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Table ( 1 ) : Mean values + B.E. of serum enzymatic activities of
different bresds of rabbits

Btatistical serum sarum sEerum
evaluation alkaline aspartate amino- alanine mino-
phosphatase transferase transferase
breed ( SALP ) ( BAST ) v { BALT )
K.A.U./ dL 1.U.7 L T.U.7 L
a a de
& 23.4B+0.26 63.60+0.69 24.05 +1.81
cd a d
Cc 18.83+0.47 63.70+1.20 24,75+0.80
d a a
N 17.49+0,20 59.70+2.03 47.65+1.00
d b [
BXC 17.06+0.48 33.00+40.67 29.60+0.99
bec b b
cCx8 19.82+0,32 37.04+2.87 39.15+1.3¢
b - b ef
N X B 21.11+0.64 37.50+1 .25 20.73+1.05
e c f
NXC 13.06+0.30 31.90+0.56 20.35+1.20
f C: f
C XN 15.09+0.74 28.60+1.09 19.35+1.37

Tablel2):Mean values of sose organic and inorganic constituents in serus of different breeds of rabbits.

statistical total ~  albusin globulin calcive inorganic iron
evaluation protein phosphorus
'R} @l el 0l gl [
breed
¢ c b 3 : (34
M % .49 201 13.86 9.84 187.5
0,12 10,15 .09 .03 40,38 426,35
a b Y | b b b
: 6.10 140 .10 12,07 . 6,37 152.48
€. 0.17 .23 0.11 0.2 435,78
ab b b b c b
N s.n 3.3 .9 12.18 5.45 141.30
©.5 #.27 0.2} #0.11 0.16 428,69
( ] t b c a
1 4.9% 1.50 1.4 1.4 5N 185. 60
.19 10.12 +0.11 #0.29 4#0.17 2.4
c c b b ¢ bc
4 1] 9 2% .02 11.65 1.60 125.97
.12 0,00 0.0 0w 10.08 416.84
b 14 ab b d 2
s 5.0 1.0 2.40 12.03 4.57 185.30
€15 H0.24 #0.18 +0.33 $0.15 +65.14
| b a b c c
NIC kR LA 2.0 11.81 5.85 115,02
0.3 $0.23 .14 .07 #0.10 421,05
a 2 b ] [] be
e 5,35 4105 .20 11.45 LY L 12.14
H.04 #.3 +0.06 40,12 +0.09 +18.39

B= aladl = Dalifornian  ¥= Mew lealand
The sase luatier sean significaat while differsnt letter sean mon sigaificat
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SUMMARY

In the present study, the effect of skin induced wounds on tissue
calcium (Ca), magnesium (Mg), zinec (Zn) & copper (Cu)
concentrations as well as alkaline phosphatase and cholinesterase
activities was investigated. Sixty guinea pigs with induced injuries
at the gluteus areas were used. They were divided into six groups
according to the time of injury prior to slaughter, including 0.5,
15, 30, 60, 120 & 240 miﬂutes. Postmortem-skin tissue excision in
(A) and around (B) the injured site was performed. Two portions
from each specimen were taken, one for determination of the
elements while the other is for determination of the activity of the
enzymes. The mean concentrations of both the elements & enzymes
in the two zones of the skin tissue homogenate in correlation with
the time of wound induction were graphed. The ratios of the
element mean concentrations of Zn/Mg, Cu/Mg, Cu/Ca, Ca/Mg,
Zn/Ca & Zn/Cu versus time were also graphed. The results showed
that the maximal increase in Ca, Zn & Cu mean concentrations &
their ratios to Mg occurs at 60 minutes after wounding, while the
two enzymes showed an increase at 60 min. then reach its
maximum at 120 min. Moreover, it has been observed that these
parameters were significantly intercorrelated with each other all
over the period of the study. This is evidenced by the maximal
increase of the sum of the four elements concentrations/g tissue at
60 min. These curves achieved by analysing wounded skin tissues
may play a useful role in estimating their time.

INTRODUCTION

The timing of wounds is one of the cardinal problems of forensic
medicine. It has been of increasing importance due to crime as well as traffic
and industrial accidents increase. Several procedures have been used for
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wound timing including detection of cellular infiltration, determination of
enzymes, histamine and serotonin levels (TENDESCHI, et al. 1977).
Unfortunately, cellular infiltration (the most reliable histological criterion)
becomes well marked only 4-8 hours after wounding (RAEKALLIO, 1972). This
latent phase is far too delayed to satisfy the demands of a medicolegal
examination.

However, TENDESCHI, et al. (1977) found that the maximal increase in
the free histamine content occurs within 20-30 minutes after wounding, while
gserotonin is demonstrable still earlier. Moreover, MAENO, g a_}_. (1990)
determined histamine and polyamines simultaneously in injured rat skin in
order to estimate the age of wounds. :

This study was designed to estimate the elements: Ca, Mg, Zn and Cu
concentrations as well as alkaline phosphatase and cholinesterase activities in
wounded skin in correlation with the time of injury. In this investigation two
independent procedures (elements and enzyme determination) were used to
find suitable biochemical panels for determination of wound age.

MATERIAL and METHODS

Guinea pigs were chosen in this study, because of their high
compatibility with human when skin is concerned (ABATON, 1976 and HUNT,
1980).

Sixty guinea pigs with a mean weight + SD of (420 + 16) grams
were used and divided into six groups (ten at each group).

Local anaesthesia with ethylchloride was applied to the gluteus area
of the animals, then full skin-depth incisions were made, 2-cm long after
hair shaving. Animals were slaughtered: after 0.5 minute, (min.) (the first
group), after 15 min., (the second group), after 30 min., (the third group),
after 60 min., (the fourth group), after 120 min., (the fifth group) and the
last one after 240 min. from the injury. Skin specimens at the gluteus were
removed from all animals. Each specimen was segmented into two zones, the
traumatic (A) and the peripheral (B) at distance of 2 em from the traumatic
area. Fat was removed and 4 grams of each specimen were weighed. Each
specimen was divided into 2 portions after being washed with distilled water.
The first portions were immersed in a solution containing 2 ml of HNO & 2
ml of HC10 . After 72 hours in this solution, the tissues were completely
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dissolvel (MARGALIOTH, et n_l. 1983) the clear solution was aspirated to the
Shimadzu A:.omic absorption/Flame Emission spectrophotometer Model
A-360-02. The concentrations of the elements (Ca, Mg, Zn and Cu) in the
tissues were measured in Ug or mg/g wet tissue.

The second portions of the specimenss were rapidly frozen at -70
and then subjected to the enzyme analysis. Tissues were homogenized in TED
buffer formed of 10 mM tris, 10 mM EDTA and 1 mM dithiothreitol, PH
7.4-7.5 at 4 C. The homogenate was centrifuged at 4 C for 30 minutes and
the supernatant was used for analysis of enzymes. Alkaline phosphatase
enzyme was determined by the method of KING (1965) using Folin-ciocalteu
reagent, while cholinesterase enzyme was assayed by the method of De La
HUERGA, et al. (1952).

RESULTS

The mean concentrations of the elements Ca, Mg, Zn and Cu, and the
activities of alkaline phosphatase and cholinesterase at zones A and B skin
tissue homogenate were tabulated and graphed in correlation with the time of
wound induction and are shown in table 1 & Fig. I & II respectively.

It is important to note that no alterations were detected in the mean
concentrations of all the measured parameters between the zones A and B.

As is shown in Fig. (1), a slight decrease in the mean concentrations
of Ca from the beginning of the investigation up to 30 minutes, then gradual
notable elevation occur which reach maximum at 60 minutes and then decline.

Mg mean concentrations shows a slight decrease in the first 15
minutes then it gradualy increases until it reaches its maximal elevation at
120 minutes which then declines again.

As regards Zn mean concentrations, there is a decline in the first 15
minutes which becomes constant up to 30 minutes then it elevates markedly
at 60 minutes and after that it decreases.

Cu mean concentrations exhibited a marked decrease up to 30 minutes,
then elevation occurs gradually up to 60 minutes, then a gradual decline is
notable.

As for the activity of alkaline phosphatase & cholinesterase in skin
tissue homogenate (Fig. II), the results indicate that their activities decline
from 0.5-15 minutes then a gradual elevation occurs which reaches its
maximum at 120 minutes and lastly it declines gradually.
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Fig. (IlI) shows the ratios of the elements mean concentrations versus
time. Zn/Mg, Cu/Mg & Ca/Mg ratios were seemed to be the most valuable in
estimating time of wound owing to their obvious alteration versus time.

Fig. (IV) shows the bar chart of the sum of the concentrations of the
four elements/g tissue versus time. It can be seen that these elements reach
their maximal elevations at 60 minutes.

Finally, table (II) shows the intercorrelations between the various
parameters studied in zones (A) & (B) skin tissue homogenate in relation to
time of wound induction. The 2 elements Zn & Mg were found to be
correlated with alkaline phosphatase. On the other hand Mg & Ca were found
to be correlated to each other besides their correlation with cholinesterase.
Moreover, Zn & Cu were found to be correlated.

DISCUSSION

In this study, two biochemical procedures were used for determining
the time of wounds; mean concentrations of elements (Ca, Mg, Zn and Cu)
and the activities of alkaline phosphatase and cholinesterase enzymes.

3 No detectable changes in all the parameters studied, between the
traumatic (A) and the peripheral (B) zones, could be observed. This may be
due to the short distances (2 cm) between the two zones.

The elements which have been chosen in the present study play an
important role in wound healing, so their concentrations in the wounded skin
may have a useful concern to its timing.

Calcium is crucial to the dynamic organization of cell structure. It is
required for the enzymatic activity of all collagenases (SELTZER, et al. 1976).
Calcium acts via the intracellular calcium receptor calmodulin which has a
direct cell cycle effect. Calmodulin is linked to DNA repair and DNA
polymerase (RASMUSSEN and MEANS, 1989). The elevation of Ca that has
been observed at the site of the injury could be due to its vital role in the
coagulation systems and muscular contractility. Alterations in Ca
concentrations are mediated via hormones and other related substances (NJAU,
et al. 1991). These finally promote wound repair at the earliest stages of
wound healing and intrench haemorrhage. Significant alterations of Ca have
been found also in burns and other experimentally induced injuries (LOVEN,
et al. 1984).
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Elevation of Mg at the site of the injured tissues, indicates that it
helps in wound healing. Furthermore, Mg plays a significant part in cell
metabolism and enzyme regulation (e.g. alkaline pPhosphatase) at the injured
sites. ALROWAIH, et al. (1987) and NJAU, et al. (1991) reported that Mg
alterations occurred in both experimental animals and human after traumatic
injuries and their subsequent repair.

The elevation of zine at wound sites which was Pronouncedly evident
in correlation with time is in agreement with NJAU, et al. (1991). It has been
also demonstrated that, after trauma, the amount ;—f zine in blood is
decreased (VAN, et al. 1981). As stated before, zinc plays an important role in
healing of wounds, as it increases rate of epithelization, rate of gain of
wound strength and synthesis of collagen and other proteins (HUNT, 1980). A
number of enzymes are ziﬁc—dependent, notably alkaline-phosphatase,
DNA-polymerase and reverse-transcriptase which are very important in the
epithelial and fibroblast proliferation (PEACOCK and WINKLE, 1976 and
CRAWFORD, 1987).

On the other hand, the elevation of copper at the site of injury could
be explained by its role in the tissue repair as it is a catalyst of lysyl
oxidase enzyme which initiates the cross-linking of collagen and elastin, a
critical step in connective tissue repair (SIEGEL, 1979). It also limits immune
activation and the associated stimulation of other cell types at the
inflammatory site (HARRIS, et al. 1982).

The initial increase in enzyme activity represents among other things,
an adaptive defence mechanism of the local connective tissue cells as an
enzymatic response to injury (RAEKALLIO, 1966). The increase in enzyme
activity in the peripheral zone may be called a positive vital reaction since
there are no such changes in post-mortem wounds (RAEKALLIO, 1972). The
activity of alkaline phosphatase and cholinesterase increases at 120 minutes
after the injury which may be useful in the rough estimation of the age of
vital wounds.

The true acetylcholinesterase is present in nerve tissues and red cells
and is responsible for the hydrolysis of acetylcholine at synapses. It may have
a role in restoring feeling and motor control in the second stage of wound
healing in association with Ca and Mg that are essential for normal nerve
function (VARLEY, et al. 1980). Alkaline phosphatase and cholinesterase are

Assiut Vet, Med. J. Vol 28, No, 55, October 1992.




120 KARIMA & SOAD

participating in cells and tissue wound healing (NJAU, 1991) and could be
used for wound timing.

The observed decreased values of the studied parameters in the wound
area after their initial increase could be attributed to the inflammatory
response resulting from trauma. It can lead to the physical interruption of
blood vessels with immediate hemorrhage, extensive cell destruction at the
site of injury permitting body fluids including blood to drain off (PEACOCK &
WINKLE, 1976). The immediate response of small vessels in the area of injury
is vasoconstriction. The vasoconstriction usually lasts only five to ten minutes
at the most & is follwed by an active vasodilatation due to the attack of
some proteases to the endothelium of skin microcirculation. Coincident with
vasodilatation, leakage of fluid from venules occurs. This fluid has the same
composition as plasma with its full complement of macromolecules (PEACOCK
and WINKLE, 1976). Increased capillary permeability is the key to all
subsequent events in inflammation within the wound area. Therefore, this
depletion of the studied elements & enzymes in the early period after injury
may be due to their leakage into the wound space. After that prostaglandins
are synthesized by the injured cells & appear to be responsible for the late
stages of the inflammatory reaction while simultaneously initiating early
phases of injury repair (PEACOCK and WINKLE, 1976). The following major
biochemical event is the rapid production of ground substances of skin tissue
which consist of proteins, polysaccharides, glycoproteins, salts & water (HUNT,
1980).

In the present study, the two elements Zn & Mg were found to be
significantly correlated with alkaline phosphatase & this is based on the fact
that these elements are co-factors for its activity. Mg & Ca were found to be
correlated to each other besides their correlation with cholinesterase & this
explain their important role in wound healing. Moreover, Zn & Cu were found
to be correlated; the two elements that are mainly involved in tissue repair.

In conclusion, the results showed that the }aximal increase in Ca, Zn
& Cu mean concentrations & their ratios to Mg occurs at 60 minutes after
wound injury, while the enzymes showed an increase at 60 min., then reach
its maximum at 120 min. Moreover, all the parameters studied were found to
be intercorrelated all over the period of the study & this evidenced by the
maximal increase of the sum of the four elements concentrations at 60 min.
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So, this represents a preliminary study relating changes in both elements and
enzymatic activity levels and the time of wound induction in guinea pig’s
skin. Further studies are necessary for the provision of both human and other
animals reference standards to be used as indices for timing of wound injury
in medicolegal purposes.
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Fig.(I): The mean concentrations of Ca, Mg, Zn & Cu in zonesA(Traumatic)

30 60 90 120 150 180 210 240
Time (minutes)

andB(Peripheral) skin tissue homogenate in correlation with

the time of wound induction.




126

Alkaline phosphatase( U/mg protein )

Cholinesterase { U/mg protein)

KARIMA & SOAD

025

O.1F

1 [l 1 1 =4
30 60 120 180 240
Time (minutes)
Fig. (II): The mean concentrations of the alkaline phosphatase &
chalinesterase activities in zonesA(traumatic)and B
(peripheral) skin tissue homogenate in correlation with
the time of wound induction.
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Fig.(III): The ratios of the elements’mean concentrations in correlation
with the time of wound induction.
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Fig.(IV): The bar chart of the sum of the concentrations of
the four elements/g tissue versus time of wound
induction.




