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The effect of psychostimulants on incorporation of K*2 into the tissues of different parts of
the rat brain was studied. Amphetamine (2.5 mg/kg) and piridrol (12.5 mg/kg) reduce the
permeability of the diencephalon and mesencephalon to K2, No effect was found in the ce-
rebral cortex. Caffeine (25 mg/kg) increased incorporation of the isotope into the cortical
tissue; the permeability of the diencephalon and mesencephalon was not affected. Amphet-
amine and caffeine increase, while piridrol does not affect, the permeability of the medul-
la to K*2,

The stimulant effect of amphetamine, piridrol, and caffeine is accompanied by changes in the dis-
tribution of K* in different parts of the brain as the result of a disturbance of neuron membrane perme-
ability [1, 2]. H has also been shown that the functional state of the CNS is largely dependent on the per-
meability of the blood~brain barrier to K+ [4, 9, 17]. The important role of changes in the permeability
of the brain to K*? in the mechanism of action of certain neurotropic drugs has alsobeendemonstrated 5, 16].

The effect of psychostimulants on the permeability of different parts of the brain to K ions was stud-
ied in this investigation,

EXPERIMENTAL METHOD

Psychostimulants were injected intraperitoneally into albino rats in doses causing an increase in
motor activity without signs of depression (amphetamine 2.5 mg/kg, piridrol 12.5 mg/kg, caffeine 25 mg/kg).
The animals were decapitated at the time of maximal motor excitation, namely, 1.0-1.5 h after injection of
the psychostimulants, An intravenous injection of 20 uCi K*? was given 10 min before decapitation. The
brain was carefully freed from meninges and washed to remove blood. The ¥ radiation of the isotope in
intact tissues of the cerebral cortex, diencephalon, mesencephalon, and medulla and also in the blood plas-
ma was counted on a scintillation counter (type 770, Friesecke und Hoepfner, West Germany), The index
of permeability of the blood-brain barrier was the ratio, expressed as a percentage, of the radioactivity
of the tissue (pulses/min/ g) to the radioactivity of plasma taken at the same time (in pulses/min/ml).

EXPERIMENTAL RESULTS

The highest radioactivity of the isotope 10 min after its injection into the control rats was observed
in the diencephalon and mesencephalon, and the lowest in the cerebral cortex. The radioactivity of all
parts of the brain investigated was considerably lower than in the plasma (Table 1). Low permeasbility of
the brain to K*? has also been described by other workers [7, 9, 190, 12, 15]. This phenomenon is specific
for brain tissue, for the peripheral nerves adsorb the isotope readily [7].
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After injection of amphetamine and piridrol a decrease in the
permeability of the diencephalon and mesencephalon to K*? was ob-
served. In the cerebral cortex neither psychostimulant had virtually
any action, Caffeine increased the penetration of K* into the cortex;
the permeability of the diencephalon and mesencephalon was unaffected
by this drug. Amphetamine and, in particular, caffeine (but not piridrol)
increased the permeability of the medulla,

| «l|% Ha HY HY Psychostimulants, increasing motor activity but differing in their
_% 3 § g %g %é %% chemical structure, thus have an unequal action on the permeability of
S |[RE[e different parts of the brain, Presumably this factor is one of many re-
- o sponsible for qualitative differences between the stimulant effects of
| Bl 88 82 88 the phenylalkylamines (amphetamine and piridrol) and the purine bases
2 |3 (caffeine). However, even the effect of amphetamine and piridrol,
.g § closely similar in their structure, on the penetration of K*? into certain
5 g 2 38 <9f 83 parts of the CNS and, in particular, into the medulla, is different. It is
5 % 2 "l oo oo s interesting to note that the sedative action of barbiturates of similar
e |3 chemical structure (thiopental and pentobarbital) is also accompanied
é) = ‘? Fo mz w0 by different changes in permeability of the brain to K*2 [16].
g g Jrg% %g §§ According to Cohn [8], the K isotope, once it has penetrated into
g g =EO=E =S the brain, is almost completely localized in the cell phase. The results
I [E of the present experiment showed that amphetamine and piridrol, which
p:) E 2| e 28 28 23 lower the permeability of the brain tissue to K*2, at the same time re-
3 @% -7 TT duce the intracellular K* concentration in the brain. Caffeine, however,
"g g 2 which increases the penetration of K% into the brain, does not affect the
> lEgl | g g3 na® intracellular Kt [2]. This is evidently because of an increase in the
8 1Ble 8l 323 22 32 "exchangeable" fraction of K* and a decrease in its fraction which is
Q g L) not exchanged for the injected isotope {10, 12]. The stable intracellular
e} E E o oo o K" fraction is located in the mitochondria [13]. Caffeine increases the
§ g“ g IR i oxygen absorption by the brain mitochondria [3} and can thus lead to the
E 5l 8 82 £8 8% accumulation of K* [8, 11]. Caffeine presumably brings aboutthe same
Y °l 3 ToTT T redistribution of K* between the subcellular fractions as Ca** [14]. The
g intracellular K* content remains unchanged under these circumstances.
N D~ [ o

f? == =" =27 == The author is grateful to Assistant Professor Yu. N, Kasatkin,
B s Head of the Department of Radiology, Central Postgraduate Medical In-
g g we oo wm stitute, for providing the facilities for this investigation.
2lEsls =23 38 &=
3 Sg| %y T 7T °° LITERATURE CITED
§ —%] 8 oo mo 0o 1. G. 1. Abgava and N. B, Vysotskaya, Farmakol. i Toksikol., No. 2,
2188 | §u i% 69 134 (1970).
5 2 8= K§ =8 2. G.I. Absava, Farmakol. i Toksikol., No. 1, 18 (1971).

| | R 3. O. A, Dimitrov, Vopr. Med, Khimii, No. 14, 381 (1968).
o 5 4. F.J.Brinley, E. R, Kandel, and W. H. Marshall, J. Neurophysiol.,
Sl e | L 23, 237 (1960). _
§ -‘E CRENNC N :@ : 5. F,J, Brinley, E. R. Kandel, and W. H, Marshall, J. Neurophysiol.,
g1 13 En = 23, 246 (1960).

8 g ae :,a.g " 6. W.E. Cohn, Am, J. Physiol., 133, 242 (1941).
i g € 23 : g e-9 7. W.O. Fenn, T. R. Noonan, and L. Haege, Am. J. Physiol., 132,
S 5 |EEegiEiEs 474 (1941).
gg g e Bgy §§z§§ & 8. E.J. Harris, R. Cockell, and B. C. Pressman, Biochem. J., 99,
gl = 1< 778770 200 (1966).

9. H. Hoagland and D. Stone, Am, J. Physiol., 152, 423 (1948).
10. R. KatzmanandP.H, Leiderman, Am, J, Physiol., 175, 263 (1953).
i1. H. A. Krebs, L. V. Egglestone, and C. Terner, Biochem. J., 53,
530 (1951).

956



12.
13.
14.
15.
16,
17,

P. H. Leiderman and R, Katzman, Am, J, Physiol., 175, 263 (1953).
H. McIlwain, Chemical Exploration of the Brain, Amsterdam (1963).
W. G. Nayler and J. R. Hasker, Am. J, Physiol., 211, 950 (1966).
T. R.
K, H.
D, M.

Noonan, W, O, Fenn, and L. Haege, Am, J. Physml 132, 474 (1941).

Weiss, Arzneimittel-Forschung, 16, 431 (1966).
Woodbury, Am. J. Physiol., 155, 479 (1948).

957



