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MOOF ACTION OF AMIROTHICL RADIOFROTECTORS

Among, the chemicals which are known to protect living organisims
‘against jonising radiation there is cne group, the aninothiols, which

is cspecially effective, but despite numerous

apers dealing with the

mechanism of action having appearcd, there is still no single theory

=

cxplaining the prophylsctic actior of these, and other, compoundsl»2,3,

with fow exceptions, the nost effective aminothiols are those whose
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structures are closely related to that of cysteanine, HS-CHQCao Bily

The corresponding disulphides are usually eguall active, as arc cow- -
. i 4 : J (d ®

rounds which arc readily wetabolised te this type of conpound®,  Sume

o

general isations which appear fram consideration cf the structurcs of
these prophiylactics are: the amino and thiol groups must not be
separated by more than three carbon atoms?, a tree -5 group is reauired

since thiocthers are inactive’, alkylaticn of the amino group roduces,

Y

ut does not destroy, activityJ»S. Superimposcd on these requirements
are the subtle cffects comuon in pharmacology; thus, although cystelne
5 a protector, when the amino and thicl groups are interchanged the
preduct, isocysteine, is aot only a non-protector but actually sensitiscs
living organisms to the action of radiation¥, At the present time three
theories have heen thought to offer reasonable explanations, but nonc is
entirely satisfactory alencls3,.

The idea that the induction of hvpoxis or anoxia was the basis of
nrotection Tfollowed from the recognition of the Yoxygen effect--the
14 o o

preserce of oxygen during ilrradiatien increuses damage but without oxygen

hatural recovery cannot occur, Another wmechanism which has had wide

support was that thicls act by destroying the {rce radicals producad by

irradiationt0, The third hypothesis is that of 'mixed disulphide formation"’
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advanced by Pldjarn and Pin1t1,1Z, These workers helieve thet tﬁc thiol
groups of enzymes are the radiosensitive sites and argue thot pTOtCCﬁiV&

agents form transient mixed disulphides with the enzyne thiol grouns,

When a mixed disulnhide is attacked by a free radical one of the sulnkur
LS T

atons is reduced whilst the other is oxidised so that the damage is reduce!
by roughly cone-half.

e . . 2 a2 . oo, ' P N A v
there are impertant cr3t1c1st of ¢11 three LHCO.lcbla’, a conmion

veakness being that neither the structural requirenents nor the existenco

.

of apparently similar compounds which sensitise organisms to vadiation cun

<

be explai inedd3, Bvider tl! we are lacking some general unifying nrinciple
. g 4 ~r H k5

whiich would cnable tio known facts to be rationnlised and to J“flCﬁLL to

1

vhat extent, if any, the above mechonisus take part, What fellows is a

’

suggestion as to vhat this principie might be,
There is ample cvidence to show that DHA 1s the site of the primary
radiation damage in celisl4. The nature of the damage appears to be sinslc

strand breakage followed hy deletions and chemical erations of the tases

al
l +
together with dissociation of histones, if p“esentlg. The damage has been

postulated to be made good by a repair systonld and evidence for a mos

cfficient repair syston in b, radicdurans las recently been obtainedt/,

=

¢ existence of the veopair svstem is the first reauirement for the
mechanisa propq;ed in this paper,

¥e can assure that, in ord t0>bd£VlVL, a dividing ccll must suc-
cessfully replicate a set of nearly normal DNA, We can also agreé with
(}L_x-ild16 that if the 1eng;r system las an efficicency of the order of 05%,
then smull alterations in the velocity of repair could alter the amount

of residual damage by a factor of three or more, liowever, in cases whc*w
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the repair system is less cfficient, small changes in the repeir rate

alone have little effect and the relative rates of threce processes,

damace, repair and replication, become the governing factors, Crudels
9 { i H

vie may say that so long as the rate of repair is greater than the rates

of replication and damage the cell should survive., This criterion
breaks down, of course, when the rate of replication is so low as to

not replace essential enzymes which are themselves damaged by radiation,
The importance of relative rates is borne out by the dcpcndcnce of the
lethal radiation dose on the dose ratel8, This argument recuires that

the rates of repair and replication are independent of one another, and

there is some @unnort for this in the literaturcl¥, Tius, control of the

" three rate processes is 1oqu1rcd and we now consider how aminothiel

rrophylactics might bring about this coatrol in the cases of replication
and damage; there is insufficient knowledge of the repair process for 1t
to be considered at present.
hat survival will te favoured by decreasing both the
rate of damage apd the rate of replication. There is a simple mechanisn
which would cnable both these requiresments to be fulfilled--this is binding
to LNA,

If a substance binds to DNA the usual result is that the DA helix
is made more stable, Since DNA replication rcquifcs single strandvscpara-
tion=0, the replication rate wo 41d be reduced by this increased qLaF iity.
The mere presence of the binding agent, spart from tonding to prevent the
original breakege, would alse tend to ensure physically that a bresk in a
single strand would not icad to unravelling and consequent scéondary damage.

e v

There is suppert for this cenclusicn in the literature. Thus, histones



inhibit DNA dependent RNA and DNA synthesisZ(y2l) and deoxymucleoprotein

is less sensitive to donising radiation than DRA alone when acting as a

po
]
b
@
~
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for RNA thf wesisld,

Y

A feature comnon to niut01cs is the presence of a large mumber of
anino groups. This tOFOtnf” with the fact that aliphatic diamines are
’

knonn to bLind strangly to DHAZS, makes it clear that a wolecule with two

[

or more «nino groups is likely to bhing
> i

i

! to and stabilise any part of &

DNA helix not covered by histene. This conclusion has lcad to the dis-
covery that the disulphide forms of the aminothicl protecters also Lind
strongly to DiAZ4) which explain& the %PCClety of Loth the anino and

frec thiol grouns in these protcctors. For binding of this type to be

relevuant to protection, it is reauired that the disulphide fora of the
Py i }

prophylactic be the active one, but on this peint there is controversy

in the-liﬁc atured, The conflicting cyidanée would scem to reflect the
ease of reduction of the disulphide (the overall metabolic tendency) and
oxidation of thé thiol (the in vitro tendency).

Binding to DHRA is insufficient i itself to afford prétcction for
the aliphatic diamines, structurailylvcry similar to the protective
disulphides, are inactive. Bvidently_a disulphide 1ink is necessary,
and the reason for this may be closely related to the ca se of reduction
of the disulphide link in living tissue?, Certainly cystamine and
cadaverine have diffevent cfflects on RNA polymerasce under certain cir-
cumstances, for example2’?. Reduction of the ~5=5= bond would immediately

of the disulphide link is supported by the fact that di[cthylsminoet

sulphide, Lthile uvLPv’-“u” L“q-nnht i3 jnactive, thouph it should bind
$ > ® $ {a4
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s not been adeguately explained previcusly,
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cystanine, FtNH=ClsChy=S=8-Cl G MBEL 97, With this mech
y ’ 2 24
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nrocecd to consider to what .extent this hypot

aspects of prophylactic activity.

o £ H : e
sadn mind, we ney

as well as, and have half the scavenzing capacity of, the active dicthyl-

w©sis exnlains the more colvicus

Crie ¢f the most iImportant strectural requircments is that the amino

v

and thiol groups shiould ot be separated by more than three

The present hypothesis cxplains this by rcfcrrln" to the work of

'A
-
=1

, 2 . o
dehrotra® on the effcct of a se
welting tampereture (stability) of DNAL These workers found

stabilised only if the number of carbon atens betweon the two

-~

te

carbon atoms4sS,

““ch and

cs of normsl aliphatic diantines on the

3 v
m.mul

anino groups was between two and ten.  Stabilisa tion of the helix was

Zo
s

maximal with dianinopentsans and with diaminodecane 1uu fallgr

e

low level. Thus, when ten atoms are rresent in €
9 Ed

/

-

amino groups wo may expect very little cffect; ten intervening

o

a very

e chain between Lwo

atoms is

just the nwaber present in the first ron-active aminothiol in its disul-

The work o ‘ablv“ and Mehrotra revealad at certain di

capavle of binding to DNA with a resultant decrease in the stabil

(3]

the helix, The existence of “1wdaz 1 agents which destabilise

provides an explanation of the cxistence of sensitising agents 3

-lisation would lead to an increased rate of replicationdd so

nistekes arising from primary lesions would be incorporated.

amines arc

tha

th
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. Destabi-
1t wore

nsiti-

sation by compounds with structures very similar to those of protectors

-

Whoether a piven dlamine binds with stabilisation or des

is dependent on its detailed structure; we can say that the most Important

tal:ilisation

‘-
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factors governing

<.

this are the

interaction of the surrounding

centres in the bound moliccule.

solubility, it is not sur

/

protectors such as the l-cysteine

correlation botween

In view of the discovery

groups2?d
include

smme resul? would obtain if the
tector and @ thiol proup of the

nomally devoid of histone, and

develomment of damace after 2 primary

might alse provide & rationale §

. R U 3
wateYy with hydro
prising
Hro;cct‘vc canac
that his

, it is tempting to modify

Fldjarn and Pihl's theory of mixed disulphide ;OIﬂ1L16u.

ing agent, The attackhaent of
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entropy cffects associated with the
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that in a closely related
ester hydrochlorides there is a
wnterﬂsolubilityz.

tones do, in fact, cont

the hypothesis

nuclechistone: a portion of the DHA

therciore a likely position for th
lesion, would be stabilised

el 1ot
the pistons

pessible role of the
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or the difference b
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ffects also govern water
series of

goad

ain thiol
slightly in order to
" The

shide were fomed between the pro-

tself

1stones

otween protection in

masmmals and in bocteria, for the latter are not known &6 possess histones.

All three of

buting mechanisms, though the

8

fundasental mechanisin 1s al

mariscd below,

those “dr s of the BIA helix not covercd by histones,

Firstly,

loose ends resulting frow si:

the earlier theoriss

present nyw0110515 sugee

anrinothiols

apart frosm he

wle strand

~ts that
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binding

nay act by
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sccondary demage arising from shortening or chemical alteration is

vented.,  Secondly,

reauired. The nropased hvnq hesis is

thus remain admissable as contri-

more
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to and QitolllSLRQ

nrimary lesion, the

held in plece so that
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rocess can deal with alterationsbtefore they are replicated. Binding

of this type requires that the disulphide forwm of the yrotector is the

active onc and that the disulvhide is necessary for case of romoval,
so that repair and DN and KNA synthesis may proceed, This cnable

certain structural reouircements in the aninothiel protextors, and zlso

the coxiste

€]

nce cf radiosensitisers, to be explained,
The mechanism put forward in the obove discus sioz tlas appears to
raticnalise many facets of radionrotection whilst fitting in with cur-

rent view en DNA structure and functien. It is hoped that, in spite of

.

the difficulties which will couhtlc 3 be found, the general scheme will

rove to be valid and result in further undorstanding in this ficld,
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