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Short-term and prolonged (3 h) moderate (30°C) hypothermia intensified oxidative modifica-
tion of plasma proteins, while deep hypothermia (20°C) decreased the intensity of this pro-
cess to a control level. Preliminary intraperitoneal injection of dalargin had practically no
effect on oxidative modification of plasma proteins during moderate hypothermia.
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Reactive oxygen species (ROS) intensify lipid perox-
idation (LPO) and promote oxidative modification of
soluble and membrane-bound enzymes, thus disturb-
ing their function [11]. The initial stages of hypother-
mia stimulate generation of ROS, which was confir-
med by the intensity of LPO in the blood and various
tissues [4,9]. The effect of hypothermia on oxidative
modification of plasma proteins remains unknown.
Previous studies showed that preliminary intraperito-
neal injection of dalargin, a synthetic analogue of Leu-
enkephalin, prevents LPO activation in various tissues
under stress conditions [2], e.g., during hypothermia
[4]. It can be hypothesized that dalargin produces a
protective antioxidant effects on proteins.

Here we studied the dependence of free radical
oxidation of plasma proteins on the degree of hypo-
thermia and evaluated the possibility for correction of
this process with opioid peptide dalargin.

MATERIALS AND METHODS

Experiments were performed on outbred albino male
rats weighing 170-200 g. For modeling moderate and
deep hypothermia, the animals were maintained in a
cold chamber until a decrease in rectal temperature to
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30 and 20°C, respectively. In special experimental se-
ries the rats were exposed to moderate hypothermia
(30°C) for 3 h. Dalargin in a dose of 100 pg/kg was
injected intraperitoneally 30 min before hypothermia
or decapitation (normothermic control). Control rats
received an equivalent volume of physiological saline.
Oxidative modification of plasma proteins was esti-
mated by the number of carbonyl groups reacting with
2,4-dinitrophenylhydrazine [1]. We evaluated the ini-
tial content of carbonyl groups and their accumulation
at 37°C over 15 min without prooxidants (spontane-
ous oxidation) and in the presence of 10— M Fe?*,
103 M ethylenediaminetetraacetate (EDTA), and
3x10—* M H,0,. The content of carbonyl groups mea-
sured at 370 nm was calculated using the molar ex-
tinction coefficient (22,000 liter/M/cm for aliphatic
dinitrophenylhydrazones [12]) and expressed in nmol/
mg protein. Protein content was measured by the me-
thod of Lowry [13].

RESULTS

The presence of carbonyl groups in control rats con-
firmed oxidative modification of plasma proteins
under physiological conditions (Table 1). Incubation
under conditions promoting ROS generation marked-
ly increased the number of carbonyl groups in plasma
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TABLE 1. Number of Carbonyl Groups (nmol/mg protein) in R
Administration (Mtm, n=6-8)
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Accumulation of carbonyl groups
Group Initial content over 15-min oxidation
of carbonyl groups
spontaneous Fe?*-dependent
Normothermic control 1.50+0.06 3.56+0.10 57.24+1.48
+dalargin 1.44+0.12 2.85+0.12* 52.63+1.28*
Hypothermia, 30°C 3.91+0.10* 3.72+0.13 58.82+1.42
+dalargin 3.07£0.19** 3.03+£0.13** 53.56+1.67*
Prolonged hypothermia, 30°C, 3 h 4.47+0.14* 6.43+0.18** 94.19+3.91**
+dalargin 4.47+0.19* 6.42+0.12* 90.13+4.76*
Hypothermia, 20°C 1.97+0.22** 3.03+£0.14** 49.38+2.06**
+dalargin 1.64+0.13 3.28+0.08* 49.64+1.46*

Note. p<0.05: *compared to the control, *compared to 30°C.

proteins. This effect was most pronounced in the pre-
sence of Fe*'(EDTA)+H,0,, which is consistent with
published data on primary formation of carbonyl groups
during metal-catalyzed oxidation of proteins (E. R.
Steadman [14]).

Under conditions of moderate hypothermia the
number of carbonyl groups in plasma proteins increa-
sed by 162%, while the rate of in vitro protein oxida-
tion remained unchanged (Table 1).

Long-term (3 h) moderate (30°C) hypothermia
markedly increased the number of carbonyl groups in
plasma proteins and the rate of their accumulation in
model systems. Since in vivo and in vitro oxidative
modification of proteins was intensified, it can be as-
sumed that these processes are related to enhanced
ROS generation and conformational changes in pro-
teins. These changes improve the accessibility of hid-
den amino acid residues to prooxidants.

The drop of core temperature to 20°C decreased
the number of carbonyl groups in plasma proteins com-
pared to the previous stage of hypothermia (Table 1).
The intensity of protein oxidation in the model sys-
tem decreased. These results are consistent with pub-
lished data that deep hypothermia inhibits oxygen con-
sumption by tissues and respiratory processes [7,8] ac-
companied by intensive ROS formation [6]. However,
it remains unclear why the number of carbonyl groups
in proteins decreases with further decrease in body
temperature. Oxidized proteins undergo aggregation
and fragmentation [10]. Protein aggregation is associa-
ted with the formation of dityrosine cross-links, which
prevents registration of carbonyl groups. Oxidized
proteins undergo more rapid hydrolysis than native
proteins [10]. This process results in the formation of
low-molecular-weight oligopeptides. The decrease in
the number of carbonyl groups in plasma proteins at

20°C probably attests to accelerated aggregation, frag-
mentation, and proteolysis of oxidatively modified
proteins.

Dalargin had no effect on the initial content of
carbonyl groups in proteins in control rats, but signifi-
cantly decreased their accumulation in the model sys-
tem (Table 1). Dalargin produced a weak protective
effect during moderate hypothermia and was ineffec-
tive during prolonged moderate and deep hypothermia
(Table 1).

Low protective effects of dalargin on plasma pro-
teins during moderate hypothermia and the absence of
antioxidant activity under conditions of long-term cold
exposure are probably related to rapid cleavage of this
substance with plasma proteolytic enzymes (7-13 min)
[5]. Moreover, this peptide in a dose used in our expe-
riments produces no direct antioxidant effects. Da-
largin prevents stress-induced activation of catabolic
processes and ROS generation [3]. The effects of da-
largin are realized via interaction with specific recep-
tors on cell membranes in various tissues, including
blood cells [3]. Dalargin indirectly modulates oxida-
tive modification of plasma proteins during hypother-
mia probably by inhibiting ROS accumulation and
preventing efflux of oxidized proteins and prooxidants
from cells and tissues to the plasma.

Thus, moderate and, especially, prolonged hypo-
thermia markedly promotes oxidative modification of
plasma proteins. Preinjection of dalargin produces no
protective effects.
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