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Effects of Radiation on Living Urranisms - Medical Research

Early and Late Eftects of ®adiacicn o7 Diiferent Qualicy and
Project Titie: at Different Dose Rates } Op-01-01-{a)
13, Publicacions:

Shellabarger, C. J., Bond, V. P., Cronkite, E. , Aponte, E. The rela-
tionship of dose of total hody €00 radiation te iacidence of mammary neo-
plasia in female rats. Radiation-induced Cancer (Proc. IAEA Symposium, )
Athens, Greece, April [969), pp.l61-72, TAEA, Vienna, 1969, i

Bengtsson, L., Robertsen, J. S., Goodman, L., and Marino, S, Computer
evaluation of monvenergetic neutron irrvadiations {u radiebiology. Healcth

E

Phys. {in press). R

o

Taketa, 5, T., Carsten, A. L., Cohn, §. H,, Atkins, H. L., and Bond, V.P.
Active bone marrow dispribution in the monkey. iiife Sci. {in press), P

Bengtsson, L. G., Robertson, J. S., Goodman, L. J. and Marimo, 5. A.'
ANY. A computer program for the calculation of parameters of dosimetric
significance in mongenergetic neutron irradtac.ons. Informal Report P
BNL 13551, v

Carsten, A, L., Caveness, W, F,, Roizin, L., and Machek, J. Bilareral
depression in photo-evoked response as a late effect of unilateval visual
cortex x-irradiation. Brain Research (in press). A,

2ia

Montour, J., L., Straub, R. F. and Shellabarger, €, J. The relative
biological effectiveness of 2.2 GeV protens for thymic and splenic weight .
loss in mice. Intern. J. Rad. EBiol. 15, No. &, 491-6 (1969}, ST

. Bateman, J, L, and Snead, M. R. Current reszarch in neutron RBE in
mouse lens oepacity. Presented at the Symposiim on Neutrons in Radiobiology,

Oak Ridge, Tennessee, November 1969. ey
R 2 Ry e

14, Scope:

The primary objectives in these studies are the accumulation of ex-
perimental information for the development and evaluation of theories of
radiobiologic action through systematiccoilection of quantirative data on
the effects of irradiation on biological tissue including the role of radia-
tien in inducing cancer. A major research toal in rhese studies is rhe
Van de Graaff generator modified from its previous pulsed operarion with the
BNL Cosmotron to provide a steady source of mongenergetic neulLrons.

(Bond, Rossi)

Lens opacification studies in the mouse have revealed a significantly
increased incidence of minute discrete posterior subcapsular opacities
with increasing age or following irradiation. At this very low level of
biclogical effect, radiation effectiveness has shown a strong dependence
on radiation quality; relative biological erfecriveness (RBE) values above
10C have been demonstrated when neutrens of 0,043 Mev were compared to
250 kVp x rays. T»5 ascertain whether similar minute changes occurred and

l l 1 8 ] 3 b (See Continuation Sheet} 06-6



Difects f Radiacion on Livire Urcanisms - Medical Rasearch

L

Barly ard Lave Zffects of Radiavcion of Different Quality and
Project Title: at Different Dose Rates _ Db-01-Cl-(a)
14 Scope: {(Cont'd, )

could be measured in man, a wourkable mothod of sxaminavtion and scoring was
developed utilizing BNL Laboravovy emplovees cxrosed to very low levels of
ionizing radiatien and metastaric cancer patienrs maintaired on cyvtetoxic
drugs.

Prior studies with several different prolizerarive cell svstems in the
mouse, designed to assay the influence of radiarion quality and dose rate
upon radiation effectiveness, also confirmed a dupendence of the type of
dose-effect upon radiacicn quality. This phenorenon means that the relative
efficiency of two different radiations will vary according te the dose magni-
tude ar which they are compared, Adequarte docunentarion of these relacions,
however, requires a bioslogical system capable of simple response over broaid
ranges of dose, particalarly ar low doses whare the radiation differcnces
are greatest. The macmalian ocpric lens offers such a svstem, and is being
utilized in investigations of wide variation ir biclogical and physical
(radiation) factors. This highly sensitive criterion of radiation effec-
tiveness embodies an ''isoiated” proliferative vell system in which progeny
of the continuously d:viding epithelial gerwinal cells macure into single

lens fibers and incorporate into the transpareat lens body, Visible single
fiber defecks constitute gvidence of earlier .njury te the epithelial
germinal cells. Mulriple defective f{ibers appear te derive from cach in-

jured cell, causing an amplified biological manifestacion, These studies
constitute a portien 2f the investigational activiey of the jeint Columbia
University-Brookhaver. National Laboratory radiaticn research program. Mono-
cnergetic fast neutrons of discrere energies in the fraccional te few Mev
range, produced by the p-T, d-T, ard ¢-D reactions on a 3 Mev Van de Qraaff
generator, have been esgsential to trese studies, as have been the correla-
ted dosimetry and quality measurements carriec out by the Columbia Univer-
sity Radiological Research Laboratory, (Bateman)

The objective or another series cf studies in the joint Columbia-BNL
program is a better understanding of the nature of radiation-induced
chromosome lesions. The fruit fly, Drosophila melanogaster is exposed
to x rays and neutroas in these studies, {Ganzalez)

Several collaborative studies are carried on to investigate the
effects of x irradiaticn on the cencral nerveus system. 1In studies on
the effects of x irradiation of the rat forebrain on learning and morphology
(in collaboration with E. Ingersoll, Medical Col.epge of Virginia), the rar
forebrain is x irradiated, and the rat's learning ability tested at various
times post-irradiation and following various exposures. Post-irradiation
time periods out to 12 months are being investigated with exposures from
2,500 to 5,000 rads. The "delaved maze running ability' is used to evalu-
are loss of mental functian. Complete light and electron microscopy 1is
carried out on all animals. A c¢orrelaticn of loss ia function and archi-
cecture is the desired end result., The body of data relating radiation

I l 1 8 1 3 1 {See Continuaticn Sheet) 0o-7



Effects of Radiation on Living Crearisms - Medical Hesearch

Zarly and Late Effects ot Radiation of Different Quality and
Project Tirle: at Difierent Dose Rateg _ 06-01-01-(a)
14. Scope: {Cont'd.)

dose and time post exposure to decrement in maze running ability and changes
in morphology is incorperated with the results in ather species to develop
a betrer understanding of the pathogenesis of the CNS radiation lesion in
mammals receiving exposures in the therapeutic range, Also, a further in-
sight into structure-funcrion relaticuships o the CKS 1s sought,

Comparative studv of the effects of x irradiatien or the elasmobranch
brair is carried on with I, Klatzo, NINDS., The differing sorphelogy of
the elasmobranch as compared to the mammalian {location of astreocytes
grouped in intimate contact with vessels in sharks as apposed to scattered
at greater distances in mammals), the importance cf the astrocyte to brain
metabolism and as a first indicator of radiation damape, and the unusual Ye-
sistance of the shark brain to other injury (particularly to alterations
in bloed brain harrier) have led to an interest in studying radiation effects
in this species. Sharks are irradiated with c¢oses in the 1,000 to 32,000 R
range, limited to specific brain areas, and serially sacrificed for histo-
chemical and electror microscopic evaluation, Alrerations in blood brain
barrier are evaluated using standard tracer and dye tecnniques, as well as
the newer pevroxidase method.

The effects of radiation on the monkey brain are studied in collabora-
tion with W. F. Caveness, NINDS; L. Roizin, Columbia University; and D. .
Farrar and E. §. Graham, Holloman Air Force Base. Monkeys, apge 12 weels
to & years, received whole and partial brain x-ray exposures to the hand-
face area and visual corcex in single and multiple doses ranging from 150
to £7,000 rads. Clinical and EEG evaluation are combined with serial
sacrifice ar post-irradiation periods from 24 hours te 96 weeks, Kormal
histological procedures and electron micrasccpy are combined with special
techniques of statistical evaluation of alrerations in the dendritic
plexus and synaptic area to correlate changes in function as measured by
the EEG. Special techniques of frequency analvsis of photoevoked response
are used in the EEG analysis. In addition, the loss in visual acuity in
trained animals is measured following x i{rradiation of both visual cortices.
Special surgical techniques are employed to separate the function of each
hemisphere, in order to study their separate and related reactions to injury,
These studies are designed to provide informatien on the relationship of
radiation dose to the pathogenesis of radiation lesions and loss of
function. There is particular intercst in the measurement of the dose
threshold for decrements in visual acuity anrd reduction in photoevoked
response. The split brain technique combined witl the induction of
radiation necrosis in limited brain areas, should lead to a better under-
standing of intrahemispheric stimulatory and innibitory phenomena in the
"monkey. The measurement of decrement in vision relared to radiation dose
should lead to a better understanding of what might be considered safe
threshold levels for the exposure of normal brain tissue in radiotherapy,

{Carsten)
The long range objective of a major stady in this activity is to
understand the mechanisms of radiation carciuncgznesis. It seems unlikely
(5ee Continuation Srteet) 06-8
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Effect: of Radlacion on laiving dreanisms - Medical Rescarch
Eariy and lare fffects nf Radiartien of Diiferent Quality and
Project Title: at Dirferans Nose Rates . NNEIV RS TS
14, Scope: (Conrt'd.}
that carcincgenctic mechanisms wils: be fhe tor all organs in al!l
animals, Therefare, ! scers reasonanie tn swluch c@8rfain organ systems

ir certain animais tor stady o the bope that as these naedel systems aye
understood the knowledge may be applied ro prabliems of cumor development in
man. The system to be -tudied in greatest detal! is the relatively large
and relatively rapid neoplastic response of rar mammary ftissue fo ionzing
radiation. This particular acimal model nas been selected for the following
TeEasons: there is now a large body of basic data on this system; BNL has
had considerable exnerience with the system; 1r lg a relacively 'clean™
experimental system that lends itself co meaningful experimentation; and
the rat model system appears to be rather closely relarted to the human
sicuation. Thus dara acgquired mav be interpreted in terms of an acadenlic
interest in carcinopenesis and may ke applicable to man. A saries of ex-
periments have been designed to achieve the short range objective of learn-
ing how changes in Jose-rate are related to the magnitude of mecoplastic
response, and what t“he rclative biclogical efiectiveness of neutrons might
be Ior this neoplastic rasponse., Collaborating in these studies are:

A.C. Upton at SUNY, on hoth the design and interpretation of experiments
and the interpretation of pathelogical specirens; J.L, Montour, Medical
College of Virginia, on a series of ecxperiments dealing with the relative
biolegical effectiveness of charged particles of varying energies; and

L, J. Goodman, Columbila University, on both the production and measurement
of neutrons, and the design of neutron experiments, (Shellabarger)

15, Relationship to Other Prajeccs:

Related studics on minube discrete subcapsular opacities (nclude
opthalmological studies of Hirpshima and Kagasakl survivers. Relared
studies on iecnizing radiation utilizing monvenergetic fast neutrons
centered at BNL include those of Smith with Zea maize, and of Sparrow
and Underbrink with Tradescantia cccideatalis, both in the Biology Depart-
ment, Elsewhere, lens opacification studies are conducred by Christenberg
et al at ORNL and Riley et al at University of Iowa, but generally do not
employ monoenergetic neutrons; Legeay at CEN Fontenay-aux-Roses used
rabbits exposed to neutrons of 14 Mev, Nona of these gquantitate the
alnute effects produced by very small doses of radiation at which RBE
va:ues are likely Zo be maximal, Related scudies by Barendson and Broerse
at TNO Rijswijk, Holland; Dennis and Boot at AERE, Harwell; and Berry at
Churchill Hospital, Enpgland, use monoecnergetic neutrons but generally are
exploring higher dose ranges and particularly attempt to relate oxygen
enhancement to radiation quality. {Bareman)

‘Related chromosome aberration studies are carried on by Savage and
Neary at Harwell; Wolffl and Heddle ar the lUriversity of California at San
Francisco; and Berder at OHNL, (Conzalez)

Related studies ¢n the effects of rad:arion on tne central nervous
system include Wolfgang at Walter Reed Army YMospital; Brunmer, Lovelace

[ l 1 8 ? 3 q (See Continuation Steet) 06-9
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Project Title: at Different Dose Rates Jh-U1-01-(a)
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15, Relationship to Other Prolecrs: {(Cont'c )

Foaundarion; Barnes, USAF School! of Aerospace Medicine. Carsten
3 H

The following work iLs related to the radiccarcinogenesis studies:
H. H. Vogel, Jr., Universicy of Tenncssee, ras a project concerned with
rat mammary carcincgenesis and neutron irrvadiat:on, Duplication of somo
aspects is inevitakle, The BNL program is somewhat broader in scope because
it is concerned with dose-rate effects and has the only wide range aono-
energetic neutron source. Yu, I, Moskalev, Bicphvsics Institute, Moscow,
has used the rat mammary tumor system; however, this program seems confined
to only proteon irradiacion. N, ¢, Telies, Bureau of Radiological Health,
USPHS, has a program of radiation-ethionine mammary carcinogenesis thatyis
in part an ocutgrow:h of the BNL study but w:ll concentrate on the interaction
of ethionine and x irradiation and thus wil mnor overtap the work here.
Charles Huggins, University of Chicage, and T. .. Dao, Roswell Park, have
programs on chemical carcinogenesis uasing the rdt mammary system but these
are confined largely to studies of chemical carcinogens. L. H. Hewpelmann,
Rochester, has a program designed te study rne possible assoclation of
radiation and breast cancer in man; however. this program appears to be
confined to surveys of nospital records and does not include animal experi-
ments. (Shellabarger)

16. Technical Progress in FY 1970:

Slit-lamp biomicrascopic examinations were made of unexposed residents
of the Marshall Isiands (Pacific Trust Territory) and of Marshallese persons
exposed to fallout from the nuclear detonation at Eincwetok in 1954, The
study included 80 controls and 41 persons wno had been exposed to 175 R of
whole-bedy gamma rays, (Smaller and statistically unusable numbers of
persons exposed to 14 R or 70 R were also examined). The unexposed of
15 years of age revealed an average of 5 minute discrete opacities each,
but this value rose steadily with increasing age to a maximum of 25 ac
50 years of age, after which a plateau or slight decline occurred. The
preceding extremes were found different at a confidence level berween 657%
and 957. Persons exposed to 175 R vielded opacity counts slightly above
their age-specific cbunterparts at the lower end of the age span, then
rose rapidly with increasing age to a maximum cf almost thirty opacities
per person at the age of 27-33. Above this age, persons exposed to 175 R
had opacity counts no greater than their age specific urexposed counter-
parts. The maximum difference between the two groups was at the age of
about 30, at which time the opacity counts were different at about the
65% level of confidence.

The study of murine lems radiosensitivity to 250 kVp x rays as a
function of age at exposure revealed a maximum occurring at three to
four months of age preceded by a sharp rise from time of birth, and
followed by a more gradual decline out to twelve months, the greatest age
tested, The sensitivity was about four times greater at the maximum than
at either extreme of age, -

l ] 1 3 1 u D {(See Continuation S'eet) 06-10



Effeces o Radiartion oo Livi-u Oreanisms - Medical Research
Ear.v and Late Effects of Radiarion of Different Quality and
Prcject Title: at Nifferent lose Rates DH-01-0)1-(a)

lt. Tecnnical Progress 1n FY (S70: (Cont'd

An experimenr designaed to examnine reductier 0 opacification effect
with doge fractiaonaticn at graded levels of tntai dose showed similar
results at tetal single doses of 406G, 200, 40 and 20 rads of 250 kVp x rays,
In each case, the singi:e exposure was most effective, and in several in-
stances was more cffective than a half dose followed at 24 hours by an ex-
posure esqual to the single dose, This presents screng evidence that the
first dose has caused the lens epithelium to be considerably less sensitive,
possibly by a synchrorizing influence that causes a large portion af the
cells to be in a radicresistant stage of their cvele at the time of the
second exposure. A corollary likel:bood weuld be that with equal split
doses, the contributicn of the two toward the net effect would be diséimilar,
making a meaningful qguantitative analysis, at the least, complex, (Bateman)

The x ray and 0. #8 Mev experiments on Drosophila melanogaster were
completed, Translccations increase linearly with tacreasing neutron dose
indicating that the two chromcsome lesicns that are required for a trans-
location are caused by the same track, Translocations induced by x rays
increase with a power of the dese grearer than ene, indicating that the
two lesions are produced by independent tracks. The RBE varies from 4.0
at a dose sufficient to preduce |% rranslocations to 2.2 at a dose sufficient
to produce 10% translocatiens.

Both x-ray-induced and neutron-inducec recessive lethal mutations
increase linmearly with dose, Most of rhese are point mutations or
small deletions. The RBE is 1. 8. A ctypical semi-logarithmic survival
curve was found for neutrons, The x-rvav curves contain a slight shoulder.
Although these data have not yet been analyzed. the KBE for the straignt
portion of both curves is about 3.6 Durirg these studies it was observed
that cycloheximide had no effect on egp hatching and data were obtained
on the effect of maternal genctype on egg ratcaing, (Gonzalez)

Three additicnal experiments were carried out in which rats received
forebrain exposures ranging from 2,500 to ©,000 rads and were tested for
"delayed maze running abiliry'" at 8, 12, 1%, and 32 weeks post irradiation,
In contrast to the earlier studies where the observation periods were
only 4 weeks post exposure and the significant decrement in maze learning
ability was evident, the decrement was vbserved in only a few animals at
the 8 and 12 week pericds and preliminary tesults indicate no decrement
in learning ability ir the 16 weeck and 32 week post irradiation period.

The collaborative work on the radiaticn effects on the elasmobranch
brain were simiiarly curtailed due ro a lack of funds avallable for
overseas travel which is a necessarvy part of this study, IHowever, some
interesting results were obtained from the single series of experiments
done at the lerner Marine Laboratory, Biwmiri, Comparative studies in
which racs, cats and sharks were giver idertical exposures to the fore-
brain and cerebellum indicated the marked specres differences wnich had

| ‘ ] 3 1 u | (See Continuation Sreet) 06-11



Effects of Radiation on Living Organisms - Medical Research
Early and Late Effects of Rediation of Different Quality and
froject Title: ar Different Dose Rates 06-01-01-(a)

6. Technical Progress in FY 1970: (Cont'c.)

previously been suspected. Whereas doses < f above 5,000 rads caused marked
radiation necrosis in the cats and rats, the examipation of sharks as much

as 14 months after exposure te doses of 5,000 to 10,030 rads indicated no
observable effect on the shark brain with the exception of a small rectangu-
lar pigmented area on the shark's skin at the point where the radiation

beam entered the tissue., An additional series of sharks were exposed for
later sacrifice, These animals will be used for examinaticn of the integrity
of the blecod brain barrier at long periods following sxposure.

The complete examination of functional and strucruaral change in
monkeys receiving 3,500 rads to the right visuval cortex was complered.’
As Tteported for preliminary results, it was found that these animals de-
veloped a bilateral depression in photeevoked response beginning at approxi-
mately 55 weeks post exposure and continuirng ocut to at least 144 weeks
post exposure, This finding was made ecven more intriguing by the lack of
any demonstrable pathology in tissues on the unirradiated gide, This lack
of a structural functional correlate led tv new studies recently initiated
involving the surgica. sectioning of the corpus callosum and optic chiasm
in monkeys previous to unilareral exposure of the visual cortex, This split
brain preparation should provide further information concerning the possible
functional mechanism by which the abscopal depression in evoked response is
caused, The animals with billateral irradiation of the visual cortices
were tested for decrements in visual acuitsy and preliminary results were
confirmed in that all animals begin to develop a decrement in visual acuity
ag early as 12 to 14 weeks post irradiatior and within a period of a few
weeks thereafter became functionally blirnd {Carsten)

Dasimetry on a newly constructed Co-6{) irradiator was completed with
a resulting dose-rate of approximately 2 R.hr, This irradiator is now
being used to study the effect this low dose-rate has on rat mammary
neoplasia. Dosimetry on low-level Cs-137 sources available in the Biology
Department was not done for two reasons; apparently adequace dosimetry will
be done by others, and it does not now appear useful to go on to even
lower dose-rates that can be obtained with the Biology facilities until
results are in hand’ ar the dose-rate of 2 R/hr. Dosimetry at the RARAF
neutron source will be more than adequatelw done by the RARAF group by
the time actual exposures of rats are begun,

Preliminary data on the effect of age at rhe time of exposure on
incidence of mammary neoplasia were collected and it appears that animals
exposed at 24 days of age are less sensitive than those exposed at 42 or
84, or 225 days of age., If confirmed, this age dependency will have a
practical application, i.e,, age at time of exposure must be controlled
in each experiment, and data collected from animals at differing ages at
time of exposures cannot be compared directly. A4Also, it is often stated
that radiation sersitivity increased with decreasing age. Since the
reverse appears tc¢ he the case in this expuriment, an additiconal experiment
may be designed, tsing a partial body irradiation technique to shield the

l | 1 8 14 2 (See Continuation Sieer) 66-12



Effects »f Radiatior oo Living Organisms - Mediecal Research

Earlw and Late Etfects ¢f Raidiavtion oif Different Quality and
Proisct Titile: 4at Difzerent Ratas On-01-01-(a)

16, Technical Prograss in FY (Core'd 3

ovaries, in order to test the concapt that the luwered mammary neoplastic
response in young rats may be due to an increased radiation sensitivity
of the young ovary.

A short-term fracticonmation experimens was complered.  Four hundred R
given in two equal fractions at Intervals of 0, 2, b, or 24 hours procuced
incidences of mammarvy neopiasia that were rot different among the 4 {rradi-
ated groups. This means that an "Elkind-erfect” or repair of sublethal
radiation injury was either not present or oo small to detect, Since cell
killing and sublethal repair Tochanisms have been ioblicated as being Em~
portant in radiac:on varcinogenesis it may he worthwhile to retest this
hypothesis under more rigorous cenditicons v fractionating a higher dose
delivered to only a smail volume ol breast tissue.

An in vitro .rradiation experiment has been started. One block of
breast tissue from the ingninal area was vemaved, cxposed to 800 R of
x irradiation in vitro and rectuarned te the dersum of the same animal while
the contralateral arca was autotransplanted without irradiation. Interim
results consist 0! a few mammary necoplasms found only in the irradiated

tissue.

Because the Lewis strain of rat 1s an inbred strain and this offers
certaln advantages in transpliantation exaeriments, a small group of Lewis
rats is being compared to Spraguc-Dawley rats in terms of mamnary neo-
plastic response to total bedy irradiation I'nterim results indicate the
Lewis rats give a considerably smaller yie & of mammary neoplasms than do
Sprague-Dawley ra:is.

Since the experiments of Vopel, <nat are incemplete, have indicated
an RBE of approximately 40 for fission neuzrons in producing mammary
neoplasia, a group of rats were exposed to a graded series of doses at
the Medical Research Reactor in an effert to gather additional data on
tne RBE nf fission neutrons for mammary neaplasia induction, (Shellabarger)

17, Expected Results in FY 1971:

A more precise definitiorn of the :ncidence of the lens opacities
in man as a function of age will be attempted. The latter data will not
be combined with that of the unexpesed Marshallese, however, until it is
evident that there is no basic difference between the two geographical
groups. These unexposed data, showing normal incidence of minute opacit-
ies with age will constitute a baseline, against which persons exposed to
radiation of known physical characteristics may be meaningfully compared.
Persons in this category include those exposed in 1958 at the Vinca reactor
excursion and in the OBNL Y-12 criticality accident, A comparison of lens
findings between these two groups might be pertinent in view of the exten-
sive discussions in the literature of rheir relative radiation exposures

and hematoleogical findings.

l l 3 8 1 u 3 {(See Continuatior ¢ heer) 06-13
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Early and Late Effects of Radiation of Different Quality and
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17. Expected Results in FY 1971: (Cont'd.

Studies on radio-induced lens opacification will invoive: 1) exposures
to fast neutrons of previously udntested encergies, 2) hyperbaric exposures
in 100% oxygen and hypoxic exposures ta fast neutrons of previcusly tested
energies, and 3) a revised experiment dealing with x-ray Iractionation.
Histological investigations to parallel the recent radiobiological experi-

ments will include an attempt to determine tihe actual numbers of germinal cells

in the lens epithelium, utilizing tritiated thymidine, and study of the

hyperplastic anterior pelar opacity. This easily-located unifocal lesion
differs markedly .n appearance, development and response to radiation from
the multiforal posterior subcapsular opacities. {Batemanis

Mature Drosophila sperm will be irrad:ated with a mixed dose of
neutrons and x rays in an attempt tc detect interaction between chromosome
lesions produced by x rays and similar lesicns produced by neutvons. If
such an interacticn can be detected, the vejoining distance between chromo-
some lesions will be calculated. At presertc only upper limits of rhis

distance can be estimated. The {inding of such an interaction will also
eliminate one of two models that explain observed linear dose-response
curves for neutron-induced chromosome exchange and translecarions, Recent-

ly, Savage has propesed a new hypothesis for chromosome exchange that
differs fundamentally from the generally acceored hypothesis of Wolff,
Mature Drosophila sperm of various karvotyres will be irradiated and their
translocation frequencies determined to test these two hypotheses, (Gonzalez)

Studies of radiation effect on the elasmobranch brain will be con-
tinued. Animals exposed earlier wi.l be sacrificed and examined for late
changes related te their radiation exposuare. Additional animals will be
irradiated and put in holding tanks for late effects studies.

A second ser:es of monkeys will be operated upon using the split
brain technique and then receive eicther un:lateral or bilateral x-ray
exposure of the visual cortex, Since it i: too early to define what
changes were seen in the animals started last wvear, the handling of this
new group of animals cannot be predicted at this time, TFor determination
of 'decrement in v.sual acuity, two additicral groups of monkeys will be
‘zxposed with doses in the 500 - 1,330 rad range and tested in the same
manner as the animals previously exposed at 3,300 rads., Depending upon
the outcome of this study additionali anima.s w.ll be exposed and rested
to determine the rhreshald for the radiatiin eifect in terms of decrewrent
in visual aecuity, (Carsten)

- In the studies on radiation carcinogenesis two new experiments are
planned., First, the mammary neoplastic response to a dose-rate of
0.035 R/min. will be compared to a dose-rate of 50 R/min. at various
doses, Secondly, the split-dose technique will be applied with partial
body irradiation jrocedures in an effort t£c¢ leara if repair processes

| l 1 8 1 4 U (See Continuation Steet) 0&-14



- Medical Rescearch

Ll £ Ruads ot
“lyoand Late tnoo ir of Different Qualizy and
G4 vt i avont Tovge Rates A6 - ey
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17 Fxpected Resaics oo FY %70 {(Cond!

are Important in vadiation carcinoperesis. Experiments on the RBE study
fofission reutraas, the effect of ace a7 time of oeuposure, the Lewis rat
sensicivity study, and the in vitoe drradiation study should be completed.

(Sheilabarger)

18. Expected Besilrs irm FY 1977-

It i3 expecrad that lens cpacificarion studies will be discortinucd
with the departure of the orincipal 1tnvestizator. It may be possible to
continue some stulies an o a collaborative basis. {Bateman)

1

an findings during the previous
4 wocvtes will be initiated.
{Gonzalez)

Dreosophila stwilies will corcinues
S A ——
year,; expoeriments involving Stage 7

Continuvation o experiments an the ceatral nervous system is planned

but is dependent :n f:nancial support of o:llaboracing organizaticns.
{Carsten)

Addirional carcinogenesis studies are planned but the exact cxperi-
mental design wili deoend upoen the results of experiments completed
in the interim. Hxtensive studies on the RBE of .43 ard 1.4 MeV neutrons
for rat marmmary uecoplasila are planned in this year, or sooner if possible,
depending uvpon animal care space and the avaitability of neutrons, In
vitro experiments w:ll be extended in ac effort to study the initial
events in radiation carcinngenesls in more detail. Also, interactions
between high LET vadiation and chemical ca-cinogens on rat mammary
carcinogenesis wi.l be studied,

If it is possible to employ a senior sciencist of the caliber of
I.. Feinendegen, a new program can be pursued in depth, in which both the
shorit-term and leag-term effects of the in:orporation of H-3, 1-125, and
I-131 inte nucleic acids will be studied. A portion of this project will
focus upon the towicicy of H-3 and the effect »f the position of H-3
in rings upon its biological effect. In connection with these studies,
radiation effects wili he compared whern produced by esither H-3 or I-131
incorpeoration inte DNA. Finally, I-125 incorporated inte DNA will be
studied and compared to I1-131 in regard ro radiation effects of the two
radionuclides. Additional emphasis will 5« placed upeon studying the
effects of T-125 hecause this radionuclide emits Auger electrons. Thus,
the disintegratior cf an 1-125 atom offers additional possibilities for
praducing biologiwal change over and above the conventional release of
radiant energy. The effects of H-3, 1-175 and 1-131 incerperation into
nucleic acids wil., be studied from the standpoints of bilochemiscry,
cell kineticg, anc carcinogenesis, (Shellabarger)

—
o
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Effects of Radiation on Living Organisms - Medical Rescarch
Ezriy and Late Effects of Radiation of Different Quality and

Project Title: at D:rferent Dose Rates J6-01-0!-(a)
19, Description and Expianation of Major Materials, Hquipment and Sub-
contract Items:
No unusual equipment is required for ihe wvarious research studies.
It is expected however, that further work «n modification of the Van de
Graaff generator and on the target areas w:l! require approximately $85,000
capical funds in FY 1971 and $40,000 in FY 1972
20. Proposed Obligations for Related Consrruction Projects, 1f any
Bio-Med conjunect facility,
LY
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Brockbawver National 3 ararory DH-Giolepy & Moedicine
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L. Centractor: Task No
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2. Project Title: 189 No . :

Effects of Radiat:on vn Living Organisms - Medical Research

Mechanisms and Radicsensitivity of Tromune -eactians

0h-17

w1

Budeet Activize Mo,

06-01-01-(b)

Da:» Prepaved:

May 1970

3. Merhod of Renorti g h. Workine Lecation
INT. A al Report Rroolkhaven Mational Laboratory
BN, Annu Repor
BAL Monthly Lette- ra ARG

Bulletin of the M. dica! Deparcment

CREUECY ACT MATERIAL REMOVED

Ferson in Charee:

Sroner
Hamilton

R. D,
L. D,

Principal Investiaror

Stoner
Hamilton

R. D.
L. D,

8. Projcct Te

rm:

Continuing

From:

9. Mar-Yeoars: o
Dircct Man-Vears Fy 1970 Fy 1971 FY 1972
Scientific & Projessional 1.4 1.0 2.0
Other _ 1C.1 85.C 10.1
Guests & rFes. Collaborators - 1.0 1.0
Total 13.5 10.C 13.1

10, Costs {In Thousands of Deilars):

FY

1971

P18

SRIVATY ALY IMATERIAL REMOVED

Research Div ision 251 165 214
Hogpital Division 24 15 46
BEescarcs Caosts 275 180 200
11, Reacior Concept: 12, paterials,
. .{,’ - . e
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Project Title: Mecnanisns and Radiogensins ity of lr-mune Reactions  wh-ul -01-(b)
13, Publications

Savel, H., ¥K:m, ¢ W, and Hamilirow, L D, Syathesis of radivactive
trichinella spira.is tarval antligen .n w:roe. Expo Parisitol 24 No, 2,
171-5 (1969, - o K R
Laissue, J., Hess, M. W , Stoner, R L., Riedwy., H. and Cotrier, H.
Regional disparitv of gerwinal center deve opment in neonatally thymectomized
mice after stimulatiorn with tetanus raxoad Lymphatic Tissue and Germinal
Centers in ILumune Response, Siore-Domati acd & Hanne, Edicors, pp. 285-92,
Plenum Press, New Yors, 1969, Sl e
Serdat, B., sordat, M., Hess, M k. . sconer, R 2 and Cactier, H,
Specific antibody witnin lymphoid gervwiral center cells of wice [nilowing
primary Immunization with horse-radish perxidase a light and electron .-,
microscopic study  J. Exp. Med, 131, No COTTSR (1379) . SR
Stoner, R. D., Straub, R. F., Moore., &, . and Jesseph, J. E. Radio-
sensitivity of Llrmune responses to 2.2 BeV orofons s-radiation and e
x-radiation. Rad:iation Effects 2, 97-1ud (1969} ERR
14, Scope:
The study of immune mechanisms in one of the major programs in this
budget activity is comprised of three :ntecrdependent areas of research:
(.) the repressive effects of ilonizing radiations on antibody responses,
(2) radiation-enhanced susceptibility to anaphyviactic shoek, and {3) pro- '
liferation of lymphoid germinal centsrs in lympharet:cular tissues afrer
antigenic stimulation. Ewmphasis (s Jdirectad in these studies to the

highly immunogeni: propercies of cemplexes of antigen and antibody in
eliciting earlier and enhanced antiboady responses, as compared with the same
antigen (tetanus teoxeid) administered either In snluble or adsorbed form,

In order to provide a bread basis for the zificacy of primary immunizaction
with complexed antigens, two additional and unrelated antigens, bovine

serum albumin (BSA) and horseradish peroxiiase (HRP) are used in compara-
tive cxperiments. The work with BSA is in cellaboration with Terres (Tufcts
University). The studies with tetanas toxoid and HRF are carried on with
{ottier, Hess, Sordat, and Laissue {University cof Bern, Switzerland) and
Odartchenko (Cancer Institute, Lausanne, Ssitzerland).

The protection afforded by nermal imrine responses in the preventian
and control of infectious diseases may be =severelv repressed and/or
abolished hy whole-body exposure te sub-luthal doses of radiacion, On
the other hand, normal immune respenses neced to be repressed for success-
ful transplantation of tissues and orygans. Antibody responses in normal
individuals may also give rise to sevicus protlems, such as hay fever and
immediate anaphylactic shock, Previuus werk in this Laboratery hnas demon-
strated an increased susceptibility of irradiated mice te fatal anaphylacctic

I I 1 8 } H 8 {(See Continuation ¥ ieet) 06-18



Zffects f Radiation or Livioe o drs - Medical Rasearch
Proiect T tie- Mecian, and Radiasens:liv oty of Tmrave Reactions 06-01-01-(b)

Lo Scope:r (Cont'l,

shock . Since enhaaced ancibody responses ~av be obrbalined in normal and
irradiated mice witi antigen-antibody corplaxes, studies are designed to

exp.are the anaphyla.t penic properties of -omplexes of antigen and antibody

toody eNoess

s
formed in antliver :xocns, equivalence and an:

Present finding: show a close assccirat:ion belwsen the appearance
anc growth of germinal centers in pepliteal nodes and the appearance of
serum antibody,  Inmene defects in =o-called irwanotopic deficiency svndrowmes
in man may result {ras developmental disozders of tmounolopgically active
rissues. Develuprenta. failure of 4 ifyepaord tissue may resule o a fponction-
al deficiency, abscnce of one or more (mmancglobulins and in morpholofi-
cally detecrable defecrs, It seems fikelwv rfar new perminal centers may
have theilr arigin from sensitized celis, .=, cells previcusly exposed to
a specific antigen Although germiral centars contain Irmaneglobulins as
shown by immunoflusrescant methods, It 15 aaparent rhat most Lommunoglobuelins
lie on the surface of tellys or in reticcla~ ¢ells within perminal centers,
Present findings witt HRP antiper provide evidence for antibody formacion
by lymphoid germinil cenrer cells as well as persistence of antigen and/or
HEP-antibody complexes betweaen dendritic reticaiar cells. Increasing
emphasis will be giver to primary immunization with antigen-antibody com-
plexes prepared with IzG globulins., lomplexes of tetanus toxoild and
specific human LgC are also being prepaved for primary {mmunization in man.
The long-range pursose of this researcn s o extend the principles of
enhanced immunization Jemonstrated witnh the present complexed ancigens to
situations where ant:igans of pacterial, viril, protozean and pardasitic

origin are poorly noinen:c (Stoner)
In zhe ather sa.or program 1o this activity the mechanisms of delayed
hypersensitivity a-d antibody productior coatinue as long-range objectives,
Short-term objective: i1nciader  {1) tne eifzet of immune serum in the trans-
fer of delaved hyp:irsensitivity with cell, fror animals repeatedly sensitized
te x-irradiated re:ipisnts, as well as the antibodvy response in the
x-irradiaced recipients,; (2} the effe:t of repeated sensitizations on the
transformation of sens:tized lymphocybtes in vitre; (37 the ability of
various purified e<tracts of the T. spiralis antigen o induce and transfer
delayed hypersensizivity and/or antibody orsduction; and (4) the effect

of synthetic double-strarnded RNA on delaves bypersens:tivity and/er antibody

production,

The aim is tc master the lmmune tor the betterment of the
treatment of man. As :linical staff is available studies will be resumed
or diseases in whi-h tie etiology appears ta bu che production of anti-
bodies against the iundividual's own tissues--acto-immune diseases--such
as rheumatoid arth-iris and demyelinaring Jiseases ol t.€ nervous system,
e.g. mulriple sclerosis. Those disecases, & g, Hodpkin's disecase, in

which there is immunological impairment as 1 result of the replacement of
normal lmmunological! tissue by malignant turor alse will be studied. The
possibilicy that Hodykin's disease mav arrs as a recalt of somatic
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4 seaper (ot Sl

mutatiern indaced by tvperstimulation srothe iwmune system 15 of interest.

There is a proranhiliity taat many so-. i led auto-immune diseases may be due

to environmetal causes, Lloeludineg radiacion, as a result of inducsicn of

somatlec motaticn in tne laomune “issue, or by the chance complaxing of

chemicais frun fro environment with oo 1odv s ownd cells or by tke physical
tha

agent altering tne cells’ Tembranes s t they are recognized as foreign,
Such vsoor aitered cells then ot as ancipens, giving rise to anti-
hodi Lwe tissue previously complexed or altered., Studies on the

odie
immune nechanisms n “hese conditions are designed to anderstand these nro-
s5€
i

cesses, ta b ook or 2lter some of the reactions for therapeulfic purcoses,
Clinica:i stulics. however, are depend=nt upoen the necessary clinical sraff,

{(Hamilton)
15, Relaticnashis to Other Projects: O

Related worxs include studies by E. P, Cronkite et al on homografc
rejection and R, A, Conard on lymphocste cultures at BNL; W, Taliaferro et al,
Argonne Nati-nal Taboratory, on rvadiosensitivity of antibedv responses; N,
Gengozian, Oux Ridge, on bone marrcw -ransplantation immunity; O. Ves, THNO
Radiological DGefense lLab,, The Netherlands, on bone marrow transplantacion:
D. van Bekkun et al, Radiolepical Inszituge, TNO, The Netherlands, on
immunoteogy o transplantation; H. Mic<iem, University of Edinbursgh, Scotland,
on racdiation and transplantarion; E 3etz and L. Simar, University of Liege,
Belgium, on radiation and antibody praduction; M. Simic et al, Boris Kidric!
Institure of Nuc'ear Sciences, Yugoslivia, on radiatvion and antibody pro-
duction; M, wilwerman, U, §, Naval Biilogical Laboratory, Qakland, on cellu-
lar and antiocv responses in cransplintation; and F, Fitch and R, Wissler,
Universicy o: Chocago, on radiation and antibedy formacion. :

Alchough wany of the above 1nvestigators work on closely allied
imrunologica:r probiems, scudlies here [iffar from their projects ia three
basic condit:ons: (1) the maiosr anciugen ased {fetanus toxoid) is commonly
used it man; (¢} a functional antigen-antibedy test system (neutralization
of potent terarus foxin) Ls used to measure antibody titers; and (3) the
immunegenic sreperties of complexes o tetanus toxoid and specific IgG
globulias art be:ng fested in noermal ind irradiated mice. (Stoner)

Other reiated studies include work on the lymphocyte by Makinodan
At Qak Ridge Nat.cnal Laboratorv, on rhe fate and function of the lympho-
cvbe, espeéiully v the hemograft rea-tion and the graft vs. host reaction,
by Gowans 4t OxZsrd, and by Medawar and Mitchison at the National Insti-
tute for Med.cal Research, London.

The rale of lymphocytes 1n the transfer of delayed uaypersensitivity
on the homegrate reaction is heing stadied in man by Lawrence at New York
University: .a guinea pigs by Chase o Rockefeller Institute and Bloom
ac Atbere Eirste.n. Benacerraf at the National Institutes of Health and
Dixon and asrociates at T Jelta are nvestigating the role of levkocytes

{(See Continuat.on Sheet) G6-20
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15, Retlat:

Many laboratories are studying the
(Familron)

in rhe Sram: fer
affpets ol phvire

Histolosica, evatnation of celly far proliferation and de novo formation
H ’-\

of werminal centers in regicnal cteal nedes was completed.  Mice ware
given a prigary twmmunization on ocacs bnd leg foot pad of esither fluid

teranus toxeld (FTT1 or FTT in camplmx at equivalence with moose tetanus

antitcoxin, fr.oliminary resuits indicaste that the complexed a.tipgen elicits

sariier prosiforaticn as well as more new germinal centers than the same
amoant of FIT :ocected alone,  Addiz:onal findings (Cottier et al) provided

new evidence for antibody formation Bv Jymphold germinal center cells of

reg i o modes o ~lee immunize! with herseradish peroxidate (HRP),
The persistance ot HRP antrgern and HEP-ancibodv complexes hecween dendritic

reticular cell: was also obhserved,

A series of wexparinents on comparative radiosensitivity of primary
and secondars antitedy responses eliciced with the same amount of FTT in
complex with difierent areunts of avribody indicate the following: (1)
vomplexes forped wn antigen excess or ar eguivalencs are more effeccive
than complexes in antibody excess in wiiciting both primavy and secondary
ant itoxin respeases i mice: (21 FIT ziven alorce as a booster injection
is more effe-tive than rthe same amouant of FTT given in a complex (in vive
complexing o curs tn This situacion, ~nen animals nhave experienccd_sn
‘v irradiated mice {400-500 rads) re-

1

earller primary mmunization}; and
covar the casacity [or responding Lo antigenic stimulavrion earlier (8-10

days) wihon thwe vtowodrd s inoected i v complex in antigen excess or at 1
equivalence,
Ion prev.o.s cadies here, woowas reported tnat rthere were very bigh

antibocy resoonses to BSA in rmal g rrradiated mice {300 rads) when
the animals ~ere primed with a3 coemple. formed at equivalence of BSA and
rabbit anti-4%A. A secend infection st BSA ygiven 3 to b davs later
elicited higa antibedy responses witnun (0 days. A series of similar
experiments ~ere carriad out v norma. and irraclated mice (400 rads)
primed with o complex of FTT and wous s antitoxin formed at equivalence
Radiation wa- delivered one hodr belerse a second injection of FTT on days
2, 6, 9, and 12, Ennanced antitcxin -esponses were cobtained (o both
normal and Lvradiared animals, Tn geweral, the (rradiared mice produced
higher citer~ ~of anticoxin than corresponding control animals, A tenable
explanatlon “or vhis phenomenon s s evident At nls btime, (Stoner)

W

Studies on Jelayed nvpersensit:v.ty and its transfer by cells from

sensitized A:Lrafs werg contineed, woien donor animals were sensitlized

X (1.3 g toeral proreind at Z-owees atzrvals and skin-tested, reactions
ighnly AEmorrnag:s soots very early {wichin 1 hr),

sween G-00 Rrorad dacreasing i size and intensity

began as sma 1.

reaching the v

(Spe Continast o Sheet) 06-21
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S6. Technical Frogress in FY 1970:((ent'd )
thereafter. AL 1ts peak, tne reactiqn was diffused, siightly hemorrhagic,

circumscribed oy pale edema, dnd sigraiticantly smaller in size than the
tvpicail delaved

TR PUNSE

Antibooy was detected LY passive cutaneous anaphylaxis (PCA) in all
denors even when secvem sarples were o lluted to 1:320. Precipitating
antibody was detectad by the ripg test in all denors with titers up to
1:32¢0,  Active asyscemic anaphvlaxis was used te determine whether the
cireculating avtibody present 1n dorers was of the quality and quancity to
cause deach wher challevped weth artigen. Between 22-24 hr after skin test,
each repeatcedly sensitized doner was challenged intravenously with a shock-
ing dose of ancigen (1.90 mp toval protein). Approximately 50 percent of
donors succumbed as a result of active systemic anaphylaxis. The double-
laver {mmunefluvrescent cechnique shrwed far more cells from ahimals re-
peatedly sersit.zed fluvrescing and -ore brilliantly thao those from animals
sensitvized univy »nce, implying greater antibody content. Also, a greater
nurnber of piasma cells were ohscerved 1n preparaticns from repeatedly sensi-
tized donor: than from donors sensit:zed only once.

5

Stretct preparations of the loore connective tissue of donors, showed
typlcal per:vascular infilltration with a predominance {94 percent)} of
mononuc leary ce.i.s identical to that s=een in donors exhibiting typical de-
layed hypertens.tivity, Under the e.ectron microscope, the lymphocytes ,
were distinet i1 ocrany ways., The cel s appeared less spherical with a
wore ecceatr ic nuclecs and well-deve oped endoplasmic reticulum filled with
electron-opaque vacerial; thus thev nore nearly resembled antibody-producing

£

plasma cell. .

When lompon node cells from repeatedly sensitized donor animals were
transferred tc normal rec.pients, sk.n reactions in reciplents were
negligible, somewhnan like the Arthus rather than the delayed hypersensitivity
type. They were negative in many an wmals. When present, they hegan as
very small, hemorrhagic spots. later circumscribed by pale edema, but the
size of the reactions was alwiavs aey igiale,

In %x-irradiated (150-200%) rec:.»ients, skin reactions were also
minimal, whother the donors had been sensitized once or repeatedly sensi-
tized. The only difference was the ~ime at which the reaction resached
its peak, 1 2 , the peak was sconer _between 4-12 hr) in x-irradiated
animais recoaving cells from dunors repeatedly sensitized, and later
(between 21-24 Ary in x-irradiaced arimals receiving cetlls from donors
sensitized Hn.y ance Ancibedy was Jetected by PCA on day 1 in animals
receiving c»l!s from donors repeared.y sensitized. Antibedy response in

x-irradiatel ve:ipients 1is now heine tested,

In stulies on transformat:on of sensitized lymphocytes, in vitro,
smears made o | vymph node cells frow animals sensitized once showed a

pridominanc 2 small lymphocynes; nlasma cells and eosinophils were

I
I3
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14, Techoical Frogress in FY D976 (0 oant'd )
VerY 5CAras Jroooohmrrast, oroanirals reseatediv sensicized, there were
wany more teciame sioed lyvepnoovtoes. ard oa fow mere large lvaphoeytes, plasma
cells, and eos.osnnily,

Wren 1w 0% (vmph vode coils st oexciusively lymohocyres) from
animals sensitired only once were ed wizip 0, 1-3.5 ml of anctigen for
5 days at 379, '0-1% percent of lvmpoocvtes fron skin-tested animals were
rransformed ineo "blast-tlike' rells: and #-11 percent of the cells frOﬂ
sepsitized 'ut non-skin-tested anisa’ s were transformed. When 1 x 10% cells
frem animal: repeatedly sensitized wors Ln:ubated with O.1-3.5 ol of antigen,
6-11 percent of =ne cel.s from s<ir-tesved aninals were transformed into
"blase-like co.ls: and H-12 percent 0 the cells From sensitized bhut non-
skin-tested arimals were Zranstfarsed Approxiracely 1-2 percent of the
ceils spontanconsly rransformec iate “hlast-like' calls) TLJJ,'repLdttd
sensitizationeg sooimuelate dantibody crocarcion but do nor appear to increase
the number I 1.orphesytes comwrirecd cransfors inte "blast-like" cells
in vitro,

Experienc- using wvarious par:? «d axtracts of T, spiralis larvae
prograssed,  Resalts, thas far. shee tnat skin test teactions are smaller
with purified anrigens chan with the crade sallne extract alrhough the
pea< reactin ix az 21-24 hr as expe ted. The skin test reactions in the
recipients were smallev in size and  wess ntecse than even in the donors
and the reastions did oot appear unr:i 22 hr after the skin test. The
neak reaccion mfdﬁurcd A ox B omrodn oot the animals between 22 and 24
hr.  One reassn for the minimal Teae tons with the purilied antigens may
be dus e tie fact tnac tnese extracns are more dilute than the crude t
saline extracs. The dialyzed antises proved o be slightly more sepsitive!
in serologizal tesc than that srecipitated with NHe50, (B0 percent) and
then Gla'v“_d Howaver, both paris extracts were less sensitive than
crude sa.ine w=nTrace,

Nonintecorious double-styranded =8A (Poly Ti:rC and Poly rA:rl) was

ed to determine tne eifect ot delaved nypersensitivity and antibody
production to T spiralis. Up o 10 oy of Poly rI;rC given either
hefore or after sensitlzacion witn 1. spiralis has no effect on the
delaved swin reaction and Jdoes oot " peﬂ? to accelerate the antibody re-
sponse as cetecred by P and opreciiilin test. when the polynucleotide
is given te¢ repeatedly sensitized arimals, at the time of rhe 4th sensi-
tization, antibudv is detectud bv t: risg test | day after the 4th
sensitizat.on and polynucleotide 1o wonLon However, there appears to be
scme ipnter:erence Lo the PCA art:bery 50 that a positive reaction is not
ckserved, More interestingl,, sose o1 tne animals die from anaphylactic
stock within minutes afrter injeccioe of the shocking dose of antigen,
Therefore. eitner tne po.ynuclentnd 1 acting as a spreading factor so
chat thne irtradermally fndecred =ev does not remain locallized but is
spread svsoecically. or a0 s bious oo tae 750 antibody (presurably PCA

fhee Lontinnation Steert; 06-23



Zifects: of Radiation o1 Living Orzanisms - Medical Hesearch
-y

Praject Toeler Me smsoand Radissensitiviey of Immure Eeactions Th.01-01-(h)
1, Technie il rroecress o Fy 19700 ¢(0ong ' d,)

anribody i3 % 21 oo that oo s ivacrivated and choas made cnavailabsle ro

react wibts the sacesiny dose of ant i, en,

Te date
d8f report on che respense ol hemar cynpihcceytes in vitro to phytcohemag-
ziuninia (PrA) cneasured guantitative!y by noting the increase in DNA synthesis
from the apragce of sritrated shymidire and by the transformation of small
lymprocytes inte lirge, hlast-like p» roninophilic celils after 3-5 days of
incubation «igh Pih. These experime: 6= have been carried out on the ympho-
cvtes of 14 nerral sobiects (7 additienal since last report) and 26 patients
(19 addicicral ~ince last rensrt) va ing unequivocal evidence of maltiple
seclarosis,

3% yrincies hawve oseen zo-plered (57 additional studiss since

b

I iy

A
florion e the erfects of Pl of lymphocytes from normal subjects
soierosts patients, the regoonse of these lympheocytes o the
1luids of patients with multiple sclerosis and other
Blers has been followed, These data are now heing programmed

Pyt

—

i

Coh

and ma.cipl

serun and 5

neurologica. o«
for complirer analysis.  Preliminary wmpressions of the results are that the
spinal tiuies bot net the serem from patients with multipie sclerasis con-
tain subsca.ces that stimulate the PA-induced transformation of lympho-
cvtes from aormal subjects ard from wltiple sclerosis patients. (Hamilton)

7. Expectod Rescits in FY 1970

It is slanrec to complete an exseriment of long duration cencerning
cellular kiaerics of lymohoild tissues In mice during seccndary tetanus
antivoxin rsronses.  The booster injecrion of toxoid was given 4 davs prior
to an dcure exposura of 600 rads, Tritiated histidine was given at varioud
times ro de.armine tne time of incorsoration of tritium into antibody in
both norral and :rradiated acimals, These results will be compared with a
histolagica. cvilaacion of trhe lymphoaresvicuiar tissues,

A gerics of experimants Wwili ne carried en to determine the anaphylac-
togenic pronerties of vomplexes of t=tanus toxoid and mouse antitoxin., The
fert anaphylactic shoc< will be tested In normal and 7-day

1. also be prepared with IgG izolated

capacity o .1
pust-irradiited mice. Complexes wi

Trom mousg ingitoxin,

Pre_irinsrs Cludings incicate ability to obtain precipitating anti-
body as well as cvombining antibady tn mice apainst horseradish peroxidase
(HREY. Ir is p.anned to characterize the properties of the anti-ERP so as
to prepare -owprexes for Cottigr et 11 to use in study of the localization
of corplexes 0 germinal centers,

Corplese:. ! tetanus toxoid avd specific hwuman IgG will be prepared
o test vhe efficacy of pricary caortunization with complexed toxoid in man.

© noolaboririon with Dr, €, Jansen (Pretoria),
{Stoner)

The study wil. he cone

i
[ary
¥
[~
o=

(See Dontinuation Sheet)
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ases wil e stedried turther as w34 the effecrs of the polynucleotide
: I]

plexes o inioction wicth an tmaner Cncical reepanse oo Trichineila,
repared cnorthwe respoense of ymphocytes Irom

and tarients witn oo Lipie scleresis to PHA, seram and

caondrients winho taln osle sclerssis and other neurclogical
' 5

o the clinical rveapsiee of opatients with maltiple sclerosis
Sterm treatment wibh ACTH {(Hamiiton)

vanlzing raciitions renders mice very susceptlole
iyt will e g ie ro derermine the mechaniss alteved ¢
s iomenized and irradiaced mice 7

swmcer jnodinitial experiTents,

Wil oD ovsed o tnoan o voriLTo

The stade of the tancnoven.oin. of artigen-antibody complexes will

be extended oo oanc abtawned v parasitic, protezoan, viral and

inlyms . fvery efrart will be made Lo provide a resc challenge
1 complaxed antigen.
{Stoner)
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SCHEDULE 18%
ADDITIONAL EXPLANATICON FOR OPERATING COSTS

Brooknaover Natiocral Laboratory 06~Biology & Medicine

lLaboratory Program

1. Contractor: Contract No.: Task No.:
Associated iniversities, Inc. AT-30-2-CEN-16

2. Project Titl.e: 183 No.:
Molecular & Celiular Radiobiology-- 06-57

Medical Rescarch

3. Budpet Acrivicty Ho,: 4. Jate Prepared:
06-01-02 May 1970

\.\

5. Methed of Rescorrting: 6. Working Location:

o . . . Brookhaven Naticnal Laboratory
see gsub-activities

PHN%CYACTMATENALREMOVED

7. Perscn in Charge: 8, Project Term:
See sub-activites Continuing
From: ' To: ,

Principal Investigator:

See sub-dcrivities

Y .
9. Man-Years: FY 1970 fY 1971 FY 1372 &
Sci., Res. Assac, {(Ph.D. or Equiv.} 6.0 _ 6.0 6.0 ;
Visiting Sc:. - - - :
Prof. (B.S. ¢r Equiv.} 2.5 3.0 3.0 %
Sci, & Eng. - Total B.5 9.0 2.0 7
Technical 8.5 12.5 13.5 ?
Adm. & Service 4.5 4.5 5.0
Guests & Research Collaborators 8.0 6.0 9.5
Tetal 29.5 32.0 37.0 i
10. Costs (In Thousands of Dotlars): FY 1970 Fv 1971 FY 1972 ¢
Labor (ircluding benefits) 346 380 414 ;
Mats,, Trav., Dev. Subcont., Spec 1 Proc, 59 47 83 3
Reactor, Accel., and/or Computer ‘'sage 3 3 & ;
Allocatec Technical Services 17 14 15 :
Gen., & Adm, Overhead
Tortal Rescarch Cost
PRIVACY ACT MATERIAL REMOVED
11, Reactor Coracept: ) 12. Materials:
06-57

F11815b



iobicleoey-~Medical Rescarch CO-01-02

Projoect Title: Mrleoolar and Ueilular ¥

Sub-Actgivicy tir

L uArch

Medioal &

Ce-01-02-{a} Chemistyy and Funct:o ot o Labkeled Proteing and Amino acids

06-01-02-0b) sranciopeiesis.  Stud.es an the Jrigin, Rate of Prolifera-
clen, Funcrion and cf Tells in the Intact Mammal

G06-01-02-({2) MechanisTs of Aaction 7 Free Radicals and Hormones

{See Contiauar:on Sheer) 06-58
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SCHEZULE 189

ADTITIONAL EXNPLANATION POR OPERATING CO57T5

Brookhaven National " anoratory 06-Blolopy & Modicine

T 4 - -
ahoratory s e h e Progranm
£ : PRIVACY 407 HXTER14 BEMOVED &
1. Centracrer: Contract ¥Ne.: Task Mo,
Associated Universitioes, Inc, AT-3C-2-GEN-16
2, Projece Titlo: 182 No,:
Molecular and Cellular Radiobiology - Medical Research 06-59

Chemistry and Furction -f Labeled Proteins and Amino Acids

Budge Acltiv.iv o 4. Date Prepared:

06-01-02-{a) May 1970 .

Method af Reporting: 6. Working Location
Brookhaven National Labeoratory

BNI. Annual Report
BNL Monthly fetter to AEC
Bulletin of the Medical Department

Perscn in Chirne: 8. Project Term:

E. 4. Popenoe Continuing :
D. D. Van Slvke

Prircipal Tnvestigator: From: To:
E. A, Popenor ’ .
D. D. Yan Slvke i

R. 8. Aronscr

Mar-Tears:

Direct Man-¥Years FY 1970 FY 1271

rrl
"
-
fha]
1
i~

Scientific & Professicna 3.0 3.0 3.0
Other 2.7 2.5 1.0
Guests & 2es, Joliaborotors 1.0 Lo 1.5

Total 6.7 6.3 6.1

10.

Costs (In Thousands of Dollarsy:

FY 1970  Fy 1971  FY 1972

Researcn Division 135 130 150
Hospital Division Q 0 0
Kesearch Costs 135 130 150

11.

Reactor Concept 12. Marerials:

DRHm’VaC7NMTEWALREMCVED e



Mooserniar ARG el LiLadr Sy

vodard fvorior $ o Labeled Proteins and Amisz

565-01-02-(a)

cbiology - Madical Reseiren

:XCidS

Popenoe Y. A, Arcosor, R, Booaud Van Slvke ] DD, The sulihy
navare f o lligen proline hvdreoslase, Aveh., Biochen, Bicnhivs
I 2 Q6. a0 fORG

No, 2, .BE-:2 [19648Y,

Van Slvewe, 70 DL and LoeMonte, A, Mopnemetric determinaticon ¢f n
and aitite  Microchem, J. (in sress),

Labelirg of acid mucopolysac

Diferraste, N, and Popenoc, I

1

charides

with tr:cia .. IT. Purificaticr and fracticnation of tritc um-labeled

heparin. Carbonydrate Res., (i nresa), -
14, Scupe:

SLoPE

The objective of these studies i, the determinaticn of the hlo:
mechanisms o tarmativn and denradatin of certain proteins in order
dentify the:r involvement in frhe eticlogy of disease and in 2ging.
5 a fEibrous prao-ein constituting aboot one-thivd of the total mamma
body protein. T1 is a structural jra-ein, serving as the organic ma
for the body skeleron, and maintains she ntegrity of tissues and or
Two amine ac:ds, nydroxyproline and hedroxylysine, are feound in Tamm
in collagen where they oceur in consicerable amcunts, Hydroxyprolin
probably dimportant in assuring the proper folding of the collager eh
d recessary cirs: step in formatien o the fibrils which occur irn ti
Hydroxylysine cavries the carbohydrate whoch is attached to collagen
alsc, Iin part, a participant in inframalecular crosslinks which rend
collagern ipnstliub:e.  These two amine cids are formed from their ore
proline and Jysine, by an enzymatic bedroxylation reaction after the

:
1

[fs]

acids are incorporated into the collaven precurser protein chain, A

hemical
Lo
Collagen
lian
frix
zZans,
als only
e is
ain-. -
Ssucs.
and is
er the
CUTS0YS,
se amind
t the

e
present time the main effort is devered to anaivsis of these hvdroxylation

reactions as 4 preliminary te studv o che role these reactions may
in determniryg =ie form in which eonli con ds laid down in tissues,
(Prpenoe, Vano Slvke, Arv

H

The funcamental chemical structrvere of mucirs also is under study

Mucins are macronolecules of greatr vi:cosity and antigenicity. Alce
of either the rheoleogical or antigeni: uropertics of mucins seems fo
intimately irvoelied in the causes or complicazicns of such diseases
cystic fibrosis, chronic bronchitis ard pulmonary emphysema, Althou
primcipal geal s to determine the racrors concrihuting to the very
viscosity of cystic fibrosis mucins arc hew this viscosity might be
studies are carried cut on porcine sulmaxillary mucin because it is
available and can be purified by well wstoblished procedures.
(Popervioe and M, de Salesui, Mt Sinai Scheol of Medicine-NIH

Methods of tabeling mucopolysaccelarides wirkh tritium are also o
interest because of the need for lazeled products in the study of th
metabelism of mucopolysaccharides,

‘Popenoe and N, MiFerrante, lavlor U, Schoeol of Med

{See Continuat:orn sheet)
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soclar and Collular Radiobiology - Medical Research
sstry and Furctlon or Labeled Proteins and Amino Acids

Project Title: 08-01-07-(a)

e Thewra j

N L IR L T FRCH PR, PP
5, pirrAlionsi, LD Lrnner Sropeciss

Related st :iics are carrvied on bor 5, Udernfriend, Rocke Institute
of Molecular H:olosy, Mutlay, New Jerser, on collagen proline nydroxylase
from emdryen o rit skl D, J. Jrocko:r, Universiry of Pennsylvania Schaool
of Medicine, or -ubstrate requirements and enzyme substrate interactions
for coilapen proline hydroxylase; and W. W, Pigman, New York Medical College
on chemical stru fire of bevine submaciliary mucin. Udenfriernd is working
on the enzsywe Irowm oratc sxin whicn ig similar but not identical to the one
Irom chick eabry - studied here. Proc<op is using the chick embryo enzyme
bur his intevest 15 in the nature of the collagen precursor macromolecula
which 1s actsally hvdroxylated in vivy and its interaction with the enzyme,
Neither groua has succeeded in:EGlatigg the enzyme in a pure state, nor
are they known t. employ the technigues ased here, Neither group seems to
be studying iroxyivsine biosynthesis. Dr. Pigman is studying the chemi-
cal structure of bovine sutmaxillary nucin which is chemically different
frem the poreine mucin {the latter more closely resembles huwaa mucins). He
1s not xnown to he studving aggregation-disaggregation phenomena of subunics

1
T
4.

¥

16, Technicil Procreas in FY 1970:

The sciwularing effect of bovine serum albumin on collagen proline
hydroxylase was {ound to be aimost independent of the sulfhydryl content
of the albumin, 1n contrast to previcas assumptions, Sulfhydryl compounds,
previously roeported to destroy enzyme activity at higher concentrations
{lmM}, were found to stimulare activicy at low concentrations (0.1mM) but
their effect bears a complicated relaticn to the concentration of iron In
the solution

o
=

Repeated attemprs te purify coliagen proline hydroxylasa by electro-
focusing {el=corophoracic separation according to isoelectric point) met
withh no suceess because the enzyme and many other proteins in the mixture
becawe inselabie near their isoclectric gpoints, This approach to the
purification was abandoned, at least Zor the present, Recent prellminary
expariments «iTh analytical pelyacrylamide disc electrophoresis indicated
that the enzymatically accive protein could be separated from about seven
ather components and recovered from cthe pel, Very encouraging results were
subsequently obtained using preparative disc electrophoresis in polvacryl-
amide gel. The enegyme so puritfied siowed only one component en analytical
disge electrcphﬁrcsis, put the recovery sc far is low,

A new apprcach to enzyme purificaticn--"affinity chromatography'

or adsorpticn 2af the enzyme by a specific inhibitor bound to an insoluble
supgort--4iso shows promise, Proline hydroxylase activity can be removed
from soluticn ieaving the bulk of the pretein behind when a solution is
passed through a small ¢olumn of eitber poly-L-preline or gelatin hound

to an ‘nsolubls support, or through s column of 4% cross-linked, formalde-
hyde-tanned zelatin spheres. As yet, no method has been found for recover-
ing the acciviry from the column, probably because of the high affinity of

the enzyme ior tnese inhibd

(See Consinuation Sheet) 06-61



Mooeo et amd Cellnlas o Medical Research
Cremrstry aned Panoegio vnofateled Prateins and Amine Acids
Proyect Title L 26-01-02-(a)
le;,  fecnnica 0 FY L (SRS IS B
Work it we areds was defoerred Cnoorder re concentrate efforfts into
tewer direvci one lesing nvdrew. latie was net studied during the past
viear but wil! he vosooed in o the neav torare. Work on bound hydroxyivsine
was deferred, (Popence, Van Slvke, Aronsoen)
In a col.oabsrative investizatien, the winetics of the disaggregation
of percine suimaxiliary mucin by the nonlenic decergent Triton-X-109 was
studied at Moyt 3ina: Schoool of Medic ne using viscosity measurements,
The disaygregoetion is an extremely slow eoacess, At 459 the viscosity of
a muc:in solut.or m Tritorn fails to ar ur ane-fireh of its initial value
durirg the Di:sf four days, butb contin es Lo fall ag a contineally slowing
rate over a periad of weeks, At U9 Ui drop in viscosity is too sicw to
measura, Ot r detergents were tested and found co be unsuitable for the

disaggrepatiom
in sclution.
mucin were im;
ing disaggrep:
clysis,

At Brookl
was examined
non-idea.
determinat ions
analvzing the
The average oo
mately 2 mill:
there is an
as low as 40,0
there
welgnt of 497
Cwa

very

i

15 an a.

wWeeks |

The methe
degradac:on pr
ly reported,
fracr:

L

VAT IOUS
with inc
did
coancantrabtion
welght gave a

AR T

15 the agt

Guadnicine HCID doe redice che viscosity of the nmucin
Methods for determining rotein chain and groups in the

3 it

L

roves and It was found thar no new end groups appeared dur-
tiorn,  Trus the disag;presation cannot be due to slow prote-
aven, the mest degraded -wicin preparation so far ohtalned

v 1otra centrifugation,  All muacin solutions behave in a

manner in the centrifuyc  Thus previous molecular weight
were noerror., Methods of conducting the experiments and
Jdaty to ohtain reliable resa.bks now seem to have been found.

lecuiar weight of the wuian in Tricon falls from approxi-

on .aitially to 2330 Thne prodact is heterogenous and
dicetion that a part @ @ he material has a molecualay weight
OC. If the Tritea is ‘oved from the solution with ether

instantanaencus redssoezaclen baoan average molecular
furcher ~oid oe detected over the next

Tl
a0 RS Jhanae
‘Popencoe and de Salegui)

d fer senarating active, fabelaed nesarin from radicactive
oducts by graded NaCl el-cion from Dowex-1, X-Z, orevious-

as examined furthar by «. permining wolecular weights of

ons in the nltracentridruae, The molecular weight increased

v obuwlogical activity cand decreasing specific radiocactivity),
ey wulfare content o & esser extent, A plot of lag NaCl
needed for eluction fror- o he resin against l/molecular

stralyne line, tn agreessan with a theory never before tesred

with Dowex re:ins Forther werx on ‘b project was not possible because
of lack of furds :2rv coellaborative -st.:ivs, (Fupenoe and DiFerrante)
17, Expecgted Resulcy in FY 1871:

Contiruti:
First will he
tive disc wolag

studies ollagen w: ! obe directed along three lines,
voiagen proline hvdrexylase by prepara-

] Dr. A, Tometsko,

i on ¢
che purification of o

Tvn s
P

i,

cravheresis and b oar: charcmanography.,

(See Zuncinuaty o Steet) 6-62



i Celiu.ar Radicbivlogy - Medical Research
ihenisory and Punct.on of Labeled Proteins and Amino Acids
Project Title 06-01-C2-(a)
'7.  Expectel He ol i FYOLY9TIc (Qoartdl

imiversitw o Dester. ls prepdaring some synthetic polypeprides with lower
afficice fo s oCcnoyme for use on Lhe latter efrforts. A sericus problem
fa these stuiies {0 an unpredictable iissppearance of enzyme activity in

gp. vt the purification. E-forts will be directed to urderstand-

L)
i

P
-

several ste
ing and prevearice this pheneomenon,

Secondl -, Lvsine hydraxylase, now believed to be a separate enzyme,
will »e stud-.ed, Effnrts to bring about the hydroxylacion of sigrificant
amounts of pretern bound ilysine in so.ution have not yet succeeded although
the reaction gres well in tissue minces, A systematic study will be carried
cut to deteriire at what stage the hydroxylation fails and why, and how the
reaction can be ade to proceed i so'ution as does proline hydroxylation,
Synthetic po.oypestides may also aid this ohase of the work, eithe; as
trates or as inhibitors

potential subs

Thirdly the reile of iron in the hydroxylation mechanism will be
studied, usiig e ectron gpin resonance techniques. Valuable infcermation
on the react:on mechanism of several nzymes, e.g. 3,4-dihydroxyphenyl-
acetate-2,3-oxyuenase, pyrocatechase, and dopamine-2-hydroxylase, has been
obtained by h appreach, but no reaction as complicated as the one under
study here hes et been investigated., This study should not have to await
completely pure veneyme, Tt will be cirried out in collaboration with Dr.
Berg and his group. so that progress will depend in part on availability
cf time on h:s EI'% spectrometer, {Popence, Van Slyke, Aronson)

o

As norzd above, porcine submaxil.ary mucin behaves peculiarly in
the ultracen-rifuge so that it is difricult te know exactly what its
malecular si:e {5 in jts nacive stacte. or how homogenous it is. This
area will be cxarined further uvsing condizions of varying ionic strength
and examiria, tae mucin before and afrer enzymatic removal of the sialic
acid. The neture and extent of the heterogeneity observed in the degraded
mecin will alse be examined both in tte ultracentrifuge and by chromatog-
rapiiy. The cubunit structure »f & series of preparations from glands
taken from single animals will be exanined using the Triton X-100 degrada-
tien procedure in crder to determine what contribution genmetic variation
makes to the hetercgeneity of the poo’ed material previously examined,

(Popenoe and de Salegui)

If poss ble, labeling studies wi 1 be extended to other mucopoly-
caccharides, especially dermaten sulfate, because of the interest in this

Lyl

material for the study of Hurler's svidrome. (Popenoc and DiFerrante)

18. Expcecreg Results in FY 19723

It is erpectaed that the proline fydroxylase will be available in pure
form and probebiv lysine hydroxylase. It is difficult to know how gquickly
the EPR stud:es will progress, but it is plamned to examine both enzymes
in their interactions with substractes and cofactors by this technique,
(nly two othir <snzymdtic hydroxylatiovs are known to have the same co-

factor requirersrcs as the collagen hidroxylases--thymine-7-hydroxylase

(See Cortinuation Sheet) 06-63
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LGCULAT and Dol lolar iohionlaegy - Medical Research
Chaemistry w2 Foge oo oof Lateled Proteins and Amine Acids

06-01-02- (a)

W

LHL. Expectes Fesuits in FY 1970 Cno' 1))

-butyronataine-Z-hyidroxylase whin Tarms varnitine.  Both of these

[
DA

2 he cxamined 1 fthae same wars ov oche lisht chey might throw on

lagen hyd-oxyviation.

anced to study ol al hydroxylysine and the bound
cavbohvdrate s 'n determining che rpacion state and stability of collagen
in connective tissuwe.  Coilagen Irom o ard as wel! as soft tissue will he
included in this study in hopes of letermining whether or not chanpges in
rhese componanis cobtyibucse te the pravess of aging or to the problems
associared with (o (Provence, VanSlyxe aud Aronson)

The stuldy or the subunit structure of mucing will continue with
emphasis on the comparison of nommal "uvran mucing with those from cystic
fibrosis patients. A& study will be made of other proteins with 'which
mucins interact :n their native ernvironment., It is proposed to use the
mucin-proteit complex te isolate the nther proteins, probably by density
sradient centrifuzarion.  These orher proteins will be examined feor

hioclogical asztiwvity, particularly fo: ctfects on membrans transpert,
(Popenoe and di Salequi)

LI - P

£9. Desgcriptiosn and Explanation of Majer Materials, Equipment ard

Subcontract Trems:

Capital equipment needs nclude o preparative ceatrifuge, $7,C00.

¥

20. PTHFOHt’ Ok igations for Belate Tonstruction Projects, if any:

Bio-Meo Oorijunct Facllit-,

06-64



SR
Sl
ype e TNT oA -
FA U PO L Mol FYETLII
IR 3 S

VIROIDZHATING COSTS
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Program

2. Project Tit .o,
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Molecutar ard Ceilular Radiobiclopy
Granulepoie=is, Studies on tne Jrig:
t_on, Funet.o and Fate of Celis in

i
“edical Research 06-63

Rate of Prolifera-
intact Mammal

3. Budpet Acrpi tity ol

06-01-02- (%

Date Prepored:

May 1970

5. Method of Bopursing:

POV aiyaly

BHY Annual FHeport
ENI. Monthly Letter to the AEC
Bulletin of rihe Medical Department

6. Workirg Locaticn:
Brookhaven Natlonal Laboratory

7. Person in Chaveoo

E. P. Cronk. te
H. A. Johns.n

Principal Investipator:

E, P. Craonk. te

V., P, 3ond

AL D, Chanana H. A, Johnsuen

8. Project Term:

Continuing

From: To:

9, Mar-Years:

Direct Man-Years

Scicatiric & Proefessi wal
Other

Gue:sts & Hes. Collahborators

Total

Fy 1970 Fy 1971 FY 1972
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10. Costs (In Thuousands of Dollars):

Research ivision
Hogpital Division
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226 263 275
44 52 75

270 315 350

-

L
.

Ll. Reactor Coscopt:

’

12, Materials:



-1

|
[ solp]
[ovi

Mooleonlar o and Ce.lulor roey-Medical Research

Crancicpoiesis. Stuai s oca rthe Origin, Rate of Prolifera-

Protect Title - Goun, Fudciien and Fat of Cells 1n the Intact Marmal 0A=-01-07-¢

3. Publicar. oos

Jahnsen, . 4. Inrormation cheor o oand bioloy critigue and re- o7, cu
synthes!is, Nl Lecture Series cber, Sontenher — .
) T
Johnson, H. 4. Liver rege “5 oand the “eritical mass' hyvpothesis.
Am. J. Patho.. 5 , Neo, L, 1l-i5 (iaeds, AED
Cronklte, =0 P, and Vincert, P, U, franuleccveopoiesis., Seriesg
Hematologica (in press). R
Johuson, H. A. Adaptive growth withoul mitosis, Velume on Cardiac L
Dvpartrophy, N, alper:, Editor, Acadenic Press, (in press). T s
Johnson, H. A. Dose to the ce aucleus from tritiated thymidine.
Presentad at the Oak Ridge ADT Svaposium in Medicine No, 12 "edI{cal Radio-
nuclides: Radiatiocn Dose and Effecrs’. Jaw Ridge, Tennessee, Decerber 3-11,
969 .
]. 3 6 T o -’/_. N

Cronkite, E. P. and Vincenz, P. . Cronulocytopoiesis, Henopoietic
Cell Proliferatiun, F. Stchlman, Ediitor, Grune and Stratton, (in press). .- /°

Johnson, H. A. Informacion theorv in biology after 18 years., Science,
(in press). P

Johnson, H., A, and Pavelec, M. & rthe modynamic foroulation of radiation
dose rate, Radiatien Res. {in press .

14, Scope:

Charactevization of the kinerics of cell proliferation from hemopoietic
systems and the factors that control the:r function, ditferentiacticen and
proliferaticn with particular emphas:s upon the feedback loops that determine
the populat.on size continuas ro be o he major objective in this budget

activity.

A provi.ional model for granulepoiesis has been constructed in which
there ig a “low of cells “rom the stem call through the classical cytologic
svages of granuicpoicsis. There are single miteses at the nyelodlast and
promyelocyt: levels and two mitoses it the myelocyte level. The system is
believed to be repulated 2y two feedosck loops. The first loop controls
the release of mature granulccvrtes and the second regulates the rate of
input of stem cells {nto granulopolesis, From the model the following pre-
dictions can be made: a) increased mselocyte production can be achieved only
by shortening the generation time 1t the expense of Gy and this would re-
sult in an .ncreased laheling index »f myelocytes under stimuli demanding
more bleod :ranslocvees:; b)Y thers wust be a minimum obligatory transit
time throupy metamvelocyte ard sand compartment--under greatiy increased

8
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doceratar dnd Geliular radiobiology-Medical Researcn

slepoiesii. Studles on the Origin, Race of Prolifera-
Frolact Tiv. - T cony oand Fage of Cells i the Tntacc Mapmal 06-01-02- (%
Th, Scone: {Donn i
Blood granul.ce o turnover rates this would result in a shirinkage in the
gize of tho metamyvelocytes, bands anc marrow granulocyres, f2llowed by an
sxTansion ot Tre Compartments as marrow production rates are increased;
) arammioc,res roleased pramaturely under stress should have a lernger
satential nsaf il tide in the blood;, ) peneralized random loss is curtailed
in infectier: ) increased marrow production rate at the myelocyvee level
cannot influence the inpur of granulecvtes into the blood until at ieast
48 hours after the initiating stimulus; ) demand for granuleocvtes in excess
of certain limits would irad inevitatly to neutropenis in response to in-
fuctior, ijor eifores are made rto ~erify or refute these predictions, In

addieion st

in the

conc

The poss
ifrplication:
of the cvels
of a4 pgronule
at the peax

timwe and amre
radiation ir

Srtudies
concral af .
and hepatic

poictic £ig:

tuloe vties

di=s are performed to coriirm the possible existence of a cycle
ti 2f nentrephils in the blecc,

nLraflon

— ' .
has further important

ibie cwvelic nature of granulocytopoicsis

ivw zlirical medicine, Unless the cycle time and the amplitude
ar: known, one could imrute toxicity to new drugs on the basis
cvte count at the nadir. On the other hand, observations taken
of the cyele might give false sense of security. The cvcle
Livicle are of parricular importance in detecting effeczs of

sad pepulaticns or individuals, and studying drug doses
azents in the treatment of metastatic disease where the harm-
are or.marlly focussed uton depression of granulocytopoiesis,
1 non-fatal method by which the producrion

aor decreased at will,

ERoele

made to perfe

ct
can be increase:
wil. be designed tc see . f the 'critical mass' concept of

a1l divisicon develcped by Johnsen to explain renal hvpertrophy
rezeneration applies to the control of cell division in hemo-
(Cronkite)

s

ind zranuilopoliesis.,

The relotionship hetween arn abso.ute dose of ionizing radiation and
aryv of its ticlogical effects Is ent:rely empirical. Since such radiation
cffects are the results of the addit.on of energy to a living system, it
would seem rhat an absolute dose 2ffoect relaticnship could he expressed
in thermodvramic terms, This can be accomplished, to a first approximation,
by zdding +ie absorbed radiant cnerg- to the free energy pool of the system
with just oo constraines: namely, ~hat it is added in an inhomogenous
digstriburicr. and thar excirtarions ar- permitted to migrate through a
Timited dis:arce. This inereise in ‘ree energy can then be used to predict

the ocourre:r.

vielopead alo:w

rate requlr:

data are awv..
The aim
oy coTmparin.,

taasr

assume:!t

SEEREY

¢ f chemical events in the usual way, A relationship de-

¢ taese lines has allowed the prediction of the absolute dose

d toe wtation rates, Where experimental
ilab:le, aluas are in good agreement, (Johnson)

doubie spountanecus
the thecratical

a1t 3 completed stuady was to test the critical mass hypothesis
mizotic indices predict-d by the hypothesis., It is generally
creoan proweh is contrelied by regelation of DNA synthesis and

tSee Comzinuation Sheet)
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means of storige ol dispesal of excers or forelion proteln. (Johnson and
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Do s :rir snocr oms rhe life spans of certain coid
imile, toe guestion arises s zo whetter thig life shortening
tronowe _wiiviar devel. . -, whether ilncreasing the temperature
shortens the T ovoie ol "5, Accordingly, a study was initiaced
o ocell oprafl Tirercoan Xinecics o7 sarestinal epitheliuvs and hesoponistic
rissue of v Jdrii adapted to temperatares of 229, 309, 15 and 137 conti-
prada (J:omoon and M, Kiets, Spouniss Mianistry of Iodustry)
L5 Belativsils oo Qther Projects:

I ztadies are rrred in 06-21-00-(bk), 05.03-01-{d)
and 06-03-01- () 5radies are beins serformed on granulocycopoiesis Df
Fliedner, Unier;L*y 3% Ulw, Germanv: Pact, University of Califorrnia, San
?rancisrw; Eages and Pbefwenlzk, Univorsity of Pittsburgh; and Palmer,
University ot Norvon Caralin The sb:dies on the determination of DNA con-

i

tent in myelgc7te5 ire perrornei i oeperation with Dr. Sven Killmann,
University or Ccpennagen_ (Cronwite)

Relate: studisws on rthe interact:oo of therrcal and radiative energies
nave heen dene by Fluke at Duke University and Setlow at Qax Ridge. BRe-
lated scudies ¢ protein vesicle forration, asing peroxidase have been
done by Graiam and Karnovsky at Harverd University, (Johnson)

Waliore and ., University of aiifornia School of Medicine, Los
Angeles, in:tiatsad worrk on annual fish The study on age changes in size
and anmbar s 1 meoise hepatic witcchencoria in response to partial hepatectomy
ig an wxten: 1o 0! woerk of Taichi az Nazova University School of Medicine,
Japan, {Jonnson and Ruhermuhd)

i

O Technoial Progress on FY 977

Daiiy ran:lccvte counts were performed on a series of normal males
26-33 vears of age in a study caltiated to confirm or refure the existence
of a period ¢ c.c.g wn the concentraston of granvlecytes. Similar studies
woere initialec o several hospital pitlents ta see 1f the amplitude and
duracion of zre cvele varies in diseise states and under drug therapy.
Studies bef re anc after trhe adminis-ration of L-Dopa in patients with
Parkiusonis ars o particular interest because of the previously described
apparent grin.l peria and modest morcbelogical changes ia the myelocytes
wf the marr sw . serfes of bome marsow aspirations were performed on normal
volunteers 1o the marrow incubate:d <ifh tritiated thymidine ro determine
the fracticy < cells wn ONA svnthui: in the various cytological classes.

P ]

Preparation: o1 determinaticn of INY fontent af the wvarious cell classes

alro waere mide.

A new 1or-:aral animal L was designed for the study of granulo-

cviopdiesis and 1s being aniiizac.  Ihis mode! embraces the introducticn
CSee omblnual oy Nhep bo-6%9
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Laboratory Program

1, Coenrroct Comtract ho Task o
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2. it 185 No.:
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1 icome i to urher

eroal ar Dniversity ot Yorw (Englandi--use of flow systens for EPR study of
trangient freo vadicais o liquid, (fher related work incloudes that of
Yamazawi at Ho«bande University, Levy and Mactern, ENL Physics Department,

Zivingston cosl Jeldes at ORNL, Smailer at ANL, Calvin, et al at LRL, and
Landgrafd, et a1z Varian Assoclates (Borg)

Relateo soruactural studies on nearonypophvyseal hormones are carried on
at BNL Binlcsy Department and severa: university laboratories are involved
in reiared studies on travspert processes and membraae properties.

{Schwartz, Walter)

', Technical Progress ic FY 1970:

hY

The expacted progress for this .ear in computer applications was
exceeded, iv tnat the capabilities for data reduction already are more
powerful than %hose foreseen, This was accomplished by writing an extensive
Forvtran prosras {(CONVOL) for processing arrays of spectral data using the
CDC-6600, Foutlnes were devel.oped fcr arithmetic treatment of data arrays,
for curve-smeoothing and filtering using several different methods, for
shifring spectra and changing both atscissa and ordinate scale factors, for
addition anc subtraction of spectra, for obtaining (multiple) integrals or
derivarives, ana for curve shaping and resclution enhancement (using the
convolutional mecnod) with anv of a number of analytical shape-functions.
Subprograms provide for readirg ard writing magnetic tape in Sigma-2 format
to permit high-voliume data transfer, for CalComp graphic output, and for
nunch-card catt Inpet ard output., Meny of the data-processing procedures
proven to be of value by CONVOL were then rewritten in Sigma-2 assembly
larguage to be uavai.able on-l.ne under teletypewriter contrel at the EPR
spectrometer corsale,  An extensive program for simulation of isotopic
nyperfine componencs of EPR spectra also was written for the Sigma-2,
aillowing dircer incercomparison of esperimental and theoretical spectra and
greatly facilitatiag spectral ana.ysis. By the end of 1269 che BKL on-
line capabilitv exceeded those of conmercial or other known spectral data-
processing systens and the syuten proved very wvaluable in experimental work,

Alchourn zhe CONVOL program and the on-line program were developed
orimarily {¢r EPR spectral data, the. are general in format and can be
applied to spertra and te data arrays of many kinds, including WMR,
cptical, bera 1 gamma spectra, chroratographic data, ete, In one example,
CONVOL resolved 1 digitized sueccrow of averlapping chromatographic

DJCAKS .

Expericenzal apparatus and instrumentation problems required a
substrantial effort These were partly a result of "old age" component
fallures in the specrremeler, 4 vacu.m-tube version procured in 1963,
in addition, calibraszions for high-resclution spectrescopy using the

Cime-averaying ciapability of rhe cow,ter system broughe out serious

{See Continua lon Sheet} 06-77



Mo SR AT SRR - Medical]l Hesearcon
Procace Thol S DAL Luoand Hovmonos ORG24 {00

T

=
Timltations nnoToee R Iitee op b s 0T oo . 1o mapnetis Tield

certaln pures
caproved o of EPR szpeotro-
EELATsS Lo : _ chaptinal,  Arvangs-
MEATE Were v ile CoT Tdd volnetaliar oo o0 an external sweep drive to permit

GoAns Widh

GdoC.arace

vimrle cavity procedures to Lhe
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zample cvlin 1T rectengular cavicy obtzined,

2w neen achileved,  Double resovnance
©Toprograms irvestizatlng tissue free

a0 oof some complex EPR %Dacr*3 or those
Ir was corcluded chat the present
arplication of both proecedures desiv-
FLDOR avparatus has been ordered,

fen oof Lalstig wegulpment was about 80% accorplished,

It appears t
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radical sites
from solid
state of inet
able for researon
and the noce ssary

A colliboratoive study of n free radicals witn Fajer (BHL
Derarv-enn « f acgiiad Sciene noiGenrpgia Tach), and Dolphin (Harvard
University) sroved hebhly prodoctive and roeceived a larger effore than
anciciated work nas sipniflcnce hecause biological electron trans-
port involwves Yoneme 2nzymes . ang the role »f free radical fovms remains
moct, Furtermore, dhe photochosioa 2ne nf pnotosynthesis invoive free
radical spe - -les whose axast niarcrs . oot yet <nown, although it the
subject of any lnvestigibions Sroodiern sduring YEAT SUCCBSS
Vocarions ang ciaraznetic dicaclions of seve

b

-

l ;
thelir
some

characreriz.d
@l ildated rme ol the reacticns leading

SYNEtnetic poeri . rin,

formation and decay,  Modans were Dot oof dselaring acd stabilizip
zters o L0b be useo as chemical reactants in
t3f own . then used in work on chlovophyll
pacporphyrics, cnat had been predicted
Lo wus chndracterized,  Studies were

ot firse free radical of photosynthesis
a5 o ~-cation racigal of chlorophyll a,

l
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to
a

of the radia.
oiler react.o2ns
radicais. Y

vo oexist was toond, and ore e

complerad tiar appesdr oo ider

in green prints speculically

c.iten ot the free-vadical specgra of

F*y

PFlans o provide further
visual pigren:r and to zomplete delirarive compater-basad EPR studics an

. 1

rhodeopsin and intact rod outer scegrerts were only parscly fuelfilled. In
conjunctier with Freed and Sack (BN! Chomistry Department), further work
was done with tine cryvogente ligoid cvatems, and a vacuoum Iine was buiit

to facilitare fne EPR work, A phosthatidvlethanolamine Schitf's base of
trans-reciral was svnohesizeo (recert work indicates il-cis retinal exists
Lu such a ﬁ;mQCJnd in nat:ve rhodopo1nd, bur nae material was unstable
“er . the lrw-temperature [iquid
eogquestlon of whether & true charge-

and oho work #as lnconclusive,

system was apolied with stuccess
transfoer or 4 Dantogansitizer roeacl .o nad been observed pravicuslyg

(See onr. o o Shaet ) 06-78
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cihe latrer . .ternas Sve was roled our indicabing the anion-radical nature
2L the retirai an improved method of rhodopsin isclation
was adepfed  aod ~f rnodopsin and rod cells was achicved with
reater yie J th
In the stbodies relaning rodiaticn ané aging a snecial vacuum iline with

facilities :or ovdroven andsor deuaterium gas injection in a region of micro-
wave discharee was Jabricated, ({(The hyvdrogen or deuvterivem atoms produced

irn che dischiarge attack nolerJlLs in the same way as do some of the active
specles pra.r;ea bv ionrzing irradia ion, but the reactions are ''cleaner
and more ca ilw ana’ wzed, in ﬁnneral This system plus gamma-irradiaticn
wore useg .o o srevicus EPR stucies on irradiation damage to certain
purines and pyr.owilines in éry powde s Ir particular, the damaze center

in Z-methyl acesine was much berter Jescribed as a result of chis wori,
Single crys:.ais 0o =ne sudstance were successfully grown to aid in complet-
ing che sculdy. Simultancousty, the -apid-flow apparatus developed last

ear for Q-sard EPR studies of react

proved out g calibraced, and chang
eparaticn fcr the extension of the
dynamic lig:id - wvatoms,

EPR cxaimanition of melavin-1ike

dopa and doasarine vave evidence of 1
a strong pH etfscy on the EPR nehav!
sugpestion _hat at least the swvnthar

way be distonnusshavle by EPER,
—— -

Plarns _o cumpiete the atalyvses
radicals of n.cotinanide derivatives
oreviously ind La assay aew methods

radicals wirh.n EPR cavity were
support and tre fact that the niconl
time. fNonerheless, Lb was pessible
oxidation of N-methv!l nicotinamide,

indicated abpswroe the dimorizabis

by reductic p altnpuzgh fimal analys.
tull resolazir o1 fne EPR specoruam
The sclid prase procedure of pos

Professor Merrificld at Rockefzller
firsc neuvrcaypopbyscal hormone anals
which potercls the dqtidiJ~
labeled C-terminal gastrin tetrapent
butoxycarbray . -L-tryptephyl-i-norle
amide. This labeled peptide was obe
rert-butaoxveartony!-Lotovepopnyl-L--
amide (IT). ;o catalvtic

innikits

fiydrogoe:

1118118

.ens with three fluid components was
ware made in the syringe pump In
tigation from dry samples to

!
nveas

pigments formed non-enzymically from

ientifiable free radical intermediates,
v of the product pigments, and
melanins made from dopa and

some

o dopamine

v at least some of the complax
whose EPR spectra had been reccrded
11 producing pyridine nucleotide
randicapped by reduced collaberative

namide compounds had degraded with
te produce a new free radical hy

1nd lncomplete EPR spectrum analysis

1. previously seen with radicals formed

i+ will require a becter signal to allow

(Borg)
atide synrnesis recently developed by
Lniversity was used to prepare the

; (é-arginine-vasopressinoic acid},

eric effect of ADH, A specifically
de analog was synthesized, tert-

cyl~&,S-BH—L—aspartyl—L-phenylaLanine
ained by catalytic tritiation of
-dehydronorleucyl-L-phenylalanine

atron, the larter compound gave

06-

/



3 e ey

;:y,—'-dsnarttt—'—1tew41£-;nine
rerties ldentical wWith those of
crenerties of compounds [T and 111
emmthionvi-L-aspareyl-Lovheavialanine:
' strin, wlLP Tespest tcC

credr secretion in the

{Factor 3) exavcises
obrivional deficiencies, the om ph asisg
) lace its role as an
vos onarallelied by the search for
ccrmnl winedoms, In this ”DFEQKL it

£ organic deloniuvm-

a
sultuer isologs, It was fuund
ap

in seleni
gszoential el oo

seleniuan comanns

became imporia: the separation
CONTA NI T
that racemic 5 _ ; :
gelenvethinniv, ani Se-hearvleelenocs.te:.ne are separated from their cor-
es

lencmethionine

seleroeyst ine,

r onding 510 slogs by cen-exoiarngs chraratography,  The reasoen for

prevlous faslures re obtain regroder Yle colsr valees for selenccoystine

wids uncoverst,  The saleniun-celenic hond of solenocystine b5 claaved

Sy mercaptars el svlenc.s, vroldine aooolic releeules with seleniur-sul fur
Cenide-salfnydry]l and diselenide-

or selenlum-=e.calan bonds . The d
selenol intercsanse reacrions. which ooy over a wide pH rang
taken into oo osunt dering analyiical invoscigations involwing

diselernides ancor thiols, a: : Traatment of peptidas can-

taining selenus stine or selancoysts luws (l-selero-oxytocin,

>, maut be

mixvtures oi

G-seleno-ox Lo, deamine-1-:e

tor 22 hours partlally

itself was treated
‘rely destroved,

wviseir, deamino-S-seleno-oxyoooin
1

and deamine i e lenn-oMyIoT Eno

devracded se coacvsnine; howavay

under cdent. ool reaction condition:.
s oointing of a nucleophilic displace-
syt oan d-rolylaved L-se
inlery, w5 dvantageouas fo

A nmth
weEnt o1 the
derivacive
racicn of S--vonzyl -l -5elcnocvste;i‘ componnds whlch bear selectd
and carboxyvi-orocec ine arcups,  Ln order to demonstrate
wtior in the syvothesis o

removanle gl

the wilecr oo Zor <hes Zisplaces

indne amino acids, oo “‘~:“211‘y of transforming

ydrapgen seicnide to

seleniam-
J-rolvlated Losorine Jderivacive wiorosodio

correspondi  selenoeysteine der:vative was lovestigated,  Such a
vative with L1 Yree solencl Tinction wouid prnvide a kev intermediace
allowing tb: sranstormaticn to 2i1ther fre diselenide by oxidation or to
cepe af reaction would pave
stine, the lacter would

1
=
s

selenides L, dlkvlation, Wh:le tie
the wav for a -onvenient synthesis 7. AT
offer a r 3oL owiard rne syntbesia ! dialkvlscienides which possess a
selenocyst
The latter @oa

Cre oetietty oas o Lne sdasile sweleton, vuach o as L-selenolanthicnine,
sath wol . dlmr errit fhe iptroduction of selectively

]
SheR0

s
o F

»
]
|
5D



cruwnar and Cellalar Zadiobiolegy - Medical Rescarch
cnanisrs of Actign of Frez Radicals and Hormones 06-01-.02-(ch

1. Technilcal Prowress in FY Y870 (Cone'd.)
removable seienium-protecring gryocups.  Both of these goals were accomplished
by the synthesis f L-selenccystine ard L-selemolanthionine,

In the vacently described synthe:ris of several NPS-protected N-hydroxy-
succinimide cvsters of amino acids there is no report of the corresponding
glutamine ano asparagine derivatives, The preparation of these two deriva-
tives became of .nterest in the course of peptide synthesis involving the
solid phase jrocedure of Merrifield in order to aveid the possibility of
nitrile formation previously abserved during peptide elongation with both
gluramine am. asparagine derivatives wnen DCCI was used as a coupling reagent,
Howewver, in .ttempts to prepare the N . hydroxysuccinimide ester (11} of
NPS-L-giuram:.ne .1} by the wmixed anhyiride and the DCCL methods, the sole
product isolited was NPS-L-2-am:nogiu-arimide (IIL}. In order tgQ uncover
the source o° rthe amide formaticon the effects of wvarious solvents, water
and heat on 171} were studied. It wasz found that (IT} is stable in
purified dim:thoxyvetnane, dioxane, ani DMF, but the addition of water to
the latter solvent caused a gquantitative transformation of (II) to {IIL},
Heat (70°) was aiso found to affect crclization even in the absence of
water, Contravy ro earlier reports tne formation of (ILI) was detected
along with other products upor treatment of (II) with 2% triethylamire.
The synthesis of (II) was finally accomplished in high yield by the DCCI
method (DD, ! irs.) when the ester was isolated from isopropyl alcohol
at 3°. In tais context it is of interest that NPS-[-asparagine-0Su does
not cyclize during iselation in the fresence of water or during exposure
ta neat,

Neurcohypoohvseal hormones ennance the selective transfer of water -
and sodium lons dcrass the wall of the toad urinary bladder., These $
processes are tbought to depend upon the balance in activities of adenyl
cyclase and cyclic nucleotide phosph: diesterase, the cellular enzynes
which regul. te tne forrmation and degradatien of 3', 5'AMP, respectively,

The priblems of determining the lower and upper limits of that
hormone-dependent adeny! cyclase act vation which is translated intoe
the permeab:litv change was studied, The intrinsic hydroosmotic activi-
ties of oxy:ocin, 2-0-methyltyrosine-oxytocin (OMeOxy) and 2-0-ethyl-
tyrosine-oxvtoc:.n (OEtOxy) were founl to decline progressively (a=1.00,
0.88 and 0.0 .respectivelv), correspinding to a change from an azonist
to a partia. agonist, to a competiti-e antagonist. While QEtOxy
antagonized the action of oxytocin. .t amplified the hydroosmotic action
of theophyl.ire, a phosphodiesterase inhibicor. The affinity constants
for the synurgistic and antagonistic receptors amounted to pS,=7.00 and
pA2=6_85, respectively, The similavity in the binding constants for
OEtOxy suggests £o us that both procasses, antagonism as well as synergism,

originate fro- the same receptor system. This synergism is therefore a
consequence or DEtOxy stimuiatiorn of the adenyl cyclase system, but the
degree of rai- <rirmulation is iasufiicient for the triggering of a

{See {chtinuition Sheerd 06-81
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avdreosmotic re«p nse in the absenre 0 oa phosohodliesterase inhibitor. The
svnergistic a:z%.nn o+l 13ximal coneentiitions ol 0EeCxy was mimicked by
threshoid concentratians of 3.5 .4M5 e Lahibitory properties of PGE,
ware then sty liad AL maximal concestrations PGE: reduces the intrinsic
activity of CMedwx: zubstantialiy rros o, 33 Lo 316, howaver, the intrinsic
activity of cxvocoin L8 anly reducsd frem =1 00 fo 0,80, This non-
competirive antigenisi of PGEp raveals an excessive stimuiation of the adenyl

cyclase sysrem 5y nigh concentratiznz sI oxytocia, It may be concluded,
therefoere, thac o sdues ara cazable of producing graded
effects an acenvl cyeclase borh below subthreshold) and above {receptory
reserve) the ra:;c of enzvme activits wnloh ovokes graded changes in mem-
brane jpermeab il it

.

~ohypophvseal pant

The perreabriiny to water oI the arinary biadder zf the toad Bufo
marinus, can be :@ncreasod with certal. hwvpertonic sercsal solutions, This
response to tvy nicity was and ©. he similar in several respacts to the
hydroosmotic se of the b dder foliowing stimulation with vasopressin

all
I

ac

or cyclic 3 -AMP, RelatlveL) {mype: maneat solutes, such as sodium and
mannitel, are c¢onsideracly wore effes ive in promoting net mucosal to
serosal wate: tovewent wnereas hiphly permanent solutes, such as urea are
ineffective  Wh:le wvascpressin inhiz tors (prostaglandiv Ei and Mn \ do
not alter the response of the 3 adder =o hvpertonicity, cyclic 3',57~AM
inhibitors (un™. low KT, pH & 33 dra-cically reduce this response. It is
concluded thit tiere .s an 2gwosepsit ve compartment, 1.e. an asmoreceptor, |
in the =cad »ladder epitheliam rhe ac-ivation of which rriggers a horrone-
like increas: .n the permeabiiiry t. vater of the tissue. It is sugpested
that this osaoresepror exerts 175 vifacr after the formation of cyclic 37,5
AMP in rhe cia n of events wnich charvicterizes the action of vasopressin.

Progpres; toward the full anderstinding of cthe mechanism of sedium
transport ac-o.s Living membranes was tade by investigating the energerics
aof tramsport ir the turtle bladder., 4 tissue with vigorous sodium transpor-

ing properti:zsg The ratio of sadius :ons moved across the epithelial
layer to molec:les of oxygen consumed was found to be 22, a wvalue Incompat-
ible with tke .o-called "redewr punp' nechanism The value is of particular
interest because it was derived fron the epitheiial layer ﬁnly The

gpitheliun was separated from the ur:arl ing smeoth muscle layer, the
relative amcunts and respiratorv ac::vities of the two types of rissue de-
rermined; cte rirst time this has hecn done for a tissue used as a madel
for sodium traneport. The two tayers of the turtle bladder are
being investigated to determine theg .oroributicn of smooth muscle to phe-
nomena previousiy attributed scleiy o transporting epithelial layers.

Studie: were undertaken to detsrmine the mode of action of rhe cardiac
glyvcosiée, +uabain, an inhibizor ¢ - odinr transport. To svstematize
metaboiic e:ferts that the plotura o ouabaln action must explain and to
test the porsip.lity that crasain ad-unistration is synonymous with re-
moval of ex-ernal sodium, the respor ¢ of oxvgen consumption to cuabain
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and to the removal of sodicm was decermined for four tissues whose ion-
transporting act.vities have heen we.l.characterized--cerebral cortex,
urinary bladder, seoth muasele and gastric mucosa,  Braia respiration was
stimulated by scavain, but inkibited bHv the substitution of choline for
sodium, a findica incovpatible with the frequently made assumption that
ouabain adrzinistraticn and rerova. 2! <ndium via choline substirction are

basically ileentsoar procedures,

In the course of the work oan oxygen consumption, information has been
obtained on the Jlark oxvgern electrove A new wethod of calibrating the
electrode has meen described, and pr.ohlems in one neasurement of respiration
of iscilated tissaes hrought to lighrt and solved,

B-argirine-vasapressinoic aecid, an analog of the mammalian,incidiuretic
hormone in which the carboxamide zro.o of the giycine residue is replaced by
a carboxyl ;roup, was izolated after rreatment of S-benzyl-N-tosyl-L-
cygteinyl-ﬂ~tyrusy‘-L-phenylalanyl—;-glutaminyl—L-asparaginyl«S-benEyl-L-

cysteinyl-L.prolvl-NG-rosyl-T-arginy glyecine-resin with anhydrous hydrogen
fluoride, deprorection, oxidation and partition chromatography on Sephadex
G-25 in the sclvent system l-butano: ethancl-pyridine-0.1N acetic acid
(4:1:1:7). This anaiog pave the expacted values for elementary analysis
and amino arid analysis Upon test:ng for biological activity, 8-arginine-
vasopressinoic aci1d was found to possess a high activity in the toad biladder
hydroosmoti. assay, but low activiey in the rat uterotonic assay and no
activity at a cuncentration as high 1s 3 X 10°™Min the avian vasodepressor

assay; most significantly, this hormine analog was found to inhibit AVP-

induced anc:d uresis in the ras. )

Irvestigat.on af the substrate specifieity of a partially purified ?
enzyme frew the toad bladder, which sad been shown by Campbell et al, to
cleave glycinamide srom lysine-vasopressin, showed that this enzyme trans-
gresses the boundaries of the substrate specificiry for chymotrypsin as
well as trypsir, because it catalyzes the cleavage of glycinamide from
borh cxytocin and lysine-vasopressit.  Thus the amino acid residue in
position 8 is not essential for the enzyme to recognize oxytocin and lysine-
vasopressin as substrates, a contenticn which is further supported by
findings here that the glycinamide -oiety is readily cleaved from 3-phanyl-
alanine-8-alanineoxytocin. lowever. the chemical functionality of the
glycine residue in position Y is of critical importance for the hormoune
to be recogpnized as a substrate, UOriy traces of glycine methylanide
and glycine dimethylamide were dete:ted upon incubaticn with enzyme of
deamino-ox:tocinoic acid methylamicds and deamino-ocytocinoic acid dimechyl-

amide, respect:vely, Oxytocireic ac:d, an analog in which the carboxamide
moiety of uxytocin is replaced by a carboxyl group was essentially un-
affected. Attention was drawn te the possible general significance of

enzymes--possessing a substrate spedificity comparable or identlical to
that of 'carboxamidepeptidase’ desc "ibed in this study--in the averall
regulation of -he acticn of other peptide hormones in whitich the carboxyl-
terminal a-iro acid residue bears o -arboxamide group.

{5¢e CSntinuazicn Sheet? 06-83
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16. Technical Progress in FY 1970: (Cont'd.)

220 MHz proteon nuclear magnetic resorance (NMR) was used in continued
investigaticn of rthe confermaticn of neurchypephyseal hermones. Thi
rechnique oifers great promise in revealing information about helix - coil
transitions and mobility of sidechains as well as intra- and intramclecular
interactions in peptides and prcteins. One prerequisite fer a successful
conformatioral investigation of a peptide or protein by KMR is the identi-
ficatien of the rescnance pattern of individual proctons of the constituent
amino acids., Resonance peaks were assigned to specific residues in the
neurchypophyseal peprides using: {a} examination of NMR spectra at different
temperature levels; (b} compariscn cof spectra of intermediates of oxytocin
and of analogs with selected structural modificaticns; and (c) homonuclear
proton spin-decoupling, In the course of the assignment the variable
temperature studies were particularly helpful in resolving overlapping
resorance signals, while the spectra of intermediates and analegh give an
indicarion of the chemical shifts and the rescnance pattern to be expected
for the individual amine acid residues in the hcrmone molecyle. The de-
coupling experiments were vital for deciphering which NH, C”, and CiaprDtOnS
belong to a particular amino acid residue. With this apprecach, magnetic
resonance peaks were assigned to individual protons of the constituent

>
2]

amino acids in the neurchypophyseal hormane, oxytocin, Some of the observed
¥ . . . 4 -

chemical shifts, and NH-~CH™ coupling constants were studied in relation to

the conformation of the hormene. (Schwartz, Walter)

17, Expected Results in FY 1971:

Some further improvements in the data-reduction capabilities of the
cn-line Sigma-2 programs are planned, but these are not major. A significant
revision of the system to improve input-output facilities for processed ‘
data will be undercaken, because this 1z a present bottleneck., Access to
Brooknet is anticipated this year, leading to an uncertain requiremant

H
for system madifications.

If it zppears desirable in light oI Brcoknet cperaticn, the CDC-6600
programs CONVOL and EPRSYN may ke revised to rake advantage cof the Extended
Core Storage facility. The postponed initiaticn of CDC-6600 program develop-
ment for autcomatic analysis of EPR :pectra may be undertaken depending on
availability of collaborators.

The major progress anticipated with regard to experimental apparatus
and instrumencation are: 1) the installation of the external magnetic field
sweep control and its coordinaticn with computerized data-taking, and 2)
the setting up of ELDOR. As a new «nd complicated form of spectroscopy,
ELDDR may require a majer installation effert. A two-stage mixer may also
need to be designed and fabricated @or che Q-band EPR flow system.

The free radical studies on porphyrins will he active. The identifi-
cation of rhe chlerophyll radical should be compleced. Unusual oxidation

A

states of some manganese and cobalt potrphyrins will be pursued. A srarc

L
T
I
oo
1~
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17. Expectred Results in FY 1971: (Cont'd.)

wili be made on experimental werk wich iton porphyrins, although many

paramagnetic iron compeunds do not exhibit EPR. ELDOR is strengly indicated
for the porphyrin work and wiil be wsed, 1f available in time,

Computer-basad EPR studies of the improved rhodopsin and rod-cell
preparations shoculd be completed., For lack of manpower commirted to the
project, 1t is nat now c¢lear whether the low-temperature liquid work or the
charge-transrer srudies will be resumed,

In order to improve old experiments on transient -ree radicals of
catecholamine hormones, some of the critical flow experiments will be rerun
to take advantage of the impreved resclurion and analytical capabilities
of the compurerized EPR system. Atom bombardment and irradiation of powders
and crystals of purines, pyrimidines, and other nucleic acid components
will centinuz. Structural analysis of the 9-methyl adenine radical should
be complete, Correlaticon with radicmimetic reactions run in the EPR flow
apparatuses should be actively underway.

Resynthesis of new materials should allow digitization of spectra
and computer analysis of at least some pyrimidines, nucleotides and nico-
tinamides. Further extension of the work from substituted nicotinamides
to nucleotices themselves and eventually to enzyme reactions will depend
on apportunities to collaborate with Regers {Medical College of Virginia),
Resumption of active work on tissue EPR signals is planned. Resoclution of
large-sample cavity preoblems should be completed. Preliminary evaluation of
the Q-band EPR will be carvied out, and ELDOR will be tried, if it is avail-
able. Depending on the evaluation or these methods, the previously proposad
systematic analysis of tissues may be started. (Borg) ¢
!
It is hcped to accomplish the elucidaticn of the three-dimensional
crystal structure of deamino-6-selenc-oxytocin. Conformational studies
in solution will be continued with the purpose of arriving at the solution
secondary scructure.

Cvclase preparations of various hormone-responsive tissues will be
developed in order to study the mechanism of action of the neurchypophyseal
hormones at multiple levels of organizational complexity., 1In this context
it Is planned to develop a method for measuring total cyclic nuclectide
levels in the presence and absence of agents which ave known to alter
membrane properties,

The mechanism by which hypertonicity alters the water permeability
of the toad bladder will be continued and a study concerning the mechanism

by which the steroid aldosterone potentiates the ADH-induced hydroosmotic
response will be initiated. (Schwartz, Walter)

(See Comtinuation Sheet) 06-85
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18. Expected Results in FY 1972:

Logical continuacion of the projects propesed for FY 1971 is to be
expected, Those projects presently receiving reduced attention because
of insufficient perscunel should be supported. ENDOR spectroscopy will be
instrumented, 1f there is sufficient support.

EPR, ENDOR and--probably--ELDOR can be of great impertance in structural
analysis of paramagnetic molecular centers. Hence, investigation of a
productive collaboration with the Center for Structural Biochemistry should
be an objective for FY 1972, at the latest.

Paramagnetic shifts in NMR lines can provide useful information about
free radicals that can be stabilized, Collaboration with an NMR group--
preferably at BNL--is apt to be necessary by this time,

hY

Spin labels are being used with increasing frequency in biochemistry
and biophysics. They mav have special application to structural studies,
Consideration should be given to setting up a suppert facility for EPR of
spin-labeled samples,

A conceptual review should be undertaken of the relevance of free
radical biochemistry and of EPR and related spectroscopies to environmental
problems. At this time the role of photochemical degradations involving
free radicals in the fate and behavior of atmospheric pollutants would
seem worthy of investigation, but it is unclear that this is a good subject
for an iuvestigator with a medical background, (Borg)

As many of the hormonal studies will be continued as c¢ollaborarive N
support permits, {(Schwartz, Walter$
+

19. Description and Explanation of Major Materials, Equipment and Sub-
contract Items:

Capital eguipment required for progress in these studies include:
ENDOR Accessory, $32,700 in FY 1971 and replacement EPR equipment, 340,000
in FY 1972,

20. Proposed Obligations for Relared Copstruction, if any:

Bio-Med conjunct facilicy

- 06-86
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SCHEDULE 189
ADDITIONAL EXPLANATION FOR CQPERATING COSTS

Brookhaven National Laboratory

Q06-Biolopy & Medicine

Laboratory

Program

Contract ¥No.: Ta

1. Contractor:

sk No,:

Associated Universities, Inc, AT~30-2~GEN-16
2. Project Title: 189 No.:
Radiation Genetics--Medical Research 06-165
3. Budget Activitv No.: 4, Date Prepared:
06-01-013 May 1270
N
5. Method of Revorting: &. Working Location:

See sub-activities

PRIVACY ACT MATERIAL REMOVED

Brookhaven National Laboratory

7. Person in Charee: 8. Project Term:
See sub-acrivities Continuing
Principal Investjigator: From: Tor :
+
See sub-activities ’

9. Man-Yoars: FY 1970 FY 1971  FY 1972
Sci., Res. Assoc, (Ph,D. or Equiv.) 3.0 3.0 3.0
Visiting Sct. - - -
Prof. (B.S, or Egquiv.) - - -

Sci. & Eng, - Total 3.0 3.0 3.0
Techniczl 7.0 4.5 7.0
Adm., & Service 2.0 1.5 2.0
Guests & Research Collaborators 0.5 3.5 1.0

Total . 12.5 9.5 13.0.

10. Costs (In Thousands of Dollars): FY 1370 FY 1971 FY 1972
Labor {including benefits} 163 141 166
Mats., Trav., Dev. Subcont., Spec'l Proc, 71 43 41
Reactor, Accel., and/or Computer Usage 0 0 0
Allocated Technical Services 2 1 1
Gen. & Adm., Overhead N

Total Research Cost |
PRIVACY ACT MATERIAL REMOVED

11, Reactar Concent: - 12. Materials:
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SCHEDULE i8%
ADDITIONAL EXPLAWATION FOR OPERATING COSTS

Brookhaven Yaticnal Laboratory 06-Biology & Medicine

Laboratery Program

1. Contracteor: Contract Wo.: Task No.:
Associated Universities, Inc. AT-20-2-GEN-16

2, Project Title: 189 No,:
Radiation Genetics - Medical Research ' 06-167

Storaze and Transfer of the Cenetic Message

3. Budget Activity No.: 4, LCate Preparecd:
06-01-03- (an May 1970 .
5. Method of Reportircg: 6., Working Location:

Brookhaven National Laboratory
BNL Annusal Report

BNT. Monthly Letter to AEC
Builetin of the Medical Department

7. Person in Charge: 8. Project Term:
L. D. Hamilton Continuing
Principal Tavestigator: From: To:
L. D. Hamilton .
5. L, Commerford <
N. Delihas M. H.F, Wilkins & Associates (King's College, London} '
9. Man-Years:
Direct Man-Years FY 1970 FY 1971 FYy 1972
Scientific & Professional 3.0 3.0 1.0
Other 9.0 6.0 9.0
Guests & Res., Collaborators 0.s _h.8 1.0
Total 12.5 9.5 13.0

10. Costs (In Thousards of Dollars):

Fy 1970 Fy 1971 FY 1972

Research Division 275 237 247
Hospital Divisieon 35 13 38
Research Costs 310 250 285

il. Reactor Concept: 12, Materials:
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13. Publications:

Richmond, J. Y. and Hamilten, L. 2. Foot and mouth disease virus
inhibition irduced in mice by synthet:c double-stranded ENA (polvriboincsinic
and polyribocytidylic acids). Proc, Nat. Acad. 3Sc¢i, U, 5. 64, No., 1, Bl-6
(1969). T

Hamilton, L. D,, Babcock, V., 1., Scutham, C. M. Inhibition of herpes
simpley virus by synchetic double-stranded RNA {polyriboadenylic and poly-
ribouridylic acids and polyriboinosirn.c and polyribocytidylic acids), Proc,
Nat. Acad. Sci. U. S§. 64, No. 3, B78-r1 (1963},

Wilkins, M. H. F., Wilson, H. R. and Hamilton, L. D, Secondary
structure of DNA. Proc., Mat, Acad, Sci. U. S. {in press),

Wilwins, M. H. F., Arnotg, §., Marvin, D. A,, Hamilton, L. [*@ Fourier
analysis and the structure of DNA: some misconceptions on Fourier analysis
and Watson-Crick base-pairing. Science {in press). i
14, Scope:

Short- und long-range objectives in this activity include research on
the physical structure af storage and transfer of genetic information, and
how a wide variety of chemicals damags informaticnal macromolecules, Protein
synthesis continues to be the central problem. Despite advances, e.g.
coding and cell-free systems, it {s likely to remain central for ancther
decade--or at least until the structures of ribosomes and transfer RNA mole-’

cules, etc., are elucidated and protein synthesis is described accurately
in j-dimensions. Despite worldwide expansion in research on this subject,
further nucleic acid-protein studies will be needed for several decades ¢
befare intracellular processes in higher organisms are understood, Now that

the chemical basis of coding is clear, interest is shifting to structural
aspects of protein synthesis, e,g., as studied here in cellaborartion with
the Medical Research Council's Biophysics Research Unit, King's College,
London. The methods originally deve:oped for DNA are now being deployed
for RNA's and ribosomal structure,

In addition, biochemical studies of ribosomal structure, and nhow RNA
segments interact with ribosomal proteins, are carried out on Escherichia
coli ribosomes by (a) treating ribosomes with ribonuclease (RNase) to
determine which RNA portions are vulnerable to cleavage and thus define
their role in particle stability; and (b) labeling ribosomes in vitro with
1-125 to detexmine which ribosomal cemponents are accessible for labeling.
The transcription from DNA to messenger RNA 1s studied by (a} detailing
the 3-dimensional conformation of RNA and the interactions of synthetic
polyribo- and polydeoxynucleotides; and (b) biophysical and biochemical
characterization of the messenger RNA-DNA-RNA polymerase complex. Short-
rerm objectives of this research are to determine (a) conditions for the
reaction of iodine with nucleic acids sc that {odine is bound at known
positions, .n the amount desired, with ninimal side-reactions; and (b}

(See Comrtinuaticn Sheet) 06-168
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14, Scope: {(Cont'd.)

the effect o this addition of iodine and its radicactive isotopes on the
physical and bicolegical properties of DNA and RNA., The availability of

such a label.ng procedure would assisz in analysis of the transfer of informa-
tion from DNA to various RNA's.

Study of the interaction of chemicals with the informational macro-
molecules neaeds extension and entails expanded research on the interactions
of the macromolecules themselves and of the enzvmes Invelved in their own
synthesis ard protein synthesis generally., These interactions are central
to understanding how factors in the environment influence heredity and dis-
tort differentiation. They also relate to how viruses, chemicals and
radiation induce somatic mutacions, and how they and other factors accelerate
aging.

A spin-off of the ability to make purified, synthetic, double-stranded
RNA's and to monitor the extent of thelr double-helicity by x-ray diffracticen,
has been the practical tests of these materials as inducers of interferon in
the treatment of several virus diseases and tumors in animals., These
two-stranded complexes are being tested nere and in collaboration with
several investigators at Sloan-Kettering Institute for Cancer Research,

New York: affects of poly rA:rU on herpes simplex virus (HSV) (with Dr.
Chester Southam); the effects mainiy of poly rl:rC on tumor inhibition
(with Dr. G. Tarnowski and Dr. C, C. Stock}; the effects on tissue culture
and reticuloendothelial system activity and tumor inhibition {(with Dr.
Lloyd Qld}; and pharmacology of the complexes and the polynucleotides (with’
Drs. F. S. Philips, §. Sternberg, M. Fleisher, H, Marquart, and M, Zedeck)},
Collaberation with Plum Island Animal Disease Laboratory, U. 5. Department _
of Agriculture, Greenport, New York, includes study of the effects mainly «
of poly rl:rC on foot-and-mouth disease virus (FMD) (with Drs. J, Richmond?
and J, W. McVicar). These studies on the biclegical effects of synthetic
polynucleotides occasion some postponements of work on the study of the
structure of informational macromolecules and of their interaccion with
small molecules and collaborative studies with the Biophysics Research
Unit, King s College.

I5, Relat:onship to Other Projects:

Storage and transfer of information is the central problem of contempo-
rary biology. Related studies are being carried on in laboratories through-
out the world.

Related studies at BNL include Burtin on ¢X DNA, Studier on bacterio-
phage T7 DNA, and Lacks on the mechanism of bacterial transformation by DNA,

all in the Biclogy Department.

Others working on structure of polynucleotides with x-ray diffraction
include Alexander Rich at MIT, Cambridge, and David Davies at NIH, Bethesda,

(See Continuation Sheet) 06-169
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15, Relacionship to Cther Projects: iCont'd.)

(structure of svnthetlic polynucleotides); Roberc Langridge, Biophysics
Department, PYrincetron, {structure of ribcsames and viral RNA); and V.
Luzatti at Strasburg, France, (structure of nucleoproteins)., There is no
identical work being carried on in anv AEC laboratory

Kornberg at Stanford, Bellum at Xansas, and Khorana at MIT are studying
the enzymic synthesis of DKA and synthetic deoxypelynucleotides, Dudock at
State University at Stony Brook is determining the primary sequences of
transfer RNA's. Sidney 3renner and Francis Crick at Cambridge, England,
are investigating coding by genetic experiments and the structure and do-
tailed function of transfer RNA., Studies on the amino-acid code are being
made with synthetic polyribonucleotides by Nirenberg, NIH, Bethesda, and
Ochoa and co-workers at NYU, New York

LY

Watson at Harvard and Cold Spring Harbor, Jacob and Monod at Pasteur
Institute, Spiegelman at the Delafield, New York, are studying the transfer
of information by messenger RMA, its relacion to DNA and ribosomes and the
interaction of various polynucleotides. Research on DNA-RNA hybrids is
being done by Hayashi at La Jolla, Konrad at Berkeley and Spiegelman; they
have examined virus infected cells for such hybrids with conflicting results,

Brammer at Berkeley and Zamecnik at MGH have investigated the effect
of bromination on the infectivity of TMV-RNA and the amino acid accepting
activities of yeast transfer RNA respectively, PBrammer has also investigated
to a minor extent the effect of iodivaticn on the infectivity of TMV.RNA, ,
However, the reaction conditions and the sites and extent of this iodina-
tion differed from those dane here,

Nomura and Traub at University cf Wisconsin are studying bacterial
ribosome strucrture and function, Ribosomal RNA is being studied by
Hadjiolov and co-workers in Sofia, Bulgaria, working on the overall primary
structure of liver ribosomal BRNA; Spencer, M.R.C. Biophysics Research Unit,
Londeon, is studying a crystallizable BNA fragment structure from bacterial
and veast ribosomes; Cox, Mill Hill, the secondary structure of reticulocyte
ribosomal RNA; Midgley, England, E. coli ribosomal RNA structure; and Gould,
Imperial Co.lege, polyacrylamide Eel electrophoresis separation of ribo-
somal RNA fragments,

Cther physico-chemical studies, e.g. melting curves to determine
sequence complementary on nuclelc ac:ds are being made by Doty at Harvard
and on transfer RNA's by Berg at Stanford., The Setlows at (0ak Ridge
National Laboratory (AEC) are studving enzymes that repair DNA after damage,
and Freifelder at Brandeis, the nature of the lethal lesion in DNA after
radiation injury. Increasing evidence from many laboratories is pin-
pointing the nucleiec acids as key rargets of radiation damage.

(See UGntiruativn Sheet) 06-170
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15, Relationshio to QOther Projeccs: (Cont'd.)

The effects of polynucleotides and. of other interferon-inducers,
especially the anci-viral and anti-tumor effects, are being studied in many
laboratories. The main investigators include Field, Tytell, Lampson, and
Hilleman at the Merck Institute, Baron anc Levy at NIH, Merigan at Stanford,
Colby and Chamberlain at Berkeley, Although some of these investigators
work on closely related biolegical effects, the studies done here and at
collaborating laboratories differ importantly in: (1} physical characteri-
zation of the pelynucleotide complexes; (Z) uniqueness of viruses studied,
e.g. FMDV only at Plum Island; (3) uniqueness of experimental tumors tested
at Sleoan-Kettering; (4) comprehensiveness of pharmacology and toxicological
studies at Slean-Kettering,

16, Technical Progress in FY 1970:

LS

Direct interest in DNA conformation has been virtually exhausted
except for DNA's considered unusual by virtue of scurce, size, or base com-
position, and DNA's {n which thymine Is replaced by a halogenated uracil,
X-ray diffraction studies to date do not support the concept that DNA con-
sists of subunits linked by phosphopeptides, Were DNA composed of regular
subunits, one should be able to get much more highly crystalline x-ray
diffraction oatterns from such subunits than earlier obtained from intact
DNA. This expectation is based on the fact that ridding DNA of the phespho-
peptide linkages and ending up with a family of identical subunits, these
should pack much more regularly than the more hetercgenecus DNA's, 1In
studying fractions, the original 105 fraction gave a poor B pattern;
the 65 fraction was no worse--if anything the pattern indicated slightly
more crystallinity--but still poor, One concludes that dissociation does -
not produce good quality DNA since these smaller units only have the abilit?
to give B patterns and not the more crystalline A patterns. The repolymer-
ized 105 fraction also gave a very poor B pattern; again, the material was
nor able to pass into the A conformation? indicating that although the
material consisted of double-stranded DNA, it was altered in some way so
that it could not undergo the normal B to A transition, The poor quality
of the pattern again indicates that the prgduct was poor, 1In view of the
fact that highly crystalline A patterns of DNA have been obtained with
many DNA's of much higher molecular weight than either the original 108
fraction or the repclymerized 105 fraction, it would appear unlikely that
the repolymerized material represents DNA in its natural state. Such
poor patterns might be givern by DNA in which there was some side-to-side
aggregation rather than one continuous double-helix embodying the postulat-
ed links. In summary, the x-ray data to date speak against the concept of
subunits in DNA.

Further studies have been. completed on synthetic, double-stranded
copolymers formed from a polyribonucleotide and a polydeoxyribonucleotide,

i.e. polydeoxyriboadenylic and polyribouridylic acids, and poiydeoxy-
thymidylic and polyriboadenyiic acids, Interesting patterns have been

(See Continuation Sheet) 06-171
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16. Technical Progress in FY 1973: (Cont'd,)

obtained with the poly dAU complex. Thers has been difficulty in securing

adequate polvdeoxythymidylic acid; this has mace diffraction patterns of

noly dTA cemplexes unsatisfactory, Complexes of poly dAU have been observed
1 .

in which there are two strands of polvribouridylic acid to one of polydeoxy-
riboadenylic acid; there were also duplexes in which there are single strands
of poly dA and poly U, This is the first time that double-stranded copoly-
mers have heen observed in the complex formed from a polyribonucleotide

and the polydeoxyribonucleotide, Morcover, in this conformation the duplexes
are in the A conformation and there are shifts in conformation with addition
of salt,

Crude RNA has been prepared from wound tumors as the first stage in
the isclation of the double-stranded RKA from the wound-tumor virus,
Improvement in the material isolarted fror the wound tumors has not been
possible because of the diversion of time to the synthetic polynucleotide
program; material has therefore been stockpiled for further purification.
For similar reasons, little has been done on interaction of drugs with
polynucleotides other than continuing work on papers on interactions of
small molecules with DNA, RNA, and e:pecially on the complex of dauncmycin
and DNA, on intercalation versus external binding by drugs in pgeneral to

DNA, and on actinomycin and DNA.

In studies on structure and funcrion of ribosomes it was, found that
digestion of 70S ribosomes with pancreatic RNase at 0° in 107" M-Tris-HCL
(pH 7.8), 1077 M-MgCl,, 3 x 1072 M-NH,Cl releases about 3% of the Aygyq
units in low molecular weight form. ENA isolated from the intact ribosomes
has no 23S component but predeminacciy 16-188 and 10-125 components, 708
particles do not dissociate after digestion under these conditions to 503
and 308 subunits, but do so If they are pretreated mildly with trypsin,
RMase-treated particles are as active as undigested ribosomes in in vitro
poly U-directed polyphenylanine synchesis; thus the activity of ribosomes
was not affected by the presence of RNase-induced breaks in the RNA. 705
ribosomes can he readily iodinated in virro with I-125 at 40°C, pH 5.0,
10-42 M-MgCl~. Over 95% of label bound to the Tibosome is on the protein
with a minor fraction on the RNA, A!l bands of 705 ribosomal proteins
separated in polyacrylamide gel elecirophoresis contain L-125 label.
Ribosomal RMA in the free state lahe.s readily under the same conditions
of reactien. The RNA in situ appears largely unaccessibie for labeling
whereas manv of the proteins are readily iodinated,

Conditions have been found whicn permit iodine to form a stable bond
with the cytosine of RNA or DNA by sibstitution of the proton at C5.
This reaction is specific for cytosine and no irreversible side reactions
appear to occur since iodination, at least at low levels, does not affect
the molecular weight, the uitra vioalet absorption, the melting temperature,
the speed or extent of rvenaturation or the transforming praoperties of DNA,
The reacticn !s very sensitive co the secondary structure of the nucleic

p—
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16. Techaical Progress in FY :970: {(Cont'd.)

acid. Up to 30% of the cytosine of DNA have been ilodinated and RNA has
been labeled witn the radiocactive isotope of iodine I-125, at levels up to
! p:c/mg RNA,

Tn antiviral studies on biological effects of polynucleotides,
synthetic 2-stranded poly rA:ry as well as poly rI:rC protected against
systemic herpes simplex infection in mice, herpes simplex-induced cyto-
pathogenicity in human cell line HEp2 tissue cultures, and herpes simplex-
induced keratoconjunctivitis in rabbits. Both poly rA:rU and poly rIl:rC
were effective in vive and in vitro and when given systemically or topically,
Topically, thea effect was localized in that if only one eye was treated
with polynucleotide complex, the contralateral infected eye was unprotected,
Furthermore, some rabbits whose eyes had responded to local treatment with
the polynucleotide died of cerebral involvement with the virus--again in-
dicating localization of the therapeutic response. i

Herpes Simplex virus is a DNA virus, Protection by 2-stranded
polynucleotide complexes extends to other kinds of viruses. Thus poly
rI:rC induced host resistance to foot-and-mouth disease virus (FMDV--an
RNA virus) when pg quantities were injected into mice, There was a
graded respcnse as shown by titrations of polynucleotide complex or virus,
Protection was effective for > 48 hours after single injection of poly-
nucleotide complex. Survival and serum interferon titers were directly
related. The facec that poly rI:rC induced resistance to FMDV, while
single-stranded unaggregated homopolymers of poly rl and poly rC did not,
imply that a prerequisite for in vive activity against virus is 2-stranded-
ness. Preliminary experiments_fn guinea pigs and cattle have shown
similar responses to the polynucleotide complex. I

Effectiveness of the 2-stranded polynucleotide complexes in pro-
tecting aga.nst certain virus diseases led to their trial against experi-
mental animal tumors, With some tumers the effects of the polynucleotide
complexes have been inconstant and minimal, e,g, RADAl leuvkemia in A mice,
With some others and especially solid tumors, e.g, Ridgeway osteogenic
sarcoma, the complexes have been consistently active, The mode of action
of the antitumor effect of the polynucleotides remains obscure, but from
present results it does not seem likely that the polynucleotides are
acting against tumors by induction of interferon, via the reticuloendo-
thelial sys:em‘(RES), or by acting as an endotoxin-like substance.

RES activiry, measured by the carbon clearance slope of mice given
20, 100, and 500ug per day i.p. of poly rI:rC for 7 consecutive days, did
not increase; indeed there was a hint of depression of activity, perhaps
because of a charge change on the surfaca of the macrephages., This
absence of significant modification »f the functicnal activity of the RES
by poly rI:rC contrasts with other agents known to modify function of
phagocytic cells aund to heighten resistance te virus challenge, Not all

(See Comtinuation Sheet) 06-173
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Project Title: Storage and Tramsfer of the Genecic Message _uA-01.07%-(8)

16. Techrical Progress in FY 1870: (Conc'd.)

agents of course that increase phagocitic activity of the RES alter resist-
ance to viruses.

In experiments on RADAL tissue culture cells on the uptake of
valine-d-3, poly rl:rC did not affect uptake at concentrations as high as
100 Lg/ml over periods as long as 24 hr. At 20, 50, and 100 ug/ml there
was a tendency for the cells to clump. bur no effect on protein synthesis
at any cecncentration ranging from 0.2-100 pg/ml in 3, 5, &, and 25 hy, This
remarkable result contrasts with the activity of various metabolic inhibitors--
actinomycin, iodaceramide, puromycin, chloramphenicol, p-flucrophenylalanine,
cyclonexamide, deoxyadenosine, S-flucrodeoxyuridine, [-3-D-arabinofuranosyl-
cytosine, hydrccortisone 2l-phosphate--in this system.

Toxicitv studies in mice, rats, dogs, and monkeys are being. carried
out with Dr., F. Phil:ips and his associates at the Slcan-Kectering Instcitute
as a prerequ.site for trying these specific polynucleotide complexes against
cancers and sericus virus diseases in man. Because of the variability in
the biological potency of the polynucleotide complexes from batch to batch
depending, it now appears, on variability in the individual homopolymers
used for the complexes, a decision was made to prepare a single batch of
~ 40 gms poly rI:rC. Toxicity studies would then be completed on this
material and the characterized complex used for clinical trials, This
material has been prepared and studies for its characterization are beginning,

17. Expected Results in FY 1971:

It is hoped to complete papers oa the high-resolution data and refine--
ment of B DNA, on the complex of daunomycin and D¥A, on intercalation s
versus external binding by drugs in peneral to DNA, and on actinomycin and
DNA .

If diversion of time from the synthetic polynucleotide program permits,
double-~stranded RNA will be prepared from wound tumor virus if possible in
milligram amounts, This double-strarded RNA is important for elucidating
in decail the molecular propercties of &he double-stranded helical regions
in BNA structure and defining how BNA itself canm function as the primary
genetic material like DNA. A peint of especial interest 1s whether a
native double helical RNA such as wound tumor virus RNA will undergo the
transition from a ll-fold to a 12-fold double helix under suitable ionic
conditions. This information is needed to understand how helical regions
of RNA probably interact with each other at varicus stages in information
transfer leading to protein synthesi:.

Further characterization studies will be made on synthetic polyribo-
nucleic acids pely rA:rU, poly rl:rC, and poly rC:rG, and the co-polymers

of polyribonucleotides and polydeoxynucleotides as the latter become
available. The studies on the polyr.bonucleotides will be directed

(See Comtinuation Sheet) 06-174

t118195



Radiacion Genctics - Medical Research
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17. &axpected Results in FY 1971: (Cont'd.)

privarily toward their biological activity im in vitro and in vivo systems

as inducers of interferon and thereby as possible inhibitors of virus growth,
Interest on the interaction of polydeoxy- and polyribonuclectides relates

to their conformation as a possible way of understanding how information is
transferred from DNA to RNA.

Present schematic, hypotherical concepts of ribosome structure show
the 'surface' largely composed of double-stranded RNA with single-stranded
"nairpin turn' regions projecting outwards, (See Colter, M<Phie and
Gratzer, Nature 216, 884, 1967). Data here with pancreatic ribonuclease
do not support tﬁzg'concept of outward projection of single-stranded looped
regions. To ascertain whether the ribosome surface is largely double-stranded
RNA, ribonuclease III enzyme (see Robertson, Webster and Zinder, J, Biol,
Chem, 243, B2, 1968) which specifically degraded double-stranded,BRNA regions
will be purified and used to determine the susceptibility of the RNA inm situ.
Labeling studies of the ribosome with 1-125 will be continued. If only
surface RNA {and only single-stranded BNA) is labeled by reaction wich I-125
then the position of label in RNA molecules can be determined by using
purified excnucleases, In this way the exposed portion or surface of
single-stranded RNA can be located along RNA chains,

The positieon in the chromosome of genes responsible for the synthesis
of transfer RNA and ribosomal RNA will be determined by labeling these RNA's:
with I1-125 and incubating the labeled RNA with fixed cell smears under
conditions where the RNA will hybridize with the complementary sequence of
the nucleic acid of the gene which served as template for their synthesis,
The location of these genes can then be visualized by autoradiography.

g

The effect of extensive lodination on the physical properties of DNA, !

for example the sedimentation coefficient, density, melting temperatures
and x-ray diffraction patterns will be measured, The effect of iodination
or two bioclogical properties of DNA, its ability to transform cells and its
ability to serve as a template for the synthesis of RNA will also be deter-
mined,

Further studies will be made on the effect of the polynucleotide
complexes on FMDV in goats. These studies will include the effects of
multiple racher than single doses of the complex, a comparison of routes
of administration, e,g, intranasal, i,v., etc. The long-term immunological
effacts of protection against FMDV with polynucleotide complexes will be
studied in wice and where appropriate also In goats. The effects of
various molecules con the complexes will be tried in an effort to prolong
the duration of their effectiveness in vivo in mice,

In collaboration with Dr, Jorge Chiraboga and Dr. Martinez Silva of
the Puerto Rico Nuclear Center, San Juan, the effect of polynucleotide
cemplexes will be studied on Trypanocsoma cruzi, Schistosoma mansoni

(See Continuation Sheet) ' 06-175
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17. BExpected Resuits in FY 1971: (Cont'd.)

infections in mice, and on other protozoal infections as model systems
become available in vivo and in wvitro

Further studies will be carrvied out on herpes simplex virus in mice
on the effects of graded doses of polynucleotides with especial inkerest in
the effects of lower and less frequest doses, Similar studies will be
carried out on érboviruses in mice, e.g. West-Nile and on Marek's agent
(a herpes-like tumor-causing virus in chickens) in chicks; efforts here to
:Tow herpes virus in chickens have failed. The effects of polynucleotide
complexes will also be studied on Rous and herpes simplex virus in baby racs,

The recessary toxicity studies in mice, rats, dogs and monkeys will be
completed on the 40 gm batch of poly rl:rC along with chavacterization of
the physical and biochemical criteria of the material, Clinicalrtrials on
these complexes will then be carried out at the Memorial Sloan-Kettering
Center in New York and, if possible, at Brookhaven.

18, Expected Results in FY 1572:

The aim is to establish the var.ous nucleic acid structures with
the greatest possible accuracy, Since new information, e.g. models for the
structure of transfer RNA, isclation of single segments of DNA (genes?), the
production of synthetic polynucleorides, is continuously forthcoming, this
continues as a rapidly developing and expanding area, Such structures
and their interactions should not only give clues on protein synthesis but
also on intracellular regulatory mecnanisms in growth and differentiation
and possibly even on memory storage ir the brain, The interaction of new
classes of chemicals with nucleic acids will be studied as they and personmel
become available to see how they mignt act in biclogical systems. !

If syn:thetic double-stranded 3WA's continue to be effective inducers
of interferon in such quantities as to have therapeutic benefit in viwvo
they will merit testing against a wide variety of viral diseases in animals
and man, Wwhile it is clear that in the first instance such tests might be
confined to established viral diseases, in the event that the synthetic
polynucleotrides prove to have no harmful side effects they would warrant
trial! in diseases in man where virus eticlogy is suspected though not
proven, This might offer possibilities in the treatment of several malig-
nant diseases, Additional effort i: needed to develop nucleoside analogs
for polynucleotide synthesis; such polynucleotides may be more potent,

19. Description and Explanation of Major Materials, Equipment and Subcon-
tract Items:

Major operating expense for purchase of polynucleotides is estimated at
375,000 for FY 1971 and 3100,000 for vY 1972, Capical expenditure in FY 1972
is planned fcr an optical rotary dispersicn apparatus modified for circular
dichroism (550,000).

{See Cohtinuaticn Sheet) 06-176
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20. Proposed Obligations for Related Construction Projects, if any:

Bio-Med conjunct facility
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SCHEDULE 189
ADDITIONAL EXPLANATION FOR OPERATING COSTS

Arookhaven National Laboratory 06-Biology & Medicine .
Laboratory Program
1. Contractor: Contract No.: Task Ho.:
Associated Uaiversities, Inc. AT-30-2-GEN-16
2, Preject Title: 189 No,:

Exposure to External & Internal Radiarion-- : 06-216
Medical Research

3. Budget Activity No.: 4, Date Prepared: _2
06-02-01 May 1970 7
. FRIVACY ACT MATERIAL REMOVED > ;
5. Method of Reporting: 6. Working Locatiord: ;
See Sub-Activities Brookhaven National Laboratory |
7. Person in Charze: 8. Project Term: i
See Sub-Activities Continuing :
Principal Investigaror: From: To: ? é
See Sub-Activitcies ’ K
1
‘
9. Man-Years: FY 1970 FY 1971  FY 1972 %
B — T ¥
Sci., Res. Assoc. (Ph.D. or Equiv ) 6.5 6.5 6.5 1
Visitiang Sci. 1.s 1.5 2.0 4
Prof. (B.S. or Equiv.) 1.5 1.0 2,0 ¢
Sci. & Eng. - Total 9.5 9.0 10.5 1§
Technical 12,5 16.5 17.5 3
Adm. & Service 3.5 3.5 4.5 f
Guests & Research Collaborators 3.0 3.0 4.0
Total 28.5 32.0 36.5
10. Costs (In Thousands of Dollarsy: FY 1870 FYy 1971 FY 1972
Labor (including benefits) _ 383 406 456
Mats., Trav., Dev. Subcont., Spec'l Proc. 45 4“2 55
Reactor, Accel., and/or Computer Usage 16 16 17 3
Allocated Technical Services 22 22 24

Gen. & Adm. Overhead
Total Research Cost

PRIVACY ACT MATERIAL REMOVED

11. Reactor Concent: 12, Materials:

06-216
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Exposure to External arnd Internal Radiation--
Project Title: Medical Research 06-02-01

Sub-Activity Title

Medical Rescarch

06-02~01-(a) Medical Studies of the People of the Marshall Islands
Accidentally Exposed to Fallout. Antigenic Studies
of Lvmphocyte Culture

06-02-C1-(2) In-Vivo Measurement of Radionuclides in Man; Body
Burden and Kinetic Fauctors. Computer Applications.

(See Continuation Sheet) 06-217
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SCHEDULEZ 189
ADDITIONAL EXPLANATION FOR OPERATING COSTS

Brookhaven Mational Laboratory 06-Biolopy & Medicire

Laboratory Program

1. Contractor: Contract No.: Task No.:
Associated Universities, Inc, AT-3(-2-GEN-16

2. Project Title: 18% No,:

Exposure to External and Internal Radiation-Medical Research 06-218
Medical Studies of the People of the Marshall Islands

Accidentally Exposed to Fallout. Antigenic Studies of

Lymphocyte Culture

3. Budget Activitv Ko, : 4. Date Prepared:
06-02-01-(a) May 1970 .
5. Method of Reporting: 6. Working Lecation:

i 1 Laborator
BNL Annual Report Brookhaven National Labor ¥

BNL Monthly Letter to ARC
Bulletin of the Medical Department

7. Person 1in Charge: 8. Project Term:
R. A, Conard Continuing
Principal Irvestigator: From: To:

R. A. Conard
Y. H. Oh {(AUI Fellow - NIH Grant)}

9, Man-Years:

Direct Man-Years FY 1970 FYy 1571 FY 1977
Scientific & Professicnal 2.5 2.5 3.0
Other 4.2 5.0 5.2
Guests & Res, Collaborators 2.0 2.0 2.0

Total 8.7 9.5 10.2

10. Costs (In Thousands of Dollars):

FY 1370 Y 1971 FY 1972

Research Division 109 112 122
Hospital Division 31 33 38
Research Costs 140 145 160
11. Reactor Corcept: 12, Materials:
06-218
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“ txposure to External ana Internal Radiation - Medica:. Research
Medical Studies of the People of rthe Marshall Islands
Accidentally Exposed to Fallout. Antigenic Studies of

Project Title: Lymphocyte Culture 26-02-01-{a)

13. Publicaticns:

Conard, R. A, and Demcise, C. F. Preparation and purificatioﬁ of
tritiated phyreonemagglutinin and studies of cellalar localization in human
leukocyte culiures. Blood 35, 44-55 (1970),

Conard, R. A. Quanritative study of radiation effects in phyro- /5
hemagglutinin stinulated cultures. Incern. J. Radiation Biol., 16, No, 2,
157-65 (1969) .

/335

Sutow, W. W, and Conard, R. A The effects of fallout radiacion on s

Marshallese chiidren, Radiation Bioleogy of the Feral and Juvenile Mammal,
(Proc. of the 9th Annual Hanford Biology Symposium, Richland, Washington,
April 196%), M. R. Sikov and Dennis Mahlem, Editors, pp. 661-73, U.5 A E.C,
Symposium Series, No. 17, Oak Ridge, Tennessee, 1969,

b

+ e

Conard, R, A., Sutow, W, W., Colcock, B, P,, Dobyns, B. and Paglia, /o

D. E. Thyroid nodules as a late effect of exposure to fallout, Radiation-
Induced Cancer, (Proc, of LAEA Symposium, Athens, Greece, April 1969),
pp. 325-36, IAFA, Austria, 1969,

14, Scope:

The primary objective in this activity is the derermination of the life-
time effects nf fallout radiation on the people of the Marshall Islands who
were accidentally exposed to radicactive fallout in 1954, The 15th-year
post-exposure medical survey, completed in March 1969, was carried out
jeintly by Brookhaven National Laboratory, under the auspices of the Atomic
Energy Commissicn, and the Trust Territory of the Pacific Islands; ¢ollabora=-
tors from many institutions participate in the continuing studies. In o
addition to the exposed group, over 200 unexposed Marshallese are examined
and serve as a "comparison population’ in the assessment of possible lace
effects of acute fallout radiation. The observation of such late effects
as lesions and growth impairment in exposed children fully indicate the need
for examinations in the field to be as complete as possible along with
additional laboratory studies in the U. §, Thyroid patients returned to-
the United States for surgical exploration receive complete hospital and
laboratory studies. 1In addition to routine physical, hematological and
other labora:ory examinations, special ancillary studies related to aging,
malignancy, reproduction, and body burdens of radionuclides are carried on.
Reports of f:ndings are published both in the open literature and as BNL
reports,

A secondary objective in this activity is the elucidation of intra-
cellular changes in cells responding to proliferative stimuli., Alrera-
tions are studied in two types of proliferating cell systems: a) human
lymphocytes in culture stimulated with radicactively labeled phytohemag-
glutinin (PHA), a bean extract with potent mitogenic properties for lympho-
cytes; and bl in rat regenerating livar cells induced by partial hepa-
tectomy.

(See Continuation Sheet) 06-219
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Exposure to Externa. d4noe ionternal Radiacion - Medica: Research

Medical Studies 2f the rfeople 0f the Marsnall Islarnds
Accidentaily Expaosed to Fallout, Ancigenic Studies of
Project Title: [vrphocyvte Culture UE-02-0]-(a)

14, Scope: (Cont'd.)

The inrraceliular changes (transf:rmation) occurring Ln such cells is
poorly understocd, In lymphocytes, such changes are part of the immunologi-
cal (antigen-antibody) response and of jgreat importance in understanding
the mechanisms invoived in regenerating organs and tissues,

With achrevement of the chemicai ourification, characterization and the
decermination of moiecular structure of the mitogenic component of a radio-
actively tagged PHA with bigh specific activity, it is hoped chat the anti-
genic nacture of the mitogeaic wmoiety nay be explained on the basis of struc-
rural conformational characteristics and the precise intracellular localiza-
tion determined. Localization and mecnhacism of action are studied by (a)
autoradiography of transformed lymphocvrtes tagged with tritiated PHA; (b)
differential centrifugation to obtain subcellular fractions from disrupted
cells; (c) bicchemical s:udy of organelles and PHA protein-complekes; and
(d) electron nicroscopy. In addition, PHA-stimulated lymphocytes axe
studied for in vitro radiation effect, respcnse of leukemic cells and lympho-
cytes in other diseases and in scnescence.

Parallel studies are conducted on the correlation of modification of
nuclear histones with intraceliular PHA action and cytoplasmic organelle
functions and effect of aging on DNA template accivity for RNA synthesis by
structural modification of histones,

15. Relationship to Other Projects:

The studiecs of the exposed Marshallese are closely related to those of
the Atomic¢ Bomb Casualty Commission v Japan on the people of Hiroshima and
Nagasaki and also on the studies of the 23 Japanese fishermen who were in-
volved in the same accident as the Marshallese. Close liaison is maintained
with Dr. George Darling and other coliaborators at the ABCC and with Dr. T,
Kumatori, whe is in charge of the annual studies of the Japanese f{ishermen.

Related antigenic studies at BNL include thase of Hamilton on delaved
hypersensitivity and structural changes In lymphucytes in rats; Stoner on
antigen-antibody complexes in stimulation of germinal centers of mice; and
Cronkite on lymphopeoiesis in human beings and animals treated with extra-
corporeal i{rvadiation of the blood.

Elsewhere, related studies are carried on by Hirschhorn at NYU, Chessen

at NIH, and Tnman and Gowan at Oxford Studies here are unigue since a
radicactively labeled PHA is used as & tool to study the antigenic and
mitogenic alterations of lymphocytes, FPurification of phytohemagglutinin

is studied by Takahashi at the University of Minnesota and Rigas at the
University of Oregon Medical School. Although techniques developed by
others are ucilized, a rapid accurate nrethod of assaying for mitogenic
activity of various fractions by electronic sizing of cell nuclei is used
here so that the purification procedures are greatly facilitaced,

{See Cantinuation Sheet) 06-220



Medical Studies of the People of the Marshall Islands
Accidentally Exposed to Fallout., Antigenic Studies of
Project Title.Lymphocyte Culture 06-02-01-(a)

16, Technical Progress in FY 1970:

As a result of the 13th medical survey, five Marshallese were
returned to the United States for study and surgery, Three of the five were
found to have malignant thyroid lesions, Two of these, along with a
malignant thyroid iesion previously reporrced, were in the more heavily ex-
rosed Rongelap zroup and strongly implicacte a radiation etiolegy of thyroid
malignancy, The third malignant thyroid lesion was in a Utirik woman,
Because of tne low dose of radiation received by this latter group, a
radiation etiology seems unlikely for this individual, Twenty-one cases
of thyroid acdularity have been detected 2o date In the Hongeslap population;
fifteen were found in children exposed at less than ten vears of age.
Two additional boys in this age group developed atrophy of the thyroid
glands with hypothyroidism, Surgical exploration of eighteen cases of
nodularity have been carried out in the United States and except for the
three malignancies in the heavier exposed group the lesions proved to be
benign adenomatous nodules. During the 1%96% survey, slit lamp enumeration
of lens defects was carried out on a number of the Marshallese examined.
Analyses of these data for radiation e~ffects are in progress,

As part of work under an NIH training grant in Gerontecloegy, certain
aging studies were completed. Transformation and division of lymphocytes
in peripheral blood cultures resulting from phytohemagglutinin stimulation
showed a significant reduction in response with increasing age, However,
the irradiated Marshallese showed about the same response as that of the
unirradiated group. Serum protein studies showed a significant increase
in gamma globulin levels with increasing age. In this case the exposed
population lagged behind the unexposed population suggesting a radiation
etfect, TImmunodiffusion studies carried out by Dr., Fahey at NIH showed ,
lncreased IgG levels with increasing age., Studies are still in progress ¢
on chromosome preparations from peripheral bleod leuvkocytes of both ex-
posed and unexposed Marshallese to see if age dependent chromosomal
aberrations c¢ould be detected, '

The impending return of the Bikini people to their home island
which has a slight residual radiocactivity necessitates instigation of
a continuing program of monitoring of the internal body burdens of these
people. BNL has been charged with this additional responsibility.
During the past survey a visit was made to Kili island where the Bikini
people now reside and a number of urine samples were taken for radiochemical
analysis. These base line analyses showed very low levels of radionuclides,

The first phase of the study on purification and localization of
tritiated phytohemagglutinin was completed. The results reported last
year were extended with further purification cof the mitogenic moiety from
the radicactive bean extract, This labeled PHA was found to be largely
localized in the c¢cytoplasm., Sdbcellular fractionation studies showed
that the mitochondrial fraction had the greatest activity. Specific
radiocactivity has been insufficient however to detect localization in

(See Continuation Sheet) 06-221
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Medical Studies of the People of the Marshall Islands
Accidentally Exposed to Fallout. Antigenic Studies of
Project Title: Lymphocyte Culture 06-32-01-(a)
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16. Technical Progress in FY 1970: (Cont'd.)

cell organelles by electron micrescopic autoradiegraphy. Thus, the main
effort now is reexamination of technicues for tritiation of the purified
plant mitogen in order to develop one that will produce higher specific

radioactivity,

Studies of the radiosensitivity vof PHA stimulated lymphocytes to
graded doses of x radiation showed that radiation effects were much less
pronounced on the ability of lymphocyres to transform than on the reproduc-
tive -capacity of these cells.

The lymphocytes of patients with chronic lymphocytic leukemia were
studied for response to PHA in regard to DNA and RNA synthesis using flash
labteling with tritiated nucleotides before and after extracorporeal irradia-
tion. The PHA stimulation of lymphcocytes in these cases is alsounder study
for the presence of virus-like bodies by electron microscopy. Preliminary
results indicate what appear to be virus-like bedies in cytoplasmic vacuoles
in the PHA treared leukemic cells and in normal cells which have been in-
oculated with subcellular fractions of the leukemic cells.

A few studies of subcellular transfer of a "mitogenie factor" from
disrupted transformed lymphocytes which had been flash labeled with
tritiated thymidine inoculated into allogenic non-PHA treated cultures of
lymphocytes were done. Preliminary indications are that there may be
some transfer of such material since the new blast forms that appeared in
the recipient cultures were labeled,

17, Expected Results in FY 1971:

In view of the continued increase in incidence of thyroid lesions in ¢
the exposed Marshallese and the seriousness of the malignant thyroid lesions,
thyroid examinations on a large number of unexposed Marshallese people are
required in order to give a broader comparative base for spontaneous in-
cidence of thyroid lesions in non-exposed Marshallese on islands not yet
studied. This is required to evaluate the possible significance of appear-
ance of thyroid lesions in the low exposure group such as on Utirik.

Further base line radiochemical urine analyses for some of the Bikini
people are planned,

With improved physical-chemical techniques it is hoped that a highly
purified mitrogenic factor can be isoiated from the bean extract and
conformational studies ascertained. New techniques also should increase
the specific radicactivity of the mitogenic factor. Thus, it is hoped to
achieve a more precise localization of the mitogen within the cells and
guccessful electron microscepic visualization cof labeled organelles.
Nuclear histones in aging rats will he studied. 5Studies of the altered
response of lymphocytes to PHA stimulation in cases of chronic lymphocytic
leukemia will be continued in hopes that more refined electron microscopic
identification of the virus-like bodies in PHA stimulated lymphocytes in

(See Continuation Sheet) 06-222
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Medical Studies of the People of the Marshall Islands
Accidentally Exposed ta Fallout, Antigenic Studies of

Project Title: Lyvmphocyte in Culture Qa-02-01.{a)

17. Expected Results in FY 1971: (Cont'd,}

this disease will be accomplished and subcellular transfer to normal lvampho-
cyte cultures verified.

18. Expected Results in FY 1972:

Surveys of the Marshallese will be ccntinued in accordance with find-
ings during previous Surveys.

In the lymphocyte culture st:dies, the interorganelle relationships
of the cell in response ta antigeus and antibody production will be investi-
gated. It is believed that the use of PHA will afford a valuable tool in
the further study of various disease states and immunological capacity of
individuals,
19, Description and Explanation of Major Materials, Equipment and Sub-
contract Iltems:

None

20. Proposed Oblipations for Related Construction Projects, if any:

Bic-Med conjunct facilicy,

06-223
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SCHEDULE 189
ADDITICNAL EXPLANATION FOR OPERATING COSTS

Brookhaven National laboratory 06-Biclopy & Medicine

Laboratory Program

1. Contractor: Contract No,: Task No.,:
Associated niversities, Inc. AT-30-2-GEN-16

2. Project Title: 189 No.:

Exposure to External and Internal Radiation - Medical Research 06-224
In-Vivo Measurement of Radionuclides in Man; Body Burden and ) _
Kinetic Factors. Computer Applications

3, Budget Activity No.: 4, Date Prepared:
06-02-01-(b) May 1970 .
5. Methed of Reporting:’ 6, Working Location:

i ' orato
BNL Annual Report Brookhaven National Laboratory

BNL Monthly Letter to AEC
Bulletin of the Medical Departmenrt

7. Persen in Charge: 8. Proicct Term:
J. S. Robertson , .
S. H. Cohn Continuving
B. L. Atkins ’
Principal Investigator: From: Ta:
J. §. Rober:son H. L. Atkins .
S. H. Cohn E. P. Cronkite :

9. Man-Years:

Direct Man-Years FY 1970 FY 1971 TY [972
Scientific & Professional 7.0 6.5 7.5
Other 11.8 15.0 16.8
Guests & Res. Collaboraters 1.0 1.0 2.0

Total 19.8 22.5 26.3

10. Costs (In Thousands of Dollars}):

FY 1970 FY 1971 FY 1972

Research Division 409 401 457
Hospital Division 101 138 158
Rescarch Costs 510 539 415
11. Reactor Concept: 12. Materials:
06-224
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Exposure to Externmal and Internal Radiation - Medical Research
In-Vivo Measurement cf Radionuclides in Man; Body Burden and

Project Tirle:Kinetic Facrtors, Computerv Applications 06-02-01-(b)
13, Publications:

Hauser, W,, Atkins, H. L., Nelson, K. C. and Richards, P, " Technetium-
99m-DTPA: a new radicopharmaceutical for >rain and kidney scanning, PN

Radiology (ir press),

Hiuser, W., Atkins, H, L. and Richards, P, Lymph node scanning with
99m-Tc-sulfur coiloid. Radiology 92, No. 6, 1369-71 (1969). PP

Cohn, S. H., Dembrowski, C, §., Pate, H. R. and Robertson, J. S. A
whole-bedy counter with an invariant responmse to radionuclide distribution .
and body size, Physics in Medicine and Biolegy l4, No. &4, £45.50 {(1969). <3 w« ™.

Cohn, §. H., Dombrowski, €. §. and Fairchild, R. In-vive neutron .
activation analysis of calcium in man Intern, J. Applied Radioiscoropes SR
{(in press). N

Cohn, S. H. and Dembrowski, C. §. Absolute measurement of whole-body /;EQ
potassium by gamma-ray spectrometry. J. Nucl., Med. (in press). '

Atkins, 4, L., Hauser, W. and Richards, P. Facters affecting distri- 3
bution aof rechinetium-sulfur colloid, J. Reticuloendothelial Soc. (in press).

Hauser, W., Atkins, H. L. and Richards, P. Five years of experience o
with 99m_Tc_sulfur colloid. N. Y. State J. Med. (in press). e
Scherrer, J. R. and Cohn, S. H. Formulation of a stochastic model S70 0
of long-term strontium retention data using the likelihood function,
Biometrics {in press).

4
Krohn, 2, L., Brandt, R., Straub, R, F. and Robertson, J. 5. Intra- ‘o
ocular heavy particle radiation of experimental malignant melanoma in
rabbits. Am, J. Opthalmel. (in press). '

l4. Scope:

The studies reported in this budget activity are aimed at several
broad objectives: the determination of the physiology of biologically
active compounds and metabolites in order to gain informacion on the meta-
bolism and toxicity of radicactive elements; the development and application
of tracer theoties to physiological studies; the development of methods for
determining location and kinetics of isctopes and for the utilization of
isotopes in diagnosis and therapy; and the development of necessary data
processing and computer programming techniques for these studies and the
other activities within the Medical Research Program.

A long-range objective is the elucidation of the kinetics of skeletal
metabolism, as related to various states of disease and health., Four aspects
of this program are studies oo kinet:ics of calcium metabolism, whole-body
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counting, in vivo neutron activation analysis, and mathematical modeling.

Calcium (Ca) and strontiur (Sr) netabolism are described using mathe-
matical models which provide a reference for objective, reproducible measure-
ments of sabtle changes in the metaboliic parareters of these elements under
various conditions. The data on which the models are based were obtained
from kinetic studies empleoving the tracers Ca-47, Sr-85, and F-18; from
whola-20dy coints; and from measurements of whole-body calcium by in vivo
neutron activation. The parameters of metabolism measured are the rate of
Ca resorption and accretion, and the size of the postulated exchangeable
and nonexchangeable Ca "pools"., Disorders of metabolism associated with
immobility, weightlessness, hormonal imbalance and ostecporesis, conditions
which are characterized by a loss of Ca from the skeleton, are studied,
The study of osteoporosis provides data not only on the state of -€a meta-
bolism associated with this condition, but alse furnishes inferences on the
homeostatic contrel of Ca deposition and resorption in bone. Therapeutic
efforts to counteract the osteoporotic coudition have consisted of Ca
supplementation and administration of sodium fluoride.

The paramount need for the in vivo measurement of absolute levels of
internally-deposited radionuclides occurs in the diagnosis of cases of
accidental intake of radionuclides., 1t is also essential in numerous
clinical studies (such as neutrorn activation analysis). Effort is directed
toward minimizing the varlations in counting efficiency inctroduced hy
changes 1n the spatial distriburion of internally-deposited radionuclides,
and by changes in the energy absorption as a function of body weight and
habitus, The BNL whole-body counter .s a multidetector system with two _
banks of counter-balancing detectors designed to minimize the above mentionad
problems. In addition, the counter is linked to a computer programmed to
introduce additional corrections for thesa factors. Hence, the BNL counter
is the first and, to date, the only whole-body counting system which can
provide directly an absolute, in vivo measurement of a radionuclide intern-
ally deposited in a human beinET

Clinical studies in collaboration with BNL staff and others which
previously were not amenable to investigation because of the necessity of
absolute measurements or spatial lecalization of the radionuclide include
the following: wmeasurement of absolute levels of whole-body potassium
and determination of its spatial distribution in the body; pharmacokinetics
of halothane-Br-82 in man; measurement of lean-body mass in grossly obese
children, based on the measurement of K-40; alterations in Mn-56 distribu-
tion resulting from the treatment with L-Dopa of patients with Parkinson's
disease; short-term distribution and turnover of Tc-99m-DTPA chelate in
man; measurement of levels of Cs-137, K-40 in 450 BNL staff members (varia-
tions with time and as a function of sex have been investigated); measure-
ment of internal contamination in indivicduals invelved in accidental expo-
sures; calibration procedures for absolute measuraments, and computer
programs associated with such measurements; and the standardization of
tests for the absorption ¢f ircn arnd vitamin B,
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In calciam winetic studies it is extremely useful to determine the
absolute value af the Ca concerntratior in the body (in contrast to deter-
mining the relative change). A technique of measuring Ca by in vivo
neutreon activation has now been sufficiently well developed so that it
can be emploved in study of osteoporesis,

Evaluatiaon of the radiation hazard from S5r-90 requires information
on the biologiecal turnover rate of S5v in man. Since the biological behavior
of Sr has been shown to be closely related to that of Ca, its role can
readily be considered in terms of comparative kinetics, Improvement in the
mathematical models to describe primarily the long-term retention of Sr in
man is a main objective, (Cohn)

In the continuing work on the development of radiopharmaceuticals and
their application in clinical studies, present efforc centers on laheling
of various compounds with Tc-99m with special emphasis on colleoidal materials
for marrow and lymph node examination Positron imaging with €-11, F-18,
and Fe-52 compounds is of interest awl ceilaborative work with the BHL
Chemistry Denartment is carried on, particularly organic syntheses, Recoil
labeling and rapid separation of organic compounds also is under investiga-
tion. Absorprion edge spectroscopy utilizing monochromatic x-ray heams
in a scanning apparatus iLs developed, With this method it is possible to
delineate the distribution of an element within the body with rather high
resclution, (Atkins)

To a large extent the mathematical and biophysical applications
considered in this budget activity are ancillary to projects whose main
features are described in other activities, or are supportive of general ;
features of the Medical Research Program, These include equipping, main- 2
taining and operating such service facilities as the whole-body counter and
the central counting rooms, the instrumentation development laboratory,
data processing assistance, and computer programming, Several independ-
ent projects are directed to the development of equipwent for radiation
detection and of computer programs for specific problems in radiation
dosimetry and the analysis of tracer data, (Robertson)

Studies previously reported in budget activity 06-03-0i.c (on
vitamin By,, iron absorption, and exocrine pancreatic insufficiency} will
be reported in this activity as ovf FY 1971. (Cronkite}

15. Relationship to Other Projects:

Related kinecic studies of Ca metabeclism have been performed by
Bauer (Hospital for Special Surgery) and Bronmer (University of Louisville);
mathematical models similar to-those developed here have been used by Pak
(NIH)., Investigators who have devoted censiderable effort to minimizing
the variations in counting efficiency in whole-body counting include:

{See Continuation Sheet) 06-227
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Dud.ey (IAEA), Marinella {(ANL), Naversten (Lund), and Genna (MIT). The
BNL counter is the only system, nowever, which can correct simultanecusly
for both the spatial distribution and energy absorption of radicnuclides
by the body.

Represertative of groups working on related c¢linical studies include
those of: Pak (NIH), use of thyrocalcitonin in treatment of hypercalcemia
of parathyroid carcincma; Spencer (Hires Veterans Administration Hospital),
effect of Na fluoride on Ca merabo.isc; Maletskos (Harvard), reliabilicy aud
intercomparison of techniques in the reasurement of Cs-137 in human beings;
also, Anderson (LASL), Remeuchik (ANL}, Forbes (Rochestar}, and Burkinshaw
(Leeds) have all measured whole-body ¥ with high precision, but not accuracy.

Two other groups are presently involved in whole-body Ca measurement
by neutron activation: Chamberlain (Birmingham), and Nelp-Palmer (Univer-
sity of Washington). Studies here have pone further by achieving not only
a precision, but also a high accuracy in Ca meéasurement,

Mathematical models describing long-term turnover of Sr ia man have
been proposed bv Marshali (ANL) and Rundo (Harwell). The presenr computer
code employing a Causal Path Analysis and the Likelihood Function is a
new appreach; it is somewhat related o the '"Randem-Walk" hypothesis of
Wise (King's College, London). {Cohn)

Investigations involving radicpharmaceuticals and cyclotron-produced :
nuclides are being carried out at manv institutiocns, {Atkins)

Leaders in the field of development of instrumentation for locating ¢
brain tumors through the use of radicactively-labeled substances include:
Anger {University of California, Bervrkeley}; Bender {Vanderbilt University);
Kuhl (University of Pennsylvania); and Brownell {(MIT and Massachusetts
General Hospital). Each has developed a different system which has establish-
ed practical value. The multidetector positron system in development
here differs from these in several basic ways, notably the provision of
multiple pairing of small detectors which provides a higher guantum
utilization than the other methods and offers a more efficient method for
dynamic studies of cerebral blocod flow as well as tumor localization.

Prince at’ BNL; Oliver at M. . Anderson Hospital; and Stoddard at
Savanaah River are concerned with the dosimetry of californium-252 applica-
tors, A computer program for comput:ing the total neutron and gamma dose
rates at selected latcice points in tissue was independently-developed
here, tailored to the characteristics of the sources being used locally
and in agreement both with thecreticilly-derived dose rates and with
measured values.

Berman and wWeiss at NIH originated the basic program in wse for
analysis of tracer daca. The =xtent za which the applicarcions here are

{See Comtinustion Sheet) 06-228

11681 |



Cancer and Other Clinical Research - Medical Research

The Effects of Hormones, Drugs, and Nutritional Changes on the
Project Title:Intermediary Metabolism of Carbohydrates and Lipids 06-03-01-(f)
l6. Technical Progregs in FY 1970:

As previously described, in collaboration with Dr. Brodoff, L-alanine-U-
C-14 was given intraperitoneally to fasting Egyptian 'sand rats' with varying
degrees of carbohydrate intolerance which can be ameliorated by electrolytic
lesions of the arcuate nucleus of the hypothalamus and by the anti-adrenergic
drug, tetrabenizine. Conversion of alanine-C-14 to blood gluccse was measur-
ed as an index of gluconeogenesis. The range of conversion was frem 2 ro
10% among «ll rats and there were no significant differences between non-
treated rats and those with lesions of the arcuate nucleus or treated with
tetrabenizine, which suggests that the mechanism of improvement of glucose
tolerance 1s not by decreagse of gluconeogenesis. Further studies directed
toward elucidation of effects on glycogenesis and glycogenolysis were done
with glucose-6-C-14 and are currently being assayed.

For the study of effects of hydrocortisone on gluccneogenesis from
malate-C-14, H-3 in perfused rat liver, some final samples of bleod glucose
were analyzed to test in vivo vs. in vitro effects of hydrocortisone. Hydro-
cortisome has caused increased gluzgweogenesis from malate both in vivo
and in vitro while longer action in vivo promotas glycogenesis. A manu-
script was prepared on studies carried out in Sweden on conversion of
pyruvate-2-C-14 to breath 14002 and blood glucose in acromegalic patients,
Patients with decreased glucese tolerance displayed also a reduction in
rate of oxidation of pyruvate-2-C-14 without change in gluconeogenesis
from pyruvate,

In the scudy of conversion of glucose-1-C-14 to 1é“COZ during
gluccse tolerance test, the oxidation of the labeled glucose during
standard vs. cortisone glucose tolerance tests were compared in seven
obese or dbese, diabetic patients. While the plasma glucose concentration
(1 to 2 hours after oral load) was increased atout 10% on the average by
cortisone, the conversion of glucose-1-C-14 to 1Z‘COQ was increased by 207
at 1 hour and 10% at 2 hours, This suggests that the short-term hyper-
glycemic effect of cortisone in vive in mar is predominantly due to an
increase of gluconecgenesis rather than a cecrease of utilization of blood
glucose, Glucose-1-H-3 was also given to some of these patients and
glucose-2-H-3 to others. Usually the rarte of conversion of H-3 to body
water was also increased by cortisone, but the results were more variable
than with C-14, (Glucose-2-H-3 was converted to 3HOH distinctly faster
than glucose-1-H-3 and possibly by a two-phase process during the first
3 hours,

Since increase of plasma fucose has been reported to be excessive
in latent diabetes, some plasma samples taken from patients during glucose
tolerance test with glucose-1-C-14 were analyzed by gas chromatography
of volatile carbohydrate derivatives to measure fucose and isolate it for
radicactivity analysis. No increase of fucose during the glucose toler-~
ance test was found,

I l 1 8 8 ] 2 (See Continuvation Sheet) 06-311
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16. Technical Progress in FY 1570: (Cont'c.)

In the study of metabolism of glycerol-C-14, H-3 in obese, diabetie
patients, compariscon was made of the incorporation of tracer into plasma
glycerides of these patients (& females) vs, a group of 4 normal females,
There are no significant differences between the groups for percent dose
in total plasma triglycerides (TG) or di-+ mono-glycerides (DMG), For
each group there is slightly more activity in the DMG than the TG, For the
total glycerides the mean percent dose incorporation is less than 0,2%,
Glycerol-C-14 and glycerol-H-3 show the same results, so there is no meta-
bolic loss of H-3 before glyceride formaticn.

For the study of lipogenesis from different C-l4-labeled saccharides
(fructose, glucese, and sucrose) in normal rats, more accurate and detailed
analyses have shown that the labeling of several types of lipids {glycerol
and fatty acid moieties of triglycerides and di- + mono-glycerides, free
facty acids} of liver or plasma is 3 to 10 times higher from sucrose-C-14
than from glucose-C-14, with fructose-C-14 generally intermediate, This
emphasizes a synergistic effect between glucose and fructose (the two
moieties of sucrose) or else reflects more rapid absorption of the di-
saccharide (concomitant with hydrolysis by mucosal sucrase) than of either
monosaccharide. Presently some lipid samples from rats given a mixture
of labeled glucese and fructose (with an oral mixed load) are being analyzed
te test the latter hypothesis.

Studies with C-l4-labeled sucrose in patients have not vet been
started, but non-isctopic sucrose tolerance tests in obese patients with
analyses of the plasma curves of glucose and immunoreactive insulin (IRI)
were done. Some patients seem to have higher insulin curves together with
lower glucose curves than during glucose tolerance tests, This suggests
special effeczs of sucrose and may help explain the high lipogenic po-
tential of sucrose,

Studies initiated In patients using another labeled carbohydrate,
galacrose-1-C-14, which for theoretical reasons (particular inhibition
of its exidation by high reducing potential in the liver) could show
differences in rate of formation of 1“;*C()z between normal subjects vs,
obese or diabetic patients greater than with labeled glucose. Study of
one non-obese and three obege female patients so far are promising in this
regard, :

In the study of production and release of insulin by isolated rat
pancreatic islets perfused by continucus flow of medium with serial
analysis of IRI, the parameters of response to graded increase of glucose
concentration and different initial and constant glucose concentrations
were measured, Multiple major phases of release with fine peaks within
the major cyclic release were revealed. Thresholds of response and satu-
rating concentrations of glucose were defived and an initial paper has
been submitted for publication,
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17. Expected Results in FY 1971:

Analyses of C-14 in glycogen from liver of Egyptian "sand rats" given
glucose-6-C-14 will be completed to test whether the anri-adrenergic drug,
tetrabenizine, improves glucose tolerance ipm this species by an effect on
glycogen metabolism, If adequate personnel is available, the question of
gluconeogenesis from L-alanine-U-C-14 might be reexamined with administra-
tion of the labeled compound during an oral glucose load,

The studies of oxidation of glucose-1-(-14 and glucose-1-H-3 co 1&CO
and JHOH in obese, diabetic patients will be continued without the prior
alministration of cortisone before the glucose tolerance test, To the.,
same patient { and a matching set of normal subjects) will be given
galactose-1-C-14 in an oral galactose leoad to compare with oxidation of
labeled glucose,

5tudies of formation of liver and plasma lipids of normal rats from
sucrose-U-C-14 compared with glucose-U-C-14 + fructose-U-C-14 will be
further pursued to delineate reasons for particular lipogenesis from sucrose,
The plasma insulin response of these rats tn the differant carbohydrate
locads may also be studied,

A beginning will be made on study of lipogenesis from sucrose in
patients given sucrose-U-C-14 in an oral load, This may be compared with
glucose-U-C-14 (or glycerol-2-C-14} in the same patient, Further, if
additional personnel are avallable, there may be a study of the effect of
different oral contraceptives on the metabolism of labeled carbohydrates
to plasma lipids and rate of turnover of the latter. This should help
explain mechanisms of recently observed effects of estrogens in contra-
ceptives to cause glucose intoclerance, hyperlipemia, and hyperinsulinemia
and could indicate possible synergistic effects of high sucrose diet and
mixed contraceptives. Using fractionation of insulin on sephadex gel and/
or disc-gel electrophoresis, it is hoped to study the output of insulin
and its variants (e.g., proinsulin) into plasma of these patients during
carbohydrate load and into the medium of perfused rat pancreatic islets,

18. Expected Results in FY 1972:

The studies will be consolidated and reported with studies in
06-03-0L-(b)

19. Description and Explanation of Major Materials, Equipment and Sub-
contract ltems:

See 06-03.01-(b)

20. Proposed Obligations for Related Construction Projects:

Sea 06-03-01-(b)
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T5. Relationship to Other Projécts: {(Lont d.)

unique depends on the current problems and the mathematical models used
to analvze the data.

Nims at UNL Biology Department; Ussing at the University of Copenhagen;
Tosteson at Duke University; Chinard at the Johns Hopkins University; Polson
at the University of Capetown and many otters have been concerned with theore-
tical and axcerimental aspects of membrane transport, The study here is
directed to elucidating tne relative roles of diffusion and hydrostatic
pressure in csmotic flow across arrificial membranes. {Robertson)

6. Technical Progress in FY 1970:

Osteoporosils is the manifestation of an altered dynamic equilibrium
of bone mass. As a result of the Ca kinetic studies, a unified wview of
osteoporosis is developing, centered around the concept of Ca homecstasis,
It appears that bone formation and resorption are homeostatically linked
to maintain the Ca plasma level, The bone resorption rate appears to be
hiphiy sensitive to changing levels o: plasma Ca through the effect of the
Ca level on parathyroid hormone and thyrocalcitonin (TCT). Fluoride is
used in the creatment of osteoporosis as its effect on bone is to render it
more resistant to osteolytic forces., To date, studies on the effects of
fluoride have been initiated in five patients with osteoporosis,

Study of the therapeutic effects of commercially available TCT on
osteoporotic patients, initially delaved because medical personnel were ’
not available for participaticn in the clinical aspect of the program, was
further delayed by an FDA decision halting new fleld trials of TCL. A
study on the effects of TCT on calciun kinetics in rats was completed, how- ¢
ever, and results are being analyzed. E

In collaboration with Bateman on the effects of chemotherapeutic
agents on skeletal metabolism, comparative Ca-47, F-18 studies and neutron
activation analysis were initiated on twc patients with neoplastic disease.

A orocedure for the measurement of the absolute level of body

' potassium by gamma ray spectrometry was developed with an accuracy of
+ 31.65% in a population whose body weights ranged from 66 to 145 kg.
Further, the spatial distribution of natural K-40 and injected K-42 was
compared after correction for attenuation of the gamma photons, This
measurement is clinically useful, since there is a progressive loss of K
in severe disease, The levels of RK-L40 were measured in 450 BNL employees
and plotted as a function of age and sex,

The pharmacokinetics of halothane-Br-82 and Br-82 gas were studied
in five subjects. The novelty of the approach used resides in the prepara-
tion of Br-82-labeled halothane in the Medical Research Reactor (MRR) and
its use in conjunction with the whole-body counter, The spatial distribu-
tion of the rapidly-translocating gas wase measured in various segments
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16, Technical Progress in FY 1970: (Cont'd.)

of the body following inhalation. A special respiratory system was used

to administer and remove the expirvec jas wilh rhe subjeact in the counter,
With a computer system it was peossible to record 110 whole-bedy counts from
one subject in the first 3 hours afrer inmnalation. A mathematical model con-
sisting of tliree conpartrents was assumed. The data obtained from various
combinations of datecters were fitted to the model,

On the assumption that the X zontent of the body cell mass is constant,
it is possible to estimate the bedy cell mass by measurement of XK-40 with
the whole-body counter, In collaboratien with Knittle, Mt, Sinai Schocl
of Medicine, measurement was made of .ean-body mass (K-40) in 35 grossly
obese children and their sibliangs. There is evidence suggesting that Mn'™
may be implicated in the mechanism of actlion of L-Dopa in the treatment of
Parkinsonism. A study was initiated co measure rthe alteration ip*Mntt
distribution following Dopa therapy. Mn-536 was produced in the MRR and
administered to two patients te ascerzain if a changed pattern of Ma™ distri-
bution and turnover after L-Dopa administration yielded clues on the mechanism
of action of L-Dopa, In another intradepartmental collaboration (Atkins and
Hauser), the distribution and turnover of Tc-99m-DTPA chelate administered
i.v. was determined in nine patients. Tha average coefficient of variability
of the 16 whole-body counts in each patient was *+ 1.2% when correction for
excretion was made,

The level of Cs-137 also was measured in the 450 BNL employees
reported above as measured for K-40 as part of their routine physical
examinations, In addition, a selected populaticon of 10 medical scaff
members hzs been monitored for Cs-137 monthly over a period of nine years, .
These studies are valuable in that they reflect the Cs-137 in the environ- 4
ment as a result of fallout. In collaboration with Distenfeld of the BNL *
Health Physics Division, the whole-body counting and computer analysis
techniques were used to identify and to estimate the absolute levels of
a number of internally-deposited radionuclides in seven BNL staff members
accidentally exposed to a uramium target in January 1569,

Considerable effort was put intc the improvement of the absolute
calibration of the whole-body ceunter, and into the development of new
techniques for automatic data handlicg and preliminary analysis of the
whole-body counting data. Since January 1969, a total of 5,062 whole-
body counts has been collected and stored on magnetic tape.

With the present technique of in-vivo neutron activation of whole-
body Ca, it is possible toc measure the calcium in human beings with an
estimated accuracy of + 4%. The dose to the patient per analysis has

been reduced to 0.63 rem (RBE = 10) trom i4-Mev neutrons. To date 13
in-vivo measurements have been made on 7 patients {two with metastatic
lesions and five with osteoporosis). Initial calibration studies have

been carried out for the measuremenc of absclute levels of NWa, Cl, and
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N with the use of the same neutron generator and exposure technigue.

Lack of funds and personnel has curtailed deavelopment of a facility
for use of a 238 PuBe source of fast neutrons near the whole-body counter,

The stochastic model formulated and applied to the long-term Sx-85
data in rats was further developed and applied to the analysis of long-term
(1 year) Sr-85 data previously obtained by the whole-body counting of 8 men.
The retention data were analyzed first by means of a Causal Path Analysis,
and then witih the use of the Multiple Process Law a stochastic model was
constructed, The parameters of the retention function and their statistical
significance were estimated with a Maximum Likelihood Function by means of
an iterative code {(LIKELI). (Cotin)

LY

Distribution studies in mice were used to further characterize the
technetium-sulfur colloid, Several factors including dose, preleoading
and use of gelatin were noted to increase marrow deposition at the expense
of liver localization, Attempts at affecting distribution in humans by
pretreatment with gelatin were not successful. Lymph node scanning with
Tc-sulfur colloid was carried out on a number of patients and proved quite
feasible, Attempts are being made to increase distribution teo higher
echelon nodes by utilization of gelatin, hyalurconidase and "cold" colloid,
Intraperitoneal administration has been utilized to demonstrate mediastinal
nodes. ‘

A sevries of colloidal materials labeled with Tc-99m was studied in
mice and rabbits and some appear to ke useful for lymph nede and marrow
studies, ;

C-11l-labeled dopamine was synthesized but the specific activity was
not high encugh for practical use. F-18 labeling experiments to produce
labeled amino acids and improved bone-seeking formulations were initiated,

Investigations of Tc-9%m as TcQ,~ for thyroid studies continue with
I-131 correlation studies and evaluation in thyreoiditis patients,

Transmission scanning utilizing absorption edge spectroscopy has been
demenstrated in a satisfactory manner with preliminary apparatus, A
silicon diode detector was constructed and is being installed.

Low specific activity C-ll-dopamine has been synthesized that has
little practical application. §ynthetic procedures are being revised
with the aim of obtaining high specific activity C-ll-dopamine. So far
attempts to synthesize C-11-L-Dopa have failed. F-18 phenylalanine has

been successfully prepared. Initial animal studies indicate it will be
ugseful in clinical diagrosis because of its concentration in organs diffi-
cult to detect, {(Atkins)
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The requirements for californium-252 dose rate calculations developed
more than had been fully anticipated, and the programming effort for this
project has been correspondingly greater, The result is a program which
takes into account the effects of the source tube wall thickness and end
plug thickness az well as the geometryv and attenuation by absorption in
intervening tissue. To a large degree these problems are similar to those
which have been worked ocut in some detail for radium needles (Quimby, Johns,
Greenfiele, etc.), but the presence orf neutrons in the californium-252
emission requires somewhat different considerations than are applicable to’
gamma dosimetry. 1In particular, the attenuation by the source holder, while
very important for gammas, is negligible Ior neutrons and the reactions
with tissue involve different mechanisms. Instead of the customary method
of using Sievert integrals, it has been found more satisfactory to achieve
the required integraricns by direct application of Gauss' numerical in-
tegration method to the expressions describing the gamma and neutron
fluences as functions of angle relative to the source axis and distance
from the sour-e., The output includes a tabulation of the dose rates at
up to 21 x 21 lattice points in a given plane and for up to Z1 planes and
an analogous type of representation of the same information but using a
series of 32 graded i{ntensities of printed characters {adopted from the
method of Mendelsohn and Prewitt) instead of numerical values to represent
the dose rates. Over 30 proposed arrays involving up to 32 radiation
sources each have been computed by this methed for use in analyzing experi-
mental results obtained in irradiating pig's skin and tissue cultures,
and in the development of arrays for projected use in patients. (Atkins)

The Sigma 2 computer system for time-shared operation of the whole-

body counter and the Electron Paramagentic Resonance Spectrometer system ¢
was developed to a fully operational state. Modifications were made to ?
both experimental equipment interfaces to facilitate more efficient and
sophisticated operations. Programming for Sigma 7 applications continued

to be principally concerned with these two problem areas, ‘A second
magnetic tape transport, more core wmemory, an external interrupt feature
and the Brocknet interface were delivered, Work was begun to prepare an
improved system so that additional users can be accommodated.

The program ANY, developed for computing kerma rates for neutrons
produced by bombarding various targets with proton or deuteron beams at
the Van de Graaff accelerator, was improved and expanded somawhat, but
there were no major changes from the program described last year. A BNL
report describing the program was putlished,

The EPRSYN program for simulating EPR curves has continued to be
refined, However, the anticipated development of this as a basis for a
data-fitting procedure has not been undertaken, partly because the success
of the on-line procedures for data averaging and curve resolution erhance-
ment have made the curve-fitting regquirement less urgent.
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The equipment previously used for analysis of COz and C-14 in the
breath of patients has been inadequate for the intended applications., To
remedy this, a new digital-recording system was built for digitizing the
output of the existing analogue-type recorders, The output is recorded
on punched paper tape which serves as the input for further processing
by the computer.

Analysis of the data obtained in the membrane transport experiments
has largely been completed, The effects of a range ef sugar concentrations
on the diffus.on rate as measured with tritiated water are being interpreted
in terms of the driving forces present in the system.

No progress was made in the proposed rebuilding of the positron
scanner, or in the development of the previously-proposed optico~electronic
scanning system due to lack of the requived financial support in these
areas, (Robertson)

17, Expected Results in FY 1971:

A new thyrocalcitonin preparaticn is in the process of being purified
by Armour., If approved by the FDA for clinical trials, its therapsutic
effects on osteoporotic patients wili be studied, using the experimental
technigues described above. One study is planned to measure the rate of Ca :
loss from the body In normal aging., Another is planned to investigate
disorders of the skeleton, other than osteoporosis,

Clinical research projects involving whole-body counting that will ,
be continued include: measurement of levels of lean body mass {by means ¢
of K-40 measurements) in grossly obese children (the relation between ?
total cell mass and far cell mass should have basic physiolopical signifi-
cance}; studies on the kinetics of Br-82-halothane and other apesthetic
gases; study of changes in the distribution of Mt following treatment of
patients with Parkinson's disease with L-Dopa; and measurments of large
and selected BNL populations on a routine basis, {Cohn)

Iron and vitamin By, absorption tests will be standardized using the
whole-body counter and its computer system, Then, patients with known
pernicious anemia will be studied for turnover rates and redistribution of
vitamin By, within the body, The influence of"anemia and the rate of erythro-
poiesis upon iron abserption and distribution will also be studied. The
simultanecus absorption of vitamin By, labeled with Co-57 and Co-60, when
given with intrinsic factor, should provide a test for the immediare diag-
nosis of intrinsic facter deficiency or small bowel deficiency in the
presence of macrocytic hyperchromic anemia. Studies are alsoc planned on
the role of small molecular weight components of lyophilized juice in re-
spect to iron and vitamin By, absorption. (Cronkite)

(See Continuation Sheet) 06-233
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Exnosure to Externai and Internai Radiatrion - Medical Researech
In-Vivo Measurement of Radicnuclides in Man; Body Burden and

[ —

Project Title: Kinecic Factors. Computer Applications 06-02-01-(b)

17. Expected Resuits in FY 1971: (Conrt'd.?}

A new study is in prepavration {in collaboration with Dr. Letteri,
Meadowbrook Hospital; which will provide analysis by means of in-vivo
activatioen of Ca, Na, €l and N in patients undergoing hemodialygigjﬁznd
before and after kidney transplantaticon. Acute episodes of articular and
periarticular inflammation occur in patients receiving periodic hemndialysis
for chronic renal failure, These inflammations appear to develop in associ-
ation with metastatic calcificatien, although serum Ca is normal. The
effects of aitering the concentrarion of elements in the perfusate on the
Ca balance can readily be wmeasured by the activati{on technique,

(Cohn, Cronkite)

The in-vitro neutron activation rechnique will be applied to sodium,
chlorine and nitrogen, in addition to the present program with calcium,
These measurements wiil be of direct value in the hemodlalysis experiments;
they should prove useful in lean-body mass studies, and possibly 'in hyper-
tension studies., 1t is hoped that the portable 238 PuBe source facilicy
in the Medical Research Center can be completed,

Work on the formulation and testing of mathematical medels, parti-
cularly those for describing long-cerm retention data, will be curtailed
until replacenent appointments can he arranged. (Cohn)

F-18-labeled compounds, in addition to F-18 phenylalanine, should be
avzilable for visualization of bone, pancreas and perhaps adrenatls.
Hopefully, C-ll-amino acids and L-Dopa will be available. Use of Fe-52
Lo investigate marrow distributiom in leukemics will be studied.

Further ¢linical application of lymoh node scanning is contemplated, ..

particularl- with improved ceolloids., With improved apparatus, extension - §
of absorption edge spectroscopy will be extended to include clinical !
studies, _ (Atkins)

The imminent completion of the connection of the Sigma 2 computer
to the Brooknet system will require a shift in the programming emphasis
from further development of the whole-body counter and EPR systems to
that of meeting the requirements for interfacing and for establishing
communiication dialogues between the Sigma 2 and the central computers. A
variety of data processing services such as card to tape, paper tape to
magnetic tape .and varicus editing facilities will be available.

The ircreased convenience of computing batch-process jobs that will
result from the Brooknet connection may be expected to stimulate computer
usage in the Medical Department. The precise requirements for data process-
ing assistance cannot be clearly predicted, bur appreciable growth over the
present level is anticipated.

Interest contipues in the use of the multidetector positron scanner
gs a tocl for Investigaring regiona. cerebral blood flow - However, the

(See Comtinuation Sheert) 06-234
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Exposure to External and Internal Radiation - Medica! Research
In-Vivo Measurement of Radionuclides in Man; Body Burden and
Project Title: Kinetic Factors. Computer Applications 06-02-01-(b}

17. Expected Results in FY 1971: (Cont'd.}

existing equipment is too slow and has too high a background count to be
usable in some of the desired studies., It is again planned to modify the
device by the addition of a PDPS8L cr similar small computer to serve
principally as a data storage device. This and other changes in the
circuitry would greatly enhance the machine's usefulness in blood flow
studies. More extensive changes to improve the resolution and sensitivity
for brain tumor localization are under consideration.

In addition to numerous modifications and improvements needed for
the particle size distribution analyzer presently in use in the large
animal facility, a complete duplicate system is planned for use with
human blood samples in the clinical service laboratory, Experiments
should be completed to deterwine the best geometry for the design and
construction of a mouse activity system to be used with experiments in-
volving the effect of L-Dopa on mice. This system would keep a record of
a large number of mice showing general activity and some specific movements
of each mouse as a function of time,

Investigation of the possible uses of laser holography in conjunction
with radicoisccopic scanning is planned. There appear to be very useful
possibilities for image enhancement and 3-dimensional displays using
holeography. {Robertson)

18. Expected Results in FY 1972:

Studies will continue along the general lines described above but
medified by findings suggesting new directions, and by the development
of new techniques, such as neutron activation with (&,n) sources, 1

{Cohn, Cronkite) ¥

Further investigations with short-lived positron emitting nuclides
are planned with particular interest in C-ll-labeled amino acids, Dopa or
derivatives, thymidine, etc. Nuclides may be available through the LINAC
program of the Department of Applied Science. Feasibility of a ultra-short-
lived generator system may be investigated. (Atkins)

The increased computer utilization by Medical Department personnel
will necessitate increased supportive services, Leng-range planning in-
cludes consideration of the development of a more independent medical
computing facility with the addition of an analytical mathematician, a
statistician, one or two programmers and a keypunch operator to the staff.
In addition to enhancing the ability to handle the Department's data
processing requirements, this would provide assistance in theoretical
considerations of radiation effects or other appropriate topics.

(Robercson)

(See Contilnuation Sheet) 06-235
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- Exposure to External and Internal Radiation - Medical Research
In-Vivo Measurement of Radionuclides in Man; Body Burden and
Project Title:; Finetic Factors. Computer Applications 06-02-01-{b)

19, Description and Explanation of Major Materials, Equipment and Sub-
contract Items:

A portable PuBe-238 source of fast neutrons for use within the

Hospital area is an urgent need for these studies ($25,000). The facility
provides the advantages of ease of cperation ¢no full time operator required),
ease of nonambulatory patient exposure (bilateral simultaneous with subject
horizontal), and one-fifth the absorbed dose to the patient., This neutren
source would also be very valuable in research, and would provide BNL
with the finzst in-vivo neutron activation facility in existence today,

g (Cohn)

A complete breath analyzer syste=w for small animals, based on the
method used for patients may be required. This would involve both the
design and development of the CO, aralyzer, a scintillation detector for
C-14 and a digital readout system ($17,000). (Robertson, Shreev%, Hankes)

A small computer ($127,000) is required for quantitative assessment
of distribution of activity in rectilinear scans and camera studies;
multiple plane readout and stereoprojection of positron camera images;
calculation of distribution of radicactivity with the 32-crystal positron
device, calculations, corrections, etc. associated with the output of the
transmission scans for absorption edge spectroscopy; time course of
radiocactivity distribution with the gamma camera-cardiac output, renograms,
vascular flow studies; curve stripping and analysis for blood disappear-
ance and liver uptake utilizing colloids; and subtraction of dual nuclide :
emission scans (FY 1971). (Atkins) .

Other capital equipment needs include development of positron
scanner, $20,000 (FY 1971); FY 1972, particle size analyzer, $15,000; and -

a Laser system, $5,000 (departmental uise). :

20. Proposed Obligations for Related Comstruction Projects, 1f any:

Bio-Med conjunct facility.
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SCHEDULE 189
ADDITIONAL EXPLANATION FOR OPLRATING CODSTS

Brooxhaven Naticnal Laboratory 06-Blolngy & Medicine

Labcratory Program

1. Contractor: Cortract No,: Task No.:
Associated Universities, Inc. AT-30-2-GEN-16

2. Project Tivle: 189 No,:

Combating Detrimental Effects of Radiation - Medical Research 06-237

The Role of Damage to Mammalian Hemotopeletic System in Deach
or Recovery of the Irradiated Mammal

ET-Budget Activity No.: 4, Date Prepared:
-02- M 1970
06-02-02 PRIVACY ACT MATERIAL ReMovED ”
5. Method of Reporting: 6. Working Locatioh:

ti Labo Y
BNL Annual Report Brockhaven National Laborato

BNL Monthly Letter to AEC
Bulletin of the Medical Department

7. Person in Charge: 8. Project Term:
£E. P, Cronkite Continuing
V. P. Boad _
From: To: 3

Principal Investigator:
A. L. Carsten

C. V. Robinson

E. P. Cronkite

9. Man-Years: FYy 1970 FY 1971 FY 1970
4
Szi., Res. Assoc. (Ph,D. or Equiv.) ' 1.0 1.0 1.0

Visiting Sci, - - ) -
Prof. (B.S. or Equiv.) - - -

Sci. & Eng. - Total 1.0 1.0 1.¢
Techniceal 1.9 1.5 1.5
Adm. & Service 0.5 0.5 0.5
Guests & Research Collaborators - 1.6 2.C
Total 3.0 4.0 5.C
10, Costs (In Thousands of Dollars): FY 1970 Fy 1971  FYy 197~
Labor (including benefits) 47 49 4
Mats., Trav., Dev. Subcont., Spec'l Proec, 4 4 7
Reactor, Accel., and/or Computer Usage Q 0 )|
Allocated Technical Services 2 3 ¢
Gen, & Adm, Overhead -
Total Reszarch Cost _
Research Division 75 70 8-
Hospital Division 4] 0 ¢
Research Costs 75 - 70 8.
11. Reactor Concept: 12, Materials:
_{7“ LA CH_ 7
i 06-237
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Caombating Detrimental Eifecrs of Radiation - Medical Research
The Role of Damage to Mammalian Hematopoletic System in Death

Project Title: or Recovery of the Irradiated Mammal 05-02-072
13. Publications: R
3ond, V. P. and Sugahara, T, Racdiosensitiviry in Animals. Science 164,

1428-35 (196%) .

Reincke, U, Methods to determine volumes of hematopoietic nedules in
bone marrow-grafted irradiated mice. Exp. Hematol, (in press), s

14, Scope:

The studies in this activity have as their primary cobjective the develop-
menz of basic informatieon on mammaliar radiation injury that in turn will
serve as a basis for improved therapeucic applications. In the investigation
of relationships between radiation effects at the animal and cellular levels,
specific areas of interest include: &) the acute hemopoietic syndrome;

b) radiation-induced leukemia; c¢) effects of nonuniformity of dode distribu-
tion; d) effects of dose protraction on the width of the animal dose-survival
curve and on the 507 lethal dosze; and e) development of improved substitutive
therapy (granulocyte and platelet transfusions).

In one area of these studies, mathematrical models which simulate
existing data are formulated as an approach to problems in which the response
of a single rell type is critical, In such cases the model must take account
not only of the primary radiation response of such cells, but of the prolifer-
ation which cthey initiate, and the animal's requirement for, or semsitivity -
te, progenies of the irradiated cells. Analyses are made using the theory -
of random variables and stochastic processes, Fourier traunsforms theory,
computer simulation, and the theory of competing risks. Experimentation is
designed for filling in gaps or clarifying discrepancies in existing data. |
As these interpretive studies are phased out additional emphasis will be :
placed on cellular studies and substitutive therapy. {Robinson)

A major aim is understanding the effects cof radiatien on the cellular
renewal systems essential for survival after irradiation. Relationship
between kinetics of hematopoietic cell proliferation and radiation effects
takes two forms: first, the effect of uniform whole-body, partial-bedy or
non-uniform exposures on the hemaropoietic stem cell poecl; and secondly,
and conversely, the importance of changes in the stem cell population con
the animal's reaction to a uniform whole-body, partial-body or non-uniform
exposure., To study the latter the stem cell pool is modified by age,
chemicals, preirradiation, etc. Short-term objectives include the perfec-
tion of technigues related to the harvesting, preparation and storage of
marrow for study by each of several methods and the determination of cthe
size and distribution of the active hemateopoietic stem cell pool throughout
the body. {Carsten)

New studies on platelet preservatior. and transfusion will be carried
on in collaboracion with the Blocod Research Laboratory, U. 5. Naval
Hospital, Crelsea, Massachusetts. Radiation hcmorrhage was shown years

(See Continuaticn Sheet) 06-238
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Combating Detrimental Effects of Radiation - Medical Research
The Rele of Damage to Mammalian Hematopoietic System in Death
Project Title: or Recovery of the Irradiated Mammal 0A-02-02

14, Scope:

aga, to ba due to thrombocytopenia which could be prevented by prophylactic
transfusion of homologous platelets. Platelet rransfusion controlled well
established diffuse purpura but is relatively impractical since platelet
viability is so short in vitro in all preservation media and techniques.

The development of adeaﬁéte platelet preservation techniques 1Is essential

for treatment of otherwise fatal radiation injury. The Blood Research
Laboratory leads in the research on the preservation of red cells and, under
the directien of Dr., Valeri, has developed an imaginative program on the

in vitro evaluation of one platelet function that appears to be correlated
with viability, namely, its volume regulation, The treatment of individuals
with one tablet of aspirin removes the capability of platelets to agglutinate
and thas shorten bleeding time, Placeler viability is studied in normal
humar: volunteers by preparing and preserving platelets prior to the admini-
stration of aspirin and subsequent autotransfusion to see if the‘aspirin
detects are improved by the transfusion of the pre-aspirin platelecs. The
ultimate test of platelet viability and function however, is the prevention

or the treatment of thrombopenic bleedingz., With the development of tech-
niques to preserve platelets in a viable and functiomal state, the collabora-
tive study will use the BNL model of the thoracic duct cannulated dog in
whom the output of red cells in the rhoracic duct 1s correlated with thrombo-
penia and piarelet function, (Cronkite)

15. Relationship to Other Projects:

Lewis and Trobaugh, University of Iilinols, Chicago, and Wolf and Trentin
Baylor University, are interested in the factors determining the type of
spleen colony arising from marrow injections into irradiated recipients.

They are not, however, examining the total spectrum of coleny type and o«
size cver the entire development period for both endogenous and exogencus ?
colonies as done here, _ (Carsten)

Till and McCulloch, University of Toronto, developed the spieen
colony technique and continue to use it in a variety of studies. The
BNL study is a more quantitative approach in the use of the spleen colony
technique, particularly where related tc the time course development of the
colonies and their differentiation. A most important difference between
work here and elsewhere is the use of the BNL mouse, which is particularly
suited to the spleen colony technique, i.e, it is much more efficient both
in time of deJelopment and number of colonies formed than most other strains,

{(Robinson, Carsten)

As noted above, Valeri et al, Blood Research Laboratory, U. $. Naval
Hospital, Chelsea, Massachusetts, are developing techniques for improved
presarvation of red cells, white cells, and platelets. (Cronkite)

16, Technical Progress in FY 1870:

The species screening studies for spleen coleny growth in mice were
completed for two rat strains, normal human, leukemic human, deog, guinea
pig, cat, rabbit, hamsters, gerbils, and rhesus and spider monkeys. Marrow

(See Comtinuation Sheet) 06-239
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- _ Combating Detrimental Effects of Radiation - Medical Research
The Role of Damage to Mammalian Hematopoietic System in Death
Project Title: or Recovery of the Irradiared Mammal 06-02-02

16. Technical Progress in FY 1970: (Cont'd.)

from these donors was Injected into recipient mice treated with both x rays
and immuncsuppressant drugs. A rise in colony count was found in all recip-
ients, but cytological examination of individual cells indicated that in

all except those mice receiving rat marrow, the colonies were endogenous

to the mice., The rat Lo mouse technique was used to examine the effect of
environmental temperature on marrow stem cells in irradiated and nonirradiated
rats. It was found that protracted exposure of rats to a low environmental
teanperature [29C) resulted in almose a two-fold increase in the number of
colony forming units per femur, Following a dese of vinblastine, return «f
colony forming unitcs (CFU) in the bone marrow to the pretredarment level was
more rapld in the cold exposed rats than In those kept at 2539C,

The effect of storage media, time and temperature on the viability
and type of resultant colony was studied tfor the mouse bone marrow. When
the ratio of erythroid to total colonies is considered, it was found that
in terms of relative depression in viability, erythroid coleonies were de-
pressed to a lesser extent than were the total colonies derived from cells
kept for eight hours in saline ¢ at either room or ice temperature. A
lesser effect on this ratio change was nozed for the cells kept in the CMRL
1066 tissue culture media. This studv was completed for storage periods to
eight hours,

The studies on the importance of distribution of the hematopoietic 3
tissue to mortality following nonuniform exposures in the mouse were com-
pleted, The protection afforded by survival of hemopoietic stem cells in
lesser exposed areas of the body is independent of anatomic site and de-
perdent solely on the number of stem cells surviving., This is in verifi-
cation of the preliminary resulets previously reported. o

The marrow distribution data for the monkey (reported as complete
last year) was verified with 5. T. Taketa (Ames Research Center),

Changes in marrow stem cell numbers in male mice from 2-103 weeks
of age was determined, The total marrow cellularity of both the male and
female mouse femur increased rapidly until approximately 8 weeks of age,
and then more slowly with increasing age. The total CFU content in the
femurs of the same animals exhibited a similar early rise in both the
males and females with a subsequent leveling off resulting in a decrease in
the ratio of CPU to total cells with age. (Carsten)

The data on long term stem cell recovery following a maximum sublethal
whole-body exposure (525 rads) to the BNL male mouse, was completed to 65
weeks'post exposure. An immediate reduction in the marrow cellularity was
evident, followed by a rapid return to near normal levels by 7-8 weeks post-
irradiation. The femoral CFU content followed a similar pattern, however,
the recovery was not quite as complete,

{See Continuation Sheet) 06-240
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- Combating Detrimental Effects of Radiation - Medical Research
The Role of Damage to Mammalian Hematopoietic System in Death
Project Title: or Recovery of the Irradiated Mapmal 0h-02-02

16. Technical Progress in FY 1970:(Cenc'd.)

The studies of the growth and differentiation of the exogenous and
endogenous spieen ceolenies in the BNL mduse were completed, A computer
program was developed for determinaticon of colony volumes, From a study
of the rate of increase in the volume of red cell colenies it was concluded
that they are monoclonal whereas granulocytic colonies appeared to be poly-
clonal, Volume doubling times are about 10 hours, (Carsten and U, Reincke,
Research Collaborator in Residence, U, Freiburg, Germany)

Work was begun cemparing the spleen celony technique and the implantéd
diffusion chamber technique for studying hematopoietic stem cells in the BNL
mouse, Apparatus for the latter was assembled and the first chambers im-
planted, Preliminary results indicate that the technique developed by
Boyum in Norwegian mice works equally well with the BNL strain. A strain
comparison program (BNL, Ch 2 and AKR mice) was initiated in colldboratien
with A, Upton (State University of New York at Stony Brook) aimed at evalua-
ting the hematopeietic stem cell syscems in these strains. A laboratory
was set up in the quarantine area for the handling of the outside strains
and training of the perscnnel begun. {(Carsten and A. Boyum, Norwegian
Defense Research Establishment)

A series of studies aimed at determining the RBE of Californium-252
neutrons for the mouse marrow system was started, A source holder was
fabricated to hold a Cf-252 source or tantalum array, and dosimetry com-
pleted on the system, {(Carsten, Atkins)

17. Expected Resalts in FY 1971;

The hematopoietic stem cell studies using the diffusion chamber |
technique will be expanded, It is planned to derermine the colony formationt
efficiency of the AKR mouse as compared to the BNL mouse, with special
emphasis on the transplantation efficiency factor. Studies on the changes
in marrow stem cell content with age In the BNL female mouse will be com-
pleted; also, determination of the RBE of the Californium neutrons for
suppression of CFU's. It is expected also, that studies on the effects of
storage of marrow for longer terms than previously reported, on mortality
following nonuniform irradiation of mice and monkeys, and on the development
and differentiation of exogenous and endogenous spleen colonies in the BNL
mouse, will be completed,

Pllot studies will have started using the Luening embryo technique
for studying che effects of various factors on the developing embryo.
This gystem involves the breeding of male and female mice, one or both
of whiéh have undergone treatment previous to the mating (the treatment
might be chemical, physical, etc,}. The preganancy (s allowed to continue
until the 18th day, at which time the female is killed, and the number
of viable and nonviable embryos counted, together with the number of
corpora lutea on the ovaries. The importance of these values is self
evident. The technique of counting the embryos has been confirmed and
standardized. The enumeration of the corpora luea is not as easily
accomplished, and at present various stairing methods are being tested to

(See Continuation Sheet) 06-241
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17, Expected Results in FY 1971: (Cont'd.)

improve this part of the system. It is planned that this method along with
study of CFU's will be used to evaluate the toxicity of double-stranded RNA,
L-Dopa, tritiated water, tritiated thymidine, and the relative toxicity of
radiocactive labeling in various positions in other bioclogically important
compounds. (Carsten)

1t is believed that studies on the evaluation of preserved canine
platelets will have extended through the phase of showing that the aspirin
defect can be reversed and studies on the evaluation in radiativun-induced
hemorrhage will commence. When improved techniques are established procedures
will be proposed to Biological Control, NIH, for introduction inte bklood
banking procedures, {Cronkite)

18. Expected Results in FY 1972: -~

+

With the data obtained by using the diffusion chamber technique and
the spleen colony technique on several mouse strains, it is hoped to improve
understanding of stem cell kinetics in the mouse. It is hoped also that
new data on the relationship of labeling position in metabolites and radia-
tion effect might be obtained with the Luening embryo technique. Studies
will be continued based on findings during the previous fiscal year.

19. Description and Explanation of Major Materials, Equipment and Subs
contract Items:

Continuous flow blood cell separation centrifuge ($60,000).

20. Proposed Obligations for Related Construction Projects, if any: .

Bio-Med conjunct faclility.

- 06-242
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SCHEDULE 189
ADDITIONAL EXPLANATION FOR OPERATING COSTS

Brookhaven National Laboratory 06-Biology & Medicine
Laboratory Program
1. Contractor: Contract No,: Task No.:
Associated Universities, Inc. AT-30-2-GEN-16
2. Project Title: 189 No.:
Cancer & Cther Clinical Research-- ,
- Medical Research 06-268
3. Budget Activity No.: 4. Date Prepared:
06-03-01 May 1970
5. Method of Reporting: 6. Horking Location?
Size sub-activitles Brookhaven Naticonal Laboratery

PRWACYACTMATHNALREMOVED

7. Person in Charge: 8. Project Term:
S¢e sub-acfivities Continuing
From: To: 3

Principal Investigator:

See sub-activities

9, Man-Years: FY 1970 FY 1971 FY 1932
Sch., Res. Assoc. (Ph.D. or Equiv.) 11.0 10.0 11.0'
Visiting Sci. 4.0 4.5 5.0
Prof. (B.S. or Equiv.) 4.5 4.0 4.0

Sci. & Eng. - Total 19.5 18.5 20.0
Technical 79.5 70.0 73.5
Adm. & Service 9.5 9.0 8.5
Guests & Research Collaborators 4.5 2.0 3.0

Total 113.0 99.5 105.0

10, Costs (In Thousands of Dollars): FY 1970 FY 1971 FY 1972
Labor (including benefits) 1,298 1,291 1,421
Mat¥:, Trav., Dev. Subcont,, Spec'l Proc. 244 250 257
Raﬂ%ﬁpr, Accel., and/or Computer Usage 13 13 13
Allbecated Technical Services 50 38 40

Gen, & Adm. Overhead
Total Research Cost

PRIVACY ACT MATERIAL REMOVED

11, Reactor Concept: 12, Materials:

06-268
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Project Title: Cancer and Other Clinical Research--Medical Research (06-03-01

SUMMARY

Sub-Activity Title

Medical Research

06-03-01-¢a) Treatment and Biochemical Dissection of Parkinsonism
and Allied Conditions

06-03-01-(b) Interrelationship between Genetic and Environmental
Factors in Clinical and Ewperimental Hypertension

06-03-01-(c) Clinical Studies on Exocrine Pancreatic Insufficiency,
Vitamin 512 and Iron Absorption
06-03-01-(d) Metabolic and Therapeutic Studies in Cancer o
06-03-01-(e) Extracorporeal Irradiation of Blood and Lymph in the
Study of Lymphopoiesis and Homotransplantation
06-03-01-(f) The Effects of Hormones, Drugs, and Nutritional Changes
on the Intermediary Metabolism of Carbohydrates and
Lipids
¢
1
(See Continuation Sheet) Q6-269
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SCHEDULE 189

ADDITICNAL EXPLANATION FOR OPERATIKG COSTS

Brookhaven Naticonal Laboratory

06-Biology & Medicine

Laboratory Program

1. Contractor: Contract No,: Task No.:
Associated Universities, Inc. AT-30-2-CEN-16

2, Project Title: 189 No,:
Cancer and Other Clinical Research - Medical Research
Treatment and Biochemical Dissecrior of Parkinsonism 06-270

and Allied Conditicns

3. Budget Activity No.: 4, Date Prepared:
06-03-01-(a) May 1970 .
5. Method of Reporting: 6. Working Location:
i Lab t
BNL Annual Report Brookhaven National Laboratory
BNT, Monthly Letter to the AEC
Bulletin of the Medical Department
7. Person in Charge: 8. Project Term:
G. C. Cotzias Continuing
Principal Investigator: From: To:
G. C. Cotzias .
¢
¢
9., Man-Years:
Direct Man-Years FY 1970 FY 1971 Fy 1972
Scientific & Professional 3.3 5.0 5.0
Other 35.5 27.2 26.3
Guests & Res. Cellaborators 0.7 0.3 0.2
Total 39.5 32.5 31.5
10, Costs {(In Thousands of Dollars): .
FY 1970 FY 1971 Fy 1972
Research Division 298 360 368
Hospital Division 322 330 332
Research Costs 620 690 700
11. Reactor Concept: 12, Materials:
j:'—h-":f'/:_: a
06-270
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Cancer and Other Clinical Resaarch - Medical Research
Treatment and Biochemical Dissection of Parkinsonism and

Proiect Title: Allied Conditions 06-03-01-7a}
13, Publications:

Cotzias. G. C., Parkinsconism and dopa: an editorial. J. Chronic e
Diseases 22, 297-301 (1969).

Mena, I., Horiuchi, K., Burke, K. and Cotzias, G. C. Chronic SR
manganese polisoning: individual susceptibility and absorption of iron. VI

Neurclogy 19, No. 10, 1000-5 (1969).

Cotzias, G. C. L-dopa in Parkinson's gsyndrome, New Eng. J. Med, 281,

272 (1969). /56;;;
Mena, 1., Court, J., Funzalida, §., Papavasiliou, P. S, and Cotzias, G.C.

Modification of chronic manganese poisoning: treatment with L-dopa or e

5-0H tryptophane, New Eng. J. Med. 2832, 5-10 (1870). FL700

Bt

Cetzias, G. C., Papavasiliou, P, S., Fehling, C., Kaufman, B, and
Mena, I, Similarities between neuroleglcal effects of L-dopa and apomorphine.
New Eng. J. Med, 282, 31-3 (1%70). g

Cotzias, G. €, Metabolic modification of some neurclogic disorders,
J. Am. Med. Assoc. 210, No. 7, 1255-62 (1369). N

Cotzias, G. C. Limiting factors in the treatment with dopa. Presented
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14, Scope:

Currently, the broad objective of the studies reported in this activicy
ls the biochemi:-al dissection of the defects in Parkinsonism and allied ?
conditions in order to develop new approaches to therapy. Major efforts
are still directed toward the study of the therapeutic effects of L-Dopa in
the treatment of Parkinsonism, but an increasing effort is devoted to other
chemicals and other diseases. A satisfactory standard of clinical investi-
gation can be maintained, however, only with a relevant laboratory program
tightly integrated with the work at bedside.

The therapeutic effectiveness of L-Dopa in the treatment of Parkinson-
ism has been firmly established. There remain, however, many questions as
to how L-Dopa works. Explanations are sought for the following poorly
understcod observations: 1) large amounts of L-Dopa must be used for a con-
siderable time before full improvement sets in; 2) the amount which controls
symptoms must be lowered with passing months; 3) tremor can be eliminated
simply by persevering with the maximum tolerated dose but other signs re-
spond early; 4) some Parkinsonians treated with L-Dopa develop involuntary
movements. Ascertaining which of the many active metabolites synthesized
in the body from Dopa help the patient and which hinder, and predicting
the degree and timing of improvement in a given case, also present related
questions of interest,

(See Conrinuation Sheet) 06-271
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14, Scope: (Cont'd,)

The brains of Parkinsonian patients contain low concentrations of both
melanins and catecholamines. Both sets of missing substances can be
restituted by their common precursor L-Dopa (3,4 dihydroxyphenylalanine),

A premise for the studies in this budget activity is that the chemistry, not
the structure, of the brain is responsible for Parkinsonian symptoms since
they can be corrected with chemicals without correcting the underlying
structural damaga, Parkinsonian symptoms are found also in persons who have
some other disease than Parkinson's syndrome. Accordingly, efforts are
directed toward demonstrating that chemicals should improve such symptoms
wherever they may occur, and not only in the case of Parkinson's syndrome.

Extensive laboratory studies are carried on teo supplement, clarify, and
prepare for c¢linical investigations. Body fluids of patients must be
analyzed for L-Dopa and metabolites suspected of causing certalin effects.

For example, when a patient shows diminished effects of L-Dopa following

a2 heavy meal, analyses must be made to determine whether the ingredients of
the meal interfere with the absorption of dopa; when a patient shows in-
creased plasma iodine, the nature and source of the iodine must be determined.
Animal experiments must precede studies on human beings; rudimentary toxi-
cological tests and analyses must be conducted on chemicals proposed to

the FDA as investigational new drugs.

Carbon-11-L-Dopa is expected to render 'visible" in the intact man
(by means of technology already available) several extracranial and intra-
cranial structures. Among the extracranial omes, the adrenal medulla
promises to become readily visible but structures like the lung which are
rich in dopamine-containing histiocytes may alsc become preferentially .
visible. The distribution of carbon-ll-L-Dopa among extracranial structuress
is expected to be dependent not only upon the dose of non-radioactive Dopa
but alsoc on whatever metabolic adjustments have been brought on by its
chronic administration. Studies on intracranial structures are even more
important since visualization of structures located behind the skull is
now limited to the few tumors which one may scan, the calecified pineal
gland, the sella turcica, and the distortions that become evident by
angiography.

An essential phase of the basic studies on neurclogical functicn is
the countinued development of nondestructive neutron activation analysis so
that the inorgahic analysis can be followed by organic analysis in the
same sample, This capability is required in order to adequately analyze
autopsy material and tiny biopsies of brain,.

15, Relationship to Other Projects:

Investigations of L-Dopa have been spurred throughout the world
and special conferences and internaticonal symposia have taken place or
have been established. Work here is not addressed to problems if there is
reason to suspect they are being formulated by others.

(See Continuation Sheet) 06-272
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1%. Relationship to Other Projects: (Cont'd,)

The synthesis of carbon-ll-L-Dopa by Dr, A. Wolf and his associates in
the Chemistry Department is a4 most important related work, Despite the
fact that several outsiders have become interested in the studies on intra-
cranial and extracranial structures, progress at Brookhaven has been slow
due primarily to the difficulties in rapid synthesis and availability of
adequate amounts of carbon 11,

Total body and regional counting is another intimately related project.
The techniques and equipment developed at Brookhaven would be indeed '
applicable to eventual studies of C-11-L-Dopa but they are applicable here
and now to studies of the effects of L-Dopa on trace metals and vice versa,

l6. Technical Progress in FY 1970:

RN

An article "Metabolic Modification of Some Neurclogie Disoréers", J. Am,
Med, Assoc. 210, 1255-62 (1969) was invited by the Journal of the American
Medical Association in connection with the author receiving the Albert
Lasker Clinical Medical Research Award. The paper presented the background,
current status and immediate prospects of metabolic therapy of neurological
disorders. It indicated also, areas in which basic investigations are
urgently needed,

In studies on functional interactions between biogenic amines, 3',5'
cyclic adenosine monophosphate (cyclic AMP) and manganese, the relevant
connecticon between the metabolism of Dopa and that of trace metals like
manganese was shown, Others had discovered that biogenic amines do not
deliver their intracellular messages directly but via an intracellular
messenger, cyclic AMP. L]

Studies ilere determined that the increase of intracellular cyclic
AMP caused by several amines including Dopamine is accompanied by a strik-
ing intracellular accumulation of manganese. This connection appeared
important because it was known that one could mimic the effects of some
amines by using cyclic AMP. One such effect was mimicked by administering
manganese instead of either an amine or cyclic AMP, Efforts were devoted
to the adaption of a method to permit measurement of cyclic AMP in tissues,
Preliminary experiments suggest that administration of Dopa increases the
concentration of cyclic AMP in the liver, the only tissue tested, Experi-
ments are in progress to determine whether factors modifying the effects
of Dopa change the concentration of cyclic AMP in liver. If so, these
will be studied in brain, a more difficult organ to test,

A letter to the Editor, J. Am, Med, Assoc. 207, 1333 (1969), report-
ed the emergence of positive Ccombs tests among four Parkinsonian patients
receiving large doses of L-Dopa for many months, The letter also stated
that discontinuation of the drug was unnecessary and inadvisable because:
1) ne evidence of hemolysis emerged; 2) the titers could be lowered by
decreasing the dose of Dopa; 3) the patients needed Dopa quite badly.

(See Comtinuation Sheet) 06-273
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16. Technical Progress in FY 1970: (Cout'd.}

Because of the large discrepancy between the negligible toxicity
induced by L-Dopa in treatments here and the extansive toxicity encountered
by some others, a letter was sent to the Editor of the New England Jourmal
of Medicine to emphasize the difference between 'dose' and '"dose rate', A
model schedule for administering Dopa was presented, Also indicated were
precautions that must be taken and what support of the patient is recommend-
ed besides prescribing L-Dopa.

In studies on chronic manganese poisoning it was found that inhaled
manganese compounds become largely transferred to the géstrointestinal tract,
Contrary to prevailing opinion, therefere, the gastrointestinal tract is a
major portal of entry during environmental and industrial exposure, In-
vestigations of the absorption of manganese by this tract showed it to be
linked to the absorption of iron, The percent of manganese absorbed (from
that presented for absorption) depended upon the presence or absence of
nutriticnal anemia, This suggested nutriticonal anemia as a predisposing
factor to the development of chronic manganese poisoning among miners exposed
to heavy manganese loads, An unexpected finding was that miners exposed to
manganese were ''iron losers?. This iron loss would increase the percent of
manganese absorbed by individuals to whom massive amounts of metal are
already presented for absorption, These results could not have been obtained
without the neutron activation analyses possible at Brookhaven, '

The publication '"Modification of Chronic Manganese Poisoning: Treat-
ment with L-Dopa or 5-0H Tryptophane™ by I, Mena, J. Court, S, Fuenzalida,
P. S, Papavasiliou, and G. C. Cotzias, New Eng. J. Med, 282, 5-10 (1970),
reports: 1) the first confirmation of rhe chemical hypothesis for the -
neurological symptoms in a disease other than Parkinson's; 2) the first
successful treatment of a non-progressive, crippling neurologic disease;
3) the first results of administration of L-Dopa to neurclogically normal
human beings. In brief, the results indicate that seven out of eight
long-crippled ex-miners benefited remarkably from the slowly increased
administration of oral L-Dopa, The eighth, who became worse on L-Dopa im-
proved with 5-0OH Tryptophane, 2 precursor of serctonin. This latter case
may have established a therapeutic precedent for similar clinical situations,
Two of rhe miners who improved while on L-Dopa had primarily muscular
dystonia, indicating that other dystonias must be similarly studied, Among
eight normal individuals receiving L-Dopa,; the six exposed manganese miners
appeared to react differently than the two non-miners., The working
manganese miners seemed resistant to the induction of nausea or vomiting
by L-Dopa. They developed marked flexibility of their joints and diminish-
ed muscular tonus but no muscular weakness while on L-Dopa. The two
normal controls differed from the exposed miners in these respects,

Another study was based on chemical similarities between dopamine
and apomorphine and the fact that dopamine as well as apomorphine activate
dopaminergic neurons, In this double blipd study, 15 patients were

{(See Continuation Sheet) 06-274
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injected with 1,0-2.5 mg. of apomorphine or with placebo while their
neurological status was scored intermittently. The scores changed only
when apomorphine was injected. The change was in the same direction as
when L-Dopa was given, It started upon Injection, reached its peak after
30 minutes and declined to preinjection levels thereafter, It is proposed
that apomorphine can be uged to: 1) determine whether dopamine or melanins
are responsible for the main therapeutic effects of Dopa; 2) to determine
whether or not dopaminergic neurons become diurnally refractory in patients
who lose the effects of L-Dopa following a meal or following ingestion of
Vitamin Bg (Pyridoxine); 3) as a model for the synthesis of a new generation
of drugs with which to study and treat neurclogical diseases,

A test was developed which quantifies the locomotor effects of L-Dopa
and their modification by various agents. This test is based on‘the fact
that among mice raceiving the same amounts of L-Dopa some become more hyper-
kinetic than others. A plastic box cage was constructed which has a three-
inch platform running close te its top, Mice are placed on this platform,
With placebo administration, no mice fall from the platform intc the box,
but with L-Dopa or apormophine, some do. The percentage of mice falling
from the platform 1s calculated ar the end of four hours, With mice of
the same sex, age and body weight, the percentage of animals falling has
been linearly related to the oral dose of L-Dopa between 1 and 5 mg/g body
weight, Similarly, this percentage was linearly related to the dose of
injected apomorphine., Previous administrations of dopamine or of 3,4
dihydroxyphenylacetic acid (dopac, a deaminated metabolite of dopamine)
have markedly diminished the locomotor effects of L-Dopa but not those of
apomerphine. The effects of both drugs were, however, delayed as well as
diminished by the intraperitoneal administration of 40 pg of manganese as ¢
the sulfate or the chloride, These experlments may provide tcols for ¥
selectively modifying the entrance of L-Dopa into the brain, versus the
action of dopamine (or apomorphine) within the brain.

Connections between the metabolism of manganese and the administration
of some agents utilized in therapy were sought Iin experimental animals,
The effects of L-Dopa on manganese metabolism reflected themselves in the
total body economy of this mertal in mice as follows: injected Mn-54 was
transported in the presence of Dopa much more rapidly from the carcass
into the viscera in the presence versus the absence of this drug
(0.01 > p » 0.001); the concentration of Mn-55 in the livers of mice as
determined by neutron activation analysis became progressively higher
with time on L-Dopa; among two peripherally acting Dopa-decarboxylase
inhibitors, one markedly diminished the absorption of manganese from the
gut in mice., This is the inhibitor used extensively in Eurcpe, latin
America, and Canada, The one used at BNL has not yet shown evidence of
interfering with the absorption of manganese,

Parkinsonian patients who have been receiving L-Dopa for more than
three years were closely followed. In wost, the initial improvement is
maintained and no new toxicity has been found. One patient has developed
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a gastrointestinal hemorrhage which is tentatively assigned to a hiatus
hernia. A few patients have developed intermittent involuntary movements
aml veriable degrees of intermittency in the control of their Parkinsonism,
It seems that the absorptien of Deopa is becoming uneven in some individuals,
The rcle of the intestinal flora in this intermittency is being investipated
by means of sulfathiazole administration,

Administration of -methyl Dopa hydrazine (a peripheral Dopa decarboxy-
lase inhibitor) together with L-Dopa is being studied to determine which
effects of Dopa are caused by metabolic processes occurring outside the
brain as well as to determine whether there are clinical advantages to.this
combination. Ameng seven patients fully studied thus far, the following
trends have emerged: 1) the doses of cral Dopa necessary to control Parkin-
son's syndrome appear to be about one-fifth smaller in the presence of the
inhibitor than in its absence; 2} administration of Pyridoxine cancels the
effects of Dopa in the absence bur not in the presence of the inhibiter; 3)
bucco~facial inveluntary movements have emerged much earlier and with much
smaller doses of L-Dopa in the presence as compared to the absence of the
inhibitor; 4) in the presence of the inhibitor, the urinary concentrations
of Dopa or Dopamine could not be determined due to technical reasons; 5) the
percent of Dopa excreted as homovanillic acid is much smaller in the presence
than in the absence of the inhibitor,

Three patients with dystonia musculorum deformans, two patients with
cerebral palsy, one patient with '"postencephalitic syndrome' and one with
hemiplegia have been under treatment with L-Dopa. One of the patients with
dystonia musculorum deformans developed marked improvement and another
modarate improvement but only after several months of constant therapy as
in-patients, In the orhers, the results seem encouraging but it is too
early to tell,

Other studies underway but not completed include: the effect of
phenylalanine ingestion on the Parkinsonian state both prior to and during
control with L-Dopa; the effects of choline and methionine on the control
of Parkinsoniswm; and_the toxicological study cof L-Dopa in mice. The pro-
posed method for "homing" an amineoxidage inhibitor preferentially into
the brain was reported as ineffective by our industrial colleagues at Eli
Lilly and Company. An alternate approach is being investigated according
to our suggestions,

17, Expected Results in FY 1G71:

With present level support, current studies will be carried on to
completion and additicnal studies initiated as conditions permit. In a
collaborative study with Dr. Cohn of this Department an effort will be
made to determine whether L-Dopa, -methyl Dopa hydrazine, apomerphine and
5-0H tryptophane derange the metabolism of trace metals like manganese in
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man, With additional support additional patients would be studied in efforts
to improve existing therapy, and links between autoimmunity iwnduced by Dopa
and trace metal metabolisw would be investigated.

Effort would be concentrated primarily on the synthesis of carbon-11
Dopa and on testing it on animals. Since the logistics of the cyclotron
do not permit constant production of the short-ilived carbon 11, these workers
would be expected to synthesize and test one or more of the following com-
pounds: a) precursors of a moncamine oxidase inhibitor; b) esters of L-Dopa;
c) modifications of the apomorphine molecule; and d) non-absorbable decarboxy-
lase inhibitor affecting only the intestinal flora, This work will be super-
vised jointly with Dr., A, Wolf of the Chemistry Department. In addition, ~
analytical difficulties with the measurements of metabolites of Dopa (par-
ticularly in the presence of inhibitors) and in the setting up of new
analytical methods would be attacked,

It is hoped to answer the question o¢f why some individuals Tequire
much more Dopa than others. If a Dopa-sensitive and a Dopa-resistant strain
of mice or rats can be bred a genetic basis for CNS senmsitivity to Dopa
would be demonstrated. These animals could be tested for cohort sensitivity
to other dopaminergic and to serotonergic agents and for differences in
their handling trace wetals like manganese,

During the coming fiscal year it is expected that the Chilean group
will perform experimants designed primarily to elucidate the environmental
roles of manganese and to improve the treatment of chreonic manganese poison-
ing.

The promised utilization of the nondestructive feature of neutron
activation analysis has received little attention due to scarcity of
personnel. As wag stated last year, brain biopsies from humans could be
subjected first to neutrom bombardment and analyzed nondestructively for
selected radio-nuclides using available Li-drifted germanium crystals at
low temperatures, Upon completion of this analysis, the same sample could
be analyzed for selected organic constituents. Demonstration of the limits
of this approach requivres persistent work,

18, Expected Results in FY 1972:

It is hoped it may be possible to proceed more rapidly toward better
treatment for more diseases, The synthesis of carbon-ll-L-Dopa and of re-
lated compounds should perwit improving insight into the chemistry of the
brain ag it relates to function. The genetic separation of Dopa-sensitive
from. Dopa-resistant mice would provide cpportunities to apply euvironmental
means in changing the genetic substrate, Such environmental means could
become pogsible therapeutic options,
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19. Description and Explanation of Major Materials, Equipment and Sub-
contract Items:

Primary requirements are for additional scientific and technical
personnel to accomplish more laboratory and clinical studies than present
support permits, There is ample current work for two additional physicians,
an organic chemist , a chemically trained technician and a clerk. Capital
equipment needs include 55,000 for automation of analyses of Dopa, Dopamine
and its metabolites, and $15,000 for miscellaneous equipment, Between
$50,000 and $100,000 for drugs and chemicals can be used.

20. Proposed Obligations for Related Construction Projects, 1f any:

Bio-Med conjunct facility.

{11883¢9 06-278



SCHEDULE 189

ADDITIONAL EXPLANATION FOR OPERATING COSTS

Brookhaven National Laboratory

Laboratory

Q6~Binlogy & Medicine

Program

., Contractor:

Contract No.:

Task No,:

Associated Universities, Inc. AT-30-2-GEN-16
. Project Title: 189 No,:
Cancer and Other Clinical Research - Medical Research 06-279

Interrelationship between Genetic and Envirommental Factors
in Clinical and Experimental Hypertension

. Budget Activity No,:
06-03-01-(b)

4., Date Prepared:

May 1970

. Method of Reporting:

6. Working Locarion:

ookh National Laborator
BNL Annual Report Brookhaven s~atio Y

BNL Monthly Letter to AEC
Bulletin of the Medical Department

7. Person in Charge: 8. Project Term:

L. K. Dahl Continuing
Principal Tnvestigator: From: To:
L. K. Dahl
W. W, Shreeve
K., Knudsen
9, Man-Years:
Direct Man-Years Fy 1970  FY 1971  FY 1972
Scientific & Professional ' 3.0 3.0 4.0
Other 22.8 15.8 24.6
Guests & Res., Collaberators 0.2 0.2 0.4
Total ' 26.0 19.0 29.0
10. Costs {In Thousands of Dollars):
Fy 1970 Fy 1971 FY 1972
Research Division 234 245 320
Hospital Division 211 175 320
Research Costs 445 420 640
11. Reactor Concept: 12. Materials:
LG g’ &
06-279

Lhosgzre &

11718840 f T



Cancer and Other Clinical Research - Medical Research
Interrelaticonship between Genetic and Environmental Factors
Project Title:in Clinical and txperivental Hyperteusion 06-03-01-(h)

13, Publications:
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J. W, McCubbin, Editers, pp. 264-74, Year Book Medical Publishers, Inc.,
Chicago, 1968,

pahl, L. K., Knudsen, K. D, and Iwai, J. Humoral transmissions of
hypertension: evidence from parabiosis, Cirec. Res., Supplement I, 24 and
25, I-21-1-33 (1569},

Ben-Ishay, D. and Welner, A. Sensitivity to experimental hypertension
and aggressive reactions in rats. Proc. Soc, Exp. Biol, Med. (in press). 7z .-
A
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death from consumption of processed baby foods by rats, Preoc, Soc. Exp,
Biol, Med, (in press),

Knudsen, K. D,, Iwai, J., Heine, M. , Leitl, G. and Dahl, L. K.
Genetic influence on the development of renoprival hypertension in para-
biotic rats: evidence that a humoral hypertensinogenic factor is produced
in kidney tissue of hypertension-prone rats. J. Exp. Med, 130, No. 6,
1353-65 (1969). '“‘

Iwai, J,, Knudsen, K, D. and Dahl, L. K. Genetic influence on the
renin-angiotensin system: evidence for a renin inhibitor in hypertension-
prone rats. J, Exp, Med, {in press).

Jaffe, D,, Sutherland, L, E., Barker, D, M. and Dahl, L. K. Effects e
of chronic excess salt ingestion: morphologic findings in kidneys of
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of chronic excess salt ingestion: juxtaglomerular granulation in kidneys
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Pathol. (in press).
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14, Scope:

The major long-term objective in this activity is to understand the
pathogenesis of hypertension so that more effective prevention and therapy
for man can be devised., There is increasing clinical evidence compatible
with a formulation developed here on the hypertensive process that the
disease starts with the genetic substratum with which environmental in-
fluerces interact to produce hypertension, The nature of these remediable
envirenmental influences are studied on a relatively short-term basis.
Many of these studies involve the two unique strains of rats developed at
Brookhaven, one of which is predisposed to experimental hypertension (the
5 strain) and the other resistant to it {the R strain),
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14, Scope: (Cont'd.)

Currently, a major effort seeks a genetic 'marker' that will identify
the hypertension-prone individual; both the genetic study and the renin-
.angiotensin investigations could provide clues to such a "marker", Since
the time of Richard Bright, the kidneys have been invoked to 'explain"
hypertension and a study of its role is carried on here by transplanting
kidneys from animals of one strain intoc nephrectomized members of the
opposite strain. Aside from the unique genetic and experimental aspects,
this study is unique also because essential hypertension is studied ip con-
trast to Goldblatt hypertension--the latter having probably little relation

to development of essential hypertension of man.
Y

Studies are also carried on inveolving acute and chronic irradiation
of the two strains of rats in order to ascertain the effectiveness of
radiation as an environmental insult leading to the development of hyper-
tension. Zeman and Carsten have observed that localized irradiation to
the spinal cord of rats produced clinical and pathological manifestations
of neurological injury much earlier in those animals with experimental
hypertension than in normotensive contrels,

There is also considerable interest in the proposal that the high
salt content of baby foods could play a role in the development of hyper-
tension in the adult and this is explored experimentally. Collaborative
pathological studies are carried on with groups at the Hospital for Sick
Children in Toronto, and at the New York University Medical School.

Clinical facts have been interpreted as indicating some metabolic
interrelationships among hypertension, atherosclerosis, diabetes, gout,
and obesity. Proof of such a relationship might have a unifying effect
similar to that of the concept of the collagen diseases. Long-term studies
are carried on to test this hypothesis; current studies of glucose
tolerance, plasma insulin, and serum uric acid suggest that some non-
diabetic hypertensives can act like diabetics and others like pgouty sub-
jects, These studies lead to exploring the possibility that nucleic acid
metabolism is defective, and that the defects are interrelated biochemi-
cally, in these five disorders. As of FY 1972, the studies on inter-
mediary metabolism of carbohydrates and lipids (06~03-0l-f) will be
consolidated into this budget activity.

15. Relationship to Other Projects:

Since the two strains of rats are unique, and not available elsewhere,
there is no duplication of the work carried on here. There are, however,
two other strains of rats now available in which the males, in particular,
develop variable "sponatenous' hypertension. Various related studies are
being carried out by the following: Smirk, et al at the University of Otago,
bunedin, New Zealand, on vascular reactivity; Aoki, et al at the University
of Nagoya, Japan, on pathology and relation of hormones to hypertension;
Sjoerdsma, et al at NHI, NIH, on catecholamine metabolism.
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16, Technical Progress in FY 1970:

The eifects of several renal manipulations including uninephrectomy,
unilateral renal artery constriction, and a combination of these two
(Goldblatt procedure), were studied in two strains of rats with opposite
constitutional pradispositions to experimental hypertension. The protec-
tive value of intact renal tissue against hypertension was shown to be
genetically determined. The Goldblatt procedure carried cut on only one
member of a parabiotic pair induced hypertension in this operacted rat but
significant hypertension developed in the intact partner only when the
operated animal belonged to the strain predisposed to hypertension,

It was speculated that there were qualitative differences in the

- pressor signals of the two strains of rats., In the strain genetically ~
predisposed to hypertension there are at least two pressor principles:
(a) one which is common to both strains, not transmittable via the para-
biosis junction and presumably related to the renin-angiotensin system;
and (b} a second which is specific for the hypertension-prone strain and
can be transmitred through the parabiosis junction, This transmittable
agent is probably identical with the factor that produced salt hypertension
and is asscciated with the salt-excreting mechanism. These results supgest
that the hypertensinogenic factor, the effects of which were observed
earlier (J, Exp. Med. 126: 687, 1967) comes from the kidneys of the
hypertension-prone strain. The current work is a natural extension of
that earlier report in which it was found that the reaction pattern to salt
hypertension could be changed when a rat from each of the two strainsg was
united in parabiosis, i.e.,, the normally hypertension-resistant animal
not only developed significant hypertension, but did so prior to its
hypertension-prone partner, The sum of these two reports tends to confirm
the thesis that the basic mechanism in the different "kinds'" of hypertension
is probably identical but that different etiological factors may precipi-
tate the development of hypertension,

In the continuing exploration of the origin of the hypertensinogenic
factor detected by means of parabiosis between members of the two strains,
a cardinal observation was that when renoprival hypertension developed
in a mephrectomized parabiont from the hypertension-prone {§) strain, this
elevation in pressure 'was not transmitted to its intact partner. These
data were interpreted as indicaring that a pressor agent from an intact
S rat was absent in the nephrectomized S rat i.e. that the hypertensinogenic
factor, produced by the S but not R rars, is made in kidney tissue,

In an earlier report on the behavioral differences in the two strains
of rats it was observed that the S strain displayed less "inguisitiveness"
when exposed to a standardized test than did the R strain., In the present
study, members of the S strain were also consistently less "aggressive®
than these of the R strain as manifested by their responsesto thirst or
pain. No conclusion is yet possible as to whether these behavioral dxffer—
ences play a role in the pathogenesis of hypertension,
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In the studies on genetic influence on the renin-angiotensin system,
two kinds of analyses were carried out on intact members of both strains
-0f rats that had been maintained on a low NaCl diet: 1) sensitivity to
injections of angiotensin and renin, and 2) the influence of their respective
plasmas on the reaction velocity of renin and its substrate in vitro. The
pressor response of intact § rats on low Nall diet was found to be signifi-
cantly higher to angiotensin and lower to renin than cthat of similarly fed
intact R rats, High NaCl intake was without effect on the pressor response
of R animals; in some of the § groups, however, added dietary NaCl clearly
increased the pressor response. In all § groups there was a tendency fQr
high NaCl to increase the pressor response to anglotensin, although this
was statistically significant (p < G.0l) only among the intact controls,
those with a unfilateral renal artery clip, and the uninephrectomized rats.
The response to renin was increased by high NaCl in the control and uni-
nephrectomized 8 groups only. In animals from the § strain only, bilateral
nephrectomy influenced the prassor responses to renin and angictensin in
opposite directiens; that to renin increased while that to angioctensin de~
creased, 'In vitro, plasma from hypertension-prone rats had less endogenous
renin activity than plasma from hypertension-resistant rats. As expected,
all plasma renin activity disappeared within 24 hours after bilateral
nephrectomy. Plasma from intact R rats showed no inhibition. Twenty-four
hours after bilateral nephrectomy, no inhibition could be demonstrated in
plasma from either strain,

Uperational interpretation of these findings suggests that controlling
the reaction between renin and its substrate is an inhibitor that exists
in the kidney and plasma of § rats but not in R rats. The relation between
this inhibitor and the hypertensinogenic factor is still speculative but
the fact that both appear to originate in the kidney of S8 rats suggests a
possible connection or even identity. A schema was devised in which the
renin inhibitor operates as part of the blood pressure-raising system
rather than the opposite and also controls the renin activity level,

Studies on juxtaglomerular granulation in kidneys of rats with
differing genetic susceptibilitles to hypertension were continued. The
concentration of renal renin was estimated by a histochemical technique
involving an estimate of the number of renin granules per glomerulus (the
"juxtaglomerular index", or JGI). Differences between the two strains
(R and §) were present on the same salt intakes, and these were not re-
lated to differences in blood pressure, A step-wise decrease in the
average JGI was found in the following sequence: R-low salt > S-low salt
> R-high salt > & high salt. These results are compatible with those
reported for the renin-angiotensin studies: 1if the § strain has a renin
inhibitor it would be reasonable to expect that renin concentrations in
the kidney would be less, It is possible, for instance, that the renin
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inhibitor is effecrive at the site of production of renin, hence the lower
JGI in 8§ rats.

In a collaboradve study on the effects of chronic excess salt ingestion,
morphological findings from kidneys of R and § strain rats given diets of
low or high NaCl content were studied. Without knowing strain or diet,
observers rated the kidney changes as 'mormal', 'minimal to mild" and
"moderate to very severe’. In all 16 R strain animals, the kidneys were
rated as "mormal” irrespective of NaCl intake; all 8 S rats on low NaCl
received ratings in the second category 'minimal to mild", and the remaining
8 were § rats on high NaCl, rated 'moderate to severe'. The changes in
the S rats on low salt were qualitatively similar to the more severe lesions
in the high salt S rats. The unique observation by the group at the
Hospital for Sick Children, Toronto, concerned musculo-elastic pads, observed
at sites of arteriolar branching; these were most conspicuous at the origins
of small artericles from larger arteriocles in S5 rats, These pads appear to
be the most vulnerable portion of arterioles to change and may cause ob-
struction to blood flow. Proliferative changes were present at these branch
sites even among S rats on low NaCl - suggesting the possibility of low
grade obstruction even without NaCl, 1t was speculated that salt might
make them swollen, or anhance hyperplasia, or that the enchanced vaso-
constrictor activity of arterioles in S rats might make the pads relatively
more prominent in the constricted vessel. In any event, they might function
as micro-Goldblatt clamps thereby initiating the vicious circle of rising
blood pressure and increasing renal damage.

The experimental aspects of the study on genetic characterizatien
of the heritability of blood pressure in two strains of rats with opposite
predispositions to hypertension was completed. The heritability of blood
pressure appears to be multigenic. The findings are consistent with the
hypothesis that blood pressure regulation and the constitutional tendency
to hypertensive disease depend on several autosomal genes; that in males
the effects of these genes are hidden while in females the gene for lower
blood pressure is 'dominant on one or more of the loci. Models with 2, 3,
and 4 non-linked autosomal diallelic loci were tested. There is no unique
solution; in general, the more complex models can be manipulated to corres-
pond better with the observations., A complex model, however, should be
justified by independent evidence. So many envirconmental factors influence
the blood pressure that any purely genetic model which describes these
particular data with reascunable success is as likely to be correct as one
which reproduces them in great detail, The model selected, operationally,
was the simplest model that gives a reascnably good prediction of the
findings consisting of 2 loci, each with 2 alleles. With this simple model,
there has been surprisingly good agreement with the human dara against which
it has been tested,

There is no other study of the heritability of experimental hyper-
tension comparable with this one in numbers of animals, duration, and
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elegance of design. (It hardly needs to be saic that there could be no
human study even remotely comparable: the genetic data simply do not exist.)
Thus, this may be one of the most important studies in this activity for

it sets the limits for the number of phenomena, critical for the develop-
ment of hypertension, which must be identified.

Continuation of work on the role of the adrenal in the development of
experimental hypertension centered on two areas: adrenal transplants, and
steroidogenesis in vitro and in vivo. The former involves surgical adrenal-
ectomy followed by transplantation of adrenccortical tissue from a member
of the opposite strain. Only a preliminary feasibility study was carriad
out: 4 of 8 animals (25 and 2R) survived such transplants and a high NaCl
diet, After more than 4 months on NaCl, the evidence suggests that there
has been no fundamental change in the character of the blood pressure
response, From this small series, therefore, the adrenals appear te play
a supportive, not causative, role. The study has not been pursued more
vigorously because of limited technical assistance.

The synthesis primarily of aldosterone, deoxycorticosterone, and
corticostercne in isolated adrenals in vltro and in adrenal veirn blood
in vivo was studied in both strains of rats. Analyses are being carried
‘out in the laboratory of Dr. John Rapp, Penrose Research Laboratory,
Philadelphia Zoological Gardens. ©No evidence of a difference in synthesis
of the 3 atercids cited above was found in the preliminary analyses. There
is, however, suggestive evidence of a difference in adrenal function: in
the conversion of deoxycorticosterone (DOC) to [180H-DOC + corticosterone]
more ends up as lBOH-DOC in the 5 rats. 18B0H-DOC is a fairly recently
described steroid with some hypertensinogenic properties. If these findings
are confirmed, thelr implications would be very meaningful 1if the trans-
plant study showed a reversal of salt susceptibility in the two strains.
This was not the case, however, in the 4 transplant studies made so far,
alluded to above.

A preliminary study of the phenomenon observed by Zeman and Carsten
was initiated in some rats from the S strain. 41 adult rats were ranked
in ascending order of blood pressure and assigned alternately to test and
control groups. The test rats were exposed to 3300 rads of x irradiation
in a single dose to the spinal cord from C6-T2, This study is still in
progress but it is evident that much younger rats will have to be used in
the future because of the high death rate among these older animals due
to complications of hypertension and pulmonary infections unrelated to
radiation effect. The four rats in the test group that developed hind
limb paralysis were all from those with lower blood pressures; this may
have been due only to the fact that such animals lived bong enough to
develop the syndrome rather than implying that lower blood pressures
promoted the syndrome. A better assessment was initiated using young
animals with equal pressures from both the § and R strains.

One study on the effects of chronic consumption of processed baby
foods was completed. The 25 test animals all developed hypertension

1118840
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(avg. 180-190 mm Hg) and 12 died during the 8 months of observation. This
was in contrast to the 13 contrels, none of which died and the BP averaged
141.3 mmHg at the end of the study. In a further study artificial baby

foods are made here, to half of which NaCl is added in a concentration
approximating that of the processed foods. This means that there will be but
one variable in the diet which control and test animals receive, overcoming
one objection <o the previous studies in which the controls received low salt
rat chow whereas the test animals received processed baby foods,

The study of disturbances of carbchydrate metabolism in human hyper-
tension is based on the thesis that there is an interrelationship among,®
sodium, hypertension, and carbohydrate metabolism. This concept was ex-~
2anded to include the thesis that there is a metabolic interrelatiocnship
among hypertension, diabetes, gout, obesity, and atherosclerosis, Proof
of such a relationship might have the same consegquences as did the unifi-
cation of the collagen diseases. It is pertinent to note that whichever
of these 5 diseases is used as the index disease, the other 4 are wore
comuonly found in association with it than in the population at large.

As a group, hypertensives here have an insulin response to an oral glucose
tolerance test like that of late-onset diabetics, i.e., an elevation in
peak and duration of the plasma insulin response. After sodium restriction
and fructose infusion significant elevation of plasma uric acid concentra-
tion has been found in most hypertensives. It is suspected that nucleic
acid metabolism is defective in the 5 diserders mentioned since elevation
in nlasma uric acid is common to all of them.

17. Expected Results in FY 1971:

Investigation of the medullary system of the kidneys in the two
strains of rats will be initiated to study the role of the interstitial
cells of the renal medulla in the pathogenesis of experimental hypertension.
The immediate goal will be to describe the histological appearance of the
intergtitial cells under different salt loads and correlate this with blood
pressure and strain of rat., Subsequently the lipid substances present will
be extracted, defined and their vascactivity examined,

. If selective inbreeding of a Japanese strain of rats develops a
colony of "spontaneously'" hypertensive rats comparative studies between
the Japanese strain and the strains dsveloped here will be undertaken.
Selective inbreeding will be used also to develop substrains of the BNL
rats using both strains with high and low plasma cholestercl. These
substrains would be used in studies of the metabolic interrelationship
between hypertension and athercsclerosis,

Studies on renal transplants between the two strains of rats will
continue; also a series of studies of the renin-angictensin system in rats.
Continuation of several of the collaborative studies will be dependent on
collaborative support. Cellection of_data on hospitalized patients will
continue for studies on disturbances of carbohydrate metabolism in human

hypertension.

11186847
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17. Expected Results in FY 1971: {(Cont'd)

It is hoped to complece the adrenal steroidogenesis study and
initiate a study on adrenal transplant between strains. The current
study of foods prepared here should be completed but may require re-
checking.

18. Expected Results in FY 1972:

Studies will continue on genetic-environmental interactionms in the
pathogenesis of hypertension. Development of additional substrains of
rats will centinue.

The ctinical rtudy of metabolic interrelationships among hypertensiony
atherosclerosis, gout, diabetes and obesity will be pursued and expanded
by the consolidation into this activity of the studies reported in
06~03-01~f, If adequate C-11 labeled compounds are available abnormalities
in diabetez and obesity will be explored.

By including deuterated gluccse (e.g., glucose~1-2H or glucose-G-BHZ)
along with comparably labeled glucose~H-3, given to patients at the same
time as glucose-C~14, it might be possible to evaluate hydrogen isotope
effects in glucose metabolism by measuring conversion of tritium or
deuterium to proximal metabolic products in which dilution would not be
too high for deuterium measurement. Such products as glucuronic acid
and ribose formed from glucose in the liver can be "trapped" by their
complex with other agents which are excreted in the urine. This would
aid interpretation of current metabelic studies with tritiated carbo-
hydrates and also would be pertinent to guestions about toxicity of
tritium introduced into the biosphere by nuclear power reactors im
the future. '

19, Description and Explanation of Major Materials, Equipment, and
Subcontract Items:

None.

240, Proposed Cbligations for Related Construction Projects, if any:

Bio-Med Conjunct Facility,
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&4, Date Prepared:

May 1970

5. Method of Reporting:’
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7. Person in Charge:

E. P. Cronkite

Principal Investigator:
E. P. Cronkite

5. H. Cohn

A, D. Chanana

8. Project Term:

From: To:

Project terminates June 30, 1970. \

9. Man-Years:

Direct Man-Years FY 1970  FY 1971 Fy 1972
Scientific & Professicnal 1.5 - -
Other 0.5 - -
Guests & Res. Collaborators |- - -
Total 2.0 - -
10, Costs {(In Thousands of Deollars):
Fy 1970 Fy 1971 FY 1972
Research Division 57 0 0
Hospital Division 23 0 0
Research Costs 30 0 0

11. Reactor Concept:

1118849
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13. Publications: :
Rubini, J.R., Matsui, K., and Rane, L. Blood proliferocytes in human
and animal malaria, Acta Haematol, (in press). s

A

.14 Scope:

" The primary objective of the major studies in this activity has been
the development of improved therapy for individuals with chronic malabsorption
and deficiency of iron and Vitamin B,,. Due to the lack of pancreatic
enzymes, patients with chronic exocrine pancreatic insufficiency are unable
te absorb fat and protein from their food which leads to chronic malnutrition
and related complications, They have foul smelling bulky stools, painful
disabiliries, frequently become narcotic addicts, and require large guantities
of the commercially available, unpalatable pancreatic extracts as replacement
therapy., 1In the fast few years, Greene and Hirs of the BNL Biology Depart-
ment, along with Clifford, Wass and Joel of the Medical Department have
succeeded in preparing lyophilized bovine and porcine pancreatic juice
estimated to be far superior to the commercial preparation of pancreatic
juice in the treatment of diseases listed above, 1In the BNL preparation,
Greene et.- al have found in addition to the recognizable pancreatic enzymes,
several medium and low molecular weight fractions, whose presence and
function, if any, have heretofore been unknown,

In experimentally induced pancreatic exccrine insufficiency in dogs,
the effectiveness of the BNL preparaticn was compared with commercial
preparations and the BNL preparation shown to be superior. 1In collabora-
tion with the University of Kansas, clinical trials in human beings are
plannzd.

Factors regulating the absorption of vitamin B12 and iron are still
poorly understood. Vitamin B)p is an essential substance required in the
metabolism of all cells of the body. TIts deficiency produces pernicious
anemia, Using radio-cobalt-labeled vitamin Bjp, investigations of absorp-
tion, excretion, daily requirement, and whole-body turnover of Vvitamin B]?
are made possible by the whole-body counter. Of particular interest, is
the long-term metabolism of vitamin By, and its redistribution in the
various organs of the body.

Iron is part of the hemoglobin molecule carried by red blood cells
and is vital to oxygen transport throughout the body. Iron metabolism,
with particular reference to iron absorption and retention, is also of
considerable interest., Iron deficiency and overabundance may be signaled
by iron absorption tests using the whele body counter,

Abnormalities of iron metabolism and vitamin By, absorption develop
in chronic pancreatic insufficiency; therefore, these studies will be
performed on patients prior to and during the course of therapy with the
BNL lyophilized pancreatic preparation, Also, as the low molecular
weight fractions of pancreatic juice becowme available, their influence
cen the absorption of vitamin B1o and iron may be studied in animals.

118850 (See Continuatiom Sheet) 06-289
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15, Relationship to Other Projects:

Collaborative studies on the pancreatic enzymes are carried on at
the BNL Biology Department and with Dr, Arthur Klotz, University of Kansas
Medical School.

Several institutions in the United States and abroad are studying
-iron and By; metabolism; however, currently, none have the unique capabili-
ties of the BNL whole-body counter for deterwining rapid changes in the
distribution of the radiocactive tracer in the body,

16, Technical Progress in FY 1970:
. ER S
In rhe past 12 months pancreatic juice was collected from 8 pigs and
3 cows and stored for future clinical and animal trials. Clinical studies
‘have recently been initiated by Dr. Klotz at the University of Kansas,
‘Studies at BNL were postponed, pending the availability of a gastroenterolo-

gist.

The necessary interfacing of the whole-body counter with the computer
system has been achieved for analysis of rapid changes in distribution and
retention of labeled test substances. Efforts in quantitation of redistri-
bution of vitamin By, after oral ingestion were initiated. One patient
newly diagnosed to have pernicious anemia wae tested. However, further
work on standardization of methedology with vitamin By, and iron was not
accomplished due te shifts in personnel,

17. Expected Progress in FY 1971:

Further studies in these areas cannot be carried out until budget
permits employment of an additional clinical research physician., When
studies are recommenced they will be reported in Budget Activity 06-02-01L-(b),.

18, Expected Results in FY 1972:

Cdmpleted

-

19, Description and Explanation of Major Materials, Equipment and Sub-
contract Items:

None

20, Proposed Obligations for Related Construction Projects, if any:

"None
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3. Budget Activity No.: 4, Date Prepared;
06-03-01-(d) May 1970
5. Method of Reporting:’ 6. Working Location:

BNL Annual Report

BNL Monthly lLetter to AEC

Bulletin of the Medical Department

Brookhaven National Laboratory

7. Person in Charge: 8. Project Term:
J. S. Robertson Continuing
E. P. Cronkite
Principal Investigator: From: To:
H, L. Atkins J. L. Bateman
E. P, Cronkite A, D, Chanana
L., V, Hankes
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Research Costs 450 4813 530
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S
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13, DPublications:

Schiffer, L. M., Chanana, &, D., Cronkite, E. P., Greenberg, M. L. |,
Rai, K. R., Stryckmans, P, A. and Vincent, P, C. 1Ll'irradiation exrra- S
corporelle du sang dans la leucemie lymphoide chronique. Nouvelle Rev,
Franc. Hematol. 8, No. 5, 691-700 (1968).

. Fairchild, R. G., Drew, R. M. and Atkims, H. L. The relative biological
effect of 2520f radiation on Hela cells in culture, Radiology 93, No, 5,
1187-9 (1969). o SF

Hankes, L, V., Brown, R1 R., Leklem, J. E. and Schmaeler, M. Metabolism
of D- and L-tryptophan-~7a-C % {n rats and the effects of unlabeled .3
enantiomers. Proc. Sec, Exp. Biol, Med., {(irn press’. T

. 10
Archambeaw, J. 0. The effect of increasing exposures of the . B{n)
Li on the skin of man. Radiology 94, 179-87 (1970). I

Cronkite, E., P, Acute leukemia: 1is there a relationship between cell
growth kinetics and response to cnemotherapy, Proc, 6th Natiopal Cancer . _
Conference, American Cancer Society, National Cancer Institute, Denver,
Colorade, September 1968 (in press).

[P

Bankes, L. V., Leklem, J. E., Brown, R. R., Mekel, R.C.P.M. Abnormal 7/ °/

tryptophan metabolism in human pellagra, Metabolism (in press),

Fairchild, R.G., Drew, R. M, and Atkins, H. L. Dose rate effects for
various dose rates of 222Cf radiation on Hela cells in culture. Radiology /¢ /r¢
(in press).

Fairchild, R. G. Dosimetry of 2526f. Proc, Symp. on 252Cf,'New York
City, October 1968, J. J. Barker, Editor, pp. 277-84, Division of TechnicaLﬁ%/\ -
Information, AEC, Conf. No. 681032, 1969, A

14. Scope:

The common objective in the various studies carried on in this budget
activity is improved understanding, diagnosis and treatment of cancer.
Metabolic processes in selected cancer patients are studied, Dosimetric
studies are aimed at defining advantages of varicus radiation sources.

A primary interest is the evaluation of Californium-252 as a fission
neutran source for interstitial radiotherapy. Among radiotbzrapists there
is great interest in the use of fast neutrons for treatment of malignancies
in order to circumvenrt the hypoxic protective effect, Because of the marked
damge to normal tissue that can be produced with fasc neutrons, however,
extreme caution is used today in the evaluation of the radiobiological
effects of neutrons; this is particularly true in the case of Californium
252 (C£f-252), since almost no previous experience with continuous, pro-
tracted neutron therapy exists., The plan to evaluate the effects of CE-252
is to exrend cellular level studies te normal tissues in animals and then to
human tissues. Also, the physical character of the source is studied
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14, Scope: {Cent'd.)

to gain exnerience in techniques which would make them more suitable for
implant thérapy. Clinical trials cannot yet be scheduled, (Atkins)

Extracorporeal irradiation of blood (ECIB) provides a method to deplete
the body of radiosensitive cells that circulate in the blood e.g., the
lymphocytes and leukemic cells, without exposing the body directly ta radia-
tion or to radiomimetic drugs. Current studies are designed to observe the
behavior of various types of human leukemia in a long-term follow-up of
petients through their periods of remissions and relapses. The clinical
course of the disease is correlated witch the status of proliferative activity
of the leukemic cells, and the influence of conventional therapy both with
and without ECIB is studied,

Cell kinetic studies involve either the inmjection intravenously of
tritiated thymidine or of autologous lymphocytes labeled with tritiated
cytidine, Samples of blood, bone marrow, and lymph nodes are obtained and
processed for autoradiography (ARG), Tritiated thymidine is incorporated
only by those cells which are in the stage of DNA synthesis. In a steady
state equilibrium the generation time of a proliferative cell compartment
which feeds cells into a nondividing compartment can be estimated from the
labeling index of the nondividing compartment., By the rate of disappearance
of tritiated-cytidine-labeled lymphocytes, estimates are made of the relative
sizes of the two major populations of lymphocytes viz., one population whiclh
is rapidly exchanging with the blood compartment and the other which is
relatively fixed in the tissues., These parameters are measured before and
after ECIB. (Cronkite, Chanana)

The objective in another study is the labeling of the various
tryptophan metabolites in different positiens of their structure with
carbon 14 in order to study their metabolic pathwdys in animals and in
various human diseases. Tryptophan, an essential dietary amino acid, has
been shown to produce ortho-amino-phencl~type compounds which can cause
cancar im animal urinary bladders, The literature reports that in patients
with various types of cancer and other diseases the levels of a number of
tryptophan urinary metabolites are significantly increased. Thus the
normal metabolic pathway of tryptophan metabolism in man is of interest,.

Tryptophan metabolites such as anthranilic acid, kynourenine, hydroxy-
kynurenine and hydroxyanthranilic acid have been labeled with carbon l4
and developed for the resolution of small quantities of the D-and L-isomers
of kynurenine, hydroxykynurenine and tryptophan. The carbon-14 labeled
tryptophan metabolites are studied in animals first and then in human beings
with tumors, anemias, malaria, siderosis (scurvy) and pellagra. (Hankes)

The study of hematopoietic activity in patients with disseminated
disease secondary to mammary carcinoma who are receiving semi-intensive
therapy with conventional alkylating agents or antimetabolites provides
a unique opporrunity to assay these perturbations in several cell.renewal
systems, Erythropoiesis is of particular interest im that the antagonism

(See Continuation Sheet) 06-293
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14, Scope: (Cont'd,)

of androgen to cytotoxic agent may be studied and quantitated, Although
the major considerations in this investigation are of basic and physiolo-
gical nature, information of clinical value is a by-product, (Bateman)

15, 'Relationship to Other Projects:

Activities related to the Cf-252 work are the production and development
program for sources for medical and other uses at the Savannah River Labbra-
tory; also, determination of the physical parameters of Cf-252 emissions and
evaluation of Cf-252 effects in small animals and tumor systems at M. D,
Anderson Hospital, At present, only the former and BNL have (£f-252 for
medical use, but this will change in the near future., It will be necessary
for a number of institutions to collaborate in a clinical study for evalua-
tion of therapeutic gains from Californium. " (Atkins)

Related collaborative studies on kinetics of leukemic cell prolifera-
tion {(with or without ECIB) are carried on by: S. A, Killmann, University
of Copenhagen; H., Cottier, University of Bern; and P. Stryckmans, Institute
Jules Bordet, Belgium., Other groups active in studies on cell proliferation
or on effecrtg of ECIB in human leukemia are Hayhoe and Field, England;
Thomas, USPHS Hespital, Washington; and B. Barnes, Massachusetts General
Hospital and Harvard Medical School. Efforts here will continue to provide
leadérship in kinetic studies of leukemia and treacment by ECIB without the
risk of unnecessary duplication. (Cronkite, Chanana)

Since tryptophan metabolites labeled with carbon 14 in various posi-
tions of the benzene ring of the indole nucleus are generally unavailable
due to difficulties encountered in their synthesis, studies with labeled |
compounds of this type are conducted only here, Related work in other 1
laboratories includes studies by: C. Wagner at Vanderbilt University on
tryptophan metabolite inhibition; Ghelson at Oklahoma University on feed-
back control mechanisms; Lardy at Wisconsin on tryptophan metabolite in-
iibition of glycolysis; Altman at N, Y. Medical College on hormone effects
or: tryptophan pyrrolase; and Miller at University of Rochester on induction
of the tryptophan pyrrolase enzymes, (Hankes)

16, Techinical Progress in FY 1970:

In the studies on evaluation of Cf-252, cell cultures were irradiaced
at two dose rates and with an acute exposure to fission neutrons, At dose
rates of 9 and 6 rads/hr, some cell division occurs but after correcting
for this, the survival curves are identical to those obtained at 16 rads/hr
and with acute exposures f{ndicating no recovery of sublethal damage.

Irradiation under anoxic cenditions was finally achieved, Correcting
for the fact that no cellular division occurs during the period of anoxia,
the oxygen enhancement ratio (0ER) is 1.3,

Bean roots (Vicia faba) were irradiated in cellaboration with Eric
Hall of Columbia University. The OER in this system was 1.66. Plg skin
irradiarions were carried out with radium at 35 rads/hr and Californium at
12-13 rads/hr. Skin tolerance was established at 8400 rads with radium

(See Continuation Sheet) 06-264
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16. Technical Progress in FY 1970: (Cont'd)

and 1725 rads with Californium, giving an RBE of 4.9. A computer program,
developed for calculation of dose distributjons with Californium and radium,
yielded results very close to measured values. (Atkins)

Four patients with chronic lymphocytic leukemia (CLL) were studied follow-
ing retransfusion of autoleogous lymphocytes labeled in vitre with tritiated
cytidine, one patient before and after ECIB. ARG's on three are still in
process, but results analyzed so far confirm earlier observations that there
are two major populations of lymphocytes. One rapidly exchanges with the
blood compartment and is 0.67 to 7.3 times the size of the circulating
lymphocytic nool; the other is a slowly exchanging or relatively fixed popu-
lation of cells in lymphoid tissues. ECIB depletes the cells in the circulat-
ing pool. Two patients in early stages of CLL were given ECIB for 1.5 and
4.5 months respectively with concomitant reduction in the total body lympho-
cyte mass, They are being followed for long term assessment of improved
survival and delayed onset of complications of CLL.

A tritiated thymidine i.v., flash-labeling study was done in one
patient with CLL and initial results of ARG's indicate a somewhat slow
proliferation rate of lymphocytes as seen by labeling indices in blood and
bone marrow. Two patients with chronic myeloid leukemia (CML) were
similarly studied; ARG's of their bone marrow and blood are still under
review. One patient with idiopathic granulocytosis was studied with
tritiated diisopropylfluorophosphate (DFP)-labeled granulocytes. The ARG's
of in vitro studies on this patient show that the labeling intensity of the
cells in blood and bone¢ marrow, as judged by mean grain counts over granu-
locytes, was equal., This indicates there is no overt difference in the ‘
cells in the two compartments as was suspected after earlier work. The ¢
slides from in vivo studies are still in process.

Analysis of data on DNA synthesis time of blood and marrow myelocytes
was delayed for studies on a few more patients. The number of patients
with CLL treated with ECIB (along with conventicnal therapy) now totals
seventeen; six are alive and under follow-up. The data on these seventeen
patients show a better survival than observed with conventional treatment
in another thirty-four patients., The six patients with CML have showm
variable response to ECIB. The median survival time for seventeen acute
leukemia patients treated with ECIB was eight months, which compares favor-
ably with conventional chemotherapy. No suitable patient with CLL was
avajilable during the past year for lymphocyte kinetic studies following
extracorporeal irradiation of lymph. Technical preparations are in
readiness for the first suitable patient. {(Cronkite, Chanana)

In the tryptophan metabolite studies, the administration of L-trypto-
phan—?a—lac to a rat after a load of 3-hydroxyanthranilic acid produced
a component in the urine which contains the majority of the urinary
activity. Further studies with other labeled tryptophan metabolites have
now made it possible to bracket the part of the tryptophan metabolite
pathway involving this unidentified component. Sufficient quantities of

(See Continuation Sheet) 06-295
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16, Technical Prcgress in FY 1970: (Cont'd.)

this material must be accumulated in order to isolate and identify'it.

In a study with carboxyl labeled J-nydroxyvanthranilic acid in man,
807 of the activity excreted in the urine appears as three main radicactive
components with similar Rfs on autoradicgraphs of chromatographs of the
urines, Sufficient quantitites of urine containing these components were
not available for the isclation and identification of these components,

Work on the study of the metabolism of I-inositol-C-14 in pentosuric
patients in South Africa continued with the labeled compounds involved in
the metabolism of I-inositel te L-xyulose in man being iscolated from the
urine of a patient studied last year. A study of carbon-14 labeled trypto-
phan, kynurenine and hydroxykynurenine in patients was conducted at the F.
W. Verwoord Hospital in Fretoria, South Africa. The patients were men
active in the South African mining industries and with histories of silicosis
and scleroderma. Blood and urine samples were brought back to Brockhaven
for analysis. Urines were also obtained from South African patients with
gscurvy and pellagra,

The resolution of small quantities of the labeled tryptophan related

compounds into the D- and L-isomers on six foot long - four inch diameter
paper pulp columns was continued in order to provide material for animal
and human studies, (Hankes)

In the studies on patients with disseminated disease secondary to
mammary carcinoma, slit lamp biomicroscopic examinations of the optic
lenses were performed periodically on the current patients. One patient
rezently deceased had an incidence of opacities far above normal for her
age, after being treated with cytotoxic agents for over three years, A
second patient, treated for three years, has twice the number of opacities
compared to ‘'normals' of her age, A third patient, treated for only
eighteen months, has the anticipated incidence of opacities for her age.

Slit-lamp biomicroscopic examinations of mice who received a 30 day
'LD 75% dose of triethylene thiophosphoramide, one of the agents employed
frequently in patients, showed substantially more cpacities than control
mice by eight weeks, and approximately the effect which would have been
produced by 300-400 rads of 250 kVp x rays. A 30 day LD-25% dose of fluor-
uracil (5-FU) produced no detectable effect out to 18 weeks post treatment.

Clinical findings of note in the series of merastatic patients
treated primarily with cytoxic agents include repeatedly confirmed objec-
tive improvement in 22 of 32 cases (6%9%). Survival of patients at con-
secutive yearly intervals after (0) the date of diagnosis of metastasis
has been, for objective responders/nonresponders (0) 19/9, (1) 16/6,

(2) 12/4, (3) 6/0, (&4) 3/0, (5) 1/0. These results compare favorably with
results of others reported in the literature, {Bateman)

(See Continuation Sheet) 06-296
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17, Expected Results in FY 1971:

Studies on the evaluation of Californium 252 will include: further
cell culture studies with Chinese hamster cells, additional pig skin
irradiations with different dose rates, histological assessment of changes
made, and long-term cbservations for late changes. Irradiation of dog
bowel and bhladder for evaluation of tolerance levels will be performed.
Skin reactions at lower levels of irradiation may be carried out on human
beings, {Atkins)

Previous work on chroniec lymphoeytiec leukemia (CLL) indicated that
ECIB might be of benefit to patients in the early stages of the disease,
Efforts will continue to treat early cases with ECIB to reduce the totdl
body lymphoid mass. These patients will then be followed for long periods
to observe if their overall survival is longer than the patients treated by
conventional methods. As suitable patients with CLL are avallable, treat-
men: by depleting the lymphocytes by extracorporeal irradiation of thoracic
duct lymph (ECIL) will be attempted in conjunction with lymphocyte kinetic
studies prior to and following such treatment to observe if the population
of cells influenced by ECIL is different from the ones depleted by ECIB.
The therapeutic effectiveness of the two measures will be compared,

Recent work in Cambridge, England, has shown that in acute leukemia
ECIB apparently causes a marked increase in the number of cells in active
proliferation, The drugs which are most effective in cancer chemotherapy
act by their ability to attack only the proliferating cells. The Cambridge
results will be checked in patients here and if confirmed, these pacients
will be given chemotherapy immediately afrer ECIB with the hope of achiev-
ing improved therapeutic results. A similar collaborative study in child-
hood leukemia is being planned with Alvin Mauver, Children's Hospital,
Cincinnati, {(Cronkite, Chanana)

Urines collected from pellagra patients given loads of L-tryptophan
or kynurenine and vitamin B6'w111 be analyzed for kynurenine, acetyl-
kynurenine, 3-hydroxykynurenine, o-amino-~hippuric acid, anthranilic acid
glucuronide, Indican, kynurenic acid, xanthuremic acid, quinelinic acid
and nicotinic acid, “The excretion of some cemponents should be abnormal
and the analyses may provide sufficient information to determine whether
the abnormalities are the result of a stress-induced increase in the
activity of tryptophan pyrrolase, a lack of feedback control of this
enzyme by low tissue pyridine nucleotides, a concomitant deficiency of
vitamin Bg, estrogen imbalance, or combinations of these factors known to
alter tryptophan metabolism. Further progress is expected in the isola-
tion of C-14 labeled compenents from the urines obtained from the
pellagrins,

Study of the influence of metabolism of one isomer on the metabolism
of the other in rats, guinea pigs, cats and human beings will continue and
hopefully enhance the interpretation of data obtained with DL-tryptophan
in animals and man. -

|1 18858 (See Continuation Sheet) 06-297
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17. Exnected Qesults in FY L971: {(Cont'd.)

Work on the metaboliism of I~inosictol to L-xyulose in human beings
should be completed, (Hankes)

Effort will continue to quantitate the antagonistic relation of
cytotoxic agencs to androgens for erythropoiesis, and to further deocument
an apparent differential in erytthrvostimulatory effectiveness of fluoxy-
inesterone from different sources, Slit-lamp biomicroscopic lens examina-
tions will be conducted at more frequent intervals on the patients, to
clarify the incidence of minute discrete subcapsular opacities observed
with that cxpected for their age specific normal counterparts, {Bateman})

Y

18. Expected Results in FY [972:

Long-term evaluation of pig skin irradiation will be continued,
Irradiation of metastatic lesions in lymph nodes and skin lesions will be
carried out to develop techniques and to observe biclogical effects. Hope-
fully, clinical trials may be initiated with a collaborating iInstictute,

{Atkins)

The studies on leukemic cell proliferation and use of ECIB are ex-
pected to continue, Patients previously treated will be followed on &
long-term basis; selection of patients for present and proposed studies
and experimental therapy will depend upon the yearly reevaluation of results
accumulated, (Cronkite, Chanana)

Study of tryptophan metabolism in scleroderma, scurvy, pellagra,
malaria, anemias and other related discases will continue. The isclation
and eventual identification of a few of the :nknown urinary tryptophan
metabolites mentioned previously should provide critical information con-
cerning the metabolism of this essential amino acid in disease states and
determine the course of new studies. (Hankes)

19. Description and Explanation of Major Materials, Equipment and Sub-
contract ltems:

Scanning equipment support described in Budger Activity 06-02-0l-(b)
is desired also for some studies planned in this activity. (Atkins)

20. Proposed Obligations for Related Construction Projects, LE any:

Bio-Med conjunct facility.
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13. Publicatiocns:

Cronkite, E. P, The study of lymphopolesis utilizing extracorporeal
irradiaction of the tlosd and lymph  Progress in Clinical Cancer, Irving
Ariel, M, D., Editor, pp. 118-132, Grune & Stratton, New York, 1969,

Chanana, A, D., Cronkite, E. P., Joel, D. D.,, Sipe, C. R, Influence
of thymectomy and extracorporeal irradiation of blood upon blood lymphocvtes
in goats. Presented at the 53rd Annual Meecting, Federation of American
Societies for Experimental Biology, Atlantic City, New Jersey, April 1969,

Iorio, R, J., Chanana, A. D., Cronkite, E. P, and Joel, D. D, Studies
on lymphocytes XVI: distribution of bovine tnymic lymphocytes in the gpleen
and lymph nodes. Cell and Tissue Kinetics (in press), g

Okuyama, S., Aronson, R. B., Chanana, A. D., Crankice, E. P., Rai, K. R.,
and Schiffer, L. M. Attempts at isclation of lymphocytosis producing
factor from supernatant fluids of bordetella pertussis cultures. Proc. Socc.
Exp. Biol., Med. 133, 723-7 (1970). .

Ruchti, C., Cottier, #., Cronkite, E. P., Jansen, C. R. and Rai, K. R.
Studies on lymphocytes. XVII. differential lymphocyte depletion in lympho-
reticular organs of the calf during continuous extracorporeal x-irradiation
of the circulating blood. Cell and Tissue Kinetics (in press). I

Cottier, H., Ruchti, C,, Serdac, B. and Cronkite, E, P, Irradiation
extra-corporelle du sang circulant: moyens d'etude des circulation et S
recirculation lymphocytaires chez le veau. HNouvelle Rev. Franc. Hematol. CT
8, No. 5, £79-84 (1968).

14, Scope:

There are two primary objectives in these studies: characterization of
the kinetic model of lymphocytopoiesis leading to an understanding of the
anomolous cell proliferation in certain human diseases and the development
of methods useful in prevencing rejection of allografts or in rreating ve-
jection episodes,

DNA and RNA labeling with tritiated purines and pyrimidines, and
extracorporeal irradiacion of blood (ECIB) and lymph (ECIL) in experimental
animals are used in characterizing the kinetic model of lymphocyropoiesis,
The labeling of lvmphocytes can be carried out in the whole bady, in single
organs, or in vitro. Their subsequent behavior can then be followed within
the animal or in the recipient after cross circulation of allogeneic or
syngeneic labeled cells. These techniques are exploited in order to:
estimate cell cycle times of various class of lymphocytes; study the in-
fluence of peripheral lymphocyte depletion (in blood and/or lymph) on cell
cycle times and cell proliferation rates; measure cell production in and
cell migration from individual lymphoid organs such as the bone marrow,
spleen, and the thymus; characterize the mechanism of lymphocytosis pro-
duced by agents such as heparin and B, pertussis; and study the recircula-
ting capacity of allogeneic and syngeneic lymphocytes.
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14, Scope: (Cont'd.)

There is considerable evidence that the thymus regulates, at least in
part, the size of the circulating pool of lymphocytes. The influence of
thymectomy upon the sizes of the various lymphocyte pools utilizing isorope
dilution and depletion methoeds (ECIB/ECIL) is studied, The inter-relationship
between the thymus and the bone marrow, with particular reference to the
interactions of bone marrow and thymus lywphocytes in immunclogical reactions,
is investigated, utilizing the techniques of regional organ perfusion by
radicactive isctopes. Similar techniques are used to study lymph node and
splenic lymphocytopoiesis,

A continuing effort is made to develop a tissue culture chamber that
is nourished extracorporeally by flowing blood and/or lymph. This system
is designed to eliminate the need for synthetic culture wmedia and thus pro-
vide a more physiological environment for the cell growth, Lymphocytes and
Hela cells will grow in this chamber when nourished by lymph alone. When
perfected, the system is expected to offer opportunities for studying the
differentiation of hematopeoietic stem cells and the influence of humeral
factors upon cell differentiation in immunological reactions. Work on an
extension of such a culture system assembly incorporating extracorporeal
oxygenation and perfusion has been initiated. This modified version of the
ex-vivo culture system should be more suitable for clinical studies, in
Egrticular, the potentials of hemapoietic stewm cells in various disease
states such as aplastic anemias,

The ECIB and ECIL techniques to deplete the body of radiosensitive
lymphocytes that circulate in the blood and lymph are used in conjunction
with cell labeling technigues to study in detail the kinetics of lympho-
cyte production, migration, life span, and to acquire infermacion on the
regulation of necrmal lymphocytopoiesis,

Depletion of lymphocytes from the body leads to the possibility of
testing whether this depletion is useful in suppressing immunclogical
responses to allografted tissues and organs. Regional ECIL has afforded
an opportunity of direct study of the influence of ECIL on immunologically
activated lymphocytes and to trace the cellular pathways during immunoc-
logical reactions to skin allografts. Prolonged repetitive ECIB can
produce profound and sustained lymphocytopenia, prior to and following
allotransplantation, From the results obtained with skin and kidney
allografts, it appears that the level of blood lymphocytopenia is net the
only important factor in preventicn of allograft rejection. The daily
ECIB sessions were restricted to a time required to radiate blood
equivalent to five blcod volumes because of the danper of exessive radi-
arion damage to erythrocytes. In order to bring more lymphocytes under
the influence of ECIB, longer daily sessions are desirable, This
necessitates a reduction in the transit dose, Thus studies with low
transit dose ECIB and renal transplantation in goats have been initiated.

|1 188b7 (See Continuation Sheet) 06-301
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l4, Scope: (Cont'd.)

Effectiveness of ECIB and ECIL would be greatly enhanced for the
purpose of immunosuppression and the therapy of lymphocytic leukemia were
-1t posgsible to mobilize a greater than normal number of tissue lymphocvtes
inte the bleood stream., Studies ro understand the mechanism of action of
B. pertussis induced lymphocytosis are continuing in calves and goats., The
toxic.ity associated with B. pertussis precludes its clinical use at this
time. Thus, work continues on the separation of nontoxic lymphocytosis
promoting factor from B, pertussis, utilizing techniques of column chroma-
tography and using mice for the bicassay of various fractions obtained,
Study of the regulation of lymphocytopoiesis is pursued with the develop-
ment of techniques to scudy the proliferation within each lymphoid organ,
the interchange between organs, and the size of lymphocyte pools,

15, Relationship to Other Projects:

Studies on cell proliferation utilizing tritiated pyrimidines were
initiated at Brookhaven National Laboratory., Some of the units with
special interest in this type of work are: The University of Ulm (Germany),
Royal Cancer Institute (England), National Institutes of Health (U.S.A.),
Jules Bordet Institute (Belgium), The University of Bern (Switzerland),
the University of Copenhagen (Denmark}, the University of Califcornia (Los
Angeles and San Francisco). Extracorporeal irradiation of the blood and
lymph, also developed at Brookhaven, is now carried on at the University of
Washington (Seattle), Peter Beut Brigham Hospital (Boston}, Massachusetts
General Hospital (Boston), Medical College of Virginia, The University of
Copenhagen (Denmark), The University of Californmia (los Angeles), French
Atomic Energy Establishment (Grenoble), South African Atomic Energy Board
(Pretoria), Royal Cancer Hospikal (Surrey, England), iHolt Radium Institute
(Manchester, U.K,), Addenbrooks Hospital (Cambridge, England), The Univer-
sity of dbteberg(Sweden), No other unit is known to be engaged in the long-
term intra-arterial perfusion of single organs with radicactive isotopes
or in the study of the combined effect of ECIB/ECIL and lymphocytosis
producing factors,

16, Technical Progress in FY 1970:

Renal transplantation was carried out in 30 goats. Control recipients
survived from 15 to 18 days. The survival time of goacs receiving high
transit dose, pretransplant ECIB, ranged from 14 te 24 days. When low
transit dose ECIB was initiated, the survival time in 3 goats receiving low
transit dose ECIB (40-50 rads) ranged. from 25 to 55 days. These early
results are encouraging and more studies with various schedules of low
transit dose ECIB are planned. Three lines of evidence urge further trials
of ECIB in renal transplantation: (1) results with regional ECIL show the
capability of this procedure to inactivate specific lymphocytes involved
in allograft rejection; (2) results of the group at University of Copenhagen,
Denmark, show effectiveness of ECIE as an adjunct to standard immunosuppres-
sive therapy--{ this group has shown that ECIB markedly reduces rejection
episodes in human renal allotransplant recipients when there is good donor-
recipient histocompatibility matching); (3) as mentioned above, initial
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16. Teclnical Progress in FY 13870: (Cont'd.)

results here with low transit dose ECIE in goar rena! allotransplants
showed extended survival time.

Lymphocytotoxins were measured in 28 geats following renal alle-
transplantation, Some of these goats received ECIB or ECIB and 6 MP. So
far there has been no significant correlation detected between the renal
allotransplant rejection time and the appearance of lymphocytctoxins in
these goats,

During the past year several experiments were carried out with an
ex-vivo chamber, Technical features were wmodified to permit the chambdr to
serve as a reliable culture environment, One of the chief objects in the
current series has been to establish the usefulness of the system for
studies concerned with cell interaction in circumstances mimicking those
in transplantation studies, Hela was chosen as a convenient target cell
to pose an immunoleogical challenge to lymphocytes in culture, Character-
istics of Hela cell growth were followed for 40 to 100 hours, Additionally
the mutual response of Hela and calf thoracic duct lvmphocytes grown with-
in the same chamber space were observed., After 96 hours, the last 48 of
which were spent in the presence of host lymphocytes, Hela populaticn is
vigorous though showing patches of cell destruction not seen in the control
chambers (Hela not exposed to lymphocytes),

Additional information about the influence of ECIB on lymphoreticular
tissues was obtained by planimetric and test point analysis., The differ-
ential loss of lymphocytes from separate area of the spleen, lymph nodes
and the thymus of calves, as compared to that from bloed and the thoracic
duct lymph was analyzed. The degree of depletion with time during con-
tinuous ECIB, followed an exponential function with at least two components,
These two components are thought to reflect the easily mobilizable and
less easily mobilizable pools of tissue lymphocytes, Elimination of
easily mobilizable pool of lymphocytes by continuous ECIB from all tissues
studied was observed within 10 to 15 hours, indicating that the rate of
exchange with blood is similar for this group of cells in various lympho-
reticular tissues, .The ratio of readily mobilizable to less readily
mobilizable pools of lymphocytes, however, varies in different organs.
Fifteen goats were utilized to study the influence of ECIB or ECIB/Pertussis
on blocod and tissue lymphocyte deplerion, Five goats received ECIB alone
and ten goats teceived ECIB and Pertussis. Preliminary analysis of the
data suggests a greater lymphoid tissue depletion in the combination
treated animals,

Calves with thoracic duct cannulation or single node efferent
lymphatic cannulation were used to study the mode of action of the
lymphocytosis promoting factor of partussis, In conjunction with these
studies, in vitro labeling of lymphocytes was carried out to detect any
concomitant change in the cell cycle time. The results suggest that the

i 188b4 (See Continuation Sheet) 06-303



Cancer and COther Clinical Researca - Medical Research
Extracorporeal Irradiation of Blood and Lymph in the Study
Project Title: of L_vmphopoiesis and Homotransplantation D6-03-Gl-{e)

16, Technical Progress in FY 1G70: (Cont'd.)

early phase of blood lymphocytosis is due to an increased mobilization
of lymphocytes frem the lymphoid organs followed by an inhibition of re-
circulation of bleod lymphocytes which helps to sustain the lymphoeyrosis,

A mouse bioassay system was used in attempts to isolate a nontoxic
lymphocytosis promoting factor (LPF} from B, Pertussis, A partial success
was achieved in separating LPF from the histamine sensitizing factor, the
hypoglycemia inducing factor and the lethal factor. Using a cowbination
of Sephadex G 10 and Bioc Gel P 100 column chromatography, a fraction was
obtained which retaiped its LPF but lost letnal and nypoglycemia inducing
factors and partially lost the histamine sensitizing factor., Results . Seem
to confirm the hypothesis of Bergman and Munoz that histamine sensitivity
following pertussis is not due to hypoglycemia per se. In contrast to
the findings of Morse and Bray, results here clearly showed a dose response
effect, Kalpaktsoglou et al have suggested that B. pertussis mobilized
thymic lymphocytes and findings here of thymic weight loss with peripheral
lymphocytosis are compatible with such & hypothesis.

During the last year 1B additional calves were urtilized to study
the lymphocytopoiesis in lymph nodes, the thymus and the spleen. The
technique of long-term intra-arterial radioisotope infusion was employed.
Eight calves received intra-arterial thymic perfusion, three calves re-
ceived i,v. perfusion, and six calves received intra-arterial lymph node
perfusion, Recently one calf has been studied with splenic infusion,
Analyses of radicautographs are incomplete but the following information
was obtained from these studies: (1) whereas newly synrhesized thymic
lymphoeytes migrate via the veins and efferent lymphatics, the newly
synthesized lymph node lymphocytes migrate via the efferent lymphatics and
not via the veins; (2 ) the highest numbers of the thymic migrants are
seen in the paracortical areas of the lymph nodes and the loose white pulp
of the spleen; (3) the thymic migrants are also seen in the '"neon-thymic
dependent areas'" of the lymph nodes and the spleen; (4) thymus migrants
are not seen in the bone marrow; (5) since thymic migrants are seen in
the thoracic duct lymph, these cells must have recirculating capability.

Studies with thymus specific antigen, utilizing the techniques of
indirect immuncfluorescence confirmed the migration of thymic lymphocytes
via the veins and lymphatics, Within the thymus, the expression of :
thymus specific antigen is inversely related to the cell diameter and
the expression of histocompatibility antigen. These results suggest
that the differentiation of thymic lymphocytes from a thymic state to a
peripheral state occurs in a very brief period immediately before or
after they leave the thymus,

Studies on the relationship of the thymus to lymphocyte prolifera-
tion and transplantation immunology were continued. The estimated half-
time for the disappearance of small lymphocytes from the blood of
thymectomized goats was 60 weeks, ECIB induced a greater and more
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16. Technical Progress in FY 1970:(Cont’'d.)

pronounced lywphocytopenia in thymectomized goats than in control anima.
Surgical procedures (thymectomy, sham thymectomy, splenectomy and thymec
sham splenectomy and sham thymectomy), were carried out at the age of 12
weeks, Follow-up has included blood counts, weight gain, blood lymphocyt
sizing, in vitro response to PHA of bloed lymphocytes, lymph node biopsies
and general clinical condition; some of the goats have been followed up to
64 weeks, Excepting for some depression in the blood lymphocyte levels in
thymectomized goats, no other clinically deleteriocus €ffects of thymectomy
have been observed so far,

Recirculating capabilities of allogeneic lymphocytes were investigated
in two sets of experiments in calves. Lymphocytes were labeled with trifiated
thymidine. The results of the first experiment {ndicate that the allo-
geneic lymphocytes cannot recirculate in a previously sensitized, specific
recipient.

During the past year, while carrying out ECIB in goats, it became
obvious that the goat erythrocytes were more radiosensitive than human or
bovine erythrocytes. A thorough investigation of human and bovine erythro-
cyte radiosensitivity had been done in the earlier years to plan the ECIB
schedules. It now became necessary te look into the radiosensitivity of
goat erythrocytes for better planning of ECIB schedules, Preliminary
studies have been completed in six goats, Cr-51 tagged RBC's, which had
been irradiated in vitro were used, Goat RBC's were exposed to 20,000,
50,000, or ?S,Oﬂﬁ—rads_ Preliminary results of this investigation reveal
that both the osmotic fragility and red cell survival are reduced at
lower dose of radiation as compared to bovipe and human erythrocytes.

The collaborative study with the Meadowbrook Hospital concerning the
role of ECIB in human transplantation was not initiated because of delays
in opening the human transplantation unit at Meadowbrook,

One study with continuous centrifugation of calf thoracic duct
lymph was carried out. The blood and lymph lymphocyte depletion was
similar te that achieved by continuous ECIL in calves. Further studies
were curtailed due to lack of technical help.

17. Expected Results in FY 1971:

Studies with low transit duge ECIB in goat renal tramsplantation will
be extended and heopefully completed.

- pefinitive studies will be commenced on those goats that were thymec-
tomized during the last three years, Collaborative work with Meadowbrook
Hospital dependent upon the establishment of their renal transplantation
unit should be initiated, A renal hemodialysis unit has now been function-
ing at that hespital for about two years.
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17. Expected Results in FY 1871: (Cont'd.)

Studies on the radiosensitivity of goat erythrocytes and on the in-
fluence of combined therapy with ECIB and pertussin will be completed.

Ten liters of pertussin supernatant gre being supplied by courtesy of
Eli Lilly Company. Thus, attempts to separate a clinically useful, non-
toxic lymphocytosis producing factor will continue; mice will be used feor
bioassay.

More definitive experiments are planned for use of the ex.vivo culture
system, It is hoped that the in.vitro culture chamber incorporating the
extracorporeal oxygenation system will be ready for preliminary trials.
Three experiments cecncerning the lymphocyte peels and the recirculating
capacity of allogeneic and syngeneic lymphocytes should be completed,

It is hoped to concentrate on the following aspects of thymic lympho-
poiesis: duration of life of the thymic migrants, and migrarion of thymic
migrants to Peyer's patch, It is hoped also that further work will throw
definitive light on the absence or presence of "direct entry" lymph node
lymphocytes, It is planned to extend studies on regional perfusion of
spleen in calves and these studies will be supplemented by investigations
into the marrow as part of the overall emphasis upon characterization of
the kinetic patterns of lymphocytes,

Trials of a beta irradiator to define the potential usefulness of
this machine for clinical purposes should be completed, Calf ECIL and
goat ECIB will continue in efforts to work out a better method for the
dose calculation with beta irradiators.

Further work on coutinuous centrifugation of the thoracic ducrt
lymph will depend upon the availability of scientific and technical
support.

18, Expected Results in FY 1972:

Studies should-continue based upon the findings obtained in the
previous year, The studies on thymic and lymph node lymphocyte production
and migratory patterns will be supplemented by 'the investigaticns into the
bone marrow and splenic lymphocytes,

A major activity is expected to be the work in ex-vivo culture chamber
and in-vitro culture chamber with extracorporeal oxygenation for studying
the immunclogical reactions and the reactivity of hemopoietic cells,

Definitive studies on thymectomized goats are planned for completion,
It is hoped that most of the work on the attempted isolatien of nontoxic
lymphocytosis producing factor from B. pertussis also will be completed,

"0 '
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18. Expec.ed Results in FY 1972: (Cont'd.)

Depending upon the level of scientific and technical help available
it is hoped to start studles on the concentration of lymphecytotoxins and
the role of these humoral antibodies in immunological enhancement. In
order to better understand the role of single lymph node in immunological

responses, it is expected to iniciate studies with horseradish peroxidase

as an antigen.

19. Description and Explanation of Major Materials, Equipment and Sub-
contract ltems:

It is anticipated that development of wmore sophisticated ex vivo ard
in vitro culture systems will cost approximately $20,000 in FY 1971 and
810,000 in FY 1972. Purchase of twec bets irradiators ($8,000) is alsc

planned,

20. Froposed Obligations for Related Construction Projects, if any:

Bio-Med conjunct facility.
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ADDITIONAL EXPLANATION FOR OPERATING COSTS

Brookhaven MNaticonal lLaboratory

Ob-Biolopy & Medicine

Laboratory Program

1. Contractor: Contract No,: Task No.:
Associated Universities, Inc. AT-30-2-GEN-16

2. Project Title: 189 No.:
Cancer and Other Llinical Research - Medical Research 06-308

The Effects of Hormones, Drugs, and Nutritional Changes on
the Intermediary Metabolism of Carbohydrates and Lipids N

3. Budget Activity No,:
06-03-01-(£)

4. Date Prepared:

May 1970

5. Method of Reporting:’

BNL Annual Report
BNL Monthly lLetter to AEC
Bulletin of the Medical Department

6. Working Location:
Brookhaven National Lahoratory

7. Person in Charge:

W. W. Shreeve

Principal Investigator:

W, W. Shrzeve

8. Project Terum:

From: To:
Effort will be consolidated with

studies in 06-03-01-(b) in

Fy 1972.
9, Man-Years:
Direct Man-Years FY 1970 FY 1971 Fy 1972
Scientific & Professional 2.0 1.2 -
OCther 5.0 9.6 -
Guests & Res. Cecllaborators - = -
Total 7.0 10.8 -
10, Costs (In Thousands of Dollars):
FY 1970 EY 1971 FYy 1972
Research Division 120 78 0
Hospital Division 65 142 0
Research Costs 185 220 O
11. Reactor Concept: 12. Materials:
7 .
R i
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The Effects of Hormones, Drugs, and Nutritional Changes on the
Project Title: Intermediary Metabolism of Carbohvdrares and Ijpids 06-03-01-(Ff)
13, Publications:

Hoshi, M, and Shreeve, W. W. Chronic effects of mannoheptulose in PR
hyperglycaemic-obese mice, Metabolism 18, No. 5, 622-6 (1969). &%

Tamdin, E., Shreeve, W, W., Slavinski, R. H. and Gji, N, Blosyntﬁezls
of farty ac1ds in ObEfE mice in vivo., II. Studies with DL-Malate-2-
Succinate-2, 3=« E 2,3.77C, and DL-Isocitrate-2—3H~5,6~ aC. Blochemlstry, ﬁ.
3325-31 (1969).

Hostetier, K. Y,,Williams, H. R., Shreeve, W. W, and Landau, B. R, o
Conversion of specifically C-labeled lactate and pyruvate to glucose in /5// 7

man, J. Biol. Chem. 244, No. B, 2075-7 {(1989). "
14. Scope:

The studies in this activity have as their broad objective, the
better understanding of the interconversion and metabolic pathways of
carbochydrates and fats. To this end, investigations are carried on in
experimental animals and in human beings. Currently, emphasis is placed
on diagnosis of early or pre-diabetic states in human beings by testing
rates of oxidation of glucose-1-C-14 and galactose-1-C-14 when administered
orally, as in clinical carbohydrate tolerance tests. Also, the differences
among glucose, fructose, and sucrose in their lipogenic potential is under
investigation with carbon-14-1abeled sugars in normal rats preliminary to
studies in human beings. These studies help to clarify mechanisms of
susceptibility to hyperlipemia and hyperinsulinism as affected by different
diets. Since certain oral contraceptive steroids also predispose to abnormal
fat and carbohydrate metabolism, the interaction of dietary changes with
different contraceptive regimens is of interest and studied in some obese
or hyperlipemic patienta. Abnormalities of insulin production in vivo and
in vitro (isolated pancreatic iglet) are examined and correlated with
disturbances of fat and carbohydrate metabolism,

The metabolic pathways and rates of utilization and intercenversion
of carbohvdrates and fats are studied mainly with the aid of the radio-
active tracers, carbon 14 (C-14) and tritium (H-3). Various abnormalities
in endocrine disease and upon manipulation of hormonal influences in human
beings and animals are investigated. Diabetes, obesity, acromegaly, and
hyperadrenal cortical function are the conditions of particular interest,

In all of these conditions the question of abnormal increase of
hepatic gluconeogenesis is explored with the aid of C-14 and H-3-labeled
precursors (lactate, pyruvate, glycerol, malate, etc.,). Also, the extent
and nature of deficiency of oxidation of these intermedicate carbchydrates
and of glucose and other mono- and di-saccharides are investigated by
analysis of 14002 and JHOH in the body water. These studies are done with
human subjects, with rats in vivo, and with perfused rat liver. Other
studies with labeled compounds are concerned with lipogenesis in liver and
other sites, The effects of nutritional variations and of drugs affecting

l \ 1 8 8 1 B (See Continuation Sheet) 06-309
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14, Scope: (Cont'd)

endocrines and intermediary metabolism are further examined for diagnostic
application and implications for therapy.

15, Relationship to Other Projects:

Related studies at BNL include those of Steele in the Biology Department
and Dahl in the Medical Department. Dr., Steele's work on plasma glucose and
lipid turnover in dogs using C-l&4-labeled glucose and lipids with effects of
insulin and growth hormone has been related to some of the work with human
sub jects, but uses different technical approaches. Dr. Dahl has done some
studies in hypertensive patients with glucose and fructose tolerance and qon-
comitant insulin production (and hyperuricemia), which have indicated dia-
betic-like abnormalities. These studies have not used C-1l4- or H-3-labeled
compounds,

Related studies are carried on elsewhere by E. 8. Gordon, University of
Wisconsin School of Medicine; C. Waterhouse, University of Rochester School
of Medicine and Dentistry; G. Searle, V. A, Hospital, San Francisco; R. Kreis-
berg, University of Alabama Medical School; and M. Pollycove, San Francisco
General Hospital. All of these investigaters have been or are studying oxi-
dation of glucose or other carbohydrates to 14C02 in human subjects in diff-
erent wavs; none is known to include glucose-C-14 in oral glucose loads or:
study labeled galactose, as done here with diabetic and obese patients.

Kreisberg, Searle, Waterhouse, G. Hetenyi (University of Toronto), and
M. Kalant (University of Montreal), have measured gluccse turnover and syn-
thesis in humins {obese and/or diabetic) by similar techniques but none are
doing combined studies in humans with carbon-14 and tritium-labeled carbo-
hydrates,

J. W. Farquhar, Stanford University; E. L. Bierman, Seattle V. A. Hospital;
E. A. Nikkila, University of Helsinki; S. Sailer, Universitats-klinik in
Innsbruck, Austria; and I. MacDonald, Guy's Hospital Medical School, Loundon,
have done or are doing studies of lipogenesis with labeled carbohydrate pre-
cursors in patients with similar techniques. There are differences in choice
of dietary regimen, labeled carbohydrates, classes of lipids examined, etc.
None has planned (or reported) a specific study of interaction of dietary
changes and oral contraceptives.

W. Malaisgse, University of Brussels; F, Matchinsky, Washington
University, St. Louis; G. Grodsky, University of California Medical Center,
San Francisco; B. Hellman, University of Umea, Sweden, G. B. Boder, Lilly
Research Laboratories, Indianapolis; and R. Luft, Karolinska Hospital,
Stockholm; have examined insulin production in vitro from perfused pancreas
or from isolated pancreatic islets. However, none has used a method of
continuous flow of medium from incubated islets for serial analysis of
insulin as developed here. '

l l 1 8 8 1 l {(See Continuation Sheet) 06-310
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16, Technical Progress in FY 1670:

As previcusly desgcribed, in ceollaboration with Dr, Brodeff, L-alanine-u-
C-14 was given intraperitoneally te fasting Egyptian '"sand rats' with varying

. degrees of carbohydrare intolerance which can be ameliorated by electrolytic

lesions of the arcuate nucleus of the hypothalamus and by the anti-adrenergic
drug, tetrabenizine. Conversion of alanine-C-14 to blood glucose was measur-
ed as an index of gluconeogenesis. The range of conversion was from 2 to

10% among all rats and there were no significant differences between non-
treated rats and those with lesions of the arcuate nucleus or treated with
tetrabenizine, which suggests that the mechanism of improvement of glucose
tolerance is not by decrease of gluconeogenesis. Further studies directed
toward elucidation of effects on glycogenesis and glycogenolysis were done
with glucose-6-C-14 and are currently being assayed.

For the study of effects of hydrocortisone on gluconeogenesis from
malate-C-14, H-3 in perfused rat liver, some final samples of blood glucose
wera analyzed to test in vive vs, in vitro effects of hydrocortisone, Hydro-
cortisone has caused increased gluconeogenesis from malate both in vivo
and in vitro while longer action in vivo promotes glycogenesis. TA manu-
script was prepared on studies carried out in Sweden on conversien of
pyruvate-2-C-14 to breath 14C02 and blood glucose in acromegalic patients,
Patients with decreased glucose telerance displayed also a reduction in
rate of oxidation of pyruvate-2-C-14 without change in gluconeogenesis
from pyruvate,

In the situdy of conversion of glucose-1-C-14 to 1Z‘COZ during
gluccse tolerance test, the oxidation of the labeled glucose during
standard vs, cortisone glucose tolerance tests were compared in seven
cbese or obese, diabetic patients. While the plasma glucose concentraticn
(1l to 2 hours after oral lecad) was increased about 107% on the average by
cortisone, the conversion of glucose-1-C-14 to 14C02 was increased by 20%
at 1 hour and 107 at 2 hours, This suggests that the short-term hyper-
glycemic effect of cortisone in vive in man is predominantly due to an
increase of gluconeogenesis rather than a decrease of utilization of blood
glucose, Glucose-1-BH-3 was alsc given to some of these patients and
glucose-2-H-3 to others, Usually the rate of conversion of H-3 to body
water was also increased by cortisone, but the results were more variable
than with C-14, Glucose-2-H-3 was cenverted to >HoH distinectly faster
than glucose-1-H-3 and possibly by a two-phase process during the first
3 hours.

Since increase of plasma fucose . has been reported to be excessive
in latent diabetes, some plasma samples taken from patients during glucose
tolerance test with glucose-1-C-14 were analyzed by gas chromatography
of volatile carbohydrate derivatives to measure fucose and isolate it for
radicactivity analysis. No increase of fucose during the glucose toler-
ance test was found, '

1 188 12 (See Continuation Sheet) 06-311
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16, Technical Progress in FY 1970: (Cont'd.)

In the study of metabolism of glycerol-C-14, H-3 in obese, diabetic
patients, comparison was made of the incorporation of tracer intc plasma
glycerides of these patients (6 females) vs. & group of 4 normal females.
There are no significant differences between the groups for percent dose
in total plasma triglycerides (TG) or di-+ mono-glycerides (DMG). For
each group there is slightly more activity in the DMG than the TG. For the
total glycerides the mean percent dose incorporation is less than 0,2%.
Glycerol-C-14 and glycerol-H-3 show the same results, so there is no meta-
bolic loss of H-3 before glyeceride formation.

For the study of lipogenesis from different (-l4-labeled saccharides
{fructose, glucose, and sucrose) in normal rats, more accurate and detailed
analyses have shown that the labeling of several types of lipids (glycerol
and fatty acid moieties of triglycerides and di- + mone-glycerides, free
fatty acids) cof liver or plasma is J to 10 times higher from sucrose-C-1l4
than from glucose-C-14, with fructose-C-14 generally intermediate., This
emphasizes a synergistic effect between glucose and fructose (the two
moieties of sucrose) or else reflects more rapid absorption of the di-
saccharide (concomitant with hydrolysis by mucosal sucrase) than of either
monosaccharide, Presently some lipid samples from rats given a mixture
of labeled glucose and fructose (with an oral mixed load) are being analyzed
to test the latter hypothesis,

Studies with C-l4-labeled sucrose in patients have not yet been
started, but non-isotopic sucrose tolerance tests in obese patients with
analyses of the plasma curves of glucose and immunoreactive insulin (IRI}
were done., Some patients seem to have higher insulin curves together with
lower glucose curves than during glucose tolerance tests, This suggests
special effects of sucrose and may help explain the high lipogenic po-
tential of sucrose,

Studies initiated in patients using another labeled carbohydrate,
galactose-1-C-14, which for theoretical reascns (particular inhibition
of its oxidation by high reducing potential in the liver) could show
differences in rate of formation of 1‘!‘(302 between normal subjects vs,
obese or diabetic patients greater than with labeled glucose. Study of
one non-obese and three obese female patients so far are promising in this
regard, :

In the study of production and mlease of insulin by isolated rat
pancreatic islets perfused by continuous flow of medium with serial
analysis of IRI, the parameters of response to graded increase of glucose
concentration and different initial and constant gluceose concentrations
were measured, Multiple major phases of release with fine peaks within
the major cyclic release were revealed, Thresholds of response and satu-
rating concentrations of glucose were defined and an initial paper has
been submitted for publication,

1118873
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17, Expected Results in FY 1971:

Analyses of C-14 in glycogen from liver of Egyptian 'sand rats” given
glucose-6-C-14 will be completed to test whether the anti-adrenergic drug,
- tetrabenizine, improves glucose tolerance in this species by an effect on
glycogen metabolism, 1If adequate personnel is available, the question of
gluconeogenesis from L-alanine-U-C-14 might be reexamined with administra-
tion of the labeled compound during an oral glucose load,

The studies of oxidation of glucose-1-C-14 and glucose-1-H-3 to 14CO
and 3HOH in obese, diabetic patients will be continued without the prior
alministration of cortisone before the glucose teclerance test. To the .
same patient ( and a matching set of normal subjects) will be given
galactose-1-C-14 in an oral galactose load to compare with cxidation of
labeled gluccse.

Studies of formation of liver and plasma lipids of normal rats from
sucrose-U-C-14 compared with glucose-U-C-14 + fructose-U-C-14 will be
further pursued to delineate reasons for particular lipogenesis from sucrose,
The plasma insulin response of these rats to the different carbohydrate
loads may also be studied,

A beginning will be made on study of lipeogenesis from sucrose in
patients given sucrose-U-C-14 in an oral load. This way be cowpared with
glucose-U-C-14 (or glycerol-2-C-14) in the same patient. Further, if
additional personnel! are available, there may be a study of the effect of
different oral contraceptives on the metabolism of labeled carbohydrates
to plasma lipids and rate of turnover of the latter, This should help
explain mechanisms of recently observed effects of estrogens in contra-
ceptives to cause glucose intolerance, hyperlipemia, and hyperinsulinemia
and could indicate possible synergistic effects of high sucrose diet and
mixed contraceptives. Using fractlonation of insulin on sephbadex gel and/
or disc-gel electrophoresis, it is hoped to study the output of insulin
and its variants {e.g., proinsulin) into plasma of these patients during
- carbohydrate load and into the medium of perfused rat pancreatic islets,

18. Expected Results in FY 1972:

The studies will be consclidated and reported with studies in

06-03-01-(b)

19, Description and Explanation of HaJor Materials, Equipment and Sub-
contract Ltems: :

" See 06-03-01-(b)

20, Proposed Obligations for Related Comstruction Projects:

See 06-03-01-(b)
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