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AbsTrAcT

the problem to determine the time of death is one of the actual challenges in modern forensic 
medicine. until now, objective criteria to define the time intervals connected with prescription of 
death through biochemical, morphological, cytological research methods are lacking in the lab-
oratory practice of forensic doctors.

it should be emphasized that up to now the synovial fluid did not serve as a matter of research 
at determining the time of death. at the same time, in our opinion, the synovial fluid is the most 
appropriate medium to be studied for determining the time of death.

it is not excluded that the balance of acid and alkaline phosphatases would be also disturbed 
in the synovial fluid depending on the prescription of death.

We assume that at the relatively early periods of determining the time of death, when the pro-
cesses of autolysis in the synovium and articular cartilage are “intensified”, the activity of lyso-
somal enzymes, including acid and alkaline phosphatases, increases in both composite compo-
nents of joints synovial environment.

considering this fact, there might be real preconditions for revealing the time of death by 
examining the activity of acid and alkaline phosphatases in the synovial fluid taking into account 
the chronologically occurring regional autolysis process.

the synovial fluid of the knee joints of 16 mature cows at the age of 5 years served as matter 
of the study. Samples of the synovial fluid were extracted from resected knees of study groups 
animals and were kept at room temperature for 2, 4, and 5 days, respectively. 

a test for identifying the time of death through shifts in the activity of acid phosphatase was in-
formative only on the fourth and fifth day after slaughter. meanwhile the indices of synovial fluid 
alkaline phosphatase activity were much more informative; this latter was expressed in the steady 
increase of enzyme activity in synovial liquid, depending on the time of biochemical studies. 

Based on performed biochemical studies followed by statistical analysis of data obtained, real 
preconditions were created for forensic doctors in determination of the time of death in a selected 
time interval. 

undoubtedly, the obtained data is of preliminary character, as the same methods of biochemical 
analysis for determination of acid and, especially, alkaline phosphatase activity in the synovial 
fluid should be approbated in human media.
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death through biochemical, morphological, cyto-
logical research methods are lacking in the labora-
tory practice of forensic doctors. 
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determining the time of death. At the same time, in 
our opinion, the synovial fluid is the most appro-
priate medium to be studied for determining the 
time of death.
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introduction

The problem to determine the time of death is 
one of the actual challenges in modern forensic 
medicine. Until now, objective criteria to define 
the time intervals connected with prescription of 
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Firstly, the synovial fluid of large joints is rela-
tively isolated from other integrative organs and 
systems of the body, so that the processes of au-
tolysis in the blood, organs, and tissues do not al-
most apply to the joint cavity.

Secondly, autolytic processes in the synovial 
fluid mainly depend on decay proceeding in cellu-
lar and non-cellular components of the synovial 
membrane and cartilage.

It is not excluded that depending on the time of 
death, the intensity of autolytic reactions in com-
posite components of the joints synovial environ-
ment might affect the biological composition of 
the synovial fluid.

It is known that the synovium, synovial fluid, 
and articular cartilage are a single organic system 
defined as “joints synovial environmentˮ [Kopeva t., 
1980; pavlova v., 1980]. It was established long 
ago that the cellular and non-cellular synovial fluid 
composition depends on the functional state of the 
synovial membrane and articular cartilage [Duly-
anin v., 1963; Strukov a., Beglaryan a., 1963; 
Modyaev V., Gulyaev V., 1972; Zilfyan A. et al., 
1982; Khmelnitskiy o. et al., 1989]. A number of 
the musculoskeletal system diseases (arthritis of 
various origin, arthroses) cause irreversible in-
flammatory and destructive character processes in 
the synovial membrane and hyaline cartilage of 
large and small joints, which are also reflected on 
the cellular and non-cellular composition of the sy-
novial fluid [hollander J. et al., 1965; Delbarre F. 
et al., 1966; Fassbender h., 1975; Banshurst a. et 
al., 1976; Baggiolini m., 1979; Duke o. et al., 
1983; Bender S. et al., 1990; Zilfyan A., 1993]. At 
this group of diseases, the activity of enzymes such 
as acidic and alkaline phosphatases is increased in 
the synovial fluid [Wiltshaw e., moloney W., 1955; 
Smith c., hamerman D., 1962; luscombe m., 
1963; lebman m. et al., 1964; hanna a. et al., 
1997; nanke y. et al., 2002; lee h. et al., 2008].

It is not excluded that the balance of acid and al-
kaline phosphatases would be also disturbed in the 
synovial fluid depending on the prescription of death.

we assume that at relatively early periods of 
time of death determination, when the processes of 
autolysis in the synovium and articular cartilage 
are “intensified”, the activity of lysosomal en-
zymes, including acid and alkaline phosphatases 
increases in both composite components of joints 

synovial environment.
In this context, we think that the first priority is 

to determine the dynamics of shifts in the activity 
of acid and alkaline phosphatases in the synovial 
fluid, depending on the time of death.

It should be mentioned that conducting such 
studies, which first of all intend to determine the 
dynamics of changes in the activity of acid and al-
kaline phosphatases of the same individual in dif-
ferent time intervals, appears not possible in au-
topsy material (almost healthy contingent of peo-
ple, who died from an injury). Meanwhile, only 
such scientific and methodological approach is 
justified, because defining the activity of acid and 
alkaline phosphatases in the synovial fluid as pos-
sible informative indicators should be done in the 
same individual.

Considering this fact there might be real precon-
ditions for revealing the time of death by examining 
the activity of acid and alkaline phosphatases in the 
synovial fluid taking into account the chronologi-
cally occurring regional autolysis process.

material anD methoDS

The synovial fluid of the knee joints of 16 ma-
ture cows at the age of 5 years served the matter of 
study. The animals were divided into four groups. In 
the first group the synovial fluid of the knee joints 
was removed immediately after slaughter, in the 
second group it was done on the day after slaughter, 
in the third on the fourth day after the slaughter and 
in the fourth – on the fifth day after slaughter. As a 
result, during different time intervals the synovial 
fluid was extracted from four knee joints of every 
animal. Samples of synovial fluid from animals of 
the second, third and fourth groups were extracted 
from resected knees, which were kept at room tem-
perature for 2, 4, and 5 days, respectively. Samples 
of the animal knee synovial fluid of the first study 
group, i.e. media obtained immediately after slaugh-
ter, was delivered to the Scientific-Research Center 
of the Yerevan State Medical University in the cold 
container. All the samples were subjected to bio-
chemical analysis to determine the activity of acid 
and alkaline phosphatases.

The activity of acid and alkaline phosphatases was 
determined using KFK–2 MP spectrophotometer. Al-
kaline phosphatase activity was determined at the 
wavelength of 590 nm using the kit of “Bio Systems” 
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company (Spain) and expressed in iu/l. The activity 
of acid phosphatase was determined at the wavelength 
of 405 nm using the appropriate kit of “Bio Systems” 
company (Spain) and expressed in u/l. 

The statistical analysis was performed with 
Student’s test using JBM SPSS Statistic 20 pro-
gram (one-sample t-test and paired t-test). 

reSultS

The results of performed biochemical studies 
for determination of acid and alkaline phospha-
tases activity in the synovial fluid of cow knee 
joints are presented in the Table. As obvious from 
the Table, at determination of acid and alkaline 
phosphatases activity at different time intervals 
after the slaughter, almost the same dynamics of 
shifts was detected to be characterized by perma-
nent increase of both enzymes activities in the sy-
novial fluid.

In the synovial fluid of the second group ani-
mals, i.e. on the day after slaughter, there was de-
tected only a tendency directed towards the acid 
phosphatase activity increase. In the third study 
group animals, i.e. on the fourth day after slaughter, 
the activity of acid phosphatase in the synovial fluid 
increased, as compared with the activity in the sy-

novial fluid of the knee joints of animals in the first 
study group. On the fifth day after slaughter, i.e. in 
animals of the fourth study group, rather high val-
ues of acid phosphatase activity were determined: 
2.2 times higher than of the values in the synovial 
fluid of the first study group animals knee joints. 
The results of the statistical analysis also showed 
that the activity of acid phosphatase in the third 
study group was higher than mentioned activity in 
the second group, and that in the fourth study group 
it was much higher than in the third group, and, of 
course, higher compared to the second group.

Unlike the indicators of acid phosphatase in the 
synovial fluid of the animals knee joints on the day 
after slaughter, in the same study period, the activity 
of alkaline phosphatase in the synovial fluid signifi-
cantly increased and was 3.4 times higher than in 
the synovial fluid of the first study group animals. 
On the fourth and fifth days after slaughter, alkaline 
phosphatase activity continued to increase, 4.9 and 
8.3 times exceeding the corresponding indicator of 
the enzyme activity in the synovial fluid of the first 
study group animals, accordingly.

In comparison with the activity of acid phospha-
tase in the same synovial fluid samples, the dynam-
ics could be observed more clearly being character-

ized by a steady activ-
ity increase of alkaline 
phosphatase. In par-
ticular, indicators of 
alkaline phosphatase 
activity in animals of 
the third study group 
1.46 times exceeded 
the indicators of the 
second study group, 
and the enzyme activ-
ity indicators in the sy-
novial fluid of animals 
of the fourth examined 
group 2.5 times ex-
ceeded those in the 
second study group 
and were 1.7 times 
above the indicators of 
alkaline phosphatase 
in the third study 
group. 

TAble.
The activity of acid and alkaline phosphatases in the knee joints synovial fluid 

at various time intervals after cows slaughter

Study Groups
Parameters Studied

Acid phosphatase 
activity

Alkaline phosphatase 
activity

First Group (n = 16)
(immediately after slaughter) 2.39 ± 0.20 31.59 ± 0.91

Second Group (n = 16)
(on the day after slaughter) 

2.65 ± 0.11
0.25>p1 >0.1

105.71 ± 13.27
p 1<0.0005

Third Group (n = 16)
(on the fourth day after slaughter) 

3.75 ± 0.09
0.005>p1>0.0005

0.025>p2>0.01

154.51 ± 12.07
p1 <0.0005
p2 <0.0005

Fourth Group (n = 16)
(on the fifth day after slaughter) 

5.22 ± 0.22
p1 <0.0005
p3 <0.0005

263.39 ± 14.02
p1 <0.0005
p3 <0.0005

Notes: p1 – indices of the second, third and fourth groups in relation to the first 
group;

p2 - indices of the third group in relation to the second group;
p3 – indices of the fourth group in relation to the third group.
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DiScuSSion

After the slaughter, in the synovial fluid of knee 
joints of practically healthy mature cows at the age 
of 5 years processes of steady increase in acid and 
alkaline phosphatases activities were observed. 
These activities were registered by us in the syno-
vial fluid immediately after slaughter, as well as 
during the first five days.

The approbated test for identifying the time of 
death connected with shifts in the activity of acid 
phosphatase was informative only on the fourth 
and fifth days after slaughter; meanwhile the syno-
vial fluid alkaline phosphatase activity was much 
more informative. This latter was expressed in a 
steady increase of the enzyme activity in synovial 
liquid, depending on the time of biochemical study. 
In addition, in each study group, we obtained 
rather informative indicators, which characterized 
specific stages of alkaline phosphatase activity 
shifts in specific time intervals (one to five days).
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