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normal component of the inorganic crystalline phase of bone tissue. A factor of about 1.6 in
favour of Ca over Sr was found in the transfer of the isotope from blood to bone,
(Kshirsagar, Lloyd & Vaughan 1966). The first application of the combined techniques of
autoradiography and microradiography of thin bone sections was made in Janet’s laboratory,
(Jowsey, Owen & Vaughan 1953, 1955); it was shown that Sr, like Ca, was concentrated in
mineralizing tissue in areas of bone growth, and also taken up throughout bone mineral by a
process of exchange with tissue fluids. A similar distribution was found for radium, also a
member of the alkaline earth series, in studies of samples of human bone contaminated with
Ra, obtained from R. Hasterlik and H. Lisco, Argonne Cancer Research Hospital, Chicago
(papers with Hindmarsh, Owen, Lamerton and Lloyd, 1957-61).

The biological damage caused by irradiation in rabbits which had been given *Sr either by
single injection or daily feeding, was studied with MacPherson, Owen, Sissons, Lamerton,
Rushton and others from 1957-65. Tumours of all the soft tissues adjacent to bone
(osteogenic, marrow and epithelial), could be induced by irradiation. Tumour incidence was
correlated with the accumulated radiation dose to the tissue and the latter was dependent
upon the site of deposition of 9Sr, the rate of removal of the isotope during growth and
remodelling of the bones, the age of the animal and the level of radioactivity administered.
Tumours were found in different bones at different ages; in weanling rabbits aged 6 to 8
weeks osteosarcomas were common in the long bones after a short latent period, whereas in
adult and 2-day old rabbits given a comparable dose, tumours in the jaw and ear bones
predominated and occurred after a long latent period. Interestingly, the results provided some
explanation for earlier data from humans contaminated with Ra, where development of skull
tumours after a long latent period of more than 30 years, had been reported.

In the early 1960s Janet had also turned her attention to the isotopes of yttrium, plutonium
and americium. All are contaminants in nuclear warfare and in disasters of the nuclear
industry. These isotopes have no physiological analogue and studies showed that their
metabolism and distribution was markedly different from that of the alkaline earths. They
were concentrated on bone surfaces which were either metabolically quiescent or actively
resorbing (Jowsey, Sissons & Vaughan 1956, papers with Bleaney, Herring, Williamson
1962, 1964, 1967). The most hazardous, 2Z¥Pu, an a-particle emitter with a half-life of about
20,000 years, is produced by nuclear power plants and of greatest concern from the point of
view of radiation protection. Using oc-track autoradiography and low doses of Pu, the isotope
was found concentrated in both cells and mineralized matrix on all endosteal bone surfaces,
and to a lesser degree throughout marrow, the relative proportions depending upon the
physicochemical state of Pu in the blood. Studies on the radiation dose received by bone and
marrow cells, were made using the method of fission track counting developed for Pu
labelled bone sections by Betty Bleaney. They also showed that the turnover of Pu on the
endosteal surfaces and its excretion from the body in the adult was extremely slow, and
suggested that this together with the continued irradiation of the sensitive cells on bone
surfaces by high energy a-particles, accounted for the very high toxicity of the isotope
(Bleaney & Vaughan 1971).

The bone surfaces on which these isotopes were concentrated stained positively with the
Periodic Acid Schiff reagent, suggesting the presence of mucosubstances and chondroitin
sulphates. In an effort to identify the components which bound the isotopes, Janet initiated an
analysis of the biochemical composition of the organic matrix of bone by Geoffrey Herring,
a young biochemist in her group. Five distinct glycoprotein fractions were isolated, of which
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bone sialoprotein (BSP) and three chondroitin sulphate complexes were studied in detail. Pu
was bound tightly by BSP and chondroitin sulphate, thus at least partially explaining its
uptake and distribution. Significantly, Herring’s work was the first isolation and description
of a protein, BSP, that appeared to be specific for bone, and 30 years later it is still one of the
best available markers for osteoblastic synthesis. His work was also the beginning of a
fruitful field of research on the function of glycoproteins in the mechanisms of calcification
of bone tissue.

After retirement in 1967

Janet retained an active interest in bone research after she retired. At the invitation of R.
Hasterlik in 1968 she gave a series of lectures on radiation and the skeleton and spent several
months at the University of Chicago. Janet has always enjoyed looking down the microscope
and seeing data at first hand and she examined the histological and radiological material
from Ra patients, collected over many years by R. Hasterlik and A. Finkel in Chicago and by
R. Evans at the Massachusetts Institute of Technology in Boston. Ra isotopes are the only
radionuclides for which there were human data on the incidence of tumours related to the
content of radioactivity in the skeleton. Janet was a member of the International Commission
on Radiological Protection from 1968 to 1972 and much of its assessment of the hazards of
radionuclides in man was based upon the known effects of Ra.

Janet wrote prolifically during these years. With Bleaney and Taylor in 1973 she wrote a
chapter for the Handbook of Experimental Pharmacology in which they reviewed all the
work on Pu as a bone-seeker. In 1976 with Professor F.W. Spiers she acted as an expert
consultant on Pu toxicity to the Royal Commission on Environmental Pollution. She was the
author of a text book on The Physiology of Bone published in three editions, 1971, 1975 and
1981 and of The Effects of Irradiation on the Skeleton in 1973. Janet often visited the United
States, in particular the Universities of Utah and of California at Davis, and the Atomic
Energy Laboratories at Hanford, Washington State. Large scale experiments to investigate
the relative toxicity of the major bone-seeking isotopes in the larger mammals, beagles and
miniature pigs, had been in progress in these centres for many years. It was from these
experiments that the very high toxicity of Pu compared to Ra had been established. A
question that had intrigued Janet was the comparative risk of leukaemia and bone tumours
following radionuclide ingestion. Janet knew all the major workers in the field, in particular
W.S.S. Jee and C.W. Mays at Utah and M. Goldman at Davis. In the 1980s she and F.W.
Spiers had the opportunity to examine the extensive long-term data from the experiments on
beagles in Utah and California. The results showed that leukaemia occurred when the
marrow was totally irradiated, as in the case of long range fJ-rays from Sr, whereas with short
range a-particles where a large fraction of the marrow was unirradiated, as in the case of Pu,
leukaemias were rare. Their paper in 1989 on ‘The Toxicity of the Bone Seeking
Radionuclides’ was her last publication.

Personal aspects

Janet had over 100 scientific publications including about 60 during her period as
Principal of Somerville College. This number could have been greater except that, with
typical generosity she encouraged many who worked with her to publish independently and
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follow their own ideas. She was excited by scientific discovery and her enthusiasm was
combined with a great capacity for getting things started and driving them through to
conclusion. Handsome and distinguished looking, she was a strong presence at scientific
gatherings. A Dutch colleague has written recently, ‘When | think back on the years | used to
encounter Janet Vaughan at meetings or in her laboratory, | was always struck by her
personality in which charm, hospitality and scientific inquisitiveness were combined with a
natural superiority and authority. | never felt ill at ease in her presence, but there was never a
question as to who was in charge’.

Janet had a great love of the countryside and was an enthusiastic gardener. While David
was alive, many weekends and holidays were spent at Ploversfield, their country cottage,
with their family, and friends often visiting, and she loved these times. For a generation of
students, Janet set an exhilarating example. In an era when there was much resistance to
women in the professions she had shown that it was possible to combine a successful career
with family life. Much has already been written about Janet and it is remarkably consistent -
her courage, formidable energy and sheer force of personality, her decisiveness and ability to
be one step ahead. She was particularly perceptive when it came to dealing with individuals;
although she could be partial and outspoken, she was kind hearted and generous, and
whenever there was a problem would go to great trouble to seek a practical solution. She had
the capacity to focus her exceptional vitality completely upon the matter in hand. She is
unforgettable.
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