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., SUMMABY he e ¢ ;

n efﬁelent &d rapid protocol f‘or mass propagation of endangered medicinal herb( Gentiana kurroo
) under in vitro condmons has been developed. The mother plants were obtained from HFRI. The
motive of this study i is to optimize the tissue culture conditions for its propagation

_ and optimize the cell culture conditions for the production of medicinally important metabolites.

Among the var:ous strdngths of growth regulators tested best results were recorded when shoot

ices cultured on MS basal solid media supplemented with IBA (3 mg/L ) and KN (1 mg/L ) for
: e_fno_o_t-' prohferatlon. Results were less sagmﬁcant when different combination and concentration

,of'.‘f"zi‘nxins and e}?tokinms were tried along with GA3. The rooting was also optimized using auxins

;alone The root mductlon per explants was maximum in the medlum contammg MS basal medium

supplemented w1th 4 mgf'L IBA. The rooted p]antlets were hardened in polycups contammg sterile
: .'SQII, san_d and vermiculite in equal ratio and were successfully acclimatized and established in soil
. with 75 % snrviva'l rate Growth was best seen at 25+1°C.Continuously shaking liquid cultures with
: MS basal media supplemented with 1 mg/LL IBA and 4 mg/lL. KN resulted in almost a four fold
; il glowth Another objective was to estimate the metabolite content in this plant by usmg HPLC. The
G amount of (xenttoplcrosuie content in the ficld grown mother plant(a yr old) was 3.5% whereas when

z ,m vmo ralsed piants were analysed ,the amount of aeeumulatlon of was 0.02% and Swert1ama1 in was

i found 0 11% in a month old plant. Further exploratlon of other cell culture condmons will help in

_;_1mpr0v1ng the metabollte content which will - 1mprove the in vitro grown plants status for

commermallzatmn in biotech and pharmaceutlcal companies.
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. India has a l‘lCl’I blologr{:al diver, sity due {0 its var ted climatic, altitudinal variations and

, ecologtcal habttats There have been increasing rates of threats of depletion to these btologlcal

resourges due to immense biotic and abiotic stresses. Indiscriminate collection of plants for their

mediémal omamental pe*umery uses, etc. and habitat loss and degradation are potential causes of

threats Conventlonally, there are two methods of conservation: in situ and ex situ conservation, both

are ‘complementary to each other. In sifu methods allow conservation to occur with ongoing natural

evolutionary processes, ex situ conservation via in vitro propagation also acts as a viable alternative

Sy ‘for increase and eonservatlon of populatlons of extstmg bioresources in the w1ld and to meet the

c‘ommerelal r equn ements.

Indla is one “of the twelve mega dlver31ty countries of the world w1th a rlch dlversuy of biotic

resource$ (Bapat et al., 2008). Out of 34 hotspots recognised, India has two major hotspots - the

Eastern Hlmalayas and the Western Ghats. India harbours about 47 OOO pemes ‘of plants of which 17

. 000 are angiosperms (Bapat etal., 2008) A total of 560 plant specres of Indla have been included in
the Internauonal Umon for Conservation of Nature and Natural Resources (IUCN) Red List of

'Threatened spec1es out of which 247 species are in the threatened category.

i IUCN recognlses the followmg categorles extmet extinct in the wild, critically endangered,

endangered vulnerable near threatened least concern, data deficient and not evaluated. Critically
endangered endangered and vulnerable together form the threatened category. Each of these
threatened categortes can be deduced on any of the five criteria that reflect
extmetlon risk:
15 Dec'li:ning population (past or projected): this includes species with high harvests, especially
in destructive fashion. :
2. Narrow distribution, fragmentation and deelme or fluctuation: several endemic species prima
facze appear to be natural candidate tm quahtymg as threatened as per this criterion.
3. Small population size and decline: absolute populatlon number low and rate of decline
high, | .
4. Very small population or very restricted distribution: absolute population numbers extremely
meagre. '

5. Quantitative analysis of probability of extinction: simulations using deterministic
2




./
P

" and stochastrd‘ population models.

Hnnalaya IS known as an abode of medlcmal plants which provides a var iety of habltats for the
luxurlant growth of potentlal medicinal plant species. Many of these are used by locals in remote and
4 maccessrble areas. On account of the hilly and inaccessible terrain, the local populace has been
unllzmg plant resources &therr sustenance since early times. Some plants are used as fuel, some
prove helpful in prov1d1ng‘ra food material, and vegetables fruit and some are used as curatives for
various ailments. Continuous overexplortanon revival of the use of herbal drugs and degradanon of
the habitats has brought medicinal plants on priority for conservation.
: 23 Northwest Hlmalaya iIsa d1st1nct Himalayan 1eg1on w1th a characteristic clnnate geology and flora.
Medlemal and aromatic plants . play a s1gn1ﬁcant role in the life of:people and are plesent in
mnumerable forms In Indian traditions, all the plants in this earth ale 001151dered as medicinal(
Satyabrata Maltz, 2001) Plants are an important source of medlcmes and play a key role in world
health (Constabel 1990). Almost all cultures from ancrent tlmes to today have used plants as
: 'medmne Today medicinal plants are important to the global economy (Srwastava et al., 1995), as
approxunately 85% of traditional medicine preparations involve the use of plants or plant extracts
(Vlelra and Skorupa, 1993). Generally, herbal preparations are produced from field- grown plants and
'. _ are susceptlble to 1nfestat1on by bacteria, fungi, and insects that can alter the medicinal content of the
: preparatlons (Murch et al., 2000). It is d1fficult_to ensure the quallty control as the medicinal
: preparatrons'are rnuln-herb preparations and it is difficult to identify and quantify the active
L 'eonstituents (Wen =2000) Also, there is signiﬁcant evidence to show that the supply of plants for
tradltlonal medu:mes is failing to satrsfy the demand: (Cunningham, 1993). An efficient and most
= ;ulted altematlve solut1on to the problems faced by the phytopharmaceutical industry is development

of in vitro systems for the productron of medlcmal plants and their extracts.

The in vitro-propagated medicinal plants furni'sh a ready source of uniform, sterile, and compatible
plant material for biochemical char acter ization and identification of active constituents (Wakhlu and
Ba]wa 1986; Miura et al., 1987). In addltlon, compounds from tlssue cultures may be more easily
purified because of simple extraction procedures and absence of significant amounts of }5igr11e11ts,

thus possibly reducing the production and processing costs (Chang et al., 1992, 1994).

% :



represented by more than 90 genera and 1000 specxes The family is widely

ﬁ‘tbre dlverse in. temperate and subtmplca] regions, The genus Gennana (gentian)

: about 62 »Spec:les (Sumta & Bhattacharyya, 1982). In Kashmir Hunalaya a biotic province of the

.a,‘

hotspot. Htmalaya (M}tte er, et al., 2005), the farmly is represented by 6

%e,

genera and 55 species. Th&ge us Gentiana is bélleved to have high diversity in
: this region with 35 speclesﬁOut of these, 31 reach alpine / sub-alpine levels (Dhar
&Kachroo, 1983) _ i B i

From the Kashmir Hlmalaya goventry (1927) ﬁrst reported G kurroo ﬁom the Pahalgam area at an
altﬁude gf 1850-2000 m (a.s. ). Roys[e (1835) descnbed a new plant spec:es Genttana kurroo on the

ba31s 6f§specimens collecte(i "‘ﬁ‘om ‘Kuerkoolee, Mussooree Budraj, and Shlmla areas of the




Gentuma kmroo Royle [llus. Bot. Himal 278, 1835 Clarke in H Brzt Ind. 1V: 117

f883 Covently, Wild, Fls. Kashm 111y 8[ Pl. XLI 1927 BlaLet Beaut. I'ls. Kashm.

: II 37 P} 41 1927 Javeld . Srmagarl 544 1970 Stewart, Ann. Cat. Vas. PL. W.

*Pak &Kashm 557 1972. Pneumonthe kurroo (Royle) G. Don, Phil. Mag. 75 1836; Gentianodes

kurroo (Royle) Omer Ali & Qaiser, Pak. J. Bot.
A.go. 16. 1988. L
) s &

Perenmal herb, with thick$ stout rootstock., Flowermg stems ascending to semi-erect, one to many
from rootstock, simple, purplish, 30-45 cm high, 1-5 _ﬂowered. Leaves rad1_ca1 as well as cauline;
; ":"ti ra'dical ones rosulate, linear to oblong-oblanceolate '5 lt) X 0.5-1.5 cm, entire-crenate, connate at
basc, shghtly reﬂexed at margins, sm'§1e veined, acute ‘cauline leaves, OppOSIte decussq}e smaller, in
pa1rs, lmear oblong, 2 5X0. 310160m, entire, acute, 1eﬂexed at rna1gms each pair cormate at base and

i fp);mmg a 0.4-1.0 cm long tubé Flowers 1-5 on each stem, ax1llary as well as termmal on 1-3 cm

7 rl(mg pedlcels campanulate, showy, 3-5 cm long. Calyx 2.5- 4 cm long, tube 0.8-1.2 cm long; lobes
unequal lmear acute, 1-2 em long, sinuses between lobes obtuse Corolla 2:5-5 cm long, bright-blue,
ﬁ-eck_ll__egi_wﬂh white and yellowish inside; tube 1.5-3.5 cm long, lobes‘ovate, entire, acute, 0.5-1.2 x

: "-‘.0,.4—0.9 cm Stamens 5; filaments slender, adnate at middle of the eoroll'a tube, slightly winged at
‘ lﬁ'?-.’bbse;' antbers orsiﬁxed' bilobed, + sagittate, creamy-white. Ovary lanceolate, éholtly stipitate, 1-2.3 x
.“:::‘ -—5’,0 3 0 7 om; style not distinet; stigma prominent, shght]y bllobed Capsule stalked, lanceolate, 1.8-3.2
; lx 0.5-1 cm Seeds numerous, oval, reticulate

Flowering September October

-F:mt&mg‘ November

*hwuuv«at 7

Ecology: A 1'osette;for'ming perennial herb, growing along sub-alpine altitudes from 1700-2300 m
(a.s.1). Usually found on south-facing steeper slopes along dry and rocky sites in semi-natural

grasslands and sparsely shrubby scrubs., The plant species prefers to be overshadowed by the tall

1
!
i

grasses and shrubs. Roots are soft, creamy white, penetrate deep into the sandy-loam soil,
and show a unique folding pattern with the younger ones tlghtly entwined all along the length of
older ones (i.c. previous yuu) Within the thizosphere, the roots are clumped together.

i The greener leaves and young flowering tops are grazed by herbivores, including insects,

Medicinal uses: The generic name of Gentiana has been derived from ‘Gentius’,




a kmg of Illyrla (Europc) who is beheved to have dlscovered the medlcmal value of the gentian root.

In fact;‘tha spemﬁc name of Genttana fmrf 00 Royle is from the local name for the root of the plant,

: ‘Karu 'meanmg bltter The drled ;pots*oontam 20% of a yellow, transparent; .

resm (Coventry, 1927). The drug (rootstock) is admlmstered m fevers and urinary

complamts It is used as a bitter tonic, antiperiodic, expectorant, antlblllous astrmgent stomachic,
antlhelmmthm blood punf ier and carminative (Kirtikar, & Basu, 193 5) The roots are also used as
lngredlents in preparing a pastf for flattening horses (Kaul, 1997). :

Slgmf icance of the studies o
There are no specific techniques available for its cultivation and propagatlon but having high
medicmal significance led to its reckless collectlon thls p]ant is heavﬂy extracted for root and
. rhlZOme because of their pharmaceutical 1mportance By far now one such report 1s avallable on in
: v1tro multlpllcatlon of G. kurroo through shoot apex but on dlfferent ‘media atid in vitro production of
‘fmetabblltes of Gentiana kurroo. So the present study is carried out by havmg followmg objectives:
L l) To optmnze the tissue culture conditions for its propagatlon

-:‘2) TO opt!rmze the cell culture conditions for the- productlon of medicinally important

i4d ' metabohtes

A S i L
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Gentlanaceae 1s a fam1ly of flowering plants comprising of 70-80 genera and 900 1200 species. The

plants of thls farme are annual and perennial herbs or shrubs. They are native to northern temperate

areas of the world.(Daniel M and Sabnis SD,1978). Plants belonging to this gcnus are well known for

their pharmacological properties. Gentiana kurroo Royle (Gentianaceac) 1s_. a critically endangered
temperate bitter herb of Indian subcontinent region. ‘:It is perennial and comrﬁgx‘ﬂy grows in Kashmir,
Hlmachal Pradesh and adjoining hills of North- Western Himalaya betwqen 1500 3000 m altitudes
(Chaudhary and Wadhwa 1984). Commonly known karw/Indian gentlan though not, mentioned by
Sar;skrlt wnters in Materia Medica (Dymock 1890), is a significant drug of ayurveda (Shah1 1993).

. The« rhlzomc ‘and roots of this herb contains some of the most known bitter compounds like

9 'gentlamne (a crystalline monoterpene alkaloid), amaroswerin (Secomdmd glycoside), gentianic acid,

pectm, and uncrystallizable sugar (Anonymous 1953 and Smgh 2008). Gentlanme possesses anti-

- mﬂammatory, nalgesic, anticonvulsant, hypotensive, antipsychotic, sedatlve dluretlc antimalarial,

é
|

i
u
E

o

anflamoeblc and antibacterial properties and amaroswerin gastro- prolectlve (Smgh 2008). In Indian

system Qf medlcme the root stock is valued as bitter tonic, antlpeuodlc expectoxant antibilious,

anthelmmtlc blood purifier, laxat:ve depuratwe emmenagogue,

galactopurlﬁer febufuge and carmmat:ve (Chopra et al. 1956 and Anonymous 1956). It is also

medicate' for curmg skm dlseases leucoderma, leprosy, bronchial asthma, dyppepsia, flatulence,
R
colic, anorex1a, helmmth1os1s mﬂammatlons amenorrhoea, dysmenorrhoea, strangury,

haemorrhmds constlpatlon and urinary infections (Warrier et al. 1995). The drug is very helpful in
removing B
all kinds of debility and exhaustion-of body from prolonged illness, improves digestive system and

lack of appetite. The root is used as an ingredient in preparing feed for fattening horses (Qureshi
2007). '

2.2 Morphology:

Flowers of @. kurroo are bracteate, pedicellate, complete, actinomorphic, hermaphrodite,

; _hy]JOgynous and pentamerous. Flowers are large and entomophilous. Flowering starts from the third

week of August and continues till the first week of November, with the peak between 15 September

8
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tober On average, d nlant oroduces 2'0 flowers, The corolla is gamopetalous and

mfund1bu~11form, deep blue from outside up to p]lCae dotted white at the throat

. an" 'whlte at the base from ;ns1de The flowers close “duri ing night and under low light, and reopen

3 ‘whe.n the sun shmes brlghtly The opening and closing of the corolla continues till fertilization is
: c;omplefe and stlgma lobes become dry . After fertilization, the corolla remains closed till it withers.

The five: stamens are epipetalous, with their filaments ﬂattened at the base and fused with the corolla

up to half of their length. Anthers are grouped around the stigmatic

tip in bud condition, but move away as anther dehiscence starts. The.gyno"" ium is bicarpellary and

syncarpous. The ovary is unilocular and contains numerous anatropo_\ isiovules borne on par ietal

- placentae. Initially, the two stigma lobes are adpressed and situated well below the anther level. After

' anther dehiscence is complete the stigmatic lobes opén out and are lifted above the level of the

anthers by elongation of the pistil. The type of dichogamy noted is caused by protandry The anthers
attam matunty and dehisce to discharge pollen 1-3 days after anthesis. The anthers are placed well

above st1gmat1c region, with the stigmatic lobes in adp:essed -condition at dehlscence stage.

'Dehlscen(:e continues for 3—4 day. Although 94% of the pollen was v1able at the beginning of

Fos deh1scence there was a gradual reduction in pollen germination as the anther dehiscence progressed.

substanual reduction in pollen viability was observed after 72 h (73.64%) up to 108 h

mmencement of anther dehiscence. The stigmatic lobes remain closed (in adpressed

b condltlon),, till almost the completion of anther dehiscence. They start opening from the 4th to 6th day

‘aﬁer anthesus and eontmue until 13th to 16th day after anthesis. Th1s is the stage when the stigma is

receptl_ve to po_llen- gernunatlon. At this stage, the stigma lobes are well above the anther level .
Respons'e_of G kurroo to different pollination methods tested showed it to be strongly cross
compatible, as was evident by significant fiuit and seed set in controlled cross-pollination. Absence
of fruit and seed set m bagged flowers (T2) may be due to the existence of protandry, which prevents
self-pollination. A similar phenomenon has also been reported in Gentiana newberry L., an alpine
perennial species in which no fruit.aﬁd seed set was reported in caged plants4. The fact that G. kurroo
is cross-pollinated is further strengthened by the observation that open-pollinated (T1) and open
cross-pollinated (T4) flowers performed statistically ‘at par with each® other with regard to all
parameters studied. The presence of anthers_'(.in openpollinated flowers) or their absence (due to
emasculation in open cross-pollinated flowers) does not make any significant difference for seed and

fruit set in open and open cross-pollinated flowers, respectively. In flowers, which rely on insects for

. cross-pollination, the anthers and stigmas are clearly separated by at least a small gap to allow

- bassage of insects5. In flowers of G.kurroo, it has been observed that anthers, which are grouped
9
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around the stigmatlc region 1n1t1ally when the coxolla is st1ll closed, move towards the periphery

j When the corolla opens meatmg a small gap between the anthers and the stigma. Although no
: nectanferous dlSC 1s presen; in its ﬂOWBIS 1nsect Vectors are rewarded by abundant pollen. The

B #
‘ r"-.dﬁferent mSeet vectors seen visiting flowers of G. kurroo are bumble bee (Bombus sp.), honeybee

s -*.(Apts ntell fe}a) and ladybird beetle (Coccinella septemptmctata) Another feature that attracts the

msects lS the colour pattern of the corolla. The whitish interior of the corolla tube in contrast to the

; deep blue colour of the lobes makes the interior translucent, if held against light. This makes the

interior look lighted to an insect, encouraging it to enter the flower and effect pollination. This is a
common feature of many Gentiana species like G. sino-ornata and G. acac;hs also, the white dots at

the throat region serve as gulde marks for the vmtmg 1nsects§

There 1s generally a time lag between pollen sheddlng and its transfer to the stlgma During this

.perlod pollen grains are exposed to a wide range of environmental stresses particularly of

::perature and hum1d1ty, which affect their competitive ability to sire v1gor0us progenyo.
,he factors affectmg pollen viability, like the duration for which anthers contmue shedding pollen
and the -range of environmental factors to which they are exposed, are cutlcal f01 cross-pollinated

spec1es hke G. kurroo. Availability of viable pollen over a longer per 10d helps :

;protandrous ﬂowers in cross-pollination. This is more relevant in G. kurroo where it has been

( _resent mvest1gatlon) that the stigma becomes receptive 4—6 days after anther dehiscence,

o an__ anthers , ntmue sheddmg pollen for 3—4 days after initial anther dehlscence
'Whether ﬁesh pollen grams were being shed daily or those shed at the start of anther dehiscence

_remam adherent to the anther surface could not be ascertained. However, there was a gradual

reduction ,1‘1_‘,20-11"“ germmabl_llty from 94.0% at the-begmnmg of anther dehiscence to 29.6% after 96
h. Even after 108 h, a small amount of pollen (3.7%) retained germinability (Table 3).

Although G. knrroo seems to be chiefly crosspollinated, as is indicated by no fruit and seed set in
bagged flowers and statistically similar results obtained in open and open cross-pollinated flowers,
1.24% fruit set in controlled selfing (selfing effected manually at stigma receptive stage) indicates
that some selfpollination is still possible. A small amount of pollen remaining viable even after 108 h
may be responsible for fruit set. The first fortnight of November is the ideal time for seed harvest
after which the capsules open up, scattering the seed. 70-75% of seeds germinate and June is the

ideal month for seed sowing. The seed has to be stored at low temperature (below 5°C) after

_harvestmg. Otherwise, there is considerable reduction in germination percentage. Seeds more than

- ONC-year-old lose viability and do not germinate.

10




takes -18-20 da&s to mature after fertilization. The first fort mght of November is the ideal time for

sced hawcst Seeds are light in weight and 100 seeds welghs 0 1275gm.

& '2.4 Bibs‘ynthetic pathway of gentiopicroside:

The blosynthetlc pathway for gentnoplcrosuie is available [Jensen et al 200 The biosynthetic

pathwa? leading to the iridoid glucosides commonly found in Gentlanaceae b

: : \4 8
Deoxyloganic acid aglucone

. - 5 : v :
- Deoxyloganic acid

~ sweroside

Secologanicacid  +——— Loganic acid

morroniside

2.5 Drugs obtained so far:

1.Quingann capsules from Sun pharmaceutlcals which is used in treatment of liver ﬁbxosns contains

98% of Gent10p1cros1de in the capsule,

11
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= 1}1 vilro: propagatlon of Gentiana kurroo was studied by Neelam Sharma et.al (1993) where shoot

multlplicanon of Gentiana kurroo Royle, a threatened medlcmal plant species, was achieved in

e vitro ‘usmg shoot tips and nodal segments as explants Fifteen-fold shoot multiplication occurred

every 6 weeks on Murashige and Skoog's medium (MS) containing 8.9 uM benzyladenine and 1.1
pM l—naphthaleneacetlc acid. Rooting was accomplished successfully in- excised shoots grown on
, 5

MS basal medium containing 6% sucrose.

e Ag_ng_s;lg_f_w_k Jan J. Rybezynski (2008) studied different genotype and plant growth regulator-

dependent response of somatic embryogenesis from Gentiana spp. By using leaf explants where

'Gent!d;!% kurroo (Royle), Gentiana cruciata (L.), Gentiana tibetica (King. ex Hook. f.), Gentiana
Iutea (L ), and Gentiana pannonica (Scop.) leaves derived from axemc shoot culture were used as

explants. For culture initiation, leaves from the first and second whorls from the apical dome were

dissécted'and cultured on Murashige and Skoog (MS) basal medium supplemented with three

; “dlfferent auxms 2,4- dichlorophenoxyacetic acid, 1- naphthaleneacettc acid (NAA), or 3,6-dichloro-o-

‘dj(dlcamba) in concentratlons of 0.5, 1.0, or 2.0 mg/|; and five different cytokinins: zeatin,

: 6 furfurylamonopurme (kmetln), N- phenyI-N:'l.l 2,3-thiadiazol-5-ylurea (TDZ), N-(2-chloro-4-

pyrldyl)N'-phenylur"’ or 6- benzylamlnopurine (BAP) The cytoklnln concentrations used were

dependent Gn ‘the type of cytoklnm and varled between 0.25 and 3.0 mg/I. After 2 mo. of culture,
the morphogenl_; response of explants was assessed. Frequency of embryogenesis was the highest
for G. kurroo (54.7%) and dependent on plant growth hormones (PGRs). This gentian was the only
species showing morphogenic capabilities on media supplemented with all applied combinations of
PGRs, while none of the 189 induction media permutations stimulated somatic embryogenesis from
G futea explants. G. tibetica and G. cruciata both produced an avervage of 6.6 somatic embryos

per explant, while G. pannonica and G. kurroo regenerated at 15.7 and 14.2 somatic embryos per

?W'ant _Fespectively. Optimum regeneration was achieved in the presence of NAA combined with

BAP or TDZ. This auxin also stimulated abundant rhizogenesis. Somatic embryos were also

- regenerated from adventitious roots of G. kurroo, G. cruciata, and G. pannonica. Somatic

embryos converted into plantlets on half strength MS medium. Effect of sucrose concentration on
12
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:Phot_' ynthetlc actmty was measured by chlorophyll a fluorescence and gas cxchang,e method. The
efficu;ngy of photosynthetlc apparatus as measured by the ratio £ J/F , Yield and gP (light phase of
% 'photosynthems) was the highest when the medium was supplemented with 0.3% sucrose which well
correspOnded w1th plant gas exchange. Taking all data into consideration for the best development of
photosynthetlc apparatus and the most efficient of net photosynthesis of Studlcd germlings would be

medluni‘ supplemented with 0.2-0.4% of sucrose.

2.7 Secondary Metabolites
The dr‘i@ﬁ roots and rhizomes that are official in Indian pharmaceuticals. It contains many classes of
- secondary metabolites. They are intensely bitter and is valuable lemedy for digestive systéem ailments.
~ The medicinal value is due to presence of bitter glycosides (Hostettmann-Kaldas M, et al., 1981).the
~ interest among potential medicinal plants' of gentianaceac has been revived and 51g111ﬁcam
"'phytochemlcals are being studied for drug development (Brahamchari G, et al., 2004). Potential
‘ icals of gentlanaceae are amarogentin, - amaroswerin, gentianine, gentianadine,
WcrOSIde swertiamarin.In vitro production of these secondary metabolites has been
‘ Stu Vinterhalter: Brauka et al where they carried out study of Quantitative determination of
il _secmrldmd';and xanthone glycosides of Gentiana dinarica Beck cultured in vitro and found that
i % Gentiana a'mauca Beck, whlch s natlve to the Balkan Dinaric Mountains, was established in vitro
 from axillary shoot buds. It was mamtamed (in ‘the form of shoot cultures on MS medium
supplemented with 1.0 mg/L 6- benzyladenme ,(BA) sand 0.1 mg/L a-naphthaleneacetic acid and
excised root Cuhures were maintained on % MS ‘medium with 0.5 mg/L indole-3-butyric acid (IBA).
Shoot cultures, adventitious roots and excised root cultures were analysed by HPLC techniques for
the presence of becomdmds and xanthones. Gentiopicrin and swertiamarin, ‘the dominant components
of shoot cultures, could not be detected in root cultures. Xanthones were present in both shoot and
root cultures with norswertianin-1-O-primeveroside as the dominant metabolite. The secoiridoid and
xanthone content, - although  characteristic for certain plant - organs, was ‘dependent on the
concentration of plant-growth resulators- (BA - and IBA)-added to the medium, BA in the shoot
multiplication stage strongly increased the secondary metabolite (SEM) content of shoot cultures.
IBA had little effect on SEM accumulation in shoots duri ing rooting, while it moderately stimulated
SEM accumulation in exuscd root cultures.

2525 L.Amarogentin:

13




jentiana r'nacropﬁylla(Zhong JF and Jin h,1988). 'I_‘g posses:ses anti-inflammatory,







iments of establishment of in vitro shoot cultures of Gentiana kurroo, regeneration
ardening of in vitro grown plantlets were carried out in theg ‘Department of

ee University of Information Technology, Waknaghat, during 2012-2013..

1 methodology follow_ed to carry out the abovc-mcn'tiéned experiments have

the following headlines.

3.1.1 coll

3.1.2 Prep
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' ~In vitro cultures of explants from these plants

VA

Optimization of the Media

\Z

Establishment of cultures

In vitro shooting :

e
N

Analysis of the data obtained




stin 0.5 %
ereur ¢ chloride - 0.1 %
beaker were surface sterilized first by washing 3-5 times with tap water,

_drops/100 ml Water) for 2-3 minutes and then washed thoroughly

rface steriliZation was carried out in Laminar air hood.

: posntlon of Media was based on Mu:ashlge & Skoog (1962) medwm divided into different
_~;3t0¢ks (Annexure I).The Stock Solutions were prepared and kept in the refrigerator. Each salt of the

_' stock solutlon was dissolved separately in distilled water so as to avoid precipitation. The Chemicals

,,:,used were of reliable grade and were obtamed from reliable firms like Sigma Aldrich. Each Stock

;SOIutlon OFMS Media was added one by one to prepare the desired medium. After addition of sucrose

18




¥

ssware with contaminated cultures were first autoclaved and molten media was disposed

ars were cleaiiled.
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Peroentage of survived plants in dlffeient potting mlxtures was recorded.
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Shoots per -

explant

-Avg shoot length per

explant

(cm) .

..2.6,“?'5"0.':-;52 il
€

13




ot
N

id medla at 25°C and 120r DIm

£y

_ Avg shoot length per
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Avg No. of Roots ﬁ;r

Avg root length per

Days to root
formation xplant explant
j T (cm)
18-20 21 0.3
14-16 047 0.45
12-14 R 0.45
12-14 %, i3

| Avgroot length pgr

explant
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2.1,
1.5
il o The in vitro growing cultures were analysed for gt.)ntiopicroside and swertiamarin content using
it R, HPLC. The content: ¢ oﬁloromde in a month old plant shoots cultured ‘on MS+IBA (3mg/L)+

f the cultures grown on same media composmon and in shoot cultures
ed w1th KN(3mg/L) +IBA( lmg/L) e - |

s
1l . SR ! { 7 ",. .'.‘ . . . .
IPLC results showing the data analysed for Gentiopicroside and Swertiamarine
content by T ' :
| Gentiopicroside | Swertiamarine | |
: % offresh | % of fresh .
sliixbt_'weighf root weight

plas‘uc pots contammg dlfferent pottm% mlxtures (Table 3 Aﬁer a week, when th_e _ 1

Imhal s1gns of estabhshment mgpots with the appearance of new leaves the pots were

i ¢
27



" ."fé to pots, and when' the plantlets were

%ﬁing" mixture of sand, sml with perlite, vermicultite, coco

i

st rééu ts in terms of plant survival and growth.

€
I

rdened plants in different potting mixtures under glass

 Survivalof |
. plants(%).
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As of now there is no such work done on the similar lines which have been attcmpted by us where we
have deveIOped in vitro grown shoots from shoot apex with 8-9 shoots growing on MS media
.-_contammg IBA(3mg/L) +KN(Img/L) + sucrose (30 g/L) + agar-agar (9g/L) out of ten different

! _concentranons of growth hormones tried.

: ‘-we‘ have also tried other types of media where comparison for shoot growth have been studied by
~ comparing these parameters of solid and liquid media. It was found that the'growth of the shoots was

= rﬁuch better and fast in liquid media as compared to the solid media.

As it is reported for the first time where these medicinally important metabolites have been produced

i :‘__through plant tissue culture where the content of secondary metaboli‘re accumulated and

% ,b1osynthes1sed in one and a half month old in vitre grown shoot of Gentzana kurroo cultured on

IBAGmg/L) +KN(I mg/L) at 25 c.

In vitro developed plantelets were successfully hardened in the glasshouse in potting mixture

contammg cbcopeat venmcullte perlite:sand:soil in the ratio 1:1:1:1. Plants are now ready to be

& transferred to the ﬁeld

'_"So ‘We would llke to conclude that we have developed successful protocol for in vitro propagation of

Gent:ana kurroo and produce importanat secondary metabolites through shoot cultures This study

A ‘}holds potentlal 1 \""pharma utrcal and biotech industry.

e
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ANNEXURE

Composition of used Murzishige and Skoog (1962) basal medium (MS Medium)

¥ [STOCKS | CHEMICALS | ORIGINAL STOCK FINAL
o e STRENGTH VOLUME
- 10X KNO; 1900 19 1
MgS0; .7H,0 370 3% J  100mVI
KH,PO, 170 1.70
NH;NO; 1650 a3 LSO
CaCl, 2H,0 440 i 10 m/1
| NaEDTA 37.26 3002
" ; 10 ml/I
27.85 2.28
0.838 = 0.083 100 mi/1
F- i HBo, 2y 062
100X &3] _ _ E =
I CoCl 6,0 0.025 0.0025 [
ZnS0, .7H,0 8.6 0.86 )
'CuSOy4 .5H,0 0.025 0.0025 10 ml/1
42




MISOUUIG . 28 | .22
NaMbO, JH,0 | 025 0.025
 m:INOSITOL 100 10 } [0mU/I
GLYCINE 2 0.2
PYRIDOXINE- 0.5 0.05
HCI
NICOTINE 0.5 0.05 10 mUI
ACID ~
THIAMINE 0.1 0.01

43




'BIO-DATA:

‘-Stream B. Tech Biotechnology

Name: Preeti Kaura -

CGPA: 7.5 :

| Industrial tramlng Biotech study and research centre, Chandlgarh
- | Achievements: Presented a poster in “National symposium on plant tissue culture and

.;Abib_tréchnology for food and nutritional security” at CFTRI, Mysore (11-13 march, 2013)

Email Id;_ kaurapreeti@yahoo.in

CUTiSh.
Name:-Leena Chopra %) A A

e

44




