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Summary

Introduction: Plants of this genus contain very popular bitter glycosides and have been widely used in
treatment of human disorders. The genus Gentiana (L.) belongs to the family Gentianaceae.

Objective: In the present cytomorphological study, no new cytotype was reported in the selected species,
namely G. kurroo Royle, G. moorcroftiana Wall. ex G. Don, G. pedicellata D. Don. Grisb. Further, morphometric
characters also aligned with the previous results. Whereas, phytochemical screening through preliminary
total phenolic content analysis revealed that all three species collected from Keylong (Lahaul & Spiti) had
more prominent results than species collected from two other locations of Himachal Pradesh. Thereafter,
further phytochemical and bioactivities studies were focused only on the samples/species collected from
Keylong (Lahaul & Spiti).

Methods: The RP-HPLC-PDA analysis on three species from Himachal Pradesh had been studied first time.

Results: The G. kurroo showed better results as compared to other species. Gentiopicrin was reported in
higher concentration: 1.933+0.082 ug/ml in roots of G. kurroo. Further, anti-oxidant activities had also
been studied and percentage inhibition was recorded in all selected species. By using DPPH and ABTS
assay techniques, G. kurroo reported maximum percentage inhibition i.e. (83.22+0.015%, 78.89+0.030%).
But, while using FRAP assay G. moorcroftiana (71.08+0.042%) showed slightly more interesting results
than G. kurroo (70.01+£0.047%). The anti-microbial activity was also studied and measured the zone of
inhibition against seven microbial strains, in which G. moorcroftiana reported maximum zone of inhibition
(11.0£0.017 mm) against Pseudomonas fluorescens.

© 2023 Sharma S. et al.
This is an open access article licensed under the Creative Commons Attribution-NonCommercial-NoDerivs
License (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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INTRODUCTION

Species of the genus Gentiana L. belong to family
Gentianaceae. In India, it is distributed mainly in
Sikkim, Kerala and in various districts of Thiru-
vananthapuram [1, 2]. In Himachal Pradesh, some
common species, namely G. kurroo, G. moorcroftia-
na and G. pedicellata are widely distributed in
Haripurdhar-Nauradhar regions of Sirmour districts
[3].

Plants of this genus contain very popular bitter
glycosides and have been widely used in treatment of
human disorders [4]. It is also called Karu in Hindji,
Traayamaana in Sanskrit, Indian Gentiana and
Himalayan Gentiana in English [5]. In ethnobotanical
studies, species are used in many forms and roots are
the major source of medicinal substances [6, 7]. It is
useful in all cases of weaknesses of digestive system,
treating chronic diseases and lack of appetite. Due to
effective healing properties, the species are called as
“RaamVaan” [8]. The roots of these plants are used
as a bitter tonic, anthelmintic, anti-inflammatory,
anti-psychotic, expectorant, antibacterial, sedati-
ve, anti-periodic, and astringent. The herb is used
for curing skin diseases, urinary infections,
bronchial asthma, leucoderma, dyspepsia, anorexia,
helminthiosis, inflammations, hemorrhoids, and
constipation [9]. Generally, roots and rhizomes are
the important sources of chemical components used
for the cure of jaundice, pneumonia, constipation,
pain, fever and cough. In vitro and in vivo studies
showed many biological activities, including anti-
inflammatory, antioxidant, as well as hypotensive,
immunological and anti-proliferative effects. There
are various components isolated from few species
of genus Gentiana such as xanthones, flavones,
iridoids, secoiridoids, and triterpenoids responsible
for numerous biological activities [10]. Furthermore,
lots of phytochemical investigations have been
made to explore this genus, out of which HPLC is
the most commonly used method for qualitative
and quantitative analysis in line with fingerprint
chromatography of Gentiana species [11]. Many
analytical techniques had been used to analyse active

components in various species namely HPLC/ESI,
HPLC/ESI-MS and HPLC/DAD for the simultaneous
analysis of iridoids (loganic acid), secoiridoids
(gentiopicroside, swertiamarin, amarogentin) and
xanthones (isogentisin) in different populations of G.
lutea and few other species [12]. In genus Gentiana
the gentiomarin and gentiopicrin are the bitterest
glycosides and the gentianins are alkaloids [13]. It is
well known that if plants exhibit cytomorphological
abnormalities at the same ploidy level, they can also
show chemotypic variabilities which may differ
in their contents of active ingredients. Hence,
keeping this view, there is a need to document the
cytomorphological, chemical characterization and
bioactivities of these three species of genus Gentiana
(L.) from three locations of Himachal Pradesh, so
that one of the best species can be used for further
exploration. Therefore, present study will be linked
to cytomorphological variabilities with chemical
relatedness as well as biological activities for better
use of these herbs in future.

MATERIAL AND METHODS

Plant material

For cytomorphological studies, the plant material
was collected from different areas of North India.
Different specimens/species, namely G. kurroo Royle;
G. moorcroftiana Wall. ex G. Don. and G. pedicellata
D. Don. Grisb., were collected from three different
locations of Himachal Pradesh and identified by
the Botanical Survey of India (B.S.I., Northern
Circle), Dehradun (UK.) India and deposited in
the Herbarium of Department of Botany, Punjabi
University, Patiala (Punjab) as indicated in Index
Herbariorum (tab. 1, fig. 1).

Morphological studies
Selected three species, along with its accessions

were studied on the basis of various morphometric
characters such as plant height, leaf color, leaf size,

Vol. 69 No. 2 2023



16

S. Sharma, H.S. Dhaliwal, V. Sharma

—— N, —
Vs N ',\\
l’/ =Kilar | \\\
7 \ N
_/ *Taraila ) B PN
( b alisa 7 . ~ £ ‘S/archu N
\\ Salun! N Udaipur A S
/ Patsio | )
\ : 4
« Triloknath ¢ 1
() *Masrund L,~‘\‘ *LANG N i / 1
= KYE| /
Da}ﬁousis ©®CHAMBA e ® Topko Gongma - -
S RPN {
' i LAHAUL & SPITI PR
\\ = Chuari aBrahmaur: & o «Gramphu Losar , Hanse X §
- . »
/ 3 W / o q 7
£ \\ .Sh'h”m’:'}‘\ H & /' Marhi Chhatru *Batal SKlber 4
gy Nur;;ur \ l\ . Holi \ ; b . (
& TN R I \ Marsi Kaza do
Y DHARMSHALA ® NG i piianat NS TR
/Indora / e !
/ 1 <
&5 = ; Kangra = Pal_ampur *Biling f) \\‘ Attargo, Tabo .
\_”_\Fate pUr KANGRA LN Manikaran By [-»'-\(/ N
,\ K l/ -Jogmdﬁrnagar ) o, ¢ Sumdo
\ Gggglul' 4 Lambagraon \ KuLwu Khirganga f\\ k - /f\:) Nk ,’
Nl - \\ =Bhuntar 7 Tiling (R 2 (
Gl Naduan _- -Trd Sujanpur  Kangi\_ =y i\ ) Khab /
s Amb < Sarkaghat MANDI .\ AN Ropssgin ;
\ \ HAM‘RPUR AUt N KINNAUR (.
-\ Bangana' B‘h rang S °*Pandoh } *Banjar ) \ Kalpa Jangi \
&= . b
\ UNA - tmdernagar Chachyo \ +Shajha \\\ Nlé\har Wangtu o ®Morang /‘/.
I B{sar / N D ! 1 RECONG PEO "
¥ Ol 4 i Ramﬁd . N
P > v’Bh kra o Ghumarwm Karsog , \Qn. Nermand Sé(a\hin/\\ S.angla Ct:arang /\
S s "BILASPUR,, *-\ o o =
L — A Govlnd Sagap Y\T‘anapanj/ Narkanda *Sungri o
‘ ! G § = Chirgaon “\
e > 17 e \ “Roh -~ ST T
ohru .~
o £ e’ Arki / SHIMLA Theog jupbai el '
. o y "
9 e U W ~* ( Nalagarh - P
5 o~ f e o KasumpL JKotkhai
e IS \, Kandaghat™ ...~ b
= I ND I A TGS K s s )
N VA \ ,( asauh ® ;J y Cha'u - Sy
W ; e SOLAN e onaupal g
L ) 53 =Rajgarh <
| [t \1/ NS
~_ eSarahan ’ . \.‘,\
, Y SIRMAUR SN
\ ) }  Dadah D
\ ) ] adany,  Renuka ~

©NAHAN Sy
Paonta Sahlb //'/

,/r\ l,—

/
~
Kala Amba_

%  -Keylong (Lahaul & Spiti)
+ -Bharmour (Chamba)
* -Churdhar (Sirmour)

Figure 1.

Map of Himachal Pradesh (India) showing collection sites of three species of the genus Gentiana L.

Table 1.

Geographical locations and accession numbers of different species of genus Gentiana (L.)

Area/District/Latitude

S. No Species/ Sample Kelong Bharmour Churdhar
B Code (Lahaul & Spiti) (Chamba) (Sirmour)
(32.58°N (32°34'12”N (30°52’35”N
77.03°E) 76°7°48” E) 77°24°05”E)
1. GK GK20191 GK20192 GK20193
2. GM GM20194 GM20195 GM20196
3. GP GP20197 GP20198 GP20199

GK - Gentiana kurroo Royle
GM - Gentiana moorcroftiana (Wall. ex G. Don)
GP - Gentiana pedicellata D. Don. Grisb.
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flower color, number of sepals, number of petals.
Flower shape of different species of genus Gentiana
and average results were taken into consideration to
find out new morphotypes (tab. 2).

Cytological evaluations

For the cytological studies, immature floral buds
were collected for each selected species from
different study areas. The samples were fixed in
the Carnoy’s fixative for 24 hours. For further
use, the buds were preserved in 95% alcohol at
4°C. Using standard acetocarmine technique, the
smear was made for meiotic studies to analyse
cytological variabilities. Different slides were
made and examined for cytological analysis. The
chromosomes were carefully counted in each
slide. Then, the pollen of the mature flowers were
placed in 50% glycerol-acetocarmine. The well filled
stained pollens were considered as viable, while
the unstained and shrivelled were taken as sterile
ones. The photomicrographs of chromosomes were
made both from permanent and freshly prepared
slides with the help of Magnus microscope made
of Magnus Analytics, Pvt. Ltd., New Delhi-110044,
India.

Phytochemical analysis

For phytochemical analysis of three species total
phenolic content and the active ingredient was
analysed through UV-VIS spectrophotometr and
high performance liquid chromatography (HPLC).

Total phenolic content

The method was used to determine the total
phenolic content in the root extracts of different
species of genus Gentiana collected from three
different locations of Himachal Pradesh. A volume
of 0.5 ml of each plant extract (100 ug/ml) was
mixed with 2 ml of the Folin-Ciocalteu reagent
(diluted 1:10 with de-ionized water) and were
neutralized with 4 ml of sodium carbonate solution
(7.5%, w/v). The reaction mixture was incubated at
a room temperature for 30 min with intermittent
shaking for color development. The absorbance of
the resulting blue color was measured at 765 nm
using double beam UV-VIS spectrophotometer
(Chembio, Lasany, Pvt. Ltd. India). Gallic acid
was used as a reference standard for plotting
calibration curve. The total phenolic contents were
determined from the linear equation of a standard
curve prepared with gallic acid. The content of total
phenolic compounds expressed as mg/g gallic acid
equivalent (GAE) of dry extract [14].

HPLC analysis

On the basis of total phenolic content, the plants
samples of three species of genus Gentiana collected
from Keylong (Lahaul & Spiti) were selected for
further high performance liquid chromatographic
analysis of major component, i.e. gentiopicrin. All
chemicals, including HPLC solvents (methanol,
acetonitrile and water), were of analytical grade
purchased from Merck, Life Science Pvt. Ltd.
Mumbai, India. For analysis of gentiopicrin,

Table 2.

Morphometric characters of different species of genus Gentiana (L.) (n=3)

Species/Sample code

S. No. Morphometric
characters GK GM GP
1. Plant height [cm] 25.0-35.0 25.0-30.0 30.0-60.0
2. Leaf color Deep green Green Light green
3. Leaf size [cm] (LxB) 10.0x12.0 20.0x22.0 2.0x3.0
4. Flower color Dark blue Pale blue to purple Light purple to blue
5. No. of petals 5 5 5
6. No. of sepals 5 5 5
7. Flowers shape Funnel shape, solitary Sub-cylindrical Solitary, branches

GK - Gentiana kurroo Royle
GM - Gentiana moorcroftiana (Wall. ex G. Don)
GP - Gentiana pedicellata D. Don. Grisb.
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we tried to prepare various samples by various
extraction methods. The air-dried (at 40°C) 100 mg
samples were ground and extracted three times with
20 ml of methanol:water (80:20) for one hour, using
sonicator. The combined extracts were concentrated
to dryness under vacuum at 45°C. Dried extracts
were re-dissolved in 2 ml of HPLC grade solvent,
especially HPLC grade methanol:water and filtered
through 0.22 ym filter and degassed for one minute.
Samples of varied concentrations were used for
quantification. Stock solutions of gentiopicrin
(1 mg/2 ml) each were prepared in 2 ml methanol
and water (50:50 v/v) and different amounts (1.0,
2.0, 3.0, 4.0 and 5.0 ug/ml) of these were used for
preparing five points calibration curve. HPLC
analysis was performed on a Waters® system semi
prep high performance liquid chromatography
(HPLC) equipped with 1525 binary pump, column
oven with temperature controller module-II, Waters
2707 auto sampler and Waters empower 3 software.
All samples and standard were filtered through
0.22 ym (Millipore) filters purchased from India.
Separation was achieved on column Sunfire™ (5 u)
C-18 1004, (250 mmx4.6 mm i.d.5 ym particle size)
from Waters® made in Ireland. The mobile phase
consisted of acetonitrile:water with 0.1% formic
acid, (80:20 v/v) in isocratic elution with flow rate
1.0 ml/min at 1176 Psi. The column temperature
was kept constant at 40°C and injection volume
was 5 pul for each sample. The detection of the
analyte (gentiopicrin) was carried out at wavelength
(A=254 nm) using 2998 photodiode array de-
tector (PDA). Stock solution containing analyte
(gentiopicrin) (1 mg/2 ml) each were prepared in
2 ml methanol and water (50:50 v/v) and different
amounts (1.0, 2.0, 3.0, 4.0 and 5.0 ug/ml) of these
were used for preparing five points calibration curve
and each solution was injected for the construction
of calibration curves. The data of the peak area that
used standard concentrations were treated by linear
least-square regression and thus the regression
equation obtained from standard curve was used to
estimate the analyte in different samples.

Bioactivities analysis

For bioactivity analysis, two activities were perfor-
med, namely antioxidant and antimicrobial, on root
samples of three selected species of genus Gentiana.

Antioxidant activities

Antioxidant activities of crude extracts of roots
powder of three species of genus Gentiana were
recorded with the help of diphenyl-picryl-hydrazyl

(DPPH) assay [15], ABTS (azino-bis (3-ethyl
benzothiazoline-6-sulphonic acid) diammonium
salt) radical scavenging assay [16] and FRAP
(ferric reducing anti-oxidant assay) analysis [17].
Tests were carried out in triplicate and final results
were the averages of three determinations of three
independent experiments.

DPPH antioxidant assay

The free radical scavenging capacity of root extracts
of different species of genus Gentiana was evaluated
with stable radical DPPH. For the antioxidant
activity, the methanolic:water extracts (80:20) were
dissolved in (1 mg/ml) and different concentrations
were prepared for the free radical scavenging
activities. Presently, 0.1 mM solution of DPPH in
methanol was prepared and 2 ml of this solution was
added to 0.3 ml of different extract concentration
(1-100 pg/ml) and allowed to react at a room
temperature. After 30 minutes, the absorbance
values were measured at 517 nm against the blank,
which did not contain the extract by using scientific
UV/VIS spectrophotometer Chembio (Lasany)
Pvt. Ltd. India. A synthetic antioxidant, L-ascorbic
acid (1 mg/ml) was used as a standard. The radical
elimination activity (percent inhibition) was
expressed as percentage of DPPH radical removal
calculated according to the following equation:

A Yx 100

Control-Asample/ Control

Percentage Inhibition (%) = (A
where:
A is absorbance of the control (L-ascorbic acid)

control

ASample is absorbance of reaction mixture (in the
presence of sample).
All test was run in triplicate (n=3), and the

average values were calculated.
ABTS radical scavenging assay

The methanol: water (80:20) crude root extracts
of three species of genus Gentiana were dissolved
in the concentration of 1 mg/ml and different
concentrations were prepared for the free radical
scavenging activity. The ABTS* cation radicals were
produced by the reaction between 7 mM ABTS
in water and 2.45 mM potassium persulfate (1:1),
stored in the dark at a room temperature for 12-16 h
before use. The ABTS" solution was then diluted
with methanol to obtain an absorbance of 0.700 to
734 nm. After the addition of 5 ul of plant extract to
3.995 ml of diluted ABTS* solution, the absorbance
was measured at 20 minutes after the initial mixing.
An appropriate solvent blank was run in each test.
Trolox was used as standard. All measurements
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were carried out at least three times. The percentage
inhibition of absorbance at 734 nm was calculated
using the formula:

ABTS?* scavenging effect (%) = (AB-AA)/AB) x 100(2)
where:

AB is absorbance of ABTS radical* methanol;

AA isabsorbance of ABTS radical* sample/standard.

FRAP antioxidant assay

The methanol:water (80:20) extracts of roots pow-
der of three species of the genus Gentiana were used
to determine the FRAP assay. Plants extracts were
dissolved in the concentration of 1 mg/mland different
dilutions were prepared. Various chemical solutions
were prepared before checking the antioxidant
activity. The 0.2 M phosphate bufter (pH 6.6) was
prepared by dissolving disodium hydrogen phosphate
(1.44 g), potassium dihydrogen phosphate (0.24 g),
and sodium chloride (8 g) in 800 ml of distilled water
taken in a standard flask (1,000 ml), then pH 6.6 was
maintained using hydrochloric acid and volume was
adjusted with deionized water. Various solutions were
prepared: 1% of potassium ferricyanide was prepared
by dissolving 1 g of potassium ferricyanide in 100 ml
of distilled water, 10% trichloroacetic acid solution
was prepared by dissolving it in 100 ml of distilled
water, 0.1% ferric chloride solution was prepared
by dissolving 100 mg of ferric chloride in 100 ml
distilled water, and 0.1% ascorbic acid was prepared
by dissolving 1 mg of ascorbic acid in 1 ml of distilled
water. In present attempt, the time taken to complete
the whole activity was 45 min. The methanolic
extracts at different concentrations were prepared
and its various fractions (10-50 pg/ml) were added:
2.5 ml of 0.2 M sodium phosphate buffer (pH 6.6)
and 1% potassium ferricyanide solution [K3Fe(CN 6)]
at 2.5 ml, separately. Reaction mixture was vortexed
well and incubated at 50°C for 20 minutes. After
incubation, 2.5 ml of 10% trichloroacetic acid was
added into the mixture and centrifuged for 10 min
at 3,000 rpm. Then, the obtained supernatant was
mixed with 2.5 ml of deionized water and 0.5 ml
of 0.1% ferric chloride. Absorbance was measured
at 700 nm by spectrophotometer with reference to
standard using UV-spectrophotometer against blank.
Ascorbic acid was used as standard reference.

Antimicrobial activity

The crude extracts of roots powder of three species
of genus Gentiana were subjected to anti-microbial
activity by using agar well diffusion method [18].
Crude extracts were screened for human pathogenic

organisms: Staphylococcus aureus (MTCC-7443),
Bacillus subtilis (MTCC-441), Staphylococcus epider-
midis (MTCC-9040), Enterococcus faecalis (MTCC-
6845), Escherichia coli (MTCC-2845), Salmonella
enterica (MTCC-3231), Pseudomonas fluorescens
(MTCC-7098). These were purchased from
IMTECH, Chandigarh, India. The final extracts
were prepared by dissolving 1 mg of crude extract in
1 ml of methanol for its anti-microbial activity.

The Muller Hinton Agar (MHA) medium was
prepared and autoclaved at a pressure of 15 lbs
(121°C) for 15 minutes, immediately cooled in
a water bath at 50-55°C after removal from the
autoclave. The cooled medium was poured into
sterile Petri dishes at a uniform depth of 4 mm; this
was equivalent to approximately 25 ml on a 90 mm
plate. Once the medium solidified, the culture was
inoculated into the medium. Within 15 minutes of
adjusting the density of the inoculum, the sterile
swab was used to scratch the surface of the MHA
medium to ensure uniform distribution of the
inoculum. The plates were left undisturbed for 3 to
5 minutes to absorb excess moisture. A sterilized
cork drill of 7 mm was used to make agar wells and
20 pl, 40 pl, 80 pl, and 100 ul of the diluted solutions
were placed in each well. Plates were incubated at
35-37°C for 24 h. The antibacterial activity was
measured as the diameter of the zone of inhibition
that includes the diameter of the well. The standard
antibiotic dicrysticin-S was used as a reference. The
concentration of 1 mg/ml standard was prepared
in sterilized water. The percent inhibition was
calculated by the formula:

1(di f the inhibiti |
% age of inhibition = (diameter of the inhibition zone) x 100

90 (diameter of the Petri plate in mm)

Ethical approval: The conducted research is not re-
lated to either human or animal use.

RESULTS AND DISCUSSION

Collection of plant materials

Different species of the genus Gentiana L. along with
variousaccessions had been collected from Himachal
Pradesh. Here three species, namely G. kurroo, G.
moorcroftiana and G. pedicellata had been collected
from three different study areas i.e. Keylong (Lahaul
& Spiti), Bharmour (Chamba) and Churdhar region
(Sirmour) and all specimens were collected in-situ
and identified by the Botanical Survey of India
(B.S.I,, Northern Circle), Dehradun (U.K.) India and
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preserved properly in the Herbarium of Department
of Botany, Punjabi University, Patiala (Punjab) as
indicated in Index Herbariorum (tab. 1, fig. 1). As
per the distribution of these concerned species,
the G. kurroo widely distributed in the Northern
temperate area of the world, except Antarctica [9].
In India, this species is distributed in Jammu and
Kashmir, Himachal Pradesh and Uttrakhand and
North Western Himalayan between the altitudinal
ranges of 1500 to 3500 m in Pakistan and Nepal
[19]. In Himachal Pradesh, it is widely distributed
in Dhamkhari Marvi, Karol tibba in Solan and
Mangarh area of Sirmour district [20]. Whereas,
G. moorcroftiana, is widely dispersed worldwide. In
India, it is mainly scattered in Jammu and Kashmir,
Himachal Pradesh, Uttar Pradesh hills [21]. The
third species, G. pedicellata D. Don. Grisb., is purple
stalked Gentiana and found in the Himalayas, from
Pakistan to Burma at the altitudes range of 750 to
3800 m. At world level G. pedicellata is distributed in
Indo-Malaysia and China, Nepal and Pakistan etc.
In India, it is chiefly distributed in Sikkim, Kerala
and in various districts of Thiruvananthapuram [2].
Whereas, in Himachal Pradesh, plants are widely
distributed in Haripurdhar-Nauradhar regions of
Sirmour district [3].

Morphological analysis

The morphology of three different selected species
were carried out on the basis of various morpho-
metric characters such as; plant height (cm), leaf
color, leaf size (cm), flower color, number of sepals,
number of petals, and flower shape. On the basis of
these characters, three species of the genus Gentiana
were identified properly (tab. 2). In G. kurroo, the
stems modified into underground rhizomes, plant
up to 30 cm tall, stout rhizome with radical and
cauline leaves. Leaves showed leathery texture, long,
narrow, covered with thick layers of cuticle, flowers
blue with white spots. The present study reported
the racemose type of inflorescence in G. kurroo
corroborate with the earlier reports. All species of
the genus Gentiana come under perennial herbs
with deep rooted stocks. These features helped
the genus Gentiana to adopt harsh conditions of
temperate biome [22, 23]. According to previous
studies, the G. kurroo possessed the various pri-
mitive and advanced features, based on their
morphological characters [24, 25]. G. moorcroftiana,
showed glabrous, with ascending branches, oblong
to elliptical leaves, tubular funnel shaped flowers,
capsule lanceolate, all these characters described
in present study confirmed the earlier reports. The

third perennial species G. pedicellata, reported
violet to blue flowers, plant height up to 60 cm with
lanceolate leaves, all characters again confirmed the
previous reports [25, 26]. As per the morphological
evaluations no new morphotype was reported
from the germplasm collected from three different
locations of Himachal Pradesh.

Cytological observations

In cytological studies, species G. kurroo showed the
presence of 13 bivalent i.e. (2 n=26) with normal
meiosis. Similar chromosome count had also been
reported by few workers [26, 28, 29]. Whereas, in
G. moorcroftiana, the gametophytic count was re-
ported as 9 and sporophytic count 18, same reports
were also given [26, 27, 30, 31]. The third species
ie. G. pedicellata, showed the presence of 2 n=18
chromosome numbers which also confirmed the
earlier reports [26, 27, 32]. These three species of
the genus Gentiana had been reviewed properly for
their cytological data of previous reports. As per
the present results, no new cytotype was reported
in selected species. Whereas, only few reports were
present there on G. kurroo. The first chromosome
count 26 i.e. diploid has been described for Hima-
chal Pradesh [26, 27]. In G. moorcroftiana, the
cytological analysis revealed the gametophytic
count 9 and sporophytic count 18 [26, 27, 33].
Earlier, one another chromosome reported from
India was of 2 n=18 [30]. In G. pedicellata the
cytological analysis reported the gametophytic
count n=10 and sporophytic count 2 n=20 [26,
27]. In another report about G. pedicellata, the
cytological studies carried out on two populations of
the species demonstrated the presence of 9 bivalents
in diakinesis and metaphase-I and showed a regular
chromosome segregation in anaphase I [31]. The
cytological analysis also reported bivalents with a
single chiasma [33].

Phytochemical analysis

Total phenolic content

For total phenolic content analysis, the root samples
of three different species of genus Gentiana collected
from three locations of Himachal Pradesh were
analysed. The total phenolic content expressed in
terms of GAE of root extracts for three species from
Keylong (Lahaul & Spiti) was found tobe 15.12+1.352
mg of GA/g DW in G. kurroo, 11.24+1.143 mg of
GA/g DW in G. moorcroftiana and 6.35+1.254 mg of
GA/g DW in G. pedicellata, respectively. Whereas,
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samples collected from Bharmour (Chamba)
showed 11.57+1.053 mg of GA/g DW in G. kurroo,
8.21+1.254 mg of GA/g DW in G. moorcroftiana
and 5.15+1.365 mg of GA/g DW in G. pedicellata,
respectively. Further, three species collected from
Churdhar region (Sirmour) reported 9.32+1.514
mg of GA/g DW in G. kurroo, 5.60+1.025 mg of
GA/g DW in G. moorcroftiana and 4.14+1.156 mg
of GA/g DW in G. pedicellata, respectively. The total
phenolic contents were calculated using the linear
equation based on the calibration curve of gallic
acid, where A is absorbance and X is amount of
gallicacid. The present results indicated that all three
species collected from Keylong (Lahaul & Spiti) had
maximum total phenolic content as compared to
different locations of Himachal Pradesh. It indica-
ted that the species collected from higher altitude
reported more phenolic content as compared to
lower altitude range. Therefore, on the basis of
these results (total polyphenolic content), further
phytochemical analysis (HPLC) and bioactivities
screenings (antioxidant and antimicrobial) were
performed on the species which were collected
from Keylong (Lahaul & Spiti) region of Himachal
Pradesh (tab. 3). In one of the previous report w.r.t.
phenolic content and biological activity of species G.
lutea L. indicated that total phenolic content present
maximum in arial parts [34].

High performance liquid chromatography (HPLC)

A new RP-HPLC-PDA method was developed to
analyse various species of the genus Gentiana which
possessed major alkaloid i.e. gentiopicrin in almost
all samples. In present study, three species of genus
Gentiana were compared by using semi-prep-high
performance liquid chromatography with the mobile
phase consisting of acetonitrile: water with 0.1%
formic acid, (80:20 v/v) in isocratic elution with
flow rate 1.0 ml/min. The present unique method
standardized first time for analysis of various crude
roots extracts of the genus Gentiana. Crude root
extracts of three species from Keylong (Lahaul
& Spiti) were analysed to check out the major
phytocomponent, i.e. gentiopicrin. The results indi-
cated that in G. kurroo the amount of gentiopicrin
was reported maximum (1.933+0.082 ug/ml) as com-
pared to other two species collected from the same
region (1.873+0.025 ug/ml) in G. moorcroftiana and
(1.473+0.071 ug/ml) in G. pedicellata. The complete
representations of HPLC analysis results of gentio-
picrin were given in tables 3-5. Apart from that,
various other reports had also been given by many
workers worldwide [12, 35, 36]. As per the records,
several compounds had been already registered as
iridoid, xanthones, C-glucoxantone, mangiferin and
C-glucoflavones in family Gentianaceae. The iridoids

Table 3.

Major component’s contents through HPLC (ug/ml) in different species of genus Gentiana (L.) (n=3)

Total phenolic content (UV-spectrophotometer) Gentiopicrin (HPLC)
Species/ [mg of GA/g DW] [ug/ml]
S.No.  Sample
code Kelong Bharmour Churdhar Kelong
(Lahaul & Spiti) (Chamba) (Sirmour) (Lahaul & Spiti)
1. GK 15.12+1.352 11.57+1.053 9.32+1.514 1.933+0.082
2. GM 11.24+1.143 8.21+1.254 5.60+1.025 1.873+0.025
3. GP 6.35+1.254 5.15+1.365 4.14+1.156 1.473+0.071
Values are in mean+SD
GK - Gentiana kurroo Royle
GM - Gentiana moorcroftiana (Wall. ex G. Don)
GP - Gentiana pedicellata D. Don. Grisb.
Table 4.

Regression equation, limit of detection, limit of quantification and linearity range of gentiopicrin

Compounds Regression equation Linearity range [ug/ml] r’ LOD LOQ
Gentiopicrin Y=4.90004e°"X+0.00862613 1-16 0.9999 0.13 0.39

Vol. 69 No. 2 2023



22

S. Sharma, H.S. Dhaliwal, V. Sharma

Table 5.

Recovery and precision data for retention times and peak areas of analyte from Gentiana kurroo sample

Analytes Inter-day precision (n=6, mean), % RSD  Intra-day precision Recovery percentage [%)]
RSD (n=18, mean), %
Spiked Gentiana kurro Royle
Day-1 Day-2 Day-3 t, P, amount
/ml

¢ PP ot Pt P gl ean % RSD

Gentiopicrin ~ 0.12 0.66 0.13 0.72 0.15 0.53 0.13 0.63 100 97.2 0.45

200 98.0 0.16

500 97.0 0.25

a - % RSD of retention time
b - % RSD of peak area

(mainly the secoiridoid glycosides) were present in
all species [37, 38]. The family contains the bitterest
connections; even at a dilution of 1:58,000,000, one
tastes bitter, known as amarogentin (chirantin), a
glycoside, and serves as a scientific basis for measuring
bitterness [39-42]. Bitter products traditionally
reducies appetite and fever and is still present in many
“tonic” preparations [43]. The roots and rhizomes
were considered as the source of iridoid glycosides-
gentiopicrin, gentiamarin, amaroswerin and the
alkaloids gentianin [44, 45, 46]. The dried roots
contain 20% of a yellow, transparent and brittle resin
(47, 48, 49], aucubin, catalpol, 6-0-vanilloyl-catalpol,
6-o-cinnamoyl-catalpol [49, 50]. Leaves contain
iridoid glycosides 2’-(2, 3- dihydroxybenzoyloxy)-7-
ketologanin [51], About 16 volatile compounds were
also studied as given in one of previous reports [52].
Some other components, such as morroniside and
gentiopicroside, were also isolated from species of
genus Gentiana [53]. It was also explored that leaves
contained some bitter compounds significantly higher
than the roots [54]. Less research data regarding
phytochemical analysis is available for other two
species, namely G. moorcroftiana and G. pedicellata.
Apart from that, various other reports had been also
given by many workers worldwide [55].

Bioactivities evaluations

Two major activities (antioxidant and antimicrobial)
had been performed on three species of the genus
Gentiana collected from Keylong (Lahaul & Spiti).

Antioxidant activity

Three different assays (DPPH, ABTS and FRAP)
were performed to analyse the antioxidant activity

in different plant extracts of various species of genus
Gentiana.

DPPH assay

On the basis of DPPH, the standard reported ascorbic
acid inhibition was 98.12+0.042%, as compared to
the samples of crude root extracts of three species.
The results showed that antioxidant activity in the
form of percentage inhibition at a concentration of
1000 ul was reported to be maximum in G. kurroo
(83.2240.015%), as compared to G. moorcroftiana
(82.77+0.036%) and G. pedicellata (77.82+0.042%)
(tab. 6).

ABTS assay

ABTS assay was performed to check the antioxidant
activity among three selected species. Trolox was used
as a standard and reported 93.09+0.068% inhibition,
whereas G. kurroo had shown maximum percentage
of inhibition (78.89+0.030%) at the concentration
of 1000 pl, as compared to all other species, namely
G. moorcroftiana (72.39+0.036%) and G. pedicellata
(69.29+0.045%) (tab.7).

FRAP assay

For FRAP assay, ascorbic acid has been taken as
standard and showed 74.08+0.050% inhibition,
whereas G. kurroo again was reported to show the
highest percentage inhibition (70.01+0.047%) as
compared to other species of genus Gentiana, namely
G. moorcroftiana (71.08+0.042%) and G. pedicellata
(69.29+0.040%) at a concentration of 1000 yl. The
results had been summarized in table 8. As of
antioxidant activities, on the basis of three assays
(DPPH, ABTS and FRAP) used, assays performed
on various crude extracts of the selected species
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Table 6.

Percentage inhibition of three Gentiana species by DPPH assay (n=3)

Species/Sample code

Concentration Standard (ascorbic acid)

(1] GK [% inhibition] ~ GM [% inhibition] GP [% inhibition] 7% ]

10 38.34+0.042 37.78%0.050 40.021+0.035 93.28+0.035

20 44.26+0.026 45.05+0.030 47.83+0.047 94.12+0.047

100 55.35£0.021 60.35%0.026 61.34%0.045 95.50+0.055

200 61.29+0.015 64.82+0.046 65.83£0.055 96.36+0.040

400 67.34+0.040 67.09+0.056 69.99+0.030 96.64+0.045

800 78.23£0.071 77.51£0.025 73.232£0.055 97.84+0.036
1000 83.22+0.015 82.77%£0.036 77.82%0.042 98.12£0.042

Values are in mean+SD

GK - Gentiana kurroo Royle

GM - Gentiana moorcroftiana (Wall. ex G. Don)
GP - Gentiana pedicellata D. Don. Grisb.

reported that G. kurroo had a maximum antioxidant
capacity, as compared to the G. moorcroftiana and
G. pedicellata. A very slight modifications were
made in the DPPH method [15], whereas ABTS and
FRAP assays were also studied and applied as per the
previous reported methods [17]. The detailed results
showed that DPPH had been considered as one of
the best assays for further antioxidant analyses of

the genus and these reports correlate with previous
studies [57, 58].

Antimicrobial activity

Antimicrobial activity of hydroalcoholic (80:20)
crude root extracts of three selected plants species
were tested against seven bacterial strains, namely
Staphylococcus aureus, Bacillus subtilis, Staphylococcus

Table 7.

Percentage inhibition of three Gentiana species by ABTS assay (n=3)

C . Species/Sample code Standard
oncentration . .
(] (ascorbic acid)
H GK [% inhibition] GM [% inhibition] GP [% inhibition] [% inhibition]
10 35.55+0.035 30.59+0.040 35.22+0.035 91.82+0.043
20 42.65%0.043 36.28+0.035 40.34%0.040 92.35+0.049
100 48.65+0.045 43.81+0.04 45.28+0.030 92.55+0.026
200 55.28+0.065 49.22+0.056 49.22+0.047 92.64+0.053
400 63.19+0.055 56.38+0.030 52.09+0.062 92.81+0.062
800 71.62+0.036 64.28+0.060 58.22+0.043 92.89+0.036
1000 78.89+0.030 72.3940.036 69.29+0.045 93.09+0.068
Values are in mean+SD
GK - Gentiana kurroo Royle
GM - Gentiana moorcroftiana (Wall. ex G. Don)
GP - Gentiana pedicellata D. Don. Grisb.
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Table 8.

Percentage inhibition of three Gentiana species by FRAP assay (n=3)

Species/Sample code

Concentration Standard (ascorbic acid)

[u]] GK GM GP [% inhibition]

10 25.59+0.040 23.52+0.038 35.22+0.035 55.38+0.030

20 38.23+0.050 30.23+0.047 40.34+0.026 57.77+0.032

100 49.44+0.038 35.31+0.035 45.28+0.032 60.51+0.035

200 52.14+0.024 44.24+0.017 49.121+0.042 61.41£0.028

400 61.23+0.032 53.00+0.040 52.09+0.042 63.76+0.040

800 65.19+0.030 61.01+£0.050 58.22+0.045 67.00+0.047
1000 70.01+0.047 71.08+0.042 69.29+0.040 74.08+0.050

Values are in mean+SD

GK - Gentiana kurroo Royle

GM - Gentiana moorcroftiana (Wall. ex G. Don)
GP - Gentiana pedicellata D. Don. Grisb.

epidermidis, Enterococcus faecalis, Salmonella ente-
rica, Pseudomonas fluorescens and Acetobacter
calcoaceticus. In these gram-positive and gram-

Table

negative microbial strains, G. moorcroftiana showed
maximum zone of inhibition, i.e. 11.0+0.017 mm at
100 ul against Pseudomonas fluorescens. Whereas,

9.

Antimicrobial activity of different species of Gentiana (L.) (n=3)

Zone of inhibition [mm]

G. kurroo Royle G. moorcroftiana (Wall. ex G. Don)

. . MTCC
Mlcroorgamsms
Number [1 mg/ml] [1 mg/ml]

20 pl 40 ul 80 pl 100 pl 20 pl 40 ul 80 ul 100 ul
gfrf;’z lococcus 7443 1.0£0.040 1.5+0.100 2.5+0.045 3.5+0.006 1.5+0.082 1.5+0.049 3.0+0.085  3.5+0.116
Bacillus 441  0.5+0.051 1.5+0.083 2.5+0.093 3.0+0.011 0.5+0.080 N.D 2.040.104  2.5+0.101
oo 540, 5+0. 540, .0+0. 540. D. .0£0. 5+0.
Staphylococcus 9040  0.1+0.081 1.0+0.091 2.5+0.060 3.0£0.129 1.0+0.119 1.0+.051  2.0+0.015  3.0+0.035
epidermidis
ﬁl’ztczrl‘l’.sco““s 6845  1.0£0.140 1.5+0.021 1.5+0.110 2.5+0.015 1.040.026 2.0+0.025 3.0£0.020  4.5+0.127
EZZ';?C’;‘E”“ 3231 1.5#0.096 2.040.051 2.5+0.121 3.5+0.100 0.5+0.098 0.5+0.066 1.0+0.038  1.5+0.112
Pseudomonas 7098  1.0£0.051 1.5+0.126 3.0+0.041 4.5+0.070 1.5+0.124 5.0+0.017 5.5+0.120 11.0+0.017
fluorescens
Acinetobacter 127 1.0£0.071 1.5+0.065 1.5+0.125 3.5+0.093 1.0+0.025 1.5+0.045 2.5+0.160  3.0+0.011
calcoaceticus

Values are in mean+SD
N.D - not detected
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G. kurroo showed 4.5+0.070 mm zone of inhibition
at 100 ul against Pseudomonas fluorescens. The
results indicated that G. moorcroftiana acted as a
stronger antibiotic herb than other two species,
especially G. kurroo and G. pedicellata. The detailed
results regarding various zones of inhibitions against
microbial strains had been shown in table 9. From
many previous reports, it had been cleared that
main component that showed antimicrobial activity
was gentiopicrin, a natural compound with a broad
antimicrobial effect. It was more active against
Escherichia coliand showed moderate activity against
Salmonella typhimurium and Staphylococcus aureus
[60-62]. It is a well-known fact that root extracts of
G. kurroo have been used by diverse cultures from
ancient times as a bitter tonic, antibacterial agent
and blood purifier. It is also used in skin diseases,
leukoderma, urinary tract infections, leprosy,
dyspepsia, bronchial asthma, flatulence, anorexia,
inflammations, colic, amenorrhea, strangury, con-
stipation, dysmenorrhoeal and helminthiases.
Anti-inflammatory activity of G. kurroo could be
related to secondary metabolites such as terpenoids,
flavonoids and monoterpenoids [63, 64]. The pre-
sent study has revealed the antibacterial and
antioxidant properties of the extracts of selected
species of genus Gentiana, as the extracts prevented
the growth of both gram positive and gram negative
bacterial strains. Few antibacterial activities along

Zone of inhibition [mm]

G. pedicellata D. Don. Grisb. Standard
(dicrysticin
[1 mg/ml] -S)

20 ul 40 pl 80 ul 100 pl 50 ul
1.0£0.051 1.5%£0.025 2.5+£0.093 3.0+0.038  2.5%0.498
0.5+0.125 1.0+£0.036  2.0+£0.058 1.5+0.051  0.5%£0.475
1.0£0.045 0.5+£0.093 1.5+£0.072 2.0+0.066  2.0+0.454
1.0£0.062 2.5+0.337 3.5+£0.546 4.0+0.473  4.0+0.471
0.5+0.530 1.5+0.503 1.0+0.528 2.5+0.538  1.5+0.495
2.5+£0.674 1.5£0.497 2.0£0.56  3.5£0.515  3.5%£0.500
1.0£0.422 2.5£0.456 2.0£0.423 2.5£0.506  2.5+0.541

with other properties had also been studied by
many workers [65-67]. There is a long list showing
pharmacological activities reported for genus
Gentiana, such as anti-inflammatory activity [68],
anti-histaminic, analgesic, anti-malarial, anti-
amoebic and antibacterial activities [69], sedative,
diuretic activities [70], hypotensive and as well as
anti-psychotic activities [71]. Previous research
reports on different species of the genus Gentiana
indicated that only G. kurroo had been extensively
studied for human wellbeing and also in various
polyherbal herbal formulations, namely cervical
ripening and induction of labour pain, anti-diabetic
formulations etc. [72-74]. In various available
research data it is indicated that only G. kurroo is
frequently studied by different parameters, but less
data is available for other related species of the
genus. It is the need to study these related species on
priority basis from various study areas.

CONCLUSIONS

Due to the fact that medicinal plants are in high
demand in traditional Ayurvedic medicinal
formulations and pharmaceutical industries, no
commercial cultivars are observed in any part of
the country. The present research works have been
performed on morphology, cytology, phytochemical
analysis and pharmacological activities. In
cytomorphological analysis, all reports are similar
to previous statements given by many workers. For
phytochemical analysis, we have carried out the
analysis of total phenolic content in all three species
collected from all three locations of Himachal
Pradesh. The species collected from Himalayas
of higher altitude such as Keylong (Lahaul &
Spiti) have more phenolic content than species
collected from other locations. Due to these most
important observations, further phytochemical
analysis (HPLC and antioxidant activities) have
been performed only on the species collected from
Keylong (Lahaul & Spiti). In all these species, the
higher amount of gentiopicrin was reported for G.
kurroo than for two other species. For antioxidant
activity, three assays, namely DPPH, ABTS, FRAP
have been implemented. G. kurroo shows maximum
percentage of inhibition as compared to other
species. In antimicrobial activity, the maximum
zone of inhibition is recorded in G. moorcroftiana
against Pseudomonas fluorescens (Gram-negative)
bacteria as compared to other species. As per the
whole study, it has been observed that both G. kurroo
and G. moorcroftiana are equally important species.
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The HPLC analysis and bioactivities findings
suggested that the results are almost same in
G. kurroo and G. moorcroftiana. These results
concluded that apart from G. kurroo which is an
endangered species other related species of the
genus, namely G. moorcroftiana could also be used
for medicinal purposes. It will be beneficial to the
environment to maintain the load on germplasm
of G. kurroo which is now included into the list of
endangered species.
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