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ABSTRACT

The quality and quantity of a biological tissue sample is a major concern in
tissue preservation and DNA extraction. It affects the success of DNA
analysis and the overall quality of the final DNA profiling. DNA studies are
of utmost importance in biological sciences. A tissue sample has to be
properly fixed and preserved for its successful DNA analysis. Fixation of
tissue is an initial and important step in tissue processing in histological
examination. A fixative basically forms the cross-linking between the
proteins present in the sample to help in retaining its appearance for life
and hence it fixes the sample, whereas, a preservative is used to keep and
store the sample for a long time without getting degraded. Historically,
formalin and ethyl alcohol (ethanol) has been the most commonly used
fixative and preservative for biological specimens respectively. There are
different methods of tissue preservation which have been used earlier
which includes natural as well as artificial methods. Little is known about
natural substitutes of preservation. Less is known about the most suitable
method for DNA extraction and yield from them, in the past researches.
This review article is aimed to present an understanding of tissue
preservation methods. Moreover, because of the carcinogenic nature and
toxicity of formalin and considering it as a poor conserver of nucleic acids,
a quest for its substitute has already begun. In addition, the parameters of
different preservation methods with respect to DNA extraction are
discussed here.

Keywords: Tissue preservation, tissue fixation, DNA extraction, DNA
quantification.

INTRODUCTION

DNA studies carries overwhelming importance in biological sciences.
Although there is plenty of publications and reviews on DNA isolation
protocols from various preserved tissue types (Nishiguchi et al. 2002),
the essential prerequisite for successful extraction is the presence of
(ideally good-quality) DNA. Hence, appropriate preservation of the tissue
samples is indispensable. In this field, there is still a certain lack of studies
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summarizing applicable methods for specific tissue
storage. Almost all research institutions and laborato-
ries working with biological material are faced with
this issue, either no special attention is given to that
and long-established methods are used irrespective of
specific needs or different types of biological materials,
or specific preservation methods are actually being
tested and optimized without publication of experie-
nces and results (Kumar et al. 2018). An ideal fixative
is the one which is little to non-toxic, give morphologi-
cally clear and understandable results, good quality of
staining can be performed and most importantly
allows to preserve nucleic acids at affordable rate. An
optimal preservative should be non-toxic and allow for
detailed morphologic analysis, high-quality special
histochemical and immunohistochemical staining, and
good preservation of DNA and RNA at a reasonable
price. Due to the non-availability of such a fixative/
preservative, it is needed to find the pros and cons of
the existing and upcoming fixatives (Moelans, 2012).
Here we present an overview of available preservation
techniques with regards of different tissue types,
duration difference and different temperatures. In the
current paper, we present an update by citing some
further techniques and a couple of recent
developments, while focusing on the possible (dis)
advantages, practical considerations and feasibility
issues for preserving the tissue samples.

Fixatives

The basic function of a fixative is to fix a sample so that
it will maintain its composition and morphological
appearance over time. This is done by stabilizing the
proteins within a tissue. It also help to enhance
staining of the sample. Formalin is one of the most
widely used fixatives since ages. It is generally used in
the concentration of 10% which is prepared by adding
water to formaldehyde solution (commercially
available) in the ratio of 9:1. Bases such as sodium
hydroxide, sodium tetraborate can be added if one
needs to neutralize the acidic effect of the

formaldehyde solution (Martin, 2004).

A tissue should not be left in a fixative for long time as
this will make the tissue fragile and susceptible to
damage. The tissue should be cleaned in distilled water
prior transferring it to a preservative which will
maintain the tissue for a long time (Martin, 2004).

Formalin leads to degeneration of DNA so it interrupts
in extraction of nucleic acids from a tissue (Bucklin

and Allen, 2003). It has been reported in the past
researches that DNA extraction has been possible even
from specimens which were decades old. It has been
recommended in the literature that fixation step is not
suggested if any work related to DNA has to be done
on a sample. (France and Kochler, 1996; Bucklin and
Allen, 2003, Martin, 2004).

Preservatives

A preservative aims to provide a bacterial and infesta-
tions free environment to the tissue for long-term
storage. Historically, ethanol is the most widely used
preservative. It is generally used in the concentration
of 70% -75%. It has been reported in the past litera-
ture that ethyl alcohol, being the primary component
of liquor can be used in different concentrations for
preservation of tissue Additionally, hard liquors can
also be used for the same purpose (Martin, 2004).

Fixation, Preservation & Conservation

Tissue fixation is an essential step for the proper
assessment and preservation of biological samples.
Fixation aids in short term storage of tissue (Martin,
2004; Bhattacharyya et al. 2018; Gunasekaran et al
2019). Preservation is an act or process of preserving,
or keeping safe; the state of being preserved, or long
term protection from deterioration whereas Conserva-
tion is a method of carefully preserving and protecting
a specimen, and embalmment is a process of treating a
dead body with specific chemicals in order to prevent
the dead body from decay. These phrases define show
that the words ‘preservation’ and ‘conservation’ may
be replaceable, there are favored by different langua-
ges differently. Whereas the countries which uses
German language rely more often on the word ‘conse-
rvation’ of a human body, the term ‘preservation’ is
used in English. However, both the terms involves
more than the only process of embalming, which uses
specific chemicals on a body (Brenner, 2014).

It has been seen that DNA profile cannot be generated
in many cases of sexual assault where pregnancy is
terminated and foetus tissue is not properly preserved
due to which the accused escape conviction (Kumar et
al. 2018). Moreover, in cases of Disaster victim
identification (DVI) which often occurs in remote
with of temperatures and

Access to mortuary facilities and
refrigeration are not always available. An effective and
robust DNA sampling and preservation procedure
would increase the probability of successful DNA

locations extremes

humidities.
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profiling and allow faster repatriation of bodies and
body parts (Connell et al. 2018).

There are different preservatives which are used to
preserve a tissue or a specimen in the process of
preservation. There has been tremendous research in
order to replace formalin with other fixatives having
lesser side-effects, but the outcomes have not been
upto the mark, leading to changes in morphology of
cells and the ability to be specifically recognized by the
antibodies generated as a result of the immune
response to the given substance (Paavilainen et al
2010). It is very much required to find an alternative
to formalin fixation, which can offer better
performance technically and is lesser toxic for health
workers (Buesa, 2008). Nevertheless, the quality of
any sample can be affected by various variables which
include factors like sample acquisition, mishandling of
sample, improper storage, and inadequate processing.
In this process, proper long-term storage plays a key
role in the preservation of tissue quality (Anton et al.
2015; Dawst et al. 2015). In this review article, the

commonly used preservatives which include
formaldehyde, non-formaldehyde, ethanol, saline,
DMSO-salt solution, Glutaraledhyde and natural

substitutes to formalin will be discussed.

Tissue preservation can be done either by a natural
mean or an artificial one. Natural mean include
removing moisture content of a sample by dry cold or
by dry heat or by freezing them. Liquid nitrogen is
considered as a gold standard in tissue preservation
(Mirabet et al. 2008; Mercuri et al. 2013). It has been
reported that ultralow-temperature freezers can be a
substitute to liquid nitrogen for long-term storage
(Andreasson et al. 2013; Auer et al. 2014). Due to the
limited accessibility of both the above-mentioned
methods, it is required to find substitutes that are
required to be assured about the tissue quality after
collection. In contrast, artificial means of preservation
involves use of simple heat or cold, powders, arterial
and cavity injections during embalming and use of
preservatives such as formalin, ethanol (ethyl alcohol),
normal saline etc. (Brenner, 2014).

Preservatives commonly used in the literature
Formalin

It is made of a saturated water solution which contain
39-40% of formaldehyde. It was discovered in the
year 1869. Formaldehyde is usually in the form of a
white hydrated solid polymer consisting of 80-100
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methanal units (polyoxymethylene) called paraform or
paraformaldehyde. It is used in the manufacture of
adhesives, in animal nutrition and agriculture,
cosmetics, deodorants, detergents, dyes, explosives,
and many more which makes it a substance easy to
come in contact with different concentration levels
and environments. Formalin has been regarded as the
“gold standard” in fixation of tissue and found to be an
outstanding preservative (Shian et al 2016;
Bhattacharyya et al. 2018). It is also used as an
embalming fluid. It is comparatively lower in price
than other preservatives available in the market. It is
well applied on the tissues and has anti-bacterial and
anti-fungal properties which helps in retaining the
tissue in a life-like stage. It maintains morphology of a
tissue for long time, allows histologic stains and hence
aids in immunochemistry results (Moelans et al. 2011).
The volume of formalin needed to fix a specimen is not
generally agreed. Different values of formalin have
been argued upon (Buesa and Peshkov, 2012).

Since the use of formalin can be hazardous to its
workers, the International Agency for Research on
Cancer has categorized formaldehyde to (group 1)
“carcinogenic to humans” (Cogliano et al. 2005). The
yield and quantity of nucleic acids is affected due to
the cross-linking agents in formalin. These agents not
only have adverse effect on immunohistochemical
testing but they also denature the DNA (Shibata, 1994;
Lewis et al. 2001; Jones, 2007).

Duval K et al. 2010 demonstrated in his study that
buffered formalin or the alcohol-based fixative
GenoFix can be used for preservation to extract DNA
from cells or tissues competently.

Formalin is used in the form of formalin fixed, paraffin-
embedded (FFPE) blocks in clinical and research
laboratories. In this process, tissue fixed in formalin
underwent a short process which produce a FFPE
block (Grizzle, 2009; Bonin et al. 2010; Sadeghipour
and Babaheidarian, 2019). In tissue preservation,
formalin fixed, paraffin-embedded (FFPE) blocks have
a great role in maintaining the tissue for years. These
blocks have been reported to preserve tissues at room
temperature without any degradation. They allow for
extraction of nucleic acids along with their
histopathological analysis (Moelans et al 2011;
Ludgya et al. 2012; Patel et al. 2016; Carlsson et al.
2018; Nikolaou et al. 2013; Suhovskih et al. 2019).
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The severe smell of the formaldehyde has a negative
impact on health workers (Campbell and Margrave,
1998; Shi, Shao and Yin, 2012; Bhat et al. 2019).
Formalin as a preservative lead to health issues, leads
to discolorations, remove the moisture from tissues,
and has an unpleasant odor (Shian, et al. 2016). It is a
highly toxic systemic poison that is absorbed well by
inhalation. The vapour is a severe respiratory tract and
skin irritant and may cause dizziness or suffocation.
Contact with formaldehyde solution may cause severe
burns to the eyes and skin (Lu et al 2010;
Gunasekaran et al. 2019). Different systems of human
body has been found to be adversely affected with the
use of formalin (Patil et al. 2013; Bhattacharyya et al
2018).

Bajracharya described in the paper his first experience
in Anatomy dissection classes in which they had used
the embalming solution containing chemicals namely
Phenol, Borax, Sodium citrate, Formalin, Methanol,
Glycerin and Water (Bajracharya and Magar, 2010;
Balta et al. 2018). Another study which was carried out
for the duration of five years in the Goa Medical
College Bambolim (India) used total hundred cadavers
which were embalmed with formalin, water, methyl
alcohol, glycerin, cetrimide, eosin, eucalyptus Oil.
Results showed that no fungus was found in intact
bodies which were kept for five years but minimal
growth of fungus could be found after a period of
twelve months in the dissected cadavers which were
kept separately containing 10% formalin (Natekar and
DeSouza, 2012).

Kalanjati et al. (2012) in his study used low formalin
(5-7.5% formaldehyde) technique which comprised of
7.5% formalin as the active fixative, glycerin, phenol
powder and tap water, which resulted in paling of
cadaver with more as a whole and easier to dissect
specimen (which were drier and still moist with
absence of any fungal growth).
Considering the negative toxic effects of
formaldehyde-based fixatives and the past researches
that indicates that it hamper the recovery of nucleic
acids, an urge to seek alternatives for formaldehyde
based solutions has 2008;
Bhattacharya et al. 2018).

started (Buesa,

Non-formaldehyde Solution
In literature, tissue fixative efficacies of non-formalin
fixative agents such as jaggery, ethanol have been

compared with formalin. They have found to give good
results depending on the time variability of their
preservation (Lam-ubol et al. 2018).

The recent publication by Hauptmann et al in the
Journal provided clear evidence for increased
mortality from cancer induced by exposure to
formalin, as outlined by The Final Report on
Carcinogens Background Document for Formaldehyde
of the National Toxicology Program, 2010.

A study demonstrated the use of non-formaldehyde
solution to preserve a specimen so as to avoid the toxic
effects of formalin. This study on rabbit cadavers was
conducted using improved or non- formaldehyde
preservative which used a mixture of acid along with a
buffer solution (85%) and an agent i.e. Tetrakis
hydroxymethyl phosphonium salt (THP salt) (15%)
which will cross-link and act as mildew preventive,
stabilizer and fixative respectively. The results
obtained by this method in terms of preservation and
fixation were not only comparable to that of
formaldehyde. Additionally, it had low volatility and
smell and protected the specimen form bacterial
infestations. Considering, its advantages over
formaldehyde solution, this solution is recommended
for future usage in tissue preservation (Shi et al. 2012).

Ethanol

Fixatives which are alcohol-based are regarded as one
of the most promising substitutes to potentially
carcinogenic formalin in tissue preservation. 95%
Alcohol is a widely used preservative in Fine Needle
Aspiration Cytology (FNAC) which although readily
available, has a number of limitations for use. It is an
easy to use but an expensive fixative and hence subject
to pilferage. Also, it is a volatile liquid with an irritant
smell and is said to be carcinogenic (Ishaq et al. 2017).
Literature confirms that the fixation by alcohol has
been found to be superior than that by formalin, if DNA
and RNA extraction has to be performed from paraffin
blocks, even after a long duration of fixation by alcohol
(Perry et al. 2016; Chung et al. 2017; Panzacchi et al
2019).

Different concentrations of alcohol to be used as a
preservative have been debated in the literature. 70%
by volume in water act as an effective biocide (Waller
and Strang, 1996). However, with 70% ethanol, a high
degree of degradation has also been observed, even
after one year. An alternative is 70% ethanol diluted
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with 1xTE buffer (instead of water), which yields good
results (B. S. Hedges pers. comm.) According to plenty
of test, the optimal concentration is about 95- 99%
(King and Porter 2004, who also compared with
isopropanol). EDTA (ethylenediaminetetraacetic acid)
can be added to 95% ethanol (Dessauer et al. 1996).
70-80% ethanol with 1-3% glycerine keeps the
specimens moist if the alcohol evaporates (Bechmann,
2011). However, in the latter case similar quality loss
can be expected as with slightly diluted ethanol.
Absolute ethanol may not be the optimal medium as it
is the most expensive and can contain traces of
benzene that seriously affect DNA preservation.

In the recent Journal of Histochemistry &
Cytochemistry (JHC) article by Perry et al., a fixative
mixture designated “buffered ethanol 70%” (BE70)
was judged best for preserving structural integrity,
providing satisfactory immunostaining with three
commonly used antibodies, and for allowing optimal
extraction and amplification of nucleic acids (Kiernan,
2017). Recently, Weigners fixative (WF), a nitrite
pickling salt solution composed of ethanol and Pluriol,
has been introduced as an alternative to formalin for
embalming of cadavers (Janczyk 2011;
Klopfleisch et al. 2012).

et al

Past studies have proposed less toxic cross-linking
fixatives which are alcohol-based and non-cross-
linking fixatives as NBF alternatives. These fixatives
have found to perform fixation at a good rate,
eliminates the risk of cancer by eliminating the
carcinogen vapors, better nucleic acids preservation
and allows good staining for histological examination.
There are few disadvantages also associated with it
which include variance in staining of tissue, RBC
breakage and high volatility etc. (Boestik et al. 1994).
Various researches on ethanol as a preservative has
demonstrated that health risk issues associated with it
are lesser.

Shian et al. (2016) conducted a study which demon-
strated that ethanol's preservative formula can be
used as a substitute in place of formalin as presser-
vative formula in terms of color, odor and consistency.

Another study which compared embalming fluids to
check the quality of preservation
histological features in human cadavers revealed that
the clearest morphology was observed in the skin and
skeletal muscle sections, and in tissues embalmed with

in terms of

www.ijlsci.in
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fluids which do not contain phenol (Nicholson et al
2005).

Phenoxyethanol

Phenoxyethanol has been proven to be a viable
replacement of formaldehyde. It's efficacy as a
preservative and fixative is supposed to be better than

formalin. In addition to avoid the well-known
hazardous effects of formaldehyde, the use of
Phenoxyethanol also prevents the pungent and

irritating smell associated with formalin and other
local and systemic manifestations of its toxicity
(Chhabra, 2020).

So in order to get rid of irritating and potentially
hazardous chemicals, phenoxyethanol has been
proven to be a good alternative for preserving human
biological tissues. This is relatively less toxic and cost
effective to ethanol. In 1989, Wineski & English,
conducted a study on 138 human cadavers which
suggested that phenoxyethanol is an excellent, easily
manageable alternative preservative to standard
formaldehyde/ phenol-based fluids.
comparable with those described by Frolich et al in
the year 1984.

Results were

Natural Substitutes

Literature search reveals very sparse studies on
natural substitutes for formalin. The health concerns
with formalin can be avoided by using alternative
fixation methods and fixatives. Natural substitutes
such as honey which is a natural organic product, is
odourless and not known to cause any disease.
Moreover, it is relatively cheaper and not prone to be
mishandled, making it an efficient contender for use as
a fixative (Ishaq et al. 2017). Studies have shown that
natural substitutes such as honey, sugar and jaggery
are capable of tissue preservation which is comparable
to formalin and helps in immunohistochemical
staining (Sabarinath et al. 2014; Patil et al. 2015).

Studies have been conducted on the fixative characters
of natural substances such as honey, sugar syrup,
jaggery syrup, Khandsari etc. to check if an alternative
to formalin can be adopted (Patil et al. 2015). They
have been found to be dehydrative and protective in
nature and results obtained were similar to formalin in
efficiency (Emsen, 2007; Ozkan et al. 2012; Sabarinath
et al. 2014). A study has reported that honey can be
used in successful transportation for direct immuno-
fluorescence (DIF) for skin biopsy (Rao, 2017).
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Gunasekaran et al. (2019) conducted a study on thirty
tissue samples obtained from normal gingiva patients
using two natural fixatives i.e. Apple cider vinegar and
Honey Lemon Ginger Tea extract. It was done to
eliminate the toxic effects of harsh chemicals and to
determine the best fixation among the two. Tissues
were analyzed for histological features and results
were compared statistically. Out of the two, apple cider
vinegar was found to give good results than honey
ginger lemon tea after comparing with formalin.

Another study included jaggery as it is also one of the
natural sweetener derived from sugarcane. Study
concluded that honey and jaggery in particular amount
is able to fix the oral smears efficiently in a mechanism
similar to alcohol by coagulating and denaturing
proteins (Pandiar et al. 2017).

A study conducted on goat tissue recommended
jaggery syrup as an equally effective formalin
substitute which had compared fresh tongue fixed in
honey, sugar syrup and jaggery syrup (Bhattacharyya
et al 2018). Studies have shown that histological
features such as overall nuclear detail, cytoplasmic
details and nuclear staining quality of the tissue was
found to be better in jaggery syrup than conventional
method of formalin fixation (Patil et al. 2013; Patil et
al. 2015; Sinha et al. 2017).

Studies have found that honey has always been
considered as wonder component as it has
antimicrobial agents which are capable of preserving
any specimen without having any toxic effects on its
workers. Honey has anti-oxidative and antibacterial
effects as its pH concentration is low and osmolarity is
high. Moreover, studies have demonstrated that honey
has acidic and dehydrative properties. Various studies
have recommended honey as a natural substitute to
histochemical and

formalin in conventional

immunohistochemical staining methods.

Honey cannot be used in large scale due to its
unavailability universally and the fact that it is
expensive, sugar and jaggery have started being
chosen as a substitute for formalin (White, 1978;
Maaini and Bryant, 2006).

Normal Saline

Saline is in the crystalloid family of medications. It is
most commonly used as a sterile 9 g of salt per litre
(0.9%) solution, known as normal saline.

Its efficiency and reliability as a soft tissue
preservation method leading to recovery of DNA
samples suitable for polymorphic loci analysis has
been reported (Caputo et al. 2011).

Kumar et al. (2018) conducted a study in which they
had taken three types of samples from foetus i.e. One
was toe, limb (leg) in normal saline and rest upper
major part of the foetus in formalin. Phenol-
Chloroform Extraction method was applied to isolate
DNA. This study concluded that normal saline gave
better DNA quality, quantity and DNA profiles
compared to formalin. Al-Hubaity and Al-Saraj had
carried out work on saturated table salt and suggested
that it could be used in place of formalin to preserve
bodies (Al-Hubaity, 2003). Al-Saraj worked on
saturated sodium chloride solution and concluded that
it can be used as a fixative in histopathological
procedures. The results obtained were same as that
obtained by using conventional formaldehyde. An
added advantage of saturated sodium chloride was
that it did not cause any distortion of the cell.

It has been noted in an observation that often
operating surgeons, oral surgeons and dentists do not
have the required fixatives available to them in their
surgery, and a common practice followed is to initially
keep the removed tissue in normal saline, before
transferring it to a fixative later. The tissues kept in
normal saline before fixation underwent various
changes. In no way should normal saline be used, even
for a short time, to store and transport excised tissue;
it is imperative that such tissues be placed
immediately in a proper fixative like 10 % formalin

(Sengupta et al. 2014).

Dimethyl Sulphoxide (Freezing)

The discovery that glycerol acts as a protective
substance to prevent damage to cells by freezing has
allowed the development of reliable methods for the
routine culture cells at low temperature. An attempt
has been made in which chick embryo fibroblasts were
prepared from embryos to estimate the cell viability
by using Dimethyl Sulphoxide. It permitted the
recovery of a very high proportion of the frozen cells
with little or no impairment of their ability to grow in
vitro (Dougherty, 1964).

Ice-free vitrification
Ice-free vitrification of biospecimens is an alternative
cryopreservation strategy to conventional preserva-
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tion by freezing. Vitrification is the amorphous
solidification of a supercooled liquid. This state is
achievable by adjusting the cryoprotectant
concentration and cooling rate to minimize nucleation
and growth of ice crystals. The cooled liquid is then
converted to a glassy state, notice. Without ice crystal
formation, the biospecimens’ extracellular matrix and
cell viability is often better preserved.
vitrification has major advantages for preservation of
ovaries, heart valves, articular cartilage, and both
natural and tissue engineered blood vessels, protecting
the extracellular matrix and cells. In the extreme case
of articular cartilage freezing results in less than 20%
cell viability in contrast with 280% after ice-free
vitrification. (Brockbank et al. 2014).

Ice-free

Hanks and Wallace, 1949 made an inquiry into
conditions which may influence the viability of 1x1 cm
areas of biopsied rabbit skin during refrigeration at
0°C and 68°C. He used Mineral oil and rabbit diluted
serum as preservative. The results were approx. 50%
of the cells remained alive during first week. No cells
survived after preservation in oil for two weeks which
indicates that 10% serum is superior to mineral oil as
a refrigeration menstruum because it provides
nutrient and dilutes or buffers the acids which result
from metabolism.

DMSO Salt Solution

William Kilpatrick, 2002 conducted a study which
aimed to compare the abilities of three chemical
methods of tissue storage to prevent degradation of
DNA in the absence of refrigeration or freezing. In this
study liver, a soft tissue typically used for DNA
extraction, was collected from three white-footedmice.
Minced liver was stored at room temperature in 20 mL
polyethylene scintillation vials in one of three chemical
preservatives; 95% ethanol (Sibley and Ahlquist,
1981), DMSO-salt solution (Seutin et al. 1991), or lysis
(Longmire) buffer (Longmire et al. 1997). The results
showed that greatest DNA extracted from DMSO salt
solution preserved tissues compared to lysis buffer or
ethanol.

Glutaraledhyde

Glutaraledhyde successfully used by Harries and Tank
in 1908 exhibited properties that were many ways
superior to formaldehyde in fixation of proteins in
electron microscopy. It is a 1, 5-pentanedial; 1, 5-
pentanedione; glutaric dialdehyde, pungent colorless

www.ijlsci.in
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liquid marketed as Cidex, Sonacide, Sporicidin, Hospex
and Omnicide used as a chemical preservative. It kills
the cells quickly by crosslinking their proteins. It is
frequently used as a disinfectant and sterilizing agent
as bacterial, sporicidal, fungicidal and viricidal against
bacteria and viruses, an embalming fluid and tissue
fixative, a component of leather tanning solutions and
an intermediate in the production of certain sealants,
resins, dyes and electric products (Natekar and
DeSouza, 2014).

A study performed in Goa Medical College (India)
reported that Glutaraledhyde with other chemical
compositions such as Methyl alcohol, Glycerin,
Cetrimide, Eosin and Eucalyptus oil was proved to be
very effective in preservation of cadavers as it
prevented bacterial and fungal growth and the
deterioration for upto four years. The cadaver
remained hygienically safe, very supple, shows life like
appearance with no rigidity and hardness (Natekar
and DeSouza, 2014).

RNALater

RNAlater Stabilization Solution (Ambion, Darmstadt,
Germany) is an aqueous ammonium sulfate tissue
storage reagent. It is a stabilizer, which was originally
developed for RNA preservation in fresh tissues and is
important for collection and transportation (Wang et
al.  2018). Histological and immunohistochemical
(IHC) analysis of any tissue involves formalin fixation
of biological material with subsequent production of
paraffin blocks.

RNALater comes to rescue in cases where it is not
possible to use formalin as a fixative. It is known to
preserve a tissue for molecular studies as well as
biobanking (Wolfe et al. 2014; Bennike et al. 2015). It
certain the stability of RNA and DNA for testing
(Grotzer etal 2000; Mutter etal 2004; Wolfe etal
2014). According to the specification, RNALater-
preserved tissue samples are suitable for protein and
histological studies as well and can be processed like
fresh tissue. It has been reported that RNALater is able
preserve protein content in human colon mucosal
biopsies (Bennike etal 2015) and postmortem
lacrimal and submandibular gland tissues (Hawley
etal 2016). It efficiently preserves the sample for as
long as (Drakulovski 2013);
However, the efficiency of RNALater preservation
depends on the starting biological material/tissues
and downstream application.

seven years etal
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Suhovskih et al. (2019) investigated in their study
whether the medium-term preservation of different
tissues with RNALater is suitable for their histological
and immunohistochemical analyses.

However, RNALater lacks a comprehensive and
systematic evaluation of its preservative effect on
different mammalian tissues under consistent
experimental conditions (Wang et al. 2018).

DNA yield

DNA can be isolated from a variety of human sample
including anti-coagulant blood,
bloodstains, hairs, tissue samples and buccal epithelial
cells (Gari et al 2006). In the literature, DNA
Extraction has been performed using different
extraction methods. Some previous studies have
shown the possibility of extracting amplifiable DNA
and RNA from archival air-dried unstained bone
marrow slides (Fey et al. 1987; Griinewald et al. 1991;
Pabst et al. 1996), as well as from archival Giemsa-
stained peripheral blood smears (Kimura et al. 1995;
Yokota et al. 1995; Schoch et al. 1996), saliva, virginal
and postcoital smears (DinoSimonin et al. 1997),
smears of tissue fluid and inflammatory exudates
(Alger et al. 1996), archival cytogenetic slides (Sago et
al. 1996) and archival Giemsa-stained bone marrow
slides (Vince et al. 1998).

sources whole

In literature, quantity and quality of nucleic acids
extracted from archival formalin fixed paraffin
embedded prostate biopsies has been evaluated using
different DNA extraction kits (Staff et al 2014;
2018). The alcohol-based non-
crosslinking fixatives is found to perform better than
crosslinking fixatives with in terms of DNA and RNA
yield and quality (Moelans et al. 2011).

Carlsson et al

DNA extraction using Organic extraction method for
enzymatic digestion of proteins and nonnucleic acid
cellular components has been reported. It uses phenol:
chloroform: isoamyl alcohol (25:24:1) to promote the
partitioning of lipids and cellular debris into the
organic phase, leaving isolated DNA in the aqueous
phase. Following centrifugation, the aqueous phase
containing the purified DNA can be transferred to a
clean tube for analysis. DNA can then be recovered
from aqueous phase using centrifugation method.
Organic extraction gives double stranded DNA which is
prerquisite  for fragment  length
polymorphism. It is considered as a trusted and

restriction

effective method. It has few dis-advantage that it takes
time to produce the result and it involve use of
harmful chemicals. Additionally, it require more labor
and multiple use of tubes which might lead to
misinterpretation of the final results (Koéchl et al. 2005;
McKiernan & Danielson, 2017).

Another rapid method of extraction of good molecular
weight of DNA yield has been explored which uses the
laundry detergent in powder as well as liquid form to
isolate DNA (A. Bahl and M. Pfenninger, 1996).

One more study evaluated five different DNA
extraction methods on decomposed human liver tissue
specimens obtained from forensic autopsy cases. It
included the phenol-chloroform, the silica based, the
InstaGene MatrixE (BioTest), the glass fiber filter, and
the Chelex based methods. It was reported that Chelex
method is the fastest and affordable among them
whereas the phenol-chlorophorm and silica
extractions was proven to be the most time taking and
resource demanding ones (Olsen et al. 1999).

CONCLUSION

Proper tissue preservation is important for the
qualitative and quantitative analysis of DNA. Tissue
preservation for forensic purposes is most often
associated with disaster victim identification which
aims at identification of victims of mass disaster and
recovery of the deceased body parts. Forensic DNA
analysis along with fingerprint and dental analysis has
been recommended by the International Criminal
Police Organisation (INTERPOL) as the primary
methods of identification (INTERPOL, 2009), and can
therefore play a crucial role for identifying victims.
Skeletal muscle tissue is typically sampled for DNA
analysis (Prinz et al. 2007) and requires preservation,
from the time of collection to the point at which it can
be transported to a laboratory refrigerator/freezer.
INTERPOL guidelines state that formalin or
formaldehyde solution should not be used as a
preservative because it degrades DNA.

reveals that the
responsible for arresting DNA degradation. Sodium

Literature preservatives are
chloride and silica beads is being used since ages as a
common preservative. NaCl in solid state removes the
moisture from the sample and reduce any microbial
growth but in aqueous state, it disintegrate the
proteins (Grassberger, 2005; Nagy, 2010). EDTA, being
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a chelating agent cease the nuclease activity on DNA by
binding to metal ions (Seutin, 1991). Alcohol
dehydrates the sample by denaturing the proteins and
nucleases. Moreover, it is also an antimicrobial agent
and will provide a shield against bacterial degradation
(Seutin, 1991). Preservatives such as Dimethyl
sulphoxide (DMSO) does not directly preserve DNA of
a sample. It is easily absorb by the outer layer of the
skin when combined (Elfbaum, 1968) across biological
membranes and into the cell (Kilpatrick, 2002).

Nucleic acids of high quality are vital for downstream
molecular applications, however fixation and
preservation of tissues causes modifications of
biomolecules such as cross-linkage of nucleic acids
with proteins, covalent modifications of both DNA and
RNA, and fragmentation of RNA, making it challenging
to extract nucleic acids of high quality from preserved
tissues. As well as protecting DNA for subsequent
analysis, tissue preservation methods ideally should
be safe, readily available, and easy to transport at
relatively low cost.

The better the quality of a preservative, the better are
the chances it will preserve the specimen well. It is
needed to find an alternative to carcinogenic
preservatives and to study the DNA extraction and
yield from them which has not been worked on, in
previous researches. It is required to study various
tissue preservation methods for effective extraction
and quantification of DNA from various biological
tissue samples and also, to analyze the effective
preservation method with respect to temperature and

duration of preservation.
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