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" The isoenzyme composition of lactate dehydrogenase (LDH) from the carotid body of rats
with hypoxic hypoxia and with hypoxia combined with hypercapnia was investigated by elec-
trophoresis in polyacrylamide gel. In response to a decrease in the O, concentration in
the inspired air there was an increase in the LDH fractions of "muscular type." A change
in the ratio between O, and CO, in the atmosphere affected the character of the change in
the LDH isoenzyme spectrum in the carotid body, in agreement with the metabolic theory of
chemoreception.
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The chemoreceptors of the carotid body are known to participate in the regulation of respiration.
Changes in pO, and pCO, in the arterial blood are independent stimuli of the chemoreceptors [7, 10], The
study of the metabolism of the carotid body is interesting in the light of an understanding of the mechanisms
of chemoreception [6, 11]. It has been shown, in particular, that for the carotid body to perform its chemo-
receptor function, normal carbohydrate metabolism in its tissue is necessary [1, 2]. A key enzyme in
carbohydrate metabolism is lactate dehydrogenase (LDH). Changes in the isoenzyme composition of LDH
indicate the pathway along with carbohydrate conversion proceeds. Activation of glycolysis in hypoxia
leads to changes in the LDH isoenzyme spectrum by increasing the content of isoenzymes capable of func-
tioning under anaerobic conditions in the presence of high concentrations of pyruvic acid (the "muscular
type" of isoenzyme spectrum). This is connected with the intensive synthesis of the M~subunit during
prolonged exposure to hypoxia [4]. During brief hypoxia, conformational changes in the protein molecule
itself evidently play the decisive role in the change in LDH activity. The possibility cannot be ruled out
that lactate and pyruvate participate in the aliosteric control of LDH activity [9].

The isoenzyme composition of LDH of the carotid body was investigated in rats with hypoxic hypoxia
and a combination of hypercapnia with hypoxia.

EXPERIMENTAL METHOD

Experiments were carried out on noninbred male rats weighing 180-240 g. The rat was placed in an
exsiccator with a capacity of 4.5 liters for 3-4 h (until death). In the experiments with hypoxic hypoxia the
expired CO, was absorbed by 30% KOH solution. At the moment of death of the animal the O, concentration
in the exsiccator was 4.5 = 0.44% and the CO, concentration 0.47 + 0.09%. In the experiments with com~
bined hypoxia and hypercapnia CO, accumulated in the exsiccator. The final concentration of O, was 2.15%
and of CO, 16,7 + 0,36%.* Animals kept under the ordinary conditions of the animal house served as the
control.

*The author is grateful to V. L. Popkov for determining the composition of the atmosphere and to A. I.
Elfimov for assistance with the method of isolating the rat carotid body.
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TABLE 1. Relative Content of Isoenzyme Proteins of the carotid body were fractionated in a
Fractions of LDH in the Rat Carotid Body Tris—EDTA —borate system in 7.5% polyacrylamide gel [12].

Electrophoresis was carried out in flat capillary tubes mea-

Content of LDH fractions {in %) .
Iso- hvpoxic hypoxia + suring 0.5 X 2.0 x 55.0 mm with a current of 0.2 mA, 180 V,
enzymes | normal -hggoxia hypercapnia applied to the capillary tube for 45 min. LDH activity was
- determined histochemically with nitro~BT [8]. The IFO-451

}:ggl 13’; lgé Ig:g* recording microphotometer was used for quantitative evalua-
LDHj 35,9 28,4+ 31,0 tion of the results. The significance of differences found
If.g? ?g'g e ?2'2** was assessed with the aid of the nonparametric criterion X,

s ' with a level of significance of 0.05 for a two-sided test [3].

*Decrease in LDH fraction (P < 0.05),

+Increase in LDH fraction (P < 0.05).

Fig. 1
body under normal conditions and in
acute hypoxia. Continuous line — normal;
dashes — hypoxic hypoxia; dots — hypoxia
plus hypercapnia. Numbers represent
serial numbers of LDH fractions.

EXPERIMENTAL RESULTS

The results are given in Table 1, They show that dur-
ing exposure to hypoxia changes take place in the LDH iso-
enzyme composition, in the direction of an increase in the
content of isoenzymes of "muscular type." The composition
of the atmosphere (the ratio between the O, and CO, concen-
trations) was reflected in the character of the isoenzyme
shift (Fig. 1). In hypoxic hypoxia the LDH, and LDHj frac-
tions were reduced. In combined hypoxia with hypercapnia,
fractions LDH, and LDH; were reduced but LDH, was in-
creased. These results suggest that the metabolic response
of the carotid body to changes in pO, and pCO, is specific.

The inequality of the changes in the isoenzyme spec-
trum of the carotid body in animals exposed to atmospheres
of different composition is further evidence in support of the
differential function of the carotid body chemoreceptors in
the regulation of the pulmonary ventilation.

. Isoenzyme spectrum of carotid
These results may also indicate that differences in the

response of the respiratory system to different stimuli (O,
deficiency and CO, excess) arise actually at the stage of ex-
citation of the chemoreceptors and are not determined en-
tirely by the central formations of the nervous system.

The results are in agreement with those of investiga-
tion of the LDH isoenzyme spectrum of rats "elevated" in a

pressure chamber [5] and they underline the role of metabolic changes in the mechanism of excitation of
the chemoreceptors. ~

1006

LITERATURE CITED
S. V. Anichkov and M. L. Belen'kii, The Pharmacology of Chemoreceptors of the Carotid Body [in

" Russian], Leningrad (1962), p. 148,

M. L. Belen'kii, Dokl. Akad. Nauk SSSR, 76, No. 2, 305 (1951).

B. L. Van Der Waerden, Mathematical Statistics, Springer-Verlag., p. 119,

M. F. Vyalykh, in: Problems in Biochemical Adaptation [in Russian], Moscow (1966).
F. I. Nadeev, Proceedings of the Sixth Conference on Neurochemistry [in Russian], Leningrad (1972),
p. 106, ,

V. N. Chernigovskii, Interoceptors [in Russian], Moscow (1960}, p. 161,

T. J. Biscoe and S. R. Sampson, Nature, 216, 294 (1967).

A. A. Dietz and T. Lubrano, Analyt. Biochem., 20, 246 (1967).

P. Duffy, Biochim, Biophys. Acta, 244, 606 (1971).

B. A. Gray, Resp. Physiol., 4, 229 (1968).

E. Mills and F. F. Jobsis, J. Neurophysiol., 35, 405 (1972).

S. Raymond and M, Nakamichi, Analyt. Biochem., 3, 23 (1962).



