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(a) right after death, and (b) stored at 30°C for 4 days.
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Mass chromatograms of ethanol(-d6) in the brain of the rabbit carcasses,

Abbreviation “IS”

indicates internal standard, tert-butanol. Ethanol-d5 was detected, because the
d6 is readily converted to d5 in aqueous solution. Ethanol-d5 (monitored at m/
z 33, 49 and 51) and ethanol (monitored at m/z 31, 45 and 46) elute at
approximately 4 min. Only ethanol-d5 was detected from the specimen right

after death (a).

Both ethanol-d5 and postmortem produced ethanol were

detected from the putrified specimen (b). The analytical conditions were as
follows : GC column, PEG-1000 (15%) ; column temperature, 77°C ; EI mode.
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Fig. 2. Standard curves for (a) ethanol-d6, (b)
ethano! and (c) n-propanol analyzed by head
space GC-MS method. Peak height ratios
were measured for ions with m/z 33, 49 and
51 (ethanol-d6(d5)), m/z 31, 45 and 46 (ethano-
1) and m/z 59 (n-propanol) relative to m/z 59
for the internal standard, tert-butanol.

O O (m/z 33), O—_ (m/z 49), &A——~A
(m/z 51), & ® (m/z 31), B—HE (m/z
45), A——A (m/z 46), ¥—¥ (m/z 59).

Tablel. Measured values of ethanol-d6 in the rat heart blood and
organ tissues after oral administration

Ethanol-d6 concentration in blood
(mg/ml) and organs (mg/g)

After (min)
15 30 60 90

Heart blood 0.808 0.796 0.717 0.536
Brain 0.645 0.619 0.547 0.352
Heart muscle 0.609 0.512 0.536 0.367
Lung 0.486 0.467 0.488 0.281
Liver 0.431 0.4186 0.308 0.175
Kidney 0.563 0.544 0.520 0.362
Femoral skeletal muscle 0.731 0.605 0.566 0.371

Mean values (n=3) are shown.
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Fig.3. Ethanol-d6 concentration in the blood

and organs of rats after oral administration
(25% w/v ethanol-d6, 4ml/kg body weight).
The blood and organs were taken from 15 to
90 min after administration. Mean Values
(n=3) of the concentration are plotted. Heart
blood (@—®), brain (O—CO), heart
muscle (O——), lung (r——), liver
(A——A), kindney (V——V), femoral muscle
(C—10).
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Table 2. Ratios of ethanol-d6 concentration between the organ tissues and the
heart blood of the rats after oral administration

Tissue/heart blood ratio (percentage) of ethanol-d6

concentration
After i} (min)
15 30 60 90
Heart blood 100% 100% 100% 100%

(mean concentration, (0.808mg/ml)

(0.796mg/ml)

(0.71Tmg/ml)  (0.536mg/ml)

n=3)
Brain 79% 7% 76% 64%
Heart muscle 74 64 75 69
Lung 60 59 68 53
Liver 55 52 40 32
Kidney 70 68 73 68
Femoral skeletal 89 75 75 69
muscle

Mean values (n=3) are shown.
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Table 3. Measured values of antemortem administered ethanol-d6, and
postmortem produced ethanol and n-propanol in the tissues of rabbit carcasses

stored at 30C

Storage period

Mean concentration (mg/g) of

of carcasses Ethanol-dé Ethanol n-Propanol
(days)
Heart 0 0.323 0.000 0.0000
blood 1 0.174 0.009 0.0000
2.5 0.034 0.147 0.0084
4 not collectable
Brain 0 0.284 0.001 0.0000
1 0.220 0.010 0.0000
2.5 0.107 0.393 0.0124
4 0.040 0.262 0.0064
Liver 0 0.156 0.001 0.0000
1 0.134 0.006 0.0006
2.5 0.066 0.499 0.0121
4 0.042 0.421 0.0148
Femoral 0 0.218 0.000 0.0000
skeletal 1 0.189 0.001 0.0000
muscle 2.5 0.065 0.258 0.0063
4 0.047 0.262 0.0098

Mean values (n=3) are shown.
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Fig. 4. Measured values of ethanol-d6 and ethanol in the organs of the

rabbit carcasses.

The rabbits were sacrified 30 min after intravenous

administration of ethanol-dé solution (25% (w/v), 3ml/kg body weight).
The carcasses were stored at 30°C for 1 to 4 days in a moist chamber.
(a) heat blood, (b) brain, (c) liver, (d) femoral skeletal muscle. Open bar
and closed bar show ethanol-d6 and postmortem produced ethanol,

respectively.
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A schematic illustration which shows

the location of each examined organ of the

rat.

liver (1), left robe of the liver; liver (r), right
lateral lobe of the liver; kidney (1), the left

kidney ; kidney (r), the right kidney.

Table 4. Distribution of ethancl-d6
the rat carcasses stored at 5C
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Hecke %52%", Christopoulos &2 43%, Krauland

postmortem injected into the stomach in

Ethanol-d6 concentration (mg/g)

After (hr)

0.5~1 12 24 48 72
Brain 0 0.19 0.73 0.41 0.91
Heart blood 0 0.32 0.17 0.13 0.31
Heart muscle 0 0.09 0.05 0.02 0.18
Lung 0 0.30 0.07 0.04 0.14
Liver left lobe Trace 0.41 0.75 0.78 0.51
Liver
right lateral lobe NC. 0 0 NC. 0.08
Kidney left Trace 1.32 0.98 0.78 0.45
Kidney right 0 0 0 0.05 0.10
Spleen Trace 2.04 2.38 1.47 1.54
Abdominal fluid N.C. N.C. N.C. N.C. N.C.
Femoral skeletal muscle 0 0 0 0 0
Stomach contents 20.48 20.64 14.18 11.14 6.45

N.C,, not collectable.

Mean values (n=3) are shown.
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Table5. Distribution of ethanol-d6 postmortem injected into the stomach and
postmortem production of ethanol in the rat carcasses stored at 30°C

Concentration of ethanol-d6 and ethanol (mg/g)

After (hr)
0.5~1 12 24 48 72
Brain 0 0.69 0.51 0.38 0.06
ral 0 0 0.05 0.85 0.71
0 0.22 0.19 0.14 0.12
Heart blood 0 0 0 0.04 0.50
Heart muscle 0 0.09 0.23 0.23 0.09
0 0 0.02 0.50 0.58
Len 0 0.11 0.26 0.20 0.12
g 0 0 0.02 0.33 0.57
_ Trace 1.06 0.96 0.50 0.16
Liver left lobe 0 0 0.10 0.41 0.39
. 0.11 0.57 0.35 0.12
Liver right lateral lobe N.C. 0 0.09 0.43 0.48
. ~Trace 1.80 1.05 0.61 0.22
Kidney left 0 0 0.10 0.43 0.69
. . 0 0.08 0.13 0.30 0.16
Kidney right 0 0 0.04 0.53 0.58
Soleen Trace 2.61 1.64 0.61 0.12
P 0 0 0.17 0.51 0.57
0.88 0.61 0.24

i i C. N.

Abdominal fluid N.C C 0.12 0.74 0.82
0 0 0.01 0.04 0.07
Femoral skeletal muscle 0 0 0.01 0.04 0.36
20.48 9.26 1.96 0.71 0.25
Stomach contents 0 0 0.43 0.47 0.58

Upper row, ethanol-d6 concentration; lower row, ethanol concentration ; N.C,,
not collectable. Mean values (n=3) are shown.
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Table 6. Comparison of distribution of ethanol-d6 in the rat
carcasses stored at 30C for 24hr after postmortem
injection into the stomach orally by catheter and directly

by laparotomy

Ethanol-d6 concentration (mg/g) after injection

Orally by catheter

Directly

by laparotomy

@D) (2>

Brain 0.509 0.168 0

Heart blood 0.189 0.038 0.016
Heart muscle 0.229 0.154 0.024
Lung 0.262 0.144 0.055
Pleural fluid N.C. 0.287 0.258
Liver left lobe 0.957 0.543 0.616
Liver right lateral lobe 0.575 0.266 0.368
Kidney left 1.047 0.838 1.339
Kidney right 0.132 0.318 0.358
Spleen 1.638 1.099 1.761
Abdominal fluid 0.879 0.845 0.332
Femoral skeletal muscle 0.010 0.005 0

Stomach contents 1.960 1.543 2.570

N.C., not collectable. Mean values (n=3) are shown.
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Postmortem Degradation and Diffusion of Ethanol-d6 in Animal Bodies and
Postmortem Production of Ethanol  Hirotomo Fukui, Department of Legal Medicine,
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1198 —1211 (1989)
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Abstract

In the field of legal medicine, there are some problems in alcohol determination ; that
is, postmortem ethanol production and degradation, and diffusion from the digestive tracts
such as the stomach. There have been many reports which aimed to solve these problems.
The degradation and production of. ethanol in cadavers, however, could be only inferred
from the relative changes of its concentration, because it was impossible to discriminate the
ethanol taken antemortem from ethanol produced postmortem. Takayasu & Nagano
reported in 1987 that deuterium labeled ethanol-dé6 could be detected separately by GC-MS
analysis from “natural” ethanol. From this point of view, these animal experiments were
carried out to solve the problems by using deuterium labeled ethanol-dé. As to
distribution of ethanol-d6 in rat organ tissues after oral administration, both of the blood
ethanol curve and the distribution in the organs were similar to those in cases of human
after alcohol ingestion. In rabbit carcasses stored at 30°C, the ethanol-d6 which had been
administered antemortem markedly decreased in concentration one day later and then after,
as the carcasses putrefied. In contrast, the concentration of postmortem produced ethanol
increased steadily, and it reached to a concentration higher than ethanol-dé 2.5 days later
and then after. To clarify the postmortem diffusion from the digestive tracts to
neighbouring organs, ethanol-d6 solution was injected orally into the stomach of rat
carcasses by catheter, and then the carcasses were stored for 0.5 to 3 days at 5 or 30°C.
At S, ethanol-d6 was detected in organs adjacent to the stomach, but no postmortem
production of “natural” ethanol was detected. At 30C, 12 hr later, ethanol-d6é was
detected in the concentration higher than that of the same organs at 5C, and then
decreased gradually. Ethanol-d6 was distributed in all examined abdominal organs of the
carcasses stored at 30°C, one day later, and showed a concentration level similar to that of
postmortem produced ethanol 2 days later. Three days later, the postmortem produced
“natural” ethanol showed a level higher than the ethanol-d6. The influence of diffusion
from the stomach, however, was scarcely noticed in the femoral skeletal muscles both at 5C
and at 30C. When ethanol-d6 solution was directly injected into the stomach of rat
carcasses by laparotomy, the diffusion of ethanol-d6 into the heart blood was insignificant,
but the pleural fluid was slightly affected. In this condition, diffusion into the cranial
cavity did not occur.



