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The dynamics of blood concentrations of reactive oxygen species and LPO products in pati-
ents with thermal injuries of different severity was studied. Monitoring of these parameters
by chemiluminescent and spectrophotometric techniques helps to predict the course of burn
shock and prevent complications. Erysod (0.004% solution, 33-66 pg/min, daily dose 24-32 mg)
added to antishock infusion therapy during the early periods after injury suppressed gene-
ration of free radicals (by 20% after 15 min and by 30-40% after 24 h), promoted normali-
zation of their contents, and reduced damage to visceral organs during acute period of ther-

mal injury.
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After thermal injuries, the skin with subcutaneous tis-
sues become a potent source of free radicals. This
leads to excessive production of reactive oxygen species
(ROS) and sharp intensification of LPO in the viscera
as early as during the first hour after injury. Cytolysis
and LPO activation in ischemic areas surrounding the
necrotic zone in the burn wound cause active release
of these products into the plasma [2]. Hyperproduction
of ROS and LPO products disturbs functioning of vis-
ceral organs, decreases myocardial contractility [7],
induces cerebrovascular spasm [4] and irreversible
changes in the kidneys [8], intestine [5], liver [9], and
vascular endothelium [10], and promotes hemolysis,
which causes anemia in patients with burns [6].

SOD (EC 1.15.1.1), a redox enzyme, the main
component of the antioxidant defense in all pro- and
eukaryotic cells, occupies a special place among drugs
normalizing the content of ROS and LPO products [3].
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Here we studied the effects of Erysod, a preparation
obtained from human erythrocytes, on the course of
burn shock in patients with extensive skin burns.

MATERIALS AND METHODS

We observed 53 patients with burn shock (burns caused
by flame or hot water) hospitalized at Clinic for Ther-
mal Injuries, Military Medical Academy, and Burn
Center, I. I. Dzhanelidze Institute of Urgent Care. Blood
concentration of ROS was measured by the method of
luminol-dependent chemiluminescence (LDC) using a
Lumina LKB-1251 system (LKB): whole blood in he-
parin-containing buffer was incubated with luminol in
chemiluminometer cuvettes (37°C, 30 min) and the
inductor (phorbol myristate acetate) was added [11].
The content of LPO products was evaluated by plasma
level of MDA measured spectrophotometrically by the
reaction with TBA [1].

The content of ROS (measured by LDC) in nor-
mal human blood collected from the ulnar vein was
taken for the normal value (2.64 mV, Table 1). The
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content of ROS in patients with burn shock was measu-
red by LDC of venous and (if possible) arterial blood
starting from the moment of hospitalization (initial
LDC level) for 1-5 days of antishock infusion therapy.

Erysod added to the complex antishock therapy
for 11 burned patients was infused intravenously (33-
66 pug/min, daily dose 24-32 mg, 0.004% solution in
lactosole, Ringer solution with lactate, 0.9% NaCl
with glucose). In 5 patients (group 1) infusion of Ery-
sod and standard treatment were started simultane-
ously (<1 h after injury). In 4 patients infusions of
Erysod was started 12-24 h after beginning of anti-
shock therapy, when LDC intensity in venous blood
10-fold and more surpassed the normal (group 2). Two
patients had extensive burns combined with thermo-
inhalation injury (group 3) and extremely high levels
of LDC and MDA 42 and 3 times surpassing the nor-
mal (110 mV and 11.53 pM, respectively) before the
start of Erysod infusion (24 h after beginning of therapy).

The means and standard deviations were calcu-
lated for each group and significance of differences
from the control was evaluated using Student’s ¢ test
at 0.95 probability.

RESULTS

The dynamics of LDC is determined by the severity
of injury and positively correlates with the develop-
ment of burn disease (Fig. 1).

Extensive burns of the skin lead to a drastic (3-
fold) increase in blood content of ROS during the 1st
hour after injury (initial LDC, Tables 1 and 2). When
the course of burn shock is favorable (Fig. 1, curves
1, 2) the intensity of LDC always peaked on days 2-3
(ROS content 8-fold surpassed the normal, point B)
and then gradually decreased (days 3-4). During the
first hours after injury LDC intensity in venous blood
is lower than in arterial blood, but when capillary
spasm 1is resolved, these parameters became equal
(point A), and then LDC of venous blood is higher
(point B). This can be explained by improvement of
microcirculation and release of ROS from peripheral
vessels (first affected by hypocirculation during shock
of any etiology, including shock caused by severe
thermal injury) to central veins. It should be emphasi-
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Fig. 1. Typical dynamics of chemiluminescence intensity in patients
with severe burns. 1) arterial blood; 2) venous blood; 3) venous
blood in cases with lethal outcome. Arrow shows the start of therapy.
N: normal; A and B: explanations in the text.

zed that the absolute values of LDC and times corre-
sponding to points A and B differed in different pati-
ents and depended on the severity of injury and the
course of shock, but the dynamics of LDC was the same
in all cases (typical values are presented in Fig. 1).

When the course of burn shock was unfavorable
and microcirculatory disorders progressed, blood LDC
at admission were below normal (about 2.5 mV, Fig.
1, curve 3). Despite active antishock therapy, homeo-
stasis disorders progressed, while LDC of venous and
arterial blood gradually decreased attaining zero di-
rectly before death, which occurred within the first 48
h after hospitalization (all patients in this group were
elderly individuals with extensive deep burns incom-
patible with life).

Plasma concentration of MDA in early hours after
injury did not differ from that in healthy controls (in
contrast to LDC). It is noteworthy that the concen-
tration of TBA-reactive products does not adequately
reflect the course of LPO processes, because only lipid
peroxides degrading with the formation of MDA react
with TBA. Plasma concentration of MDA gradually
increased during burn shock (in all 12 patients) from

TABLE 1. Blood Chemiluminescence in Burned Patients with Burn Shock during Antishock Therapy without Erysod (mV,

30 min, M+tm, n=12)

After the start of therapy, h
Blood vessel Normal (healthy | Initial (before
donors) therapy) 6 12 18 24
Artery — 8.51+0.47 8.93+0.81 9.18+0.29 12.41+1.37 19.72+2.13
Vein 2.64+0.40 8.14+0.61 8.55+0.37 8.84%0.42 14.66%+1.47 20.12+0.98
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TABLE 2. Blood Chemiluminescence in Burned Patients with Burn Shock during Antishock Therapy Including Erysod Infusion
(Group 1, Artery/Vein, mV, 30 min)

Patient Initial value Time after start of therapy

No. (before therapy) 15 min 12 h 24 h
1 8.1/7.6 5.7/4.4 7.4/6.9 10.5/12.8
2 8.7/8.1 6.4/6.6 11.3/14.4 —/—
3 9.8/9.3 6.7/6.6 8.5/8.2 —/14.9
4 10.1/9.6 8.3/7.8 —/9.4 —/13.6
5 8.2/7.4 7.7/7.3 8.4/8.2 11.9/13.8
M=m 8.98+0.78/8.40+0.84 6.96+0.83*/6.54+0.86™ 8.90+1.20/9.42+1.99 11.20+0.70*/13.65+0.63"
(A, %) (-22/-22) (-43/-32)

Note. p<0.05: *compared to initial value, * compared to the control (without Erysod, Table 1).

3.914£0.70 uM before therapy to 3.92+0.65, 4.52+0.78,
and 5.184+0.87 uM 24, 42, and 72 h after the start of
therapy (vs. 3.924+0.66 uM in donors [1]). However,
this parameter increased significantly (to 6-7 pM) only
after the end of shock on days 4-5 of observation,
which can be associated with aggravation of burn-
induced toxemia.

In case of early (on days 3-4 after injury) compli-
cations of burn disease (acute renal failure, respiratory
distress syndrome, early burn-induced sepsis) the con-
tents of ROS and MDA increased again (second wave)
and this increase 12-24 h preceded clinical manifesta-
tions of these complications. Hence, dynamic monito-
ring of LDC and MDA levels allows evaluation of
treatment efficiency and helps to prevent complications.

Erysod was used in the treatment of patients with
most severe burns (for this reason the mean initial
level of LDC in group 1 surpassed the data presented
in Table 1). Erysod significantly decreased the content
of ROS in group 1 patients and improved acid-base
balance and blood gases as early as 15 min after the
start of infusion. After 12 h LDC intensity in patients
treated with Erysod did not differ from that in patients
receiving no Erysod (Table 1), but then this parameter
increased slower. Early start of Erysod infusions pro-
moted stabilization of ROS level even in extremely se-
vere burn shock. In 2 patients of group 2 LDC intensity
decreased, but remained very high (more than 20 mV
after 5 h) and did not tend to decrease. In other patients
of group 2 and in group 3 infusion of Erysod decreased
LDC and MDA levels to normal (after 5 h).

Hence, the dynamics of blood content of ROS in
burned patients depends on the severity of injury and
on the development of burn disease. Severe thermal
injury leads to a drastic increase in ROS content, first
in arterial and then, after opening of the microcir-

culatory bed, in venous blood and to intensification of
LPO processes. Second wave of ROS and MDA pre-
dicts severe complications of burn disease. Blood level
of ROS did not increase in patients with irreversible
course of burn shock resistant to therapy.

Addition of Erysod to infusion therapy during the
early period after injury suppressed generation of free
radicals, promoted normalization of their level, and
decreased visceral injuries during the acute period of
thermal injury.
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