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ENGANGEMENT OF THE RADIATION LETHAL EFFECT ON HYPOXIC CANCER
CELIS BY NITROHETEROCYCLIG COMFOUNDS

IAEA Researach concraothyo.1691/RB a5 part of the coordinated

———

research programnme on "Improvement in radiotherapy of oancer using

modifiers of radiosensitivity of oella®.

Chief solentifio investigator i Prof;nr;lon Kiriouta, I;D.,
director of the Qnoologioal Institute, Cluj-Napooa, Romania ;
oantrib?tora ¢ I.Mustea, Adela Bara, I;D.Pbstosou. Rodlioa Gomes
and G.D.OLinie,

The investigations carried out in eur Institute were fooused

’ on tho following uubaont. ]
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The, possibilities to enhanoe the ionising radiations lethel

~ effgob on h;v_wlo .0ells by chemicals gain more and more intareat,

~ This explajns. the inoreased number of investigations oonoerning

a wide nrut;r o¥:.oompounds oxpntod as being potential radio-

nnnui.sorl.
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Aining %o 2ind new rediosonsitizing agents with lew toxioclty
and good solubllity in water we obtalned and oharacterited the

following compounds 1

J~(hydroxye thyil=2 '=phosphate)~2=methyleS-nitroimidazols,
dipotessium salt, (MNP), (L)

1-methyl-#-nitroiuldazole~S-one, sodium salt, (MND), (2)
auhydron-&-nitro-u.5-dl.hydrobh;ll.n0, (El‘!), (})-

| BRI,
| oan[_ )\0&5 '. 9/ } d"\.i 3

UHz-“ﬂz""\o o "‘3 J | SR e
. '?,_‘ '.l?ha synt:hosea ot 'mr and m mro anb:oots of twe romhu
w'pahtﬁncs. and MNI was obtalnod as dzsoribod in 1literature, !ho
main physioo-ohens.oai and phnmoologinl. proporuon of these
cnmpounda are l.islsad in ﬂ‘ablo I. 4
A:u. t:hroo compounds’ are aol.ub;l.o in utor and have low

i;oxi.cibies (LD5° 19503565 ns/k?) . The one elestron roduqtion
po*:entigls (E?)(detormlnatil.ox‘zs effected at the Gray Laboratory,
Ingland, by courtesy of Dr.P.Wardman) indloated for MNI and HNT

values more positive (~452 and -456 vV, respectively) than that
| £ metronidazole,:-susseat:l.ng from this point of view that these

two compounds might be oconsidered as potential radiosensitizing
agents,

In order to extend the study of the influence of various
heteronuclel and different chemical nelghbourhoods as well on

the radiosensitlzing properties & series of ten other nitrohetero-
aromatlo compounds (4 -~ L3) were sent to Dr;Shenoy at Bhabha
Atomic Ressarch Center, Trombay, Bombay, India, they following

to be tested on baoteria for eveni;qal radiosensitizing effeots ;

S-nitrouracil (&)
4 ,6~dihy droxy=S-nitropyrimidine (5)
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2-amino-4-hydroxy-5-nitro~6-methylpyridine (&)

2-a06 ty lanino~d=hydroxy=5-nitro=6~nethylpyridine (2)

h-nitropyridine-N-oxide (8)

2-hydroxy~S-nitropyridine (9)

2-gmino~-S-nitropyridine (10)

4 ,6~dime thoxy=5-nitropyridine (l1)

2-nitro-3=-hydroxypyridins (12)

5-n11;ro-6=-hydz;oxwehymine (13,

Compounds 4 -~ 2, 10, i1 and 13 wero‘s‘,ynthetized acoording
with literature j compc. .ds 8, 9 and 12 were purchased from
Aldrich Co, (Eurcpe),

Dro.Shenoy probably will be informing us sbout the results
of these investigsations,

Refering again to compeounds A L~ 3, the exparincnte on
hypoxio cells V 79 (effected at Dr.Révéas Leboratory, Bedioblo-
logy Unit, Inatitute for Tumour Bilolegy, Karelinoke Institutet,

Stockholm, Swedep¥ showed that MNI m@ HE? have no z'aaﬁ.@mensﬂ,w

= tizing effect whereas M¥P diupuso& @n eénhancement ratie (Eea)
" of LeA7 (at 8 n\l) but lower-~then in oaee of paraue senpound,

metronidazole (E.R = Losj)u The deoressed aannuinuen ma

o nheod to a degreazed one Q&ooem reduoticn pomms!,a& angd

ooctanol/water parsikion ascefficlamt,

tumour_coirs®,
The mioronucieus assay =a&@ adapted Lfeor the estimstion of
the "in vivo“ effeat of misonidazole onm the insidenos of mioro-

nuolei in lrradiae'ed Ehrlich asoites btumour sells.

1 I.D.Ratosou ok 81., St;rahlenth@rapio, &9‘?9. 155, 1W9.
2) 0liniet,8.D., Mustes,I. - Int.J.Radiat.Biol., L978,34,589-5G5,
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Our results showed that pretreatment with misonidazcle
0.5 mg/g body weight, 30 min. prior to irradietion in Ehrlich
ascite bearing miocs, induced an inaereese in the inocidenc: of
mioronuclel as compared with Ghe group 0o: . iining anim 1
treated only by irradiation (Figel). The « Pferenoce betwsen
irradiated controls and miscnidazols prebtruated and irradiated
mioce was more proncunce. at higher doses of radiation (400 R)
8 faot that is : agreen .t with the data of Réuiéss” regarding
the dependsncees « the radi.sensitizing effect o2 some electrom=

affinio compounc. on the radiatior dose,
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Bffeot of mlsonidesole on tho inoldence of - J
nicronusleld in Ehriich sseion tumour=gells - :
irradiated with diffexrent dosos of redietion, '

The misronueleus test, rather simplo and quickly porfornod -
-may be an uwseful Yool im. the “in vive"” Gosbing of elestron-

A affinie ecmpounds as potentisl mdzl@@@m@ﬂ,@imexs. .

L)) Révéss Loy, 1975 = 4ddvancss in Ghemieal R@diosmsitiﬁéﬁim
(Vienna ; Internationai Atomie Energy Agency), PeS55.
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I1I. Interferences of hypoxic cells radiosensitizers
with the energy generating pathways

A partioular interest we afforded to the knowledzs of the

effeots of hypoxio cells radiosensitizers on the cellular ener-
gotic metabolism, this alming to a better understanding of the
possible mechanisms involved in aerobic toxiolty induced by
these oompounds;

The aerobio boxioibj seems A8 being the maior limiting
faotor in the using of large doses of radiosemsitizers required
for obtaining significant therapeutio afrioienoy;

The following aspects of onergy metabolism alterations in
the presence of radiosensaitizers were approsched :

a) "in vitro" oxygen utiliszation

b) oxygen partial tension in muscle tianu;a

o) uncoupling effeot of oxydative phosphorilation

T d) bypass otfgot in electron~tranaport ohain;

| Our results oonduoted to the following comolusicns s

a) "In_vitro® oxygen utiliszation

=% . Both metronidasols and miscnidasols at conoentrations of

'fﬁﬂftfﬁﬁi’lo'a - 100N ahow;d an inhibitory effeet on Ghe oxygen utilist-

h . tion ratio in mice tisaue homogenates (Zablo II); The inhibition
was higher in liver and heart;

b) Oxygen_partial tension in musole tissue

Hebronidaaole end misonidazole, both &% cgnoentrations eof
0.3 or 0.6 mng/g body weight caused an inoreased of the oxy gen
partisl tension in leg musole of mioe with a factor of 2 = 2,5
and 4.5 - 5 , respectively (Fig.a)q) These faotors were saored
from polarographiocal measurements of the oxygen diffusion ourrant;

5) Bara Adela, Mustea,I., - Radiobiol.Radicther,,1980,21,453,
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v or treatment with dextran (Table 71)7)
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—+— CONTROL, SAUNE

~—o~~ MEIRONIDAZXE Q3mg/y(73 —o— MISONIDAZOLE O3 mg/fr(8)

~=o=~ METRONIDAZOLE BE mg/(8)  ——aeITISONIDAZOLE Q6 mg/ 7 (8)
I reawtses .

500 -

f

r°4)

8
S

OXVGEN DIFFUSION CURRENT

S 0 5 J0 45 ) 75
TIME AFTER DRUGS ADMINISTRATION ( mo)

E;G,ag Effeots of metronidazole and misonidazole an
oxygen diffusion current in hind leg musol.e
of NMRI mice breathing air. The mean value of
the ourrent dbefore dr administration was
arbitrarly. considered %e¢ Numbers in
brackots = no.of animals uaed.

>

o) Unoougl_.j.ng effeot of oxydative phospho g lation
Bypoxlo oel.!.n racuosensuinra with ouotron-afrmw.

17 eonparabl.o or noro poau:ln then nuonldnou induced offects
a:l.ml.l.or eo bho tmoouplors of owdnt:l.va phopnhor.v.lﬂuon as. the
d.oorouo o:t roapinbor,y oonbroi ot l.l.vor ul.toohondru in: n&nu
p.‘lg (Table 111)5) the rolease from the Crabtres effeck indused
by addu.i.on of e.luoon !.n mnoh asoites tumour oells (Hz.}g
"-Dable xv.V)5'7’_ eud the ‘stinulation of ATP-sse activity in
Ehru.ch ascites tumour oslls rondered pormabu by sonication

5) Mustea,Il., Bara Adela, Pstresou, I, and Révész.h. - Br.Jocan@er,
1978, 37. Suppl.III, Is9, |

6 yustea,I., Bara Adela, - Br.J.Oanoar, 1979, 40, 295,

) Bara Adela, Mustea,X., Poatesou,I.D, = ms.J.Radiat.Biol..
in presso
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PABLE III - The effecet of metronidazole and misonidazeole on the
oxygen consunption and respiratory control (Rc} of
liver mitochcndria with ™ ~ketoglutarate

substrate.
Egz-.——::-———-: —————————————————————————————————————— r ———————————— B
|. ENSITIZER nAtOE/min/mg protein R o i
{ With ADP added | Without ADP (B
] (resp.state 3) (resp.state 4) i
"-.:=============LT==3============= ===========::::::i::::;:::::::;:z:ﬂ
hcontrol 29.96 # 0.99 8.40 ¢ 0,33 3.57 + 0.12 y
Wisonidazole . . . ) ‘ - x)ﬁ
- 20 M 25,70 £ 1.07%) | 12,56 ¢ 1.12 +)] 2.04 4 0,155
iiMe tronidazoles . : . . , -8
g- 20 mM 30063 & 1,10 | 11,83 £ 0.75 4. 2.93 ¢ 6.25 1
:|=======z=m=======h=a==azz=n==z:=szL:a:s::z:z -3 -3 e N =======ﬂd§g

Composition of the reaction medium s saocharose 175 mi, ECL 50 nl,
Tris.HClL buffer 20 mM pH 7.4, phosphate buffer 5 nM, EDTA-E O.5xl,
MgClp 2.5 mM, bovine serum albumin 1«2 mg/sample, X —ketoglutarate
substrate 5 mM, When added, ADP 2 nM,

Mean & 8.6, are indicated from 4 separate experiments iw eeck of
which 4=5 repliocate measursments were made, )

x) Signifioant p < 0.05 § +) Bignifiecant p < 0,01 .
CELS ' ST

L
G INOUCTION OF Tig .
& o ireer 0 A0 BIG,3e

M ELvcozg
purna ReLsadm Polesrographlio registration of
a FRoN THE CRuMTRG 0, consumption in Ehvlioh
MM - : Joltes tumour celln suspsnded

AL : glucose-free Tyrode msdius,

& Crabtreed effect was indusced
addition of 10-<M gluinsee
irtlal release from the
o & & rabtree effaeot was obtained
¢y >Q5 >4, N A / add&ng 10 m¥ wmisonidszole
< e r 10=* mM DNP, Ehriich tumcur
gell density was 5 x 105/ml,

d) Bypass effeot in the slectron-transport chain
‘ Electron~affinio radlosensitizers of hypoxic cellis interfare
with oellular electron transport ocarriers by providing an elestrom

shunt directly to oxygen without yielding to a eorresponding ATP
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armounk (Fig.u) 9'. This effeot oould be rendered evident by an
inorcose of oxygen oohsumption caused by & radiosensitizer in
eolla, mitochondria or miorosomes whose oxygen consumption was
nr vicusly inhlbited in sites I-III with specifio inhibitore;

Alming to achieve Gest conditioné in the screening of the
hynewin cells radiosensitizers for thelr biologioal effeots ip~
pocicnt in predicting the level of serobis toxicity, we inves-
tigahod the bypass effect comparatively in normel tissue homo-
giwmntas end tumour cells inhibited with different inhibitors ¢
Amibal (elte I), Antimyoin 4 (site II) and KG¥ (site III). In
this purpese EATG have been prouved es g more adequate materisl
nnan nerma@ftiasno, rendering evident the bypass effeot even
for radiosensitizers with low elecbron-affinity (metronidazole,
tin;dazole)(Figisjllmhe effiolency of speoifie inhibiters for
avélugtiné 85e interference of hypoxie cell rediocsemsitizers
with the é;éqbron trensport ohain deoreases in order s KCN =>
Axitai > Antimyoin A (Table VII).

. A guantitative relationship between the electron-~effinity
of MY, TIN, MIS, PNAP and NDPPF and their bypass effect could
be eaiablished working on EATG whose oxygen consumption inhibi-
ied with l«vam'KGN;

f.-therr - e, a satlsfactory correlation sas found between
ha ele. ron-=t inity of above mentioned redliosensitizers snd
bogh the - bypass effesl we determined and the ohronio gerobiec
nytotoxicity data reported by Adams et al;lo)(rig;s);

ot

g .,‘,.,‘;I,Z';f_.i“‘-'()fL"bhgp‘l‘Jo et al. - GanoJoBiOQhemo’ &9789 569 “57.
7 BL&3lov;JeEe = Pharmao.mher,, 1980, 10, 283,
) Adass, G Ee 0b ale = Inb.J.Radiab.Biol.. 1979, 35, 151-

ety - wmameape.
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BRAIN

KCN MET TIN MIS PNAP NDPP

0.00 | 0.00 {0.69 2147

] 2NV fo—

Release from the inhibition of oxygen
consumption in 2 mM KON inhibited liver,
brain homogenates and FATGC by variocus
radiosensitizers added successively in
ordsr of -their ilncreased electron-
affinity.
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FU - Nffents of MIS and VET on the release from inhibl-
tion of oxygen consuzp’ lon caused by specifio i

':'Jl,'ﬁib 2i; S5 gaiN

et
Y .
.

ombrasin. | Tnhibition |Comeentratlon |Relesse from
apeoif ol nyyrnn »f radiosensi~| the inklbiticn
ke st Y conounpbels tizer (M) % .
T CESE nlS AN
by @A )
.- ~—‘ ;:-_-;‘f—%’:;:-.‘:;::: B R S S S LR P F e P R g
bl - —~ | B2,00(20) - - -,
D § = |- ] 80.81 1 - 5.9941,02 (8)
A e - 10 | = [19,0330,67F (6)
My f e = | B3,38 - i 046540,40 (5)
- | = | 80,82 - 10 3,090,753 (5)
| 0,05] ~ | 79.51(18) - - L - g
0405} = 80,06 - o - 3.9740,83 (&) |
TO04UE | ~ | B4L4B 1 0] - 3.8840435 (5) !
051 = | 77,49 - L KRy (5)
05 = [ 75,28 - 10 NeRe - (4) |
- | 1} 95,26(23) - - .-, !
1| 95021 1 - 942840,76* (5) |
1| 95,17 10 - | 19,69+1,3% (6)
1| 94498 1 - 1 341740471 (5) |
: 1] 95.60 - 10 6,63:0.35 (7) |
o i = =] 8L,12(10) - - . -, ?
bao b = | =] 82493 0 | - 5.89¢0,49 (7) |
P w =] 77495 - 10 NeRe  (#)
0.,05| = | 59,21(13) - - - .
g 0005 - 59043 1 o NoRo (“)
i 0a05) = | 65440 10 - 803240429 (4)
[ 0.05{ - | 61,30 - 10 N.R, (5)
§ 2 | 92,66(19) - - .-
| 2 3467 1 - 1,4620,09 {(4)
5 2| 1L,78 10 - 10.3942,83% (5)
; 2 { 91,89 - 1 . NoR, (4)
z Jz 93420 - 10 ] 1.9240.75 (6)
v .4.:.'@-?.:::::‘:.;:::;‘::::::::::::==5======: e A T T 3 L L H

o Linackets represent the number of experizants ;
~eiio oally sipgnificant values for p< 0,05 ;
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FIG,6, Dependence of the bypass ef ot in EAT ]
determined in the present | r ¢,) a i
chronic aerobloc O{gotc ioit '¢) repo. .ed
by Adams et al. /10/ ¢i one Leotron
reduotion potential values of Wardman
egnd Qlarks, Our resulis represent mean-- - —-
values of three separate determinations,

The knowledge of hypoxioc cells radiosensitizers effeots
on the energy metebolisa hes been prouved partioculariy useful
in understanding some undesirable side offocts that limit the
extention of these produsts in human cherapy; Though ccmpounds
inhibiting the oxygen oonsumption are suitable for the radio-
sensibiiization of hypoxic ocells in tumours and they enhance
the response to radiation by inoreasing the tumoﬁr oxygenation
our resulte showed that these ocompounde also produce a supple- ‘
mentary oxyeonstion of normal tissues thus leading to possibie |
inorease of their sensitivity to radietions,

C: the other slde, ocur investigations briefly prescnted
in this repert are in accord with the oppinions stating the
wmetabolle origin of acroblo aytotoxicity. Thus, besides the
bypass effeot in eleotron transport chain, the oxydative phos-
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phoryiacion unooupling effect and the stimulation of ATPase ac-
tivity, must be taken into conslderation. These interactions
lead to an alteration of osllular energy | uncge explaining thus

the phenomena of aerobio toxici Ly observec d experimental studies . |

and olinioal trisls, as. well. ,
We Luave shown that MIS di:plays blocherical properties spe-

oifie to the uncouplers of oxydisive phosphorylation compounds
11,

knovn to develop neurctoxioity «nu damages in the nurvous system
l2’”'). Such effeots were also observed in mice following chronio

" edministration of MIsM®),

In order to diminish the toxio effecta in patients treated
with MIS a total dose not exceeding 12-15 g/m is now recommended

— A

15, ’). or an assooiation with hepatio enzyme~inducing agents

(phenytoin, phenobarbitone) able to cause a rapid olearance of
the dru817'18’19)o a

Our preliminary experimental data point-out thab the aerobic
_ toxioity of eleotron-affinic radiosensitizers might be reduced
: by a metabolio oontrol oconsisting in the stimulation of the cell
energy metabolism and the tissue ro?ox equilibrium restoration

and we obtained uncoursaging iasules.
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