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ABSTRACT
 

In the present study,the concentrations of eight kinds of prostagladin(PG)in plasma samples
 

obtained at forensic autopsy of 73 persons aged between 0 to 84 years were analyzed with gas
 

chromatography/mass spectrometry.Possible differences in PG behavior in relation to the cause
 

of death and the postmortem interval was clarified by studying concentrations of 6-keto-prostag-

landin F alpha(6-keto-PGFα),the stable metabolite of prostacyclin(PGI),and of thromboxane

(TX)B,the stable metabolite of TXA.The measurements of PGs with gas chromatography/

mass spectrometry were not affected by the postmortem interval or by age,and the ratios of 6-keto-

PGFαto TXB in persons dying of cardiovascular disease were significantly lower than in other
 

persons. (Jikeikai Med J 2006;53:131-9)

Key words:prostaglandin,6-keto-prostaglandin F alpha,thromboxane B,cardiovascular dis-
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INTRODUCTION
 

Prostaglandins(PGs)and thromboxanes(TXs)

play important roles,particularly in cardiovascular
 

diseases.The balance of TXA and prostacyclin

(PGI)regulates interactions between platelets and the
 

vessel wall.

Many clinical studies have examined the patho-

physiological behavior of PGs.However,quantita-

tive analysis of autopsy samples in forensic medicine
 

is considered difficult because the postmortem inter-

val(PMI)and inevitable degenerative changes in PGs
 

were believed to affect the accuracy of measurements.

Changes over time in the concentrations of PGE and
 

PGFα in postmortem animal tissues have been
 

observed;however,PGs in samples obtained at
 

forensic autopsy have not been reported.

In the present study,plasma concentrations of
 

PGs in cadaveric blood obtained at forensic autopsy
 

were measured with gas chromatography(GC)/mass
 

spectrometry(MS)and analyzed.The findings sug-

gest concentrations of 8 kinds of PGs in plasma sam-

ples obtained at forensic autopsy of 73 persons and an
 

interesting relation between the ratio of the concen-

trations of TXB and 6-keto-PGFαand the cause of
 

death.

MATERIALS AND METHODS
 

The subjects of this study were 73 forensic
 

autopsy cases examined at the Department of Foren-

sic Medicine,The Jikei University School of Medi-

cine.Age at death ranged from 0 to 84 years.The
 

causes of deaths were determined after complete
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forensic autopsies,including toxicological and his-

topathological examinations of tissues and fluids.

Blood samples were obtained at autopsy from the
 

right atrium using a sterilized injection syringe.

Each blood sample was centrifuged for 15 minutes at
 

3,000 rpm to separate the plasma.Immediately there
 

after,0.3 mM of indomethacin was added to each
 

plasma sample,which was thoroughly mixed,and then
 

stored at－80°C until assay.

The extraction and derivatization of PGs were
 

performed according to the procedure of Obata et al.

Eight kinds of PGs in plasma were assayed with a GC/

MS/selected ion monitoring(SIM)system:TXB,6-

keto-PGFα,PGFα,9α,11β-PGF,8-epi-PGFα,

PGD,PGE,PGE.

A GC/MS apparatus(JMS-DX 303,JEOL,Tokyo
 

Japan)equipped with a data-processing system

(JMA-DA 5000,JEOL)was used.The column was a
 

30 m×0.32 mm internal diameter fused silica capillary

(film thickness,0.1μm;DB-1,J&W Scientific,Fol-

som,CA,USA).The temperature of the column oven
 

was programmed in two-step gradient conditions.

The first step was an increase from 100°C to 220°C at
 

32°C/minute,and the second step was an increase
 

from 220°C to 300°C at 4°C/minute.A solventless
 

injector was set on the injection block of the GC
 

apparatus.The temperature of the injection port and
 

the separator block was 300°C,and the ionization
 

source was maintained at 200°C.Helium was used as
 

a carrier gas.The ionization energy was 70 eV at a
 

mass spectral resolution of 3000.The selected ions
 

monitored were TXB and 6-keto-PGFα:670.44;

PGFα,9α,11β-PGF,and 8-epi-PGFα:625.41;

PGE :554.37;PGD and PGE :552.35;tetradeuter-

ated TXB,tetradeuterated 6-keto-PGFα:674.46;

pentadeuterated PGFα:630.45;and tetradeuterated
 

PGE :556.38.

This study was approved by the Ethics Commit-

tee of The Jikei University School of Medicine,and
 

samples were anonymized in an unlinkable fashion.

RESULTS
 

1. Analytical value of  forensic autopsy specimen
 

Simultaneous quantitative analysis of 8 kinds of

 

PGs was performed in plasma specimens obtained at
 

autopsy in 73 cases.Death was due to internal causes
 

in 45 cases(61.6%)and to external causes in 28 cases

(38.4%,Table 1).Table 2 shows PG concentrations
 

in plasma specimens obtained at forensic autopsy in
 

the 73 cases.Table 3 shows the mean concentrations
 

and median values of the PGs in the 73 plasma speci-

mens.

2. Reference  of  each PGs  concentration in plasma
 

preparations and PMI
 

No correlations were found between the plasma
 

concentrations of each PG and the PMI(5 to 72 hours,

Fig.1).

3. Reference  of  each PGs  concentration in plasma
 

preparations and age
 

No correlations were found between the plasma
 

concentrations of each PG and subject age(0 to 84
 

years;Fig.2).

4. 6-keto-PGF α to TXB ratio in a group of  car-

diovascular disease
 

Of 45 deaths due to internal causes,21 were attrib-

utable to cardiovascular disease and 24 were attribut-

able to other diseases.The concentration of TXB

was higher than that of 6-keto-PGFαin 14(66.7%)of
 

21 cases of cardiovascular disease and in 7(29.2%)of
 

24 cases of noncardiovascular disease.The mean 6-

keto-PGFαto TXB ratio was significantly lower in
 

cases of cardiovascular disease(2.40)than in cases of
 

noncardiovascular disease (10.05;t-test, p＜0.05;

Fig.3).

DISCUSSION
 

Simultaneous assays of PGs could be performed
 

with GC/MS/SIM in specimens of cadaveric human
 

plasma obtained at autopsy.Although various val-

ues of PG in healthy adults have been reported,most
 

values obtained in the present study were higher than
 

those obtained in previous studies.

Tissue and blood samples are often collected at
 

forensic autopsy after a long PMI,which has been
 

thought to affect plasma concentrations of PGs

 

K.MARUYAMA-MAEBASHI  Vol.53,No.3 132



 

through metabolism and degeneration and thereby
 

complicate the practical application of their analysis.

However,the concentrations of 8 kinds of PGs in
 

cadeveric plasma obtained at 73 forensic autopsies

 

and analyzed simultaneously with GC/MS/SIM
 

showed no correlation with PMI(5 to 72 hours;

Fig.1).

In forensic medicine,concentrations of PGE and

 

Table 1.Distribution according to the cause of death of 73
 

forensic autopsies
 

Cause of death  Number
 

Intrinsic death  45
 

Cardiovascular disease  21
 

Ischemic heart disease  17
 

Interstitial myocarditis  2
 

Hypertrophic idiopathic cardiomyopathy  1
 

Other  1
 

Central nervous system disease  4
 

Cerebrovascular disorder  2
 

Purulent meningitis  1
 

Other  1
 

Respiratory system disorder  14
 

Pneumonia  6
 

Bronchial asthma  3
 

Pulmonary thromboembolism  2
 

Other  3
 

Digestive disease  4
 

Alcoholic liver disease  2
 

Intestinal atresia  2
 

Other intrinsic death  2
 

Exsiccation  1
 

Sudden death  1
 

Exogenous death  28
 

Suffocation  6
 

Poisoning  5
 

Hemorrhagic shock  3
 

Intracranial injury  3
 

Fire  2
 

Exsanguination  2
 

Subdural hematoma  2
 

Drowning  1
 

Brainstem injury  1
 

Brain contusion  1
 

A cervical cord injury  1
 

Flail chest  1

 

Table 3.Mean and median value of prostaglandin concentration out of plasma in 73 forensic autopsies
 

TXB 6-keto-PGFα PGFα 9α,11β-PGF 8-epi-PGFα PGD PGE PGE (ng/ml)

Mean  4.5881  8.6620  1.0457  0.2789  0.7004  1.2938 0.9072 0.8616
 

Standard deviation 8.0306  17.3182  1.7639  0.9794  3.6344  4.0509 4.2169 1.8406
 

Median value  0.8562  1.3438  0.4592  0.0533  0.1855  0.0938 0.0596  0.2014
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PGFα in rat organs have been measured with
 

radioimmunoassy by Mitsuhashi.Mitsuhashi found
 

a pattern of the time courses of changes in concentra-

tion of PGE and PGFα according to the organ

(brain,heart and kidney)and the cause of death

(potassium chloride intravenous infusion,suxameth-

onium chloride intravenous infusion,and acute carbon

 

monoxide poisoning).Although the present study
 

differed from that of Mitsuhashi,both studies have
 

found that the PMI does not affect PG values.

In addition,production of PGIhas been reported
 

to decrease with aging,but no such decrease was
 

found in the present study(Fig.2).It was thought
 

that disease state affected PG value than age.There-

Fig.1.The relation between PG concentrations of plasma and the PMI(5 to 72 hours)for 73 cases in forensic
 

autopsy.PG levels were not correlated with the PMI.
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fore,the present study suggests that plasma concen-

trations of PGs can be applied to pathophysiological
 

analysis.

PGs play important roles,particularly in car-

diovascular diseases.The balance of TXA and PGI

regulates interactions between platelets and the vessel
 

wall.Comparisons of the ratio,rather than of abso-

lute values,of TXB and 6-keto-PGFα,metabolites
 

of TXA and PGI,have been reported,with TXB

concentrations,ranging from 10 pg/ml to 10 ng/ml

(4,6-9).The yield of TXA is enhanced and that of
 

PGI decreases in cases of acute coronary disease,

particularly myocardial infarction .In addition,a
 

change in the balance 6-keto-PGFα and TXB is

 

Fig.2.The relation between PG concentrations of plasma and subject age(0 to 84 years)for 73 cases in forensic
 

autopsy.PG levels were not correlated with subject age.
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reported about arteriosclerosis,myocardial infarc-

tion,and vascular diseases.Murota reported that
 

arterial sclerosis is inhibited if PGIlevels are high.

As shown in Figure 3,the mean 6-keto-PGFαto
 

TXB ratio in persons dying of cardiovascular disease

(2.40)was significantly lower than that in persons
 

dying of noncardiovascular diseases(10.05;t-test,

p＜0.05).Although levels of 6-keto-PGFαvalue are
 

generally higher than those of TXB in healthy adults,

levels of TXB were higher than those of 6-keto-

PGFαvalue in two thirds of persons dying of car-

diovascular disease group in the present study.This
 

finding indicates that the amount of TXB was less
 

than that of 6-keto-PGFαin persons dying of non-

cardiovascular diseases but was greater than that of
 

6-keto-PGFα in persons dying of cardiovascular
 

diseases.From TXB and 6-keto-PGFα being
 

metabolite of TXA and PGI,this finding is consis-

tent with findings of previous reports.

These results suggest that the determination of
 

PG levels can be applied to forensic medicine.

CONCLUSION
 

Quantitative PG analysis in forensic samples is
 

rarely done,because PG concentrations are believed

 

to be modified by the metabolism of PGs and physical
 

changes due to the PMI.In this study,8 kinds of PGs

(TXB,6-keto-PGFα,PGFα,9α,11β-PGF,8-epi-

PGFα,PGD,PGE,and PGE)were assayed with
 

GC/MS in plasma samples obtained at autopsy.The
 

results show that the concentrations of these PGs are
 

not affected by subject age or PMI.

The present study has also found that the ratio of
 

6-keto-PGFα to TXB in plasma is significantly
 

lower in persons who have died of cardiovascular
 

disease.This finding suggests that measurements of
 

6-keto-PGFαand TXB might be used to diagnose
 

suspected cardiovascular disease at autopsy.
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