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SMEMT OF THE RADIATION LETHAL EFFECT OK HYPO]

CELLS BY SITBOHBTEBOCYCLIO COMPOUNDS

IAEA Research Contract No,169I/HB an part of the coordinated

research programme on "Improvement i n radiotherapy of oancar us ing

modifiers of radiosensitivity of oella".

Chief a oient If io investigator i Prof .Dr .Ion Kirlouta, M.D*,

direotor of the OnooJLogloal Institute, Cluj-Nepooa, Romania ;

contributors i I«HUBtea, Adela Bart, I«D.Postesou, Bodioa Comes

and C.D.QJLiniei,

The inrestigation» carried out in ear Institute were fooaaed

on the following subjects i

I Sjnth«ees, phjsioo-ohemioal and pharmaoologies 1 oharao-

terlsatloms as w#ll «a test lag'•• radiosensitlters of

soae mitroheteroopolie deriratires $

ZZ MZn vivo1* evaluatioa of misonldaieie effeet em the

mioronuolel iaoldsnoe in Irradiated Xhrlieh asoites

ZZZ I^terfereaoes of hypoxie oells radiosensitlsers nil*

the eners7 generati»§

Z* Byntheses» phyflioo—ohemieal and Dhsrmaoologloal

of rsdlosensltltinic

The pqssibi^i^les to enhanoe the ionising radiations letfes.1

on hjpoxlo oells by ehemioals gain more and more interest,

Shis explains she in creased number of investigations «onoemlaf

• «Ids variety of oompounds expected ë» being potential radio*

sensitisers.
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Aiming to find new radiosensitizing agents with lew toxicity

and good solubility in water we obtained and oharaoterited the

following compounds I

dipotessium 00X6, (MNP), (J») f

l~mefchyl-4-nitrolaiidazole-5-one, loditui sa i t , (KNI)* (£) t

t (HIT),

•CH,
OK

BO

: .,. ïhe synthèses of HUP and HH* leerw aub^eote of twe reeanlaa

patients, and MNZ was obtained as desorib»d in literature, îhe

aaiia physioo-ohenioal and pharaa 00logioal properties of these

compounds are l i s ted In Sable I»

All three oonpounds are soluble la water and have low

fcoxioities j 1950-3565 ag/kh). She one eieotron reduotion

potentials (E£)(determinations effected at the Gray Laboratory,

England, by courtesy of Dr»P«Wardaan)'indicated for MHZ aad HOT

values more positive (-452 and -*56 «V, respectively) than that

of iaetronldaaole, suggesting from this point of view that these

bwo compounds might be considered as potential radiosensitizing

agents.

In order to extend the study of the influence of various

heteronuclei and different chemical neighbourhoods as well on

the radiosensitizing properties a series of ten other nitrohetero-

aromafcio compounds (& - J&) «ere sent to Dr.Shenoy at Bhabha

Afcoiaio Research Center, Trombay, Bombay, India, they following

to be tested on bacteria for eventual radiosensltlzing effects t

5-nitrouraoil (j*)
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mm Ik mm

(6)
2^oe ty lanino^-by droxy-5-nitro~6HnethyIpyridin©
4-nifcrcpyridine-N-oxide (S)
2-hydroay-5-«itropyridine (5)
2-ealno-5-altropyridine (10)
4 , 6-dine thoaty-5-nitropyridlne
2-nibro-3-bydro3cypyrl4ina (12)
5-**ltro-6°-hyâroxythymine (13).

i
Conpounds i - 2t IS» Ai and jLJ «ere synthesized

«lth literature % oompc .da 8, % and 12 «ere pur@has@d froia

Aldrloh Co* (Europe),

Dr*Sheaoy probably « i l l be Infonaiag us about th®

of these investlgationa,

Referlng again to ooapsunds

hypoxio oellfl ? ?$ («ffeoted at ^

logy Unit» Infttitute for Xuoonr Bl©l©gyc

StookholB, S«ede»^ showed that MIX and 115 alive a©

tislng effeot «heraas MSP displaces, ®» éxihflsioeB®»̂  s>®ti® (1«S)

of 1.17 (at 8 »H) but io«or-tkac la

- ;
: related to a dewcaseA ®ee «|,'tol?®a

isolas.» • '• .'T ' '

.. -- éotanoi/nater partiliien ®o«ffi®i€iat«
8

en

fjaiMirradiate^

ttaaour, oel ls *.

She aioronuoieus aseay «as adept®«i 2&s the

the "in vivo1* eff«@t of asiaonldaaol© oa &h® M®iâ®nm of

nuolei in irradiated Ibrlloh aaoiles tisœaur @©iia*

ate
Olinioi,O«O.9



Our r e su l t s showed that pretreatment with aiisonidazoi©

O#5 mg/g body weight, 30 min. prior to i r radiat ion in Ehrlioh

a e ci te bearing mioe, induced an increase in the in olden co of

mioronuolei ae compared with the group oo sluing aiiin 1

treated, only by Irradiation (Fig.l)» The ( ferenoe between

irradiated confer©Is and misonldazola preferoa Bed and irradiated

mioe «as mor© proncunoe< at higher doses of radiation (400 R)

© faat fehafe ia ? agrees <fe with the data ®f Hêwës»*^ regardîag

the dependane® i tfe® radixienelteising e££©©t ©f some

aff ia io ooœpouHû on the radiatioa dose»

afflni©

(Vienna g
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III . Interferences of hypoxlo cells radlosensltlgera

with the energy generating pathways

A particular interest we afforded to the knowledge of the

effeots of hypoxio oells radiosensitizers on the cellular ener-

getic metabolism, this aiming to a better understanding of the

possible mechanisms involved in aerobio toxioity induced by

these compounds.

The aerobio toxioity seems as being fche aa.ior limiting

faotor In the using of large doses of radiosensitizers required

for obtaining significant therapeutio effioienoy*

The following aspects of energy metabolism alterations in

the presenoe of radlosensitlsera were approached i

a) "in vitro11 oxygen util isation

b) oxygen partial tension in nusole tissues

o) uncoupling effeot of oxydativs phosphor nat ion

-:-"•"•• d) bypass effeofc In electron-transport chain*

,,:" Our results oonduo&ed to the following oonolusioae i

&) "Jto vitro" oxygen atllliafelon

- Both metronlda&ol» «id alsonidasol* «6 oonoenbrations of

10 - 10 •* H showed «si inhibitory effect» m::. ;he oxygen

tlon ratio in aloe feisaue hoaogenabeo (Sablo II)» fhe

was higher in liver and heart*

k) P^gen_partelalM tension^in_mua olg tissue

Metronidazole and misonidasole, both i t opncentrations of

0,3 or 0«6 mg/g body weight caused an increased of the oxygen

partial tension in leg muscle of mice with g faotor of 2 » 2.5

and <te§ - 5 t respectively (Fig.2)^. These faotors were scored

froa polarographioal measurements of the oxygen diffusion ourreate.

n / Bara Aûela, Mustea,I, - Radlobiol.Radiother,,1960,21,455.
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600 T-

CONTROL, SAUNE
Oi3mg/g(7) —<—MISOHlDAZOlx

—HCTRONIOAZOLtQ6r»g/ff(8> ——tilSONlOAlOU Q6 mg/g(8)
M£AN±SEM

500

5 10 15 JO -W SO 75
Tint AFTER DRUGS AOtilNISTRATION I nun.)

90

FIQ«2« Bffeots of metronldazole and aisonldazoie on
oayg«a diffusion ourrenfe la hiad leg «usoie
of NMBX nioe breathing air* Xhe aean value of
the ourrent before drugs edBinlsferafcioa was
arbifcrarly. ooasidered 100 %» Vuabers In
braokutes m no.of anioals uaed*

o) Unoouplin^ effeote of oajdafeivg^p^gephogylafeion

Hypoxio oelia radioseoslblseri!} wifea •leoferoa-affiai^r»

oo«parable or «ore posl6iv« than «isonidt«ole iaduesd «ffeobs

aiai lar tto the imoouplero of exydfitlra phQ«phoryisfcion «• bhm

4»oroaae of respiratory w n t r o l e f l iver «Itooboadria la guiaea

pig (Table H I ) 5 \ the release fro» «n« Crtfetree effeot;

by addition of gluooae la Bhrlioh aeoitta tsmowr oei is

Table I7,V)6»7^ and tfetsfciaulafelon of A5F-i.g« aotivity In

JEhrlloh auoltes feuBoUf oella rendered permeable by sonieatien

or treatment; «lth deactran (Sable ^

5)

6)

7)

Mustea,I,, Bara Adela. Petresou, I , and Bévéss.L» - Br*J»Gan@er.
1978, 37? Suppl . l I I , 159,

Mua tea, I . , Bara Adela, - Br#J«0anoer, JLS79, 40, 295»

Bara Adela, Mustea,I. , Fbstesau,X,D, -
in press»
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TABLE III - The effect of metronidazole and misoïiidazole on the
oxygen consumption and respiratory control (R ) of
liver mitochondria with <K -ketogluterate
substrate*

8
jjssssBsssasssssssss

îjcontrol
SJMisonidazoie t
!i- 10 mil

jj- 20 mM
liMe tronidaaolo t
}|- 10 inM

20
i!
I'sssssssassssasos

nAtO2/mln/mg protein r
With ADP added
(resp.state 3)

:3sas3a===ss=s=ss:

29.96 4 0.99

29,17 ± 1,76
25.70 4 1.07*'

33,78 4 2,17
34.63 4 1.10**
asasaassnaasxsBs

Without ADP
(resp.s ta te H

8.40 • 0.33

10,28 • 0.60

12.58 t 1.J2

10f89 • 0,82

o
/State
"state

1
0
II
11
n

3-57 + 0.12

2,81 +
2.04 +

3,20 4 0,25
•; s 2.93 4 0.25

sassasssssss:

KCL 50 oM9

-ketogiutarate

Composition of the reaotion medium t saooharose iy> mssi, &c
Trla.HCl buffer 20 mil pH 7.4, phosphate buffer 5 oil, SDTA-i
Mg0i2 2«5 mM» bovine serum albumin 1*2 mg/sample, & «°ketog
substrate 5 mil. When added, ADP 2 mil.
Mean + a.e, are indicated from 4 separate experiments £a ©eefe of
whicsh""4-5 replioate measurements were made.
x) Significant p < 0.05 I +) Sign 111 sent p < 0.01 • -

cats

Polarogrsphio registration "of
0-, oonsuioptlon in Khs-iieh

tumour eelIn

\\Ab ;
^û/WP

Orabfer^a effeot was
addition of 10""2M gluaose©

j r t i a l r@ieaae from the
•abtre© ©ffaofc «as obtained
/ adding 10 mM misouldasole
i* 10-4 ml SNP. £hrlioh tumour

oeil deaell j was 5 x 6

Eiectron-affinio radlosensitisers of h^poxio cells Interfax®

with cellular electron transport oarriers by providing an eieotron

shunt directly to ô grgen without yielding to a oorresponding ATP
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amount (Fig,**)8^'* TMa effect oould be rendered evident by en

izivrocre of oxygen consumption caused by a radiosensît iser in

ooi.in, mitochondria or miorosoniea whose oxygen consumption was

r>r< /iously inhibited in ci tea I - I I I with specific inhibi tors .

Aiming to achieve t es t conditions in the screening of the

baudet cei ls radioseneitizers for their biological effeota 1«-

por'-ïûnt? in predicting the level of aerobic toxici ty, we laves»

fcigsfiod the bypass effects comparatively in normal, t issue homo-

end tumour oelle inhibited «1th different inhibi tors t

(sifee I ) , Antimyoin A ( s i t e I I ) end K<2f ( s i t e I I I ) , In

purpoaa EAiTO have been prouved es & «or© adequate Material

acraal t i ssue , rendering evident th* bypass efface even

tec radioeenslfciaers with Ion electeron-affinltj (meferonidazoleg

5) . Tb& effioieno; of speoiflo inhibi tors for

the interference of bypoxlo ce l l rsdiosenait izers

\v:J;h the eieobron transport chain decreases in order g EON ^

&&tt:aL >Antimyain A (Sable VII)*

A quantitative relationship between the electron-effinlty

of «KB, rfIW, MIS» BÎAP and NDPP and their bypass offeofe could

b» o£;;ob.lished working on EATG «hose oxygen oonsujsption inkibi»

feed wifch l«-2 sM KGÈU

lhr'bh9Y&. ©8 a satisfactory correlation '«as found between

f'iia eie> ?on«t ijiit^ of above mentioned radiosensl t izers and

bofeh. fehc r bypaas effe@t we determined and the chronic aerobic

data reported by Adams e t al« '(Fig.6)«

-/ •! ,.^ p^j^ efe ai9 _ Can.J.Bioohem,, 1978, 56,

r.E. - Pharmac^her., 1980, 10, 283*

ï. et a l . - In t .J .Radiat .Biol . , 1979, 35» 151.



r



BRAIN

\KCN MET TIN MIS PNAP NDPP

13.17

Be lease from the Inhibition of oxygen
consumption in 2 mM KCN inhibited liver,
brain homogenates and EATO by various
radiosensitizers added successively in
order of their increased electron-
affinity.



of MIS and 1ST on the release from I n h i b i -
t ion of ox^GQn oonouap Ion caused by specif io
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,26(23)
.21

• 1 7
,94
.60
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ïnlH""

I

10
am

1
10
-

-

1

10
-

-

-

10
-

-

1
10
-

1
10
-

-1

(m'O
iLb'J? •

-

-

I

10
• »

-

I
10

! -
-

i
10

-

10

-

10

-

-
1

Release fron
• the inhibition

5
19
o
3

3

9
19
3
6

5

8,

1.
10.

1.

.99+,!
•03+p
.65+0
.09+0

.38^0
H,R

•
•24+p
,69+1

.63+0

.89+.0
N.R,

-

N.R,
.32+0,

N.R,
-

46*0,
39+2,
N.R,

92+0.

. 02

.67a

.40

»75

. 84

•35

. 7 ^
t30a

.71

.35
,
,49
•

»

0 9
83X

75

CO
C(6)

(5)
(5)

00
(5)
(5)
(4 )

(5)
1 (6)

(5)
(7)

(7)
(4)

(4)
(4)

(5)

(4)

(5)
(4)
(6)

;Vr.afcs represent the number of experiments
significant values for p<0.05 ;
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FIG»6. Dependence of the bypass ef at in EA5 J
determined In the present t »r ' • ) <JI 1
ohronlc aerobio oytotc lo l l » repo^ ;ed
by Adams et al* / lO/ ou one ieoteron
reduotlon potential iralues o£ Wardnan
and Olarka. Our results represent aaaa --- -
values of three separate déterminâtions*

The knowledge of hypoxio calls radiosensitlsers effeots

on the onorggr metabolisa has been prouved psrtioular^/ useful

in understanding some undesirable side offsets that limit the

extentton of these produota in human therapy* Though ocapoundfl

inhibiting the oxygen oonsumptlon are suitable for the radio»

sensibilisation of hypoxio oel ls in tumours and they enhanee

the response to radiation by increasing the tumour oxyganatlonc

our results showed that these compounds also produce a supple-

mentary oxygénation of normal tissues thus leading to possible

increase of their sensitivity to radiations»

Ci the other side, our investigations briefly presented

in this report are in aooord with the oppinlons stating the

mutabolio origin of aerobic oytotoxioity. Thus, besides the

c effect in oleotron transport chain, the oxydative phos- J
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phorylation uncoupling effect and the stimulation of ATPase ac-

t ivi ty, must be taken into consideration. These interactions

lead to an alteration of oôllular energy I ance explaining thus

the phenomena of aerobio toxioii;,> observée a expérimental studies

and ollnioal t r i a l s , as well.

We have shown that MIS displays biochemical properties spe-

oifio to the unoouplers of oxyd'soive phosphorylatJ.on compounds

fco develop neurofcoxioity .vnu damages in the nervous system '

Such ef foots wore also observed in dice following chronic
lu} "administration of MIS '#

In order to diminish the toxio effects in patients treated

with MIS a total dose not exceeding 12-15 g/»2 is now recommended

•3» i}
% or an aasoolation with hepâtio enzyme-inducing agents

(phenytoln, phenobarbitone) able to oause a rapid clearance of

the drus l 7» i 8» l 9 )
#

Our preliminary experimental data point-out that the aerobio

toxiolty of eleotron-tffinio radlosensièizers might be reduced

by « metabollo oontrol oonsisting la the otiaulation of the cell

energy netabolisa and the tissue redox equilibrium restoration
4

and we obtained unoourAging results*

' Rei68,D.8»j, Leaf ,M.B. and Saplv uein,7.f. - Abstr. int.Soo.
Neuroohem,, J97 , 7* U&,

' Spencer,P,£»., et a l . - Soienoe; 1 T^jt 2C4, 633,
*' Cammer,W# - Bioohem.Pharaao., 1 , 29, 15. • .
' Conroy.P.J. ot a l . t Int#J#Radi.; ncolor.7 F J^ .K 3.

1979, 5, Ç83..
Wiltshire,C. , et a l . - Br.J.Ua; r , 1978, . 7 , Su pi I ,
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