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Full-thickness skin wounds (460 mm?) in rats were associated with increased blood
chemiluminescence and neutrophil infiltration of the wound tissue and surrounding skin
(recorded by myeloperoxidase activity). Activities of glutathione peroxidase and gluta-
thione S-transferase in the skin and wound tissue increased on days 4 and 8. A corre-
lation was revealed between activities of these enzymes and myeloperoxidase activity.
Activities of myeloperoxidase and catalase increased in patient’s skin excised during
plastic surgeries of more than 2.5 h duration.
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Reactive oxygen species (ROS) formed in the skin
during inflammation play a role of mediators in
normal wound healing [9]. However, ROS overpro-
duction serves as an important pathogenetic factor
impairing healing (e.g., during radiation exposure)
[2]. The imbalance between pro- and antiinflam-
matory reactions in the skin leads to oxidative dam-
age to cell components (DNA, lipids, and proteins)
and skin cell dysfunction, i.e. changes in migration,
proliferation, and synthesis of extracellular matrix
molecules [13]. The discharge from acute and chro-
nic wounds includes products of free radical reac-
tions, carbonylated proteins and malonic dialde-
hyde (MDA) [8]. Neutrophils serve as a potent
source of ROS (superoxide radicals, H,O,, and hypo-
chlorite) during the inflammatory phase of wound
healing. It was demonstrated that keratinocyte growth
factor gene is responsible for the induction of gluta-
thione peroxidase (GP) synthesis, which can protect
the proliferating epithelium on wound edges from
excess ROS (first of all from H,O, and lipoper-
oxides) [7].
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On the whole, adaptation of various tissues to
ROS excess is determined by induction of anti-
oxidant enzymes, which depends on the expression
of the corresponding mRNA [14].

Here we measured activities of peroxide-utili-
zing and lipoperoxide-utilizing antioxidant enzy-
mes GP and glutathione S-transferase (GST) in wound
tissue and skin of animals with excision wounds.
Catalase activity was measured in human skin after
plastic surgeries.

MATERIALS AND METHODS

The skin excised in facelift plastic surgery was used.
The skin samples were taken 5-15, 30-150, and
150-250 min after the start of surgery.

Experimental samples were obtained from 16
male Wistar rats (350-400 g) with full-thickness
skin excision wounds (459+15 mm?).

Wound planimetry was performed on days 4
and 8 under general anesthesia. Blood samples from
the tail were collected in tubes with heparin. Skin
biopsy specimens were taken at a distance of 20
mm from the wound edges. Granulation tissue was
sampled. The animals were euthanized.
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Skin samples were frozen at -18°C and homo-
genized in a Potter hand glass homogenizer imme-
diately before all study. The samples were taken
from the upper layer of human skin (mainly from the
epidermis). Homogenates were prepared in a 10-fold
volume of 0.1 M potassium phosphate buffer (pH 7.4)
and centrifuged at 1000g and 10°C for 30 min. The
supernatant was separated for biochemical analysis.

Total protein content was measured by the me-
thod of Lowry. Myeloperoxidase (MPO) activity
was estimated by o-dianisidine oxidation [6]. Cata-
lase activity was determined by H,O, degradation
[5]. GP activity was measured in the reaction with
tert-butyl hydroperoxide in the presence of reduced
glutathione. GST activity was measured in the reac-
tion with 1-chloro-2,4-dinitrobenzene [3]. Enzyme
activity was expressed in pumol substrate transfor-
med over 1 min. The measurements were perfor-
med on a Shimadzu UV-1700 spectrophotometer.
The results were standardized for protein content in
the sample. The intensity of luminol-dependent
chemiluminescence stimulated with phorbol ester
was measured in blood samples [10].

RESULTS

The initial area of the wound was 6% of body sur-
face area. Signs of purulent inflammation in the
wound were absent throughout the study. On day
4, whole blood chemiluminescence increased from
21.1£3.8 (normal) to 46.3+18.7 mV, which attested
to neutrophil activation as a result of trauma. On
day 8 this parameter returned to normal (26.2+9.1
mV). The wound area decreased to 253+51 and
150+65 mm? on days 4 and 8, respectively.

Variations in MPO activity in the wound tissue
reflected the dynamics of local neutrophilic inflam-
mation (Table 1). On days 4 and 8, MPO activity
in the skin of treated rats was higher compared to
intact animals.

Similar changes were revealed in the adjacent
skin. Since activated neutrophils release consider-
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able amounts of ROS under the influence of local
stimulatory agents (cytokines, bacteria, and immu-
ne complexes), we measured activities of protective
antioxidant enzymes in the skin and in the wound.

Previous studies showed that trauma was not ac-
companied by catalase induction in intact rat skin [2].
Hence, we studied GP and GST as the protective
peroxide-utilizing and lipoperoxide-utilizing enzy-
mes. Activities of both enzymes in the wound tissue
and skin significantly increased on days 4 and 8. GST
activity in wound tissue progressively increased until
day 8 and exceeded that in skin samples (Table 1).

A positive correlation was revealed between
activities of MPO and GP in the skin on day 4
(r=0.90, p<0.05; Fig. 1, a). On day 8, MPO activity
in the wound tissue positively correlated with acti-
vities of GP (r=0.96, p<0.05; Fig. 1, b) and GST
(r=0.89, p<0.05).

Specific MPO activity progressively increased in
human skin samples obtained during facelift surgery
(Fig. 2). The samples were excised with widening of
the surgical field, which corresponded to sampling of
the adjacent skin under experimental conditions.

When studying activity of catalase as a per-
oxide-utilizing enzyme in human skin, we found
that specific catalase activity in human skin sam-
ples tended to increase 20-150 min after the start
of surgery and then 1.7-fold surpassed the basal
level (p=0.039, Fig. 2).

Wound healing proceeds through fibroblast-
mediated contraction of the wound edges, forma-
tion of the granulation tissue, growth of keratino-
cytes, and remodeling of the epidermis [4]. The
inflammatory stage is characterized by neutrophil
migration to the wound and takes about 4 days. The
increase in MDA concentration reflects activation
of free radical reactions in the wound tissue. The
concentration of hydroperoxides in aseptic wound
tissue of rats with a wound area of 400 mm? increa-
sed on days 1-3 and 6-12 [1]. The contents of MDA
and conjugated dienes increased on day 1 [2]. Our
experiments were performed in rats with similar

TABLE 1. Enzyme Activities in Wound Tissue and Adjacent Skin of Rats

Time after surgery, days
Parameter Normal 8
wound skin wound skin
MPO, umol/mg 33.9+£16.1 95.1+35.8** 183.2+16.3* 112.4+£36.7* 113.2+39.0*
GP, U/mg 0.1120.02 0.28+0.05* 0.26+0.07* 0.26+0.11* 0.27+0.06*
GST, umol/g 4.4+0.8 9.4+2.4* 10.6+£2.5* 15.1+4.0** 9.3%+1.2*

Note. p<0.05: *compared to normal; ‘compared to the adjacent skin.
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Fig. 1. Relationship between activities of MPO and GP in rat skin (a) and wound tissue (b) on days 4 and 8 after surgery, respectively.
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Fig. 2. Intraoperative changes in activities of MPO and catalase
in patient’s skin during plastic surgeries: 5-15 (1), 20-150 (2), and
150 min or later after the start of surgery (3). p<0.05: *compared
to the parameter observed after 5-15 min; *compared to the
parameter observed after 20-150 min.

wound areas (459+15 mm?). We found that MDA
content in skin samples from the wound edges in-
creases on day 4 (0.86+0.19 vs. 0.47+0.07 umol/g
protein in intact skin, p<0.05).

Activation of antioxidant enzymes in the adja-
cent skin is a normal adaptation reaction to inflam-
mation (e.g., ROS generation). GST activity dif-
fered in skin samples and wound tissue on day 8.
Probably, the wound tissue accumulates a greater
amount of lipoperoxides and degradation products
that serve as the substrate for GST.

Our results contradict published data that rat
skin cannot adapt to oxidative stress [10]. Previous
studies showed that antioxidant enzymes are not
induced in subjects with a wound area of 800 mm?
[10]. It probably results from hyperactivation of

leukocytes and direct inactivation of antioxidant
enzymes with wound radicals. We conclude that
wound tissue and adjacent skin in rats may respond
to the inflammatory reaction by activation of per-
oxide-utilizing enzymes. Our results are consistent
with published data that expression of mRNA for
GP and other enzymes in mice increases in the skin
of the wound edges [11]. Rapid migration of neu-
trophils to the perioperative area of human skin is
followed by catalase activation.
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