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ODAIANIZATION ARD DIRSCTION OF THE REALTH

In shis dissunnion tha following sssumpticas exe medes
b mmunmmammmmmq

Atcmie power will, is our lifetias, redically change the
sature of ocur imdustrial arganisatios end will affsat at lsast to

some sxtent our sosial and politisal crgaaimtion.
The biclogical affects of rediation will beguae an ine

Bocsuse of these sssuaptions & pyrogran for the funsdasental
study of rsdiation effucts on tissuss is proposed here and in Seqtios

b ¢ 1%
through of this program,
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The following ocbservations, I fesl, sre pertinent 8o the earryiag

A naticanl health commitéee working in sloes liaison with & larger
*sadlecnics® eccmzittes (doe Seetica I1II) ebould e organized.
bave brosd powers to initiate apd earvy Shwough the following program.

ingouregement of funisaestial researsh:
It should engvursge fumdauental redic-biology resesreh through

is ahould

Proporly qmutﬁ indiviluals in universities, bospitale,ots.
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b It should organise and mmintain one or move instlitutes
devoted to mdiology study,

™is, I feel, is of primary lmportance. In going Shrough the redio-
bdiology lisersturs {like moat other msdiesl litsrature) ohe is struek
by osrtain phoRomens.

(3.) There is s deploredls lack of vontimuity in studies)

Rt

(3+)

prelinmisery observstions ars uct adequately followed up.
Begauss few investigators are adle (sithar by imolination
or by nessasity) to stisk at a program of research loag
snough, atudios tend to be supsrfisial and made up of
persisl trushe or of wrongly interprated whols truthe.

I.au rongs md nrmuu atulias am i.poru in favor of

50 i

studive whish promise eerly suocess.
Bven nhuuly sizple problens remaln wASOlved baoause

she proper authorities hava not had tho tims or inslination

$o work on then,

ile the ergasisation of & large full-tims inatitute ataff d0as

sssure the sclution of all rediation problems, it should, ssvertheless,

offer at lasand a partial sclusion $o the above diffieunltics.

Closs liaisca should, of sourse, b maintalnsd batween thsss

instishtione and groups sush as the Rational Caneeyr Inatituse which sre

working en sixilar probless.

Spesial euphasis must be plesed on the study of humn subjests
20% only besauss human doshenistry is 204 adeoiutsly reporudoed is saimsls
but also bessuse humus bave apeeifie problems of exposurs and ehroaieity.
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Thos, for ssmmple, shronie rediua toxielty studies should te
dobe OB humass with surosis yadium polseaing, and full sdvantege
should be taken of opportunisies to stuly hauans roosiving warious
rorms of radiation therepy.

The 4iresting Ledy, as I sse 1%, ehould met cnly exeourage
she development of oviginal ideas by investigatore all over the SOURXY,
dus should take ihe iniviative in dizeeting work iase shoes ohanaele
share worthnhile results say e expeetad. Soms of \hese shacaels are
indicated in Segsion IXI. Tho list, is by »o Meess exhaustive, amd Lo
obviously soloved BNy my own experiemee. It does, Zowover, indicate
at least a fow sush sbannels whers fEuitful wors mey b ﬁm"hﬁo
e DISSEADMNION Of adicestive amberialss
It should be respossible for tie distridutice of &S lesss
shose redicective materisls whose SoR¥¥Ol is desmed advisable,
3. idvaations
(8.} IS should make gwovisios for the proper training of
. biowphysicists and others eassntial $o the sarzying oud of
. his progren.
~ (be) It should make provisions for the adegquates sducation of
profossicunls as well as of the lay publis regarding tbe
healdh prodloms of rediatics. |
(s.) I8 should underteks o orgaaise the pertisess literature
w0 Ahat 1% w111 be yeadily sassssible $o the vorksrs ia the flsld.
hs Hobitoring:
I8 should make provisions so sdegustely monitor ares in whieh
redicactive hesards exist.

1100158




bGI100I1

e a

Lissuasion

There is & wideapread fesling that the really funiwssstal probloms
of redio=blology are 850 &ifficuls and 80 haspered by our ignoremge
of gensral biclogy and dicohemistry that She type of approach suggented
in Seetion II is insdvissdle. It is felt that she speeific rediclogy
problems are of alsor importance as sompared t0 the mem~ruficlogy problisms
fn eash of the fields disgussed. It is suggested, for smmmple, thad
radiation cancer i» insignificant aompared $o the ganerel sanser prodlem
and rediation anemis is inaignifioant sompared to the geneval anemia
roblem. A stuldy of these prodblems would, sherefere, mean the subsidisasion
of the entire fiold of bioshsmistry.

Chvioualy, if redio-biclogy will always bs of sescndery importanss,

3£ 48 L9 el shat s slther alwedy know all that 18 15 Dessssary $o kuow

or shat the natural gourss of svanis will elucidate shinge thet we should
know but do oS, Shen 8 dirseted program of ressarch as heroin suggessed
may not be advisadle,
0o the other hamd, if i% 18 expeoted that rrodlems of redic-biology
will bescmo suffisicatly important to warrent furtber yesenrch, thea it is
suggested (Ses Seaticn IT) that tharo be & recvisatesion of approsed toward
an saphasis on cortaie erveial usknowse, It is Purther enphasized thad
coneideradble aldvanoes are posaidls with ths knowledge and %00ls acientists
alroady have, and that lastly, if it is necsssary t6 advanse other specific
fields in order to apply them to cur problem, $his should be done if the
spasifis prodlem is important enough to wartest sush "tangeatial® ssudys
The slow 7ate of assretion of redic-blologis iafermiics mey have beed
sultable durisg the pess Siree desedes, With She ineressed fespo Of GEACOTRy
and applisation in the field soday, & dirested brosdensd grograa is esssatial

Af we are 30t 10 Ve embarrassed by future sseidents and unforgeon hasards.

SR




SROPION IXs PUTURE PROGRAW OF INVISTIOATION BY BEALTH GROUP

The following dissuesicn imeludes i drosd outlise form suggesiions
for future inveatigasions whigh, I feel, should ressive as ek exghasis
a8 it is possidle to give them. Fastars of time and spsee, uafortusately,
do not permid scuplede diseussion of thess prograns. AS Smes, too, 1%
may seen thaS we are reashing for the stars, yst I sa ccavinged Shat scae
a0k approosh o8 hereis desesrided is essentisl if we aye $0 sdequately
ssewer the guestions sonfroniing us. |

Thexe are ssrfeia 3hings abous rediation on whiech we slveady have
at least senioquantitative date. ¥ know that largs Goses oan kill Sissue,
~and Shat smellex doses of & SANGALS MtUre san stimulate Ad 10 mligens
growsh, Ve krow 3hat peripheral white bleod sounts are affectsd ia s
variety of ways. % kpow thet redicastive msterisls tend 30 sscumilate
in ssrsain definite tissuss. Ve are feniliar with histologieal amd
pathological edanges induged by radiastion,

%o do 3ot Wnow Fhx rediaticn 40te as it dees. Se do 20% kuow whad
shemieal or physieal shanges oeeur in tissum te aither kill thes or
stimulate them to abmormal growth, Je 4o 30% know why shronis jatersal
redinsion produses such soveze asemia, ¥#e 40 no% kaow what fumdesental
Moshsuisal sysiens are nost sexsitive to it primary sffests and we are
femilisry with fow reastions aloog the lomg cheia of sesondery, Sertiary,
e%e., reastions vhish must follow, Glnce S2eee Shings are Wnknowa we
are uBable 10 sither prevead toxic rediation offest o t0 Zwverse sush
effests once Shay have casurawd. Koz are we yo$ in & posision to eliaisally

svalunts moderats overexposures.
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Future atudise, I feel, sdculd emphasize these unknowns ;um
than she statistisal avaluation of the kuowns or partial ksowns.
Is is agroed that this is by far the azore Aifficuls and possidbls more
szankless task. Yot, sven partial suscesses ia sves s samll proportion
of these studies would make the entire progrem well worthwhile.
Yor sake of couvenionge, we might scasider the suggestions in the
following sstegeries:
A Biosbemieal Effests
3. Blolegical Rffects
0. Olinieal Considerations
It s understood, of courss, that thexe is somsidernbdle overlappiag of
subjoss matter among thess thres grouys.

Ae Bicshsmisal Effects

¥e dave uany €luss but fow proven fasts sonceruing the mature
of thess effests. I would, therefore, suggest s comprohensive stwly of
redistion sffeots oa groups of substances whieh play erusial roles ia
esllular mstabolism with spesial suphasis on Shose substances whish we
bave resson to Delisve are affested by ediatien, Studies with whish
our group has had some coatast will &omxm fives.

1. Porphyrine |

A largs group of metallo-powphyrins cocur An mosS, if aot all, of
tho celis of the dody. These imslude hexmoglobin, m.;um
and peroxidase. These soapounds are all irca samplexes of sither protos
porphyrin or similer porphyriss. (Chlorephyl is a scasshad sluiler mag~
nesiux eomplex of a poyphyrin in plants). 7Thess sompounds obviously play

2 srusisl role in eellular metabolism.
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(s.) Desause of Lte knomn effest on oxidatios redustion-

("),

(e.)

(a.)

lwl&ll:HMMA%MﬂllﬂdhtlSﬁuﬂiﬁMlavwhletln&ll

in thess porphyriss. Thus, for emuple, large doses

of redistion are knows $o oomvary hemoglobin to methemd-
glovin (farrens~forris 13o8).

ividense is aseumlsting Shat perphyrins are ssssatisl
for aell grewth, Whereas urimary SepTOporFhyria exsretion
is inezeased following stismlation of eryshropoissin, we
m:m.mummmumm
antretion of this powphyris following ssute redisticn ex-
Posure.

Anemis is She main seuse of death ia humms with chronis
radiue eXpoeure,. amwwmmmmum
vicusly sevssssry %o aa slulidation of the pature of this
snsmie. 7e have alresiy suowm thet asuts radiation asenia,
aontrary %o generally sssspted opimies, is ohitefly om0~
iytis in pature. The study of heaoglebis derivatiws is
uu.mmmnmumrmmuum
wish exronis radiation exposure.

Studles of more immediate derivatives of bemoglobia
would also be worthwhile. The in-vitro gonversica of
Mzogleliin to meshemoglobln has alrosdy been noted. It
has Dees shows thas the powDhyria ring 1n hemoglobia gan
wapMau&mmmttmna« |
verdohomogiobin, & presursor of the bile pigmeate. 3ince
the formtiom of percxide is one of the fow koown primary
sffocts of radistion it amy do that this reastice (Leoey
formatiom of verdofhenoglobin) might have biclogloal
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{e:) It might be aom beze, $00, that perphyrin metabolian
is markedly a@é‘nm by metal peliscning, This property
is discussed further in the sestion om metal toxisity
studies. |

(fs) The ease with vhieh metal combines with jarphyrins may
possibly be of sume importanee as repards prodwet offest,
Dr. Wataon has suggested that ths localization and on»
sxretion of produst may be influenced by shis property.

(ge) Heasion alght also bo made of sertsin studies whieh have
appeared refently in the litereture slatuing a umhﬂu
between porphyrin and tunor iscidence in mise. The sige
nifisanse (and gartainty) of these studies is vakamomn,

{he) There are suggestions im the liserwsure $ha$ $he waricus
respiratory ennymes may be affected by radiation. Thus,
Fadisill and Hosh olalm that death sy be dus %0 ianstivation
of sytoshrond,

2. Rumleis isids.

Munleis acids are kaown %0 play an impoartant roles in esll dlivision.
iitshell and others have postulatad that thess ocmpounds are affested hy
therepeutic doses of radiation.

Boretofore, studies of thease sompounds in living substaness have been
Muited primarily to akin and tuncy S$issues. Our group das been eagaged
in the atudy of these scupounds in shite blood sells. These sompounds
are being studisd followiag suitabls frastiosation Ly measns of the.
following three teoknlquas:
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1. Boeokman amalysis of the uliraviolst adsorption.
2. Prosphorus sstimstion.
3. PRiboso and desoxy-ribose estimation.

By means of these protedures a fuirly aceurats pisture is obtained
rogardiag the eoncentration of bBoth ridoe-and desoxyridonusleio seids
a3 vall ap of various other fIuciions present in the cslls.

Dri Bruss asd othars have bosn espesially interested iz the rete
of wurvover of thess sompounds. There is reanon to beliave that this
aights be a much more sessitive index of radiatien exposure than is the
total sontens of pusleie soids at sny given time. Climisally practissl
progedures for this type of study, however, have not been developed.

(See appended suggesticns by L. fsttenberg.) |

3. ‘Muﬁ *shoek produsing® substances.
{el) AMenocsine~like gompounds.
Several investigators have postulated that adencaine~
~ 1ike soapounds liderated from traumatised tissues are respousible
© for msh of the easuing olisical pieture. These sompeunds bave
{aportast physiclogisal effects cn the ardicevassular systems.
They are also important in-emergy tSransfer meclanisus. In ome
patiens and in two dogs iam whom osreful post ryadistion atudies
ware made, uﬁiﬁmﬁ rises in the sdenceims-triphosphsts frmetion
_of sha white blcod sells cosurred htm any signifioaat changs
" in the total white Blood couns. Dr. Pressar tslls me that he hes
Vfou significant inoreases in dlood slencaine of dogs given
 subelethal doses of total body x-ray.
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(v.) Histandne,

Several investigators havs suggested that histamine
is liberated from rediated tissuss and ecestitues the tozie
fastor prodused by radletion, 2. Painter end L. Proessr of
the Blology Sestion have found frequsntly elevated histemize
valuss in 4088 glves sub-lethal dosss of rediation.

ke Phcephorus imtabolism.

Faosphorus coutaining ecapounds (imelulding ssrdynyirstes, fass,
and proteins) and phospherylating sanymes play a erusial role i meny
phases of ¢alluler metabolisn. Mestics has already Leen made of the
possible significanse of sdsncsine Sriphosphats in madiation effest.
Prelinisary studies of various phosphorus sonstiteeats of whits dlood
oells ipdioats $00 that thexre may bo a signifieans fall in the soe-salled
glyeero phosphate fyastioa, IS is well established Shat sugar sbecrpsion
from tue intestine 1 isterfared with by redistion. Sizce phosphorylation
1s nossseary to abscrption it may be that the ishiditica is dus %o &
‘ohange ia iatestisal phosphotase astivity.

A thorough investigation of $Sissue phosphatases is strongly
sescumended for ak slusidation of possidle radiation effegts on shess
sompounds. GComeryi hap desorided & teehaique whorady liderated
pkouphom in the gull may be presipisated and stained in situ, shus
dencustratiog the losal presssse of phesphatase. | Prolimisary stulies
of bome marrow ia sur laberadeyy isdicats that azﬁm phosphasase
sotivity (pE 9) is losalised in the sytopless of @Wexoom. asid
phosphatass agtivity (pH 4) is localsied ia the musleus of more immsture

solls,
1100165
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In these studiss glyeercphosphate has beea used as the substrets.
These studies might Vo olamtod sonewhat as followa:
&. Substirates
(1.) adenosias triphoephate
(2.) Hesose phosphate
(3.) Glyserophosphate
(4.) Mucleie seid {ridonusleic asid or, descxyribonusleio
sgid)
(5.) others sush as phosphosreatin, adesosine diphosphate,
eto. |
B. Tissus Sections to be Analysed.
(1.) Bone marrow
(2.) spleen
(3.) Peripheral blood (i.e., buffy cost)
. {4.) Teaticle or ovary
(5.) Intestine
(6.) Liver
(7+) Mrenal
{8.) Pituitary
C. pH
(1.) 4.0
(2.) 7.4
(3.) 9.0 o
Theso may bemodified as indicated by the progress of the study,

In these studies note the following:s
(1.) The optimuwm pR at which phosphatase aetivisy, if any, cosurs
in essh gsll Sype.
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{2.) The correlation, if any, betwesn the sype of phosphatane
and radic-sensitivity.
{3e) Changes preduned dy iryadiation,
iberever histashemicul ehanges following radlation are suggesiive,
shomical analyses sbould be mede of the phosphatase sstivity $o ged
gquantisative data.
5¢ Frotels iffests
A« Tiessw Trotelns
Kumspous investigaters dave showa profein ahanges with
largs doses of rediadion. while it is trus that thess doses are sach
groater m shoss given therspeutically, it is net unlikely that in
¥i¥o ohanges might oseur with mseh smiller doses. It is suggested that
pretuin studies be carried out m caly on bioed but om other tisswee
as well. White blcod aell pretsias, for example, might be especially
worthy of study. Various shemival and physieal methods availsble
for thess studles should be utilised o the fullsst possible extent.
' Bs Pretsia Jerivatives |
. 3o Polypeptides in blood and in arine
{as) Polarographio study.

Sevarsl workers have dezoribed ghanges ia the
polarographis patters of serum in patients with inw
orsssed tlsaus breakdown. Theee ehanges, it is suggesied,
&re dus %o polypeptids ebauges.

(be) Chomical study
2. Other non~protein nitrogin compounds
Ereak down the NPK iatc an many frecticns as possidle.
1100161 Study in Sissue, Blood ani urine, '




-13-

3¢ Deckmad amalysis of blood asd urine, Numercus amino
agids have approciable }utmioht absorpsion. We

a;n recantly shown mariced ghamges im the altraviolet

speetrophotomatrio pattern of urine in dogs given lethal
doses of x-ray. Substances respcusidle are most likely
amino acids or similar gcmpounds. These studiss desorve
econsiderable futurs amplifisatiosn. Thus, preliminary
stulies have indicated that ion axshange resins my be
valuable aids {z the purification of these ecoapounde.
Sush purificstion ocombined with spestrophotomstiric asalysis
would be § pewerful tocl indead,

be A study of ansibody formatisn due 16 profeis ebanges.
Protein slterations, it might be sxpscted, would meke
thon pcbava sz foreign proteina. The literature gonceriisg
ths formation of apﬁiﬂa lﬂib&iu asgosiated with

Mutimt asd tissue brealown is indefinite, Scae

-positive studics have been yeported.

5. Iawyms.

‘Detmiled oomalderation of these ecapounds is lefs to
t!uen" better qualified. ’I'SQ possidle imporiense of the
reppitory snaymes and phoaphataess bas already been gk~
tioned, As a laymean in shis fis1d, I might suggest that
wherever possible enzymss Be studied in tieaues of expoped
apnimmls as well as in the purifiﬁ stats, alnocs the latter |
stuldy elons may yisld nezative results, i necsseary eo-

snzymes are lacking,
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In nddition, because of tbs aatursl ossurrenes of
protestive gumpounde, enzyms analysis alght be done
whenaver possible during the paricd ot irradiation,

le0e, mith radicustivs materials in solusion,

6. Ketostariods

fadistiop wffects ou the adrensls and gonadal aysteus
2ight be axpested to involve changes in the pattern of 17-
Katosteriais exerction.

The big botile~nssk to dats iR this type of study is toe
BoR-spesificity of the Cimmermsn preaction used to gusatitate
these gompounds. This nocasaitates oxtromely laborious
preliminary purification of thase sompounds. T would suggest,
tharafors, that the Zimmsrwan resstion be apclisd to the arude
urine extrest and an attempt made to soparate the warious fraotions

by suitable ebrowatographic apalysis of the varicus pigeent
fruetions.

7o Oxidatica-imduction Systeus.

Oxidation-roduction sffesgte of various types of vediation
have bsuen rereateily descastrated in vitre. These effests
arpatrently may or msy not be mediased through ths astion of

pevoxidei
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Kention has slready been wade of possible oxidation-reduction
effscts oa porphyrih ¢ompounds. Similar atuﬂiﬁ of numarous othsr
rodox systsms in Vhe body might prove wary ulu?h. Thue, ascorbdic
acid, glatathions, sulfhydryl eompounds, ste., uhpt be affected.

Numsrous taerapeutis ;oszibilitvies suggest th;h\solvw. isa,.,

\

administer substances such as mothylime blue in both ‘oxidiasd and roe
duoed states. Note tus offect on eotate of ecmpounds esd on such thimgs
as survival,
8« The BSetoxifying iechanisae
Tre body mermally dstoxifies large amounta of poteatially
dangerous compounds by meane of such meahanisms me oonjugatioa
with sulphate or glusurcnis acild. Ingreuses in eithsr sulphate
or glusuronic asid exsretion have been reportsd in assoeiatiom
with various industrial exposures suwek as boazene,

Radiation night be expasted $o inorssss the total amount of
conjugated material. It may be, %00, that failure of these
meshanisns may de assceiated with the rapid deteration of the
clinical sonditioas of these animals before death. It is suggested,
thorefors, that urine avalysis for thess ocapounis o carried
ous to dotect eviienaes of over sxposure. In additicn, therapeatio
gtunu aush as thoee regently raported by Mariin, Fessenveum,

.u Thompsos (Azn. of Ind. Med. 18, 57, 1943) might be carried ous.
Thess authors showed that toddoxifying agents such as glusurcols
xcid, sulphur containing amino wsids and other substances protecs
against lethal dcess of histamine, guanidine aad indole.

1100170
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10, Zlestrolight Balance
Several authors have gallad attenticu tc the siullarity
betwesn radliaticn effeet and adrenal insulflelemcy. Ths date
on slsctirolight balangs are acmewhat ccafusing. 48 pointed
out by ~lassnois this varles as a functica 2ot ouly of dose byS
of time., The accurate aature of theso changss are still uncertain.

11, FRediocastive Materials

Brief mention sbould u, wede of thes use of readicastive
slemants in biochsuical researsh. These materiale will un~
doubtedly find applicetion in the slusidation of $he various
resstions disgussed avove. For emample, 5% has already besa
swployed o messure the rate of meSadoliam of phosybolipid and
aucleie asids. Considersble more work remains to be dose im
taase fields. S snould be used simtlarly for ssudies of
esompounds for whioh phosphorus o other sasily obtainable radioe
astive slsmeats are nod suitsble or other sasily obtaisable
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B. Biological Effects

These will be considersd only briefly. Agais I would
emphagize the advisability of fundamenial studies sueh as the
following:

1. Vascular responses to irradiatics, i.e., emplpy microe-
copie study of livisg tissus....cheok with Ksisley's tochniquo
of microphotography.....Investigate bumoral vs. Rarvous meshaniszs...
Attempt %0 prevemd these changes by use of suitable substanees....

2, R&ffscts on cell membranes.

Ssudy permeability of various substeances...ire changes
roversible?....Can these changes acgounts for yadiology offecta?...
#h=t 1s the pature of the diminished intestinal abserption of
SUEATEP e e ' |

3. Rervous system sffocts,

Is the flaegid atate of animals lamediztely after a lethal
dose of X-Tay & ROXVOUB PhenOmEBONT.s..Study the relative
thozupsutic affects of cholimergic vs.adremergic drugs....

4. Distridusios of redicactive materials in tissues.
Radiomutorgraphy to be developad to as high a degree
of presision as posaidle.
5. Effects of shogk producing sudbstances such as asdenosime-~like
compounds emd histamine have been congidered im the section
on "Biochemical effsete”.
In eddision ta'M:W of experimsnte now in progress,

studies like the following might be considered.
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Magnesium has boen shown to potentlate the effect of adenceine~
liks compounds and of most types of shock. In ons rabbit Simnons
and Prosser showsd that & sublethal dose of Mg quickly xilled a
rabbit given 800r 10 days previously. A4 sublethal doss of
Rombrutal,hpwever, had a sigller effect. Since both tzese sube
stances are narcotic it might be worthwhile to further pursue
thiz type of investigation. Further, investigation of substances

with the opposite type of astion might be considered.




C. Clinical Congiderations
These, of ocours:, ars largely dependsnt upon results of
ivestigatious in the bilochemical and blological fields. In
turn, they must influance o a considarable extent the pattern
of research in these fields.
In general, we may consider the e¢linical aspects of radiatiom
offect in the following categoriss:
1. Detestion of radlation exposure.
2, Givaluaticn of harm from radiation.
3+ Therapy
Problems of prophylaxis, including monitoring, advice regardimg
shielding, etc., will not be considered since I have noc expericmq
in this field. Obviocusly, this program must receive a nryA high
priorisy.
l. Detection ¢f radiatiom exposurse.
a. White blood cell studies.
Routine white blood gount and differeatial study are
still of prime importames. |
These stwudles, however, 4o not give/gufﬂcionﬂy
dynamic pioture of the metabolism, physiologiscal stabilisy,
and life span of thess cells.

Faotors, such 88 the rate of lidberatiocn froa bdone
marrow and distridbusion in tissues ¥s. peripheral bl.ood
are not adequately apparent from these studies alond;

There are indioaticns that the following studies would

vield valuable information as %o the degree of abaoymality

“00'];}, of these sells.
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(1.) Phagooytic activity
(2.) otility
¢3.) Brownian movement
(o) Supravitel staining
The rate of turnover in these ¢ells might be 1nvgat£gated
by the following technijues.
(1.) Arneth ocunt
(2,) Chemical studies of nucleic 2014 derivatives in
urine.
{3.) Sesroh for relatively specifie subetances inh wi.ite
calls (analagcus to bemoglodin in red cells) whose
oxeration might be followed,

The condition of thess cells might be further studies by
chemical means.
(1.) Nusleic scids and other phosphorus containing sompounds
as already descridad. {p.8).
(2.) Metabolic ectivity and enzyme studiss suwsh as the

| following:
(a) Hnspirition
(b) Glycolysis
{s) Ademosinass (This snzyme 1s apparemtly very aighly

concentratsd in white cells).

(@) Pyruvate utilization
(e) Oxidass
{f) Phosphatase

{g) Catalass

11001 7¢ - .
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B. Hsemoglobin metabolism.

This problem is sspecially il ortant in chronmie radimtion
gxposurs. In cames of chronic rsdium roisoning it is apparently
of primary importamce. The followlng stulies are suggested.

l. Routime hematological studies cuch as hemoglobin, red
blood ocount, hematocrit, asd retliculocyte sount.

2. General pattern of cell sizs and type.

3. Fogal urobilinogen (as an index of the rate of red
cell deatrustion,)

4« Bemoglobin derivatives (Sse p.7)

5. Urine coproporphyrin (as an index of erythropoiatic

activity. e
6. In doge, urinary bile pigment excretion 1is a 1nléé£10
index of bhemolytic aotivity.)
C. Liv%r function,
l. Urips urobilinogen
2, Serum bilirubim
3. Serum cephalin cholesterol
e OSerum thymol turbidity
5. TUrine bilirubin
De Miscellansoue studiss.
1. Zedimentation rate
2. Urine pigments
{a) Spsctrophotometriec pattern with special reference
to absorption at 243,260-283, and 332 mu.
{b) Urorosein and rolated rigmnts

1001716 3. Studies sperm sount and wotility may at times be indicated.



