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The modern concept of the blood--brain barrier (BBB) [i] defines two principal morpholog- 
ical and functional components of the barrier: the membrane component (the wall of the endo- 
thelium of the cerebral microcapillaries), and the enzyme component (enzymes of the endothe- 
lium of the microcapillaries), which play a decisive role as regulators of the entry of physi- 
ologically active substances, including drugs, into the brain. Unlike certain other amino 
acids, which pass comparatively readily through the BBB and, in particular, such as tyrosine, 
the factor limiting the passage of dopa through the BBB is the highly active enzyme dopa de- 
carboxylase, which is located not only in peripheral capillaries, but also in the endothelial 
wall of the cerebral microcapillaries [6]. One way of reducing dopa-decarboxylase activity 
in order to facilitate the entry of dopa into the brain for the treatment of dopamine-defi- 
ciency states is the use of the dopa-decarboxylase inhibitors carbidopa (alpha-methyl-dopa- 
hydrazine) and bencerazine, which are components of the commercial preparations Sinemet and 
Madopar, and which enable the therapeutic effect of dopa to be realized despite a fourfold re- 
duction in its dose [7]. Another possible way, in principle, of increasing the passage of 
dopa into the brain is by action on the membrane component of BBB by means of substances lead- 
ing to reversible "opening" of the barrier, which can be done with the aid of dimethylsulfox- 
ide (DMSO) [2], which has the property of increasing permeability of BBB for tryptophan [3], 
adrenalin and noradrenalin [5], and also sucrose, insulin, and the therapeutic preparations 
vincristine and bleomycin [2]. 

We compared the effect of weakening the enzymic and membranous components of BBB on per- 
meability of the barrier for labeled tyrosine and dopa administered peripherally. 

EXPERIMENTAL METHOD 

Experiments were carried out on male Wistar rats weighing 300-350 g. Carbidopa in doses 
of 40 and 80 mg/kg and DMSO in doses of 1.75, 3.5, and 7 g/kg (in the form of 20, 40, and 80% 
solutions respectively) were injected intraperitoneally 60 min before injection of the iso- 
tope, and in the case of their combined use, carbidopa was injected 75 min before the iso- 
topes. 14C-L-tyrosine and 1~C-L-dopa (specific radioactivity 492 and 5.4 mCi/mole respec- 
tively) were injected into the animals' femoral vein in a dose of 5 ~Ci, dissolved in 0.5 ml 
of physiological saline. Immediately after injection of the indicator, the cerebral vessels 
were washed free from blood with 60 ml of physiological saline, heated to 36~ and injected 
through the left ventricle after preliminary division of the right atrium. Pieces of brain 
tissue weighing i00 mg from the region of the cortex, cerebellum, hypothalamus, and medulla 
were homogenized in 0.3 ml of 0.6 M HCIO~ solution. The homogenate was centrifuged for 20 min 
at 10,000g and the supernatant was treated with 0.3 ml of 1.5 M KHC03. After recentrifuga- 
tion 0.3 ml of the supernatant was added to i0 ml of "Aquasol" universal cocktail and the num- 
ber of disintegrations recorded on an LKB liquid scintillation counter (Sweden). The results 
were subjected to statistical analysis by Student's t test. 

EXPERIMENTAL RESULTS 

The initial permeability of BBB for labeled dopa in all the brain structures studied was 
4-5 times less than permeability of the barrier for labeled tyrosine (Table i). Carbidopa 
had no effect on permeability for 14C-tyrosine but led to a significant, dose-dependentincrease 
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TABLE I. Effect of Carbidopa and DMSO on Permeability of BBB for ~"C-Tyrosine (Ty) and 
1"C-Dopa 

Experimental conditions 

Control - physiological saline 
intraperi tonea i ly 

Ty 
Dopa 

Carbidopa int raperitoneal ly: 
In dose 40 mg/kg 

TY 
D o D a 

In dose 80 mg/kg 
Ty 
Dora 

DMSO intraperitoneally: 
In dose of i. 75 g/k~ 

Ty 
Dopa 

In dose of 3.5 g/kg 
Ty 
Dopa 

In dose of 7 g/kg 
Ty 
Dopa 

Carbidopa + DM50: 
I, doses of 80 mg/kg and 1.75 g/kg 

Ty 
Dopa 

In doses of 80 mg/kg and 3.5 g/kg 
Ty 
Dopa 

In doses of 80 mg/kg and 7.0 g/kg 
Ty 
Dopa 

Legend. *p < 0.05, **p < 0.01, 
in parentheses. 

Radioactivity in brain structures (in cpm) in supernatant 
from 100 mg tissue 

~ortex hypothalamus medulla 

543=i:24 (12) 
132:i:8 (6) 

�9 a 572-+19 (5) 
536-+23 (6) 

�9 4 597-+23 (5) 
682:i:41 (7) 

566=k36 (6) 
146-+11 (5) 

***925-+46 (6) 
**'284:i: 19 (6) 

*4 1240-I-145 (5) 
"4 425d:86 (6) 

*4551-+27 (5) 
756-+63 (7) 

**'891 ~ 5 2  (6) 
*4821 :f:74 (6) 

485-+21 (12) 
93__+5 (6) 

�9 4 530-+27 (5) 
380-+21 (6) 

*4505-+29 (5) 
574+32 (7) 

527-+42 (6) 
86-+9 (5) 

*4869-+64 (6) 
**'212-+14 (5) 

"41100-+104 (5) 
,4 418-+21 (6) 

*4497-+23 (5) 
681-+54 (6) 

*4884-+-46 (6) 
"4702• (6) 

**'1024-+93 (5) 
"4981=k85 (5) 

"41192=hl 12 (5) 
"41086:i:94 (5) 

***p < 0.002, *"p < 0.001. 

cerebellum 

463• (12) 5312:46 (12) 
89:!:7 (6) 138--+11 (6) 

*4493-+22 (5) *4548-+24 (6) 
438-+36 (6) 625-+58 (6) 

"4513-+31 (5) "4571__.36 (5) 
550-+26 (7) 706-+49 (7) 

*530-+38 (6) *'612-+43 6) 
102-+13 (6) 124-+9 (5) 

***779-+64 (6) ***990-+48 (6) 
**178• (6) *'216=k20 (6) 

"41051-+125 (5) *41230• (5) 
,4 506-+38 (6) .4 544-+41 (6) 

*4522-+25 (5) 576-+34 (5) 
6352:44 (7) ***672-+50 (7) 

**'712-+58 (6) **'831=k49 (6) 
*4791 +___62 (6) *4730-+46 (6) 

'41103-+145 (5) ***1078-+103 (5) 
*4873-+78 (5) "4978=t::81 (5) 

Number of specimens shown 

in passage of labeled dopa into the brain, confirming the existence of a well-marked enzymic 
barrier between the blood and the brain for dopa. That this barrier is located at the level 
of the endothelium of the cerebral microcapillaries is shown by data [6] on a marked reduc- 
tion of dopa-decarboxylase activity under the influence of carbidopa, determined in the wall 
of the endothelium of the brain microcapillaries, without any appreciably change in activity 
of the enzymic in tissue of brain structures. These facts also point to the possibility, in 
principle, of selectively weakening the enzymic component of BBB by the use of the correspond- 
ing inhibitors, while preserving activity of this enzyme in the brain. DMSO, in a dose of 
1.75 g/kg, led to a moderate increase in the permeability of BBB for 14C-tyrosine in the me- 
dulla and cerebellum, but had no effect on permeability of the barrier for ~C-dopa in all 
structures studied (Table i). In higher doses DMSO led to a dose-dependent increase in per- 
meability of BBB for both isotopes, although the effect was stronger in the case of labeled 
tyrosine. With the combined use of carbidopa and DMSO, the permeability of the BBB for 1~C- 
tyrosine was the same as when DMSO was used alone, but permeability for ~C-dopa was signifi- 
cantly increased compared with the effect of administration of carbidopa or DMSO alone (Ta- 
ble i). Even with the least dose of DMSO, against the background of carbidopa a significant 
increase was observed in permeability of the barrier in all the brain structures studied. 

It can be concluded from the results that weakening of the BBB for dopa can be brought 
about both by weakening the enzymic component of the barrier with the aid of specific dopa- 
decarboxylase inhibitors and also by acting on the membrane component of the barrier by sub- 
stances which have the ability to activate mechanisms of nonspecific transport (pinocytosis), 
which include DMSO [2]. Under these circumstances the two mechanisms can evidently operate 
simultaneously. Meanwhile, it will be evident that the nonspecific character of the action 
of DMSO can lead to an unselective increase in the entry of substances with widely different 
functions into the brain. However, the possibility likewise cannot be ruled out that it is 
this "universality" of DMSO with respect to increasing the permeability of biological mem- 
branes that lies at the basis of its effectiveness in certain diseases and, in particular, in 
cerebrovascular disturbances caused by an increase of intracranial pressure [4]. 
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The pathogenesis of the early posthypoxic period of intracerebral hemorrhage (ICH) is 
characterized by accumulation of lactate in the brain, with its discharge into the venous blood, 
and also by the onset and progressive development of edema and swelling of the brain [7, 8]. 
Lactacidosis of brain tissue is one of the foremost damaging factors in acute cerebrovascular 
disturbances; it stimulates autolysis, it severely restricts activity of enzymes of brain en- 
ergy metabolism, and promotes the development of edema [5, 13, 14]. In patients with a cere- 
brovascular accident, computed tomography has revealed the presence of close correlation be- 
tween the degree of lactacidosis of the CSF and the magnitude of the edema [9]. In view of 
the facts described above it is interesting to assess the effects of drugs with an antiaci- 
doric action on the brain against the development of edema. Among substances which limit lac- 
tate formation in the hypoxic brain, the most important are sodium hydroxybutyrate and bar- 
biturates [i0, 12]. However, these drugs exert their antiacidotic action on brain tissue only 
in doses inducing anesthesia. Moreover, in severe forms of ischemia and hypoxia, the antihy- 
poxic properties of sodium hydroxybutyrate are not exhibited [i0]. The use of the thiobar- 
bituric acid derivative isothiobarbamine, which has a protective action and greatly reduces 
lactate accumulation in the cerebral cortex under hypoxic conditions, would seem to be more 
promising [3, 4]. 

We studied the effect of isothiobarbamine on the blood supply to the brain and on the 
oxygen, glucose, and lactate utilization of the organ and compared them with the antiedema- 
tous effect of the compound in cats after ICH. 

EXPERIMENTAL METHOD 

Experiments were carried out on 17 anesthetized and 13 conscious cats weighing 2.5-3.5 
kg. ICH was reproduced by the method in [4]. The total cerebral blood flow was recorded in 
anesthetized cats (pentobarbital, 40 mg/kg), by means of an RKE-2 flowmeter in both carotid 
arteries after ligation of all the higher branches up to the internal maxillary arteries; val- 
ues of pO=, pCO2, and pH were measured in samples of cerebral arterial and venous blood (on a 
"Godart" gas analyzer), concentrations of glucose and lactate were determined [6], and the oxy- 
gen, glucose, and lactate consumption of the brain was calculated as the product of the total 
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