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Summary. This paper shows the results obtained by 
studying the lysosomal enzyme Cathepsin D as a poten- 
tial marker for the vitality of wounds in human speci- 
mens. We have analyzed 53 samples using enzymological 
and histological techniques. Our results show the ability 
of Cathepsin D to establish the vital origin of wounds in- 
flicted 5 minutes or less before death, where the specific 
activity of cathepsin D reached 0.055 units at the wound 
edge and 0.01 units in their respective controls ( P <  
0.001). As previously demonstrated in an experimental 
series, Cathepsin D seems to be a very useful marker of 
high forensic interest in especially difficult cases. Further 
studies are in progress to check the influence of different 
factors such as drugs intake and clinical conditions on 
Cathepsin D activity. 
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Zusammefassung. Das Manuskript zeigt Ergebnisse, wie 
sie durch Untersuchung des lysosomalen Enzyms Ca- 
thepsin D als potentiellen Marker ftir Vitalit~t in mensch- 
lichen Hautwunden erzielt wurden. Wir haben 53 Pro- 
ben mit Hilfe enzymatischer und histologischer Techni- 
ken untersucht. Die Ergebnisse zeigen die Ffihigkeit von 
Cathepsin D, den vitalen Ursprung von Wunden zu eta- 
blieren, selbst wenn sie 5 Minuten oder geringere Zeit 
vor dem Tod gesetzt wurden. In den letzteren erreichte 
die spezifische Aktivitfit von Cathepsin D 0,055 Einhei- 
ten an den Wundrfinden und 0,01 Einheiten in den ent- 
sprechenden Kontrollen (P < 0,001). Wie fftiher in ex- 
perimentellen Untersuchungen gezeigt wurde, scheint 
Cathepsin D ein sehr ntitzlicher Marker von hoher foren- 
sischer Bedeutung besonders in schwierigen Ffillen zu 
sein. Weitere Studien sind in der Bearbeitung, um den 
Einflug verschiedener Faktoren, wie Medikamentenein- 
nahme und klinischer Zustand, auf die Cathepsin D-Ak- 
tivit~t zu 0berprfifen. 
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Introduction 

Although essential for the correct resolution of legal 
problems, the establishment of a vital or postmortem 
origin of wounds is usually a particularly difficult issue in 
forensic pathology. 

In the second century b.C.,  the physician Aulo Cor- 
nelio Celso [11] described the "Acute Inflammatory 
Reaction" as the way living tissues react to injuries. This 
reaction needs 3-6 hours to become macroscopically evi- 
dent [2, 3, 6, 8], therefore it will not be observed in in- 
juries occuring in moments close to death. It is well 
known that there is no exact border between life and 
death, and that different tissues and organs retain their 
vital functions for a period of time, depending on their 
ability to support anoxia [11]. 

In forensic casework there are many cases where the 
vital or non-vital origin can be established only by mac- 
roscopical examination, but there are also some cases in 
which additional studies are necessary to obtain a more 
exact diagnosis of vitality by employing more sensitive 
techniques that detect an increased activity of biochemi- 
cal substances involved in the first steps of the inflam- 
matory reaction [4, 6, 11, 13]. 

In recent years, studies conducted by Raekallio 
clearly demonstrated the usefulness - as vitality mark- 
ers - of some enzyme-histochemical [6, 7, 8] and bio- 
chemical substances such as histamine and serotonin [5, 
6, 7, 8]. The most recently described markers - ions and 
lysosomal enzymes [1, 2, 11, 14] - allow the forensic 
pathologist to establish the vital origin of wounds in- 
flicted 5 minutes before death. 

Cathepsin D (E.C. 3.4.23.5) is the main acid pro- 
teinase in most animal tissues. The high molecular 
weight substrate used by Cathepsin D is the main differ- 
ence with other cathepsins. Cathalytic activity is optimal 
at a low pH,  strongly suggesting the presence of car- 
boxylic groups in this enzyme [9]. Lazarus et al. demon- 
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strated its activity in human skin and also established 
that cathepsin D is the main cathepsin in this tissue [10]. 

Cathepsin D has a particulary important function in 
early phases of acute inflammatory reaction. After tissue 
damage the enzyme is activiated to digest death cells [9] 
by the low pH induced by necrosis. Based on this role, 
we have determined its levels in different wounds to es- 
tablish its usefulness as a biochemical marker for foren- 
sic science. 
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Table 1. Mean values and standard deviations in vital wounds 
(VW) and their respective homolateral zones (HZ) and in control 
samples (CS1, CS2) 

Sample n Mean SD 
(SA/g) 

VW 38 0.017 0.024 
HZ 38 0.009 0.010 
CS1 15 0.006 0.003 
CS 2 15 0.006 0.005 

Materials and methods 

We have studied a total of 38 incision wounds from 53 autopsies 
(46 men and 7 women) performed at the Institute of Legal Medi- 
cine of the University of Heidelberg (FRG). The cadavers were 
routinely kept at +4°C from the moment of death until the autop- 
sies were performed. For each wound of vital origin (VW: injuries 
inflicted before death whose data was approximately known), a 
control piece of skin was obtained from the homolateral part of the 
body (PW: postmortem wound control: homolateral tissue). 

We have also studied skin samples from 15 cadavers with no 
obvious macroscopical injuries as control samples (CS) from 2 
homolateral areas of the body (CS~ and CS2). In order to study the 
normal distribution of Cathepsin D in human skin. All tissues were 
obtained by scalpel dissection before autopsy, and included, in the 
case of vital wounds, a 5-6 cm piece of skin without fat around the 
wound. Samples were immediately frozen at -30°C and divided 
into 2 aliquots, one for histological study in Heidelberg and the 
other for Cathepsin D determination in Granada. 

Histological studies were performed using naphtol-D-chlor- 
acetate-sterase and a Leitz Orthoplan microscope. 

Cathepsin D was quantified according to the method of Turk 
[16] slightly modified by Yamamoto [15], as described elsewhere 
[14]. A lg piece of tissue without subcutaneous fat was homo- 
genized at 4°C in 2ml buffered 1% NaC1, 2% butanol, 0.1% Tri- 
ton X-100; 1 ml from this homogenate was incubated at 37°C with 
0.5ml 2.5% buffered hemoglobin (w/v) in 0.1M sodium acetate 
pH 3.8 for 40 minutes and stopped by the addition of i ml buffered 
5% trichloroacetic acid at 4°C for 10 minutes. After centrifugation 
(5000 rpm for 20 rain) the supernatant was filtered through What- 
mann No 4 filter paper. Cathepsin D activity was quantified in the 
supernatant by UV-spectrophotometry at 280 nm in a Shimadzu 
UV 160 spectrophotometer. Results were compared with those ob- 
tained with a calibrated curve of tyrosine activity as described by 
Turk et al. [16]. Cathepsin D specific activity (SA) was calculated 
in relation to the amount of proteins, determined according to the 
classical procedure of Lowry et al. [17]. 

Statistical studies were carried out using the Student t-test for 
paired samples [2, 11, 12, 14]. 

Results and discussion 

Samples were obtained from corpses whose ages ranged 
from 14 to 82 years (mean values: 36.7 years). Traffic 
fatalities were the main cause of violent death (94%), 
followed by suicides (4 by hanging, 4 by drowning, and 
1 railway accident). We have also included 4 non-violent 
causes of death: 1 case of pneumonia and 3 of acute 
myocardial infarction. For obvious reasons, pharmaco- 
logical treatment and drugs intake that could interfere 
with Cathepsin D levels in moments previous to death, 
could not be evaluated in cases of violent death, al- 
though none of the victims included in this sample was 
known to be under medical treatment. 

Table 2. Mean values and standard deviations in vital wounds 
(VW) and their homolateral zones (HZ) for each group 

Group Sample Mean SD 
(SA/g) 

1 VW 0.055 0.005 
1 HZ 0.001 0.001 
2 VW 0.005 0.001 
2 HZ 0.006 0.002 

3 VW 0.009 0.008 
3 HZ 0.009 0.010 
4 VW 0.009 0.010 
4 HZ 0.008 0.010 

5 VW 0.041 0.052 
5 HZ 0.007 0.004 

Mean Cathepsin D values for all vital wounds (VW), 
postmortem wound controls (PW) and 30 control sam- 
ples (CS1 and CS2) from 15 different cadavers are shown 
in Table 1. 

Vital wounds (n = 38) were divided into 5 groups, 
according to the time elapsed between the moment  of in- 
jury and the estimated moment  of death (survival time) 
as follows: 

Group 1 : 0 - 5  min. 
Group 2 : 6 - 1 5  min. 
Group 3 :16 -60  min. 
Group 4 : 1 - 4 8  hours. 
Group 5: > 48 hours. 

Mean Cathepsin D values for these 5 groups are shown 
in Table 2 (Figure 1). 

Statistical comparisons were made between every in- 
jury (VW) and its control (PW), as shown in Table 3. 

It is well known that enzyme activity is influenced by 
different factors, but mainly depends on the anatomical 
region of the body [9, 10]. Therefore we have obtained a 
variation coefficient (VC) of 50% for CS1 and 83% for 
CS2. Among other facts that could influence Cathepsin 
D levels are the individual age, dermatological patholo- 
gy, small injuries invisible to macroscopical examina- 
tion, cause of death and agony interval. None of these 
factors have previously been studied nevertheless, cir- 
cumstances such as cause of death or pharmacological 
treatment have no special influence in this study, since 
most of the fatalities (94%) were due to traffic accidents 
and victims had received no medical or surgical treat- 
ment. 
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Fig.1. Cathepsin D levels: comparisons between vital wounds 
(VW) and their homolateral zones without injury (HZ) in the 
different groups (1-5). (IN) VW; (I~) HZ 

Table 3. Statistical comparison of every injury with its own control 

Group F n Significance 

1 3.082 13 P < 0.001 
2 0.006 10 No 
3 0.006 17 No 
4 0.820 12 No 
5 0.003 13 P < 0.005 

The  resul ts  o b t a i n e d  in this s tudy for  C a t h e p s i n  D 
agree  wi th  our  p rev ious  e x p e r i m e n t a l  s tudies  [2, 11, 14]. 
A s  shown in Tab le  2, Ca theps in  D levels  in g roups  I and  
5 are  s ignif icant ly  h igher  in vi ta l  wounds  (VW)  when  
c o m p a r e d  to the i r  r e spec t ive  cont ro l s  (PW) .  H i g h e r  
levels of  Ca theps in  D in g roup  are  due  to ea r ly  s tages  of  
ce l lu lar  necros is  and  t issue ac id i f ica t ion  tha t  l eads  
l y sosoma l  ac t iva t ion  and  phagocy tos i s  of  the  d a m a g e d  
cells. To ou r  knowledge ,  t he re  is no logical  exp l ana t i on  
to jus t i fy  Ca theps in  D increase  in g roup  5, s ince this en- 
zyme  is s u p p o s e d  to p l ay  no role  at  this s tage of  heal ing.  

The  pa ra l l e l  h is to logica l  s tudy  showed ,  as expec t ed ,  
tha t  signs of  v i ta l  r eac t ion  canno t  be  o b s e r v e d  micros-  
copica l ly  if the  t ime  e l apsed  b e t w e e n  w o u n d i n g  and 
dea th  is less than  30 mins.  

To summar i ze ,  we can conf i rm tha t  the  quan t i f i ca t ion  
of  Ca theps in  D is ve ry  useful  to es tabl i sh  the  vi ta l  or igin 
of  wounds  inf l ic ted in m o m e n t s  close to  dea th .  D e s p i t e  
the  la rge  va r iab i l i ty  a m o n g  ind iv idua ls  and  even  a m o n g  
d i f ferent  b o d y  reg ions  f rom the  same  pe r son ,  the  resul ts  
a re  in fo rma t ive  when  Ca theps in  D levels  quan t i f i ed  in 
wounds  are  c o m p a r e d  to con t ro l  reg ions  f rom the  same  
pe r son  ( h o m o l a t e r a l  and  n o n - w o u n d e d  skin).  
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Studies  to eva lua t e  the  exact  inf luence  of  d i f fe ren t  
fac tors  on  Ca theps in  D levels  in pa r t i cu l a r  and  in w o u n d  
hea l ing  in gene ra l  a re  at  p r e se n t  be ing  ca r r i ed  out .  
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