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that the various risks were kept in their true per
spective. Thus, B virus infection from the bite of an 
apparently healthy monkey was obviously far more 
serious than the unpleasant, but relatively trivial, 
infection by ringworm from a domestic animal. Just 
as the severity of infection varied from agent to 
agent, so the chances of infection from animal to 
man would vary, and the proper assessment of the 
dangers involved in any particular type of work 
would take into account these factors. 

The action to be taken to avoid the hazards of the 
animal house would obviously relate to the degree of 
risk. Commander Darlow's paper indicated the way 
to the ultimate degree of protection possible, by 
designing a special building with air-filtration and all 
other apparatus necessary for restriction of airborne 
micro-organisms. Various practical steps could, how
ever, be taken to reduce risks in accommodation 
already available. Several speakers emphasized the 
need for taking only healthy animals into the animal 
house. The value of tuberculin testing in monkeys 
was discussed, and there was some divergence of 
opinion as to its value. Restriction of risk in operative 
procedures could often be achieved by the use of 
hoods, anti-splash guards and other equipment of 
this sort. The point had also been made that spread 

from an animal often occurred after the object of the 
experiment had been achieved and there was no case, 
for example, for keeping tuberculous guinea pigs after 
the primary lesion had developed; they could be 
destroyed before caseation supervened. Another 
problem which was of great importance was staff 
discipline, particularly where large numbers of 
animals were being handled and much of the work 
was necessarily undertaken by staff recruited un
trained. Training took place after appointment, 
when new staff members were undertaking poten
tially dangerous work. Attention to proper steriliza
tion techniques and to tho disposal of bedding and 
dirty equipment was most important. The use of 
proper equipment in a good state of repair was also 
a prime necessity for tho avoidance of undue 
risks. 

It will be realized that many of the steps that 
must be taken to control hazards are also those which 
would be taken in any animal house dealing with 
infective agents, in order to prevent cross-infection 
among the animals themselves, and the instruction 
of workers in the health hazard may help to achieve 
the discipline which will, in turn, prevent both the 
health hazard and the hazard to the experiment 
itself. 

USE OF ANIMAL CELL, TISSUE AND ORGAN CULTURES IN 
RADIOBIOLOGY 

FOR nearly fifty years the tissue culture method has 
proved a valuable experimental tool for radiation 

studies. By isolating a group of cells outside tho body 
the effect on blood- and nerve-supply and the reaction 
of the organism as a whole are eliminated and the 
direct effects of radiation can be accurately assessed. 
The establishment of clone cultures and the introduc
tion of chemically defined media in the past decade 
have brought a further simplification and standard
ization of experimental conditions which make it 
possible to obtain precise quantitative data. At a 
symposium convened by the New York Academy of 
Sciences in February 1961, the effects of ionizing 
radiations on cell structure and differentiation, on 
mitosis and growth of cells in tissues grown in vitro 
were reported and correlated with changes in synthe
sis of deoxyribonucleic acid (DNA); the influence of 
oxygen tension, sensitizing and protective agents on 
radiation action was outlined, and variations in 
radiosensitivity discussed. 

L. J. Tolmach (St. Louis) and J. E. Fogh (New 
York), using HeLa S3 and FL amnion cells, recon
firmed the well-known fact that radiation affects· 
cell division much more than cell growth. Cells 
unable to divide continue to increase in size, reaching 
a maximum 2-4 days following exposure. 

Y. Onuki, A. Awa and C. M. Pomerat (Pasadena) 
investigated the effect of radiation on the chromo
somes of leucocytes cultured from the human huffy 
coat. A dose of 400 r. increased the number of 
tetraploids by 7 per cent and the number of cells 
showing chromosomal damage by 50 per cent. F. E. 
Osgood (Portland) interpreted the effect of radiation 
on normal and malignant human ha:Jmic cells in vivo 
and in vitro in terms of his oc-cell-n-cell concept. 
The potentially dividing oc-cells give rise, as a rule, 
to another oc-cell and a differentiating n-cell. Doses 

of 10-400 r. immediately inhibit the division of 
ex-cells while the number of fully differentiated and 
longer-lived n-cells remains, at first, unchanged. 
Their number begins to drop when the reduced 
ex-cells fail to replace n-cells which have reached the 
end of their natural life-span. In this range of dosages, 
radiation did not seem to inhibit synthesis of DNA 
of oc-cells as they continue to incorporate tritiated 
thymidine after their increase in number is stopped. 
Comparisons of ha:Jmic cells as regards their radio
sensitivity show that normal and malignant lympho
cytes are the most sensitive cells though even in these 
cells there is a marked individual variation in sensi
tivity. 

The great sensitivity of lymphocytes was also 
emphasized by Schrek and Trowell. R. Schrek 
(Hines, Ill.) examined the immediate and delayed 
effects of radiation on human and animal lympho
cytes. A dose of 1,000 r. produced severe intranuclear 
vacuolization and death within 24 hr. following 
exposure, while 10 r. reduced the 10 per cent survival
time from 9·7 to 6·1 days. There was no difference 
in radiosensitivity of human lymphocytes from blood 
or lymph nodes, but lymphocytes from rats, guinea 
pigs and rabbits were slightly less sensitive than 
human lymphocytes. 0. A. Trowell (Harwell) 
described the influence of various gas mixtures on the 
action of radiation on lymphocytes from rat mesen
teric lymph nodes and stressed the importance of 
choosing the right effect and end-point for measure
ments. For example, by counting dead nuclei 5 hr. 
after exposure an oxygen sensitivity factor of 12 was 
found, while counts of surviving nuclei 24 hr. after 
irradiation gave a sensitivity factor of 2·7-a value 
which agrees well with most other biological materials. 
Trowell attributes his original result to a slowing 
down of pycnosis by oxygen. 
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Another aspect of the action of radiation which 
received much attention was tho effect on synthesis 
of DNA as measured by the uptake of tritiated 
thymidine and its correlation with mitotic inhibition 
and cell death. H. Harrington (Cleveland), using 
U12 fibroblasts, reconfirmed the classic findings of 
Strangeways and Oakeley on the effects of radiation 
on cell division. A rapid drop in mitosis after 500 r. 
is followed 13 hr. later by re-appearance of cell divi
sion. Counts of thymidine-labelled mitotic figures 
suggested that there was no accumulation of cells in 
the Gl interphase period but a delay in the syntheticS 
and pr·emitotic G2 period, using the terminology intro
duced by Howard and Pelc. Similar findings were 
reported by R. B. Painter (Columbus) and W. L. 
Hughes (Upton), who found no evidence that radia
tion influenced the rate at which HeLa S3 cells moved 
from the Gl to the S period. The small immediate 
inhibition of synthesis of DNA could not be correlated 
quantitatively with the lethal effect of radiation or 
was the position of the cells in the synthetic cycle 
related with the probability of their survival. The 
three authors agreed that in contrast to synthesis of 
DNA, synthesis of ribonucleic acid (RNA) was prac
tically undisturbed, even after high doses of radia
tion. 

J. E. Till (Toronto) observed a generalized dose
dependent prolongation of all three stages of the first 
synthetic cycle following exposure. However, the 
G1 and S periods were only slightly prolonged. The 
greatest effect was seen on cells which had completed 
synthesis of DNA and had moved to the G2 period, 
which was severely disrupted by radiation. Thus, the 
effects of radiation on synthesis of DNA seem to be 
the result, rather than the cause, of mitotic inhibition. 

A. N. Stroud and A.M. Brues (Argonne, Ill.) gave 
an interesting example of differences in synthesis of 
DNA response in two strains of pig- and monkey
kidney cells. After exposure the monkey-kidney 
cells which normally have a low rate of thymidine 
incorporation showed an increase of 15-20 per cent 
more than that of the unirradiated controls, while 
the pig-kidney cells which normally have a high rate 
of incorporation show a striking decrease. P. F. 
Sanders, D. F. Petersen and W. L. Langham (Los 
Alamos) described methods for growing HeLa cell 
suspensions in the presence of tritiated thymidine 
and tritium water, for determining cell size and cell 
number and for measuring radioactivity. Beta 
radiation from tritium has a much greater inhibitory 
effect on proliferation when emitted from incorpor
ated 3H-thymidine in the nucleus than when merely 
present in water. 

W. B. Looney (Baltimore) pointed out some limita
tions of labelled compounds in radiobiological studies. 
Erroneous interpretations may be made as a result of 
reduced synthesis of DNA unless differences in time
sequence of control and irradiated systems are taken 
into account. For example, the generation time of 
hepatocytes in regenerating rat liver is increased from 
8 to 13 hr. after 3,000 r.; thus, the ratios of synthesis 
of DNA of irradiated and control specimens between 
8 and 13 hr. would be the ratio of the activity in a 
second cycle of hepatocytes in the controls to that 
of the first cycle of irradiated hepatocytes. 

T. R. Munro (Cambridge) described a technique 
which allows selected parts of single cells to be irradi
ated with <X-particles and showed a film of irradiated 
chick fibroblasts. When the chromosomes were 
irradiated with a sufficient dose sticky bridges were 
seen at anaphase and t.he reconstruction of daughter 

nuclei inhibited. Neither of these effects was seen 
if the radiation was confined to the cytoplasm. He 
also described a method which allows single HeLa S3 
cells and their progeny to be followed for a week. 
This technique should enable cell survival to be 
studied after localized radiation. 

G. 0. Gey (Baltimore) described a more elaborate 
analogous technique for studying population dyna
mics of lymphoblasts in culture. His apparatus 
photographed a number of accurately defined fields 
of cells at intervals of 15 min. and enabled the fates 
of large numbers of single cells to be studied. 

H. B. Hewitt (London), using an in vivo bio-assay 
of mouse leukremic cells, measured their response to 
radiation and its variation with different degrees of 
oxygenation. For whole-body exposure of mice 
breathing air or oxygen the dose producing the same 
survival curves of leuk::emic cells was lower by a 
factor of 2·3 as compared with mice killed shortly 
before irradiation. On the other hand, survival 
curves for cells of a solid sarcoma were similar for 
living and recently killed mice and identical with the 
anoxic curve obtained for the leukremic cells. He 
concluded that variations in radiosensitivity between 
different mouse tumours are due to differences in their 
oxygenation. J. R. Andrews and R. T . Berry (Beth
esda), using the same technique, gave the survival 
curves of a different strain of mouse leukremic cells 
which grow normally under anoxic conditions in the 
animal. The cells showed an oxygen factor similar 
to that found by Hewitt. They also reported pre
liminary results on the effect of dose fractionation 
and on sensitization by some pharmacological 
agents. 

A. Goldfeder (New York), in an interesting paper, 
gave her results on electron-microscopic and bio
chemical studies of tumour mitochondria, and showed 
that variations in radiosensitivity of two types of 
mouse tumour cells could be correlated with differ
ences in mitochondrial structure and metabolism. 

R. Bases (New York) demonstrated the sensitizing 
action of actinomycin D and deuterium oxide in 
experiments in which Puck's single-cell technique 
was employed. A dose of 300 r. sterilized 5-10 times 
as many cells pretreated with actinomycin D than 
controls. Cells pretreated with deuterium oxide 
were also abnormally sensitive to radiation, an effect 
attributed to a presensitization by incorporation of 
the drug into the DNA of the cells. 

D. E. Rounds (Pasadena) reported a protective 
effect of yeast RNA. RNA-treated cells of the 
Fernandes strain of amnion cells multiplied at a 
normal rate following radiation while untreated 
cultures showed immediate inhibition, but a minimum 
time of 8 hr. was necessary before protection could 
be seen. The magnitude of the protection varied 
considerably with different cell strains. A. Schleich 
(Heidelberg) reported her results on radioprotective 
properties of various compounds, among them 
histamine, thioctic acid, cysteine and cysteinamine, 
tested on whole-body irradiated mice, a strain of 
human malignant fibroblasts and solutions of thymine 
and DNA. The protection varied with the system 
tested but was consistent for all systems with cysteine 
and cysteinamine. 

In contrast to the previous papers, which dealt 
mainly with the effects of radiation on established 
cell strains, J. G. Carlson, E. Borghese and I. Lasnitzki 
described the action of radiation on freshly explanted 
cultures of organized tissues, which retain their 
histological structure in vitro. 
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J. B. Carlson (Knoxville) pointed out the advan
tages of his grasshopper neuroblast technique for 
quantitative radiation studies. The large size of the 
neuroblasts, their position on the surface of the 
embryo, their constant number and fixed arrangement 
in relation to each other simplifies cell counts, 
facilitates their identification and allows radiation 
effects to be followed through several division cycles. 
A disadvantage of the method is the great sensitivity 
of cell division to changes in osmotic pressure. 

As in vertebrate tissues, X-radiation produces a 
mitotic inhibition due to an arrest of cells in late 
prophase followed by mitotic recovery. Increasing 
the oxygen tension does not increase mitotic inhibition 
but reducing it diminishes the effect of radiation. 
Investigations of frequencies of chromosome aberra
tions induced by X-rays show a peak at middle pro
phase and anaphase. 

E. Borghese (Rome) showed in a beautiful film 
the growth of mouse embryonic lung explanted 
by the organ culture technique and the effects 

of y-rays on this tissue. In the controls, develop
ment and outgrowth of clear translucent bronchi 
could be observed. After exposure the explants 
became opaque, growth slowed down and finally 
stopped. 

I. Lasnitzki (Cambridge) reported that irradiation 
can change the pattern of differentiation in organized 
tissues grown in vitro. Mouse vaginal explants 
grown by the organ culture technique form squamous 
epithelium with a superficial layer of keratin. Expo
sure to X-rays inhibits the squamous develop
ment and keratin formation both in normal- and 
oostrone-treated vaginas. This effect is unrelated 
to mitotic inhibition and closely resembles that 
seen after treatment with excess vitamin A. It 
also agrees well with results obtained in in vivo 
experiments. 

The symposium reflected the present trend to 
measure the biological effects of radiation and 
showed the advantages tissue cultures offer for such 
work. ILSE LASNITZKI 

THE NATIONAL CHEMICAL LABORATORY 

T HE report of the National Chemical Laboratory, 
1960*, comprises the report of the Steering 

Committee over the signature of Prof. C. E. H. Bawn, 
and the report of the Director, to which are appended 
details of membership of the sub-committees of the 
Steering Committee and of the staff of the Laboratory 
at December 31, 1960, and lists of publications and 
patents during tho year and of Standard Samples of 
Organic Compounds. 

On consideration of the Laboratory's research 
programme in greater detail, the Steering Committee 
agreed that the work of the Extraction of Metals 
Group should include fundamental work on the 
inorganic and physical chemistry of hydrometallurgy 
in addition to work for the Atomic Energy Authority 
on ores and minerals. While the Radioisotope 
Applications Unit, established at Harwell as an 
out-station of the Laboratory in 1957 and now at the 
Isotope Resea.rch Division of the Atomic Energy 
Research Establishment at Wantage, is regarded as 
contributing to the National Chemical Laboratory's 
mandate to cultivate instrumental techniques, the 
Steering Committee found no justification for the 
Department of Scientific and Industrial Research to 
undertake any work on the direct uses of high-activity 
sources of radiation. 

Considering the building programme of the Labora
tory in relation the future development of its research 
programme, the Steering Committee formed the 
opinion that, to cover the possible forward require
ments, the present staff of 264 should be increased 
by about one-half in the next 5-7 years and doubled 
in the next 10-15 years. It anticipates that the need 
for Government research in the chemical field will 
inevitably grow with the continued expansion of the 
chemical industry, and to provide the buildings 
needed for a staff more than double the present 
complement it recommends that the Laboratory be 

* Department of Scientific and Industrial Research. Report of 
the Nattonal0hemica!Laboratory,1960 : Report of the Steering Committee 
and Report of the Director of tke National Chemical Laboratory for 
1960. Pp. iv + 70 + 4 plates. (London: H.M. Stationery Offire, 1961.) 
4s. 6d. net. 

moved to a larger site as near the present site as 
possible, in view of the close and important co-opera
tion with the National Physical Laboratory. The 
site should be large enough not only to accommodate 
the buildings for the National Chemical Laboratory 
but also to provide in the long term for possible 
expansion there of other existing laboratories or for 
new laboratories. The Research Council has already 
agreed that the possibility of acquiring such a site 
should be explored. 

Commenting on the problem of determining the 
best balance of effort in a national laboratory, the 
director, Dr. J. S. Anderson, defines the task of the 
National Chemical Laboratory as that of carrying out 
research in areas that are important but that cannot 
be studied so effectively by agencies less centrally 
placed. It should seek to place new developments 
on a firm basis of scientific understanding, to ensure 
that all its investigations enrich scientific knowledge, 
and to bring a deeply analytical approach to bear on 
those major problems of wide application, such as the 
prevention of corrosion, which fall within its scope. 
The present research programme is still being devel
oped, and Dr. Anderson notes some material changes 
in the work of several research groups during the year. 
Work on the physicochemical properties of organic 
compounds has been converted into a much more 
comprehensive programme of chemical thermo
dynamics, though full effect cannot be given to the 
projected scheme until the new buildings are avail
able. The Extraction of Metals Group, which 
hitherto has been working almost entirely in associa
tions with, and at the request of, the Atomic Energy 
Authority, is now including in its programme some 
fundamental work on the more familiar metals of 
industry. Collaborative arrangements with the 
National Research Development Corporation for 
work on the development and application of ion
exchange membranes and of gold-selective ion
exchange resins was terminated, but some work in 
this field is being pursued at a more fundamental 
level. Work in the Inorganic Group on the extreme 
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