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ABSTRACT

Objective: To determine the association of temperature, time duration, and preservatives with ethanol neo-genesis in post-
mortem whole blood samples.

Study Design: Observational cross-sectional study.

Place and Duration of Study: Department of Chemical Pathology and Toxicology, Armed Forces Institute of Pathology,
Rawalpindi, in collaboration with Combined Military Hospital, Rawalpindi from August 2020 to January 2021.

Methodology: Whole blood samples were obtained from cardiac chamber of an autopsy case with aseptic measures and were
drawn into six tubes (3 x EDTA tubes and 3 x NaF tubes). These six tubes were stored at 4°C, 25°C, and 37°C. All samples were
analysed along with internal standard, on head space gas-chromatography on Day-0, Day-07, Day-14, Day-21, and Day-28 of
sampling.

Results: A total of 60 samples out of 10 autopsies, were analysed. Blood alcohol concentrations of all samples were negative
on 1*day (Day-0) of analysis. Samples stored at 4°C did not produce any ethanol at any day of analysis, regardless of preserva-
tives used. Neo-ethanol levels of blood samples stored in EDTA preservative were significantly raised (p <0.001) as compared
to samples stored in NaF preservative. Samples stored at 37°C showed significant increase in neo-ethanol concentration (p
<0.001) in comparison with samples stored at 4°C and 25°C. Neo-ethanol levels increased with duration of storage till 14" day
of analysis.

Conclusion: Sodium fluoride (NaF) should be used as preservative to avoid ethanol neo-genesis during storage and transporta-
tion of blood samples for alcohol analysis. Cold chain maintenance is of pivotal importance to exclude false positive blood

alcohol results.
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INTRODUCTION

Determination of blood alcohol concentrationis of greatimpor-
tanceinallautopsies anditis being used as evidenceina court
of law.'It must be ascertained that whether alcohol concentra-
tionmeasured in postmortem blood samples has resulted from
antemortem ingestion of alcohol or formed postmortem. This
new alcohol formed in postmortem blood sample is predomi-
nantly ethanol, known as neo-ethanol.*’Bacterial putrefaction
is the main source of alcohol formation in postmortem blood
samples, as a number of microbial species present in autopsy
samplesare capable of producing alcohol.’
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Postmortem samples thatare stored underimproper conditions
for longer duration used to undergo putrefaction, resulting in
neo-ethanolformationasthe end productofbacterialfermenta-
tion. The concentration of neo-ethanol depends on type of
microorganisms present, available substrates, presence of
preservative, temperature and duration of storage. In badly
decomposed and putrefied bodies, blood alcohol concentration
isgrosslyraised.’

Preservatives like sodium fluoride (NaF) are used for storage
and transportation of blood alcohol samples. NaF is a weak anti-
coagulantas well as antiglycolytic agent to preserve glucose. It
is used at a concentration of 2 mg/ml of blood along with antico-
agulants like oxalate. It inhibits glycolytic enzyme enolase and
prevents glucose from utilisation in glycolysis, subsequently
formation of pyruvate, ultimately preventing ethanol neo-gen-
esis in postmortem blood samples.®Maintenance of cold chain
during transportation and storage is also of pivotal importance
for postmortem blood alcohol analysis. When stored at 2-6°C,
least amount of alcohol is formed in blood as it keeps glycolytic
pathway at lower limit and also minimises microbial growth.’
Blood alcohol analysis should be performed as soon as possible
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because alcohol levels decrease with time.® Delay in blood
alcohol analysis favours bacterial proliferation and putrefac-
tion, resultinginfalse positivity for blood alcohol presence.’

Alcohol analysis of postmortem blood samples is ordered in
many circumstances and concentration of alcohol in blood is
influenced by many factorsincluding use of preservative, trans-
portation and storage temperature as well as time duration till
analysis. Reporting false positive alcohol levels has lifelong
implications in medico-legal cases. Many studies are available
on stored positive blood samples for alcohol analysis.”
However, nosuchstudy hasbeen carried outin Pakistan onpost-
mortem blood samples that can quantitate the effect of temper-
ature, preservatives and duration of storage on neo-ethanol
formation. In order to observe the effects of these factors on
ethanol neo-genesis in postmortem blood samples, there is a
need to carry outastudy that can quantitate the results of these
affectingfactors onneo-ethanol formationin postmortemblood
samples.

Theaimofthe current study was to determine the association of
temperature, time duration, and preservatives with ethanol
neo-genesisin postmortemwhole blood samples.

METHODOLOGY

It was an observational study, conducted at the Department of
Chemical Pathology and Toxicology, Armed Forces Institute of
Pathology, Rawalpindi, with prior approval by the Ethical
Committee.

A pilot study was conducted at the Department of Toxicology,
prior to the initiation of the research study. Autopsy blood
samplesincluded in the study were from cases routinely autop-
sied at Hospital, after fulfilling the inclusion criteria as done by
Boumba et al.'*Non-probability convenient sampling technique
was used for sampling with consent of next of kin of the
deceased. Autopsies of diabetics, septicemia, liver injury,
putrefied bodies and those reported after six hours of death
were excluded. A total of 10 autopsies were included, further
divided into 60 whole blood samples. Samples were obtained
from right ventricle of heart, while maintaining maximum
aseptic measures to avoid contamination. Each postmortem
blood sample was putinto 3 x tubes with ethylenediaminetetra
aceticacid (EDTA) and 3 x tubes with NaF preservative, respec-
tively. NaF was used at a concentration of 2 mg/ml of blood
along with anticoagulants, i.e. oxalate. EDTA was used as
disodium salt with effective concentration of 2 mg/ml of blood.
Each sample collected was 5 ml in quantity and covered with a
layer of liquid paraffin to avoid evaporation of volatile gases.
Samples were stored at 4°C, 25°C and 37°C, respectively.
Furthermore, samples were analysed on first day (Day-0),
Day-07, Day-14, Day-21, and Day-28 for blood alcohol levels.
Blood alcohol concentration of all samples was negative on
Day-0. Each sample was processed with commercially
prepared internal standard (methyl ethyl ketone 0.03%) in a
sealed vial and then run on head space gas-chromatography
(Agilent tech 7890A, USA). Head space gas-chromatography is

used for estimation of volatile organics in samples including
blood alcoholanalysis.

SPSS version 21 was used for data analysis and normality of
distribution of the data was determined by Shapiro-Wilk test.
Data being non-parametric, quantitative variables were
expressed as median and IQR. Statistical comparisons were
performed using Mann-Whitney U-test and Kruskal-Wallis test
with level of significance atp <0.05(95% confidenceinterval).

Table I: The effect of storage duration on neo-ethanol formation in
differentpreservatives.

Neo-ethanol Neo-ethanol
. concentration | concentration | P-value
Duration of n mg/dl ( EDTA) mg/dl ( NaF) (Kruslfal'
storage Median IQR Median IQR V'\:I:sl::l)s
(zsth _ 75th) (zsth _ 75th)
Day-0 60 0.0 (0.0-10.0) 0.0 (0.0-0.0)
Day-7 60 0.0 (0.0 -5.0) 0.0(0.0-0.0)
Day-14 60 | 12.0(0.0-16.2) | 0.0(0.0-4.0) | <0.001
Day-21 60 | 9.0(0.0-11.2) | 0.0(0.0-2.2)
Day-28 60 3.5(0.0-8.0) 0.0 (0.0-0.0)
RESULTS

Atotal of 10 autopsies were included in this study, after fulfilling
the inclusion criteria. All samples were negative for blood
ethanollevels on Day-0 of analysis. One, out of 10 autopsies, did
notyield any ethanol concentration till Day-28 of analysis. None
of the postmortem blood samples produced any blood ethanol
on any day of analysis at 4°C of storage. Whole blood samples
preserved with EDTA showed significantethanol neo-genesisas
compared NaF (p-value <0.001). Maximum concentration of
neo-ethanol was observed in postmortem whole blood samples
stored with EDTA preservative at temperature 37°C, on Day-14
of analysis. Storage temperature of 37°C found out to be most
favourable for ethanol neo-genesis. Neo-ethanol levels were
noted high on 14" day of analysis and then there was a decrease
in trend of ethanol concentration as the time duration passed
on,asshowninTablel.

Kruskal-Wallis test was applied to compare ethanol neo-gen-
esis at different temperatures (4°C, 25°C, 37°C) with different
preservatives (NaF, EDTA). There was a significant difference
(p<0.05) in neo-ethanol formation in whole blood samples
with NaF preservative at temperature 4°C, 25°C and 37°C.
Significantdifferencewasalsoobservedin neo-ethanolforma-
tion in whole blood samples, preserved in EDTA at tempera-
ture4°C,25°Cand 37°C(p<0.001). Mann-Whitney U-test was
applied to compare ethanol neo-genesis at temperatures
(0°C, 25°C, 37°C) in NaF preservative with ethanol neo-gen-
esis at temperatures (0°C, 25°C, 37°C) in EDTA preservative.
Therewasasignificantdifference betweenethanolconcentra-
tionatsamestorage temperature (25°C) with different preser-
vatives (p<0.05) as well as significant difference was
observedinethanolneo-genesis(p<0.05)atstoragetempera-
ture (37°C) in postmortem whole blood samples with NaF and
EDTApreservatives.
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Inordertoobservethe effect of storage duration on neo-ethanol
formation in postmortem whole blood samples, Kruskal-Wallis
test was applied to compare neo-ethanol concentration at
differentdays (Day-0, Day-07, Day-14, Day-21, Day-28) ofanal-
ysis. Significant difference was observed in ethanol concentra-
tion at different time duration of postmortem whole blood
samples(p<0.001)asshowninTablel.

DISCUSSION

Estimation of blood ethanol levels is among one of the most
important tasks for forensic toxicologist, as it can influence
final decision making ina court of law.”’Ethanol can be endoge-
nously formed from acetaldehyde that is being derived from
variety of substrates.” Ethanol production in postmortem
whole blood sample is attributed to microbial consumption of
available substrates, most importantly due to utilisation of
carbohydrates. Microbial ethanol is produced by moulds and
yeasts from glucose fermentation by using embden-meyerhof
parnas (EMP) pathway and via hetero-fermentative pathway
an-aerobically, by bacterial species. In this study, ethanol
levels were negative on the first day of analysis of postmortem
whole blood samples but with the passage of time, majority of
samples turned positive for ethanol levels. A study carried out
by Boumba et al. concluded that postmortem samples with
E.coliproduced no alcohol levels on Day-1 of storage and later
turned positive for ethanol, suggestive of neo-ethanol forma-
tion in stored blood." The present authors included putrefac-
tion-free autopsies on the basis of external examination, which
can be misleading while interpreting neo-ethanol presence.
Vassiliki et al. revealed that majority of their samples, which
turned out to be putrefied on the basis of 1-Propanol levels in
postmortem blood as marker of microbial ethanol production,
presented without signs of putrefaction and yielded neo-
ethanol on analysis. 1-propanol levels can be used to exclude
postmortem putrefaction and while commenting on neo-
ethanol presence in postmortem whole blood samples."

Storage temperature plays a key role in maintaining the
integrity of postmortem whole blood sample. Henceforth,
temperature was found to affect ethanol neo-genesis during
storage of blood samples. The samples stored at 4°C produced
no ethanol at all and samples stored at 37°C manifested
maximum ethanol neo-genesis. The study of Amick et al. on
whole blood samples, inoculated with Saccharomyces cere-
visiae, concluded that ethanol was produced at 37°C when
blood samples were stored till Day-17 of sampling, in coher-
ence with the findings of the present study.” Postmortem
whole blood samples stored at 4°C remained stable
throughout the duration of this study, substantiated by the
similar findings by Wongchanapai et al.* In a study conducted
by Sing et al. on ethanol neo-genesis in stored blood, no
ethanol was formed in blood stored at 4°C till Day-42 of anal-
ysis of samples; whereas, maximum ethanol neo-genesis took
place in samples preserved at 37°C, thus corroborating the
findings of the present authors."” Lekskulchai et al. described

false low detectable levels of ethanol in all blood samples
stored at room temperatures before analysis;'® whereas,
Laurens et al. concluded that blood sample stored at 4°C
remained stable throughout the study duration, irrespective of
the presence orabsence of preservative.*

Preservativesare otherpre-analyticalfactorsthatcaninfluence
ethanol levels, especially when sample is not stored at low
temperature. Thishasbeen noted inthis study, thatwhole blood
samples stored with NaF preservative showed least ethanol
neo-genesis and remained stable as compared to blood
samples stored with EDTA preservative, likely attributed to the
inhibitory effect of NaF on glycolytic pathway of carbohydrates
metabolism. Otherresearchers also reported that samples with
NaF preservative has a stabilising effect on ethanol concentra-
tion with least chances of ethanol neo-genesis.”’** Lewis et al.
revealed that addition of NaF to postmortem blood samples
prevented the formation of ethanol at low storage tempera-
tures.”® However, Penetar et al. concluded that storage condi-
tion including use of preservative, did not affect ethanol levels
intheirstudy.”

In the present study, neo-ethanol levels were high on Day-14 of
analysis, and then tend to decrease with storage till Day-28 of
analysis, an effect which was also reported by Wongchanapai et
al.and Ferrari et al."**This decrease in ethanol concentration is
attributed toits oxidation by microbes.”

Addition of preservative (NaF) and storage temperature
affected neo-ethanol levels in the present samples. Keeping in
view the results of this study, neo-ethanol formation must be
kept in mind while commenting on ethanol levels in stored
blood. As per the results of this study and available literature
data, whole blood sample foralcohol analysis, should always be
stored and transported at low temperature. NaF tube should be
used as preservative to maintain the integrity of blood sample
tillalcoholanalysis. Pre-analyticalfactorsare ofimmenseimpor-
tance while commenting upon the blood alcohol levels in post-
mortemsamples.*

CONCLUSION

Storage temperature and presence of preservative are two key
factors that affect ethanol neo-genesis during transportation
and storage. Neo-ethanol formation can be kept at minimum by
storageatlowtemperatureandbyaddingappropriate preserva-
tive (NaF).

RECOMMENDATION:

As per the results of this study and available literature data,
whole blood sample for alcohol analysis, should always be
stored and transported atatemperature as low as possible. NaF
tube should be used as preservative to maintain the integrity of
bloodsampletillalcoholanalysis.
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