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Reactions 

Summary. In order to study the effect of ageing on enzyme histochemical vital reactions, 
an experimental study was made on young (aged 2 months) and old (2 years) rats. There were 
no age-dependent differences between the negative vital reactions (decrease of enzyme activity 
in the central zone near the wound edge). There were quantitative differences between the 
enzymatic responses demonstrable in the periphery of wounds of young and old animals. 
However, the positive vital reactions, as an initial increase in enzyme activity in the peri- 
pheral wound zone, appeared in the same chronological order in both age groups. The biologi- 
cal time-table, based on the consecutive appearances of certain enzymes histochemically 
demonstrable in the wound periphery, is thus useful as one of the modern methods for the 
timing of wounds, even in older individuals. 

Zusammen/assun9. Um den Einflug des Alterns auf die fermenthistochemisch nachweis- 
baren Vitalreaktionen zu untersuchen, wurde mit alten (zweijghrigen) und jungen (zwei Mo- 
nate alten) gatten experimentiert. Es gab keine altersabh~ngigen Unterschiede zwischen den 
sog. negativen Vitalreaktionen (Verminderung der Enzymaktivitgt der inneren Wundzone) 
bei den beiden Altersgruppen. Quantitative Differenzen zwischen den enzymatischen Reiz- 
beantwortungen (Zunahme der Enzymaktivitgt in der iiuBeren Wundzone) bei jungen und 
alten Tieren wurden naehgewiesen. Die positiven Vitalreaktionen, also die allererste Zunahme 
der Aktivitgt yon den verschiedenen Enzymen in der gugeren Wnndzone, erschienen in der- 
selben chronologischen geihenfolge bei den beiden Altersgruppen. Der biologische Zeitplan, 
der sieh auf die nacheinanderfolgende, histochemisch erfagbare Erseheinung yon gewissen 
Enzymen griindet, ist also brauchbar als eine moderne Methode zur Altersbestimmung der 
Wunden aneh im hSheren Lebensalter des Untersuchungsobjekts. 
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Introduction 

According to exper imenta l  and  clinical studies, (Doberauer, 1962; Struck and  
Engelhardt ,  1971) wounds in  young animals  and men  heal faster t han  in older 
individuals.  Fur ther ,  condit ions such as far-advanced senility, cachexia, and  very  
severe and  mult iple  injuries may  impair  the local react ion of the skin (l~aekallio, 
1967). 

Dur ing  the last 14 years, enzyme histoehemieM studies have been applied for 
the es t imat ion of the age of injuries (Raekallio, 1960, 1961, 1965, 1970, 1973; 
Arima and Nagamori ,  1965; Tanaka ,  1966; Fa t teh ,  1966; Pioch, 1966; Friebel  
and Woohsmann,  1968; Berg, 1969, 1972; Lo Menzo, 1969; 0ya ,  1970; Lindner ,  
1971) and m a n y  others (cfi several l i terature  references in Raekall io 's  book, pub- 



106 J. Raekallio and P. L. Mgkinen 

l ished 1970). Raekal l io  (1961, 1965) has presented  a biological  t ime- t ab le  based  
on the  consecut ive appearances  of enzymes  in the  wound per iphery .  The t ime-  
t ab l e  is useful in t he  rough t iming  of  v i ta l  wounds  (Knight ,  1971; Berg,  1972; 
Schmidt ,  1973). However ,  the re  have  been no sys temat i c  s tudies  on the  possible 
effect of ageing on enzyme h is tochemica l  v i t a l  react ions.  I n  order  to  s t u d y  the  
effect of  ageing on the  enzymat i c  response to  in jury ,  an exper imen ta l  s t u d y  was 
made  on young  and  old ra ts .  

Methods 

Square skin wounds (i cm 2) were excised in an unshared dorsal area. Groups of young 
(aged 2 months) and old (2 years) male rats were killed 1, 2, 3, 4, 8, 12, 24, and 48 hrs after 
wounding. For each time interval, 5 young and 5 old animals were used. The total material 
thus consisted of 90 rats of the same laboratory stock. When wounded, each animal was kept 
in a separate cage lest additional injuries should be caused by other rats of the group. 

A flap of skin containing ~he wound with its surroundings (about half an inch in each 
direction) was removed immediately after killing the animal. One half of the tissue block was 
fixed overnight in 10~o formalin at d-4°C (refrigerator temperature) for the demonstration 
of esterase and adenosine triphosphatasc activities and for histological examination. The 
other half was fresh-frozen using isopentane chilled with solid carbon dioxide. Histochemical 
methods for adenosine triphosphatases and for aminopeptidases were applied to the frozen 
specimen. The histochemical methods have been described and discussed in detail previously 
(P~aekallio, 1961, 1964, 1965, 1970). 

In order to describe changes of enzyme activity from one magnitude class to another, 
the intensity of staining was indicated by grades 1 to 5, grade 1 representing the enzyme 
activity in the intact skin of the animal. Grade 5 corresponds to the maximum activity de- 
monstrable histochemically. 

Results 

Soon af te r  i n ju ry  two zones could be seen a round  the  wound (Fig. 1). I n  the  
i m m e d i a t e  v ic in i ty  of the  wound  edge, a centra l  or superficial  zone, 200 to  500 
in dep th ,  showed decreased enzyme ac t iv i ty .  Sur rounding  this ,  a pe r iphe ra l  zone, 
100 to  390 ~ deep, exh ib i t ed  an  increase in enzyme ac t iv i ty .  

B o t h  in the  young  and  old animals  the  a c t i v i t y  of  esterases and adenosine 
t r iphospha tases  s t a r t ed  to  increase a t  abou t  1 hr, t h a t  of aminopept idases  a t  
abou t  2 hrs, and  the  a c t i v i t y  of  acid  phospha tases  and  a lkal ine  phospha tases  a t  
4 and  8 hrs, respect ive ly .  A l though  the  enzymes a p p e a r e d  in the  same chrono- 
logical  order  in bo th  of the  age groups,  the  enzyme reac t ion  in the  young  ra ts  
was mani fo ld  in in t ens i ty  (cf. Figs.  1, 2, 3, and  4). This  difference was also a p p a r e n t  
when the  changes of enzyme a c t i v i t y  f rom one magn i tude  class to  ano the r  were 
numer ica l ly  ind ica ted  b y  grades 1 to  5. F o r  example ,  3 hr  af ter  wounding  the  
increase  in adenosine t r iphospha tuse  a c t i v i t y  was twice as grea t  in young  ra ts  
as in the  old ones (Fig. 5). Fu r the r ,  old animals  requi red  a p p r o x i m a t e l y  twice  as 
much  t ime  to a t t a i n  the  m a x i m u m  in tens i ty  of enzyme ac t iv i ty ,  h is tochemicMly 
demons t r ab le  in the  wounds  (Fig. 5). Analogous resul ts  were achieved b y  using 
the  his tochemicM methods  for the  o ther  hyd ro ly t i c  enzymes men t ioned  in the  
"Methods" .  There  is thus  a h i s tochemica l ly  demons t rab le ,  age -dependen t  de lay  
in the  m a x i m u m  in tens i ty  of the  enzymat i c  response to  in ju ry  in the  wounds  
infl icted on old rats .  His to log ica l ly  also, the  leucocyt ic  inf i l t ra t ion in the  wound 
pe r iphe ry  was s l ight ly  inferior  in numer ica l  s t reng th  in the  old animals  as com- 
pa red  to  the  cellular response in the  young  ones. 



Fig. 1. Alkaline phospha tase  ac t iv i ty  in an 8-hour wound  of  a young rat  

Fig. 2. Alkaline phospha tase  ac t iv i ty  in an 8-hour wound  of  an old ra t  



Fig. 3. Adenosine triphosphatase activity in an 1-hour wound of a young rat 

Fig. 4. Adenosine triphosphatase activity in an 1-hour wound of an old rat 
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Fig. 5. Time course of the increase in adenosine triphosphatase activity in the wounds of 
young ( - - * - - )  and old (-- --o-- --) rats. Each point (* or o) represents the mean grade 
for 5 rats. The dispersion was never greater than ~: 1~ grade. In order to reduce the influence 
of the subjectivity of the evaluation, the staining intensity was independently graded by both 

of the authors 

Discussion 

The decrease of enzyme activity in the central (superficial) zone is an early 
sign of imminent necrosis (Raekallio, 1961, 1965, 1970; Berg, 1972). The regressive 
phenomena in the central zone are called negative vital reactions, since no such 
local decrease in enzyme activity is observed in the wounds inflicted after death 
(t~aekallio, 1961, 1965, 1973). There were no demonstrable differences between 
the negative vital reactions of the young and old animals. 

The increased enzyme activities in the peripheral wound zone are called posi- 
tive vital reactions, since there are no such changes in post-mortem wounds 
(Raekallio, 1961, 1965, 1973). The initial increase in enzyme activity represents, 
among other things, an adaptive defenee mechanism of the local fibroblasts and 
of the invading leucocytes as an enzymatic response to injury (I~aekallio, 1960, 
1961, 1965, 1970). The ability to adapt to environmental changes is a fundamental 
property of life. The molecular basis of adaptation is the synthesis and degradation 
of enzymes as well as the modification of their physiological functions (Adelman, 
1972). Wounding is an example of the changes to which the organism has to adapt 
itself. This is why it is not surprising that  the enzymatic response to injury is 
demonstrable during the very first hours after wounding. 

One biochemical expression of adaptive response is the fluctuation of enzyme 
activities. Adelman (1972) has described the mammalian enzyme adaptation in 
response to some nutrional, hormonal, pharmacological, or physiological mani- 
pulations as follows : The basal level of enzyme activity, following a characteristic 
latent period of time ranging from minutes to weeks (cf. the biological time-table, 
showing the appearance of certain enzymes in the wound periphery, Raekallio, 
1961, 1965), increases to a maximum level and generally is maintained at that  
level for a characteristic period of time following withdrawal or utilization of 
the inducing stimulus. Such a fluctuation in the activity of an enzyme must be 
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at tr ibuted to the production of a modified or distinct, new enzyme species, the 
modification of catalytic behaviour, the alteration of an enzyme concentration, 
or some combination of these (Adelman, 1972). Aminopeptidases are a represen- 
tat ive group of enzymes accumulating in the wound periphery. In  our laboratory 
we have biochemically investigated aminopeptidases in early wound healing (cf. 
several literature references in Raekallio's book, 1970; M/~kinen and Raekallio; 
Raekallio and M~kinen, 1967--1969). According to these studies, the intensifi- 
cation of aminopeptidase activity, histochemically and biochemieally demonstrable 
from 2 hr after injury, involves an actual increase in the amount  of enzymes and 
not only an activation. The extra amounts of aminopeptidases in wound tissue 
originate to a noticeable degree in the injured tissue itself. They are not derived 
solely from blood plasma or from the invading leucocytes, although the enzymati- 
cally active immigrating cells participate, of course, in the increase in amino- 
peptidase activity. The accumulation of enzymes in the local fibroblasts involves 
an accelerated de novo synthesis of enzyme protein as an adaptive enzymatic 
response to injury. 

According to the definition of Goldstein (1971), ageing is a progressive, un- 
favourable loss of adaptation. This theory is in accordance with our present re- 
sults. At a given point of t ime during the earliest post-operative period, the in- 
crease in enzyme activity in the wounds of an old animal is much less manifest 
than in a young one. Further,  old animals require approximately twice as much 
t ime to at ta in the maximum intensity of the enzyme activity. Thus, an age- 
to at tain the maximum intensity of the enzyme activity. Thus, an age-dependent 
impairment  of the quantity of the enzymatic response to injury characterizes an 
ageing organism as an expression of its decreased ability to adapt  itself to the 
environmental changes caused by  wounding. 

From the forensic point of view, it is important  that ,  inspire of the quanti tat ive 
differences, the enzymes appear in the same chronological order both in the young 
and old animals. The same biological t ime-table is thus valid for both age groups. 
This means tha t  the initial increase in the activity of a given enzyme, for example, 
adenosine triphosphatase, is histochemically demonstrable at the given point, 
one hr, after wounding. 

I t  is well known that  there are certain exceptions ill the biological t ime-table 
when it is applied to human autopsy material. In  the material (Raekallio, 1967) 
collected from 43 victims of traffic accidents, there were 5 cases with a slightly 
exceptional appearance of enzymes. Among them, there was 1 case (an 81 years old 
man) with a slight delay in the appearance of alkaline phosphatase activity. How- 
ever, the influence of age is more important  in later stages of healing than in the 
acute response to injury (Hegemann et al., 1950 ; Berg, 1972). Thus the age of the 
victim does not have any significant effect on the chronological order of the enzyme 
histochemical vital reactions. The methods of enzyme histochemistry may  thus be 
used as a guide for the estimation of the approximate age of the wounds of young 
and old individuals. However, it is apparent  tha t  a forensic pathologist should 
never t ime a wound on the basis of one histochemical, biochemical, or histological 
finding only. ~Now, as in the past, all autopsy findings, the examination of the body 
at the scene and, when available, the case history, must  all be taken into account 
in order to reconstruct cases of violent death. 



The Effect of Ageing on Enzyme Histochemical Vital Reactions 111 

Refe rences  

Adelman, R. C.: Age-dependent control of enzyme adaptation. In:  Advances in geronto- 
logical research (ed. B. L. Strehler), Vol. 4. New York: Academic Press 1972 

Arima, T., Nagamori, H. : A histoehemical study on skin wound. Kagaku Keisatsu Kenkyosho 
Hokohu 18, 193--197 (1965) 

Berg, S. : Der Beweiswert der Todeszeitbestimmung (t~berlebenszeit). Beitr. gerichtl. Med. 25, 
61--65 (1969) 

Berg, S. : Die Altersbestimmung yon Hautverletzungen. Z. Rechtsmedizin 70, 121--135 (1972) 
Doberaner, W. : Beeinflnssung yon Wundheilungsvorg/~ngen durch das Lebensalter. Geront. 

clin. (Basel) 4, 112--127 (1962) 
Fatteh, A. : Histoehemical distinction between antemortem and postmortem skin wounds. J.  

forens. Sci. 11, 17--27 (1966) 
Friebel, L., Woohsmann, H. : Die Altersbestimmung yon Kaniileneinstichen mittels enzym- 

histochemischen Methoden. Dtsch. Z. ges. gerichtl. Med. 62, 252--260 (1968) 
Goldstein, S.: The biology of aging. New Engl. J.  Med. 285, 1120--1129 (1971) 
Hegemann, G., Nickel, J. ,  Tischler, F. : Beobachtungen fiber den Wechsel der Doppelbrech- 

f~higkeit und Trypsinresistenz kollagener Fasern beim Altern yon Narbengewebe. Klin. 
Wsehr. 28, 362--364 (1950) 

Knight, B. : The value of enzyme techniques in medicolegal pathology. In:  Legal medicine 
annual 1971 (ed. C. It. Wecht). New York: Appleton-Century Crofts 1971 

Lo Menzo, G. : Lesioni vitali e post-mortali. Catania: Edigraf 1969 
Lindner, J.  : Vitale Reaktionen. Acta histochem. (Jena) Suppl. 9, 435--467 (1971) 
Oya, M. : Histochemical demonstration of some hydrolytic enzymes in skin wounds and its 

application to forensic medicine. Jap. J.  leg. Med. 24, 55--67 (1970) 
Pioch, W. : Die histochemische Untersuchung thermischer Hautsch~den und ihre Bedeutung 

ffir die forensische Praxis. Liibeck: Max Schmidt-l~Smhild 1966 
Raekallio, J.  : Enzymes histochemically demonstrable in the earliest phase of wound healing. 

Nature (Lond.) 188, 234--235 (1960) 
Raekallio, J.  : Histochemical studies on vital and post-mortem skin wounds: Experimental 

investigation on medieolegally significant vital reactions in an early phase of wound healing. 
Ann. Med. exp. Fenn. Suppl. 6 to vol. 39, 1--105 (1961) 

l%aekallio, J.  : Histochemieal distinction between antemortem and postmortem skin wounds. 
J.  forens. Sci. 9, 107--118 (1964) 

Raekallio, J.  : Die Altersbestimmung mechanisch bedingter Hautwunden mit enzymhisto- 
ehemischen Methoden. Lfibeck: Max Schmidt-l~6mhild 1965 

Raekallio, J.  : Application of histoehemical methods to the study of traffic accidents. Aeta 
Med. leg. soc. (Liege) 20, 171--178 (1967) 

Raekallio, J.  : Enzyme histochemistry of wound healing. Stuttgart :  G. Fischer 1970 
Raekallio, J.  : Estimation of the age of injuries by histochemieal and biochemical methods. 

Z. Reehtsmedizin 73, 83--102 (1973) 
Sehmidt, Gg. : Vitale Reaktionen. In :  Handw6rterbuch der Rechtsmedizin ffir den Sachver- 

stgndigen nnd Juristen (ed. Gg. Eisen), Bd. I, 193--197. Stuttgart :  Ferdinand Enke Vet- 
lag 1973 

Struck, H., Engelhardt, G. tI. : Altersabhgngigkeit der Wundheihmg ? Z. Geront. 4, 356--368 
(1971) 

Tanaka, M. : The distinction between antemortem skin wounds by esterase activity. Jap. J .  
leg. Med. 20, 231--239 (1966) 

Professor Dr. J.  l~aekallio 
Department of Forensic Medicine 
H~meenkatu 
SF-20500 Turku 50 


