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Abstract

Picrorhiza kurroa plantation varies from subalpine to alpine ranges 3000-5300 m (msl) observed extensively across North
Western to North Eastern Himalaya. International Union for Conservation of Nature and Natural Resources (IUCN) has
already listed P. kurroa and related species under endangered flora. Bioactive leads, primarily two major principle(s) picroside
I and picroside II besides many others, are derived from metabolic pathways especially in the underground roots cum
rhizomes after 3—4 years growth of this plant. Bioactive principles have been validated to revive vital function as evident from
large demand in local markets. The growing demand for plant derived chemicals as such in various pharmaceutical industries
has threatened the survival of many such endangered plant species. Researchers are developing alternatives for large scale
production protocols from laboratory scale, medium scale, large scale and commercial scale production of such bioactive
metabolites. Agrobacterium rhizogenes (Rhizobium rhizogenes) are virulent strains that often develop hairy roots. In vitro
protocols are quite effective while growing co-cultivated explants to develop hairy roots. Since hairy roots potential for
bioactive principles has been well documented, therefore, this particular review aims to highlight recent progress emphasizing
feasibility and further potential applications in developing commodities for local and global markets.
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Introduction

It has generally been observed that endangered plants of
the Himalaya that mostly (95%) are still being collected
from the wild to meet out the requirement of most of the
pharmacy (Chandra 2016). Picrorhiza kurroa Royle ex
Benth has emerged locally as the most promising plant
under cultivation through contract farming. Such farming
practices paying rich dividends to local community lead-
ing to their prosperity. Quality propagules have proven
potential for marketing by virtue of retaining the active
components picroside I, picroside II, Kutkoside and many
more beside sustainable practices for the germplasm
(Nautiyal and Nautiyal 2004). Since ancient time tribal
communities in Chamoli, Garhwal maintained Picrorhiza
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kurroa without much of gains in terms of livelihood
therefore this particular plants comes under community
plants. Recently these communities have begun cultivat-
ing this plant commercially with scientific inputs leading
to income generation upto a larger extent and providing
employment opportunities (Chand et al. 2016). Growers
organization at Ghaise (a remote village in Garhwal) situ-
ated in Deval block alongwith public—private partnership
presents a suitable case study in collaboration with an
International firm and the High Altitude Plant Physiology
Research Centre (HAPPRC) affiliated with Hemvati Nan-
dan Bahuguna Garhwal University, Srinagar, Garhwal
(Uttarakhand) (Bisht et al. 2011). Thus, cultivation of
Kutki in central Himalaya is contributing to the agricul-
tural economy through prospering regional community at
least upto moderate level resulting in enhanced livelihood.
Plant (Kutki) parts such as leaves, roots/ rhizome including
entire plant as such are frequently collected illegally from
the forest (Masood et al. 2015). Raising tissue cultured
plantlets even without genetic modification takes care at
least the origin of plantlets selecting the mother plants
required for micro propagation as a step zero. Bioactive
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metabolites from wild habitats of the plants are dependent
on climate change behavior resulting into multiple envi-
ronmental factors leading to undesirable bioactive prin-
ciples (Applequist et al. 2020). Since, commercial value
of Picrorhiza kurroa has already established which has
led more concerns about its sustainable harvest and con-
servation strategies. Reported literature emphasized that
several plant biomolecules are derived in infectious roots
from virulent strains of bacteria such as Rhizobium and or
Agrobacterium species/ strains. One such example is hairy
roots which develop after such infections where activity
of metabolic principles and their production reached at a
more beneficial level of their biogenesis (Georgiev et al.
2007). Different in vitro culture including plant cell/tissue
cultures, bioreactor cultivation are under practice since
1950s (Giri and Narasu 2000; Cui et al. 2011). Biogenesis
of bioactive principles (picroside I, picroside II, kutkoside,
picrotin and picrotoxinin) since triggered by elicitation
through desired elicitor(s), beside precursor feeding for
a desired product in in vitro cultures have been found to
facilitate many of times fair production levels of required
lead molecules (Biswas et al. 2023). Therefore, we intend
that much of studies though had been reported in the sci-
entific literature but hairy roots detailed observations in
terms of field grown/ greenhouse grown/in vitro grown
even during bioreactor parameter optimization with inocu-
lated hairy roots are not much defined. Thus, our aim is
to review and mining valuable information which in turn
would be beneficial to those who are optimizing various

Fig. 1 Picrorhiza kurroa
grown in pots containing soil
(collected from Dr NE Borlaug
Crop Research Centre, Pant-
nagar-263145): sand: compost
(obtained from cow dung
collected from Dairy Research
Farm) in the ratio of 1:1:1
w/w/w
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strategic steps of proceeding toward maximum benefit effi-
ciently. Figure 1.

In view of the described facts, we accessed the
availability of Picrorhiza kurroa (kutki) from grower’s
field in the central Himalaya. Plants were collected from
Jhuni, Bageshwar in the Northwestern Himalayan region
of Uttarakhand, India. These plants were growing at an
elevation of 520 m (1706.04ft) at coordinates 29.94°N
79.90°E, propagating through rhizome. During rearing of
kutki plants from grower’s fields these were maintained at
green house facilities grown in pots containing soil: sand:
compost in the ratio of 1:1:1(w/w/w) at an elevation of
243.8 m (799.8ft) and coordinates 29°N 79°E as well as
under laboratory in vitro practices.

Hairy root genesis
Stolon cuttings propagation

Vegetative propagation from stolon segments is effectively
achieved with water-dip irrigation practices for upto 48 h.
Stolon cuttings facilitate while used in trenches in order
to retain more moisture in the soil. This approach is easily
practicable for local growers especially when planting
material is available out of season. Stolon top segments are
found more suitable for multiplication. Rooting in these
top segments is typically observed after two to three weeks
(Nautiyal et al. 2001).
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Fig. 3 Hairy root development in Picrorhiza kurroa with the help of leaf pieces as explants under inoculation in MS basal medium with speci-

fied elicitors
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Fig. 4 Properties of hairy root affecting growth and development

overall active metabolite production in half and full strength
of MS medium (Verma et al. 2015; Parkhomenko et al.
2020).

Induction and establishment of hairy root culture

Figures 3 and 4.

Mode of action of elicitors

Elicitor-receptor interactions begin when the elicitor binds
to plasma membrane receptors (Kohl et al. 2019), trig-
gering calcium ion (Ca®") efflux from extracellular back-
ground and intracellular Ca** reservoir into the cytoplasm.
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Fig. 5 Representation of Biotic and Abiotic mode of action of elici-
tors in plant cells

This process activates signaling pathways, including mito-
gen-activated protein kinase (MAPKSs) and ion channels.
These pathways transmit the signal to downstream cas-
cades, inducing the production of reactive oxygen species
(ROS) and hormonal signals (jasmonic acid), which leads
to bioactive metabolite synthesis (Blume et al. 2000).
The interaction of multiple interconnected components
involved in signal transduction pathway makes the elicita-
tion process quite complex. This complexity leads to vari-
ations in plants responses depending upon the elicitor(s)

applied. Figures 5 and 6.
Y
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