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Protective Effect of Carnosine in Hyperthermia
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Under the conditions of hyperthermia, carnosine (B-alanine-L-histidine) normalizes tissue
contents of lipid peroxidation products, cytochrome P-450, serotonin, and histamine in
rats and increases their survival after extreme hyperthermia.
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It has been suggested that some manifestations of the
lipoperoxidation syndrome and changes in the bio-
genic amine metabolism developing in stress reflect
the severity of homeostasis impairments and can be
employed to evaluate the effects of various pre-
parations on the resistance of an organism to extreme
influences [1,2]. The ability of carnosine to correct
lipid peroxidation (LPO) and tissue contents of sero-
tonin and histamine in rats subjected to short-term
hypothermia has been recently demonstrated [4]. In
the present study we explored the possibility of using
this naturally occurring dipeptide to increase the
resistance of an organism to hyperthermia.

MATERIALS AND METHODS

Adult outbred male rats weighing 180-200 g were
used. The rats were maintained under standard viva-
rium conditions and received standard chow. Hyper-
thermia (40-45°C, 1 h) was produced using a ven-
tilated chamber. Rectal temperature was measured
with a Term-9 electrothermometer. Carnosine (purity
>97%) was isolated from bovine muscles and ad-
ministered per os via gastric tube in a single dose of
250 mg/kg 2.5 h before hyperthermia. The intensity
of LPO in blood serum was estimated as described
[10]. The content of cytochrome P-450 in liver micro-
somes was measured by the method [13]. The con-
tents of free histamine [8] and the activity diamino-
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oxidase (DO) in the myocardium [9] were deter-
mined. Serotonin content of the spleen was measured
by the method [12]. The significance of differences
between experimental and control values was eva-
luated using Student’s f test.

RESULTS

After 10 min in thermal chamber (40°C), rectal tem-
perature of rats increased from 37.3%+0.1 to 40.1%
0.2°C and practically did not change during 50 min
of the observation period. Under these conditions (1-
h hyperthermia, rectal temperature about 40°C for at
least 50 min) the intensity of LPO increased con-
siderably. Serum content of LPO rose during hyper-
thermia, reached the maximum (almost 7-fold above
the norm) 30 min after termination of hyperthermia,
and then rapidly decreased (Table 1).

A similar dynamics of serum content of LPO
products, which points to an LPO “flash” in the
body, was observed after other extreme influences,
for example, in rats after hypothermia [1,4]. It was
hypothesized that LPO products play a dual role in
stress: they act as mediators of stress and stress patho-
logy [1]. A decrease in activity of liver cytochrome
P-450 system after immobilization, large physical
load, and other stressful influences is mediated by
LPO products {5,6]. In this study, the activity of liver
cytochrome P-450 system was modified by hyper-
thermia: the cytochrome P-450 content in cyto-
plasmic reticulum of hepatocytes remained at the
level of 65-70% of the norm for at least 60 h (Fig.
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Fig. 1. Effect of carnosine (250 mg/kg) on the dynamics of the
cytochrome P-450 content in rat liver microsomes after hyperthermia
(40°C, 60 min). Abscissa: time after hyperthermia, hours,; ordinate:
cytochrome P-450 content, % of the norm (cytochrome P-450
content in liver microsomes of control rats varied from 0.60 to 0.64
nmol/mg protein). At least 8 animals were used for each point. 7)
hyperthermia; 2) carnosine+hyperthermia; 3) carnosine.

1). A similar amplitude of the of effect (30-35%
decrease in the cytochrome P-450 concentration) was
observed with other stressful factors, which may be
due to abnormal sensitivity of 30-35% of the cyto-

TABLE 1. Serum Content of LPO Products in Rats After Hyperthermia
(40°C, 60 min)

Experir_n_ental Tir:;p::_ter ofN ;x;ear' s LPO .

condition thermia, min in group products, %
Control — 10 10013
Hyperthermia 1 8 233+26*
15 10 453153*
30 10 687+13*

40 8 260157***

Note. Here and in Table 2: *p<0.001, **p<0.01, ***p<0.02 compared
with the control.
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chrome P-450 pool to the damaging effect of lipid
peroxides [3,11].

In addition to the LPO syndrome, we also ob-
served the effects indicating activation of serotonin-
ergic system and modification of histamine meta-
bolism. During the maximum increase in blood and
tissue contents of LPO products after hyperthermia,
the serotonin and histamine contents increased and
DO activity changed (Table 2). A similar pheno-
menon was observed after hypothermia [4]. However,
an increase in myocardial histamine content after
hypothermia coincided with a decrease in DO ac-
tivity, while after hyperthermia it was accompanied
by a 1.5-fold increase in DO activity.

Previously, it was shown that carnosine markedly
reduces the intensification of LPO caused by hypo-
baric hypoxia and short-term hypothermia [4].

Carnosine also elicits a protective effect in hyper-
thermia after per os administration, which provides
its maximum antioxidant activity in vivo (as esti-
mated by reduction of basal LPO in the organism)
at the moment of extreme influence [4,7].

It was found that in rats subjected to hyper-
thermia 2.5 h after administration of carnosine in a
dose of 250 mg/kg the increase in blood content of
LPO products was 2-fold lower than in rats which
did no receive carnosine (Table 2). In carmosine-
treated rats, the decrease in liver content of cyto-
chrome P-450 was less pronounced and occurred
during a shorter time period than in control rats (Fig.
1), which confirms the hypothesis that LPO is the
primary factor of impaired cytochrome P-450 meta-
bolism in stress [5].

Carnosine modifiers tissue contents of biogenic
amines after hyperthermia as well as in hypothermia
[4]. However, unlike in hypothermia, carnosine did
not prevent alterations in DO activity in the myo-
cardium, indicating that the processes leading to
modifications in the histamine/DO system are dif-
ferent in hypo- and hyperthermia.

It has been hypothesized that there is a direct
relationship between the survival of animals under
extreme conditions and the level of toxic peroxides

TABLE 2. Changes in Tissue Contents of LPO Products, Serotonin, and Histamine and DO Activity After Hyperthermia (40°C, 60 min) and
Administration of Carnosine (250 mg/kg)

Parameter Tissue Control Carnosine Hyperthermia hsgaag:::;?s:a
LPO products, ng/mg/mi Blood serum 0.55+0.02 0.2440.09** 3.741£0.11* 2.06+0.31**
Serotonin, ug/g Spleen 4.0+0.1 4.1+0.3 4.940.2*** 4.0£0.3*
Histamine, ng/g Myocardium 3.610.2 4.1£0.3 . 4.3:0.2** 3.710.4
DO activity ng/g/h Myocardium 32.4+1.9 32.7+1.3 49.9+1.6* 46.3+3.2**

Note. Each group consisted of 8-12 animais; ***p<0.05; *p<0.001, **p<0.05 compared with rats subjected to hyperthermia.
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in the body [1]. Since carnosine inhibits LPO in
hyperthermia, it was analyzed for the effectiveness
against severe hyperthermia leading to high mortality.
Experiments were performed on 24 rats: 12 rats
served as the control and 12 rats were given carno-
sine. Survival rate after a 1-h hyperthermia (45°C)
in the control group was 25%, while in carnosine-
treated rats (per os, 250 mg/kg, 2.5 h before hyper-
thermia) in was 67%.

Our results confirm the hypothesis that LPO
plays a pathogenic role in the mechanisms of stress-
induced damage to the body and indicate that camo-
sine increases the resistance of the organism not only
to hypo- but also to hyperthermia.
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