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Summary. Changes in the activity of lactate (EC 
1.1.1.27, LDH)  and malate (EC 1.1.1.37, MDH)  dehy- 
drogenases were measured in tissue extracts of human 
liver kept at 5 different temperatures until 35 days after 
death. The investigated activities decreased in propor- 
tion to time of storage which enabled an estimation of 
time after death by statistical analysis of the data. 
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Zusammenfassung. Teile menschlicher Lebern wurden 
bis zu 35 Tage nach dem Tod bei - 3 ,  2, 7, 12 und 17°C 
gelagert. Die in den Extrakten gemessenen Aktivitgten 
der Lactat- (EC 1.1.1.27, LDH)  und Malatdehydroge- 
nase (EC 1.1.1.37, MDH)  zeigten eine zeitabh~ingige 
Verminderung. Nach statistischer Bearbeitung erlauben 
die Mef3ergebnisse eine Schfitzung der Todeszeit. 

Schliisselwiirter: Todeszeit  - Enzymaktivit~it 

Introduction 

Attempts to estimate time after death using the mea- 
surement of postmortem enzyme activity began in the 
late 1950s and early 1960s. L D H  and aminotransferase 
activities were investigated in sera from cadavers up to 
60 h after death [5, 6, 10] and the data obtained enabled 
an approximate estimation to be made. 

Investigations directly connected with time of death 
analysis followed and revealed the usefulness of alkaline 
phosphatase activity measurement  in blood and muscle 
tissue up to 150h after death [13, 16]. In muscle tissue 
enzyme activities such as ATP-ase [11, 23], 5-nucleoti- 
dase [11], lactate dehydrogenase, a-hydroxybutyric de- 
hydrogenase, asparate aminotransferase [12] and cathep- 
sins [24] were also investigated but the observation time 
did not exceed a few days after death. The same problem 
also occurred with further experiments using different 
enzymes from other  organs and body fluids [15, 17]. The 
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only enzyme activities which were measured over longer 
periods (up to 40 days after death) were muscle protease 
and creatine kinase [18]. This obvious predominance of 
studies on the earlier postmortem phase is specific not 
only for biochemical, but also for other investigations 
dealing with the problem of time after death [7]. 

Even in this early period the tendency of enzyme ac- 
tivity values to show significant variation was pointed 
out which seemed to be discouraging for estimating time 
after death [1, 22]. On the other hand, very promising 
biochemical investigations were also published [4, 18]. 

These problems were crucial for the direction of the 
present research, which aimed at the elaboration of a 
simple biochemical method for an estimation of time 
after death, especially for the later postmortem period, 
based on the measurement of L D H  and M D H  activity. 
These 2 liver enzymes are characterized by an easy ex- 
traction from liver tissue, their high activity and simple 
assay with relatively cheap reagents, which is important 
for a routine method. In contrast to other enzymes, such 
as phosphofructokinase [21], the activities of M D H  and 
L D H  are independent of developmental changes and 
hormones as well as dietetic influences. 

Various storage temperatures were applied in accor- 
dance with earlier reports on the influence of tempera- 
ture on postmortem enzyme activity [181 and served to 
approximate to real conditions. 

Material and methods 

The investigation was performed on 25 corpses, 4 women and 21 
men, aged 6-69 years. Death had occurred suddenly and from dif- 
ferent non-toxic causes (17 died from trauma, 5 from heart failure, 
one each from drowning, hanging and brain aneurysma rupture). 
The livers showed no macroscopic pathological changes. The time 
from death until collection of the tissue did not exceed 12 h. A 
piece of liver (approx. 250g) was taken, divided into 5 parts and 
stored at different temperatures (-3,  +2, +7, +12, +17°C) in 
sealed plastic containers. LDH activity was measured every day 
for the first 14 days and then once every 7 days up to 35 days after 
death. MDH measurements were performed similarly with the ex- 
ception that measurements at -3°C were made every seventh day 
up to 35 days. For each measurement a fragment of liver approx. 
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100 mg in weight was obtained from the inner part. The tissue was 
homogenized in 10ml 20mM TrisfHCi buffer pH 7.8 and the 
homogenate was centrifuged at +4°C and 20000 x g for 30min. 
The obtained supernatant was used for activity measurement. 
Changes in enzyme activities were measured spectrophotometri- 
cally on a SPECORD UV-VIS by measuring the decrease in absor- 
bance at 340 nM. The final volume of the reaction mixture was 1 ml 
and the temperature of the assay was 37°C. LDH activity was as- 
sayed as follows: to 930 pl of 50 mM Tris/HC1 buffer (ph 7.8) was 
added 20 ~tl of supernatant and 30 gl of 5 mM NADH solution. The 
absorbance was measured then 20 ~tl of freshly prepared 50mM 
sodium pyruvate solution was added and the absorbance decrease 
was assayed. MDH activity was measured in a similar way except 
that pyruvate was replaced by 50 mM oxaloacetate and kept on ice 
during the assay. The activity of both enzymes was calculated per 
gram liver relative to NADH concentrations in the reaction mix- 
ture and taking into consideration the molar absorbance of NADH 
which is 6200. 

The protein concentration in the supernatant was estimated by 
the method of Lowry [14]. 

The results were analysed statistically using the model of linear 
regression with the help of a computer programme. 

The calculation of the most probable time interval after death 
and also the upper and the lower limits, which include real death 
time with known probability, is performed by the following equa- 
tion: 

= ~ / 3 1 ( y o - Y )  m~ c(yo_y)2+,l, 

where the most probable death time is determined by the expres- 
sion: 2 +/3~ (y0 - y)/,1, and Y0 is the assayed activity value. The coef- 
ficients, specific for each of the regression equations are: Y-general 
mean value of time, y-general mean value of enzyme activity in ap- 
propriate results pool (without excluded cases, see "Results"),/3~- 
regression coefficient (from the equation: y =/30 + fi~x), ~-stan- 
dard deviation of the coefficient [31, t-Student test value, k-number 
of x and y values appropriate for each regression equation, where 
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y is the activity mean value of statistically analysed cases (without 
those excluded, see "Results") and x is day of the experiment, 

1 
c - ~ ( x i  - ~ ) 2 '  ~" = ~ 2  _ c t 2 ~ 2  (see examples Fig. 3 and 4). 

The statistical differentiation of activity decrease of each enzyme 
dependent on the temperature and, between the two enzymes at 
each temperature was tested by the variable F, possessing F- 
Snedecor's distribution. 

R e s u l t s  

Figures 1 and 2 show the m e a n  changes of activity for 
bo th  enzymes  in each of the 25 cases and  the invest igated 
t empera tu res  dur ing the total  exper imenta l  period.  

The  results of the 5 cases with significantly different  
activity decreases were excluded from the statistical anal- 
ysis. The  activity assay results t aken  f rom 20 cases were 
used to pe r f o r m  the l inear  regress ion  and  t ime after  
death  calculations.  The  difference in activity pa t te rns  be- 
tween the group of 20 and  of the 5 cases excluded was 
part icularly obvious with M D H  at the tempera ture  + 17°C 
(see Table  1). The  excluded cases showed weekly M D H  
activity decreases lower than  54% (of previous  activity 
before  one  week) and  absolute  values ranged  f rom 376 
gmol /min  x g-~ at the beg inn ing  and  64 pmol /min  x g-~ 
on the 28th day at a t empera tu re  of + 17°C. M D H  assay 
results ob ta ined  at the t empera tu re  - 3 ° C  were not  statis- 
tically analysed because  no  significant activity decrease 
occured (see Fig. 2). 

The  activity of bo th  enzymes  f rom 20 analysed cases 
revealed statistical differences be tween  L D H  and M D H  
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Fig. 1. Mean activity values for lactate dehydrogenase expressed in 
% of initial activity at the temperature: O +17°C, x +12°C, 
• +7°C, /~ +2°C, • -3°C. The initial mean activity value of the 
25 investigated cases is given as 100%, with an absolute value of 
102 ~tmol/min x g 1, standard deviation 30 pmol/min x g-t (beside 
the start point representing all the 25 cases other points represent 
the activity mean value of 8-15 results 
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Fig. 2. Mean activity values for malate dehydrogenase expressed in 
% of initial activity at the temperature: O +17°C, × +12°C, 
• +7°C, & +2°C, • -3°C. The initial mean activity value of all 
the 25 investigated cases is given as 100%, with an absolute value 
of 230 ~tmol/min x g-t, range 124-376 gmol/min x g-l, standard 
deviation 69 pmol/min x g a (beside the start point representing all 
the 25 cases other points represent the activity mean value of 8-15 
results) 



T. Gos and S. Raszeja: Postmortem activity 

Table 1. Activity ranges of LDH and MDH (in gmol/min × g 1) during the experiment at + 17°C 
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Enzyme Cases group Initial activity Activity range on: 

7th day 14th day 21st day 28th day 35th day 

MDH S 140-335 (20) 10-120 (6) 4 -  78 (5) 0 -  15 (4) 0 -  13 (4) 
E 140-376 (5) 171-337 (3) 100-280 (3) 93-214 (4) 64-188 (4) 

LDH S 72-158 (20) 0-  25 (6) 0 -  5 (5) 0 -  2(4) 0-  2 (4) 
E 58-177 (5) 14- 59 (3) 11- 58 (3) 5 -  32 (4) 6-  20 (4) 

0-  43 (5) 
45-150 (4) 

0-  2 (6) 
7 -  19 (4) 

S - statistically elaborated 
E - excluded group of cases 
In brackets number of results 
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Fig. 3. Linear regression of LDH activity (y) for the time after 
death (x) at the temperature + 17°C. 

First time interval (days 0-7, R = -0.9794): y = 104.59-14.06x; 
coefficient values: 2 = 3.5; y = 55.4; fll = -14.06; k =  8; c = 0.02359; 
A = 195.40285; cr = 6.82905; t = 1.44. Activity = 49, death time ~ 4  
_+ 0,7. 

Second time interval (days 8-35, R =-0 .7976) :  y = 4.2725- 
0.14553x; coefficient values: 2 =  16.1; y =  1.9; fll = 0.14553; k =  
10; c = 0.00137; 2 = 0.01606; (r = 1.04164; t = 1.86. Activity = 1, 
death time ~-24 ± 17. 

Co-ordinates of the intersection point of both linear regression 
plots: x = 7.2; y = 3.2 (for the LDH activity --> 4 the former of the 
two parameter groups is applied to the death time calculation, for 
this activity -< 3 the latter) 

Table 2. Precision of death time estimation 

Temper- Enzyme Real time Estimation Span of 
ature after death probability calculated time 

(days) interval 
(days) 

+ 17°C LDH 0-  7 0,95 _+ 1 
8-35 0, 95 + 18 

MDH 0-  6 0, 95 _+ 2 
7-35 0, 95 + 13 

+12°C LDH 0-14 0, 95 + 6 
15-35 0, 85 + 25 

MDH 0-18 0, 95 ± 3 
19-35 0, 95 + 13 

+7°C LDH 0-19 0, 95 ± 1 
20-35 0, 90 _+ 19 

MDH 0-35 0, 95 + 14 

+2°C LDH 0-35 0, 95 + 11 

MDH 0-35 0, 95 + 21 

- 3 ° C  LDH 0-35 0, 95 + 10 
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Fig. 4. Linear regression of MDH activity (y) for the time after 
death (x) at the temperature + 17°C. 

First time interval (days 0-6, R = 0.93539): y = 278.15-36.666x 
coefficient values: :?=3.5; )~= 149.8; pl =36.666; k=8 ;  c=0.02359; 
A = 1283.0539; a =  35.41594; t = 1.44. Activity = 150, death time 
~-3,5 _+ 1,5. 

Second time interval (days 7-35, R = 0.82518): y = 50, 187- 
1.6297x coefficient values: 2 =  13.8; y = 27.8; fll = -1 .6297 ;  k = 
13; c = 0.00103; ,% = 2.29039; •= 10.48375; t = 1.796. Activity = 
25, death time ~-16 ± 13. 

Co-ordinates of the intersection point of both linear regression 
plots: x--~ 6,5; y ~ 39,6 (for the MDH activity _> 40 the former of 
the two parameter groups is applied to the death time calculation, 
for this activity _< 39 the latter) 

at all  of  i n v e s t i g a t e d  t e m p e r a t u r e s  a n d  a d e p e n d e n c e  o n  
the  t e m p e r a t u r e .  L D H  at the  t e m p e r a t u r e  + 7 ° C  a n d  
b o t h  e n z y m e s  at  t e m p e r a t u r e s  + 12 a n d  + 17°C r e v e a l e d  
d i f f e r en t  d i s p e r s i o n  of  ac t iv i ty  va lues  d e p e n d e n t  o n  the  
t i m e  af ter  dea th .  I n  these  cases the  to ta l  35-day  exper i -  
m e n t a l  p e r i o d  was s u b d i v i d e d  in to  2 in te rva l s  wi th  p o o l e d  
resu l t s ,  d e sc r i bed  b y  2 d i f f e ren t  l i n e a r  r e g r e s s i o n  plots .  
Th i s  e n a b l e d  a h i g h e r  p r ec i s ion  o f  d e a t h  t i m e  e s t i m a t i o n  
to be  o b t a i n e d  (see  e x a m p l e s ,  Figs.  3 a n d  4). T h e  ordi -  
n a t e  of  i n t e r s e c t i o n  p o i n t  of  two l i n e a r  r e g r e s s i o n  p lo ts  
gives the  b o r d e r  v a l u e  d e t e r m i n i n g  wh ich  r e g r e s s i o n  
e q u a t i o n  s h o u l d  b e  app l i ed  for  the  t i m e  e s t i m a t i o n  in  an  
ac tua l  case.  I f  t he  g iven  ac t iv i ty  is h i g h e r  t h a n  this ordi -  
na t e ,  t he  f o r m e r  e q u a t i o n ,  de sc r ib ing  the  p o o l e d  resul t s  
n e a r e s t  to the  ac tua l  t i m e  of d e a t h  is used .  I f  t he  ac t iv i ty  
is l ower  t h a n  this o r d i n a t e ,  t he  l a t t e r  e q u a t i o n  is app l i ed  
(see e x a m p l e s  Figs.  3 a n d  4). 

T h e  r e m a i n i n g  p o o l e d  resu l t s  we re  ca l cu l a t ed  by  o n l y  
o n e  l i n e a r  r e g r e s s i o n  e q u a t i o n .  

The  cor re la t ion  coeff icient  R r anged  b e t w e e n  - 0 . 9 8 1 2 9  
a n d  - 0 . 7 6 3 6 4 .  

The  h ighes t  p rec i s ion  of  dea th  t ime  e s t i m a t i o n  (g rea te r  
t h a n  t en  hou r s )  was  a c h i e v e d  for  L D H  up  to 7 days  a f te r  
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death at + 17°C and up to 19 days at +7°C. Table 2 gives 
an overview of the achieved precision of the death time 
estimation (the limits of the calculated time intervals are 
rounded up). 

Examples of the applied mathematical formulae, and 
the linear regression plots are presented in Figs. 3 and 4 
together with the appropriate regression equations and 
coefficient values needed for the calculation of time after 
death (accordingly to the equation in "Materials and 
methods"). 

Discussion 

MDH activity was more stable than LDH at the investi- 
gated temperatures. The difference between these 2 en- 
zymes seems to correspond with earlier reports about 
the protective influence of mitochondrial membranes on 
postmortem enzyme activity [20], since LDH is exclu- 
sively located in the cytoplasmic fraction but MDH is 
present in the cytoplasmic and mitochondrial fractions. 

During the total experimental period no changes in 
soluble protein concentration were observed, so that the 
enzyme activity decrease calculated on the weight of a 
tissue corresponds to that calculated on the weight of 
protein. 

The decrease in assayed activity for both enzymes 
showed good correlation with the actual time after death, 
which proved that the choice of enzymes and the organ 
for the purpose of death time estimation was correct. 

The best mathematical expression of LDH and MDH 
activity plots were linear regression equations. Contrary 
to other methods elaborated for the late postmortem 
phase, death time estimation using LDH and MDH ac- 
tivities assay enables not only the determination of the 
most probable time of death, but also the time interval, 
which includes with a high probability the real time of 
death. An exclusion of cases with abnormal activity plots 
was the most important factor for the precision of time 
analysis and enabled the dispersion of the results ob- 
served in earlier reports to be reduced. A subdivision 
of the pooled results from one temperature into two 
groups, characterized by different statistical parameters 
was also important. Both operations enabled the time 
after death to be estimated in a period as long as 19 days 
with the precision obtained by earlier enzyme activity in- 
vestigations only for short postmortem intervals. 

The enzyme activity decrease is not comparable to 
the results of LDH investigations in animal brains [20, 
21] and human muscles, which did not reveal activity de- 
crease up to 110 h after death, but a decrease of soluble 
protein was observed [13]. Additionally, no difference 
between MDH and LDH was found, which is contrary to 
the results obtained at each of experimental tempera- 
tures. 

Contrary to other investigations on enzyme activity, 
this method enabled an estimation of time after death. 
Cathepsins are an example of such an activity, revealing 
increases at 13-18 and 25-36 h after death (for heart and 
skeletal muscle respectively), and then a decrease [24], 
which is disadvantageous for the death time estimation. 
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Results different from those discussed above were 
obtained by Enticknap, who followed changes in LDH 
in blood serum from the brachial vein. He found a linear 
increase of activity up to 60 h post mortem [6]. Such an 
increase could be due to a release of enzyme into body 
fluids from necrotic tissues after death. The decrease in 
enzyme activity due to postmortem changes proceeds 
simultaneously. So the activity assayed in blood is deter- 
mined by these 2 processes. Thus one could suppose, 
that it is more variable than the activity measured in a 
tissue, reflecting only the changes in enzyme activity. In 
this way, an enzyme activity assay in a tissue seems to be 
more reliable in death time estimation. 

The death time was estimated by Enticknap [6] exact 
to more than 10 h. Similar precision of death time esti- 
mation was achieved by LDH activity assays in isolated 
liver at +17°C up to the 7th day and at +7°C up to the 
19th day after death. This was an advantage in compari- 
son with the method cited above as well as that of Mal- 
lach and Laudahn [16], which dealt only with short post- 
mortem periods. They followed acid and alkaline phos- 
phatase activities and their substrate and product con- 
centrations in human serum during a time interval 21- 
140 h after death when corpses were kept in cold storage. 
The achieved precision of time estimation was compara- 
ble with that of Enticknap [6]. 

Although other enzyme activities were assayed over 
longer periods and the results obtained seemed to be 
hopeful for death time calculations, the authors did not 
perform any further elaboration [18]. For instance mus- 
cle protease and creatine kinase activities were followed 
in skeletal muscle of rats up to 40 days after death, where 
the corpses were stored at room temperature and + 4°C 
[18]. The former enzyme activity increased at both tem- 
peratures, when the latter constantly decreased, reached 
zero value after 12 days at room temperature and half of 
the initial value after 35 days at +4°C. Those results of 
creatine kinase activity assay are similar to these of hu- 
man liver LDH, which revealed about 15% of initial ac- 
tivity after 12 days at + 17°C and about 30% after 35 
days at +2°C (corresponding MDH values were 35% 
and 60%). Although the standard deviation and the log- 
arithm of the ratio of protease/creatine kinase activities 
seemed to be promising for death time estimation, the 
continuation was not reported. 

The concentration of 8-aminovaleric acid as a marker 
of postmortem proteolyse was followed by Bonte and 
Theusner [2] in different tissues and body fluids in man 
and animals up to 45 days after death. A significant dis- 
persion of results probably made the authors give up the 
elaboration of death time equation, so with the help of 
their method one can determine only one limit of the in- 
terval including death time. Electrofocusing of protein 
fractions appearing with proteolysis [19] has a similar 
value for the death time estimation. Contrary to these 
qualitative rather than quantitative methods, Daldrup 
[4] elaborated the mathematical equation based on the 
concentration of 3 amino acids from a human putrefying 
brain: a-aminobutiric (ABU), y-aminobutiric (GABA) 
and glutaminic (GLU). These showed increasing values 
in a period 4-20 days after death at temperatures rang- 
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ing be tween  15 and 25°C with values of  the coefficient:  
in { ( [ABU] + [ G A B A ] )  x [OLU]  -1} + 1. Thus this equa- 
tion enabled the m o s t  p robable  death  t ime to be esti- 
mated ,  but  it does not  allow a calculation o f  the limits o f  
a t ime interval,  which include with known  probabi l i ty  
the real death time. The  de terminat ion  of  such an inter- 
val is of ten more  useful in forensic practice.  

The  investigations of  Da ldrup  revealed the role of  
G A B A  as a putrefact ion marker  [3] and l inked its con- 
centra t ion increase with the activity of  anaerobic  bac- 
teria. The  present  M D H  and L D H  investigations were  
pe r fo rmed  on isolated f ragments  of  the liver, i.e. in 
aerobic condit ions.  The  f ragments  were ob ta ined  within 
a relatively short  t ime per iod after death  (up to 12 h). In  
relation to earlier reports  [8] no growth of  anaerobic  
bacter ia  was assumed.  Addi t ional ly ,  the t empera tu re  
range was not  appropr ia te  for that  growth  of  these mi- 
crobes [3]. The  facts stated above  suggested that  no in- 
fluence of  anaerobic  bacter ia  on the assayed enzyme ac- 
tivities was found  under  the described conditions.  How-  
ever it would be interesting to know whether  these bac- 
teria influence M D H  and L D H  activity in the liver of  
putref ied cadavers  ("in situ") in compar i son  to isolated 
f ragments  of  the liver. The  compar i son  of  enzyme activ- 
ity assayed in the exper iment  with the "in situ" activity 
gives a compar i son  of  death t ime calculated f rom en- 
zyme activity with the real  one.  Such investigations, per- 
fo rmed  on the large n u m b e r  of  corpses are absolutely 
necessary before  the me thod  can be applied in the prac- 
tice. The  first results are encouraging in the mat te r  of  the 
death t ime est imation [9]. They  also suggest the cause of  
death has a greater  influence on the activity change pat- 
tern than the storage condit ions (i.e. liver "in situ" or  
isolated fragments) .  

In  summary ,  the data  presented  above indicate that  
M D H  and L D H  activity assays in h u m a n  liver could be 
valuable for the estimation of  time after death over longer 
t ime periods.  They  also suggest,  that  for  this purpose  en- 
zyme activity investigations have not  yet  been  entirely 
exploited. 
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