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ABSTRACT

Picrorhiza kurroa Royal ex Benth, a Scrophulariaceae member, is an important and highly valued medicinal herb
endemic to alpine and sub alpine belts of the Indian Himalayas. Several monoterpenoid alkaloids are present in its
tuberous roots which are known as picroside I, picroside I, picroside 111 ,cathpol and anthocynin. The plant has been
overexploited for its valuable iridoid glycosides,and due to this environmental effect the plant is now considered in
endangered category. The depleting status of the herb in the wild needs implementation of conservation and
sustainable utilization practices. It is essential to apply biotechnological approaches to sustain the production of
picrosides ex situ using in vitro regeneration to ensure its proper utilization and constant supply of useful active
ingredients for nutraceutical and pharmaceutical applications. In the present research work, an attempt has been
made to propagate the plant through induction of callus from leaf and shoot explants followed by regeneration.
Different combinations of phytohormones based on usual practices of plant tissue culture were examined for callus
induction and subsequently regeneration. Maximum callus induction was observed in MS supplemented with 0.5 mg
L*TDZ + 0.3 mg L IBA and 0.5 mg L™ TDZ + 0.5 mg L™ IBA in leaf and stem explants respectively. Callus
derived from leaf and stem was transferred in  Shoot induction medium where maximum shoot frequency was
observed in1.0 mg L BA + 0.75mg L™ KN in leaf derived callusand 1.0 mg L™ BA + 1.0 mg L™ Kinetinin stem
derived callus respectively. Shoots thus obtained were transferred for induction of roots.
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INTRODUCTION

Picrorhiza kurroa Royle ex Benth belongs to Scrophulariaceae fansila imedicinal herbpmainly found in the
North-Western Himalayan regions of India at altéuof 3,000 to 4,500 1f6].lt is commonly known as kutki or
karu.P. kurroa is a rich source of hepatoprotective picrosidesrgside-i and picroside-ii and other metabolit&e li
picroside-iii, picroside-iv, apocynin, androsintezhol, kutkoside, etfl15] . In Ayurvedic medicine, the plant is
used as valuableitter tonic for liver diseases. Rhizomes and radtthis plant are widely used for the treatment of
a range of liver diseasd4,2,4]. The medicinal importance &. kurroa is due to its various pharmacological
properties like antioxidant (particularly in livefB], hepatoprotectivg5] antiallergic and antiasthamat|@],
anticancerous activity particularly in livd®] and immunomodulatory activity[8]. Increasing demands of
Picrorhiza kurroa Royle ex Benth metabolites in global market pasesrious threat to its natural habitat as well as
natural reserves. In the International Year of Maims (2002)Picrorhiza kurroa was listed as an ‘endangered’
herb due to reckless collection from its naturddita. It is therefore important to protect the @pe throughn vitro
techniques.

In recent years, tissue culture has emerged asriging technique to obtain genetically pure efitpulations
underin vitro conditions.In vitro propagation is a viable alternative for speciegctviare difficult to regenerate by
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conventional methods; where populations have deectkdue to over exploitation by destructive hamgsand can
effectively to meet the growing demand for clonallyiform elite plants and in conservation of geragph of large
number of threatened plafitQ]. In the present study, tissue culture has been tspdopagate and multiply this
species throughivitro regeneration protocol.

MATERIALSAND METHODS

Collection of plant material and establishment of axenic culture

The plants of Picrorhiza kurroa Royle ex Benth weslected from Garhwal region of Uttarakhand ia thonth of
July from farmer’s field. These plants were esgti#il in controlled environment containment fac{2$°C, 65.0%
RH) at Pantnagar.

Sterlization and inoculation of explant
The explants (leaves and stems) were surfaceiztelilExplants were cut into pieces of suitable $23cm), and
transferred to MS medium in culture vessels (jarttlds).

CallusInduction

The sterilized explants (leaves and stems ) wereulated in MS medium supplemented with growth latgus in
various combinationsiz. TDZ, 2,4-D, IAA, IBA, NAA and TDZ+NAA, TDZ+IBA, TIZ+IAA, 2,4-D+NAA, 2,4-
D+IBA, 2,4-D+IAA. The explants for callus inductiomere incubated in photoperiod of 16/8 hours with-233.75

u mol se? light intensity. After three weeks of culture, loaks proliferated from the explants and were sub
cultured to the new medium at 3-weeks interval.

Shoot Proliferation
Shoot induction and proliferation was carried oyom MS medium comprising cytokinin(s) in different
concentrations/combinations (0.0 mg+1.0 mg ). Three calluses were used per culture vessebiicate.

Rooting of Micro shoots
Root induction was attempted using micro shootd @ length) which were transferred to MS basal inred
supplemented with different auxin (s) in differeombinations/concentrations (0.4 mg-+1.0 mg *)

Observation
Callus induction frequency = No.explants producing callus x 100
Total No. of explants on callus induction media
Shoot induction frequency = No. of callus producing shoots x 100
Total No. of callus on shoot induction media
Root induction frequency = ‘Mbshoots producing roots ©10

Total No. of Shoots on root induction media
Culture Conditions
All cultures were incubated under 16 hr photopesigith light intensity of 27 — 33.75 u mol seand temperature
of 25+ ZC.

Sub culturing of regenerated Plants
During the course of present investigation, thdyfdifferentiated plants were subculture into fresmedium
supplemented with kinetin 1.5 mgHLAA 1.00 mg L*,GA; 0.5 mg L.

Acclimatization of rooted microplantlet
The well rooted microplantlets transferred in aldwed vermiculite and sand 1:1 ratio and were plage
greenhouse (Biotech product testing facility).

Statistical Analysis

All the experiments were performed in replicatelstek replicates each in callus induction, shoolifpration and
root induction for each combination of hormone tmeents were analyzed respectively. Mean valuesaobus
treatments were subjected to one way Analysis ofaviae (ANNOVA). Experiments were performed in iegles.

RESULTSAND DISCUSSION
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Increasing demands icrorhiza kurroa Royle ex Benth metabolites in global market pasegrious threat to its
natural habitat as well as natural reserves. Hl$® a native of very high altitude (3000 - 4500 naxjion; it is
therefore important to protect the species throiumghitro techniques, Since nursery et situ conditions at
Pantnagar cannot be maintained, thereforétro propagated plantlets were used for developingptb&ocols for
further caulogenesis and rhizogenesis.

In the present study an attempt has been madeitiaténand to establisin vitro regeneration protocol of
Picrorhiza kurroa Royal ex Benthfor their maintenance and generating sufficientnplenaterial through
indirect regeneration. In the optimization of regetion of plant, first callus induction was atteetp with
different sterilized explants (leaves and shooys3upplementing different concentration of auxind aytokinins in
MS-medium along with 3% sucrose and 0.7% agar.

The explants (leaves and shoots) were cultured & nmédium supplemented with different combinationd a
concentrations of auxin(s) (2, 4-D, 1AA, IBA, NAAAnd an analogue of cytokinin(s) (TDZ) to initiatallas
induction. Profuse growth of callus occurred witktinee weeks of culture in which MS supplementetth Wi5 mg
L TDZ + 0.5 mg [ IBA and 0.5 mg [ TDZ + 0.3 mg L* IBA were highly conducive for leaf explants, (Fig
Fig 2) and in case of shoot explants the best siaiuwas observed at 0.5 mg IDZ + 0.5 mg [* IBA, (Fig3,
Fig 4). The explants with callus induction frequemnd 100%. The callus obtained from leaf explantsvarge in
size as compared to shoot. WHile] reported that IBA (0.5 mgt) + 2,4-D (2.0 mg [!) was most effective for
callus induction (56.3%) iR. kurroa in case of leaf derived callus and 38.3% in cdsgtem explants. The reason
can be inherent quantity of growth regulators whiah selectively influence the genes to triggefediintiation of
cells in culturg13,14]. The growth of callus from explant(s) was suffi¢ianithin 25 days. However the culture for
long period resulted in release of phenolic compgisuin the medium causing necrosis. Frequent subaut at 2-
week intervals could minimize the accumulation be&polic compounds and increased the rate of pratitm.
Addition of anti-phenolic substances, such as #scoacid (0.5 mg L)) and different concentrations of PVP
(Polyvinylpyrollidone), 0.5, 1.0, 1.5, 2.0 mg'lwere tried to overcome this problem. 0.5 miRVP was found to
be most suitable for control of phenolic compounds.

In all combinations of MS with TDZ (0.5 to 1.0 mg)L+ NAA or IAA or IBA (0.3 to 1.0 mg [¥) callus induction
took place with callus induction percentage randiogn 40% - 100%. Callus formed was green with agerto
good growth (Fig 2and Fig 4 ) and average massecifrgm 1.234 g to 7.115 g in leaf derived calinsl 0.911 g
to 5.833 g in shoot derived callus (table 1).
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Figure 1 Leaf CallusInduction
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Figure 2: Callusinduction from leaf explantsof Picrorhiza kurroa Royal ex Benth. in M'S medium supplemented with 0.5 TDZ mg L-1 +
0.3IBAmgL-1 (a) Leaf explants (b) After 2weeksof culture(c) After 3 weeksof culture
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Figure 3: Shoot Callusinduction

Figure 4: Callusinduction from shoot explantsof Picrorhiza kurroaroyle ex benth. in MS medium supplemented with 0.5 TDZ mg L-1
+0.3IBAmgL-1 (a) shoot explants (b) After 2 weeksof culture (c) After 3 weeks of culture

Shoot proliferation

In this study regular sub culturing of callus aethweek intervals prevent cessation of growthegdly caused by
phenolic exudates, and promoted proliferation cesushecrosis. Also, these variations in the respofise
P. kurroa could be due to ecotypic differendd4]. Calli were transferred to shoot induction medicomprising of
MS medium + 3% sucrose and BA (0.0 mi§+ 1.0 mg [), 0.5% PVP were employed for control of phenoiits
shoot bud induction as well as shoot proliferatisedium also.

Shoot buds were subcultured at every three weédhs.maximum shoot proliferation and multiplicati@@®) was
observed on MS medium supplemented with 1.0 M@K + 0.75 mg * KN (Fig 5) with 88.88 % response in
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shoots derived from leaf callBig 6) and 1.0 mg EBA + 1.0 mg L*KN (Fig7) with 88.88% response in shoots
derived from shoot callus with a maximum of 37 skd@Big 8), within 3 weeks of culture under 16h photoperiod.
However, at higher concentrations of BA or kinetime rate of shoot proliferation declined per ermaWithin 4
weeks of culture, the shoots derived from leaf simaot callus proliferated and elongated to 1.5e5Fig 6) and
1.1-4.65cn(Fig 8) respectively in three to four weeks.

In some cases, growth was inhibited and only 8ethcould elongate; some produced compact calltiesase
of the explantgFig 8 c). Prolonged culture on the proliferation and miiltgtion media resulted in the blackening
of the basal ends of the developing shoots.
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Figure5: Shoot induction frequency from leaf explants

Figure 6: Multiple shoot induction from leaf derived callus explant in M'S medium supplemented with .00 BA mgL-1+0.75 KNmgL-1
(a) After 3weeks of culture (b) After 4 weeks of culture (c) After 6 weeks of culture
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Fig.7-Shoot Induction Frequency from shoot explant

Figure 8: Multiple shoot induction from shoot derived callus explant in M'S medium supplemented with 1.0mg L-1 BA +1.0 KNmgL-
1(a) After 2 weeks of culture (b) After 3 weeksof culture (c) After 6 weeks of culture

Rooting of Micro shoots

Elongated shoots (2-5 cm long) were rooted on %ngth MS basal medium supplemented with various
concentrations of 2,4-D (0.5, 1.0 mg)L.IAA, IBA (0.4, 0.5, 0.1 mg [!) and NAA (0.3, 0.4, 0.5, 1.0 mg*). Root
initiation took place within 12-13 days. Profuseting occurred on medium containing NAA (0.4 mg)land 2-
4,D (0.5 mg [})+NAA (0.4 mg L") with rooting percentage of 88.88% with a maximafml9 roots and 100%
respectively, in roots derived from leaf explagtsig 9). 100% rooting was observed in roots derived frdwmos
explants on medium containing 2-4,D (0.5 m§ L+ NAA (0.4 mg L) with maximum 16 roots(Fig 10). The
rooting ability was reduced with the increase ina@mntration of 2, 4-D, NAA, 1AA or IBA in the culta medium.
The percentage of shoots forming roots and daysdting significantly varied with different conceations of 2,4-

D, NAA, IAA or IBA. Complete plantlets (5-7 cm) werecovered after 6-8 weeks on rooting mé¢Hig 10C).
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Figure 10:Rooting of adventitious roots from leaf explantsin M'S medium supplemented with 0.4 mg L-1 NAA (a) Root initiation (b)
Root proliferation (after 20 days) (c) Root proliferation (after 30 days) (d)Complete microplantlet and Acclimatization of plant material
in plastic cups

Acclimatization of plantlets

After 30 days of culture of micro shoots on rootingdium, which resulted in the sufficient rootinigshoots, the
plantlets were transplanted to plastic cups coimgiautoclaved vermiculite and sand(1:1) ratio. Séhplastic cups
were then kept under polyhouse having temperatsi@ and 65.0% relative humidi(fFig 10(D)).

CONCLUSION

Picrorhiza kurroa Royal ex Benth, a well-known traditional herb loé Scrophulariaceae family is a perennial herb,
growing primarily in the north-west Himalayan Moaits. Endemic to alpine Himalayd’, kurroa grows wild at
altitudes ranging from 3000- 5000 meters. Indisorate exploitation, coupled with lack of attentiém the
development of cultivation practices has resultedansiderable depletion of the wild stocks of thisdicinal herb.
In fact P. kurroa is now listed as one of the endangered plant spegfidndia. Plant tissue culture offers the
possibility of rapid clonal propagation and immeeiaonservation of invaluable germplasm. In thes@né study, an
effort has been made to establistkurroa underin vitro conditions of tarai region at Pantnagar (Uttarakha
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