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X~RAY 1:DUCRD CHROUSTE DiMAQT  IH  MaN.
Pvidence thit X-rays nn othar types of nuclear and allied

radiatien cause ehromosoms d.na-o La§ bren forthooming froz many

] years and has agoumulated from th. study of a variasty of plant and
animal tiseues (Lea 1956). From those studies it hsd beem
gonerally sssumned that the prolunotion of chromosone damage in man
was an important nechanisa in the establishment of the acute
elinionl affects of rediation exposure, and possibly also in the
causation of such delayed sffoets as the iniduetion of leuksesia
(Court-Brown and Doll, 1960),

As far as direct observutions on human tissues are concerned,
Fliednor and his colleegues (19%9), usinz simple squsash prepsrations
of bone marrow, noted evidencn of chromosons 'stiekinosa’, elumping

of chrososomes and anaphase bridge formation in a number of persons

o

sccidentally exposed to a2 mixed neutron-gamma ray beam, Bender (1957),
Pagk and hie oollesgues (1957) Chu and Giles (1959) have studied

the effsats of rediatiom exposurs .5 yitrq on human tissue sulture
preparstions, Only resently, hoviaver, has it bocors possidle to
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undertake serial studies of chrowosome changes in the direcotly
irradiated human being. Thie precsant eogmuniocation reports the
results of such studies in tvo patients given xeray tresatment for
snkylosing spomdylitis.
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The ehromesome preparations were sade from blood cultures
using an adaptatiem of the teaghnique of lungerford and his colleagues
(1959), the final spreading of the chromosores deing aghieved Wy
drying in air, ¥ith this technigue e« count of the chromosomes
in 205 eells from aix mermal sudjests showed 190 colls (92.68%) to
bave NS ehremewsses (Table 1). This proportion of modal oells did
net diffewr sigaifieamtly from thst in a study of 439 oells from
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gsixteen petients cue-eated of having ehronceo & adnsrmall’ ‘ea but

who were found %o h-va =opoprontly normal ksryotypes (Table 7),

W9 ealle hed o eount of 46 chromosomes (91,827) and variations from
thias modal numbor are c:onsidared iue -ainly to artefacte arising
during prepapration. Cour‘=iro-n, Jacodbs ani Doll (1960) Leave

discuneed th: esuees of vari:tion Trom the modal number in chromosome
counts/
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in the guality of the uraper:e fons, which hoe followed the intro-
duetion of the oreeent tochnique, is evident from the finding that
in 1602 eells fror- hone warros propurstions only. 85.02% had a eount
of 46 chromoasones, / snmperison of rhe count iistributions in

the pro-ex:.osure blood ermnlac from the two prilants cited below
with thc~a in Tablee 1 and 2, ahowe thoae distributions to be within

the normal rangs of values fou. the pregent teshmnique,

The two male patisnte studied wers given J(-rey treataent
for snkylosing spondylitia, The rirst patient rocaived treatment
to the whole longth of his spine en:i to his cagro-iliap Joints
batween 18/7/60 ani 29/7/60, r total skin dose of 1500 rads being
given in 10 equsl fraotions, In th» second putiant, the effeot
of a sinrle doss of X-rays, 25C rads to the skin ovser the epinal
column alone given on 10/8/50, was studied over a period of tem
daye by nerisal blood ¢:ltures, The {'iald arrangeacnis and the
X~pray physical charactieristioes nre unc m for Laoth pantiente &n
Fig. 1A and 1B,

Caells wera seleotd for counting proviided thust all the
small chromosomes (Nos. 13 to 2 ani the Y chromogome in the Denver
Classirication) were esszily identified, and in ovsry saelected oell
these were analysed, it w11l be seen from Tables 3 andt 4 that
polyprloid cells were noted in most H the preparations, These
polyploid oells are not included in th: shromosomse gounts as they
can be reocognised without a Je::ioue eount being mode, For
purposss of comparison, howaver, an zpproximate measure of the
frequency of polyplold. is indicated by th- fast that only two
wore noted during the study of the 694 cells listed in Tables 1 snd
2¢ The last technienl vpoint to be mentioned is that ons of the

coamon effects of radiu.ion waus the Hroduetion of cghromosone
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ensesss e fPAGRNENTS, 8NA 1N GUUNLLLY LU Vit VAU oUrew WU M tU Guvpy ven
the oonvantla‘lgr scoring a fragrment as Jhnhole shrowosome, Thus
a esll with 46 chionosones and » Tragment would e racorded os as
having 47 ohromosomss,

The effect & X-ray axposure on the ohro.osome gon-~
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sgtitution of esch patient 18 shown im Table 2 (the firat patient)
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and 4n Tadloe 4 (the second patiant),
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The 4data {rom the first patient show claearly that
a heavy scoumilated dose of X-rays produces consideradle
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ohromosome damape, This 1o shown both in sisnifisant changes

in the count dietribution and in a consideradle increasse in the
nusbers of cella oariying chromosones with struoturel abnormalities.
These latter sre of many types and no sttempt will be made to
descoribe than in this preliainary coomunicatiom; 1t is wérth

notin;-, however, that chromonome fregments are common and thas
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oconplex sbnoraalities such as ring chromoscres and dicentriocs
' are aecn'(Fizs. 2 and 3),
é The data from tha seeond patient are more infarmative,
A single X-ray exposure was given on 10/8/60, sni twentyfour hours

% later two significant changes had occurred. At this time the

peroentage of cells with 46 chromosoaes had fallen from 93 to 72)
and that of oella with structurally abnormal chromosones had risen £
from 1 to 22, The fall in the mofal oslls was due to a remarkable ?;
inoreass in tho numder of cells with 47 chromosomes, vhich rose ‘ ;i
froa 1% to 217, Puring the five daye from 12/8/60 until 17/8/60 |
six bleood oultures wore set up dut only four wers successful, and
of the lotter, those of 12/8/60 and 13/8/60 wer= of poor quality.
This partisl failurs itself may be associeoted with mome effegt of

LSRRI S . S
oY

irrediation, The unususlly low count of modal cells was still
thvet.
presant feur days after axposure, and on thdbfeufih»dar the pere
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' :oontagq;uf eells with chrouwoeo™s struotural abnormalities reached i
o maximm, ' . .. DOE ARCGHIVES, &
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Page 4.
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secssesssce s BY the dsy, however, the peroentage of modal
oells had returned to within normal limits,and remn-ir‘xmﬂd so, for
the rest o' the period of obseivation, Also the séstvh day marked
a dseline in the number of cells with structural abnormalities,
but even on the last two daya of observation these were present

in 9 to 10% of the oells,

In both patisnts unusual numders of polyploid eells

were seen, Perhaps the mosgt striking inerecee was that oecurring
twvantyfour hours after the X-ray exposure of the sesond patient,
At this time 11 polyploids were noted during theo finding and
eounting of 100 eells with dipleid or near-diploid numbers,

Findings simnilar to those reportad in this communiocatiom
have slso been noted by us in cases of chronis nyeloid lewRsemia
j following X-ray treatment, Theso will Ve discussed in a soperate
conaunieation (Baikie et al, in preperation).
In conclusion, the date indicate, us might be expected,
. that X-pays readily produce chrowosose dasage which oan de detested
in cultures of husan dlood cells. Nuch more work will be

negessary to achisve a fuller understanding of the patterm of the SN
ehanges, particulerly,the effoet of verying such physiesl psremeters |
@ of dose as the total dose and the dose~rete.  The extent of the
danage produced by a single doee of 250 rads, limited to the skin
‘ove? the spinal columm, gives grounds for hoping that the relatiom~
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ship boetwesn radiction dose and the extent of ehromesons damage in

Rea ney Do evaluated by direat observatiem ¢ver a wide range of dose, | ' ”
o sre indedted to Professor %, ¥o¥hirter and his staff '
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for ageess to patients under their care, and to liss N, Brunton anmd

: LecOe -

Karin ¥, Pucktom, “.c. “t. And,
neDe Baikie, HeBe Glasg. #.R.C.P.B.
7M. Court-Brown, M,R. Be%0. 8t. And,

M, .C. Clinical ®ffectis of Radiation
Research Unit,

Western Oeneral Nospital, T
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No. Sex Diagnosis. Total Cells
« 4l by 48 (¥ 57 Y] > h8 ® counted.
.15 X Arthrogryposis - Y - — 1= - 30
B,157 N Anophthalmia - - - n 2 - - 33
B.168 P S3pastic Diplegia - - 1 29 - - - 30
B3.169 N Pelger ~ Hust Anomaly - - 3 28 - - - n
3,170 F Pelger - Ruet Ancualy - - 2 27 1 - - 30
Bs176 N Rydroocephalus - 1l 3 26 1 - - n
”":}g? R Infertility - 1 1 22 - z - 2
B3 X Infertility - - 3 28 - - - 3
B,182 N Infertility - - 1 29 - - - 30
3,189 P Prisary Amsnorrhoes - - - 27 ) § - - 28
Bs190 P Testieular Peainisstiom - - " 26 1 - - n
B,194 N ? Narfan's Syndrome - 1 1 26 1 1 - 30
3,195 X ?Fanooni's Anaemis - - 1 30 - - - n
B,196 N ? Momgolism - - 2 29 1l - - 32
B,201 F Primary Amenorrhoes - - 1 28 1 - - 30
B, 224 T Primary Asnsmorrhoeg - - 2 44 1l - - 30
Totals - h 25 kb9 10 1 - &9
Per Cent. 0.” 5.11 91o52 2.0 0,20 lmQ“
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W4 40 b5 45 b7 L3 L8 sounted, ¥ Modal Cnlls.
P e r--..-—?-—"-—,,——-- ».-—f.»...—-—..,.. ..._.....r__..... .4.......-.__..--«-.&_... B T
2/ 1/60 : § : ' i
are—cxvcsure‘ 1y - 3’ ey N - 50 88
; i ! b 3
</1/6u 1 7} 33 6y 2 - 50 66 *
o Fso -oo- 7 3 2 1 3 50 ™
/8,60 L 1 . 7101 2 50 68
3/8/60 e ] S 1{ 1 - 50 86
R SO S

3

“HRQ¥OGD..E COUNTS,

Total cells

“h: slhangces in the proportion of modal and none-modnl gells found on 22}7

~ith the propoection in the counirol blood of 18/7/60 sre highly signifricant,

“-.".'BJ;COLI\'C’]J 2.e92 MQOQOOI’ 9.29 and <°om! 18.96 and Gotool'

‘% Cells with Chromosone

§i£B§§¥l§l_AEFQ§§§111*fg. Polyploids
4dodal Cell oells.
. L] 2 0
18 40
19 34 11
9 32
;w 16 18

{

ki

/60, 2/8/60 anda 12/8/60 by com.arisom

T! » value of X° and P (p=1) ere

|
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TABLE 4y CHROMTOUZ _DATAfrom the SNIQD PATITNT,
|
CHROMOSOSE  COUFTS. Total Cells i 1 % Gells with Chromoeome Polyplowde

S a4 45 46 47 W8 > L8 | 5 ¥odul Cells oY Gells Terrepioidp
10/8/60 i T | B ?
pre-exnosure) | - - | 5 93 1 - 1 100 i 93 0 | } |

!

11/8/60 1 1 wf 72 |ma |1 - 109 72 7 22 1
1. /60 1{ - 3! 27 |y | -t - ‘ 35 77 w2 1
13/8/60 - - 1y 19 2 3 v l 27 ! 70 27 41 o
15/8/60 - - 2| 90 6 1 1 100 90 n 16 3
17/8/60 - - 31 93 2 1 1 100 93 6 11 0
19/8/60 - 2 3 89 i - 2 100 89 L L 10 6
21/8/60 - - 1y 90 |9 |~ | -] 100 9¢ 2 9 8

-
1

The cheanges in the preportiom of nodal and non-modal cells found on 11/8/63_ 12/8/60 and 13/8/60 Wy eomparison

with the proportion in the conirol blood of 10/8/60 are highly eignificant. | mng wvajuss of 2 and P (n-1) are

resne~tively 67.74 snd <0,001,

13,52 and 0,901, 21,24 snd 0,001,
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