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ABSTRACT
Throughout the advancement of human civilization, medicinal plants have contributed an immense role. The resources for 
traditional medicines and most of the modern medicines are obtained from medicinal plants. With the ever-increasing 
requirement for secondary metabolites, the medicinal plants are exploited all over the world, leading to the threat of their 
extinction. To combat the situation, there is an urgent need to establish a plan for their long-term conservation. Storage 
under in vitro cultures, though advantageous, is costly and susceptible to microbial contamination and somaclonal 
variation. The most competent and economical technique for long-term conservation is cryopreservation (in liquid 
nitrogen at −196 °C). Traditional techniques of cryopreservation were relied on freeze-induced dehydration and applied 
for conserving shoot apices and undifferentiated in vitro cultures of cold-tolerant medicinal plant species. However, ice 
crystal formation usually occurs inside the cell, which is detrimental to cellular structure integrity. As a result, 
vitrification-mediated new cryopreservation techniques were efficiently employed with all types of the explant. Besides, 
only small number of medicinal plants could be cryopreserved for their germplasm conservation, and continued efforts to 
establish cryopreservation protocols for a large array of medicinal plant species are needed. The objective of the present 
book chapter is to appraise the work carried out in the last one decade employing the diverse cryopreservation methods 
for the conservation of medicinal plants.
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INTRODUCTION
Conservation of genetic diversity in plant species used in 
traditional medicine and health care has become increasingly 
important, both in terms of adding economic value for 
biological resources and creating an economic stake for 
future domestication and cultivation. A combination of 
factors like overexploitation, habitat destruction and 
unsustainable harvesting, coupled with illegal trade 
practices, have driven many medicinal plant species to the 
brink of extinction (Rajasekharan and Ganeshan, 2010). 
Biotechnological approaches that support ex situ 
conservation programmes, besides complementing 
conventional methods, have the potential to broaden the 
genetic base in Rare, Endangered and Threatened (RET) 
medicinal plants. Cryopreservation, i.e., the storage of 
biological material at ultra-low temperature, usually that of 
liquid nitrogen, is the only technique currently available to 

ensure the safe and cost efficient long-term conservation of 
these different types of germplasms. At such temperatures 
metabolism gets virtually halted.

CRYOPRESERVATION
Cryopreservation is defined as the viable freezing of 
biological material and their subsequent storage at ultra-low 
temperatures (-196°c).

STEPS INVOLVED IN CRYOPRESERVATION:

Ø SELECTION OF PLANT MATERIAL

Ø PREGROWTH

Ø ADDITION OF CRYOPROTECTANTS

 - Vitrification

 - Cryoprotective dehydration
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-  Encapsulation and Dehydration

Ø

- Rapid freezing

- Slow freezing

- Stepwise freezing

Ø STORAGE

Ø THAWING

Ø DETERMINATION OF SURVIVAL/VIABILITY

-  TTC Method of staining

- Evans blue staining

- Fluorescien diacetate (FDA) staining

SELECTION OF PLANT MATERIAL
Morphological and physiological conditions of plant 

material influence the ability of explants to survive during 

cryopreservation.

FACTORS

Ø Tissue must be selected from healthy plants.

Ø Small, young, rich in cytoplasm, meristematic cells can 

survive better than the larger, highly vacuolated cells.

Ø Callus derived from tropical plant is more resistant to 

freezing damage.

Ø Water content of cell or tissue used for 

cryopreservation should be low freezable water, 

tissues can withstand extremely low temperatures. 

PREGROWTH
Pregrowth treatment protect the plant tissues against 

exposure to liquid nitrogen.Pregrowth involves the 

application of additives known to enhance plant stress 

tolerance.E.g. abscisic acid, praline, trehalose.Partial 

tissue dehydration can be achieved by the application of 

osmotically active compounds.

ADDITION OF CRYOPROTECTANTS
A cryoprotectant is a substance that is used to protect 

biological tissue from freezing damage (damage due to ice 

formation).They acts like antifreeze, they lower freezing 

temperature, increase viscosity and prevents damage to the 

cells.

There are two potential sources of cell damage during 

cryopreservation.

Ø Formation of large ice crystals inside the cell.

Ø Intracellular concentration of solutes increase to toxic 

levels before or during freezing as a result of 

dehydration.

FREEZING

Various cryoprotectants used are glycerol, dimethyl 
sulphoxide, mannitol, propylene glycol etc. DMSO is an 
excellent cryoprotectant, it is non-toxic, easily permeable 
and having low molecular weight and is easily washable 
from the cells. It is used in concentration of 5 to 10 %.

VITRIFICATION
It is a process in which ice formation cannot take place 
because the aqueous solution is too concentrated to permit 
ice crystals nucleation. Instead, water solidifies into an 
amorphous 'glassy' state.

CRYOPROTECTIVE  DEHYDRATION
Dehydration can be achieved by growth in presence of high 
concentration of osmotically active compounds like 
sugars, polyols and/or  in a sterile flow cabinet or over  
silica gel. Dehydration reduces the amount of water 
available for the ice formation and increases the osmotic 
pressure of the intracellular solution (the cytoplasm) which 
depresses its freezing temperature and promotes 
vitrification. If cells are sufficiently dehydrated they may 
be able to withstand immersion in liquid nitrogen.

ENCAPSULATION AND DEHYDRATION
This involves the encapsulation of tissues in calcium 
alginate beads which are pregrown in liquid culture media 
containing high concentration of sucrose. After these 
treatments the tissues are able to withstand exposure to 
liquid nitrogen without application of chemical 
cryoprotectants.
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FREEZING
Freezing can be achieved in three ways:

1. RAPID FREEZING:

The material is placed in vials and plunged into 
liquid nitrogen and decrease in temperature from -
300 to -1000°c/min or more occurs.

The quicker the freezing is done, the smaller the 
intracellular ice crystals are.

Rapid freezing has been employed for 
cryopreservation of shoot tips of potato, 
strawberry, brassica species.

2. SLOW FREEZING:

Tissue is slowly frozen with decrease in 

temperature from -0.1 to 10°c/min.

Slow cooling permits the flow of water from the 

cells to the outside, thereby promoting 

extracellular ice formation instead of lethal 

intracellular freezing.

This method has been successfully employed for 
cryopreservation of meristems of peas, potato, 
cassava, strawberry etc.

3. STEPWISE  FREEZING

In this method slow freezing down to -20 to 40c , a 
stop for a period of approximately 30 min and then 
additional rapid freezing to -196c is done by 
plunging in liquid nitrogen.

Slow freezing  permits protective dehydration of 
the cells and rapid freezing prevents the growing 
of big ice crystals.

The Stepwise freezing gives excellent results in 
strawberry and with suspension cultures.

 STORAGE
Storage of frozen material at correct temperature is as 
important as freezing.The frozen cells/tissues are kept for 
storage at temperature ranging from -70 to -
196°c.Temperature should be sufficiently low for long 
term storage of cells to stop all the metabolic activities and 
prevent biochemical injury.Long term storage is best done 
at -196°c.

THAWING
It is done by putting ampoule containing the sample in a 
warm water bath (35 to 40°c).Frozen tips of the sample in 
tubes or ampoules are plunged into the warm water with a 
vigorous swirling action just to the point of ice 
disappearance. It is important for the survival of the tissue 
that the tubes should not be left in the warm water bath after 
ice melts. just a point of thawing quickly transfer the tubes 

Ø

Ø

Ø

Ø

Ø

Ø

Ø

Ø

Ø

to a water bath maintained at room temperature and 
continue the swirling action for 15 sec to cool the warm 
walls of the tube. Tissue which has been frozen by 
encapsulation/dehydration is frequently thawed at ambient 
temperature.

DETERMINATION OF SURVIVAL/VIABILITY
Regrowth of the plants from stored tissues or cells is the 
only test of survival of plant materials. Various viability 
tests include Fluorescien diacetate (FDA) staining , growth 
measurement by cell number , dry and fresh weight.

Important staining methods are:

Triphenyl Tetrazolium Chloride (TTC) 

Evan's blue staining.

APPLICATIONS OF CRYOPRESERVATION

CONSERVATION OF GENETIC MATERIAL
Cryopreservation provides an opportunity for 
c o n s e r v a t i o n  o f  e n d a n g e r e d  m e d i c i n a l  
plants.Cryopreservation has been used successfully to 
store a range of tissue types, including meristems, 
anthers/pollens and embryos.

FREEZE STORAGE OF CELL CULTURES
A cell line to be maintained has to be subcultured and 
transferred periodically and repeatedly over an 
extended period of time. Cryopreservation is an ideal 
approach to suppress cell division to avoid the need for 
periodical subculturing.

MAINTAINENCE OF DISEASE FREE STOCK:
Pathogen free stocks of rare plant material could be 
frozen and propagated when needed.

COLD ACCLIMATIZATION AND FROST 
RESISTANCE
A cryopreserved tissue culture would provide a 
suitable material for selection of cold resistant mutant 
cell lines, which could later differentiate into frost 
resistance plants.

WHY IS CRYOPRESERVATION NOT MORE 
WIDELY ACCEPTED?

Unavailability of efficient and robust cryopreservation 
protocols applicable to many plant species and diverse 
germplasm types

Limited awareness of plant researchers unacquainted 
to recent developments in cryogenic storage methods

L a c k  o f  c o o r d i n a t e d  r e s e a r c h  o n  p l a n t  
cryopreservation. 

Ø

Ø

Ø

Ø

Ø

Ø

Ø

Ø

Ø
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CONCLUSION
With the increase in the demand for the crude drugs and 
plant-based medicine, plants are being overexploited, 
threatening the survival of many rare species. In vitro 
conservation of traditional medicinal plant germplasm is 
important  to support  chemical  analysis  and 
pharmacological and genetic transformation studies. 
Hence, cryopreservation is becoming a very important tool 
for long-term storage of germplasm using minimum space 
and maintenance and conferring genetic stability.
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