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INTRODUCTICN
Humanse are being exposed to a wide variety of

environmental chemicals that are mutagens or carcino-

E2n3 (Hiatt _E_t iLc, lg??):

Mutation is ong of the most fundsamertial proper—
ties of the gene, 4sccording to Watsen-Grick model
{1953) the DHA molccule consists of a complementary
pair of poly nucleotide chains, held together by hyd-
rogen bonds betweer adjacent purines and pyrimidines.
The entire molecule can thus te pictured as a limear
sequence of nucleotide pairs, the exact order of these
pairs forms a code whick contains the information nece-
ssary to govern the specific function of the c¢ell.
Any permsnent alteration in the sequence of the nuce—
leotide pairs would, according to this model, consti-
tute a mutation. Therelore, studies of mutation are
of great importance ii the understanding of the nature

of the genetic matcrial and ites function.

110.000 out of 550.000 deaths recorded in England
and Wales are ascrinsd to the large of neoplastic dis—

sases, characterized by the growth of new abnormal body
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tigssues knwon as cancers 4lso, 210,000 deaths of the
recorded aases due toc the diseases of the circulatory
system and only abouv 4.000 cases are due to the infe-

ctive and parasitic diseases in the recent years,

The distribution «f some forms of cancer is very
far fron wmiform. Yor example, scme counties 1In Wales
show rates of stomzch cancer sbout double those in
counties of South-Rast England, while the reverse sit—-
ration is found in the case of bladder cancers Such
differences are however, very small compared with
these found on a world scale, where areas of high and
low cancer incidence differ by a factor of 10 for a
number of cancers and sven 1L0OCU for primary liver

Carnc el

Local differences can bs very marked, particul-
arly in relatively undeveloped areas with little move~-
ment of population and with largely local sources of
food, but highly developed countries also differ
greatly among themselves in their cancer patterns.
Very high incidence of stomach cancer and the relati-

vely low incidence of breast cancer in Japan, compared
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with the United States and soms countries of Western
Burope « France sbhowed a ilower rate of stomach cancer
and much higher rats of ocesophageal cancer compared
with West Germany, aad the extremely high rate of

lung cancer in Britain.

Cancer incidence can also change markedly with
time. In Britain, a8 in various other industriali-
zed coutries, the most spectacular change has been
the long continued increass in cancer of lung and
bronchi. Deaths in England and Wales from this cause
have been increasing by about 90C annually and now
account for nearly four Gtimes the number of deaths

atitrivutable o road accidents.

With such diff<erences in cancer patterns it now
scems inescapable that much cancer must have environ=—
mental causes which vary greatly from place to place
and also with time, and the formerly widespread view
of cancer as souc thing inevitable has been giving
way to a belief that 804 or more of human cancer is
environmental and it should, at least theoretically,

be possibile to prevent it.
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0f the hundreds of known chemical carcinogené s
g small number were originally identified through
being causes of humanr cancer and the rest as a result
of tests in experimental animals. To find cub if a
compeound is carcincgenic, LHests in animels are still
essential, and arc comzorly mads using rats and mice.
Strong carcinogens are relatively easy to detect.
Weak carcinogens, which may still, be important if
present in the snviromment, hard to deteet because
of the small numbers of tumours incluced even by pro-
ionged treatment and the need to distinguish these

from spontanous tumnourss.

If appropiate bests show a2 compound tc be carcie
nogenic in an experimental animal it is prudent to
asgume it will all e carcinogenic in man, bub nar-
ked species differences have been found in the bio-
ligical behaviour of forisgn compounds. The important
carcinogen 2-naphthylarine, for example, induces bls=-
dder tumours in men znd doge but liver tumours in mice,
breast btumours in ome strain of rat and is imzctive

in rabbits.
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Chemical carcincegencsis 18 a slow process rels-
ted, at least roughly, to the 1ife-span of the spe-—~
cles concerned. The bime betwesn exposure to an indu-
strial carcinogen and the appearance of eancer may

e under 5 or even 40 ycars.

There is considerable evidence that a larse mro-
porticon of human canccr may ove caused by exposure To
toxice chemicals in the enviromment, very few of which
have been tested for corcinogenicity or mutagenicity

» A number of rapid in vitro

(McCam et al., 1875
-d—--._q_,
systems for detecting ticse chemicals have been deve-

loped (Hiatt, =% al., 1977).

The purpose of The present investigabion is an
atbtempt to determine the mutagenicity and carcinoge-
nicity of cyclohexancne which is commonly used as a

solvent for many pesbleides, in Bacillus subtilis.
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An igesl test of The rutation hypothesis would
to show by dirsct base secusenee analysis that in the
DNA from a geng which has suffered a single mutation,
Just one specific base-paly has been subatituted by
ancthe re DSince this is tecimically impossible at
present ong must resort to indirect methods. Among
the most promising of Tthsez is the use of certain
groups of chemicals waolch are not only highly mubage~
nic but are also mown to intereact with the purine
and pyrimidine bases of DEA in very specific ways.
Phese chemicals fall into three main categorics.,
These ars the base analogues which can replace ths nor-
mal bases of DA during replication, substances which
chemically alter the bases of resting DNA, and those

whose action ig2 to remove DA basces.
1) Base analogues:

These are close analogues, of normal nucleie
acid bascs which are, or caa reasonably be expected
to be; incorporated into LITA withcout destroying its

capacity for replication., However, because, the
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analogue differs from the rncrmal base in the distri-
ution or siability of its aydrogen atom, it has a
greater tendency than rorpel to improper pairing.

The most potent mutazens amons the base analogues are
S5-bromouracil {(ZU) andi 5-bromodeoxyuridine which are
analogues of thymins in which the methyl group at

the 5 posibion is substituted by a bromine atom, and
2=aminopurine {AP) which ic similar to adenine except
that the amine group is ztr-ached to the 2, instead of
the G-—position.

5 bromouracil 1is incoporatsd into the DNA of
both bacteria and hage, replacing thymine guantitati-
vely, so that a proportion of &4~T base palr is repla=-
ced by A-BY pairs. Its mutagsnic behaviour was thought
to reflect its greater prozalility than thymine of
accidentally pairi,.; with guanine, due to unstabili-
sation of its hydrogen atom® by the bromine atom
which has a higher electronegativity than the subs-
tituted methyl group (Freese, 1959 a).,
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2} Bubstances whose chemical action alters the nucleic

acid bascs of resting DNA:

The most ilmporbant of these substances is nitrous
acid (EE‘TDE)_, Unlike base aznzlogues whose mubtagenic
action depends in their incorporation durins DHA rép—
lication, nitrous acld is highly mutagenic not only
for free phage particles (Tessmens 1959 , Vielmetter
and Schuster, 1960, sautz-—Freese and Freese, 1961)
but also for isolatsd DHA in pneumococcal transfor-
mation (Litmann & Ephrussi-Taylor, 1952) and for pur-
ified RIA derived from tobacco mosaic virus (Mundry
and Gierer, 1958)7. Jitous acid acts directly on

nucleic acids by exidatively deaminating thelr bases.

3) Substances or treaiments wiich remove bases from

DelTeAs

The most important of thesc are the alkylating
agents whichk inciude the sulphur and nitregen nustards
and ethylene oxides, ad well as much more and much
less toxic mutagens as ethylethane sulphonate (L.B.S)

and ethyl methane sulphcnate (B..5) (Loveless, 1958,
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