
Meetings 

Radiosensitivity in Animals 

Differences in radiosensitivity exist 
in animals. Possible reasons for such 
differences include dissimilarities in: cell 
kinetics in organ systems of the differ- 
ent species, the proportions of cells that 
are in different stages of the cell cycle; 
the size of stem-cell pools; the kinetics 
of cell proliferation; the susceptibility 
to various degrees of depletion of ma- 
ture cell populations; physiological sys- 
tems; and genetic constitution. In order 
to explore reasons for differing radio- 
sensitivity, particularly among mamma- 
lian strains and species, a symposium 
was held in Kyoto, Japan, 20-23 May 
1968. The meeting was sponsored by 
the National Science Foundation and 
the Japanese Ministry of Education, 
under a United States-Japan coopera- 
tion program. The conference dealt 
with basic questions relating to genetics, 
physiology, the kinetics of cell pro- 
liferation and factors that control cell 
proliferation in the normal and stressed 
animal. 

Bond (Brookhaven) presented data 
showing the LD50o/o day values for mam- 
malian species vary from approximately 
150 rads to 1500 rads, and that valid 
comparisons of radiosensitivity can be 
made only if essentially uniform whole- 
body exposure to radiations of com- 
parable quality are used in the deter- 
minations. The LD50 for large animals 
in general is low (150 to 350 rads), 
and that of small mammalian species 
high (650 to 1500 rads). 

Sinclair (Argonne) used tissue cul- 
ture systems to show that various fac- 
tors including linear energy transfer, 
dose rate, ploidy, temperature, oxygen 
tension and sensitizing or protective 
agents affect the slope or the shoulder 
of the survival curve for mammalian 
cells in vitro. The interrelationships 
among all of these factors is not known 
but is in the process of evaluation. A 
large effect of temperature on the de- 
gree of recovery from sublethal damage 
was also shown in L cells by Terasima 
[National Institute of Radiological Sci- 
ences (NIRS), Chiba], prompting him 
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to describe recovery as metabolic and 
not physicochemical in origin. Recov- 
ery, however, was unaffected by most 
inhibitors (especially if toxicity was 
properly allowed for) but was modified 
by a period of protein inhibition (with 
cycloheximide) prior to the first dose. 
This would suggest that presynthesis of 
certain enzymes is needed for recovery. 
A temperature dependence of recovery 
from sublethal damage was also shown 
by Hyodo-Taguchi and Egami (NIRS, 
Chiba) to hold in whole-body irradiated 
goldfish, lending further support to the 
thesis that the recovery process is meta- 
bolic in nature. 

Differences in sensitivity of cells as 
a function of stage in the cell cycle 
were shown by Sinclair (Argonne) to 
be at least a factor of 3. The cell age 
response was shown clearly not to 
depend on DNA synthesis solely; an- 
other factor must be involved which 
was also shown not to depend on RNA 
and protein synthesis. It was also 
shown that the effect of hypoxia ap- 
pears to be independent of stage of 
cell cycle, whereas the protective effect 
of cysteamine has a marked differential 
effect through the cycle. 

The work on goldfish (supported 
by earlier work of Hornsey and of 
Withers, and that of Matsuzawa in 
this meeting) indicates that the shoulder 
of the survival curve of bowel epithe- 
lium stem cells (and thus the capacity 
to repair sublethal damage) is much 
larger than that for bone marrow stem 
cells. This may explain the higher 
doses required for death from the G.I. 

syndrome compared to the bone-mar- 
row syndrome. If such differences in 
the capacity for repair are demonstrated 
for similar tissues in different species 
it could in large part explain the ob- 
served differential sensitivity of mam- 
malian species. 

Fliedner (University of Ulm) used 
labeling of all cells in the fetal mouse 

by injecting the mother with tritiated 

thymidine to support the thesis that 
bone-marrow stem cells are "resting" 
in normal marrow. The phase of the 
cell cycle in which "resting" stem cells 

remain inactive would have a strong 
bearing on the radiosensitivity of the 
species. 

Sugahara (Kyoto University) showed 
that an increase in radioresistance after 
heavy bleeding could not be due to 
an increase in hematopoietic stem cells. 
Tsuchiya et al. (NIRS, Chiba) showed 
that the approximately 100-roentgen 
difference in radiosensitivity between 
two strains of mice appeared to be re- 
lated to the absolute count of nucleated 
bone-marrow cells. Van Bekkum [Cen- 
tral Organization for Applied Scientific 
Research in the Netherlands (TNO), 
Rijswijk] indicated that dissimilarities 
in numbers of stem cells among various 
species differ, and that the proliferative 
capacity of a given number of stem 
cells depends on whether the stem cells 
are protected by shielding, or are taken 
from an unirradiated donor. 

Schooley (Berkeley) presented data 
showing that erythropoietin acts on an 
intermediate cell population rather than 
on the colony-forming unit. Stohlman 
(St. Elizabeth's Hospital, Tufts) noted 
that the response to erythropoietin is 
not accomplished at the expense of de- 
pletion of the pluripotential stem-cell 
pool. His conclusions were based on 
megakaryocytic precursors, and on the 
fact that splenic colony-forming units 
increase after the primary splenic ery- 
throid response to erythropoietin. This 
suggests a migration of stem cells to 
the spleen and an influx into an inter- 
mediate committed compartment par- 
tially depleted by erythropoietin during 
the initial erythroid response. 

Patt (University of California) 
showed that the initial "degenerative" 
phase of neutrophil depletion follow- 
ing irradiation depended with species 
on the sensitivity of the constituent 
cells, and on the turnover rate of ma- 
ture functioning elements. The recovery 
phase depends additionally on the ca- 
pacity of stem cells for turnover and 
differentiation and on the integrity of 
the supporting matrix. The mouse and 
rat may have greater capacities for stem- 
cell diversion to granulocytopoiesis than 
does the dog, which may account in 
part for the marked difference in 
radiosensitivity. 

Nakamura et al. (NIRS, Chiba) 
showed that platelet deficiency and 
bleeding may play a much larger role 
in the hematopoietic death in irradiated 
mice than previously thought. His 
studies indicate that in some species 
essentially no loss of red cells from 
the blood vessels occurs until extreme 
thrombopenia is present. In other spe- 
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cies significant loss of red cells into defined additional factors. Wilson 
the tissues may occur with moderatc (Notre Dame) showed, using mono- 
thrombopenia in the absence of overt contaminated, previously germ-free ani- 
hemorrhage. An apparent interaction mals, that radioresistance may be pri- 
between neutropenia and platelet de- manly or secondarily related to the 
ficiency was pointed out by Fliedner activities of intestinal microorganisms. 
and Heit (University of Ulm). Antibodies increased survival even in 

A model relating events at the cellu- germ-free animals, perhaps because re- 
lar level to the mortality rate in ir- covery is stimulated by them in some 
radiated mammals was presented by as yet undefined fashion. 
Robinson (Brookhaven). The animal's "Recovery" in the intact mammal 
LD50 was expressed in terms of five over a time period of days to weeks, 
parameters: the n and D0 for stem cells, undoubtedly including both repair of 
their original number, a mature-cells- sublethal cellular damage and cell pro- 
per-stem-cell or proliferation factor, and liferation, was described by Casarett 
a parameter for the animal's mature (University of Rochester). Split-dose 
cell requirement. It was inferred that experiments in the mammal show that 
the shape of the animal dose-survival recovery rates so determined are mark- 
curve sets an upper limit on the possible edly dependent on a nuniber of factors 
interindividual - variation of each of including species, strain, and size of 
the five parameters, and in pat- conditioning dose. An exponential de- 
ticular a relatively low limit for that of cay curve represents a rough approxi- 
the stem-cell D0. lt was pointed out mation to much of the recovery data. 
(Sinclair, Argonne; Patt, University of Ihe large differences in recovery rates 

California) that additional refinements among species do not correlate with 
would be desirable, especially that of factors such as body size, life span, or 
making the proliferation rate after ex- metabolic rate. 

* posuie dose dependent. The finding ot Rondo (University of Nagoya) dif- 
"small colonies" in tissue culture by ferentiated inbred strains of mice on 
Sinclair, confirmed in studies with the basis of differences in original gene 
splenic colony formation units, mdi- pool and on differences in natural and 

* cates that this would be a more realistic artificial selection through sister-brother 
assumption. inbreeding. His studies using ten inbred 

Sugahara (Kyoto) showed that phys- strains indicate that the variability in 
iological stresses such as hypoxia, exer- lethal dose among mice selected from a 

g g h * g * g * * cise, and bleeding, which may or may given strain was not distinguishable 
* * * * not be related to changes in size of from that among mice from differenL 

* * a * g * g * I cell populations, increase resistance. strains. 
* * * s. s The work of Schooley and of Stohl- Tazima (National Institute of Genet- 

* * g * I S I mann referred to previously, emphasizes ics, Nirsima) showed that two fraction- 
o * S % *  I the importance of mechanisms that ated doses of 500 roentgens produced a 

control cell proliferation in the normal greater effect than 1000 roentgens (sin- 

and stressed animal. gle dose) with respect to mutation fre- 
Microorganisms normally nonpatho- quency in the silkworm. He suggested 

* *I * * I * genic can be quite pathogenic in the that a demonstrated pileup of cells in 
heavily irradiated animal, for example, G2 might account for the differences. 
the presence of pseudomonas is known Sinclair (Argonne) indicated that there 
to greatly decrease the LD5G of mice. must also be a pileup in G1, which 
Wild rodents, however, that would be might be even more likely to show a 
expected to harbor a number of para- higher mutation frequency. 
sites, are among the most radioresistant Bond (Brookhaven) showed that spe- 
of mammals. Van Bekkum (TNO, cies differences in LDGG values for the 
Rijswijk) showed that the LD50730 (IEVA gastrointestinal syndrome are consid- 
of pathogen-free guinea pigs is more erably less than the variation in LD5() 
than twice that of nonpathogen-free for the bone-marrow syndrome (a fac- 
animals. The increase in resistance of tor of less than 2 versus a factor of 
gnotic animals may be related to the 10). At the high-dose levels involved, 
absence of actual infection (Wilson, severe bone-marrow damage and re- 
Van Bekkun'i); to an increased rate of sultant depletion of blood neutrophils. 
utilization of mature elements (Naka- is severe even at the early time asso- 
mura, Fliedner); to difference in the ciated with the GI. syndrome. Irradia- 

S metabolism of normal substances, foi tion of only the bowel or a large seg- 

A cc , - -, . - example, bile (Fry, Argonne); to the ment of the bowel requires higher presence of different flora (several au- doses to kill, and the survival time is 
thors); to toxins; or to as yet poorly longer. These findings shov a sign ifi- 
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cant contribution of neutropenia and 
infection to the G.I. syndromes seen 
with whole-body radiation. 

Lushbaugh (Oak Ridge Associated New Universities) indicated that while 
* changes in underlying cell populations rad iochem ca Is probably are of cardinal importance in 

j  mortality among animals exposed to stock doses in the "hematopoietic death" 

range and somewhat above, additional 
Adenine-2-H3 (N)-13-D-Arabinofuranoside factors assume importance as the dose is 10-15 c/mM NET-307 
$SO/2SOac $125/lmc $425/ Smc increased (above perhaps 1000 roentgens 

in most species). Direct damage to - Cytidine Diphosphocholine (Methyl-C54) the small vessels and capillaries, be- -' - 15-25 inc/mM NEc-575 
$SO/lOcc $l50/50,cc $500/250jc come inci-easingly important. Thus, 
Dihydrotestosterone-1 2-H3 (N) while the term "hematopoietic syn- - 30-SOc/mM NET-302 - 
$85/250gc $225/lmc drome" may be appropriate, the terms g 
Guanosine-8-H3-5'-Triphosphate, Na4 "gut syndrome" and "central nervous 
5-lOc/mM NET-305 systcm syndroirie" may in a sense be - $35/250cc $90/lmc $270/Smc misnomers. Damage to the principal 
L-Rhamnose-H3 (G) cell populations presumably involved 800-lSOOmc/mM NET-306 
$30/250c $70/lmc $210/Smo may not 'be the critical factor that 
MyristyI-1 -C'4 coenzyme A determines mortality. 
1-Smc/mM NEC-576 Matsuzawa (Aichi Cancer Center 
$75/2SOgc $300/50c I Research Institute) counted surviving // - - 
Phosphorylethanolamine-1,2-C'4 crypt stem cells after exposure of - - 15-2-Smc/mM NEC-577 
$lS/5Ogc $3OO/25Ot j- mice to graded doses of radiation. He 
Pseudouridine-H3 (G) obtained a D0 of 220 rads and an ex- 
1-3c/mM NET-303 trapolation number of 4.8. (Earlier esti- $35/25Ogc $90/ima $270/Smo mates by Hornsey et a!. and by Withers 
Angiotensin I (1-L-Aspartic, 
5-L-isoleucine) NON-LABELED showed a similar broad "shoulder" but 

1mg 10mg 100mg a lower D0). Fry (Argonne) studied 
$25/mg $15/mg $10/mg the relationship between the LD511 for Measurements in scientific and educational lab- NLP-001 

the G.I. syndrome and the parameters oratories involving impedance magnitude z, 
t Quotation for larger quantities on of gastrointestinal epithelial cell pro- and phase angle, o no longer require tedious 

request liferation in eight mammalian strains test procedures. These measurements are now 
Write for complete radiochemical - and species. Differences in radiosensi- as easy to make as voltage readings No nulling specifications. 

no balancing no calculations to make. 
Our new catalog N-1 is now available on tivity appeared to be related to the The wizardry of these HP instruments provides request. it includes the latest Addendum, ratio of prolifrting to functional cells; direct readout in terms of Z (in ohms) and 0 Fluors and Radionuclides Brochures the transit time in proliferating and (in degrees) over a continuous frequency range. and features new lower prices, functional compartments; the cell cycle HP 4800A Vector impedance Meter covers the 

time; the relative rapidity of feedback 5 Hz to 500 kHz range. You set the frequency, 
mechanisms and cell turnover; and the select the impedance range and read: Z from 
time required for differentiation. That 1 ohm to 10 Megohms, and 0 from 9Q0 to 

+90g. $1650. sensitivity and survival time depend on HP 4815A RF Vector impedance Meter covers 
the kinetics of cell proliferation of 500 kHz to 108 MHz. Measures, via a probe, 

- gastrointestinal cells was indicated by active or passive circuits directly in their nor- 
the data of Wilson (Notre Dame), mal operating environment. z from 1 ohm to 
Matsuzawa (Aichi Cancer Center Re- 100 K ohms; 0 from 00 to 3600; $2650. 
search lnstitute) and Fliedner (Univer- Application Note 86 describes many applications 
sity of Ulm). The transit time of cells of the 4800A and the 4815A Vector Impedance 
from the crypts to the tips of the Meters including the measurement of Z, R, L, and C. For your copy and complete specifica- villi is prolonged in germ-free animals, tions, contact your local Hewlett-Packard field 
and the time for death from the GI. engineer or write: Hewlett-Packard, Green Pond 
syndrome is delayed proportionately. Road, Rockaway, New Jersey 07866. In Europe: 

Lushbaugh (Oak Ridge Associated 1217 Meyrin-Geneva, Switzerland. 
0' Universities) presented data of Casarett et al. (University of Rochester) show- 

"e  ee, ing that appreciable capillary damage HEWLETT' PACKARD 
Ss in the villi probably is present at dose 

levels corresponding to the G.I. syn- IMPEDANCE IN5TRUMENT5 
drome, which may be in part respon- 
sible for denudation of the villi. He 10907 
also indicated that actual fluid loss from 
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rodents is minimal, but that loss of 
fluid into tissues (edema) may be an - 

important factor. His data indicate 
that sodium loss (as determined by 
studies using radioactive sodium) may 
be minimal, at least prior to the time - 

that the animal approaches the mon- - 

bund stage. Hyodo-Taguchi and Egami - 

showed a distinct increase in loss of 
sodium from irradiated goldfish suf- 
fering from gastrointestinal syndrome. 
Lushbaugh pointed out that such loss 
may well be from vessel damage par-  - - - 

ticularly in the gills of the fish. 
In summary of the conference, the [ 

problems involved in differential species - 

radiosensitivity were brought into sharp-  
er focus, but a great deal of work needs 
to be done before the differences can 
be understood. Detailed work is re- [ 
quired on differences in pool sizes, the 
kinetics of cell proliferation, and con- 
trol mechanisms of cell proliferation in 
the different species. Physiological van- 
ables must be better defined, particu- - 

larly the rate of utilization of mature 
functional cells in the irradiated versus 
normal individual. The possible role 
of the reticuloendothelial system de-  
serves a great deal more attention, as 
do changes in blood vessels and the 
supporting matrix for proliferating tis- - 

sues, particularly at dose levels high in - 

the lethal range for the bone-marrow 
syndrome and above. 

V. P. 
Brookhaven National Laboratory, BOND 

Upton, New York T. SUGAHARA 
Kyoto University, Kyoto, Japan [ 

AAAS-Westinghouse Science Writing Po1arizng Microscope 

Competition for 1969 

Awards of $1000 each will be presented 
for outstanding nonmedical science writing  - - 

in (i) newspapers of over 100,000 daily 
circulation, (ii) newspapers of less than 
100,000 daily circulation, and (iii) maga- 
zines of general circulation. Writers in 
these media are invited to enter the 1969 to your analytical microscopy problems can be found in the extensive 
competition. Bausch & Lomb Polarizing Microscope line. 

The awards were established to recog- Whether you're in textile analysis, glass or plastic stress evalua- 
nize and encourage outstanding popular tion, petrography, quality assurance and control, tracking down pol- 
science writing, to stimulate public in- lutants. . . we have just what you need, including models for teach 
terest in science, and to foster a deeper 
understanding of the significance of science ing and student use. There's a full complement of accessories for 
among the general public, specialized modes for analysis. 

The AAAS-Westinghouse awards are But, why not bring yourself up-to-date on the Bausch & Lomb 
provided by the Westinghouse Educational polarizing microscope line? Write for our catalog 31-130, and our 
Foundation, which is sponsored by the free demonstration offer. Bausch & Lomb, 87818 Bausch Street, 
Westinghouse Electric Corporation. 

The board of six judges, prominent in Rochester, New York 14602. 
the fields of journalism, science, and public 
affairs, include: Loren C. Eiseley, Univer- 
sity of Pennsylvania; Dennis Flanagan, BAUSCH  LOMB 
editor of Scientific American; Morris 
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fluid into tissues (edema) may be an - 

important factor. His data indicate 
that sodium loss (as determined by 
studies using radioactive sodium) may 
be minimal, at least prior to the time - 

that the animal approaches the mon- - 

bund stage. Hyodo-Taguchi and Egami - 

showed a distinct increase in loss of 
sodium from irradiated goldfish suf- 
fering from gastrointestinal syndrome. 
Lushbaugh pointed out that such loss 
may well be from vessel damage par-  - - - 

ticularly in the gills of the fish. 
In summary of the conference, the [ 

problems involved in differential species - 

radiosensitivity were brought into sharp-  
er focus, but a great deal of work needs 
to be done before the differences can 
be understood. Detailed work is re- [ 
quired on differences in pool sizes, the 
kinetics of cell proliferation, and con- 
trol mechanisms of cell proliferation in 
the different species. Physiological van- 
ables must be better defined, particu- - 

larly the rate of utilization of mature 
functional cells in the irradiated versus 
normal individual. The possible role 
of the reticuloendothelial system de-  
serves a great deal more attention, as 
do changes in blood vessels and the 
supporting matrix for proliferating tis- - 

sues, particularly at dose levels high in - 

the lethal range for the bone-marrow 
syndrome and above. 
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terest in science, and to foster a deeper 
understanding of the significance of science ing and student use. There's a full complement of accessories for 
among the general public, specialized modes for analysis. 

The AAAS-Westinghouse awards are But, why not bring yourself up-to-date on the Bausch & Lomb 
provided by the Westinghouse Educational polarizing microscope line? Write for our catalog 31-130, and our 
Foundation, which is sponsored by the free demonstration offer. Bausch & Lomb, 87818 Bausch Street, 
Westinghouse Electric Corporation. 
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