CEREBROCRAST AS A CORRECTOR OF POSTISCHEMIC PHENOMENA
IN ACUTE TRANSIENT CEREBRAL ISCHEMIA
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Calcium antagonists of the 14-dihydropyridine group are very promising anti-ischemic agents [10]. The
cerebroprotective action of these drugs is due to their ability to dilate the cerebral vessels and to improve the
cerebral blood flow, to protect neurons against excessive calcium inflow and to prevent triggering of the "ischemic
cascade,” and to reduce neurotransmitter release [8, 9, 15]. Cerebrocrast [2,6-dimethyl-3,5-bis-(2-propoxyethoxy-
carbonyl)-4-(2-difluoromethoxyphenyl)-1,4-dihydropyridine] induces selective dilatation of cerebral vessels and
prevents exhaustion of the ATP reserves in brain tissue in acute cerebral ischemia [1, 7].

The aim of this investigation was to study the efficacy of cerebrocrast as a corrector of disturbances of the
cerebral hemodynamics and of oxygen metabolism of the brain in acute transient ischemia.

EXPERIMENTAL METHOD

Experiments were carried out on 14 male and female cats weighing 2.5-3.5 kg, anesthetized with urethane
and chloralose (800 mg/kg and 80 mg/kg respectively), and 15 noninbred rats weighing 250-300 g, anesthetized with
urethane (1 g/kg). Cerebral ischemia for 30 min was induced in cats by simultaneous compression of both carotid
arteries after preliminary occlusion of the vertebral arteries [5]. The following parameters were evaluated in these
experiments: systemic arterial blood pressure (SBP), total cerebral blood flow (TCBF), based on the blood flow into
the brain via both internal maxillary arteries (by means of MFV-2100 and MFV-1100 flowmeters), pO, in the
parietal cortex by a polarographic method, pO,, pCO,, and pH of cerebral arterial and venous blood on an ABL-4
gas analyzer. The cats were perfused intravenously with cerebrocrast in a dose of 1 ug=1-kg~!-min~! for 1 h,
starting immediately after the end of occlusion of the carotid arteries. The effect of cerebrocrast on the affinity of
hemoglobin for oxygen was estimated in rats by the method suggested previously [4], with calculation of Py, [2]. The
compound was injected intravenously into rats for 15 min in a dose of 0.4 ug~1-kg~!-min~! 60 min before blood
sampling. The results were subjected to statistical analysis by Student’s t test and Wilcoxon’s nonparametric test [3].

EXPERIMENTAL RESULTS

Occlusion of the carotid arteries in animals of the control group was accompanied by acute hypoxia of brain
tissue: pO;, in the cats’ cerebral cortex fell toward the end of ischemia by 56%, and after the end of occlusion, values
of pO, did not exceed 60% of the initial level throughout the period of observation (Table 1). TCBF after resump-
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TABLE 1. Effect of Cerebrocrast on Total Cerebral Blood Flow (TCBF, ml/min), Systemic Blood Pressure (SBP, mm
Hg), pO, of the Parietal Cortex (mpO,, percent of initial level), pO, in Venous Blood (vpO,, mm Hg), and pO, in
Arterial Blood (apO,, mm Hg), and Brain Oxygen Consumption (CO,, mg-100 g=1-min~1) in Cerebral Ischemia
and Recirculation (mean of seven experiments)

Parameter Initial Ischgmia for Recirculation, min
data 30 min 1 l 30 JA 60 ’ S0 l 120

ko]

e TCBF 17,14+0,8 — 14713 11,12-0,9* 9,54-0.9* 8,01,2* 82--0,8*

& SBP 1474 162£5* 121 -6* 1326* 1244+-8% 118+6* 108+ 6*

g =9, ' 00 444-6* 68417 60 10* 604 10* S411* 47 11%
vpo, 41,4-+3,3 29,03,6* — 33,932 26,44-3,5* 2834+3,3*  23644,7*
ap0, 96,8+-5,0 91,7455 — 95,5+5,1 96,3+4,6 959+44,0 96,6+-4,2

o €0y 48405 — — 3.9+0,5 47405 47403 47404

@ ICBF 20,9424 —_ 17,34+1,8  18942,2% 19,34+3,7+* 19,54:3,0%*%  17,4£3,0%*

5 SBP 1538 195:4-13* 14012 144415 12748 1564 13%*  156-14**

¢ mpo, 100 284 7* 81426 874 13** 984 10%* 89+ 8%+ 824-9%*

a8 wpo, 41,13:2,9 27,1£3,4* — 38,34, 42,745, 1%+ 39,8-£5,4**  37,3454**

$  apo, 107,8+5,0 103,0411,0 — 108,2-+8,6 112,8+9,1 107,495  1055+9.8

3 €O : 4,5:400,7 — - 3,2408 2,1£02%% 34408 3,108

Legend. *p < 0.05 compared with initial background, **p < 0.05 compared with control.

tion of the blood flow was not restored but remained depressed by 14-53% throughout the period of recirculation.
SBP in the postischemic period fell, to reach 73% of the initial value toward the end of observation. The fall of pO,
of the venous blood (from 41.4 mm Hg to 29.0 mm Hg toward the end of ischemia and to 23.6 mm Hg after 2 h of
recirculation) is evidence of episodes of cerebral hypoxia, reaching the critical level [6]. Thus the model of acute
transient cerebral ischemia used enables postischemic phenomena of hypoperfusion and hypo-oxygenation of brain
tissue to be clearly reproduced.

No significant differences in the values of the parameters studied or in their time course could be found in
animals of the control and experimental series before ischemia, at the moment it ended, and after 1 min of recircula-
tion (Table 1).

Infusion of cerebrocrast significantly improved the blood supply to the brain tissue. Despite a moderate fall
of SBP, toward the end of infusion of the compound TCBF was close to its initial value, reflecting active reduction
by cerebrocrast of the cerebral vascular resistance. In animals of the experimental series TCBF was significantly
higher than its value in the control group from the 30th until the 120th minute of recirculation.

Like other selective vasodilators of the 1,4-dihydropyridine group — nimodipine and nicardipine [11, 12],
cerebrocrast thus prevents the development of the postischemic hypoperfusion phenomenon. However, despite the
favorable character of this effect, improvement of the blood flow by calcium antagonists in the postischemic period
does not always correlate with alleviation of the neurologic deficit [13]. These findings led us to study the effect of
cerebrocrast on brain oxygen metabolism.

In experiments with infusion of cerebrocrast, starting from 60 min of recirculation and until the end of
observation values of pO, in the cerebral cortex and of the cerebral venous blood were significantly higher than those
in the control group, and in some cases reached the initial values (Table 1). The pO, level in cerebrai venous blood
was above the range of critical values. The antihypoxic action of cerebrocrast, manifested as prevention of lowering
of the ATP reserves in brain tissue [1], may have been due not only to limitation of postischemic hypoperfusion, but
also to reduction of the oxygen consumption of the brain. A tendency in this direction was exhibited as early as at
the 30th minute of infusion of cerebrocrast and toward the end of infusion it became quite well marked (Table 1).
The mechanism of reduction of oxygen utilization by the cat brain, caused by this compound, is not sufficiently clear.
This effect is evidently due to the depressant effect of the drug on the CNS: it has been shown that cerebrocrast in a
dose of 1 ug/kg depressed the basic EEG rhythms in cats only very slightly [1], and in our own experiments the total
dose of the drug was significantly higher than that just mentioned, namely 60 ug/kg. Lowering of the oxygen demand
of the brain by cerebrocrast makes its own contribution to the mechanisms of the cerebroprotective action of the
compound, and a similar effect lies at the basis of the anti-ischemic and antihypoxic activity of barbiturates and
sodium hydroxybutyrate [14]. Incidentally, the depressant effect of cerebrocrast on oxygen utilization by the brain is
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evidently selective in character and does not extend to brain-stem structures, for the respiration rate and pO, of the
arterial blood did not change significantly in the course of the experiment (Table 1).

Another mechanism of the alleviation of circulatory cerebral hypoxia by cerebrocrast is reduction of the
affinity of hemoglobin for oxygen by the compound. Our experiments on rats showed that intravenous infusion of
cerebrocrast led to a marked rise of Py of the blood from 28.0 + 0.4 mm Hg to 32.0 == 0.5 mm Hg 1 h after injection
of the drug. In animals of the control group this parameter was virtually unchanged (the corresponding values were
28.7 = 0.4 mm Hg and 28.3 = 0.4 mm Hg).

Cerebrocrast thus has a beneficial effect on the blood and oxygen supply of the brain in the postischemic
period in cats. Intravenous infusion of the preparation after acute ischemia prevents the development of the phenom-
enon of postischemic hypoperfusion and hypo-oxygenation of brain tissue. The antihypoxic action of cerebrocrast is
evidently due to improvement of the cerebral blood supply, reduction of the oxygen consumption by the brain, and
lowering of the affinity of hemoglobin for oxygen.
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