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during the reciprocal translocational may have carried a 
locus modifying recombination, thus the intact Y will 
prevent crossing-over. This may be further verified by the 
presence of a banding pattern found on the Y-chromosome 
of a wild-type strain with a normal XY complement in the 
male 8. 
Sullivan 4 indicated that recombination, in test crosses, of 
heterozygous males may be due to factors (nondisjmaction) 
other than crossing-over. Hiroyoshi 7 agrees with Sullivan ~, 
while Tsukamoto considers that crossing-over does not 
occur in the male housefly. The high recombination fre- 
quencies found in the test crosses involving the heterozy- 
gous KIN males are most readily explained as being due to 
crossing-over. Furthermore, these high values, plus the fact 
that autosome II was the autosome exhibiting recombina- 
tion in the male, indicate that a reevaluation of recombina- 
tion in male houseflies is required, involving a more 

detailed study of the occurrence of recombination for 
autosomes I, IV and V. It now seems inadequate to base the 
system of recombination in male houseflies on the model of 
the Drosophila male. 
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Chromosome aberrations in in vitro irradiated lymphocytes from human cord blood 
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Summary. An in vitro dose effect curve of dicentric chromosome aberrations in human cord blood lymphocytes has been 
obtained for 250-kV X-rays. This is compared with a curve prepared in an identical manner using blood from adults. The 
comparison shows a marginally higher dicentric yield in blood of newborns at doses above about 250 rads. 

There is a suggestion in the literature that when a peripher- 
al blood sample from a child (< 1 year) is irradiated 
in vitro the induced yield of dicentric chromosome aberra- 
tions is significantly higher than when the same dose is 
given to adult blood. The evidence is somewhat contradic- 
tory and comes from 3 studies 2-4 of interdonor variability 
using samples from people ranging in age from newborns 
(cord blood) to 100 years. Each investigation used a single 
radiation dose and none examined the dose effect relation- 
ship for young children's blood in more detail. 
In the present paper a dose response curve for dicentric 
chromosome aberrations is presented for cord blood and is 
compared with a curve previously produced in this labora- 
tory using adult's blood. 
Materials and methods. Blood samples from the umbilical 
cords of 12 healthy babies were received into 10 ml sterile 
heparin tubes (Stayne) in which they were exposed to 
X-radiation. The samples were taken following normal 
pregnancies in which no drugs or radiation were received 

by the mothers and the births were full term and spon- 
taneous. The blood was irradiated at 37 ~ with various 
doses (see table 1) of 250-kV X-rays HVL 1.2 mm copper, 
at a dose rate of 100 rad per min. After irradiation the 
lymphocytes were separated and cultured for 48 h in a 
mixture containing 4 ml Eagle's basal medium (Wellcome), 
1 ml bovine serum (Difco), 0.15 ml reconstituted phytohe- 
magglutinin (Wellcome) and the buffy coat derived from 
1 ml of blood. After 45 h 0.1 ml of colcemid (200 gg/ml) 
(Ciba) was added. Microscope slides prepared from cul- 
tures by a standard technique were stained in orcein 
(Harleco) and analyzed for dicentric, centric ring and 
acentric chromosome aberrations. Full details of the 
methods for culturing and fixing cells and of the criteria 
used in aberration analysis have been published elsewhere 5. 
The aberration yields for adult blood used in the present 
comparison have been published elsewhere 6. Apart from 
not being performed at the same time the exposure and 
culture conditions were identical. We have considerable 
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Dicentric yield plotted against radiation dose for adult 
blood (open symbols and dashed line) and cord blood (solid 
symbols and line) and fitted to the function Y=aD+flD 2. 
The shaded areas indicate 1 SE. 
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Table 1. Unstable chromosome aberration yields in human cord blood irradiated in vitro with 250-kV X-rays at 100 rad per min 

177 

Donor Sex Dose (rad) Cells scored Dicentrics Centric rings Acentrics Dicentrics per cell 

1 M 10 2000 10 0 10 0.005 
2 F 15 1000 10 0 7 0.010 
3 M 25 1500 18 1 16 0.012 
4 F 35 750 20 0 10 0.027 
5 F 50 800 25 0 27 0.031 
6 F 100 400 51 0 29 0.128 
7 F 150 500 132 7 64 0.264 
8 M 200 300 111 3 67 0.370 
9 M 300 200 157 3 116 0.785 

l0 M 400 100 161 1 90 1.610 
11 F 500 100 230 9 136 2.300 

12  F 600 100 257 6 156 2.570 

evidence (unpublished) spanning several years that the 
dose effect relationship for adult blood is reproducible 
when the same experimental  conditions are observed. 
Results and discussion. The aberrat ion yields from the cord 
blood are given in table 1, and similar data for the adult 
blood have been  tabulated by Lloyd et al. 6. The yields were 
fitted to the equat ion Y = a D + f l D  2 by a least squares fit 
using the Polyfit computer  program of  Edwards and Den- 
nis 7. This fit assigned weights to the data points assuming 
that the observed aberrat ion yields carried Poisson errors. 
The resultant yield coefficients for dicentric and acentric 
aberrations are given in table 2. The  coefficients for the 
adult blood vary slightly from those previously published. 
This is because in the present work only adult data up to 
600 tad  were considered so that the dose range was the 
same as that used for the cord blood. In comparing the 
coefficients in table 2 there is certainly no significant 
difference be tween the values o f  a for either dicentrics or 
acentrics but .wi th  the / ] - t e rms  the differences are approx- 
imately 2 SE. 
This variat ion is also reflected in the figure where the dose 
response curves for dicentric aberrations have been drawn. 
At doses below about  250 rad there is no significant 
difference between the 2 curves but at higher doses where 
the/C-term in the yield equat ion predominates  the curve for 
cord blood is elevated so that at 600 rad it indicates a 
dicentric yield 15% +6% above that for adult blood. Where  
data points exist for both curves at the same dose it is 
interesting that at the 3 lower doses 10, 25 and 50 rad the 
cord blood dicentric yields are lower whilst at 4 higher 
doses, 100, 300, 400 and 600 rad, they are higher than the 
adult blood yields. At 600 rad there is a possibility that the 
l inear quadrat ic  mode l  may break down due to saturation. 
However  this is c o m m o n  to both sets of  data where the 
points fall significantly below the fitted curves. 
An elevated dicentric yield in irradiated blood f rom chil- 
dren has been demonstrated twice previously 2,3, al though 
neither group found a similar effect for acentric aberra- 
tions. Bochkov and Pilosova 8 have reported an increased 
(14%+6%) aberrat ion yield for 100-rad gamma rays in 
blood from newborns compared with adults al though they 
did not  distinguish between the various aberrat ion types. 
Liniecki et a l / i r r a d i a t e d  blood of  10 newborns to 300 rad 
of  X-rays and obtained a mean  level for dicentrics per cell 
o f  0.96+0.03 whilst tire mean  for 33 other subjects, teenag- 
ers and adults, was 0.81+0.02. By contrast Adams 4 also 
using 300 rad of  X-rays found no elevated yield in the 
blood of  5 newborns (0.81_+0.04 dicentrics per cell) when 
compared with 0.80_+0.01 in 47 adults. Sasaki and Tono-  
mura  3 using 160 rad of  cobalt-60 gamma  rays obtained a 
far larger disparity with the dicentric-plus-ring yield in 
neonate  blood being about  70% higher and falling over  the 
first year to a constant level for children > 1 year and 
adults. This effect was mirrored at higher  dicentric yields in 

Table 2. Values of the coefficients a and fl obtained by fitting the 
aberration yields to dose in the quadratic function Y = aD + flD z 

Coefficient a Coefficient fl 
•  10 .4 • 2 1 5  10 .6 

Dicentrics 
Cord 3.83 • 0.86 7.58 • 0.46 
Adult 4.63 • 0.54 6.36 • 0.33 

Acentrics 
Cord 2.35 • 0.69 4.54 • 0.31 
Adult 3.76_+ 1.32 3.17+_0.65 

a study reported in the same paper  o f  patients with Down's  
syndrome. 
Al though Liniecki et al. 2 used a different dose and a 
slightly different quality of  radiation it is difficult to 
reconcile the magnitude of  their effect with that reported 
by Sasaki and Tonomura  3 for normal  subjects. Similarly, 
the present data do not  support the findings of  Sasaki and 
Tonomura  for there is no significant difference between the 
adult and cord blood dose response data at 160 rad. 
However ,  at 300 rad the dose response curve for cord blood 
is 12%_+5% higher than for adults. This is in accord with 
Liniecki 's et al. finding where the dicentric yield for cord 
blood was elevated by 18% _+4%. 
Conclusion. The present work therefore adds support  to the 
possibility that at doses of  a few hundred rad the in vitro 
sensitivity of  neonate blood to the induction of  dicentric 
chromosome aberrations is marginal ly higher than adult 
blood. However  the data are not  sufficient to reject the 
hypothesis that there is no difference in sensitivity. 
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