
production using genetically transformed root cultures were
given less attention by pharmaceutical industries, adventitious
root cultures were alternatively used to scale up the biomass
and product ion of useful compounds (Si l ja and
Satheeshkumar 2015).

Previous findings have suggested that adventitious root
formation can be activated by adding an appropriate quantity
of exogenous auxins such as IAA, IBA, or NAA to the culture
medium (Park et al. 2017). This study presents for the first
time the induction of adventitious roots from leaf, nodes, and
suspension cell cultures of G. kurroo. The objectives of this
study were (i) to optimize an in vitro system for the production
of roots in G. kurroo, and (ii) to quantify the GPD content.

Materials and methods

Plant material and direct adventitious root formation Leaves
and nodes of G. kurroo were collected from greenhouse-

grown seedlings, washed with 1% sodium hypochlorite and
0.1%mercury chloride for surface sterilization. The plant ma-
terial was cut into 1 cm length pieces. At least 12 pieces of the
leaves and nodes were transferred to semi-solid MS basal
medium (Himedia, Mumbai, India) supplemented with 30 g
L−1 sucrose and 1.7 g L−1 phytagel (Sigma-Aldrich, Mumbai,
India) and fortified with three types of auxins (IAA, IBA, and
NAA) singly or in combination of varying concentrations for
direct adventitious root organogenesis. Medium with no
auxins was used as a control. The cultures were maintained
at 25 ± 2°C under 16 h photoperiod. The adventitious roots
that developed directly from the leaf and nodal region were
transferred onto solid medium with the same Plant Growth
Regulators (PGRs) singly or in combination for two subcul-
tures at 45-day intervals. These were then cultured in a sus-
pension medium to ascertain the level of root biomass produc-
tion. The PGR combination that produced the highest biomass
was used for GPD production. All the PGRs were purchased
from Sigma-Aldrich.

Adventitious root formation from cell suspension Friable cal-
lus developed in MS medium supplemented with 1 mg/L 2, 4-
D and 0.5 mg L−1 Kn (kinetin) from in vitro shoot derived
leaves (Fiuk and Rybczyński 2008). To prepare the cell

Table 1. Adventitious root induction using leaf and nodal explants of G. kurroo on solidified MS media

Test sample Growth regulators (mg/L) Leaf Node

S.No. IBA IAA NAA No. of root formed Root length (cm) % of response No. of root formed Root length (cm) % of response

C _ _ - - - - - - -
1 0.2 - - 5.50 ± 1.75abcde 2.35 ± 0.58abcd 33.33 - - -
2 0.5 - - 8.60 ± 1.20cdef 3.18 ± 0.68bcde 41.67 - - -
3 1 - - 8.57± 1.39cdef 3.21 ± 0.19bcde 58.33 1.33 ± 0.25a 0.67 ± 0.11abc 25.0
4 1.5 - - 8.71 ± 0.89cdef 3.52 ± 0.18cde 58.33 1.67 ± 0.37a 1.10 ± 0.21abcde 25.0
5 2 - - 9.00 ± 0.51efg 3.21 ± 0.74bcde 66.67 2.25 ± 0.85ab 0.73 ± 0.25abcd 33.3
6 0.5 0.5 - 8.00 ± 1.32defg 3.06 ± 0.31bcde 41.67 - - -
7 1 0.5 - 13.50 ± 1.48fgh 3.37 ± 0.13cde 83.33 3.00 ± 0.57ab 1.25 ± 0.30abcde 25.0
8 2 0.5 - 16.63 ± 1.29hi 3.61 ± 0.13cde 66.67 3.50 ± 0.64ab 0.40 ± 0.10cde 33.3
9 0.5 1 - 9.25 ± 1.10defg 2.43 ± 0.26abcde 33.33 1.50 ± 0.50a 0.40 ± 0.17a 16.7
10 1 1 - 8.67 ± 1.12cdef 2.77 ± 0.19abcde 50.00 2.33 ± 0.47ab 0.85 ± 0.17abcde 25.0
11 2 1 - 13.33 ± 1.52fgh 3.50 ± 0.20cde 50.00 2.80 ± 0.80ab 1.44 ± 0.19e 41.7
12 0.5 - 0.5 6.75 ± 1.11abcde 2.75 ± 0.42abcde 33.33 1.50 ± 0.64ab 1.15 ± 0.34bcde 16.7
13 1 - 0.5 9.71 ± 1.42efg 2.67 ± 0.14abcde 58.33 4.25 ± 0.70b 1.48 ± 0.18de 66.7
14 2 - 0.5 20.22 ± 1.44i 3.97 ± 0.19e 75.00 3.20 ±0.66ab 1.02 ± 0.10abcde 41.7
15 0.5 - 1 8.20 ± 1.24bcdef 2.82 ± 0.14abcde 41.67 2.50 ± 0.50ab 0.65 ± 0.15abc 16.7
16 1 - 1 10.00 ± 1.37efg 2.73 ± 0.17abcde 50.00 1.33 ± 0.25a 0.62 ± 0.08abc 25.0
16 2 - 1 14.13 ± 1.32gh 3.74 ± 0.24de 66.67 2.17 ± 0.30ab 0.88 ± 0.10abcde 50.0
17 - - 0.2 2.50 ± 0.50a 1.95 ± 0.35abc 16.67 - - -
18 - - 0.5 3.50 ± 0.67abc 2.13 ± 0.37abc 33.33 - - -
19 - - 1 3.00 ± 1.00ab 1.65 ±0.39ab 16.67 1.33 ± 0.17a 0.57 ± 0.20abc 25.0
20 - - 1.5 3.67 ± 1.20abc 1.35 ± 0.25a 25.00 2.00 ± 0.41ab 0.50 ± 0.10ab 16.7
21 - - 2 3.50 ± 1.20abc 2.65 ± 0.45abcde 16.67 1.50 ± 0.20a 0.76 ± 0.16abcde 16.7
22 - 0.5 1 2.67 ± 0.60a 2.55 ± 0.51abcde 25.00 - - -
23 - 0.5 1.5 2.50 ± 0.88a 3.85 ± 0.25de 8.33 2.33 ± 0.27ab 0.80 ± 0.12abcde 25.0
24 - 0.5 2 4.33 ± 0.48abcd 3.43 ± 0.85abc 25.00 2.67 ± 0.33ab 0.70 ± 0.11abc 25.0

The values represent the mean of 12 experimental data. Mean ± SE; means within each column followed by the same letter are not significantly different
(P > 0.05; Duncan’s multiple range test), C control (media without PGRs)
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suspension exactly, 1.5 g of friable callus was added to the 250
mL conical flask containing 80 mL of liquid MS media forti-
fied with 1 mg L−1 2,4-D and 0.5 mg L−1 Kn and kept under
16 h photoperiod in 25 ± 2°C. The suspension culture was
maintained at 90 rpm in orbital shaker under illumination
(40 μmol m−2 s−1). These suspension cell cultures were further
sub-cultured on the different types of auxins of varying con-
centrations and in combination for adventitious root organo-
genesis in suspension media. The cultures were incubated on
an orbital shaker at 70 rpm, 85% relative humidity, under 25 ±
2°C in darkness. The biomass of the roots was obtained and
GPD content was evaluated using HPLC, LC-MS, and NMR.
The biomass and GPD content of AD roots obtained by direct
organogenesis and those obtained from cell suspensions were
compared.

Comparison of biomass To select the best method for
upscaling AD root biomass, 1 g of AD roots developed direct-
ly either from the leaf or nodal region and suspension cells
were inoculated into a 250 ml Erlenmeyer flask containing 75
mL of liquid MSmedium and 2 mg L−1 IBA, 0.5 mg L−1 IAA
and 30 g L−1 sucrose. All the culture flasks were incubated at
room temperature at 90 rpm in an ORBITEK Pilot Shaker

(Scigenics Biotech, Chennai, India) under 16 h photoperiod
(40 μmol m-2 s-1) at 25 ± 2°C. To estimate the accumulation of
biomass, AD roots were harvested after 45 d of inoculation,
placed onWhatman blotting paper to remove the moisture and
the fresh weight (FW) was calculated. The fresh AD roots
were dried in a hot-oven at 50°C for 2 d and the dry weight
(DW) was measured. The GPD concentration was estimated
using HPLC as described below. The highest biomass produc-
ing AD root system was adopted for further scale-up of bio-
mass and GPD production.

Extract preparation Adventitious roots grown in the solid me-
dia and suspension media were dried and ground into a fine
powder separately. Exactly, 100 mg powder was placed in 5
mL volumetric flasks and 3–4 mL of HPLC grade methanol
was added to the flasks. The flasks were sonicated for 15 min
and incubated in a boiling water bath at 75°C for 15 min. in a
Cole-Pharmer ultrasonic bath (Mumbai, India). The flask was
sonicated again for 10 min. The final volume was made up to
5 mL using HPLC grade methanol. Exactly, 1 mL was trans-
ferred to an Eppendorf tube and centrifuged twice at 15,000
rpm for 15 min. The supernatant was used for separation,
characterization and quantification of GPD.
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Figure 1 Adventitious (AD) root formation on solid medium and scale-up in suspension medium: (a) AD root formation from leaf explant; (b) AD root
formation from nodal explant; (c, d, and e) Different stages of AD root elongation; (f) AD root growing in suspension medium.



Separation of GPD using TLC About 5 μL of the root extract
from the suspension media was placed on TLC aluminum
plates coated with silica gel (Merck, Mumbai, India).
Separation of the extract was carried out using chloroform
and methanol (80: 20 v/v). A GPD standard (Sigma-Aldrich)
was used for the identification of the compound. The TLC
plates were observed under UV illuminator (Cole-Parmer).
For purification of GPD, 20 × 30 cm long TLC glass plates
were prepared manually using silica-gel (Himedia). About
300 μL of the root extract was spotted on the plates and sep-
aration was carried out using chloroform andmethanol (80: 20
v/v). The appropriate band was identified under an UV illu-
minator (Cole-Parmer) using a GPD standard (Sigma-
Aldrich). The appropriate spot containing GPD was scraped
out and loaded onto a 50 mL separation burette and GPD was
eluted with chloroform and methanol (85: 15 v/v). The eluted
GPD was again confirmed with analytical HPLC for purity.

Quantification of GPD using HPLC The quantitative analysis
was carried out as per Tanaka et al. (2014) with few mod-
ifications. GPD quantification was performed using

analytical HPLC (JASCO liquid chromatography, PU-
2080 Plus, Tokyo, Japan) equipped with an auto sampler
(AS-2055) and variable wavelength detector. The separa-
tion was carried out on a Thermo Scientific (Chennai,
India) column packed with RP C8 (particle size 5 μm,
4.6 mm×150 mm) using water: methanol (60:40, v/v) mo-
bile phase at a flow rate of 1 mL min−1 and UV detection
at 272 nm. The Chrompass software was used for data
collection and integration. Peak identification and peak
area calculation were done by comparing with the calibra-
tion curve prepared using 1 mg mL−1 ( Ho et al. 2017)
stock standard GPD solution (data not shown).

Confirmation of GPD using LC-MS and NMR The purified
GPD was confirmed with HPLC analysis and subjected to
NMR analysis. The 1H-NMR spectra were measured as de-
scribed by Tanaka et al. (2014) using the VarianVNMRS
500 MHz NMR (Palo Alto, CA). The HR-LCMS analysis
was carried out using1290 Infinity UHPLC System, 1260
infinity Nano HPLC with Chipcube, 6550 iFunnel Q-TOFs
(Agilent Technologies, CA) as previously described

Table 2. Adventitious root
induction using suspension cell
cultures of G. kurroo in
suspension medium

Test sample IBA (mg/L) IAA (mg/L) NAA (mg/L) % of
response

Root length
(cm)

Root
biomass
(gm/ flask)

C - - - - - -
1 0.5 - - 50.00 1.13 ± 0.22ab 5.30 ± 0.34ab

2 1 - - 58.33 0.93 ± 0.18ab 4.77 ± 0.40a

3 1.5 - - 75.00 1.10 ± 0.32ab 6.24 ±
0.68bcd

4 2 - - 75.00 1.77 ± 0.49ab 7.19 ± 0.38de

5 0.5 0.5 - 50.00 1.40 ± 0.48ab 6.70 ±
0.39cde

6 1 0.5 - 91.67 2.26 ± 0.51b 10.11 ±
0.19fgh

7 2 0.5 - 75.00 1.33 ± 0.42ab 10.49 ±
0.44gh

8 0.5 1 - 33.33 1.22 ± 0.58ab 9.08 ± 0.19f

9 1 1 - 50.00 1.02 ± 0.21ab 6.39 ±
0.47bcde

10 2 1 - 100.0 1.94 ± 0.39ab 11.18 ± 0.31h

11 0.5 - 0.5 - -
12 1 - 0.5 33.33 0.58 ± 0.045a 9.89 ± 0.31fg

13 2 - 0.5 50.00 1.12 ± 0.20ab 8.46 ± 0.87fg

14 0.5 - 1 16.67 1.20 ± 0.80ab 9..19 ± 0.30f

15 1 - 1 - -
16 2 - 1 25.00 0.57 ± 0.06a 7.62 ± 0.86e

17 - - 0.2 - -
18 - - 0.5 - -
19 - - 1 - -
20 - 0.2 - - -
21 - 0.5 - 16.67 0.66 ± 0.11a 5.76 ± 0.29

abc

22 - 1 - 50.00 1.19 ± 0.37ab 6.51 ± 0.30
bcde

The values represent the mean of 12 experimental data. Mean ± SE; means within each column followed by the
same letter are not significantly different (P > 0.05; Duncan’s multiple range test); C control (media without
PGRs)
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(Chen et al. 2009). An Agilent MassHunter METLIN li-
brary was used for mass spectrum analysis.

Optimization of salt strength and growth kinetics The influ-
ence of salt concentration on the biomass and GPD production
was assessed. Adventitious roots were inoculated onMS basal
medium supplemented with 2 mg L−1 IBA and 0.5 mg L−1

IAA but varying salt concentrations (1/4x, 3/4x, 1/2x, and 2x).
Normal MS basal medium without PGRs was used as a

control. After 40 days, fresh roots were harvested, the biomass
of the roots was estimated, and the concentration of GPD was
analyzed. The optimal period for adventitious root formation
was done by harvesting the roots at 8-d intervals for up to 48 d.

Statistical analysis All root induction and growth treatments
were comprised of 12 duplicates and the experiment was re-
peated twice. One-way analysis of variance (ANOVA) was
employed for data analysis using the SPSS 16.0 statistical

Figure 2. Different stages of
adventitious root formation on
suspension medium: (a) friable
callus formation on solid
medium; (b) initial stages of AD
root formation from suspended
cells; (c and d) AD root
elongation.

Figure 3. Comparison of
different AD root Biomass and
GPD content: (a) leaf-derived AD
root on solid media, (b) leaf-
derived AD root in liquid media;
(c) suspended cells derived AD
roots in liquid media.
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package. Means were compared using Duncan’s multiple
range test (DMTRT) at a significance of p = 0.05

Results and discussion

Adventitious root induction on solid medium Among vari-
ous auxins used individually, 2 mg L−1 of IBA produced
9.00 ± 0.51 roots with an average root length of 3.21± 0.74
in leaf explant after 6 weeks. When used in combination,
2 mg L−1 IBA with 0.5 mg L−1 NAA produced the maxi-
mum number of roots (20.22 ± 1.42) with a mean length of
3.97 ± 0.19 cm from the leaf explant after 4 weeks of cul-
ture. A similar response was observed in leaf explants from
Withania somnifera (Wadegaonkar et al. 2006) and
Plumbago rosea (Silja and Satheeshkumar 2015) where
the maximum adventitious root formation was achieved
using MS medium fortified with IAA (1 mg L−1) in com-
bination with NAA (1.5 mg L−1). Another study showed

Figure 4. Quantification of GPD using HPLC: a HPLC profile of methanolic extracts of in vitro AD root, b standard GPD chromatogram.

Figure 5. Separation of gentiopicroside (GPD) from crud extract using
TLC method: (a) separation of GPD along with standard (1, standard
GPD; 2, crude extract); (b) separation of GPD in large TLC plates (3-
GPD band).
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that 0.5 mg L−1 IBA alone is capable of inducing the max-
imum number of roots (17.50 roots) in leaf explant of
W. somnifera (Praveen and Murthy 2010). In Castilleja
tenuiflora, rhizogenesis was achieved on B5media supple-
mented with only NAA (10 μML−1) and 8% sucrose in leaf
explants (Gómez-Aguirre et al. 2012). In the present study,
nodal explants of G. kurroo produced an average 4.25 ±
0.70 roots with a mean length of 1.48 ± 0.18 cm after 6
weeks on MS medium supplemented with 1 mg L−1 IBA
with 0.5 mg L–l IAA (Table 1, Fig. 1a–f). Khanam et al.
(2018) reported that when 0.5 μML−1 IBA was used solely
with 4% sucrose, a mean of 2. 60 ± 0.16 roots was pro-
duced in nodal segments of Allamanda cathartica. This
study showed that the formation of adventitious roots un-
der in vitro condition varies on the basis of exogenous
addition of different auxins, explant type, and plant
species.

Adventitious root induction on liquid medium The initial sus-
pension cultures in MS medium augmented with 2 mg L−1

IBA + 1mg L−1 IAA yielded a fresh weight of 11.18 g/flask of
roots. It was possible to measure the root length with subse-
quent subcultures and was found to reached a maximum of
1.94 cm (Table 2, Fig. 2). The roots formed from the suspen-
sion cells yielded the maximum biomass. The increased num-
ber of AD root formation in suspension cells may be due to the
switch of a larger number of cells to root primordia. This could

have been activated by submergence-mediated ethylene pro-
duction as reported earlier (Steffens and Rasmussen 2016).

Similarly, suspension cell cultures of Curcuma amada in
MS medium supplemented with 0.3 mg g L−1 IBA alone
produced AD root (Soundar Raju et al. 2015). In
W. somnifera, it was observed that there was a higher frequen-
cy of AD root induction in half-strength MS liquid medium
supplemented with 0.5 mg L−1 IBA + 0.25 mg L−1 IAA from
suspension cell culture after 4 weeks of incubation (Thilip
et al. 2015). These results suggested that suspended cells are
the more promising explants for the production of AD root in
G. kurroo.

Comparison of biomass and gentiopicroside content The
highest yield of roots was obtained from the suspension cul-
tures compared to those obtained from the leaf and nodal
explant. The dry weight of roots obtained from the suspen-
sion cultures was 20.34 g L−1, from the leaf 10.39 g L−1 and
nodal regions was 7.24 g L−1 (Fig. 3). This is the first report
which showed that AD roots can be obtained directly from
leaf explants on solid medium and from cell suspension cul-
tures of G. kurroo. This is also the first study that produced
GPD from AD roots in G. kurroo without any genetic mod-
ification. In the past, a few attempts were made to produce
GPD in transformed root lines in the genus Gentiana. For
example, genetic transformation of G. scabra with
Agrobacterium rhizogenes resulted in the formation of

Figure 6. 1H NMR spectrum of gentiopicroside purified from TLC plate.
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226 mg L−1 DW of hairy roots which were able to produce
GPD (55mg g−1 DW) and swertiamarin (Huang et al. 2014).
Similarly, Zhang et al. (2010) produced hairy roots in
G. macrophylla with a fresh weight of 7.1 g/150 mL and
0.11 mg g−1 DW of GPD. In comparison with above two
studies, our study produced a much higher root mass and
greater amount of GPD. HPLC based quantification of
GPD revealed that the naturally grown roots contain a higher
amount of GPD (41.9 ± 0.84 mg g−1 DW) compared to AD
roots established in this study (1.94 mg g−1 DW). There was
not much differences in GPD content among the three types
of AD roots (leaf-derived AD root on solid media, leaf-
derivedAD root in liquidmedia, and suspended cells derived
AD roots) used in this study, whereas there was a difference
in root biomass among the three types of explants (leaf, node,
and suspended cells obtained from in vitro leaf-derived cal-
lus) with the greatest biomass produced in the suspension
cells derived root cultures (Fig. 3). Though the GPD content
is comparatively low in the AD root, it is possible to produce
a higher biomass through in vitro culture and increase the
production of this valuable compound. Therefore, the AD
roots derived from suspended cells were used for the produc-
tion of GPD in shake flask cultures.

Characterization and quantification of gentiopicroside
Quantitative analysis of GPD showed that 2.58 mg g−1 DW
was produced in the roots from the suspension cultures after
48 days (Fig. 4). The GPD was purified using TLC (Fig. 5)
and then analyzed with 1HNMR for further confirmation (Fig.
6). The NMR signals obtained at 5 ppm matches those of
previous analysis carried out in G. radix and G. scabrae radix
(Tanaka et al. 2014). The molecular mass of the GPD was
further confirmed with HR LC-MS analysis (Fig. 7a and b).
The mass spectra of GPD obtained in this study were similar
to that of G. macrophylla (Chen et al. 2009).

Optimization of salt strength and growth kinetics This study
assessed the influence ofMS basal media on AD root biomass
and production of GPD. Previous studies have shown that
biomass accumulation of in vitro root cultures is influenced
by salt strength of the culture medium (Hayta et al. 2011;
Murthy et al. 2016). The interactions between the nutritious
salts in the culture medium increase the accessibility of ions to
the roots and thus enhance growth of AD roots and secondary
metabolites synthesis (Soundar Raju et al. 2015). Therefore, in
this study, the optimum salt concentration for root production
from the suspension cells was investigated. Initially, 20 mg

Figure 7. HR-LC MS profile: (a) HR-LC MS chromatogram of adventitious root methanolic extract; (b) mass spectrum showing GPD.

186 ALPHONSE AND THIAGARAJAN



L−1 of each AD root lines was inoculated onto varying salt
concentrations (1/4x, 1/2x, 3/4x and 2x) of suspension MS
medium enriched with 2 mg L−1 IBA and 0.5 mg L−1 IAA.
The roots were harvested after 48 days and analyzed for fresh
weight, dry weight, and GPD content.

Among the different salt concentrations used in this study,
half-strength MS medium produced a maximum fresh root
biomass of 120.8 g/L and 2.50 mg/g DW GPD (Fig. 8). This
finding confirms the influence of salt strength on root biomass
and GPD accumulation in G. kurroo. This is similar to that
reported by Rajesh et al. (2014) in Podophyllum hexandrum
and Curcuma amada (Soundar Raju et al. 2015). Similarly,
the hairy roots developed from G. macrophylla showed the
highest biomass accumulation in ½ strength MS medium
(Tiwari et al. 2007).

In order to ascertain the time required for maximum yield
of roots and GPD production, the suspension cultures in½MS
medium were examined at 8-d intervals. The highest accumu-
lation of biomass and GPDwas achieved on the 48th day (Fig.
9). There was no increase in biomass after 48 d of culture. In

another study, maximum biomass was reached at 35 d and the
highest accumulation of GPD observed on 28 d in hairy root
cultures of G. scabra (Huang et al. 2014). Similarly, in
G. macrophylla, hairy root cultures showed maximum bio-
mass production after 35 d (Tiwari et al. 2007). These studies
implicate that biomass accumulation may vary depending on
the root system and plant species in the genus Gentian.

Conclusion

This study showed that it was possible to develop AD roots in
G. kurroo using leaves, nodal segments, and suspension cul-
tures under in vitro conditions. It also showed that the roots
from the suspension cultures had a higher biomass and a sub-
stantial amount of GPD. The presence of GPD was confirmed
using HPLC, NMR, and HR-LCMS. The method developed
in this study could be an alternative way of producing a sub-
stantial amount of GPD and could be scaled up to meet the
industrial demand of GPD. In addition, an in vitro method of

Figure 8. Effect of MS salt
concentration on biomass and
GPD.

Figure 9. Growth kinetics of
suspension derived AD roots.
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producing GPD will reduce exploitation of this plant in the
wild population and prevent its extinction.
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