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ABSTRACT

Drugs and alcohol concentrations are regularly used as evidence in criminal and civil litigations. The
interpretation may be critical to the thorough investigations of different types of forensic cases whether
antemortem or postmortem. So, the aim of the present work is to study the effect of putrefaction on the
postmortem detection of ethanol and diazepam. The study was conducted on 96 adult male albino rats di-
vided randomly to four groups 24 rats for each and every group is further subdivided into 4 subgroups (a,
b, c, and d) 6 animals for each subgroup. Group I: control group received Iml distilled water. Group II:
rats received lethal dose of ethanol. Group IlI: rats received lethal dose of diazepam. Group IV: rats re-
ceived lethal dose of both ethanol and diazepam. After death of treated animals, control animals were
sacrificed at the same time and immediate dissection of subgroup a was done. Rats of subgroups b ,c and
d were dissected after death at 18 hours, 24 hours and 48 hours respectively. The livers were extracted
for detection of ethanol and diazepam. The control group showed increased liver ethanol in subgroups I-c
and I-d. Liver ethanol of group Il and IV showed gradual elevation by increasing post mortem interval
while there was no considerable change in liver diazepam of group IIl. As regards liver tissue diazepam
of group 1V, a non-significant elevation was detected in the subgroups IV-b, IV-c and IV-d as compared
to the subgroup 1V-a.
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INTRODUCTION Death is

81

defined as cardiac arrest,

Biochemical processes, which are strict-
ly controlled in the living organism, can
be changed drastically in the course of dis-
ease and can influence the concentration
of many substances (Kala and Chudzi-
Kiewicz, 2003).
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respiratory arrest and stopping cerebral
functions, after this fact, all processes in
the dead body veer towards thanato-
chemical (Senkowski et al.,,

1990).

changes

In the early phase of postmortem
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decomposition, the dead body is exposed
to autolysis, i.e. dissolution of organs un-
der the impact of endogenous enzymes
and parallel to that putrefaction is begun
mainly by reductive processes due to the
action of endogenous bacteria and their
enzymes (Melvin et al., 1984).

Postmortem degradation does not only
concern volatile compounds but also
many other substances such as benzodiaz-
epines, tricyclic anti-depressant and phen-
othiazines which could be metabolized by
microorganisms during the putrefactive
process (Robertson and Drummer, 1995).

So, the present study aimed to study
the effect of putrefaction on the detection
of ethanol and diazepam in liver tissue of
adult male albino rats.

MATERIALS AND METHODS

1. Chemicals :

Absolute ethanol HPLC grade (Sigma
Aldrich).

Diazepam “standard powder” (Nile
pharmaceutical Co.).

Chloroform (Fisher Scientific).

Formalin  (El-Nasr  pharmaceutical
chemical Co.)

Potassium dichromate (El-Nasr phar-
maceutical chemical Co.)

Sulfuric acid (Sigma Aldrich).

Picric acid (universal fine chemical

PVT. TD. India).
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2. Equipment :

Steam distillation apparatus (Scientific
equipment factory).

Hot plate.

Test tubes and pipettes.

A syringe with large curved spinal nee-
dle.

Glass homogenizer.

Single beam spectrophotometer (T60U
PG instruments limited).

3. Animals :

This study was done on 96 male albino
rats. Their weights ranged between 150-
200 gm. They were divided into 4 groups
as follows:

Group I (control group) comprised 24
animals divided into 4 equal subgroups: I-
a, I-b, I-c and I-d. Group II (ethanol group)
comprised 24 animals divided into 4 equal
subgroups: II-a, II-b, II-c and II-d. Group
III (diazepam group) comprised 24 ani-
mals divided into 4 equal subgroups: Ill-a,
I1I-b, I1I-c and ITI-d. Group IV (ethanol and
diazepam group) comprised 24 animals
divided into 4 equal subgroups: IV-a, IV-
b, IV-c and IV-d.

Methods :

Animal experimentation was carried
out in an ethical manner according to
guidelines set by ethical committee of Me-
noufiya University.

Rats are housed at room temperature
and were fed standard laboratory diet ad
labium.
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Normal and healthy environment was
maintained for all rats through taking
strict hygienic measures. They were left
to accommodate for four days, then
they were randomly divided into 4
equal groups (24 rats for each group) as
follows:

Group I (control group): 24 animals re-
ceived distilled water (Iml) orally and
were divided into 4 subgroups:

Subgroup I-a: 6 animals were sacrificed
by cervical dislocation at the same time of
death of other treated subgroups, then im-
mediately dissected.

Subgroup I-b: 6 animals sacrificed, and
left for 18 hours at room temperature, then
dissected.

Subgroup I-c: 6 animals sacrificed, and
left for 24 hours at room temperature, then
dissected.

Subgroup I-d: 6 animals sacrificed, and
left for 48 hours at room temperature, then
dissected.

Livers were taken from all animals for
detection of ethanol and diazepam.

Group II (ethanol treated): 24 animals
received the oral lethal dose of absolute
ethanol 8000mg/kg (Gable, 2004) then di-
vided into 4 subgroups (6 animals for each
subgroup):

Subgroup IlI-a: animals were dissected
immediately after death.

Subgroup II-b: animals were left for 18
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hours after death at room temperature,
and then dissected.

Subgroup II-c: animals were left for 24
hours postmortem at room temperature,
and then dissected.

Subgroup II-d: after death, animals
were left for 48 hours at room tempera-
ture, and then dissected.

Livers were taken from all animals for
ethanol detection.

Group III (Diazepam treated): 24 rats
received the oral lethal dose of diaze-
pam 1240 mg/kg (Thomson healthcare
Micromedex, 2000) then divided into 4
subgroups (6 animals for each sub-
group):

Subgroup IlII-a: animals were dissected
immediately after death.

Subgroup III-b: after death, animals
were left for 18 hours at room tempera-
ture, and then dissected.

Subgroup III-c: animals were left for 24
hours after death at room temperature,
and then dissected.

Subgroup III-d: animals were left for
48 hours postmortem at room tempera-
ture, then dissected

Livers were taken from all animals to
detect diazepam.

Group IV (Diazepam and ethanol
treated): 24 rats received the oral lethal
dose of both diazepam and ethanol then
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divided into 4 subgroups (6 animals for
each subgroup):

Subgroup IV-a: animals were dissected
immediately after death.

Subgroup IV-b: animals were left for
18 hours postmortem at room tempera-
ture, and then dissected.

Subgroup IV-c: after death, animals
were left for 24 hours at room tempera-
ture, and then dissected.

Subgroup IV-d: animals were left for
48 hours after death at room temperature,
and then dissected.

Animals of group II and III died within
1 hour, while animals of group IV died
earlier i.e. after one hour.

After dissection, 300mg of liver tissue
was taken for extraction and detection of
ethanol and diazepam according to Moffat
etal., (1986).

Standard curve for ethanol and diaze-
pam:

Different concentrations of diazepam
and ethanol were prepared (25, 50,100,
150,200mg/L) and zero standard curve
point was measured using distilled
water.

Potassium dichromate was added and
ethanol concentration was measured by
single beam spectrophotometer at wave
length 585nm.
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Diazepam was dissolved in chloroform,
then diluted formalin was added (formal-
in: water = 6:4) and its concentration was
measured by single beam spectrophotom-
eter at wave length 240nm.

Standard curves for diazepam and etha-
nol for absorbencies and concentrations
were obtained. Any unknown concentra-
tion could be measured using this curve.
(Figures 1 and 2).

Extraction of ethanol and diazepam
from liver tissue: preparation of tissue fol-
lowed by steam distillation for ethanol
and solvent extraction by chloroform for
diazepam were done according to Meloe
et al,, (2012) and Moffat et al. (1989).

Statistical processing of the data was
performed using SPSS version 11.0 soft-
ware for windows. For all tests, P values
less than 0.05 were considered to be statis-
tically significant.

RESULTS

All animals are observed after adminis-
tration of ethanol and/or diazepam till
death. Animals of both ethanol and diaze-
pam groups show decreased activity as
compared to the control group. The ani-
mals remain in one corner of the cage but
they move on shaking the cage, where rats
of the control group are moving freely in
the cage. After 30 minutes, 40% of the
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treated animals of both groups become co-
matose but respond to painful stimuli
(catching and squeezing the tail by for-
ceps), while the rest of animals respond to
shaking of the cage.

After 60 minutes, 50% of animals die,
and the other 50% go into deep coma (not
respond to painful stimuli). After 90 min-
utes, all treated animals die.

As regards animals receiving both etha-
nol and diazepam, the previous observa-
tions start earlier. Death of all animals oc-
cur within 60 minutes.

In liver tissue of animals of the control
group, diazepam is not detected at all af-
ter preparing the tissue by the same meth-
od of treated groups.

On measuring ethanol in liver tissue of
the control group, traces are detected in
subgroups I-a and I-b (mean = 0.001), ele-
vation of ethanol level is detected in sub-
groups I-c and I-d (mean = 0.002). These
values cannot be computed as the stan-
dard deviations of both groups were 0
(Table 1).

Table (2) shows gradual increase in liv-
er tissue ethanol on prolongation of post-
mortem interval. The increase is highly
significant (p = 0.000).

Table (3) shows that the mean values of
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diazepam in different subgroups are near-
ly the same (0.0213£0.00137, 0.0228
+.00183, 0.0218 +0.00075 and 0.0218
+.00098 for subgroups Ill-a, IIl-b, III-c
and III-d respectively) and p values are
not significant. As regards liver tissue eth-
anol in group IV, the mean values of etha-
nol show gradual elevation with increase
of postmortem interval (0.0117+ 0.00082,
0.0333+0.00489, 0.0705+ 0.00723 and
0.0918+0.00691 for subgroups IV-a, IV-b,
IV-c and IV-d respectively) and p values
are highly significant as seen in table (4).

Table (5) shows that the mean values of
liver tissue diazepam of ethanol and diaz-
epam treated group (group IV) are non-
significantly increased in subgroups IV-b,
IV-c and 1IV-d (0.0372 + 0.0553,
0.0207+0.01194 and 0.0175+ 0.00164 respec-
tively) as compared to subgroup IV-a
(0.0150+0.00210). Table (6) illustrates that
the comparison between liver ethanol of
subgroups II-a, II-b, II-c and II-d is highly
significant.

On the other hand, changes in liver tis-
sue diazepam of groups III and IV are
non-significant.

DISCUSSION

Drugs and alcohol concentrations are
regularly used as evidence in criminal and
civil litigations. The forensic toxicologist is
frequently asked during the routine work
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to give an expert opinion and the interpre-
tation may be critical to the thorough in-
vestigations of different types of forensic
cases whether antemortem or postmortem
(Athanaselis et al., 2005).

In this study, animals treated by etha-
nol showed progressive depression of
their activity till coma and death. Santhak-
umar et al. (2007) in their work stated that
ethanol is a central nervous system de-
pressant, and acute alcohol intoxication in-
duces activity in the gamma-aminobutyric
acid (GABA) system which is known to in-
hibit brain activity. Animals treated by di-
azepam in this work showed also progres-
sive depression of motor activity due to
the inhibitory effect of diazepam on CNS.
This was also proved by Ramakrishnan et
al. (2011), who recorded that reduction in
motor activity of animals treated by diaze-
pam is due to the reduction of CNS excita-
bility level that means CNS depression.

Both ethanol and diazepam are classi-
fied as depressants of central nervous sys-
tem. This similar mechanism of action and
the fact that sedative effects are likely to
be additive make ethanol and diazepam a
potentially dangerous combination in
overdose (Holmgren and Jones, 2003).

In this study, animals of the control
group showed low level of ethanol in liver
tissue. This could be explained by fermen-
tation caused by Candida albicans present
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in the normal gut microflora causing re-
lease of ethanol traces as animals were fed
freely till time of scarification and their
food contains carbohydrates. This was
also reported in the study of Petkovi et al.
(2008) who applied the term 'endogenous
alcohol' to spontaneous ethanol produc-
tion in the body via different metabolic
pathways. The ethanol values were ex-
tremely low, close to the detection thresh-
old of modern analytical equipment.

Animals of this group showed elevated
levels of liver tissue ethanol after 24 and
48 hours. This could be explained by post-
mortem microbial neo-formation. This is
consistent with the study of Ziavrou et al.
(2005).

In the present study, a highly signifi-
cant increase in liver tissue ethanol of
groups II and IV started after 18 hours,
this could be attributed to the effect of
both endogenous and exogenous bacteria.
These data were consistent with that of
Kala and Chudzikiewicz (2003) who
found that transmigration of normal mi-
crobiota (selected bacterial and mycotic or-
ganisms) through the wall of the small in-
testine occurs within 2 to 3 hrs at 37°C and
5 to 6 hrs at 25°C. They stated that Escheri-
chia coli and Candida albicans are the pri-
mary causes of postmortem ethanol syn-
thesis. They also reported in their study
that body tissues remain bacteriologically
sterile from exogenous infection for at
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least 20 hours after death. Other research-
ers also reported that ethanol could be
formed postmortem in variable and non-
predictable amounts, as a function of the
type and number of microorganisms
present either in corpses or specimens col-
lected at autopsy (Ziavrou et al., 2005, Ya-
jama et al., 2006). The progressive increase
of ethanol level with prolongation of time
between death and autopsy i.e. after 24
and 48 hours was also found in the study
of Petkovi et al. (2005) who stated that
postmortem ethanol production occurs in
different tissues, and it is directly related
to time. The increase of ethanol in liver tis-
sue autopsy occurs as time between death
and autopsy is prolonged. This could be
attributed to the liver's highest glucose
storage capacity in the form of glycogen
that can be converted into glucose post-
mortem (O'Neal and Poklis, 1996).

Benzodiazepine drugs have been impli-
cated in sudden and unexplained deaths
specially when co-ingested with alcohol
(Holmgren and Jones, 2003). In the present
study, animals given both ethanol and di-
azepam died earlier (within 60 minutes)
than those given ethanol or diazepam
alone (died within 90 minutes).

Regarding animals given the lethal dose
of diazepam either alone or in combina-
tion with ethanol (groups III and IV re-
spectively), the subgroups “b”, “c” and
“d” where diazepam was detected 18, 24
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and 48 hours respectively after death
showed non-significant elevation of liver
diazepam as compared to the subgroup
“a”. These findings coincided with Shiota
et al. (2004) who reported that triazolam
concentrations of 24 hours after death
were increased in liver, kidney, lung and
heart blood and similar findings were also
observed with diazepam. They stated that
these results indicated that diazepam as
well as triazolam in the stomach diffuse
through the stomach wall into tissues
inside the abdominal cavity. The phenom-
enon of postmortem drug changes by
drug diffusion from gastrointestinal tract
has been reported for alcohol and several
drugs in both humans and experimental
animals and few studies reported the post-
mortem changes of benzodiazepines (Pe-
lissier et al., 2003).

Liver tissue diazepam in subgroups “c”
and “d” of groups III and IV showed grad-
ual decrease as compared to subgroup
“b” of both groups. This may be due to
degradation of diazepam by microorgan-
isms. This is in agreement with Robertson
and Drummer (1995) who stated that
many non-volatile compounds, drugs
among them, could be metabolized by mi-
croorganisms during the putrefactive pro-
cesses. The authors also reported that the
nitrobenzodiazepines, clonazepam, nitraz-
epam and flunitrazepam are metabolized
to their 7-amine metabolites in the liver,
lungs, myocardium, kidney, and skeletal
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muscle by enterobacteria. Also, Melo et al.
(2012) concluded that the data obtained
from their study suggest that results from
samples with benzodiazepines stored long
-term should be cautiously interpreted.

The present study concluded that the
possibility of post-mortem production of
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ethanol makes correct interpretation of
ethanol detection in forensic autopsy sam-
ples difficult. Diazepam level is elevated
on increasing postmortem time before au-
topsy; also it is affected by putrefaction. It
is recommended to compare the efficiency
and the results of other different extrac-
tion and detection techniques.
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Table (1): Effect of postmortem interval on detection of ethanol in control group.

Liver ethanol
Groups Subgroups (mg/dl) t-test p
X +SD
I-a .001+.000 -
I-b .001+.000
Group I
(Control I-a .001+.000 s B
group) I-c .002+.000
I-a .001+.000 - | -
I-d .002+.000

Table (2): Changes in ethanol level in liver tissue of ethanol treated group.

Liver ethanol
Subgroups (mg/dl) t-test p
X+ SD
II-a .0113+.00082 "
IT -b .0343+.00242 -22.041 000
Group II
(Ethanol
treated) Il -a .0113+.00082 x
Il -c .0703+.00528 -27.055 000
IT -a .0113+.00082 "
IT-d .0917£.00641 -30.460 000
Significance <0.05 High significance = **
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Table (3): Effect of postmortem interval on detection of liver tissue diazepam.

Liver diazepam
Subgroups (mg/dl) t-test p
X +SD
III -a 0213+.00137
’ -1.6 0.14
Group TIT II1 -b .0228+.00183
(Diazepam
treated) I 0213+.00137
-a . :
111 -c .0218+.00075 0.79 045
III -a .0213+.00137
111 -d .0218+.00098 0.73 0.48
Significance<(.05.

Table (4): Effect of postmortem interval on liver tissue ethanol in ethanol and
diazepam treated group.

Subgroups Liver eth;li()ls(]l)ng/dl) t-test P
IV-a .0117+.00082 s
IV -b 0333+.00489 -10.715 | .000
Group v
(Diazepam
and  ethanol| v -a .0117+.00082 .
treated) IV ¢ 0705+.00723 -19.801 1000
IV -a .0117+.00082
28216 | .000%*
IV -d .0918+.00691 8216 1 .000

High significance = **

Mansoura J. Forensic Med. Clin. Toxicol. Vol. XX1, No.1, January 2013



Amin and EI Seidy 91

Table (5): Effect of postmortem interval on liver tissue diazepam in ethanol and
diazepam treated group.

Liver diazepam (mg/dl)
Subgroups X + SD t-test P

IV -a .0150+.00210

IV -b .0372+.0553 -0.98 0.35
Group IV
(Diazepam
and ethanol IV -a 0150i()021() -1 15 0 28

treated) IV -c .0207+.01194 ' )
IV -a .0150+.00210
IV -d 0175+.00164 -2.29 0.44
Significance <0.05

Table (6): Comparison between mean ethanol and diazepam concentrations in
liver tissue regarding different postmortem intervals.

Liver ethanol (mg/dl)
Groups Subgroups X +SD F P
IT-a .0113+.00082
II-b .0343+.00242
Group 11 I - 0703+.00528 410.822 | .000**
II-d .0917+.00641
Liver diazepam
Group III (mg/dl)
X £+ SD
I -a .0213+.00137
I -b .0228+.00183
I -c .0218+.00075 1.404 271
11 -d .0218+.00098
Group IV Liver ethanol (mg/dl)
(ethanol level) X +SD
IV -a .0117+.00082
IV -b .0333+.00489
IV ¢ .0705+.00723 250.662 | .000%*
IV d .0918+.00691
Group IV Liver diazepam (mg/dl)
(diazepam level) X +SD
IV -a .0150+.00210
IV -b .0372+.0553
IV ¢ .0207+.01194 1071 384
IV -d .0175+.00164
Significance <0.05 ** = High significance
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Curve Evaluate: None
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Figure (1) : Calibration curve for different prepared standard concentrations of ethanol.
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Calibration Curve . Model : UV-VIS Spectrophotometer
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Spectral Bandwidth : 2.00 nm
8.307- ® File Information
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§ // Data Type : Original
3.928- Method File:
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v Analyser : Administrator
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Comment :
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0.0 0.0 0.1 0;1 0.2 0.2 Measure Mode: Single wavelength
Curve Evaluate:
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Figure (2) : Calibration curve for different prepared standard concentrations of diazepam.
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® Instrument Performance
Model : UV-VIS Spectrophotometer
Number : 20-1650-01-0054
Spectral Bandwidth : 2.00 nm

® File Information
Data File : ethanol100 Copy(1) E ONLY.qud
Create Date/Time : Tuesday, September 18, 2012 12:37:03 PM

Data Type : Original
Method File:

® Analyse Note
Analyser : Administrator
Sample Name :
Comment :

® Calibration Curve
Measure Mode: Single wavelength
Curve Evaluate: None
Principle: Abs = f(Conc)

Figure (3) : Ethanol liver tissue concentrations in rats received lethal dose of ethanol only
mediately after death on ethanol calibration curve.
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® Instrument Performance

Model : UV-VIS Spectrophotometer
Number : 20-1650-01-0054
Spectral Bandwidth : 2.00 nm

® File Information

Data File : diazpam100 Copy(2)d only.qud
Create Date/Time : Monday, September 17, 2012 1:27:32 PM

Data Type : Original
Method File:

@ Analyse Note

Analyser : Administrator
Sample Name :
Comment :

® Calibration Curve

Measure Mode: Single wavelength
Curve Evaluate: None
Principle: Abs = f(Conc)

Figure (4) : Diazepam liver tissue concentrations in rats received lethal dose of diazepam
only immediately after death on diazepam calibration curve.
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