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PROGNOSTIC VALUE OF DETERMINATION OF LYMPHOCYTE SUCCINATE
DEHYDROGENASE ACTIVITY AND THERAPEUTIC EFFICACY OF SODIUM
SUCCINATE DURING RESUSCITATION OF RATS

N. A. Baranets, V. T. Dolgikh, UDC 616-036.882-085.31:547.461.4.133~
and R. P. Nartsissov 037-07:616.155.32.008.931:577.152.1

KEY WORDS: resuscitation; succinate dehydrogenase; rat lymphocytes; sodium suc-
cinate.

The dehydrogenase activity of lymphocytes is known to reflect the enzyme activity and
metabolic changes in the internal organs [1, 2, 5, 8]. Clincial and experimental studies
in the last few years have shown that low lymphocyte succinate dehydrogenase (SDH) activity
is an unfavorable prognostic sign in a number of somatic and infectious diseases [3, 4].
However, the way in which SDH activity of the lymphocytes changes during clincial death and
in the postresuscitation period, and whether changes in SDH activity of the lymphocytes are
of prognostic value, and finally, whether by using sodium succinate to optimize energy meta-
bolism in terminal states, it is possible to increase the survival rate of animals subjected
to clincial death, have not been studied.

EXPERIMENTAL METHOD

Experiments were carried out on anesthetized noninbred male rats weighing 180-210 g
kept in the animal house on an ordinary diet. The animals were divided into two groups: one
group consisted of animals subjected to clinical death from acute blood loss (58 rats), the
other group of animals treated 30 min before clincial death by intraperitoneal injection of
sodium succinate in a dose of 20 mg/kg. Clincial death lasting 4 min was induced by acute
bleeding from the carotid artery, and compression of the incubation tube for 7 min, and these
procedures were followed by resuscitation by the method in [7]. The effect of preliminary
injection of sodium succinate was assessed by the time of appearance of cardiac contractions
and the corneal reflex, and the duration of survival of the resuscitated rats. In addition,
SDH activity of the lymphocytes was estimated by the method in [6] in each experimental ani-
mal five times (before blood loss and asphyxia, at the end of clincial death, and 5, 15, and
90 min after resuscitation).

EXPERIMENTAL RESULTS

A fall of SDH activity in the lymphocytes was observed during clincial death, and the
worse the outcome of resuscitation, the greater the degree of inhibition of this enzyme.
During the first few minutes after resuscitation SDH activity in the lymphocytes increased
and exceeded its original level. The group of animals dying in the early postresuscitation
period was an exception (Table 1).
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TABLE 1. Dynamics of SDH Activity of Blood Lymphocytes of Animals during Clinical
Death and in Early Postresuscitation Period (M % m)

Stages of experiment
Duration of survival of — - — AT .
rats after resuscitation Before clinical During clinical ter resuscitation
death death | 5 min 15 min 90 min

Under 24 h 15,604-0,12 8,304-0,156% 8,40+1,46 6,104-0,81 5,60+£0,65
From 24 to 48 h 15,004-0,52 9,204-0,56* 15,404-0,91% 12,00+0,98* 10,70+0,42
From 48 to 72 h 16,80+0,52 10,0040,48* 18,704+-0,48* 13,604-0,48* 14,00+0,63
From 72 h to 2.5 months 16.304:0,11 11,0040,27* 18,10£0,37* 13,104-0,24* 14,50+0,20*

Legend. At each time from 7 to 11 animals were used. No significant differences
were found between SDH activity in the lymphocytes in the different versions of
clinical death, and for that reason the results obtained by microscopy of lympho-
cytes of rats subjected to clinical death from blood loss and mechanical asphyxia
are pooled into groups depending on duration of survival after resuscitation. SDH
activity of lymphocytes expressed as number of granules of reaction product per
cell. Quantitative data obtained by microscopy of 8250 lymphocytes. #*P < 0.05 com~-
pare with preceding period.

TABLE 2. Constants of Equation for Time Course
of Lymphocyte SDH Activity in First Period
After Resuscitation

Constant Maximum of SDH activity

Duration of
s ) Amplitude, num-
(sjurvzval, o B "Time, mint ber of granules
ays 1 per lymphocyte
2 4,67 —0,198 5,04 18,7
3 6,08 —0,276 3,60 19,1
4 3,60 —0,242 4,10 I 17,3

TABLE 3. Constants for Equation Describing
Relationship between Lymphocyte SDH Activity
and Duration of Survival of Animals after Re-

suscitation
Constant Pgognosnuaﬂv favor-
a ararreter, num-
Parameter 7 . ber of granules per
° lymphocyte
Lymphocvte SDH
a%n}fn:v i '
efore clinical
death 16,0-10-¢ | 0,969 17.3
During clinical
deat 11,4-10-3 | 0,498 15,8
Maximum of
activity during
resuscitation 48,0-10-% | 0,217 27,9

The period of primary activation of SDH, observed 5 min after resuscitation, was followed
after 15-90 min by a second moderate fall in activity of the enzyme, which may have been due
to some extent to endogenous toxemia, which is known to reach a maximum 30 min after resusci-
tation [9]. Thus in the early period of resuscitation fluctuating changes in lymphocyte SDH
activity were observed, and these changes can be described by an empirical equation of a “con-
trol curve':

Q= Q-+a-te” B,

Where Qo is a parameter of SDH activity during clinical death; t the time after resuscitation
(in min); and « and B are constants obtained by the method of least squares by using levels
of activity 5 and 15 min after vesuscitation.

Constants of the empirical equation and the maximum of lymphocyte SDH activity are given
in Table 2. Characteristically, with more rapid and intensive activation of SDH a tendency
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TABLE 4. Effect of Sodium Succinate on
Resuscitation of Animals (% of surviving

rats)
Experimental conditions
Resuscita- |Sodium suc- P
Parameter tion cinate + re-
suscitation
Appearance of car-
diac contractions
not later than )
after 80 sec 28,6 50,0 <<0,05
‘Fibrillation, asys-
tole 16,1 7,2 >0.05
Recovery of cor~
neal reflext
10 min — 25,0
30 min 25,4 58,0 0,05
Duration of sur-
ival:
ViyaYer 11 24,5 6,1 <0,05
Over 2 days 31,5 39,3 >0,05

was noted for the length of survival of the animals after clinical death to increase. This
correlation is found particularly clearly when graphs were plotted, but on general grounds

it can be postulated that this correlation is nonlinear, and that a certain level exists be-
yond which the probability of survival falls sharply. It will be evident that a nonlinear
relationship exists between lymphocyte SDH activity before death, at the time of death, and
during resuscitation (the peak of activity), and the duration of survival, and this relation-
ship can be described by an exponential function (Table 3):

T=T0-ekQ,

where T, is a constant (in days), denoting the duration of survival in the absence of SDH
activity, e is the base of natural logarithms; k a constant attached to Q, and Q the SDH
activity of the lymphocytes.

By means of this equation it is possible to calculate what the lymphocyte SDH activity
ocught to be for the outcome of resuscitation to be more favorable, viz., a duration of sur-
vival of 30 days. These optima were found to differ during different periods. It will be
noted that such a level is really attainable, although the optimal level during resuscitation
was found to differ sharply from the level actually observed (Table 1); moreover, on the
basis of other calculations, it ought to have been reached soconer — not later than after 30
sec,

Correction of energy metabolism, of course, is not the only methed of optimization 5f
resuscitation, although it deserves further study. The results of resuscitation of rats re~
ceiving sodium succinate before clinical death indicate that preliminary administration of
this metabelite improved the results of resuscitation somewhat (Table 4).

It can be concluded from this investigation that determination of the level of lympho-
cyte SDH activity can be used as a prognostic criterion and that preliminary injection of
sodium succinate has a definite beneficial effect on the outcome of resuscitation in the
early postresuscitation period.

LITERATURE CITED

1. Sh. E. Atakhanov, Z. H. Dukhova, L. K. Katosova, et al., Med. Zh. Uzbekistana, No. 5,
63 (1982).
Z, N. Dukhova, I. A, Komissarova, and V. S. Moiseev, Kardiologiya, No. 3, 129 (1975).
2., N. Dukhova, R. K. Katosova, T. T. Kondrashova, et al., in: Mitochondrial Processes
in the Temproal Organization of Vital Activity [in Russian], Pushcino (1978), p. 41,
L. X. Katosova, R. K. Katosova, and R. P. Nartsissov, Zh. Mikrobiol., Ne. 7, 86 (1974).
. I, A, Komissarova and D. A. Chibich'yan, in: Endurance in Young Athietes [in Russian],
5t

L b

LE IR S

R. P. Yartsissov, Arkh. Anat., No. 5, 85 (1969).

. V. A, Negovskii, Resuscitation and Artificial Hypothermiz [in Russiazn], Moscow (1960}.
G. F. Suslova, V. M, Shishchenko, and R. P. Nartsissov, Arkh. Anat., Wo., 12, 37 (1975).
. L, G. Chikunova and I. O. Zaks, in: Pathogenesis, Clinical Features, and Treaiment of
Postresuscitation Sickness [in Russian], Omsk (1983), p. 92.

®

LR e= BN B w )Y

1325



