N ARM1.941209.152
to

THE RELATIONSHIP OF BIOCHEMICAL AND ENZYMIC

ABNCRMALITIES OF CEILLS TO RADIATION SUSCEP-

TIBILITY AND TO THEIR INJURY BY OTHER AGENTS,

PERIOD COYERED BY THE REPORT: July !, 1958 to Mar. 31,

1959.

RESPONSIBLE INVESTIGATOR: AlfS. Alving, M. D., Univer-

sity of Chicago, Chicago, llincis.
CONTRACT NO,: DA-49-007-MD-968,

SUPPORTED BY: Research and Developmant Division, Office of

the Surgecn (General, Department of the Army, Washington 25, D.C.

Washington National Record Center
Office of the Army Surgeon General
Record Group 112

Accession #: 6;(‘/\' - “\'8'3

B?x#: H’;

File: K. Yo E - Cargen HD-76&
uﬂ\\fﬂ;dr O C}'l\Co'zﬁQ
R\-Foﬂ; & Meamecet sts

AL
/



!
- ~ ABSTRACT ™

P e S e P iy m————

AD nO, _..___ ACCESSION NoO,

Lo FPreparing Inaiituticn The Univeraity of Chicaga

2. Thitle of Papurt: The Halziions hig of Bliochewical and Enzymic Abnormalitics
of Cellm Lo Rusdination Sus capiibility and to thelr Inhiry by (Rher Agents.,

S Pwincipel Inveetigator. Al S, Alving, M, D, The Univarsity of Chicago,
4, Mumber of Vegen: 0

Hlugirstiona:

RENE_N
oo Tonicrct Tiols DAL 48 G L D=9 68,

i, Supported Lv-  Raesaarch end Development Command
fHiice ol the furgeon Cenersl
eparireeat of the f‘army‘

L e R | I
eerntigve vy have heen {rilivied 4o #eplove the vrlipiivae

TomLeptinin e o fennorieal vaile fe Xergdiation and to injury by other ascnie,

Fre calla e o fer tnitial studlies haye bean primaquine~genaitive luzoan "Ly~

Ferocyias grd shray arythirocylas,  The latter have been found te pe Ldadheris

eally stdlay by teganismagensitive hupan evythroowtes, They have zn un.

stelde glotethlene detlclent activdiy of the onsyrnea of Vhy he wnpamonophagishata
dlard gl e g olpen gty Ml erLhsaryie glurgts tue~tiraiae o anly

Heghiremesfphomyeie ooy g iera but ving ihe 6. trhoagbaglus avis deivdre.
grrras, Paew i ar-n towy o angld meavenieval suhinviniairatlen of privoegiine

fea =:;¥no§z Tl et fael o vm sevna ity - vealgr hﬂj;.":y!'ﬁfﬂign

facer cerialn conditiona, radiation of botk wricagiine .
enmdiive bomen siytheqgoyrtsg awd sheep eryttvonytae cavned » significrant fall
i the aciivivies o chitathioes reducts se, glucage fephasphaie debtdrogenana
et beproapboglo g debyrdrogrnsse,  Moconml Deaan erythrecyicn b wad no
rrpedflcogsl lens 10 e o e o Lbaea cragyivans, Kadlation of hlocd (rapy o
morep vaceiving S8 oy of piiTranuine iotrmuecalarly each day fur 11 previous
fiaym vegultsd do » nsvkad incTense Lo activity of ths three zbore reinsd an.
»iiman, [he grestast incveans balng in the glucosa-b-plosphpta dehyrdrogenase,
Thaera wag 2 evsli bxt conaintant dacresse jn the ghitathione ~owtont ot vrdiiuted
Arcdbmes ylae weecxgdog 17 jng. per hundred ml. of ced coile, Inwmatigntiony

] f}::', N .‘,\11_‘!;‘\'1,' :vulir’n: L 'L}-.-H!,'} i}fanae, ig }1?‘}'“5 f‘\:f‘p’\‘j;"l@ii'

Washington National Record Center
Office of the Army Surgeon General
Record Group 112

Accession #: 6 FA-GE IB

B.ox #: "i';

File: f’(Qj( /\)ﬁu‘ £ G\tg‘
3]

‘ MD- 768
\ver;("(Y oA CL]\ngp
TCq;cﬁ,c > H@quscc.e’fs



INTRODUCTION:

The present investigations were initiated and comducted
by Dr, Paul Carson to explore the relative susceptibility of abnormal
cells to X-radiation and to injury by other agents. The abnormal
cells chosed for the initial studies have been human primaquine-

sensitive erythrocytes, These have besn shown to have a low reduced

(1)

glutathione content'”’, deficient glucose-é6-phosphate dehydrogenaletz),

increased glutathione reductaue“’, increased aldolueH) , and

decreased catalase activities (5), and increased oxidized pyridine

(6}

nucleotide coenzymes' ', This constellation of abnormalities, especi-
ally fhe low reduced glutathione and decreased catalase, suggests that
these cells might be more susceptible to X-radiation than normal cells,

Furthermore, the glucose-b-phosphate dehydrogenase has been shown

to be differentially susceptible to inactivation by erythrocyte ghonts”).

These investigations have included a search for cells with
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pirmiiar rbaormatiiies in animels, since zn exyarinoental aninsl
wordd be jprrlerola la incvapging buth the reopr and spesd of the
inemypiiretiors, To desia, seneitivity te primsgune fype hamolvais
hes bean {mind only in human beinga., Hoewswer, we hava foord

ihet whoty =7rithrocy“ss podegue & biochamical paiters of grazi eimi-

larity to wrimsaydas-sennitive erythrocytes,

M¥TOW A ND MATRRIALS

Thage jpcratigations have hexr parformesd "u4ing me-
thordy and inztariale describad in the st of refarencas. PRrisily,

her:cginhine have heen determined in the Beckman DU specivophoto-

B

iatet using Desbiian's eolution pw described 2y Orosby Mz g to.-

crity havs bren Jeterruined using an Internziions] Mivrohermaton ot

contyifage, 3utetlinas hrne hean determine’ by the marhod of Grar

1%

Heyi sod Fhlilina® neing the terhnique dascribad by Facagen, 2t

] . :
al( 0), Ninel awr been prepared for ensvmetic agsey afis: ruilwo-

sguisioon i nichay haparia ar ACH gelurion, Rloed eproimrns wwre
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4,
However, the glutathione stability tests are markedly positive,

B, Flgure | chows the activities of glutathione re-
ductase, glucose-b-phosphate dehydrogenase and 6-phosphogluconic
dehydregensse when assayed under the same conditions as used for
hunan exrythrocytes, Comparztive values for the same ensymic
activities are sbhown in the figure by dashed linas for hemoly=ate
preparsd from primaquine-sensitive blood. The assays were per-
formed by g modification of the coupled reactions described by Carson,

(2)

et al’ ', Tha figure shows that not only the glucose-b-phosphate de-

hydrogensse but also the 6-phosphogluconic dehydrogenase, the TPN
dependent ensymaes of the hexosemonophoasphate shunt, are 2ven lsos
active than the deficient glucose-6-phosphate dehydrogenase from the
primaquine-sengitive erythrocytes, The activity of glutathione reductase
is also considersbly less than that found in the human erythrocyte, but is
more thar adequate for coupling reactions with TPN dependant ensymes.

Alsc shown on the figure are average oxidised cosnmyme values for normal
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gunian erythr acytsa. primaquing-sensitive erythrocytes, and the erytbro-
rrian of bidp pbrsp whnug Anescsa suttritine are shown on thir fguze, The
T M lewal {2 gzei» Hon (vt of ibe norrnal human cell; the DPN level is
wors than twice ths value of the buman arythrocytes.

igure L gacee s rpresontative vriues oy the rarne en-
¥ymes uping a toveisat sroount of hemolysate, but determiring the activi-
ties 2o a function of thne, To olitain these data, it was oscessary io uae
2.5 e of hearsivesis in g7 Lo iige, whlch is {Iva tloes the axmount
resdzd (0.5 mml,) to show the sama degree of activity when human hamo-
ly rgtea gra sxwd,  Over agrie, tra relative deficiency of both enrymea of the
Lexogmropope fpiuide chemd ge devgr. There is good activity of glutsthiove
rodactass  Hawalrsates of shaep ervithrocytas from which the ghosts heve
not rew sz rad s nlloa s arkod Jesctivation of etk the glucots.bophos.
pirare dshydrogaasse ¢ ! ¢ ghoephoaglicunlc dehydrogaaase, Is baunaw
hemolyxstes, ths wlfart 4y principally on the glucose-6é-phosphate daliyd--

L A wess e e L sl s . . . -
& ¥ 0 z phas siwn tas ande ey drogenpse,  Theroe wes L
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given of 240 myg. intramuscularly svery day for 14 days, It was posegible
that the ruminant shcep had either {ailed to absorb the oral primaquine
or the primaauipe mighi hive been metabolized by the sheep Integting
florz which includs protosoa normally. Again, there war no hemolysis,
zs shown by lzck of significant {all of the hematocrit, hemoglobin and

51

r survival curee veives, As yst to be explainad is the marksad Aif-

ference in half life of the Cr->

survival curye which, in this experimant
vwas }7 days., There wes an initial sharp rise in the glutathlone,
which was net maintained, The cccasional sudden fall of hematocrit
rhown in the figure was paralled by the hemoglobin level; it was felt to

be real and not due io aay variation in technique,

U, The effect of X-radiation on human and sheep erythro-

cytes,

jn ezeh case reported, the specimens to be radiated were
saaled in & [Hamilton tube, immersed in an ice bath in a round lucite
holder which waa piaced on a rotating turn table and exposed to a total

Adosage of 20, 2Jv ower an avayvage time of 40 tv 45 mdnuten, Rediation
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was delivered from 2 GE Maxitron 250 with a 250 kilevolt port at 30
milliampeares with a 0,5 millimeter aluminum fi’ter at a target distance
of 43, 7 centimsters. 1ln each casz control specimens sealed in Hamilton
tubes ware kapt refrigerated without receiving radiation,

Reduced glutathions was measured before and after radi.
ation. A sinall but consistent decrease was found ranging from 0.5 mg.
to 4.8 mg., averaging 2,7 my.

After radiation, both control and radiated specimens were
procegsed {or the analyses shown., Figure 5 shows the results obtained
on one saruple of primaquine-censitive blood, In this instance there was
a decrease in the é-phosphogluconic dehydrogenase but no aignificant
decrease in the glucose-6-pirogphate dehydrogenase activity except ponsi-
bly at the 2.5 nmid. of hemolyrate level, VYalues for radiated hemolyxate
1ot gshown {n the figure are leas than the values {or the control specimens
but grepter than the values cbtained on the radiated whole blood,

Figure & shows the results obtained on normal human ery-
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throcytes made up to a 50% bematecrit in @, 145M NaCl., There was no
siguificant difference in the glucese-6-phosphats dehydrogenass ard
b-phesphogluconic dehydrogenase activities befsre and after radiationm,
Thare was an apparent loss of glutathions reductase activity in those
rexctions cm ong or more ml, of hemolysate,

Tigure 7 shows the results obtained on primaquine~-sensi-
tive human erythrocytas alse mads up te 30% hematocrit in Qmu. Hare
there was a definite loss of activity of all three of the ensymic activities
shown, the loss being greatsst for glucose-b-phosphats dehydrogenase,

Figurs 8 shows the results obtained when shesp blood was
exposed to 20, 000r, There was a markaed fall in glucosa-é-phosphate
dehydrogenzse activity in both whele blood and hemolysate compared to
the control blood. The fall was greatest in the whole blood, with the redi-
ated hemolynate giving intarmediste values, Similar results were ob-

tained for the 6-phosphogluconic dehydrogemase activities,

Figure 9 shows the results cbtxined on whole sheep blood
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before and after radiation, whan the assays were performed as a function

of time, Hars, in contrast to the assay using increasing amounts of

hemolysata, there was no loss of activity in any of the three ensymic

activitian,

Figure 10 showe the results of radiation or specimens

exposed and asrayed in exactly the same way as in Figure 9, except that

the blood was obtainad from a sheep which had been receiving 240 mg.

of primaquina {ntramuscularly per day for 11 daye, There was marked

increans in activity of the three enzsymes, the increase being greatest for

the glucose-6-phosphate dehydrogenase activity,

DISCUSSION:

The data preaented in this progress report are to be con-
sidered preliminary, MNeverthslesas, the results obtlained thus far are sig-

nificant,

Sheep sarythrocytes differ frem human erythrocytes in being
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much amajler srd apherocytic, with an average red blood csl! count
hetween [, A0, 000 and B, G20, O par cubic wdilimeter, In termmwe of the
sbaarmalities kao~» (» szlet In human grimaguine-sansitive erytbrocytns,
howey2r, tha shwap svythrrcytes are remarkably aimilar, Wa bave
[ourd thet bz shanap red cell ghitathiona s unrtable, that the bexoesmone-
pbosphrie puibkwry of carpobydrate metabolisen 19 sven less that that of
primeqpies. amapition arvibrooytes, Thw sheep ''ghosta' inactivaie pot
only the glurcge-i-phasphet dahydrogensse bur Alsc the bephorphoginconic
debydrogruama, Taay aZfact the glutathiona reductase actlvity only slightly,
The cetalass ot iy of the ~heen ik far less than that of the bumnrn priros-
(iia-raneltiee ervihy rovie which, in tura, §is lees than that of the normal
burmen erythrocyts. The exidised coensymes have been doterwwed in only
one inslance, so thet wr do oot kwow the range of values for shesp by thia
mathod, Tt Lz appsrent that prebably the DPN content of shaep erthcacyles
in significantly bigher thep that found ln human avythrocytes, eithsr normal

we privaasguinae omsaitiye, Vha glntathione reductasa actlvity ie congidarphly
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legm than that of human arythrocytesa, either normazal or primaquins-sennitive,
but nevertheleoaxs ir? more thar adequate for coupling with TPM depanvdent en-
vyoaes, Sheap gintathions raductase can utilizxe DPNH to a yory much smaller
ertent theu can buinan erythrocytes,

In spile of these findings, the sheep given large dunes of
primamiins, both orally sanel pacvantarally, fail to undergo acute intravascular
hemaolynris. This fxilure of primagquine to induce hemolysis in the sheep whose
erythro-yias ara positive by nil kaown tests {or primaguine gennitivity is of
the utmnaat gigalficance, since wa do pot yef kuow the exact cavss of heino-
lyeis of the prircaguine.-gengitive erythrocyte. .

ving poaribility be that the metabolic product of primaquine,
which cavess hammolyeis in the primaquine-sensitive individual, mey not be
formed hy the she~p, TYherefore, current investigations inciude 2 compa-
rative study of tits pnoducts found in viman and rhesp plasma during the ad-
ministration of priwaquing,

(¥ i metahalic prodact of pritnaquine which cacses herao-
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lyais in hwinan h~inga is formed in the sheep, and presented to the shaep
erythrocytss iy ihe circulation, iasvestigatios of the mechanism of protection
of the sheop /rom primaqulue-{ismduced hamolysis will be neceasary, This
aleo wnuld hs pyasuiaptive proof that the causs of hemolysis {n the primaquine-
penaiti v individuzis llen vo 2tll] another abnormality yet to be discovered,

1f, ¢n the other bhand, the primaquine is metabolized dif~
feren:ly by the shesp. presumoahly in tha liver, the comparative mechenimm
of primaquirs noetabcligiv in sheep and huwnan beings would require investiga-
tion, Such inveetigation might lead to means of modifying the moetaboliam of
primguine hy uae of an rdditional agent to prevent the hemolytic activity,

Whnriher the inetabolic product of primaquine which causes
hemolyrie is the nrme product which exarts curative effect in malaria im not
known. Manry ciher agenid baya hean fonnd which cause intrawxscular hemoly-
sia in individunsls whoge arythrocytes show the abnormalities oviginally discos
vered at the Avmy Madicel Uesearch Project at Stateville, Some of these 2~

gents ave not auiimajasial. Uherefore, the poesibility exiets that one of the
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metabolic products of primaqguine may be antimalarial whereas ancther

may preduce the harolytls reaction,

Tha sflect of radiation on normal, primaquine-sensitive

and spoap axythrocytse haz revealed that, under certain conditions, there

in an 2pparent lose of activity of the enzymaea thus far studied, Thin is

assoclated with » amuall but consistent decrease in the glutathions leval,

Normal munen ecytlirecytes have shown no loss in enxymic activity on

exposura to 20, 4D0r, Frimaquine-sengitive grythrocytes have shown loases

nf activity, ar mve tha chaep erythrocytes,

The conditions veeulting in loss of activity on expusure to

radiation rosuive fvither inveastigation, Tha conditions f{all inin lhres

clagses:

1. the amount and method of delivery of radiation;

&N

tle preparation of mample for radiation and,
3 gl comditions of assay of the ensymes followipg + adiation,

With regs:d 1) graparetinn of sarnple, 1t 1s worthy of vols that radisind
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15, |
whole blood showed greater losses of activity than did hemolysates, As
might be expected, erythrocytes in a saline medium were also more sus-
cuptible to radiation than those protected by plasma substances such as
glucose, Since whole red blood cells have been shown to exert an effect
exactly like that of the ghosts on inactivating the glucose-6é-phosphate de-
hydrogenase of hurnan hemolyxates, and since the hemolyzates thus far
irradiated contained no ghosts, investigation of the effect of ghosts on sus-
ceptibility of the enzsymes to radiation damage will be necassary,

With regard to conditions of enxyme assay following radia-
tion, losses of activity were shown principally in those systems where the
assays were performed by use of increasing amounts of hamoly=ate, Little
if any change could be shown using & constant amount of hemolyxzate and
assaying the activity of the enztyme as a function of time, Thus, the radia-
tion effect may have altersd the protein structure so that inhibition of the
enzyme activitias occurs at higher levels of ensyme concentration, Or,

more glutathione could be lost in the protein precipitate made before
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managuremert of the reduced glutathione,

The 1roat etriking radiation effect wag the mavked increase
in activity, particularly of glucose-t-phosphate dehydroganase, which
occurred In the blood nbtained from a sheep which had bean recelving
large doner «f primemune, This increase is prabably 2 function of the
conditions of enxyme aezay, or may be associated with peculiarity cf the
particulzy sheep used, aince it has a higher glutethione lavsl than the
three other sheep exarniasd, ‘Thur, we nannot as yet irderpret this strik-~
ing finding without further investigation of the sffact of radiation on blogd
obtained from both minan individuals and sheep receiving primaquine,

Current ipvestigations are being s»panded to lnclude addi-

tional perrametsres af celivlar metabolism,

HUMMARY:

———— = ——————— —

1, Sheep erythrocytes are biochemically similar to prima-
quins.geneitive Imiman evrythrocytes,

. Adiwiuigtraiion of Lavge dagey of prliraguine 1o l}'mt:p.
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17,
both orally and parenterally, failed to induce hemolysis,

3. Under certain conditions, radiatiom of both prima-
quine-sensitive and sheep erythrocytes at a dosage level of 20, 000r caused

loss of ensymic activities, Normal human erythrocytes showed no signi-

ficant loss of ensymic activities,

4, DBlood from a sheep receiving pareateral primaquine
showed a significant increasa in enxymic activities after radiation,

5. The significance of these findings ia discussed,
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TABLE 1.
Hematocrit
| cr ﬂ;niilj.oiég u Qﬁk.iloof’ml. RBC GSl stability
- . SHBC Bg./ 100 mi.RBC
- . m— 58-\19 ' loz
. 49,50 1.5 | 66.0 26.1
f 32.50 0.2 . 60.7 .
| 9.9 12.2 82.1 ‘ 22.9
36.00 _ ' ‘
| 11.3 86.9 <29.%
34,00 10.9 . 85.6 . 32.4 $
aa'w .+ - )
9.6 . 9.4 . 0.7
38.5 12,9 8.9 | 23,6
35.5 11.9 l.0 Z. b
A
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