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A N D  E E G  I N  C A T S  A F T E R  B R A I N  H E M O R R H A G E  
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The high efficacy of 1,4-dihydropyridine derivatives in the treatment of acute cerebrovascular disturbances [7, 
13] justifies a further search for correctors of the cerebral hemodynamics among this group of compounds. A new 
preparation, cerebrocrast has been synthesized at the Institute of Organic Synthesis, Academy of Sciences of Latvia, 
and has a marked selective action on the cerebral vessels and significantly increases the volume velocity of the total 
cerebral blood flow in anesthetized animals [5]. 

The aim of this investigation was to study the effect of cerebrocrast on the local cerebral blood flow of 
conscious animals, under normal conditions and with chronic vasospasm after intracerebral hemorrhage, and to 
compare it with the effect of the most active cerebral vasodilator of the 1,4-dihydropyridine group, namely nimo- 
dipine, and also to evaluate the effect of cerebr0crast on the EEG in this pathology. 
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TABLE 1. Effect of 60-min Intravenous Infusion of Cerebrocrast and Nimodipine in a Dose of 1 ~g "kg -1 .min -1 
on Local Cerebral Blood Flow of Conscious Cats (in ml.  100 g-1 .min-1) 

 rep ra C  nge relative to ba , h 

tion St cture I [gr~ J I I Is I I I 3 

Cerebro- Visual  co r t ex  55,74-9,8 0,34-1,2 1,54-1,5 5,8-4-2, I * 5,14-2,9 6, 1-4-2,8 8,04- 2,4" 
crast Thalamus 56,1+5,1 4,64-2,2 4,64-1,6" 4,6-+-1,7" 5,54-2,1" 5,1 ::k3,4 6,64-4,2 

R e t i c u l a r  forma- 
t i o n  49,7::53,0 0,6-4-1,5 2,64- 1,8 1,9-+0,9 3,64-2,3 6,7::k2,7" 9,0-4-6, t 

Nimodipine Visual cortex 56,75:I2,4 5,2::k2,3" 6,94-2,9* 4,94-2,4 4,3-t-4,2 2 ,9 : /=4 ,2  8,5-+-5,1 
Thalamus 55,54-7,4 2,9-4-5,7 6,64-2,3* 8,14-3,7 9,! 4-2,2* --0,7:/:2,6 1,0:5:3,0 
Reticular forma- 
tion 52,9-+-3,7 6,0/=3,1 6,6-+-2,4* 6,44-2,6* 0,54-3,4 --0,4:t:3,8 --0,5• 

Legend: here and in Table 2, *p < 0.05. 

TABLE 2. Effect of 60-rain Intravenous Infusion of Cerebrocrast and Nimodipine in a Dose of 1 ~tg .kg -1 .min -1 
on Local Cerebral Blood Flow of Conscious Cats 1-2 Days after Hemorrhage (in ml.  100 g-1 .min-~) 

Prepara- Initial ~ Change relative to pathological background, H 
tion Structure backgroun~a!~d~ I 0.5~ I j 1.5~ 2 ~  2,5 3 

Cerebro- Left hemi- 
crast sphere 

Visual 
co r t ex  51,7• 42,3_-_+_-5,2 [,9• t,1 7,2-+- 1,•* 3.7_ [,1" 3,7• 1,3" 1,0_ [,9 5,6__+2,5* 
Thalamus 59,0• 50,7• 5.3• 8,9_+4,1" 6,0• 2,3-+-2,9 8,4• 8,2_+5,6 
Reticular 
formation 56,0_--4-3,4 49.8• 5,0___ 1,6' 6,6_--+- 5,4 10,0_--+-4,5* 3,74-3.3 4,4--+ } ,6"  6,2+4,3 
Right  hemi- 
sphere 
Visual 
cortex 51,0-+-2,6 43,8~3,7 10,3___3,3* 6,1 -+3,4* 7,5-4-2,1 * 9,5__+2,3* 12,3__+ 1 ,9"  9,9-4-2,9* 
Thalamus 66,4_+4,5 54,1___4,0 4,0-4-3,1 9,8___3,2* 6,9-+-3,0* 2,3-+3,0 4,8• --0,8-+2,6 
Reticular 
formation 55,4-+3,1 45,8___2,5 4,5+__ 1.9" 7,6___2,1" 11,6-+3,9' 7,2 '___2,1" 3,0-+2,1 6,2___1,4" 

Nimodi- Left hemi- 
pine sphere 

Visual cortex 58,3-4-11,0 48,5-+7,6 0,5+_1,3 7,6___1,5" 5,9___2,2* 5,6___2,9 9,0-+3,7* 10,94-3,4" 
Thalamus 58,4_--4-4,0 45,2• 5,8• 5,34-1,9 3 ,1-4-1 ,4  7,7-+-2,5* 7,4_3,4 5,2.-4-2,5 
Reticular 
formation 49,6_2,7 39,5• 1,1-4-1,8 11,0-+3,4" 7,9-4-2,6* I 1,1-4-2,9" 5,2___2,4 4,5___2,9 
Right hemi- 
sphere 
Visual 
cortex 46,0-4-2,3 37,1-1-4,2 5,1-+2,4 3,8-+1,0" 4,6-+-0,9* 3,2-+1,2 2,2-+1,4 --0,7-4-1,3 
Thalamus 61,2____3,6 50,0___3,3 5,1-+1,7 I0,2-+2,8" 4,4+I,0" 4,04-0,7" 3,2• 0,6-4-0,8 
Reticular 
formation 56,9-4-3,0 42,74-3,7 5,64-5,8 8,8-+3,9" 7,1___2,1" 7,1__+4,3 3,8• 2,3___3,4 

EXPERIMENTAL METHOD 

Experiments were carried out on 17 conscious cats before and 1-2 days after the creation of intracerebral 
hemorrhage (ICH) by injection of 1.5 ml of autologous blood into the right internal capsule through a previously 
implanted needle [1]. The local cerebral blood flow (LCBF) in the left and right visual cortex, thalamus, and meson- 
cephalic reticular formation was determined by the hydrogen clearance method [2]. The systemic blood pressure was 
measured in the right carotid artery. The EEG recorded in the visual cortex and the thalamus of the left and right 
hemispheres was analyzed by means of a Berg-Fourier analyzer, relative to distribution of the power of the spectro- 
gram for a period of 248 sec in transmission bands 0-16, 0-2, 2-4, 4-8, 8-12, and 12-16 Hz, with time constant of  0.03 
sec, and the abundance of individual frequency components was calculated as percentages of  the total power of the 
spectrum for the whole hemisphere. Cerebrocrast and the comparison drug nimodipine (from "Bayer") were injected 
intravenously in a dose of 1 /tg .kg -~ .rain -1 in the course of 60 min. The results were subjected to statistical 
analysis, within series by Student's t test for paired comparisons, and between series by the Wilcoxon-Mann-Whitney 

test. 
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EXPERIMENTAL RESULTS 

In conscious cats LCBF in the visual cortex, thalamus, and mesencephalic reticular formation averaged 
54.0 _+ 6.8 ml.  100 g-1 .rain-1. Injection of cerebrocrast into intact animals led to a moderate increase in LCBF in 
the structures tested, but only after infusion of the drug had ended (Table 1). In response to injection of nimodipine, 
a similar increase in LCBF developed in the cortex actually during infusion of the drug, but in the thalamus and 
mesencephalic reticular formation after end of the infusion also. 

Reduction of the LCBF on average by 14-25%, more marked on the right side, was observed compared with 
the initial background 1-2 days after ICH. This was due to the development of a state of chronic cerebral vasospasm 
[3] and is in agreement with results obtained during the study of the cerebral hemodynamics in patients with intrace- 
rebral hemorrhage [8]. 

Intravenous injection of cerebrocrast into cats with ICH led to a significant rise of LCBF, starting with the 
30th minute of infusion (Table 2). Injection of nimodipine against the background of ICH also significantly increased 
LCBF in the thalamus and mesencephalic reticular formation, and increased it moderately in the visual cortex of 
both hemispheres (Table 2). 

Neither cerebrocrast nor nimodipine caused the "intracerebral steal" phenomenon: a marked increase in 
LCBF was observed both in structures remote from the focus of bleeding and in areas closest to it (thalamus of the 
right hemisphere). This is in agreement with clinical data obtained by other workers, who observed an increase in 
blood supply under the influence of 1,4-dihydropyridines in zones close to the ischemic focus after intracerebral or 
subarachnoid hemorrhage, which was not less, and in some cases was even greater ("steal back" phenomenon) than in 
the contralateral hemisphere [6, 12]. 

Comparison of the magnitude of the response to injection of the drugs before and 1-2 days after ICH showed 
that the increase in LCBF in response to cerebrocrast, given against the background of chronic spasm of the cerebral 
vessels in the right reticular formation (1-1.5 h of the experiment) and visual cortex (after 30 and 150 min of observa- 
tion on the right and 60 min on the left) was significantly greater than after injection of the drug into intact animals. 
In the cerebral vessels, in which an intracellular system of calcium sequestration is inadequately developed, the inflow 
of this ion plays a leading role in the creation and maintenance of a state of spasm [11]. After ICH, we demonstrated 
the most intensive spasm in vessels of medium and small caliber [3], in agreement with data showing an increase in 
the contribution of extracellular calcium to regulation of cerebrovascular tone with a decrease in their diameter [4]. 
The ability of 1,4-dihydropyridines and, in particular, of cerebrocrast, to block voltage-controlled channels of the 
plasma membranes of the smooth-muscle cells of the cerebral vessels [5] evidently leads to restriction of the excessive 
inflow of calcium ions into the myocytes, and ultimately is accompanied by an increase in LCBF; under conditions of 

spasm, moreover, the response exceeds that observed in intact animals. Meanwhile, infusion of nimodipine caused a 
response of similar magnitude of LCBF in both cases, except that in the left reticular formation, after 2 h of the 

experiment, a significantly greater increase was observed in the blood flow in response to injection of the drug after 
ICH compared with intact cats. 

ICH in cats caused considerable disturbances of brain electrical activity: in the absence of any significant 
changes in the relative power of the 0-band, the power of the 0-waves rose significantly and the power of the a- and 
fl-waves fell. In the thalamus, the power of 0-activity rose by more than 2.5 times, largely on account of waves with 
a frequency of 0-2 Hz (from 4-5% to 19-24% relative to the total power of the spectrum). Power in the a- and 
fl-bands of activity fell by 1.4-1.6 and 1.9-2.1 times respectively. An increase in power of 6-activity (by 2.2-2.5 times) 
also was recorded in the cortex of both hemispheres and was accompanied by inhibition of power of the spectra in 
the a- and fl-bands (by 1.4-1.5 and 1.8-2.2 times respectively). Injection of cerebrocrast led to a decrease in power of 
the spectrum in the slow-wave region and an increase in power in the region of a- and fl-activity in all structures 
studied. The power of the ~-wave region of the spectrum was reduced by 1.2-1.5 times: in the thalamus mainly due to 
inhibition of activity of frequency up to 2 Hz, in the cortex due to a uniform decrease in power of the spectrum in 
the region of frequencies of 0-2 and 2-4 Hz. During infusion of cerebrocrast the power of the spectrum of the a- and 
fl-waves was increased in the right thalamus, but 0.5-1 h after injection of the preparation the power of the high-fre- 
quency band of the spectrum increased in all the structures studied. An increase in relative power of the theta-waves 
was observed in the cortex and thalamus of both hemispheres toward the end of infusion of the drug, and also 1 h 
after injection of the preparation in the right and left cortex (Fig. 1). 
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Fig. 1. Effect of intravenous infusion of cerebrocrast in a dose of 1 
tzg "kg -1 "min -1 on relative power of 8- (I), 0- (II), and (a + 
fl)-waves (III) in the thalamus (a) and visual cortex (b) of both 
hemispheres. 1) Initial background, 2) 1 day after hemorrhage, 3-8) 
relative power 0.5, 1, 1.5, 2, 2.5, and 3 h respectively after begin- 
ning of infusion of preparation. Dots indicate significant changes 
(p < 0.05) compared with initial (2) or pathological background 
(3-8). LH) Left hemisphere, RH) right hemisphere. 

According to data in the literature, nimodipine has a similar protective action on brain electrical activity, 
namely increasing the relative power of the a- and/5-waves and decrease in the relative power of the &waves, in 
cerebral ischemia [10]; some workers, moreover, associate the antiischemic action of the drug with a direct effect on 
neurons [9]. 

Infusion of cerebrocrast and nimodipine caused no significant changes in the systemic blood pressure of 
conscious cats. 

Injection of cerebrocrast into cats in the stage of chronic cerebral spasm after ICH thus leads to a significant 
increase in blood flow in the thalamus, mesencephalic reticular formation, and visual cortex without an intracerebral 
steal syndrome and has a favorable effect on brain electrical activity. Cerebrocrast is not inferior to nimodipine in the 
effectiveness of its action on the cerebral hemodynamics. 
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