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Abstract— Medicinal plants form the backbone of 
traditional healthcare systems and modern pharmaceutical 
development, yet many valuable species face declining 
populations due to overharvesting, habitat loss, and slow 
natural regeneration. Plant tissue culture has emerged as a 
dependable biotechnological tool for the rapid, disease-free, 
and genetically stable multiplication of such species. This 
paper examines the principal techniques of plant tissue 
culture, including micropropagation, callus culture, 
somatic embryogenesis, organogenesis, and 
cryopreservation, with particular attention to their role in 
the sustainable propagation and conservation of medicinal 
plants. The stages of micropropagation, the influence of 
culture media and growth regulators, and the applications 
of these methods in secondary metabolite production are 
discussed. Challenges such as somaclonal variation, 
contamination, and cost of establishment are also 
addressed, along with strategies to overcome them. The 
paper concludes that plant tissue culture, when integrated 
with conventional breeding and conservation practices, 
offers a scientifically sound and economically viable 
pathway toward safeguarding medicinal plant biodiversity 
while meeting the growing industrial demand for plant-
based therapeutics. 

Keywords: Plant Tissue Culture, Medicinal Plants, 
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INTRODUCTION 

Medicinal plants have supplied humankind with remedies for 
thousands of years, and a large share of modern 
pharmaceuticals still trace their origin to plant-derived 
compounds. The World Health Organization has repeatedly 
recognized the continuing reliance of a majority of the world's 
population on plant-based medicine for primary healthcare 
needs. However, the increasing commercial demand for 
medicinal plant material, combined with destructive harvesting 
practices, habitat degradation, and the inherently slow growth 
cycles of many species, has pushed numerous medicinally 
important plants toward scarcity or endangerment. 

Conventional propagation through seeds or vegetative cuttings 
is often inadequate to meet this demand because of low 
germination rates, long juvenile periods, genetic heterogeneity, 
and vulnerability to pests and pathogens. 

Plant tissue culture offers a solution to these constraints. 
Grounded in the principle of cellular totipotency, the idea that 
a single plant cell retains the genetic information necessary to 
regenerate an entire organism, tissue culture allows scientists to 
multiply elite or endangered plant material rapidly under 
controlled, aseptic laboratory conditions. Since the 
foundational work on nutrient media composition by Murashige 
and Skoog in the early 1960s, the field has expanded into a 
mature discipline encompassing micropropagation, somatic 
embryogenesis, organogenesis, hairy root cultures, and 
cryopreservation, each suited to different propagation and 
conservation goals. This paper explores these techniques in the 
specific context of medicinal plants, reviewing verified 
literature on their application, discussing the stages and media 
requirements involved, and evaluating their contribution to 
sustainable propagation. 

 

LITERATURE REVIEW 

The scientific foundation of plant tissue culture rests on 
standardized nutrient media formulations. Murashige and 
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Skoog developed a revised medium for rapid growth and 
bioassays that remains the most widely used basal medium in 
plant tissue culture laboratories worldwide, owing to its 
balanced macronutrient and micronutrient composition suited 
to a broad range of species. 

Building on this foundation, subsequent researchers examined 
how explant source and hormonal balance influence 
regeneration efficiency. Ozaslan, Can, and Aytekin studied the 
effect of explant source on the in vitro propagation of 
Paulownia tomentosa, demonstrating that the physiological 
state and origin of the explant significantly affect shoot 
proliferation and rooting success, a finding that has informed 
explant selection protocols for many other woody medicinal 
species. 

Reviewing the broader applications of tissue culture for 
threatened flora, Oseni, Pande, and Nailwal described plant 
tissue culture as a technique for the propagation and 
conservation of endangered plant species, noting that it enables 
rapid clonal multiplication of rare genotypes while also 
allowing pathogen elimination through meristem culture, a 
benefit particularly relevant for medicinal species whose wild 
populations have been reduced by overcollection. 

Somatic embryogenesis has proven especially valuable for 
species that are difficult to propagate by conventional cuttings. 
Ebrahimi, Mokhtari, and Amirian reported a highly efficient 
method for somatic embryogenesis of Kelussia odoratissima, 
an endangered medicinal plant native to Iran, achieving high 
rates of embryo induction from callus tissue and establishing a 
reliable pathway for large-scale conservation-oriented 
propagation. 

Beyond propagation for planting material, tissue culture is also 
used to enhance the yield of pharmacologically active 
compounds. Ali and colleagues investigated the production of 
biomass and medicinal metabolites through adventitious root 
cultures of Ajuga bracteosa under different spectral light 
conditions, finding that light quality could be manipulated to 
increase both root biomass and the concentration of bioactive 
constituents. Isah and colleagues, in a widely cited review on 
the secondary metabolism of pharmaceuticals in plant in vitro 
cultures, outlined strategies, approaches, and persistent 
limitations in achieving consistently higher yields of secondary 
metabolites through cell and organ culture systems, 
emphasizing that elicitation and precursor feeding remain 
central strategies for yield enhancement. 

 

The pharmaceutical relevance of tissue-cultured material has 
also been demonstrated at the level of specific bioactivity. 
Ahmad and colleagues examined the antidiarrheal potential of 
Viola canescens using both in vivo and in silico approaches, 
contributing evidence that plant material derived through 
controlled cultivation techniques can retain or even enhance 
therapeutically relevant pharmacological activity. 

On the conservation side, Panis, Nagel, and Van den Houwe 
reviewed the challenges and prospects for conserving crop 
genetic resources in field genebanks, in vitro collections, and 
cryopreservation in liquid nitrogen, concluding that combining 
in vitro slow-growth storage with cryopreservation offers the 
most secure long-term strategy for preserving genetic diversity, 
a conclusion equally applicable to medicinal plant germplasm 
banks. Finally, a comprehensive review by Hasnain and 
colleagues on the applications of plant in vitro propagation 
across food, pharmaceutical, and cosmetic industries 
highlighted that tissue culture technologies are increasingly 
integrated with industrial-scale bioprocessing to meet 
commercial demand for plant-derived bioactive compounds, 
while also cautioning that constraints such as contamination 
control and cost remain barriers to wider industrial adoption. 

Collectively, this body of literature indicates a clear trajectory: 
from foundational medium standardization, through explant 
and hormonal optimization, to species-specific propagation 
protocols, secondary metabolite enhancement, and finally 
integration with long-term conservation strategies such as 
cryopreservation. 

TECHNIQUES IN PLANT TISSUE CULTURE 

Several distinct but complementary techniques are employed 
depending on the propagation or conservation objective. 
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Technique Description Typical Use in 
Medicinal 
Plants 

Micropropagation 
(shoot tip/axillary 
bud culture) 

Multiplication of 
shoots from 
meristematic 
tissue under 
aseptic conditions 

Rapid clonal 
propagation of 
elite or disease-
free genotypes 

Callus culture Induction of 
undifferentiated 
cell mass from 
explants using 
auxins and 
cytokinins 

Source material 
for regeneration 
and secondary 
metabolite 
studies 

Somatic 
embryogenesis 

Development of 
embryo-like 
structures from 
somatic cells 
without 
fertilization 

Large-scale 
propagation of 
species with 
poor seed 
viability 

Organogenesis Induction of 
shoots or roots 
directly from 
explant tissue or 
callus 

Regeneration 
pathway for 
species 
recalcitrant to 
embryogenesis 

Hairy root culture Agrobacterium 
rhizogenes-
mediated 
induction of fast-
growing 
adventitious roots 

Enhanced and 
stable 
production of 
root-derived 
secondary 
metabolites 

Cryopreservation Storage of tissues 
at ultra-low 
temperature in 
liquid nitrogen 

Long-term 
conservation of 
endangered or 
elite germplasm 

Each of these techniques depends on carefully formulated 
nutrient media, most commonly based on the Murashige and 
Skoog formulation, supplemented with plant growth regulators 
in ratios adjusted to the desired morphogenic response. 

Growth 
Regulator 
Class 

Common Examples Primary 
Function in 
Culture 

Auxins Indole-3-acetic acid 
(IAA), Indole-3-butyric 
acid (IBA), 
Naphthaleneacetic acid 
(NAA) 

Root induction, 
callus initiation 

Cytokinins 6-Benzylaminopurine 
(BAP), Kinetin 

Shoot 
proliferation, 
cell division 

Gibberellins Gibberellic acid (GA3) Shoot 
elongation, 

breaking 
dormancy 

Others Abscisic acid, ethylene 
inhibitors 

Stress response 
modulation, 
embryo 
maturation 

STAGES OF MICROPROPAGATION 

Micropropagation, the most commercially applied tissue 
culture technique for medicinal plants, generally proceeds 
through four sequential stages. 

 

The initiation stage involves selecting healthy explant material, 
most often shoot tips, nodal segments, or axillary buds, 
followed by surface sterilization to eliminate microbial 
contaminants and establishment of the explant on an 
appropriate nutrient medium under sterile conditions. The 
multiplication stage follows, in which cytokinin-enriched 
media stimulate the proliferation of multiple shoots from the 
initial explant, allowing exponential increase in propagule 
numbers over successive subculture cycles. The rooting stage 
involves transferring proliferated shoots to auxin-supplemented 
media to induce adventitious root formation, preparing the 
plantlets for eventual transfer outside sterile culture. Finally, the 
acclimatization stage gradually exposes the rooted plantlets to 
ambient humidity and light conditions, allowing them to 
develop functional stomata and a waxy cuticle before 
transplantation into soil, a step that is often the most sensitive 
and determines overall propagation success. 

Applications in Medicinal Plant Propagation 

Tissue culture techniques serve several interconnected purposes 
for medicinal plants. They enable the mass clonal multiplication 
of elite genotypes that possess superior levels of desired 
bioactive compounds, ensuring uniformity in phytochemical 
profile, an important consideration for pharmaceutical 
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standardization. They also allow the production of pathogen-
free planting material through meristem culture, since actively 
dividing meristematic cells are largely free of viral particles, 
improving both crop yield and product quality. Furthermore, in 
vitro cultures serve as production platforms for secondary 
metabolites through cell suspension and hairy root systems, 
offering an alternative to wild harvesting for compounds that 
are otherwise extracted at low concentration from field-grown 
plants. Tissue culture-based germplasm conservation, including 
slow-growth storage and cryopreservation, provides a 
safeguard against the genetic erosion of medicinal species 
threatened by habitat loss, climate change, and 
overexploitation. 

 

CHALLENGES AND LIMITATIONS 

Despite its considerable advantages, plant tissue culture for 
medicinal plants faces several persistent constraints. 
Contamination by bacteria and fungi remains a recurring 
problem in laboratories lacking rigorous aseptic infrastructure, 
often resulting in significant culture losses. Somaclonal 
variation, genetic or epigenetic changes arising during 
prolonged callus phases or repeated subculturing, can alter the 
phytochemical profile of regenerated plants, which is 
particularly problematic when genetic uniformity is required for 
pharmaceutical consistency. Recalcitrance, the resistance of 
certain species or genotypes to in vitro regeneration, continues 
to limit the applicability of standardized protocols across the 
full diversity of medicinal flora. Additionally, the cost of 
establishing and maintaining tissue culture laboratories, 
including climate-controlled growth rooms, sterile equipment, 
and skilled personnel, can be prohibitive for smaller research 
institutions or community-level conservation initiatives in 
developing regions where many medicinal plants originate. 

Sustainability and Conservation Perspectives 

The sustainability value of plant tissue culture lies in its 
capacity to decouple the supply of medicinal plant material 
from pressure on wild populations. By enabling laboratory-
based mass propagation, tissue culture reduces the need for 
destructive wild harvesting, supports reintroduction programs 
for endangered species, and allows the establishment of in vitro 
gene banks that preserve genetic diversity independent of 
habitat conditions. When combined with cryopreservation, 
these gene banks can secure germplasm for decades with 
minimal space and resource requirements compared to field 
genebanks. Integrating tissue culture with participatory 
conservation approaches, such as involving local communities 
and traditional knowledge holders in identifying priority 
species, can further strengthen both the ecological and 
socioeconomic sustainability of medicinal plant propagation 
programs. 

CONCLUSION 

Plant tissue culture has matured into an indispensable tool for 
the sustainable propagation and conservation of medicinal 
plants. Through techniques such as micropropagation, somatic 
embryogenesis, organogenesis, and hairy root culture, 
researchers can rapidly multiply genetically uniform, disease-
free planting material while simultaneously enhancing the 
production of valuable secondary metabolites. The literature 
reviewed here demonstrates steady progress from foundational 
medium development to species-specific propagation protocols 
and long-term cryopreservation strategies, reflecting the field's 
growing capacity to address both commercial demand and 
conservation urgency. Challenges relating to contamination, 
somaclonal variation, recalcitrance, and cost remain, but 
ongoing refinement of protocols and wider institutional 
investment can help overcome these barriers. Ultimately, the 
continued development and responsible application of plant 
tissue culture technologies will be essential to ensuring that 
medicinal plant biodiversity is preserved for future generations 
while meeting the therapeutic needs of the present. 
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