Perspective
Volume 10:05, 2024

Journal of Biodiversity, Bioprospecting and Development

ISSN: 2376-0214 Open Access

Cryopreservation Techniques for Long-term Conservation of

Medicinal Plant Seeds

Aelira Dawnveil*

Department of Biogeography and Conservation Planning, University of Pécs, Pécs, Hungary

Introduction

Cryopreservation, the process of preserving biological materials at
extremely low temperatures, plays a crucial role in the long-term conservation
of medicinal plant seeds. As biodiversity faces increasing threats from habitat
loss, climate change, and over-harvesting, the need to preserve genetic
resources has become paramount. Medicinal plants, with their rich potential
for pharmaceuticals and natural health remedies, are of particular interest.
However, they are also often subject to depletion and extinction, necessitating
innovative conservation strategies. Cryopreservation techniques allow
for the indefinite storage of viable seeds and plant tissues by suspending
their biological functions, making them an essential tool for safeguarding
plant biodiversity and ensuring access to these critical resources for future
generations [1].

The principle behind cryopreservation is simple yet effective: cells,
seeds, and tissues are cooled to ultra-low temperatures, typically involving
liquid nitrogen at -196 °C (-320.8°F). At these temperatures, metabolic and
biochemical reactions are halted, essentially pausing cellular activity and
preventing degradation. The cryopreservation of seeds and tissues can extend
the lifespan of genetic materials far beyond what traditional seed banks can
achieve. Conventional seed storage techniques are limited by seed longevity,
as many seeds can only remain viable for a few decades, especially if they
are sensitive to the drying and low-temperature storage conditions commonly
used in seed banks. Cryopreservation, on the other hand, can theoretically
preserve plant materials for centuries or even millennia, offering a long-term
solution for the conservation of valuable medicinal plants [2].

Description

Medicinal plants are vital for both traditional and modern medicine, with
compounds derived from these plants often used in pharmaceuticals. Species
like Catharanthus roseus (source of anti-cancer drugs like vincristine),
Digitalis purpurea (source of cardiac glycosides), and Taxus baccata (source
of paclitaxel) underscore the importance of medicinal plants in healthcare.
However, the growing demand for these plants has led to overexploitation
and, in some cases, risk of extinction. Seed cryopreservation is particularly
important for such plants, as it provides a sustainable method for preserving
genetic diversity and ensuring that these species remain available for
research, restoration, and pharmaceutical production. Additionally, since
medicinal plants often grow in specific ecosystems with unique conditions,
cryopreservation allows us to protect genetic material without needing to
replicate or disturb their native habitats [3].
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Cryopreservation of medicinal plant seeds involves several techniques,
each with its own set of requirements, advantages, and challenges. These
methods generally include slow-freezing, vitrification, and encapsulation-
dehydration. Slow-freezing is a widely used technique in which seeds or
tissues are gradually cooled, allowing water to leave cells before ice crystals
form. This process reduces the risk of intracellular ice formation, which can
cause cellular damage. Slow-freezing is often followed by immersion in liquid
nitrogen for long-term storage. This method is effective for seeds and plant
tissues that can tolerate dehydration and controlled cooling rates [4].

Despite the significant advantages of cryopreservation, there are
challenges and limitations to its widespread implementation for medicinal
plants. One challenge is the variability in seed tolerance to freezing and
desiccation. While some species, particularly those with orthodox seeds, are
amenable to cryopreservation, others with recalcitrant seeds are more difficult
to preserve using conventional cryopreservation methods. These seeds cannot
survive drying and freezing, which limits the applicability of cryopreservation
for certain medicinal plant species. In such cases, alternative methods, such
as cryopreservation of somatic embryos or shoot tips, may be used. Somatic
embryogenesis and tissue culture techniques can help overcome this barrier
by enabling the cryopreservation of plant material that is more tolerant of
freezing than seeds [5].

Conclusion

Cryopreservation also plays a critical role in the context of climate
change, which poses significant threats to plant biodiversity worldwide. As
changing climates alter habitats and disrupt ecosystems, the conservation
of genetic resources becomes more urgent. Cryopreservation offers a
stable environment in which seeds and tissues can be stored unaffected by
external environmental conditions, providing a resilient backup in the face
of ecological uncertainty. For medicinal plants, this stability is particularly
valuable, as it ensures that plants with pharmacological potential are protected
from extinction and can be reintroduced into their native habitats or cultivated
for medicinal use as needed.

In conclusion, cryopreservation stands as a vital conservation strategy
for medicinal plants, offering long-term preservation solutions that surpass
the capabilities of conventional seed banks. Through techniques like slow-
freezing, vitrification, and encapsulation-dehydration, it allows for the storage
of seeds, embryos, and tissues at ultra-low temperatures, effectively halting
biological decay and preserving genetic material for centuries. Pre-treatments
with cryoprotectants and careful thawing processes ensure that seeds remain
viable after storage, while advancements in cryobiology continue to expand
the range of plant species amenable to cryopreservation. The potential of
cryopreservation to conserve medicinal plants is profound, providing a stable
and sustainable method to protect biodiversity, support medical research, and
safeguard natural resources against environmental change and human impact.
As science advances, cryopreservation will continue to play an indispensable
role in the conservation of medicinal plant diversity, helping to secure a future
in which these invaluable species remain accessible for research, restoration,
and therapeutic use.
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