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CORRELATION BETWEEN THE RADIOPROTECTIVE
EFFECT OF SOME [SUBSTANCES WITH NEUROTROPIC
ACTION AND THE INHIBITION OF RESPIRATORY
ENZYMES

BY

E. A. PORA, AL. D. ABRAHAM, Z. URAY and T. HOLAN

AET and some neurotropic substances (imipramine, desmethylimipramine, chlor-
promasine, dibenzocycloheptatriene derivatives) reduces cytochrome oxidase
and succinoxydase activity of liver mitochondria.

The presence of these substances in cells induced a reversible alteration of the
mitochondrial respiration. Biochemical modifications in the first short time period
caused by radioprotectors may be responsible for protection against irradiation.

Zins and co-workers [19 ] have found a correlation between the radio-
protective effects and mitochondrial respiratory activity. Laser [9],
Cohen [6] and Liebecq [11] have demonstrated an increase of radiosensi-
tivity in the case when respiratory enzymes occur in oxidative state.

AET, cisteamine and other well-known radioprotectors were studied
from this point of view [1—4]. In this paper, we have studied the action
of some neurotropic substances, with radioprotective effect, on the acti-
vity of succinoxidase and cytochrome oxidase from mouse liver.

MATERIAL AND METHODS

AET * (S-2-/Aminoethyl/-isothiouree Br. HBr) — as a reference substance — and some
neurotropes : iminodibenzene derivatives (imipramine=N-y-dimethylaminopropyl-iminodi-
benzene, desmethylimipramine = N-y-methyl-aminopropyl-iminodibenzene **); dibenzocycle:

* Rijichter Gedeon, Hungary
*« 1 R. Geigy, Switzerland
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heptatriene derivatives (Ro-4-1577, Ro-4-6011, Ro-4-8093, Ro-4-7960, Ro0-4-8624**) and imi-
pramine associated with chlorpromazine were used in cur experiments.

White male mice were kept in normal conditions. The body weight of the animals was of

20+ 2g. A group of animals were treatcd intraperitoneally with the above mentioned substances,

20 min. before killing. Succinoxi-

r-¢ ‘dase (SuOx) and cytochrome oxi-
(Cy Ox) dase (CyOx) activity was deter-
J-‘A/'"/g mined in liver homniogenate [15].
+ 7 lactic acid (L.A) concentration
J was delermined in liver and

blood. Pyruvic acid concentration
(PA) was determined in the Llood
[5], [16].

In vitro effect of these sub-
stances was studied by using iso-
‘ lated liver mitochondrial fractions.
. We have used mitochondrial frac-

J tions obtained by a density gra-
3 diext method [7]. The 0.340 M and
0.636 M saccharose suspensions of
mitochondria have been obtained
after 10 min. centrifugation of
homogenate at 5000 g and 4°C.

b S

b,

¢ y . . . Mitochondrial sediments were ob-
60 120 160 , 240 rmm. tained after 15 min. centrifugation
- — AE7 e IMIPR at 18000 g. The oxygen consum-

IMIPR + CHLORPROM,. ption of mito ‘hondrial suspensions
in 0.36 M saccharose containing

Fig.1. — Inhibitory action of AET, imipramine and imipra- . .
mine + chlorpromazine on CyOx activity in the liver S0 MM succinate [8] and tris-HCl
depending on the time after administration. (T—C = dif- pH = 7.4,10mM + EDTA 1 mM
ference between treated and control). 4 ADP and ATP 0.5 mM + K(Cl

30 mM and phosphate buffer pH

= 7.4, 10 mM. Every vessel contained mitochondria corresponding to 7.6 mg proteins. The

resulls obtained were calculated and evaluated by modern stalistic methods.

RESULTS

A. In vive action of AET, imipramine and imipramine | chlorpremazine on CyOx
aetivity, depending on time

AET, imipramine and imipramine - chlorpromazine have considera-
ble radioprotective effect when they are administered before 15 —20 min.
of exposure of animals to lethal dosis of X-rays. The survival after irra-
diation represented 85 per cent, 30 per cent, respectively 40 per cent of
the total number of irradiated mice.

In our experiments 300 mg/kg b. w. AET, 62.5 mg/kg imipramine
and 25 mg -+ 25 mg imipramine +chlorpromazine were used. The treated
animals were sacrificed at different periods of time after administration
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for determining the action of these substances on the CyOx activity in the
liver of mice. The results obtained showed a maximum decrease of CyOx
activity 20 min. after the administration (Fig. 1).

B. In vive aetion of AET and neurotropes on CyOx and SuOx aetivity in the mouse liver

The results obtained are presented in table 1. It can be seen that
AET significantly reduced CyOx and SuOx activity (19.2 per cent, respec-
tively 26.7 per cent). Imipramine had a stronger effect than AET on CyOx
activity (—38.5 per cent). Imipramine associated with chlorpromazine

Table 1

fn vivo eftect of AET and some neurotropes on CyOx and Su®x activity of liver 20 min. after the administration
(Results are given in microatoms oxygen per min, and 1 g Iresh tissue)

Dosis CyOx SuOx
Substances mg/kg
Control | Treated | Control , Treated
300 X 9.48 7.61 7.72 5.66
_ + SE 0.20 | 0.06 0.13 0.24
ART n () (6) (6) (®)
p — < 0.01 — <0.01
@ © 62.5 X 12,94 8.04 8.23 5.28
+SE 0.78 0.85 0.47 0.42
N -y n (8) (8) ®) @)
CHZ.CHZ.CHZ.N\ P - <0.01 - 0.02
Imipramine Chs
@ @ 50 X 5.49 3.66 13.08 9.44
N oH + SE 0.68 0.40 0.66 0.56
R L n () (5) 5) (5)
N
CHa. CHa.CHy N'\H p — <0.01 ~ <0.01
Desmethylimipramine |
@ @ 50 X 11.02 8.40 18.42 11.84
+ SE 0.96 0.36 2.20 1.90
. ~Ciy n (6) (6) (6) (6)
. Z-Cﬂz-N\ p = <0.05 - <0.05
Ro-4-1577 CHy
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(Table 1 continued)

: CyOx SuOx '
Substances ]]])]:7;{80' y
° Control | Treated | Control . Treated
@ © 50 X 9.68 7.42 7.51 3.52
+ SE 0.78 0.77 0.96 0.45
CHs n (6) (6) (6) (6)
CH.CHz.CH,. \ p - <0.05 —_ <0.01
Ro- 4—6011 H
| cl
i 50 X 9.76 9.52 11.26 11.20
4+ SE 0.77 0.63 1.12 1.96
) n (6) (6) (6) (6)
~CHy D — >0.05 - >0.05
CH.CH,. CHy. N\
Ro-4~- 8093 CHz
Gl
50 X 8.41 9.20 10.64 8.26
! +SE 0.96 0.74 1.70 0.53
CH n (6) (6) (6) (6)
+Chg p - 0.05 ~ >0.05
Ro-4- 8711
Br
50 X 9.71 8.35 13.30 12.55
4+ SE 1.81 0.56 1.30 1.96
n (6) - (6) (6) (6)
~CHg p - 0.05 | . — 0.05
CH. CHa. CH,. N\
Ro-4-7350 CH3
Br
50 X 3.74 3.56 12.14 10.26
_ 4+ SE 0.64 0.64 1.40 0.76
CH! 5 ©) (g )05 ©) (g )05
/ — - _ -
CH. CHa. CHo-N p > >
Ro-4-8624
Imipramine+ 25+ X 11.00 8.41 8.85 7.90
Chlorpromazine 25 + SE 0.52 0.60 0.46 | . 0.51
n (6) (6) (6) (6)
" p — <0.01 — >0.05
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inhibited only the CyOx activity of liver. Desmethylimipramine had a
weaker effect than imipramine on CyOx activity, but in the same manner it
inhibited SuOx activity.

Dibenzoeycloheptatriene derivatives, especially the derivatives with-
out halogen atoms in molecule (Ro—4—1577 and Ro—4—6011) had a signi-
ficant inhibitory effect, but a weaker one than imipramine. Halogen deri-
vatives containing Cl or Br did not show any action on hepatic CyOx or
SuOx enzymes.

C. In vitro action of AET, imipramine and imipramine + [ehlorpromazine on the respiratory
aectivity of isolated hepatic mitochondrial fractions

These experiments were made in order to elucidate the direct action
of substances used on the respiratory activity of mitochondria. The sub-
stances were added to the incubation media. The results obtained are pre-
sented in table 2.

Table 2

Effect of AET, imipramine and imipramine -+ chlorpromaszine on hepatic mitochendrial suceinate oxidation
(Resulis are given in microatoms oxygen per min. and mitochondrial preteins in mg)

AET Imipramine Imipramine - Chlorpromazine:
Dosis per 7.2 mg
mitochondrial 300 pg 300 pg 1504150 ug
proteins
c | T |T—¢| ¢ | T |T—C| ¢ | T T—C
X 0.88 | 0.52 |—0.36| 1.12 | 0.57 |—0.59| 1.18 0.69 —0.49
4+ES | 0.02 | 0.02 | 0.02 | 0.04 | 0.03 | 0.07 [ 0.13 0.15 0.14
n @ | ® | ® | 6) | 6) [ (6) [ (5) (5) (5)
p — |<0.01|<0.01| — [<0.01|<0.01| -— <0.05 <0.02

C = control, T = treated

These date showed that AET and neurotropes induced a moderate
decrease of oxygen consumption. This phenomenon determined a relative
hypoxia of mitochondria, which is in full agreement with the so-called
“biochemical shock’ discovered by Prof. Bacq and co-workers [1], [2].
The reversible alteration of subcellular units may have an important signi-
ficance in chemical protection. This hypoxia determines some modifica-
tions in cell metabolism, for instance : accumulation of reduced coenzymes
(NADH, NADPH). This phenomenon is strongly supported by the in-
crease of LA in liver and blood (Table 3) and the modification of LA/PA
ratio in the blood after administration of AET, imipramineand imipra-
mine + chlorpromazine.
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Table 3

Biteet of AEY, imipramine and imipramine + chlorpromasine on LA concentratien and LA PA
ratio after in vivo administration of substances 20 min. before sacrification

Liver Blood
Substance and dosis
LA pg/0lg LA pg/ml | LA/PA
Control l 3.59+0.09 0.124 0.027 9.7
f n=06 n=_§8
AET | 4.1940.17 0.28 4+0.027 12.2
300 mg/kg n=>5 n=8§
p~0.05 p<0.01
Imipramine 4.764+0.47 0.3040.036 16.9
62.5 mg/kg n=6 n=3§
p~0.05 p<0.01
Imipramine + 4.334+0.36 0.29 4 0.043 16.3
Chlorpromazine n=>5 n==6
25425 mglkg p~0.05 p<0.01
DISCUSSION

The obtained data revealed the effect of AET and radioprotective
neurotropes (imipramine, desmethylimipramine, Ro—4—1577, Ro—4—
6011, imipramine 4-chlorpromazine) in moderating liver respiratory mito-
chondrial enzymes activity. Radiosensitivity is always associated with
the oxidative state of intracellular catalysts. A reduced state of these
enzymes may ensure radioprotection, a phenomenon that could be in
relationship with the action of CyOx inhibitors to produce the hypoxia
of all enzymes involved in mitochondrial respiration. CyOx is a key en-
zyme, which reacts with molecular oxygen. The central position of CyOx
is represented by Lehninger [10] in scheme 1 :

succinate » | Fs /  “cith
NADH — | Fp \ ' \ucite,

= cit ¢ > CyOx > O,

It appears likely that the protective substances studied in these
experiments should act in such a way when the reduced coenzymes accu-
mulated (as a consequence of the action of CyOx inhibitors) and they can
react with free radicals formed by irradiation. Pihl and Sanner [14] sug-
gested the interesting possibility that reduced coenzymes NADH and
NADPH may act as hydrogen donors in transfer reactions, repairing
target radicals by the following reaction :

R + NADH ———- -+ RH + NAD~

The NAD - radicals formed would be expected to disappear in a dismuta-
tion reaction forming reduced and oxidized NAD :

2 NAD- + H* + NADH 4 NAD*
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Repair of target radicals by reduced pyridine coenzymes might partially
explain the oxygen effect in biological systems.

LA concentration increased because extramitochondrial NADH
could not be reoxidated by the respiratory chain, only to a smaller extent.
NADH reoxidation is carried cut by pyruvate and by other coenzymes
(NADP), which likewise participate in free radical uptake.

. Y
Survrval InhrbitionCy Ox %
9 20 40 60 g0 100% 50 40 57 20 @ ¢
o AFT
IMP
DIM
Ro-%~1577 3
Ro~4~6011
RO~ 4~-8083 7 CyOx
Ro-4-8717
Ro~ 4~-7960 ,
Re =~ 4-8624 [
IMP + CPR i

Fig. 2. — Comparison between the inhibitory effect of AET and neuro-
tropes on the CyOx activity from liver and the survival data (in per
cent) of white mice irradiated with lethal doses of X-rays.

O significant effects

IMP = imipramine
DIM = desmethylimipramine
CPR =chlorpromazine

In our experiments only the substances with radioprotcetive effect
diminished the activity of liver respiratory enzymes but we did not find
a good correlation between these two actions. Comparing the inhibitory
effect of AET and neurotropes on the regpiratory enzymes studied with
the radioprotective one (after 30 days of irradiation with 800 R in the case
of mice) (Fig. 2), we can conclude :

AET had 80—100 per cent radioprotective effect and an inhibitory
action on CyOx activity equal to 19 per cent. Imipramine +chlorproma-
zine a 30—50 per cent radioprotective effect and an inhibitory aection
on CyOx activity equal to 24 per cent. Imipramine, desmethylimipramine,
R0-4-1577, Ro-4-6011 determined 10—30 per cent radioprotection and
inhibited CyOx activity of liver by 25 —40 per cent. The halogenated di-
benzocycloheptatriene derivatives had no radioprotective action and no in-
hibitory effect on CyOx activity. We suppose that a moderate inhibition of
respiratory chain might be significant in the radioprotection of the cells.
A strong inhibition of CyOx and the other regpiratory enzymes, as well as
a weak effect, increases the sensitivity of the cells. Hypoxia produced
by a moderate respiratory enzyme acoivity determines an increase in the
rate of glycolysis and an accumulation of reduced coenzymes and LA con-
centration in liver cells and probably in the other radiosensitive organs.

4 ¢. — 3256



210

E. A. PORA and CO-WORKERS 8

These coenzymes may function as scavengers and modify the redox po-
tential of cells, meeting the requirements of a relative radioresistant
state of the animal organism.
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