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AATERATICNE I PIRTED METARCL ISR
I THE PORPIVRIC BAT

CAPTER I
INTRCORCTION

In o group of aman dissases knows a3 the posphywrissy the
motabelien of the posphyrine is distuwbed, resulting in extrems
ovesproduction of thess compounds and thelr precumeors. Fopr several
decades these disopdars heve don consideted %0 de true divesses of
sotabolism,t ond the greet quentitics of peaphyrine formed were belioved
o rosult either fron metabolic blocks o primery eawors in peoduction
cobtrel. e syptons of the discases would then rosult faon sl o
deficlency of peotoposphywin in one of its physliclogleally active
fosus, or foue toxicity inducwd by escess civculating posphyrins.
Thooe oonoapts, however, wore besad ontirely oo linited chearvations
and Infesences dresn fyvm other motabalic dicseses, and laechked concrete
ovidenoe to support Tum. In the poapiyric petient or onimal, not ane
of the active pombyrin~containieg capounds (hemogiobling ayoglobin,
catalosy, pevoxideses, and the oytochzemes) has boon shown to differ
styructusally feon the nmmel, Of thesa, only liver catalase is
diminishod $n sctivity snd possibly quantity,? Oiallely, thezough
imwestigatione of the pharmacologic properties of the posphyrins end
theiy precusscss hove shomn those capounds to be lonoguous, with the



single exgeption that certein pousphyrine and one posphyrin proturscs

possess definlte photosensitizing puoperties.ts 9 2
In yeomt years @his problen has beoome mepe amenadlis & iswestiga-

tion with the discowery of dauge which are oapable of peadusing the
"hepatic® fomm of posphyris in epwrismtal antoels. Studics of
biochmmicsl changes coowrring 1o this wperinontal disssssy coplaed with
recont advanoes In our undepstonding of powphyria hicemthesley have led
to the owvolution in this labopatony of 2 new hypothasis as to the
tocation and natupe of the metadolic leslon fn posphyria hepotica.
sy it 15 belloved that the netabolic ersor say ile fn & non~
posphyrinogenic pathwaey of a posphyrin pregusscs, rather than in the
dizect blosynthotic sequance lesding to posphyrins, The events luading
% this hypothesls and the swoy cheesvations which support it will be
disovased in dotell prosantly. The wosk peported hepein was undertaken
to teat this ypothesis by dizect ewparinmntetion.

B8 SIRURAERDNRD. CRIHESND G LSRN

Sedeentd® (allylisoppopylacetyluvea) atteasted original interest ao
sh apmt shich night Induce posphyria o8 & reslt of Duosherg®s Teportd
of & patisnt peseiving Jerge quentities of this drug for sedaticn who




doveloped the dlesase. e drug hae been chosn by Schmide end
Schmaztz, 7 O Cose gt al.% snd Talmen gt 81,1C to produse o condition
in experimental animsls very cimilsr ¢, and probably identical with,
human hepatic poxphywie. Climically, the signs and symptons of the
wparinental diseose in snimale ave similar in seny Zetpects to those
noted in humod subjests; f.0+, dtexia, weaknoes, constipation,
pavalysis, coms, and death. Blcchemically, the axpearimental snd
notiwal oyndramgs ope also quite elntlar: 1) excessive smounts of
type 111 porphyring ave excwetsd in the urine and feces; 2) posphobi~
iinogen is feund in lJeayge cquantitics in the uzine, a finding
pathognononic for hepotie posphyrts in humens:il 3) these plgments are
found in compezuble tissues at eutspsy. ‘

The use of o nee diug, $llyliscpropylecetanide, in produoing

ALLYL YOCPROPYLAGE DM Tok

oy
—

exparinontal posphyris hes come ahout as o product of the seapeh for

 the active functionsl groups of Sedosmid. This now drug fs aore
effictent in producing the Jloeaso, lo & weaker hypnotic,iZs 13 and is
woter soluble.



Caaads of Wi den lveaiboals

1o 2950 Shamin ond Russell 4 wosking at Colusbls Univewsity,
seported thet delte~aminolevulinic ascid s ¢ common intesmodiate in the
blosynthesio of both hemoglobin protoponpiywin and labile cne-carbon
{pagnante, some of which appear in the two snd elght positions of the
purine ring.d? (Zee Chard I.) Coincidsntally, while cazpying out
studles of Sedusmid-induced posphyrie v the chick wleyo, Labbe and
co=srkewsi® noted o chenge in uric s¢id metabollen $n the discased
wiTyos, heseo two obsarvaticns=-that purines and posphyelas are
biochamlcal Telatives, and thet purine metabulise is alteved in experi-
mﬁlmm-wﬁuﬁ&awtm»imm”m;m
wmmmmmnmmwuumm
in this labugatory to pestulate that the oetabolic epser in porphywia
hepatics moy Lie in the “Cy~" producing pethway of delta-aminolewulinic
seid as indicoted in Chast 3, an? thet the othew patiway of this
intemediory wetatolite, lesding to porphyrins, my fusction sopmelly,
anompt 8% Influmnces by the “Cy="pathwey block. Examinstion of the
odder chesrvaiions o porpbyels (presented below) mske this esem the
logicel location for the Mochemical lesion. Later eperimental data
hove supported mw:,mm:mmmnwmu
possibly the grestest dlochemical “suffevers™ fyom this defest in “G;*
wotabolisme In suwpport of this, It would seem wory ouch eithin yoason

that any biochemical pathelogy sffecting the produstion of compounds eo
pysiologleally vital and ublquitung &4 the purines could well soesult io
the divesse wymptomatology sewn in porphyria hepatice.



Chart I

OIAGAAR DLLIBTATIG DE FOCTION OF MLTAWARDTNLEVILING ACID In DB
BICGENESTS OF PORFINRINS ARD “Cy™ UNITS. ALSC ILUUSTRATED I
THE PROPCSED SITE OF REDARCLIC WMALFUNCTION IN FORPHWRIA HEPATICA.
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Jndizact Exidanse in fmwox of She Pxocened Nalabollc Rleck

1) The old ides that there is & impediment in the blosynthesis of
protopesphyrin In posplyria s difficult to reconsile with the absence
of anonle o6 & part of the disesse. Purthemmoso, 0o other quintitative
or qualitative defects in peutopcsphyrin have bewn found in wy of ite
physivlogically active logations, with the possible axception noted in
the case of Pat liver catalase.2 2} The evexproduction of posphyrine,
porphobil inogen, and delts~amminoléwsl afc scldl? in hepatic pesphyria
con well De explained by s hlogk in o noocpurpiywinogenic pathway of &
porplyein precursor, 46 proposed hepes This precursor is then chamted
into the poaphyrin route, with o sesul tant over~activity of this pethwey
dué to mous sctlone /lso, wne might comjocturs a “metebolic head-
quartars® which would opder out nore of the setabolite to got the
tuazted patiuay noving, wly %0 increase furthey the activity of the
posphyrin soute. 3) mmmmmt_umﬂwwm
of puaphyris may be due to¢ the grest quantities of posphyrins and
poxphywia precuriczs prevent in the sfiliclad crganism has bem erecad
by the finding thet, except for photosensitizing propestics, the
posphyring, pexphobllinogen, and delta~sminclevulinic acid aze devold of
pharmscologic sutions.dv % 7 Mis euperimental date directly mpports
seversl fundsmental clinical obsezvatloms which indicate that the abowe
coupoumds have Jittle pathogenic significances {a) The various
posphysiesy all having merkod pomphyrinasia in common, noverthelsse
prosant quite diffepent clinical syndromes. {b) Patients with



posphyria bepotics may bo found at times @ bo exereting lasge
quantities of delta-eminolevulinic ocid even whan they aze in elinical
semisslon.® (o) An Infent hosn to & mother mortally 111 with hepatls
posphyris demanstzated o 111 offcots, although & pessive porphyrimmis
during the fivet daye of 1ifo indicuted that these compounds hod
erossed the plosenta i® (d) T sywptous of the disssse could well be
due % an adoommal ity of any ano or all of the several biochenical
systons whioh would be offeoted by & paucity of single carbon fragmants.
{e) Ao soon in Chart 1, the pathwey leading to one-gezbon frogoents
could bo Mlocked sither st the deminetion of delto-eninolevilinic agid
or ot the fvagmantation of alphs~ketoglutazeldehyde. Howewes, Sn osder
0 have Increased posphyrin formation the block must bo at the fomew
site, nince ¢ Dlock ot the lettor locatlon would chennel alphe~
hotoglutaraldchyde % the tricesboxylic acid eyele via
alpha~ketoglutaric scid with ao sesulting docklog of Intermodistes to
flew ioto the porpiyein youto.

adzges Chacavatione Sueoextiog $he Hasihasde

Sevepal mporimental obsesvetions odbtalned in this leboretowy favor
the new hypothesls by indlcsting s deficiency of purine synthesds in
poxphyris, prostmably due ¢ & Jaek of cne-carbon fragments nocvssary
for the da poug synthesis of these hesess This evidence is as follows:
1) There iu » distinet decysace in the vate of appesrance of uric acid
in the allantole fluld of porphyric chick embeyos.® 2) EHxogenous
adenine is oosmwlly metabolised €0 uris ocid by euch enbryos.i?



3) The incosposation of 2-Ci4eglyeine into uric acld is redused ia
porphyric wieyos.i® 4) Wimn g5 2177 have oboorved thot adenine
aduinioternd to posphyeie chick adwyvs docrusses pemphyrin production
end impzoves enbeyonic growthe 5) Seas gi al®d have shown that
mmmmmmmuﬁmmuwoe
anatonical olecawalitieos and neurclogical sympems among the posplywic
chicks shiloh hotchs €) That theme 10 o paucity of Cy-units availoble
for purine synthesis in Sedopmid-induoed porphyria is supported by e
cheervation of Lobbe and co=workopel? that tho utilisstion of
dmanino=d=inidazol ccarbonando by the livers of posphysic webbite fo
seduced. (See Chapt I1.)

Chazt 31

DIARAN ILLUSTRATIO umwm&
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The preblan of desonetrating the preposed potabalic exror In o
naemalicn specios hes camviored on ctudies of purine metaboliee in the
‘posphyric zats In tho prosent wosk the hypothesie woe tsated by
studying the incosporation of 2«Cdegiyoine and of GeClduadanine inte
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the liver auclele scid purlinee of normal and posphyric rete. The alpha
casbon of glycine bocumos the delta carbon of deltavaninolewulinie scidy
which ls the carbon atom conivibuled to the Cywpool by cleavage of this
latter campounde A block in this cleavagey as pwoposed hedals,

should binder purine synthesis. Thezcfore, in the posphyric animal
muuawmmm@tmmmwgmmmm
purines chould be reduced, wharess the utilization of exogenous adenine,
which is the only prefumsed purine utilized by the 3ut,®s should be
inczreased in an stitempt ¢o aslioviate the purine deficiency. Alao,
nosmsl or incressed utilisation of prefommed edenine would indicate
that mucleic acid synthesls gag 8¢ i¢ unlnpaived.



GWPTIR XX
OUTLIRE OF EXPERTMENTAL WETHOD

e sporinmt was corrled out in &0 phaces. In the firet,
Be=adenine wos injeoted Intmeperitoneally into pomphyric and sonteol
young rats. After tsanty-four hours the anlmels were sdcrificed and
the nualefe eold purines isvlatad faue the pooled livesss The
radicactivity of thess purines fom the twe growps of snimals wae
compared. 1o the second phase, ICli-glycine wes used In & sinilas
sperioontsl procodure. 40 an indicatlion of the presents of porphywis
ond as an index of its soverity, livee catalase activity was dotesnined,
and qualitative porphobllinogen and quantitstive copropompiymin and
vaoposphyrin deteminations were carpied cut on individual Grenty-fous~
hour wrine colloctlons tshken folluvwing injection of the mdicective
matepiale. The allantoin contant of theso uzines was alse detesnined,
ond in the case of the Clémgiysine~troated mts, urinery allantoln was
fsolated and its pedicaptivity dotesmined,



CHAPTER 112
BATIRIALS AD METOE

e Roscineatel indmal

Tanale Sprague-Dawley »ote® welghing epproxiaetely 10 ¢ were vsed.
Animals of this sizo wore chosen in owder to take edvantege of the mope
active purine syathesis coousring during geowthe The voe of emall
animele sleo pemmitted utilizstion of mope individuals with o minioum
wxpenditure of lootopes The snisels wewre fod Puripe Laboratory Chow
and woter 3d Libigm for st loast hree days defowe the beginning of sn
cpevismt. During the course of the exparinents the enimsis wepe
aliowed f3oe 6ecess to maters DUt wave given no food as an officacious
sltegnative to palir feeding. Furthemmome, it So diffieuli to cbtaln
rsproducible results whon stbapting to induse posplywia in fewnding
patse Starwation sae stested about twelve howrw befure giving the
fivet dose of sllyliscprwpylosctonide. Four pesphyric and fowg cunteul
rals ware uoed I enth weperimwnt, one grow following twemiy-(ou
houro sftar the ovther Bough the apwinmisl prutedmre,

Tohtnined from Nopthwest Rodent Comparvy, Pullman, "aahington,
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Aishian ol lassiaentel LoRinRis

Posphywia was inducad by cuboutanccus adminlstzation of sllylise~
propylacotanide®® as 2 20 my per ul solution &n 040 per cont saline.
The conteol animels were given mmxmm-ﬂmummm
seline. The drup wes aduinistered fox thyee successive days) om the
thizd day, the Cld-labeled compound was uloc injectod and the rats
pleced 1 individual metabolisa ceyes for collestion of fooes~fyes
urine. Since ouccessful induction of adequate posphyzie fs Dot alweys
peedictable, on cxcose musbew of rate wes carried through the fisst
teo doys of druy edninistretion; on the moming of the thisd day, four
rots to be corried Uwrough the remainder of the eporinent were
seleotad ap the beolis of clinical condition and quantity of wrinary
porphobilincgen. In the fiwst phase of the ewperivent (Ci4-sdenine)
the yats ware given 40 t© %0 wg of sllyliccpropylecetanide in two
divided dogses for the first two doyoe Dy the thizd day ot of the
animale wre cmatose, o that 1t wee felt sefe o give cnly cne dose
 of cight oy to the four 2ate usad. Pven 5o, one of the pate oaplred
in the closing ninutes of the eparinental pericde In the second
phase of the wperinent, the drug dossge was peduced o spproxinetely
25 mg pay doy in one o two dumes. Chart 11X lilustwates the
managemant of the aniwals.

eeiindly peovided by Hofi{man-lofoche, Inc.
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Chart 111
CQROMCLOGICAL MAMASIMENT OF THE DPIRIMENNTU ANDMALS

b———_imm
of sliyli
—— Ay

Clémopounds  sacrificed

* | ¥ 9 wr ‘l i

Lae of Laddanntdvy Dadaadaln

oo CH-tagged campounds vsed in this work wore obtained frce
Huclonr Instrawnt and OQwailcal Cospopetiony Chicage, 11linois.

The -CA%-adanioe possessed & opeciflic sctivity of 1.3 mo/fit,
Car-tenth me wvae dissclved in 16.5 ml of nogmel saline and the
resul ting solution nevizalized with solld sodium bicasbonste, Two mi
of this solution was injected intreporitonssily into esch ot {four
controls and fouw pomphyrics): thus, the doso par rot was 13.1 ue
contalned In 5.96 vl op 1.21 oy of the free beue.

o specific sctivity of the 2CHeglycine was approximately
3 sofidle  AbSUS 0,20 mo wae dissclved in nosmal seline o o 7inel
volune of 10 mly each yat zeceived 1.2 m) of this paepesation intre«
peritonoally, the dose per pet belng about 25 uo.
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fedlsatlon of izioe Sogclason

Immediately after Snjection of the radfcactive material, the
inicals were ploced in individual, all-plastic metabelfes cages which
aye deslgned %0 separate urine and feges without the urime £13tering
past the fecal collection. For the most part $i0se sepssations wepe
parfent, oxoopiions being notod in the dats tabies. At the end of
tomnty=tour hours whwn the anlmale wore secrificed, thelr bladders
wige stripped of urine by hypopestyic comproasion, this urine belng
added to o oolloction. The wrine-collscting contelosys and cages
wope weshod with about 300 al distillied woter, the fimal volumo fwom
cach cage mausureds quolitative posphobilinogen tests done on each
sapleoy, and the urines otorad for detemmination of allantoin and
porphyrine. Each sawple was divided for sturege, s mmall amount of
sodius cozhonate belng addel to one partion G prosesve e porphyrine,
with the other pertion belng kept n 1¢e native acid state in order to
best preserve e allentodn.

adliative Jead e Selnary Pomibelllinegos

- The presence of this sonopysrols was dotosmined by the Mhwiieh
cldehyde test of Hatson end Somarts.2> The reagent, p-dimetiylesino-
Senzsldehyde, combines with porphobilinogen %o preduce @ red plgmant
which ie not oxtyacted from alkelime sclution by chicrofogme BResulto
ave recomded as ome- to fowr-plus.



Sanelioiion vl VRIS SOAREARANEIN A0l RCRanl i

Copropouphyrin wes quantitated by an adaptation of the “dos mothod”
of Schanats gb al.° Seventy sl of othyl scotate wes added o o
sepaxatony funnel containing o volune of wrine sufficient 4o yield
o5 %0 2 ug of copropcaphyring about 10 nl of wter, end 5 sl of
1:1 gleclal scotic dgid-gsaturated sodium scetnte buffar. After shaliing,
the aquecus plusey whilch containe the upoporphbywin, wos dyewn off and
saved. The ethyl scotate phase, conteining copropophyrin, wos washed
toloe with 10 ml of one par cent sodium acetate, the washes belng
added %o the originel aquecus layers A O.005 per cont aqueous Sodine
wash wes uead 0 oxidize reduded copropusphyrin chwomoguns. The
posphyrin was then oxtzected with four O all portions of 1.5 K
hydrochlozic acid, the volume adjusted to 25 nl, and the flucrescence
of the acid posplyrin solution cospared with & coproporphyrin standapd
in a Calogtrun fluceimetor. .

The method usad for doterndning urcposphyzin §s @ medification of
o purocedure descridesd by Schwerts snd co-workers.? Ite sesential
featupe 1o the adsomption of the pignent onte clunina sind olutlos with
eold. The mothod is peasonably occumete, but 4t mwt be mphuelsed
thet any detemminetion of the metive woparplyein in urine gives wnly
an oppyoximution of the trus veoperphyrin omerotion plictige. This is
booouse of the fnetabliity of the plgment plus the fact tat It fosme
epentancously fram posphobilinogen, which 1o also peesent in the
urine. Howewor, the mere pmessnce of lewge quantitiss of uwopozpiyrin
in upine depotes o pethological state, the deacnstration of which ws
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the shief purpose of these detommdnatiions., Itawald alse be pointed
cut that in this peocedure the total (lucrescence of all ethaes
ineoluble posphywine io mesouzed; this hes been shown to include
penta- Uiaough oota~carboxyl posptyring,® althowgh the latter campound
(veoposphyrin) constitutes by far the geuatest porticn of this growp.
e procodure i3 8o followss About 0.9 ¢ alunind fo stizped with
the canbined aquecus phases FemRInlng fvm the CEPRUORPhYFin
detozmination In a 40 mi conlesl tip tube and cantrifuge. The
spernatsnt is discasded and the alwine wached opse with 10wl halfe
satuseted sodium acotate and once with 2 of distillod wetar. The
posplysin is than cluted with five O nl poptions of 1.5 M hydvochlopie
acid ond road in o flucriseter agalnst & owproposphyrin standurd ae
aboves The resulto, thevefore, are in teems of copropesplywin
floopescanse unlitay and not satuelly in tarms of woight wmits as
wpeessed In the data, This fo nocessawy because an scourety
woposphyein stondapd 1o very difficult to cdtatn in etable logm.

uibadaiion of LRy elintin

his wes corvied out by @ divect sdaptotion faom the colorimetric
mothod of Christun gg pl®® for bicod. The prosedure eonsists of en
alikaiine and an acid hydeolysis whish degrades sllantoln to upes and
glyosaldeinmie; e letter copound is them onpled with phenylhydrezine
in the peesente of potassiun ferricyenide #o produce & »ed colows
Rosulte are peproducible within five par cont and retoveries give
orually guad Pesul ts.
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dgelaiden of Uminesv Allantoin

Allantoln wes foolated fyem the pooled urines of the Chéeglyeine
experiment for detapminatlon of yedicsctivity using the mothed of
Valentine gt al.9C The progedure conelats of o silver and & mevoury
precipitation, dosolorizstion with chavooal, and multipls
recrystallizations from hot emter: Very unifomm, ooloriess aryetsic
wore obtainod. One detemmimetion of melting point was carried out,
ylelding an uncorrectsd value of A4-2E67°C, the raportad value belng
AG-ATC,

In {sclating allantoin fpon the poaphyric urine, insufficient ylold
wis cbtadned ¢o allow cyystallizsation, thus necessitating the addition
of caxrier.

Bcdemnioaslen of hbver Qatalane ARSRNLL

The procodure aployed was developed in this lahoretory fyom the
plasms method of Dille and watkine.™d 7% &o o ouch loss timorconsuming
prosedure them others aveilable, ¥ith eperience, sesults are
roproducible within o per conty which s entively adoquate in view
of the extrae yodustions in cstalase activity found in the livape of
posplyric aninels.?

Raggentss

1. Concentsated phosphate duffer and caline. A 0,06 %

phosphate buffer st pit of 6.8 1 prepaved and soddus chioride added
to make an © por cunt saline mixture.



i

2. Theeo por cent hydwogen pawoxide,

Je A QI B hyizogen perexide buffor and seline colution.
his o made by odding I sl of pevoxide %o 00 ml of water and 9 ol
of the coneantzoted buffep. Propare foesh daily.

4y A Ou01 B sodiun thiogulfate solution. Mhis i made by
giluting Oul N etoek aoluotion.

Se A 10 per oant oolution of potaseiun fodide.

s 4 1 par cent sulution of amonium wolybdate.

7, Sdlfuric scld sclution, B per sent by volume.

8 A ) pur cont solution of starche

Progedumes
m“dmmm#nﬂmumm
{150 for posphyric Livers ond 11900 for noswal 1ivers).

One ol of homogenate 48 edded to 10 ml of the hydwogen peroxide
buffer adoture in » 125 ul flask, ol kopt oold in sn lco-water bath.
AMftexr Intesvals of Oy 13y 30, 40, and 60 soponxis, thé reaction is
stopped with 10 sl of sulfupic actds {For saro tine, the ooid ks edded
bofore the homogunoates)

Five sl of 10 por cent potasslm fodide solution and 3 dyope
of semoniun molybhdote solution are aided, and e libezeted jodine is
fmmediatoly titmated with 0,00 # thicsulfate.

Calaudationus
e s SRR )
k = rosption comtant
t 2 tine in minutes



%

The results Gwe obisined sy be sveraped, oy 1f the proceduro
hag boend carried cut capefully, e posultc way bo extrapoloted bhuck
zevo Sime In opdes o eliminets the msyme-destivction faotor.
Multiplication of k by the didution factor yields the Katefs of the

tlsoue. htm‘i‘:fﬁrﬂmn

Jadaiien ¢l sepine s Duandne inan LR uddels Salds

Teenty-four houws siter veceliving the radlosctive mateslal, the ratw
wepre renved from thelr netabollimm cages, welighed, and eeerificed by
stunning. They wese particily decopltatad, allowed to bleed for w0 W
four niputes, and the llvers ramoved i $oto, 7ivst severing the sight
atrivn in opder o golin wore complete exsanguination. The livers wese
woshed in distilied water, blotted, and woighed individually. The
coubined livers wepe then hooogenized in o varing Blender with
sufficlont water to produce a 30 per cent hamogenots. A sample of this
homogenute wae fyosen jemedictely for deteamination of catalane
sctivity., About 90 ol of this pooled liver homogomte wos used for the
purine Lesloaticn, :

In the lsclation procedue, muclelc scids were first cbtalned by
an adsptation of the method of Schneide™® in which thoy were extrected
fran the hosogenate by hot five por cent trichlopacetic acld following
prelisinary exteeotions with ¢old 10 por cent trichlorecetic acid and
hot cpgenic sclvents. The purines wewe then cbtalined by the methoed of
Hitchings,™ in which the nusleis acids were dograded by acld



hydzolysis and the purines precipitated ss the empoous caltse The
individual purincs were isclated by ion eschange chwomatography an
etrongly seid resin as described by ihwems,™

e leclation procodume in detall is as fallowss
The fizot of the procedure is caxpicd out in 350 sl centrifuge cups,
starting with 2 sl of homogenete in eech. Fifty ml of homogenate
{12 g of Jver) yiclds more than enough purine for counting.

1. Removel of acid-soluble compoumds:

After ntxing 60 = of cold 10 per cont trichlozscrtic acid

with the homogenate, the preparation i contsifuged, proferably in the

coldy and the mpernatant removed by decantation. This ia yepeated
ohove hdue dalay at this stage rewults In & lcathery residue which 1o

~ dtficult to handle.

2. Removal of iipidss
The tissue residuo ¢ susponded in 25 ml of distilled water,
nixed with 100 o} of 95 per cont othancl, and centrifuged: the residue
is vesuspended in 120 wl of ethanol and contrifuged. These sdepe aze
used % Pemove traces of trichliopacetic seld rematning in the tissue
residue fron step 1+ The vesidue ie now bolled three times for theee
minutes cach with 125 =l porticns of 3:1 aleoholesthage The addition
of boiling stone fecilitates this step; eguing deley in continuing ot
this ctage results in esidues which sze difflcult to handle.
3. Rowwel of nuclelc scidwm
The tissue residue is suspended in 20 ml of water, mixed with
30 ml of cold 10 per cont trichlozacetic acid, and omtrifuged in the



Golds This cupszmatent is discaxdeds The pesiduo is suspended in
mexfanpumuwummum.mmmmnm
cooledy wnd catrifugeds Mmm-hmmw-ﬂci
3 per cent trichloyucetic 8ciu and sentrlifuged. mmtmma
extyests sve cobined to fovm the maclels acld extract.

4o Hydrolysis of pucloie aclds:

The trichloracetic acid solution of nuclels acids is made (.4N
with 48 sulfuric acid and heated for two hours in & bolling water bath
& hydvolyse the suclelo scids. This process alse destroys the
twichlcrecetic acid.

e Prosipltaticn of the puriness

The acid solution is partislly neutralized with sodium hypou-
idey hecught o pH 96 with codium blcarbonate, and placed in » bedling
water bathe 'hile heating, 0.10 s} sptmeted sodiun blsulfite sclution
per gram of tlssue, and 0.1 ol 10 per cemt QuS04. SHZO per grem of
tisoue i added. Heating 1 continued unti) the precipitate coagulatos
and tuens light bhrown, usuelly within two minutes. The precipitste is
centrifuged down and washed twice with watez, ending with the precipie
te in 2 40 nl contrifuge tubo.

Ss Lidemotion of purines frow precipltates
mmmanwmznwsnmmum
heated until dissolved (mose acld fo added 1f netossary)s ood 5 i of
hot water added. The tube 3o pleced In o hot wetor both and & wepid
sireon of hydrogen sulfide {s pasend theough the mizture for thyee
ainutes. The copper sulflde thus fommed s £8ltered off and washed



with bhot watew. The pesulting puwine solution s uwsually 2 falnt
yellow in colop and chould be 1530 ml in wolune.
7« Chrosatogrophic separetlicn of puriness

Tho cationecuchange rosing Dowex D0, 300400 meshy Lo prepared
for use by weshing by decantation soveral times with distllled weter o
somove the ¥ine particles, oe with 1 ¥ sedios hydroxide, ond finally
with water ageln 3o remove eéxcdse alkall. Tho yesin is transfearred
,ﬁntﬂmmnuwMame»wITuhyﬂmmnw
vorted to the scld form by suondng theough 2 L of 2 U ydeochloric acid
followod by 3 L of 1.5 N hydvochlorlc scid, osch at the rate of 2 sl per
sinutes The colusn must not be aliowmed to aum dey.

he seidic purine solution cbtalned In the iibepetion of
purines from procipitite is applied to the coluwmy, and just as the 1ot
of this flows into the surfece of the resing development is begun with
3 B hydrochleric acldy adjusting the flow pete 0 epproxinotely 2 m}

per sloute. The offivent is ¢ollocted In 20 ml frsctionsy all of the
purines are obtained by the thme 1.3 L of the developlog acld has
peosed theough the colusns

The location of the purines in the collected fysctions is
dotesuined by the use of an uvltseviolet epectrophotometer (Negkusn
model DU), ebtalining the cpticel demsitics of ®he frectimne st 360 mu.
Buch ird or fourth tubo is roads; and otheps as needed €0 cbtaln the
oxast boundaries of the purine meczofractions, A tpical exasple of
results is prosented In Chast IV, Gonemelly, cnly those fwactiono

having an opticel density grester than one sre included in the individuel
puzins pacyofrections.



8. Concentration of the pure guanine and adenine aelutionss

The acidic purine solutions ave neutralized with scdium
hydeoxide oy codium bicarbonate and adjusted o pil Ge They aro placed
in o bolling water both 4o which 1o sdded 008 sl eatumeted codivc bigul~
fite, and 0uS ml 10 per cent (uSO eSS per grem of tisoue feow which
the purine was obtained. The solutions are then peizigesated wtil good
precipltation of the sopper salts fu obtained; wsually tao houss fe
sufficient. Cocaslomally it 1o necessary €0 add o bit nore alkali.

e purines are then jibeveted fron the precipitate as in the
previous stape e ylold fxom 10 g of 1iver i 10 0 30 my of each of

e purinoes.

Chast IV

IOMSEXCHANIE CHROMA JOCRAPIY OF LIVER EIC ACID PURTINES
FRON PORPINRIC MATS STVIN

Guanine sdonine
N [T AR X
RN R

(XX REX LT
Ry

260

LeU

Optical Density

fach frsction ropregonts appyoximetsly 23 sle The croso-
mm“wmmmuwmm
mecrofractions.

puge purine



The presumptive edenine and guenine jsolated &n o trial sun of
this protedure were coupared spectrophotometrinslly with e samplet.
In cach case e curves obtalned ware ldmtical in shape and in locatien
of mexing and winden {see Tedle 1}, These dotz plus the marked
slnilarity of the chrometogroms to thoso cbtaimed by authors whe howe

Tabde 1
TAVIOLET ADSORPTION OF PIRTHES IN 3 B HC1

Prosusptive adenino :;. w
o o
knom adenine 59 23
Prosunptive guanine 20 - axn
£noum cuanine 0 23

carefully identified thelr products lcoves no doubit as to the identlty
and purity of the compounds $soloted by this prosoduse.

pnblianion of Ludiach M iehaidong

The concantretione of e pure pupine solutlons was detemmined
photasetrisally uolng wn ultravislet epestaophotomstsr, Those solutime
were diluted to spproximately S 03 pe al in 3 ¥ 1 and thely adooppe
tion campared with standazds comtaloing W00 vg per mle Adenine was
zoad at 200 su and quanine at B0 mi, Nocer's low wae found to held very
well botwesn one and 10 wo per =i,

et b B RAER se vitANR I

Deterninations of radicectivity weve mado ot Infinite thimness
uolng on endwwindow countor and 20 mm sisdnloss stonl planchets.



The purines were found to be infinitely thin vwhen loss them C.1 ag of
the hpdrochloride is oo @ planchet. them the activity of o suple wos
such that an infinitely thin loyer would net yield sufficiont counts,
hwavior layers wers used {up % 1.0 )5 in such cases, appronimetsly
oqual Gquantities of the pomplyric end contvel samples betng compared
wore placad on planchets oo as to obtain direct comparisan wndey condl-
~ tiono of oqual self absozption of yedlations The planchets were
peepared by pipetiing on appropriete wolumos of the acidic purine
solutions and evaporating the lattes to dyyness with tho ald of on infm-
zed lamp and a slow jJet of aiw,

Two planchots woso prepared fyom each of the purine solutions. 2
total of at lemet 4000 counts above background woro obtained faum oach
planchet, making at lesst G000 cownts above background from each puzine

ool e



GHAPTER IV
RESIL T

Cnamad Crereallons o S uical o DEdond ki
ef s Saszinental Minala

Tables TI and TII cummarize the body seights, liver weights, and
biochemicel stotus with regaxd @0 posphyris of the animele used in these
axperiments. e quality of pasphyris induced in the fizet phase of
this work {(Ci4-cdenine) wes mot $deal, o5 evidenced by the wmall smounts
of posphysins found in the urinee {the high ooproporphyrin velues on the
feoslly contaninated upines have no significance) ond emall depgession
in liver cotalase activity (less tham 50 per cant)s Bxparience hos
mutmhnuﬂﬁhaiuwmldmuhmmawa{
coproparpiyein per doy, sad liver cotaleso activity should bo reduoed
balow 20 pew cont of nuamel. ALl thic coouared even though the clinicsl
condition of e anisale wos oxtrenely poor. Fomever, as stated
previcuslyy it was Detsosary 0 peduse the desege of the posphyria~
producing dsug glven & thesw anitoals on the last dey, oo they st the
tine of @w above ctudies the rets ware poobably recovering frow thels
biocheniesl lesion, eoven though thelr olinical cemdition wos etill
- entromely potie IR 16 clear that fn the second grovp of animals which
received ssaller doses of the dwugy the quality of posphyria induced was



Table 12
SSAY OF DATA COD\DED FIS S e W dwoewpe s

‘2’

8l ¢33
31 33
81 133
18] - 33

SeA2 Sl 600 4TS | 5447

- i e e P et

solght at start of eape~~g.
{after 12 houzs ctorvatisn.)
Wts ot start of Ind daye=g. (stazving)
"8e Jose. (2 doyse)==g.
» {ﬁtﬁwﬂlm}

“ts of llveweeg.
3 doy. ’
ixd day
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much Letlax, Lalng typlcal of Gt ususlly obislaed. Ales, thess
shimals wers stveny and aotive.

o livews of the posphysic sats weve muoh hedvier thes these of
the soateois, belng aore Van Yeice 36 heavy 4o the fizet guowps In
apder % ale cut 3 diffeence In suter contand, the total aitregen
- content of W Livess of s geoup was sotinated by Uhe Kjeldahl
method® using e dlluse hawsgemetes dwnaining “rom the cetalose
detazminations. The porpbyric livers ware found o sontals 95.0 mg W/g,
and e gontwels cuntaioed 2.7 ag Whe Since $he starting mateslsd for

those detezalnatlons was not ldeal with respect to dllotion and cxaot~
ness of prapasation, hese rosult: cannotl Yo considered to bo vexy
socunate. Hoawaver, it is certalnly safe 40 say that fhe dlffesences in
n2ss of the lMvers is not due eolaly t0 weter contont. This wao
coplivaed by dey welpht Sotexminutions made o the second growp of
livezrs. e pooled posphyric livers of this growp were found ¢o oontaln
3.2 pew ot woter, and coatrals 71.2 pew cent water. In view of these
reoultis, It is felt thet the relatively lavge livess of ths posphyric
aninals say sluply reflect the zodugad motabolie dacanmds of thess
lethargic antmals, It fo well knowm that 1iver mess suffers grestly in
stasvatien, snd the liver mass of the pexphyric mete, indeed, wee
reduced below that of nopmal fesding mets, Alse, i€ will be noted, the
1iver mase of the cesond amowp of posphyrics, which wers much more
’wﬁwmmmmummn- seoumt of dzug they
rotoived, wos amallew than that of the first grow, and much closer to
“ut of the controle.



daddesstlvity 2f Livez Ruclele Acid Pumines

The epeciiic redicsctivities of the liver oucleic a¢ld purines axe
prescnted in Tables TV and V. It is ceen thot exogencus sdemine is

Tobie IV
RADICACTIVITY OF LIVIR 1C ADID PIRINES OF
RATE CIVER &, 0oy
denine Cunnine
Contaols 1,00 x 306 2,08 x 3P
pomphyrics 1.72 X 100 8,70 ¥ 300
Ratio Pl 172 182
(Counts por minute per off,)
Table ¥
RADIOACTIVITY OF LIVIR IC ACID PIRBIES OF
RATS GIVERM ! yome
sdenine Cuenine
Controla 2.4 x 308 1,87 & 108
Pozphyeics 819 x 100 9.60 x 104
Retde PO .82 _ G2
{Counts per minute per al.)

utilised sore ovidly by the posplyric animsl than by the nossal
anlmale Alsoy the parphyric-to~conterel ratics of wpecific sctivity for
Hho W0 purines lsclated are neavly equel. 4o chown in Toble ¥,



labeled glycine was alos found 4o be incuspozeted into posphyeic
mcloic acid purines more extensively than inte these of the cantrols.

Mudnazy tilantodn Shdies

~ The 24 hour allantoln oxeretions of the individusl animals is
presented in Toble V1, Included with these dats ls the quantity of
ureporphyrin In the swe wine wplos. rthmmzmmﬂ
aninals excreted apprecisbly less allantoln them did the contwols, and
also thet thore 16 & very good invarse correletion hetween the ellentoln
and wwoporphyrin encreticns of the parphyric sndmale. (See Figuwre Vo)
Thers wes no detectable correlation of allamtoln sxcretion rates with
coproporphyrin or perphobilinogen extsretions; there wes no assosistion
with liver welights or welght lose of the snimale; and thepe wae no
association with the clinical condition of the animals.

In the hope of theowing seme light on the cause of the unepected
results of the glyclne experiment, the redicectivity of the animels®
urinary silentoln was dotormined, As has hwen stated, difficulties
were encountoped whish necesclitated the addition of carpier %o the
poaphyric allantoin in the cousse of the lsolstion procedure. Due W
the great mount of carrier roquired and the low activity of the
excretod allantoin, the rosults are anly approximate, but would indieste
st the spesific activity of the contwsl and poaphyelc sllentotns aze
about equels The posphyric allantoln ylolded 5.8 X 108 cpa/odt, end the
sontrol allantoin yielded 6.8 X 104 cpavi,



Table VI

TVENTY-IOUR HOUR URINARY ALLANTOIN {(ag) AMD vROPORPINRIN (up)
CXCRETED OURING THIAD DAY OF DIPERIMENTAL PERIOD

Adlentoln  Uroposphyrin

Cldapdenine )
. o 2 10.2 150
23 11le6 19.8
6 16.1 ;.;
I B
Coptreles fraay 2.1 07
T8 e e
cl"mwm GRS §
Porphyrics: 257 1644 [
by 7 2.3 2B
£ 13.8 g
Hean ign’
Controlss B3 prie
24 2.7
=5 16.0
o v



Chagt V

DIAGRANS NLLUSTRATENG Ui INVERSE RELATION OF
TECPORPITTRIN 10 ALLANIOIN EXMCRETION AN INDIVIOUALS
In THE ™0 GROWPE OF PORPRYRIC RATE

mg allantoin per 24 hours

o 3 I ] 'l
0 9 0 i 20
ug urcpesphysin per 24 hours

C3 e apENTHE CROWP
0 e

mg allantoin per 24 hours




ihe yather remaskable depression in ollantoln excretion exhihdtoed
by the pomphyric enimale is 50 keoping with the proposition thet
purine motabolise is fepalved in this variety of posplyris. Howovoer,
it is aleo posaidble to explain these srosults on the basie of greoter
tissue catabolisn in the controler that s, the nosmal anlmals aze much
noge active thupn the poaphyrice, and therefors utilize thelr tissue
energy stoses at a such gereater rete. This incrensed collular cata-
bolise could well make move purine evelledle for degrodetion end
excretion.

i&

Mg v e e e

4s seen in Table VI the retoe of excretion of sllentoln by the
porphyric sats varied widely among the individuel animels of cach
geoups It is seen In Chaxt V thet this variability possessed &
distinot lnvarse compelation with zetes of wroporphyrin excretion,
These dats support the hypothesis by the following vessoning:
1} The animels in the exparinents have demonstrated variable vesponses
@ the porphyrlagenic drug: $.0.4 they sach postessed blochmical

-



b ]

logionn of diffeeont soverity. This 1s in occcod with the prinaiple of
biologic varlability, 2) tho wowvw covesly 11) anlsmuls esmcreted grecter
quantitics of woparphyrine his is an ssomption, wt 1t would soem

well within reason sinoe wroptsphyrin appears only in extramely minute

quntitios in the wine of poxsal onlmalo, e oxcreted almogt wntirely
and in relatively buge quantities vis the urine In posphyric onimals,

and is an early preduct=-cr by-produst-—of the posphyrln potlsays.

%) Conversely, the mowrs covezly i1l anlmalo exopeted relatively less

allantoln bocouse thely purine pothways wore more sovesaly iapaived (in
agcard with the hypothesis).

It chould be further noted thot theve was ne correletlcn of
allantoin oncretion in these animels with weight lves, llver wolghts, oz
clinieal condition. |

A5 wag leplied In the description of methuds, any ene determination
of urinery uroporphyrin has someshat linited quantitative aignificance.
Howover, §t will be yecalied thet in the prosent wosk cach of the
dotezminotions in o group of four was ¢htained under idonticel olpoum-
stancos, Gwe obwioting many variables. Alse, in thesd 1limited obsove-
tione, the exoretion yates of uroporphyrin and allantoln vary so widely
spong anlmals end the obscxved fnvorse correlation ie &0 constemt thet
the linitetione of the nothod con be discounted with sessenable
confidonce, Further substantistion of this intovosting cboervetion woull
be worthahile, ond chould include quantitstion of wrinary popphobil inogm
and delte~aoinoloviiinie ssid.



o chsarvativn et cllambcln overoilon deoraasesd o tw soverity
o ponphyeis LCrossony 2 ovidmoud by weinesy upspamphyris exgrotiony
cuh be Gaken as an sdditional Llt of wvidene fowering the proposed cite
of the blochemicul Jesion lo the disense.

Jakassctaiien ol hawem Bushls il fasing SSudies

The zeseits of €he tlesuve purine studies in the Sldeadaning
’m:mmumuw.uwmnm
wiake af the purine thap the condsuls. fowever, the results of e
Cligiyeine coperioond ere Guits the cpposite of those vhich were
srigiaally adicipated ca the basis of the Lypothesia, meiing it
lamodlataly appeseat that thoss mupeviacmts have ot ylelded the eritioal
datas 1t was hoped they would produse., Nevertheless, 1t is eqully
spparent that they paovide Jurthey evidence indlcrting deranged purine
wotalolion in popphysle. There pepafos the task of aplalaing this
obseevetion oo the besis of tiw hypotiwsla. '

A proper thought at this pelnt §s, "kt soatl of resulis should be
obtained I the wopy is not valld?™ I there werv oo blocheulcal
feslon in the pispbyeic andmals «iah disectly affects Geolr purise
pateboliany one would B0t wpetl thee & Jdansizete such o #pld wpiake
of glycloe end admine Inte tlssue purine, but sather to show uwpiakes
sppronluately egual (o thoss in the conireis. On the other hand, sne
pight centend that the Mgh sptake of gliyeine in the lethargic pomplyxic
rats was due $o tho loasws demand for the ootabolite by energy puthmayey
meking oove swallishie for sastalism: hewsrsy, 1t i difficult tv spply



o7

this sauw vessonlog o explefndng he High uptaks of adenine, vhich hos
mo galomie waluo, |

Since the spipals were stzyved durling the experimental pariod, one
night slsc wospon thei, as 2 comallary of the greater weight loes oad
eoapoy expenditure in the sontrole, these animale would have & loway
sate of ansbollive then the pesphyrics. Thon they would, of ommse,
dmmhummumsmmmmumm'
This appears to he & quite logical explametion; and 47 true would smake
the cheorvation wndor gonsideratior stand 26 atropg evidencs thet Gw
rroposed aetabolic yeror of porplymia doss not touly exist. Howover, in
& recontly completod axperiment using thick sebryos end carried cut
sssantially in the sawe manner ay tha proesent work, 1t wos cbearved that
- pattemns of utilizatlon of glyoine into tissve puvines eve neaxly
congruoue with those moportsd harein.d? 1% 1s probably sefe to asoume
thot the sawe machanise {s scting in the chick ambeyes a8 in the rets
to produce these resulis, s that even though 1¢ may be attractive %0
®plain thee an the bosis of Jower anabolfc rate In the contnol rets,
this suplonation hos Jit¢le mewit Sn elther, since In chich eubwyos
the sunteols ape chaeaved t¢ gmow ot 3 siightly greater sote thap do
tie pomhysics.l?

74th thess axplanstions suled out, there remsine one which is
compatible Yoth with the panposed setebolic losion and the resulte.
flamely, that the contyol enimals hewe 2 much higher twmover of tissve
purines than do the pawphyrics, awl thet at the time selected
sacrifice the animels the sotivities of ¢the contwel purines had long



since reashed thelr pesks amd wome well on the downgrade, vhareas the
activitios of the poxphyrie purines wore s3i11 near eldy posk wvalues.
1% i a gamollasy of the theory baing tested that owsh 2 difference in
tissuo parine tunewie rotes chould exlist, sines, Yy ¥w theory, the
WM-mM&eintumuaM*aﬁ;mwu
0y vnite. Also in sooondance with iis idso of a elow yate of purdne
furnover, poxphyrie endmsle do have s xch Joprassed essretiun of uele
aeld and/ox allantoln. Purtheswmove, the spreifis setivity of urinasy
elimmtoln from the potphyric 2ats yivan radicsstive glycloo wes oqual
0 or loss han sllantoln from tho contrela. his conurred in opite of
the mrh deprossed allantoin exmrotion of the posphwyrics, hus Indiceting
forther Pt thaoe enimels were moving mch lese of the oM into thelr
purlre pothueyr.

In opder for thie eplemotion tavolving diffesens turnover rates
b temabley 1t v neccsoery thet the made of zoplecament of tescor in
liver puclels seid purines during the fivet twnty-forr doner 2foy thelr
introduction be quite vapid, Medbere end Potter,™® in o hest-intarvel
otwdy of the dlsteldution of A-ClSuopotic seld glvan to 13150 ¢ wate
85 1 tingle Introvencue docey Toumd M per cent of the adntelgtored 034
@ bo in Miver vibonuclele scids 2t 16 howrs, and 15 por cont 8t 24
hours. In mperivents with CI4eadoning vaing mice sseriflced i, 3, 13,
and 4 hours post~infeetion, Preseo and MarehadP heve palowlatsd
appevent half-time valuer of 12 oxd 2¢ howre, rewpoctivaly, for nuclesr
ad cytoplessde ribonveletls aelds of liver, Mfertomaicly, these wwo
the oaly short-term tupnover atoffes svaiieble, and iy sppiication to



tho probles 2t hend suot be done with roservation, Howavaw, 1f acompted
at feoe value; Thoy do indlcate that the tumover of 1fver ribomulele
oodd fs mntively rapid apougd to land credence to the sdove exnlaonation
of resultn., The fnfluente eof desoxyribhonuclole anld won e otullew
would sppear 40 be negligidle, sinece its tmnower Is relatively vesy
tlows® Fumat gi sl repost $iat the epeelfla activity of liver
sibonvelotc andd of pets glven Cldesdenine is 100 times thet of lives
dasoryzibonualaie scid.

The poenibility that u chdajabaled dooe of piyeine would be sore
avalliahle S0 the enaliolic pathways in e powphyrics bSecause of Jess
devand by weray patiueys (o mothenian proviously presanted sod
disoounted 88 & major fostar in wploining the resules) reanains, and
could well sesist the meshenise presentad adbove, _

in conclunion, 1t may bw stated thet these studies on tissue purines
have domonstrated 4 gReot shersetion of purine metedolion in porphyria,
ae pradicted on the besls of the propoasd blosk. Howover, the criticel
dota nooded @ prowomson dlsproves-cxfstenge of the metabolic tlock as
peoponed resaine to He obtalned. As infepyed in e peevious pasagraph,
one pight wall repeat the expariounts carried out in the peetent wosk
ualng shorter incubation poslods. 1% would seam at thiz point, howeves,
that tho sost dizest atteck on the probles would be to study e fate of
o doits cavhon aton of dolta-aninolewudinie scide A comporisen of the
reatos of famate produstion from hile cuzhon stom in peephyric ond
neseal animale, welng o Tormate trepping precedure th as that describod
by veinhouse and Prieduann,®2 should produce quite critical data to aid



- &0

in setiling the question at hande If @w yote of formste praduation
fron delfawaninolevel inle acld were foumd o be wvery low In poaphyric
atdralng and 1¢ 3¢ were found 10 bo noyeal from clphasketoglutaveldaypds,
the sopond fusediataly diotsl & the propesad hlock, the hypotheois
&5 presaptod would be proven,



P v3
SO

1s Alypothsis §s presented which asoigns $he site of nwtabolis
naifumction in plaphyels hepatics to a block of oxidetive deaminstion
of deltamminolovulinic acld, zosulting in o deflslency of “C= " fyege
mants ond thelr derivatives, espocially puarinet.

2. The sates of Incosporation of JeCld=glyaine and of E=Cldeadenine
inte iver mecleic aclds of noymal end pesphyric sets ove stalleds Moo,
wrinary sllentoiny copraposphyrin, ond ureposphywria are dotermined.

3y A lindted quantity of date chom s very definite inverse
rolation of allontoln excyetion n individuel pasplymic rets o e
soverity of thelr disoese 98 ovidenoed by wwineyy weporphyrin oxcoetion.
Tis 1o in good sccond with the theosy presentod.

4s e liver nuclelc 00sd purinos of posphysdo yote given oithes
CMeadenine or glycine chow highow epocific astivitics after Guendy~fouw
houre tham do the conteole. This iz intapreted 8¢ & futher
demonatration of o nasked weoet of purine wetabolism and o delayed
upnovar yate of purines in posphyris; sgain, this o predicted o the
basls of the hypothasio.

%» Critical dote proving--or disproving--the hypothosle presented
ranine to be obtedned. Lipevinents 0 peeduce cuch dats sre helefly
autlined. '
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