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Intraperitoneal injection of bacterial lipopolysaccharide in a dose of 1 mg/kg was
followed by prestimulation of whole blood leukocytes in rats. Activities of peroxide-
and lipoperoxide-utilizing antioxidant enzymes glutathione peroxidase, glutathione S-
transferase, and catalase increased 1 day after lipopolysaccharide administration, while
the content of malonic dialdehyde in the skin remained unchanged.
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Recent experiments showed that endotoxin (LPS
from gram-negative bacteria) induces oxidative dam-
age to the vascular endothelium due to activation
of superoxide radical generation by endothelial
cells [3] and neutrophils [13]. LPS stimulates ad-
hesion of neutrophils to the endothelium [10] and
increases the respiratory burst in neutrophils under
conditions of exogenous stimulation (priming ef-
fect) [8]. Experimental endotoxemia induced by
administration of purified LPS is accompanied by
activation of lipid peroxidation in target tissues
(lungs and liver). High risk of oxidative tissue dam-
age during endotoxemia is associated with not only
increased generation of reactive oxygen species
(ROS) and nitrogen by cells, but also inhibition of
antioxidant enzymes (e.g., lung catalase) [5]. In-
creasing interest to the role of LPS and neutrophils
in the inflammatory response of the skin is related
to infectious complications of surgical treatment
[12]. Published data show that wound healing is
decelerated after local administration of LPS [9].
Intradermal injection of LPS increases albumin re-
lease from the plasma to the skin [7]. Experimental
and clinical data suggest that the imbalance in the
prooxidant/antioxidant system of intact skin and

wound modulates wound healing [14]. However,
activity of antioxidant enzymes in the skin during
systemic endotoxemia remains unknown.

Changes in activity of tissue antioxidant en-
zymes during endotoxemia result from increased
superoxide generation by endothelial cells, acti-
vation of nuclear translocation of transcription fac-
tor (NF-κB), intensive synthesis of proinflammatory
cytokines (adhesion molecules), phosphorylation of
NADH oxidase in neutrophils, stimulation of local
production of the superoxide radical and H2O2,
activation of genes for the synthesis of protective
antioxidant enzymes [3], and direct inactivation of
enzymes under the influence of ROS [6].

Here we studied the effect of experimental endo-
toxemia induced by intraperitoneal injection of LPS
on blood leukocytes and skin antioxidant enzymes.

MATERIALS AND METHODS

Experiments were performed on male Wistar rats
weighing 300-400 g. The animals were maintained
in a vivarium under standard conditions. Each ex-
perimental group consisted of 6 rats. Endotoxemia
in treated animals was induced by intraperitoneal
injection of E. coli O111:B4 LPS (1 ml, Sigma) in
0.9% NaCl (1 mg/kg). The study was performed
under ether anesthesia. The sample (venous blood
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and skin biopsy specimens) were taken 24 h after
LPS administration. Control animals received intra-
peritoneal injection of 0.9% NaCl.

The blood was stabilized with anticoagulant
heparin and aliquots were taken to study sponta-
neous and phorbol ester-induced (0.15 µM) chemi-
luminescence (CL) activated with luminol (0.2
mM). The measurements were performed on a Wal-
lah 1251 luminometer (LKV). Leukocytes were
counted in a Goryaev chamber. For isolation of
plasma and erythrocyte pellet the blood was cen-
trifuged at 400g. The content of reduced glutathio-
ne in erythrocytes was measured as described else-
where [1].

Skin samples were homogenized on ice in a
Potter homogenizer (10-fold volume of 0.1 M po-
tassium phosphate buffer, pH 7.4, for 5-8 min).
The samples were centrifuged at 800g and 10oC for
30 min. The supernatant was used for biochemical
studies.

Spectrophotometry data were calculated per
protein concentration (method of Lowry). Myelo-
peroxidase (MPO) activity was measured in the
reaction with o-dianisidine at 560 nm. Glutathione
peroxidase activity was estimated by the ability of
samples to catalyze the reaction of reduced gluta-
thione with tert-butyl hydroperoxide (t-BHP). Re-
duced glutathione content in samples was measured
before and after incubation with t-BHP using 5,5'-
dithio-bis-(2-nitro)-benzoic acid [1]. Glutathione
S-transferase (GT) activity was determined by the
rate of enzyme-catalyzed formation of reduced glu-
tathione with 1-chloro-2,4-dinitrobenzene (maxi-
mum absorption at 340 nm) [1]. Catalase activity
was estimated by the decrease in H2O2 absorption
at 240 nm [1]. Superoxide dismutase (SOD) activity
in samples was measured by inhibition of epineph-
rine autooxidation in carbonate buffer at pH 10.3
[12]. The intensity of lipid peroxidation was esti-
mated from the concentration of malonic dialde-
hyde (MDA).

The results were analyzed by means of Sta-
tistica software. The data are presented as means
and standard deviations. The significance of dif-
ferences was evaluated by Student’s t test.

RESULTS

Spontaneous CL of the blood and total leukocyte
count in the blood from treated animals tended to
increase after intraperitoneal injection of LPS (Table
1). Whole blood CL depends on leukocyte count
and functional activity. Spontaneous CL was calcu-
lated per million leukocytes (specific CL). The esti-
mated values were similar in control and treated

rats (4.2±1.7 and 5.1±1.3 mV/million, respecti-
vely). Therefore, LPS does not directly initiate the
respiratory burst in blood leukocytes.

Induced CL of whole blood in treated rats 3-fold
exceeded that in control animals. MDA content in
the plasma, as well as reduced glutathione con-
centration in erythrocytes remained unchanged under
these conditions. It can be hypothesized that LPS
had a prestimulation effect on circulating neutro-
phils, but did not induce the immediate release of
ROS into the blood.

Activities of MPO and SOD in the skin of trea-
ted rats slightly surpassed the corresponding para-
meters in control animals. Activities of glutathione
peroxidase and catalase in treated rats significantly
surpassed the control. GT activity in treated rats
was 3 times higher than in control animals. No inter-
group differences were found in MDA content in
the skin (Table 2).

Bacterial endotoxin (LPS) is an inflammatory
factor present in the wall of gram-negative bacteria.
Activation of systemic reaction in response to intra-
peritoneal injection of LPS was confirmed by the
increase in radical-generating activity of leukocytes
of the whole blood. This parameter was estimated
by in vitro recording of CL upon stimulation with

TABLE 1. Blood Parameters in Experimental Animals (M±m)

Plasma MDA, μM 2.01±0.63 2.14±0.50

Spontaneous CL, mV 71.6±24.6 106.3±58.5

Induced CL, mV 703.9±159.3 2155±696*

Reduced glutathione
in erythrocytes,
μg/mg hemoglobin 1.82±0.11 1.89±0.07

Leukocytes, million/ml 17±2 20±6

Note. Here and in Table 2: *p<0.05 compared to the control group.

Parameter
Treated group

(LPS)
Control group

(NaCl)

TABLE 2. Skin Enzyme Activity in Experimental Animals
(M±m)

MPO, μmol/g 90.8±25.9 121.8±21.3

Catalase, U/mg 4.42±1.97 9.38±3.02*

SOD, U/mg 9.4±0.7 11.0±2.3

GT, μmol CDNB/g/min 3.5±1.5 10.1±3.1*

Glutathione peroxidase,
μg glutathione/mg/min 1.8±0.9 3.9±0.8*

MDA, μmol/g 1.4±0.5 1.8±0.3

Note. CDNB, 1-chloro-2,4-dinitrobenzene.

Parameter
(per g protein)

Treated group
(LPS)

Control group
(NaCl)

Bulletin of Experimental Biology and Medicine, Vol. 142, No. 4, 2006 GENERAL PATHOLOGY AND PATHOPHYSIOLOGY



415

phorbol ester. A similar effect of LPS was revealed
previously in whole blood samples from patients
with endotoxemia and underlies the CL method to
estimate plasma endotoxin concentration [8].

Similarly to the lung tissue, MPO activity in the
skin tended to increase due to neutrophil migration
into tissues during endotoxemia. Published data
show that MPO activity increases by 5 times 1 h
after LPS administration [15]. The observed chan-
ges in the skin were less significant compared to
lung tissue. The probability of the respiratory burst
in neutrophils migrating into the skin increases after
cell adhesion to extracellular matrix proteins. Even
small number of neutrophils can trigger the release
of ROS from neutrophils under these conditions [4].

Activities of glutathione peroxidase and GT
significantly increased 1 day after intraperitoneal
injection of LPS. Activities of SOD and catalase in
the skin tended to increase during this period. We
hypothesized that LPS increases ROS generation in
the skin, which induces the synthesis of protective
antioxidant enzymes. The induction of enzymes
was sufficient for skin protection from the increa-
sed oxidative load. A significant increase in MDA
content in the skin was not revealed under these
conditions. Our results indicate that the skin is not
a target tissue during endotoxemia. However, the
probability of endotoxemia-induced oxidative dam-
age to the skin increases in individuals with

decreased adaptive capacities of the organism (e.g.,
in severe traumas and age-related disorders) [9].
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