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Item 6. PRequirement and/or Justification

As in previous vears there 1s no decrease in world tensicns
from the possibility of nuclear warfare on any scale. In spite
of disarmament discucsions tensions nay be increasing as noted in
current discussions concerning AbM defenses.

In this present and continuing situation of crisis it is
necessary to pursue with increased diligence the scientilic
investigations of acute radiation effects and the attandant
treatment possibilities in the human teing. The chances to Le
investigated continue to be (1) those of the critical organ
systems such as the bone marrow and gastro-enteric tract and (2)
decision making processes. The time span of interest continucs
to be the early period of about 3 days but with the emergence cé
some inproved therapeutic consicderations a time of about 6 wee!.s

neecd be considered.

This study <continues its emnphasis on investivation of tre
human bheing. - In order to evaluate thcse early changes one can
only utilize human data altihough helpful concepts may °L¢
contributed by animal research. Data ohtained from these studi::c
will continue to be correlated +ith information obtained fro-

human radiation accidents.

The proposed studics continue the investigation of chances

in metabolism of DA and [3iA, and add evaluation of bone mnarrec:

- €

reserve and immunological cormpetency. The possibility =:
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estimating effects of combined injury by cornparison of urinarv
excretion of amino acids and certain nucleosidies in burnec vs.
irradiated indivicuals becomes a possibility. The studies of
psvchological effects and cognitive functions will continue.

These studies are verformed on patients who are given
total or »artial kodv radiation as treatinent for metastatic
malignancy. This therapy is heing used in place of svsteiric
chemotherap:. In the natients wiitre radiation of this type
is used our data suggests tl.at it may be equal or sujderior
to current chemotherapeutic measures, 7The study design has
recn approved ky the Research Commiittec of the College of
ilecdicine 1in regard to its tlierapeutic value and informed
consent of the subjects under stuay. »

2 reassessnent of our earlier work suggests that studies of
"biological indicators" nay well offer more promise tihan
previously suspectad. Since most human exposures are non uniform
both in regard to distribution of radiation and also in a
military situation, non uniform in regard to types of radiation
(garma and neutron) and energy, an expression of net biolecgical
effect 1is an important goal. Possible indicators might be amino
acids, nucleoside fragments, cnzvme changes or caromosone
aberrations. Since the esxcretion 1levels of some of these
compounds are affected by burns, comparison of excretiocn 1levels
under varving circumstances of injury will hbe of interest in
endeavoring to evaluate relative effects.

Comparison of whole and various types of partial bLoady
exposure will continue to provide useful estimates of weapons
effects.

The use of marrow transfusion, initially autologous, will Le
used both for support of the irradiated subject and as a possible
important future methiod of treatment. ith the ranid increase of
understanding of tissue compatibility and techniques for analvsis
of these factors, the nossibility of the use of homologous marrov
even only as a temporary support until regeneration of an
individual's owvn tissue becomes of increased intercst.
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6. LCstinated Completion Date: 1973
. Estimated I'inal Report Date: 1973
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8. If P & D Contract Proposeal:

Cost: $71,369

Start Date: 1969

Completion Date: 1970

Agency: University of Cincinnati College of
Medicine, Cincinnati General lospital,
Cincinnati, Ohio 45229

Continuation of Existing Contract: Yes

Svnonsis of Nesearch Proposal:

These studies are designed to obtain data frcm whole and
partial body radiation in the human being. The effects being
studied are clinical, hematological, biochemical, immunological
and behavioral, Evaluation of storage and reinfusion of
autologous bone marrow is being carried out.

9, Aggroach:

a. Selection of Patients

Patients selected for study will be those who are to
receive partial or total body irradiation in the treatment of
metastatic malignancy from various primary sites, excluding
neoplasms which are treated by internal radiation, e.g. carcinoma
of the thyroid. They will have stable hematologic values and may
have received local radiation previously.

-iﬂk- Experimental Design

T The design of the study 1is sucihh that the patient
serves as his own control. For this contract period there will
be two groups. In the £first, pre-therapv studies will be
completed within one week and irmmunological studies will be
omitted. It has been found that too maay suhjects were lost
either for pmersonal or medical reasons because of the 21 day pre-
irradiation study period. A second group for natients who can
tolerate the 21 Gay pre-irradiation will be continued twhenever
possible. The post-irradiation period studies continue as long
as the clinical course of the natient allous. Because of the



carerui aesign of the study it 1is possible to malie between
patient conmparisons.

Three to five observations are made in the pre-~
irradiation period. Post-irradiation specimens are then obtained
at three day intervals or oftener until clinical and laboratory
findings become stable.

Some of the patients will be hospitalized on the Tumor
and Surgical lWards of the hosnital. Other patients will be in
the enlarged Clinical Research Center within the ncw Cincinnati
Ceneral ilospital. The new hospital building will begin receiving
patients in mnid 1969. In some situations the irradiated
individual will be followed on an out-patient basis.

During’' the pre-irradiation period, the patient's
records are reviewed by the physicians to be certain that the
contribution of the underlying disease can be evaluated. Two or
more sham irradiations are given to permit accurate dosiretry,
obtain cooperation by the patient and evaluate psychic factors.
The sham treatments will be randomized between the actual
radiation, There is no discussion of possible subjective
reactions resulting from the treatnment. Other physicians,
nurses, technicians and ward personncl are instructed not to
discuss synptoms or reactions with the patient.

c. Paramcters to be Investigated
1, Clinical Firndings

(a) Complete history and physical examination
(b) Temperature, pulse and respiration
(c) Body weight at standard test times

2. Hematology and other Laboratory Tests

(a) Hgb., RBC, W/BC, Differential, Hematocrit,
Platelets, Reticulocyvtes, Erythrocyte
Sedimentation Rate, Ltiocholanolone for

. mArrovw reserve,

(b) Bone marrow--snear and block for micro-

scopic pathological analysis at regular

intervals.
- (c) Urinalysis

F= (d) other clinical laboratory tests, e.qg.
. Serunm urea litrogen, electrolytes, etc.,
' will be obtained if needed.
(e) Pre- and post-radiation karyotyping
for biologic dosimetry.

3. Biochenmical studics including tracer studies
of isotopically tagged nuclcosides. Additional
enzvme studies. Comparison with patients
suffering burns and other trauma.



4., Bone marrow storage and reinfusion
5. Inmunolocy
6. Psychiatric evaluation anc testing
(a) Five ninute verbal samples
(b) Clinical psyvchiatric interviews and

rating scales

irork Units:

This program is based on the concept of obtaining all
possible useful information fron each subject studied. Although
this statenent mav seem to be a truisn, one should understand
that appropriate subjects are somevhat difficult to obtain as
compared to non-hunan studies and that once a given subject is
started it is desirable to derive all possible data for the
effort recuired.

There are two major closcly related work units:

A) Radiation exposure, clinical and laboratory
evaluation and biochenical and immunological
studies

B) Psychiatric and psvchological studies

Work Unit A:

The techniques of administration of radiation will be as follouvs:

1. Bidirectional radiation. Half of the dose is given
from each side as before.

a. Whole body .

b. Partial body using the xiphoid as the boundary

c. Trunk and thorax radiation using the supra-
sternal notch and svmphisis pubis as the boundarv

2. Unidirectional radiation. 1In selected instances the tctal
dose will be given fron an anterior, posterior or csingle
_lateral field.

Dosimetrv

In previous studies the radiation beam has been directed
horizontally at a wall 338 cr: away with the patient midline at
282 cm from the source. Under taese circumstances the beam area
for the 508 isodose curve at L.ea patient's midline has been a
square field 75 x 75 cm. The n~aticnt {8 onlaced in a sitting
position with legs raised and hnrncd tilted slightly forward. =cDach
lateral portal receives half t.e (ose,



: A new Cobalt 60 tecletheravny urit (Theratron liodel 8, Atonic
Enerqy of Canada, Ltd) was installed. The dose rates as used in
the past of 3-6 /nin will continue. ‘i'hie sourca £o micline-truni:
distance for this unit is 286 cxm. The field size at 2586 cu Zfor
this unit is 100 cm (907 isodosc line) compared to 75 cm (595
isodose 1line) for previous Lldoraco &8 Urit, thus vrovicing a
larger and a rore homogensous radiation field.

Dosinetry studies are in progress to deterning
experirentally ‘“active" DLone i:arror dose under simulatcd vaole-
bodv and nhalf-body Co=60 exposnre conditions. Thermoluninescence

docineters (LiF) are keing placed in selected bone spaces ©f an
Alderson Rando phantom and the phanton tiien irradiatec urder
sinulated patient exposure conditions. These "active" bone
narrouw Gaoses vill be related to the hematologic findings observed
for +whole-bodv irradiation and for otiier conditions of partial
body irradiation. These data will aid in interpretations oi tue
effects of shielding portions of "active" bone marrow.

Clinical and laboratory observations will continue as
indicatec above. There will be 3-5 observations made before
radiation, dailv observations afterwvards for 3 days and thea
every 3 days as long as deemed necessary,

Comparisons will be made for partial vs. whole body, partial
upper vs. partial lowver amd trunk vs. partial irradiation.. - The
frequency of prodromal symptoms, hematological changes and
biochenical changes will De followved. Whenever possilble
unidirectional radiation will be attenpted since this tvpe of
exposure is of military interest.

As indicated above, the doses for partial body radiation
will be increased so as to determine the effect of cdose on tle
severity of prodromal syvmptoms. In previous studies (10) it nhas
been noted that clinical symptoms with partial body radiatiom are
proportional to the dose received although hematological chances
are either minimal or absent. In one patient receiving 300 rac
of partial body radiation, a significant drop in vhite cell
elerents vas-noted. These chances will be evaluated in reference
to bone marrow reserves by eticcholanolone. Since some of tihesc
patients experience therapeutic benefit from the radiation, t.e
use of higher doses of partial bodv irradiation is both justifiec
and desirable. This effort will seek to identify the dose range
causing .hematological changes sinilar to those observed witn
previously observed levels of whole body radiation.

Hematologyv

Etiocholanolone, a naturallv cccurring steroid metabolite c!
testosterone, is a potent stirnulus to leukocytosis in man. iz
produces an elevation in the thite blood cell count by mobilizir
granuloc:;rte reserves, At a dose of 0.10 milligran £
etiocholanolone per hilogram of i:odv weight the average maxii
chance in aranulocyte count in men is 5350 2 770 per cu mn. a: ..
in vonan €700 £+ 1400 per cu .



The immediate effect of whole body radiation on the kinetic
of bone marrow granuloc:’te reserves are not xnown. It is
proposed to investigate eticcholanolone-produced granulocytosis
hoth before, and at dailv intervals after, patients with
netastatic tumors have received therapcutic whole body radiation.
The seauential neasurcrment of the radiation-induced change 1in
granulocvte reserves will rot orlr vield basic (uantitative data
on radiation effects but mayv provide a biologic dosimeter when
the e:tact time of radiation is knoun.

The granulocytosis induced Ly ctiocholanolone mav also be of
value in the carly evaluation of the effectiveness of bone marrov
transplants after radiation, blefore tlie peripheral granulocvte
count has actually risen as a result of tile transplant.

Radiation~-induced chromosone aberrations both in vivo and in
vitro have been employed as dosineters of radiation damage but
the specificity of these <changes has never been questicned.
Since victims of nuclear weapons will be e:pcsed to blast and
thermal injury as well as radiation, we also plan to perform
karyotvpes on patients who have sustained severe burns and/or
trauma.

Reference:

Vogel, J.!i., et.al. The effect of Etiocholanolone on Granulocyte
Rinetics. Blood 30: 474, 1967,

Biochemical Studies

The investigations of DJA metabolism have Lkeen pursued kotn
in man and in the rat. Sorme results and plans for the
forthconing contract period follow:

I. Animal Studies

It is desirable to carry out some animal studies in
support of human studies. (These wvill be of limited cost to the
contract).

The results obtaine¢ from previous rat experimnents
indicate that radiation can cause a considerable increase in the
amount of deoxycytidine (CdR) in the blood and urine. Hhowever,
studies on irradiated patients with various types cf cancer
reveal that CdR-uria is not sensitive and spzcific to radiation
(1).

The difference in radiosensitivity of CdR-uria in man
and rats is of interest becausc understanding of the cause of
this difference may provide {urther insi¢ght into the metabolic
origin of radiation induced uriaary Cd and may vell lead to
obtain nore sensitive biological indicators of radiation injury
in man. our comparative studv of CdP deaminase activity in rat

and human serums suggest that Cd is metabolized differently in
these tivo snmecies (2). Recentlr, we used CAR specificallr



labeled with 3ii on the carbon-5 of the cytosine to study the
effect of radiation on thie catabolism of CUR by rats. It
was found that irradiated rats (200R) excretad atout 21l; of
total radioactivity injected¢ twihereas unirradiated rats
cxcreted only 137 of radicactivity. The radiogactive
comvounds excreted in urines were analyzed by the use of -
anion and cation cichiance columns, charcoal absorpticn and
~~~~~~ paner chronmatogranhir. Only about 1li of the total CuRk=- “i
injectad into the rats was cxcreted as CU whether or ot
the rat was irradiated, “he renainder of the radioactive
sukstances excreted in the irradicted and unirradiated wvere
not absorbed on eitiier cation or anion exchange colunns.
They tere absorbad on charccal and were analyzed by paper-
chronatograpihy after elution from clarc The radioactive
tracing of the paper cihronatogran of H- labeled compounds
vcreted in the 'urine of unirradiated rats showed two peal:is
corresponding to uracil and decoxrcytidine; wvhereas, that of
3K labeled compound from irradiated rats gave an additional
peal: migrating slower than uracil and uridine (3). Further
identification of the excreted radiocactive compounds is
undervay at present, but the o»reliminary results indicate
that CAdR in the irradiated rat is catabolized differently
and excreted into urine as different end-products other than
Cdr. as conrpared to the pattern in the unirradiated rat. The
unknovn compound behaves chromatographically as cytosine but
is not absorbed on ion exchange colunns.

It seems that CdR is not an end-product of
pyrimidine metabolism in man. If CdR is further metabolized
via deoxvuridine by the action of CAR deaminase, one might
expect an increase of uracil level in urine by irradiation
provided that the pattern of CdR catalbolism is not altered

- by irradiation because uracil has been shown to be a
specific end-product of pyrimidine metabolism in man (4).
On the other hand, it has been reported that B-alanine and
B-aminoisobutyric acids are the major end-products of
cytosine-uracil or thymine catabolism (5).

II.. Studies with labeled nucleosides in human
beings

Studies will be done using 3K labeled
deoxycvtidine given intravenously before and after therapy
to determine changes in elinination as an effect of
irradiation as compared to similar studies in the rat.
Earlier work in this lahoratory done in unirradiated
subjects showed that akb out1u402 of CdR radioactivity was
elininated in breath as COy within 2 hours and about 205
in urin?uover 48 hours. 1In that work the biochemical nature
of the C in the urine vas not (ctelmlned This aspect of
the inves thatlon will aid in t ' ¢ evaluation of 90351ble nev
specific urinary components. :“e cxcreted comnounds will be
analyzed by column and naver-c..ruiategranhy.

Doses of 5-10 wuCi «cf 3u Car will be given
intraveriously hefore and after irradiation. These dose levels
are Lelow 'PD 1levels for the crhulation at large and have
— been approved by the Radiation su‘ct Officer.



III. Serum Enzymes

Recent work under this contract has siown elevation of
CdR deaminase in the serum of three cancer natients aftar
irradiation (3). It has been demonstrated that many enz: ue
activities, especiallv the activities of lvsosomal hvdrolases,
are elevated Ly Y-ray irradiation. Increases of Dilase I and
Dilase II a few hours after irradiation in the scrur. and in  tahe
urine of animals have lheen reportzd (6). Ue intend to study the
radiation cifect on tiie serum enzrmatic activities involved in
the catabolisni of DUA such as Dilasc, nucleoticase, nhospnorvlase
and phospiiatasa, since these anzyries could Le resnonsible for the
radiation induced degradation of DNA, Furthermore, the assay of
serun cnzyme activities 1s usually sinpler and rmere sensitive
than that of urinary netabolites.

These studies will Le of value in providing better
understanding of the naturc of the biochemical lesion in man and
perhaps in suggesting ways to provide protective or therapeutic
agents for the acute radiation svndrone. They may also be
helpful in identifving biological indicators of radiation damage.

vVarious enzyme activities will be measured by the
conventional methods +with the exception of CdR deaminase and
Dilases. Radioactive CdR has been used as a sulistrate for CdR
deaminase (2). For the assay of Dlase, labeled DJA will be
prepared from iLscherichia coli serain 7T° grown in a medium
containing labeled “E thvmine (7). These radioactive substrates
provide increased sensitivities as compared to conventional
raethods.

IV. An attempt to evaluate the effects of combined
injury .

Our previous studies of amincaciduria (DASA=-1844)
indicated increased excretion of DAIBY and taurine undcr
conditions which seemed indicative of non-specific "stress"
rather than due to radiation per se. Similarly the wurinary
excretion of CER in several patients suffering from thermal burns
has Leen elevated and prolonged. Thus it scems possible that
comparisons of these substances in burned vs, radiated patients
night provide a beginning of insight into the mechanisn of
combined injury. .

We plan to assay 24 hour wurines on a number of
patients with burns of varving extent and degree, patients with
severe trauma and those with irradiation as noted  above. These
findings will be compared with those of chromosome studies (Scc
liematology). Although the exact form of analysis is undefired,
honefully some comparisons of relative metaiolic effect at a
human level may provicde an insight into this obscure problen.



Bone !iarrow Storage and Reinfusion

All patients to be given 150 rad or more of total body
radiation will have autologous marrow stored under sterile
conditions at 4 deqgrees C. on the dav prior to irradiation-
or just prior to irradiation. RPeinfusion will be done
beginning 6 hours after irradiation.

Three grouns of patients will receive or will have
received 150 ~ 200 rad total body irradiation as treatrent
for metastatic malignancy. The first group (Group I) will
include patients who have alreadr been irradiated at the
150-200 rad dose level and did not receive bone marrow
infusion. A second group (Group I1I) will be given filtered
autologous bone marrow two weeks after irradiation., The
third group of patients (Group III) will be treated with
150~-200 rad total body irradiation, followed by infusion
through filters of their previously stored marrow on thae
second day after irradiation. In view of the 1life
threatening hematologic abnormalities we have encountered in
patients receiving 150-200 rad (226 to 336 R) total body
radiation, marrow storage is felt to be mandatory.

The Group III patients will test the hypothesis that
bone marrow “"take" is best obtained early after radiation
vhen presumably the marrow space is relatively ernpty and can
accept viable cells more readily.

In our previous transfusions of 1l.1l x 109 - 4 x 109
apparently viable nucleated marrow cells infused at various
times after irradiation, it has not been possible to
estahblish clear evidence of a hematological response. The recent
experience of Wald et.al. in the Pittsburgh accelerator
episode of October 1967 showed a marrow response after the
infusion of 9 x 109 cells given without storage from an
identical twin to the patient. The success of this therapy
could have been due vholly or in part to the several factors
-the volume of cells, the lack of storace, state of health
of donor and recipient and the level of irradiation. 1It
will be possible to evaluate these factors in this and
succeeding study periods.

Irmunologv

These studies are designed to study the effect of
irradiation on the primary immune response in man.

There are few data on the effect of irradiation alone
on the mechanism of the immune resoonse in man. Most of the
cdata  has been obhtained from total and partial body
irradiation in animals. Two phenomena have been described.

A1) Lnhancerrent of the orimary immune response. This
occurs when the antigen is given at varving times »rioxr to
irradiation. (2) Depression of the prinary inmune

response. This occurs when the animal is exposed to the



antigen after irradiation, Other experimental data sacws
that the response 1is also dependent upon the type of
antigen. For instance, a particulate anti¢en gives rise to
enhancement, the closar it is given to the exposure than a
solukle antigen wnich resulrez a longer induction tine.

Autologous bLone narrow transsusion will e ¢iven %o
some of the patients in the studr. ‘e evidence fron
experirental data is that bone narrow cells g¢iven 2 to 6
dayrs rsost-irraciation vill not interfere with the fixed
pattern of the irrune response.

The irvnunoelogical studies reguire the use of tuo
nphages, IL only one phage is usad to measure the innune
recsponce  botlr before end after irradiation tlie second
injecticn would produce an anarnestic (sccondar:’) response.
thus it would not ve possille to evaluate the radiaticn
cffect. Ilence tie use of the crossover desicn as described
belor Lecomes cssential,

Wlork over the past vears in Dr. Less's lacoratory has
resulted in the developrnient of safc phages which have been
tested repeatedly in human beinys and animals. The use of
these agents and this experimental desicn has bsen approved
by the Nesearch Committee of the College of llecdicine.

In order to study the primary reszonse, the patient
will receive an injection of T2 phage 22 cavs prior to
irradiation. antibody titers will be oktained at 2, 5, 7,
10, 14 and 21 days. On the day of irradiation éX 174 vohage
will be 1injected either 12 hours before irradiaticn or 24
hours post irradiation. Antikody titers to i 17¢ will be
obtained on days 2, 5, 7, 10, 14, 21, 28, 35 and 42,

Both phages are potent antigens and antibodies can e
reasured easily., The order of use will be varied in matched
patients as follows:

Experimental group 1 - T2 phage 21 days pre-treatment
$X 174 phage 12 hrs. pre-treatrent
Experimental group 2 - &Y phage 21 days pre=-treatrent
T2 phage 12 hrs. pre-treatnent

Along with antibodv titers the, patterqs of iimmune
response will be measured in terns of 'S and S antiltodies
using 2-nercaptoethanol testing and sucrose gradient ultra-
centrifugation and column chiromatecgraphv in selected sera.

Previous work done wuncder tihis contract has indicated
alteration in gamma globulin of irradiated patients (Luzzio,
A.J,, Friedman, B.I., Kereiakes, J.5. and Saenger, E.L.,
Sveciiic Proteins in Scrum of “otal-lodv Irradiatzacd iumans,
Jour. I:wnmunology Vol. 96:64-G7, 1460). Prelinirary data
fromn earlier studies here suggest tirat various serological



factors appear after irradiation. These substances will be
evaluated further,

B, Psychiatric £valuation

Following exposure to acute whole or partial Lodv
radiation it is possible that taere will Le sicrificant
impairment of the decision ranirny capability of key
personnel who have major command respoansillilities. This
concern has becoie more imrortant in recent vears since th=
£indings that complen electronic systens can be rendered
inonmerative Ly very hich «doses of radiation., Thus it is
necessary to naintain dependence on the hunan being, It 1is
quite possible that even moderatelv high doses or dose rates
could nroduce impairment of cognitive processes eitiar of an
obvious or of a subtle nature whici in nonents of stress
would impair or defeat a military operation. In order to

gain understanding of such poscille cihanges it is neceszary

to seck changes in cognitive processes and decrease in the
capability to perform aighly tecihnical processes.

These problens are difficult to solve. Tihe studies can
onlv be carried cut wusing human subjects. There are
relatlvcl" ferr tests which seen capa:le of vielding useful
inforrmation.

In cooperation with the Department of Psychiatry a
program has becn started which may vield some of these
ansvers. The tests are adninistered in the same way as in
yjork Unit A, i.e. in the pre-~- and post-radiaticn pericds.
During the pre-radiation period the tests are done in
conjunction witli the episodes of sham irradiatior.

Certain psychological tests are performed in order to
ohtain an estimate of the subject's intelligence and
perzonality structure. These include tihe Reitan Trail
‘iaking Test, (lechsler-Bellevue Intelligence Scale, the PAT
and Par test. '

Changes in cognitive though processes are being studied
by a method of verbal sampling. This technique 1is
particularly useful since it resquires no training or
adaptation by the subject. At each intervieu the subject
merely talks for five minutes about anvtihing of interest or
concern and the material is recorcded on tane for subsequent
analysis, These interview are then analyzed for
depression, hope, anxiety and clinical impression.

Two such interviews are obtained prior to any
irradiation event., They are oitcired inmediately before and
after each sham irradiation and similarly at the time o&
actual exposure. The tests arc administerecsd again twvo weelk
after radiation.



—

These studies will then be analvzed to deternine
changes with dose and with total vs. partial hody radiatien
and for differences betirezn urnner and lower bodv radiation.
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