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ANNUAL REPORT OF THE BIOMEDICAL RESEARCH GROUP OF THE HEALTH DIVISION

1953
Wright H. langham, Croup Leader
John B, Storer, Alternate Croup Lesder (on Military Leave)

l._Gsnaral Comsenis on Groue Activities
This report covers the activities of the Bicaedical Research Group

(Group H=4) of the Health Division during the period of January 1 to
Decembsr 31, 1953.

With ninor exceptions the form is essentially that used in the pre-
vious annual reports. Ceneral comments are msde on group and section
activities ineluding comments on vhat waa considered the outstanding ac-
tivities of the year. A detailed sccount of the past year's research i3
given in the form of project sbstracts under the various section beadings.
No attempt is made to specify the degree of complstensss of sach project
except by indicating the results obtained and by giving & list of pub-
lished or distributed documents issued by each section. An additiomal
section has been given which lists the proposed research program of the
Blomedical Ressarch Group for 1954.

Al Ouiatanding Activities During 1353
.l Further Studiss of Effacta of Massive, Ranid Doses of Cemms

Badiation on Monkevs
During 1952 a prelimirary study was made of the effects of

massive doses of gammm rsdistion on monkeys. This project was carried
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out jointly with Rarndolph Field School of Aviation Medicine and consisted
of exposing eight monkeys to doses of 1000 - 30,000 r of gumma rays from

u.o_uu.o. These results vers reported in

multi-kilocurie sources of Ba
LA-1558, December 1953 (Confidential).

During 1953 the studies vers repesated using refined tschniques,
additional criteris of effects and 120 monkeys. The studies included
median survival time, physiclogicsl, biochemical and pathological effects,
and cbservations of incapacitation and performance defect f{rom massive,
rapid doses of gasma radiation. No specific details of results are given
here. They will be reported in a joint classified repert from Group H-id,

LASL,and the School of Aviation Medicine.

d.1.2 Radiation Hasards to Fersonpel Within sn Atomic Cloud
At the 1953 Nevada bomb tests, studies wers made of the rels-
tive radiation hasard from external gemms radiation snd from inhaled fis-
sion products resulting {roa sarly passage through the aushroca head of an
stomic cloud. The results vill be distributed as report nuaber WI-743,
1954 (Secret).

1.2 ldauid Seintillasors and Their Avclication te large Scals
Restactars and lov level Couating
In responss to the need for extensive fundamental knowledpe
regarding the principles and properties of scintillators, a ressarch pro-
gram into the chemistry and characteristics of liquid soclution secintillators
has been pursued.

- - 00131404005 mummwennsm

1054021




Various oxaszoles, 1,3,i-oxadiazcles snd oxazole gquaternary salts
have besn synthesized. Thirty-oight of these are now reportsd as rew con-
pounds.

Emission spectra of 3 g/l toluene sclutions of these sclutes
have been run with rsdium excitatien, Energy transfer betwsen solutes has
besn noted by this method with toluene solutions of twe sclutes. Fine
absorption spectra in cyclohexans solution and photon mean free path
data have besen obtalined.

Solvents have been studied as to their light absorption and
chemical properties of peculiar interest in scintillation work.

Relative pnotomultiplier anode current and pulse height methods
of testing have been applied to liquid sclution scintillators ylelding
information directly applicable to counting probleas.

Applications cf these solutions in 33 ard Cu counting of bio-
logical intarest, natursl cle counting arnd to the fabtrication of large

volume gamma detectors have been pursued as s part of the program.

i.1.4_Ralative Riclocical Effectivenass of Neulrons. spd Other
Badlaticns
Approximstely four years ago s program vas initiated to study,
develop and apply a number of maszpwlian biological test systems tc the de-
termination of the relative biclogical effectivensss of rediations of dif-
ferent types and different energies. Using the various biological test
systems the effectivensss of various radiations of interest to the los

Alamos laboratory are being determined relative to the effect produced by
-5-
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a standard radiation, 250 KVF X ray. The test systems so far applied or
studied are weight decrease of the spleen and thymus of the CFI female
mouse, 30-day lethality in mice and rats, incidence of lens opacities in
zice, testicular atrophky in mice, Fo3d uptake of the red blood cells of
rasts, decrease in gut weight in rats and mice, 1life span of rats and mice,
median survival times of aice, rats, and monkeys and quite recently the
susceptibility of CFl mnice to AK leukemia.

At present the radiaticns studied using one or more of the
above test systems are thermal neutrons, 4.9 Mev ganma radiation from
the homopgensous resctor, fission nsutrons from the Godiva assembly, 14
Msv nesutrons {rom the DT reaction in the Cockeroft-Walton-uccelerator,
250 XVP X rays, o ard &u‘o—hu‘o gumma rays delivered at different
doss ratss and beta rays of tritium. Since the REE of s specific radia-
tion is equal to the effectiveness in rem divided by energy izmparted to
the biological system expressed in rep, actual values for physical dose
to tissus are needed for further refineasnt of the REE's, Physical dose
messurenments using tissus equivalent and graphite icniszation chambers

will constituts sn important part of the 1954 researsh program.

.5 _Eraliainexy Studles Using Godive
Codiva is a naked critical assembly of UZ” vkich can be
sither operated st a constant pover level over a relatively long periocd
of time or made supercritical for s few microssconds. The radiation
given off is predominantly fission neutrons. Some fission gemms rays are

also given off but this is believed to constituts less than 10 per cent

-6

L

e . 00131404.007

e N

1054023



of the total rediation dose. The device msy de unique for its range of
dose rate. With the appropriate arrsngement of biological asterials it
may be possible to subject them to nsutron radiation over the dosage range
of from ~ 50 rea/min to ~_ 107 res/min.

Prelininary studies of the effect of Godiva radiation on
splenic and thymic weight loss of the mouse supported the fessibility of
using the aasembly for biological studies snd indiceted that (1-2) x 108
fission meutrons vas squivalent o one rea,

During 1954 it is anticipated that the use of Godive for dose
rate studies and for the determination of REE of fission neutrons will be

one of the major projects of the Biomedical Research Group.

1.6 Tollow-Up Phvsicsl Exaninations on los Alssos P Dinosurs

Cases

In Decamber of 1952 arrsngements vere made through the Divi-
sion of Bioloé and Medicine for Dr. L. K. Hempelmann, of Rochester, to
collaborate vith the Health Division in obtaining physical examinations
on 27 of the early workers at los Alamos who had sccumulated 0.1 to 1.3 pg
of Pu. Dr. Hempelmann was successful in obtaining complete physical worke
ups including X rays on 22 of ths 27 persons. Most of these pecple had
sccumulated their body burden during 1344-19%5, spproximately seven years
prior to the examimation. No unusual findings vhich could be attriduted to
the small body burden of Fu vere found. These examirations will be re-
peated again in 1955,

00131404.008
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1.2 Stapges in Phypical Facilitles
2224 Occunsncy of ihe New laborsiory
Ia August of 1953, the nev Biomedical Ressarch laboratory vas

turned over to the University of Californis and occupied immediatsly. The
building vas officlally designated as the Health Research laboratory (HRL).
The facility houses the Health Division Property Section snd stocks, the
Industriel Hygiens Group (H-5), and the Biomedical Research Croup (H-4).

The total cost of the installation wvas approximetely 2.2 maillion dollars.

The structure contains leboretoriss, administrative offices, medical lilrary,
seaimar rocm, animal quarters, vork sbops, photographic darkrooms, X-ray ex-
posure room, cobalt source sxposurs room, 8 special counting room, stock and
storsge space, a lobby, and a repository for classified material. The first

preliminary plans for HRL vere dravm in January 1947.

da2.2_louinment for Animel Quarters
During 1953 the Biomedicsl Research Group obtained new animal

cages ard racks. Nev equipment vas ordered throughout with the exception
of rabbit cages and racks, New cages for mics, rats, guines pigs, and
dogs or monkeys are of galvanize dip, sheet metal, and wire mesh con-

struction.

du2.d _Other Rauiseent
In kesping vith an agreesent betveen the Heelth Division and

the lLos Alamos Madical Center, s nev 250 XVP Ceneral Electric X-ray mschine
vas purchased by the hospital and transferred to Croup Hei as & replacament
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for the mmehine purchased by the Health Division and installed ® year ago
in the Los Alamos hospital. The nev X-ray unit vas not yet installed in
HRL on December 131, 1953.

Facilities were provided in HRL for the installation of s co~
b‘héo source, At the end of 1953 arrangesents had not been made for pro-
curampent of the source. It is anticipated that the procurement and
installation of & large ccbalt source will be one of the major equipment

{tems during 1954.

1.2 Changes in Orsspisation and Psracnpel

The principal crganisstional chenge in Group H-4 during 1953 wes
the establishment of a Bilophysics Section with Dr. E. C. Anderson desig-
rated as Section leader.

During 1953 the following persons termizmated their conmsctions with
the Biomedical Research Group: L. £. Browning (Mllitary), P, S. Harris
(Military), Prences Figus, L. E. Ellinwocd, Marion Vier, and R. L. Carter
(terminated from Military leave status).

Dr. John Storer (Altermats Croup leeder) vent on Military lesve ard
Major Sam Rothermsl wea sppointed Acting Seetion lesder in Dr. Storer's

place, Mr. John Furchmer went on leave to complets his Ph.D. degree st

the W

During the year the following nev smployees were added to the Croup!
John larkina, lors Bslle Hughes, John Spalding, Rita Saith, Helen Furchner,
Catherine Aguilar, Villias Schweitser, and Jeanns Nordberg.

Ol
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L4 Sumest Emclovment Frogzak
The summer employment progrem was curtsailed during 1953 because of
the anticipsted move to HRL during the summer months. Mr. Tom Moocre vas

the only summer employes. A much greater summer employment program is
anticipated for 1944.

-10-

00131404.011

1054627



2. Prosress Bepcris of the Varigus Sectiona

2.1.1 GCepsxal Commants op Sectign Activiiiss
The investigative activities of the Biochemical Section during

1953 may be grouped under the following general categories.

a. The dymamics of steroid metabolism and its relationship
to athsrosclerosis.

b. Biochemical effects of massive doses of radiation.

c. Metaboliam of radicactive matarials of special interest
to the los Alamos Scientific laboratory and effect of Ca-sthylensdismine-
tetrsacetate on their excretion.

d. Metabolism of Cl4-labeled’ drugs and other compounds of
biological and medical interest. '

o. Effects of radiation on the cholinssterase levels of
erythrocytes.

f. Miscellansous studies.

During 1953 R, G, Gould served as & member of the prograa
comnittae of the American Socisty for the Study of Arteriosclerosis,
served as a consultant to the U. S, Public Health Service, Cardiovascular
Study Section, and refereed numerous papers for the J. Clin. Inv., J. Biol.
Chea., Arch. Biochem, emd Biophysics.

All members of the Biochemistry Section participated in the
Further Studies of Effects of !iqlin , Rapid Doses of Camma Radiation on

-n-
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Monkeys and in the Study of the Radiation Hazards to Personnel Within an
Atomic Cloud (WT=743).

2.0.2 Articles sod Documsnts Originating in the Jsctiop
The following publications or documsnts were issued by the

various staff members of the Biocheaistry Section during 1953.

s. Cholestercl Metabolism. I. Effect of Dietary Cholesterol
on the Synthesis of Cholesterol in Dog Tissue ip yitrg. J. Biol. Chea.,
201 519 (1953). R. G. Gould, C. B. Taylor, J. S, Hagermsan, I. Warner,
and D, J. Campbell,

b. Liquid Seintillation Counting of Tritium Labsled Water
and Organic Compounds, Secience, 117 480 (1953). PF. N. Hayes and R. G. Gould,

¢. lsolation of a Crystalline Cholesteryl Ester {rom Normal
Plasas, Pederation Proc., 12 228 (1953). P. Keegan and R. G. Gould.

d. Pactors Controlling Cholestarol Synthesis in the Body,

Proc. of the Annual Meeting of the Council for High Blood Pressure Research,
Amer. Heart Assoc., pp 3-19 (1953). R. G. Gould.

e. Acetate Metabolisa and Blood Cholestarol Synthesis, J.
lab. and Clin. Med., 42 809 (1953). R. G. Gould, G. Okita, P. Keegan
and G, V. LaRoy,

f. Use of Caleium Ethylensdiaminetetrascetats in Case of
Lead Intoxication, A.M.A. Archives of Industrial Hygiene and Occupstioml
Medicine, 7 148 (1953). Harry Poremsn, H. L. Hardy, T. L. Shipman, and
E. L. Belkmap.

g. Use of Calcium Ethylenedisminstetreacstate in Treating

-12-
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Heavy Metal Poisoning, A.M.A. Archives of Industrial Hygisns and Occupa-
tional Medicine, 7 137 (1953). Harry Foreman.

h. The Metabolism of Clé-Labsled Ethylenedisminetetraacetic
Acid in the Rat, J, Biol. Chem., 203 1045 (1953). Harry Foreman, M. Vier,
and M. Magee,

i. The Use of Chelsting Agents for Accelersting Excreticn of
Radiocslemsnts, J. Am. Pharm. Assoc., 42 629 (1953). Harry Foreman.

j» Role of Trace Elements in Animal Cells. A Tadulation in
Handbook of Biological Data to be published by the Mational Ressarch
Council (in press). Harry Foreman.

k. The Metabolism of C*4.labeled Bthylenediaminetetrsacetic
Acid, J. lLad. and Clin. Med., {(in press). Harry Foremsn and T. Trujillo.

1. 4 Continuous Titration Msthod for Cholinssterase Determi-
nations, AECU-2575 (1953). Jean Captain Sabine.

2.0.2 _FPrograss of Specific Proiscia
s Elfact of Radiation on Metabolic Procsssas with Emnhasis
an_Stargid Synthasis (Could azd Kseman)

Preliminary studies showed thet 2400 r of whole body redis-
tion in rets increased the rate of hepatic cholestercl synthesis more than
threefold vwhile showing no significant effect on sxtrahepatic cholssterol
synthesis., Fatty acid synthesis was scmevhat decreased in both liver and
extrahepatic tissuss. No studies on cholesterocl synthesis have been re-
ported from other laboratoriss; reports on fatty acid synthesis from the
NRDL using liver slice methods rather than intact animals indicats the

-13-
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opposite type of effect, protably dus to difference in methcd. The only
possible explanation for the cholsaterol effect that can be suggested at
present is that liver danage (e.g. anoxia) may increase hepatic choleaterol
synthesis and even though the liver is considered to bs extreaely radio-
resistant, this effect may represent a reaction to liver damage. These
studies are being extended to other types of synthetic reactions and to

other specific organs such ss the intestine.

b.__Effact of Badiaticn on the Central Nervous Systsa (Gould,
Kssean)

As & result of the failure to detect any changes in the
permsability of the blood-bwrain barrier to blus dyes after massive doses
of radistion in monkeys, an indeperdent experiment was carried ocut on
rats using 1131.labeled bumsn albumin. Radistion dose was 50,000 r, the
113} Qbumin vas injected inmediately thersafter and the animals vere
sacrificed four hours later. No significant difference between control

and irradisted rats vas noted.

c..Conragan a8 & Fosgihle Protsctive Asant dmainat Radiation
Demage (Forsmen. Gouldl

From litersture reports, coprogen might be expected %o
bave & protective sffect snd it vas therefore tested in young rats but
no svidenos of protection wvas observed.

doCholantarol Metaboliss i Humsns (Gould, Kessan. Kobr,

and laBoy, Univ, of Chigagal
A series of experimsnts on 10 patienta in the Argonne

00131404.015
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Cancer Research Hospital concernsed with the metabolism of ¢l acetate
vas completed. An abstract has been published and a paper given; detailed
papers vwill be written about March 1, 1954.

A method of determining both tritium and Cu on the sans
sample was worked out by appropriate adjustment of upper and lower dis-
criminators in the liquid scintillation counter and used routinely ina
nuaber of these experiments. T-cholestercl wvas fed tc each petisnt for a
vesk before adremalectomy and clecacetate injected one hour before removal
of the adrenals. This made it possible to obtain much additional informa-

tion from each patient,

. _Effect of lvpophvssctony on Cholsstarcl Synthesss (Xesgan.
Gould)

Two series of experisents on hypophysectomized rets bhave
shown that a decresase in synthetic rate to about 1/5 normal occurs. One
more experiment is planned before publication of these results.

L. Abacxptian of Iritiuselabeled Starcls by the Rat (Kokz,
Gauld)

Eight different sterols have been labeled with tritium by
exchange or by hydrogenation and their absorption in rats determined. Con-
trary to the statements in many textbooks, dihydrocholesterol and plant
sterols wvere fourd to be abscrbed., This mmterial will bs resdy for pub-
lication after a fev confirmatory studies have bsen completed.

£ BELfect of Thyroid Status on Chalestargl Mtaboliss (Could.

Lasaan, Xoix)
A number of hypothyroid rebbits and rats vers studied by
)
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feeding T-labsled cholesterocl and following the turnover rate of blood cho-
lesterol. Cu-ccouu vas administered to the same animals and the relative
rates of hepatic synthesis determined. It was found that hypothyroidisa
incresses turnover tims and decreases rate of synthesis but the change is
not nearly as striking as in tvo patients with myxedems studied at the
Argonne Cancer Research Hospital.

k. _Mechanimm of Control of lsmatic Cholsatarcl Jvnthesls kv

Diatary Cholestaral (Could, Keegan snd lotzl
Additiomal studies on rats are being carried out to de-

teraine if it is the increase in liver estarified or liver free cholesterol
fractions that is responsible for the sharp decrease in rete of synthesis
observed after increase in distary cholestercl.

i, Chromatesrachic Separation of Tissus Lipdd Iragtions
{keecan, Gould, lota)

A genaral method of separstion of nsutral fat from choles-
terol esters has been worked out for plasas, liver and presumahiy any tissue,
This method is being applied to the identification of fatty acids present
in chelestercl esters.

d._Chalestexal Matabelise in Patiants wiih Cardiovaacilar
Diasase (Gould, Kobr, Hamaner of Senta Fe. N, M.)

A series of normal humans and a series of cardiovascular
patients in Santa Fe vere fed standard doses of T-labsled cholestercl and
the specific activity of plasms fres, esterified and red cell cholesterol
followed., Consistent results for the controls were obtained but additional

14
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cardiovescular patients vill need to be studied before it can be stated
vhether athercsclerosis alters the pattern of sppearance of labeled dietary
cholesterol in blood as reported by Biggs and Colman (UCRL).

Ko Matabolisa of C*-labaled Ca EDTA in Men (Foreman. Truiillo)

Administraticn of CLL-Ca EDTA to normal human subjects
shoved that the material pssses through the body sssentially unchanged.

It appears that the only interaction in the body is combination with
certain di~ and tetravalent metal ions and that any therapeutic or dele-
teriocus sffects occur solely via this aechanimm.

The material is excreted principally by the kidney, The
turnover time from the blood is approximately one hour aftsr intravencus
administration and one and one-nalf hours aftsr intramuscular injection.

It quickly mixes with almost sll of body water except that it does not
pass into red cells and passes relatively slowly into the spimal fluid
coapartment. It is poorly absorbed from the gestrointestiral tract (a
maxizum of 5 per cent) and practically not at all through the skin.
d.Ca EDTA as Skin Decontaminant (Forsman, Trutillol

The findings, as indicated above, timt Ca EDTA is not ab-
sorbed through the skin, suggested a reconsideration of the recommendation
that it not be used as a skin decontaminant. A study has been started to
determine if the agent can carry radiocactive ions across the skin. hu'oN%
was incorporated in a water soluble cintment paste and spresd over the hand
and forearm for one hour. The uptake of 141‘0 in the body was msasured by
assaying the urine collected over a 2i~hour period and by mesasuring tbe

activity built up in the other arm by means of the "arm counter.” The
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procedure was repeated using the ul"o EDTA and the results of the two
compared, In a third series hlLO' was injected as the nitrate and the
excretion and blood clearance messured bafore and after skin application of
of Ca EDTA in a vater scluble ciniment.
Thess studies are in progress apd so far indicate tnat

EDTA did not carry measurable amounts of huo
R.—Ba-la Metadolise (Foreman. Iruiille)

The question of the significance of Ba

across the skin barrier.
1‘°-u“‘° activity
in the urine of workers exposed to the material suggested an lnvestigation
of the correlation of urinary excretion with body burden. Preliminary to
carrying out the study in humsns, & study was done with rats, ramely to
develop techniques and to check the results of previous investigations.
This study has been completed. The results verified previous firdings and
gave some additiomal information.

The body milks the la froa an injected Ba-la mixture., The
la is taken up principally in the liver, some by the other soft tissues
and very little in the skeleton. The Ba goes principally to the skelatcn,
some to the soft tissues srd nome in the liver.

The body selectively excretes the Ba in both the urine and
feces. Less than two per cent of La was excretad in four days.

A markedly simplified technique for assaying the Ba and la
content in tissues and excreta without resorting to actual chemical sepa-
retion vas developed. The procedure involves the use of seintillation

counting using a Nal crystal.
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The study in huzans has been set up and is in process.

o Metabolic Studiss of C™ lsoniszid in Prridoxine Deficisnt
EatsS(Boone Mecee, Turnev)

A metabolic study on vitamin 56 deficient rats vith Cu-
labeled iscniasid was started becsuse of the previcusly observed relation-
ship between B, deficiency and isoniazid. A dose of 10 mg/kg of & mixture
of cold and labeled isoniazid was injected prior to placing the animals in
the metabolic capes. Carbon dloxide, feces, urine and tissuss wers aralyzed
in the usual manner by direct plating and vet oxidstion. To date, 5 defi-
cient animals and L controls vers analysed at one hour, 6 deficient and
3 controls at six hours, and 2 deficient and 1 contrel st twenty-four hours.

Very little difference was noted between the mstabolism of the controls and
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lover sbdominal sorta, and intravenous injections into the jugular sinus,
Tissues veTe arslysed by the Van Slyke wet oxidation method, precipitated
as barium carbormte, plated and counted in & nuclear messureament propor-
tiomal counter.

Tumor tissues showed a significantly higher specific ace
tivity of the drug when given intrs-arterially. Muscle also shoved @
higher specific activity, and liver, spleen, thymus ard lysph nodes showed
a lover specific sctivity with intra-arterial injection.

The toxicity of nitrogen mustard by intrs-arterial emd
intravenous injsction was studied. Using 48 male Sprague-Davley rats per
routs the mgg of nitrogen mustard given intre-arterislly was 1.25 mg/kg,
given intravencusly wvas greatsr than 1.5 mg/kg and less than 1.75 mg/kg.

Rats bearing the Walker tumor were injected intre-arteri-
ally and intravenously with 1.0 mg/kg Huz ard sacrificed at six hours,
twenty-four hours, three, seven, and fourteen days. Autopsies vere done
ard sections turned over to histopsthology for microscopic examination to
find any variances in tissus dazmage when the drug wvas given by different
routes,

o Matabolimm of C}4-Calfeire (Visr, Mages)

A metabolic study of caffeine labeled in the 1 and 7
positions wvas made. Preliminary work showed that tissues and urine could
be counted as direct plates of water homogenates without loss of sctivity
vhen dried in air vithout application of heat.

This study shows that both 1-01‘ and 7-6“‘ caffeinea are
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excreted rapidly in the urine vhen injected into the jugular sinus of
Sprague-Davley rats. When the snimals vere sacrificed at six hours,
about L0 per cent of the injected doses was recovered in the excreted
urine. GI tract and feces contained about 10 per cent, Liver, muscle
and bons marrow followed in that order. When sacrificed at twenty-four
hours up to 75 per cent of the injected dose had been excreted in that
order. Per cent remaining in the body wes negligible. The liver was
highest with about 1.5 per cent, then muscle and bone marrow.

Less than 1 per cent wvas excreted in the respirstory
air even at twenty-four hours. The per cent concentration in tissues
appeared to be the same vith the l-Cu and 7-Cu' compounds.

Paper partition chromatography shows five or six metabo-
1ites in addition to soms unchanged caffeine. These metabolitss appesr
to have the same RF factor vith 1-CM* or 7-¢1% caffeins.

Attampt to separate the metabolites of the urine for
chemical identification by use of colummar chromatography has been
started and vill bs continued.

2. EfCacta of Total Body Badiaticn. opn tbe Chollnsstarass
lavals of the Exvtirocyies in Mice (Sabins, Millerl

Following & single dose of 300 r (X ray, 250 XVP, 15 MA)
the red cell cholinestarsse valuss rose to a peak (liL per cent of the
control valus), then fell sharply to values arcund 60 per cent of thes con~
trols and then returned to normal levels in about sixtsen days. The fourth
day high valus is also found following the injection of plutonium, as vas
reported last year.
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Mice have been subjected to varying dosas of X rays from
50 r to 525 r, and the cholinesterase values in the red cells cbtained
on the fourth day post-radiation, Increased values (5 to LS per cert of
the controls) have been found at all dose levels, So far there is no ag-
parent correlation between dose and magnitude of effect. Individual
varistions ars sc great that a very large nuaber of animals would be re-
quired to detect a mathematical relationship if such exists. The more
profitable way to extend this work is probably to use larger anizmals so
that changes can be detected in individuals.

The fourth day hign values with subsequent rapid fall are
difficult to interpret at the present stage, but have several interesting
aspects. The rise presumably reflects a transient reaction of the bone
marrov, a relesse of young cells in numbers too small to give s reticulo-
cytosis. The sudden drop is unprecedented in sny conditiors so far obt-
served. In human clinical conditions the "recovery” curve is e gradual
return to the normal level. What happens to these young cells in the ir-
radiated mice is not known at present. Another question to be ansvered
is whether the observed value, referred to the normal level for the in-
dividual, sither on the fourth day or on the twelfth, vhen a much vider
spread of data is found than at other times, has prognostic valus. The
investigation should also be extamied to doses lower than 50 r, since the
phenomsnon of the fourth day rise might conceivably be ussful in evaluating
the dose received by the bone marrov in an individual on any ons cccasion.

The fact that any change can be demonsirated in the per-
ipheral red cell picture with doses of 300 r and less is in itself of
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considerable interest.
T.Bleod lactate and Pyruvaie in Mopkavs Subiscied to large

Blood lactate and pyruvate determinstions wvere made on
sonkeys following 1000 - 30,000 r of gamms radistion. Regardless of
radiation dose no highly significant changes vers found in either con-

stitusnt immediately or two hours after exposwrs.

2.2.1 _Ceparal Comments on Section Activities
The activities of the Radioblology Section during 1953 were

directed slong the following gensral lines:

a. Observations of long term effects of single snd multiple
doses of I and gamma rays and neutrons.

b. Studies of the acuts effects of massive, rapid doses of
X rays, gammm rays and nsutrons.

¢. Determimation of the REE of radiations of different types

ard different energies using & variety of biological test systaas.

d. Studies of the mechanism of biological action of various
types of rsdiations.

o. Investigation into prophylaxis and therapy of radiation
damage.

f. Mstabolic studies in meamals end bacteris using Cl4-
labeled compounds.

g. Toxicity of various msterials of specific interest to the
~23-
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Los Alamos Scientific laboratory.

h. Participstion in group projects on effects of maasive
doses of gamma radiation on monkeys and studies of the radiation hazards
to personnsl vithin an atomic cloud.

The Section lost many valuable persons during 1953, scae,
fortumately, only temporarily. John Storer left for two year's service
with the Army Medical Corps. L. E. Ellimwood left to enter Medical School.
John Furchner tock @ year's leave of absence to complete training for his
Ph.D. degree. Major Payne Harris, upon completion of his tour of duty at
Los Alamcs, was transferred to Sandis Base. Lt. Col. L. E. Browning wvas
transferred to VWashington, D. C., vhere he sseumed duties as Surgeocn of
the Armed Forces Specisl Weapons Project,

Mr. Villism Schweitzer joined the Section during the year.

Mr. Tom Moore vorked temporarily in the Group as a summer employee.

22,2 Articias and Documsnta Originating in the Secidod
The following reports, written in whole or in part by meabers

of the Radiobiology Section, were issued or in wmanmuseript by the emd of
1953:

a. Comparstive Biclogical Effects of 122> and 2°° (Normal
Uranium), Remal Punction Studies, LA-1333 (1953), W, J. Eversole, LASL
Consultant.

b. Studles on the Mechanism of Action of Thermsl Neutrons in
Producing Biologioal Effects. 1. Lack of Effect of Hypoxia and Clutatbions
in Altering nbrulity in Mice, LA-1527 (1953). J. B. Storer, L. E. Ellimwood,
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and W. H. langbaa.

¢. The Relative Blological Effectiveness of Tritium in De-
pressing Iron Uptake in Rats, LA-1544 (1953). J. E, Purchner, J. B. Stover.

d. AMditivity of Thermal Neutrons and X Rays in their Acute
Lethal Action on Mice, LA-1502 (1953). J. B. Storer, P. S. Harris,

e. Effect of Pituitary Extracts on Radiation-induced Tes-
ticular Atrophy in Rats, Proc. Soc. Exp. Biol. and Med., 83 259 (1953).
J. B. Storer, P, Sanders,

£. Ths Relationship of Pyridexine and Its Derivatives to the
Mechanism of Action of Isonissid, Proe. Soc, Exp. Biol. and Med., 84 292
(1953). I. U. Boons, K, T. Woodward.

g. The Texicology of Lithium Compounds (in manuseript).
L. E. Elimwood,

b. The REE of Tritium Beta Radiation Using ths Spleen~Thymus
Weight Decresse of CF-1 Femsle Mice (in manuscript), F. C, V. Worman,

2.2, Frogress of Specific Proiscts
Ao RiCants of Bedioective Particles in tbe Baspiratary Txact
sL tba Rat (Boons, Turney with Anderacn, Worsan. Psxrings and larkins)
A long term study to detsrmine the local effects of radic-

active particles in the lung of the rat has been undertaken. Smsll spher-
ical pesllets contalning varying smcunts of beta and alphs sctivity are to
be implanted in the lungs of rats. The rats will be observed extensively
for signs of lung damage. At present, the surgical techniques ard physical
problems are being vorked ocut. Smsll gold pellets are being imbedded into
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the lungs without the aid of thorscotomy and then located in the lungs by
chest X rays. Post-mortsn lung X rays with pathological sections of the
: peaded areas are being studied. CMi~{ has kindly offered to work on the
difficult problea of incorporating the radioactivity into the gold psllets
as an alloy.
boStidiss of the Relative Effecis of Neutrons. Camms Bays.

snd X Bays on Catarast snd Tumer Ingidance and oo longsvity of Mice,
{Rotharnal, Sirang. Senders, tarris and Storer)

Mice were irradiated in 1951 and have been followed over

- ————

the ensuing period. The work has been described in the two previous re-
ports. Most of the origimal 1200 mice have, by now, died. Ons publication
has been prepared on the results at the emd of 30 veeks, and a secord is
being prepared on the results after ons year. A fimal statistical analysis
is also baing oade.

In gensral, {t may be stated that insofar as lethality is
concerned, there appears to be no significant difference in the REE of
thermal column exposurs as compared vith X rays wvhether 30 days, 30 weeks,
or 1 year is used as the time for mmking the comparison. This value has
been found to be 1.7. Likewise, there has been little change in the REE of
thermal neutrons in producing lens opacities, the corrected valus remein-
ing about 6.

S.. Cataractosenic Effect of Thermal Nautrons and 230 KVE X Raxs
¥hen Administersd in Fractional Dosss. (Rothermsl. Strang. Senders.
Schneltzer end Starer)

This project was begun in 1952 and was described in the
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previous snnual report. Doses of X rays and thermal neutrons wers given

to groups of mice in single acute exposures and in fractions of from four

10 twelve exposures at tvo-week intervals. The primary gosl was %o compare
the additivity of multiple neutron exposures with the additivity of multiple
L-ray sxposures, especially in their catarsctogenic sffect.

A prelimirary analysis of the data to date indicates that
the chroni¢ neutron exposures have bsen far more effective in producing
lens opacities than chronic X-ray exposures, i.e., there has been less
recovery sfter each partial dose of neutrons. Lethality and tumor pro-

ducing effects appear roughly comparable, The over-all tumer incidence,

hovever, is too low to mske positive statsments.
] ‘ A one-ysar report is being prepsred.
[}
d..JIhe ELfecta of Maasive. Banid Dosss of X Eaxs Civen
Selsctively to the Rat Brain.. (Woodward. Rothermsl and Wormen)
! Reports in the literature, based upon e limited nuaber of

animals, indicates that the gensrsl featurss of the syndrome produced by

whole body irrsdiation with doses in excess of 10,000 r can be duplicated
by irrsdiation of the head alons. The gensral features of the {llness ard

e ———

the median survival times were reportsd ss the same. On the other hand,
another report in the literaturs indicates that the same features can be
produced by irradisting the ruzp alons. An evaluation of these conflicting
reports vas undertaken. The axtensive seriss of animals given massive,

rapid, whole body gamma irradistion in this laboratory served as excellent

basis for comparison.
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Using & 50 KVP I-ray machine with s beryllium window, it
vas possible to obtain a dose reta of sbout 4000 r/ain through the rat

ekull to the btrain. The rest of the body was shislded and received xo
rediation, Doses of from 2500 o 100,000 r vere given to the train,

Above 10,000 r, it was found that survival time did indeed parallel swvi-
val time after whole body irrsdistion. It appesrs, therefors, that the

1imiting factor in survival is the central nervous systesm, and that ani-
sals receiving such doses to the whols body die a central nervous system
death. Physical signs of the animals given selsctive brain irradistion
likewise paralleled those from whols body irredistion inscfar as neuro-
puscular signs are concerned (e.g., in-co~ordimation, irritability, end
above 20,000 - 30,000 r, convulsions); bowever, other body signs, such as
the diarrhea sc prominsnt after vhole body {rradistion, vere lacking. In

a fevw prelimimary studies of animals given spot radiation to other sites,
such as the rump, nsurcmuscular signs wvere absent, and diarrbsa pronounc-..
Furthermore, the survivel times of animsls receiving massive radiation to
the rump, though far less than ths three and cne-half days repcrted as the
intestinal death time, were not so short as those 'sinn the same doses to
the train.

[ g, Median Survival Tisss of Miss FPolloving Lares Doses of
L_Baxa.and Thesmsl Neutrons. (Rotharmel snd Ecodward)

f This study, mentioned in last year's repart, bhas been ex-

; terded in order to compare the effects of massive doses of X rays and of
i neutrons. The rem valus used in calculating neutron doses wvas that ob-
i

i tained from JO~day letiality studies.
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Doses of from 5000 to 20,000 rem were given. No signi-
ficant differences vere noted between aice receiving I rays and those
receiving neutrons in this dosage range. Survival times were similar,
Likevise, the effects of these sxposures, given at dose rates of less
than 100 r/min, do not differ significantly from the effects of massive
qumma radistion given at dose rates of 1000 to 6000 r/min.

{._Tha Relative Biclesical ELZectivenass of Thermal lNeuirons
in Producing lethality in Rats, (Furchosr, Ellimwood, Ssndexs snd Storer)

Since the REE of any type of redistion has significance
only in comnection with the biologicel system used, and since several sys-
tems have yislded different REE's for thermal neutrons (e.g., mouse lens
opscities vs mouse 30-day lethality), the studies on the REE of neutrons
have been extended to nevw systems., It is hoped that such REE findings
zay be an approsach to the mechanism and differences in mechanima by which
various types of redistion produce thelr effects.

In this study an RBE on ret lethality was desired for
comparison vith the REE obtlained on depression of 1‘059 uptake by the
red blood cells. The two test systems gave REE valuss of ~ 1.6 and

~~1l.1, respectively,
£—The Ralative Blologzical Effecilvenaas of Thermal Neuirons
in Prodeging Inteatizel daisht loss 1a the Bat. (Ellimwocd. Schisiizsr.
Sandars apd Siorerl

When mice are given cosmparsbtle doses of thermal neutrons
and I rays based on 30-day lethality an interesting difference in swrvi-
val times is noted at the sborter time periods. Mice given thermal
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neutrons in the dose range of 500 «~ 1000 rem shov an earlier vave of
desth than mice given corrssponding doses of I rays. Theramsl neutrons
produce & three and ome-half day mortality peak at a lower level oy about
200 - 300 rea than do X rays. Reports in the literature indicate that
the three to four day death is & gut death. Therefore, it may be that
peutrons have s higher RBE on the gut than they do on body systems res-
ponsible for e ten to fourteen dey desth which occurs with doses of less
than 500 rem.

Rats were sxposed to doses of thnermal neutrons and X rays
which were found to be equivaleat in producing 30-day lethality. On suc-
cessive days after irradistion, the intestlnes were removed from pylorus
to ileocecal juncture, washed, and weighed. Preliminary results indicate
that there may be greater weight loss after neutrons than after X rays.

hu_lha Relative Biological Ellectivenass of Theraal Neutrona
in Froducing Testicular Atxophy in Mice. (Storer, Ellimeed. Furchnar
sad_Sendars)

This study, begun in 1v52, was coxpleted in the past year.
When atrophy of the testis of the CFl mouse was used as the biologicsl
test system ——8 x 107 therml n/ca® produced an effect equivalent to
1t or 250 KVP X radiation., Depeading un varicus assumptions regarding
depth of the testes with respect to the region of peak neutron collision,
density calculstion of the REE of thermal neutrons gave values of 1,2 -
2.5 with 1.3 being the more likely figure.

i__Iha Relative Biclogical EC{ectivensss of Thermal Neutrons
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i Depressing Antibody Producticn in tbe Bat. (¥oodwaxd snd Sandsrs)

Another system being considered for an REE determimtion
ig that responsible for antibody production. Curves have been worked out
for antibody depression after X rays. Doses of between 100 and 400 r de-
press the formation of entibodies in increasing degree if the antigen is
given after the radistion. The production of hemolysins to sheep cells
has been studied extensively in the rat,

A procedure involving the use of sheep cells in the rat
is being developed preparatory to a comparison of the effects of neutrons
and X rays.

J. Determiration of RBE with the Use of Akm Leukemia in CPy

Mice. (Boons. Turney, Rothermed and ¥oodwmxd)

C!‘l mice are being inoculated with an AKm mouse strain of

leukemia after exposure to varying doses of X rsys arnd msutrons in an at-

tempt to determine an REE with the per cent leukemis takes as an end point.
A prelimirary study with X rays indicates 100 per cent takes following
400 r, about 90 per cent following 300 r, about 60 per cent following
200 r, and about 30 per cent following 100 r. There is @ normsl take in
control CFy mice of sbout 20 per cent. Preparations sre under weay for a
conbined X ray and neutron study.

k._REE of Various Radiaticps op Microorsapisms. (Boons.
Horman and Turpav)

Several attempts were made to determine the REE of various
lonising radiations using uptake of conicotinic aetid by microorgenisms
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as the bioclogical test system. Several microorganisms vere tried but
pany technical difficulties with exposure techniques were encountsred.
Difficulty in repeating the gamma ray doses with existing Cow and Ra
sources has been the grestest problem. Some sttempts to use tritiuam and
detereine the REE of tritium beta particles have besn made, but the work
is temporarily in sbeyance until the cobslt source room is made available
so that conditions will be more constant.

. Jhe Relativs Biclocical Effectivepass of 14 My Neutrops

ip Producing lathality iu Mice, (Ellimvood, Schweitzsr. Woodward. Storet)
Deuteron bombardment of a tritium target in the Cockcroft-

Walton scceleraior is being used as & scurce of @ purs spectrum of 1i Mev
nsutrons.

As an initisl project to apprcximats the rem value of 1L
Mev neutrons, an wgg study wvas made in 1953. The lethality data spread
badly, however, for both the neutrons and the 250 KVP X-ray controls. Al-
though the results vere subject to & large statistical error,~~ 1.3 x 108
1L Mav mutrom/e:z was squivalent to 1 r of 250 XVP X ray. Plans are to
refine the exposure techniques and repeat the experiment in 1954.

. Ths Production of lens Opacitiss in Mice with 14 Mey

Neutrops. (Boone, Ecthermel and Siranz)

The mice remaining from the 14 Mev Cockcroeft-Walton neutron

exposures are being examined periodically for catarsct incidence. Up to
the present time no statsaent can be made regarding the relative effects
of 1, Msv neutrons and 250 KVP X rays for producing lens opacities in
mice,
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a._The Relative Biological Effsctivenass of 14 Mev Neutrons
in_Producing Soleen-Thygus Weight loss ip Mice, (Ellimvood. Harzis.
Schweitzer sud Sanders)

Atrophy of the spleen and thymus of the mouse vas used as
the biological test system to deteraine the REE of 14 Mev neutrons com~
pared to 250 KVP X ray. The results showed that 1 x 108 rx/t::ll2 was equiva-
lent in effect to 1 r of X radiation. Ca the basis of rep calculated from
theoretical single collision curves the RBE of li Mav neutrons vas 1.6,
Therefore, the RBE of the 7 Mev recoil protons zust be between 1 and 2
for the biological response cbserved.

9. The Relasive Effocta of Ecersy Iauivalsnt laisctiopa of Fu
and Ba_in Decressiog Fa®” Upiake by Red Elged Cells of Rata, (Purchoer
and_lotg)

Rets vere injected with equivalert amcunts of Pu and Ra
(on an snergy basis) as e part of an extensive study on the effects of
varying types of radiation upcn bone marrow function as asasured by re?
uptake by red blood cells,

On the basis of results obtained it was not possible to
assign values for the REE of the slpha particles of Pu and Ra. The in-
homogensous distribution of thess elements in the body made valid coipui-
sons vith total body radistions impossidle. Pu wes roughly 20 times as
effective (on the energy basis) as Ra in depressing bone marrovw function
probably bscause Pu wvas deposited in the endostaum and the pericsteum

while Ra wes deposited in the spatite structure of the bone. The results
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dc, however, give the first experimertal evalustion of the relative
offectiveness of the two modes of depcsition with regard to radiation
of the bone marrow.

B.—The Sulfhydril Content of the lana Followipg CAtaracsos
gepis_Dosen of Radisticon, (Rothermel snd Straced

This work, undertaken last year, has been cokpleted.

The sulfhydril content of lerses of rats which had beern given cataracto-
genic doses of radiation vere followed for 16 veeks after irradistion
(short of opacity development). Socme deterairations vere made immediately
after irradiation and others st intervels during the ensuing wesks.

No decrease in the sulfhydril content of the lers as a
function of time after irradiation could be demonstrsted. It appears un-
likely that the bioclogical effects of radiation can be explained by any
immediate , detectable, over-all blochemical change in the tissus irracdiated,
Siailar results to those reported here have recently appeared in the open

literature,

.- Studiss on ths Machazism of Action of Tharmal Neutrons
in_Exoducing Riclogicel Effecta. The E{{ect of Propbvlagtic Ageats op
Suryival, (Storer, Ellizwcod and Sarders)

Prelimirary experiments, mentionsd in last year's report
indicated that certain prophylactic agenta protected against X rays but
not against neutrons. These studies have been repested. Mice pretreated
vith peaminopropiophencns (PAPP) and glutathione were partially protected

ageinst I and gumms rays but not agsinst thermsl neutrons.

3l

e —— mn(0 { 3140403 5mmnamnn

RURERIEN ;




It thus appears that the effect of the high specific ioni-
zation resulting {rom neutron irradiation is indeperndent of the concentrs-
tion of molecular oxygen in the animal since the effect is immuns froa
interference by added sulfhydril groups. This vork has been reported in
LA-1527 (1953).

t.—Propuviactic Yelue of Various [oos Marroy Stimulants
Acaipas I Badiation. (Ellimwood. Sandsrs. Sobwsitser apd Storer)

Nephthalene and pyrogallol vere sdministered to mice to
induce myslopoistic and erythropoietic hyperplasis before irradiation.
No protective effect could be demonstrated and the study was dropped.

2. Studies on the Thecsoy of Badiation Illnsss, (Storar,
Ellimvood and Sandsrs)

The reported benseficial effects of splenic implants upon
radiation illness vas used as a point of departure. Thymuses from Ak
mice were implanted into irrsdiated Ak mice. No beneficial effect could
be demonstrated despite the beneficial effect of spleens in this strain.
Thymuses, lyupbh nodes, and spleens vere alsc transplanted from vhits
Sviss mice into irrsdiated vhite Suiss mice. There wers no beneficial
effects from any of these implants - including the spleens.

This work strengthens the belief that therapy by splsen
implants is effective orly in certain highly inbred strains.

t.lhe ELLacs of Dicumsrol in the Irsatsent of Rediaticp
Ilress,  (Ellinyocd, Schveitzer and Storar)

Dicumsrol has been shown to prevent clinical radiation

preumonitis wvhen X rays have been delivered to the thorax. The posaibility
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reverse the inhibition in such organisms ss lactobacillus plantarus,
Sacchronvces sarlsbargeansls snd two strains of £, goli, No reverssl of
isoniazid inhibition with vitamin 86 or its derivatives hovever could be
ottained in ary of the Mycokaciarig tested. It seems more likely that if
isoniazid acts as an antagonist of pyridoxine or its derivatives in
Mycobacteria it is not a siaple substrate competition or uptake phencmencn.
Preliminary results indicate that the uptake of C‘u-hholod isoniazid vy
Mycobacteris is very smsll and as yet no conclusion can be dravn as to

the mode of action of isonissid in inhibiting their growth.

%o Isolation of C*4-labeled OPN and TPN from lactotecillus
Pollowing Incornoratien of CY-Nicotinic Acid and Its Smide ipte the
Medis, (Boope, Turpev apd Woodward)

While in the process of studying the uptake of cléolabeled

alcotinic acid and its amide by [actobacillus plantsarus (arabinosus)
(17-D AATCC No, 01%) and several other organisms, {t vas found that

50 per cent of the labeled material could not be removed from the cells
with saline vashss but was removed vwith pH 4 buffer. The materisl vas
chromtographed and identified to be diphosphopyridine muclectide (DPN)
and triphosphopyridine nucleotide (TPN). These compounds could be sluted
from the filter paper and with the use of Samopbilus inQlusnsag the ‘
quantity and specific activity of the matarials could be determined.

The conversion of the nicotinic acid to DPN occurred within an hour even
vien added to the bacteris susperded in physiologic ssline. This method

bas promise as a means of preparing commercial amounts of DPNW.
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Y. Mdscration of C*4-Nicotinis Mcid and Helated Compounds by

lastobmcillun, (Woodward. Turney and Boonel

The metabolism of Cié-nicotinic mcid by Lagtobsciliug has
peen shown to be ® cell surface phenomenon. Both groving and saline sus-
pended cells eadsord Cu-nicotinic scid and reach cell surface saturation
et 8 quantity 20-fold in excess of the requirement for maximum grovth of
the organism.

The adsorbed Cu‘-nicotinic acid is incorporated as DFN and
TPN, No other labsled metabolic products or intermediates were isolated
in the cellular desorbate or in the spent growth medium. The locslization
of coenzyms on the cell surface of & microcrganisa is in contrast to stor-
age in the mitochondria of liver and kidney cells. Adsorbed ccensyme is
transaitted to daughter cells with fission of the parent, as evidenced
by the reproduction of saturated cells for several gensratiocns in nico-
tinic acid {ree nedium.

Less than 0.1 per cent of cM_nicotinie acid or amide
{a degraded to Cu'-cu-bon dioxide. All known fractions account for
60 = 75 per cent of the total Cl4 activity.

Structural isomers of nicotinic scid also labeled with
C14 are not sdscrbed by Lactobscillus snd suggest that the meta carboxyl
position is an essential orientation of nicotinic acid and its amide for
adsorption and assimilation.

2. The Uotake of C*4-labaled lacoissid by Mrcolaciarium,

{hecoe and Turzex)

Various strains and species of Mysghaciariug are being
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used to messure the uptake of CH-tsoniasid, Strains which are resistant
and nonresistant to the drug are deing used to messure the uptake in media
ghere concentrations of known or suspected antimetabolites or inhibitors
of isoniazid are also present, such as pyridoxine and its derivatives,
sodium pyruvate, and biotin. No conclusive results have been obtained
to date.

sa. _The Ralationabin of Prridaxine to lacnlasid as an Antd=
meiabolita in the Bat. (Boape sod Turosy)

An extensive study wvas undertaken to determine what re-
lationship, if any, exists betwesn pyridoxine and isoniasid inm animals.
Eighty msture rats vere divided into four groups of 20 animals each.

These groups were fed & basal dist deficient in vitaain 86 supplemented

by intraperitonsal injection as follows: 1) Control (bmsal diet supple-
mented by Bg), 2) basal diet supplemented by desoxypyridaxine, 3) bassl

diet plus 50 mgm/kilo isoniasid, and 4) basal dist plus B¢, plus 120 aga/kilo
isoniszid daily. All enimals vere pair-fed and injected with the supplement
daily. All anizmals vere observed for the effect of the various regimens

on weight loss and signs of 111 heelth, effect on tryptophans metadolism

a» nsasured by xanthurenic acid output, tissus psthology and metabolima of
¢M_isoniasid,

The results indicate that snimals that vere deficient in
pyridoxine and received only minimal doses of isoniasid had greatar weight
loss than any other group. These snimals developed severe convulsive

seisures earlier than those in Group 4. These seisures could be reversed
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or provcntod with adequate doses of pyridoxine. The xanthurenic acid
output with forced tryptophans does not appear to be increased by isoniazid,

2.1 Radigpathology Section (G, C. luahbaugh. Section leader)
2.1.) _Genarsl Commants on Seciiop Activities

The activities of the Pathclogy Section can be summarized as

follows:

a. Research on cytological effects of radistion upon indivi- ;
dusl cells and tissues with particular reference to their ability to divide )
and reproduce theamsslves.

b, Research oa the naturs of the damage prbducod in skin by 4
beta irradiation with particuler emphasis on the chemical changes produced j
by ssssive, rapid doses of ionizing radiation.

¢. The provision of service to other sections and groups re-

quiring pathological interpretation and preparation of experimentally and 1'
¢linically obtained materials. ]

The Section was fortunates in obtaining the services of John |
Spalding, Ph.D., Lora Belle Hughes and Rita Saith.

2.2.2 Acticles and Documents Origipating in the 3ectiop
a. Experimental Acute Radiodermatitis Following Beta Irradia-

tion. I. Its Pathogenesis and Repair, Cancer, § 671-677 (1953). C. C.
Lushbeugh, J. B. Storer and D. B, Hale,

b. Experimental Acute Radiodermatitis Following Beta Irradia-
tion. 1I, The Inhibition of Pibroplasia, Cancer, & 678-682 (1953).
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¢. C. Luahbaugh and J. B. Storer,

¢. Experimental Acute Radiodermstitis Following Beta Irredia-
tion. III. The Changes in Water, Fat and Protein Content, Cancer, § 683685
(1953). C. C. Lushbsugh and D. B, Hale,

d. Experimental Acute Radiodermstitis Following Beta Irradia-
tion. IV. Changes in Respirstion and Glycolysis, Cancer, § 686-689 (1953).
€. C. Lushbaugh and D, B. Hala. ‘

o. Experimental Acute Radiodermatitis Pollowing Beta Irradia-
tion. V. Histopathological Study of the Mode of Action of Therapy vwith i
Alos Yars, Cancer, § 690-698 (1953). C. C. Lushbaugh and D. B, Hale.

f. The Effect of Rapid, Massive Dosss of GCamms Radiation on ’

the Behavior of Subhuman Primstes. LA-1558 (Confidential). W. H. langham,
S. J. Xaplan, J. E. Pickering, C. C., Lushbaugh, ¥W. Haymsker, J. B, Storer
and P, S, Harris,

g. Comparative Study of Experimsntally Produced Beta lLesions

and Skin lesions in Utah Range Sheep. Intra-Commission Project Report
used es an Appendix to the fimal report of the Atomic Energy Commission
on the 1953 sheep losses in Nevada. C. C. Lushbaugh, J. P. Spalding and
D, B, Hale. |

-

These studies are being continusd in sheep in order to
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extard the cbservation of the excellent sfficiency of the wool in pro-
recting the skin from strong beta irradiation. Since 3 cm of wool ap-
pears to protect from exposure to 100,000 rep, it seems that fallout
contazination of livestock during the 1953 Nevads test series should
not be & concern of sheep raisers. Cross and microscopic pathology of
the lesions of Nevads sheep indicated that they vere not the same type

as thoss produced by Sr?9-1™ beta radistion.
ko _Pathelogical Ef{fects of Rapidly Adminiatared large
Asounta of Radiation. (Lustbeygh., Wellnitz and Hale)

1) Pathologic Studies of Morphologic Effects, -- The
histopathology of monkeys exposed to large amounts of radiation ls being
studied and compared vwith that of similarly exposed rodents. Special
stains are being used which selectively stain endocrinologically active
cells in order to determine vhether previously observed changes in the
pituitary glands of monkeys under these conditions also ocewr in rats.

2) Cytological Studies on the Effect of Rapid, Massive
Doses of Radistion on Mitosis., — The previously reported occurrence of
large numbers of mitoses in the livers and kidneys of heavily irradiated
rats has agein led to an interest in studying the amount of radiation
necessary to prevent aitosis in the regensrating livers of rats, Uiing
the normal mitotic processes of the jejumal crypts the cosgulative effects
of such large amounts of radiation are being investigated.

s.Epdocrinelogic Jtudy of the Fupcticoal Capacity of tha
drradiated Pitultary Cland, (Soalding and Wellnital

Parslleling the study of the morphologic changes of the

.
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pxtuiwy gland after irrsdiation is a stidy of the amcunt of rediation
pACESSATY to suppress pituitary function as deterained by hormoral inter-
relationships of ovulation in the rat.

doAdditdonsl Riolozical Test Jratems for Detexmlning. the

gslasiya Rlclozioal Effectivanase of Yarious Elnda of Badiation ivallabis
ablea Alamcs.  (Joelding, Lushhmugh. tarzis. ale snd Hughes)

Bscauss the REE of various radistions may be depexdent on
the bioclogical test system used it is desirahle to develop as many test
 systems as possible and to apply them to the sssoriment of rediations
available at los Alamos for comparison of our results vith those of cthers.
Therefore, systems used by other investigators are being developed for use
in this laboratory.

1) The Broad Bean Root ss & Test System for Studying
Biological Effectivensss. — This system was chosen for study and use be-
cause of the success obtained with it in the classioal experiments of
L. K. Gray. The prot:lcﬁ of culturs of thess beans have now been over-
coms ard the baans are growing well under easily reproducible conditions
obtainabtle the year rourd in Los Alamos.

2) The Growth and Luminescence of Agixpmebaciar {ischexi
as a Test System for Studying Biological Effectivenass., - This lﬁt.,
devaloped by Hoyt Whipple and others, is particularly sdaptable to condi-
tions at Los Alamos whers mary of the radiation devices emit their redia~
tion in amall parts., The growth and emission of light of these bacteris
are being studied by the use of electronic equipment peculiar to this

<3~
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1aborstory. The attempt is bsing made to standardise the response of
these organisms %o radiation so that the chemical damsge in the cycle
responsible for the production of light can be studied.

2..Iha Patbolesical Effects of lscpiazid Compared with
1hase of Descxyryridaxine. (lusbbaueh and Boopsl

In conjunction with snother Section, the histological
sffects of desoxypyridoxine competition with pyridoxine are being studied
in order to aid in the determiration of the mechanism of sction of iso-
niasid. The interest of the Psthology Section im this problea stems
from the reported mitotic arresting properties of these substances for

lymphopoietic tissuss.

L. Studies of Dermsel Bets Eax Iniuries in Shesp and Other
Animal Speciss,. (Lusbbeugh, Spelding and fals)l

Studies which are now in progress are concerned with:

1) The Precise Amount of Hadiation Required to Produce

Permansnt Damage to the Wool Follicle of Range Sheep.

2) The Mschaniasms Involved in Epilation and Regrowth of
Hair in Colored Mice Injured with Beta Rays.

3) The Effect of Pravious Epilating Doses of Radiation
Upon the Effects of Subsequent Radiation.

4) The Effect of Local Radistion Upon the ATP Content
of Skin,

The minute amounts of this important substance present

in the skin has led to the utilisation of the method of ATP amalysis besed
upon the emission of light by extracts of firefly lanterns when ATP is added.
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This method has novw been standardized and tested byt its imental
sxperimen
yse svaits procurement of additional firefly lanterns

m%
Mﬂ%

These studiss are being contirued ag thres closely related
projects:

1) The Effect on Serum and Tissue Phosphotases.

2) The Effect on the Resistance of Partum and Post-
Partum Rats.

3) The Effect on the Resistance of the Walker Rat Tumor.

k. Asolication of Histechemioal Ischniouas to Badicpathology,

{iallnits. Fale, Seith and lushtaush)

These techniques are being used in order to detsrmine
morphologicslly vhere ensymatic slterations have occurred in irrsdiated

tissues after whole or partial body irrsdiation.

2.4 _Bloptvaigs Section (E. C. Andsrson. Seciion Lesdsr)
2.sl.. Gepazel Commenta on Section Actlvities

The Biophysics Section was not formally organised until
Decembsr 1953. There was, therefore, no organized sectlon program during
the year. However, the activities of the various staff members transferred
to the section are grouped under the section heading as though the section
had been in existence during the year.

The various members of the Biomedical Research Group trans-

ferred to the new section vers E. C. Anderson (Leader), J. D, Perrings,
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F. N, Hayes, F. C. V. Worman, Robert Schuch, Betty Rcgers, Louise
larkins, John larkins and Kenneth Kohr.

During the year Robert Schuch transferred to J-Division,
F. N. Hayes wvas loansd for s time to J-Division, and John larkins trans-
ferred into the Biophysics Secticn from CMR-7.

During 1953 the activities of the sectiocn were grouped into
the fcllowing general categories:

a, Continuation of the Neutrinc Program,

b. Studies of the Furdamental Principles of Liquid Selution
Scintillators.

c. Construction and Study of large Volums Liquid Seintil-
lators,

d. Dosimetry Messursments and Calculstions for Other Sections
of the Croup.

e. Participation in the Croup Projects for Codiva Radiation
Studies, High Dose Effects on Monkeys,and Studies of the Inhalation

Hasards to Personnel within an Atomic Cloud.

2.ha2__Axticlas apd Docupents Originating o the Sectiop
a. Deteraination of Total Body Rediation Using Liquid Scintil-

lation Detectors, Neture, 172 521 (1953). F. Reines, R, L. Schuech, C. L.
Cowvan, Jr., F. B. Harrison, E. C. Anderson and F. N. Hayes.

b. The Production ard Distridution of Natural Radio Carbden,
Ann, Rev, Muclear Science, 2 63 (1953). E. C. Anderson.

¢. Copenhagen Netursl Radiocarbon Msasurements, Science, 148
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6 (1953). E. C. Anderson, H. Levi, ard H, Tauber.

d. Incidence of Adbnormal Lymphocytes in the Peripheral Blood
of Rebbits During snd After Chronic X Radiation, LA-1494 (1953).

F, C. V. Worman and R. E, Carter.

e. Purther Study of Hematological Changes in Humens Chroni-
cally Exposed to Lov Level Camma Radiation, LA-1440 (1953). R. E. Carter
ard F. C, V., Worman.

f. Critical Sedimentation and Viscosity Studies on Calf
Thymus Sodium Desoxyribonucleats, J. Colloid Science, Aug. 1953.

V. L. Xoenig and J, D, Perrings.

g. Large Liquid Scintillation Detectors, Phys. Rev., 0
493 (1953). C. L. Cowan, Jr., F, Reines, F. B, Harrison, E. C. Anderson
and F. N. Hayes.

h. Liquid Seintillation Counting of Natural C1&, Phys. Rev.,
92 512 (1953). F. N. Hayes, D. L. Willisms and Betty Rogers.

f.bad _Prosress of Scecific Eroiects

8. Ihe Meutrine Progrss. (Anderscn, Haves. Sebuch and Bogers)
Participation in the neutrino experiment at Hanford oc-

cupied the first three months of 1953. The results of this sxperiment
have been reported in several papers in the Physicel Beviey. From the
point of view of H=i, the principal result of the participation vas the
sxperience gained in the design and operation of large volums scintil-
lation detectors,

All scintillators used in the prograam vere designed and
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prepared at Los Alsmos by Group H-4 and were then transported to Hanford
vhere cperations such as filling and emptying the detector and testing

the solutions were performed.

k._Synthesis and Study of Orsagic Sciztillatora. (Harss,
Rossza..danders spd Kobx)

Nev scintillation solutes in the 1,3,i-cxadissole series
have bsen prepared ard tested.

A very detailed study of liquid scintillstion solvents
has been completed. Relative pulse height and current messurements as
pure solvents and as mixtures with toluens have been run with the use of
2,5-diphsnyloxasole as & standard soluts.

The relative merits of plastic and liquid secintillators
have beer studied with a variety of sources, noting both scurce strength
and particle energy effects.

Sa—Construciion apd Study of larse Volume Seintillation

Retactars for Biclogical Use, (Andsrson, Haves, Schuch, J. larkins,
Daxxings and Rossrs)

1) The Whole Body Humsn Counter. — Preliminary msasure-
ants of the geams emission of the human body were obtained using & modificati
of the neutrino detector. These results are «xtremely impressive in that they
shoved it to be possible to measure i yivo the natursl potassium content of
humsns and indicated a sensitivity to Ra of less than 1/10 of the maximum
peraissible level. These results are published in Natuxre, 172 521 (1953).
Confirmstion of the value of this detector is given by the work of Spiers
et laeds and Sievert st Stockholm. They !'-vo constructad eladorate ion
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chamber installatiocns capable of esssentislly the same sensitivity. How-
ever, tvo to four hours are required by them to make a asasurement which
can be made in our counters in 10 minutes. The sgrsement between owr
K-40 measuremsnts and Sisvert's are striking. We found seven subjects
to show activities ranging from 79 to 158 x 10.103 Ra equivalent with

an average of 123. Sievert's values for 12 subjects ranged from 78 to
168 with an average of 1li. Sievert has shown a striking linear increase
of whole body activity with age, vhich seems to be in good agreemant with
the hypothesis that this rise is due to Ra ingested from drinking vater
supplies. His results suggest that our counter would be of great uss in
studying the very important problem of the matural Ra level in humsns.

Of equal or greater importance is the fact that the results of Spiers
indicate that the apparatus can be expected to detect ip yivo sr 0.y
at sossvhat less than the maximum permiseible level.

2) Whole Body Counter for Dogs. ~- A scintillation de-
tector similar but smaller than the humsn counter mantionsd above wvas
built for the University of Utah for asssurement of total Rs end RdTh
in the intact dog. The counter, called K-9, is in succesaful operation
ard will be described in a forthcoming paper in Nuglseopics, It 1is planned
to design and build s somsvhat similar detector to messure Sr9° through
its Bremsstrahlung.

3) The 2.5 Liter Detector (Arm Counter). — A emaller
detector than either of the onss mentioned above has been designed, built
and tested. It has & 2.5 liter capacity, uses six photomultiplier tubes

and {s shielded vwith mercury. Its purpose and use is low level detection
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of gamdh photons froa grossly sacrphous sazples with volume less than
2.5 liters. Its specific application is counting the human forearm, mice,
rats, guines pigs, rabbits and 24-hour urine samples or other materials
of biological interest which can be accommodated in the 12 in. deep by
, in., diameter cylindricsl sample section. The detector portion surrounds
all but the opening of the sample section thereby allowing high geometrical
officiency., A thickness of (.5 in. of liquid scintillator viewed by six
photomultipliers with associated electronics and surrounded ty mercury
shielding makes up the complete detector,

This counter will bse used in biological protblems and

vill serve &s a smsll testing model for the husan countsr yst to be built.

d.Small Scintillation Detactors for Mamsurement for Bets
Badiation, (Anderson and Perzingsl

Scme work has continued on smsll detsctors for measurements
of CX% and tritium. The consultant services of Prof., J. R. Arnold of the
University of Chicago have been valuable in this ccnnection. Messuresents
of natural rsdiocarbon have been made and the stability of the counter
considerably improved. Tritium measurements are being made for s W-2 cross-
section problem., (Richard Olcott, W-2).

An installation for ccunting single photon pulses using s
Sviss photomultiplier tube was constructed for the Radiopathology Secticn
for adinosens triphosphate assay by the firefly method,

s, Neutron Dosimatry Studies. (Anderson. J. [axkins and
Paxzings)

One of the most important problems concerning the
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piologicsl aspects o the atomic energy program s the determimation of
physicsl dose (in rep) delivered to tissue by neutrons. During 1943 o
progran was started to fabricate, calibrate ard use tissue equivalent
jonization chambers. Chambers of graphite and tissue quivalent plastic
nave been conatructed ard are now in process of assembly. They will be
applied to spacific problems of deteraination of REE for the various
neutron sources available at the Los Alamos Scientific Laboratory, It
is anticipated that continuance of this project will constitute one of
the major efforts of the Biophysics Section during 1954,

Foil asasurements have slready been mmde uaing Godive
ard the Cockeroft-Walton accelerator. These messurements will be cone
tinued and correlated vith tissue equivalsnt ion chember messurements

and biological effectivensss studies.

During the psst year sedimentation and viscosity studies

Bazringal

wers conducted on calf thymus sodium descxyridonucleats, type 1II pneu-
mococcus desoxyribonucleic acid and type III pneumococcus somatic and
capsulus polysaccharides. These results have been submitted for publi-
cation and the projects have been discontinued.

Lo—d=Rivisicn Erogram.. . (aves, Schuch, Bogars and Xohr)

Since November 1953, some meabers of the Biophysics

Section have transferred their efforts completely, or in part, to prob-
lems of intersst to the bomb test division, These efforts evolys around
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the application of liquid scintillator technigques to certain diagnostic

,“,u:mnto of atomic detomations.

2.5 Ormanic Chesiatry Section (A B. Restie. Section Lesdsr)
2.5.) Cenaxal Commanta on Jection Acilvities

During 1953 the general sctivities of the Organic Cheaistry
Section were as f{ollows:

a. Synthesis of labsled Compounds.

b. Services to other Croups and Divisions of the lLos Alamos
Seientific lLaboratory in the Form of Freparation and Purification of
(rganic Compounds, Micro-Amalysis of Special Materisls and Preparstion
os Scintillator Solutions.

¢. Preparation of Manuseript of a Boak to be Published by
Interscisnce Publishers Entitled "Organic Syntheses with Isotopes.”

d. Preparstion of Special Scintillator Solutes and Solvents.

The Organic Chemistry Section lost soms time moving inte the
new building,

The isotopic labeling of vitamin 36 has proved e very dif-
ficult job., About 50 per cent of the time of two persons vas expended
following variocus syntheses that had promise of lesding to the Cu‘-
labeling of this materisl. Success with the project has not been
achieved but sdditioral leads have been developed.

adadAxticles szd Docusants Qrizinating in the Sectiod

The following documents or articles were prepared by the
neabers of the Orgenic Chemistry Section:
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a. A Contribution to the Total Syntheais of Alizarin,
synthesis of 1,2-Dihydroxy-9, l0-Anthraquinone-9-Cl%, Org. Chea., 18
489 (1953). D. Lloyd Williams.

b. Preparation of a Standard Sample of BensoicCl# Acid,
ADC-1385. D. Lloyd Willians.

2.5.3_Prograss of Specific Proiscis
. Crmaxacadaium Cospounds for Scintillatien Counting of
Feutrons, (Willisms and Haves)

The preparation and study of dimethylcadaium and diphenyl-
cadmium as agents for acintillation detsction of neutrons was continued
from 1952,

The organocadmiun compournds, dimethylcadmium and diphenyl-
cadnium vere prepared via the Grigmard reaction, Dimsthylcadmium, which
appeared the more promising of the two for seintillatlon work, was purified
by distiliation under & dry nitrogen atmosphere. These compounds are very
sensitive to moisturs and oxygen and are, in addition, quite toxiec.

Sclutions of dimethylcadmium in dry toluene vere prepared
for evalustion in the liquid scintillator phass of the nsutrino detection
program. Tests made with the pulse height discrimimator spparatus indi-
cated this cless of compounds exhibited serious quenching properties and

vers of no velus to the neutron detection prograa.

. Iresaration, Purification apd Drving of Cadmiua
Exopignats fox Neutron Studissa. (4illisms, Mzzay and Bonaig)

Becauss of its favorable neutron capture cross-section
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very pure, dry cedmium propionste was desired for the neutrinc progran
and for neutron detection studies., Cadmium propionate was prepared frem
cadmium hydroxide and propionic acid. Since it wms suspected that the
instability of the solutions was dus to hydrclysis of the salt, a semple
of the air dried material was tested for water cf crystallizatlcn. It
was fcund that the two moles of water formed in the reaction were present
as vater of crystallization. This wes ccmpletely remcved upcn drying
the salt for one ard one-half hours under vacuum at the temperature of
toiling alcohcl. Solutions of the dry cadmiua propionate in the methancl-
toluene scintillator medium were prepared for testing. These sclutions
remained clear fcr more than one month,

Six kg of cadmium prcpiomate was prepared commercially
for the nsutrino program. This material wes teated for water content
upon arrival ard vas found to contain 2.9 per cent moisture, which made
drying, prior to use, necessary. This zaterial was successfully con-
verted to the anhydrous form without deccaposition.

S.Prssaratien of Carben** Scintillation Standards..  (¥illiazs)

Two samples of btnzoic-cu‘ acid were prepared for use at
internal standards in determining the efficiency of liquid scintillation
cl4 detection systems, The {irst of these was prepared from a Bureau of
Standards c14 rh2C03 solution. This standard was cf doubtful value because
of the rather wide limits of error involved in the scdium carbonate
standardization.
cl

A secerd standard vas prepared as follows: -carbon
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dioxide was prepared f{roz a sample of cl4-barium carbornste and vas divided
into two approximstely equal fractions. Ons of these vas converted to
b.nzoic-clL acid via the Grignard reaction; the other fraction was analyzed
on the mass spectograph by R, J. Kandel of GM(~2. A sample of the benzoic-
¢}t acid was burned to carbon dioxide which was slso aralyzed by Dr. Xandel.
Isotopic ratio correlation between the two saxmples was extremely good.

A liquid scintillation cl4 detection systen was stand-
ardized with the above benzoic-cu‘ scid for the determination of the

cural radiocarbon content of contemporary p-cymene (from trees) by
F. N. Hayes,
4. Smthenis of Methvi-Cl4 Mconol. (Willisms)

The reduction of carbon dioxide to methyl alechol by
lithiun aluminum hydride reagent wes investigated. Methyl aleohel theo~
retically would be a gosd medium for the scintillation counting of matursl
carbon samples. The method was carefully worked out snd the only diffi-
culty wvas in running a lithium aluminum hydride reduction on a large
scale; e.g., 30 grams of methanol.

The method was used to prepars & 10 mc amount of msthanol-
¢4 for use in the labeling of e hydantein,

9. Svnthesis of Pyridoxipe-Clé, (illisms)

Labeling of pyridoxine via ths known synthetic procedurss
would be gquite undesirable from the point of view of isotopic yield.
Therefore, an approsch to the problem wvas taken whereby pyridoxine itself
is converted to an intermediate which can be labsled via either the

Crignard or the halogen-metal interconversion reaction. This is best
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accomplished by oxidizing either the 4~ or S~hydroymethyl group to s
carboxyl group., Replacement of the carbaxyl carbon by an amine group,
via elther the Curtius, Hofmann or Schmidt resction, which is in turn
replsced by halogen in the Catterman reaction, would give the desired
intermediate for the labeling step.

Actually, pyridoxine (2-methyl-3-hydroxy-i-hydroxy-
pethyl-S-hydroxymethylpyridine) is difficult to work with becsuse of the
varied and resctive functional groups. Since L-halopyridines are less
stable than 5-halopyridines it vas decided to make the S5-btromoderivative.
Permsngunate oxidation of the 3-methoxy derivative, prepared with
diasomethans, gives a majority of the S-carboxy compound mixed with the
other possible products. A much better approach is the formstion of &
3,4~ketel with acetons vhich blocks the 3,i-positions and allows nearly
completes oxidation of the 5-hydroxymethyl group to carboxyl. The ketal
block is stable only in neutrsl or btssic media and the gemma-hydroxy acid
configuration resulting from loss of the block is stabilized by formtion
of a gamms~-lactons, The required hydrasid has been prepared froa the
lsctone with hydrazine hydrate but application of the Curtius reaction
conditions results in a reversion to the lactons.

Muture vork will be along the two immediately available
avenuss vith the intermediates at hand., The barium salt of the 2-methyl-
3,4~kstal~5-carboxypyridine will be subjected to the Schmidt reaction.

In addition, the 5-amido derivative vill be prepared from the lactons

for use in the Hofmann reaction.
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A third approach, which may be useful if all others fail,
is a total synthesis patternad after the improved method nov in use by
Merck and Company.

This work will be continued.

L_Syntbeada of Compounds for Liauid-Sciptillator Studiss,
(Hilllsps)

The synthesis of a series of furan derivatives for
testing as scintillators has been initiated. 2,5-Diphenylfuran vas
prepared via dibenaoylethane. An intermediate, beta-benzoylpropionic
acid, useful in preparing other meambers of the furan series has been
prepared.

&—Becaxery and Purification of CM-Nitrogsn Mustard, (Marray)

Badly decomposed Cl4-nitrogen mustard (8.45 mc) from the
Oak Ridge stockpile was processed for recovery and purification.

The project was completed and 5.5 millicuriss of purse
compound was packaged and delivered to Oak Ridge effecting a saving of
several hundred dollars.

b._Frepsration of Scecial Solvents for Scintillater Frogrsd.
{Morey)

In order to evaluats the effects of hydrogen in the
hydrocarbon solvents of the liquid-scintillator system a series of sol-
vents was desired in which an incressing amount of hydrogen is substituted
by fluorine. In order to £ill the gaps left by the compounda umttainable

commercially, & fev fluorocarbons were synthesized.
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Highly pure samples of cyclohexyl fluoride and 1,4~
difluorobensens were prepared. The preperation of 1,2,.i-triflucrobenzens
vas unsuccessful because of instability of an intersediste compourd.

i Prapazasion of SyokayeitesGiés (Mrray)

A synthesis vas developed for the preparation of 1,4~
msphthalenedial~2-methyl-Clé-diphosphate tetrasodium salt. The investi-
gation included & study of two methods for reducing 2-msthyl-l,L-maphtho-
quinons and & nuaber of methods for separsting the Synkayvite froa
inorganic phosphate. Trial experiments on the 1.7 millimole scale gave
yields of spproximately 50 per cemt based on the quinone. The potentic-
metric titration curve of the acid (equivalent weight, 81; cale., 83.5)
proved to be quite dissimilar to that of phosphoric acid.

No isotopic synthesis has bsen msde because of interest
slong similar lines by a group of investigators in Englard.

Lo Jmyeatimtion of Mathoda of Preparation of Bervilius
Exdcide. (dgzay)

A sample of hitherto unobtaimmble pure beryllium hydride
(fres of ether and other contaminants) wvas desired. A litersture study
vas made of knowvn methods for preparing the hydrides of all elements
associated with beryllium in the periodic table. A litersture study
was alsc mede of the known resctions of ether and etherates with the
viev to dissociating the complex.

A section repcrt wvas made reccmmending what appear to
be the more profitable avenuss of approach to the synthetic probles.
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K._Syntbeais of Halogen Substituted Pyridine Ring
Coppounds. (Muxzav)

The reaction of Bockemuller and Hoffmann® peraits the
preparstion of alkyl and sryl halides in good yield through treatasst

of the silver salt of the sppropriate carboxylic aeid with halogen.
Attezpts wers made 1o adapt the method to the hetero-nitrogen ring
system by preparing 4-bromopyridine and 3-bromopyridine. The ailver
salts of both nicotinic and {sonicotinic scids vers extremely resistant
to reaction with Yromine, even urder forcing conditions, and no recog-
nizeble product was formed.
(Marzay_and Langban)

1-Hydrasinophthalasins exerts & profound offect in con-
junction with other drugs in effectively reducing nypertension btut its
metabolism and mode of action is not wderstood. A labeled sample of
the drug would obwviously be of velue in furthering its investigstion.
A study of the literature of phthalasines has turned up seversl proais-
ing methods for synthesising the drug labeled in the diasine ring. This
praparstion may be attempted in the coming year.

3.__Studiss of the Svntbesis of Prridaine-Gié, (Murravl

The vitamin pyridoxine has been discovered to be an
antagonist to the tubsrculostatic drug isonicotinie scid hydrasid, To
further an investigation of this phenomenon, which has been studied al-
ready with clé.labeled Nydrasid, the labeled compound is desired and

"W, Bockemuller smd F, H. Hoffmann, Ann., 520 165 {1935).
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several syntheses have been explored. The seversl known total syntheses
of the vim.ui require far tco mmerous steps to be attractive in any
carrier-free preparation of the ring labeled compownd in the high spe-

i cific sctivity requisits to such a study. Of the three substituted
groups on the ring that possibly might be labeled late in the synthesis,
position 2 is uniquely specific in that it must be methyl to retain the
vitamin activity. For these reascns it wvas decided to attespt the
preparation of msthyl-labsled pyridcxins.

There are s alf dosen known remotions in pyridine
chanistry that result in alphs substitutions with an alkyl grouwp, ard at
least four that produce halogen substitution. It might be hoped in the
latter case that a methyl group could be introduced dy a coupling
resction such as vas employed in the labeling of vitamin K. The de-
sired starting material could be made available by 1) degrsdation, and
2) synthesis:

1) An attampt vas mads to oxidise the pyridoxine
substitusnts st 2,4, and 5 to carboxyl vith permangamats, eince the
2-carboxyl can be preferentially remcved. The procedure wes not suce
cessful, largely because of the small amount of pyridoxine available
at the time and an unsstisfactory method of isolsting the product.

Both factors have been remsdied and further trials are wvarranted.

A series of attempts was made to convert pyridoxine
or the triacetats to the stilbascle, in the known manmner of dimethylating
alpha-picolines. Yo resction wvas found %0 take place, although every
known condition of atilbasole formation ves tried.

«£0-

00131404.061

B ]

1054017 Can



2) Effort was directed tovard synthesising the
starting material by the oxidative degradstion of & suitable iscquino-
1ine derivative, L-methoxy-5 —aaino-1soquinoline. This ew
vas prepared in good yield by the folloving series: Iscquimltms,
L-aathory-5-nitrolscquinoline (nev), r-aethoxy-sweatmotsoquiselise (new),
Permangsnate cxidation of this compound under various corditions, howe
ever, never yielded more than minute amounts of 3-msthaxyeinchomsronic
acid, despite the fact that oxidation of L-tromoiscquinoline gve better
than 20 per cent yields of J-tromocinchomsronic acid. ¥No method was
found to convert this lattar compound to the ether. (~Methoxyisequino-
1ine proved to be mot easily separable from its starting material
4~-bromoisoquinoline.

Present effort is being directed toward a total sy~
thesis of the starting mterial by a modification of the axcellent new
(1952) pyridoxine synthesis of A. Cohn and J. A, Silk. Ethylbensyl-
amincacetate is to be cordensed with sthyl alpha-formyl succimts and
the ring closed by a Diekmann cycllzatlon. Treatment of this product
with sulfuryl chloride followed by nydrogenolysis 1s expected to give
3-hydroxycinchomeronic ester in good yield, This will be etherified
by treatment with bensyldimethylphenyl ammoniua hydroxide with none of
the usual complications of addition of the methylating agent to the

nitrogen.
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d._Fronosed Prograa for 1944

It i3 not possible to give in detail all the specific projects
that vill be pursued by the Biomedicel Research Group during 1954 be-
cause it is felt that the primary responsibility of the Group is to
slvays gear its progres, as the problems arise, to the acute needs of
the Los Alanos Sclentific laboratory and the Division of Biology amd
Medicine of the AEC. These problems cannot slways be predicted {n
advance because of the changing mature of the weapons development
program. It is possible, however, to list the projects which the
various sections are continuing from the 1953 prograa and those in
which there is an obvious foresesable intsrest on the part of ths above
agencies, These projects ars listed by title under the section heading

to compose a proposed program {or sach section,

3. Biochasiatry Seation (R, G. Geuld. Section lesdsr)

a. Effect of Radiation on Synthetic and Mstabolic Patterns in
Animals vith Speeific Reference to Lipids, Proteins and Steroids.
(Gould, Lots and Trujille)

b. PFactors Controlling Cholesterol Metaboliss. (Gould and Lots)

c. Iffect of Beta Radiation on the Steroid Composition of Skin.
(Gould, lots and Lushbaugh)

d. Effect of High Doses of Radiation on Absorption of HIO froa
the Gut, (Gould, Trujillo and langham)

e, Effect of High Doses of Radiation on Synthetic Punctions of

-&-

l 00131404.063

; 8 S ‘4 g I q E :.:?:« e 1‘



v

the Gut Wall. (Gould snd Trujillo)

f. Effect of Adremal Function on Water Balance Using HTO. (Eversole
and Gould)

g. Comparative Study of the Effects of Radiation on Ensymatic
Synthetiec Processes in the Intact Animal and on Tissus Slices Pollowing
ip yvitro end ip yivg Rediation., (Gould)

h. Significance of Red Cell Cholinesterase Values on the Pourth
Day After Irradistion to Radistion Dose and Effect. (Sabine and Miller)

i. Prognostic Valus of Red Cell Cholinestersse Levels on the
Tvelfth Day Post-Radiation. (Sabine and Miller)

J. Influsnce of the Reticulo-Endothelial System on the Post-
Radiation Syndrome. (Sabine and Miller)

k. Effsct of Chronic low level Radiastion Exposure on the Cholines-
tarase Levels of Red Blood Cells. (Sabine and Miller)

1. Mechanism of Imsctivation of Purified Cholinesterase by Radiation.
(Sabine and Miller)

m. Studies of ths Applications of Ethylenediaminstetrsacetic Acid
to Toxicology and Mstabolism of Radicactive Isotopes.

1) The Effect of Delsy in Treatasnt om the Ability of the Drug
to Remove Intermally-Deposited Pu.

2) The Effect of Parenterally Adaministered Drug on Pu Deposited
in the Lung.

3) The Effect of the Drug on Pu Deposited in Wounds,

4) Use of the Drug as s Skin Decontamimant and Possible
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Inverse Absorption of the Radio Contaminant.

5) The Extent of Injury to the Kidnsy Tubules Brought on by
the Adainistration of large Doses of the Drug under Various Physiologi-
cal Conditions.

n. Screening Experiments with a Variety of Agents toc Attempt to
Hasten Excretion of Intermally-Deposited se%,

0. A Quantitative Investigation of the Comparative Roles Playsd
by the Gall Bladder and the Lower Bovel on the Intestinal Excretion of
Farenterally Adsinistered sr%0,

p. Studies of ths Mode of Pu Binding by Bome.

q. Studies with the So-called 2.5 Liter Scintillation Counter
(Arm Counter) to Measure:

1) Turnover of K2 and Ne?* in Irrediated Rats.

2) Turnover of K*2 and Na% in Normsl and Hypertansive
Individuals.

3) Cardias Output,

4) Iron Turnover in Ansais and Polycysteais.

5) Circulation Curves in Peripheral Vascular Disorders.

r. Metabolism of Cl°Caffeine Administersd to the Rat. (Magee,

Ott and langham)

1.2 _Radichiclogy Section (3. Rotharmal. Sestion lemdar)
8. RET of 1L Mev Neutrons as Measured by Fe? Uptake in Red Blood

Cells of Rats. (Schweitser, Rothermsl and Sanders)
b. RBE of Pission Spectrum Neutrons from Godiva as Msasured by

b=
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k. Determimation of the REE of Neutrons Using Susceptibility of

CP, Strain and Possibly Other Strains of Mice to AKm Leukeais. (Boone

1
and Turney) v

1. Continuation of the Particle Size Radiation Studies in the
Respiratory Tract of the Rat, Concentrating on the Injection of Small
Radioactive Particles into the Lungs. (Beons, Turney, Anderson gt al.)

m. Completion of the Mstabolic Studies of cl4.Isoniasid in Pyri=
doxine Deficient Rats. (Boons, Turney and Mages)

n. A Continuation of Antimetabolic Studies of Isoniasid, Pyri-
doxine and Related Compounds in the Mygolactarius as Related to the CX-
Isoniasid Uptake. (Boone and Turney)

o. Continuation of the Preliminary Studies of Mouss Cataract After
Exposure to 14 Mev Neutroiws. (Boone and Strang)

p. Determiration of the RBE of Fission Fragments Using Neutrecn
Exposure of Animals Injected with Pu?3® amd Pu?%, (Harris and Langham)
q. REE of Na®s Beta Radiation in Depresaing Pe”’ Uptake by Red
Blood Cells of Rats ard in Producing Splenic and Thymie Atrophy in Mice.

(Schweitzer and langham)
r. The Effect of Fission Neutrons from Godiva on the Incidence of

Lens Opacities in Mice. (Boone, Rothermel and Strang)

3.3_Badicpathelogy Section (C. C, Jushbaugh, Section lesdsr)
8. Mecroscopic Studies of the Effect of Beta Radiation on the
Wool Pollicle. (Lushbaugh, Spalding and Wellnitz)
b. Pathological Effects of Massive, Rapid Doses of Camms Radistion
on Radio Resistant Tissues. (Lushbaugh, Wellnits and Hale)
66
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¢, Zrdoerinclepic Studies of the Functionsl Capacity of the
Irradiated Pituitsry Cland, (Spalding and Wellnitz)

d. Application cf the Effect of Fadiation on the Rate of Crowth
of tre Root of the Eroad Bean to the Determination of REE, (Spalding,
Luskbauch and Hale)

e. The Zffect of Irradiaticn on Crowth and Luminescence of
Achremobacter fischeri and Its Possible Application to the Determiration
of REE. (Huches and lushbsugh)

f. The Effect of local Radiation Upon the ATP Content of Irradiated
Skin. (Hughes and Lushbaugh)

g. The Effect of Spleen Shielding as a Means cf Increasing Re-
sistance to Irrsdiation. (Lushbaugh, Hughes, Hale, Wellnits and
Spalding)

h. Application of Histochemical Techniques to Radliopathology.
(4ellnitz, Hale, Smith and Lushbaugh)

i, Pathclogy Services to the Biomedical Research Crcup amd to
the Los Alamos Medical Center. (Lushbaugh, Wellnits and Smith)

3. Effect of Radiation on the Functional Capacity of the Reticulo-

erdothelium Using Colloidal CrPJZOA. (Wellnits, Lushbaugh and langham)

1.4 Diophraies Cecsion (E. C. Anderscn, Section lesder)
a. Developzent and Application of Tissus Equivalent Ion C)apbtr
Tachnigues to Neutron Desimetry. (Anderson, J. larkins snd Perrings)
Suitable tissue equivalent and graphite ionizstion chambers are
teing fabricated ard tested. These crambers will be applied to problems
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of rautron and ganms ray desimetry. Special emphrasis will be gliven to
the study of neutron to gemra radiation dcse ratice from the lcs Alamos
homogeneous reactor and the Codiva assembly. Physical measurements
using these crambers will be correlatsd with bioclogpical response.
b, Studies of the Acute Tritium Hazard Problem. (Perrings,
Arderscn snd langram)
Studies will be ccrducted concerning the biological effects of
nassive expcsures to tritium beta radiation.
e, Cecnstruction and Study of the Furdamental Propertles of large
Volume Scintillation Detectors. (larkins, Perrings, Hayes and Anderson)
The construction of a scintillation detector capable cf measuring
the total gazmma emission of the intact human body is ccntemplated.
d. Synthesis anmd Study of the Characteristics of Organic Scintil-
lation Solutes (Hayes, Rogers snd members of the Crgenic Chemistry Section)
Studies will be made of the scintillation properties ard char-
acteristics of furans, banszoxazoles, oxazole guaternary salts including
betaines, polyalkylated polyphenyls, heterocyclic polymers, and solutes
into which have been incorporated elementa of high Z number.
e. Spectroscopic Studies of Crganic Scintillators. (Hayes, Rogers
and Xokhr)
Emniesion spectrs will be run or various organic scintillators
and excitatiorn urder the mercury arc will be ccmpared with emission
following various types of particle excitation. Secondary solute effects

ard emission spectra through long spectral paths as well as fine absorpticn

~£8-
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speciras vill be studied.
f. Electronic Testing of Crganic Scintillater Solutes, (Hayes
and Pogers)

Studies will be made of the relative pulse height ve relative
current output of organic scintillators during photoelectric excitation
from protons of various erergies.

g. Other Studies of the Properties of Crgsnic Scintillators.
(Hayes, Ragera and Kohr)

Absorption, adsorptior and quenching probleams in liquid scintil-
letion counting will be investigated.

h. Application of Seintillation Detectors to Low level Counting.
(Arderson, Perrings srd larkins)

Work will continue on the application of scintillators to the
detection of radiua and mesothorium in the dogs used in the Utah experi-
ment. Attempts will alsc be made to study the detsction of Sr9° in
animals by Bremsstrshlung.

i. Installation and Calibration of 250 KVP X-ray Machine. (Wormsn
and L. Larkins)

A nev CE Maxitron 250 KVP X-ray mmchine is being installed.
This mschine will be calibrated with both physical dosimeters amd biolo-
gical test systems. Much of the time of the above persons will be taken
up providing radistion exposure services for other members of the
Biomedical Ressarch Group,

J. Procurement, Instrumentation and Calitration of Coeo Camma
Source. (Werman and L. larkins)
69~
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It is contemplated that s 1000 curie 6060 source will be pro-
cured, instrumented and calibrated during 19% for use in the Blomedical

Research Croup.

1.5 _Craaic Chemiatey Sestioa 0, K. lanckss. Section lesder)

e. Continued Compilation of Book on "Organlo Syntheses With
Isotopes® for Interscience Publisbers. (MorTey and Villiams)

b. Syntheses amd Study of Organic Seintillater Solutes and Solvents.
(Villisms, Murray, Ott in collaborstion with the Biophysics Section)

e. Labeling of Vitamin B with C'4, (Villiams and Muray)

d. labeling of Beta-Hydrexybutyris Aeid with €4, (Villisas and
Gould)

i o. Special Services to Other Croups and Divisions of the Los
Alamos Scientific laboratory, (Willisms, MuoTay and Ott)

£. Studiss of Msthods of Isclation of Metabolites of labeled
Compounds from Urine of Experimental Animals. (Ott and Magee)

g. Preparstion and Standardisation of C*4 Standard Preparstions.
(Vi1ians, Kandel of GM-2, Crilly of CMi-9, and Netional Buresu of
Standards)

b. Isotopic Labeling of Otber Compounds of Biological and Medical
Interest to the Biomediosl Research Group. (iilliams, Morrey, Ott, Eobhr
and Rogers)
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