Int J Legal Med (1998) 111:6-9

© Springer-Verlag 1998

ORIGINAL ARTICLE

K. Laiho

Myeloperoxidase activity in skin lesions
I. Influence of the loss of blood, depth of excoriations and thickness of the skin
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Abstract The measurement of the myeloperoxidase ac-
tivity was used to quantify the acute granulocyte reaction.
A 35% loss of blood resulted in a clear decrease of the
myeloperoxidase activity at the edges of experimental in-
cision wounds in rat skin in the first day after inflicting
the wounds. After 12 h only about one-third and after 24 h
about half of the activity observed in the wounds without
the loss of blood remained. After 3 days however the ac-
tivity had returned to the same level as in the wounds
without any loss of blood. In very deep excoriations of the
rat skin where only a narrow zone of the dermis was left
about double the activity increase was observed after 12
and 24 h when compared to values observed in very su-
perficial or moderate excoriations. When the same type of
excoriations were made in both thin inguinal skin and
thick dorsal skin then a much higher peroxidase activity
increase was observed over 4, 12 and 24 h in the thin in-
guinal skin than in the excoriations made in the thick dor-
sal skin.
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Introduction

According to the early reportsin the literature [1] areduc-
tion in the inflammatory reaction and healing of wounds
is observed e.g. in shock, cachexia, loss of blood etc. As
far as the influence of the loss of blood is concerned, an
experimental study was published later [2] which reported
that the beginning and progression of dermal leucocytosis
were not influenced by blood loss but the activation of
different enzymes was significantly delayed and decreased.
Because of this contradiction it was decided to reinvesti-
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gate experimentally some of the factors which could in-
fluence the acute granulocyte reaction in traumatic lesions.
According to the literature there is a good correlation be-
tween the number of granulocytes and the myeloperoxi-
dase activity in the tissues [3-8]. It therefore seemed pos-
sible to quantitate the acute granulocyte reaction in the le-
sions by measuring the level s of myeloperoxidase activity.
In the present paper the influence of the loss of blood on
the granulocyte reaction measured by myeloperoxidase
activity at the edges of the experimental wounds in the
rats skin was studied. In addition myeloperoxidase activ-
ity measurements were done on experimental excoriations
in which the depth of the excoriation varied and which
were also made on two different areas of rat skin where
the thickness of the skin was different.

Material and methods

In the experiments male Sprague-Dawley rats were used with a av-
erage weight of 500-550 g. The blood loss of 35% of the total
blood volume was induced by the method of Strawitz et al. [9]
which is a combination of tail bleeding and heart puncture. The
procedure usualy did not result in any rat mortalities. Prior to
starting the tail bleeding, a 5 cm long incision wound perforating
the skin was made on the dorsal skin of rats. In the control rats the
same type of incision wound was made without any bleeding. Six
rats with and without bleeding were sacrified at each of the fol-
lowing times after wounding: 4, 12, 24 h and 3 days. Zones approx.
1 mm thick were removed from the edges of the wounds and these
specimens were used for myeloperoxidase activity determination.

To test the influence of the depth of the excoriation very super-
ficial, moderate and very deep excoriations were made on the thick
dorsal skin using coarse sandpaper and by holding the skin fixed
with forceps during the procedure. In very superficial excoriations,
only the epidermis was removed, in moderate excoriations the epi-
dermis and a superficia part of dermis and in very deep excoria-
tions the epidermis and most of the dermis was removed so that
only a narrow zone of dermis was left. The excoriated area on the
skin was in average about 3 cm2.

In the studies on the influence of the thickness of the skin, the
thick dorsal skin and the thin inguinal skin of the rats were used as
the sites for the investigation of the variation of skin thickness. The
excoriations on both sites were of same type (moderate) made us-
ing coarse sandpaper as above. In another series of experiments
compression lesions were made at the same sites of the skin with



K. Laiho: Myeloperoxidase in skin lesions |

forceps, which were always closed to the same clasp and pulled off
without opening. In excoriations and compression lesions the whole
thickness of the skin which was left was taken as the specimen for
the myeloperoxidase determinations. All specimens for peroxidase
activity measurements were stored at —70° C until analysis. The rats
were anesthetized with ether throughout the experimental procedures
described above. Six rats with each type of excoriation, skin thick-
ness or compression lesion were sacrified at each of the following
times after infliction: 4, 12 and 24 h. The experiments were approved
by the local committee for animal experiments.

The myeloperoxidase determinations were done as previousy
described [10] The enzyme activity was expressed as units per g
dry weight of the tissue (U/g dw), and for this purpose a sufficient
aliquot of the homogenate was dried in an oven at 120°C for at
least 24 h and weighed. In excoriations and compression lesions
the enzyme activity was also expressed as units per cm? of the skin
surface. The surface area of the skin in the specimens was mea-
sured for that purpose. The statistical analysis of the results was
performed using Student’ s t-test. In the figures n = 6 indicates that
in each curve at each time point presented the mean represents ob-
servations from six experimental animals.

Results
Loss of blood

Figure 1 shows the effect of a 35% loss of blood on the
peroxidase activity at the edges of the wound. After 4 h
the mean peroxidase activity was about two-thirds, after
12 h about one-third and after 24 h about one-half of the
activity in the control wounds. After 3 days however the
activity had increased back to the same level as in the
wounds without loss of blood.
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Fig. 1 Influence of 35% loss of blood on the myel operoxidase ac-
tivity at the edges of the incision wounds as compared to the
wounds of the normal animals without loss of blood. Means and
standard deviations are given. The mean values for wounds 12-24
h old are significantly different (P < 0.001)
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Fig. 2 Myeloperoxidase activity per gram dry weight in different
types of excoriations. Means and standard deviations are given.
The mean values for very deep excoriations aged 1224 h are sig-
nificantly higher compared to moderate and very superficial ones
(P <0.05)

Variation of the depth of the excoriations

In the very deep excoriations the myeloperoxidase activ-
ity expressed per g dry weight of tissue, increased much
more rapidly than in the very superficia or in the moder-
ate ones. In the deep | esions the mean values were about 2
times or more higher after 4, 12 and 24 h (Fig. 2). If the
activities were expressed as units per cm? the mean values
were gtill about 2 times higher (P < 0.05) after 12 and 24 h
in the very deep excoriations.

Variation of the thickness of the skin

When the same type of excoriations (moderate) were
made on the thick dorsal skin and on the thin inquinal skin
the myel operoxidase activity increase was much more ap-
parent in the thin skin. (Fig. 3) In the compression lesions
the difference was nearly the same or somewhat smaller
(Fig. 4). If the myeloperoxidase activities were expressed
as units per cm? the difference was somewhat smaller the
mean values in the excoriations of the thin skin being
about 3 times higher (P < 0.01) after 4 and 12 h and 1.5
times higher (P < 0.05) after 24 h. In compression lesions
of the thin skin the myeloperoxidase mean values were
about 2 times higher (P < 0.01) after 12 and 24 h if the ac-
tivities were expressed as units per cm?.
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Fig. 3 Myeloperoxidase activity per gram dry weight in the same
type of excoriations made on the thick dorsal skin and on the thin
inguinal skin. Means and standard deviations are given. The mean
values for excoriations aged 4-24 h are significantly different (P <
0.001)
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Fig. 4 Myeloperoxidase activity per gram dry weight in the com-
pression lesions made on the thick dorsal skin and on the thin in-
guinal skin. Means and standard deviations are given. The mean
values for lesions aged 12-24 h are significantly different (P <
0.01)

Discussion
Loss of blood

In rats hemorrhagic shock was observed at a blood pres-
sure of about 35 mm Hg with an average loss of blood of
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about 41% of the total blood volume. However if this con-
dition continued over 4 h 90% of the rats died within 48 h
[11]. A 53% loss of blood resulted in the death of the rats
in about 80—85% of cases within 4 h [9].The 35% loss of
blood used in this work was estimated to result in hemor-
rhagic shock but usually most of the rats tolerated this
procedure without mortality during the observation pe-
riod. In the study of Berg et a. [2] one-third of the total
blood volume was removed.

In the present experiments it was observed that when
the rats had lost 35% of their total blood volume a re-
markable reduction of the myeloperoxidase activity at the
edges of the wounds were observed during the first day
compared to the wounds without any blood loss. In hem-
orrhagic shock it has been described that significant vaso-
contraction and reduction of blood flow in the skin and a
decrease in the number of the granulocytes in the periph-
eral blood occur both of which might retard the inflam-
matory reaction [12, 13]. The results obtained in thiswork
are in accordance with these shock features and those of
Walcher [1]. However in the present work this view is
based on the myel operoxidase activity measurements.

Variation of the thickness of the skin
and of the depth of the excoriations

A significant difference in the increase of the myeloper-
oxidase activity was observed in the thin inguinal skin and
in the thick dorsal skin of the rats. The increase in the for-
mer was much higher after the same type of excoriations
or compression lesions in the skin. The inflammatory cells
usually formed a zone against the abraded surface of the
skin. If the excoriation ison the thin skin or if the abrasion
deeply penetrates, a smaller amount of tissue is obtained
as the baseline probably for the same amount of inflam-
matory cells. The final result expressed per dry weight of
tissue is then larger than in thick skin or in superficial ex-
coriations where a greater amount of tissue is taken as the
baseline. This however seemed not to be the only reason
for the results mentioned above because if this baseline
difference was eliminated by expressing the myel operox-
idase activity per surface area again higher values were
obtained in the thin skin or in the deep excoriations. At
present a great number of different proinflammatory sub-
stances and chemical mediators have been described which
have the ability to increase vascular permeability, aug-
ment adherence of circulating leukocytes to vascular en-
dothelium and promote migration of leukocytes into tis-
sues. Some of the most often mentioned are fibrinopep-
tide A and B, complement factor C5a, bradykinin, (haem-
orrhage, coagulation), platelet derived growth factor,
platelet factor 4, platelet activating factor, prostaglandin
E2 (activated platelets), transforming growth factor beta-1
(activated platelets, endothelial cells, keratinocytes, fibro-
blasts), interleukin 1, interleukin 8 (endothelial cells, tissue
macrophages, mast cells, keratinocytes, fibroblasts), leuko-
triene B4, tumor necrosis factor (tissue macrophages, mast
cells). Where the sources of the mediators are given in
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parentheses [14-16] Recently, studies concerning the dy-
namics of the chemical mediators and mediator-associ-
ated antigen activation in the inflammatory cells for a
forensic wound age estimation have been published
[17-19] It could be speculated that in the deep injuries
which result in more tissue damage and haemorrhage,
greater amounts of different inflammatory mediators are
liberated than in the superficial ones. On the other hand in
injuries to thin skin the amount of tissue damage might
not be as great as in the deep injuries of the thick skin.
However in injuries of the thin skin the distance of the le-
sion to the subcutaneous tissue and to a zone rich in vas-
cularity between the dermis and subcutaneous tissue [20]
might be the same as in the deep injuries of the thick skin.
It could be speculated that in both cases the inflammatory
mediators are then liberated in the vicinity of rich vascu-
larity so that greater amounts reach their probable main
target pointsi.e. vessel wall and endothelium to which the
adhesion and emigration of the granulocytes is connected.
The perivascular location of mast cells able to liberate in-
flammatory mediators may also play somerole. Also it is
well known that the inflammatory reaction is more rapid
in subcutaneous tissue than in the skin [21, 22].
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