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The Influence of Perathiepine and Chlorproma-
zine on Some Enzyme Reactions in Rat Brain
Preparations

Perathiepine [10-(4-methylpiperazino)-10,11-dihydro-
dibenzo(b, f)thiepine] was synthesized by JiLEk et al.l
and was shown in pharmacological examination to be a
potent thymoleptic drug?. Although the exact mechanism
of action of psychotropic drugs is not fully understood
as yet, it may be assumed that their influence on various
enzyme reactions of the central nervous system plays an
important role. It was therefore of interest to study the
influence of perathiepine upon the oxidation of pyruvate,
oxoglutarate, and succinate, on 2 cnzymes involved in
glycolysis (hexokinase and glucoso-6-phosphatase), and
finally on Mg++-activated, DNP-activated, and Mg++Na*-
activated, K'-stimulated adenosinetriphosphatase. The
results were then compared with the action of a known
thymoleptic chlorpromazine.

In all experiments, male Wistar rats weighing 170-200 g
were used. After killing, the brains were removed as soon
as possible. The tissue was disintegrated in an Elvhjem-
Potter homogenizer in 0.3M sucrose at 2-4°C. In some
experiments, as indicated below, the mitochondrial frac-
tion prepared according to ALDRIDGE? or the 10,000 g
supernatant were used. The consumption of oxygen was
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followed with the conventional Warburg technique on
The protein content was determined by nesslerization, the
inorganic phosphate by the method of Taussky 8@
SHorr4, and glucose after Hugeert and Nixon® The
composition of incubation media is given in the Tables

As may be seen in Table I, chlorpromazine up to the
concentration of 1.0 mM has practically no effect on the
endogenous respiration and oxidation of oxoglutarate a2
succinate. On the other hand, the addition of pyruvate
plus malate to the medium containing 1.0 ma{ chlof
promazine or more does not cause any increase in 0xyge®
consumption, indicating that the oxidation of this ?ub'
strate is completely blocked. Similar results were obtain®
when perathiepine was used as inhibitor, and pyru‘/’f‘te
plus malate as substrates. The inhibition of oxidation ©
other substrates starts at lower concentrations, but &

1].0. JiLek, V. SEIDLOVA, . SVATEK, and M. ProTiva, Mh. Che™
96, 182 (1965).

2 M. Promiva, J. O. JiLek, J. MeTvSova, V. SeipLova, L J’R(;
KROVSKY, J. Merv$, E. ApiLErova, I. ErRnNEst, K. Prrz, 2%
J. PomykACrxk, Farmaco 20, 721 (1965).

3 W. N. ALDRIDGE, Biochem. J. 67, 423 (1957).

4 H. H. Taussxy and E. Suorg, J. biol. Chem. 202, 675 (1953).

5 A. S. G. Hugorr and D. A, Nixox, Biochem. J. 66, 12 P (1957)

Table I. Influence of perathiepine and chlorpromazine on the oxidation of pyruvate, oxoglutarate, and succinate in brain homogenates

Substrate % inhibitions

Perathiepine Chlorpromazine

0.2 mM 1.0 mM 2.0 mM 0.2 mM 1.0 mM 2.0 mM
Pyruvate + malate 2 32 87 9 47 84
Oxoglutarate 11 7 48 5 38 62
Succinate -1 1 is —4 8 46
Endogenous respiration 1 6 76 -1 29 69

& Medium: 20 mM K-phosphate buffer pH 7.2, MgS80, 8 mM, sucrose 86 mM, ATP 1 mM, DPN 1mM, nicotinamide 40 mM, KC162.5 M
homogenate 1 ml, substrates 10 mAf; total volume 3.5 ml. Incubation 60 min at 30°C. Average values from 2-12 experiments,

Table I1. Influence of perathiepine and chlorpromazine on enzyme reactions

Enzyme % inhibition®

Perathiepine Chlorpromazine

0.05mM 01mM 02mM 04mM 005mM 01mM 02mM 04 mM
Mg*tt-activated AT Pase in mitochondria® 3 27 37 43 -4 23 36 47
Mgt+-activated AT Pase in 10,000 g supernatante 4 10 15 48 4 10 19 30
DNDP-stimulated AT Pase¢ 32 39 44 47 17 24 24 29
NaKAe 31 48 74 87 45 54 100 100
Hexokinase! -3 0 4 0 25 25 18 25
Glucoso-6-phosphatases 8 5 5 5 8 — —4 12

@ Average values from 2-4 experiments, » Medium: Tris-HCl buffer, pH 7.4, 40 uM; MgSO, 8 uM; KCl 90 uM; ATP 0.5 uM; sucrose 69
#M; mitochondrial suspension 0.2 ml in 1.0 ml Incubated 30 min at 30°C. © Medium: Tris-HCl buffer, pH 7.4, 40 uM; MgSO, 6/1Mi
sucrose 270 uM; supernatant 0.2 ml in 1.0 ml. Incubated 30 min at 30°C, ¢ Medinm: Tvis-HCI buffer, pH 7.4, 40 u8; DNP 0.1 uM; KC
90 uM; ATP 0.5 uM; sucrose 60 M ; mitochondrial suspension 0.2 ml in 1.0 ml. Incubated 30 min at 30°C. ® Medium A: Tris-HCl buffé®
pH 7.4, 40 uM; MgSO, 6 uM; NaCl 100 puM; KCI 20 uM; ATP 2 uM ; sucrose 30 uM ; supernatant 0.2 mlin 1.0 ml. Medium B: medium
but without MaCl, KCl, and with sucrose 270 uM. Activity: A minus B. Incubated 30 min az 30°C. f Medium: T#is-HCl buffer, pH 7~4i
40 uM; glucose 2 uM; ATP 1 uM; MgSO, 8 uM; KCl 90 uM; sucrose 60 uM; homogenate 0.2 ml in 1.0 ml. Incubated 30 mip 2
30°C. # Medium: Citrate buffer, pH 6.5, 40 #2M ; glucoso-6-phosphate 6 uM; KCI 90 uM; sucrose 60 M ; homogenate 0.2 ml in 1.0 8%
Incubated 15 min at 30°C.
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1211?111];1M there are only small differences in the degree of
ition cansed by both drugs.
Varioz action of perathiepine and chlorpromazine on
can bes énzyme systems is summarized in Table 1I. As
rain hseen, ‘both drugs have only little effect on the rat
ence fexokmase and glucoso-6-phosphatase. The influ-
Ph()soh bOth_drugs on the Mgtt-activated adenosinetri-
natarlit B;ta_se in brain mitochondria and in 10,000 g super-
i IS In general of a similar degree. In contrast to
. Perathiepine seems to be a more potent inhibitor of
®hzyme contained in 10,000 g supernatant.
'milarly, perathiepine is evidently a stronger inhibitor
bra‘m mitochondrial 2, 4-dinitrophenol stimulated
i OSinetriphosphatase. Finally, the influence of pera-
Pine and chlorpromazine on the Mg++Nat-activated,
. ‘:tlmulated adenosinctriphosphatase in 10,000 g super-
i ent (so-called ‘NaKA’¢-%) was studied. This enzyme
nd s from other adenosinetriphosphatases by its organ
Cellular localization and by the sensitivity to stro-
Cor?sntt'me and various cations®?®, NaKA is an essential
the tltuent of the sodium pump, a system responsible for
IneInl;allsport of sodium and potassium across the cell
tane against the concentration gradient, which has
sygfms“’e importance for the excitability of the nervous
emll,
Chﬁle activity of this enzyme is completely inhibited by
cause%mmallne at 0.2 mM and more. The inhibition
not by perathiepine, although also very strong, does
Teach the degree of the latter drug, and even at 0.4
about 109, of initial activity is detectable.
qu;n?ay‘ be concluded that, regardless of some minor
o 1ta,1§1ve differences, the‘action of both c.irugs upon
The ®actions studied here is in general of similar nature.
tive most outstanding features of this action are (1) rela-
effectiveness towards glycolytic enzymes, (2) in-
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Catf‘“)’sis and Inhibition of the Oxidative Degra-

3tion of Deoxyribonucleic Acid by Catalase

Bowing Maximum Catalytic Effect in Pico-
Molar Concentrations

peﬁ\: is known, catalase not only degomposes hydrogen
Cert Xide but it can also exert a peroxidatic function with
Slowaimx fcceptors when hydrogen peroxxde. s release_d
Cataly '3. It can fur'ther act as a non-spemfl(_: hematin
low; VSt The experimental results presented in the fol-
EO\?g.gWe evidence that the oxidative degradation of
Cone Yribonucleic acid (DNA) is catalysed by very low
Centrations of catalase. When the concentration of
ali%gg is increased, the catalytic effect decreases and is
0 inverted into a protective effect.
useq € experimental conditions and analytical methods
tain ;13\’6 been described befored. :I‘he DNA used con-
p&r‘; about 0.019, iron. The solution of DNA was pre-
0, 033 with 109, aqueous sodium chloride contaxr,ung
Dyrq M/l phosphate buffer, pH 7, and 0.002 M/l sodium
Solut_h()sphate. The specific viscosity of the 0.1% DNA
heimlon was 0,71, Catalase was from Boehringer (Mann-
ana) and ferrichloride from Merck (Darmstadt), .both. of
antICal grade. The experiments and the viscosity
Surements were carried out at 37 °C.
tionlgure 1 shows the specific viscosity of the DNA solu-
of 2fter 1000 h storage under oxygen with the addition
erent amounts of catalase or of ferrichloride. The

fy

Specialia 91

hibition of the oxidation of pyruvate, (3) strong inhibition
of NaKA. This last effect may be considered as most im-
portant for pharmacology.

Zusammenfassung. Die Wirkung des Thymolepticams
Prothiaden [10-(4-Methylpiperazino)-10, 11-dihydroben-
zo(b, fjthiepin] auf die Oxydation des Pyruvats, Oxo-
glutarats und Succinats sowie auf die Aktivitit der Hexo-
kinase, Glucoso-6-phosphatase und Mgt+-aktivierten,
DNP-aktivierten und MgH+Nat.aktivierten, K¥-stimu-
lierten Adenosintriphosphatase (NaKA)} wurde unter-
sucht und mit der Wirkung von Chlorpromazin ver-
glichen. Im allgemeinen weisen beide Substanzen ahnliche
Eigenschaften auf, welche in einer relativen Unwirksam-
keit gegeniiber glykolytischen Enzymen, Hemmung der
Pyruvatoxydation und starker NaKA-Hemmung be-
stehen.
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results indicate that there is a maximum decrease of the
viscosity when the solution contains 2 - 1022 M/1 of cata-
lase. Surprisingly, the catalytic effect becomes smaller
not only with decreasing but also with increasing catalase
concentrations and the effect almost disappears when
10-% M/l or more of catalase are present. A similar type of
curve is obtained when iron-IlI-chloride is added in
place of catalase, although the effect is substantially
smaller. Again, the maximum effect is obtained with
about 2 - 10-%2 M/l of the additive.

1 . Kemw and E. F, Harrres, Biochem. J. 39, 203 {1945}; 60,
310 {1955}. — D. K~ and P. NicHorLs, Biochim. biophys. Acta
29, 302 (1958). - H. Aes1 and E. Frer, Helv, chim. Acta 47, 361
(1958). — F. Porrwicu and H, Aes1, Helv. physiol. pharmac. Acta
78, 312 {1960}, — A, Temreryy, H. Arer and A, ZuprriNger, Helv.
chim, Acta 44, 1573 (1961}; B. Cuaxce and G. R. ScuHoNBaUM,
1. biol, Chem. 237, 2391 {1962). - P, Nicnoris, Biochem. J. 90,
331 (1964).

2 B. CHANCE, Acta chem, scand. 7, 236 {1947), — H, AEs! and A.
Hassan, Helv, chim. Acta 43, 544 (1960). — H. AeB1 and A. Tem-
PERLY, Helv. physiol. Acta 79, 48 (1961).

3 A. L. TarreL, in Auloxidation and Antioxidants (Ed. W. O. Lunp-
BERG; Interscience Publishers, New York, London 1961), p. 357.

1 K. BErNEls, M. KOFLER, W. BoLLAaG, A. KaisEr and A. LANGE-
MANN, Experientia 79, 132 (1963)., - K. Ber~Eels, M. KoFLER,
W. BoLrLag, A, Karser and A, Lancemany, Helv. chim. Acta 46,
2157 (1963). ~ K. Bernris, M, KorLer and W, Borrag, Helv.
chim. Acta 47, 1903 (1964).



