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ABSTRACT

Nitrofurazone (NF) alters the radiation chemistry

of nucleic acids in hypoxic aqueous sOluti~n. (14C_NF ),

labelled in the semicarbazone moiety, was found to bind in a

stable, covalent marmer to DNA, maximum binding occurring

under h¥poxic conditions. The nuclease plus alkaline phospha-
•

tase hydrolysate of the products formed with 14C- NF and DNA,
,

t-RNA, poly C, and poly U were analysed on a cation exchange

column (AG 50wx4) and on an anion, exchange column (Sephadex

DEAE A25), The mobilities of the adducts on these columns

suggested that they are neutral and acidic compounds.

Analysis of the nucleoside dige£t of (14C- NF )_poiy U, adducts

on DEAE anion exchange paper (with and without borate)

indicated that these products lack 'an intact ribose moiety.

Analysis of the' nucleositle and nucleotide digests of (14C_NF )_

poly U adducts by paper chromatography indicated nucleotide

like product~(according,to its'chromatographic behaviour),

and acidic products which appeared 'to b~ditferent from

bases, nucleosides ornucleotides. Similar analysis of uracil,

uridine , and 5'UMP after exposure to't-rays in the presence

of 14C- NF ,suggested n~cleotide~like products with ~he NF

molecule bound to the uracil base.

Experiments with (3H-Me)thymidine':'DNA and (~-Me)

thymidine showed the existance of thyminederi.xatives or

break-down products which did not contain radioactivity

iii
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from the 14c_NF . Paper chromatograpy of (2-14C)uracil -- ~)

radiolysis,products formed with and without NF showed NF<t~

enhance the yiBld of a compound tentatively identified as

uracil glycol. It is concluded t~t hydrolysates of the

products formed when 14C_NF reacts with irradiated poly

nucleotidep consist of a large number of compounds which

contain 14C and are therefore. likely to be adducts. These

can readily be se~arated.from,the normal nucleosides which

are also present but not from radiolysis products. Thus the

analytical. problem of isolating pure adduct remains a

formidable one.

The ability of NF to increase single-strand break,
(SSB) production in "Y-irradiated AnNA was demonstrated and

compared to NF binding to AnNA. Values of 0.64-1.08 were

found for the ratio of SSB / NF molecule b_ound.
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INTRODUCTION

. ~
Hypoxic Cell Radiose~sitizers in Radiotherapy

Cancer therapy is a mUltidisciplinary problem which

'includes radiotherapy as one of the major modes of treatment.

Although radiotherapy is of little help in controlling.w~de-
~

ly dissemina.ted disease, it can be used for curing localized
~.

neoplasms and eradicating m~croscopic metastases. However,

the success of radiotherapy may be limited by extremely

radiore'sistant neoplasms or by a tumour invading a very radio-,
sensitive normal tissue. In such cases it is impossible to

I

deliver a curative dose of radiation to the t-umour without

causing unacceptable damage to normal "tissue. Therefore,

many radiotherapy techniques are aimed at increasing the

vulperability difference between t-umour and normal 'tissue.

The advent of dose fractionation and the great,"

advances made in the potentiation of radiation beams have

greatly ,improved radiotherapy.
!

of a t-umoUr maystill.prove to

However, the radioresistance
o

be a problem. Though the

different radiosensitivities of t-umours mainly depend on the

radiosensitivities of their cells of

factors come into play. Finding ways

diated tissues has therefore become

a·

'.

1

origin, many othel

of sensitizing i~.a-- .~.
an important part Of~ .
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radiotherapy research (1,2).

The most potent'modifier of radiation response

known is the degree of oxygenation of the tissue at the time

'of irrad~ation. In fact, cells in a solid tumour are inacti

vated by ionizing r~diation according to a multi-component

survival curve Which is 'related to the variation in oxy-

gen concentration within the tumour (3). Cells irradiated

under well-oxygenated conditions are about three times more

sensitive than hypoxic cells (see Fig. 1). Such hypoxic cells

rarely exist in, well-organized normal tissues because the

vascular system is well enough developed to supply all cells

with ample amounts of oxygen (in fact, more than is needed

fot' sensitization). However, in tumours the rate of pro

duction of tumour cells may exceed the maximum rate of pro

duction of new blood vessels. The tumour cells push the ca

pillaries apart, and lntercapillarydistances bec~me too

great for maintenance of an adequate supply of nutrients.

Necrosis begins to develop about 150 microns'from the

capillaries, and'as the tumour grows so does the anoxic

center. ,Even very small tumours inay contain hypoxic cells

and the presence of even a small proportion of hypoxic
. ,

cells dramatically: increases the radiation dose needed to

cure tumours (2!4). Therefore, the presence of hypoxic

cells in tumours greatiy limits the success of radiotherapy

treatments, and. the search has been on ~or years on how to

overcome this problem. '..~.
•
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ROdiGtlon Dose (reidl)

Fig. 1. Survival of EMT6 tumor cells irradiated
in vitro under normal aeration (0),
and severe hypoxia (.).

(Taken ~rom K.A.Kennedy, B.A. Teicher, S.
Rockwell, A.C.Sartorelli: Biochem.
Pharmacol. £2, 1 (1980).) .
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