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ABSTRACT

Introduction: Tissue preservationisimportant. From it forensic scientist may
extractsufficient DNAforprofiling. Themostcommonlyusedpreservativefoundin
theliteratureisformalin.However,itcausessevereside-effectsonitsusersaswellas
the environment; we need to find its replacement.
Method:Thisstudyexaminedwhetherformalincould preservesofttissues(fresh)
storedat4°Cfor100daysandhowDNAcanbeextractedfromit.Qualificationand
Quantification of the presevred samples were done.

Result: Theresultsrevealedthattissues preservedinformalinfailed togenerate
sufficientquantityof DNAforprofilingwhereastissuespreservedinnormalsaline
did so.

Conclusion: The study concluded that there is a need to find an alternative to
formalin which can preserve the tissue samples well and enable DNA profiling.
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INTRODUCTION

issuefixationisaninitialandimportantstep forprocessingofaspecimen

forhistologicaland DNAexaminationandrequiresthatthetissueiskeptin

asafemediumthatpreventsitfromdegradationforalongperiodoftime.*?
Wellpreservedtissueiscrucialinbiologicalsciencestudies.Itplaysanimportantrole
inthe Courtof Lawwheredecisionsaremadebasedonthefactsandtheevidence.?
Thereisawiderangeofnucleicacidextractionmethodsavailablefromhomemade
procedurestocommercially-availablekits.Variouscommercialkitshavetheirown
efficiencyof recoveryofnucleicacids.Somekitsrecoverquantifiable DNAyield,
whileothersrecoverlesser DNAconcentration. Literatureshowsthatthemethod
used for extraction of nucleic acids affects DNA yield.**

The literature reveals a number of preservatives, out of which formalinis the
mostcommon. [tis generally used in the concentration of 10%. Though, various
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concentrationofformalinhasbeendebatedupon
inthepast.*’Duetoitslowprice,goodapplication
effect and easy availability, it is among the most
commonlyusedfixativeworldwide.However,cross-
linking of proteins and nucleic acids by formalin
resultedinhamperedanalysisandalsorestrictedthe
studyofproteomicstofrozentissues.Italsohampers
the study of rare disease subtypes.®

The OSHAregulationstandardhasdeclaredit
as“hazardous”because of its carcinogenic nature
and ill-effects on the environmentand its users.’
Additionally, it has been observed that formalin
denaturesthe DNAandmRNAanddoesnotallow
fullprofiletogetgeneratedduringDNAprofiling.’®
This has raised the quest for some less toxic or
formaldehyde-freepreservativewhichhasfixative
properties comparable to that of formalin.”!!

Nucleicacidextractionisanimportantstepin
evaluationoftissue fortheirsource and integrity.
DNAcanbeextractedfromawiderangeofsources
whichincludehumanasabiological sourceinthe
form of hairs, nails, whole blood, buccal cells etc.
Ithas also been reported that archival unstained
bone marrow slides resulted in good DNA yield.
A properly preserved tissue enables appropriate
extraction of nucleic acids from them.?

Nucleic acid isolation has some standard
protocols which require specific reagents. These
reagentsarenowbeingcommerciallyavailableinthe
formof DNAextractionkits.’*Carlssoninhisstudy
reported different extraction kits to evaluate the
quantity and quality of DNAand RNAwhich can
beextractedfromFFPEprostatecancerbiopsies.*
Additionally,theOrganicExtractionisamongstthe
most widely used method of DNA Isolation.™*

METHOD

This study has been approved by Institutional
Ethics Committee, Civil Hospital, Gurugram.
Theinformedconsentfromthelegallyacceptable
representativeofthedeceasedhasbeenobtainedin
written.Inthestudy,twenty-fivesofttissuesfrom
fivedifferentorganswereobtainedfromadeceased
individual. The deceased were admitted into the
Mortuary 24 hours after death and the tissue
sampleswerethencollectedduringpost-mortem.
Those organs were heart, lung, liver, kidney and

brain.Tissueswerefurthercutintosmallsegments
(n=50) using laboratory protocols. Twenty-five
sampleswereplacedimmediatelyintocontainers
having 10% neutral buffered formalin (NBF)and
resttwenty-fivedifferenttissuesampleswereplaced
in containers having solution of normal saline.
Theweightofeachsamplehasbeendecided tobe
approximately 1-2gramasthetissuestakeninthis
studyareparticularlysofttissues. Thetissueswere
preservedat42Cfor100daysin NBF and normal
salinetoassesshowefficientlyDNAquantification
can be done in such a condition.

Autosomal STRswere amplified using Power
Plex21TMPCRamplificationkit. PCRAmplified
productsweresubjectedtoelectrophoresisinABI
3500XLgeneticanalyzer.TheGeneMapperID-X
1.4 software was used for STR analysis.

DNA Isolation

TissuespreservedintheNBFsolutionandnormal
salinesolutionweretakenoutfromtherefrigerator
andanappropriatesizewascutfromitforanalysis.
Theywereplacedina50mltubeandfirstlywashed
withtapwaterandthenwashedwithMilliQwater
three-fourtimesinordertocompletelyremovethe
formalin.Cutpiecewastakenoutfromthetubewith
thehelpofforcepsandplacedinaPetridish.Piece
was finely chopped using asurgical blade. Finely
choppedpiecesoftissueweretransferredtoaliquots
wherePhenolChloroformExtractionMethodhas
beenappliedtothetissues.Forensicbuffer,protease
Kand Sodium dodecylsulphate (SDS) were then
addedtothealiquotsandkeptat562Cinwaterbath
overnight.Multiplenumberoftimescentrifugation
wasdoneafteraddingrequiredreagentsandinthe
end,intensewashingwasdone.Laststepwastoadd
TrisEDTAtothesampleandthenplacedinthermo
mixer at 562C for 30 minutes.

Quantitation

Afterisolation,allthe sampleswere quantifiedby
Quantifier Trio kit. The PowerPlex 21 System is
amultiplex STRsystemforhumanidentification
applications including forensic analysis and
relationship testing. The system allows co-
amplificationandfluorescentdetectionof21loci
(20 STR loci and Amelogenin).
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Table 1: RT-PCR Findings of tissues preserved in Formalin. Lung 0.24/0.76/0
Tissue Type RT-PCR Value Liver 0.98/1.89/0.0
Heart 0/0.06/0.00 Kidney 0/0.01/0
Lung 0/2.24/- Brain 1.56/3.07/0.1
Liver -/0.28/- Heart 1.89/1.96/0
Kidney 0/0/0 Lung 0.15/0.67/0.0
Brain 0/0.47/0 Liver 0.59/1.31/0
Heart 0/0.08/0.00 Kidney 0/0.02/0
Lung 0/2.21/- Brain 1.87/1.57/0.0
Liver 0/0.30/-
. RESULT AND DISCUSSION
Kidney 0/0.01/0
Brain 0/0.78/0 F.Blumin the year 1893 accidentally discovered
Heart 0/0.09/0.01 fixation by formalin. Protein-protein cross
Lung 0.1/2.20/- links along with intermolecular cross linking
Liver 0/0.29/- of proteins with DNA and RNA takes place in
Kidney 0/0.01/0 formalin preserved tissues. However, as per
Brain 0/0.52/00 chemical testing, on coming in contact with
Heart 0/0/0 uncharged amino acid groups, formaldehyde
Lung 0/2.1/- makes extremely reactive methylols.’®> Due
Liver 10.27/ to this, it is said that the tissues get rigid for
) ! histological and immunohistochemical studies.
Kidney 0/0/0
Brain 0/0.48/0 Results in this study revealed that the tissues
Heart 0/0.06/0.01 preservedinformalinat42Cfor100dayswerenot
Lun 01/21/ abletogeneratecompleteprofileduetobindingor
y & /.0 27'/ inhibition.ThevaluesobtainedinRT-PCRhasbeen
1ver =/U.. - . .
idn 0/0.01/0 mentioned in Table 1 and 2. On the other hand,
. v ‘ thereferencesampleskeptinnormalsalineat42C
Brain 0/0.42/0 showed good yield even after 100 days.
Table 2: RT-PCR Findings of tissues preserved in Normal The failure of amplificationin formalin-fixed
Saline. . o lepe.s .
tissue could be due toinhibitions and quantity of
Tissue Types RT-PCR Values theDNAamplifiedwasfoundtobepoor.Themost
Heart 1.35/1.69/0.0 affected area of DN A was large size marker more
Lung 0.22/0.61/0.0 than 300 base pairs. In case of formalin, it is also
Liver 0.49/1.17/0 observedthatsomeofsmallsizedmarkerswereable
Kidney 0/0.01/0 togeneratepartialprofilewhicharemarkersranging
Brain 1.45/3.07/0 from80basepairsto160basepairs.However,large
Heart 1.21/1.63/01 sizemarkersabove240basepairscouldnotproduce
Lung 0.24/0.66/0.2 the profiling of the deceased individual as they
Liver 0.69/1.21/0 could not be amplified.
Kidney 0/0.02/0.01 Moreover,samplespreservedinnormalsaline
Brain 1.56/2.07/0 yieldedsufficientquantityof DNAwhichhasbeen
Heart 1.22/1.57/0.0 represented by almost all the genetic markers of
BN ifferentsizes.Infact,] ke 1
Lung 0.32/0.61/0 di ' erentsizes.Infact, argermar. c?rsa}joxiez Obase
. pairsalsoshowed betteramplification in normal
Liver 0.66/1.31/0 . . .. .
Kid 0/0.04/0.0 salineunderthepreservationconditions.(Figure1)
raney U Whereas,incaseofformalin,theycouldnotproduce
Brain 1.76/2.57/0 f e e
any result. Though, as few reported studies, it is
Heart 1.34/1.78/0

essentialtoaddmethylenebridgesbetweenproteins
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Fig.1: DNAprofile obtained from tissues preservedinnormalsaline.

andnucleiccontentsandCH,OHtobasesofnucleic
acidforeasynucleicacidsextraction,especiallyin
caseof RNA.Otherwise,fixationinformalinyields
inpoorqualityRNAduetodegradation.Moreover,
highyieldofRNAcanonlybeextractedfromfresh
tissues.'¢18

Some researchers believe that by washing
and dehydration, formaldehyde can be
completely removed from the formalin-
fixed tissue. Actually, when washed multiple
times, only loosely bound formaldehyde gets
removed. Remaining formaldehyde cannot
be removed merely by washing, though if a
tissue is kept in water for a prolonged time,

formaldehyde slowly starts to get removed.
However, such intense washing is not a good
idea for the purpose of histochemistry and
histology.> However, it is interesting to know
that a study revealed that the quantity and
quality of extracted products gets affected by
the type of kit used for the extraction method
and the nucleic acids amount is also dependent
on formalin fixed paraffin embedded tissue age
and origin.**

Sodiumchloridebeinganinexpensiveandreadily
availablesubstancehavefoundplaceinfixationof
tissue,eveninfieldconditionsintropicalcountries
which lack cooling and freezing facilities and
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hospitalslackingserviceof pathology.Preservation
of molecularstructureoftissuesbysodiumchloride
hasnotbeenexplainedinthepast.ltcanbeasodium
specific, chloride anion and hyperosmolarity
effect.N-formyl-methionyl-leucylphenylalanine
gets stopped in hypertonic saline which raises
intracellularcalciumion.Additionally,dehydration
of cellsinosmoticmediumandintercellularmatrix
canalsobeconsidered.’ Saraj'sresearch suggests
that saturated sodium chloride solution can be
usedasanalternative toformalinasitgives same
histologicalfeaturesasformalinintissuefixation.?’
Tissuepreservedinnormalsalinehasbeenproven
to yield RNA better than formalin-fixed tissues.
Sincetissues fixed in formalin severely affect the
RNAsonormalsaline canbeconsidered asasafer
alternative which protect the histomorphology
aswell as the RNA of the tissue. The integrity of
membraneofcellisguardedbynormalsalinewhich
resultsintoinhibiting the release of intracellular
RNase.However,someunexploredfactsmayalso
be responsible for avoiding RNA degradation in
normal saline preserved tissues.?!

In this study, formalin preserved tissues were
found unable to generate sufficient or complete
profileintheabove-mentionedcondition.Though
some of the small sized markers canbeidentified
butlargesizedmarkersshowednopeak.Ithappened
becauseofalterationsandcross-linkingofnucleic
acidswithproteinswhichchangesthebondingof
DNA and RNA. It evenled to complete breakage
of the DNA. The sample size takenin this studyis
relatively small to conclude a definite result so it
issuggestive thatmore numberof samplescanbe
consideredtocometoaconclusiveresult. Moreover,
thetypeof DNAKkitusedforextractionalsoaffects
itsoverallanalysis.Differentcommercialkitscanbe
usedtoseeifvarianceoccursinthedata. Thefactors
i.e.temperatureand durationof preservationcan
alsolimittheresearchdata. Thesetwoparameters
can be explored to obtain varied results.*!

CONCLUSION

In our study, the reference sample yielded good
quantity of DNAwhich shows thatnormalsaline
canbe used to preserve tissue under the defined
conditions. Normal saline is an easily available,
handy and cheap alternative to formalin. So,
it can be safely considered to be used in the
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laboratories for nucleic acid extractions.?!
Some of the tissues were found to be dissolved
in normal saline hence it is suggested that the
tissue preserved in normal saline should be
clean prior to preserve in normal saline to avoid
contamination. Furthermore, more studies
are needed to determine the actual reliability
and safety of using normal saline for genetic
analyzes.
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