ENERGY METABOLISM IN THE RAT BRAIN
IN THE COURSE OF TRAUMATIC SHOCK
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The concentration of high-energy phosphates (ATP, creatine phosphate), the total content
of adenyl nucleotides, and the energy potential of the brain cells did not change signifi-
cantly in experimental animals after trauma to the soft tissues of the thigh, until the ter-
minal phase. The intensity of glycolysis was increased. In the terminal phase anaerobic
processes predominated somewhat over aerobic. The absence of changes in the concen-
tration of high-energy phosphates in the rat brain in traumatic shock is probably asso~
ciated with centralization of the circulation and it is evidence that no "critical” exhaustion
of energy takes place in the brain.
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The state of the energy metabolism in the brain is considered to play an important role in the patho-
genesis of traumatic shock. However, there is littie information on this subject in the literature, and such
as there is, is contradictory. Accordingto some workers [1-3],10, 11], in traumatic, tourniquet, and hemor-
rhagic shock the concentrations of ATP and creatine phosphate (CP) in the brain are reduced by a varied
degree and the levels of inorganic phosphate and lactate are increased. Meanwhile other workers [9, 13,
14] found no change in the ATP and CP concentrations in the brain in lethal tourniquet shock until the ani~
mal was in a terminal state.

The object of the present investigation was to study the energy metabolism in the rat brain during
the course of traumatic shock.

EXPERIMENTAL METHOD

Experiments were carried out on 40 male albino rats weighing 130-170 g. Shock was produced by
Cannon's method by crushing the soft tissues of the thigh. The erectile, torpid, and terminal phases were
distinguished in the course of shock; the torpid phase was subdivided into the beginning, the period of sta-
bilization of the arterial blood pressure (BP), and the end of the torpid phase. The BP was recorded by a
mercury manometer in the femoral artery. The energy metabolism was studied during the period of sta~
bilization (BP 90-100 mm Hg), at the end of the torpid phase (BP about 40 mm Hg), and in the terminal phase
(BP 25-30 mm Hg) of shock. The mean duration of shock was 70 min. Two groups of animals were used
as the control: intact rats (control 1) and animals subjected to fixation and recording of the BP in the same
manner as the experimental animals (control 2). The animals were killed under superficial ether anesthe-
sia by immersion in liquid nitrogen. The brain was ground to a powder which was transferred quantita-
tively into cold 6% HC1O, at the rate of 6.5 ml to 2 g of tissue and homogenized in a glass homogenizer.
The samples were centrifuged in the cold for 15 min at 3000 g, the residue was washed with 6% HCIO, to a
final dilution of the tissue of 1:5, and they were again centrifuged under the same conditions. Protein-
free tissue extracts were neutralized with 5 M K,COj; to pH 3.5 for the determination of pyruvate, lactate,
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TABLE 1. Concentrations (n pmoles/g wet weight of tissue) of Energy Metabolites in the Rat Brain during Trau-

matic Shock
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ADP, and AMP, and to pH 7.5 for the determination
of ATP and CP. After 30 min the residue was re-
moved by centrifuging and the supernatant fractions
were kept at 0°C and used for analysis within a few-
hours. Pyruvate [5], lactate [6],ATP, and CP [7],
and ADP and AMP [8] were determined by enzymic
methods on the SF-4A spectrophotometer at 340 nm.
The energy potential of the brain cells was calcu-~
lated by the method of Atkinson and Walton [4].

EXPERIMENTAL RESULTS

Fixation of the animals to the frame and cath-
eterization of the femoral artery under local anes-
thesia caused no change in the energy metabolism
in the rats® brain (Table 1, control 2). The concen-
trations of the adenyl nucleotides, their total con~
centration, and also the energy potential of the cells
in the brain of the animals developing traumatic
shock did not differ significantly from their original
levels in all phases studied. The CP concentration
remained unchanged during the course of the shock
except for a very small (10%) but significant de-
crease during the period of stabilization. In the
brain of the experimental rats an increase in the
pyruvate concentration was observed and it was
about equal in degree in all phases. During the de-
velopment of shock the lactate concentration rose
gradually and in the terminal phase it was almost
twice as high as in the control. In the period of sta-
bilization and at the end of the torpid phase the lac-
tate/pyruvate ratio was virtually indistinguishable
from its initial value; in the terminal phase it was
significantly increased by 30% on account of a more
rapid rise in the lactate concentration.

In all the phases of traumatic shock investi-
gated the content of high-energy phosphates and the
degree of phosphorylation, the total reserves, and
the energy charge of the system of adenyl neucleo-
tides thus remained substantially unchanged. In-
tensification of glycolysis was marked by a simulta-
neous increase in the concentrations of lactate and
pyruvate, so that the lactate/pyruvate ratioincreased
a little only in the terminal phase, indicating some
predominance of anerobic processes over aerobic
during this period.

The results show that the energy metabolism
in the rat brain during traumatic shock is main-
tained until the terminal state at an adequate level
for keeping the content of high-energy phosphates
within the original limits. This is probably achieved
through centralization of the circulation in shock,
as a result of which the brain and heart are provided
with a better blood supply than the peripheral tis-
sues. The absence of changes in the concentration
of high-energy compounds in the brain of rats sub-
jected to traumatic shock does not confirm the hy-



pothesis of the "critical" exhaustion of energy in this vitally important organ put forward by some authors
[2, 3, 12]. However, the results described above cannot rule out the possiblity of exhaustion of energy in
some local areas of the brain, its nerve centers, individual cells, or their subunits, undetectable by analy-
sis of the whole brain [9, 13].

WO 00 I N U = I
PR

10.

LITERATURE CITED

V. K. Kulagin, V. V. Davydov, and V. I. Bragin, in: Mechanisms of Disturbances of Structure and
Function in Shock and Principles of their Correction [in Russian], Kishinev (1971, p. 33.

I. R. Petrov, Pat. Fiziol., No. 5, 12 (1962).

I. R. Petrov and B. I. Krivoruchko, Byull. Eksperim. Biol. i Med., No. 3, 58 {1967).

mEEQQPEmEOEEU

BEm>roccccH

. Atkinson and G. M. Walton, J. Biol. Chem.,, 242, 3239 (1967).

. Bergmeyer (editor), Methods of Enzymatic Analysis, Weinheim (1963), p. 253.

. Bergmeyer (editor), Methods of Enzymatic Analysis, Weinheim (1963), p. 266.

. Bergmeyer (editor), Methods of Enzymatic Analysis, Weinheim (1963), p. 543.

. Bergmeyer (editor), Methoden der Enzymatischen Analyse, Vol. 3, Berlin (1970), p. 2051.
. B: Kovach and A. Fonyo, in: The Biochemical Response to Injury, Oxford (1960), p. 129.
. Le Page, Am. J. Physiol., 146, 259 (1946).

. Le Page, Am. J. Physiol., 147, 446 (1946). :

. McShan, V. R. Potter, A. Goldman, et al., Am. J. Physiol., 145, 93 (1945).

. Stoner and C. J. Threlfall, Biochem. J., 58, 115 (1954).

. Stoner and C. J. Threlfall, in: The Biochemical Response to Injury, Oxford (1960), p. 105,

1247



