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Summary. We have studied the variation of specific activity of the most im- 
portant lysosomal enzyme: Cathepsin D. This study has been developed in 
pig skin incision wounds for its application to the differential diagnosis be- 
tween vital and postmortem wounds. At the same time, we have determined 
histamine and serotonine levels to make a comparative study with Cathepsin 
results. 

Our results show the utility of this new marker to determine the vitality 
of wounds, even when the time elapsed until death has been very short. 

Nevertheless, there is no correlation between Cathepsin D results and 
those of histamine or serotonin, a fact that induces us to think that this new 
marker is not useful to determine wound age. 
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Zusammenfassung. Wir haben die Variation der spezifischen Aktivitat des 
wichtigsten lysosomalen Enzyms untersucht: Cathepsin D. Diese Unter- 
suchung ist in Schnittwunden in Schweinehaut entwickelt worden im Hin- 
Nick auf die Anwendung der Methode zur Differentialdiagnose zwischen vi- 
talen und postmortalen Wunden. Gleichzeitig wurden die Histamin- und Se- 
rotonin-Konzentrationen bestimmt, um einen Vergleich mit den Cathepsin- 
Ergebnissen zu erm6glichen. Unsere Ergebnisse zeigen die Brauchbarkeit 
dieses neuen Markers, um die Vitalit~it von Wunden zu bestimmen, auch bei 
sehr kurzen Oberlebenszeiten. Trotzdem besteht keine Korrelation zwi- 
schen den Cathepsin-D-Ergebnissen und den Bestimmungen der Histamin- 
und Serotonin-Gehalte. Das ist ein Befund, der uns daran denken lal3t, dal3 
dieser neue Marker nicht zur Wundaltersbestimmung geeignet ist. 

Schliisseuw6rter: Vitale Reaktion, Cathepsin D -  Cathepsin D, ein Marker 
zur Vit alit ~itsbestimmung 
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Introduction 

T h e  use of  enzymes  as v i ta l i ty  m a r k e r s  is r e l a t ive ly  recen t .  I ts  va l id i ty  has  b e e n  
la rge ly  d e m o n s t r a t e d ,  espec ia l ly  by  R a e k a l l i o  [1-4] ,  who  showed  var ia t ions  of  
the  enzymat i c  ac t iv i ty  at  a w o u n d s  edge ,  which  m a k e  poss ib le  the  d e t e r m i n a t i o n  
o f  the  v i ta l i ty  of  the  w o u n d s  even  when  the  t ime  e l a pse d  b e t w e e n  w o u n d i n g  and  
d e a t h  has  b e e n  ve ry  short .  

In  a f o r m e r  w o r k  [5], we  have  s tud ied  the  b e h a v i o r  of  l y sosoma l  enzymes  
[ including C a t h e p s i n  D ( E C  3.4.23.5. ) ] ,  b a s e d  on  its pa r t i c i pa t i on  in p rocesses  
of  p r o t e i n  i n t e r change  and  des t ruc t ion  of  nec ro t i c  e l emen t s  to p r e p a r e  the  tis- 
sue r e p a r a t i o n  tha t  fo l lows the  t r a u m a t i c  d a m a g e  r e p r e s e n t e d  by  wounds .  

In  this  w o r k  we have  r e p e a t e d  the  s ame  e x p e r i m e n t s  bu t  wi th  d i f fe ren t  t imes  
of  evo lu t ion .  Bes ides  thus ,  we  have  d e t e r m i n e d  h i s t amine  and  se ro ton in  levels  
in the  same  p ieces  of  skin  w h e r e  C a t h e p s i n  D was s tud ied .  B o t h  amines  a re  re-  
l a t ed  wi th  the  ini t ia l  phases  o f  the  r eac t i on  of  the  l iving t issue to  the  aggress ion ,  
and  are  we l l - known  as v i ta l i ty  m a r k e r s  [3 ,4 ,  6]. This  is the  r ea son  why  we have  
used  t h e m  as cont ro l s  and  r e fe rences  for  C a t h e p s i n  D.  

Materials and Methods 

We have employed ten domestic pigs (average age: 5 months, approximate weight: 120 kg). 
We made six wounds in the back of every pig; every wound had a different time of evolution 
(time elapsed between the moment of wounding and the moment of death). 

These times were of 0, 10, 20, 30, 60, and 120 min. All the animals were killed by disloca- 
tion and, once washed and shaved, we made another wound (postmortem wound) for refer- 
ence; this wound was placed in a homolateral place of the back. 

Wounds were gathered with 5-6 cm of skin around the incision and frozen at -30°C until 
the moment of study. 

Before determinations were performed each wound we divided into the following sam- 
ples: 

1) Vital Wounds 
A Control zone. Undamaged skin. 
B1 Vital wound edge, until 3 mm. 
B2 Vital wound edge, from 3 ram. 

2) Postmortem wounds 
C1 Postmortem wound edge, until 3 mm. 
C2 Postmortem wound edge, from 3 mm. 

The determination of Cathepsin D was made according to Turk et al. [7] who modified the 
original method of Anson (1939). This method is based on the degradative action of Cathepsin 
D over the hemoglobin in an acid medium. 

For this purpose, 1 g dried skin without fat was homogenized in 2 ml buffered NaC1 1% - 
1-Buthanol 2%-Triton-X-100 0.1%, keeping a temperature of 4 ° C. Of this homogenate 100 gl 
was incubate for 40 min at 37°C with 0.5 ml buffered hemoglobin 2.5% (w/v) in 0.1 M sodium 
acetate (pH: 3.8) - 0.25ml of buffered 0.1 M sodium acetate (pH: 3.8) and distilled water to 
complete I ml. When the time had elapsed, we stopped the incubation with l m l  buffered 
trichloroacetic acid 5% keeping this mix at 4 ° C for 10 min. Then it was centrifuged for 20 min 
at 5,000 rpm, and the supernatant was filtered with Whatman paper no. 4. The resultant was 
measured at 280 nm with a Beckman model 25 spectrophotometer. 

These results were compared with those obtained after measuring a tyrosine curve activity 
as Turk [7] explained. 
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Specific activity (SA) was finally calculated in relation to the amount of proteins, which 
was made using the classical method of Lowry [8]. 

Histamine was determined according to Shore et al. [9] who developed a method based on 
the butanolic extraction of histamine; this butanolic layer is further mixed with NaOH and 
heptane to eliminate contaminants and similar products; finally, histamine is extracted with 
HC1 0.1 N and condensed with Ortho-phtalal-aldehyde (OPT) in acid medium, resulting in a 
strong fluorescence that was measured with a Perkin-Elmer model MPF 43 A Spectrofluorimeter 
(Exc. 360rim; Era. 450 nm). For their calculation, results were compared with a standard 
curve made with histamine (Sigma R). 

To determine serotonin, we have followed the method used by Raekallio and M~ikinen [4] 
who made an slight modification on to the original method of Udenfriend et al. [10]. This 
method is based on the use of the native fluorescence of serotonin in acid medium (pH: 2.5) 
which can be measured with a Spectrofluorimeter. We have used a Perkin-Elmer type, model 
MPF 43A. Results were compared, for their calculation, with a standard curve made with 
serotonin (Sigma R). 

The statistical study of the results was carried out with Student's t-test for coupled samples 
to compare differences between diverse zones. Additionally we made tests of lineal regression 
and correlation to compare the evolution of histamine and serotonin levels with those of 
Cathepsin D. 

The anatomopathologic study was carried out in samples conserved in formalin adjusted 
to pH: 7.5 with calcium carbonate. Subsequently, samples were included in paraplast and 
stained with HE to be observed with an optic microscope model HM-LUX. 

Results and Discussion 

Results are expressed in Table 1, and the graphic representations are in Fig. 1-3. 
Results present an excellent statistical signification in all the series studied 

(Table 2) except in the one of 0 min of evolution; this confirms the value of this 
enzyme as vitality marker. 

This evident statistical signification, even in the series of short evolution, has 
a logic explanation according to a wound's physiopathology: after tissue dam- 
age appears necrosis, with an accumulation of lactic acid that causes a great 
acidification of the medium; from this acidification arises a lysosomal instability 
with final liberation of the enzymes that they contain [11]. In the early phases, 
Cathepsin D degrades proteins and helps the intracellular digestion [12]. This 
intervention can be easily detected because there is a lot of this protease in most 
of the tissues, including skin [13]. 

Results of histamine and serotonin are as expected. Their evolution with 
time are also according to the studies of some authors [4, 6] (Fig. 2, 3). 

Concentration increase of the markers employed (histamine, serotonin, and 
Cathepsin D) have appeared in the two zones close to the wound that we have 
studied: B1 and B2 (Fig. 1-3). Nevertheless, we consider that zone B1 (vital 
wound edge, until 3 ram) is the best one to study for this kind of markers for 
two main reasons: highest increases of all the markers have taken place in this 
zone, and the anatomopathologic phenomena (polynuclear cell infiltration, 
diapedesis, and exudation) are also more important in this zone. 

Correlation studies (Table 3) show significant results between histamine and 
serotonin in all the series, which has an easy explanation because both are 
amines with a similar physiopathologic role. 
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Fig. 1. Evolution of Cathepsin D 0.25 
levels with time in all the zones 
(B1, B2, and A) of the vital wounds 
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Fig. 2. Evolution of histamine 0.3s 
levels along the time in all the 
zones (B1, B2, and A) of the vital 
wounds BI: *;  B2: @; A: • 0 
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Fig. 3. Evolution of serotonin 3 
levels along the time in all the 
zones (BD B2, and A) of the vital 
wounds BI: *; B2: :t:; A: • o 
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Table 2. Series with Statistical 
Signification 

Marker Series Statistical 
(time in min) signification 

Cathepsin D 10, 20, 30, 60, 120 P < 0.01 
Histamine 0, 10, 20, 30, 60,120 P < 0.01 
Serotonin 0, 10, 20, 30, 60, 120 P < 0.01 

J. A. Lorente et al. 

Table 3. Correlations with statistical signification among the different markers used 

Histamine/Serotonin 
0 rain r = 0.903 texp = 5.952 P < 0.001 

10 min r = 0.657 texp = 2.469 P < 0.050 
20 min r = 0.756 texp = 3.272 P < 0.020 
30 min r = 0.837 texp = 4.342 P < 0.010 

60 rain r = 0.513 texp = 2.146 P < 0.100 
120 min r = 0.604 texp = 2.732 P < 0.100 

Histamine/ Cathepsin D 
60 rain r = 0.550 t~xp = 1.866 P < 0.050 

120 min r = 0.557 texp = 1.899 P < 0.050 

Serotonin/ Cathepsin D 
30 min r = 0.693 texp = 2.724 P < 0.050 

W e  have also found  corre la t ion  b e t w e e n  h is tamine  and  Catheps in  D in the 
series of 60 and  120 min ,  and  be tween  se ro ton in  and  Catheps in  D in the serie of 
30 min.  We  th ink  we should no t  try to f ind an exact corre la t ion  among  these 
markers ;  thus,  we th ink  that  they are all e l ements  that  have a paral le l  in te rven-  

t ion  in  the same process,  the i n f l ammato ry  react ion,  bu t  wi thout  a direct rela- 

t ion  among  themselves .  
In  conclus ion,  we can conf i rm the great  uti l i ty of Catheps in  D as w o u n d  vit- 

ality marke r ,  even  in those of very short  evolut ion.  These  results need  confir- 
m a t i o n  on  h u m a n  skin,  studies that  will be  pe r fo rmed  as soon as possible.  

O n  the o ther  hand ,  the negat ive  corre la t ion  be t w e e n  Catheps in  D and  his- 
t amine  or se ro ton in  in the series that  we have s tudied can permi t  us to ins inua te  
that  this enzyme  is no t  useful  to de te rmine  a w ound ' s  t ime of origin. 

The  use of h i s tamine  and  sero tonin ,  as we all know main ly  f rom Raekal l io  
[4], is useful  to make  different ial  diagnoses be t w e e n  vital and  pos tmor t em 

wounds  and  also to de t e rmine  w o u n d  age. 
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