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Abstract

Globalization leads to the dynamic change in the lifestyle which has driven a boom in hepatic
diseases worldwide. As per the data reported by World Health Organization in 2023, around 4% of
the annual deaths (approximately 2 million annually) were reported due to liver related diseases,
with cirrhosis in which the major cause being caused by hepatocellular cancer whereas the smaller
number being caused by acute hepatitis. Although many existing medicines alleviate disease
symptoms, they are associated with side effects, necessitating alternative therapies, including
plant-derived bioactive phytocompounds. Picrorhiza kurroa, is a medicinal plant well known for
its hepatoprotective nature. Picrorhiza kurroa is classified within the family of Scrophulariaceae,
this plant is mainly present in the subcontinent area of South Asia which includes the Himalayan
regions of India, Bhutan, China, Pakistan & Nepal. Picrorhiza kurroa also referred as “Kutki” in
local language, is enriched in many bioactive compounds such as Picroside I, Picroside II,
Kutkoside and others, which are iridoid glycosides in nature and they cumulatively known as
Picroliv or Kutkin. These bioactive compounds exhibit strong immunomodulatory and
liverprotective effects. Existing studies highlight key advances in the production of Picroside
through different cultivation strategies, including micropropagation, cell suspension culture, and
meristem culture. However, techniques such as hydroponic cultivation are rarely reported.

Recent advances in Picrorhiza kurroa cultivation have opened avenues for formulating herbal
therapeutics ~ with  anti-inflammatory,  antimetastatic,  antiangiogenic,  antimicrobial,
chemoprotective, and antioxidant properties. This study will pave the way in highlighting the key
advancements of modern cultivation practices.
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INTRODUCTION: -

India had always been a demography with enrich vegetations and environmental conditions

supporting cultivation of the medicinal plants. Being the originator of Charak samita and with

ancient sculpture such as Ayurveda, India is one of the leading cultivator or medicinal plants of

immense therapeutic importance.

Among various diseases, World health Organization had reported the increasing mortality rate

attributed to hepatic diseases, which is affecting the population of different age group and race.

Medicinal plants emerge as a safe alternative for alleviating disease symptoms and diseases (Table

1) lists some of the therapeutically important hepatoprotective plants and their bioactive

compounds.
Table 1. Some commonly reported medicinal plants known for their hepatoprotective
nature.
S.No. | Medicinal plant Bioactive Mechanism References
compound
1. Silybum silymarin ~ complex| Stabilizes hepatocyte | [1]; [2]
marianum (silybin / silibinin) membrane; free radical
(Milk thistle) scavenging; anti-oxidant;
also increase protein
synthesis
2. Ocimum epicatechin, eugenol,| anti-oxidant, reduces| [3]; [4]
sanctum ursolic acid and hepatic inflammation
(Tulsi catechin
/Holy basil)
3. Curcuma longa | Curcumin ROS Scavenging,| [5]; [6]
(Turmeric/Haldi) antiinflammatory, anti-
fibrotic; prevents lipid
peroxidation
4. Picrorhiza Picroside I, Picroside | Anti-oxidant, anti-| [7]; [8]
kurroa 1 inflammatory, preserves
. hepatic enzymes
(Kutki)
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5. Glycyrrhiza Glycyrrhizin, reduces oxidative stress | [8]; [9]
glabra (Licorice) Gl hetinic acid and  reduced
yeyrhetinic act hepatocellular damage in
chronic hepatitis B& C
6. Boerhaavia Boeravinones, protects against| [10]
diffusa Rotenoids, Phenolic | druginduced
compounds hepatotoxicity

7. Andrographis Andrographolide Inhibits inflammatory | [11]
paniculata cytokines, enhances

(diterpenoid lactone) detoxifying enzymes.

Table 2. Picrorhiza kurroa: Bioactive compounds of therapeutic importance

Bioactive Compounds Reference
Picroside I [12]
Picroside 11 [12]
Picroside II1 [12]
Picroside IV [13]
Kutkoside [12]
Verminoside [13]

Picrorhiza kurroa is a medicinal herb that is commonly found in the northwestern Himalayan
region, in the Indian subcontinent [14]. This medicinal plant belongs to the family of
Scrophulariaceae and is found at very high altitudes, which range from 3000m to 4500m [15] .
“Kutki” and “Kutka” are other names of Picrorhiza kurroa in India. The ancient Indian Ayurveda
also documented plant use for its hepatoprotective properties [16]. It does show properties like
anti-oxidant [17], anti-inflammatory [18], anti-asthmatic [19], anti-microbial [20], antidiabetic
[21]. The recent studies have shown that under both in-vivo and in-vitro conditions; its bioactive
phytocompound, namely Picroside II can reduce metastasis and angiogenesis of cancer cell [22].

The current burden of hepatic disease requires the high demand of this plant, which is evident from
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the diverse metabolite pool and bioactivities shown by plant extract (Fig. 1). The emerging
cultivation strategies may be pivotal for scaling up the plant cultivation and production of bioactive
compounds of Picrorhiza kurroa. Many bioactive compounds from Picrorhiza kurroa has been

reported for their bioactivities such as Picroside (I, II, III, IV), Kutkoside, Verminoside (Table 2).

; . Endomicrobiome mediated variation
Picroside I'V . in plant response
Kutkoside (Tamang et al., 2023)

Picroside 111
Picroside IT Verminoside

Picroside I\ [/ /
~ '

Bioactive Effect of spectrum of light
compounds (Partap et al., 2025)
|
BIOACTIVITY OF PICRORHIZA KURROA
Anti-inflammatory Antioxidant and Chemo-preventive
effects
(Zhang DK etal., 2012) (Rajeshkumar and Kuttan, 2001)
Anti-microbial Anti-metastatic and Anti-angiogenic
(Thapa A et al., 2022). activity
(Lou Cetal., 2019)
Hepatoprotective
(Rajeshkumar and Kuttan,
2003)

Fig 1.: Picrorhiza kurroa: phytocompound diversity and associated bioactivity

Hepatoprotective mechanism

Picrorhiza kurroa is a well-documented plant rich in bioactive phytocompounds for alleviating
symptoms of hepatic disorder and conferring hepatoprotective properties. Picroliv (a standard
mixture of Picroside I and Kutkoside) demonstrated hepatoprotective effects against oxidative
damage and chemically induced carcinogenesis [23]. It helps in the reduction of lipid peroxidation
and the restoration of glutathione levels [23] . Recent studies show that Picroliv effectively

reduced tumor formation in chemically generated sarcoma and papilloma models [24].



BIO Web of Conferences 233, 02015 (2026) https://doi.org/10.1051/bioconf/202623302015
ICABB 2026

Anti- inflammatory response

The anti-inflammatory response is reported to trigger the expression of key pathways associated
with the expression of pro-inflammatory cytokines such as IL-1p and TNF-a. Picroliv treatment
significantly reduces the expression of pro-inflammatory cytokines such as IL-1$ and TNF-a. It
also suppressed the activation of NF-kB by reducing p65 expression. Additionally, Picroliv
diminished myeloperoxidase (MPO) activity, indicating reduced neutrophil infiltration, while
enhancing superoxide dismutase (SOD) levels, thereby strengthening antioxidant defense
mechanisms [18].

Anti-metastatic and Anti-angiogenic activity

Picrorhiza kurroa have bioactive phytocompound Picroside II which suppresses MMP-9 activity
and also suppress the tumor migration and invasion and angiogenesis in in-vitro and in-vivo model
[22].

Anti-microbial properties

It has been found that both ethanolic extract and the isolated picroside-I shows strong antimicrobial
activity against Yersinia enterocolitica in which cell lysis under SEM has been observed [20].
Antioxidant and Chemo-preventive effects

Picroliv from the Picrorhiza kurroa helps in the reduction of tumor incidence and restores

antioxidant enzymes which leads to the high survival chances in carcinogen- treated mice [24].

Recent advancements in cultivation strategies of Picrorhiza kurroa and bioactive compounds
There are different techniques, attracting scientific inclination towards propagation of medicinal
plant Picrorhiza kurroa with their own sets of efficacy and limitations (Table 3). Most studies on
the cultivation strategies of Picrorhiza kurroa primarily rely on efficient micropropagation using
phytohormones or on elicitor-mediated improvement in shoot regeneration [25] reported a
correlation between shoot regeneration and gene expression profile of Picroside biosynthetic
pathways [25] . Furthermore, ex-situ cultivation of Picrorhiza kurroa has shown the presence of
Picroside-I and Picroside-II in both roots/rhizomes and leaves, with levels varying with plant age
[26]. In another significant study, the effect of spectral light treatment on the Picroside yield of
different morphologies has been reported, indicating the possible association between

morphological state and abiotic culture conditions [27]. The detailed understanding of the pathway
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precursors is also useful in determining the flux of nutrient components of intermediates towards
secondary metabolite biosynthesis. A similar assessment has been reported in the study by [28].
Along with abiotic factors, the associated microflora (biotic factors) has scarcely been explored
for their effect on plant growth and metabolite yield. One of the studies has shown the relevance
of the diverse Endo microbiome of Picrorhiza kurroa in modulating plant growth and

Picroside yield. In the study, results showed a more diverse microbial composition in plants
propagated in in-situ conditions than in ex-situ conditions, and this was associated with variations
in responses [29]. The hydroponic cultivation studies for Picrorhiza kurroa is less explored [30].
Studies evaluating the endomicrobiome were important for developing a microflora-rich, efficient
agricultural practice to preserve the endangered plant germplasm and for developing cultivation
strategies. The studies are relevant for analyzing the roles of abiotic and biotic factors,
morphological forms, and in-situ or ex-situ cultivation environments in affecting plant growth and
metabolite yield. One of the significant studies shown an association between metabolic pathways
and endophytic communities were established. Providing an insight to the relevance of dynamic
endomicrobiome with plant mediated secondary metabolite pathways [29]. The studies also pave
the way for developing a robust, scalable strategy for the mass propagation of Picrorhiza kurroa
and for studying its impact.

Table 3: - Comparative assessment of different cultivation techniques for cultivation of
Picrorhiza kurroa.

Techniques Key parameter Efficacy Scalability | Cost Limitations

Micropropagation | Harnessing the| High Moderate | High Highly aseptic
totipotency of conditions
meristematic cells required’
Selective
media with high
purity
elicitors
increases

the cost.
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Cell  suspension| Friable cells| Moderate | High Moderate | Disposal
culture converted to challenges, SIP
suspension (Sterilization
culture; Every cell in Place)
is a
microbioreactor
responsible  for
large scale
production of
phytocompounds;
Hydroponics In-situ and ex-situ | High High Low Limited report
cultivation; on hydroponic
Lowcost media cultivation of
with maintained medicinal
osmolarity and plants
electrical including
conductivity
(CV); early Picrorhiza
acclimatization of kurroa
plant to
environmental
conditions

Conclusion and Future Prospects

In the raising demand of liver diseases and the limitation of the presence of synthetic drugs with
least side effects this Himalayan plant, Picrorhiza kurroa offers a promising as well as a safer
therapeutic alternative. It is a potent hepatoprotective herb because of its scientifically validated
bioactive compounds mainly Picroside I, Picroside II, Kutkoside and others. Recent breakthrough
in both in-situ cultivation as well as ex-situ cultivation significantly advanced our understanding
of picroside biosynthesis and yield optimization. A high value, endangered plant inhabiting the
higher altitude, the traditional practices to cultivate it are often limiting the germplasm
preservation, necessitating the development of alternative cultivation strategies, such as
hydroponics. Furthermore, the integration of biotechnology, molecular insights and controlled
cultivation strategies open strong avenues for development of sustainable cultivation approach for

Picrorhiza kurroa.
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Collectively, these advancements position Picrorhiza kurroa not only as a traditional remedy but

as a scientifically backed, future-ready phytotherapeutic resource with substantial clinical and

commercial potential.
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