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COVER: Part of a two-dimensional electrophoresis pattecrn of
the urinary proteins from a patient with cancer of the bladder,
prepared by the Molecular Anatomy Program. For comparison, the
complete patterns are shown from the patient (right) and from a
normal individual (left). The normal pattern is reproducible,
but small differences are found among individuals. Each spot
represents a polypeptide chain which may either be a complete
protein gene product or part of one. Position on the pattern is
a function of isoelectric point and molecular weight.

To assign each spot an identifying number and to study its
appearance or disappearance 1in cancer ot after exposure to
energy-related pollutants, it 1is necessary to have internal
standards for position on the pattern. Qunantitation must also be
feasible. To intercompare large numbers of patterns from human
populations, computerized image analysis and data reduction are
also needed. The Molecular Anatomy Program is developing
solutions to all of these problems.

Such two-dimensional mapping of urinarcy proteius,
illustrated here, is a noninvasive technigque useful for
identification of mutagenesis, carcinogenesis, and the toxicology
of energy related pollutants in man. (See Section 5.)
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3. INTRODUCTION

Douglas Grahn, Division Director

The Division continues to address a wide range of biomedical
topics; the brief introductions to the separate chapters give the
reader a sense of the objectives and accomplishments for tke
diverse subjects under investigation. Within this diversity, the
Division is steadily devoting more of its energies into what can
be termed modern environmental toxicology. The three-point foun-
dation of this effort incorporates studies in mutagemesis, carci-
nogenesis, and cytotoxicity. The activities in enviroanmental
toxicology therefore arise from our basic research, primarily in
the molecular and cellular aspects of biological systenms.

Concurrently, the large-scale radiation toxicity programs
have undergone some <curtailment; the net effect has been to
sharpen the focus on their principal objective, the collection of
data that will have predictive value for the assessment of low-
level radiation hazards to man.

The Molecular Anatomy Progyram and the Bioanalytical Center,
which involve extensive collaborative relatiorships with other
institutions and universities, btring the Division an awvareness of
the other end of bpiological problens: the m®manifestations and
diagnosis of human disease.

Although this report is primarily concerned with the scien-
tific progress of the Division in 1977, it is appropriate to dis-
cuss some of the new research areas that have developed 1in the
first months of 1978. One of these, the program in Toxicity of
Energy Storage Systems, 1is principally concerned with the health
hazards associated with the increased use of novel battery sys-
tems for both electric vehicles and utility load leveling. This
is a cooperative venture with the Division of Environmental
Impact Studies. The environmental and health effects assessment
phase of the project has reached the point were specific research
programs are being formulated to answer questions pertaining to
the biological effects of chemicals involved in manufacture, use,
and disposal of these batteries.

Another new program, the Biomedical Effects of Bnergy Trans-
mission, addresses the potential biological hazards of extremely
low frequency energy transmission systems. Construction of expo-
sure facilities is nearly complete, dosimetric measurements -are



under way, and the ipnitial biological studies, wvhich erploy a
nupnber of circadian behavioral and neurophysiological end points,
have begun.

The Toxicity Program for Coal Combastion and Conversion
Effluents, first identified im last year's aannual report, contin-
ues to progress in the areas of instrumentation, chemical and
physical characterization, and biological studies pertaining to
effluents from fluidized bed combustors. In addition, the study
of effluents associated with the conversion of coal to high-BTO
gas has emerged as a significant commitment. We are fortunately
able to obtain direct process stream and effluent samples for
chemical and biological analysis for both techmnologies.

Some organizational changes within the Division @may be
noted. On May 1, 1978, Douglas Grahn was appointed Director,
succeeding Warren K. Sinclair who had served as Acting Director
since November 22, 1577. Donald D. Grube became Acting Executive
Assistant on ‘April 1, 1978.

In order to deal more efffectively with the need to develop
and execute new programs relating to the health effects of 3if-
ferent energy technologies, a reorganization of the Division has
taken place (Figure 1.1).

Finally, two comments on the organization and logistics of
this report are in order. First, the sections within the report
represent areas of scientific interest, rather tham a specific
Divisional group structure. Thus, the personnel listed at the
beginning of each section are the Divisional staff and temporary
appointees whose work is represented in the section. Second, the
publications listed at the end of the report (Section 18) are the
articles, reports, and abstracts from the entire Division during
1977. The publication lists following the individual sections
are designed for readers interested in specific topics. These
lists cover only the pertinent subject matter and are expanded to
include all publications appearing or accepted for publication
from January 1977 through July 1978; abstracts are not included.

__-_%;;zs/;‘* e

Dougl/as Grahn

DireCtor

Division of Biological
and Medical Research
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2. ENERGY 2RODUZIION AND HUMAN HEALTH

Jane R. Bensor (Scizantific Assistant)
Charles D. Brown (Scientific Assistant)
Diana K. Dixon-Davis (Scientific Assistant)
Douglas Grahn (Seni>r Bioclogist)

Robert T. Lundy (Assistant Biologist)

The prevention of undue risks to the pablic health ani
safety from expanding uses of existiag en2rgy technologies ani
from the developament of new technologies rsquires an assessment
of the potential health effects at all phasas of the varioas fuel
cycles. This project provides ap analytical approach to the
analysis of potential health effects, their production nunder 4dif-
ferent economic or resource utilization situatioas, anl an
appraisal of positive or pnegative health effects and popilation
changes that are concomitant with chaage ia the en2rqgy resjsurcce
base.

The program has three objectives, which are being parsuedl
concurrently:

1) The baseline mortality structure of populations is being
definred in terms of the relationships betwzen observed mortality
and the social, econonmnic, demographic, and caltucal factors.

2) Demographically and actuarially correct models of the
relationships between mortality and varidus risk factors are
being developed to provide reliable measures Of health-effacts
variahles and an analytical framework iprto> which studies under
objectives (1) and (3) will fit.

3) Assessment of the health risks associated with all phases
of the coal-fuel cycle, from extraction t> combustion, are under
development.

Daring the past vyear, the group has also resovondel ¢to
short-term requirements for health assessments, for progran
inventory and development planning, and for new program propods-
als. A portion of the work under obj=ctive (1) is funded by the
U. S. Nuclear Regqulatory Commission ani is therefore dedicated to
establishing a broadly utilitarian computerized approach to the
assessment of potential human health risks in vpopulatinns ia the
vicinity of nuclear power statioms.



Highlights of recent progress toward these objectives
include the following findings. Initial analyses of the effect
of socioeconomic factors on 1life expectancy and age-adjusted
total death rate indicate that between 35% and 50% of their total
variance can be attributed to economicz and cultural factors rou-
tinely annotated by the U. S. Bureau of the Census. There are
also significant regional differences in the U. S. that must be
considered in the analysis of variation in death rate.

A new analytical model has been developed to analyze the
expected influence on human health from an increased use of coal
as a primary energy source. This mod21l employs the demonstrated
quantitative effect of cigarette smoking on human health (total
mortality) as a proxy for air pollution exposure history and
relates air quality measures to cigarette equivalents. The
resulting Adose-response model, . when applied with DEMPAK (the
BIM/ANL mortality projection model), gives projections of excess
mortality that are both age- and sex-specific and also include
latency. These methods have been ag;lied to several health
effects asséessments and are a demonstrable improvement over other
"single factor" approaches.



DEVELOPMENT AND EVALUATION OF SOCIOECONOMIC AND DEMOGRAPHIC FAC-
TORS

D. K. Dixon-Davis, J. R. Benson, and P. 4. Fujat

Fifteen sites, each centered on an energy production facil-
ity and with a total of 191 counties, are besing studied for their
applicability to the problem of relating socioeconomic variables
with human health and energy production. The selected sites sam-
ple the full spectrum of geographic, economic, and social varia-
bles in the U. S. and represent the present full complement of
electric power generation modes (gas, oil, <coal, nuclear, and
hydro) .

An initial multivariate regression analysis of the relation-
ships between socioeconomic and cultural characteristics and mor-
tality among the white population reveals that socioeconomic fac-
tors could account for up to half of the variance in the
nortality measures selected. These measures were expectation of
life at birth, expectation of 1life at age 10, age-standardized
death rate, and infant mortality rate. Male mortality was more
strongly and significatly related to income, education, occupa-
tion, ethnicity, and other social variables than female mortal-
ity. Additionally, those variables that related best to adult

mortality did not necessarily relate to infant mortality. For-
ward selection nmultivariate regression analyses were applied to
39 selected socioeconomic variables. The amount of explained

variance for all four mortality measures, using the best 19 vari-
ables, ranged from 26.7% to 55.0% (mean = 36.6%), and using the
best 20 variables, from 35.6% to 73.2% (mean = 46.0%). Using
dummy variables to substitute for unmeasured site (regional) var-
iations in socioeconomic characteristics increased explained var-
iance by an average of only 4.8%. The use of population-weighted
data in the regression increased explained variance in every
instance, by an average of 16.4%. An examination of the residual
variances around the regressions showel the smallest residuals in
the east coast counties that have the largest populations. This
level of explained variance in widely varying mortality data
indicates that mortality can be standardized for variation in the
common socioeconomic factors tabulat=d by the U. S. Census
Bureau.

An information summary of the factors influencing human mor-
tality has been prepared from the available literature. Over two
dozen cultural, social, personal, and environmental factors were
reviewed. In addition to a qualitative summary, an initial gquan-
titative summary was derived for those factors known to influence
either infant (0-1 year old) or adult (ages 25-64) mortality.
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The three most important factors affecting infant mortality
are birth weight, maternal age, and parents' socioeconomic sta-
tus. Infant mortality has a parabolic relation with both birth
weight and maternal age. The optimum childbearing interval is
25-29 years of age, and the infant death rate is lowest for birth
weights of 3.5-4.0 kg. Parents' socioeconomic status is nega-
tively associated with infant mortality.

As a general rule, factors that improve an adult's financial
ability to cope with illness usually have an inverse relationship
with mortality. For example, as the numkter of years of educa-
tional attainment increases, there is a significant reduction in
the total mortality ratio (observed number of deaths in each edu-
cation group/age-adjusted expected number of deaths in each edu-
cation group). Significant regressions have also been seen for a
number of cancer sites and for two forms of heart disease, In
addition, strongly significant relationships occur with occupa-
. tional status; each class interval increase in status (laborers
low, professionals high) decreases the mortality ratio. Perhaps
indirectly related to the financial ability to cope are the
financial'and emotional benefits of marital status. With few
exceptions, within each age cohort married persons have thetlow-
est death rates of all marital groups--married, single, widowed,
and divorced.

Most of the remaining factors influencing mortality relate
to the probability of exposure to the etiologic agent(s) of the
disease process(es) leading to death, either as a result of the
workplace environment, life-style, or place of residence. Many
occupations are known to have very high death rates for specific
causes, e.g., the mortality rate for respiratory diseases among
coal miners is fivefold higher than the U. S. average.

Personal habits and life-style strongly influence mortality
rates and causes of death. Lung, kidney, and bladder cancer
death rates are highly correlated with cigarette smoking (r =
0.43, 0.49, and 0.76, respectively). The positive regressions of
gastrointestinal tract cancer death rates on alcohol consumption
are significant. Differences in personal habits are also
reflected in the low cancer and heart disease death rates for
certain religious groups (Mormon and Seventh-Day Adventist).

Regarding place of residence, there is a significant rise in
the mortality rate as the degree of urbanization increases (total
mortality rate/105 increases 0.14 t 0.03 for each percentage
increase in urbanization). Skin cancer is the only cause of
death with a true geographic influence; rates are higher in the
southern states where the ultraviolet irradiation is greatest.
In most other comparisons, region seems to be a surrogate for
other factors, such as educational attainment, industrial mix,
income levels, etc.



Finally, there are many recognized toxic agents that are
locally or regionally distributed via 1iverse environmental path-
vays. Categorically, both airborne and waterborne pollutants
have been statistically and, on occasion, clinically associated

with increased levels of morbidity and mortality. Death rates
from all causes have been increased as have rates for many speci-
fied causes, e.g., 1lung cancer, bladder cancer, chronic lung

disease, and cardiovascular disease. The results of some of
these studies have been applied to the development of the air
pollution-health effects model discussed below.

QUANTITATIVE ASPECTS OF THE IMPACTS OF ENERGY-RELATED EFFLUENTS
ON HUMAN HEALTH

R. T. Lundy, C. D. Brown, and D. 5rahn

Because all energy systems release effluents in concentra-
tions well below the level of acute toxicity for most people, the
effects may not be apparent for several years. Thus it is parti-
cularly important to consider the factors of age, sex, and dura-
tion of exposure in determining the observable effects, and it is
necessary to incorporate these factors into any calculation of
health effects. Early approaches to prediction of health effects
of energy production by others used only a single dose-response
coefficient and applied it to the total population without regard
for latency periods or temporal variations in the numbers of per-
sons at risk.

We have developed a system of Jeneral demoqgraphic models
(DEMPAK) for projecting number of deaths and popula:ion size by
sex, age, and cause of death forward through time for any defined
initial population and set of wvital rates. The expected change
in mortality is obtained by projecting the death rates through
time, based on the exposure history of the population at risk to
the effluent of interest in conjunction with appropriate dose-
response coefficients. These projected changes in death rates
are then used to update the projection model in each time inter-
val. Our models generate estimates of average life shortening as
well as estimates of premature deaths and increased death rates.

At present, two dose-response models have been developed.
In the first, the effects of a given exposure are assumed to be
linear with respect to cumulative dose, subject to the rsserva-
tion that a given increment of dose can have an effect for only a
specified period of time following an initial latent period.
This model is most useful for analyzing the effects of raiiation
exposure, Coefficients for this model are derived from appendix
VI of the Reactor Safety Study [U.S. Nuclear Regulatory Commis-



10

sion Report WASH-1400 (NUREG-75-014), 1975] and the BEIP report
(Report of the Advisory Committee on the Biological Effects of
Tonizing Radiations, U. S. National Academy of Sciences-National
Research Council, 1972).

The second model has heen develop2d for the analysis of the
effects of airborne combustion products, the principal source of
concern for the increased utilization >f coal. It uses cigarette
smoke as an archetype for all forms of air pollution. Exposure
to a given dose rate (in cigarette equivalents per day) produces
in the long term an increase in total age-specific mortality
rates, This increase is lirear with respect to dose at any age,
but exponential with respect to aga. Latency effects are
included by having the long-term effects approachad asymptoti-
cally as a function of daration of exposuar=z, Exposure to amixel
urban and industrial air pollutants is commonly ilentified by
indicators of polluted air, such as SO,, total suspendel particu-

lates (TSP), suspended sulfates (SO4), and benzo(a)pyrenes. Our
model converts indicator values from ug/m3 concentrations in
ambient air to <cigarette per day ejuivalents, based on the

effects demonstrated by other studies (Finch, S. J., and S. C.
Morris, Brookhaven National Laboratory Report BNL 218G31, 1976;
Carnow, B. W., and P. deier, Arch. Environ. Health 27, 207,
1973) .

The importance of latency and aje compositior factoars in
quantitative estimates of health effects was shown in the course
of our work for the National Coal Utilization Assessment (Lundy,
R. T., and C. D. Brown, ANL Report AA-11, 1977, 9-1--9-21),
This study included an analysis of an assumed 9 ug/m3 average
increase in suspended sulfate concentration over a 50-year pariod
in a 30-state region as a result of incrzased coal use ip tha
Midwest. A comparison of the results €rom the single coefficient
approach and those from our second dose-response model revzalei
that the ‘'"excess mortality" generated by the single factor
approach overstated excess deaths by 36,000, or 302%, in 1985,
aqreed with the present model in 2000, and understated the namber
of deaths by 17,009, or 23%, in 2020 (Lundy, R. T., and D, Grahn,
Proceedings of the Americap Statistical Assapciation, Social Sta-
tistics Section, Part II, pp. 672-€77, 1977).

We also applied our demographic models in an Argonne study
for the Nuclear Regulatory Commission, "The Environmental Effacts
of Using Coal for Generating Electricity" (NUREG-0252). In this
study, the effects to be expected from a standard 1000-MW= coal-
fired povwer plant on the population within an 80-km radias were
analyzed for six generalized combinations of coal and topo-
graphic environments. Because the average concentration of air-
borne effluents in each scenario varied irregularly as a result
of topographic and meteorological factors, the effects of popula-
tion distribution on the net impact were checked using tw>
assumptions: first, the population was evenly distributed within
the area of impact; and second, the population was concentrated



in the area of the highest decile air pollution concentration.
The latter assumption yielded the maximum impact. The study
showed that even if "New Source Performance Standards" (NSPS) are
adhered to, the increase in death rates in the affected popula-
tion could range from 5 to 29 deaths per million exposed person-
years.

BEarly versions of our model were also used to assess human
health effects of the use of fluidized-bed combustion of coal
compared to conventional combustion for steam generation. It was
determined that there would probably bhe no significant difference
between the two systems in their impact on human health, as both
can easlly meet NSPS for controlled substances.
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The overall objective of this program is the development of
methods for decorporation of toxic metals whose compounds deposit
primarily in the skeleton and liver. In the prosecution o2f this
work it is recognized as a fundamental principle that the devel-
opment of effective therapeutic procedures is dependent upon
results from parallel physiological experiments and morphological
observations designed to elucidate th2 interactions betwea2n mam-
malian tissues and the toxic metal compounds under study.
Accordingly, three secondary research objectives are presently
being pursued: (1) Biochemical and physicochemical studies, in
vitro, of the interactions of toxic metals and/or therapeutic
substances with tissue components. (2) Morphological studies,
including autoradiography and histology, designed to demonstrate
(a) gross and microscopic localization of toxic metals in living
tissues, (b) the pathological sequelae of toxic metal retention,
and (c) the possible reversal of such sequelae by treatment. (3)
Generation of metabolic and therapeutic data regarding the inter-
actions of toxic metals with experimental animals, with special
attention toward applicability to man. Because the highly dan-
gerous radiation from plutonium, americium, and other alpha emit-
ters is of great concern, a considerable portion of this program
is directed toward the actinide metals. Recently, however, using
concepts, procedures, and therapies developed in the course of
our "nuclear" studies, we have obtained useful new metabolic and
therapeutic information regarding nonradioactive toxic metals
such as lead.

Significant advances toward the above research goals over

the past year are described in the following sections. To sum-
marize some of the highlights from recantly obtained results:

tTerminated during 1977.
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1) From carefully designed experiments with beagles, based
on earlier therapeutic results with rodents, we have further
defined the variables promoting an optimal treatment regimen with
diethylenetriaminepentaacetic acid (DTPA) for decorporation of
plutonium (and probably americium) in wman.

2) In young, rapidly growing rats, a short (2 week) regimen
of treatments with DTPA achieved a striking 5-fold reduction in
the skeletal burden of plutonium.

3) In collaborative studies with D. Grahn (reported in Sec-
tion 10) of the genetic consequences of high LET irradiation of
the gonads, new information was developed to allow more precise
calculation of the radiation dose received specifically by sper-
matogonial stem cells from plutonium retained in the mouse tes-
tis.

4) ERarly and continuing DIPA therapy was found to reduce
sharply (by at least 10-fold) the testicular burden of monomeric
plutonium in both the mouse and dog, thus reducing the genetic
risk from alpha irradiation of stem cells.

~5) 1In studies of simulated lead poisoning in mice we have
found that therapy with two alkyl =sters of DTPA--compounds
developed in our actinide research to promote increased membrane
penetration--resulted in reduced lead retention in brain (a cri-
tical tissue), as well as in liver and kidney.

6) In DTPA-treated mice, monomeric plutonium definitely has
been shown to be excreted as the Pu-DTPA complex.



INTERACTION OF MONOMERIC PLUTONIUM WITH THE LIVER AND SKELETON,
AND WITH DTPA, AS RELATED TO DECORPORATION

M. H. Bhattacharyya and D. P. Peterson

A study was completed on the metabolism of 14C-labeled DTPA
in rats whose bile ducts and urinary bladders had been cannu-
lated. By 24 hours after injection of the 1labeled chelating
agent, 84% was found in the urine, In addition, a second, much
smaller excretory pathway for DTPA via the liver into bile was
identified; 0.28% of the injected 1!4C activity was measured in

bile collected for 24 hours after injection. Analysis of the
bile by anion-exchange column chromatagraphy revealed that about
50% of the 14C was present as unchangedi DTPA. In another study,

the form of plutonium appearing in the bile following DTPA admin-
istration to rats previously injectel with monomeric plutonium
was analyzed by anion-exchange column chromatography. Nearly all
the plutonium appearing in bile was in the form of the plutoniunm-
DTPA complex. Thus, although the bile represents only a minor
excretory pathway for DTPA, these +two studies indicate that the
amount of biliary DTPA is sufficient to induce, by direct chelate
formation, biliary excretiopn of nearly all the monomeric pluto-
nium removed from the liver,

Other experiments were conductel to determine whether a
great decrease in bone density, brought about by exposure to
weanling rats to a low-phosphate diet, might result in a corres-
ponding release of plutonium from the skeletons of ~plutonium-
treated animals. In plutonium-injected weanling rats subjected
to a low-phosphate diet for 2 weeks, a 21-25% decrease was found
in the ratios of ash to dry weight in femurs and vertebrae. How-
ever, these changes in bone mineral 1ensity could be accounted
for entirely by increases in the dry weights of the bones, with
no changes in ash weights. Furthermore, there was no additional
release of plutonium from the skeleton over plutonium-injected
controls receiving a normal diet. In the same experiment, a
5-fold reduction in the skeletal plutonium levels of weanling
rats was achieved following 2 veeks of intraperitoneal
Naz[zZnDTPA] (0.25 mmoles/kg, 5 days/wk). Thus, DTPA was surpris-
ingly effective in reducing the skeletal plutonium burden of the
young, rapidly growing rat. In contrast, similar treatment to
adult mice resulted in only a 2-fold reduction in skeletal pluto-
nium content.
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DEPOSITION AND RETENTION OF PLUTONIUM IN THE TESTIS OF MOUSE AND
DOG: EFFECTS OF THERAPY WITH DTPA

Je J. Russell and A. Lindenbaum

Results of a 1-year autoradiographic and radiochemical study
in B6CF,/Anl male mice followng intravenous injection -of
10 uCi/kg of plutonium citrate include: (1) a 30% testicular
weight loss; (2) a nearly constant testicular plutonium burden;
(3) an average radiation dose accumulated by the testes of 70 rad
by 348 days, at the average rate of 0.8 rad/day over the first 6
days and 0.2 rads/day thereafter; (4) an increasing association of
alpha activity with glycolipid-positive droplets in the intersti-
tial tissue; (5) a reduction in the number of mature spermatozoa
and mitotic figures (with D. Grahn); and (6) calculation that a
factor close to U4 is required to convert the overall testicular
"smear" dose to the rad dose actually delivered to the spermato-
gonial stem cells (see Section 10).

An interspecies study of the tasticular distribution and
concentration of 239pu in the mouse and dog was made to compare
the effects of DTPA, given twice a week for 3 months, when ther-
apy was initiated early (6 hours after plutonium injection) and
vhen delayed (6 days after plutonium). In all cases, the testi-
cular plutonium burden was sharply reduced by DTPA. In the dog,
it was reduced to one tenth and one fifth of the control level by

early and delayed treatment, respectively. In the mouse, the
reductions were to one eighth and one fourth for early and
delayed treatment. Autoradiographic track counts indicated

avproximately equal loss of alpha activity from interstitial tis-
sue and seminiferous tubules in both species.

DETERMINATION OF AN OPTIMAL THERAPEUTIC REGINMEN WITH DTPA FOR
ACTINIDE DECORPORATION :

A, Lindenbaum, R. A. Guilmette, J. J. Russell, and E. S.
Moretti

. Further experiments with dogs, designed to determine the
optimum treatment frequency and dose levels, and to compare two

chemical forms of DTPA (the calcium and zinc chelates) for
removal of plutonium in case of human contamination, have been
completed. Beagles received daily intravenous injections of

either 70 mg/kg or 14.2 mg/kg Na[ Ca-DTPA] for 5 days, beginning
at 6 hours following intravenous administration of 23°9Pu citrate.
From this point on, intravenous Linjections of 14.2 mg/kg
Na3[Zn-DTPA] were given for 3 months at six daily treatments per



week to some dogs, and twice per week to the others.
Radiochemical analysis and quantitative autoradiography are now
being carried out on a standard array of tissues to obtain reten-
tion and tissue distribution data for therapeutic evaluation.

THORIUM-227 DISTRIBUTION IN MOUSE SARCOMA TISSUES

A. Lindenbaum and J. J. Russell

A cooperative project with A. Priedman of the Chenistry
Division aims at tumor therapy based on preferential uptake of
radioactive substances within and around tumors. In recent work,
we have made autoradiographic measurements at the light and elec-
tron microscopic levels to determine any preferential microdis-
tribution of thorium-227 citrate in mouse sarcoma #180 tumor tis-
sues, Preliminary autoradiographic evidence shows a 1iiffuse
distribution of thorium throughout the tumor, with lesser amounts
in necrotic centers and in fatty areas of the tumor. The hoped-
for autoradiographic evidence of cascading daughters of 227Th
(i.e., 223Ra, 219Ra, 21S5po, etc.) was not found.

LEAD METABOLISM AND EPFECTS OF THERAPY WITH DTPA ESTERS

BE. M. 3orensen, E. 3. MoreLli, and A. Lindenbauw

The objectives of this research are to (1) compare the lead
distribution in the mouse with and without chelation therapy,
with emphasis on «critical target organs in 1lead poisoning, (2)
assess dysfunction of the blood-brain barrier and resultant com-
partmentalization of lead in the neonatal rat brain (with and
without chelation therapy), and (3) evaluate lead-induced changes
in diel (daily) cycles of both the mouse and rat.

Recent studies are aimed at the development of methodology
to assess the vpathological effects of lead when the levels in
tissues approach those likely to be encountered in the general

population, In one effort, transmission electron microscopy was
used to examine mouse liver and kidney. A single intravenous
injection of 1lead acetate (80 mg Pb/kg) was found to produce

intracellular inclusions in sufficient numbers to permit easy
recognition and scoring. As the administered dose was decreased,
however, both the size and number of inclusions declined
markedly. Other studies attempt to measure lead-induced changes
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in diel cycles of oxygen metabolism, deep body temperatures, and
activity in the B6CF;/Anl mouse (work in collaboration with G. A.
Sacher). '

In an effort to compare the therapeutic advantage of several
chelators (including those 1in current <clinical use) on 1lead:
decorporation in the mouse, an experimentally elevated body bur-
den of lead was challenged with several chelators recently devel-
oped in this laboratory. Six treatments over 3 days, initiated
on the third day after injection of 30 mg Pb/kg in the form of
lead citrate, with either the dibutyl or dihexyl DTPA esters
resulted in significant reductions in 1lead burdens in the brain,
kidney, femur, and whole body comparel to the levels in the tis-
sues of untreated controls at 21 days. Rapid decreases in fecal
lead excretion, and a leveling off of tissue lead burdens within
a few days following the sixth treatment with the dJdibutyl DTPA
ester indicate that prolonged therapy with this chelator (work
now in progress) might reduce lead levals even further.
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4. DEVELOPMENT OF NEW TECHNOLOGY FOR THE JSE OF STABLE ISJOIJPIC
TRACERS IN THE STUDY OF HUMAN HEALTH AND DISEASE
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Frans Stellaard (Research Associate)
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This program has five major aspects: first, the development
of analytical instrumentation of requisite sensitivity, stabil-
ity, and simplicity to conduct stable is>tope measurements in 1
routine manner; second, the development of aopropriately iapeled
compounds for metabolic investigations, initially through custonm
syntheses but eventually through coammercial sources; third,
development of analytical methodology to isolate, ourify, ani
determine the isotopic content of specific organic coapoands
reflecting metabolic processes or disease states; fourth, colla-
borative development of clirical applications and testing on a
routine basis, through a network of :linical centecs aroani the
country; and finally, the collection and dissemination of stable
isotope information on an international scale through survey
publications and conferences.

During the past year, we have exoanded our abilitv to trace
13C by the construction of a combustion system for so0lid saaples
that permits recovery of label from lyophilized stool or arinary
samples, and by the construction of a highly efficiant CO2 trap-
ping system that is designed for wuse in incubators for pr2matura
infants. These developments permit exteasion of the ase of
13C-labeled substrates to new arcas of pediatric research.

Synthesis of a variety of stable isotopically 1labeled com-
pounds has been accomplished 1in response to specific clinical
protocols. These compounds include 13-, 45—, and dg-labeled
forms of methadone, 13C-triolein (from methyl oleats suppliasd by
Los Alamos ICONS program), and, in leparture from stable iso-
topes, 1tiC-labeled bile acids, in conjunction with Paul Harper,
Franklin MclLean Memorial Research Institute, The University of
Chicago.

The clinical application of the dimethylaminopvrine breath
test has shown exceptional ability to predict patient response in
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liver disease treatment protocols, as aeasured by clinical
evaluation and 1liver biopsy. A series of children with Zell-
weger's syndrome has been found to have an atypical bile acidg,
trihydroxycoprostanic acid, in their bile. This bile acii, nor-
mally found in alligator bile, appears to reflect a oprimary
defect of bile acid synthesis in this syndrome. Finally, we have
hegun development of isotope ratio methodology applicable to
clinical studies of calcium absorption, using 42Ca and 4¢Ca,

The activities .of this program contribute to the medical
applications of stable isotopes as nonradioactive, nonianvasive
probes of specific metabolic processes that may be affected by
environmental contaminants. This program provides a means of
studying the metabolism and fate of pollutants in the examination
of disease states and lays the basis for estimating 1levels of
human exposure through clinical studias of selected populations.
These studies can be extended into epidemiological examinations
of occupational and general populations as they prove to have
significant diagnostic values.

Finally, this program represents the confluence of a nuaber
of research programs within DOE and also in various institutes of
the National Institutes of Health, and it serves to link the net-
work of stable isotope users within a national and an intarna-
tional framework.



INSTRUMENTATION

D. A. Schoeller,! F. Stellaard, and H. C. Niu

Two new instruments have become operative during 1977, a
Nuclide 3-60 Sector mass spectrometer and a solvent programmer
for the Waters high pressure liquid chromatograph (HPLC). The
Nuclide 3-60 is specifically designed for precise carbon and oxy-
gen isotope ratio analysis. This instrument has demonstrated a
precision of 0.5%°/00 which is 10 times more precise than the
PE-270 which was first used for isotopic measurements of CO, sam-
ples. The 1increased precision permits measurements of natural
abundance ratios and is needed for most 13C0, breath test appli-
cations in order to keep the 1'3C substrate dosage and cost to a
ninimum.

The solvent programmer has vastly improved the performance
and versatility of the HPLC systen. The use of programming to
increase the solvent strength has shortened analysis time, while
improving chromatographic separations relative to the single sol-
vent systems that had been used previously. Also, mixtures of
greater solute diversity can be analyzed without the inherent
loss of sensitivity for those components that elute late. The
HPLC is routinely wused in checking the purity of newly synthes-
ized 13C substrates or labeled internal standards.

We have developed a number of new ancillary apparatuses. Of
major importance to the clinical breath test program has been the
development of an automated CO; purification system and isotope
ratio analyzer. This system accepts up to 50 breath samples for
sequential analysis. An aligquot is withdrawn from each sample
and the CO, is cryogenically purified over dry ice and liquid
nitrogen. The CO2 is introduced into the sample side of the dual
inlet of the Nuclide 3-60, and the CO; sample pressure |is
adjusted to equal that of the standard gas which is in the other
half of the dual inlet. The isotope ratios are measured by peak
stepping and the isotopic enrichment of the sample relative to
- the standard is calculated. The pressure matching of the sample
and standard gases is not fully automated and requires operator
intervention. The analysis time is 15 min/sample, which is a
4-fold improvement over the manual technique. The automated iso-
tope analysis has been shown to be accurate and to have a preci-
sion within 1°/40.

A combustion system has been built to augment the CO, ana-
lyzer by converting solid biological samples to CO2 for isotopic

tResident Associate, Division of Biological and Medical
Research, and Research Associate (Assistant Professor), The
University of Chicago.
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analysis. Samples are burned over a platinum catalyst at 10000°C
in the presence of 150 torr of oxygen. Replicate combustions of
isotopic standards have shown the system to be accurate to within
19/00. The combustion 1line will be used for measuring the
natural abundances of intravenous nutritional fluids and for mea-
suring 1!3C incorporation in solids.

Finally, a new CO, collection apparatus has been developed
and tested for use in sampling expired CO; from infants in incu-
bators. The apparatus consists of an enclosed glass spiral into
which 5 ml of 1 N NaOH solution is adied. The breath is drawn
from the incubator, and through the NaDH where the C0; is
absorbed and concentrated. The spiral provides the long absorp-
tion path that is necessary to absorb the CO2 quantitatively.
Without this apparatus it is not possible to perform 13CO; breath
tests on premature and newborn infants.

SYNTHESES

K. Y. Tserng and D. L. Hachey

In continuation of the proaram 72f synthesizing bile acid
sulfates, the syntheses of all monosulfates of four major bile
acids were finished this year. The syntheses of 3-monosulfates
were reported in the previous year. The preparation of 7- and
12-monosulfates was achieved by using sipilar procedures with
several modifications. The methyl estars of 3-carbethoxy deriva-
tives of chenodeoxycholic acid and deoxycholic acid or diacetates
of cholic acid were used as starting materials. The reaction
solvent was changed to pyridine from dimethylformamide-ether mix-
ture to facilitate the isolation of products. The glycine conju-
gates (except for those from cholic acid) were obtained by start-
ing with 3-carbethoxy derivatives of ethyl esters of bile acid
glvcine conjugates. For the syntheses of glycine conjugates of
cholic acid monosulfates, the sodium salts of unconjugated sul-
fates were converted to triethylammonium salts using an ion-ex-
change column. The triethylammonium sialts were then dissolved in
chloroform and conjugated with ethyl glycinate in the presence of
N-ethoxycarbonyl-2-ethoxy-1,2-dihydroquinoline. The taurine con-
jugates of all bile acids were prepared by conjugating sodium
salts of unconjugated sulfates with taurine in dimethylformamide.
Besides the unlabeled sulfates, which are to be used as standards
in validation of analytical procedures, the 38-d, labeled sul-
fates of lithocholic acid and its conjugates were also synthes-
ized. They were used by Dr. John Watkins of Harvard Medical
School in validation of the isolation, separation, and solvolysis
procedures used in the study of lithocholic acid metabolism in
infants. The disulfates of conjugated chenodeoxycholic acids



were prepared. They have provided Dr. Alan F. Hofmann of the
University of California at San Diego with the authentic samples
required to study sulfation of chenodeoxycholic acid in man.

For the clinical 1'3C breath tests program, a number of new
substrates were synthesized. The %3C-triolein was prepared by
esterification of 1-13C-oleic acid ani glycerol in the presence
of sulfuric acid. The preparation of methyl-13C- and t4C-labeled
methacetin and phenacetin by etherization of p-acetaminophenol
with labeled methyl iodide or ~ ethyl iodide provided possible
alternative compounds to aminopyrine for determining the N- or
O-dealkylation capacity of the hepatic P-450 mixed function oxi-
dase systen. These new compounds involve a lower risk to the
patient,

The synthesis of 11C-labeled bile acids as possible liver
scanning agents in nuclear medicine was explored in this labora-
tory, The short half-life of 11C (t-/, = 20.4 min) required that
the synthetic procedure be completed 1in less than 2-3 half-lives
in order to obtain compounds of sufficient activity. This prob-
lem was overcome by carbonation of th2 Grignard reagent derived
from 23-chloronorcholanes to form th2 labeled compounds. The
procedure took only 15-20 minutes after the introduction of 11C03
from the cyclotron, and a product with a total activity of 2 mCi
was obtained. The preliminary study on human volunteers has
indicated that intravenously administered chenodeoxycholic acid
is rapidly concentrated in liver and a good image of liver can be
obtained.

In order to study the metabolism and pharmacokinetics of
methadone and its enantiomer, a variety of 1labeled methadones,
.4, methadone-d3, methadone-ds, methadone-dg, and their enan-
tiomers, were synthesized. The combined use of these labeled
methadones will enable the similtaneous measurement of plasnma
levels of individual methadones.
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ANALYTICAL DEVELOPMENTS

D. L. Hachey, H. Niu, D. A. Schoeller,® F. Stellaard, and K.
Y. Tserng

Keto bile acids found in human bile are believed to result
from bacterial oxidation of the hydroxy bile acids as they tra-
verse the gastrointestinal tract. During an investigation of the
hydrolysis procedures used to isolate bile acids, we observed
partial destruction of keto bile acids. Products obtained from
the hydrolysis were identified as hydroxy bile acids, which prob-
ably result from a coupled oxidation:reduction process in the
hydrolysis solvent systen. Reduction of keto bile acids was
influenced by high temperature, high concentration of alkali, and
the presence of alcohol in the solvents. Similarly, oxidation of
hydroxy bile acids was observed when acetone was present in the
hydrolysis solvent. The amount of keto bile acids naturally pre-
sent in bile could be estimated first by reduction with sodium
borodeuteride, and then using an alcohol-free hydrolysis mixture
for deconjugation. The products were examined by isotope ratio
mass spectrometry, and the increase above the natural abundance
of the M+1 ion was used to determine the amount of keto bile
acids originally present in bile. The resuilts indicated that
many widely used isolation procedures may substantially underes-
timate the content of keto bile acids in biological samples.

Most biological samples require some form of derivatization
prior to mass spectrometric analysis 1in order to enhance their
volatility. Derivatization procedures should be rapid, gquantita-
tive, and free of undesirable artifacts. Most common procedures
involve methylation, acetylation, or trimethylsilylation; all
produce enol ethers or enol esters of 3-keto bile acids. We have
developed methylation procedures using dimethoxypropane and ace-
tylation procedures using U4-dimethylaminopyridine/acetic anhy-
dride that eliminate the problems of formation of enol ethers or
enol esters.

In order to obtain high precision isotope ratio analyses by
chemical ionization mass spectrometry on 10ons that are separated
by onlv one or two mass units, it is necessary to minimize, or at
least stabilize, the hydride abstraction phenomenon. We have
observed that hydride abstraction ion intensity was consistently
lower when we ased the direct insertion probe than it was when we

used the gas chromatograph inlet. de also observed that the
temperature of the gas chromatograph transfer 1lines influences
the amount of hydride abstraction: greater amounts of hydride

1Resident Associate, Division of Biological and Medical
Research, and Research Associate (Assistant Professor), The
University of Chicago.



abstraction were obtained at temperatures greater than 300°C, bat
the problem was minimal at temperatures below 250°C.

Measurement of intestinal malabsorption in infants is impor-
tant in assessing nutritional status. e have devaloped proce-
dures for Jdetermination of 1!3C content of fecal samples. Data
were obtained from two infants who were o2n a standard formula
Aiet of defined composition. The results indicate that precision
of the combustion process and isotope ratio analysis was within
0.3%60 (n = 4). The variation within a single subject for suc-
cessive 96-hour collaction samples was 1%/,, (n = 7), and the
variation was only slightly larger between individual subjects.
This low sample variation makes it possibtle to detect excretion
of approximately 0.8 umoles of singly labeled substrate per kg of
body weight.

Met hadone pharmacokinetic studies have heretofore been lim-
ited to data obtained from auarine beciause no suitable procedure
existed for selectively extracting methadone from plasma. We
have developed a procedure for recovering a very pare methadone
from plasma, The technique involves a <complex extraction:back
extraction procedure to remove undesirable lipid components of
blood that interfere with the mass spectrometric assay. The
procedures permit about 50-60% recovery efficiency and are now
routinely used to study plasma methalone pharmacokinetics (see
Clinical Applications, below).

Three deuterium isotope labeled €forms >f methadone have been
prepared which contain 3, 5, and 8 deuterium atoms. Techniques
have been developed to synthesize isotopically pure compounis so
that overlap with adjacent ions does not interfere with gquantita-
tion of the individual isotopic forms. Two of these compounds,
S-(+)-d3 and R-(-)-ds, are being used as ian vivo tracers; while
the third, (t)-dg, is being used as an internal standard to quan-
titate plasma drug levels by inverse isotope dilution.

High pressure 1liquid chromatographic techniques have been
developed to determine purity of methacetin and phenacetin in
various syntheses of the isotopically 1labeled forms. The assay
is sensitive enough to detect nanogram quantities of these irugs
in biological fluids.

We have begun preliminary work on a study of the absorption
and kinetics of metals in biological systems, using a nonconven-
tional approach to measuring metal isotopes that involves forma-
tion of a volatile metal chelate. W2 have started working with
calcium because of 1its clinical importance in vitamin D metabo-
lisn. Calcium is an especiaily challenging element becauses its
chelates have a number of troublesome properties, inclading a
strong tendency to hydrolyze, formation of heteropolymers in the
gas phase, decomposition under chemical ionization mass spectro-
metry conditions, and very low sample volatility. We have pre-
pared a number of pB-diketone calcium <chelates and related
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B-ketoamine Schiff base chelates and evaluated their suitability
with respect to stability, volatility, and solubility. The most
promising chelating agents seem to be flaorinated B-diketones
that contain a tertiary butyl group. Such a chelate of calcium
possesses most of the desired qualities, although it is exten-
sively polymerized and the major ions in the electron ionizatioa
mass spectrum occur near m/e 965. From isotope ratios measureil
on a related B-diketone calcium chelate we found that it is pos-
sible to measure isotope ratios to 1 part in 2,000 for both the
42Ca and 44Ca isotopes. Mass spectral studies indicatz that
electron ionization must be used in order to obtain a monomeric
species containing a single metal ani1 a single chelate ligand.
We have successfully derivatized 10 ug of calcium, and we expect
that 0.5 to 1.0 pg calcium is sufficient to obtain accurate iso-
tope ratio measurements,

P. D. Klein, P. A, Szczepanik, D. A. Schoeller,! 0. L.
Hachey, K. Y. Tserng, and F., Stellaard

The clinical applications of the dima2thylaminopyrine (DAP)
demethylation 13CO, breath tests have been pursued in collabora-
tion with Dr. John Schneider, The University of Chicago. In a
study of 30 subjects suffering from alcoholic hepatitis, the DAP
breath test gave a very good measure of liver function over the

course of patient recovery. The DAP test was shown to be more
reproducible and less ambiguous than the standard liver function
tests--SGOT, serum albumin, serum bilirubin, ani prothrombin

time--and was in good aqreement with clinical evaluation of the
patient. We have performed preliminary triils of new liver func-
tion breath tests using the newly synthesized 13C-methacetin and
13C~-phenacetin, Both Of these drugs andergo hepatic O-dealkyla-
tion. Preliminary results indicate that tke methacetin test may
provide a better 1liver function breath test than aminopyrine
because methacetin undergoes almost complete dealkylation in the
normal liver, so that any reduction indicates impairment of the
first pass hepatic clearance capacity.

The DAP 14C0, breath test was usel irn collaboration with Dr.
Carl Peraino to ascertain its ability to detect the formation of
hepatic tumors in carcinogen-treated rats. The large variations

1Residert Associate, Division »f Biological and Yedical
Research, and Research Associate (Assistant Professor), The
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observed in the breath test response obscured the decreased
response to the breath test expected in those animals in which
tumors had formed and essentially ruled out the breath test for
diagnosis of hepatic carcinoma.

Five 13C0,; breath tests using 13C-labeled fats have now been

used in the investigation of fat malabsorption in infants. The
tests use the free fats, sodium octanoate and palmitic acid, and
the triglycerides, trioctanoin, tripalmitin, ard triolein. Fronm

these, a battery of three substrates--palmitic acid, trioctanoin,
and triolein--have been chosen for use in identifying whether fat
malabsorption is due to a pancreatic, intraluminal, or mucosal
disorder. The battery of tests has been performed in thrse sub-
jects. In two patients with celiac disease, the two long-chain
fats were poorly absorbed, as expected in a mucosal disorder,
whereas absorption of the medium chain fat, trioctanoin, was nor-
mal. In a child with Schwachman's syndrome, the two triglycer-
ides were poorly absorbed while the free fat absorption was nor-
mal, as would be expected for pancreatic insufficiency.

Preliminary studies of lipid metabolism in premature infants
using 13CO0; breath tests have begun in collaboration with Dr.
Tibor Heim, Hospital for Sick Children, Toronto, Canada. Using
substrates that were either naturally enriched or were depleted
in 13C, we have shown that we can distinguish between lipid and
carbohydrate oxidation as the metabolism switches in response to
changes in the composition of intravenous infusions.

Because the use of radioactive isotopes is contraindicated
in children and women of childbearing age, studies that deal with
the determination of bile acid kinetics using 2H- or !3C-labeled
bile acids continue to generate a number of collaborative pro-
grams. The measurement of bile acid kinetics in approximately 85
Pima Indian children to determine the age of onset of lithogenic
bile among southwest American Indians (collaborator: Dr. L. Ben-
nion, Phoenix Clinical Research Section, NIAMDD) 1is nearly com-
pleted. Using a single sampling of duodenal bile after adminis-
tration of 11,12-2Hs~-chenodeoxycholic acid, the pool size and
turnover rate of this compound have been determined in both male
and female children, before, during, and after onset of puberty.
Chenodeoxycholic acid has been shown to be important in maintain-
ing cholesterol solubility in the gall bladder. Because American
Indians are known to have a high incidence of cholesterol chole-
lithiasis, the evaluation of the chenodeoxycholic acid pool size
data in these children may elucidate the onset and extent of this
disease in the Pima Indian children.

Another study designed to focus on the higher incidence of
cholesterol gallstones in women, in collaboration with DOr. A.
Hofmann and Dr. P. Ng, previously of the Mayo Clinic, Rochester,
is nearly completed. Administration of stable 1labeled cholic
acid and chenodeoxycholic acid during pregnancy and during the
use of oral contraceptives will enable, for the first time, the
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definition of bile acid kinetics in normal ovulating women and in

. pregnant vomen, as well as the evaluation of the biliary lipid

composition and bile acid kinetics due to changes in specific sex
hormones. These studies should also lead to an understanding of
how contraceptive steroids cause the bile to become lithogenic.

The availability of our gas chromatographic/mass spectrome-
tric/computer techniques and analytical expertise used to Juanti-
tate bile acids continues to attract collaborative studies which
deal with the detection and identification of the bile acid com-

ponents of biological samples. Two of these studies have been
outlined in the Bile Acid Transformations in Gallstone Therapy
and the National Cooperative Gallstone Study grants. For the

latter study, bile samples obtained from volunteer cholelithiasis
patients before and during treatment with chenodeoxycholic acid
continue to be examined for the presence of any atypical, and
possibly toxic, bile acids formed from the chenotherapy. The
study is expected to be completed by the end of the next calendar
year.

Because chenodeoxycholic acid can be converted by
T7-alpha-dehydroxylase to the toxic lithocholic acid, analyses of
the sulfate and nonsulfate bile acid fractions of human meconium
have been carried out in c¢ollaboration with Dr. John Watkins,
Harvard Children's Hospital, Boston, to establish that the sulfa-
tion of lithocholic acid is a well-developed detoxification
mechanism in the human fetus. Validation of this mechanism in
the fetus is essential if chenotherapy is to be approved for
wonmen of childbearing age,

The identification of atypical hile acids in infants and
children presenting with various 1liver diseases has beconme
increasingly important. The following collaborators have
requested assistance with specific problems: Dr. Barbara Kirsch-
ner, The University of Chicago, with the analysis of serum bile
acids from infants having various combinations of liver diseases
such as neonatal hepatitis, extrahepatic biliary atresia, and
neonatal cholestasis; Dr. R. Wilson, Harbor View Medical Center,
Seattle, with serum samples from two brothers suffering from a
condition characterized by cholestasis and cirrhosis since the
first year of life; Dr. Norman Javitt, Cornell University “edical
Center, New York, with the identification of hyocholic acid in a
child with cholestatis; Dr. Russell Hanson, University of Minne-
sota, with the identification of trihydroxycoprostanic acid and
other C-27 bile acids in patients with Zellweger's syndrome; Dr.
John Watkins, with the identification of hyocholic acid in chil-
dren with Bylert's disease; and Dr. T. R. Holzbach, Cleveland
Clinic, with the analysis of bile aciis from the portal blood of
patients undergoing colectomy for inflammatory bowel disease.

Clinical studies using deuterium-labeled methadone are con-
tinuing with Dr. Mary Jeanne Kreek at Rockefeller University.
The main thrust of this work is to study the kinetic behavior of



the individual methadone enantiomers. To facilitate this work,
two scientists from Dr. Kreek's laboratory came to Argonne and
spent a total of 5 weeks at the laboratory learning stable iso-
tope tracer techniques. Urinary excretion studies have confirmed
our earlier observations that inactiva S-(+)-methadone is elimi-
nated from the body almost twice as fast as the active
R-(-) -methadone. Preliminary studies using noninvasive saliva
drug levels were, not encouraging. Saliva methadone levels are
much higher than plasma levels, show considerable hourly varia-
tion, and are not sufficiently reliable to obtain pharmacokinetic
data. More encouraging results were obtained from plasma pharma-
cokinetic data. These data support the elimination rate differ-
ence between R-(-)- and S-(+)-methadone previously observed in
urine. In addition, they provide evida2nce for either a differen-
tial gastrointestinal absorption of the two forms or a differen-
tial hepatic clearance of methadone. In these plasma studies, we
observed a consistently higher isotope ratio for the inactive
S=-(+) -methadone than for the active R-(-)-methadone. Studies
designed to uncover the mechanism behind different plasma levels
are in progress. These studies will involve simultaneous use of
S-(+)-d3 and R-(-)-ds methadone in a single study. Methadone-dg
will be used as an internal standard to quantitate plasma metha-
done levels for dpg, d3, and ds species.

Folic acid metabolism studies are continuing with Dr. I. H.
Rosenberg at The University of Chicago. ITwo new patients have
been studied in this series. One patient received a 5-day oral
folic acid loading dose regimen, which permits kinetic studies
for 6 days following the last day of isotope administration. The
second patient received only a single dose of deuterated folic
acid, which permits studies for 5 days. These experiments enable
a much simpler treatment of the kinetic data than previously pos-
sible. ‘

A new collaborative effort was begun this year with Drs. J.
Robb and I. H. Rosenberg at The University of Chicago. This is a
program to study metal metabolism wusing stable isotopes. These
studies are designed to investigate the gastrointestinal absorp-
tion of metals, primarily calcium, but also magnesium, copper,
iron, and zinc. 1In addition, we plan to study the pharmacokinet-
ics of trace metals. Most of the preliminary work has been con-
cerred with developing analytical methods to recover metals from
plasma, developing chelation and extraction techniques, and
developing mass spectrometric procedures.
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Selected bibliographies of bioamedical and ernvironmental
applications of 2H, 13C, 1SN, 170, 180, and 3¢S for the years
1971-1976 have been compiled and are in press in Biomedical Mass
Spectrometry. These bibliographies total anearly 1400 references
and are indexed by subject and author to increase their utility.
Assembly of this informatior has mades it possible to see new
trends in isotope usage and to identify active areas of research
more clearly. We have received information on the formation of
stable isotope research associations ia Geraany, in Japan, and in
Fastern Europe, and are maintaining liaison with these groups.
The Third International Conference on Stable Isotopes has been
announced and will be held in Oak Brook, Illinois, duringy the
current fiscal year (May 23-26, 1978).
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A central 1issue in the choice of -en=2rgy sources is their
direct or indirect effects on human health. The expectation that
large-scale animal studies on the effacts >f radiation and other
energy-related pollutants would yield results that coulld be
directly extrapolated to wman has not always been realizei. It
has become of critical importance therefore to fill a gap in
human health science studies by developing methods for detecting
mutagenic, toxic, and carcinogenic effacts in human populations,

The central aim of the Argonne Mslecular Anatomy Proqram is
to develop methods to determine such effects. The common denomi-
nator of this effort is two-dimensional electrophoretic mapping
of haman proteins and protein subunits., Iwo-dimensional mapping,
based largely on the work of O'Farrell, 1is ordinarily done manu-
ally, allowing only a few analyses per day, and spot detection is
by autoradiography, which is a time-consuaing process. To do the
work outlined here, large numbers of samples nust be analyzed. A
-semiautomated system for analyzing wup to 120 samples per day,
called the ISO-DALT system, has therefore been 1evz2loped at
Argonne (Anderson, N, L., and N. G. Anderson, Proc. Nat. Acai.
Sci. 74, 5421, 1977; Anderson, N. G., and N. L. Andersor, Aftil.
Biochen. 85, 331, 1978; Anderson, N. L., and N. 5. Anpnierson,
Anal. Biochem. 85, 341, 1978).

The first dimensional separation, tzramed ISO, employs iso-
electric focusing, which gives the hijhest resolution separation
of any technique currently available. The second dimension sepa-
ration, termed DALT, utilizes electroohoresis in the presence of
sodium dodecyl sulfate (SDS). SDS <coats the peptide chains and
gives them a charge very nearly proportional to their length. 1In
free electrophoresis, all molecules would have nearly identical
mobilities. However, in a microporous acrylamide gel, small
molecules in SDS migrate faster than large ones simply jue to the
retarding effects of the small holes in the gel. The net effect
is that the second dimension separatiosn is almost entirely based
on differences in molecular weight.
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is that the second dimension separation is almost entirely based
on differences in molecular weight.

Thus, the tvwo-dimensional separation is based on two com-
pletely independent variables, isoelectric point (a reflection of
amino acid composition) and wmolecular weight. The gels are
fixed, stained, and photographed, ani the photograph is scanned
with an electrooptical scanner to give 2.5 x 106 or more measure-
ments. Computer systems for image analysis are being developed
to normalize patterns and to give spot 1lists by position plus
integrated density.

It is estimated that the human genome contains 30-50,000
genes that code for proteins or their subunits. Many mutations
result in a substitution of one amino acid for another, and about
one third of such substitutions result in a change in the elec-
trical charge of the protein involved. Single charge changes are
visible as positional shifts in two-dimensional electrophoretic
maps; the affected protein appears shifted tn the left if a
charge is added, and to the right if one is lost. Thus mapping
is directly applicable to the problem of finding mutant proteins
in man and ultimately to the problem of measuring the rate at
which human mutations occur. If the mutation rate is constant,
then no serious damage to the human genome is being done.

In any one human cell type, 10% or less of all structural
genes are turned on. This means that thare are compositional
differences among different cell types aad suggests that there
may be many proteins unique to each cell type in man. Toxic
agents generally make cells leaky, regardless of the precise
molecular mechanism by which their effects are produced. Many of
the leaked proteins are small enough to pass through the kidney
and appear in urine. Maps of human urinary proteins therefore
will provide a wealth of toxicological information as aph increas-
ing number are described, and their origin found.

In cancer, the pattern of dene expression is altered, and
genes normally silent in the affected tissue are switched on,
vhile some genes normally active are turned off. Mapping of tis-
sues and, in some instances, of urinary proteins allows such
alterations to be detected.

Experimentally, the problems are first, to develop tech-
niques for two-dimensional mapping to the point where large num-
bers of samples may be mapped reproducibly and with high resolu-
tion, and second, to extract and use the encrmous amount of data
such maps provide.

We have begun by analyzing human plasma proteins and identi-
tying the wmajor ones in the two-dimensional ISO-DALT patterns
(Anderson, N. L., and N, G. BAnderson, Proc. Nat. Acad. Sci. 14,
5421, 1977). The exploration of human molecular anatomy is con-
tinuing, as described in the following reports, vwith mapping of



proteins of muscle, red cells, white cells, hair follicles, and
urine. An essential aspect of this work is the developaent of
methods for identifying activities associated with spots.
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URINARY PROTEINS IN THE RAT: SEX DIFPERENCES AND USE AS INDICES
OF TISSUE DAMAGE

F. A, Giere,! J. J. Edwards, S. L. Tollaksen, and N. G.
Anderson

Sex Dependent Proteins of the Rat

This laboratory has shown that there are two major proteins
present in the soluble phase of liver extracts from male rats
that are lacking in the extracts from female rat livers (Ander-
son, N. G., and N. 1. Anderson, Proc. of the Behring Institute
Symposium, in press). Additionally, there is apparently a pro-
tein in the female liver that is 1lacking in the male. It wvas
deemned desirable to examine additional tissues of the normal rat
for the presence of sex=dependent proteins, Bacause numernns
examinations of serum/plasma by others in this laboratory had not
revealed obvious sex differences in rat btlood, we directed our
first investigations to the urine.

Adult male and female Sprague-Dawley rats were housed in
individual metabolism cages. The urine was collected twice daily
in a graduated cylinder in 1ice, filtered or centrifuged, and fro-
zen (-70°C) if there was to Le a delay before processing. After
dialysis against 0.1% NaCcl, biurets were run on the centrifugal
fast analyzer to determine the protein concentration. The sam-
ples were freeze-dried and then reconstituted to an approximate

concentration of S0 nmg/al. Five to 10 1l of this solution was
applied to each isoelectric focusing gel, as described earlier
(Anderson, N. L., and N. G. BAnderson, Proc, Nat. Acad. Sci. 14,

5421, 1977).

Examination of the ISO-DALT two-Adimersional slab gels of the
urinary proteins reveal=sd sex dependent Adifferepnces in adult
rats, but not in weanling rats. Male-dependent protein(s) appear
at about 6 weeks and female protein at about 10 weeks of age.
The male protein appears to consist of about four isoelectric
species. These sex-dependert proteins are small (< 20,000 dal-
tons). They atre thas considerably smaller than any of the sex-
dependent liver proteins described in the literature.

There is no sex difference in urinary proteins if the rats
are castrated as weanlings. Furthermore, the sex differences are
lost upon castration of the adult male and female.

That these sex iifferences are dependent upon the sex ster-

oids wvas demonstrated by an experiment employing "reciprocal
therapy." Once weekly for 4 weeks castrate males were given an

1Faculty Research Participant, Lake Forest College.



intramuscular injection of 9.25 mg of estradiol cypionate in
sesame oil, and castrate females were giver an intramuscular
injection of 5 mg depo-testosterone cypionate in sesame oil. In
this experiment, the wurinary protein map of the testosterone-
treated castrate females did not appear to differ from the normal
male urine map when the two were examined on the visual compara-
tor.

Experiments are in progress to isolate and purify the sex-
dependent male urinary protein and to make antibodies against it
in rabbits. Antibtodies to unfractionated male rat urine and
unfractionated female rat urine will also be made. It is
expected that experiments using these antibodies will resolve the
tissue origins of sex-dependent urinary proteins and confirm the
presence of a:.female urinary sex protein.

A clear understanding of normal male and female urinary pro-
teip maps is crucial to the utilization of inform=z2t‘on from urine
examination as an index to tissue/organ damage.

Orinary Proteins as Indices of Organ/Tissue Damage

It is generally agreed that injured or diseased cells may
leak protein to the extracellular €luid compartments of the body
and that these proteins may be lost from the body via urine in
the absence of a specific transfer amechanism to reabsorb them

from the glomerular filtrate. The presence of protein in urine
following muscle damage was perhaps the first example of this
condition *o be described. The presence of heart muscle enzymes

in blood serum is used by the clinical laboratory to assess aeart
damage.

de Lave initiated a series of experiments with rats in which
selected organs are insulted by various agents, and the urine
from the treated animals is applied to the ISO-DALT system for
protein mapping. The liver is being selectively damaged by car-
bon tetrachloride (by gavage) and bty phenobarbital (by diet), the
kidneys by boric acid (by gavage) and lead (by intravenous injec-
tion), and the pancreatic beta cells by alloxan (intraperitoneal
injection). Additional animals will be subjected to an LDg4/3
dose of whole-body irradiation in the ¢0Co High Level Gamma
Facility. The two-dimensional maps of urinary proteins will be
compared with the protein maps of the tissue homogenates from the
injured tissue.
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METHODOLOGY FOPF ANALYSIS OF PROTEINS IN EFYIHROCYTE LYSATES

J. J. BEdwards, S. L. Nance, and N. G. Anderson

The human erythrocyte has one of the simplest biochemical
organizations of any human cell type and offers many advantages
for genetic, enzymatic, and clinical investigations. It is pre-

'sently known that there are deficienciss of seven enzymes of the

Embden-Meyerhoff pathway, five deficiencies of the hexose mono-
phosphate shunt pathway, and four nonglycolytic defiziencies, all

of which 1lead to the development of hemolytic anemias. It is
also known that genetic variation occirs in many of the enzymes
of the red cell. For example, there are over 80 known variants

of glucose-6-phosphate dehydrogenase (G-6-p DH). Despite this,
only limited information is available concerning th2 characteri-
zation of nonhemoglobin soluble proteins. Progress in the analy-
sis of these proteins has been 1limited by the lack of suitable
analytical systems capable of resolving the proteins in the pres-
ence of massive amounts of hemoglobin.

During the past year, studies have focased primarily on the
isolation of highly purified soluble proteins from the human
erythrocyte and the subsequent identification of these proteins
in a two-dimensional electrophoretic map. f[echniques of analyti-
cal chemistry involving affinity chromatography, gel filtration,

selective precipitation, and selective elution with substrate
analogs have been utilized to purify five 2nzymes from red cell
lysates: carbonic anhydrase, catalase, G-6-P DY, pyravate
kinase, and hypoxanthine phosphoribosyltransferase. Enzymatic

activities throughout all purification procedures ware monitored
with a 5eMSAEC centrifugal fast analyzer. Electrophoresis of the
purified enzymes followed by co-electrophoresis with whole lysate
utilizing the two-dimensional ISO-DALT system has resultel in
defining the map locations of these enzymes.

Figuce 5.7 is a wmap of lysate protein sobunits separated
with tte ISO-DALT systen. Over 150 proteins or protein subunits
are visible in this map. It is evideat from the high resoslation
obtainable by this method that the system is useful for detecting
mutant proteins in the study of genetic disease or to aid in the
determipation of the mutation rate in aan.

Efforts are currently under way to identify the map loca-
tions of more enzymes, especially those of the glycolytic path-
way, and to determine the effects of in vivo aging as it relates

to posttranslational modification of the enzymes.
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Pige Sals Diagram of a two-dimensional electrophoretic (ISO-
DALT) separation of human erythrocyte lysate proteins. The hori-
zontal dimension 1is isoelectric focasing while the vertical
dimension is sodium dodecyl sulfate electrophoresis. PK = pyru-
vate kinase; HPRT = hypoxanthine phosphoribosyltransferase.
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hlieren Patterns for Position Location in Isoelectric
e

The two-dimensional electrophoretic methods described above
allow the majority of the protein gene products of mammalian:
cells to be mapped and described. In order to obtain more com-
plete data from the protein maps, many of the map spots need to
be identified functionally. To this end we have begun efforts to
develop parallel preparative techniques of high resolution to
isolate functionally active enzymes by essentially a one-step
procedure of isoelectric focusing followed by rapid emnzymatic
analyses.

Isoelectric focusing gives the highest resolution separa-
tions currently available for one-dimensional systems, with a
theoretical resolution of 0.01 pH units. We have recently devel-
oped a method for observing Schlieren patterns in isoelectrically
focused slah gels by photographing diagonal lines throughk the
gel. The Schlieren patterns observed appear to be due primarily
to differences in gel thickness resulting from 1localized hydra-
tion. These ditferences have beeun shown to be related to discon-
tinuities in the ampholyte spectrum but the mechanism(s) involved
remain to be determined.

The experiment shown in Figure 5.2 illustrates the Schlieren
pattern obtained with an ampholine range of 2-11 after electrofo-
cusing at 3D watts for 3 hours. The pattern is highly reproduci-
ble with a given batch of ampholines. Following electrofocusing,
photographs are rapidly prepared at a 1:1 magnification and are
positioned immediately bhelow the glass plate supporting the gel.
With the Schlieren pattern as an outline, the gel is sliced lon-
gitudinally to conform to the major peaks. Each gyel slice is
placed into an appropriate buffer after a small piece of the
slice 1is removed for pH determination. Protein is extractz=d from
the gel and analyzed for enzymatic activity with the aid of a
GeMSAEC centrifugal fast analyzer. Typically, 34 fractions are
obtained and analyzed when a 2-11 ampholine range is used. Fig-
ure 5.3 is an example of the resolution obtained with this
method. Tha graph shows the pH gradient with a linear range from
4 to 9 and the location of an erythrocyte enzyme, phosphohexose
isomerase, as determined by enzymatic activity.

The use of this method will enable us to obtain small
amounts of highly purified enzymes for analysis by two-dimen-
sional electrophoresis.



FPlqes=96 25 Schlieren pattern of isoz2lectrically

focused slab gel containing ampholines in
range 2-11.

the pH
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TWO-DIMENSIONAL ELECTROPHORETIC MAPPING CF PROTFINS OF PLASHA,
LYMPHOCYTES, AND HAIR FOLLICLES USING THE I50-DALT SYSTEM

N. L. Anderson, B. J. Hickman, B. Bonaner,! C. B. Shelman,?2
and R. . Wchman2

Over thirty protein gene products (PGP's) have so far been
identified in the two-iimensional electrophoretic (ISO-DALT) pat-
tern of the human plasma proleins. About fifty visible PGP's
remain to be 1identified, and it is 1likely that many if not most
of these have not previously been described. The mixture of pro-

- e - - S —— -

1Fal} 1977 participant in the Undergraduate Honors Research
Participation Program, Lawrence University.

2Applied Mathematics Division.
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Fig. 5.4. Portion of an ISO-DALT two-dimensional electrophoretic

map of the proteins synthesized by a single human hair follicle
Auriny 24 hours in vitro incubation with 35S-methionine.
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teins in human serum has served as an excellent test system for
establishing the wusefulness and reliability of ISO-DALT protein
mapping primarily because these proteins are more thoroughly
characterized than any other collection of proteins. The major
attributes of most of the plasma proteins (molecular weight, iso-
electric point, degree of glycosylation, cysteine content, and
genetic variability) can be determined directly from the two-di-
mensional gels. In particular, due to the enormous resolving
power of the technique, the levels ani types of microheterogene-
ity due to incomplete glycosylation and in vivo posttranslational
modification are readily visible.

The reproducibility of the ISO-DALT system has also been
exploited in a pilot study in human genetics. Serum samples fronm
over two hundred matched trios (mother, father, newborn) obtained
from J. V. Neel's laboratory at the University of Michigan were
analyzed for about fifteen known and a namher of unidentified
proteains. Gene frequenciles calculatel for kuown pulymorphisams,
such as Gc-globulin, o-1 antitrypsin, and haptoglobin, agreed
well with values from conventional electrophoretic analysis. In
addition polymorphisms were observed in o-2 HS glycoprotein, as
as yet unidentified carbohydrate-free protein, and the arginine-
rich glycoprotein, and new variants were found in both the fibri-
nogen beta chain and in o-2 HS glycoprotein.

More recently, we have explored the attractive possibilities
associated with ISO-DALT analysis of human hair follicles and
lymphocytes radiolabeled in vitro. Following a brief period of
culture in the presence of 35S-methionine, several hundred thou-
sand cpm can be incorporated by the contents of a single microti-
ter well (or by a single hair follicle). When subjected to ISO-
DALT analysis such samples produce over 500 distinct protein
spots (Figure 5.4) . In a preliminary screening experiment, lym-
phocyte samples from 100 individuals were analyzed following
radiolabeling. The results indicate that the average heterozy-
gosity among cellular proteins is almost an order of magnitude
less than among the plasma proteins. Since it is our ©plan to
develop a system capable of measuriang small increases in the
human mutation rate, the use of such "low noise" cellular protein
systems is obviously desirable.

In order to make feasible large-scale projects asing the
sensitive ISO-DALT technique, it has proved necessary to devote
considerable attention to the development of hardware to run and
to analyze the data from large numbers of gels. At present we
have the capability to perform over 100 ISO-DALT analyses per
day, and a computerized data-reduction system is under construc-
tion. When completed, the latter system will automatically
detect and integrate the spots in ISO-DALT patterns and allow
them to be merged into large, self-consistent files for detailed
comparison.



CENTRIFUGAL ANALYSIS

S. L. Rance

Centrifugal analyzers are widely used by clinical chenmists,
but, due partly to expense, are almost unknown in the research
community. We have found that many time-consuming projects form~-
erly considered impracticable, or aven impossible with some
unstable enzymes, are now feasible with the use of a GeMSAEC cen-
trifugal analyzer on loan from Electro-Nucleonics, Inc. Since we
are primarily concerned with the separation and identification of
individual proteins from a large number of sources, this ana-
lyzer, with its capacity for rapid and precise parallel measure-
ments on 15 samples at a time, with computerized data acquisition
and manipulation, is proving most convenient.

To date, more than 40 assays have been adapted for use in
the GeMSAEC by this laboratory. These have been applied to (1)
the identification of enzymatic proteins extracted from acryla-
mide gels after electrophoresis; (2) the location of enzymes in
column chromatography fractions, (NHy),SO, precipitates, and sam-
ples from other purification methods; (3) the characterization of
proteins in cells of different ages; (4) the denaturation of
enzymes at different temperatures; and (5) tissue surveys for the
presence, or absence, of enzyme activities.
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Surendra T. Shenoy (Postdoctoral Appointee)

One of the prime functions of a biological and medical
research division within the Department of Energy's national
laboratory structure is to provide the scientific data base for
proper evaluation of health risks from tke existing and emerging
energy technologies. To fulfill this function Argonne's Division
of Biological and Medical Research conducts a wide variety of
carcinogenesis studies. In addition to the many groups, which,
as parts of their general programs, address certain aspects of
carcinogenesis, the Division has traditionally had a program spe-
cifically dedicated to carc¢inogenesis. That program was formerly
under the direction of Dr. R. J. M. Fry. Since Dr. Fry's depar-
ture, the existing carcinogenesis program has been restructured
and refocused, and two new studies have beea initiated.

This report is divided into five subsections. Three of the
sections describe long-standing, ongoing studies. The first of
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these deals with the assessment of carcinogens and cocarcinogens
and the underlying mechanisms of their actions. The second con-
cerns cancer induction by bone-seeking radisnuclides and seeks to
provide a firm foundation for estimating cancer risks to human
populations in the event of accidental incorporation of radionu-
clides. The third is aimed at defining the role of oncornavirus
activation in tumor induction by radiation and other environmen-
tal pollutants. The other two sections describe the new stulies,
one dealing with the development of an in vitro cell systenm
(nurine teratocarcinoma «cells) to screen chemicals rapidly for
carcinogenic and mutagenic capacity, and the other investigating
the potential use of plasma isozymes as indicators of mutagenesis
in mammals. Accomplishments and projections for each of these
studies follow.



CARCINOGENESIS AND COCARCINOGENESIS: INITIATION, PROMOTION, AND
SYNERGISTIC ACTIVITY AMONG ENVIRONMENTAL POLLUTANTS IN THE PRO-
DUCTION OF TUMORS ’

C. Peraino, R. N. Feinstein, Y. E. Rahman, D. A. Haugen, S.
T. Shenoy, A. M. Prapuolenis, E. A. Cerny, E. F. Staffeldt,
K. A. Rettman, and V. A. Ludeman .

The human population is exposed to a wmultitude of environ-
mental contaminants generated in part as by-products from a wide
variety of industries, including those related to energy produc-
tion. Many of these agents are kmnown carcinogens or cocarcino-
gens, Cocarcinogens are defined here as agents that either
increase the efficiency with which a carcinogen is activated,
when given simultaneously with a carcinogen, or increase the
probability of tumor formation when given after the carcinogen.
The latter agents are termed promoters. The estimation of tumor-
igenic risk from promoters, however, is complicated by their
presence in the environment as complex mixtures. Components of
these mixtures may interact metabolically to produce synergistic
increases in tumor formation. Depending ugon the exposure modal-
ity, such interactions could consist of simultaneous and/or
sequential exposure to both carcinogens and cocarcinogens.

The objective of this program is to study increases in onco-
genesis produced by synergistic interactions among environmental
contaminants emanating from energy-related technologies and other
sources. We will carrcy out short-term and longer-term investiga-
tions, using interrelated in vitro/in vivo systems. The informa-
tion obtained from our studies will be useful for the development
of initial assessments of human tumorijenic risk from environmen-
tal factors. The research in this program centers arouand two
systems, lung and liver.

As outlined in the following report, this laboratory is in
the process of establishing a multifaceted approach to the devel-
opment of systems for detecting environmental carcinogens and
tumor promoters. In part, this involves devising methods for
identifying preneoplastic changes in lang and liver, wusing mor-
phological and histochemical markers. Additional studies focus
on the comparative effects of such agents on biochemical pro-
cesses concerned with the control of gene expression and cell
division. Correlation of the results from the two types of stud-
ies should facilitate the development of rapid tests for differ-
ent types of environmental agents that increase tumorigeric risk
and should also increase our understanding of the essential
molecular events involved in the neoplastic transformation.
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In Vitro Effects of Epergy-Related Pollutants on Cultured Trachea

The lung is used to examine synerJjistic interactions of var-
ious energy-related pollutants in respiratory tumor production,
with the expectation that (1) insight will be gained into the
mechanisms of such interactions, and (2) direct, rapid tests for
estimating the tumorigenic potential of these interactions can be
developed. 1In this system, we will study the effects of the same
test compounds in (1) a rapid cellular transformation assay uti-
lizing tracheal organ cultures, and (2) tumorigenesis assays with
tracheal implants or intratracheal instillations in situ. Corre-
lations between changes in biochemical and morphologlcal charac-
teristics in the in vitro system and tumor production ir the ip

vivo systems will then be undertaken.

Conditions for establishing long-term tracheal organ cul-
tures are being evaluated. Rat tracheas are used in these stud-
ies becayse the rat serves as the general esxperimental model for
several other aspects of the program, and becauce rats have been
used widely in luny carcinogenceis studies. Assays for the fol-
lowing enzymes have been adapted to tracheal tissue: lactic
dehydrogenase, ATPase, benzo(a)pyrene hydroxylase, acid phospha-
tase, and B-glucuronidase. Cultures have been prepared from rat
macrophages obtained by lung lavage and assays for the enzymes
indicated above have also been performed on these cells. Changes
in enzyme levels as a function of culture duration are being exa-
mined.

Studies of liver tumorigenesis in our laboratory showed that
the short-term exposure of rats to 2-acetylaminofluorene (AAF), a
liver carcinogen (tumor initiator), pruduced a low incidence of
tumors with varying degrecs of differentiation, from poorly dif-
ferentiated hepatocellular carcinomas to highly differentiated
benign adenomas. The subsequent feeding of phenobarbital or DDT,
tumor promoters, not only increased overall tumor incidence
markedly, but also shifted the distribution of tumor types toward
highly differentiatéed adeuunmas. In onnnection with these obser-
vations, studies of skin and liver tumorigenesis in other labora-
tories have shown that increasing the duration of exposure to
carcinogen increased the relative incidence of poorly differenti-
ated tumors. The occurrence of such shifts in the spectrum of
tumor types in response to initiator or promoter treatment raises
the possibility that a screening system could be devised whereby
an enviroamental pollutant would be identified as an initiator or
a promoter on the basis of its effect on the tumor spectrum
resulting from administration of the test agent under a standard-
ized set of conditions. The use of tumor incidence as the test
end point, nowever, suffers from the disadvantages of a necessar-
ily long experimental duration, plus the requirement for a large
number of experimental animals.



A rapid method for testing environmental contaminants for
liver tumor initiating or promoting activity will therefore be
developed. The procedure involves the exposure of rats to car-
cinogen or carcinogen-promoter treatments. Subsequently, the
distribution of marker enzymes in preneoplastic hepatocytes will
be examined histochemically and coampared with the distribution of
tumor types (relative degree of differentiation) that ultimately
emerge. If consistent treatment-related shifts in tumor types
occur, and if these =shifts can be <correlated with <changes in
enzyme marker distribution patterns, then the marker patterns can
be used to differentiate between initiators and promoters.

The observations that phenobarbital and DDT act as 1liver
tumor promoters suggest that promoters, 1like carcinogens, can
differ substantially in molecular structure, but apparently pos-
sess a common molecular characteristic that enables them to

modify tumorigenically important processes within the liver cell.

A comparison of the relative tumor-prowmoting abilities of various
agents has been undertaken, in conjunction with a comparison of
their effects on molecular processes concerned with the replica-
tion and expression of genetic information. These processes
include thymidine incorporation into hepatocyte DNA and the
activities of enzymes involved in DNA synthesis, amino acid meta-
bolism, and drug metabolism. Such studies should reveal the
spectrum of molecular changes associated with promotion. These
molecular changes, in turnm, should provide insight into the
seguence of molecular events involved in neoplasia. 1In addition,
knowledge of the molecular processes associated with enhancement
would be useful in the development of test systems for more rapid
identifications of promoters in the environment.

An experiment designed to compare the tumorigenic enhancing
activities of different levels of dietary phenobarbital has been
under way for onc year and is still in progress. The tumor inci-
dence in all groups has been unexpecteily low to date. In part,
a change in protocol may be responsible. The duration of expo-
sure of the rats to dietary AAF had been reduced in this experi-
ment from 18 days to 14 days in the hope of increasing the dif-
ferential in tumor incidence between the c¢ontrol and the
enhancer-treated dgroups. An additional contributory factor may
be the nonuniformity of AAF activation-detoxification pathways in
different lots of rats, leading to changes in susceptibility to
AAF tumorigenesis. Such effects would be magnified in the margi-
nal AAF treatments used in our experiments. In any event, the
current tumor data are insufficient to permit definitive conclu-
sions regarding phenobarbital dose effects, although there are
indications that 0.001% and 0.002% dietary phenobarbital do not
increase tumor incidence above control values whereas 0.05% phe-
nobarbital (the level used in previous studies) has an enhancing
effect which is as great or greater than that produced by 0.25%
dietary phenobarbital. The results to date suggest that this
experiment may provide important information on threshold dosage
levels for liver tumor promotion as well as 1liver tumor initia-
tion.
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Studies were undertaken in which the treatment protocol
(brief feeding of known hepatocarcinogen followed by prolonged
feeding of test agent) that had successfully demonstrated liver
tumor promoting activity for phenobarbital and DDT was used to
test the polycyclic aromatic hydrocarbon, benz(a)anthracene, for
such activity. In an initial experiment this hydrocarbon had no
promoting activity when fed at a dietary concentration of 0.025%
following the exposure of the rats to the hepatocarcinogen AAF.
In a subsequent study benz(a)antkracene also failed to show any
liver tumor promoter activity although tte dietary 1level of the

hydrocarbon was raised to 0.075%, a concentration 50% greater
than the promoting dosage of phenobarbital used in our experi-
ments. Since the cost of further experiments, involving still

higher benz(a)anthracene dosage levels, would be prohibitive,
this aspect of the work will be terminated with the conclusion
that, under the experimental conditions used, benz(a)anthracene
is not a liver tumor promoter. These findings, obtained over a
2-year interval, illustrate the need for the development of a
more rapid and less expensive indicator of liver tumorigenic
potential than is provided by the use of actual tumor incidence
as the end point.

Tumorigenic Enhancement in Molecular Terms

In previous experiments, we observed that dietary phesnobar-
bital and butylated hydroxytoluene (BHT) enhanced the production
of hepatic tumors in rats previously fed the hepatocarcinogen AAF
for a brief interval. However, phenobarbital proved to be a much
more effective tumor promoter than BHT. A study was undertaken,
therefore, to gain initial information on the comparative effects
of these agents on a variety of biochemical responses in the
liver, 1t is anticipated that such comparisons will lead to cor-
relations of tumor-promoting activity and biochemical effects
that will wultimately permit the identification of critical
molecular events involved in liver tumor promotion.

Groups of parameters representing three different aspects of
liver nmetabolism were compared in an effort to monitor the
effects of phenobarbital and BHT on patterns of gene expression
that wmight be controlled by different regulatory mechanisnms.
Biochemical effects of changing from a crude to a semipurified
diet were also examined. The three aspects of liver metabolism
comnpared were: (1) Liver growth; relative liver size, thymidine
incorporation into DNA, thymidine kinase activity, and ornithine
decarboxylase activity. (2) Amino acid metabolizing enzymes;
serine dehydratase and ornithine aminotransferase adaptation. (3)
Microsomal proteins; components of the mixed function oxidase
system including cytochrome P-450, cytochrome bs, and NADPH cyto-
chrome P-450 reductase.

The data obtained (summarized in Table 6.1) do not yet pro-
vide a wmolecular basis for the difference in the efficiencies .of



Table 6.1 Summary of Responses of Biochemical Parameters to Drug Treatment
and Dietary Changea

Qualitative Agent
Response Phenobarbital BHT Diet

Sustained increase P-450,! bg,! red.! P~450,! bs,! red.! spH, 3 oaT3
Transient increase TK,2 T-inc.,2 ODC TK,?2 T-inc.? TK,2 T-inc.?2
Sustained decrease  OAT3 spH,3 oaT3 obpcC

Transient decrease  SDH3 - -

%The qualitative response of each parameter was placed in one of the four
categories indicated in column 1. Parameters followed by the same super-
script are related by having a common set of qualitative responses to the
administration of xenobiotics and to the change from crude laboratory chow
to the semipurified diet. (Both types of treatment caused an increase in
liver size.) These sets are as follows: !sustained increase for xeno-
biotic treatment but no response to the dietary changeé 2transient increase
for both xenobiotic treatment and dietary change, and °sustained or
transient decrease for xenobiotic treatment, but sustained increase for
dietary change.

The abbreviations are P-450, cytochrome P-450; bs, ¢ytochrome bg; red.,
NADPH-cytochrome P-450 reductase; TK, thymidine kinase; T-inc., incorpora-
tion of [3H]-thymidine; ODC, ornithine decarboxylase; SDH, serine dehydra-
tase; and OAT, ornithine aminotransferase.

BHT and phenobarbital as tumor promoters. However, the study did
reveal that the induction of hepatomegaly by these xenobiotics is
a complex adaptive process involving both positive and nejative
biochemical responses in the liver. Moreover, the kinetics of"
these lLepalic Lesponses Were also coaplex, with tramnsitory as
well as sustained changes occurring after the rats were shifted
to, and maintained on, diets containing BHT or phenobarbital.

Structural Studies on Rabbit Liver Microsomal Cytochrome P

The mammalian microsomal monooxygenase system is found in
most tissues, and functions in the oxidation of a wide variety of
physiological, therapeutic, and environmental chemicals, includ-
ing many carcinogens and mutagens. Some of these oxidations
result in the formation of reactive metabolites believed to be
responsible for the ultimate carcinogenic and mutagenic effect of
the parent compounds. Various forms of cytochrome P-450 partici-
pate in the monooxygenase system, each form having a unigue sub-
strate specificity and other distinctive biochemical properties.
The relative concentrations of the various forms determine to a
significant degree the balance between oxidative detoxification
‘of carcinogenic chemicals and their activation to reactive meta-~
bolites.
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The structural analysis described here was done in collabo-
ration with M. J. Coon (University of 4ichigan) and K. T. Yasu-
nobu (University of Hawaii) in order to initiate studies designed
to define relationships between the structure of different forms
of cytochrome P-450 and their enzymatic specificity and their
biological control. The amino-terminal amino acid sequence of
the phenobarbital-inducible form of ths2 cytochrome P-450 of rab-
bit liver microsomes was determined by automated Edman degrada-
tion. Methionine is the amino terminus, and 17 of the first 20
residues are hydrophobic, including two clusters of five consecu-
tive leucines. The unusual composition and sequence of this
region are similar to those of the short-lived hydrophobic amino-
terminal regions present in certain preproteins, but not in the
corresponding "mature"™ proteins. The preproteins are believed to
be the initial product of transcription, and their occurrence has
been described in the literature for several excretory proteins
including the immunoglobulins, insulin, pancreatic zymogemns, and
parathyroid hormone.

Thic type of sequence has not, however, been previously des-
cribed for any "mature" proteins, The pLesenme nt this unusual
hydrophobic sequence may well be important in the interaction of
the protein with the 1lipophilic components of the endoplasmic
reticulum or with hydrophobic sites on other proteins also pres-
ent in the membranes that participate in the complete electron
transport system responsible for the minooxygenase activity.

The histochemical visualization of gamma glutamyl transpep-
tidase (GGTP) in preneoplastic foci has been accomplished, and
the technique is available for 1larger scale use. Histochemical
assays tor dlucose=6-phosphatase and ATPase (either or both of
which may be absent iu preneoplastic foci) have also been worked
out. The purification of GGTP [rum liver tumore has been initi-
ated. Since GGTP 1is apparently localized in part on cell mem-
branes in most preneoplastic foci, immunochemical methods can be
devised whereby antibody to this enzyme can be used to isolate
preneoplastic cells from a suspension of hepatocytes prepared
from the 1livers of carciunvjen-treated rats. The preneoplastic
hepatocytes can then be subjected to a battery of biochemical
tests designed to disclose the essential molecular differences
between these cells and normal hepatocytes.

Metabolic Control in Normal and Neoplastic Live

A study was completed which showad that phenobarbital, fed
at the dietary concentration used in the tumor enhancement stud-
ies (0.05%) blocked the synthesis of rat liver ornithine amino-
transferase as measured immunochemically. This response is simi-
lar to that produced by the injection of the glucocorticoid
triamcinolone. Further study is required to determine whether



these inhibitory effects occur via similar or different mecha-
nisms. Such studies should provide insight into the mechanisns
by which phenobarbital controls gene expression and thereby tumor
development in the liver.

In conclusion, the main contribution to date of the program
on carcinogens and cocarcinogens has been the demonstration of
the universality of the multistage concept of carcinogenesis.
This concept suggests that increased tumor formation can result
from interactions of different agents at different stages of the
tumorigenic process. Some of these agents may represent a signi-
ficant tumorigenic risk to humans, but they camnnot be detected by
currently available rapid screening methods that use end points
based solely on the production of DNA damage, Therefore,
increasing attention in this laboratory is being directed toward
developing methods for detecting both complete carcinogens and
agents that are not carcinogens themselves but instead facilitate
tumor formation.

RADIONUCLIDE ONCOGENESIS: BONE CANCER INDUCTION BY INTERNAL AND
EXTERNAL IRRADIATION

M. P. Finkel and 1. S. Lombard

The radionuclide oncogenesis program 1s directed toward pro-
viding a firm foundation for estimating cancer risks to human
populations in the event of accidental incorporation of radionu-
clides. Historically, the first approaches to this goal centered
_around accumulating information on radiation dose-response rela-
tionships in experimental animals and extrapolating these data to
man, bone <cancer being the major response under investigation
because most fission products and transuranic elements of parti-
cular concern localize in bone. After bone cancer incidence data
had been obtained for a number of radionuclides wunder standard
conditions in CF#1 mice, incidence was examined when age, sex,
strain, species, and exposure pattern were varied, Unfortu-
nately, estimations of human hazard from very low levels of
radionuclide contamination that are based on moderate and high-
level exposures of animal populations are not reliable because
too many assumptions must be made. Sound, unequivocal, univer-
sally acceptable estimates require knowledge of mechanisms of
radiooncogenesis. Accordingly, the present primary concern of
the program is to determine how radiation causes cancer.
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The original approaches of the radionuclide experiments were
to determine the relative toxicities of different radionuclides,
the toxicity of selected radionuclides in different species, and
the dependence of oncogenicity upon exposure situation. Atten-
tion then focused on special problems related to the induction of
bone cancer, objectives being: (1) to define the true latent
period, or time to irreversible neoplastic change, and determine
whether it varies with sex, aqe, dose, nuclide, radiation gqual-
ity, or animal species; and (2) to locate the microscopic site of
neoplastic change, estimate the actual amount of energy delivered
to that site, and assess the influence of dose rate and exposure
pattern on the oncogenic response.

During the past year little effort was devoted to this pro-
gram because of the needs of the viral oucology program. Pro-
gress was made, however, on two long-term toxicity experiments.
The first of these 1is concerned with the consequences of the
exposure of beagles to 90Sr as a function of age and exposure
pattern. Five controls died during the past 2 years, when they
were 13.4 to 17.5 years old. Their deaths were associated with
heart and kidney disease, oustevarthritis, and ncoplasus vf mam-
mary glands and clitoris. Cf the 143 dogs in the total experi-
ment, only three controls remain alive.

The second experiment that progressed during the year was
designed to compare the consequences of the exposure of CF#1 mice
to fission neutrons and gamma rays from CP-5, one of the first
nuclear reactors, with the consequences of exposure to bone-seek-

ing radionuclides. Histologic examination. of the tissues was
completed.
The white-footed mouse, Peromyscus leucopus, had been

reported to have a high natural incidence of osteogenic sarcona.
In view of our interest in this disease and the availability of
this species in the Division, we established a routine with P. H.
Duffy and E. F. Staffeldt to make a roentyenographic examination
of all animals coming to autopsy. Histologic examination of any
interesting skeletal lesions followed. One hundred eighty-nine
roentgenograms were studied of mice dying from 251 to 2011 days
(5.5 years) of age. No bone <cancers were detected, but there
were 21 mice (11%) Wwith odontomas, benign tumors of the jaw,
associated with any one of the four incisor teeth. Six of these
21 animals had four odontomas each. A higher proportion of males
(15.3%) than females (6.6%) was affected, and, contrary to expec-
tation, this condition was more prevalent in auniwals coming to
autopsy during the first 2 years of life than during the last 2
years.



TUMOR VIRUS ACTIVATION: ACTIVATION OF ENDOGENOUS ONCORNAVIRUSES
BY RADIATION AND ENERGY-RELATED ENVIRONMENTAL POLLUTANTS

E. W. Chan, M. P. Finkel, C. K. Lee, J. R. Mitchen, C. A.
Reilly, Jr., P. J. Dale, I. L. Greco, V. A. Pahnke, G. Roc-
kus, and M. F. Williams, N. E. Fay,? apnd J. G. Rose?

A prevalent hypothesis suggests that radiation tumorigenesis
may involve a viral mechanism. However, abpn uhequivocal experi-
mental demonstration is still lacking. We have previously shown
that 90Sr, a bone-seeking radionuclidas, 1is an effective inducer
of osteosarcomas in mice. 1In additiomn, we have isolated viruses,
designated FBJ and FBR, from malignant bone tumors in two strains
of mice, CF#1 and X/Gf, respectively. In the CF#1 strain, the
tumor was spontaneous, whereas in X/Gf, it was induced by 90Sr.
In their respective hosts, these two viruses are potent, specific
inducers of osteosarcomas. Since 9905r and oufr murine bone tumor
viruses apparently act on the same target tissue, we have a
unique system with which to determine whether radiation tumori-
genesis involves the activation of these latent tumor viruses.
With current techniques of molecular biology, we are searching
for such evidence.

We aim to characterize these viruses and develop specific
3H~cDNA probes and radioimmunoassays to monitor their expression
in vivo. The demonstration of activation of latent cancer-caus-
ing viruses in our mouse systems would support the idea that
viruses are fundamentally involved in cancer induction, and it
would be a step toward understanding how radiation causes cancer.
Following such a demonstration, there would be reason to suspect
that chemotherapeutic and immunotherapeutic antiviral measures
could be found for the prevention and cure of radiation-induced
cancers.

We have partially characterized these malignant bone tumor
viruses and developed appropriate cell culture systems for their
large-scale production. vViral antigens and antisera as well as
specific 3H-cDNA probes are being prepared. Attempts are also
beiny continued to recover tumor viruses from radionuclide-in-
duced bone tumors.

1Fall 1977 participant in the Undergraduate Honors Research
Participation Program, Lawrence University.

2participant in the 1977 Summer Research Institute in Cell
Biology, University of Maine, Orono.
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Information basic to the assessment of the role of PRI and
FBR oncogenic viruses in 90Sr-induced osteosarcoma was obtained.
These two sarcoma viruses, probably the most relevant to sarcoma
virus activation studies, were shown to possess 60-70S RNA, a
reverse transcriptase, and a density in sucrose of 1.16 g/ul, all
characteristic of type C RNA tumor viruses.

Of interest 1is the extent of relatedness of FBJ and FBR
viruses to other murine oncornaviruses. Our preliminary
molecular hybridizations indicated that there are substantial
differences in sequence homology between RLV (murine EKauscher
leukemia virus) and both FBJ and FBR viruses. A 3H-cDNA probe
made from RLV hybridized 86% to RLV DNA but only 69% to FBJ virus
RNA and 68% to FBR virus RNA, as assayed by hydroxyapatite chro-

. matography. There was also a significant drop in dissociation

temperature--from 849C to 70°C and 799°C, respectively. The same
reaction samples, when assayed by S5-1 nuclease, gave the follow-
ing corresponding values: 50.0% to RLV, U40.2% to FBJ virus and
27.4% to FBR virus RNA's. These differences in sequence homology
were also evident when the experiment was done in reverse. our
initial 3H-cDNA probes, made from FBJ virus, hybridized 63% to
FBJ virus RNA, but omly 29.5% to RLV RNA. Similarly, a probe
made trom FBR virus, hybridized 84% to FBR virus RNAR but only 62%
to RLV RNA,

In a collaborative study with Arthur Frankel and Peter
Fischinger (National Cancer Institute, Bethesda), we found that
FBJ virus is also genomically different from Moloney sarcoma
virus. Absent from FBJ virus are tha2 Moloney sarcoma specific,
or "sarc," sequehnces., Furthermore, the remaining shared, ot
"com,'" sequences are poorly related.

A step that often limits DNA probing studies is the synthe-
sis of sufficient quantities of 3H-cDNA by reverse transcriptase
reactions. We recently discovered that reverse transcriptase
reactions can be greatly stimulated by carrying out the reaction
in the presence of polyethylene glycol--a neutral, oily, water-
soluble polymer. Our preliminary experiments indicate that reac-
tion kinetics are greatly enhanced and yields of faithful 3H-cDNA
probes are improved. These improvel reaction conditions are
potentially valuable in our proposed cDNA probing studies.

Iissue Culture Studies

We have found that FBJ and FBR viruses are capable of induc-
ing morphological transformation of normal 373 fibroblasts
derived from NIH Swiss or BALB/c mice. Cn dilution, they induce
discrete foci of transformed cells, which can be quantitated for



a focus titration assay for  these transforming viruses. The
best indicator cell 1line for such focus titration assays is the
D55 clone of BALB/c cells.

In association with the transforming agents, both virus
preparations have nontransforming components 2-3 logs in excess
of the transforming titers. These nontransforming components are
readily detectable by reverse transcriptase assays and are rou-
tinely quantitated by a standard infectious center assay, the XC
plaque assay.

Our proposed molecular studies require milligram quantities
of these - viruses. Therefore we have tested a numbher of cell
lines for their large-scale production. The results indicated
their host range of infectivity to be limited to murine cells.
Whereas they infect and replicate efficiently in cell 1lines
derived from NIH Swiss, BALB/c, C3H, aand Sc-1 mice, they are non-
infectious for cell lines of hamster, dog, mink, bat, sheep, and

human origin. Among the murine cell lines, the best ones for
producing FBJ and FBR viruses are the BALB/c and Sc-1 fibrotlast,
respectively. Firstly, these infected cell lines stably produce

high titers of transforming virus (105 focus-forming units per
nl). Secondly, the associated nontransforming components are
present in excess by only one 1log, unlike the parent viral
extracts and most sarcoma virus stocks. Sach sarcoma-rich virus
harvests make feasible the attempt to synthesize sarcoma-specific
3H-cDNA probes. Thirdly, FBJ and ¥BR viruses derived from cell
cultures retain their oncogenicity. They induce osteosarcomas in
newborn mice of their respective host strains with potencies conm-
parable to those obtained from tumor extracts. Fourthly, these
infected cells adapt well to growth in roller bottles so that a
constant supply source can be provided.

In collaboration with Jay Levy (Cancer Research Institute,
University of California, San Francisco), a nonvirus producing
culture was derived from an osteosarcoma induced in a Syrian ham-

ster by FBJ virus. The -cells, while not spontaneously releasing
virus, do contain the FBJ sarcoma virus genome, which can be res-
cued by addition of helper oncornaviruses. This rescuable

virus-cell system should be especially useful for viral activa-
tion studies.

In preparation for immunological studies, we have analyzed
proteins of FBJ and FBR virus by SDS gel electrophoresis. Apart

from the usual P30 and GP69-71 of murine C-type viruses, FBJ and

FBR viruses have low molecular weight pioteins of unique size
classes. Instead of P10, P12, and P15, they have P9 and P11.
This finding further indicates that - they are distinct from other
murine C-type viruses. viral antisera and t2SI-labeled antigens

are being prepared for the development of competitive
radioimmunoassays for these viruses.
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vicrus Isolations from 29Sr Tumors

Central to our study is the gquestion of whether 929Sr-induced
osteosarcomas contain viruses capable 52f causing the same malig-
nancy. The following observations were made with 929Sr-induced
osteosarcomas:

1) Most extracts made from 90Sr-induced osteosarcomas con-

"tain viruses detectable by infectivity assays monitored by

reverse transcriptase and XC plaque tests.

2) The majority of tumors placed in tissue culture or cocul-
tured with susceptible host cells produce infectious virus
detectable by the same tests. The transforming and tumorigenic
potentials of these isolates are being evaluated.

3) Preliminary studies indicated that viruses, as detected

" hy reverse transcriptase assays, are sometimes present in control

cell cultures derived from kidneys, liver, s=spleen, and lung of
normal CF#1 and X/Gf mice. The virus status in normal tissues
will be confirmed and isolates will bLe charactcrizod.

Biological Studies

Since FBJ and FBR viruses have such contrasting host ranges,
we initiated studies designed to examine host genetic control of
susceptibility to these viruses. FBJ virus is highly oncogenic
in CF#1 mice and almost nononcogenic in the X/Gf strain, wvhereas
FBR virus is highly oncogenic in X/Gf mice and almost nononco-
genic in the CPF#1 strain. We sludied the cancer-indncing proper-
ties of each virus in the hybrid uffspring of a CF#1-X/Gf cross.
These hybrid offspring were susceptible to tumor induction by
either sarcoma virus, but this susceptibility was significantly
less than that of parental strains. This is true in all end
points measured: the number of mice that developed sarcomas, the
time at which death occurred from the sarcoma, and the mean num-
ber of sarcomas per animal.

In addition to the malignant FBJ virus we hLave previously
isolated a second virus from CF#1 mice, the benign bone tumor
virus, RFB, which induces osteomnas. These two CF#1 viruses have
similar host range specificities in tissue culture. They infect
and replicate to high titers in whole embryonic cell cultures
derived from CF#1, CBA, and NIH Swiss mice, but not from the X/Gf
strain. Unlike the malignant virus FBJ, however, the benign
virus RFB failed to induce morphologic transformation in caltures
from susceptible hosts. It will be interesting to see, from our
proposed genomic studies, whether there 1is a set of sequences
present in FBJ, but absent in RFB. If so, such sequences could
provide a molecular basis for the observed biological differences
between FBR and RFB viruses with regard to transformation and
malignancy.



Viruses from Fibrosarcomas Induced by Silastic Discs

We have also looked for viruses in fibrosarcomas induced by
15-mm silastic discs implanted under the skin of SKH hairless-1
mice which were supplied by R. J. M. Fry and D. D. Grube. Cul-
tures derived from these tumors contained virus(es) detectable by
XC plague and reverse transcriptase assays. Their transforming
and oncogenic potential are being evaluated.

In conclusion, the two osteosarcoma viruses central to our
radiation/viral cocarcinogenesis studies, FBJ and FBR, have been
partially characterized. With our previous morphologic studies,
the preseat biochemical and biophysical data help establish that
they belona to the Type C retrovirus group. Genomically, FBJ and
FBR are different from at least two other murine leukeamia and
sarcoma viruses. This finding was not unexpected because our
viruses have biological properties that are distinct from those
of other murine viruses.

Several significant logistic and technical advances have
been made that are important to the progress of our progranm.
Firstly, we have established roller bottle cultures that stably
yield large quantities of high-titered, transforming, and tumor-
igenic viruses without a vast excess J2f the nontransforming com-
ponents. Secondly, the observed stimulatory effects of poly-
ethylene glycol on reverse transcriptases should be valuable in
our efforts to synthesize 3H-cDNA probes. Thirdly, the unigque
P11 viral protein component may provide us a handle for develop-
ing specific radioimmunoassays for these viruses. These advances
should facilitate the development of specific molecular probes
and radioimmunoassays that we shall use together with other
assays to monitor the -expression of these viruses duriang 99Sr
induclivy ol osteosarcomas.

CARCINOGEN DETECTOR SYSTEMS: STUDIES CN IN VITRO DETECTION SYS-
TEMS FOR CARCINOGENS AND BTIOPHYSICAL AND IMMUNOLOGICAL MARKERS

FOR TUMOR INITIATION AND PROGRESSION

T. E. O'Connor, B. A. Sedita, and D. D. Grube

Existing or new modes of energy production can potentially
release carcinogenic agents into the wvorkplace or general envi-
ronment. An effective program for prevention of cancer by such
energy~-associated pollutants should include. procedures for the
detection of carcinogen effects in a simple biological systen,

63



64

which can be routinely employed in monitoring exposure to carcin-
ogenic pollutants, and, in addition, procedures for detecting
early, preneoplastic changes in exposed populations. Such proce-
dures for carcinogen monitoring and carcinogenesis detection in
exposed populations should be based on molecular processes that
are demonstrably relevant to the carcinogenetic process. As
such, they should also be potentially useful in exploration of
phenomena of tumor initiation and promotion in test animals and
man.

The role of mutation in carcinogenesis remains controver-
sial. Studies on the exposure of bacterial cell systems to muta-
gens have indicated an empirical correlation between mutagenicity

in such systems and carcinogeniccity in animals. Nevertheless,
the Boveri-Makino somatic mutation theory of cancer has not
received definitive demonstration. Farthermore, the literature

provides growing documeantation of reversions of several tumor
types to nonmalignant phenotypes under conditions where back-mn-
tation appears excluded. Thus carcinogenesis appears to arise
from a misdifferentiation in which somatic mutation may be inci-
dental.

A number of observations in several 1laboratories suggests
that chromatin preparations of animal tissues contain antigenic
determinants and nonhistone acidic proteins that are tissue spe-
cific. Tumor induction involves generation of neoantigens and an
altered set of chromatin nonhistone proteins that are tissue spe-
cific.

In a new program initiated in 1377, we are -exploring the
validity of these findings as a basis for the development of new
carcinogen detector systems and as biophysical and immunological
markers in tumor initiation and promotion.

The in vitro cell detector systems for carcinogens involve
establishment of cell culture systems, derived from strain 129
SvSl mouse teratocarcinpoma, that can undergo differentiation
under controlled culture conditions. The cell types involved in
these differentiations will be extensively characterized, with
particular emphasis on their antigenicity and the composition of
chromatin constituents, and on their patterns of protein synthe-
sis as established by two-dimensional gel electrophoresis. The
characterized cell types will then bae exposed to a variety of
mutagens and carcinogens, and the effect of the exposure on cel-
lular phenotype and chromatin characteristics will be determined.

In parallel studies, conducted in collaboration with C. Per-
aino, transplantable rodent liver tumors are examined for their
patterns of cellular protein synthesis and the presence of common
chromatin antigens and nonhistone chrowmatin proteins. Any immu-
nological and biophysical markers that are established will be
utilized in a further examination of the biochemical and immuno-
logical characteristics of tumor initiation and progression.



PLASMA ISOZYMES AS POSSIBLE INDICATORS OF MUTAGENESIS IN MAMMALS

R. N. Feinstein and E. M. Buess

The need for rapid tests for carcinogenicity of environmen-
tal pollutants has been emphasized in the preceding reports.
Because of the long time and the high cost requirements of the
customary search for overt tumor production in mammals by suspect
agents, emphasis has been diverted to testing for mutagemns, as a
first step toward testing for carcinogens. The most rapid and
most used tests for mutagenicity are such revertant mutant micro-

bial techniques as the Ames test. Other tests for mutagenesis

range through tissue <culture techniques to studies involving
whole mammals. Although the latter ars the most valid, they gen-
erally suffer from the defects of 1long time requirements and low
incidence of detectable mutations.

We have devised, and subjected to preliminary testing, a new
technique for direct observation of mutagenesis in mammals.
Althoughk implementation of the concept still requires a long tinme
veriod, the system can detect over a hundred macrkers simultane-
ously in single plasma samgles, and thus partly compensates for
the expected low mutation rate.

The technique consists of feeding male mice a diet contain-
ing the suspect agent. (Other moles of administration are
equally feasible.) After some weeks on the special diet, the
male is mated to normal females, and the F; generation is exa-
mined after weaning. The examination consists of subjecting
‘blood plasma to polyacrylamide gel electrophoresis, then incubat-
ing the gels in mixtures containing a number of substrates for
dehydrogenases and oxidases, together with the two coenzymes NAD
and NADP, the electron carrier phenazine methosulfate (PMS), and
the ultimate gel marker nitroblue tetrazolium (NBT). It was soon
found that normal plasma contains activity for lactate dehydroge-
nase (LDH), malate dehydrogenase (MDH), glucose-6-phosphate dehy-
drogenase (G6PD), and xanthine oxidase (XO). Each plasma is
therefore electrophoresed on four gels: the first gel is incu-
bated in a mixture of lactate plus ygylucose, ©b6-phosphogluconate,
succinate, and isocitrate; the second gel is incubated in a mix-
ture containing malate, ethanol, cytochrome C, sarcosine, kynura-
mine, and putrescine; the third gel mixture contains glu-
cose-6-phosphate, urate, propionaldehyde, glycerophosphate,
glycolate, and phenyllactate; and the fourth gel contains hypo-
xanthine, xylitol, DL-alanine, DL-proline, DL-glutamate, and uri-
dine-5'~-diphosphoglucose.. All gels also contain NAD, NADP, PH4S,

and NBT.
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If one considers (1) that many of the above substrates are
acted upon by enzymes using NAD, by enzymes using NADP, and by
enzymes using no coenzyme (e.g., an oxidase); (2) that, in many
cases, each enantiomorph of the substrate has its own enzyme(s) :
and (3) that, in many cases, the enzyme in question is composed
of two or more subunits, each of which is subject to mutation, it
can be calculated that the system possesses well over a hundred
potential markers of mutation. These markers are, moreover, bio-
chemically identifiable.

In the limited time this system has been under scrautiny, we
have tested approximately 90 plasmas from normal nmice, and
approximately 400 plasmas from the progeny of males fed for vari-
ous periods of time on diets containing aminotriazole, phenobar-
bital, DDT, BHT, AAF, or dimethylaminoazobenzene, 1i.e., several

known carcinogens and some known noncarcinogen "promoters." In
these preliminary series, no truly abnormal isozyme situations
were encouihtered. It is considered that these preliminary

results are inadequate either to demonstrate or to disprove the
validity of the concept.
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7. LIPOSOMES AS BIOLOGICAL CARRIERS
Elizabeth A. Cerny (Scientific Assistant)
Yueh~Erh Rahman (Biologist)
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Ravmond A. Guilmette (Postdoctoral Appointee)

This program is concerned with studies seeking to develop
liposomes as biological carriers for the targeted delivery of
drugs. Liposomes are microscopic lipid vesicles that are formed
by mixing aqueous solutions of various electrolytes or drugs with
lipid materials under appropriate conditionms. Larger size, nmul-
tilamellar liposomes (0.2 to > 5 um) or smaller size unilamellar
liposomes (< 0.1 um) can be prepared by the methods of shaking or
sonication, respectively. Drugs can be incorporated into lipo-
somes either within the aqueous center space and betwean the
lipid bilayers of the liposomes or within the 1lipid bilayers. 1In
the former case the 1liposomes are called "agueous phase lipo-
somes" (APL) for convenience and in the latter <case, they are
called "lipid phase liposomes'" (LPL).

Liposomes differing in surface properties can be made by use
of either a single or a combination of two or more lipids; and
selective tissue uptake of these different types of liposomes can
be obtained. In addition to being an attractive and versatile
tool for approaching many basic problems in the field of biologi-
cal research, liposomes have the potential for being useful in
future clinical applications for drug delivery. At the present
time, our research is centered mainly around the use of liposomes
for the delivery of two categories of drugs--metal chelating
agents and antitumor drugs. '

Since October 1977, the program related to the use of anti-
tumor drugs has been supported by a grant awarded by the National
Cancer Institute (NCI). Another grant, specifically supporting
the work on 1liposome application to irom overload, has been
avarded by the National Institute of Arthritis, Metabolism, and
Digestive Diseases (NIAMDD). Although the program of liposome
studies at Argonne is currently supported under the grant systen
by NCI and NIAMDD, it is also related to the mission of the
Department of Energy. Causative substances for both metal poi-
soning and cancer are emitted into the environment in part as
pollutants produced by various energy related technologies.

69



70

The current program has two specific objectives: (1) ¢to
develop the delivery of drugs to specific target tissues by using
liposomes with different physical and chemical properties and (2)
to define and solve possible problems before the use of this drug
delivery system in clinical applications.



LIPOSOME APPLICATION TO METAL CHELATION THERAPY

Y. E. Rahman, E. A. Cerny, B. J. Wright, M. M. Jonah,! and
R. A. Guilmette

One of the major barriers to the use of 1liposomes for drug
transport lies in the fact that intravenously injected liposomes
are largely taken up by organs rich in reticuloendothelial cells,
such as liver, spleen, and bone marrow. In many diseases, the
target tissues are not limited to the reticuloendothelial organs.
For application to metal chelation therapy, however, liposones
are particularly suitable, because the organs where excess metals
are accumulated are precisely those that are rich in reticuloen-
dothelial cells. For a review see Y. E. Rahman, Liposomes in
Biological Systems, Eds. A. C. Allison and G. Gregoriadis, John
Wiley and sons, New York, in press.

We have used liposomes to deliver ethylenediaminetriacetic
acid (EDTA) and diethylenetriaminepentaiacetic acid (DTPA) to spe-
cific target organs where toxic metals are accumulated. We have
also used 1liposomes containing these chelating agents to treat
experimental metal poisoning in mice, and compared the therapeu-
tic efficacy of the encapsulated drug to that of the conventional
nonencapsulated form. These studies are being continued.

After injection of 1lead or mercury into animals, these
metals have a tendency to bind proteins in the cell nuclei of
kidneys and 1liver. Liposomal DTPA given 10 hours after lead

injection is effective in preventing the lead deposition in the
cell nuclei.

During the year ve have studied the pharmacokinetics of a
potent iron chelator, desferrioxamine (DF), as affected by lipo-
some encapsulation. Both unilamellar and multilamellar liposomes
are effective in delivering DF to the critical organs of iron
storage, primarily the liver and the spleen. However, the plasma
disappearance of DF was slower when the chelating agent was
encapsulated in unilamellar liposomes than when it was encapsu-
lated in multilamellar liposomes.

Multilamellar 1liposomes have been prepared with various
asialoglycolipids, gangliosides, sialic acid, or brain phospholi-
pids in the 1liposome membrane and with EDIA encapsulated in the
aqueous compartments. Some degree of selectivity in tissue
uptake of EDTA has been obtained. Liposomes made of sialic acid
or sialogangliosides show 1low uptake in the 1liver (15-20% of
injected amount), while liposomes made of galactocerebroside or
brain phospholipids show high liver uptake (45-50% of injected

1Rosary College.
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amount) . Liposomes containing sphingomyelin show high uptake
both by the lung and the brain. These results demonstrate that
inclusion of sialogangliosides in 1liposome membranes decreases
uptake of liposomes by liver, thus making direction of encapsu-
lated drugs to other organs more feasible.

Studies on the mechanisms of liposome uptake by various tis-
sue cells are being continued by biochemical, morphological, and
autoradiographic methods.

LIPOSOME APPLICATION TO CANCER CHEMOTHERAPY

Y. E. Rahman, E. A, Cerny, and B. J. Wright

Most drugs used in cancer chemotherapy are highly toxic, not
only to the tumor cells, but often to rapidly dividing normal
cells, e.g., those in the bone marrow and the gastro-intestinal
mucosal surfaces. Therefore, in order to avoid the toxic reac-
tions in normal tissues and thereby to increase the therapeutic
index of antitumor drugs, the delivery of an antitumor drug spe-
cifically to the tumor-bearing tissues becomes one of the most
important problems to be solved in the field of cancer treatment.
We have used liposomes to approach this challenging oroblem, in
the hope of developing a new technique for delivering antitumor
drugs to specific target tissues 1in order to improve therapeutic
effectiveness and to reduce drug toxicity to normal nontarget
tissues.

Due to the anatosical structure of the liver sinusoids,
materials administered into the blood stream are in direct con-
tact with liver cells, and large amounts of injected particulate

materials, including liposomes, are taken up by the liver. This
phenomenon results in low uptake of 1liposome-encapsulated drugs
in other organs. This undesirable high uptake of liposomes by

the liver constitutes one of the most serious 1limitations for
application of liposomes in the delivery of antitumor drugs.

Two major objectives of this project are to search for spe-
cific types of liposomes for which liver cells have low affinity,
and to search for liposomes that would be selectively taken up by
target organs other than the liver. Our finding mentioned above
that 1liposomes prepared - with sialic acid or sialogangliosides
have a low uptake in the liver 1is a step toward the first obijec-
tive. For the same purpose, liposomes containing antitumor drugs
have also been prepared with 1lipids extracted from various mouse
tissues. When liver or kidney lipids are used to prepare lipo-
somes, some deqree of selectivity in liposome uptake by the
spleen has been obtained. We are now in the process of identify-
ing the lipid(s) that is responsible for this tissue selectivity.



We have previously shown that Actinomycin D -(Act. D) encap-
sulated within liposomes is less toxic to mice than nonencapsu-
lated Act. D, but retains its tumoricidal activity. We have
attempted to elucidate the mechanisms of this reduction in drug
toxicity by liposome encapsulation (Rahman, Y. E., et al., Ann.
N. Y. Acad, Sci., 1in press). Injected at a sublethal dose of
0.4 mgskg, Act. D encapsulated in the aqueous phase of liposomes
was less toxic to white blood cells and to the nucleated cells
and colony-forming stem cells of the bone marrow than the nonen-
capsulated drug. Drug toxicity in the proliferating intestinal
cells, measured by its effect on 3H-thymidine incorporation, was
reduced by about a factor of 4 by encapsulation in aqueous lipo-
somes, 24 hours after Act. D administration. Ef fects of Act. D
on antibody production by spleen cells, determined by the "lim-
ited hemolvsis in agar"™ assay, showed that immunosuppression was
nost markedly reduced by liposome encapsulation when the drug was
given 1 day before the antigen, either 1in the aqueous or in the
lipid phase of liposomes.

In summary, the delivery of a given drug to a specific tar-
get tissue is one of the most challenging problems 1in the field
of pharmacology. We are particularly interested in using lipo-
somes to deliver metal chelating agents and antitumor drugs. We
have shown that liposomes can deliver metal chelators such as
EDTA, DTPA, and DF to target organs of metal storage, and are
therefore now in the position to explore the feasibility of
applying liposomes for use in metal poisoning. Experimental iron
overload will be our first test model for this drug delivery sys-
tem. Regarding possible application »f liposomes in cancer che-
motherapy, experiments are being carried out in the search for
liposomes that have a low affinity to the liver and that can be
selectively delivered to tumor hearing tissues.
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The objective of these studies is to determine the datailed
responses of beagles subjected to continuous (22 hr/31ay) irradia-
tion from a 60Co gamma-ray source, This work addresses problems
relating to biological effects of fission energy technology. The
studies are oriented toward investigating the 1late effects of
continuous aor praotracted irradiation suach as might occur if
radioactive substances were deposited in man by ianhalation,
ingestion, or through wounds due to accideants or weapon systenms.
The problems of late effects from radionuclides cannot be easily
investigated directly because of the nonuniform distribution,
complicated metabolism, and dosimetry of cradiobnacliles depositeid
in the body.

The effects of three major factors associated with the irra-
diation procedures are being explored: (1) the daily irradiation
dose rate, (2) the accumulated total radiation exposure, and (3)
the influence on the effects observed of age at the time irradia-
tion is initiated. The work compares the responses of young-,
adult beagles (v~ 400 days of age) of both sexes, kept in the
gamma-ray field until they die, with those of similar dogs that
have accumulated predetermined total 2xposures ranging from 600
to 4000 R. In addition, the life-time effects of irfcadiatin3y the
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developing beagle fetus cortinuously throughout its gestation
period are determined, and this work is being extended to include
irradiation during the postnatal perioi.

In earlier studies, young-adult and fetal beaglss were irra-
diated at rates ranging from 5 to 300 R/day (Norris, W. P., et
al., ANL-75-30, 1974, 9; Norris, %. P., et al., ANL-76-99, 1975,
19; Pritz, T. E., et al., ANL-77-55, 1976, 34). Fhen d»ngs are
irradiated until death at exposures in excess of 35 R/day, they
uniformly die witbin a few weeks of bone marrow aplasia and sep-
ticenmia. Over the range of 5-35 R/day, however, there were con-
sistent systematic, highly dose-rate-dependent responses that
were limited primarily to the hematopoiztic and reproductive
organs.

The Jose-rate-dependent nature of these responsas--bone mar-
row aplasia, bone marrow hyperplasia (myelogenous leukemia),
aspermia in the male adult and fetus, and anovular ovaries in the
female fetus--provides an opportunity for interspecies compari-
sons of dose-rate-dependent respobnsas and investigation of
mechanisms of damage that utilize specific physislogical eni
points other than death or incidence of malignancies (Norris, W.
P., S. A. Tyler, and G. A. Sacher, Biological Effects of Lov:
Level Radiation, Vol. 1, International Atomicz Energy Agency,
Vienna, 1976, 147-155).

With terminated exposures, the importance of dose rate is
essentially unknown, and the acute disorders of the bone wmarrow,
septicemia and anemia, are infrequently related to causes of
death. In these studies, dogs are 2xpo>sa2d in the gamma fielid
until the total exposure reaches either 600 or 14C0 R at exposure
rates of either 35, 17, 10, or 5 K/day. Other groups of dogs are
given 2000 R at rates of either 17, 10, or 5 Ry/day, and another
group is teing given 4000 ® at 10 R/day (Fritz, T. E., et al.,
Proc. Syamap. on the Late Biological Sffects of Low level Radia-
tion, March 13-17, 1978, Vienna, ir press). Longevity and tzrmi-
nal pathology will be evaluated on the basis of total exposure
and exposure rate.

As a result of the data from the exposure rates at 5 R/day
and above, it became important to extend the studies to 1laily
dose rates substantially below 5 R/day. More than a year ago we
therefore begarn to irradiate dogs starting at 400 days of age in
a new gamma-ray exposure facility that accoeodates 200 beajles at
exposure rates of either 2.5, 1.0, or J.4 Rr/d4day. The three main
purposes of this work were to: (1) acjuire data on the mortality
rates in young-adult beagles that will extend our present compar-
isons of responses between species, (2) determine the nature of
the responses and pathologic <changes that may occar, ani (3)
define the exposure rates that allow for continued reproduction.

An especially important aspect of the second objective is to
gain ap insight into the changes that lead to induction of leuke-



. mia and its opposite, aplastic anemia, through alteration of
control wmechanisms and functions in the hematopoietic systen.
Comparison of these effects of <chronic icradiation to those af
other agents, particularly chemicals, thkat also have a marrow
suppressive and leukemogenic effect, also 1is an important and
relevant goal. This aspect of our research is now covered in a
separate program (see the following reoort by T. M. Seed et al.).

Bred female beagles, irradiated continuously at rates froam 5
to 35 R/day from conception to parturition or for appropriate
portions of gestation, produce apparantly normal 1litters. On
further evaluation, however, we find that the irradiated pups are
sigpificantly smaller and fail to develop full dentition in adult
life, Females irradiated ip utero at S5 R/day and higher were
sterile dae to hypoplastic anovular ovaries, while male litter-
mates similarly irradiated at 5 Ry/day had normal sperm and were
regarded as fertile. Females irradiated only at 2.5 R/3day and
less had apparently normal ovarian devealoprent.

Adult female beagles irradiated at S R/day and above daring
fetal life had atypical estrous periods, &sore frequent estrous
periods, and copulated in spite of the fact that their ovaries
vere afollicular. Preliminary assays of ovarian and pituitary
hormones have shown aberrations in hormone levels and mechanisas
of ovarian function and control.

All dogs irradiated in utero that havs not been sacrificei
for sequential studies of the effects on gonads are being main-
tained for 1length of 1life to determine 1late effects ani allow
important comparisons to adult dogs receiving terminateil expo-

sures over the same dose range at the same 2xposure rates.
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PROTRACTED IRRADTIATION OF YOUNG-ADULT BEASLES

T. E. Pritz, T. 4. Seed, C. M. Poole, D. V. Tolle, L. S.
Lombard; J. M. Angerman, S. M. Cullen, D. E. Doyle, L. V.
Kaspar, W. G. Keenan, N. D. Kretz, P. H. Polk, and R. C.
Simkins

Responses to Continuous Exposure to ¢°Co Gamma Rays

(]

All dogs irradiated at exposures down to 5 R/31ay are dead.
Three separate radiation-induced causes of ieath, all related to
the hematopoietic systen, have been defined and shown t> be
related more directly to dose rate than to total dose. Briefly,
these were septicemia associated with granulocytopenia (17-35
R/dav), anemia (10-17 R/4ay), and myelogenous leukemia and myelo-
proliferative disorders (MPD) in dogs exposed to either 5 or 1)
R/day was about 50%, and the onset of the disorder was character-
ized by hematological changes well in advance of «clinically
apparent disease. At 5 R/day, there was little or no effect upon
erythropoiesis. Other responses, unr=latei to the hematopoietic
system, were evident in the last 10 decedents exposed to 5 R/day.
In this group of 10 dogs there has beea a number of malignancies,
including one osteogenic sarcoma, and a variety of degenasrative
processes.

During the past year, data (times t> death and causes of
death) from the completed study at doses >f 5 R/day and higher
were evaluated, and the ©60Co sources were changed in the new
radiation facility to provide for a gre2ater number of dogs at the
lowest exposure rate. Previously, on the basis of incomplete
data, the radiation facility was programmed for irradiation of
100 dogs at 2.5 R/day to provide a large eoough group to guaran-
tee statistically significant data on life-shortening effects at
this dose rate. With the death of all dogs in the study at 5-35
R/day, it became obvious that fewer dogs were necessary to easure
meaningful data at both 2.5 and 1.0 R/day. With the change in
sources, the experimental desiqgn now provides for 100 dogs at 0.4
R/day, and 50 dogs each at 1.0 R/day, 2.5 R/day, ani in the con-
trol group. Thus at 0.4 R/day there is now the chance for signi-
ficant data on life shortening as well as for obtaining clinical
data.

Most of our effort during the past year has been concerneid
with entering dogs into the lower exposure rate study at 2.5,
1.0, and 0.4 R/day. As of February 1, 1978, a total of 162 irra-
diated and control dogs have been entered into this study. There
have been no deaths to this date, but dogs irradiated for ~ 690
days at 2.5 R/day are showing a depression from control levels of
platelets and leukocytes in the peripheral blood. Those irradi-
ated at 1.0 and 0.4 R/day show little if any change.



Six male dogs at each low exposure rate and six controls
vere selected for sequential evaluation of the irradiation
effects on spermatogenesis. Before the dogs entered the gamma
field, two semen samples were collectad from each dog and evalu-
ated on the basis of both gquantity and guality (sperm count,
motility, 1live-dead ratio, etc.). Subsequent samples in the
gamma field are being collected at U4-week intervals. After about
250 days of irradiation, the dogs exposed at 2.5 and 1.) R/4ay
are shovwing reductions in sperm counts to approximately 25% and

50%, respectively, of preirradiation levels. There are associ-
ated increases in abnormal morphology and reductions in motility
and the ratio of live to dead sperm. The dogs in the 0.4 R/day

group are maintaining normal preirradiation values suggesting
that spermatogenesis, as well as hematopoiesis, may be refractory
to protracted irradiation damage at this exposure rate.
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The irradiation schedule has been completed for terminated
exposure to protracted whole-body irraliation at fixed values of
total exposure between 600 ard 4000 R, as described previously.
Three hundred fifty-four dogs (~ 20 per group) were irradiateid
and observed for development of early hematopoietic depression,
recovery, and development of late effects.

10 1O
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Of these 354 dogs, 102 have diel, either of septic2mia or
anemia, during the irradiation periol or within 129 days after
the exposure was terminated. A total of 31 have died at times
longer than 100 days. These include 11 of those irradiatedi for a
total of 4000 R at 10 R/day and 9 irradiat=d for a total >f 400)
R at 35 R/day. No more than three dogs in each of the other
groups has yet died more than 100 days after the ta2rmination of
irradiation. There were 9 malignancies, including 4 leukemias,
among the 11 dogs dead at 4000 R (10 R/day) and 5 (one leukemia)
among the 9 dead at 1400 R (35 EK/day).

The malignancies in dogs dying after 100 days now inclade a
total of 4 cases of myelogenous leukenia, 3 lymphocytic leuke-
mias, and 1 monocytic leukemia, The 4 myelogenous leukemias all
occurred within 1 year after irradiation, as did 2 cases 5f lym-
phocytic leukemia. The monocytic 1leukemia, closely related to
the myelogenous, occurred at 1241 days, while the other lympho-
cytic leukemia occurred 2341 days after termination of irradia-
tion. In addition to the 8 hematopoietic tumors (leukenmias)
there vere 9 other malignancies, These include a carcinoma of
the intestine, a squamous carcinoma of the buccal cavity, 2 mam-
mary carcinomas, 1 spenic neurofibrosarcoma, 2 splenic angiosar-
comas, 1 generalized mast cell tumor, and 1 transitional cell
tumor of the bladder,
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Other than the malignancies, wvhich are excessive for the
ages at which the dogs have died, there is no other pattern yet
emerging as regards significant pathological end points or
lesions specifically related to the irradiation.

Because of the schedule on which dogs were staged into the

gamma field, survival time to date varies considerably. Some of
the dogs have been observed for more than 3500 days after =xpo-
sure. Subsequent to the early wave of &yelogenous leukemias,

described above, and the other soft tissue tumors, there were no
other deaths that can be related to the irradiation. The ainimunm
terminated exposure to produce myelogenous disorders still
remains 1700 R, and the mean induction time is about 40) davys.
The incidence of myelogenous leukemia ind related myeloprolifera-
tive disease decreases rapidly in dogs that survive beyond this
time and (as in dogs irradiated until death) appears related to
the recovery of the bone marrow, in this case after termination
of irradiation,.

' Hematological data are being collected to evaluate the
recovery pattern as a function of total dose and dose rate. Ini-
tial comparison of the various groups of dogs reveals large dif-
ferences in the rates at which the <cellular elements in peri-
pheral blood return toward normal values after the exposures are
terminated. Among the dogs given the same total dose of irradia-
tion, the nadir to which the cellular elements fall and the
recovery rates are related to the dose rate. The higher the dose
rate, the lower the nadir for the ervthrocyte, leukocyte, and
platelet levels. Recovery rates tecome progressively slower as
the exposure rate is increased.

EFFECT OF RADIATION DOSE RATE ON THE DEVEIOPMENT OF THE REPRODUC-
TIVE AND ENDOCRINE SYSTEMS OF FETAL AND YOUNG GROWIN3 BEAGLES

T. E. Pritz, T. M. Seed, C. M. Poole, D. V. Tolle, D. L.
Zeger, L. S. Lombard, W. G. Keenan, D. E. Doyle, P. H.
Polk, and 4. M. Sanderson

A total of 65 adult dogs irradiated during fetal 1life are
now surviving at ages between 1600 ani 2500 days of age. There
have been only six deaths in dogs surviving the neonatal period.
Two of these six decedents, both irradiated at 10 R/3day, Adied of
renal disease at 918 and 1168 days of age. These are the only
deaths that appear related to the radiation exposure during fetal
life. The other four dogs died of epileptic seizures (two
cases) , accidental strangulation, and endometritis. The remain-
ing dogs appear normal except for the reproductive effects
described earlier, their smaller than normal size, and the fail-
ure of a significant number of teeth to erupt in many animals.



Additional assays of serum hormone levels from groups of
females irradiated in utero and from control animals have been
conducted during the past year (in collaboration with DOr. G.
Niswender, Colorado State University). Comparisons were made
among pregnant, nonpregnant, and irradiated bitches. The results
show that a preovulatory surgqe of 1luteinizing hormon2 (LH)
occurred in the irradiated animals, but that ovulation 3id not
occur. Although basal 1levels of estcradiol were similar
between normal (pregnant and nonbred) and irradiated bitches,
there was no evidence in the irradiated titches of the peak in
serum estradiol levels that occurs in normal bitches prior to the
peak in LH. Serum levels of follicl=2 stimulating hormore (FSH)
in the irradiated bitches were high and variable around the time
of the peak in LH, and were similar to those reported 1in cas-
trated bitches. These data suggest a lack of negative feedback
inhibition of FSH. This suggestion cannot be fully substantiated
by these data, but it is consistent with reports that the ovaries
(and testes) secrete a nonsteroidal factor (inhibin) that con-
trols FSH levels in the blood. This factor is derivel fronm
antral follicles, which are not present in ovaries of irradiated
bitches.

To study further the influence of irctadiation on ovarian
function and hormone production, two normal adult bitches ani two
adult bitches irradiated in utero wer= castrated. Daily serunm
samples were collected for 2 weeks before and after surgery, anid
4 times each day on the day after surgery. Two adult bitches
irradiated in utero and castrated during the first month of life
were similarly sampled. Assays for LH, estradiol, FSH, and pro-
gesterone will be run to determine the respective influence of
irradiation and castration on the <circulating hormone levels ani
to test further the hypothesis of the role of a follicular factor

in FSH secretion.

CELLULAR EFFECTS OF MYELOSUPPRESSIVE ASENTS ON HEMATOPOIETIC TIS-
SUE STRUCTURE AND FUNCTION: MECHANISMS OF LEUKEMIA INDUCTION

T. M. Seed, T. E. Fritz, 0. V. Tolle, C. M. Poole, P. C.
Brennan, L. V. Kaspar, S. M. Cullen, M. 4. Sanderson, G. T.
Chubb, B. J. Wright, N. D. Kratz, R. L. Devine, J. M.
Angerman, W. G. Keenan, P. H. Polk, and D. E. Doyle

Under the appropriate conditions, the chemical agent, ben-
zene, and the physical agent, protracted ionizing gamma radia-
tion, both produce marked myelosuppression, which is often fol-
lowed by either aplastic anemia (marrow aplasia) or leukemia
(marrov hyperplasia). Our vprevious studies using the beagle
showed that continuous gamma irradiation in the daily dose range
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of 5-35 R/day produced three separate, dose-rate depandent causes
of death--septicemia, anemia, and myeloproliferative disorders
(4PD) . The latter were expressed largely as myelogenous leukemia
and were most common at the lowest dose rates (5 and 10 R/3ay).
Although the causes of death were gererally dose-rate depenient,
individual dogs at a given dose rate did not all die from the
same cause of death, ipndicating a wile variation of the iniivi-
dual response to the daily stress of hematopoietic intoxication.

The question of individual variation in response to a gradei
dose of a toxic agent becomes a «critical one that should be
addressed in low-level toxicology studies. For the individual,
the specific response is all important anad determines longevity.
For the experimental group (population), the variation has not
beer adequately studied or explained, but clearly shows a wide
potential for adaptation to chronic exposure to a toxicant. What
then are the early indicators of the definel responsas? What are
the mechaniswms behind each response? These are the probleas that
we are attempting to address.

Our approach includes (1) nultiphasic longitudinal studies
centered on characterization of the hemnatoposietic response(s) of
dogs subjected to protracted exposures to low doses of my=losup-
pressive agents, and (2) development and application of in vitr>
techniques of hematopoietic cell cloning. In the former, major
emphasis is on a series of dogs given continuous 60Co gamma irra-
diation, but studies have also been initiated with the leukemo-
genic aromatic hydrocarbon benzene. In both approaches, emphasis
is placed on the response of the coamitted hematopoietic sten
cells, the suspected targets for myclosuppressive leukemogenic
agents,

Survival and clinical observations. To date twenty-three
beagles (three irradiated groups of six arimals each, plus five
control dogs) are being followed. The three irradiated are

receiving whole-body 69Co gamma radiation at 10 R/day and as of
February 1, 1978 had accumulated total radiation doses of 2330 R,
5130 R, and 6900 R. Within the latter two groups, six dogs died
of marrow aplasia following a mean exposur2 time of 245 days and
an accumulated radiation dose of about 2450 R. The six surviving
dogs exhibited hematological profiles characteristic of preclini-
cal phases of developing myeloproliferative disorders. Recently,
tvo of these 1long-term survivors have died of erythroid aplasia
(at a mean of ~ 450 days and 4500 R). The selective ablation of
erythropoiesis in the face of continuing ayelopoiesis in these
two dogs is an important example of the differential sensitivi-
ties of marrow components that undoubtedly play an important role
in leukemia induction.




Hemopathology. Data collected over the past year continue
to support and strengthen the concept that distinct phases pre-
cede the onset of radiation-induced 1leukemia and ¢hat these
phases are readily recognized and therefore prognostic. A criti-
cal sequence of events that determines the pathological fate
(i.e., aplasia or MPD) of these irradiated dogs occurs during an
early period of acute hematopoietic crisis (i.e., at 200-3C)
days, 2000-3000 R accumulated dose). Dogs that do not die of
marrow aplasia during this crisis period then show a rather dra-
matic, broadly based partial recovery of hematopoietic capacity.
Becuase these long-term survivors have a high probability of
developing MPD, the recovery period is being carefully scruti-
nized.

Increases in peripheral blood platelets and 1leukocytes
observed during this partial recovery phase are accompanied by a

progressive increase in marrow cellularity. Lozal aresas of
intense cellular proliferation exhibit pronounced megaloblastoid
and/or monocytoid features. At the ultrastructural level there

is an elevated incidence of cytologically aberrant erythroid and
myveloid progenitors; nuclear lesions (i.e., clefts, sessile bod-
ies and unusual chromatin distributions) are particularly promi-
nent. The more distinctive cytoplasmic lesions include the mas-
sive Golgi regions of the myeloblasts and the localized dilated
cisternae and ferritin-containing membranous inclusions of pro-
erythrocytes.

The bacterial endotoxin stress assay (Marsh, J. C., and S.
Perry, Blood 23, 581, 1964) has been utilized to detect specific
sequential compartmental changes in the cellular reserves of the
marrow throughout the course of irradiaton. During the first 300
days of irradiation there is a progressive reduction in both the
size and mobility of the grarulocyte reserve; this reiuction

appears time and total dose dependent. At later periods, 1i.e.,
409 days, there is a partial recovery in the size of this com-
partment and its function (mobility) under acute eniotoxin
stress.

Accompanying this increase in granulocyte reserve is a small
but significant expansion of the granulocyte stem cell pool (GM-
CPUa) . The in vitro soft agar culture method (Marsh, J. C., et
al., J. Lab. Clin. Ned. 79, 10417, 1972), wused to quantitate
sequentially committed stem cells within irradiated marrow, has
revealed marked gualitative changes in the <cloning pattern of
granulocytic progenitors, the suspected cellular targets of leu-
kemogenic gamma irradiation. Preliminary cytological-ultrastruc-
tural evaluation of such aberrant granulocyte clones reveals an
increased incidence of nuclear abnormalities and a generalized
retardation of normal cellular differentiation.

Special ultrastructural techniques are being developed that
will allow cloned granulocytic pragenitors to be examined
directly for altered patterns of cellular proliferation and dif-

83



84

ferentiation with special reference to cell surface markers and
cellular interactions within developing colonies. Otilizing our
recently developed EM techniques which allow agar embeddei colo-
nies to be topographically analyzed (Seed, I. M., et al., Micron,
in press), we have observed differences between cell surface pro-
jections of normal and leukemic cell <clones and in the manner in
vhich adjacent cells within the colony interact.

The proliferation and differentiation of the hematopoietic
stem cell conmitted to granulocyte-monocyte differentiation are
regulated by a hormone-like serum factor (CSPF). Using the soft
agar cloning technique and isolated mononuclear bone marrow cells
from normal, control dogs as the cellular targets for CSF, the
serum activity of CSF has been sequentially assayed in dogs with
accumulated radiation exposure ranging from 0 to 6900 R. Serua
titers of CSF are elevated during phases of hematopoietic crisis
and partial recovery but appear to decline later as marrow plas-
ticity increases, In combination wvith the endotoxin stress
assays, the 24-hour change in production of CSF in serum follow-
ing endotoxin stress of control and irradiateil dogs is being
studied. Control dogs generally exhibit two peaks of serum CSF
activity at 2 and 8 hours after endotoxin injection; these activ-
ity peaks correspond in time with the 1linear granulocytic
response. In contrast, irradiated animals produce broad single

peaks of CSP activity between 2-6 bhours after injection. Op to
approximately 309 days of irradiation, the serum activity curve
following endotoxin stress is elevated; after exposures >f over

409 days, ¢the serum CSF response is depressed btelow control
values,, although the shape of the curve remiins about the sanme.

We continue to describe the hemopatholoqy of cases of avert
radiation-induced MPD. In every instance, the disease complex
(i.e., MPD) <closely resembled the "spontaneous" disease in
humans. Grown in culture, cells from an irradiated dog with
monocytic leukemia showed a striking increase in the nuamber of
clonable, circulating stem cells committed to monocytic differen-
tiation. This increase correspondel to the previously noteid
large number of circulating, morphologically aberrant immature
monocytes (granulocytes). The increas2d rate of cloning was only
observed after pretreatment with phytnhenmagglutinin (PHA) or
freezing with dimethylsulfoxide. Leukemic serum had a suppres-
sive effect on cloning of normal GM-CFTa cells, but, in contrast,
a marginally enhancing effect on cloning of autologous PHA-stimu-
lated leukemic cells. The sum of these observations of leukemic
cells 'in culture suggest that both intrinsic cellular defects as
well as extrinsic factors (e.g., plasma and tissue effacts)
influence pathological processes involved in myeloproliferative
diseases, e.g., leukemia.

Immunopathology. We are continuing to make serial assess-

ments of change in cellular immune competence in dogs assigned to
these longitudinal leukemogenic studies. Besults are presently



being assessed in terms of changing pattecrns of hematopoiesis.
In general, function of thymus-derived lymphocytes appears to
decay gradually with prolonged radiation exposures.

Virological assessment. To date, budding C-type viral par-
ticles have not been observed by electron microscopy in any leu-
kemic tissue taken at necropsy nor in any biopsied tissues taken

in the preclinical development of leukeria.

We extended our electron microscopic search for C-type virus
to fetal placental tissue, purportedly a privileged site of
C-type virus expression. We have examined a total of 69 tissues,
44 of them from fetuses of control bitches and 16 from fetuses
irradiated throughout gestation at either 2.5 or 5.0 R/day.
C-type virus has not been observed in any of these tissues. For
comparison, we have initiated a similar study using Sprague-Daw-
ley rats, a strain which has a low expression of C-type virus in
fetal placental tissues. Positive finiings in the rat will rein-
force our negative results in the dog.

Other virologic techniques (e.g., reverse transcriptase
assays), which may be useful for identifying the presence of
virus, are nlanned but not yet initiated.

Histocompatibility analysis: Bong marcow grafting. Through
a collaborative study with the Radiobiology Laboratory, Jniver-
sity of California at Davis, all the dogs presently in the longi-
tudinal leukemogenic study were typed for histocompatible anti-
gens (DLA) during the past year. The relationship of DLA type to
the induction of a given type of hemopathology will be assessed

retrospectively.

We have made two attempts to graft (transplant) allogeneic
monocytic-leukemogenic cells into tera canine fetuses or gamna-
irradiated neonates (150 R). Both attampts, at this time, appear
unsuccessful.

In summary, the results to date in our longitudinal radia-
tion studies suggest that distinct preclinical phases precede the
onset of the radiation-induced leukemia in the beaglea. An early
period of deteriorating hematopoiesis followed by partial restor-
ation and equilibration of subnormal h2matopoietic function
appear to be a consistent sequence of events preceding the onset
of leukemia. Preliminary data show a ratter dramatic reversal in
marrow plasticity in these preclinical periods, especzially at the
level of the committed granulopoietic stem cell; this is consis-
tent with the possibility that the chronic amyelosuppression
induced by protracted 1low dose irraiiation promotes a clonal
selection of aberrant cell populations responsible for leukemia
induction.

85



86

In this regard, much of our effort in the past year has been
devoted to establishing ultrastructural-cytochemical assays,
based on the soft agar cloning method, that permit us to detect
cellular (clonal) aberrancy within one of the suspected cellular
targets of leukemogenic ionizing irraiiation (i.e., granulocyte
conmitted stem cells). The use of such phase specific markers is
intended to provide additional evidence that subpatent 1isease
exists during these very early periods, and might provide
extremely useful prognostic indicator(s) of impending leukenmia.

A pilot study was initiated during the past ysar in which
graded doses of benzene were given to three dogs, by either sub-
cutaneous, intravenous, or oral route. The ptimary intent was t5
assess the importance of administration route relative to the
deqree of induced myelosuppression. Bacause of the acutely toxic
and necrotizing effect of benzene given by parenteral routes, and
the related acute effects on peripheral blood values, the subcu-
taneous and intravenous routes proved to be experima2ntally unat-
tractive. Oral administration in quantities as high as 5 ml/day
for up to 6 months, on the other hand, failed to produce a pro-
nounced effect on peripheral blood values. Inhalation, the usual
route of exposure for man, is seemingly the route of choice for
future evaluation of biologically significant doses delivered to>
experimental animals.

The direct myelotoxic effects of benzene on free hemato-
poietic cells are being evaluated in vitro. Sealable glass CO,
culture chambers have been designed and are currently 1in use to
test the effect of benzene atmospheres up to 15,000 ppm on cyto-
toxicity and the inhibition of granulocyte progenitor cell proli-
feration. 1Initial observations indicate that between the concen-
tration range of 5,000 to 15,000 ppm of benzene, the clonojenic
activity of normal granulocytic progeaitors is virtually elimi-
nated (in the presence of normal canine serum). Noaproliferating
culture cells, however, appeared viable as indicated by trypan
blue dye exclusion. Dose-response curves for benzene will be
determined in the coming year and correlated with results of ani-
mal toxicity studies.
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The purpose of the program is to obtain information on the
late effects in experimental animals of 1low doses of ionizing
radiation that ultimately will be of predictive value for asses-
sing hazards to man. This information takes the form of dose-re-
sponse curves, measured directly or indirectly, for two differenat
qualities of radiation for end points such as life shortening by
various causes, particularly cancer; and the physical and biolog-
ical factors affecting these responses. Factors considered
include rate, fractionation, and protraction of dose, and animal
species, age, sex, and hormonal and imaunological status.

It has been recognized for many years that the precise shape
of the dose-response curve for low levels of radiation cannot be
determined directly without the use of exorbitant numbers of ani-
mals. Consequently, it is necessary to approach the problem by
indirect means, so that extrapolation to effects of lower dose
ranges can be made with some certainty from the effects of doses
that are amenable to study with manageable nuambers of animals.

An integral component of the program is the use of two types
of radiation, with guantitative differences in their biological
effects: ganma radiation from 69Co sources, and fission neutrons
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from the JANUS reactor. One of the most important differences is
the relative lack of dose-rate effects with the latter; in terms
of the quadratic model, the coefficient of the dose-squared term
is extremely small, if not zero. Therefore, it is our intention
to employ single exposures of neutrons at low doses, down to the
lowest doses at which lethal effects or selected physiological
changes can be reasonably expected to be observed with numbers of
animals that are manageable in terms of the resources of our ani-
mal facilities. A limited number of experiments with fraction-
ated doses of neutrons will be carried out to assess the validity
of the assumptions of dose-rate independence. (Because , of the
requlations governing the operation of the reactor, truly pro-
tracted or continuous exposures become prohibitively expensive;
however, our data suggest that fractionated exposures can serve
as surrogates for continuous neutron irradiation.)

The approach +o the problem of gamma irradiation will
require considerable attention to dose protraction and fractiona-
tion. The constraints on continuous neutron exposures do not
apply to 60Co gamma irradiation; howevar, there is a large amount
of data already available, mwmuch of it generated in this Labora-
tory, concerning dose-rate effects on life shortening, based
largely on duration-of-life exposures. Considerably less is
known about protraction and fractionation effects on tumorigen-
esis, However, we feel that relatively few experiments in which
animals are continuously exposed will be required to bridge the
gap between the present program and the earlier experiments.

The obvious choice of experimental animals for a variety of
reasons is the laboratory mouse (Mus musculus), specifically the
B6CF;/Anl hybrid. The extrapolatIon of Mus data to man, however,
requires at least two intermediate stages. The first of these is
the use of another rodent, the white-footed mouse (Peramyscus
leucopus), about the size of Mus but with more than double the
life-span and with a spectrum of tumors that is distinctly dif-
ferent from that of the B6CF; mouse. A limited number of single
exposures to the same doses of neatron and gamma radiation
already employed in Mus should suffice to establish whether the
life shortening per rad is an absolute value, or whether it is a

percentage of total life-span.

The second stage involves the beagle, for which exposures to
lovw-level continuous 69Co gamma radiation have been under way for
several years (see Section 8, Radiation Toxicity in Dogs). The
problenms of dosimetry, numbers of animals needed, and the long
life-span of the beagle militate against studying neatron
effects. We expect that reasonable predictions can be made fron
the gamma-ray data by means of the coimparisons established for
the two radiation qualities between Mus and Peromyscus.

Studies of late radiation effects on the cardiovascular sys-
tem serve to complement life shortening and cancer experiments in
the JANUS Program, and to provide improved definition of the role



of systemic injuries in the late effects syndrone. Little is
known about long-term cardiovascular effects of exposure to any
of the various environmental hazards associated with enerqgy con-
version technologies. The techniques used in the studies involv-
ing nuclear energy can also be applied to assessment of the
effects of chronic exposure to products of nonnuclear energy con-
version. Subclinical cardiovascular damage may reduce physiolog-
ical reserves and thereby increase susceptibility to subsequent
infection or other stress situations. Vascular injury contri-
butes to radiation-induced degenerative changes via effects on
the slowly dividing cell populations that comprise the blood ves-
sels and heart. The role of this largely noncytokinetic injury
in late morbidity regquires further study. The B6CF, mouse is
again used as the principal test animal. Studies of a more lim-
ited nature, using Peromyscus leucopuds, will provide data for
interspecies comparisons between two rodent species having at
least a twofold difference in 1life-span. Such comparisons will
eventually assist in human hazard evalaation.

Qur studies of late damage to the cardiovascular systen
emphasize relationships between (1) functional deterioration,
assessed by clearance of injected 133¥Xe as an indicator of capil-
lary blood flow, and by measurements >f blood pressure; and (2)
histopathological changes in the subcutaneous microvasculature,
in the heart and aorta, and in the kidney. The studies include
light and electron microscopic observations. Additional investi-
gations of the microvasculature are planned with the use of
microangiography. Coronary artery damage, vascular deterioration
and fibrosis in essential organs, and microvascular efficiency
are end points of interest in connection with therapeutic use of
low- and high-LET radiation, as well as in many phases of nuclear
technology. Of particular interest in our current findings is
the high sensitivity of the «coronary artery to fractionated neua-
tron irradiation.
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LIFE SHORTENING AFTER EXPOSURE TO NEUTRONS AND GAMMA RAYS

J. F. Thomson, K. H. Allen, R. J. M. Fry,t D. Grahn, J. L.
Hulesch, D. L. Jordan, L. S. Lombard, V. A. Ludeman, 4. Mil-
ler, A. R. Sallese, E. F. Staffeldt, and F. S. Williamson

The status of the irradiation experiments is as follows:

JM-2 involved a total of 7200 mice of both sexes (plus 2000
controls) that were exposed to single or fractionated doses of
neutrons and %9Co gamma rays. A number of animals were subse-
gquently removed from the experiment, but 5869 irradiated and 1709
control mice were observed for their life-span. Preliminary
analyses of life-shortening data have been published; histopatho-
logic examinations are complete, and a detailed analysis of death
is under wvay. In a supplementary experiment JM-YZ, single Adoses
(80 and 240 neutron rads, 268 and 788 rads gamma rays) were given
to older animals to compare the responses of 194- and 287-day-old
mice with those of about 110 days of age, the age of the JHM-2
mice at the time of their initial exposures; all of this group of
2400 mice are now dead.

JM-3S is a single dose exposure series, 20 to 160 neutron
rads and 90 to 569 rads gamma rays, which are expected to produce
2% to 25% life shortening. Irradiations were completed (2695

animals) in October, 1977.

JM-4K is a fractionated dose series given over 23 wveeks,
about 20% ot the life-span. The total neutron doses are the same
as those used in JM-3S, whereas the gamma ray doses are higher
(206 to 5110 rads total dose). The last replicate for irradia-
tion treatment was completed in April, 1977. Four thousand seven

hundred fifty mice were exposed.

JM-4L will involve the exposures of both Mus and Peromyscus
to continuous ©9Co gamma radiation for varying periods of time
(no neutron exposures). This experiment, which has been delayed
pending recalibration of the Low Level Gamma Facility (see below)
and construction of special animal housing, will begin in
mid-1978.

for both serial evaluation and sacrifice for cardiovascular,
hematopoietic, and immunologic studies. All irradiations have
been completed for both series (3275 mice). '

1present address: Biology Division, Oak Ridge VNational
Laboratory.



J¥-6 involves irradiations of mice with both single and pro-
tracted exposures for the carcinogenesis study with pituitary
hormones and isografts. Irradiations have been completed for
1890 mice.

JM-7Q consists of fractionated loses given in 60 weekly
exposures over 59 weeks (~50% of the life-span) for comparison
with JM-UK. As in most experiments, irradiation is begun when
the mice are about 110 days old. The final component of this
series was cancelled; the last of the 1045 animals committed to

this experiment will receive their final exposures in July, 1978.

JY¥-7R is a companion experiment, in which single doses are
given to mice at 535 days of age, i.e., at the end of the 59-week
fractionation period used in JM-7Q. Originally, 1700 animals
vere assigned to this series, but after 1020 mice vere irradi-

ated, the remaining replicates were cancelled.

JM-80 employs one exposure per week for the duration of the
life-span of the animals for comparison with similar total doses
given over shorter intervals or as a single exposure. The origi-
nal experimental design called for the allocation of 2000 mice to
three dose rates of neutrons (0.667, 1.667, and 2.667
rads/exposure) and three of gamma rays (6.95, 17.4, and 31.4
rads/exposure). After 1200 mice had bsen entered into this regi-

men, the decision was made to commit no more animals.

JM¥-9X is a new series involving low doses of neutrons and
gamma rays that will be carried out in two stages. The first
part, for which irradiations were bequn in June, 1977, conunsisted
of single and fractionated exposures to 10 rads of neutrons, and
single exposures to 5 rads. The second stage, 1involving single
exposures to 1, 2.5, S5, 10, 20, and 120 rads of neutrons and
22.5, 45, and 90 rads of gamma radiation, will be initiated after
the barrier modifications to the animal facilities are coapleted
and the mouse strains are rederived. The reason for deferring
the second stage is that there 1is concern that the present popu-
lation of animals, having been raised under conditions that are
somewhat less than optimal, may show the so-called "beneficial
effects of radiation," i.e., an increase in mean after-survival
following low doses of radiation, as a result of a decrease in
early deaths from intercurrent infection.

JM-10E employs Peromyscus leucopus as the experimental ani-
mal. Neutron irradiation at single doses of 20, 40, 80, and 160
rads, along with fractionated exposures to 40 and 160 rads, were
begun in November, 1977. When they are completed, gamma irradia-
tion (90, 143, 206, and 417 rads) will begin. The reason why the
neutron and gamma exposures are not carried out in parallel
reflects the fact that in order to standardize the body weights
as much as possible, we must reject about 4)% of the animals that
are bred; to obtain all of the animals nezded at one time would

overstress the animal production facilities.
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JM-11E was designed by Dr. R. J. M. Fry (now at ORNL) to
establish dose-response curves for a specific tumor systen,
namely, the Harderian gland. The approach is to give the irradi-
ation in fractioms--2, 4, 8, and 16 weekly exposures of 2.5 neu-
tron rads; 24, 36, and 48 exposures of 17.4 gamma rads--and after
the final fraction to implant pituitary isografts as tumor promo-
ters. The exposures were begun in October, 1977. Experiments
with single doses have previously been cacrried out in the JM-6
series (see above).

The "300" series (no JM designation) was planned by Dr.
Douglas Grahn to evaluate various genetic end points after single
exposures to essentially the same doses of neutron and gamma
radiation planned for the second phase of JM-9X. The design and
rationale for these exposures are descrited in Section 10, Gen-
etic Toxicology. The first exposures in this series touok place
in November, 1977, Dr. Grahn is also studying the effects of
fractionated neutron and gamma radiation on these same end
points, with additional male mice added to the JM¥-7Q and JM-80
exposures.

Provisional analysis of the 1life-shortening data from the
J¥-2 through the JM-8 series reveals a number of general trends:
(1) females are more sensitive than wmales to neutron but not to
gamma radiation; (2) fractionation of gamma radiation prodiuces a
"sparing" effect, 1i.e., a longer mean survival time than after
the same total dose given in a single exposure; (3) fractiomation
of neutron irradiation, on the other hand, produces an augmenta-
tion of life shortening at high doses (> 100 rads), but not at
low doses; (4) life shortening per rad is lower in older animals;
(5) projections from present data sugjest that the relative bio-
logical effectiveness (RBE) for single dose JANUS fission neu-
trons relative to gamma rays will fall between 10 and 100 in the
dose range of 1 to 0.1 rad.

The last conclusion is derived from the observation that
wvhen excess mortality rates are plottel against dose on a log-log
plot, the slope (i.e,, the power function exponent) for single-
dose neutron exposures is about 0.5, whereas that for single-dose
gamma irradiation is near unity. Preliminary analysis of some of
the tumor data from JM-2 suggests that the same slopes will
obtain, despite the fact that the mean after-survivals for ani-
mals dying with various tumors may vary by 20% of the life-span
of the mouse, In other words, regariless of cause of death (in
the cases examined), the life shortening per rad varies inversely
with single doses of neutrons but remains relatively constant for
gamma radiation.



DOSIMETRY AND DATA PROCESSING

F. S. Williamson, G. L. Holmblad, E. G. Johnson, Jr., andﬁJ.
E. Trier

Neutron Dosimetry

Since June, 1977, the JANUS reactor has been operated only 2
days per week. This arrangement is unquestionably cost effec-
tive, but has the result that until mii-1978 no time is available
in the JANUS High Flux Room for experimental neutron dosimetry.

We found that the draft report for the International Commis-
sion on Radiological Units on the International Dosimetry Inter-
comparison (INDI) <contained errors in reporting our data. our
data have been reevaluated and checked and the discrepancies
reported to the INDI Committee. .

The Shonka 4-inch tissue-equivalent ionization chambers used
in exposure monitoring have been refilled using improved sealing
technigque and show negligible gas leakage. This should reduce
the need for calitration checks in the JANUS High Flux Roon.

Phantom depth-dose measurements were made to support the
Monte Carlo calculation of depth doses in phantoms corresponding
to mice of different sizes. The data are in process of evalua-
tion.

The High Level Gamma Facility is 1in use 2 days per wveek
(fully saturated days) for the ongoing JM-4 through JM-11 series
of irradiations, and receives frequent, though sporadic, use on
other days.

The Low Level Gamma Facility has been recommissioned, and
preliminary dosimetry calibrations and worst-case vertical scans
have been nade. Source attenuators designed to compensate for
decay in the 80Co source over the next few years have been fabri-
cated and checked. These thick attenuators cause great perturba-
tion of the shape of isodose contours, in the vertical plane,
close to the source, so that a requirement for a wide range of
dose rates combined with large numbers of animals presents a very
complex design problem in the facility. Fortunately, a reduction
in the number of animals planned for JM-4L will ease this prob-
lem, though it will still be complex.

We expect to use our automatic readout thermoluminescent
dosimeter (TLD) system extensively in the dosimetry of the Low
Level Gamma Facility. A study of TLD response in phantoms of
aluminum, lead, polyethylene, and bone-equivalent plastic con-
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firms that photon absorbed doses in such media can be measured
using established cavity theory.

Gross autopsy records from 9150 JM-2 animals .are now on
file, and 6533 histopathology records have been processed. A
special program to examine record sequence numbers identifies
those few records that were overlooked. Programs have been writ-
ten that display the frequency distribution of individual disease
codes in either of these files in two-dimensional tables (treat-
ment versus code). Another program permits the examination of

possible combinations of disease codes--we propose to use this to
establish plausible code pools for life table analysis.

The programs for life table analysis using a combination of
gross autopsy data and histopathology 1ata have been tested. At
present the histopathology data are being tested against the
gross autospy data as rigorously as possible so that we may have
full confidence 1in the inferences to be drawn from analyses of
these data. It is not always appreciated that pathology is fun-
damentally not a quantitative science, yet we must make it quan-
titative and rigorous to achieve our objectives.

A new program displays the status of animals in an ongoing
experiment with mean and median survival times for each repli-
cate. This is particularly useful €for estimating trends before
all the animals have died. WoOLK is how in progfess on developing
the direct-entry pathology system for the PDP-11/29. Although
this task 1is of high priority, the analysis of JM-2 pathology
takes precedence, and data processing support for the weekly
irradiations has the highest priority of all.

CARDIOVASCULAR EFFECTS

S. P. Stearner, E. J. B. Christiaan, k. L. Devine, and V. V.
Yanyg

Long-term studies of radiation effects on the cardiovascular
system in the B6CF; mouse continued t> emphasize comparisons of
structural and functional changes. The comparative effects of
total-body exposure to 69Co gamma rays or fission spectrum neu-
trons on subcuataneous capillary blood €flow have been estimated by
measurement of xenon clearance after subcutaneous injection of
133¥e in a saline solution. These findings are important as an
indicator of functional changes in the microvasculature that can



then be related to structural changes observed both in vivo and
with the electron wmicroscope. The clearance of 133%e from the
subcutaneous injection site can be fitted to a single exponen-
tial. In unirradiated control mice, the mean half time (0.693/))
in 4-month-old animals was 9.83 + 0.72 min, and ranged between
9.48-10.70 min in U4-16 month-old animals. The half time
increased to 130-140% of the initial m2an value between 16 and 28
months, and then decreased to as low as 50% in very old animals.
In mice irradiated at 4 months, the clearance half time of 133Xe
increased significantly 3-6 months after exposure to gamma rays
or fission neutrons at dose levels well below the acutely lethal
range (i.e., 268 gamma rads or 89 neatron rads). After exposure
to higher dose levels, but still below the acutely lethal range,
there was little change from mean control values. The data for
both irradiated and control mice clearly indicate, however, that
Clearance times were shorter at ages in excess of the mean survi-
val time, and suggest a compensatory increase in capillary blood
flow. This increase occurred at an earlier age in irradiated
than in control mice, and may be associated with the morbidity
that contributes to life shortening. The increase in rate of
blood flow may be related to a decreased efficiency in utiliza-
tion of oxygen and/or to development of hypertension. The pinna
vasculature of mice exposed to gamma ray doses that resulted in
longer xenon clearance half times showed fine structural evidence
of apparent endothelial proliferation, to the extent of blood
flow obstruction in some instances. Such findings could be cor-
related with the increased vascular tortuosities observed with
the light microscope. We have noted that early microvascular
repair (less than 30 days after irradiation) 1is associated with
proliferation of undifferentiated c¢ell populations from the
subendothelial interstitial region in the revascularizing rabbit
ear chamber. Thus, mesenchymal-type connective tissue cells may
also contribute to repair of endotheliil damage.

Evaluation of ultrastructural changes in the heart and aorta
through 24 months after irradiation is in progress, while changes
in the myocardium and cardiac microvasculature through 12 months
have been reported. Study of the later effects, at 18 and 24
months after the beginning of the experiment, revealed a persis-
tent and increasing damage that was most severe in neutron-
treated animals. Quantitative evaluations of degenerating capil-
laries and myocytes in heart tissue showed values significantly
above the control level throughout the later period after single
dose exposure to 788 gamma rads or 240 neutron rads. In contrast
to the extensive microvascular damage in the heart at the early
observation times after exposure, degenerative changes in the
larger coronary arteries and the aorta first appeared 3-6 months
after irradiation, and became progressively more severe at later
times (12-24 nwmonths). The major <changes in the arterial wall
included degeneration of the smooth muscle, fibrosis, and accumu-
lations of debris and extracellular matrix. The matrix material
was periodic acid Schiff (PAS) positive, indicating the presence
of proteoglycans. At 12 months, there was more focal smooth mus-
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cle degeneration in the medial 1layer of the coronary arteries,
with some accumulation of matrix and of debris, and increased
amounts of collagen in the outer adventitial 1layer. Damage was
more severe at 18 months, but little additional change was noted
at 24 months. Coronary arterial plaques, found in various treat-
ment groups at 12-18 months after irradiation, appeared to
involve smooth muscle proliferation and resembled lesions associ-
ated with human cardiovascular disease, except that they con-
tained no lipid.

Fractionation of the gamma ray dose produced a marked spar-
ing effect, presumably due to repair of radiation injury. It may
be assumed that the lesions produced by gamma radiation result
from radiation-induced cell killing in postmitotic tissues, and
that the initial gamma doses used, 34 or 112 rads per fraction,
were sufficiently low to Sermit some repair. In contrast, frac-
tionation of the neutron dose (0.83, 3.3, or 10 rads per frac-
tion) produced equal or even greater atterial smooth muscle
degeneration than did a similar or the same total dose.

A comparative evaluation of the degenerative changes in the
coronary artery, 18 months after the beginning of exposure, has
been made in relation to the type of radiation, radiation dose,
and fractionation. It appears that coronary artery damage after
2690 rads of fractionated gamma radiation was intermediate
between that seen after a fractionated neutron dose of 20 and 80
rads. Although the mechanism for apparent augmentation of damage
with fractionation of the neutron dose to the vasculature is not
known, this response is consistent with those observed for other
biological end points that have beea evaluated in the JANUS
experiment. The coronary arteries ani aorta have shown a higher
than expected sensitivity to fission neutcons. In connection
with the use of high-LET radiations for radiotherapy, the sensi-
tivity of the vasculature or other postmitotic tissues to mani-
festations of radiation injury is an area where further investi-
gations are needed.

Evaluation of late changes in blo»sd pressure are of interest
in view of the structural and functional changes that have been
observed in the cardiovascular systean. In collaboration with
George Svihla, a method for indirect measurement of blood pres-
sure in the mouse is being developed that involves use of a pres-
sure cuff on the hind limb. Preliminary measurements indicate
that there is no consistent change in mear values in relation to
age or radiation treatment. Higher values were recorded in indi-
vidual irradiated animals, however, and a fall in blood pressure
was frequently correlated with a near-terminal condition.
Further development of the equipment is in progress, and evalua-
tion of treated groups will proceed.
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Among the major deleterious effects of chronic exposure of
living cells to pollutants is the prodaction of gJgenetic (DNA)
lesions. Gepetic lesions are responsible for the heritable
disorders in man, which include some types of mental retardation
and which can 1lead to various long-term physiological disabili-
ties and decreased reproductive fitness. It has been estimated
by the International Agency for Research on Cancer that eaviron-
mental matagens cause as many as 80% of cancers.

Because environmental mutagens act by producing DNA lesions,
this genetics program is concerned primarily with the kinds of
DNA lesions arising from environmental and erergy-related muta-
gens, the mechanisms of action of these lesions, and their
repair. These kinds of information are vital to the rational
development of improved nmutagen testing systems for assessmeat of
human risk, and to the development of procedures for reducing
mutational damage.

For studies of DNA lesions and mechanisms of mutation at the
molecular level, bacteria are by far the best mutational system
available because of the great amount of information from previ-
ous mutational studies, their exceptional convenience for labora-
tory studies, and the fact that their genetic maps are much more
complete than those for any other organisms. Mammalian cells are
also used, however, because these have mutagen sensitivities that
are likely to be more similar to those in man. Animals are usel
when questions of metabolic behavior are involved.
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Repair of lethal lesions induced with ultraviolet 1light,
near-ultraviolet 1light, and visible light continues to receive
special emphasis because human populations are exposed to large
integrated doses of these radiations, Current studies are exa-
mining the nature of the DNA-chromophore interactions leading to
these lesions. Mutagenesis by far-ultraviolet light continues to
provide a standard of reference for testing strong and weak envi-
ronmental mutagens, for probing possibilities of synergistic
interactions among environmental mwnutagens, and for examining
effects of mutagenic lesions induced by SO5 repair. The latter
process is one of the leading candidates for carcinogenesis.

At the eukaryotic cell 1level, wmouse myeloma mutants are
being isolated for biochemical and mutagenesis studies and for
use as a testing system for environmental mutagens and carcino-
gens, The availability of prokyarotic repair ennzymes also makes
possible the study of the biochemistry of DNA repair in this
eukaryotic systen. :

Comparative effects of lethal and mutational 1lesions pro-
duced by 239Pu, fission neutroans, and gamma rays in the labora-
tory mouse also are under study. Plutonium, present in signifi-
cant quantities in the fuel rods of all light water reactors, is
a potential pollutant. To estimate the genetic risk of 239py
retained in the gonads, data have been obtained for dominant
lethal mutations induced in both spermatogonial and postspermato- -
gonial cell stages and for reciprocal chromosome translocations
induced in spermatogonia.



MUTATIONAL SYNERGISHM

H. E. Kubitschek and D. Venters

Currently, large numbers of environmental and energy related
pollutants are under examibation in many laboratories for muta-
genic, carcinogenic, and other toxic effects. Almost invariably
the suspect agents are tested ipdividually in one or a battery of
tests. Current evidence for mutational symergism, however, indi-
cates that these tests may severely underestimate the effects of
mutagens when two or more mutagens are present simultaneously.
One type of sybnergism that we are studying is that produced by
the inducible error-prone SOS repair activity in which each muta-
tion resualts from two lesions. It is expected that the succes-
sive application of two different mutagens can lead to a syner-
gistic enhancement of nmutation by generating interaction
mutations in which each of the mutagens contributes one of the
two required lesions. This possibility was tested by exposare of
cells of Escherichia coli strain WP2 Hcr (uvrA trpid) to nitrous
acid and then to wultraviolet light (254 am). Frequencies of
mutation to prototrophy after exposure to both mutagens were
approximately 70% greater tham the sum of the frequencies
observed for separate exposures to the two matagens, supporting
the proposed synergistic mechanism.

In summary, these observations support the possibility that
mnutational synergism may commonly occur amoag environmental amuta-
gens. 1f so, present testing methods will grossly underestimate
mutational risk.

SYNCHRONIZED ODNA LESIONS

BH. E. Kubitschek and C. N. Newman

Mechanisms of action of DNA lesions were studied b{ a new
method in which base analogs were incorvorated into replicating
genomes during a brief period and then DNA 1lesions were induced
synchronously, Aat known intervals of DNA replication following
pulse labeling of the DNA. The base analogs, either
5-bromouracil (BU) or 12SI-iododeoxyuracil, incorporated into DNRA
during a period of 2-4 minutes, provided synchronized prelesional
substrates for later induction of the genetic lesioas. Lesions
were induced in BU-labeled regions by exposure to 50,000 J/m2 of
313-nm radiation, and in t2SI-labeled regions by radiodecay dur-
ing storage of samples at liquid nitrogen temperature preceding
assay of survival. Cell survivals were compared with those of
lapeled, uninduced controls.
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In all experiments, survival levels remained 1low when
lesions were induced throughout the first generation after label-
ing (Figure 10.1). After replication of the labeled region, how-
ever, abrupt recovery occurred in both experiments with the
wild-type strain. Three very different patterns of recovery were.
observed:
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Fig. 10.1. Survival patterns of two

strains of Escherichia coli B/r after
induction of 1lesions by 125 decay or
photolysis of 5-bromouracil (BU) in
labeled DNA reqions at various tinmes
after 1labeling. As described in the
text, the results are dependent upon the
repair capability of the strain and the
nature of the lesion. Generation timas
(T) are shown.



1) After BU-photolysis, wild-type strain: Recovery was
essentially complete (100%) at the first and second replications.
The results are in agreement with repair of induced single-strand
breaks.

2) After 125I decay, <recA strain: No observable recovery
occurred at the first replication, about S0% at the second repli-
cation. These results are consistent with the production of
irreparable double-strand breaks that imvariably 1lead to cell
death.

3) After 125] decay, wild-type strain: Half of the cells
recovered after the first round of DNA replication. The results
are consistent with death of cells from double-strand breaks,
that such breaks are reparable when a second, unlabeled duplex is
available for recombination, and furthasrmore, that this repair is
asymmetric since only half of the cells are capable of repair.

In summary, a nev method for studying mechanisms of action
of DNA lesions involves the synchronous induction and maturation
of DNA lesions in exponentially growing cultures. The method
appears especially aseful for studying effects of segregation
upon repair of DNA lesioms.

REGULARITY OF DNA REPLICATION IN E. COLI
H. E. Kubitschek and C. N. Newman

L4

The accuracy of timing of bacterial chromosome replication
was measured in exponentially growing cultures of Escherichia
coli B/r TT by a method employing pulse labeling of DNA with
5-bromouracil (BU) and photolysis induction with 313-nm radia-
tion. After labeling with BU for 2.5 minutes, cells were sensi-
tized to 313-nm radiation and survival was reduced to less than
10% at a fluence of 50,000 J/m2 (Figure 10.Z). Survival contin-
ued to decrease slightly during the remainder of the DNA replica-
tion cycle until the DNA region coataining the BU was replicated,
at which time the survival increased abruptly to the level
observed in unlabeled cultures. It is apparent that lesions
induced by BU photolysis were essentially completely repaired
after replication, when the lesions vere paired with newly formed

daughter strands free of lesions.

105



106

PERCENT SURVIVAL

0 20 40 60 80
TIME AFTER LABELING (min)

Fig. 10.2. Cell survival in
an exponentially growing cul-
ture of Escherichia coli B/r
TT following exposure to
50,009 Jm~2 at intervals after
labeling the cells with

S5~bromouracil. = The rise at
one generation after labeling
{arrow) indicates decreased

sensitivity after replication
of DNA. The steep rise indi-
cates the sharp control of the
DNA replication period.



The observed increase in survival at the first generation
after labeling provides an estimate of the regularity of DNA

replication. From Figure 10.2 and other similar data, an upper
lipit for the coefficient of variation for the interval between
successive replications is 9.3%. This variability is coasider-

ably smaller than that for cell division, about 20%. The results
suggest control of major cell cycle events by DNA replication
rather than by cell division. The increased variability iam the
cell division <cycle over that in the DNA replication cycle
appears to be due primarily to a failure in regulation of the
timing of cell division.

In summary, the timing of DNA replication in E. coli is much
more regular than that of cell division. TIhe results support the
thesis that major events in the cell cycle are controlled by pro-
cesses related to the DNA replication "clock" rather than by celil
division.

BIOCHEMICAL STUDIES OF DNA REPAIR IN MOUSE MYELOMA CELLS

T. Matsushita, A. M. Skotola, and G. Matsushital

Most mutagens and carcinogens modify DNA structure. DNA-
specific enzymes are a sensitive and direct means of detecting
such modifications of DNA structure. We have succeeded in puri-
fying one such enzynme, the UV~correndonuclease of Micrococcus
luteus. The purification procedure includes steptomycin precipi-
tation, ammonium sulfate fractionation, and DEAE-cellulose, phos-

phocellulose, and Sephadex G-75 column chromatography.

Measurement of UV-Induced Byrimidine Dimers

Because pyrimidine dimers are specifically attacked by the
M. luteus UV-endonuclease, dimers can be detected in @moause
myeloma DNA by measuring the shift to lower molecular weight DNA
onh the alkaline sucrose profiles after enzyme treatment. Results
indicate that dimers are not removed, even after two gemerationms
of cell growth following irradiation. While measuring the dimers
produced by sublethal doses of UV-irradiation, we found a nonspe-
cific killing effect from suspending myeloma cells in phosphate
buffered saline. Because nonspecific killing could mask any

1Resident Associate.

107



108

excision repair, we attempted to develop techniques for
minimizing cell killing during irradiation and succeeded in min-
imizing the cell killing by using bovine serum albumin during the
preparation and irradiation of cells. Some of the older dimer
excision data found in other mouse cell lines should therefore be
evaluated to determine the possibility of a contribution from
nonspecific cell killing.

Isolation of Mutant Cell Lines

In order to correlate mutagenesis and DNA repair, we have
isolated new mouse myeloma variants and have now isolated and
characterized tvo types of somatic cell variants. They include
various clones of ouabain-resistant mutants and
1-8-D-arabinofuranosylcytosine (Ara-C)-resistant mutants. These
two markets show a great advantage over the more widely used
8-azaguanine and 6-thioguanine mutations, which reguire a long
time to be expressed (10-14 qemerations), and are difficnlt ta
use as selection agents in nutation experiments. In mouse
nyeloma cells, on the other hand, only 1-2 generations are
required for expression of ouabain resistance and 2-4 generations
for Ara-C resistance, thus providing a great saving of time.

Sister Chromatid Analyses

At present, chromosome analyses are used 1in two ways to
detect effects of mutagens and carcinogens, namely by chromosonme
aberrations and sister chromatid exchanges (SCE's). Although
mouse chromosomes are quite small, we have succeeded in extending
SCE analyses to mouse myeloma cells. 1Using the method of Stetten
and Wolff (Mutat., Res. 41, 343, 1976), <cells are allowed to
incorporate bromodeoxyuridine for two genecations, the chromo-
somes are treated with colchicine, and differently stained chro-
matids are observed by fluorescence amicroscopy or UV light-in-
duced differential Giemsa staining. Current results show
excellent UV induction of SCE's at sublethal doses. A dose of
2.5 J/m2 increases SCE's by 120% over background levels.

In sumnmary, techniques have been developed to investigate
the rate of pyrimidine dimer removal in mouse myeloma cells.
Although some investigators maintain that other rodent cell lines
show no such capacity for excision repair, the results are still
controversial. Our observation that tae method of preparation of
cells can result in significant cell killing may help to resolve
the controversy. Since normal human <cells perform excision
repair, this capacity needs to be examined carefully ir rodent
cells if rodent data are to form the basis of mutagen/carcinogen
screening tests for human populations. Studies with our mouse
myeloma mutants and with the sister chromatid exchange systen
vill provide not only genetic and cytogenetic information on DNA
repair, but also the basis for new pollutant detection systeas.



GENETIC EFFECTS OF DNA LESICNS INDUCED BY SOLAR ULTRAVIOLET RADI-
ATION AND BY VISIBLE LIGHT

R. B. #ebb, B. S. Hass, and M. S. Brown

ized Mutagenesis by Acridine Oraange: Lesion-sSpecific

Acridine orange (AO) is known to aissociate with native
duplex DNA in two ways: by internal binding of monomers between
adjacent DNA base pairs (intercalation), and by external binding
(possibly in dimeric form) in the DNA dgrooves. A namber ot dif-
ferent DNA lesions have been identified with AO and broad-spec-
trum light. These lesions include DNA single-strand bpreaks,
alkali-labile bonds, DNA base damage, and DNA-protein cross-
links. Since AO plus visible lighkt is capable of producing muta-
tions and chromosomal breaks, we have investigated mutagenesis
and lethality in genetically related strains of Escherichia coli
B and B/r that differ in DNA repair capability: WP2 (repair pro-
ficient), WP2s (uvriA), WP1) (recd), and Bs-1 (lexA uvrB). Muta-
tion and survival were measured in the same continuous chemostat

cultures. Two wavelengths vere employed: 460 nm, absorbed by
externally bound a0, and 500 nm, absorbed by internally pound
(intercalated) AO. Acridine orange was added at 2 uM in all
experiments reported here. This concentration of A0 does not

significantly inhibit excision or recombiration repair.

DNA lesions induced in cells of E. coli B/r and E. coli K12
in the presence of A0 by both 460- and 500-nm light were effi-
ciently repaired by the recombination repair system (Table 10.1).
Based on F3; values, cells of E. c011 WP10 (rec3A) were 115 and
183 times more sensitive than strain WP2s (uvrcA) with 460- and
500-nm light, respectively. PFurthermore, strain WP2s was 1.6 and
2.1 times more resistant tham strain WP2 (Wwild type). Survival
curves obtained with A0 and U4€60-nm light showed significant dif-
ferences from curves obtained with AO at 50) nnm. At 460 nm, all
curves were either simple exponentials or exponentials with a
small shoulder, whereas at 500 nm, all curves revealed two compo-
nents, a sensitive fraction comprising 60 to 95 percent of the
population, and a resistant fraction coaprising 5 to 40 percent
of the population. At 500 nm, the resistant component of the
population may be capable of greater repair than the sensitive
component.

The high mutation rates at 500 nm shown by the recA and lexA
uvrB strains relative to the uvrA and wild-type strains implicate
an important role for the rectlext+ gene products in the error-
free repair of mutational lesions induced by A0 plus 500 na. In
contrast, at 460 nm low mutation rates were obtained with the
recA and lexA uvrB strains. After correcting for mutation rates
expected from the measured overlap between the apsorption spec-
trum of intercalated A0 and the transmission spectrum of the
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460-nm interference filter, mutation rates at 460 nm are not
significantly different from zero (Table 10.1). The mutational
pattern shown by the four strains with AO0-460 nm light is quali-
tatively similar to that for X-radiatiom. 1iIn contrast, the muta-
tional pattern with AO0-500 nm light is unique. The lethal res-
ponses at 460 and 500 nm demonstrate that DNA lesions induced by
both wavelengths are efficiently repaired by the rectlext repair
system. However, the mutation data support error-prone repair of
AO-460 nm-induced DNA lesions and error-free repair of RA0-500 nm
DNA lesions.

Acridine orange also is a moderate mutagem im the dark in
all repair-deficient strains tested, although not in wild-type
strains. These results suggest that repair-deficient cells may
not be able to replicate or repair DNA without errors in the
presence of bound intercalating agents.

Table 10.1. Effect of Acridine Orange (2 uM) and 500- or 460-nm Light on Lethality
and Mutagenesis (Resistance to Phage T5) in Chemostat Cultures of E. coli

Mutat. Rate

Wave- Repair per 108 Relative Ratio
length Charac- per day Mutation Sensitivity Relative 500 nm
nm teristics per W m™? Rate 1/F37 (m?2 J°1) Sensitivity 460 nm Strain
uvra 120 1 9.1 x 1077 1 3.3 WP2s
Wild type 190 1.6 2.5 x lo~% 2.7 2.3 Wp 2
20° lexA uvrB 899 7.5 8.0 x 1073 88 5.2 Bs-1
reca 2903 24 1.31 x 107 143 4.1 WP10
urva 78 1 2.8 x 1077 1 WP2s
Wild type 201 2.1 1.11 x 1076 4 WP2
160 lexA uvrB 78 (-17%) 1 (0%) 1.54 x 1075 55 Bs-1
rechA 18 (- 5% 0.23 (0%) 3.2 x 1075 115 WP10

Mutation rate at 460 nm corrected for the 500-nm component due to the overlap of the
transmission spectrum of the 460-nm filter and the absorption spectrum of the inter-
calated acridine orange (3.0%).

Radiation at 365 nm produced both oxyjen-dependent and oxy-
gen-independent DNA lesions. Both DNA single-strand breaks (oxy-
gen dependent) and dimers (oxygen independent) probably are pro-
duced by sensitized processes. Under anoxic conditions, uvrA
strains tolerated 8 times as many dimers produced by 365-nm radi-
ation than dimers produced by 254-nm radiation, compared with
reference to constant survival. This result indicates that
dimers produced at 365 nm under anoxic conditions are repaired
much more efficiently than dimers produced at 254 nm.



Reversion to tryptophan independence (trp-trp*) is readily
induced by 365-nm radiation. Tryptophan revertants were produced
at 365 nm in E. coli straims WP2 (will type), WP2s (uvrcdA), and
WP6 (polA) vwhen the assay for reversion was made on minimal med-
ium supplemented with nutrient broth (SEM plates). The frequency
of trp* revertants was much lover in the same strains when the
assay made use of ninimal medium supplemented with tryotophan
only (trpM plates). Strains WP10 (recA) and WP100 (rechA avri)
did not show detectable mutants at 254 or 365 nm on any type of
assay medium utilized. The relatively high revertant yields at
365 nm when assayed on SEM plates versus the very low yielis when
assayed on trpiM plates suggest that recovery of the
recA+-dependent DNA repair system occurs on SEM plates but not on
trpM plates. Selective damage by near-UV radiation to DN2 repair
systems is suggested Ly the high wmutant freguencies obtained in
strain WP2 with monochromatic 365-nm radiation (SEM plates), in
contrast to the absence of detectable mutants with broad-spectrun
near-0V radiation with this strain. Following exposare to
near-UV radiation, revertant frequencies at 254 nm depend upon
wavelength, assay medium, and tke bacterial strain. Racent
results suggest that the error-prone branckh of postreplication
repair may be more sensitive to damage by broad-spectrum near-O0V
radiation, vhereas excision repair may be more semnsitive to
monochromatic 365-nm radiation.

PILAMENTATION OF RAPIDLY GROWING E. COLI K12 IN THE PRESENCE OF
CASFIN HYDROLYSATE

D. M. Darby and R. E. Krisch?

A variety of injurious chemical and physical agents are
known to inhibit <cell division by Escherichia coli without
affecting cell growth, reoulting in iong noncoptate forme
referred to as filaments. Nutritionally induced filamentation
has been shown in E. coli B. Our data indicate that a number of
B. coli K12 strains form filaments when growing at a rapid rate
in the presence of casein hydrolysate. Table 10.2 presents data
for E. coli K12 AB2497. Filamentation als> occurred in E. coli
strains AB1157, AB1899, AB2487, and KL166 when growing with dou-
bling times of 35 to 50 min in M9 minimal medium supplemented
with 2.5 mg/ml casein hydrolysate. As the cultures appcoached
stationary phase, essentially all filamenting cells returned to

normal size. No filamentation was opnserved in strains AB1884,

tpresent address, Department of Radiation Therapy, Harvard
Medical School.
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Table 10.2. Effect of Increased Concentration of
Casein Hydrolysate! (CAA) on Filamentation of Rapidly
Growing E. coli AB2497

Concentration of Doubling
Decolorized CAA Time
(mg/ml) (min) % Filamentation
0.025 No Growth None
0.250 75 None
0.500 75 None
1.000 50 25-35
1.500 50 25-35
2.000 47 30-40
2.500 50 30-40
25 50 30-40

IThe casein hydrolysate was added to M9 medium, a
glucose salts minimal medium, supplemented with
4 yg/ml thymidine, and 1 ug/ml thiamine.

A82500, 8/r A, and B/r K, growing with a doubling time of 35 to
38 minutes in the same casein supplemented medium,

How or why filamentation occurs is unknown. It has been
suggested that a small nonproteinm metakolite is necessary to
trigger septation. The cause of the reversion is also unkanown.
It may be a reflection of either a slowed growth rate, a deple-
tion of the casein hydrolysate in the medium, or both. At a
molecular level, it may result from the division promoting sub-
stance found at high cell densities.



GENETIC AND CYTOGENETIC EFFECTS OF 239pu ALPHA PARTICLES, FISSION
NEUTRONS, AND 60Co GAMMA RAYS IN MALE B6CF; MICE

D. Grahn, B. H. Frystak, C. H. Lee, J. J. Russell, and A.
Lindenbaun

Plutonium-239 is present in significant quantities in the
fuel rods of all light water reactors, and the possibility exists
that small quantities could be released to the environment,
become incorporated into the food <chain, consumed by domestic
animals and man, and be metabolically distiributed to the skeleton
and soft tissues. Approximately 0.05% of the systemic burden is
retained in the gonads with little or no loss with time (Richa-
mond, C. H., and R. L. Thomas, Health Phys. 29, 241, 1975; Rus-
sell, J. J. et al., Health Phys., in press). Preliminary reports
relative to the potential genetic hazards of the 239Pu retained
in the gonads published by K. G. Luning et al. (Mutat. Res. 34,
539, 1976) and A. G. Searle et al. (Mutat. Res. 41, 297, 1976)
show that plutonium is mutagenic. However, the exact magnitude
of this mutagenicity in comparison with other more conventional
radiations has not been firmly established.

The present report uses a limited set of genetic end points

readily measured in the laboratory mouse to compare the effec-
tiveness of 239pu, fission neutrons, and gamma rays in the induc-
tion of dominant lethal mutations in both spermatogonial and
postspermatogonial cell stages and of reciprocal chromosone
translocations in spermatogonia.

All radiation exposures employed vyoang adalt C57BL/5J x

BALB/cJ F; (B6CFy,/Anl) hybrid males. All irradiations by 69Co
gammpa rays or fission neutrons were whole body external expo-
sures. Internal exposure to 239Pu alpha particles followed

intravenous injection of a citrate solution of monomeric pluto-
nium at levels of either 5 or 10 uCi/kg of body weight. Gamma
irradiations were given as single, weekly, or <continuous (22
hours/day) exposures; neutror irradiations used the JANUS reactor
and were given only as single or weekly exposures. Since expo-
sure to the plutonium alpha emissions can only be continuous,
only one direct comparison was possible, that with continuous
gamma irradiation. The single versus weekly neutron exposures
tested for the additivity of repeated neutron irradiations (the
absence of significant recovery from injury during the course of
protraction), so that the validity of comparisons between pluto-
nium alpha and fission neutron exposares could be established.
Dose rates were high for single exposures, intermediate for
weekly exposures, and low for <continuous exposures. For the
gamma irradiations, these were in the range of 45, 0.2 to 5.0,
and 0.002 to 0.004 rads/minute, respectively. Neutron dose rates
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were about one-third to one-tenth of the gamma ray rates. Pluto-
nium alpha dose rates to the whole gorad were 1less than 1
mrad/minute. The latter exposure rate is an average integrated
whole organ dose rate which does not reflect the extreme hetero-
geneity of exposures. Because about 35% of the gonad is unirra-
diated, and because the mean free path of the alpha particle in
tissue is only about 45 um, the actual dose to the different germ
cell stages being evaluated is uncertain.

Dominant lethal mwmutations, wmeasured 1late in gestation by
observing the survival rate of fetal implantations, show a linear
increase in frequency with increasing dose to both premeiotic and
postmeiotic germ cell stages. The data in Table 10.3 show that
the mutation rate (regression of ln survival on dose) varies
systematically with LET, dose rate, ani cell stage. The mutation
rate for alpha particle irradiation emitted internally within the
gonad is 0.0064 + 0.0011 lethals per gamete per vrad to the whole
gonad. In this case, the mutagenic dose is assumed to be that
accumulated over the U4-week meiotic and postmeiotic period
required for differentiation of +the resting primary spermatocyte
to the mature sperm at the time of release from the spermatogenic
tubules. The cytogenetic data (see below) support the conclusion
that the dominant lethal mutations are almost all induaced in
these postspermatogonial stages. On that basis, the alpha parti-
cle and the fission neutron have equal mutagenicity, and they are
both at least 10 times more effective than low intensity gamma
radiation. '

The cytogenetic data (Figure 10.3) present a different pic-
ture. Weekly exposures to neutrons are more effective than sin-
gle exposures, at least above ~ 20 rads, and the respomse is gen-
erally linear with accumulating dose. Continuous low intensity
gamma radiation has only 1/40th the effect of protracted neutron
exposure, The response to plutonium alpha particles does not
correlate with accunmulated dose to the gonad; it is, instead, a
rather flat, but varying response slightly above that seen fol-
lowing low 1level gamma irradiation, and below the response to
neutrons at all dose accumulations of 20 rads or more.

Although the reciprocal chromosomne translocations are
detected at the first meiotic metaphase in appropriate prepara-
tions of spermatogenic elements (Evans, E. P., et al., Cytogenet-
ics 3, 289, 1964), the pertinent mutagenic dose is that accumu-
lated by the spermatogonia. Plutonium is deposited in the
interstitial tissue and along the basement membrane of the sper-
matogenic tubule, and our studies of distribution and retention
of plutonium suggest that the dose to the spermatogonial cells
along the membrane may be 4 times greater than the estimated dose

‘to the whole gonad. The latter is about 1 rad/week for an

injected dose of 10 uCi/kg. D. Green et al. (Nature 255, 77,
1975) gave a ratio of 2.5/1 for the dose to the spermatogonia
versus the dose to the whole tissue. While the exact ratio may
be uncertain, and may also be Loth strain and species dependent,
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Table 10.3. Dominant Lethal Mutation Rate (x 10™%) per Gamete per Rad,
Measured by Postimplantation Mortality .
Cell Stage Exposure Pattern .
Radiation Exposed " Single Weekly Continuous
60co y-Rays Postmeiotic! 10 + 1 11 + 1 5+ 0.6
Premeiotic? 1.0 + 0.3 0.32 £ 0.07 0.17 £ 0.09
Fission Postmeiotic! 54 + 4 88 + 21 Not available
Neutrons Premeiotic? 3.7 + 1.1 3.4 £ 0.7 "
?3%py Alpha All stages? Not avail- Not avail- 64 + 11
Particles able able

I1Based upon
2Based upon

3Based upon

‘total dose delivered up to 5 weeks prior to mating.

total accumulated dose prior to mating.

total dose delivered over a 4-week period.
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Fig, 10.3. Percentage of cells with racipro-
cal chromosome translocations for the indi-
cated exposure conditions and radiation qual-
ities. Data from 239pu exposures identified
by X were derived from a comparison study of
ANL B6CF; and ORNL C38 x 101 T[F;: males; all
other 239pu data were obtained concurrently
with the data from neutron and gamma ray
exposures. Regression coefficients: reu-
trons weekly, + 0.071%/rad; gamma rays, con-

tinuous, + 0.0017%/rad; neutrons, single,
p*0.65
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it is clear that the use of the dose to the whole orgam in risk

estimates is conservative. . Because the whole-organ dose is the
lowest estimate, it yields a maximum value for any estimated
"response per rad." Thus the dose to spermatogonia pertiment to

the induction of translocations may actually lie between about 30
and 250 rads rather than between only 7 and 60 rads (Figure
10.3). If so, then the translocation inductiom frequency per rad
at the highest accumulation levels is no greater than that seen
following comparable rad doses of 1low intensity gamma radiation.
Use of the whole organ dose is also conservative for estimates of
dominant lethal mutation rates, since the early stages of meiosis
occur at or near the basement membrane.

The absence of a dose-response r2lationship for chromosonme
translocations in plutonium-exposed mice 1is an enignma. The
effect may be due to cell killing, which is presumed to account
for the observed nonlinear response to single doses of neutrons.
It is possible that clones of stem cells miqght form in the sper-
matogenic tissue in radiation-free areas and steadily overwhelnm
the few surviving irradiated stem cells. Plutonium also has some
tendency to relocate in the interstitial tissue away from the
membrane, which would also reduce the rate of exposure of the
spermatogonia. Some combination of the above possibilities might
also occur.

In summary, 239Pu injected intravenously into the mouse is
retained in the interstitial tissues 2f the testes at a low but
virtually unchanging level of 0.05% of the injected dose. The
spermatogonial cells receive the highest exposure, although all
gamete cell stages are irradiated. The plutonium alpha particle
and the fission neutron are about equally mutagenic for the
induction of dominant lethal wmutations 1in postspermatogonial
stages, and plutonium is 10-12 times as mutagenic as low inten-
sity continuous gamma irradiation. erotracted neutron irradia-
tion is about 40 times as effective as low dose rate gamma irra-
diation for the induction of reciprocal chromosome translocations
in spermatogonia. Plutonium, however, is much less effective
than neutron radiation, and little or no dose-response relation-
ship batween translocation frequency and accumulated dose is evi-
dent. As a result, the potential genetic hazards associated with
long-term burdens of 239Pu could be significantly overestimated
if only the short-term dominant lethal mutation rate for mature
germ cells was to be considered without regard to the declining
effect of accumulating dose upon the spermatogonial stea cell
population.
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The Divisional program to evaluata the toxicological aspects
of coal utilization, especially those 2f newer, emerging technol-
ogies, was initiated in December 1976. Calendar year 1977 respre-
sented a substantial effort to become acquainted with (1) techni-
cal aspects of coal conversion and combustion processes, and (2)
potential environmental and toxicological problems associated
with the several processes, It was also essential to identify
existing or developing bench-scale pilot development units (PDUO),
pilot plants, and commercial facilities that offer opportunities
for meaningful toxicological studies. In the latter regard, two
considerations existed: (N the question of scalability to
ensure that measures derived from PDU or pilot-plant facilities
would be relevant to commercial size installations, and (2) mat-
ters relating to accessibility, since the physical 1layout and
operating procedures of some facilities may impose limitations on
peripheral toxicological studies.

Four substantially different technologies for coal utiliza-
tion have been selected for toxicological evaluations: (1) con-
ventional combustion, (2) fluidized bed combustion (FBC), (3)
gasification, and (4) magnetohvdrodynaamic conversion (MHD). Tox-
icological work related to fluidized bed combustion was begun in
1977, and corresponding studies of coal gasification should begin
early in 1978.

The facilities that have been examined for their suitability
for toxicological evaluation are listed ip Table 11.1.
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Table 11.1. Coal Conversion Facilities under Examinationl

. - Comment on
Type Facility Location Toxicological Study

A. Conventional Combustion ANL steam plant Future-

B. Fluidized Bed Combustion (FBC)

1. 6" Pressurized FBC CEN/ANL . Studies initiated, 1877
2. 6" Atmospheric pressure FBC CEN/ANL Studies begin, 1978

3. 18" Atmospheric pressure FBC MERC, WV Studies begin, 1978

4. Pressurized FBC (CTIU) ANL Future ‘

5. Pilot-plant atmospheric Rivesville, WV Future

pressure FBC

C, Coal Gasification

1. Hi-BTU pilot plant ‘ (HYGAS) Chicago Studies begin, Feb., 1978
2. MED-BTU pilot plant MERC ‘ Studies begin, 1978
3. PDU for hi-BTU Carnegie-Mellon Future

University

D. Magnetohydrodynamics

1. Components development ANL Facility under
& intcgration facility construction

-1abbreviations used: CEN/ANL, Chemical Engineering Division, Argonne National
Laboratory; CTIU, components test integration unit; MERC, Morgantown Energy
Research Center; PDU, pilot development units.

The process streams, effluents, and solid wastes from all
these facilities represent complex mixtures of organic and inor-
ganic materials. In addition, their compositions, in a given
process, may vary significantly with operating conditions. Hean-
ingful toxicological evaluations of these processes therefore
require an appropriate advisory relationship with engineering and
chemical engineering consultants in addition to the biological
work. A considerable competence is also required in the chemical
and physical characterization of the process streans and
effluents being subjected to biological evaluation.

To satisfy the above requirements, tha Division of Biologi-
cal and Medical Research has established <collaborative interac-
tions with several other ANL Divisions: Chemical Engineering and
its Analytical Chemistry Laboratory, Chemistry, Energy and Envi-
ronmental Systems, and Engineering. Outside Argonne, we have
support from staff of the Institute of Gas lechnology, the opera-
tor of the HYGAS facility, as well as from nembers of the Depart-
ment of Chemical Engineering, Carnegie-Mellon University, who
serve as advisors and coordinators for the Fossil Energy Division
of the Department of Energy and to HYGAS.



Toxicological evaluations of effluents from the bench scale
pressurized FBC in the Chemical Engineering Division were bagan
in 1977. Arrangements are complete to begin work with process
streams in the HYGAS hi-BTU coal gasification pilot plamnt in Chi-
cago, and this work will begin early in 1978. The toxicological
evaluations will emphasize the use of cell tester systems (Ames
test and mammalian cells in culture) in order to obtain results
quickly. Selected tests in mammalian systems will be developed
to substantiate indications derived from results with cell tester
systenms.
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DESIGN OF ATMOSPHERIC EFFECTS SIMULATORS FOR EFFLUENTS FROM
FLUIDIZED BED COMBUSTION!

W. P. Norris and J. O. Hutchens?
The hot effluent stream from combustion of coal is subject

to significant changes once it emerges from the smokestack. Sone
of these changes are important factors in evaluation of toxicity

and effects on the environment. As the effluent stream cools,
its volatile components are known to condense, and to adsorb on
surfaces of particles also contained in the strean. Since such

particles typically are of a size that, once inhaled, may be
retained in the lung, the condensation and adsorption phenomena
can be expected to exert an influence on the type of toxic man-
ifestations that may be observed. There ace alsn possibilities
for qas-qas condensations that can produre respirable aerosols--
the best recognized of these being condensations of S03 and
water vapor to produce sulfuric acid aerosols. In addition, it
is also known that sunlight can produce photochemically induced
reactions among the gaseous and organic by-products of coal com-
bustion. It is expected, therefore, that the combination of time
and atmospheric conditions (i.e., temperature, humidity, and
light intensity and quality) can modify appreciably the composi-
tion, and thus the toxicity, of coal-derived effluents.

In order to enable physical and chemical characterization of
the aging effluent from fluidized bed combustion of coal, as well
as to provide a system for exposure of biological test systems to
such an aged effluent, we have designed an "atmospheric effects
simulator"™ (AES). The AES will receive the diluted effluent
stream of the new, 6-inch diameter, atwmospheric pressure, fluid-
ized bed combustor in the ANL Division of Chemical Engineering.
This FBC was built with the primary purpose of studying corrosion
in components for 1larger systenms, Since these studies project
continuous, steady-state runs of up to 1000 hours duration, the
system is admirably suited for biological studies.

The behavior of smokestack plumes 1indicates that the
effluents are diluted ~ 20-fold within seconds after emission.
The concentrations of oxygen (v 3% and known toxic gases (CO,
SO02, NOy) in FBC effluents also indicate that a dilution of

- an - T W TP wn em wn o ——

1In addition to the authors, the following persons partici-
pated in the design of the systems described: S. Gordon, K.
H. Schmidt, and R. A. Gorse (Chemistry Division); P. T.
Cunningham, R. Kumar, G. J. Vogel, J. F. Lenc, and H. R.
Isaacson (Chemical Engineering Division); and L. W. Carlson
and W. J. Kann (Engineering Division).

2Consultant, The University of Chicago.



v 20-fold is required for extended survival of mammals exposed to
such an effluent. Comparisons of expected concentrations of CO
and NOy with established threshold 1limit values for these sub-
stances indicates that 50- to 100-fold dilutions should be made
for long-term studies with mammals. The system provides for such
single, but variable, dilutions. The diluted effluent is held,
and aged, in a 300 cubic foot tank that allows for a mean reten-
tior time of 15 minutes (Figure 11.1). The tank is fitted with
Pyrex glass wvwindows and banks of fluorescent lights that allow
the tank contents to be illuminated with light having a spectral
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Fig. 11.1. Schematic of the aging and dilu-
tion system for FBC effluents that is pre-
sently being installed in the Chemical Engi-
neering Division to handle the effluent of
their atmospheric pressure FBC for toxicologi-
cal imvestigationms.
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content similar to sunlight, The system is also designed to
approximate "plug" type flow (i.e., nonturbulent flow), with an
inlet header to spread the low velocity gas stream evenly across
the chamber. However, we expect that energqgy from the illumina-
tion will heat parts of the walls sufficiently to produce local
turbulence. The age distribution of the effluent at the exit
point of the aging chamber will probably have to be measured
using tracer pulses at the inlet.

We expect the previously filtered effluent of the FBC to
have a large fraction of the particulate mass in the upper ranges
of respirable dust (2-5 um). Velocities have been kept low at
the two major dilution stages, and, by introducing the diluting
air through the porous walls of the conducting piping, losses
through settling and diffusion are minimized. The most serious
losses of particulates will probably be through thermal deposi-
tion on the walls of the 40-foot long, 4-inch diameter metal duct
leading to the aging chamber. This loss will occur particularly
at 20-fold dilution where the diluted effluent will be 10-150°C
above room temperature. The dew point of the FRC effluent
requires that an elevated temperature be maintained at the early
stages of dilution. Furthermore, ¢the rate of <cooling should
approximate that expected in stack effluents. The fate of gas-
eous components (e.g., hydrocarbons) as regards their adsorption
or condensation on existing particles, or nucleation and condens-
ing to new (probably very small) droplets will be critically
influenced by dilution and cooling rates.

Our experience with the 6-inch pressurized FBC in the Chemi-
cal Engineering Division indicates that the particulate mass in
the effluent is 1less than 100 ug/m3 and is apt to be as low as
30 ug/m3, Assuming that the atmospheric FBC will have a similar
effluent, the total particulate mass in the 15 cfm (0.45 @3/min)
of FBC effluent is ~15 mg/min or 22 g/day. The mass provided to
the aging system is 1/15 of this, or ~1.5 g/day. The availabil-
ity of such an aged effluent is critical for inhalation toxicol-
ogy on animals or for direct exposure of nonmammalian test sys-
tems to a chemically contaminated atmosphere. The concentrations
of the components of the aged effluent are adequate for chemical
analysis. The 1.5 g/day of particulate material, however, 1is
very small for certaim procedures, such as collection and charac-
terization of size-classified samples, or the extraction and
testing of organic compounds carried on particulates. For com-
parison of aged effluent with the unaged FBC output, micromethods
appear to be needed.



CHARACTERIZATION OF PARTICULATES IN THE EFFLUENT FROM FLUIDIZED
BED COMBUSTION OF COAL

R. Kumar,! H. R. Isaacson,! and D. A. Haugen

To gain experience and to assess problems that might occur
with FBC effluent characterization, the gaseous effluent from the
pressurized FBC in the Chemical Engincering Division was used as
a source for sampling and analysis. Major emphasis was placed on
obtaining measurements on the particles present in the effluents.
We wanted to obtain the total particle mass loading, the particle
size-mass profile, and the particle size-number profile; and to
acquire total and size-resolved particles in sufficient gquantity
for various analyses.

Initially, effluent was obtained from a sample line inserted
after the FBC final filter and prior to the pressure relief con-
trol valve. This effluent, still at 3 to 8 atmospheres pressure,
was vented into a Plexiglass chimney, in which the pressure was
at pear atmospheric, and then into an exhaust hood. Sampling was
carried out by pumping this effluent, via a chimney sampling
port, through a filter. Total mass loadings obtained were signi-
ficantly lowver than those known to exist. This reduction in mass
loading was partly attributed to piping wall losses but mainly to
water condensation that resulted in particle removal.

To alleviate the above problems, sampling was done after the
pressure had been reduced to atmospheric and the effluent had
been vented into a dedicated exhaust duact. The ductwork, being
under slightly negative pressure and not airtight, allowed for
some effluent dilution (about 2- to 3-fold) and some cooling. As
a result, no condensation problems occurred and total mass load-
ings of S50 to 90 mg/m3 were obtained. The variations were due to
changes made in FBC operating conditions. Background levels,
i.e., when the FBC was not operating, were < 3.5 mg/m3.

Estimates of the particle size-mass profile were made using
a setup of filters, winicyclones, and various critical orifices.
The orifices governed the velocity of the effluent passing
through each cyclone and thus the particle removal characteris-
tics of each cyclone. The particles not removed by the cyclones
were collected on filters. The 50% cutoff values for the cyclone
orifices were: 6.2, 3.8, 2.4, and 1.1 um. A filter without a
cyclone collected total particles. Sampling was done in the
ductwork described above. Approximately 60% of the particle mass
vas less than 6.2 um, 50% was less than 3.8 pm, 40% was less than
2.4 ym, and 35% was less than 1.1 um aerodynamic diameter.

tChemical Engineering Division.
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It was also desired to collect gram quantities of the parti-
cles in the gaseous effluent from the FBC for use in various
chemical fractionations that will supply material for biotesting.
A high volume air sampler (1.1 m3/min) was connected to the duct-
work from the FBC. Effluent temperatures at this point varied
from 50 to 120°C with FBC operating conditiomns. This temperature
range should provide for condensation of varying amounts of
organic compounds on particles to be collected. Gram quantities
of particles will be collected in a period of 1 to 3 hours. The
sampler is also equipped to fractionate the particles by size.

Characterization of the effluent from a new atmospheric FBC

-is mainly in the design and equipment procurement stages. Total

mass loading measurements have been made. These measurements,
considered to be unreliable, showed the total mass loading to be
very low. These low values have been attributed to particle loss
through water condensation and an efficient particle cleanup sys-
tem on the FBC. A sampling system is being designed to eliminate
the condensation problem and allow for measurement of particles
and gases.

The required instrumentation has been selected and is being
procured. In addition to particle collection equipment, equip-
ment will be required for monitoring thke following variables:
temperature, dew point, particle size (0.C03 to > 5.0 um), WO,
$02, CO, and gas flow.

CHARACTERIZATION OF PROCESS STREAMS AND EFFLUENTS FROM COAL CON-
VERSION PROCESSES

P. T. Cunningham?! and S. Bournetl

. The Analytical Chemistry Laboratory is fractionating and
characterizing crude samples from coal conversion and combustion
processes, with the objective of preparing the material for muta-
genicity and toxicity testing by BIM. Data on biological effects
and chemical composition will be analyzed together to study the
biological hazards of coal processes. Samples studied to date
include: (1) condensed vapor from an FBC effluent stream, (2)
fly ash from precipitators of a coal combustion plant, (3) three
oil samples from the HYGAS recirculation 1loop and pretreater
tower, and (4) two HYGAS guench water samples.

1Analytical Chemistry Laboratory of the Chemical Engineering
Division.



Workup techniques to date include separatory funnel,
Soxhlet, and column extractions; distillation; vacuum sublima-
tion; and chromatography. Samples have been fingerprinted by gas
chromatography and infrared spectroscopy and sent to comaercial
laboratories for GC/MS analysis. The material from the FBC
effluent appears to be mainly polynuclear aromatic hydrocarbons;
the material from the fly-ash is significantly more polar; and
the HYGAS stream contains a whole spectruam of organic compounds,
but especially cycloparafins and phenols.

Additional separations and characterization capability is
being assembled. High-pressure ligquid chromatography will be
used more extemnsively to characterize and separate the polar com-
pounds. Expanded semiautomated chromatography equipment 1is on
hand, and gas chromatography/mass spectrometry facilities have
been acquired and will be operating in the near fuature. This™
equipment will provide for finer separations and specific identi-
fication of organic compounds.

MEASURES OF CONDENSATION NUCLEI IN EFFLUENTS FROM FLUIDIZED BED
COMBUSTION OF COAL

S. Gordon,! K. H. Schmidt,! and R. A. 3orsel

It is generally accepted that particle size is a major fac-
tor in determining the toxic effect of airborne particulate mat-
ter (Natusch, D. F. S., and J. R. Wallace, Science 186, 695,
1974; Hatch, T. F., and P. Gross, Pulmonary Disposition and
Eetention of Inhaled Aerosols, Academic Press, New York, 1964; U.

Pollution Board, Air Quality Criteria for Particulate fatter,
Publ. No. AP 48, Washington, DC, January 1969). More than 50% of
0.01-um particles is deposited in the alveolar reqion of the lung
and remains there for extended periods. The deposition of still
smaller aerosols in the 1lung has not been studied, largely
because equipment for characterizing such aerosols was not
readily available until the development of our Argonne Condensa-
tion Nuclei Analyzer (Hart, E. J., et al., Science 180, 1064,
1973; Schmidt, X. H., Int. J. Chem. Kinetics Symp. 1, 557,
1975) . Our instrument has the unique capability of giving the
complete size distribution of aerosols having particle dianters
of 0.001-0.1 um in a single operation. No other existing instru-
ment has achieved this capability.

iChemistry Division.
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‘Gas-gas and gas-particle condensation ceactions, dune to phe-
nomena such as surface absorption, are known to occur in the
atmosphere and to involve the effluent from coal combustion.
Thus the condensation products are an important component in the
toxicological evaluation of coal combustior effluents. There is
mounting evidence that these small particles are a significant
factor in biological toxicity.

Oour equipment will be used to study the kinetics of conden-
sation reactions and to momitor the gqiaantity and quality of par-
ticles to which biological test objects are exposed.

The Argonne Condensation Nuclei Analyzer that we have devel-
oped is a dyrnamic cloud chamber apparatus. A block diagram of
the apparatus is shown in Figure 11.2. Starting with a humidi-
fied gas mixture containing cosdensation ruclei (< 0.1 um), a

TO EXPANSION TANK

CYLINDRICAL SOLENOID
LENS VALVE EXPANSION
{ REACTOR
CONTROL
PRESSURE
TRANSDUCER
TRIGGER
VOLTAGE V-F FREQUENCY PAPER
CONVERTER TAPE
) TV
CAMERA . DELAY
Ar . 1
10N
LASER
SYNC SEPARATOR
COMP. VIDEO |~ AENo OR EOUNT | SWITCHING | SIGNAL | 400-CH
- A
PULSE SHAPER Losit ANALYZER
SYNC SYNC CHANNEL

ADVANCE

Fig. 11.2. Block diagram of condensation
nucleus size analyzer. (Reprinted by
permission of John Wiley and Sons, 1Inc.
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rapid adiabatic expansion is produced in a spherical flask. The
supersaturation is a monotonically increasing function of the
pressure drop in the flask. Adiabaticity in the central portion

. of the flask is maintained for up to 2 seconds by a special tet-

rahedral configuration of expansion outlets. This allows attain-
ment of up to 10-fold supersaturation. The supersaturation
necessary for condensational growth is a function of the radius
of the condensation nuclei. The logarithm of the supersaturation
is a linear function of the critical radius (Mason, B. J., Disc.
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Faraday Soc. 39, 20, 1960). Thereforz2, as the expansion pro-
ceeds the largest condensation nuclei grow first and smaller
nuclei grow 1later. Once the onset of growth is attained, the

particles grow very rapidly via condensation and reach sizes that
efficiently scatter light of 5000 wavelergth and become visi- .
ble. The central 0.007 cm3 of the expansion flask is illuminated
by a nparrow ribbon of 1light from a oulsed argon laser with 20
microsecond pulses at 30 Hz (Figure 11.3). This central volume
is synchronously viewed with an extremely sensitive TV camera.
The discrete fog droplet images stored internally in the TV tube
are sequentially scanned. Each droplet image results in a volt-
age pulse which is shaped, transferred to, and accumulated in a
multichannel analyzer. The number of fog droplets in the sensi-
tive volume is recorded and stored 30 times per second in succes-
sive channels of the analyzer. The growth time from onset of
particle formatior around the condensation nucleus tn light scat-
tering fog droplet 1is less than the counting time incremant (33
milliseconds). '

The shaped voltage pulses from th2 TV camera pass through a
delayed-anticoincidence circuit to prevent multiple counting of
images that cover more than one TV line. This is illustrated in
Figure 11.3.

The absolute pressure it the flask is measured with a pres-
sure transducer and stored in a multichannel analyzer every 33

milliseconds. The supersaturation as a function of time is cal-
culated from the initial conditions and the time-resolvedi pres-
sure curve. The count vs. time and supersaturation vs. time

functions are then used to calculate the effective size distribu-
tion according to Mason's formulation (Masoa, E. J., Disc. Fara-
day Soc. 32, 20, 1960):

RT,

In(p/p.) = 3 MoL/rch

vhere #, o1, , and py are the molecular weight, surface tension,
and density of the 1iquid, PR is the gas content, p is the pres-
sure of the supersaturated vapor, and p, is the equilibrium vapor
pressure at temperature T. The "effective" size distribution may
differ from the geometrical size distribation depending upon the
chemical nature and charge characteristics of the nuclei. If the
nature of the nuclei is known, appropriate corrections can be
made to obtain the geometric size distribation. Under favorable
conditions, the entire size distribution is attained in a mea-
surenent time of less than 2 seconds; some additional time is
necessary for computation of final results. Repetition rate is
currently limited to about 15 minutes by evacuation and refilling
constraints. Computation and sampling time will be reduced in
the future. Semiquantitative size distribution information is
available instantaneously from the output display on the multi-
channel analyzer. Typical measurements for humidified laboratory
air are shown in Figure 11.4.
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Fig. 11.4. Condensation nuclei measurement on humidified labora-
tory air, diluted 1:1 with filtered tank air. Curve 1, gas pres-
sure (1000 torr full scale), showing the pressure drop during the
expansion, Curve 2, measured numher of fog droplets as a func-
tion of time (1000 droplets full scale). Curve 3, number of fog
droplets/cm3, after mathematical smoothing and correction for the
decrease in concentration during expansion (50,000 droplets/cn3
full scale). Curve 4, calculated size distribution of nuclei
(dnzd(log rg)) . Ordinate: 50,000 nuclei/cm3 full scale.
(Reprinted by permission of John Wlley and Sons, Inc. from Int.
J. Chen. Kinetics Symp. 1, 557-565, 1975.)

A transportable version of the condensation nuclei analyzer
apparatus is being constructed so that measurements on effluents
can be made at various combustion installatioans. The electronic
circuitry for the transportable apparatus has been completed and
is being tested. The vacuum system and expansion flask have been
designed and are coampleted. The optical system for the analyzer
has been designed and is being installed.
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We have submitted our requirements and recommendations for .
the atmospheric effects simulator to be constructed at the Chemi-
cal Engineering FBC and have participated in details of the
design, construction, and necessary material procurement.

Our schedule calls for sampling from the FBC and analyzing
the samples oun our new instrument during FY 1979.

MUTAGENIC AND CHEMICAL CHARACTERIZATION OF FLY ASH FROM A FLUID-
IZED BFD COMRUSTOR

H. E. Kubitschek, D. A. Haugen, S. Bourne,! D. Venters, and
K. M. Suhrbier

The objectives of this study are to identify the principal
toxic or putagenic components of fly ash from a pressurized
fluidized bed combustor. The biological effects will be corre-
lated with chemical composition.

Relatively large quantities (over 20 g) of fly ashk were col-
lacted on a sintered steel filter at approximately 170°C from the
pressurized bench scale FBC in tne Cheaical Engineering Division.
The mutagenic activity of this material was examired with the
Ames Salmonella microsomal activation assay system using strains
TAY8, TA100, and TA1538. Mutagenic activity without metanolic
activation was detected with particulate material used directly
in the cultures as an aqueous slurry, or with any of several
organic extracts of fly ash. Mutation frequencies were 1)-100
times as large as those observed earlier for fly ash collected
from a commercial power plant (Chrisp, C. F., et al., Science
199, 73, 1978). The greater activity of our FBC f£fly ash may
reflect lovwer coanbustion tempratures.

Dimethyl sulfoxide and dichloromethane extracts of f£ly ash
have the greatest mutagenicity. In compacrison, application of
the fly ash alone gave half the mutagenicity observed with the
dimethyl sulfoxide extracts. Ethyl alcohol extracts were approx-
imately half as mutagenic; little of the activity was water solu-
ble. The presence of a 1liver microsomal metabolic activation
system prepared from Arochlor-treated rats caused only a minor
increase in the mutagenic effect.

lhdnalytical Chemistry Laboratory of the Chemical Engineering
Division.



Parallel experiments using benzo(a)pyrene as a test mutagen
gave the expected results, i.e., benzo(a)pyrene at 1-5 pg/plate
was mutagenic only ipr the ©presence of the activation system,
These results indicate that the principal mutagenic component(s)
in the fly ash is not a simple polynuclear aromatic hydrocarbon,
as represented by benzo (a)pyrene, These results are similar to
those recently found in other 1laboratories for particulates from
ambient urban air; those particulates also contain unidentified
materials that are direct mutagens in the Ames assay. It thus
appears that the polynuclear aromatic hydrocarbon or
benzo (a) pyrene present in the particulates cannot account for the
mutageric activity.

Freshly obtained fly ash samples were compared with older
samples, stored at room temperature in plastic containers for
more than 6 months. There was no significant difference between
the two saamples. This result agrees with the stability found for
the mutagenic components of urban air samples, some stored for 12
years in paper envelopes at room temperature (Talcott, R., and E.
Wei, J. Nat. Cancer Inst. 58, 449, 1977). This stability of
particulate mutagenicity increases th2 probability of long-tern
hazard o€ the material, and suggests that the particulate mater-
ial may be of much greater concern than the gaseous effluents.

Two approaches are being employeil to extend these studies.
First, we plar to collect size-classitied particulates from the
FBC at a point in the effluent system where the gaseous-particu-
late mixture has cooled sufficiently to maximize adsorption of
volatile organic chemicals on the particulates, thus more closely
simulating environmental conditions. Secondly, work has bagun oa
the chemical fractionation of the fly ash. After extraction with
an agueons solution, the remaining residue was extracted with a
mixture of organic solvents, and the extract was fractionated by
column chromatography on silica gel. A large proportion of the
mutageric activity was fourd in a chromatographic fraction con-
taining unidentified materials that are more polar than the poly-
nuclear aromatic hydrocarhons. Studies are in progress to frac-
tionate these extracts further and to determine the identity of
the components.

M. %, Blkind and G. R. lLankas

Chinese hamster V79 cells grown in culture have been used to
assess the effects of f£fly ash on mamsmalian cell survival and
growth. Fly ash samples were obtained from the last stage of
filtration of the gaseous effluent produced by the pressurized
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fluidized bed combustor in the Ckemical Engineering Division.
The fly ash samples consisted of opaque, irregular particles up
to about 10 um diameter.

When fly ash was added at a concentration of 1 ag/al
directly to cultures of V79 Chinese hamster cells, grown 1in a
modified Bagle's medium supplemented with fetal calf serum, the
cells did not grow. When the fly ash concentration was decreased
to 0.1 mg/ml of culture medium, 30% of the initial population did
not form colonies, and the population Joubling time was increased
by 25%.

In other experiments, cell culture growth medium containing
5% fetal calf serum was used to extract the fly ash samples. - Fly
ash was added to the medium at concentrations up to 1 mgq/pml and
incubated at 37°C for either 24 hours or 2 weeks. The medium was
filtered after extraction to remove the fly ash and was added
directly to cell cultures. )

Growth medium incubated with up to 1 mg/ml fly ash for 24
hours had little if any effect on the survival or tke growth rate
of the cells. However, the medium incubated with fly ash at a
concentration of 1 mg/ml for 2 weeks reduced the number of sur-
viving cells by 50% and increased the population doubling time by
approximately 30%. After incubation at 0.1 mg/ml concentration
of fly ash for 2 weeks, the growth madium reduced the surviving
fraction by 20% and increased the population doubling time by
approximately 10%.

EFFECTS OF FLUIDIZED BED CUMBUSTION EFFLUENIS ON MICE

P. C. Brennan, W. T. Kickels, and S. S. Dornfeld

This research seeks to characterize the early and 1late
effects of exposure of mice to effluents from fluidized bed com-
bustion, at concentrations that are maximally and wminimally dam-
aging. The end points that are evaluated include: (1) imamuno-
logic coumpetence, including susceptibility to respiratory
infection; (2) respiratory function; (3) physiological ra2sponse
to controlled stress; (4) morphological criteria; (5) life-span;
and (6) the prevalence of lung tumors at selected aqges.

During this year we have had 1limited access.to the pressur-
ized FBC unit in the Chemical Engineering Division, and have heen
able to initiate a few short-term experiments utilizing effluents
from this combustor diverted into a specially designed exposure
chamber. The results available are preliminary but serve as
guidelines for future experiments using the atmospheric F¥BC now
beinqg constructed in the Chemical Engineering Division.



Three experiments have been complated. In the first, B6CF;
female mice were exposed from 1 to 3.5 hours to a 40-fold d4ilu-
tion of effluent on 3 separate days, with intervals of 1-2 days.
The mice were killed 2 and 4 days after the 1last exposure, and
the lungs were examined histopathologically. The lungs from all
exposed mice showed acute to subacute pneumonitis with marked
areas of collapse of alveoli and infiltration of round cells and
polymorphonuclear cells. In a second experiment, B6CF; male mice
were sxposed for 1 hour once a week for 5 weeks to a 3-fold dilu-
tion of effluent. Histopathological examination of the lungs of
the exposed mice showed polyps, rourd cell infiltration, lympho-
cyte infiltration, and large areas of consolidation with thick-
ened and collapsed alveoli (Figure 11.%5). In the third experi-
ment B6CF, male mice were exposed 1 hour twice a week for 2 weeks
to a 1l0-fold dilution of the effluent. Five and 15 days

Fig. _11.5. Top: Bron-
chiole and surrounding
alveoli from the 1lung of
a Bo6CF; control mouse.
Bottom: Similar area
from a mouse exposed to a
3-fold dilution of an FBC
effluenat 1 hour a week
for 5 weeks. The bron-
chiole contains a cellu-
lar exudate and the
alveolar region shows
lymphocytic infiltration
and consolidation.
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after the last exposure, the lungs were examined histopathologi-
cally and cultured for bacteria. Spleen cells were cultured with
T- and B-cell mitogens, and the hematopoietic stem cell popula-
tion was evaluated using the spleen colony forming unit assay.
Marked areas of pneumonia were present in the lungs of all the
exposed mice. Mice examined at 15 days had more bacteria per
lung than those examined at 5 days, and four of five had B hemo-
lytic streptococci in their lungs. The stem cell content of the
femur and the proliferative response of spleen cells to mitogens
were both depressed 15 days after exposure. Taken together,
these data suggest that impairment of immune competence develops
after termination of exposure to the FBC effluent.

EFFECTS OF FLUIDIZED BED COMBUSTION EFFLUENTS ON CNOLTHRED PULMO~-
NARY MACROPHAGES

P. C. Brennan, W. T. Kickels, and S. S. Dornfeld

Methods have been developed to obtain pulmonary alveolar
macrophages from mice, guinea pigs, rats, and dogs.

We have exposed mouse alveolar macrophages and spleen cells
for 1 hour in open culture dishes to a 20-fold dilution of
effluent. Eighteen hours later the macrophages showed no reduc-
tior in viability. On the other hand, the spleen cells showed a
50% reduction in viability and a 10-fold reduction in prolifera-
tive response to T- and B-cell mitogens.

Alveolar macrophages from mice and dogs have also been
exposed to varvying concentrations of fly ash from the FBC. 4ouse
macrophages cultured with fly ash (20, 40, osr 80 ug/ml of medium)
took up all the ash by 2 days. Viability was checked daily, and
remained at about 99% throughout the culture period of 5 days.
Dog alveolar macrophages were culturei for 2 days with varying
concentrations of fly ash. They wer=2 checked for viability amnd
vere then examined by 1light and scanning electron microscopy.
There was no reduction in viability at ary concentration tested

(up to 80 pug/ml). The number of cells coataining particles was
directly proportional to the concentration of fly ash in the
medium, Scarning electron micrographs showed that cells exposed

to higher concentrations appear to 1lose the typical normal "ruf-
fled" appearance of the surface and were more flattened than con-
trol cells.
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12. MAMMALIAN CELL BIJLOGY
Julia L. Dainko (Scientific Assistant)
Mortimer M. Elkind (Senior Biophysicist)
Antun Han (Biophysicist)
Chin-Mei Liu (Scientific Assistant)
Warren K. Sinclair (Senior Biophysicist)

Michael N. Gould (Postdoctoral Appointee)
George R. Lankas (Postdoctoral Appointee)
Frank Q. H. Ngo (Research Associate)
Hiroshi Utsumi (Postdoctoral Appoiatee)

The research of the Mammalian Cell Biology Group continues
to be based upon the cultivation of wmammalian cells in vitro.
Although a series of diverse topics is being pursued, these have
in common efforts to understand the cellular and molecular biol-
ogy of functional <changes produced by environmental agents
including ionizing radiation, nonionizing radiation, and various

chemicals. Although the group maintains a considerable interest
in the radiobiology of iomizing radiation, its perspectives have
broadened and shifted: first, to include the biological proper-

ties of various spectra of fast neutrons as well as X-rays; sec-
ond, to inquire about sunlight effects and the interaction of
sunlight with ionizing radiation damage; third, to include end
effects such as neoplastic transformation in additiova to cell
killing and DNA damage; and fourth, to initiate studies of the
action of chemical carcinogens by themselves and in conjunction
vith radiation.
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MECHANISMS OF LETHALITY IN MAMMALIAN CELLS

M. M. Elkind, J. L. Dainko, M. P. Hagan,! A. Han, C. M. Liu,
P. Q. H. Ngo, W. K. Sinclair,2 ani H. Utsuni

This research is directed at the elucidation of mechanisms
of mammalian cell killing by radiation (ionizing and nonionizing)
and by chemicals, and the relationship between such mechanisms
and those involved with other functional changes such as nuta-
tion, neoplastic transformation, anl altered differemntiation.
Cell killing is important in itself but, in addition, cell via-
bility is required for functional changes to be expressed. ¥any
agents capable of producing functional changes in cells are
known, or suspected, interactants with the cell's genetic sub-
stance, DNA. The critical role of DNA in inheritance amplifies
its influence in speoifying and controlling the properties and
functions of cells. Since inheritance of effects of environmen-
tal pollutants requires, first, that the content and/or the
expression of the genetic substance of the cell be changed, and,
second, that one or more target cells remain viable, this
research focuses on the changes induced in DNA, and on whether
and how these <changes are related to toxicity and functional
changes. A further point of interest is the ability of cells to
repair potentially 1lethal damage and whether such repair pro-
cesses are manifest at the level of DNA integrity and function.

Comparative Neutron

The relative lethal effectiveness of the following three
fast neutron sources, with different average energies, E,, has
been compared. (1) Fission spectrum neutrons produced by the
JANUS reactor at Argonne National Laboratory (E, = 0.85 MeV); (2)
cyclotron-produced neutrons at Franklin Mclean Institute of The
University of Chicago (E, = 3.6 MeV); and (3) linear accelerator-
produced neutrons at the Fermi National Laboratory (E, = 25 MeV).
V79 Chinese hamster cells were used. With increasing E,, the
survival curves become progressively more like those for X-rays.
The repair capabilities of cells exposed to the JANUS or Permi
neutron beams have also been examinei. The results of these
experiments are summarized as follows.

1Laboratory Graduate Program Participant, University of
Illinois, Urbana.

2)Associate Laboratory Director for Biomedical and Environ-
mental Research.



The dependence of the surviving fraction S on dose D may be
expressed by

s = e 3ru(n) 3, (1)

where a is a constant and M(D) stands for a damage accumulation
mnode of cell killing. Two hypotheses are current for the change
in the shape of a survival curve as a function of neutron energy.
In the first, a increases as E, decreases (or as the relative
biological effectiveness increases), and the contribution to cell
killing from M(D) is assumed to be independent of radiation qual-
ity. In the second, the proportion of the dose applicable to the
tvo modes of cell killing in equation (1) changes. Thus,

S = e—a(fD)

‘M (-6)D], (2)
where 0 < f < 1, and is <close to zero for X-rays and close to
unity for a maximally effective radiation. 1In this second model,
damage accumulation contributes less and less to lethality as Ej
decreases.

Since the contribution to cell killing from sublethal damage
(i.e., the second factor) varies with neutron energy only in
equation (2), it follows that, at the same dose, the repair of
sublethal damage should be independent of neutron enerqgy if equa-
tion (1) applies, and should decrease with decreasing E, if egqua-
tion (2) applies. Cells repaired sublethal damage after exposure
to Fermi neutrons as effectively as after an equal dose of 250-kV
X-rays, whereas after JANUS neutrons, the repair was clearly less
than after X-rays. Thus the notion 1is supported that with
increasing biological effectiveness (decreasing E,) a decreasing
fraction of the energy deposited by neutrons is sublethal (i.e.,
X-ray like); and therefore a decreasing fraction of the damage is
modifiable by dose fractionation, dose protraction, or reduced
dose rate.

Repair of Potentially Lethal Damage: Its Ipdependence of Repair
of Sublethal Damage

The repair of potentially lethal damage is usually observed
as increased survival after a postirradiation treatment. On the
other hangd, the repair of sublethal damage is demonstrated by
increased survival after dose fractionation. It has been hypoth-
esized that the shoulder on a survival curve reflects the repair
of potentially lethal damage at low doses followed by substrate
saturation of the repair process, or inactivation of the repair
process, at high doses (Alper, T., Br. J. Radiat. 50, 459,
1977) . This, and related hypotheses, have been examined using
anisotonic buffer solutions to enhance the expression of poten-
tially lethal damage in cultures of V79 Chinese hamster cells.
Adding such solutions after X-irradiation ensures that the
enhanced single-dose killing that is observed results froa an
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inhibition of the repair of potential damage as opposed to the
alteration of the structure of the sensitive site before irradia-
tion. Two important observations from this work are: (1) The
sensitizing action of oxygen in solution is independent of the
amount of potentially lethal damage expressed. This result sig-
nifies that the spectrum of radiochemical lesions is not affected
by changes in damage expression. (2) The repair of sublethal
damage (observed with dose fractionation) is independent of the
aforementioned influence of anisotonicity.

To test for possible connections between these two forms of
damage related to cell killing and other radiation-induced func-
tional changes, anisotonic buffer treatments will be applied to
mutation induction and neoplastic transformation.

Following the experiments with X-rays described above, the
influence of hypo- and bhypertonic buffered saline solutions was
exanmined after exposure of normal cells to UV light (254 nm) or a
near-UV sunlight-simulating source (313-315 nm maximum emission).
Cells made photosensitive to longer near-0V radiation by first
growing them in 5-bromodeoxyuridine (BUdR) were also subjected to
the same protocol. In no case was a significant reduction in
survival effected by the anisotonic salt treatment given after
radiation exposure. However, as we have shown (see Han, Ai., and
M. M. Elkind, Int. J. Radiat. Biol. 31, 275, 1977), sublethal UV
damage in cells synthesizing DNA is equnivalent to sublcthal X-ray
damage since a preexposure to UV 1light removes the shoulder of
the X-ray survival curve. The latter result further supports the
idea that potentially 1lethal X-ray damage is distinct £from cub-
lethal X-ray damage, Further, since BU4R/near-UV cell killing
results in about 50,000 single-strand DNA lesions per D, dose
(i.e., per unit of dose that reduces survival by 1/e) and yet
anisotonic treatment does not produce a comparable change in sur-
vival after OV irradiation as in the case of X-rays, ve infer
that cell killing by ionizing radiation involves -‘damage to, or
the misrepair of damage in, a structure containing DNA that is
different from the 1long regions of the duplex molecule in which
lesions are produced by BUAR + near OV, This conclusion illus-
trates how results with different radiations or cytotoxic agents
can cross-illuminate mechanisms of action even though the mechan-
isms may differ in detail.

Repair of Single- and Double-Strand Breaks in DNA in X-radiation

The commonly used sedimentation technigque of examining the
linear integrity of single strands of DNA from mammalian cells--
as applied in a number of laboratories including ours--has
clearly shown that irradiated cells rapidly repair damage. In



some studies, it has also been possible to infer, within the
resolution available, that the repair is complete. Essentially
all of the measurements--as interesting as they are--are defi-
cient in that they do not indicate if repair is complete or, in
fact, occurs at all in surviving cells. LlLarge doses of radiation
(e.9., 10,000 rads or more) are usually used in order to produce
enough DNA breakage to be readily measureable with sedimentation
technigues. Even if the sensitivity of these technigues allowed
measurement of DNA breaks at somewhat lower doses, the number of
surviving cells would not be large enough to make certain the
fate of the damage in the survivors. Por example, only about one
manmalian cell in a hundred survives the relatively 1low dose of
1,000 rads. A similar problem pertains to the repair of double-
strand breaks.

Because of the foregoing, an experiment was devised to
inquire about the fate of DNA breaks in surviving cells. Between
successive X-ray doses of 1,000 rads, cells were incubated for a
few days to allow killed cells to 1lyse and surviving cells to
repopulate the culture. This was repeated until a total dose of
50,800 rads was accumulated. It was found that the survivors
showed no evidence of break propagatior since the sedimentation

properties of the DNA were the same as those of control cells.

Our data indicate that a surviving cell contains about 1,000
single-strand breaks per D,, or per 1/e survival dose; 80 of
these breaks are due to 40 double-strand breaks. The examination
of the survivors of 50.8 krads suggests the inference that, irn
mammalian cells, a double-strand break as such is not a lethal
lesion because most, if not all, of them are repaired.

Sun lamps are an inexpensive source of near-UV radiation in
the wavelength region of ~ 290 nm and above (maximum intensity at
315 nm). They produce photoproducts in DNA, particularly pyrimi-
dine dimers, in significant pumbers. The dimers produced with
the Westinghouse Sun Lamps were compared to dimers induced by the
irradiation of 1low pressure Hg germicidal lamps (OV, 254 nm).
Consistent with the DNA action spectrum and the spectral emission
of the Sun Lamps (which starts at about 290 nm, and has a maximum
intensity at 315 nm), the rate of dimer induction was found to be
3.3 to 3.5% of that produced by germicidal lamps. Howvever, the
UV and near~-UV survival curves of several cell 1lines are not
relatable by a 3.3 to 3.5% dose factor because the curves are of
different shape and cannot be interconverted by a constant modi-
fication dose factor. We conclude, therefore, that projections
of the biological properties of sunlight cannot be made with con-
fidence from measurements made with UV light (254 nm).
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The Relationship between DNA Synthesis and Cell Photolethality
Due to 5-Bromodeoxyuridine

When Chinese hamster cells are grown in BUAR for several
generations, cells may then be killed by exposure to near-UV
light (NUV; Westinghouse Sun lamp, describked above). The survi-
val curve after wuniform template labeling with BU4R is close to
exponential; dose fractionation does not result in an increase in
survival. Since BUAR/NUV cell killing very likely results from
DNA lesions, a knowledge of the mechanism(s) involved is helpful
in understanding cytotoxicity due to other agents thought to be
DNA interactive, even though their mechanisms of cell killing may
be different.

Cells were pulse labeled with BUdAR early in the DNA synthe-
sis or S phase and, using synchronized cells, their sarvival
properties after NUV irradiation were traced, as a function of
cell age, through the remainder of the first cycle and the S
phase of the next cycle. Cells are least sensitive--and have a
shoulder-type survival curve--in the remainder of the first S
phase and in the next S phase after the replication of the BUA4R
pulse. At the time of replication of the BUdk pulse, cells are
appreciably more sensitive and have a close to exponetial survi-
val curve. Caffeine, after irradiation, enhances cell killing
significantly only vwhere the cells are resistant; that is, in the
first S phase and after the replication of the pulse in the sec-
ond.

Thus, sensitivity due to BUAR/NUV treatment is associated
with the proximity of the lesions induced by BUAR/NUV to the DNRA
growing fork. Such lesions induced at a distance from the fork
may be repaired by a postreplicational process.

DNA Maturation in Chinese Hamster Cells

To a significant degree, the ability of scientists to relate
DNA damage to functional changes expressable at the whole cell
level 1is limited by their incomplete understanding of the organi-
zation of eukaryotic DNA. This study was initiated to help sup-
ply some of the missing information.

The maturation of DNA pulse labeled early in S phase of syn-
chronized Chinese hamster cells was traced using sedimentation
techniques. The modal molecular weight grows ¢to ~ 2 x 198 dal-
tons within 90 minutes after the pulse. In late S, it increases
further to 4-6 x 108 daltons and then the DNA undergoes a coufor-
mational change to a rapidly sedimenting species. The latter
material is also recoverable in the G, phase from newly labeled
or template-labeled DNA in G, phase, and from template-labeled
DNA in G, phase. Template-labeled DNA isolated in S also sedi-
ments as a 4-6 x 108 dalton species.



These data suggest that in G; and G,, the DNA in Chinese
hamster cells is in a conformation that does not readily release
4-6 x 108 dalton DNA under the lysis conditions used. During the
latter part of S, new DNA matures to this size. The X-ray dose
dependence of the transitions to a different sedimenting species
as reported earlier, and also observed in this work, 1is consis-
tent with the rapidly sedimenting material being ~ 5 x 109 dal-
tons. This size unit in turn 1is consistent with a superhelical
structure of the type recently proposed by P. R. Cook and I. A.
Brazell (J. Cell Sci. 19, 261, 1975).

In summary, the progress of the Mammalian Cell Biology group
involves a number of diverse but related topics. We are con-
cerned with how the DNA in eukaryotes is organized, replicated,
and segregated, and how DNA-interactive agents interfere with
these activities. 1In the case of exposure to ionizing radiation,
DNA strand breaks are registered in considerable excess per unit
of biological effect. Since even double-strand breaks appear to
be completely repaired in surviving cells, the likelihood must be
recognized that gross changes in the lineal continuity of DNA in
the genome (e.g., single-strand recombination or sister chromatid
exchanges) may be compatible with viability and associated with
altered cell function.

INDUCTION OF FUNCTIONAL CHANGES IN MAMMALIAN CELLS

ﬂ. Ho Elkind' Jo Lo Dainko’ u. N. Gould' A. Haﬂ, Ge. Ro LaD-
kas, C. M. Liu, and H. Utsumi

Cultured mammalian cells may be used to measure changes
caused by environmental pollutants. The counterparts of these
changes in humans are among the more important long-term environ-
mental hazards. In particular, somatic mutation and neoplastic
transformation are amendable to study using in vitro technigues.
These technigues include measurement of colony formation, popula-
tion growth, mutation production, neoplastic transformation, and
various forms of change in DNA, using radioactive labeling and
sedimentation techniques. Since polycyclic aromatic hydrocarbons
are derived from fossil fuels and therefore may constitute sonme
environmental pollutants, since they include classical mutagens
and carcinogens, and since as a group they are generally photo-
chemically active, we use near-ultraviolet, sunlight-simulating
light to study the cell biology of the interaction of these com-
pounds and "sunlight." In addition, the mechanisms of the induc-
tion of functional changes by ionizing and nonionizing radiatioas
by themselves are being pursued.
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ites of Photodynamic Action on 7,12-Dimethylbenz(a)anthracene

In earlier work, ve found that the coal-derived carcinogen
DMBA acts synergistically wvith near-UV ligat on Chinese hanmster,
mouse, and human cells when, in the presence of oxygen, they are
exposed to DMBA and near-UV light simulating sunlight (Westing-
house Sun Lamps, maximum intensity at 315 nm). Measurements
relative to mutation and cell transformation are in progress;
additional results in respect to cell killicg have also been
obtained.

In an effort to learn what portions of the four-ring, planar
DMBA molecule are photoreactive, analogs of DMBA were tested for
photodynamic cell killing. The analogs were obtained from Dr.
Ronald G. Harvey, Ben May Laboratory, The University of Chicago,,
and vr. Melvin Newman, Chemistry Department, Ohio Statc Univer-
sity. Examples of the results thus far are the following. The
2-hydroxy-, 3-bhydroxy-, U4-hydroxy-, 2-methoxy-, 3-methoxy-DMBA
compounds were all more effective than 7,12-DMBA. U-Methoxy-DMBA
was slightly less effective, but since we kpow that these materi-
als are readily photooxidized, and that DMBA-endoperoxide is not
active (with or without 1light), the small reduction of the
potency of this 4-position substitution could reflect a contami-
nation of the compound by its oxidation products. 5-Fluoro-DMBA
was equally as effective as DMBA.

In a number of instances, the sample size of an analog was
large enough to permit the measurement of its absorption spec-
trum. While not precisely the same, these were similar to that
of DMBA. The altered photoactivity of an analog did not appear
to reflect altered absorption.

The foregoing indicates that substitutions close to the bay
region of DMBA in general enhance its activity. In respect to
the metabolic activation of DMBA, current evidence supports the
penultimate form as being the 1,2-epoxy, 3,4-diol of DMBA, and it
has been shown (Moshel, R. C., et al., Biochem. Biophys. Res.
Commun. 716, 1092, 1977) that a metabolically induced addition
product to DMBA has a fluorescence spectrum similar to DMBA which
in turn is similar to that of anthracene. Thus, the metabolic
activation of DMBA appears to result from the formation of a bond
from the benzene ring to DNA--since the unsaturated anthracene
structure appears to be maintained. The benzene ring is the same
region of DMBA vwhere substitutions, in general, result in
enhanced photoactivity.

Photo-Induced DNA Damage from DNBA + "Sunlight"

The photodynamic activity of DMBA relative to cell killing
prompted a search for concomitant DNA damage. We used the alka-
line-sucrose gradient method to examine changes in the sedimenta-



tion of 1labeled DNA from Chinese bamster cells exposed to DMBA
and near-0V light from the Westinghouse Sun Lamp.

Results thus far indicate the following: (1) Single~strand
breaks are produced. (2) At high levels of survival, about as
many such breaks are produced as wouald be produced by X-rays
~(without DMBA) and appreciably more than by UV or near-0V light
alone. (3) Cells repair single-strand breaks induced by D¥BA
plus near-UV 1light in a similar fashion to breaks induced by
X-ray. This is in contrast to the increase in number of unre-
paired single-strand breaks following UV light alone and the per-
sistence of these breaks following near-UV light alone. (4) At
the same level of X-ray survival, the DNA from cells treated with
DMBA + near-UV 1light is broken down erdonucleolytically nmore
rapidly. This process occurs in cells that start to detach from
their substrate and, in fact, cell rounding and detachment sets
in much sooner following DMBA + near UV light than after X-irra-
diation, for the same level of survival.

Although only gqualitative and semiquantitative aspects of
DNA damage induced by DMBA + near UV light have been worked out
thus far, it is clear that DNA is damaged quite effectively. The
association made between DNA breakdown and cell detachment sug-
gests that a prominent mode of cell death involves the activation
and/or release (e.g., from the lysosomes) of enzymes capable of
DNA endonucleolytic attack.

Exposure of cultured cells to DMBA plus "sunlight" signifi-
cantly enhances cell killing in cells known to be deficient in
the aryl hydrocarbon hydroxylases required for the metabolic
activation of polycyclic aromatic hydrocarbons. While the possi-
ble connection between the light-induced and metabolism-induced
activities have not as yet been worked out, the fact that DNA
damage is associated with both suggests that they may both induce
other functional changes. What role, if any, repair processes
play in the functional changes -induced by DMBA plus "sunlight"
remains to be explored.

A study is in progress of the induction of neoplastic trans-
formants in C3H mouse-derived 10T1/2 cells based upon colonial
morphological changes. For both JANUS reactor neutroas and
X-rays, the induction curves per cell rise to a maximua and then
drop off indicative of the killing of induced cells. With both
radiations, the effect of dose fractionation (two doses, sepa-
rated by increasing intervals) wvas examined. For fission-spec-
trum neutrons little change in survival and the frequency of
transformations per cell occurs when the total dose is fraction-
ated over a 24-hour period. For X-rays, a typical increase in
net survival, by a factor of 6, occurs in 24 hours. The trans-
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formation frequency per cell increases 1.5 to 2.0 times in the
first 9 hours but is back to the single, total dose level by 16
hours. These data indicate that cycle-dependent variations and
repair processes play a minor role after neutron irradiation,
After X-irradiatiomn, however, differences in cycle dependencies
and differences in the repair of subeffective damage in respect
to transformation and survival are important.

Cells from transformed colonies induced by JANUS neutrons
were found to produce fibrosarcomas in appropriate recipients.
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13. ENVIRONMENTAL PHYSIOLOGY

Peter H. Duffy (Scientific Assistant)
George A. Sacher (Senior Biologist)
Bverett F. Staffeldt (Scientific Associate)

The analysis of 1lifetime effects of ionizing radiation was
at first directed almost exclusively toward effects on disease
incidence and life-span, because these kinds of cunmulative damage
were the most prominent and serious late effects of ionizing
radiation. The experimental program 2f our team on the 2ffects
of life-time gamma-ray exposure on the survival of mice and other
rodent species was completed several years ago, but important
analysis and modeling efforts continue. A report of one aspect
of this analytical effort is included here.

A life is measured better by a lifetime productivity score
than by years alone. The importance of productivity measures of
the toxic action of energy by-products is increased now that fos-
sil fuel products are receiving attention, because the inhaled
combustion products, in particular, have their major effect on
work performance and low-level chronic disease, instead of on
life shortening by terminal cancer. The first stages of a pro-
gram to develop simple measures of performance capacity in
rodents, based on indices of energy metabolism, motor activity,
and body temperature, are described below.
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ENVIRONMENTAL INFLUENCES ON LIFE-SPAN, LIFETIME PERFORMANCE, AND
DISEASE MORBIDITY

G A. Sacher and P. H. Duffy

In the past, long-term bioceffects programs have concentrated
on life shortening and disease incidence as end points. The pro-
grams discussed here continue to be concerned with these nea-
sures, but in the context of the overall lifetime performance or
productivity of the individual or population. The reason for
this redirection of effort is that wmany physical and chemical
products of energy generation, distribution, and use have their
most serious health consequences in decreased well being and work
performance, rather than in increased 1life-threatening disease
and mortality.

Our approach to the evaluation of the effects of environmen-
tal pollutants on lifetime performance is based on three instru-
mentalities that are used in various combinations in specific
experiments.

1) Genetic and constitutional differences between genotypes
and species. We employ a reproducible set of laboratory moauase
genotypes consisting of the mnmale and female progeny of the 25
mating pairs of 5 inbred mouse strains. This diallel model has
been used in our experimentation for the past 10 years, so it is
probably the most thoroughly characterized mouse genetic design
in use today. In addition, we have developed an interspecies
model system consisting of the wild-type genotypes of two small
rodent species, Mus musculus and Peromyscus leucopus, that differ
in life-span by a factor of 2. This model has also been thor-
oughly characterized and used in experiments for the past 10
years. These two small rodent species differ in regard to life-
span, aging rate, and certain important aspects of cancer suscep-
tibility, and we believe that these differences are valid models
for the differences between short-lived laboratory species and
the human species.

2) Controlled environments. The conventional laboratory
animal facility provides a poor environment for assessing effects
on performance, for it is characterized by constancy of condi-
tions and minimum stress on the animal populationms. In such
impoverished environments, the variability of behavior within
genotype increases. We therefore propose to use environments
that introduce mild stress or controlled variation. One example
is a cold room that can be operated down to 0°C while providing 2
healthy environment for long-term maintenance of small rodents..
Cyclical variation of ambient temperature 1is another option that
we can employ with small groups of animals.

3) Measures of physiological performance. At present we
have the capability to measure three variakles--oxygen consump-



tion, motor activity, and body temperature--in quaéi-continuous
fashion for a week or longer on four mice simultaneously, and to
log the data automatically on paper tape for subsequent computer
analysis. These data are obtained in a programmable enviroament
chanber. The automatic monitoring system and the data it gener-
ates were described earlier (Sacher, G. A., et al., ANL-77-55,
1977, p. 81).

Diel Patterns of Motor Activity, Energy Metabolisnm, and Body

Prior to the present study, little was known about the rela-
tion of life-span to constitutional factors in mice. :

In a recently completed investigation, we examined sonme
genetic and constitutional factors related to mean 1life-span of
laboratory mice. Metabolic rates of male mice from the 25 geno-

types of the diallel design were measured for U48-hour periods.
From these data we estimated the minimum, or resting rate, the
maximum rate, and the average rate over the U8-hour period.
These measurements were made at two ages, 6 months (two mice per
genotype) and 24 months (two to eight mice per genotype). Body
weights were measured at the time of the metabolism measurement.
Mean life-spans had been determined on separate samples of 20 to
50 per genotype.

The analysis carried out thus far has consisted of examining
the dependence of genotype life-span on the mean genotype meta-
bolic and body weight variables measured on young and old mice.
Life-span has a significant negative regression on all three
metabolic rate measures, and a significant positive regression on
body weight. These two relationships conftirm the existence
within species of the same rate-of-living factor in aging that
had previously been shown to exist between species. However, e
also have evidence suggesting that there is a positive associa-
tion of genotype life-span with the amount of energy metabolism
in excess of the resting rate. This firding is of great poten-
tial value, for we ©postulate that an environmentally induced
increase of the activity index (AI, defined as the ratio of aver-
age to resting metabolism) should be associated with increased
survival expectation, and a decrease of AI should predict
decreased survival. Tests of this hypothesis are now under way.

An interesting finding is that the measurements of metabolic
variables made at 24 months of age have higher correlation with
life-span than measurements made on 6-month-old mice.

These and further findings about the relation of life-span
to constitutional variables will help us design more sensitive
and more reliable experiments on the long-term toxic effects of
energy pollutants. These results may also have application to
the assessment of human populations.
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All of the above studies are part of the baseline phase of
our research, Application to the effects of energy pollutants
has now begun, and pilot experiments are unier way on the effects
of ionizing radiation, lead ingestion, and high-voltage electric
fields.

Under this heading we group the experiments in which envi-
ronmental perturbations are applied to groups of animals in order
to determine effects on life-span and disease incidence. Two
such survival studies are in progress. In one of them, samples
of six mice of each sex and genotype in the diallel design are
being followed in the cold room at 12°C, In the other, samples
of 85 Mus musculus and 85 Peromyscus leucopus are being main-
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tained in the 129C environment. The nltimate purpose is to
determine whether the increased metabolism of mice maintaired in
the cold has a promoting action on the inductian of tumors by
chemical carcinogens. The experiments are in midcourse and there
are no results to report at this time.

THE QUADRATIC KELATION OF SURVIVAL TIME TO DAILY DOSE FOR FIFTEEN
MAMMALIAN SPECIES

G. A. Sacher, S. A. Tyler,! and E. P. Staffeldt

The dose-effect relation for mammalian populations given
duration-of-life exposure to ionizing radiations is extremely
complex and has not yet been adequately characterized. As part
of a long-term program addressed to this problem, we determined
the dose-survival relationship for 13 species of rodents given
daily exposure to 60Co qamma rays at daily doses ranging from 12
to 125 R/day (Sacher, G. A., and E. F, Staffeldt, Proceedings of
the Third Interpational Symposium on Radioecologqy, Oak Ridge, TN,
D. J. Nelson, ed., USAEC Report CONF-710501-P1, 1042, 1973), and
in addition utilized published data on guicea pigs, dogs, and
goats given duration-of-life exposure (Lorenz, E., et al., Bio-
logical Effects of External X and Gamma Radiation, R. E. Zirkle,
ed., Part 1, McGraw-Hill, New York, 1954, 24; Thomson, J. F., et
al., Am. J. Roentgenol. 69, 830, 1953; Norris, W. P., et al.,
Biological and Environmental Effects of Louw-Level Radiation,
International Atomic Energy Agency, Vienna, Vol. 1, 1976, 147;
Hupp, E. W., et al., Int. J. Radiat. Biol. 20, 475, 1971).

1Environmental Impact Studies Division.



The present report describes the mathematical analysis of
those data. The outcome of the analysis is the demonstration
that: (1) the relation of life shortening to dose rate for mam-
malian species has a characteristic quadratic form; (2) the data
are well fitted with a two-parameter mathematical model in which
the parameters are the dose-effect coastant, A, and a rate con-
stant, vy; and (3) the wide range of radiosensitivities among the
mammalian species tested is due in only a minor degree to varia-
tion in the dose-effect term, and primarily is due to the varia-
tion in the rate constant. A mechanistic interpretation of this
rate coastant is presented below.

The data from the rodent series consist of mean after-survi-
val times of small groups of animals at each of 6 to 12 daily
dose levels, In most cases the series consisted of eight daily
doses, from 12 to 125 R/day. The species employed are listed in
Table 13.1.

Species Used in the Present Study!

Table 13.1.
Life Total
Body Wt Expect. Sample
Taxonomic Name Common Name Family g Days N
Tamias striatus Chipmunk Sciuridae 100 ~1500 125
Chinehilla laniger . Chinchilla Chinchillidae 440 ~2500 66
Sigmodon hispidus Cotton rat Cricetidae 130 510 149
Mus musculus
(wild type) House mouse Muridae 17 610 192
Praomys natalensis
(two series) Multimammate mouse Muridae 48 630 391
Rattus rattus Black rat Muridae 186. ~730 162
Oryzomys palustris Rice rat Cricetidae 50 730 47
Peromyscus californicus California mouse Cricetidae 60 1070 74
parasiticus {northern)
Peromyscus californicus "California mouse Cricetidae 60 1300 193
ingignis : (southern)
Peromyscus floridanus' Florida mouse Cricetidae 36 1740 31
Paromysous gossypinus Cotton mouse Cricetidae N 1830 56
Perobyscus leucopus White-footed mouse Cricetidae 23 1420 394
Reithrodontomys humulis Harvest mouse Cricetidae 9 710 28
Canig familiaris Beagle dog .
(domestic) Canidae 11,000 4200 -
Capra hireus Goat (domestic) Bovidae 65,000 ~4400 -
Cavia porcellus Guinea pig Caviidae ‘750 1250 -

IThe body weights and life expectations for the rodents are our unpublished data.

Data for the beagle dog are from Norris, W. P., et al.
mental Effects of Low-Level Radiation, IAEA, Vienna,

and personal communication from W. P. Norris).
from males and females.

(sexes combined).

(Biological and Environ-

1976,
The body weights are averages

Vol. 1, pp. 147-155;

Total number of exposed rodents is shown in last column
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The procedure of modeling the relation of survival time to
dose directly is unsatisfactory because survival time has a non-~
linear relation to the radiation damage, In earlier studies in
this Division (Sacher, G. A., Advances in Radiation Research.
Biology and Medicine, J. F. Duplan and A. Chapiro, eds., Gordon
and Breach, London, Vol. 3, 1973, 1425; Norris, W. P., et al.,
Biological and Environmental Effects of Low-Level Radiation,
International Atomic Energy Agency, Vienna, Vol. 1, 1976, 147),
it was discovered that the rational approach is to examine the
relation of the rate of mortality in excess of control to the
daily dose. The mean radiation-specific death rate, p,, at daily
dose x can be estimated by the relation

p =

X ’

ZVA
x
]
ZVA

o]

where M, and M, are the mean after-survival times for the exposed
and the control group, respectively. For the purposes of this
analysis, P, can be estimated with adequate precision by a sample
of 10 animals, and the species dose-effect relations described
below were obtained with fewer than 190 animals of each species
in the majority of cases, This number compares very favorably
with the large numbers needed to obtain satisfactory dose-effect
curves with single dose exposure. '

Some representative death rate vs dosz rate plots are shown
on log-log scales in Figure 13.1 for six rodent species. We have
shown (Sacher, G. A., et al., Proceedings of the International
Atomic Energy Agency International Symposium on the Late Biologi-
cal Effects of Ionizing Radiation, March 13-17, 1978, Vienna, 1in
press) that the log-log death rate-dose rate plots for the 13
rodent species, for eight laboratory mouse iabred or hybrid geno-
types, and for dog and goat can be fitted with a mathematical
function consisting of two straight-line branches, with slope 2
at low dose rate and a transition to a second branch with slope 1
at higher dose rates. The fits are notably better for the labor-
atory mice, for which the sample sizes were larger. Neverthe-
less, only one of the 15 species departs significantly from this
two-branch function.
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Fig. 13.1. Death rate-dose relations for six rodent species.
Two-branched lines are fitted by least sguares. The taxonomic
names are givem in Table 13.1. The species shown are: (A) rice
rat: (B) California mouse, northern (o) and southern (m); (C)

Florida mouse; (E) white-footed mouse; (F) har-

vest mouse.

(D) cotton wmouse:;

The x and y coordinates of the intersection of the two
branches specify the response for each population. Values of the
x and y coordinates are given for all species tested, and also
for eight laboratory mouse genotypes, in Table 13.2. The specif-
ically quadratic nature of the dose dependence for these species
led to the formulation of a mathematical model based on the
assumption that life shortening results from cellular injury pro-
duced by abnormal chromosome rearrangements (Sacher, G. A., et
al., 1ibid.). This model predicts a hyperbolic relation of log
cell death rate to log dose rate, and the lower and upper
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branches of the hyperbola have slopes of 2 and 1, respectively.
This model has two parameters, a dose-=ffect coefficient, A, with
dimensions g‘l, and a rate constant, Y, with dimensions g‘l. The
A and vy values for each species can be estimated from the inter-
section coordinates x and y in Table 13.2, by the formulas

Y =Y
A y/X.

The » and vy ! values are given in Table 13.2, which gives v !

rather than vy because a time is a more understandable quantity
than a rate.

Table 13.2. Coordinates of Breakpoints, Accumulation Times (y=1), ana
Dose-Effect Coefficients (A) for All Species and Genotypes Discussed

Here!
Y=y X y=! A x 1lo®
(Days) ! R/Day Days R-! x 106

esTLAT (1) 0.027%  109.v 3606 251
A/J  (A) 0.0193 67.0 51.8 288
C57L x AF, (LAFl) 0.0196 85.7 51.0 229
C3IHE/T 0.0348 119.7 28.8 289
BALB/cJ (C) 0.0219 71.6 45.7 306
C57BL/6J (B6) 0.0168 68.6 59.5 245
C57BL6 x BALB/CF, (BGCFl) 0.0136 60.2 73.6 225
C57BL6 x BALB/cF, (B6CF,) 0.0196 75.6 51.0 259
Chipmunk 0.0153 75.1 65.2 204
Chinchilla 20.0023 < 5 >435 400
Cotton rat 0.0243 92.7 41.1 262
llouae mouse 0.0194 92.0 51.5 211
Multimammate mouse (two series) 0.0246 94.1 40.6 262
Black rat >0.033 >125 < 30.0 2280
Rice rat ., 0.0398 67.9 25.1 S8a
California mouse (northern) 0.0087 23.6 115.3 367
California mouse (southern) 0.0317 91.0 31.5 348
Florida mouse >20.0458 >128.9 < 21.8 2355
Cotton mouse 0.0160 73.9 62.5 216
White-footed mouse 0.0340 95.6 29.4 355
Harvest mouse 0.0235 70.1 42.5 335
Beagle dog 0.0380 40.0 26.3 950
Domestic goat ﬂfemale) 0.0077 22.5 130.0 342
Domestic goat (male) <0.0025 < 7 2400 330
Guinea pig 0.0047 9.5 212.8 495

lBreakpoint coordinates were estimated by least squares, as described
in Sacher, G. A., et al. (Proc. of an IAEA Symposium on the Late
Biological Effects of Ionizing Radiation, Vienna, 1978, in press).
Sexes are combined unless otherwise noted.




It can be seen that species vary by a factor of 4 in A
values, and by at least a factor of 20 in y~! values. It must be
concluded, therefore, that most of the species variation in
radiosensitivity is due to variation of the time constant y~!
rather than to variation of the dose-effect parameter A.

The actual Y~ ! values are in the range from 20 to 50) days.
These are unusually long for biological time constants, so it is
important to determine why vy~ ° is so long and why it is so varia-
ble between species.

The hypothesis we propose is that y~! is not a repair or
recovery time, but rather an accumulation time, 1i.e., the mean
time over which damage to chromatin can accumulate in a critical
cell population before being expressed in terms of actual chromo-
some breakage and reunions. The v~! value estimated by the dura-
tion-of-life exvoosure procedure is, noreover, the longest such
accumulation time for the species, Shorter accumulation times
are presuned to exist also, but their estimation would require

different experimental procedures.

A plausible hypothesis about th2 biological basis of the
accumulation time is that it is the intermitotic interval in the
most slowly dividing hematopoietic stem cell population. This
hypothesis deserves careful examination, for it wmay be noted
that: (1) radiosensitivity at low daily loses increases as the
square of the accumulation time; and (2) accumulation time tends
to increase with body size and/or life-span (compare Tables 13.1
and 13.2). The latter raises the possibility that the human spe-
cies is more radiosensitive at low dose rates than the most sen-
sitive experimental animals yet examined. However, even this
inordinate sensitivity of the human species to the quadratic com-
ponent of damage would not be a matter of concern in regard to
exposure levels on the order of natural background (Sacher, G.
A., ot al., ibid.).
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The research activities in biomolecular structure studies

are comprised of two major projects; tte first deals with the
structure and function of biological molecules in solutiorn, while

the second deals with X-ray crystallograpanic studies of the

structure and function of immunoglobulin molecules. The bhigh-
lights of the work in these areas during the past year are de-
scribed in the two following reports.
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STRUCTURE AND FUNCTION OF BIOLOGICAL MOLECULES IN SOLUTION

S. S. Danyluk, M. MacCoss, C. F. Ainsworth, E. K. Ryua, R.
Tewari, A. W. Czarnik,* E. F. Duhr,2 S. H. Gray,3 and P. W.
Maffuid*

This research program deals with (1) the determination of
quantitative structural and conformational properties for biolog-
ically important molecules, (2) translation of these properties
into overall three-dimensional topogriphic models for biomole-
cules, and (3) elucidation of the fundamental relationships
between molecular topology and biological function. Emphasis is
placed on structural/conformational aspects because these proper-
ties underlie the mechanisms of key biological reactions such as
transcription, replicaton, mutagenesis and carcinogenesis, and
membrane transport.

Since the basic problem of biological structure/function is
multifacted in scope, the program has developed along three
closely connected lines: <chemical synthesis and characterization
of selected biological molecules, spectroscopic determination of
structural and conformational properties, and theoretical calca-
lations of biological structures.

A variety of biomolecular systems are currently under inves-
tigation. Among these the nucleic acids and short-chain segments
thereof are of primary interest. The latter are particularly
useful for guantitation of conformational flexibilities in sugar
rings and ribose-phosphate backbone bonds, and serve as excellent
models for properties of parent molecules. The baseline confor-
mational data for these segments also serve as a useful starting
point for evaluation of structural changes produced - by covalent
coupling of various environmental mutagens and catcinogens to

1spring 1977 participant imn the Undecrgraduate Honors
Research Participation Progranm, University of Wisconsin,
Madison.

2participant in the 1977 Summer Research Institute in Cell
Biology, University of Wyoming.

3Guest Graduate Student, University of Illinois Medical Cen-
ter.

¢spring 1977 participant in the Undergraduate Honors
Research Participation Program, St. Michael's College.



nucleic acids. Other biomolecular aspects deal with synthesis
and structural characterization of membrane-targetad antitumor
agents, development of selectively labeled (2H, 13C) probes of
complex biomolecular structures, and adaptation of quantum theor-
etical methods to nucleic acid conformation calculations. Vari-
ous aspects of these topics are detailed further in the following
sectioans.

Thie activity encompasses a variety of projects dealing with
synthesis of model compounds for conformational studies, desvelop-
ment of cell-specific phospholipid derivatives, preparation of
nucleic acid adducts of carcinogens, and adaptation of synthetic
procedures for preparation of selectively labeled molecales.
Each of these projects interfaces with parallel studies of bio-
physical properties and biological activity. As with most bio-
organic synthetic studies, a significant €fraction of the effort
is devoted to development of new synthetic procedures and reac-
tions.

Synthesis of conformationally "rigid" aodel compounds. Syn-
thesis of model nucleoside/tide derivatives 1is required for
definition of specific nucleotide conformational features by
nuclear magnetic resonance (NMR) spectroscopy. Since nucleic
acid constituents invariably exist as a dynamic equilibrium among
several conformers (Davies, D. B., and S. S. Danyluk, Bioch=mis-
try 13, 4417, 1974; pavies, D. B., and S. S. Danyluk, Biochamis-
try 14, 543, 1975), a conformational analysis requires NMR param-
eters (chemical shifts, spin coupling constants) for
"conformationally pure" states. Such data can be obtained by
synthesis of appropriate derivatives in which one or more of the
flexible bonds are locked into a rigid conformation, typically by
intramolecular cyclization between functional groups. We have
used this approach to sort out properties for two of the most
important nucleic acid conformational features, torsion angles of
glycosidi¢ bonds and sugair ring puckers. In the former case, a
series of bicyclo pyrimidine derivatives wvwas synthesized with the
pyrimidine ring linked via the C-2 or C-6 position to any one of
three sites on the sugar ring, C2'-02', C3'-03', C5'-05"'. These
conformationally rigid bicyclo anhydro compounds cover a range of
Xcy values spanning both syn and anti domaias, as shown in Figure
14.1 for uridine anhydro nucleosides. Measurements of undecou-
pled 13C NMR spectra for each compound enabled an evaluation of
vicinal 13C-1H couplings across the glycosidic bond, and guanti-
tative derivation of coupling magnitude-vicinal angle (J13CH VS.
XCN) correlations therefrom (yide infrai).
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Fig._1u.1 Chemical structures and glycosidic bond
torsion angles for a series of bicyclo anhydro
uridine nucleosides.

Model nucleoside cyclic phosphates have also becn
synthesized with the particular objective of investigating the
effects of phosphate ring size, type of phosphate ring-sugar ring
fusion, i.e., cis or tramns, and anomeric configuration upon over-
all ring conformational properties. Among compounds synthesized
Were a-pucleoside~3',5'-cyclic monophosphates, xyloadeno-
sine-3t',5'-cyclic phosphate, arabinoadennsine-2!,5'-cyclic phos-
phate, lyxouridine-3',5*-cyclic phosphate, lyxouri-
dine-2*,5'-cyclic phosphate, and a-arabino-adenosine-2',5'-cyclic
phosphate. As a typical example, the a-cyclic nucleotides were
synthesized by procedures described earliec in connection with
studies of anomeric effects (Robins, M. J., and M. MacCoss, J.
Am. Chem. Soc. 99, 4654, 1977; kRobins, M. J., et al., J. Anm.
Chem. Soc. 99, 4660, 1977). Following purification by DEAE-cel-
lulose column chromatography, the compounds were dissolved as
ammonium salts in D,0 solution for NMR study.



Synthesis and characterizatiorn of mutagen/carcinogen-nucleic

acid adducts. Certain types of chemical carcinogems/mutagens,

€.g., polycyclic diol epoxides, alkyl and aryl sulfates and hal-
ides, and alkyl diazo compounds have the capability to alkylate

base residues of nucleic aicds at specific positions. Lawley and

co-workers (Lawley, P. D., Screening Tests in Chemical Carcino-

genesis, International Agency for Research on Cancer, 1976, p.
181) have shown that alkylation «can produce a multiplicity of
reaction products dependent upon factors such as nature of the
base ring, electrophilicity of the alkylatin3j agent, and presence
of activating enzymes. Thus, under appropriate conditions, alky-
lation of adenine nucleotides can occur at six sites, as illus-

trated in Figure 14.2.

As part of a comprehensive study of alkylation reactions and
their impact on nucleic acid conformation, we have examined the
effect of methylation of N-1 of the adenine moiety in a series of
mono- and dinucleotides. Such specific alkylation requires care-
ful control of reaction conditions. For example, the choice of
alkylating agent, reaction temperature, ani pH of the medium are
factors of «critical importance for s=zlective alkylation. The
synthesis of the N-1 methylated dimers containing adenine
(MeapMep, ypMea, and MeapU) was successfully accomplished follow-
ing procedures described earlier (Brinacombke, R. L. C., et al.,
Biochemistry 11, 2452, 1965) . Figure 14.3 shows a schematic
illustration of the overall process. In a typical reaction,
dimethyl sulfate was added slowly to an aqueous solution of the
dimer under conditions of strict pH control (pH = 7.0). Followu-
ing ether extraction of the mixture, the products were separated
by column chromatography and characterized further by electropao-
resis, UV, and NMR spectra. Yields of the N-1 methylated dimers
ranged from 20-35%. These methylated compounds are currently
being studied by high-resolution proton NMR spectroscopy to asval-
uate the impact of methylation or conformational structures.

Synthesis of new membrane-targeted molecular depots of

ey s oS s T s e . 3 e S T — s ot e e S S e

nucleoside analogues. The wuse of nucleoside amalogques as che-
motherapeutic agents is severely hampered by their rapid catabo-
lism to ineffective products. One approachk to circumvent this
problem utilizes prodrugs that protect the parent <compound from
catabolic enzymes and then release the drug either by enzymatic

or chemical hydrolysis. This approach enables use of a lower

dosage and hence fewer side effects. We have recentlv been
interested in developing a nevw class of prodrug that utilizes
phospholipids as the carrier molecule. Such molecules have the

added advantage that the potential exists for targeting the deri-
vatives to specific tissues, thus making possible the location of
a cytotoxic agent in the immediate environs of a tumor cell. To
this end, we undertook the synthesis of ara-CDP-L-dipalmitin,
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Fig. 14.2. Alkylation sites on an aden—_
osine nucleotide.
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Flg. 14. 3. Reaction scheme for synthe-
sis of N-1 purine alkylated dlnuc1e051de
monophosphates.
ara-ADP-L-dipalmitin, TuDF-L-dipalmitin as phospholipid

derivatives of arabinocytidine (ara-C), arabinoadenosine (ara=a),
and tubercidin (Tu). After evaluation of several synthetic path-
ways, the phosphomorpholidate procedure of Moffat and Khorana
(Moffat, J. C., and H. G. Khorana, J. Am. Chem. Soc. 83, 649, 1961)



was selected with appropriate modifications of the work-up in
order to facilitate the handling of these detergent-like mole-
cules with. lipophilic head-groups and hydcophobic tails. Our
procedure is illustrated in Figure 14.4. In addition, we have
devised (1) a novel method of sample preparation that facilitates
in ywitro biological evaluation of these new chemotherapeutic
agents (dacCoss, M., E. K. Ryu, and T. Matsushita, submitted for
publication, 1978), and (2) a modified spray reagent that enables
detection of phospholipid derivatives at extremely low concentra-
tions on thin-layer plates (Ryu, E. K., and M. MacCoss, submitted
for publication, 1978).
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F;g. 19.@. Reaction scheme for synthesis of the prodrug, ara-C-
dipalmitin.
Selective labeling of biomolecules. Selectively labeled
(211, 13C) nucleic acid decrivatives are extremely useful in NMR
studies of nucleic acids. Their utility has been demonstrated

recently for spectral assignments of couplex adenylate di- and
trinucleotides (Kondo, N. S., and S. S. Danyluk, J. Am. Chen.
Soc. 94, 5121, 1972; Kondo, N. S., et al., FEBS Letters 53, 213,
1975) . . The method is also of potential valae in sorting out the
factars 1nfluenc1ng proton and 13C spin-lattice relaxation param-
eters in these molecules. In the latter instance, deuterium
atoms are introduced in place of protons at known positions in
the base and/or sugar rings, as distinct from replacement of an
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entire protio nacleotidyl fragment by its deuterio counter-
part in oligomers. As part of a project dealing with unequivocal
assignment of phosphorus resonances in nucleotide coenzymes, we
undertook the synthesis of adepnine nucleosides/tides and adenine
coenzymes in which the two protoms at the Z5' position are sub-
stituted by deuterium atoms. Synthesis of selectively deuterated
nicotinamide adenine dinucleotide (NAD) vas carried out by a
modified Michelson-Todd procedure outlined in Figure 14.5.

Excellent yields of deuterium-labeled NAD wa2re achieved, and work
is currently under way to prepare NADP. Assignment of 31p NMR
resonances for the latter coenzyme complexed in enzymes will ena-

0 0
HOCH., A -C Ct£C A
O\\\\J KMnO,4 ' o] l S0C£, ‘ 0
HNH  H pHI-R HNG H N AN H W
0 o]
o><O o>< >
CH3 CH5 CHz CH3 CH3 CH3
87% ?CH3
CH3—C—CH3
I MeOH
OCH °
I§
HOCD, A HOCD, CH30-C A
0 TFAA 90% NGBDQ COC[Z 0
OH OH
POCf:, / CH3)<\CH3 /K
(Me0)zPO 93% 8& 89“/
‘/
0
I H H I Il
HO-P-0CD, A N H,CO——P——0——P——0CD, A
O ° NMN o o o oH ©
—_— &
H H DCC ; - 'NH  H
M Ho P90 o™ | M i
OH OH . OH OH
86% 32%

NH,
,//N‘ /&\\N 7N CONH,
NP "L
rIJ’ \N/ \'I\j/

Pig. 14.5. Synthetic steps for preparatlon of selec~
tlvely deuterated nzcotlnamlde adenine dinucleotides.




Conformational bonds are the "linchpins" of three-dimen-
sional biological structures. The degree of torsional or rota-
tional flexibility about these bonds, coupled with specific
intragroup interactions (H bonding, 7w - minteractioas, van der
Waals effects), determines overall shapes of biological molecules
in solution and perhaps more importantly is responsible for spe-
cificities of biomolecular interactions, i.e., nucleic acid-en-
zyme recognition processes. For these reasons, knowledge of coa-
formational properties is imperative., We obtain such information
by a variety of spectroscopic methods, with high-resolution NMR
having a special utility. This method has been developed and
adapted in the biomolecular structure studies program to resolve
major structure/conformation questions for nucleic acid coasti-
tuents (for pertinent examples see Davies, D. B., and S. S. Dany-
luk, Biochemistry 13, 4417, 1974; Davies, D. B., and S. S. Dany-
luk, Biochemistry 14, 543, 1975; Kondo, N. S., and S. S. Danyluk,
Biochemistry 15, 756, 1976; lee, C. H., et al., Biochemistry 15,
3627, 1976). Several of the aspects covered in the past year are
outlined below.

Iime-average conformations of dinucleoside monophosphates.
A substantial commitment of our effort in structure/conformation
of nucleic acids has been made to the quantitative definition of
conformational properties of diribonucle>side monophosphates,
XpX, XpY, etc., where X and Y repres=nt various combinatioans of
purine and pyrimidine bases A, 0, G, C. Interest centered on
these molecules because they are tane simplest repeating units of
an RNA molecule incorporating all conformational bonds present in
the polymer. This study encompassed proton NMR measurements,
signal assignments, and spectral analyses for sixteen dimers in
aqueous solution. NMR parameters (chemical shifts and spin cou-
pling constants) were used to derive conformational properties
and overall conformational structures, In the past year, the
second phase of the study dealing with heteco dimers pu-py, py-pu
was completed, and the results can be summarized as follows:

1) As with the homo-dimers, .the hetero-moiecules exhibil a
flexible conformational framework in solution, with preference
for a limited number of confcrmers.

2) Base sequence has a profound effect upon overall confor-
mation. Whereas the conformational properties are consistent
with the existence of two folded structures (a compact base-
stacked right helical form, A, and a more loosely stacked loop
structure, B) in equilibrium with one or more extended forms, the
percent stacked population and the bplend 2f A aud B are deter-
mined by base sequence. Thus, puriae~pyrimidine dimers show a

greater degree of stacking than pyrimidine-purines; moreover, the
ratio of right-handed/loop structures is lacrger in pa-py dimers.

3) Conformational interconnections exist among the conforma-
tional bonds in much the same pattern as found for homo-dimers,
viz., a Xoy change alters the ribose ring 3E/2E populations which
in turn perturbs the g+/g— populations about C3'-03°.
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4) A composite of the homo- and hetero-dimer data reveals
that percent stacking (A + B) increases in order py-py < py-pu <
pu-py © pu-pu; a similar trend is observed for the ratio A/B.
Rather surprisingly, the highest stacked population was observed
for a pu-py dimer, GpcC.

Publication of the hetero-dimer results (Ezra, F. S., et
al., Biochemistry 16, 1977, 1977) brings td> completion the phase
of our nucleic acid conformational studies dealing with dimer
conformations. From this work have emerged fundamental informa-
tion and new insights into the nature of conformational proper-
ties of nucleic acid segments, the effects of sequence thereon,
and the relative intramolecular forces governingy these struc-
tures. A solid basis has been laid for evaluation of the effects
of base modifications (e.g., by <carcinogepns) upon nucleic acid
conformation, for extension of the conformational analytical
methods to higher oligomers, and for correlation of dimer confor-
mational trends with nearest-neighbor structural properties in
tRNA.

Evaluation of glycosyl torsion angles. With the availabil-
ity of model amhydro-cyclo nucleosides, Figure 14.1, prepared as
part of the synthetic program described above, we had the oppor-
tunity to develop an unambiguous method for quantitation of gly-
cosidic bond torsion angles, Xcy, in nucleosides and nacleotides.
This bond plays a critical role in establishing helical dimen-
sions in RNA and DNA.

The method requires (1) accurate measurement of vicinal
13C-proton couplings across the glycosidic C-N hond (C2-H1!' and
C6-dH1') for bicyclo pyrimidine nucleosides in which rotational
and/or torsional flexibility about C-N 1s foreclosed (Figure
14.1); (2) empirical correlation of vicinal J]3C magnitudes with
Xeny values; and (3) utilization of these vicinal correlations to
determine Xqy values fron measured couplings in nucleo-
sides/tides. Vicipal couplings C2-H1' ard C6-H1' were measured
from natural abundance 13C spectra for the compounds in Figuce
14,1, recorded in tae proton undecoupled mode ou a Varian XL100
spectrometer. A typical spectral measurement with adeguate S/N
ratio required accumulation of 40-50,300 free induction decays,
representing 24-36 Lours of spectrometar tinme. Following analy-
sis of the spectra, empirical plots of the type shown imn Figure
14,6 were constructed of J13C versus ¢ These curves can be
represented by analytical expresszons og the type Jogyyr = 4.5
cos2$ - 0.3 cos$¢ - 0.4, and Jpopyyr = 4.9 cos24 ~ 2.3 cos¢ - 0.1,
where ¢ represents the dihedral angle < C6H1* and < C2H1'; the
expressions are expected to have a general applicability to pyri-
midine nucleosides and nucleotides. (Curves of similar analyti-
cal form could in principle be derived for purine derivatives,
with couplings C8H1' and C4H1'.)
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With these correlations established, it becomes possible to
calculate Xoy values for a wide variety of pyrimidine derivatives
from relevant 13C-H1' couplings. A brief listing of results is
given in Table 14.1. Several important conclusions follow from
these data. In all instances the data were consistent with the
presence of one favored conformer as opposed to a blend £ syn
and anti forms. Furthermore, comparison 2f xcy solution values
with available crystallographic data showed extraordinary agree-
ment between the two for all compounds. This supports the con-
tention that for pyrimidines, at least, the glycosidic bond is
relatively invariant to conformational perturbants. The results
of this study were reported in an invited presentation at the

Symposium on Bicmolecular Structure, Function, and Evolution held

in Madras in January, 1978.
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Table 14.1. Comparison of Glycosyl Torsion Angles in Crystalline and Solution

States
. x (deg.) x2 (deg.)

Compound Solvent 33(c2-41") 37(C6-H1") Solution Crystalline
uP D,0, pD = 7.5 2.3 3.6 30, 70 16.8, 23.8C
pd D,0 2.4 3.7 35, 65 16.8, 23.8°
ue D,0 2.4 - 35, 65 16.8, 23.8°€
aud D,0 2.1 - 3.7 . 30, 70 24, 28€
sarid D,0 2.4 3.6 35, 65 51

spraud D, 0 ) 1.0 3.7 25, 65 47.2¢

220

cd D,0 1.8 3.3 25, 75 18.4°

eMect DMSO 6 + 1 - 205, 255 104.6, 106°
rd D,0 2.0 " 3.9 30, 70 39.1, 39.3°
2'-cmp? D,0 2.4 3.9 35, 65 -
31-cmpd D,0 2.3 3.5 30, 70 39.3, 41.8°
5+-cmpd D,0 1.3 3.0 20, 80 a0, 479
51-cMpP D0, pbD = 0 1.6 3.2 25, 80 a0, 479
51~cMp® D,0, pD = 6.3 1.5 3.6 25, 80 a0, 479

5+ ~CMpP D,0, pD = 12 1.8 3.4 25, 80 20, 479
2',3'-cmp?  D,0 4.4 4.0 190, 280  242.9, 254.9

8gstimated from vicinal correlation.
This work.

CSundaralingam, M., Conformations of Biological Molecules and Polymers, E. D.
Bergman and B. Pullman, eds., Israel Academy of Sciences and Humanities, 1973,
p. 417.

dDavies, D. B., Stud. Biophys. 55, 29, 1976.
€Lemieux, R. U., et al., Can. J. Chem. 50, 773, 1972,
fSchweizer, M. P., and G. P. Kreischman, J. Mag. Res. 9, 334, 1973.

gSundaralingam, M., Structure and Conformation of Nucleic Acids and Protein-




Examination of Configurational and Conformational Effects in

e et S T S A G w— — — e et e G il e A - e . - —— - —— — - s - s o — " — [

Synthesis of nucleoside/tide configurational isomers (loc
cit) has enabled a study of the interplay between configurational
structures and conformatioral properties in nucleic acids by NMK
spectroscopy. These investigations are needed to refine further
the empirical correlations derived for <couplings and chemical
shifts (see previous section), and to assess the impact of base
and hydroxyl group position in conformational features suach as
sugar ring pucker, glycosidic bond orientation, and exocyclic
carbirol and phosphate group rotamer preferences. Several facets
- explored in the past year are outlined below.

A detailed 14 220-MGz NMR study of
9- (B-D-xylofuranosyl)adenine 3* ,5t-cyclic monophosphate
(3*,5'-xylo-cAMP, I) and 9- (B-D-arabinofuranosyl)adenine

2',5'-cyclic monophosphate (2',5'-ara-cAdMP, II) in D,0 solution
was carried out with the purpose of establishing the effect of
phosphate ring size and site of ring fusion on sugar-ring confor-
mation (MacCoss, M., et al., Carbohydr. Res. 62, 203, 1978).
The sugar-ring conformations in I and II were found to be 3E and
2E, raespectively, while the phosphate rings exist in a chair
form. An unusual 4Jp y of 30.8 Hz exists between HS5' and phos-
phorus in II. This "latter coupling verifies a similar value
found previously in the ara-cytidine analogue of II. An impor-
tant outcome of this study was the finding that the vicinal P-H
coupling-dihedral angle correlation for bonding configurations of
type P-0-C-H is strongly influenced by small bond angle changes
along the coupling path. Thus the use of vicinal correlations
developed for a six-membered cyclic phosphate ring system leads
to serious conformational errors when applied to other ring sys-
tens.

The first detailed study has been made of the 220-MHz NMR
spectra of a-adenosine 3',5'-cyclic wmonophosphates (III, a-cAMP),

a-aridine 3!*,5'-cyclic monophosphate (IV, a~cUMP), a~cytidine
3t ,5'-cyclic monophosphate (V, a-cCMP), a-deoxyadenosine
3¢,5'-cyclic monophosphate (VI, a-cdAMP), a-5,6-dihydrouridine
3!',5'-cyclic monophosphate (V1I1, a—CDHUMP) , and

B-5,6~hydrouridine 3',5'-cyclic monophosphate (VIII, B-cDHUMP) in
D,0 solution (MacCoss, M., et al., J. Am. Chem. Soc. 899, 7495,
1977) . Analyses of the spectra of III-V were aided by the use of
europiuam chloride as a shift reagent. A conformational analysis
showed the sugar moieties of III-V to exhibit a conformation ip
the range ,T3 to 3T, with an unusually high distortion from pla-
narity, 1in contrast to the B anomers which prefer 3E to ,T3 and
the acyclic mononucleotides which show a 2E = 3F equilibrium
(Figure 14.7). This change in the preferred conformation 1is
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Fig. 14.7. Possible conformations
of the ribose and cyclic phosphate
rings in nucleoside 3',5'—cyc1%c
monophosphates; (a) B anomers, TE

sugar puckar; {b) e auower, qE
sugar pucker; (c) & apomer, ﬁT
sugar pucker. In all cases, the

cyclic phosphate ring is shown in a
chair form.

attributed to a repulsive interaction beween the 2'-hydroxyl angd

the Dbase, Removal of the 2'-hydroxyl group eliminates this
interaction and causes a relaxation to a less strained systen,

‘This is clearly demonstrated in the sugar ring conformation of VI
‘which exhibits a 3E to 4E pucker and a puckering amplitude that

is less than in the ribo series. Hydrogenation of the pyrimidine
ring of IV . and B-cUMP gave the 5,6~dihydro products VII and
VIiII. VIII exhibits preference for a 3E to 4T3 ribose ring con-
formation and in the case of VII, the 2'-hydroxyl-base interac-

‘tion is wmarkedly reduced owing to the incceased flexibility of

the aglycon. This results in a relaxation of the sugar ring con-
formation from the ,T3 to 3T, in III-V back toward the 3F to LT3
conformation found in the B anomers. Saturation of the base is
not as effective as removal of the 2'-hydroxyl group in relieving

the strain in these rigid systenms. The phosphate ring is found
to be a flattened chair form in all cases.



Theoretical Computations of Biological Structures

The application of sophisticated quantum mechanical methods
to biological structure problems is relatively recent and derives
its impetus from the work of Pullmap (Pullman, B., and A. Saran,
Progress in Nucleic Acid Research and ¥olecular biology. Ed. W.
Cohn. Academic Press, New York, 1976, Vol. 18, p. 215). Theor-
etical calculations of biological conformations are an important
adjunct of spectroscopic measurements, often providing insights
into structural features for molecules not accessible to experi-
mental measurement (because of reactivity) or vhose synthetic
preparation is not feasible.

An approach with particular utility for conformational
energy calculations of nucleic acid constitutents is PCIL)D (per-
turbated configuration interaction with localized orbitals), ori-
ginally developed by Malrieu and co-workers (Diner, S., J. P.
Malrieu, and M. Gilbert, Theor. Chim. Acta 13, 1, 1969) and
applied by Pullman to rucleic acids (Saraan, A., H. Berthod, and
8. Pullman, Biochim. Biophys. Acta 331, 154, 1973). Essentially,
it calculates molecular energies as a function of conformational
coordinates, i.e., variations in bond torsion angles for flexible
bonding arrangements. Using a computer program adapted for the
ANL IBM computer, a4 comparative study was andertaken of configu-
rational effects on conformational properties of ao- and g-anomers
of purine and pyrimidine nucleoside 3!',5'-cyclic monophosphates
and their 2'-arabino epimers. One important outcome of this
study was the demonstration that hydrogeu bonding between the 2!
"OH group and polar centers on the base riny is a major determi-
nant of syn-anti preferences of bases in a-nucleoside
3',5'~cyclic monophosphates (Tewari, R., and S. S. Danyluk, Biop-
olymers 17, 1181, 1978).

This method has now been extended to calculations of confor-
mational energies for selected dinucleoside monophosphates with
the objective of supplementing the NMR results and assessing the
importance of intramolecular interactions on structure. Using
the PCILO method, preferred conformational structures and confor-
mational energy maps were calculated for upu and ApA. Althouyh
the results are preliminary, they indicate that the conforma-
tional preference about P-05' (w) and P-03 (w') bonds in the
phosphodiester backbone is signfificantly influenced by inclusion
of bases and by ribose ring pucker, but not ky the precise nature
of the base (A or U). Similarly, the conformational preference
about C3'-03'" (¢') is affected by ribose pucker but not by base
type. An especially surprising result was the global minimum
location in the w,w' conformational energy maps at w,w' values of
120° and 300° respectively for both UpU and ApA. These "favored®
structures differ markedly from right-handed helical forms
(structure A vide infra, with = 300, «' = 300) predicted by
previous calculations involving ribose-phosphate backbone seg-
ments alone; nor do they agree with NMR solution conformations
(see above dimer section). On the other hand, the calculated UpU
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conformation (v/w?, 120°9/300°) is stabilized by intramolecu-
lar hydrogen bonding between 03'-H of -pU and 02 of the uracil in
the 5' terminal position (Up-). A similar interaction occurs

between 03'-H (-pA) and N3 (Ap-) to stabilize an y/w', 123°/30Q°
structure in ApA. An interaction of this type may be responsible
for the specificity of recognition of 3'-tecrminal ends of ribonu-
cleic acids by exonucleases. However, it should be noted that
hydrogen bonding with solvent and/or <changes in ionization state
of the phosphate group may alter the base stacking properties of
these dimers in solution.

CRYSTALLOGRAPHIC AND CHEMICAL STUDIES OF THE STRUCTURE OF IMMUNO-
GLOBULINS

M. Schiffer, F. A. Westholm, and N. Panagiotopoulos

Immunoglobulins are part of the body's defense mechanisms
against invading foreign agents such as pollutants and pathogens.
Their function 1is to recognize and bind foreign agents and to
trigger the body's immune response. To understand how the immu-
noglobulins function, and what accounts for their high degree of
specificity, X-ray diffraction studies of single crystals of
Bence-Jones and myeloma proteins are carried out. X-ray diffrac-
tion is the only technique by which the detailed three-dimen-
sional structure, i.e., the positions of all the atoms within the
molecule, can be determined.

IgG immunoglobulins in myelomatous and normal sera consist
of two light chains (mol wt 23,000) and two heavy chainns (mol wt
50,000). Bence-Jones proteins represent excreted 1light chains
and their presence 1in urine is pathognomic of multiple myelona.
The light chains beloag in two main <classes (A and ), based on
their amino acid seguence. The proportion of « and 2\ light
chains is 3 to 2 in human serum.

The study of the #cg A-type Bence-Jopes dimer is being com-
pleted by the crystallographic refinement of its atomic posi-
tions. Structure determination has started on the first complete
k -type Bence-Jones protein (Fin) ever crystallized. Further
attempts are being made to prepare ani crystallize other immuno-
globulin fragments, with special emphasis on k-type Bence-Jones
proteins and fragments derived from Ig¥ proteins. Characteriza-
tion of crystals of ornithine aminotransferase is also 1in pro-
gress.



crystallographic Refinement of the Mcg A-Iype Dimer

The principal objective of the refinement is to obtain the
most accurate coordinates for the more thaa 3,000 nonhydrogen
atoms permitted by X-ray diffraction data for this Bence-Jones
dimer obtained fror patient Mcgqg. Accarate 3-D structures are
essential for intercomparison of structural features, e.g., immu-
noglobulin fold, with other immunoglobulin fragments. The
refinement will also facilitate the use ot the Mcg protein as a
search structure to determine structuras for other immunoglobulin
fragments by molecular replacemeant methods.

The refinement 1is the last phase of the structural study.
The method of "constrained crystallographic refinement" is used.
The resulting molecular model has been compared with the calcu-
lated electron density map, and manual changes were made with the
aid of an interactive computer graphic system GRIP at the Univer-
sity of North Carolina. The refinement is progressing well; the
crystallographic R factor Jecreased from 43 to 31%. The refine-
ment improved . the gquality of the electron density map so that
electron density for ~ 140 atoms that were not seen in the map
calculated with isomorphous phases became observatle.

ystallization and Characterization of Bence-Jones Proteins in

lution =~ T oo T T

We are collaborating with Dr. A. Solomon, University of Ten-
nessee, who has a large inventory of human Bence-Jones proteins
and myeloma proteins which he has carefuily characterized both
clinically and immunochemically. His clinical and immunochemical
data will be correlated with the structural information obtained
- from our X-ray diffraction studies.

We have now characterized fifteen Bence-Jones proteins and
purified them by chromatography on Sephadex G-200 at pH 8. Our
crystallization attempts were successful for seven of the pro-
teins, and we have started structure determination on the x-type
Bence-Jones protein Fin. Crystals of two A-type Bence-Jones pro-
teins, Cle and Ree, are also approaching the size where they will
be useful for X-ray diffraction measur=2mants.

Our characterization of the Bence-Jones proteins by chroma-
tography on Sephadex G-200 at pH 8, and by SDS gel electrophore-
sis, in the presence and absence of mercagtoethanol, also furth-
ered our understanding of the different forms of Bence-Jones
proteins that can -be found in different patients. Whereas the
predominant species in excreted A-type proteins is the disulfide
bond dimer, the state of the excreted k-type proteins varies.
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Monomers and disulfide bonded dimers occur in different:

proportions depending on the patient. At neutral pH, some of the

monomers associate to form noncovalently linked dimers while oth-
ers remain as monomers. Based on the association properties of
the monomers, two types of dimers can be postulated. In the

first, exemplified by the Mcg protein, the monomers are held
together in a compact form by noncovalent interactions, or are
bound by these and also by a disulfide bond. The second type of
dimer is held together mainly by the disulfide bond and probably
has a less compact structure. The antigenic properties of these
tvo postulated forms of dimers would therefore be expected to be
different.

Structure Determination of the k-Type Bence-Jones Protein, Fin

A complete human k-type Bence-Jonas protein (Fin) has been
isolated and crystallized. Immnunochemical and physicochemical
characterization of protein PFin indicates that it is of the
«=-chain subgroup «II, and that it consists of tvo noncovalently
bound intact monomers each having a molecular weight of ~ 25,000
daltons. Crystals of Bence-Jones protein Fin obtained from ammo-
nium sulfate solations (Figure 14.8) have the orthorbombic space
group P2,2,2, «#ith cell dimensions a = 132.0 &, b = 93.3 8, and
€ = 42.3 A. The asymmetric unit consists of a dimer of molecular
¥eight ~ 46,000 daltons. The diffraction pattern extends to 2.7
A spacing. Diffraction data to 4 resolution have been col-
lected for the native crystal. Our initial attempt to determine
the structure of protein Fim «ill utilize the molecular replace-
ment method using as search structures the A-chain dimer Mcg and
the variable fragment dimer of the «-chain Rei.

Solving the structure of Bence-Jones protein Fin is of spe-
cial interest because this particular pcotein is a complete
x—-chain consisting of two noncovalently bound monomers and
because it is a light chain of a «-chain subgroup, «II, that is
characterized by proteins possessing an insertion of up to six
amino acid residues between positions 29 and 30 in the first
hypervariable region.
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Fig. 14.8. Crystals of a k Bence-Jones protein
Fin obtained at 1.7 M ammonium sulfate (length is
v Q.45 mm) .
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During the past year, studies on zsircadian regulation at the
organismic level 1in the rat have focused upon the influence of
food, drugs, and toxic metals upon the maintenance of circadian
synchrony, the induction of phase shifts in minimum time, and the
induction of circadianr dyschronism, i.e., the absence of a strong

daily rhythm where one normally is fouad.

First, in programmed feeding experiments, the challenges of
phase advances or of phase delays of 7 hours (simulating a flight
to Vienna and return) are best met by rats fed high protein
breakfasts and 1low protein suppers; the inverse pattern (high
carbohydrate breakfasts, high protein suppers) most often leads
to circadian dyschronism ("jet lag") for 5 or more days.

Second, the influence of the circadian phase time-of-adimin-
istration of L-dihydroxyphenylalanine (L-DOPA) upon the circadian
rhythm of deep body temperature was also studied. Consumption of
the drug before the daily thermal acrophase caused circadian dys-
chronism; consumption of the drug after the acrophase permitted
maintenance of synchrony (Figure 15.1). The chronotypically cor-
rect (orthochronal) phase in which to give L-DOPA coincides with
the time at which' synthetic activity in the <catecholamine
("awake") pathway normally (chronotypically) diminishes (Figure
15.2) . To reduce the deleterious side effects and maximize the
beneficial effects of L-DOPA, orthochronal therapy is indicated.

Third, a pilot study to determine the usefulness of induc-
tion of irreqularities in circadian metabolic events as indica-
tors of the toxicity of metals associated with energy storage has
~given very promising results. Lithiuam, lead, cadmium, and mer-
cury administered in the drinking water of the rat each cause
circadian dyschronism at remarkably low dose levels (5-1000 ppm).
Thus, this test is at least as sensitive as the "behaviorally"
oriented toxicity tests now in use elsewhere. Oour observations
also indicate that the essential metabolic pathways for circadian
clock chemistry and for neurochemistry appzar to be closely cou-
pled. Therefore, our demonstration of metal toxicity at low lev-
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els, wusing disruptions of circadian metabolic function as end -
points, may have profound significance in the development of
short-term testing systems that are r2levant to long-term beha-
vioral and neurophysiological toxicities and dysfunctionms.

Details of these three studies are described below. We pro-
pose to exploit the advances in each of the three areas by paral-
lel molecular studies at the cellular level.



A DIET PLAN FOR TRANSMERIDIANAL TRAVELERS AND SHIFT WORKERS

C. F. Ehret, K. R. Groh, and J. C. Meinert

We have developed a diet plan for humans to assure swift
‘adjustments to phase shifts., The diet is based upon (1) the
chronobiotic action of the methylated xanthines theophylline (in
tea) and caffeine (in coffee); (2) the action of food as a zeit-
geber in feed-starve (FS) cycles, presumably efficacious because
of glycogen depletion during a prolonged starvation (S) phase;
and (3) the tendency of a high protein meal to favor synthesis of
the catechulamines norepinephrine and apinephrine, and of a high
carbohydrate meal to favor the synthesis of serotonin. Norepi-
nephrine and epinephrine should be relatively high during the
active .phase of the animal, and serotonin relatively high during
the inactive phase.

Based on the above, a procedure to help humans adjust more
readily to the phase shifts associated with transoceanic travel
is as follows, using an eastbound flight with a phase advance of
7 hours as a model: Remain on local time before the shift, but
modify eating habits for 4 days beforehand. Assuming a Wednesday
evening departure, then Sunday and Tuesday are "Feast Days," and
Monday and Wednesdays are "Fast Days." "Feast" means to eat
fairly large meals in order to build aup large glycogen reserves.
"Fast" means to eat lightly in order to encourage depletion of
glycogen reserves; fructose or fruit-juice supplements are recom-
mended to avoid becoming overly famished and hypoglycemic. Thus,
the pattern is Feast-Fast-Feast-Fast. OJn Wednesday evening,
between 1900 and 2300 local time, consume three to five cups of
black coffee (no sugar, no cream) or strong tea to deplete glyco-
gen reseiLves further, and also tn induce the desired phase
advance. (Farlier on Wednesday, and especially at breakfast,
avoid caffeinated beverages entirely, 3s they would encouraqge the
undesired phase delay.) Retire to rest on the plane as early as
conditions permit on Wednesday night ("old time"), and avoid
snacks, movies, bright lights, or lively discussions until break-
fast. At about 0730 Thursday morning, destination breakfast
time, move about, and break the fast with a high protein break-
fast, usually eaten on the aircraft just before landing. This
replenishes the enerqgy reserves of what should be fairly well-de-
pleted livers, in approximate synchrony with the breakfast of the
destination populace. Lunch and supper should also be heavy, and
on destination time, that first day. Retire early, and continue
in phase with "new" time. To date we have collected only subjec-
tive results on the outcome, but trials with human subjects have
apparently been highly successful. These guidelines should also
be useful for shift workers, who frequently have to adjust to
time changes.

The results of programmed feeding tests with rats support
the expectations of the travelers' diet for humans presented

187



188

above, Rapid phase shifts in either direction were assured or
encouraged by high-protein breakfasts and high carbohydrate sup-
pers; sluggish phase shifts and/or total dyschronism for as long
as 5 days were assured by low-protein breakfasts and high-protein
suppers.

THE CHRONOPHARMACOLOGY OF L-DOPA: IMPLICATIONS FOR ORTHOCHRONAL
THERAPY IN THE PREVENTION OF CIRCADIAN DYSCHRONISHM

C. F. Ehret, J. C. Meinert, and K. R. Groh

The influence of the «circadian phase time-nf-adminictration
of L-DOPA upon the circadian rhythm of whole animals, as judged
by measures of core temperature, waa =tulied in 36 male rals.
Programhed tfeeding and watering protocols were entirely aato-
mated. Core temperatures were continaously monitored by implant
telemetry, and were statistically analyzazd to enable accurate
determination of select circadian variables (time of acrophase,
period length, phase shift, and degree of dyschronisn) during
"free run." Following a minimum of 8 days entrainment (see
legend of Figure 15.1 for entrainment procedure), animals were
placed in "free run" (continuous dim light, and food ad libitunm),
during which time they were given a diet containing 30 mg L-DOPA
per g chow either preceding or following the ongoing thermal
acrophase, If L-DOPA was given an animal preceding the acro-
phase, then that animal received the control (DOPA-free) diet
during the 12-hour time interval that food was available after

the thermal acrophase, and vice versa. Tha experiments showed a
strong ¢oktfelation between circadian dyschroniom and the consump-
tion of L-DOPA prior to the acrophasz2 (Figure 15.1). On the

other hand, animals fed L-DOPA either after the acrophase or ad
libitum showed little or no dyschronisa.

In another series, we tested the animals' abilities to res-
pond to tood-induced phase shifts of 97, 18), and 270 degrees and
found that orthochronal administration of L-DOPA, that is, admin-
istration at the most advantageous time in the circadian cycle,
permits a more rapid and complete phase shift than heterochronal
administration. In some instances, however, when lLeterochronal
administration did not result in circadian dyschronisnm, it was
seen that the animal had phase shifted his circadian rhythm to
achieve a harmonious relationship between the application of the
chronobiotically active L-DOPA and the phase of the oscillation.
The chronotypically correct (orthochronal) phase in which to give
L-DOPA with least disturbance to the circadian requlatory systen
coincides with the time at which synthetic activity in the cate-
cholamine ("awake") pathway normally (chromnotypically) diminishes
(Figure 15.2). We conclude that orthochronal therapy is indi-

cated in order to minimize the deleterious side effects and.
maximize the beneficial effects of L-DOPA.
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Fig. 15.1. ‘Telemetry tracings of intraperitoneal temperatures
measured every 20 minutes over 14 days are shown for eight rats.

During days 1 through 8 (1-5 not shown), the animals were

entrained by daily programs of feading (FS 8:16; i.e., food

available for 8 hours, none for 16 hours) and illuminatiom (DL

16:8; dim light for 16 hours, 1light for 8 hours). Following 2

days starvation (SS) im continuous dim light (DD), <the animals

vere fed ad libitum (FF) for the next 8.5 days (see top protocol
bars). Durlng days 11-19, the top animal was maintained as a
control receiving only the standard 24% protein control diet.
Animals 2, 3, and 4 from the top received a diet containing 30 mg
L-DOPA/g chow (other dietary constituents remained the same) from
midnight to noon (see protocol DOPA [__J). Animals 5, 6, and 7
received an inverse of this protocol; L-DOPA was present in the
diet from noon to midnight each day (see protocol (] DOPA). 1In
both cases, the animals received the control diet for the 12-hour
interval of each day when DOPA was not administered. The botton

.animal received the L-DOPA diet ad libitum (DOPA FF).
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Fig. 15.2. The consequences of feeding L-DOPA during early
active and late active phases of the circadian cycle are shown
graphically. The administration of L-DOPA after the thermal
acrophase (bottom middle) results in the maintenance of a good
circadian rhythm (euchronic condition) as is conventionally seen
in control animals (bottom left). However, when L-DOPA is given
before the thermal acrophase, a dyschronic (nearly phaseless)
condition results (bottom right). The figure's upper portion
graphically displays the catecholamine pathway (to the peak of
the active phase) from tyrosine (TYR) to dihydroxyphenylalanine
(DOPA) to dopamine (DOP) to norepinephrine (NOR) to epinaphrine
(BEPI); and the indoleamine pathway (inactive phase) from trypto-
phan (TRP) to 5-hydroxytryptophan (S5HT) to serotonin (SER). When
DOPA enters the metabolic pathway during the early active phase,
the catecholamine pathway is shut down (chronotypic pathway
block) resulting in circadian dyschronisn.



DYSCHRONOGENESIS AND THE CIRCADIAN TOXICOLOGY OF METALS 1IN THE
MAMMAL

C. F. Ehret, J. C. Meinert, K. R. Groh, and G. Svihla

Risk estimates for neurophysiological and behavioral effects
of toxic metals have been difficult to make for a number of rea-
sons, but are of particular importance in that they are more ger-
mane to the ultimate assignments of responsible threshold limit
values and tolerance dosage guidelines for the protection of the
general population than are any other toxicological measures.
Becausc the essential metabolic pathways for circadian clock
chemistry and for neurochemistry are so closely coupled, circa-
dian toxicological measures have profiund and fundamental rele-
vance to long-term behavioral and neurophysiological toxicities
and dysfunctions.

Using a mammalian systenm, we studied the influence of
lithium, lead, cadmium, and mercury upon the circadian rhythm of
core temperatures of 36 rats, continuously monitored by implant
telemetry. Following an initial interval of entrainment by ameans
of programmed illumination (DL 16:8) and feeding (FS 8:16), half
the animals were placed in free run, in continuous dim light and
with food continually available (DDFF). During this free run
period they were also chronically exposed to 1low concentrations
of metals in the drinking water (Li, as Llithium chloride, 200
ppm; Pb, as lead acetate, 50 ppm; Cd, as cadmium chloride, 10
ppm; and Hg, as mercuric chloride, 19 ppm). In each case, within
3 to 7 days following exposure to the metal in the drinking water
a significant loss 1in circadian synchrony was observed. In
another series, the remaining animals were placed in constant dim
light without food (DDSS), but again with low levels of lithiunm,
lead, cadmium, and mercury in the drinking water. In this group
very little water was consumed, and there was little or no indi-
cation of dyschronism with the possible exception of the rats
exposed to 1lead; however, as soon as food was made available
(DDFF), normal consumption of water resumed, and the animals
became dyschronic.

detectable within 1 week at low levels of administration of toxic
metals, makes the test at least as sensitive as any current beha-
viorally oriented toxicity tests. These observations should be
significant in the development and application of short-ternm
testing systems that are relevant to long-term behavioral and
neurophysiological toxicities and dysfunctions, including mental
dysfunction. The validity of a basic new toxicological index for
neuropathogenesis, the "dyschronogenic potency index," will be
examined by correlating circadian dysfunction with molecular and
neurochemical disturbances in catecholamine and indoleamine meta-
bolism in the rat brain and at the cellular level. Alteration of
the circadian chronotype [the temporal pbenotype of the organisnm
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that biochemically relates enzyme levels (when wmost or least
active), and ultimately cellular and organismic response to the
environment ] is known to have far-ranging effects, from physio-
logical and performance failures, of the sort commmon to shift-
workers and transmeridianal travelers, to general malaise and
life shortening.
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COMPUTER SUPPORT FACILITIES

Frank S. Williamson, Jeanne A. Blouguist, and Carol A. Fox

Computer support is centered on the Remote Access Data Sta-
tion (RADS), which is equipped with a 1000 lpm printer, 1000 cpnm
reader, and a 300 cps paper tape reader with 500-foot spools.
The RADS is located in a data preparation room with four 229 key
punches (two of which interpret), a storage vault for archival
magnetic tapes, card files, and a 39 cps interactive terminal
principally used for job inquiry and routing. An adjacent room
provides work space for users, with a documentation library and a
consultant's office, plus file storage for programs and their
documentations. sp

Approximately S50 users in the Division continue to depend on
these facilities and the corsultation on jot management, program-
ming, and data management that we provide.

Highlights of activiticc in 1977 include:

1) A flexible data base was established for G. A. Sacher for
pathology and risk assessment, using our own BIMFILE-2
data management systemn. Records from a data acguisition
system are stored by key (species/ animal identifica-
tion/date) . With this system, selections of time-depen-
dent data may be made for statistical analysis, modeling,
or display.

2) A foundation has been laid for several data acquisitior
systems using LSI-11 microcomputers. Programming is in
PDP-11 Assembler Language, using structural prograaming
macros and many service routines already developed for
the JANUS PDP-11/20 Minos Systen.

. At present, prograr development and debugging will be done
on the JANUS PDP-11/20 so that the LSI-11 systems can be dedi-
cated entirely to their production tasks and need have only the
absolute minimum bardware configurations. We plan to acquire a
separate development system in the future.

An operating system for these LSI-11's has been devised. It
supports a single "event" <clock, which is replenished froa a

. SUPPORT FACILITIES'
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queue of dated and timed events, and an arbitrary number of
totally independent interval timers that are fed from queues of
timer blocks. This concept provides extreme flexibility. For
example, an interval timer may repeat its cycle a prograammed num-
ber of times, then be replaced by a different interval (and num-
ber of repeats), then another, and so on back again to the first.
Changes between interval timers can be programmed using the
"event" gqueue to implement these at predetermined dates and
tiames. Experimental parameters are drawn from siailarly organ-
ized parameter block queues. Data are stored in a
first-in/first-out gqueue as acquired, and are removed by an out-
put routine as the output device can handle them. Thus, a consid-
erable amount of data can be stored while the printer is occupied
with command dialogue.

In support of this plan, an informal course on PDP-11 assem-
bler language with structured programming was given.

ELECTRON MICROSCOPE CENTER

Thomas M. Seed, G. Theodore Chubl, Rosemarie L. Devine, Mar-
garet M. Sanderson, and Betty J. Wrigat

The facility bas approximately 2,600 sguare feet of working
laboratory space, and includes two fully equipped photographic
darkrooms, sectioning and autoradiographi¢ facilities, six micro-
scape cubicles, apd five transmission electron microscopes and
one Cambridge scanning electron microscope equipped with an X-ray
energy dispersive analytical system. Ancillary specimen prepara-
tive equipment includes vacuum evaporators, freeze-dryinqg and
freeze-etching eguipment, ultramicrotones, and assorted photo-
graphic and light microscopic equipment.

The Electron Microscope Center and its personnel provide
specialized electron microscope services to both the Division and
the Laboratory as a whole. G. T. Chubb continues to maintain
EM-related equipment and to provide needed technical assistance
to all users of the Center. R. L. Devine, M. H. Sandersor, and
B. J. Wright assist staff pembers in the preparation and examina-
tion of various biological preparations. Their contributions are
recognized by their coauthorship of several of the sections in
this report.

During 1977 there wvere some 25 researchers who mnade active
use of the available facilities. They included 8 regular staff
meabers, 1 postdoctoral appointee, 2 graduate students, and 6
visiting scientists. The remainder of the users were from other
Argonne divisions, including Radiological and Environmental
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Research, Environmental Impact Studies, Chemistry, Physics, Soligd
State Science, and the Center for Educational Affairs.

LKBOR&?ORY ANIMAL FACILITY

Thomas E. Pritz, Patricia C. Brennan, William G. Keenan,
Calvin M. Poole, Richard C. Simkipns, and David V. Tolle

Laboratory animals have always played an important role in
the research of the Division. Since long-term and lifetime stud-
ies have predominated, the Division bhas had a policy of main-
taining the highest possible standards for its physical plant,
equipment, and animal care progranms. The Facilities are accre-
dited by the American Association for Accreditation of Laboratory
Animal Care.

The extensive physical plant of the animal facilities
includes provisions for holding all species of laboratory animals
under controlled conditions of temperature, humidity, and light-
ing. - More than forty rooms are available for studies of the
smaller species,. These have a potential capacity of more than
75,000 mice, or smaller rumbers of larger species and those
requiring special housing arrangements. There are also six dog
kennels to accormodate approximately 750 dogs housed in runs that
consist of heated indoor compartments and ontdoor exercise areas.

In addition, there are numerous supporting facilities for
the husbandry and clinical monitoring of the resident animals.
The supporting facilities and respornsible personnel include:

1) automated cage and bottle washing and £filling machinery
(Animal Care Specialists);

2) steam and gas autoclaves for sterilization of equipment,
instruments, and media;

3) diagnostic X-ray facilities and darkrooms (C. M. Poole,
W. G. Keenan); ~

4) clinical pathology laboratory (P. V. Tolle, R. C. Sinm-
kins) ;

S) hematology laboratory (D. V. Tolle);

6) diagnostic microbiology laboratory (R. C. Simkins, P. C.
Brennan) ; .

7) necropsy laboratory (T. E. Pritz)§
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8) surgical suite with inhalation anesthesiology equipament
(C. . Poole, W. G, Keenan); and

9) gnotobiotic isolators for germ-free technology (L. 0.
Bibbs).

An important aspect of the success of any animal research
program is the health of its animal population. To assure a sup-
ply of acceptable high quality animals, the Facility has concen-
trated on breeding its own healthy, disease-free animals, Most
of the rodents, particularly mice, and all dogs are bred in the
Facility. The rodent breeding is managed by LeRoy 0. Bibbs and
Jane M. Angerman. The beagle breeding is supervised by Calvic H.
Poole and william G, Keenan, who are also respomnsible for the
clinical and surgical care of the dogs. The beagle colony has
been a closed colony for more than 18 years, and extensive compu-
torized records are maintained on all aspects of the colony,
including reproduction, genetics, hematology, pathology, aad
disease incidence. ‘

The need for continued improvement and better facilities to
hold and monitor animals inp long-term studies has led to an
active and continuing program in renovation of existing space and
construction of new space. Except for installation of steriliz-
ers and related equipment, two new "parrier facilities"™ for
secure containment and isolation of rodents were completed during
the past year. These include one renovated facility (E-wving),
consisting of 26 rooms for holding experimental animals, and a
new facility (QA-wing), consisting of three rooms for breeding of
pathogen-free (disease-free) roudents,

During the past vyear plans for renovating the kennels were
approved and <funded. These renovations will praovide new run
dividers, gutters, doors, arnd gates. The design of the new 3divi-
ders and gates will enable the use of automated cleaning eguip-
ment and will result in nmore efficient cleaning procedares and
better sanitation.

As important as the equipment and physical plant are the
staff available to manage, monitor, treat, and evaluate the ani-
mals. The ©personnel provide a complete range of services to
users of the experimental animals. Care »>5f the animals is per-
formed by a group of Amimal Care Specialists, listed below, under
the supervision of Durvard D. Banister and #illiam H. Hart.



The Animal Care Specialists during 1977 were the following:

1Group Leader.

Earl R. Allen

Susan L. Bromberek
Roberta R. Buller
Mose Burrell

Carl C., Colegrove!l
Claude C. Colegrove?l
Lucille E. Daley

Leo C. Farcus?
Charles J. Fowler
Bonnie J. Gilbert
Carrey R. Herrirnger
€Bdward W. Jackson!
James Johns, Jr.
James L. Johns
Janine M. Johns
William G. McDade, Jr.?
Ann L. Mize

Kenneth K. Muller
Cathleen L. Nelson
Nilliam O. Robinette
Bernard A. Royer
Richard M. Santarelli
Dianna M. Snapp

Leon L. Stewart
Diane M. Thomas
Rudolph H. Tiedt
Joseph N. Wilson
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POSTGRADUATE TRAINING

During 1977,

research associates contributed to the research programs
new appointments in 1977,
the number who finished their assignments during the

"Division.
less than
year.

Eight of these were
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total of 33

The temporary appointees, their schoois,

'N. Leigh Anderson?
Erik Boye
Charles D. Brown2

David A. Crouse
Diana Dixon-Davis?

Jesse J. Edwards

Fouad S. Ezra
Michael N. Gould

Raymond Guilmette
Wayne R. Hanson
Bruce S. Hass3
Gannard Jacobson!
George R. Lankas
Chung Hee Ryu Lee!

Karin A. Mede

Joel R. Mitchent

Chester N. Newman

Cambridge University,
Cambridge, England

Norwegian Kadium Hospital,

Oslo, Norway '
University of Illinois

Medical Center
Oniversity of Iowa

University of California,

Berkeley

University of Alabanma,
Birmingham

Oniversity of Rochester

Univercity of Wistonsia,
Madison

New York University

University of Iowa

Texas A & M University

University of Chicago

University of Cincinnati

University of Illinmois,
Orbana

University of Illinois
Medical Center

Life Sciences, Incor-
porated, St.

Indiana University
Medical Center,
Indianapolis

lResearch Associate.

Petersburg

S.

R.

D.

Je

D.
L.
N.

Se
N.

A.
C.
R.
C.
!.
D.

P.

c.

H.

2Research Associate, now Scientific Assistant.

postdoctoral appointees ani

of the.
seven

and the staff mem-
bers' with whom they were affiliated were as follows:

S. Danyluk
BE. Krisch
Grahn

F. Thoason
Grahn/

J. Hoover (EES)
S. Anderson

S. Danyluk
¥. Elkini

Lipdenbaum
A. Reilly
B. Webb

A. Reilly
M. Elkini
Grahn

D. Klein
A. Reilly

E. Kubitschek

3Research Associate, now Assistant Microbiologist.
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Frank Q. Ngo?l
Hsien-Chi Nin

Nicolas
Panagiotopoulos
Meyrick Peak?

Eung K. Ryu

Bobby Scott
Surendra T. Shenoy
Elsie M. Sorensen
Frans Stellaard?
Fred J. Stevens
Ravindra Tewari
Kou-Yi Tseénq
Hiroshi Utsubni
Alice M. Wyrwicz

Vivian V. Yang
Diane L. Zeyer

In addition,
tior appointments,

tional Affairs (CEA);

of the Laboratory

there were

in order
teaching and research on their home
Faculty Research Participants during 1977,

~Wayne State University

University of Missouri,
Kansas City

University of Pittsburgh

Rhodes University,
South Africa

Michigan Cancer Foundation
Detroit '

University of Illinmois,
Urbana

University of California,
Davis

University of Texas,

. Austin

University of Technology,

- The Retherlands

Michigan State University,
East Lansing

Tata Institute of Funda-
mental Research, Bombay,
India

Oniversity of Michigan

Kyoto University, Japan

University of Chicago

University of Chicago

University of Illinois,
Urbana

supported by the

M.
P.

M.
H.

P.
u.
S.
S.
T.

8.
D.

Elkind
Klein

Schiffer

E.

Kubitschek

!acCst

F.

Thomson

Peraino

Lindenbaum

D.

Klein

S¢hitfer

5.

D.
M.
S.
P.
E.

eleven Faculty Besearch
Argoane Center

Danyluk

Klein
Elkini
Danylak
Stearner
Fritz

Participa-
for Educa-

these appointmeants enable college and uni-
versity faculty members to participate in the research activities

to broadan
campuses.

their staff sponsors were as follows:

Jay B. Best
Richard Bockrath

Frederic Giere
Ellen H. Lau

Faiza M. Mariy
Eugene W. McArdle

William Millington
Daniel G. Oldfield

lResearch Associate.

their perspectives

for

The names of the

their
Colorado State University Ge
Indiana University School He
of Medicine, Indianapolis
Lake Forest College N.
College of DuPage C.
Ain Shams University, T.
Egypt
Northeastern Illinois C.
University
Marquette University J.
DePaul University C.

schools,

A.
E.

G.

and

Sacher
Kubitschek

Anderson

Peraino

F.

Seei

Ehret

Shen-Miller

A.

Reilly



John F. Schneider University of Chicago P. D. Klein
Thomas A. Victor Northwestern University S. S. Danmyluk
Ruth L. Willey University of Illinois, R. J. M. PFry

Chicago Circle
SUMMER RESEARCH INSTITUTE IN CELL BIOLOGY

Ten students from ten different universities were enrnlled
ip this graduate level program offered jointly by the Division of
Biological and Medical Research and the Radiological and Eaviron-
mental Research Division in cooperation with the Argonne Center
for Bducational Affairs during the Summer of 1977. Dr. Mortimer
M. Elkind of the Division of Biological and Medical Research
served as organizer and coordinator, with the assistance of S.
Bechtold. The program, which ran for 12 weeks, featured a lec-
ture series covering a variety of topics, including the biocheam-
istry of DNA replication and repair, enzymology, electron micros-
copy, immunology, microbiology, molecular structure,
radiobiology, and virology. The lectures were given by Drs. N.
G. Anderson, N. L. Anderson, E. Chan, T. E. Fritz, A. Han, D. A.
Haugen, C. K. lee, M., MacCoss, T. Matsushita, Y. E. Rahman, C. A.
Reilly, and T. M. Seed of the Division of Biological and fedical
BResearch, and Dr. E. L. Lloyd of the Radiological and Enviroamen-
tal Research Division.

The lectures were supplemented by informal discussions and
visits to laboratories as appropriate. Each student spent the
remainder of his time working in a laboratory of a staff member.

The students, their schools, and their staff sponsors were
as follows:

Stephen Brandt Etory Uuiversity T. B. FPritz
Charles Daniels Dalhousie University, Y. E. Rahman
Nova Scotia
Helen L. Drwinga University of Texas A. Han
Edward F. Duhr University of Wyoming M. MacCoss
James I. Mullins University of Minnesota D. A. Haugen
James G. Bose University of Maine, Orono C. A. Reilly
Walter Scott Western Michigan University T. Matsushita
Samuel Semoff University of Arizona T. . Seed
Barbara Sina University of Minnesota N. G. Anderson
Karen Willard virginia Polytechnic E. L. Lloyd
Institute and State (RER)
University

OTHER GRADUATE PROGRAMS

Four graduate students wvere Laboratory Graduate Participants
vorking in the Division on research for their PhD degrees in a
program administered by the Center for Educational Affairs., The
Laboratory Graduate Participants, their schools, and their staff
sponsors were as followvws:
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Avrom M. Brendzel
Thomas Cuﬁningham

Michael P. Hagan

Bruce Hanmer

In éddition, Steven H.
a Guest Graduate
MacCoss,

Center, held

supervision of M.

University of Illinois,
Chicago Circle

University of Illinois Medical

Center

University of Illinois, Orbana

Northvestern University

and Aaron D.

versity, vworked under the supervision of Dr. T.

UNDERGRADUATE TRAINING

During 1977,
ipn the

training

a total nf
Division of
through the CEaA-Sponsored Spring, Summer,
Reseafch Participation Prograams. The

Biological and

and their staff supervisors are listed below:

Anthony W.

Jeffrey A.
Paul W. Maffuid

Jamshed Bharucha

Deanna Loney

Paul w. Maffuiad
Edward Maytin
Roger Rodby
Huwdrd Turner
Terry Watson
Russell D. Yang

Bethann Bonner
Heath Carney
8ary Closson
Nancy Fay
Travis Gaabill
Timothy Howe
Paul W. Maffuid
Carol S. BRamsay
Steven Roth

Sam Tacke

Czarnik

Goodman

SPRING PROGRAM

University of Wisconsin,
Madison

University of Vermont

St. Michael's College

SUMBER PREOGRAY
Vassar College

Northeastern Oklahoma ASHM
College

St. Michael's College

Clarkson College

Western Illinnis Uaivorsity

Rust College

Rust College

Trinity College, Hartford

FALL PROGEAM

Lavrence University

College of William and Mary
Humboldt State University
Lawrence University

Eastern Mennonite College

Pennsylvania State University

St. Michael's College
Millikin University

New York University
Carroll College, Halena

Simms,
Matsushita, undes
the sponsorship of the Affirmative Action Program.

stuaients,

Y. E. Rahman
D. Grahn

M, H.
S. S.

Elkind
Danyluk

Gray, University of Illinois Medical
Student Appointment,

under the

New York Uni-

21 collcge underyralduates received
Mcdical Resedarch
and Fall Undergraduate

their schools,

N'
B.
p.
C.
B.
H.
H.
c.

A.

S. Danyluk

B. Borak
S. Danyluk

N. Jaroslow/
E. Rahmpan
G. Anderson

MacCoss
D. Klein
D. Kléin
M. Seed
MacCoss
A. Haugen

G. Anderson
S. Hass

D. Klein

A. Reilly

S. Hass

E. Kubitschek
MacCoss
Peraino
MacCoss

Han



JOINT ABGONNE-UNIVERSITY APPOINTMENTS

During 1977, 21 staff members held a total of 31 faculty
appointments at universities in the Chicago area. These appoint-
ments usually comprise limited teaching activities, generally of
a specialized nature, at the graduate level, which involve regu-
lar contact with students. They have led to cosponsorship of
graduate students and to collaborative research efforts with
faculty members, some of which are describel in this report.

The affiliations with Chicago area universities were as fol-
lowus:.

University of Chicago

Mortimer M. Elkind Timothy E. O'Connor
Robert N. Feinstein George A. Sacher

K. J. Michael Fry Warren K. Sinclair
David L. Hachey Patricia Szczepanik

Peter D. Klein

University of Illimnois, Circle Campus

Douglas Grahn ~ Jane Shen-Miller
Bernard N. Jaroslow Warren K. Sinclair
Herbert E. Kubitschek John F. Thowmson

Carl Peraino
Loyola University

Thomas E. Fritz Walter B. Kisieleski
Bernatd N. Jaroslow Arthur Lindcnbaum

Northern Illinois University

R. J. Michael Fry Y. E. Rahaan

Douglas Grahn Christopher A. Reilly, Jr.
Bernard N. Jaroslow Warren K. Sinclair
Herbert E. Kubitschek John P. Thomson

Carl Peraino Robert B. Webb

Northwestern University

Peter D. Klein

205



206

THIS PAGE
WAS INTENTIONALLY
LEFT BLANK



JOURNAL ARTICLES

Birdsell, D. C., P. J. Bannon, and k. B. #Webb. Harmful effects
of near-ultraviolet radiation used for polymerization of a
sealant and a composite resin, J. Am. Dent. Assoc. u,
311-314 (1977) .

Eisler, W. J., and P. H. Polk. Inproved temperature control of
the technicon tissue processor paraffin bath. Stain Tech-
nol. 51, 301-304 (1976).

Elkind, M. M. Introduction to session on drug lethality and sub-
lethal dammage: Cytotoxic damage and repair. Cancer Treat-
ment Reports 60, 1777-1780 (1976).

Elkind, M. M. The initial part of the survival curve. Inplica-
tions for low-dose, low-dose-rate radiation responses.
Radiat. Res. 71, 9-23 (1977).

Ezra, F. S., C. H. Lee, N. S. FKondo, S. S. Danyluk, and R. H.
Sarma. Conformational properties of purine-pyriwmidine and
pyrisidine-purine dinucleoside monophkosphates. Biochemistry
16, 1977-1987 (1977).

Feldsan, H. B., P. A. Szczepanik, P. Havre, k. J. M. Corrall, L.
C. Yu, H. M. Rodman, B. A. Rosner, P. D. Klein, and B. R.
Landau. Stereospecificity of the hydrogen transfer cata-
lyzed by huwman placental aldose reductase. Biochim. Bio-
phys. Acta 4803, 14-20 (1977).

Finkel, 8. P. Book review: Biology of radiation carcinogenasis.
Edited by J. M. Yuhas, R. W. Tennaant, and J. D. Begjan.
Raven Press, New York (1976) 347 pp. Health Phys. 32,
201-202 (1977).

Pry, R. J. HN., and E. J. Ainswvorth. Radiation injury: Some
aspects of the oncogenic effects. Fed. Proc. 36, 1703-1707
(1977) .

Gonzalez-Lawa, 2., aud R. N. PFeinstein. A suvluble peroxidase in
heart and skeletal muscle of rat and mouse. Proc. Soc. Exp.
Biol. Med. 154, 322-324 (1977).

Gonzalez-Lama, Z%Z., and R. N. Feinstein. Thyroid peroxidase of
the pig, dog, rat, and mouse. Biochem. MNed. 17, 292-299
(1977).

207



208

Grube, D. D., R. D. Lley, and R. J. 4. Fry. Photosensitizing
effects of B8-methoxypsoraler on the skin of hairless mice-~-
IT. Strain and spectral differences for tumorigenessis.
Photochem. Photobiol. 25, 269-276 (1977).

Hachey, D. L., M. J. Kreek, and D. H. Mattson. Quantitative
analysis of methadone in biological fluids using deuteriun-
labeled methadone and GLC-chemical-ionization mass spectro-
metry. J. Pharm. Sci. 66, 1579-1582 (1977).

Han, A., and M. M. Elkind. Additive action of ionizina and non-
ionizng radiations throughout the Chinese haamster cell-cy-
cle. 1Int. J. Radiat. Biol. 31, 275-282 (1977). :

Hapson, R, F., G. C. Williams, D. Hachey, and H., L. Sharp.
Hepatic lesions and hemolysis following administration of
3a, Ta, 12a- trihydroxy-58-cholestan-26-0oyl taurime to rats.
J. Lab. Clin. Med. 90, 536-548 (1977). . :

Baugen, D. A., and M. J. Coon. Properties of electrophoretizally
homogeneous phenobarbital-inducible and
B-naphthoflavone-inducible forms of liver microsomal cyto-
chrome P-450. J. Biol. Chem. 251, 7949-7939 (1976).

Haugen, D. A., L. G. Armes, K. T. Yasuaobu, and M. J. Coon. Ami-
no-terminal sequence of phenobarbital-inducible <cytochrone
P-450 from rabbit liver microsomes: Similarity to hyiropho-
bic amino-terminal segments of preproteins. Biochem. Bio-
phys. Res. Commuyn, 171, 967-973 (1977).

Kimler, B. F., W. K. Sinclair, and M. 4. Elkind. N-ethylamale-
imide sensitization of X-irradiated hypoxic Chinese hamster
cells. Radiat. Res. 71, 204-213 (1977).

Krasin, F., S. Person, R. D. Ley, and F. Hutchinson. DNA cross-
links, single-strand breaks and effects on bacteriophage T4
survival from tritium decay of [2-3d)]adenine, [8-3H]Jadenine
and [8-3H Jguanine. J. Mol. Biol. 101, 197-209 (1976).

Krisch, R. E., and D. M. Darby. Effect of cellular DNA content
on 1251 and X-ray damage to E. coli. Int. J. Radiat. Biol.
32, 603-607 (1977).

Kubitschek, H. E., and R. W. Edvenson. Midcycle doubling of
uptake rates of adenine and serine in Saccharomyces cerevi-
siae. Biophys. J. 20, 15-22 (1977).



Kubitschek, H. E., and C. N. Newman. DNA replication periois in
slowly growing cultures of E. coli B/r. Microbial Genetics
Bull. 43, 4-5 (1977).

Larusso, N. F., P. A. Szczepanik, and A. F. Hofmann. Effect of
deoxycholic acid ingestion on bile aciil metabolism and bili-
ary lipid secretion in normal subjects. Gastroenterology
72, 132-140 (1977).

Ley, R. D., D. D. Grube, and R. J. M. Fry. Photosensitizing
effects of 8-methoxypsoralen on the skin of hairless
nice--1I. Formation of interstrand cross-links in epidermal
DNA. Photochem. Photobiol. 25, 265-268 (1977).

Ley, R. D., B. A. Sedita, D. D. Grube, and R. J. M. Fry. Induc-
tion and persistence of pyrimidine dimers in the epidermal
DNA of two strains of hairless nmice. Cancer Res. 37,
3243-3248 (1977) .

Lindahl, R., and R. N. Feinstein. Purification and imwmurochemi-
cal characterization of aldebyde dehydrogenase from
2-acetylaminofluorene-induced rat hepatomas. Biochem. Bio-
phys. Acta 452, 345-355 (1976).

Ngo, FP. Q. H., A. Ham, and M. M. Elkind. On the repair of sub-
lethal damage in V79 Chinese haaster cells resulting from
irradiation with fast neutrons or fast neutrons combined
with X-rays. Int. J. Radiat. Biol. 32, 507-511 (1977).

" Patel, K. M., and W. E. Kisieleski. Application of liguid scin-
tillation counting method in irradiation studies of coal.
Int. J. Appl. Radiat. Isotopes 28, 425-428 (1977).

Peraino, C., R. J. M, Fry, and E. Staffeldt. Ef fects of varying
the onset and duration of exposure to phenobarbital on its
enhancement of 2-acetylaminofluorene-induced hepatic tumori-
genesis. Cancer Res. 37, 3623-3627 (1977).

Peraino, C., R. J. M. Pry, E. Staffeldt, and J. P. Christopher.
Enhancing effects of phenobarbitone and butylated hydroxy-
toluene on 2-acetylaminofluorene-induced hepatic tumorigen-
esis in the rat. Food Cosmet. Toxicol. 15, 93-96 (1977).

Rove, D. W., E. B. MHcGoodwin, G. R. Martin, and D. Grahn.
Decreased lysyl oxidase activity in the anearysa-prone, mot-
tled mouse. J. Biol. Chem. 252, 939-942 (1977).

Sarma, R. H., and S. S. Danayluk. Conformational properties of
nucleic acids in solution. Int. J. Quantum Chem:Quantus

209



210

Schoeller, D. A. A review of the statistical considerations
involved in the treatment of isotope dilution calibration
data. Biomed. Mass. Spectrom. 3, 265-271 (1976).

Shen-Miller, J. Harvesting the Sun: A biological approach.
Perspect. Biol. Med. 21, 77-88 (1977).

Shen-M4iller, J., and S. R. Gawlik. Effects of indoleacetic acii
on the guantity of mitochondria, microbodies, and plastids
in the apical and expanding cells of jark-grown oat coleop-
tiles. Plant Physiol. 60, 323-328 (1977).

Shenoy, S. T., and C. Peraino. Changes in liver composition in
phenobarbital-induced hepatomegaly. Exp. Mol. Pathol. 217,
134-141 (1977) .

Tolle, D, V., T. E. Fritz, and W. P. Norris. Radiation-induced
erythroleukemia in the beagle dog. A hematologic summary of
five cases. Anmn. J. Pathol. 87, 499-510 (1977).

Tserng, K. Y., and P. D. Klein. Formylated bile acids: Improved
synthesis, properties, and partial deformylation. Steroids
238, 635-648 (1977).

Tserng, K. Y., and P. D. Klein. Synthesis of sulfate esters of
lithocholic acid, glycolithocholic acid, and tauro-
lithocholic acid with sulfur trioxide-triethylamine. J.

Lipid Res. 18, 491-495 (1977).

Tserng, K. Y., D. L. Hachey, and P. D. Klein, An improved proce-
dure for the synthesis of glycine and taurine conjugates of
bile acids. J. Lipid Res. 18, 404-407 (1977).

webb, R. B., and M. S. Brown. Sensitivity of strains of Escher-
ichia coli differing in repair capability to far OV, near
0V, and visible radiations. Photochem. Photobiol. 24,

425-432 (1976) .

Webb, R. B., 4. S. Brown, and R. M. Tyrrell. Lethal effects of
pyrieridine dimers induced at 365 nm in straims of E. coli
differing in repair capability. Mutat. Res. 37, 163-172
(1976) .

Yang, V. V., S. P. Stearner, G. S. Dimitrievich, and X. L. Grien.
Radiation damage to the microvasculature in the rabbit ear
chamber: An electron microscope study. Radiat. Res. 10,
107-117 (1977).




BOOKS, RERPOKTS, AND PROCEEDINGS

Ainsvorth, E. J., R. J. M. Fry, F. S. Williamson, P. C. Brennan,
S. P. Stearner, V. V. Yang, D. A. Crouse, J. H. Rust, and T.

B. Borak. Dose-effect relationships for life shorterning,
turorigenesis, and systemic injuries in mice irradiated with
fission neutron or €¢Co gamma radiation. Proceedings of the

IVth Interpational Congress of the Interpational Radiation

[4

Protection Association, Paris, April 24-30, 1977, Vol.

1977, pp. 1143-1151,

o
4

Baxter, D. W., N. G. Doan, and A. Lindenbaun. Differences in
early retention of lead acetate and lead citrate in mouse
tissues. Biological Implications of Metals ip the Environ-
ment. Eds. H. Drucker and R. E. Willung. Proceedings of
the Fifteenth Annual Banford Life Sciences Symposium, Rich-
land, Va, September 29-October 1, 1975. USERDA CONF-750929,
1977, pp. 560-569.

Ben-Hur, E., and M. M. Elkind. Mechanismes for enhanced radia-
tion- induced cell killing in hyperthermic mamealian cells.
Proceedings of the International Symposium op Camcer Therapy
by Hyperthermia and Radiation, Wasaington, DC, April 238-30,

Brepnan, P. C., and E. J. Ainswvorth. Early and late effects of
fission-neutron or gamma irradiation on the clearance of
bacteria from the lungs of B6CF; mice. Pulmonary Macrophage
and Epithelial Cells. Eds. C. L. Sanders, k. P. Schneider,
G. E. Dagle, and H. A. Ragan. Proceedings of the Sixteenth
Annual Hanford Biology Symposium, Richlard, WA, September

27-29, 1976. USERDA CONF-760927, 1977, pp. 552-565.

DeRobichon-Szulmajster, H., K. D. Nakamara, and F. Schlenk.
Active transport of adenosylmethionine 1in yeast. The Bio-

chemistry of Adenosylmethionine. Eds. F. Salvatore, E.

Borek, V. Zappia, H. G. Williams-Ashman, and F. Schlenk.
Columbia University Press, New York, 1977, pp. 83-86.

Dobra, K. W., and C. F. Bhret. Circadian regulation of glycogen,
tyrosine aminotransferase, and several respiratory parame-
ters in solid agar cultures of Tetrahymena pyriformis. Pro-
ceedings of the XII International Conference of the Interna-
tional Society for Chromnobiology, Washkimgton, DC, August
10-13, 1975. Publishing House "Il Ponte," Milan, Italy,
1977, pp. 589-594.

Dvorak, A. J. (Project Leader), C. D. Brown, E. H. Dettaman, R. A.
Hinchman, J. D. Jastrov, F. C. Kornegay, C. R. LaFrance, B.
G. Lewis, R. T. Lundy, B. D. Olsea, J. I. Parker, E. D.

211



212

Pentecost, J. L. Saguinsin, and ®W. S. Vinikour. The
city. U. S. Nuclear FKegulatory Cosmission, NUREG-0252,

BEdmundson, A. B., E. E. Abola, K. R. Ely, J. R. Firca, F¥. C.
Panagiotopoulos, M. Schiffer, and F. A. Westholm. Implica-
tions of conformational isomerism and rotational allomerism
to the binding of small molecules by the Mcg Benc2-Jones
dimer. Antibodies in Humap Diagnosis and Therapy.  Eds. E.

Haber and R. M. Krause. Raven Press, New York, 1977, pp.
135-152.

Ehret, C. F., and K. W. Dobra. The infradian etkaryotic cell: &
circadian energy-reserve escapement, Proceedipgs of the XIT
International Conference of the 1Intecnational Society for

Chronobioloqy, Washington, DC, August 10-13, 1975. Publish-

ing House "I1 Ponte,™ Milan, Italy, 1977, pp. 563-570.

Ebhret, C. F., and K. ©¥W. Dobra. The oncogenic implications of
chronobiotics in the synchronization of mammalian circadian
rhythas: Barbiturates and methylated xantkines. Proceed-
ings of the Third International Symposium on the Detectior
and Prevention of Cancer. Ed. H. E. Nieburgs. Marcel Dek-

ker, New York, 1977, pp. 1101-1114,

Ehret, C. FP., J. C. Meinert, K. R. Groh, K. W. Dobra, and G. A.
Antipa. Circadian regulation: Growth kinetics of the
infradian cell.  Growth Kinetics and Biochemical Regalation
of Normal and Malignant Cells. Eds. B. Drewinko and R. M.
Humphrey. Williams and Wilkins Co., Baltimore, 1977, pp.
“9-76.

Elkind, M. M., and J. L. Redpath. Molecular and cellular biology
of radiation lethality. Cancer: A Comprehensive Ireatise,

vol. 6. Ed. F. F. Becker. Plenum Press, New York, 1977,
pp. 51-99. ' '

Havighurst, R. J., and G. A. Sacher. Prospects of lengthening
life and vigor. Extending the Human Life Span: Social Pol-
icy and Social Ethics. Eds. B. L. Neugarten and R. J.
Havighurst. National Science Foundation, NSF/RA 770123,
1977, pp. 13-18.

Kubitschek, H. E. Life sciences--biophysics. Britannica Book of
the Year, 1977, p. 468.

o'Connor, T. E., C. D. Aldrich, and V. S. Sethi. Interruption of
oncornavirus replication by modified rifamycim antibiotics.
Third Conference on Antjviral Substances. Ed. B. c.



Herrmann, Jr. New York Acadery of Science, New York. Ann.
N. Y. Acad. Sci. 284, 544-565 (1977).

Sacher, G. A. Biological effects and risks. A Review of th

of Ionizing Radiation for the [Treatment of Benign Diseases
A report of the Committee to Reviev the Use of Jonizing
Radiation for the Treatment of Benign Diseases. Ed. R.
Seltser. HEW Publ. (FCA) 78-8043,  Vol. 1, Chapter IV,

’977' pp. 1“"16.

[[¢)

Sacher, G. A. Life table modification and life prolongation.
Hapdbook of the Biology of Aging. Eds. C. E. Finch and IL.
Hayflick. Van Nostrand Reinhold, New York, 1977, pp.
582-638. .

Sargent, M. L. (Rapporteur), I. E. Ashkenazi, E. M. Bradbary, V.
G. Bruce, C. F. Ehret, J. F. Feldman, M. W. Karakashian, R.
J. Konopka, M. Mergenhagen, G. A. Schatz, H.-G. Schweiger,
and T. E. A. Vanden Driessche. The role of genes apd their
expression: Group report. Report of the Dahler Workshop on
the Molecular Basis of Circadian Rhythms, Berlin, Germany,
Noveamber 3-7, 1975. Eds. J. W, Hastings and H. -G.
Schweiger. Abakon Verlagsgesellschaft, Germany, 1976, pp.

295-310.

Schlenk, F. Recent studies of the chemical properties of
S-adenosylsethionine and related compounds. The Biochemis-
try of Adenosylmethionine. Eds. F. Salvatore, E. Borek, V.
Zappia, H. G. Williams-Ashman, and F. Schlenk. Columbia
University Press, New York, 1977, pp. 3-17.

Stevens, W., D. R. Atherton, D. S. Buster, B. J. Grube, F. §.
Bruenger, and A. Lindenbaun. Induction of osteogenic sar-
coma by 239puIV (polymeric) in beagles. Research in Radio-
biology. Annual Report of Work in Progress im the Internal
Radiation Progranm. Radiobiology Division of the Department
of Anatonmy, University of Utah College of Medicine.

€C00-119-250, March 31, 1975, pp. 128-137.

Taliaferro, W. H., and L. G. Taliaferro. Methods and applica-
tions of radiation in immunological research. Methods in

Imnunology and Ipmupochemistry. Vol. 5 Antigen-Antibody

Beactions in Vivo. Eds. C. A. #Williams and M. ¥W. Chase.
Academic Press, New York, 1976, Chapter 24, pp. 239-259,

¥ebb, R. B. Lethal and mautagenic effects of near-ultraviolet
radiation. Photochemical and Photobiological Revieus. Ed.

K. C. Smith. Plenum Press, New York, 1977, Vol. 2, pp.
169-261. '

213



214

ABSTRACTS

Ainsvorth, E. J., R. J. M, Pry, F. S. Williamson, K. H. Allen, J.
S. Hulesch, D. L. Jordan, and W. T. Kickels. Reducel life-
shortening effect of fractionatesd neutron or gamma doses
received late im life. Radiat. Res. 70, 608-609 (1977).

Crouse, D. A., P. C. Brennan, E. J. Ainsworth, and W. T. Kickels.
Late effects on the homing of lymphoid cells in aged-irradi-
ated mice. Radiat. Res. 10, 663 (1977).

Bhattacharyya, 4. H., R. A. Guilmette, and A. lLindenbaun. Esti-
mation of skeletal burdens following exposure to plutoniunm:
Use of fecal excretion data duriny DIPA tLherapye. Radiat.
Res. 170, 636 (1977).

Ezra, F. S., M. MacCoss, and S. S. Danyluk. Proton magnetic
resonance studies of the photohydration of ribodinucleoside
monophosphates. Conformational properties of ajeny-
lyl-(3',5')~6-hydroxy-dihydrouridine (ApU%) and
6-hydroxydihydrouridylyl-(3*,5"') -adenosine (U*plA). Biophys.
J. 17, 223a (1977). .

Fry, R. J. 4., D. D. Grube, and R. D. Ley. The tumorigenic
effects of exposure to 8-methoxypsoralen and UV 1light. VIiI
International Congress on Phoctobiology, Rome, Italy, August
29~ September 3, 1976, p. 268.

Fry, R. J. M., E. J. Ainsvorth, F. S. Williamson, K. H. Allen, V.
A, Ludeman, E. F. Staffeldt, L. S. Lombard, and J. H. Rust,.
Age-dependency of radiation-induced 1late effects. Radiat.
Bes. 70, 609 (1977).

Guilmette, R. A., E. S. Moretti, J. J. Fussell, and ‘A. Linden-
baum. Decorporation of polymeric plutonium: Continuing
studies using polyanionic copolymers as adjuncts to DTPA
treatment. Radiat. Res. 70, 636-637 (1977).

Han, A., and M. M. Elkind. Radiation-induced oncogenic transfor-
mation of cultured mouse embryo cells. Radiat. Res. 19,
650 (1977) .

Hanson, W. R., R. J. M. Fry, and A. R. Sallese. An analysis of
intestinal stem cell characteristics as a possible explana-
tion for the differeant strain radiosensitivity between
BALB/c and B6CF, mice. Radiat. Res. 170, 654 (1977).

Hass, B. S., and R. B. V¥Webb. High photodynamic mutability in
recoabinationless strains of E. g¢oli. Radiat. Res. 10, 657
(1977) .



Hass, B. S., and R. B. Webb. Mutagenic evidence for two differ-
ent photodynamic 1lesions in Escherichia c¢oli induced by
acridine orange and monochromatic 460 nm and 500 nm light.
Abstracts of the 5th Annual Meeting of the American Society

for Photobiology, San Juan, May 11-15, 1977, p. 74.

Johnson, M. E., and S. S. Danyluk. The mobility of an "immobi-
lized" spin label: Applications to sickle hemoglobin. Bio-

Krisch, R. E., and D. M. Darby. Ef fects of growth conditions on
cell survival and DNA damage for E. <coli subjected to 1251
decay. Radiat. Res. 70, 656 (1977).

Ley, R. D., D. D. Grube, and R. J. M. Fry. Formation of inter-
strand cross-linkages in epidermal ONA of hairless nmice
treated with 8-methoxypsoralen and wultraviolet light. VII
International Congress on Photobioslogy, Rome, Italy, Auagust
29-September 3, 1976, p. 130,

Lindenbaum, A., M. H. Bhattacharyya, and D. P. Peterson. Quanti-
tation of the biliary excretion of liver plutonium followina

DTPA administration. Radiat. Res. 10, 635-636 (1977).

MacCoss, M., F. S. Ezra, and S. .S. Danyluk. Proton magnetic
resonance studies of the c-anomers of (3%',5')-cyclic nucleo-

tides. Conformational analysis. Biophys. J. 17, 223a
(1871 . '
Matsushita, T., and A. Simms. UV-irradiation studies in mouse

myeloma cells. J. Supramol. Struct. Suppl. 1, 111 (1977).

Matsushita, T., S. Winston, and A. Shotola. The replicative role
of DNA-menbrane attachments in Bacillus subtilis. Abstracts

of the Annual Meeting of the American Society for Microbiol-
ogy. ASM Press, Washingtomn, DC, 1977, p. 153.

Newman, C., and H. E. Kubitschek. Variation in DNA replication
period determined by 5-bromouracil photolysis in E. coli B/r
TT. Abstracts of the Annual Meeting of the Americam Society
for Microbiology. ASM Press, Washington, DC, 1977, p. 151.

¥go, F. Q. H., and M. M. Elkind. Damage interaction in V79 Chi-
nese hamster cells resulting from the combined exposure to
X-rays and fast neutrons. Radiat. Res. 10, 706-707 (1977).

Panagiotopoulos, N., E. BE. Abola, K. B. Ely, M. Schiffer, and A.
Edaundson. A model for the IGGl Mcg immunoglobulin from
rotation function searches. Abstracts of the Aaerican

215



216

Crystallographic Association Meeting, Asilomar, CA, PFebruary
21-25' 1977' p. 16.

Paul, J. M., L. A. Weiss, and M. M. Elkind. In vitro cell sur-
vival parameters for suspended cells. Radiat. Res., 70, 642

(1877) .

Robb, P. T., C. E. Furlong, D. Venters, and H. E. Kubitschek.
Mutants of Eschericchia coli (sic) defective in high affin-

ity leucine transport. Genetics 36 (Sappl.), s52 (1977).

Scott, B. R., and E. J. Rinsvorth. A model for life shortening
in mice after brief whole-body exposures to 1onizing tradia-
tion. Radiat. Bes. 70, 609 (1977).

Seed, T. M., M. H. Sanderson, D. L. Gutzeit, T. E. Pritz, D. V.
Tolle, C. M. Poole, and W. P. Norris. Ovarian dysfunction
in fetally irradiated beagles. 35tk Annual Proceedings of
the Electron Microscopy Society of America. Ed. G. ¥. Bai-
ley. Electron Microscopy Society of America, Boston, 1977,
pp. 658-659.

Stearner, Ss. P., V. V. Yang, E. J. B. Christian, and R. L.
~ Devine. late cardiovascular degeneration in the irradiated
mouse. Radiat. Res. 70, 627 (1977).

Tewari, R., and S. S. Danyluk. Theoretical calculations of con-
former preferemces in a-3'-5'~-cyclic nucleotides. Biophys.
J. 11, 222a (1977).

Utsumi, H., M. Geroch, and M. M. Elkind. Potentially lethal danm-
age: Bnhanced expression due to postirradiation tonicity
changes and its relevance to ionizing and nonionizing irra-
diations. Radiat. Res. 70, 707 (1977).

Webb, R. B. Effects and mechanisms of near-UV (UV-1) radiation
action on cells: Genetic effects. Abstracts of the 5th
Annual Meeting of the American Society for Photobiology, San
Juan, Hay 11-15, 1977, pp. S8-59.

Webb, BR. B., and B. S. Hass. Comparison >f lethality and muta-
genesis by acridine orange plus 500 nm light. Radiat. Res.
70, 658 (1977).

¥inston, S., and T. Matsushita. Protein synthesis and the
release of the replication terminus from the cell meabrane.
Bolecular Mechanisms in the Control of Gene Expression.
Proceedings of a 1976 ICN-UCLA Winter Conference on Molecu-
lar and Cellular Biology. Eds. D. P. Nierlich, ¥. J. Rut-

ter, and C. F. Pox. Academic Press, New York, 1976, p. 10.



Wright, B. J., and Y. E. Rahman. Morphological identification of
various cell types that take up liposomes containing drugs.

J. Cell Biol. 10, 1%a (1976).

Yang, V. V., and S. P. Stearner. The fine structure of irradi-
ated mouse heart. Proceedings of the 34tbh Annuial Meeting of
the Electron Microscopy Society of America. Ed. G. W. Bai-
ley. Claitors Publishing Division, Baton Rouge, 1976, pp.
184-185. :

217



218

THIS PAGE
WAS INTENTIONALLY
LEFT BLANK



Ainsworth, C. F. 164
Allen, K. H. 92 :
Anderson, N. G. 38, 40
Anderson, N. L. 44
Angerman, J. M. 78, 81

Benson, J. R. 7

Bhattacharyya, M. H. 15

Blomguist, J. A. 195

Bonner, B. 44

Bourne, S. 126, 132

Brennan, P. C. 81, 134,
136, 197

Brown, C. D. 9

Brown, M. S. 109

Buess, E. M. 65

Cerny, E. A. 51, 71, 72
Chan, E. W. 59
Christian, E. J. B. 96
Chubb, G. T. 81, 196
Cullen, S. M. 78, 81
Cunningham, P. T. 126
Czarnik, A. W. 164

Dainko, J. L.
Dale, P. J. 59
Danyluk, S. S. 164

Darby, D. M. 111

Devine, R. L. 81, 96, 196
Dixon-Davis, D. K. . 7
Dornfeld, S. S. 134, 136
Doyle, D. E. 78, 80, 81
Duffy, P. H. 152

Duhr, E. F. 164

140, 145

Edwards, J. J. 38, 40
Ehret, . F. 187, 188, 191
Elkind, M. M. 133, 140, 145

Fay, N. E. 59 :
Feinstein, R. N. 51, 65
Finkel, M. P. 57, 59
Fox, C. A. 195

AUTHOR INDEX

Fritz, T. E. 78, 80, 81, 197
" Fry, R. J. M. 92

Frystak, B. H. 113
ruja, pP. M. 17

Giere, F. A. 38

Gordon, S. 127

Gorse, R. A, 127

Gould, M. N. 145

Grahn, D. 1, 9, 92, 113

‘Gray, S. H. 164
‘Greco, I. L. 59

Groh, K. R. 187, 188, 191
Grube, D. D. 63
Guilmette, R. A. 16, 71

Hachey, D. L. 22, 24, 26

~Hagan, M. P. 140

Han, A. 140, 145

Hass, B. S. 109

Haugen, D. A. 51, 125, 132
Hickman, B. J. 44
Holmblad, G. L. 95
Hulesch, J. L. 92
Hutchens, J. 0. 122

Isaacson, H. R. 125

Johnson, E. G., Jr. 95
Jonah, M. M. 71
Jordan, D. L. 92

Kaspar, L. V. 78, 81

Keenan, W. G. 78, 80, 81, 197
Kickels, W. T. 134, 136
Klein, P. D. 26, 30

Klein, R. 30 :

Kretz, N. D. 78, 81

Krisch, R. E. 111
Kubitschek, H. E.
Kumar, R. 125

103, 105, 132

Lankas, G. R.
Lee, C. H. 113

133, 145

219



220

Lee, C. K. 59 . Shelman, C. B. 44
Lindenbaum, A. 16, 17, Shenoy, S. T. 51

113 Shotola, A. M. 107
Liu, C. M. 140, 145 Simkins, R. C. 78, 197
Lombard, L. S. 57, 78, Sinclair, W. K. 140

80, 92 Sorensen, E. M. 17
Ludeman, V. A. 51, 92 . Staffeldt, E. F. 51, 92, 154
Lundy, R. T. 9 Stearner, S. P. 96

Stellaard, F. 21, 24, 26

MacCoss, M. 164 Suhrbier, K. M. 132
Maffuid, P. W. 164 Svihla, G. 191 ‘
Matsushita, G. 107 Szczepanik, P. A. 26
Matsushita, T. 107 .
Meinert, J. C. 187, 188, Tewari, R. 164

191 Thomson, J. F. 92
Miller, M. 92 Tollaksen, S. L. 38
Mitchen, J. R. 59 Tolle, D. V. 78, 80, 81, 197
Moretti, E. §. 16, 17 Trier, 3. E. 95

: Tserng, K. Y. 22, 24, 26
Nance, S. T.. 40, 47 Tyleyr, S. A. 154
Newman, C. N. 103, 105
Ngo, F. Q. H. 140 . Utsumi, H. 140, 145
Niu, H. C. 21, 24
Norris, W. P. 122 Venters, D. 103, 132
O'Connor, T. E. 63 Webb, R. B. 109
Wehman, R. H. 44

Pahnke, V. A. 59 Westholm, F. A. 178
Panagiotopoulos, N. 178 Williams, M. F. 59 .
Peraino, C. 51 - Williamson, F. S. 92, 95, 195
Peterson, D. P. 15 Wright, B. J. 71, 72, 81, 196
Polk, P. H. 78, 80, 81
Poole, C. M. 78, 80, 81, Yang, V. V. 96

197
Prapuolenis, A. M. 51 Zeger, D. L. 80

Rahman, Y. E. 51, 71, 72
Reilly, C. A., Jr. 59
Rettman, K. A. 51

Rockus, G. 59

Rose, J. G. 59

Russell, J. J. 16, 17, 113
Ryu, E. K. 164

Sacher, G. A. 152, 154

Sallese, A. R. 92

Sanderson, M. M. 80, 81,
196

Schiffer, M. 178

Schmidt, K. H. 127

Schoeller, D. A. 21, 24,
26

Sedita, B. A. 63

Seed, T. M. 78, 80, 81,
196



Internal:

Sachs

. G.

. K.

. V. Nevitt

. V. Laney

. M. Adams

. P. O’Neil

. E.
. F. Gustafson
. S. Markheim
. F. Ainsworth
. H. Allen

. Anderson

Anderson
Benson

.G.

.R.

. H.

. S. Borso
. C. Brennan
. D. Brown
. S. Brown
. M. Buess
. A. Cerny
. J. Christian
. Chan

. L. Dainko

. J. Dale

. S. Danyluk
. L. Devine

. Dixon-Davis
. S. Dornfeld
. E. Doyle

. H. Duffy

. F. Ehret

. M. Elkind
. N. Feinstein
. P. Finkel

. E. Fritz

. H. Frystak
. Grahn

. D. Grube
L Greco
Groh
Hachey

-

Hass

Haugen
Hickman
. Holmblad
. S. Hulesch
. A. Kaspar
. G. Keenan
. T. Kickels
. D. Klein
. D.
. E.
. K.

. R.
. L.
..Han
. S.
LAl
T

Kretz

OIZ"’iél“"‘OWUW>UR”UUU’HZ’}UZOWUC”UWW’U“‘mmmmZO"UOgHZr-'NO[-*'U;og;u;cgg;o

Lee

Sinclair (3)

Rowland (2)

Bhattacharyya

Kubitschek

Distribution for ANL-78-90

. Lindenbauny
. L. Linsley
~M. Liu
. S. Lombard
. A’ Ludeman
. T. Lundy
. MacCoss
. Matsushita
. C. Meinert
.. S. Moretti
. L. Nance
. P. Norris
. E.O’Connor
. A. Pahnke
. P. Peterson
. Peraino
. H. Polk
. M. Poole
. M. Prapuolenis
-E. Rahman
. A. Reilly
. J. Robertson
. Rockus
. W. Rosenthal
Russell
. A. Sacher
. R. Sallese
. Sanderson
. Schiffer
. A. Sedita
. M. Seed
A. Shotola
. C. Simkins
. F. Staffeldt
5. P. Stearner
. M. Suhrbier
. Svihla
. A. Szczepanik-Van Leeuwen
. F. Thomson
. L. Tollaksen
. V. Tolle
. Venters
. B. Webb
. A. Westholm
. M. Williams
. S. Williamson
. J. Wright
.M. Angerman
. A. Blomquist
. T. Chubb
. M. Cullen
.A.Fox
. C. Johnson
. A. Rettman
. E. Trier

"‘Nt‘nOUJO’—“"‘wTJCJ'TJWOUU’“‘”UC)NVm'}UZ'-lWZZ>C)""ZOWO*<>O"UOU<'-]€UJTJ""'—]ZW<I“O“‘>

>’11?U§’30U7<ZOZ?U75>‘:1:EU’Wmﬂ”"’Ul“>mIW'ﬁ”ﬂﬁm"°Z'NEOO'nOZ<ZZ7§""‘WUI“ZAZ

221

. F. Williams

. N. Beales

. Bodoni

.M. Buchholz
. R. DeMark

. Edwards
B Ekelman
. E. Ginevan
. N. Gould
.M.
. D.

‘—¢

Griego
Horseman

leoml

rving
R Kirchner
. R. Lankas
.H.R. Lee
-C. Niu

. R. Patel

. J. Peak

. Ross-Riveros
. K. Ryu

. F. Smith
. Stellaard
. J. Stevens
. Tewari

. Utsumi

. Bourne

. M. Brues
. Burris

. T. Cunningham
.M. Fuja

. A. Giere

. Gordon
.A.Gorse
. H. Gray
. Harrison
. R. Isaacson
. A. Jonke

. Klein

. Kumar

. S. Matheson
3. Matsushita
. Petrick

. H. Schmidt
. Schoeller

B Krisciunas (15)

E. N. Pettitt

M. Fieldhouse

BIM Division Office (75)
ANL Contract Copy
ANL Libraries (5)

TIS Files (5)



222

External:

DOE-TIC, for distribution per UC-48 (201)
Manager, Chicago Operations Office
Chief, Office of Patent Counscl, CH
President, Argonne Universities Association
J. H. Abrahams, Fossil Energy, USDOE
N. F. Barr, Office of the Asst. Secy. for Environment, USDOE
W. W. Burr, Jr., Office of the Asst. Secy. for Environment, USDOE
M. Carrington, Fossﬂ Energy, USDOE
C. E. Carter, Office of the Asst. Secy. for Environment, USDOE
R. C. Clusen, Asst. Secy. for Environment, USDOE
P. Duhamel, USDOE
C. W. Edington, Office of the Asst. Secy. for Environment, USDOE
P. House, Office of the Asst. Secy. for Environment, USDOE
J. L. Liverman, Office of the Asst. Secy. for Environment, USDOE
G. Stapleton, Office of the Asst. Secy. for Environment, USDOE
W. H. Weyzen, Office of the Asst Secy. for Environment, USDOE
R. Wood, USDOE
Division of Biological and Medical Research Review Committee:
F. J. Burns, New York U. Medical Center
D. R. Davies, National Institutes of Health
L. Grossman, Johns Hopkins U.
H. Koftler, U. Minnesota
H. 1. Kohn, Harvard Medical School
P. H. Levine, National Institutes of Health
G. Mueller, U. Wisconsin
G. F. Whltmore Ontario Cancer Inst., Toronto
AUA Biology Representatives and AUA Blology Commlttee
W. C. Ashby, Southern Illinois U.
R. M. Bock, U. Wisconsin
R. C. Bockrath, Indiana U.
R. S. Caldecott, U. Minnesota
. Chavin, Wayne State U.
. Courtright, Marquctte U.
. F. Danforth, Illinois Inst. Technology
. S. Ducoff, U. Illinois
. Eisenstark, U. Missouri
. Feir, St. Louis U.
. W. Greene, U. Notre Dame
. L. Hartl, Purdue U.
Hutchens, U. Chicago
Judd, U. Texas, Austin
. M. Maggiora, U. Kansas
. J. McDonald, Loyola Medical Center
. C. Miller, U. Cincinnati
. C. Myser, Ohio State U.
. R. Novales, Northwestern U.
Osborne, U. lIowa
. J. Robel, Kansas State U.
. C. Rustad, Case Western Reserve U.
ilver, Washington U.
. A. Stull, U. Arizona
. S. Sussman, U. Michigan

. 0.
. H.
. W.
.S

PHNII-FIEITLQW—DITUP T E =/



P. W. Todd, Pennsylvania State U.
M. J. Ulmer, lowa State U.
. Ungar, Ohio U.
J. J. Wolken, Mellon Inst.
L. Wolterink, Michigan State U.
R. W. Hart, Ohio State U. Hospitals
E. L. Lloyd, RER, ANL
C. J. Roberts, CEA, ANL
J. E. Trosko, Michigan State U.
R. A. Zussman, EIS, ANL
Central States Universities Inc.:
Ball State U., Chairman, Biology Dept.
Bowling Green State U., Chairman, Biology DPpt
De Paul U., Chairman, Blology Dept.
DePauw U., Chairman, Biological Sciences
1llinois State U., Chairman, Biology Dept.
Kent State U., Chairman, Biological Sciences
Miami U., Chairman, Biological Sciences
Northern Iilinois U., Chairman, Biological Sciences
Northern Michigan U., Chairman, Biological Sciences
Southern lllinois U., Chairman, Biological Sciences

University of Northern lowa, Chairman, Biology Dept.

U. Toledo, Chairman, Biology Dept.
Western Illinois U., Chairman, Biology Dept.
Western Michigan U., Chairman, Biology Dept.

Associated Colleges of the Midwest:
Beloit College, Chairman, Biology Dept.
Carleton College, Chairman, Biology Dept.
Coe College, Chairman, Biology Dept.
Colorado College, Chairman, Biology Dept.
Cornell College, Chairman, Biology Dept.
Grinnell College, Chairman, Biology Dept.
Knnx Caollege, Chairman, Biology Dept. :

- Lake Forest College, Chairman, Biology Dept.

Lawrence U., Chairman, Biology Dept.
Macalester College, Chairman, Biology Dept. -
Monmouth College, Chairman, Biology Dept.
Ripon College, Chairman, Biology Dept.
3L. Olaf Cullege, Chairinan, Diology Dept.

V. P. Bond, Brookhaven Nat. Lab.

B. Boyle, Western Michigan U. ;

L. Bustad, Washington State U.

California, U. of, Library, Davis

Carleton College, Science Library

N. Cohen, New York U.

Colorado State U. Libraries

C. L. Comar, Cornell U.

Corncll U. Library, NY State Agric. Experiment Station

Fermi National Accelerator Laboratory, Library

E. Flaumenhaft, U. Akron

L. S. Gomez, Los Alamos Scientific Lab.

M. L. Griem, U. Chicago Hospitals and Clinics

Indiana U. Medical Center, Library

L. O. Jacobson, U. Chicago

223



224

H. S. Kaplan, Stanford U. School of Medicine

F. T. Kuchnir, PHY, ANL

H. Lisco, Harvard Medical School

Mann (Albert R.) Library, Ithaca

Marquette School of Medicine, Library

Mayo Clinic Library

M. L. Mendelsohn, Lawrence Livermore Lab.

Michigan Technological U., Library

Minnesota, U. of, St. Paul Campus, Library

National Library of Medicine, Bethesda

Nebraska, U. of, Libraries

N. Nelson, New York U. Medical Center, Tuxedo

New York, State U. of, at Buffalo, Health Sciences Library
W. R. Ney, Nat. Council on Radiation Protection and Measurements, Bethesda
H. M. Patt, U. California, San Francisco

Philadelphia, College of Physicians of, Library

E. L. Powers, U. Texas, Austin

J. Schubert, Huope College

S. Schofield, Orinda, Calif.

H. Spencer, VA Hospital, Hines

St. Louis U., Medical Center Library

R. L. Straube, National Institutes of Health

J. C. Thompson, Jr., Cornell U.

R. C. Thompson, Battelle Pacific Northwest Lab.

A. C. Upton, National Cancer Institutes

USAF Radiological Health Lab., Wright-Patterson AFB

U. S. Environmental Protection Agency Library, Washington
H. H. Vogel, Ir., U. Tennessee Center for the Health Sciences
T. White, U. Michigan

Wisconsin, Medical College of, Todd Wehr Lib., Wauwatosa
Wisconsin, U. of, Milwaukee Library

M. R. Zelle, Colorado State U.

Comission Nacional de Energia Atomica, Library, Argentina
Cancer Institute, Librarian, Melbourne, Australia

CSIRO, Central Library, East Melbourne, Australia

Inst. of Medical & Veterinary Science, Librarian, Adelaide, Australia
J. Myhill, Canberra Coll. of Advanced Education, Australia
Commission of the European Communities, Brussels, Belgium
J. M. Debois, St. Norbertus Hosp., Duffel, Belgium :
A. Heyndrickx, U. of Ghent, Belgium

Ilha Universitaria, Instituto de Biofisica-UFRJ, Rio de Janeiro, Brazil
C. Pavan, U. of Sao Paulo, Brazil

G. O. Barker, Nat. Res. Council of Canada, Ottawa, Canada
A. H. Booth, Dept. of Nat. Health & Welfare, Canada

N. Brearley, U. of British Columbia, Vancouver, Canada
Dept. of National Health and Welfare, Ottawa, Canada
Guelph, U. of, Library, Guelph, Ontario, Canada

D. A. Ross, DSIS, National Defence Hdq., Ottawa, Canada
Toronto, U. of, Library, Canada

G. Tratt, U. of Alberta, Edmonton, Canada

C. H. Cheng, Nat. Tsing Hua U., China

Universite Lovanium, Republic of Congo

Christensen, B. Chr., Finseninstitutet, Copenhagen, Denmark
Danish AEC, Library, Riso, Denmark



. 225

Faber, M., The Finsen Institute, Copenhagen, Denmark

1. B. Hazzaa, B. Radioisotope Ctr. for the Arab Countries, Cairo, Egypt
Agricultural Res. Council, The Library, Wantage, England

J. W. Boag, Inst. of Cancer Research, Belmont, England

P. R. J. Burch, U. of Leeds, England

G. W. Dolphin, National Radiological Protection Board, Harwell, England
M. Ebert, Holt Radium Institute, Manchester, England

J. Edgington, Queen Mary College, London U., England

J. F. Fowler, Mt. Vernon Hospital, Northwood, England

A. Glucksmann, Cambridge, England

S. J. Harris, U. of Surrey, England

C. R. Hill, Inst. of Cancer Research, Belmont, England '

A. Howard, Paterson Labs, Holt Radium Inst., Manchester, England
Institute of Cancer Research Library, Belmont England

D. F. Jackson, U. Surrey, Guildford

L. Lajtha, Paterson Labs, Holt Radium Inst., Manchester England
L. F. Lamerton, Inst. of Cancer Research, Belmont England

P. Lindop, Medical Coll. of St. Bartholomew’s Hosp., London, England
J. F. Loutit, MRC Radiobiology Unit, Harwell, England

W. V. Mayneord, Surrey, England

Medical Research Council, Librarian, Harwell, England

J. S. Mitchell, Addenbrook’s Hospital, Cambridge, England
National Radiological Protection Board, Library, Harwell, England
R. Phillifent, H.A.S. Tech Library, Whitley Bay, England

E. E. Pochin, National Radiological Protection Board, Harwell, England
F. W. Spiers, U. of Leeds, England .

L. A. Stocken, Univ. Museum, Oxford, England

J. Vaughan, Oxford, England

J. Vennart, AERE, Harwell, England

A. Bouville, Centre de Physique Nucleaire, Toulouse, France

J. Coursaget, C.E.A., Saclay, France

P. J. Fallot, Service de Biophysique, Gif-sur-Yvette, France
Internatinnal Agency for Research on Cancer, Lyon, France

H. Jammett, CEA, Fontenay-aux-Roses, France

H. Franke, Radiologische Univ. Klinik, Hamburg, Germany

U. Hagen, Institut fur Strahlenbiologie, Karlsruhe, Germany

A. Kaul, Klinikum Steglitz der F. Univ. Berlin, Germany

M. Keller, Kernforschungsanlage Julich, Germany

Di. Kennnerich, Ges. fur Kernforschung, Karlsruhe, Germany

H. Muth, Boris Rajewsky-Inst., U. Saarlandes, Homburg, Germany
B. Rajewsky, Max Planck Inst. for Biophysics, Frankfurt, Germany
A. Schraub, Institut fur Biophysik, Giessen, Germany

A. R. Gopal-Ayengar, Bhabha Atomic Research Centre, Bombay, India
R. Hukkoo, Bhabha Atomic Research Centre, Bombay, India

M. A. Rao, All-India Inst. of Med. Sciences, New Delhi, India

Tata Inst. of Fundamental Research Library, Bombay, India

Y. Feige, Israel AEC, Yavne, Israel

Hcbrew University, Librarian, Depl. of Botany, Jerusalem, Israel

A. Benco, C.C.R. Euratom, Ispra, Italy

E. Casnati, CSN Casaccia, CNEN, Rome, Italy

G. F. Clemente, CSN Casaccia, CNEN, Rome, Italy

E. DiFerrante, C.C.R. Euratom, Ispra, Italy

Istituto Superiore di Sanita, Rome, Italy

F. Marin, TIniversita Degli Studi di Napoli, Italy-

0. Rimondi, CNEN, Bologna, Italy



226

F. Salvatore, U. of Naples, Italy

K. Kariya, Inst. of Radiation Breeding, Japan

E. Matsuda, Inst. of Physical & Chem. Res., Yamoto-machi, Japan

O. Matsuoka, Nat. Inst. of Radiological Sciences, Anagawa, Japan

Nat. Inst. of Radiological Science, Planning and Information Sec., Chiba-shi, Japan
T. Shegetoshi, Power Reactor & Nucl. Fuel Dev. Corp. Tokai Works, Japan
Y. Ueno, Kyoto U., Japan

Korean Atomic Energy Research Inst., Library, Korea

S. S. Lee, Korean Advanced Institute of Science, Korea

M. Bogaardt, Tech, Univ. of Eindhoven, The Netherlands

M. Bogaardt, Ultra-Centrifuge Nederland, Den Haag, The Netherlands
Medical Biological Lab TNO, Director, Rijswijk, The Netherlands . -
O. Vos, Erasmus U., Rotterdam, The Netherlands .
M. A. Chaudhri, U. of Islamabad, Rawalpindi, Pakistan

Estacao Agronomica Nacional, Biblioteca, Oeiras, Portugal

L. A. Almodovar, U. of Puerto Rico, Rio Piedras, Puerto Rico

T. O. Caspersson, Karolinska Inst. Stockholm, Sweden

K. Liden, Lunds Universitet, Sweden

A. Nilsson, Res. Inst. of Nat. Defence, Sundbyberg, Sweden

R. Walstam, Radiofysiska Inst., Stockholm, Sweden

M. Cosandey, Service cantonal de cont. des irradiations, Geneva, Switzerland

. A. Gunther, CERN Scientific Inf. Serv., Geneva, Switzerland
W. Seelentag, World Health Organization, Geneva, Switzerland

H. Willax, Schweizerisches Inst. fur Nuklearforschung, Villigen, Switzerland
O. E. Chaves, Universidad de Los Andes, Merida, Venezuela

Lab. Cellular Radiobiology, Institut ‘“Ruder Boskovic,” Zagreb, Yugoslavia
Universite Nationale du Zaire, Central Lib., Kinshasa, Zaire

L. Anastasia, Inst. Gas Technology, Chicago

B. Bonner, U. South Alabama, Mobile

A. W. Czarnik, Appleton, Wis.

" .. . Duhr, U. Wyoming

. E. Fay, Deerfield, Iil.
. G. Freeman, Grand Forks Energy 'I'echnology Centet

. J. M. Fry, Oak Ridge National Lab.

. H. Gronhovd, Grand Forks Energy Technology Center

. A. Guilmette, Lovelace Biomedical and Environmental Research Inst., Albuquerque
. P. Hagan, Armed Forces Radiobiology Research Inst., Defense Nuclear Agency, Bethesda
. M. Jonah Rosary College, River Forest, Ill.

. L. Jordan, La Grange, Ill.

. E. Krisch, Harvard Medical Schooi
. W. Maffuid, Fairfield, Conn.

. Massey, Environmental Research and Technology, Inc., Pittsburgh

. Miller, Livermore, Calif.
. Mitchen, Abbott Diagnostics Div., North Chicago

Newmdn Michigan State U.

. H. Ngo, Lawrence Berkeley Lab.
anaglotopoulos, Nuclear Research Center Demokritos, Athens, Greece
. Renan, Southern Universities Nuclear Inst., Faure, South Africa
. Rose, U. Maine
. Shenoy, National College, Lombard, L1l

. Sorensen, Memphis State U.

. Tserng, Downers Grove, Ill.

. Uretz, U. Chicago

. Yang, Loyola U. Medical School, Maywood, Ill.

<xwmmugzmougzwwcgzwozvz
oo Z R

<w..<g'—10u





