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CO RA,EIJATION BETWEEN TIIE RADIOPBOTECTIYE
EFFECT OF SOME ISUBSTANCES WITH NEUEOTR,OPIC

ACTION AND THE INHIBITION OF R,ESPIRATOBY
ENZYMES

B Y

E. A. PORA, AI-,. D. ABRAHSI, Z. URAY and T. IIOLAN

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

mitochontlrial respiration. Biochemical modifications in the first short time period

caused by radioprotectors may be responsible for protection against irradiation.

Zinsand co-workers [9] 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 wel
from this point of view [1-4]. In tt
of some neurotropic substances, wit
vity of succinoxidase and cytochromr

MATERIAL AND METHODS

AET'* (S-2-/AminoethJ/l/-isothiouree Br. HBr) - as a reference substance - and some

neurotropes : iminodibenzene derivatives (imipramine: N-T-dimethylaminopropyl-iminodi-

benzene, desmethylimipramine: N-T-methyl-aminopropyl-iminodibenzene **) ; dibertzocyclc;

* Richter Gedeon, HungarY
*' I. R. GeigY, Switzerland
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heptatr iene derivat ives (Ro-4-1577, Ro-4-6011, Ro-4-8093, Ro-4-7$60, Ro-4-8624't*)  and imi-
pramine associatcd with chlorprontazine rvere used in our expcrirnents.

\\hitc ntale mice rvere kept in normal conditions. l 'he body rreight of the animals rvas of
20+ 29. A g.roup of aninrals wet'c treatrdintraperitoneally with the above mentioned substances,

20 nrin. before kill ing. Succ.inoxi-
dase (SuOx) and cytochrome oxi-
dase (CyOx) activity u'as cleter'-
rnined in l iver honiogenate [15].
Lactic acitl (t.A) conr:entlation
was determincd in livcr and
blood. Pyruvic acid conccntiation
(PA) was determincd in the l;lood

[ 5 ] ,  [ 1 6 1 .
In uitro effect of these sub-

stances rvas studied Lry usirrg iso-
lated liver mitochondrial fractions.

We have used mitochondrial frac-
tions obtained by a density gra-

dier: t  nrcthcd [7].  The 0.340 M and
0.636 \l saccharose suspensions of
nritochondria have becn obtained
after 10 min. centrifugaLion of
homogrnate at 5000 g and ,loC.

l\'Iitochondrial sediments were ob-
tained after 15 min. centrifugation
at 18000 g. The oxygen consum-
ption of mito 'hondrial suspcnsions
in 0.36 l\I saccharose containing

30 mNI succinate [8] and tris-HCl
pl l  :7.4,10 nt l \ [  *  EDTA 1mtrI

J- ADP and ATP 0.5 nrM + KCI
30 ntM and phosphate buffer pH

*A/n/g

A E T
/60 a 214 mt

----tHtPR.

/20

c
Fig.l.-Inhibitory action of AET, imipramine andimipra-
mine + chlorpromazine on CyOx activity in the liver
depending on the time afteradministration. (T-C: dif-

ference between treated and control).

- 7.4,10 nrM. Every vessel contained mitochondria corresponding to 7.6 mg proteins. The
results obtained were calculated and evaluated bv modern statistic methods.

RESULTS

A. In vlvo aotlon of AET, lmlpramlne and imlpramlne { ch.lorpromazine on CyOx
aetlvity, dependlng on tlme

AET, imipramine and imipramine *chlorpromazine have considera-
ble radioprotective effect when they are administered before 7.5-20 min.
of exposure of animals to lethal d"osis of X-rays. The survival a,fter 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. AETr 62.lt mg/kg imipramine

1it:::1
.'

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 aetivity i1 tle
liver of mice. fhe results obtained. showed a maximum d.ecrease of CyOx
activity 20 min. afber the ad.ministration (Fig. 1).

B. In vlvo aetlon of AET and neurotropes on CyOx and SuOx aetlvlty ln the mouse llver

The results obtained. are presented in table 1. It can be seen that
AET significantly recluced CyOx and SuOx activitl- (f0.3 per,centr re!P!c-
tively ZO.7 pe.r cent). Imipramine had a stronger effect.!!tuo- $ET on CyOx
activity (--38.5 per cent). Imipramine associated with chlorpromazine

Table I

ln rh'o elleet ol .LET and some ueurotropes on CyOx and SuOx acllvity of lluer 20 rnln. atter the arlmlnlstraiion
(Besulls are gh'en In microatonrs orlgen per nln. and I g lresh tissue)

Dosis
mg/kg

62.5

CvOx

Control Treated Control I Treatetl

5 .66
0.24
(6)

<0 .01

8.23
0.47
(8)

6.28
0.42
(8)

0.02

13.08
0.66
(5)

9.44
0.56

(5)
< 0 . 0 1

78.42
2.20
(6)

SuOx

t

Substances

AET

Desmethglimipramine

lmipranr ine 
tcHr

lt:* 
c'z.'r,Ni;

X
+ S E

l l

p

X
+ S E

n
p

x
+ S E

n
p

X
+ S E

ll

p

9 .48
0.20
(6)

7 .61
0.06
(6)

< 0.01

7.72
0 .13

(6)

12.94
0.78
(8)

5.49
0.68
(5)

1 1 . 0 2
0.90
(6 )

8.04
0.85
(8)

<0.01

3.66
0.40

(5)
<0 .01

8.40
0 .36
(6)

<0 .05

1-1 .8 ,1
1 . 9 0
(0)

<0.05
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(Table I continued)

Substances Dosis
trrg/kg

CyOx Su Ox

Control Treated Control 'I 'reated

x
+ S E

n
p

9.68
0.78

(6)

9.76
0.77
(6)

8.41
0.96
(6)

9.71
1 .81

(6)

7.42
o.77

(6)
(0.01-r

9.52
0.63
(6)

>0 .05

9.20
0.74
(6)
0.05

7 .57
0.96
(6)

71.26
1 . 1 2

((,)

10.64
1 .70

(6)

13.30
1 .30

(6)

1 2 . 1 4
7 .40

(5)

8.85
0.46
(6)

3.52
0.15
(6)
<0 .01

R o -  4 - 6 0 1 1  
-  \ H

.ca
CH. CHr.CHz. tl

Ro-a- g09i - -cHs

x
+ S E

l l

p '

X
* S E

II

p

x
* S E

II

p

X
t S E

II

p

1 1 . 2 0
1.96

(6)
>0.05

8.26
0.53
(6)

>0.05

no-+-zsto )cHg

3.74
0.64
(5)

8.35
0.56

' (6)
0.0ir

3 .56
0.6,1
(5)

>0.05

8 .41
0.60
(6)

<0 .01

12.55
1.96

(6)
0.05

10.26
0.76
(5)

>0.05

Inripranrinc{
Clrlorprorn azine

X
+ S E

n
p

11 .00
0.52
(6)

7.90
,  0 .51

(6)
>0.05

Ro-4-  8711
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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.

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

C. In vitro aetlon of AET, imlpramine and imipramine f [ehlorpromazine on thc resplratory'

aetlvity of lsolated hepatie mitoehondrial fraetlons

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

Table 2

) Effect otAEI, lmipramine and lmipramine +eilorpromadno on heprtlc mltochendrisl suc.tnrto orldrllon
(Results ore glven In microailons orygen per nln. ond mitochondrlal Drotoins In ng)

AET Imipramine pramine f Chlorpromazine'

Dosis per 7.2 mg
mitochondrial

proteins
300 p.g 300 pg 150*150 pg

c l r c  I  r  l r - c
-0 .36

0.02
(8)

<0.01

c l T - C

-0.49'
0.14
(5)

<0.02:

1 .18
0.13
(5)

0.69
0.15
(5)

<0.05

C - c o n t r o l , T : t r e a t e d

These date showed. that AET and neurotropes induced. a moderatG
decrease of oxygen consumption. This phenomenon determined. a relative
hypoxia of mitochondria, which is in full agreement with the so-called
,,biochemical shocktt discoverled. by Prof. Bacq and co-workers [1]r l2l.
The reversible alteration of subcellular units may have an important signi-
ficance in chemical protection. This hypoxia determines some mod.ifica-
tions in cell metabolism, for instance : accumulation of reduced. coenzyme$
(NADH, NADPH). This phenomenon is strongly supported. by the in-
orease of IrA in liver and blood (Table 3) and. the modification of LA/PA
ratio in the blood after ad.ministration of AET, imipramine and imipra-
mine f chlorpromazine.
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Table 3

BlloctolAEt. lmiprrulno ulInlprrnl,nc +chlorpromulncolLAcoreoltrltLn rtrdLAr?A
rrtle rtlcr ln vlvo dminbtntlon ol stlslrnccs 2e mln. lolorc rrcrlfiaflon

Liver Blood
Substance and dosis

LA pgi0.1 g LA g,g/ml I lelPe

Control 3.59 t0 .09
t t - 6

0.12+ 0.027
t l : 8

9 .7

AET
300 mgikg

4 . 1 9  + 0 . 1 7
n : 5
P-0'05

0.28 + 0.027
n : 8

p<0 .01

12.2

Imipramine
62.5  mg/kg

4.76+0.47
n : 6
P-0 '05

0.30+ 0.036
n : 8

p < 0 . 0 1

1 6 . 9

Imipraminef
Chlorpromazine
25+25 mg/kg

4.33 *  0 .36
n : 5
P-0'05

0.29 + 0.043
n : 6

p<0 .01

16 .3

D I S C U S S I O N

The obtained data revealed the effect of AET and radioprotective
neurotropes (imipramine, desmethylimipramine, Ro-4 _1577, Ro -4 -
6011, imipramine*chlorpromazine) in moderating liver respiratory mito-
chondrial enzS.mss activity. Radiosensitivity is always associated with
the oxidative state of intracellular catalysts. A retluced state of these
enzymcs may ensure radioprotection, a phenomenon that could be in
relationship with the act,ion of CyOx inhibitors to produce ttrc hypoxia
of all enzymes involvt'd in mitochonclrial respiration. CyOx is a key en-
zyme, which reacts with molecular oxygen. The cent,ral position of OyOx
is represent,ed by Lehninger [10] in scheme 1 :

succinate -t lEa a(a\ + .ir c -+ cyox -, oz
I { A D F I  +  t e p  \ - \ . c i t c l  I

It appears likely that the protective substances studied in thesc
€xperiments should act in such a way when the reduced coenzymes accu-
mulated (as a consequence of the action of CyOx inhibitors) and they can
neact 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 + I {AD'

The NAD' rad.icals formed would be expected to disappear in a dismuta-
tion reaction forming reduced and oxidized NAD :

2 IIAD. + Er -+ NADH + NAD+
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Eepair of target radica,ls by r_e{qce{. p_yridine coenzymes might partially
explain the oxygen effect in biologicat systems

IJA concentration increased because extrauritochondrial N^{DH
could not be reoxidated. by the respiratory chain, only to a smaller extent.
NADH reoxidation is carried.. o-ut by pyrovate 

'and 
by other coenzymes

(NADP), which likewise participate in-free radical uptake. 
v

8un viva d lnhibitren Cy Ox y,'
lqo %

o  A E T
lMP
D/14

Ro-*- /OIz
fto- 4 -60/l
Ro' 4- A08J
Ro-+-8yt f
f to '+ -7960
Ro - +-862+
ltfP + cP,q

20 t0

CyOx

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 rvhite mice irradiatect with leilral doses of X-ravs.
O siguif icant effecis
IMP : imipramine
DIM : desmethylimipramine
CPR: chlorpromazine

In our exireriments only the subritanccs with radicprobr.ctive effect
diminisired the .activity of tiver re spirat ory euzyrnes blt wc clicl not find.
a goocl correlation betweern thesc i;#o acLibns. bo*p*riog the inhibitorveffect of AET and. neurotropes on 't,he respirat"ry J;;.tmes stucliecl withthe radionrotective one (aftei 30 da3,-s of irradiation wiih g00 R in 61re caser . -  + .^ .oI-mlce) (Irig. 2), we can conclude :

suppose that a moclerate inhibition of

In of reducecl coanzymes and. I.lA con-centration in liver ct-lls and probably in the other *"a"ios.ositive orgilns.

1 c. - 9256
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These coenzymes may function as scayengers and ryotlify the_.red.ox po-
tential of cells, meeting the requirements of a relative rad.ioresistant
stat'e of the animal organism.

7.

8.

9.
10.
1 1 .

72.
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