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METABOLISH ATD TOXICITY OF RADIOACTIVE ITXALS -

V. COLUGMBIUZ 95, YUIRITIE 9L, ATD TAWTALTI 182, -

John Doull, M. IF. Sullivaan, and Ecmmeth P. DuBois

A study of the metabolism of certain fissilon profucts apd obther radio-
active nckals has been carricd ont in this laboratory during the past several
gonths (1-5) to obtain informabtion of velue in the imberpretabion of toxlco-
logical data om these metals. TFor metabolism erd excretion studles btracer
dogen of the radioactive metals vere aduinigicred orally, intraperitoneally,
and latravercusly. The 8aily cxerebion of bthe igotopes was memsured awnd the
anipale vere venally secrificed inm six days for tissue disbtribubtlon neasgure-
mepto. This procedure facilitated the acquisition of informsticm on the exe-
tent of aboorption amd the duration of retembiom of the isobopes im animwal
tigoues. Other lmvestigators (6-8) have previcugly provided mmch of the
desired information regarding the melabolism of fission products and our
data vere in agreenent with previous Lizdiwngs.

Ve bave previously reported {1-5) the results of metabolism studies
vith tantalvm 182, ytirlem 91, stroativm 89, and zivconivm 95. IV was fouad
that tanbalum 182 aa the oxide (19205) vas nob gbsorbed from the gasiro-
intestinal tracht and was eompletely clinipated within two deys afbcr adwinl-
ptration. Vhen given intraperitoneally nearly all of the imjected dose re-
rained at the gite of injection due to its insolubility and consecgueni: poor
gboorption. Yétrivm 91 vas also poorly absorbed frca the gastro-lntestiaal
tract as evidenced by lezs than 0.0 per cemb of the moberial being presend
In $he tiooues six days afber adninlgbrabion. Afber imbraperitonszl adminl-
strablion of yoiriun 9L aboubt L0 per ceut of the injectel dome was excrebed
' in gix days and afber intravenocns injection a simllar vate of czerchbion was
actved. Stroztium 89 vas well absorbed with 12 $o 25 per ceab of oxal doges
appearing in the tissues. Afécr inmtraperitonmeal amd inbravemoue adminigtra-
tion of gbronbium 89 the amount presad iw the tissues in six days was 50 to -
65 per cenb of the administered doses. Zirconivm 95 vas nob abgorbed to avy
plgnificant degree when glven orally and afiey parcaberal adriwigbration 50
%0 60 per cemb of the material rezsimed im the body six days labter,

The presewt report combalms imforration om the rate of cxereblom of
colirbiun 95 adninictered intravencusly emd imbraperitoneally %o ratz. Our
investigations on this fiszion product were begun previcusly {5) vith mcamire-~
vento of the absorption of orally adniaisterzd colurbivm 95. Im agrecnend
with the Pindings of Hamilton (6) vwe cbecxved that coluzbiuvm 95 vasg absorbed
4o a greater exbent vhen given orally than most of the cther Tisslon products.

With information or the metabolism of yiirium 9L and tawtalum 182 ab
bopd taricity studies with theme materiale ave being comducted. In prelimimery
tests ve found (5) that domes of 800 ue/kgm. of ytirium 91 cersed sore decrease
in the growth rate of rats but only one of thres amimals died in 180 days. The
pregent report comtains further information on the acube tozicity of gitrimm 91
as vell as information on the cffectis of imbraperitomzally adminisbered
tanbalus 182,



RIALS ARD IETHODS

Tor thege ezperinents adnlt wale Spragewe-Davley rats vere cxployed.
They were ralotalned in an alr-conditicned laboretory (9) cauipped for hovging
aninals affer treatnent with iscbopes and a special injection apparatus (10)
vas weed Lo adninigbering the igobopes. After imjection of radicactive
petals the anirmals vere kept in nebtabolism cages for six days. This procednre
vas Followed both for mebabolism arnd Ror toxicity Sosts because 1% facilitated
the digpesal of the lavge fractlion of the injected dose gemerally czercbed
during the Lirst fev doys atficr adminigtration of the radicachbive metal. In
Tetabolisy studies with colurblvn 95 the urine avd feces were collccted dailly
for six days amd the animsls were then sacrificed Zor tisoue distridubion
reasurenents. '

Tttrivn 91 and colvmbive 95 were obtaimed from the Ok Ridge Tatiomal
Laboratory. A golmtion of colurhium 95 (12.6 me./ml.) in 5 per cent oxalic
acld was moged afber 81llubion to 50 ue/ml. with 0.9 per cent saline solubion.
A golutica of yttrimm 91 in 0.133 W HCl vas nentralized %o pH 6.5 with godium
hy%m&zi&e and the golution used for injection comtaimed 750 ue of ybtiriun
o1/, :

For measurensut of the distribution of colurbiun §5 tissves awd Leces
vere honogenized in distilledvater. Bose sarples were ashed gt 450°C. end
‘the residne vas dlssolved im dilute HOL amd nouwbralized. Smiples vere plated
on coppexr dlscs, dried, and coumbed with am cpd-windor nice conmber. Am.
alunisn ebsorber (13.5 mg. Al/ei™) vas placed over the sample %o dcovease
the beba couvis. " ’

EXPERTITATTAL

Rate of Ezcrebion awd Tigsue Distribubion of Colurbiue 95 Glven Imbrapcrilo-
neeily, :

In cur previcns experizents (5) with Cb 95 4% was fonvd tlat an average
of 18.1 per cemt of a b-uc doze awd 34.4 per seab of a 2-nmec dose vas prescub
in the organs and carcass 3ix days aficr oral admimigbrabion. Iost of the re-
tained Cb 95 vas present im the bomes with 10.9 pexr cemt of the L-uc dose ard
31.9 per ccmt of the 2-ug doze belimg Ponwd in the cavcass.

To ageervaln the distribudion ard rate of cxeretion of (b 95 given imbra-
peritoneally growps each conbtaining three rabs were glven 2 uve axd b we of the
isctope. TUrinary and fecal cxerction was measured 8zily Tor six days afber
whick tloe the animals were sacrificed for tissue distridutlon neagurements.

The rate of axeretion of Cb 95 given iunbtraperitomeally is shown by the data ia
Table 1. The average total fecel excrction of Cb 95 was 26.4 per cenmt of the
L-ue dose and 31.4 per cent of the 2-uc dose. Urimary excrebion vas corzider-
ably less as eviderced by the average excretion of the 16.5 per ocnt of the he-uc
doge and 7.5 per cent of the 2-uc dose. BErcrebtion occurrzed throughout the 6-day -
period in both the urine ard feces suggesting that Cb 95 ic mot held by the
tissues as tenaciously .as mome of the other ; ission products (8).

Analysis of the tigsues from rats gacrificed mix days afber tracer dosecs
of €b 95 showed that mozt of the materiznl vwas preseat. in the carcass as showm
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by the dzba in Tshble 2. An average of 57 per ceab of the bous doge azd 57.5
per cent oX the 2-uc dose vas reteined in the tissues and over 90 per cenb of
the material was Lound in the caroass. Splecn amd kidnzy cach conbaizned
epproxlimtely 1 per cemb of the adminisbered dose while the other Higsnes
conbained graller apocnuts of Cb 95, .

A comparison of Yhe radlcactivity of tissues on a weight basis is given
ia Table 3. Thege data show that the gpecific activity of kidney was bighegt
apong the geveral Uissves cwomimed. Skeletal rugecle ard bowe cozbained gindlar
ancurts on g welght basis and the value for corcass rebewmbion im Teble 2 thus
repregents the Cb 95 ia bobh the skelebzl mascle snd the bone. Ir thisz regpect
Cb 95 differcd from other fisglom products which were deposited erbirely im the
bore. I% is apparcat from the data im Teble 3 that Cb 95 is rather cvenly dige
tributed 1a seversl tissues and the large wmasg of the carcase accounts for the
high perccmtage of the injected dose fousd im the ezrcass.

Excretion apd Tissue Distribubiomn of Csluchiwm 95 Given Imbravemously o Rebs.

To deterniine the rate of cxerebion of Ch 95 afher Iimtravenous admimiptro-
tica grouwps each combaining three rats vere givem 10-uc ard 20-ve of the radio-
actlve metal. The daily exercilom of b 95 was followed Lor six days awrd the
regsulits of these measurenents are shown in Teble 4. The average fecal cxerebion”
of Cb 95 was 8.7 per cent of the 10-mc dose amd 3.8 per cemd of Lhe 20-uc dose.
Urinary excretion of the isotope vwos considerably higber than feecal axcrebiom
as evidenced by an average of 32.3 per ceat of the 10-uc dose and 20.4 per ceat
of the 20-uc dose in the urine during the 6-dsy pericd. The higher wrinary exe
cretlon differed from the reswlis obtained after inbraperitonsal adrimipbrabtion
(Table 1) vhere the largest percembage of the (b 95 appeared inm the foces. Hove
ever, the tobal percemiage cxcreted im the nrine and feses was mearly the same
For the twro ronbes of adninistration.

Meagurenents of the distribubion of Cb 95 im ratb tiscuwes six doys afbar
Inbravenons adninisbration shoved that most of the maberial wos presest Im the
carcass ag shovn im Table 5. Afer 10 ue of Cb 95 55.% per ccat of the im-
Jected dose vas pregent in Yhe tissues of which 43.6 per cent was Lourd iwm the
. cavcess. Host of the remainder of the reteined isctope appeared im the liver.

Sintlar digtribution cccurrel in the group of animals vhich recelved 20 uc of
Cb 95. The average amounnt of the injected dose Pownd im the tissues was 57.%
per cent of vhich 49.1 per cent ccourred im the carcass, 6 per cenb im the
liver, and 1.6 per cent in the kidmey. Obker tissmes combalimed small amounks
of the isotope. When expressed im tcrms of activity per gran of timsne as
shovn in Table 5 it is evideat that liver comtained the highest specific
activity and the higher tolal awmount of Cb 95 in the cercags was due o the
large mang of gkelctal mmscle amd bous.

The Toxiolly of Yiirium 91 and Tomtalum 182 Given Inmbraperitonsally %o Rata.

In preliminary toxicity tests vwith yitrium 91 we found(5) that a dose
of 800 uc/kgm. given irtraperitoneally censed a slight inhibition of grovth of
rats and one of a group of tlxee aniwals died im 70 doys. Hovever, the other
two anlmals in the group heve survived for 270 days. Amimals receiving 100 uc

-l o
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TAELE 3

COMPARATIVE RADIOACTIVITY OF TISSUES ATTER INFRAPERITONEAL
ADMIWISTRATION OF Cb 95
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and 200 uc have sexvivel for b0 wecks. Furbher tozleidy tests bave Boen come
ducted in vhich groups cach combaining Lour rabts vere glven Y 91 isbtraperito-
peally. The mortaliby amomg rabs reeeiving franl L So b cofkgm. of ¥ 91 $s
ghoyn iz Teble 6,

The raults of these teste izfiecate that the 30-day ID-5C for ¥ OL
admipistered imbraperiboneelly is bobuvees 3 erd b mofkem.  Awshony previcusly
fowni (11) that the 50-day ID-50 for ¥ 9L aduinlgberel imtracerdially was be-
Yween 1 avd 3 mofkgn. Toe resulis of cur tests give fuxrther ivdicadion of
the high toxicity of parenterally adnimisbered ¥ 91, .

The anirals vhich have survived for 30 days afver administration of
Y 91 are being cbacrved ard vhe growvth rake ig belmg receorded. The average
oo rates for the groups of emirzls wiish reeelved vericus doges of ¥ 91
are showa in Tigore 1. Af%er b pofkom, of Y 91 theve cosuwrred a ropld de-
crcage in body welsght irmrzdlabeoly aficr injedbiom of the isotope and the
snirals all sucsunbed vishin 10 daya. A sivilar ialtiel decresse in velght
vos obocrved afier 3 meflen. of ¥ 91 and im k0 days afber injestiom 36 per
ceot 1vhibition of the growth zate of this group vas observeld. Anipals re-
colving 1 and 2 mofkgm. of the izobope shoved orly mlight decreases in welght
during Yhe obsezvation pericd. The suwrviviez avimale vill be cdgerved Lov
longer pericds of time %o debernine vhether deolayed rortellty and weight

chenges oseur.

Animals reseiving varions dczcz of tambalwn 182 es Tap0; bave been
wader choervabion for several rowbhg. Rabs wkich reseived dozes of 2 o and
b t:s/kgm inbraperitensally bove ourvived for 39 weeks with oo sigpificexd
inkiblblon of the growth rabte belng chsarved. Amivals recelvivg 8 awxid 16 s
of Ta 182/krn. have survived for 30 vecks anl crhibited only o slight ivhibi-
tlom of the groevih rate. These remulio indleate that Ta 182 ig rmch less
soxile than ¥ 9L,

DISCTSSION

In previons studics on the webabolism of erally adminigbered b 95 we
chacrved (5) thot this rabterial is abamorbed to a grezber cubeab thom rogh,of
the cvher Floslon profucts in agrecmend vith the Liniises of Eamiltom (B).
Tothey ctvdics with this isobope have moy been comiveted nsing the intra-
vencng onfd ivtraperitonzel routes of adminisbration. These experincnbs shoved
that about 50 per cent of tracer dogzes were rebalnel iw the tlgeves gix days
afber administration by both roubes. Kozt of the retained Cb 95 vas fonmd im
the carcags ag was the gase vwith the other Lission products stvdled previcusly
(2-5) . Hovever, a higher percentoge of the injected dese vas found in gofb
4isoves arpd the liver and Iidney comdaincd alrmost 10 per oent of the imjested
doge. :

" Poxlcity teste with ¥ 91 imdlecated that the 30-dsy ID-50 is clese to
3 rofkeor. vhen the materisl is glven imtraperitoneally %o rats. This valuwe
15 near the ID-50 walue chialned by Authony (11) efter imtracexdial adrdni-
girabion of 7 91 o rats, The inhibiticn of growth ojfniwals vhieck recelved
3 mo/kan. inflicates that delayed death of these amimalo may cscur. Although
Ta 182 ap Tap03 is retained in the body f£or a rach lopger vime than ¥ 91 the
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TAZLE 6

THE TOXICITY OF YITRICH 91 GIVEYW IVIRAPERITOREBATLY
TO BEATS

Dose of ¥ 91 10=-Day 50-Day % Morbality
T ome./kem. Morbality | lMortality 30 Days

ij 1 o/t o/% 0
) o/ ofk 0
3 /% /% | 25
y L/l by - 100
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tozic effects are nob as greab as evidenced by survival of rabs for 30 vecks
afier doses as high as 16 msfkgn. Furbber toxicity Sests vivh these ewd
obher vadicactive nctals are in Progress.

"

3.

SUZARY

1. After in‘traperitomal sdminigtration of Cb 95, 31. b per camt of a 2-we

doge apd 26.h per cent of’a B-uc dose appeared im the feges inm six (ays.
Brimy ~-exerction d.uring thiz perlod amounbed to 7.3 per eend oi" %he 2=u¢
dose and 16.5 per cext of the Y-uc dese. -

Tigeue dlstribution stwdics shoved thet 57 per cem‘@ of the tracer deges
of Cb 95 given imbraperitomcally was rabained in the tisscues and over 90
per -cénb of the rabterial was Loved im Yhe caveasge. Liver awvd kidecy oom-
taincd the highest activity om a welgad baszis. ’

Af%er intravenows administrabion of trager doses of Cb 95 %o zats 32.3
per cent of & 10-uc dose epd 20.4 per cent of a 20-ur dose vas Grereded
in the vrine during vhe first six days afber injechion while the Leses
contained 8.7 pm cent and 3.8 per eanb of the two doges “e@pectivaly.

Apormt 50 per eent of the €t 95 glvea imtravencusly was Zound im the
tisoues and pogt of this arount was presemt in the cavenss. The liver
combained am average of 6 per @G‘ﬁb anfd kic'mey 1.6 per cewt of the im~
jee“ceﬂ. dcacs.

In toricity tests with Y 91 death of all of the rats reselving b me/kan.
csenrred withis 10 days. The morbalidy of rabs recelving 3 mefbgm. was
25 per ezub but a decrcase in the grovth rate of survivirg animals wag

poved throughont a L0-day observation pericd. \
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FEFECTS OF TONIZILG RADIATIORS ON EZGES

IV. THE ITWFLUENCE OF GAMMA AXD X-TRRADIATION OF PHOSPHATASES
AYD AEROBIC PHOSPHORYLATION. '

Keonevh P. DuBola, Marcelle Mozuw, Kemmeth ¥W. Cochran;
ard Joha Doull

In recent studics on the effects of lomizing radiations on enzymatic
reactions ve abacrved (1) that the rabe of hydrolyeis of cerbain phosphate
egbers by allmline phosphates vas Increamed afber exposure of mice to lethal
doges of garma radistion eul Z-rays. Shtimmlabion of the allaline phosphztasge
activity of serum has been reporbed previcusly by Iundewig (2) and by Ross and
Ely (3) vho foumi tbat the hydrolysis of several biologlicelly imworitent phos-
phate esters by the alkalirne phosphatases of rat dunodennm was increased afber
neudron irradiastion.

_ In our czperiments (1) no change im %he adenosine triphosphatase acti-
vity of several tissues was noved afber irradiation bub the hydrolysis of
~-glycercphogsphate and S5-adenylic acld was significantly increaged in sonme
tissuez. The S-nuclectidase activity of mouse liver tissue gradunally increased
to twice the normal value in five days after 800 r of x-rays. AZter 2000 r of
gapra radistion given conbimucvely over a 48-hour pericd the muclectidase
activity wvas aboub twice the noxrmal value at the end of the exposure period.
Pretreatment of mice with peva-snino proplophenone which was demonstrated Dy
Storer and Coon (%) to exert a protective effect agalnmst x-ray wortality
greatly reduced the activation of liver muoleotidage following rediation.
The rate of hydrolysis of fF-glycercphosphate by liver was approximabtely
doubled lLmedlately following 2000 r of combimmous gaura radistion. Other
evidence for an scceleration of phosphatase activity came from experinenis on
anaierchbic glycolysis by liver and kidney tisoue from irradiatcd mice im vhich
lactic acid production and phosphote egterification vere meagunred by the pro-
cedure of Stoesz and Le Page (5). Only a slight decrease im the abllidty of
tisenes to produce lactate was observed but a significamt decrease oceurred
in the organic phospborug of the medimm accompanied by an increage in in-
organic phosphorusg.

To obtain further information om tvhe mabture and exbent of the increase
in phosphatase activity of tisgues afber irvadiation we have combimmed in-
vesbigations on alkaline phosphatases. Since an incressed rate of hydvolysis
of 5-adenylic acid was the most proncunced chanse cbserved (1) during our
previous studies on phosphatases furbher experiments have been conducted om
5-nuclectidage. An asgay method applicable to seversl vissues was deviged
and measurcmenbe of the S-pucleotidage activity of geveral tissues from mice,
rabs, and guines pigs were performed. Additiomzl experiments on the effosis
of radlation on vucleotidase activity vere performed.

The increcased phozphatase activity of tissues after irradiation stimme
lated our inberest in ascertalining whether the transfer of phosphate by the
catalytic actlion of tramgphosphorylases vas affected by radiation. The abllity
of %igpues from irradisted animels to carry out oxidative phosphorylation vas '
meagured and results prepented in thisg report indicatbe that phogphorylation
is not signiPicantly affected by radiation. However, the insreaged phospbatase
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acbivity resulds in rapid dDreakicyn of organie phscphates so Hlav lweakdorn
of phosphate esbers approaches or oubpaces the symtheais and the Fimal remuld
of this actlon is avalagons %0 imhibitiom of phosphste ecgberificavion.

PATERTALS AXD FETHODS

Mice were cxposed to gemza radiation uweing tentalum 182 ag the source
in the exposure chauber previously desoribed (6) . The apimals vere exposed
combinncusly for U8 hours durlag vhich vime they recelved 2000 r tobal body
radieblon. Tor experimenta with x-rays animsls were givern 860 r total body .
irradistion in a single body exposare {250 kv, 15 ma, 1/h ma Cu 50 cm.
distance, and %0 r/min.).

5-Tcleobvidese acbivity was debermined by the procedure previcusly de-
veloped {7) im this leboratory for studies on beryllium polsoning. Aerobie
phozphorylation was rezsured by the proscdure of Potier (8) uwsing lsctonle
TCL horogenztes swd creative as the phoaphate acceptor. Succlmte vas ez~
..ployed ap the cxidizdble substrate for most of the experiueuts; hovever,
obher inbernedlstes of the Krchbs eycle vere also uged as gubsbrates ab a
final congeatration of 0.00% i '

EXPERIMEHTAL
Teagnrenent of the S5-Imeleotidasge Activﬁgy o? Animal Tlasves

During studies on the mechanisn of ectior of beryllium we developed N
o proscdure ulteble far neapuring the mclectidase aghivivsy of andnal tigenes
vhich wag sinilar 4o the adeposine triphosphatese agsay mebhed of Dulvis exd
Potber (9). The test systex combalned 0.15 rl. of 0.025 U barbital tuifer,
pE 8.9, 0.05 nl. of 0.C% I UsClp, 0.15 ©l. of 0.0L3 M S-adenylic acid, 1 or
2 pom. of tiscue as a 1%, 2%, or 5% aguecus homogenabe and encvrgh water vo
meke a Pipal. volune of 0.65 ml. Aféer imcubstion For 30 mimubes at 38°C. the
reaction vas shopped by the addition of 0.1 ml. of 507 twichlorcacebic acid
apd the mixture wag ecubrifuged. Inorganic phosphorus was determized om 0.3
ml. alignobs of the superastent. The S-mucleohldase ectivity wap expregsed
ap the mon. P Libemmted from S-adenmylic acid by 1 gram of tigguve in ome hour.
The epplicability of Ghis procciure Por mncleotldase assays om scveral tizgues
iz shoun by vhe data inm Fignee 1. ‘

Uader the conditions deseribed sbove the rate of hydrolysis of S-adenylic
acid dy Lissue homogemates is proportiomal to the tlssue gongentration vhen L
to ¥ mem. of liver, tegtes, and duciemm were used. In the case of kidmesy
%isaue vhich bas a high S5-muclectidase activily the rate of the reactionr was
proporticral to the tissue concenbtration when less than 3 mgm. of tlmsue vas
caployed. Although there exiets (10) evidewce for the prescnce of a specifie
S-mclectidase in anfwal tissues it should be polinted cud tkalt the condibions
of cur aemay permitbed the egtimation of the total cepaclty of varlous tissues
- %o hydrolyse S-adenylic scid rather then a single specific phosphatase. Thus,
at a pE of 8.9 1% is probabl« that at least part of the actlvibty of mome
_%issnes is due Yo non-gpecific alkaline phozphatages. ‘
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FICURE 1

5-RUCLECTTIDASE ACTIVITY OF LIOUSE
PISSUES
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S5-hacleotidage-Activity of Arniral Tisgues

In previcus studicy (7) on vat ticsues it vas geen that the 5-unelootie
daze activity of varievs $iscvues wag rarkedly éifferent fien alkeline phospha-
tage acbivity as devarniped voling ﬁoglycerophospmte a2y the svbotzate, Thare
vas algo o tarked differeuce in the adcwoszine tripkospkatase exd 5-mncleobidase
activity of tlecsues. These differcmecs support She pogsibility that the hydso-
Ilysis of 5-adepylic acid is catalyzed by o gpecific phosphztage. In coenzsbion
with studies om the effecte of radiation onr moleotidase activity noxral velnes
have been obtalned for several tissues Trom rabe, mice awd guines pigs. The
noral rmucleobidese activily of tissues from theze specles is chovn im Teble 1
in vhieh each value 15 the average for a¢ leaght four cunirsls.

Ao ghcrm in Table 1 all of the tipounes from the Yhrce apecics exhibibted
zncleotidage activity. Hovever, there werg striking epecies differewses in
vhe enzyre acbivity of some of the tisspen. The activity of rabt liver was
about £ive Himeas that of novse liver and spproximately 13 tinss higher than
the activity of guinea pig liver. The waluneés for rat exd mouge kideey were
mueh higher thap the value cbtalned for gnivca pig kidaey. The activity of
brain evd slkeletal rmgele was sinllar for the three specics bub the activity
of other biggnes vas gencrally highest in rat tiosues end lovest in ginsa
pig vigemez., There wvas ro correlation hetveon the distribubion of S-mucleoti~
doge iv aninal tisesues and the adenosine triphosphataze (9) acbivity of
tioones. Taerce were also mobticeable differerces betvecn nncleotidase and
allnline phospbatase activity as messured using (3 -glycercphosphate as the
gubotrate. '

EXTeet of Cibrate and Fluoride on S-kucleotidasge Acbivity -

Izhibitors of S-maucleotidege activibty were of pardiculor imtevess Im hc
present Invesbigation in commechion with abbcets Yo degreage the elevabed
mclecstidane aebividy of tiosuss fron irradisbed gnimala. Sipce fluoride im-
bibits bhe activity of any phosphatases ve Csasured the effect of fiuoxride
on the mueleotidase activity of kidmey, spleck awd liver fron norial exd
irrodioted mice. Citrate bas been czmloyed By Pardee and Potber (11) to pre-
veat bhe breakiomm of adenylic acid during phosphorylabtiorn. It ig presuned
Yo act ag an irhibitor by cozbining with ragmesion thus decreasing mucleo-
vidape aotivity by rexvovimz the acbivator., Sisse no direct mozsurencdis on
the inhilbitory asticn of citrate on raclectldase activity had baer vepoxrbed
previongly ve nsagured the imhibitory effest of eitrele on liver mmeleobidese
of norrel and ixvadiated amlvralg in the presgepce avd chbsence of added
ragaedivil. The resulis of tegbe with fiuoride awid citrate are prescated in
Tahle 2,

The results of tests with finvoride indicated that vhis fom 49 nob eo-
vecially offective ag an inhibitor of mmclectidase activity. A final consco-
tretion of 1.5 x 107° ¥ Liuvoride inhibited kidney mnclectidage Yo the extent
of 10 per cent in the absence of added magnesivm awd 17 per cent in %he
pregence of magnesium. Liver was affcried %o a grenter exbent as cvidenced
by 8 per cent amd Th per cemt inhibition in the absense and presemce of
ragnesivm respestively. In five doys after 800 r a rize in Vhe enzyme acti-
vity bad occurrei ani fluoride produced zbount the same deprespion of emzyme
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TAELE 1

THE 5-KUCLEOTIDASE ACTIVITY OF HCREAL TISSUES
- FROH RATS, MICE, AWD GUITEA PIGS
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TABLE 2

EFFECT OF FLUORIDE ATD CITRATE OF 5-HUCLECTIDASE

ACPIVITY
S-Fucleotidoge Acbivity
Pays mgn. Plen. tissue/ix.
Tispee S
after 800 »
Yithout Iphibitor
» 152 102 U4 F
Mg To Mg Mg flo Mg
Kidncy Tor=al 3.3 43.5 58.9 35.9
Liver Yorzal .3 %.8 2.3 1.3
5 5.6 5.6 3.8 2.5
Spleen Tormal 2,6 3.3 1.7 1.k
' 5 5.3 6.4 3.5 2.k
1.5 x 1072 11 Cltrate
Tiver Tozrzal EDS k.8 1.8 208
7 8 5.8 2,1 2
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acbivity as wvag aoted vwith normsl liver. Resulbts with splecn vwere slnllar
Yo those obbained with liver.

Citrate at a fiwval melar concentration of 1.5 % II.O‘2 produced aboub 50
per cent inhibition of the activity of liver, bub when ragnesivh was added to
the oystea {0.003 M) the inhibition was reduced to gbout 25 per cecab imdi-
cabing that the corbimsbion of citrate with magnegim is responsible for the
izhibition of the bydrolysis of 5-mmelectldase. These tesbs denonsbrabed
thet velbher flucride nor citrate are eapecilly active as ianibitors of
5-mucleotidase.

Rate of Hydrolysis of Various Phosphorns~Cogtainioe Compounie by Tiogues of
Wormal and Trradisted Mice.

To compare the rate of hydrolysis of S-sdepylic acid ard obier phosphorug-

contalning corpounds we esmloyed vhe mmcleobidase test syslem deseribed above
and substituted other compommis Lor S-adenylic acid ag the substrate. The
corpourds exployed Por these teste were yeast adenylic acid (3-ademylic aeid),
phopphoglyceric acid, and diphosphopyridine mcleotide (DPW) . A cczparisom of
the rate of hydrolysis of these compoumds by mouse liver, kiduey and testes is
given in Table 3. .

Thae resulda of this comparison shoved that S5-adenylic acid is hydrolyzed

ad a faster rvate than any of the other substrates weder idezbicel cxporimesbal
conflitions. The rezulis with 3-adewylic acid were of paxticuler inberest de-
ecanse of itp close structural similarity to S-adexylic acid. All of the sub-
strates were hydrolyzed at a rmeh slovwer rate than muscle adcoylic acid by
liver and kidrey bub the nost prouncunced difference was dbserved with bestes.
VWeen yeast and smzcle adenylic acid vere mized and ezployed togethicr as sub-
shraves the sene arovnt of phosphorus was liberated by liver as wher S-adegylic
acid alome wag uscd. Tals deonstrated thet vhile 3-sdenylic acid is mot
hyérolyzcd as repidly as S-adenylic acid its presemce does nob imkibit the
bydrolysis of the latter compound. Iedlestlons of substrabe speciZiclly were
cbtained 1m theme tesbs particularly im the case of tesbes and liver where 1%
appesrs that o specific S5-mucleotidase catalyzed wmost of the hydrolysis of
5-gdcnylic acid. In five days afier 800 r of x-rays there was a 60 per cenb
inerease iam the rave of hydrolysis of 3-ademylic aeid by liver tismne and the
liberation of imorganic phospherus from DPY was increaged 36 per cept in liver
and 15 per cent in kidney. The hydrolysis of phesphoglyceric acid by liver
and tesbes vas not appreclably imcreased afier radisbion but kidney shoved a
20 per ceab inmprease im ability bo liberate phosphorms froa this ccapovnd,
The results of these tests ave in apreeuent with onr previous obacrvatiopns (1)
on the ircrease in activity of various alkalime phospbetases in the vissues

of irradisted amimels. :

EfPect of pH on the Activation of 5-E‘mcleotidase afser Rediation

It vas obzerved by Ross and Ely (3) that the allmliue phogphatese acti-~
vity of ducdemm showed increased activity afler irradisbion whem the reaction
ves cayxricd out at pH O but not at pE 7. In-order to debermine whebher the
activation of mmcleotidase after irvadiation was pH dependent assays vers
carried out at pH 8.9 and at pH 7.4 on liver from morzal emd irradiabed nice.
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TABLE 3

RATE OF EYDROLYSIS OF PHOSPEORUS-CORTATIITG COIPCHIDS
EY [ICUSE TISSUES

Activity. (M. Pfgm. tiomme/kr.)

|

5-Adenylic Acid | 3-Adenylic Acid DPE Phosphoglycerie Acid

Tiggue

o Mg Hz Fo Hg g %HO Hg | Iz ¥o Mg Iz

lLiver k.1 Lo 0.8 2.2 | 2.5 2.8 1.6 1.8

Kidéney 48.3 k9.6 | 28.0 30,5 | 9.1 | lok] 16.0 16,7

A megises 16.3 18.8 2.0 28| cen | ca-w 2.8 3.0
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There vog no appresiable differerce im the aevividy of normal liver av the Ywo
pE velucs. In 48 hours after 2000 7 of gazra radiation there was ar insrease
91 acbivity fron dhe pormal of k.1 men. P/ga. Yisomefbr. to 7.0 vhem the ze~
action vas carried cut at pH 8.9. AL pH T.» the value vas 6.0 vaich represcated
a 16 per cent increcase ag corpared with am 80 per ceat increase ab pR 8.9.

This cxperivent inidicated $hat the activation censed by radiation vas somevhat
greaber op the alkmlinity of the reaction redinn imereaged.

Dgfectn of X-Tryadiabion onm Aerobic Phogphorylation by Mouse i’.mney Hemogenates.

The inereage in phosphatase activity of tilssues alber irradiabion glbimme
lated ocur inbevest in ascertainipg vhebther the symthesig of phosphote esters
vas affected by iomlzing redlablons. Our previcus axperivents (1) on phosphoryla-
tion and glysolysis showed a decrcase im the ability of tlesves from irradisbed
anitels to maintain phosphorus in orgenic Lform. However, ve abtribubted the
breakdcvn of high cnargy phosphabe to the increased phosphotase actividy rabher
than a dirvéet actior of radiation on trapsphosphorylaticn. To cobltaln imforrms
ticn om the actividy of tramsphosphorylating enzymes in tissues takea Lfrom
{rradizted cnirala oxidative phosphorylation was sbtudied. For these tests it
vas edvisoble to use a sysben im which the results wonld not be debermined by
factors such as the imoreased hydrolytic action of phospbabeges or a decrease
ip oxysca comsuEpbion. The procciure of Poltter (8) in whick succizmabe is maed
as the axldizeble gvbstrate amd creabine as the phospbote acocpbor sechecd pulb-
able beeznse ve had previonsly shovm (12) that the oxidation of swmeelmate by
kidney homogenates is uvmafPected by lomizing xediablons. The aysten of Polbice
{5) combaing fluoride %o blook the achiom of allmline phosphateses. Compled
oxidation and phosphorylaticn ves measured uwsing kidmey Visgue taken from mice
at izmbervals afber 800 » tobtal Dody z-izradlaticn. The resulbs of these aszays
are presented in Table % im vhich cach wvalne is the average for at leopt Lome
anirals,

Aa shoun Dy the data in Table b there vas a markel decrease im enberifi-
cavion of {morganic phosphorus afder 800 of x-rays. The loss of phosphoryletlve
ability of kldmcy ocevrred gradwally following irradiabion and im this respect
reserbled $he gradunal increcase in phosphatage activity vhich vas previcusly
observed (1). To deccrease in the abilivy of kifney biosue to cxidire guceimnve
vas onserved throughout the 5-fay pericd after irradiatiom exd the failuve of
phosphoereatine oynthesis was therefore nol due o Imhibitica of the oxidizailon
which provides the ecrergy for phosphorylation.

To dcbcrnine the effect of variocus dozcs of radiation cm acrchic phos-
phorylation 400 r, 800 r, and 1200 » of z-rays vere given to mice. Obher
anizals recelved 2000 r of combvimous radiebtion adninigtered over &
48-hovr period. Acrobic phoaphorylaticn was measured usiang kidney tlssune amd
the resulis of these measuremecnts are smmarized inr Teble 5 in vhich cach value
represents the average for ab least four anirels.

Inhiviticnx of the azrobic synbhesis of phosphosreatine was only slightly
inhibited by the eublethal dose of %00 r. Afber 1200 r axd 800 r of x-rays
pimilar ivhibition wvasg noted at four amd Five days regpectively amd in two days
afber 2000 r of combimouns radletion 95 per ccab iwhibition vasg observed. Thus,
the time of opzeb and oxbent of inhibitlon of phosphorylation vas depeniemt vpon
Yhe doze oF xadilatien.
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TABLE b

THE EFFECT OF WHOLE BODY Z-IRRADIATICH OF AERQEIC

PHOSPHORYILATTIOR EY MOUSE KIDHEY

Days
efter 800 »

ﬁ@, P esheriZied/

cxm, Oy
30 mgn. bisoue coravred/10 nin.

% Iohibition of
P egterification

pon‘brol
2

e

U

83
78
b7
32
21

1
55
Lo
b1

k5
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TABLE 5

THE EFFECT OF VARIOUS DOSES OF ICFIZIEG RADIATICRS O
AERCRIC PHOSPHORYTATION BY ZIOUSE XKIDREY

Doze of Days AfSer | wegn. P Esterificd/ cgm" %a / % Iohibitiom
Rafiation Izrradlation 30 pe. Tlesueé 10 mim of P uptake
- D ot ——
Control - 83 ki
k00 r Z-rays 5 T2 b1 5
800 r X-rays 5 21 L5 5
1200 » X-rays Y 27 ko &8
2000 r gorza 2 b b1
rafiation 9
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IRfect of Padiadion on Phosphorylatlion spd the Comwpleld (xidation of Tpwicus
Subpurates. .

DiZferent phesphorylases catalyze the mytake of inevgznic phosphoras
dering oxidation of the vericus inberizedisves im the Krebs ¢lvvic acid cyele.
Thng, neagprerents of conpled oxidablon and phospheryletion usiag vericus sud-
otroves would reveal wacthey the effechs of lomizing xadiabions on phosphoras
coberiticasion are 1inited o0 certaln vheophorylation reactions or vhebher the
efPect i ivdepemfent of the subsbrate employed. To deberninme whebher the de-
creape in phogphatc egterificaticn wag imfluerced by the substrabe used Lo
coupled oxidmtion and phosphorylation ve subsbiltubed several cozpounds Lor
puceinabe in the test aysten of Potter (8). The Lival molar comsentystion of
each substrate was 0.00% =zi when two cvbstrates vere added to the gycbca each
vap present abt a £imel concemtration of 0.00% M. & ecomperison of phospbate
eoterification and oxidation of various svbstrates by kidzey btissme fran
norral epd irradiated mice is chovn im Tsble 6. The asseys vere performied 2%
hourp after 2000 r of gar™e radlobion awd czch valme ig the average for thves
eniralg.

48 shoun in Teble 6 a decrease in phosphoras egsberificetion vas obsexrved
with 2ll of %he subgtreles tested. The Inhibibion was greabest vhen pyruvaie,
glutarate, oralacetate, and succinmate were employed as subsivrabes. Combirabioas
of pyruvate vith enccinate, fumarate, epd glutewabe were also employed sxmd la-
hiblsion of phosphorus esterification vas ohserved. In this cxperinent DPF
(0.1 el of 1%) vas edded to each Plack since DPY increages esterificiion.

The rate of oxidation of snccimbe plus prruvate vas Euch bighex than that of
cither cubslvate alone; hovever, this cotbinztion of substratez shonld nod be
vocd Tor oxidative phosphorylation studies because the resulis may be cenfused
by the Pacht that succimate caa be oxidized at a rate vhich ip indepentest of
the cther reactions in the cycle as bas been poimbed oud by Povber (13). A
gell decrease in the oxideticn of mesrly all the substratces tesbed vas ob-
serged in the kidvey tissue frem ivradlabed enirals. In mesbt cages this de-
crease in respirabtilon vas not grest cmcugh Yo account for vhe decrease in
phosphcercatine production.

Phogphorylation by Liver and Kidncy fren Trrediabed Ilce in the ?reseme aud
Abpense o Pincride.

To dcbernine vhebher {nhibiticn of oxidative phospherylation ocsurzed
in 1iver Sieone afber izradiatlion mice were given 800 » of x-rays and the
phosphorylative abllity of liver tissue wes meagured £ive days eftcr irvadia-
+ion. VYhen swuecimbe vas used as vhe subsivate the oxygen comstpblon vas
37 o /30 mert. of bvissue for mormal liver apd 42 omm. for liver fraa irredi-
ated nice. There way lilkevise no differcnce bebvwecn the pormal: abd Irvadiated
1iver with respect to phosphorus esterificabion as evidepced by phosplate up-
sake of 67 vze./30 mgn. of mormal liver tisswe end 69 ugn. by irrodiated livew,
Vhen glutcmate vas used as the swbstvabte esterificatlon by normal and irradiated
1iver vas algo sinllar. Io seeking an esplapatilon for the dilferepces in
phosphorylative ability of liver and kildaney frem ixpadisted animnls ve gave
conzideration Lo the differenses in the allkmline phosphatase achivity of the
too tlscues. A8 described im e preccding peragraph of this report the
5-pmeleotidase activity of mouwse liver is mmch lower bhenm that of kidney.
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TABLE 6

THE EFFECT OF RADIATIOW OF TEE OZIDATION CF VARTOUS SUESTRATES
ATD PHCSPHORYLATION BY KIDEEY TISSUE TFROZ 2LCE

Svbstrate

Succiozbe
Fuomavatve
Fyruvabe
Mlwtasste
& -Ketoglutarate
Oxalzcatate
Femarate +
pyruvete
Succirate +
pyruvabe

Glotemate +
pyruvaie

vg. P Esberificd/
50 wmom. Tissue
¥ormal 2000
125 (]
89 &
87 a2
ob 36
118 100
110 6%
135 101
117 80
127 180

c=2. 02
Congured/10 rin.

Tormal 2000 »

43 4o
31 a5
23 18
31 27
b3 39
R 35
56 54
73 67
39 37

% TInhibiticm of
P BEgberificabilon

ko
5
™
61
15
ho
25
30
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Although fluoride is preseﬁbﬁm vhe vest aywtca uoeld for acrodic phogalorylation
thip inhibitor does not eXfécbively block the breakicum of adcaylic ecld by
kidwey btlomue. Hovevew, fivoride is effcctive im inhibitiryg the lov mmclecii-
dnce esblon of liver. 1I6, therefore, scened pozsible that the apparcus Inkibi-
viom of eerobic phosphorylailca by kidmey tissue Trem irrvedlianted anivzis tas due
%0 izmcreamed phosphatase activity im spibe of the presemce of fiwncride. Thig
posnibllity was texbed by measuring phosphorylation by kidney amd liver tlosme
fran vovoal and irradieted rice in The preserce and gbseace of Lluowide., The
rezults of this cxperinentb are givem inm Table T

The resulbe of this wrperiment domomsbrated that there weg =no fcorease
1n phosphate egberification by liver froz irraiisted mice vien flucride was
yregent in the medium., In the gbsense of added fluoride phogphocresiiece Lorma-
tion agtill ceourred with morzal liver Dut nob iwn the czege of liver from irradie
abted enlmals. This difference wonld appesr %o be explalrable on the besis of
1ncreaged phosphatase actividy which is effestively inhiblbed im liver by
fivoride. Kideney tiscsue was wnzmble to maintain phosphorylation in the gbaemce
of flucride due to the high phosphatase actisity in this tissue amd 1% vheres
fore sppears that the appavest inhibition of Tramsphosphorylation im kifasy
afber. irrailation 1s the remult of increasged phosphatase acticm. The repnlbs
ina Table 7 togebber with the data in Teble 2 Jdcmomsbrating Vhe lnelffectivensas
of fluoride ap an inhibiter of S5-mucleciidase support this corclusion.

DISCUSSION

Ia previces studies we foumd (1) that the allmlipe pkogphatase actividty
of peveral timsues was incressed afber lethal deses of iopizirg zadiabtions.
This increase vas particularly rnotlceable im the case of F-zueleobifdage Dut wes
aloo obgserved vhen subatrates other than S-sdenylic acid were eommicyed. In
order %o czbend the dbservaticns on muwcleotidase activity afier ivwvadizbicn to
speelen other vhan mice 4t was meccessery To abbain mormal velues for tlgoneg
fron varions specles. The prescot Peport cowbalzz evideese that the agozy
nebhod vhich vas previcnsly developed (7) im this lsborebory for murcleobildese
is generally epplicable to razy anirsl Uissues. A ocapaxison of the 5-
mmclectidese activity of tlsgues frea ravs, mice, ard gulmea pigs rovealed
gere vather sbrikles speoles differcnces ia copyne ectivity. Tiae actlivivy of
7av tisoues ves gemcrally highest arong the three gpecles gindied with the
greabeot differcnce belug observed in the case of liver vhcre the value fov
ratn ves Tive tines higker than for mice and 13 times higher thow the achHivity
of grivea pig liver.

then cgual quanbtities of %ivez' arnd kidney were used flvoride at a fiwmd
poler cemsentrabion of 1.5 x 107 1§ proeduccd 10 per cent imkibibion of bhe
roeleobidase of kiduey apd 48 per cent inhibidion of the achivity of liver in~
dieabing the fluoride is not an effective irhibitor of kidnsy mucleotldase.
Citrete vas ebout eguel to Fluorlde as an lnhibitor of the ensyrs.

The ipcreseed phosphatase activity after irrediztion would be expeobed
to interfere vith the level of high cucrgy phosphabe compounmids ln the HSosnes
by hydrvolyzing phosphate esters at an ebmorrally bigh rate. Thus, the flual
vesuls of phogphabase activation in the imbest animl would be cumerable to
1phibition of the systhesls of phosphate cabers becounse breakdoun would ap-
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TARLE 7

AFROEIC PHOSPHORYLATION BY NORMAL AWD IRRADIATED.LIVER AID
’ KIDVEY IW THE PRESEVCE AND ABSERCE OF FLUORIDE - -

vgEn. P Boberified/

cem. Op Comsuined/10 Miz,

30 rgn. Tisguwe
Tissue | Fluoride .
‘ 5 Days After , 5 Days Afber
Torzzl | “ “gop » Horzal 800 = ‘
- e
Present 8k 8t 37 -39
Liver . .
: Abagent 51 -7 50 55
. Present 101 60 5] 5]
Kidney
&Lbzent -62 -113 65 59
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proach oF czeecd the rabe of formatiom. In axperincmts on the phogphorylative
ability of w“ismsues Lren drradietcl anirals a ravked Inkibibice of the Toznne
tioa of phogphosreatiae by kiddey was cbeerved Folloving irvedizticn even in
the prepeuce of fimovide, These vesulis might bo duberprebcd as ivdlembing
that ionizing radilsbicry exerted m direct acticn on $romsphosphorylsses. Hov-
ever, phosphorylation by liver was wsffected by redlantica vhen fluoride vas
pregent ia the gyohcn bub vas depresged 1w the gbseuse of Livoride. Thie
Livfing ivdicaied that increzgeld phosphatase activity vas the =2in factor
responsible for the spparent 1nhibition of phogphorus esterification. The
reonlss obtained with kidney vornld gexa 4o be ezplalveble ox the basis thab
flnoride was neable to ivhibit complebely bhe stirmlabtion of phosphabages
after irradiation., The resulta of these tests inficate thab in Biccues feen
irzedlated anirals the rate of hydrolysls of phospbate esberg rmy ontpace the
rabe of gynbhesis. Tranaphosphoryleses do 2ot appear to be affecteld atb least
In the visoves ewemined and 1t vould therefore appear that fuvbher sbtuliies om
phoesphatages offers the best approach to an ezplansbion of the distrohanses

in phogphorus metabolisu produced by lcmizing redlation.

SWERRY

1. A mobthod for the dctermimation of S-zmclectidape ackbivity of emiral Himrsncs
. wes feveloped and showa to be applicable to g muder of aniral discucs.

2. The 5-rnclectidase activily im rab 1liver was fLive tirss higher ¢han im mouse
' liver apd 13 vimes higher tham the valne for gnixzes pig llver. The echbivity
o? brain ard gkeletal rmscle vasg sinllar for all Shyee gpecics bub the acki-~
t vity of other %issmes vag gensrelly highest inm rats axd lovest im guimen
. Plgd.
3., Cltrate at a finsl molar comecmbratlon of 1.5 x 102 orcireed apout 50 pey
cenb ivhibiticn of the muelectidase of liver while fluoride a2t the swe
' rolar corcenbration profused 48 per cent ivhibition of liver and 18 per
' pent 1vbibition of kidmey puelestidage.

Wb, The vate of libevabtica of phogphozvg frex -adenylie acid by liver, kidncy

ey g
&’ - . pud Yostes was rweh highor tkawn bhe rabe of hydrolysis of 3-cderylic asid,
. DPH, ond phozphoglycaric aeld. Taene Dirdings are fadicnbive of gpesiii-

clty vovard S5-adcoylic acid.

' 5. )feﬁrobic vhogphorylation of ercatize by kiluney biesue fron Lrradiated wice
.7 (800 » T-rays) ves rerkelly decreased sfier ivredletion.) This dosrease
wag progregmive durimg a S-day paried. No dcorease La ability o oxidize
guceclinzbe accornanied the loss of phosphorylative ebility. The time of
onoch and exvtent of inhibibion of phosphorylabion vas depenilceb uooa the
doge of redietioca.

6. /L{o $nhibition of phosphorylabion was obocrved im liver bismae fron nice
five doye afier 800 r of zZ-rays vhen flucride vas added %o the teub sysban.
Hovever, wacn Llnoride vas caibted mormsl liver vas sble o phosphorylate
; creatine bub no phegphcte wplake ccourzed with liver fron ivradlebed m?e{ﬁd:
g It thno appearcd that Linorife vas betier eble to inhibit the lov phospbatese
. activity of liver than the high ectividy of Lidzey apd the epparent iphibie
blon of transphospborylaticn with the latter bissue was due to imsrsaged
' phosphatose oobivity csused by izradisticm.
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JURTHER STUDIES O SCREENING FOR USEERUL AGELZS TO FROLOIG SURTIVAL
OF MICE EXPOSED TO0 ACUTE WACLE BODY X-THRADIATION

Maxvell Dauer, Ann li. Budy and John H. Rugh

A previons report (1) of the resulis of the seresning program iam pro-
. gress gave in some deball the theories amd therepies of z-radlatlon sickress.
The mebhots of treatient and exposure, awd the ratiomale for the statisbtieal
approach were also presented in devail. In the preseat report, a 250 kilo-
volt xz-ray machine operated at 15 milliarperes with sdded Piltratlon of 0.5
zm. Cu + 1.0 e Al wvas used. In each case, except as indlcated, the anlmels
were divided into & pre-treatment, post-treatment, irradieted control and
.drug control groups. The animals used were (F-1 mice. The ages of the mise
and the substences used are presented in the account of each of the results.

RESULTS

Adenylic Acid. Twelve male and 12 female mice, egqmally divided inbto
8 pre-treated and posb-treated group, ages 6-1/2 weeks, and welghing 20 to 2k
grans, were each injected intraperitoneally with 13.2 mgm. of adenylic acld
in 0.2 tl. of 5/10 FaOH solwtion. Twenby-four irradiated comtrols were usad

and pix drug controls. The z-ray ervosure time was 18 mimmbes and M2 gecornds
for a dose of 800 ».

So far as 1s kuown, adenylic acid has not beem tried as am agent %o
alleviate the acube x-radiation gyndrome. It appears that adenylic acld, 28
‘adninistered and under the conditions of the experiment, has no prophylactic
or %herepentic valne in scube whole body redisbticn (Table 2).

Vitamin Byo, Clutathlone, Desoxyriboancleic Acid. Daba pregecied 1n
our previous repord (L), gave some indication that vitsnim Byo glven after
irpadiation, or glutathione, or DFA given before irradlatiom, imcreased the
survival time of mice exposed to 800 r. Usipg a larger muwber of mice, &
gecond test of each substence was made in an attemt o repeat the regulis
of %he prelimimary trisls. For cach compound 2k males and 20 femalss,
equally divided into a pre-treated and post-treated group, agee 3&-=1/2 weeks,
and velghing 20 grams, wevre cxpoged vo 500 r over a pericd of 11 mimutes and
12 pecords in each of the following tests. Oae group of non-breated irradi-
ated mice vas used as conbrels for all three tests. ALl surviving nlce vere
gacrificed at 62 days.

Vitanin Bjs. One apd five-tembths mgm. of vitemin Bjp (Rubremin, Squibb)
vap glven intraperitoneally five mimites afier irradiation. The dose nsed was
twice the amount given in the first test (1). An analysis of the data using
Fiocher's Exact Nethod gives a P of 0.23 at 30 days. The values of the per
cent survivals shoy that Vitamin Big, administered vnder the copdlivions of

these experiments, has no therapentic value.
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Clutathione. A dose of 15.5 pgan. of glutathiome im 0.2 ml. of propylens
glycol was given imtraperitoneally five wlimubes before irradiastion. The doge
vas 15.5 mg. in 0.2 ml. of diegbtilled water. The sbatigtical armalysis of the
Pirat test gave a P of 0.05. Using Fischer's Exact Mcbhed in the analysis of
the second test, a P of 0.0% was cbtained. The per cemb survivals are listed
in Table 2.

Desoxyribonucleic Acld. A dose of 30.0 mgm. of DFA in 0.2 ml. of golu~
tion (pH 7) vas given intraperitoneally five mimtes before irrediation. The
dome was 30 mgm. in 0.2 ®ml. in digtilled waber. The statigbical amalysis of
the Pirst test gave a P of 0.05. The tegt was repeated using oller mlice as
vell ag e larger nuxber. Fischer's Evact Method gave a P of 0.08 at 30 days. -
The resulta of the third test gave a P of 0.2. The per cent survivals are
listed in Table 1.

Adencsgine. Tvelve males and 12 females, egually divided iabo a pre-
treatment apd post-treatment growp, ages 5-1/2 veelm, and welghing 20 to 26
grams, vere injected imbreperitoneally with a suspemsion of 15.5 ngn. of
adenosine in 0.2 ml. of distilled water. Twenby-four irradiated comtrols
and six drug controls vwere used. The exposure time was 17 mimmtes and 12
secopis for a dose of 800 r. .

There are no known reports upon the use of this aegewmt im acunbe whole
body x-radiation sickness. Table 2 ghovs that this agent, when used before
irradistion, has no therepeutic walue. As shown by the P obtained; i.e.
€ 0.1, but > 0.05 in the poat-treated animals, this bears repeating inm the -
future in order to test the walidity of the first uxrial.

Ribose Fuclelc Acid. Tvo groups of investigators (2,3) have reported
sonc success vioh vhe use of this agent in the treatment of the acute
z-radlation syndrone.

In testing the agent, three trials vere made because tiae prelimirary
test suggested that this substance might be of some value afier Irradiation.
In each case 24 irradiated controls and 6 drug controls were used. In the
Pirst test, 12 males and 12 females, equelly divided imbo pre-treated and
pogt-treated groups, agea 13-1/2 weeks, and welghlang 20 to 25 grams, were
injected intraperitonesally with 10 mgm. of ribose mclelc acid im 0.2 ml.
of digtilled water. The solution was alloved to gtard abt room temperature
over a pericd of six veeks. Exposure time was 16 nimmbes and S5t secomds for
& dose of 800 r. Table 2 ghows that pre-treatment with REA bad no effech;
however, it bad some value when given after irradiation.

The gecond trial was made using 24 males for post-treatment, ages
4-1/2 veeks, and welghing 18 to 20 grams. The same dose vas given usleg a
freahly prepared solution of ribose mucleic acid. The results were not coi-
parable and evea suggest thet the agent when given after radiation, reduced
the gurvival time in mice.

A third trial using 12 males end 12 females for post-treatment, ages
5-1/2 veeks and weighing 20 to 2h grams was made. The same dose was used ag
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PER CEIT SURVIVALS I¥ A GRCUPED-EXPERIMERT

TABLE 1

USING THREE SUBSTANCES

Treated

Days | Hon-Treated
Vitamin B | Glutathicne DA
7 %5 .84 9% OL.7% 95.8%
1% 33.5% b1.7% 66 .63 3765
21 33.5% | 29.2% 58 3¢} 29.24
28 53.3% 29.23 5k 3% 29.2%
. 35 33.3% 259, 5% 3% 29.2%
he 35.3% 25% 50% 29.2%,
62 33.3% a5 50% 29.2%




TABLE 2

TABOLATED SUMJIARY OF THE RESULTS OBPAINED IN SCREEUING AGEMLS
GIVEW BEFORE OR AFTER ACUTE WHOLE BODY RADIATION

WITH 800 v
Pre-Treatnent Pogt-Tregtment
Agent Doge
d.L. ] ¢ walue P a.?, ! &t wmlue P
Desoxyri’bomzcleic acid (1) 30.0mg | 11 2.25 0.05§ 11 -3.03 0.01
% T (W] 30.0 T} -- ——— 0,08) ow | | ~ee- —
Ribose mcleic acid 10.0 "} 11 0.45 0.7 10 1.98 0.05
" v " 10,0 "} «- o R «6.91 0.01
" " " 10.0 "} -- cmaa c—e= | 23 =5.15 0.0L
Yanthine (1) 10.0 "} 11 ~0.25 0.8 11 «0.29 0.8
" (1) 15.5 "} 11 B o— 1] =1.73 0.1
Xanthogine (1) 15.5 | 11 0.88 0.4 11 -3,62 0.01
Hypoxanthine 15.5 "} 11 1.26 0.2 11 1.07 0.3
Guspine (1) 5.5 "| 11 | -0.86 | o | 11 | -1.12 | 0.3 -
Cuarosine (1) 20.0 "] 11 0.55 0.6 | 10 | -0.28 0.8
Adenine suvlfate (1) 10.0 " | 11 1.07 0.3 11 «0.60 0.6
Adenylic =cid 13.2 "{ 11 0.ko 0.6 11 =0.07 0.9 -
Adenosine 155 "{ 11 0.19 0.8 11 1.98 0.1
Thymine 15.5. "] 10 1.87 0.1 11 ~1,32 0.2
Aming Aclds or Po_gpeptidw
Cysteine (1) 20.0 "] 11 2.5 0.5 11 0.70 0.5
* m (1) 20.0 " | ~- -——— 0.10} -- ———— -
jebhionine 10.0 "} == —— 0.521 -- cm— -
Histidine . 13,2 "} 10 1.87 0.1 11 -1.32 0.2
Glutathione (1) 155 "1 11 2.07 | 0.05{ 11 | -0.31 | 0.8
Hornones:
Insulin 1257 11 ~1.51 0.2 11 0.1 0.9
Ingulin plus desoxy- 1.25 0
corticosterone acetate l.0wg | 2% -0.13 | 0.9 235 ~0.16 0.9
Vitaming:
Vicemiz B (1) 0.75 11 0.7 0.5 11 2.63 0.2
Miscellaneous:
Sotium thliosulfate 110.8 mg | 11 0.00 0.9 o 2,17 0.05
Sodiun nitrite (1) 2,0 "} 11 ~0.T3 0.5 11 0.55 0.6

&+ Fischer®s Exact Method
(1) Presented in the previous report -~ corrected. data
d.f. Degreeg of freedom

The agents with a negative © value and a P of 0.05 or less are consldered

to be harmful under the conditions of the tests.
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in vhe yrevicas vriels, bub dhis colubion ves allevel to sbavd ot rooa Semeva-
ture as 1n vhe Pirst dertd im en atbem® ©o duplicate the experinent. The ox-
pesure Sizs was 18 riumbes awd 2% sccowds Zor 800 ¥. The resulis eve gimilar
o the seoond trial. These chscrvations are prescabted becamse of the canivosal
resnlis.

lizbkionine. Oceaslounlly, aubopsy firdipgs revealed fabby livers inm-
nice czpoicd Yo acute whole boly xz-radisbion. Alihough 1% bas been shown that
cyatine doen mob Influcnce the survival (L), it was £elt that nethionime, an
SH-20no acld might he of soae value 1w proveching the liver or in lncreasing
bhe survival %ime. Toelve iales anil 12 famaley , iwally divided imbo a pre-
treabed and post-Ureated group, ages 12 Yo 14 veeks, oxd welghing 82 %o 25 grars
were glven ivbraperitonsal injectioms of 10 mzr. of methiocaive in 0.2 fil. of
digbilled wvater., Tvemby-four irradiated coutrols amd six érug combrols vere
uzed. The expogure $ime was 19 mienbes avd 30 secovds for 800 r. An analysis
of the éaba by Fischer's Exzct Method {udisates that there is no sigpificamt
difference in the treated ard the unbtreated animmls. Gross pethologic Lindings
vere esgcabially vhe ganie 1im 21l the animalg.

Bypozapthine. Besauce of the rather irberesting resulis obtalwed with
zagbhopine (1), a trisl wes rade using hypoxamthire. Twelve males axd 12 )
feoales, egually divided into a pre-treated avd pest-treated greup, ages 5-1/2
veely, and weighing 18 to 85 graws, were injected fubraperitonzelly with 15.5
DZl. of o srspensicn of hyporentkine im 0.2 nl. of disbillcd walter. Twenby-
Your irvaliated ocombrols s=d siv drug coubrols were wsed. Tie exposure bime
vas 17 missteg and 2 sesonds for a dose of 800 .

The reonliis of the tegby imdlcabo that thiz ageab does anch lmsrease op
decreape curvival time vhen uged mpicr the coniitions dcseribed.

Toopiin, This hoimone ves copirieally selested Lov the folloving bents.
Twelre taics and 12 Yeuales, egually divided imbo a pre-trested and pogb-
treated growp, ages 5-1/2 wecks, epd welghing 20 to 28 grams, were iamjected
vith 1.25 unite of lzmoulin® {Iletin). Twesby-four irradlsded conirolm amd six
drng ¢ontrols vere wocd. This dose vas arbitrarily used sinmse ik produced
bypoglycenis with typical coavnleions within fowr hours, ard reeovary occurrad
in the dreg conbtrols uithinm eight howre afber injesbicn. The x-ray eIpoIurse
tine vas 17 nisubes and L2 seconds for 800 r. The results izticabe thab im-
gulin in thiz azcunt, and viler the comf.ibiors of the experiment, did mob in-
fluence the survival time, ‘

Insplin avd Desoxycorbtlicostercne Acstate. This corbiration was algo
aclected ezpivically. Ia the Triel, 1% males enmd 12 femlep, eypally divided
in%o a pre-treated ard post-trested group, were used im each bemb with 2k
paired contvols, a total of 98 antmels. Oze mz2. of DCA inm 0.2 mi. of oil was
glven Lour how s before irrvadlation Lo irsure sbsorpbtion of the hoxmomez, The
mice, 6-1/2 weeke old amd weighing 21 to 25 grams, vere injected with 1.25

% Courtesy of the Eli Lilly Company, Indlazmopolis, Indiama.
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unitzs of inzulin. Exposure was glven over a paricd of 17 wmlmuies awd 1 secomd :
for a dose of 800 ¥. There is mo beneflicial effect in mice treateld as described
in vhe shove teats.

Thynine, Twelve pales and 12 females, cqrelly divided iubo a pre-treated
avdl post-treabed group, ages 5~-1/2 vecks, end weighing 19 %o 24 grows were in-
Jected indreperitoneslly with a suspension of thymine (S-mebhyl uracil).
Twenty-four irradlated conbrols and six drug comirols were used. The dose given
was 15.5 mgn. in 0.2 wl. of H/10 WeOH solution. The exposure time was 17 mimmbes
and 42 gseconds for a dose of 800 r. Table 2 indicates that thymine glven before
irrpadiation had sone effect; wherens it comevbat decreased the suvvival bime
wvhen given after irradiation.

Histidine. Twelve males sxd 12 females, eanally divided imto a pre~treated
and pozt-lrcatcd group, ages 6-1/2 wecks avd weighing 19 to 2 graws werc im-
Jected iwtraperitomeally with 15.2 mgrn. of DL-higbidine monchydrochloride im 0.2
. of digtilled waber. Tvenby-Tour Irradlated combrols amnd six dxug comirola
were used. The exposure time vas 18 nimvtes and 12 seccomis for e doze of 800 ».
Teble 2 indicates that highidine glven befovre irrafiation say be of sgomz value.
Given after ‘irradisbtion, histidine decreases the swrvival time,

Sodiu Thiosulfate. This agent was seleced in view of the Tach that 20
per cent thiopulfete was effective when adndrnistered %o rats with partial Body
jrradiation (5). Twelve msles and 12 feazles, cgmally dividel izbo a pre-
treated and posb-treated group, ages 5-1/2 weeks, and weighing 18 %o 2h grama,
vere injected inbraperitoneally with 110.8 mgu. of mcdiuvm thiozulfate im 0.5
L. of & 20 per cent aolubtion im distilled waber. Tvenbty-four irradiazted con-
trols avf six dyug combrols were used., ¥zposure vwas given over & paried of 20
nimtes and 30 seconds for a dege of 800 r. Taeble 2 ghows that scdiuwn thic-
sulfate given before irradiationr haod no effecet om the survival bime, wherezs
vhen given following irradiabiom, 1t significanily decreaged the survival bime.

/ SUIRMARY
/‘L’he ageats tested seamed Yo be of no great value in prolomging the gur-
vival tine of mioe cxposed to a single acute doze of vwhole Dedy irradiation.
Hovever, histidine, adcrosine ard thynine ghowed some pronise. Oa the basgils
of % values, 1% will be of interest to repeat the pre-treatmeat with histidine
aud thymine, apd the post-treatment vith adenosive, using a largar musber oF
anizalg. A systeabic testing of the mcleoprobeims and thelr dearivebives

will be conbimned. >

Clutathione, vhen given before irr&diatim; is an cffective ageab im
prolonging the survival time im wice exposcd te 500 r under the condibions

of thege experiments. S
&

oé The substarces tested for vhich resulis are preaemted. in thig report
S
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EXPOSURE OF AKDUALS TO CONTILUOUS GAIZY TRRADIATION

2
Jobn F. Thomgon, Iagialens S. Caxdiar, aund _ ‘
- Robezt S. Cox, dr. P 3§ - 4 —>

\
RATS EXPCSED TO 20 R/DAY

Seventecn Spregre-Davley femle albimo rabe, with ap average welght
of 208,7 gn., vere plaecd 1n the charber om Deserher 6, 104D, and bave beca
conbionounly exposed to 20 r/day since that time (1,2,3), for a tobal of 50k
days.

There bave been four deabhs, all cecurrlsg bebween 165 awd 18 days
of cuposore (3). Because of the less of weight shove by She four vate Shat
died, the average veight of the group Qcereased slightly during she pericdl
while those amizals were sick. Durimg the pest 1k vecks, the avovege weight
kag risea to 254 ga. This value io sbill comsidevably belor the 295 .
average of comwbrol rats of the same age. '

There bag been er increzoing insidence of breagh tumers in this group.
Six of the vhirbeen survivors now bear breast twmors, ewn imcrenge of bwo
gince the lacht report (3). Tvo rate have rulbiple tumors. Aside froa Yhe
tumors, twelve of the thlrteen survivers appear to be healthy. The thivboenth
:'éa,t iz Tﬁf@rmg frcn an nlocvabed tuzor amd probably vwill be the noxlb anlmal
o diec. '

IORTALITY AFD ITCIDERCE OF TUMORS IF RATS EXPCSED TO /
120 R/DAY FOR 10 AID 20 DAYS s

6%‘11@ rate vhich purvived Llinmibted cxposure to gmuma vadlabion frem Hhe
cobals source (1), 120 » Lo 10 axd 20 days, have beem observed Sow 35%
and 33% days, respectively.

Sevenbeen rabtes smvived the 50 ay cbacxvebicn pericd Zolleving the
10 day exposure. Seven of these rats have siusc dled, five within the lagst
40 days. There have been four dcaths, hovever, arong the 10 conbrol xats.
OF the ten survivers of the axpesed group, seven have tumorss slmece Four of
the Tabs thad afed hod twmove, the incldence im the expesed grow is 1i/L7.
The imcidcmse arong bhe comirols is 2/10.

There vere 1% survivors azong the 20 rabs expesed for 20 deys o 120
afber the 30 day cbamervationm pericd. Ouly Four of theose 1% are mov alive.
The pedien survival time of this gromp of 1 was 513 daye. All.Tour of the
purvivors have developed tvmors, oumd six of the tem dezd anlwals had Sumors,
Por 2 tobal of 10/14. Three of vhe nime combrol rads are dead; two tunoxs
kave been nobed in this growp. Thus the effect of radistiozn in aceclerating
the%mte of dcvelopacnt of sponbtaneons tumers ig borne ocut by these experi-
nenbs -

I prter this report vas prepered, this rat dled after 306 days of exposure.
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CUIDEA PIGS EXPCSED TO 30 R/DAY

On May 22, 1950, a group of 20 hyvrid female geince plgs, with sz
everage velght of 3(2.0 ga., vere ivtroduced inbo an erposure charber (b)
ard crposed contlmnously b0 30 rfésy (3). Fifteen anipels, averaging 271.2
. in velght, were pet aside ap combrols.

The gninea pige received Purina rabbit checkers and vaber €aily.
Three bines a veek they were given fresh cabbage. The giinca pige In She
‘exposure cherber were traunsferrel to a clean coge op alborante daym. Bobh
groups vere velghed once a week.

Tre £irst guinez pig died on the 222d day of exposure, baving logh .
76 ma. in the previcns weck. Whether radiabion was respongible for this
death is nob -ecrbain; bthle snirel vas the smallest of the 20 nsed®. The
et antmal dled on the Mith day; during the next 45 deys, 18 guinea pigs
dicd. Tae lapt animel dled efber 102 days of cxpogure. The medlan survital
$ime vas 60.5 days. The average vas 62.8 days, with a sbanderd deviation of
17.5 deys. These tines gorrespond o tobal doses of 1815 » for the mediaw,
with an avevage of 188% € 519 r. The survival ¥imes are sghova In Figpre 1.

The velghts of hoth the exposed exd comtrol gainea pigs ivcreaced
gheadily duxring the course of vhe experimeat. The {ritial veight lozg seca
in rabn cupesed in our cherbers cceurred im omly ome of the guimes pigs. Im
goae cages, there vas a suéden fall im veight Lrzeflately before deabh. In
all of the aninale aubopsied there wag evidesce of severe hemorrbegess imtra-
lunipal henorrbages were particulaxly moteucrtby, as vas “he case in onimals
exposed %0 60 vfasy (5). Thae velght charges ave presemted im Fimwe 2.

Another group of 20 geimes pigs bhas been exposed Yo a dose of 30 v/day
for 30 dayo, in order to study late efPeste of this lindted exmposure.

The daba obbained to datc om combivmons arposure of guinea pigs ave
prescobed in Tgble 1.

LOSS OF WEICHT IT EXPOSED RATS

Nention hes been made previowsly of the Immediate welght loss shovn
by ra%s czpozed conbimcvsly to gmza irvedlation mnder the condiblony we
have coployed {3). Since both the rate at vhich the sniwals losd velghb
avd alpo the durabion of the pericd of vweight deerease secasd %o be pro-
portiomal to the dose rate of gemma radistlon, 1t appeaved that this lozs
vas abbributable primarily to effects of radiation amd not Yo other exvircn-
nential Packors. Hevertheless ib was copsidered desirable o study the ef-
Pects of modificabion of the envircmnenb om welight loss.

# There is a plight positive correlatior delween initial welght and sur-
vival. The coefficient, $0.20, indicates that thie correlation is not
significant.
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TARLE 1

O U VOO SUer FHH

EYFECT OF DOSE RATE O SURVIVAL OF GUIREA PIGS EZPOSED
TO CONIINUOUS GAIRMA RADTATION

ey Mean
'(37 g‘:‘? ) An?g;ls Firagt Lagt | Acgu:;nél%;av)e&
Death | Medlan | Death | Average | &N
30 20 22 | 60.5 | 102 62.8 } 17.3 183%
60 20 32 | b1 53 bo.2 5.6% 2hi2
90 25 i2 18 28 7.8 3.80 152
120 20 2 |17 29 8.k 5.66 2203
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Spragre-Davley fecoale rets have been wsel Shrcughoub. Thalr welghts
bave varied bebween 210 apd 230 gu., wwecpt im ome ghuly vhsn 170 - 180 g
rato vere woed. A fourbcen day ciposure perilcd vas unsed in mosh easez. ALL
of the rabto recelved Weyne Dog Blex an waber ad 1ibitun. Wayae Dog Elox ave
corposcd of reab weal, ewiral liver meal, ribotiavin supplenens, dried whey,
corn flakes, vheab Tlakes, Gried teet pulp, dried Yozabo pooage, soybean oil
meal, cocomzb oll mesl, brezd meal, vkeat gexa meal; coram gerl neal, brevery'
yeash, cane rolasges, vhcat germ oll, irvedisbed yeast, Vitania A avd D feed-
ing oll, 2 per cenb steamed bone teal, 0.02 per cent irvom oxide, 0.00%3 per
cenb K, 0.5 per cenb €200z, 0.00(2 per ceab CuSQy, 0.002 per ceub ISQy, axd
0.5 per cemt calb.

T4 bad bheep noticed ia all erperimesto ezrxrried out ab & dose rate of
120 v/day thet although the erposed rats ate very libttle of thelr vegnlaw
ration of dog bisculbs, they avidly consuwned dead snimelis. Thus 1% vas felb
that they might move readily eat rew nmeat than the dog Lood.

"Perk® dog fool was mecd ss the meat cupplement. According %o bhe
remrachorer, this profuct contaivs meatb by-produsts, meak;, liver, hearss,
poya flour, bome brobh, cracked vheab, vheat germ, cooked grournd bome 3 pew
cemb, %000 imternational uplbts of Vitenim D per pousfd, brewera! yeast 1 pew
cents, charoosl 0.05 per cent, iron oxide 0.02 per cenb, caroteae 0.00% per
cerfs, sodiwn nibrite 0.002 per ceab. There is aboub 26 per cext dry caltber,
12 per ccub probein, bebueer 2 axd 5 per cend fab, 5 per ceub agh, 0.25 per
sent Ca, 0.30 per ceub P, 0.3 per cemb Fall, and nob move then 1 per cexmb
crude £iher.

"arondard Condibions™. A ccuposibe ewmrve wvas comabtrusted Dren the
velght SHETE0s in Toa ciposed im growps of 20 %o 120 rfdzy. These cxperi-
reEvs have beea reporbed pravicusly (1,6). The cwrve (Figrre 3) PEIPescEhs
“he ovcrage velight ehanges in 80 rels cxposed to 120 Tfday. These rabs veve
kept in the dark, end were el Weyme Dog Blox ad libitwn. ZThe taperasure
within the charber vas 24°C. It can be gecn Yhat thelr weighbs @rooped to
78 per cenb of the inivial during 14 days of chscrwmbion,

Bifect of Orovding. Tt was poasible that 20 rats were oo many for
wue comiléions eimloyet, and that the veight losa rzy bave deen due ob leagh
in part to inadegeate venbilablon, czcessive heat radlavionm, or pkysical lm-
acecsnsdility of Food and wabter. Iovever, the average welght loss seea when
only Pive rats vere eyposed vas as markel as vhen 20 vere axposed; the ialbial
rate of F2ll vas even slightly fasber, vhile ab 1 @eys, the welght wao ¢
per cent of the initial welghd, the same as with vhe gtaniard condibicms.

Effect of Lighbt. The Firsh crperiment consisted of comparimg over an
elgut day period the weight gain of vnexposeld xebe stored im davl: chambers
with those cxposed in the comventional abtock eages. Ac mentlomed in the lags
repors, there was ro 4iffcrence. These wabts welghed about 178 gm. at the
stert of the experirent.

A pesond cxperinest copsisted of placing a 60-wett inmcandeseent 1light
in the chawber, and expoaing 15 rats to 120 rfdsy vith 15 honrs of light amd
9 hours of davimess per day. Agala, the average velght loss was the sceme ag
wndcr chezdard condibtions. The presence of the 1ight couscld am imcrease in
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Per Cont of Initial Welght
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whe shorbee bepE@atEse 6o 30,59, Uhebicy cry poosible bemefisled eifcels

of the 1igah Tsy bave beew ccumberbaloveed by the fusy caeel SeTneRelvre kaa
uob been otndlci.

IePcst of lzat. Ten vabs vere glven €ally supplczauds of about 5 oz,
of Perk Dog Xood in addiblicn Yo Ghe Vayme Dog Blox. Taelr overage velghts
2611 %o 2 valne of 87 per ceub of the inilbisl velght afber 1t dayz. Another
group of robs reselved cabbage tlece tines o doy im addibiom $o Perk. The
cobbage did mob aeppear bemeficial im prevesbing the veight less.

Controla. Date on seme 120 rats uscl 28 veight combrols in obther ex-
perinents vere sozbinzd to coustruct a curve for comarative purposes.

In addivion, £ive rats vers deprived o? £ood buk glven waber ad 1ibitun.
Agscr nime deys, the average velghts had fallem %o 69 per scmb of the origival
level. Thc experincnb veo then stopped besatse cxe of the pterved roby s
cabenr by the obberg.

e resnlis of the sferercnbioncd erperirenbs eve swravized im Digure Fa
T4 wowld geen Fhat dictary cousidarations, ab lsegt as Xax as veigke legs is
congerncd, are noxre rmerbant than illvnizabion o possible effeets of crouding.
‘Erperivenbs are in progress 40 asecrtale the effcods of neat supplelents on
gurvivael tine.

|

6&19 curvent obtatus of several crperivents comscrned with tho soutiznons

erporure of vabp ani guinze plgs to gorme ralisblon is digorssed. The reauils
e

of ecrsain roddlicsbions of the uswel cperivcubel cenflbicza eve crelinsto /
-~
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SIODIES ON EAT TEIICE. TIT, PEOSPHCEYLATION

Johrn ¥. Thozzon, Iaglalene 8. Cavbtiar, and John B. Hefd -

Besange of the rapld decrease in eovsentrabion of ribomiclele {RMA) end
desozyribgmmelelc (DIA) acids im the thymus of rabs following garws irredistion
froz a CoP0 gonrce (1), 4% wes of inbevest to izvestigabe Purther this pheromenom.
As a firgt consideration, ve have gtudied the sapacidy of thymms henogenztes o
esterlfly incrganic phosphate, an irperavive step in emdergcuic procemses, such
ag micleic acld synthesis (25, the cnergy for vhich is provided by high-cnergy
phosphate bonde maintained by eatabolic processes. .

HETRCDS

The reacticn nixbure described by Pobber (3) wvas first tried in these
.studies. It was fonmd that under the condivions «wloyed by Pobber Zor gbndylng
egterificaticn in kidney homogemstes, the thymus of the zrab shoved e low oxyses
vpteke and little esberification. Imereasing the suceiwvate corcealtration ine-

creased the oxygen consuzpiion bubt not the amount of phospheorylabtioca.

After trying a mmber of coEbizations of subsitrabtes, we fourd thnt a
nizture of szeciuote and pyravete, both at & fimal comcembration of 0.00% 2,
gave good onygen vptake amd phosphate egterification with 50 mg. of homogerate.
Pyrovate alore falled Yo support esberification. The addition of cocmzyme I .
did wot mmtcrially ircrcase eithcy phosphorylabicn or oxyger consurpiticz. Thege
dnta are shova in Table 1.

Tz, execpt Lor the edditiom of scdivm pyruvabe, and incresming the
snunt of tisswe te 50 ng. per flask, all eoutlhions weve the seme ag these
given 3y Potter. Im addibion, im cash cxperiment came Flogk wes ruw wibtkows
any spbstrate, simse it was Lelt that any possihle 1zhibitlon of phogphoryls-
tion night ke due to sn incweased phogphabase activivty. The differenccs be-
tueen the egterification obeerved in Lthe presemee of suceinsbe azd vyruvate
and the increszse in imcrganlo Dhoophate geen in the ebscmee of substrabte o2y
be Yalem as an index of the votal eapacity of the vilasuc to esherily lncweanic
phozphete against a dephogphorylebion gradiemb.

Sprogue-Dawley feranle rabs welghing sbout 150 %o 180 gn. vere uoed in
these gtudies. Thelr thymms weights rapged fron 250 to 510 ug.

Exposures were carried cut as desoridbed previcusly (4). In 21l cpori-
neate the rabs were decapitateld three hours aficr irrndiation snd the thymmaes
rapldly rezoved, chilled, welghed, and homogenized in mive volumes of 0.15% I
potagsiux chloride. 0.5 mil. of vhe homogemate vag used in all giuwdies.

ORSERVATIONS
The results are tabulated 1n Teble 2. It may be seen that there was

not a sigaificant alteration in the oxyger coamumpbion of the thyrms three
hours following exposure of the animal to 800 » of gaums radizbtiom.
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TABLE L
PHOSPHATE ESTERIFICATION I3 RAT THYMUS
Each flask comtaived 50 mg. hencgenized thymmus jv a fizsl volune

of 3.0 ml.. Substrete conceubiablons were 0.004 M, Cther zddi-
tions accovding to Potler (3). :

A1 02/10°/50 vg. | ng B/20'/50 mg.®
b R T Ty SIS TN TN ".‘m:‘ S W1 S A
Succinate - 10.2 + b
Pyruvate 3.6 24
Succinzte apd pyruvete 19.2 +16
Hone 1.0 . =2k
L] 1
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TABLE 2

PHROSPHORYLATION IF HORML AED IRRADTATED RAT THYZIS

Rg. P cglerificd

per 20 nin. per 50 ¥Z. P 02/100/50 Eg-
Eo.
Ratg
(1) (2) (3) () (5)
Total ’
Succimate o] Cepaciby | Succinabe o
+ Pyruvate | Substrate | (1)=(2) | + Pyrmvate | Subsbrate
Controls
Average 10 | 435.0 -21.0 36,0 19.2 3.4
S%d. crror 2.52 2.25 3.2h .03 0.89
Exposed
Ave‘fage 7 nd 7:0 =2800 '}2150 1801 300
Std. error 5.71 3.10 3.75 0.92 0.63
"7 Velues 3.52 1.8 3.0% 0.8 0.3
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There vag, Hovever, a rarked deorease in the abllity of the izvaedisted
thyeme bo emberify imorganis phosphste. The cwberificebion was megabive {(im-
creased inorgenic phosplzbe afier lucubabics) in fouy of the seven amimalg,
vhile cnly cme of the three positvive values fell within the bwcad mormal rapge
of +6 Yo 29 pg. esterified per 20 rimmbes per 50 mg. Thme despibe the large
deviations of both nerral avd axpozed thymmses, the difference 1p Jarge emsugh
%0 be algnificent (p ¢ 0.01).

Some of thils difference may be explained by the larger amcunts of In-
organlc phozphate foued after incubation of %he suposed thyrms in the abzemse
of substrate. This differcace ip 2% slgalficent, hovever, avd cammot accoumb
for the large diffcremce between the total capacities of the irvadisnted and
coxvrol wah thyrmses %o esberify inorgenic phosphabe.

DISCUSSICE

The failure of the exposed biseue o ghoy a decreased rabe of oxygea
whilization i1s in keeplpg with resulte previcusly reported (1,4). Bavroa (5)
Pound that Ponr hours after irradistion rat thyrms slices shoved mo chamge in
glycolytic or rempiratory capacities.

The inmhibition of phosphote esberificetion is of soze imberest beconge
3%t ipdicates a pozsible explamabion for the decereaced comcemirablon of mmcleic
acids, egpecially DIA, in the irradizted thyrms.

The possibllity that the dlmimmbion of mucleic scid comcembrabion is
reZerable to an zcecelerated phosphntase actbivity is nobt albogebther suled cul,
although the cvidense preacnbed here certalmly allitetes afningh greh & cive
cormtones ag the only mcchanisn of irpordepse. Certer's findirgs with radioe
phoophoras indicabe an imbterfearcace vith mmclelc acld symbhesis Tavher thon
an accelerabion of breakdewn (6). T¢ may be reoavked kb the slight ircrzage
o? imorganic phosphorus found efter iuncubebiom of thymms from exposed Tatg, ia
comperinon with eombrol tiosue, is im keeping with the werk of several avrthors
(7,8,9) vho have reported that Zellovipg X- or gar¥a irredlabtion there is em
increaned achivity of a wwrber of emsymes vwhich hydrolyze various crgamie
phosphatases.

02 the other hard, further work rmst be done Yo egtshlich a canealily
between She 1mpaired pkosphorylative nechamicms aud the decreaped DEA and RIA
" levels of the thymms following lrredistion. I 1s possible, of course, what
the decreaped phesphoryletion kay be a sequel to, rebher than a cause of e
raclele acid chonges. It 4s also noteworthy that no chamge in the congenbra-
ticn of phosopholipid phogphorus wes seen in the thymus of animals irxradisgted
and cacrificed three hours afier exposure (umpvbliched results); tentatively,
this vonld irply that the inbterference with DA symbhesis vas ledependent of
phozspholipid synthesis. Since, moreover, the incorporation of P=32 imto
phospholipids regquires the same coupled oxidative systesx ag incorporation
ixbo RUA (2), there is some question as to the validity of the lrpedemce of
esterification as e primary metabolic defect imduced by radlation.
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., STCIARY

” Thres homrs aficr ezposure %o 800 r, the thyrmses of irvadlatcd rabs

ghoved & ddcreaped capaclity to esberifly inorgmic phoppbate. This impair-
tond of phesphorylation was mot accormanicd by a desreased rabe of exygen

consurptlon.

t

t
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CHEAPACTERIZATION OF RAT LIVER KIBOLUCLEIC ACIDS

I. FRELUMITARY WUCLEOTIDE AVALYSES (F SUBCELLULAR FRACTIONS OF
RESTILG ATD REGEVERATING RAT LIVER B

Robert 5. Cox, Jr., John F. Thengon, awuni Magdalene S. Covttar

IRTRODUCTIOR

The problen of the composition of the ribonucleic scids of animal Vvissmes,
and cven of yeast, is far from sclved. Apparently the most mative ridomcleic
acids that have been prepaved to date are those fram planmd viruses {1,2). The
great sensitivity of yeast ribomucleic acld to the methods of -preparation has
been shown by Fairley (3), and thege data are reasonably extensible to animal
rivomuclelc acids. The ribomucleic acid of beef pancreas hasg been showa to be
extreuely labile (L4,5), and conseguently different muclectide rabios have been
reporbed for this gubsbance, based ipon analyses of the isolated ribomncledic
acid (6-8). It therefore seemed advisable to attcupt to determine nutlen-
tide ratios in gitu, i.e. without prior isclatlon of the ribomuclelc acic. #ow
this pwrpose hoogenization of the tisgues im trichloracebic acid and cxivachiom
of the phospholipida with aleohol-ebher by the method of Schrelder (9) PLollowed
by the scparstion of the deczoxyribomuclelc acid from the ribomucleic acid by the
method of Schnidt and Thanmhauser (10) appeared gabisfactory. Although this did
not give a pure preparation of the ribomcleic ecid iV was pogsidle to amnlyze
for the copstitnent mucleotides by the methods described dbelow.

Tt has been shovn by Taylor, Greensteim, snd Hollaepder (11) that z-rays
causc depolynerization of desoxyribomncleic acld and Errera {12) has gbudied
the effect of x-rays on wmclecproteims im situ ewd im vivo. It woo Shougit
that 1% might be of inberest to investigate the acbiom oF gozpa radlabion on
the ribomnclelc acid in vivo. For this purpose rat liver appeared 30 Be &
suitable tisgue since 1t ig ezsy Vo obtalm im reamonsbly large quantivies fra
e single animal, and 15 a relatlvely honeogenecous tigsue. In addibtion 1% was
poonible to rewove part of the liver amd obtaln & preparation of repldly grov-
ing (regencrating) liver tiasue. Before proceedimg with the radiation work,
however, 1t was deemed advisable Vo characterize the ribomcleic aclds present
in norzal and regencrating rat liver.

The ribonucleic scid of adult animal cells bas been shown by Brachct
et al (13) to be present largely in the form of gedimenteble granvlss vhile
that in repidly groring cells is sedimentable to a lesser exbtent. Schreelder
(1%) has sgeparated homogenized tissue lnto four fractions by differential
cenbrifugation: (1) muclei ard unbroken cells, (2) mitochomdria, (3) particles,
and (%) supernatant. All of these fractions were showvn to cozmbaim ribomusleic
acid. Chantremme (15) has shown that 1f the cenbrifugation is extended to
102,000 vimes gravity that all. the ribomcleic acid is gedimented. KHe arbl-
travily divided his preparations into six Tractlions instead of the four of
Schneider. The division of the homogenetesinto four fractioms, as done by
Schnelder is purely empirical; but a divigion of the cellaular comstituenis
13 obbained which furnishes a standard basis for determining differences be-
tveen different timsues or different forms of the same vlasune. The mito-
chondria fraction contalns the majority of the Jamms Green 3 etalning
material, which has been Lermed mitcchondria. Sirce so much differewce has
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been obgerved in the analyses of diffcrent preparavions of mucleic acid from
the same gource 1t wves decideld vo anslyze the muclelic scild from cach of the
fractions of Schmeider. MNuch cvidence imdicabes that the preparabion ribo-
mcleic agld obtained frem whole cells is not a single homogencons coupound,
b rather a mixture of ribomuclelo meids. If sufflicient Fractionstiom of
cell congbitucnbs were corried oubt, hovever, e more ncarly howogeneous pre-
paration might be obtained, and Enre constant apalytical results possidble.

Thiz paper deals with the preparation of rat liver homogenates Trom
both noreal and regenerating liver, their fractiomation by $he method of -
Schneider, and the nucleotlde analyses of the ribomuclele acld fractions, re-
covered by the method of Schmidt and Thanphewger. The ribowucleic acld frem
the toltal cell homogerate was algo igolated end anslyzed as above.

METHODS

Sprague-Davley rats were used for all of the follovwing work. They were
hepatectonized by the method of Brues, Drury, avd Bruecs (16) and the removed
portion of Vhe liver weighcd ard weed for the experiments on resting liver.

The liver was alloved to regencrate for three deys, end then the rat wvas killed
and the regensrated portion of the liver removed, weighed, and uscd for the
erperiments on regenerating livar. The liver of each ret wap kept seperabe
and 2o erperinents were done on pooled wat livers.

The livers verec placed in ice cold 10 per oenb trichlovacetic aeld lume-
diately afbcr removal, hezogenized and fractlomated inbo mmeled and inbact
ocellag, mitoohondrie, yarticlea and cupcrnatant by the mobthod of Schneldee (1B)
previously dcscribed {(17). The latter three fractions vere thea trested by a
combingbion of the methods of Schmelder (9) and Schmidt end Thenchauser (L0)
as provicusly degoribed (17) %o obtain a solutiom of the ribomonomiclectides.
The labicr method vag wodificd in that sulfuric scid vas used for the presipi-
tabtlon of the demozyribomeleic acid instead of hydrochloric acid; so silver
precipitabion of the purines conld be cavried cut on the ribomuclelc acid
fraction withont the imterference of chloride lom. Thiwm, hovever, prevembed
Yhe debermination of phosphoprobein phosphorus ginge the prescmce of guliate
lon prevented cither calcium or barium presipitation of inorgamic phogphate.
For ancther arperdment whole liver homogenntes were treated as ebove omd a
goluntion of the mrcleotides obtained.

One tenth volume of 10 ¥ pulfuric acid was added to thepe solutiors of

‘ribomononuclectides and they were hydrolyzed for two hours, freeiag the lpurime

bazes and leaving the pyrimidine ribomonommcleotides inmbact (18) . This hydro-
lynis alsc effectively destroyed all the trichloracetic acild remalning in the
golubion (19). These solutions were then dilubed %o 25 nl. and amalyzed for
phosphorun by the methold of King (20) . The phcsphorus conbent varied from

400 ¥o 1500 micrograms per 25 mi. The {rec purine bases were thea precipitated
fron 3 wl. aliquots of this acidic solntion using a rolification of the mathed
of Schmidt and Levene (21). Two ml. of hot saturated silver gulfabe solution
were added to each of the 3 ml. alliauobts apd the tubes placed in a boiling
vater bath for 10 mimates. The tubes were then placcd im ice in the refrigera-
tor overnight, and centrifuged. The precipitate was then washed thres tlmes
with 50 per cent methyl alcohol made 0.25 ¥ with respect Co sulfuric agid,
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belog kepb 1ce cold all the time. The ccabized supeveabant exd waghingg were
uped for the anslysis Pcr the pyrimidice ribenonozuclectides, end the precipl-
vabe for the purine Tases.

The amlysis for the purine bages vas carried out by takiag the silver
presipitate obtained above and exbractiang 1% three times with 2 ml. portiouns
of 0.1 If hydrochloric acid. Each time the tubes were placed im a boiling water
bath Cor 15 mivmbtes, anil the precipitate freguently stirred. The tubes vere
then cooled im ice amd centrifuged. The ccabined extracts were theam diluted
to 25 wl. with 0.1 ¥ hyérochloric aeid. This solutlion was ther placed im
pilica absorption cells 1 cm. wide with a light path of 1 cm., and the ab-
gorption spectrum taken betweecn 220 apd 300 mn using a Beclizn Model DU
spectrophotometer with ultraviolet atbachments. A blank was always run
through tiae vhole procedure aad used in the first cell. This solution com-
tained both the adcnive and guanine avd since the absorption curves of pure
adeaine and guenive in 0.1 I hydrochloric acid were accurately kmowm (22) it
wae possible to caleulate the comsentration of bobh comatliueate by the follow-
ing method.

At any wave length () the demsity (D) equals the molax exbimetion co-
efficlent of component 1 (€y) tises itz conscatration (¢1) plus the moler ex-
tinction coefflclent of corpoment 2 (£ 5) times its comcembration (op). IT
the cxpressions for the densltles at two different vave lemgths

Dpy = Blagon + 2500 20 Tip 7 B0y +E23500)
¢ re goived simmlianecously the folloving expressions ave opbtalned:
- Z. - A
_Dfay D2gf2;0 . DLy - Pagfly
- & g - &
&, 82y 1, €2, S8, " B8,

€1

T4 will be noted that for any pair of wave lenbbs the deromimabor is the same
regordless of the comcenirations of vhe cozpounis: Tor adeninc and guznive &
covetal exomipabion of the curves of the two substances imdicaties Thul 262 amd
285 oL are a convenlent pair of wave lemgtbs to choose for this ealculation.
At theze points bobh curves are 2 considearable digbance apart and peiither ome
is changing ivs slope vith extrese rapidity, 262 m being the manimwn for
adenine and 285 I an approtivately level region of the curve for guanime.

The molar extinction coefficients at 262 mp are adeaime 13290 and guanine
7590, vhile those ?‘c 285 my are adenine 1820 ard geenine 53580, The dencni-
pator is 5.77  10/. In =2dditiom to calculating the consentrations of the
individual purine components in thic paumer the total purime conceniration
may be calculated by taking a point where the adenine snd suanine curves ¢ross
and using the common molar extincbion coefficicmbt to calculate the totel con-
centration. One cross poinmt is 2T6 R, and the molar exbinctiocn coefficiewnt
at that poimt 1s T100.

Tn additicn guanine was debermined independently on mmny of the samples
by the colorimetric method of Hitchings (19). For this pwrpose the purines
were precipitated with silver as described above, the silver precipitate ex-
trocted with 0.1 ¥ hydrochloric acid, amd dilmted to 25 ml. Three ml, all-
quots vere YLus analyzed colorimetrically. Siuce adenine gives no color with
the reagent this gives aan independent check of The ¢ ae concenbration.
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. Az bas been gbabed the combincd washings and superzabtant from She
silver precipitation were used im the amalysis Por the pyrinidive ribchono-
micleobides. I% had been shown (22,2%) that when nslug silver fractiomabion
on a purified gowwle of maclele scld this solnticn could be apalyzed direstly
spectrophotonebrically. The main questicn im this cage wag vacthey Suffie
elent Interfering subotences were still present v the serple afber the
Schnidt-Thanrhauser purification to imberfere with this mebhcd. °I% hap ale
ready Deen pointed oub thalb the highly absorbing trichloracebic zcid showld
be largely destroyed, and ¢his was borme cud im blanks thet vere rom. T
wag Qecided %Yo take these cozbined supermatents snd debemmine the absorpbicn
caxves under diffevent PH conditions apd sce 1f the resul®s could be sebis-
factorily proved. Im addiviom the precipitabion of the pyrinidize ancleo~
tides vith silver fn baslc solwbion afber the addition of three volumcs of
igcpropyl alcohol {18) was attembed wnsnecessfnliy.

Tor %he spectrophobonetric deternimation the conbincd wvaghiags and
supernntant vere fieed of silver by the addition of msolid godivm ehloride
ard centrifuged inm the cold afber having been heated in a boiling water bhath.
The silver-free solubion vas then dlluted to 20 ml. awd adjusted bo PH 2.0
ueing a Becknn Fodel G pH Mober with exbernal gless clectrode. The solution
vas Finally diluled to 25 ol. and the abgorption curve taken wsing the Beckeam
spectrophoboncier previocusly described. Agnim s blank wag run blhrough the
vhole procedure and used in the Tirst cell., Simce the solubilon was sgsmcd
%o be a nixture of wridylic amd eybidylic zcids the caloulations from the
uliraviolet =bsorpblon curve were carricd oub im bthe same way as hog beea do-
scribed unfer the purine debermimation. The celeovlations vere carrlced oub ab
260 exd 278 tp.  The olar cxbincbions coefflclenbs (22) at 260 2 are uwwidylic
acid 9580 an.?' cytidylic acid 6720, vhile those at 278 o ere wridylic acld L16D
and cytldylic acid 12720. The devoninstor for the gimmilbtancons epuabicws ig
9.90 z 10!, The cumxrves for wridylic acid amd cybidylic acid at p¥ 2.0 crope
et 266 m go 1% 1@ possible to calculmbe the tobel pyrimidine mrclectlde con-
cemtraivlon a% that wave lepgbh. The corzom rolexr extiunctlon coefficicab i
- 9590 (22). Tt vould appear %o be a fairly geofl check on the resulbs obbalned
if the Yobal moles of pyrinidime wmclectide calcumlabed eb 265 I egualled the
total moles calcnlated from the suns of the wridylic and cybldylic aeide doher-
mined at 260 and 278 TR :

Az en additiomal eheck, hovever, the silver froe molublons were dilubed
Yo gbout 20 ol., sufficieat dlsocdiw: phogphste added {173 pg.) to make the
Zinel concestretion 0.05 I, the colution adjusted vo pd 7.0 asing the pH weber,
and Fipally diluted to 25 @l. The nltraviolet abmorpiion spectzum of this
solutiocn was also taken azd the results calenlated as ghove using the densitien
at 260 and 280 mp. Agaim a blank vas used i the firs? cell. The molar ex-
tizetion coefficients at 260 mp (22) are uvrldylic acid L0090 and cytidylic acid
T6T0, vhile these at 280 mp are uridylic acid 3470 ard cytidylic acid 6860,
The denemipator for the sirmltencons cguetions is 4.26 x 101, A% PH T.0 the
curves of uridylic acid and cybidylic asid cross at 247.5 amd 268 B with
eormon molar extinctlon coefficienls of 71C0 awd 8600 respectively (22). Agaln
the votal mwher of moles of pyrinidinme mucleotide caleulated at the cross
pointp should check the totel mwber of moles calerlated fron the sum of the
uridylic acid plus the cytidylic acid. : o

A further additiomal check of the comcemtration of cybidylic acid is
pozpible. The molaer ertinction coeflfieient of uridylic acid im 0.05 I pH 7.0

- 5% -



phosphote azd in 0.0L I aeid is epproxizabely the gmne ab 278 = (1430 a=d
1160), vhile the differcnce bebween the molar cxbinsbion sceffloleats of

cybidylic acid at pH 2.0 azd pH 7.0 at 278 zn 18 5170 (12720 a% pE 2,0 and
7550 at pH 7.0){22). If, therefore, Ghe mpestrun of.the golublon is talen
ob bobh pH's the approxirate conccumtration of cybidylic acid may be calcis
latcd by noleg the change im the depsity ab 278 m (l.e. AT278 54€pg0)-

As w1l De shovn beloyw bthe agrecnent bebtueen bthese Aifferent metheds
vap ach good vith respest Yo vhe rabtio of cybidylic vo vridylic scid, bHut the
total moled of pyrinddine moleotide checked wall by vhe differewt nethods.
Taxtber work, thercfore, needs to bhe deae o deteridne the relobive amonwie
of wridylic and cybidylic acids. Tae peper chreratozraphic wethed of Corber
(23) sppears b6 offer the rost eovisfaciory colubion. In all the gpestra Fum
on pyrinidine vuelectlde sammles the ancumt of abscrpbion im the ghoveey ulbra-
violet wave lengtbs (220 %o 250 mn) was mmuch greater vhan could be predicted
on She basis of & mixbure of pyrinidiane moclcobides. It rmed theroafore Be
ppguncd that interfering substarces were predent. The meture of thig Lwber-
Pevcnce will be diccnsscd loter 1n this paper. The fact Uhab the tobal moles
of pyrinidine mclcobide checks well by the dlfferent metheds and thev 1% also
cheeks between the cross poluss of Hhe curve and the total molcs calovlzted
fron the oirmltancons egrabions ivdicates thab the crrors are duwe ¥0 & warplemg
of the cwrve and not bo gross errors in the ragnibvie of the vhole abscrpilon
spechrom.

These methods of analysis bave been thororghly checled and tegbed im
previcus wgr}g with regard to thelr eelisbility whem uscd om pure miclele acld
sarmles {10,22,24).

BESULTS

Check Apalyses of Yeagh Dnoleic Acid {Schvarz HY Y703)

A a cheel: of She cffest of the Schawdb-Tharmhsveer nsthod of purifiea-
Hion on She eralybicel mcbhed deseribed above a pure sumple of rexas wuslels
acid vas analyscld dircotly by Yhe mstheods desoribed asnd alego afsher trealucesh
ascorddng to the Scimidb-Thamsbeuwser tebhed (17). This cupsrizent glves o
dircot cheok of the effest of the basic hydrolysic amd the trichloraceslc ecld
ambracsion on the suboeguest meid hydrolysis ezd ewalysis by the uliravieled
gboornilon scpectra of the silver imcolwble apd silver goluble Tracvicni. It
docs not control the effect of other irpuribics that night be cevricld over
1550 she "riboznelele acid® Lraction fron vhe tisgne beaogeaabe.

Tor the cxperinca’ 100 mg. of mucleic ocid (Sehvarz FI 4705) tes dis-
polved 1m 50 ti. of distilled water. Trenty-five ml. of the solntion were
put throvsh the Sshridt-Thanvhanger progclure and Pirally dilnted to 50 ml.,
vhile the reralning 25 ml. vere diluted %o 50 mil. The regulbing golubions
vere then acid hydrolyzed, 5 ml. aliguots fracticrabed with silver, awvd the
remulbing prperratonts and veshings adjasted to pE 2.0 and 8ilumsed %o 100 =k.
The acid exbrachs of the silver precipitote were algo dilubed to 100 nl, The
rommulto of these amslyses are swrisrized in Tadle 1.

These data lpdicabe that the Sclnidh-Thonrheuser treatoent does mov
aPPect the results ovtained by this method of awalysis, ard thet afier cuch
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TAEBLE 1

FUOCLEOTIDE AVALYSES (F YBAST NGCLEIC ACID
(SCEMARZ H 4703)

¥3./t1z. of Taclelc Acid

Tacleotide

mmm:
Gaanylic asid
Adenylic aeild

Uridylic acid

Cytidylic acid

Divect
Arelysis

Schiidt-Thannhanger

0.206
0.222
0.218

0.173

o

—res

0.292
0.215

LA AN,

0.219

0.167
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Grentheas this nebhod ig valid Lfor vge wibth biasune helogesesbes iX additioxal
rpuristics car be clindpaved.

Anglyacs of the Ribommeleie Acids of Rad Liver Bomogeuzbes

Az hag beea previcusly Gessribed ravs vere hepabestomized and them the
livers alloued bo regenerate Lor thres days. Blght-hmadwed %o 900 g, of the
pormal and regencrating livers vere homogeaizeld in cold trichleracctic asid
avil analyzed for the ceusbibucnt ribenoncwmclectides aficr purificaticn by the
robhodn of Schuelder end of Scknidt and Thapwhowser a2 previously detailed.
Tls exmperinond vap carried oub to deteralme IF awy differceces cowld be de-
tected betreon the rivommelele acide of norkal and regenerabing rat liver,
before proceciing to the axzlyses of the melels acids of the subeellivlar
. cotponcats of the liver cells. The livers of three 4ifferent yats were
aralyzed ia Thio ramner, avd dwpllcsbe sappleg were rum Inm parellel through-
cuxt. All the axalyces for the pyrimidire mmeleotides were carwied oub at pH
2.0, apd were not chesked in pE 7.0 phosphate. The resuliy.o? these expsri-
renvy are givea in Table 2.

Exmmdnation of thege resmlis appeers to indicate that the avslyses ave
valid sinse a sabiasfactory check is Lfomnd between calculebed arnd observed
vheophorus velues. AlGhough the ratios observed are very differcat fren those
reporsed for yeast mslelc acld (Sce Bable 1, ard 25), they sve more im line
vith those reporded for huron liver awd other animal tiscues by Chorgril b
al (26) waivg poper shrawbograns., The great dlscrepaney boltween Chargail's
weidylic o sybidylie ecid ratic avd that obmcrveld heve gheuld be molcd. &g
bas besn reanbicned laber work Indilcated thet reoulds move cimilez o those
found by Chargaff eve obbaivcd 1€ the pyrinidize miclectlile azalymes exe
coxrriod out im pH 7.0 phospbate ingstcad of 0.0L T asld. TFurther verk ig in
progress o elarify vhis polmt. .The pyrinidinz %o purize vablo cbserved in
this vork 1s.elgo considerably greebar then that foupd by Charmgail, but on
the bagls of our veork deseribed labter theae data appeay “to he rellable.
Torther chesks on the comscabrabions of Yhe pyrimidine muicleotides ghowld
" agecrbain this more cerbainly, hovever. The $verds of these regwits ave dis-
cusged rore fully in the discussion.

fualypes of the Ribopmclelc Aeids of Rab Liver Subcellular Fractlons

Since asporecishble differences appeaved to exish in the compositioms of
the ribowmeleic acid Proz resting and regenerating rat livers 1% wes decided
to debermins 17 these differezces conld be losalized im any of the subgelinlar
fractions, or whether it was a gemeral property of all the ribomuclelic acld In
the liver ecll. In addition th