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o, Rebert Aldwich, acting on the hypothesis Shat the pospiryrine
ccutaining ensymes ave of prime importance in the pethogenceis of
varions diseaso states, ceteblished in the sumer of 1952 with the
sooperatien of the Departmont of Picchemistry a labevatery deveted to
the etudy of porphyrin metebulism, Belisving alse that perphyria
ropresents a metaboliec defoot in protoparpiyrin symthesis and is
therefore & key bicshewical discase, Iv, Aldrich set as ene of the
firet goals of the labearatery the developmnt of a estisfactory
porphyris experimmtal aniwel, Jb is folt that this goal hes been
achieved by producing an experimental porphyris in rats fod Sedormid,
These studies form tie basis of this repord,

1 wish to thamk Dv, K, 8, West for his conptant guidance and
Br, Bsberd Aldvich for his help and tutelage in these studics, I am
alse very greteful to Richard Neve, who helped charecterise the
emreted porphyrine,



Bicehemical interest in the perplyrins centers around the cempound
protoporphyrin, which cssbines with iven to form the importapt presthotie
group heme, Nems acte in different capecities in respiretios in the
‘otmpounds hemoglobin, syoglohdn, cyioohrome o, aytechrems addase,
cotalase, snd peresddase () Proteparphyrin is probadly alse used So
ayuthesise chlorophyll (2)

There is growing evidemoe that uroporphyrin and eoproperphyrin ave
intormodiates or byproducts of proteparphyrin synthesis, Uroporphyria
and ooproporpiyrin are contained in tiscsuss and extreta in only trese
amowmts nermally, but eve present in relatively huge, and chemieslly
worlsble, amowts in paphyris, Perphyris them, is povhaps a hey
blochamical dissase, useful in the study of the intermediary metsbelism
of the hesp compounds,

In addition to ite fundsmentel relation to perphyrin metabelies,
porphyris deserves atiention beseuse elucidatieon of the bagic metabalie
mmh—nt_muumm.

mmmummm%m#hﬂ

Wuummnmumm,

a8 well so a hstory of caperimental porphyria and the beskround of

he experimental approach,

Strectursl formulas of important compomds to bo discussed in
this paper are prosented in figwe 1,

A Bvidence that Uroporphyvis and Coproporpiyrin eve linked with
Proteporphyrin Synthesis.
HoppowSeyler(3) in 167 fomd that sulfurle asdd actod upen

bloed to form & purple pigment which he called "homateporpiyrin’,



Masimwt' 37 4 100 ohowsd the prosence of perpiria in namsal wine,
whilo SaliswsiclS) and subeequent workers doseribed perphyrin sworetien
in cortain disesses, These investigators all considered those
parpigring % be hematoporplyrin besause their specirescopes oould
not distinguish the artificial hematoporphyrin from the msturallye
osowrring porphyrine,() Eaiy investigators thevefore concluded that
urinavy porphyrins resulted from henoglobin breakdosn,t 7)

Although Hmns Fischer was able %o show thst hematoperphyrin
differs fran winavy parphyrine, snd, in foct, dses not cosur in
m,mmmmmm@mwmm
#t821 peveiste.(®) mperimental evidmwe, howover, dees not swpert
this theory, but instead indicates that frec perplyrine in mtwe ave
procursers ar byproducts of proteporplyrin synthesis, Sinee perplyris
beoumos & key blochemioal disease 1f wreporphyrin and coproperpiyein
aro involved in proteperphyrin synthesis, some ovidence co this question
will be preseated, '

Dobwiner et al.(?) found that when hemopotests is incressed dn
mrans and eperimental animile eopreporplyrin emretion paralleled
roticulooyte formation rether than Mis plgment formation,

Hore convinging, however, wes Debwiner's diseovery that the weinery
copreporpiyrin under conditions of insreased hemopedesis 4o of the
type 1 emfiguration, Protoporphyrin IX of hawo is of the type IIX
configuration, It is universully agreed thet comveredon of type III te
Upe I porphyrin, which would dwwolve breaking the porphyrin wing and
resssontiling the pyrreles, dose not ccour in natwe,t10)

The eongtant ratio of coproporphyrin I formtion So protoperpiyrin
of homogletdn formation osused Dobwiner and Bhosds,1t) 4o pogtulate
that coproporpigrin I ia formod as & typroduct of hemogldbdn synthosis,



Figure I
STRDCTURAL FORMULAE OF PORPRINING AND SEDORKID®

legends 4o = Qw000
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See uroporphyrin,

Eederences Dobwiner and Rhoads' 107
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Tven in load peiscaing, where the large ecavesses of winary
coproparplyrin bave been sheem to be of type III, evidence favars &
devangenent of henoglebln synihesis rather than degredsticn, Framche
and idtenoei1?) found thet porphyrin exmvetion paraliels the rate of
hemopeleels, rether than the reie of homoglobin bweakiowm, Kark and
Beiltojoiel 33) found that 1f Demoglcbdn is injestsd intrevencusly in
petionts with lead poleoning, Milimbin exoretion i inoreased, whils
parpiyrin emeretion is not, Meeding, acsording o do Langm and
Grotapaso,l 1) markedly incrosses porphyrisemis in lesd polseninge

After the discovery by Sclworts of the presence of (ros Gopro-
porphyrdn in the erythwooyte,(15) and My Sdentification of tids
cpound s the type III isemey, considershls evidence has actumlated
wideh implicates oeproporphyrin III dn hemoglobin eynthesis, A Migh
correlation of erythroeyte coproporplyrin and reticulecyie levels in
variove openies suggests that the erytirecyts ooprreparplyrin is
sonuitive indox of the yate of hemoglobin gynthesis und &3 & mormal
procursar of hemoglobdn protoparphyrin(16)

Oradoii17) nos wed irredistion of algas o produce mrtants
lockding in ey engymss in order %o inorease the conocentrstion of
chlorophyll intormedistes, Dogarwd and Gramel(18) irvedisted a
protoparphyrineproduting mubant and isolated ancther mriant which
amnded porplgring having properiles of uroperphyrin snd coproporplyrin,
They felt that this last irvadiatien had destvoyed ensywe nocessary
for pretoporphyvin synthosis, allowing accumilstien of Sunbormodistes,

Selowam ot a1{2) snoubated Cull labeled wroperphywin IIX with
rebbdt bene merrow and recovered half of the asctivily in preteperplyvin,

The teilliant isotope studles an the blcaynibesie of protopophyrin



Ix offer emother cluc ss Yo the rule of ureporphyrin, Caniributicas
of soveral groops wincs 1958 showed glycion apd asotate to be specifie
preswracs of protoporplyrine Those sanirdibations culuminated in the werk
of Shewiy snd Wittenborg' 20) fa 1951 in which they completely dagredod
 the ludeled protoporplyrin malecule and were shls Yo sssign relative
activities to cash of the copmmomt carden stame, Thoy vonclnded thad
all four pyrrole rings sre wmufastured frea a common nyrrale, whieh
has tho slrueture of the perele of wreoporpignin, Thoy were upadie,
howover, o say whethor alteration of this pyrrele in protoporpigrin
fovmntion takes place befare ov afber linimge of pyrrroles oscurs, If
docerboxyletion and dehydregenatden ccovry after the pyrroles are Linked
together inte a porplyrin, woporpigrin 11T ls a precurser of probe-
pargigrin IX,

Evidence thai copreporphyrin ie met a preocurser of proteporplyrin
wos offared in pecent work by Yeas and Stare,(®) working with @
yeast gtrain with we respliratory astivity or oytochrems abperption
bands, these worlors fomd that cotslase and cytochweme € were peodnced
42 protoperphyrin wis added to mintmal medtum, MNowover, the addition
o ooproporphyrin 11T produced no catalase activity,

Se Bigtony of the Baperigental inteel |

~ Thope are teo breed groups of porplyrinspethies, or diseases in
wideh perphiyrin oxsvotien is mukedly insrcased,’?2) ome growp 1s
the perpligrinerias, in wideh the inovesse is of the othomwgolible
porghyrin, mainly voproperphyrin, 4 notadle emsaple of this clesg of
disordere is foumd in lead podsoming, in which cepropurplyrisuris is
extrems, The othor growp consists of the parplgrdas, in which both
ethorwgolubls porplyrin snd ctherwinseluble porphyrin or weperphyring



ooour in large ssounts in the weine, Since the present report deals
with an esperinental porplyris, ¢ review of dhds subjeet will de
proscntod, .

stotovis’ 2} appears to bo the fret investigater to preduce an
ezperimemtal povphyria, He had choarved in 1589 a port-sine colared
urizefrom an 111 wommn who dled after beding treated with sulfonal over
& lang perled of time, Spectrescopleally the wrine pigmend rescabled
hematoporphyrin, Soverel subwoguent cases were reparted, so Stekvis
in 155 aduintsterod sulfonal to rebbites end dogs to sve whother
"henstoporpiyriat could be prodused, He spectrosospically doteeted
"hematoporphyrin® in the urine of these animals sfter & fow daye of
sulfonal adnirdetretion, lo dlso cheerved that the perplywin was not
preformed in the uwrine, bub appoared after exposure to alr o & emsll
anomt of acid, Sudmoquont stuiles showed that the urise probebly
contminod waperphyrin, an unknomn campound in Stokvis' tims,

Fincher and Duosberg' 24) found wreperphyrin 4n the wrine of
rabbdte with sulfenal pedesming, Waldemstrin sod endt'Z5) found
insreased wrinary eoproperphyrin IIT fn sulfwmal polsensd rabbite,
with ircenstant emall emounts of othemednscluble posphyrin, Dobrdnest 25)
isalsied a woparplyrin from & kmown homan oese of sulfonal poleoning,
Other investigators have reporied negative resuite with sulfonal in
rebdits,( 27)

Tusmerd 28) gumaed up the ststus of suwlfonal-dndused perpiyria by
saying, "Semo rabbits chronically paisened with sulfensl exorete
uroporphyrin, and these nsy be profitahly stadieds yot sueh andimids
lead & precarious existonce and the induction of porphyris in them is
by no mosns ceay or conpltant,”



sohmarts, Eeprios, and Sehedd( % Jyecently reparted an experimental
porphyrda in rebhite, These authors found that lead or phenylhydramine
injootions increasod winary wreparphyrin levels, bul highost lovels
wero acideved by combdning pheargiydranine, lead and erposwrs S0 lighte
The urinary weporplorin wes of iype I sonfigursilon, irepurphyrin was
pregent in large amounts in bone mmrvew but only trece macunie in livow,
These findings are sisilar to tiwee cbeerved in congenitel perphyris in
husane, FPorphodilinogon was, however, present in the urine of the
arimals, & finding considered pathognomande of Mwsn eoute porphyrda,’ %)
Sohedd and Sclwarte{27) published s report in Decsmber, 1952, of
a very different type of parplgria prodused in rabbddts by Sodormids
togesiden, Extrensly high winmy wroporphyrin levels were rocorded,
ehiafly of type 1II econfigwation, large amounts of winavy porpho.
tdlinogon were prosent, Tissue snalysis showsd lavge ewounts of
weperghyrin and perphobilinogen dn the Liver, widle porphyrin ecntend
of bane mervon and eryliwocytes was within pexwal Limits, These
chontiesl findlngs ave similar to those seen in aoute humn porphyria,
Another approach te artificislly.-produced porphyvria has been
previded by Bogorad and Grenielt19) in their rosent work with irrediated
slgan, A mutent of Ghlorells velgards, which ovdinerAly preduces
ehtorephyll, hes been isclated which memfactwres porphyring with
carboayl groups ecsrespanding to copreperphyrin and wroparphyring
Asido from these attempls ¢ srtificlslly induco purphgrda,
there avo & pmiber of situsticns in which wroparphyrin ccours in
approcistlc anownts in natwre, whioh vepressnt potentisl or sctual

mwmnm,mwmm,
Ingey s New devooy, '




exparisontal amizals,

Turner 30 1937 28) disoovered that the fux equirvel, Schwrus
niges, enjays o physielogle purplyris, The urine and bumes of thess
srimels ave cdlored veod with weporphyrin I, end the bano marvow
ccntaing large amounts of wroperpiyrin 1. This type of porplyria
corvespends 4o the conganttal, o "erytiwepoletic 30} perpiyria of
humane, Though Turmer sadd Shat the fox squirrel is "common,,.ond
bosomes quite tams," Schwarts ot sl P’ state thet "preliminery
otodies with soversl of these animals indicated that the prectical
airficulides involved in handling thom limits their usefulnoss.®

Congenitel poarplyeds was discovered in & Scuth Afyican hexd of
sattle in 29367 and an snimad was subjected to chemical emmudnstion
vy Risingtons'32) ne yesults eclosely resesbled the findings of
Tischer in the famous sese Petry, & omgerdtal peeplywrie, even to the
pedat of photesensitisstion of the lightecslored porilons of the hide,

Clare and Stephens’ 33) heve veported oongenital perpigria in the
pigs

Semp other posaible cxperimental animals, geoorally scmowbat
insccessible and not casily handled, are: Pteris vulgaris, s wolluso
found in twoplosl waters in whose shell Pischer msd Hssveri34) found
wxgmmnMnxmm.mm
accerding to Derrien and Turchdnd,l35) gentain uroporpiyring and
Afwican bimds of the Tureous geans, whoso wing feathers ceutain a
areporphyrin 1 copper complex,' %)

Piismtechert 37) hos found that the perplyrin deposited in
memmlisn fotal bones i uroporphyrin,

Of course, nmans affileted with the goveral types of porpiywis
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have eantrdbubed ¢ mjor portden of the present knesledpe of porplowin
notebelism, snd have stimulated much porplyrin vesoarch, They prveed,
bowover, all the iimitations inherent in the wse of huwns as experie
montal amimals, plus the dlsadvantages of rarity and of belng vetise

A fiesmoe of the Dxperisentsl Animel and Seleetion of the

Experimental Appronch.

In 1937 Turoed 29) wroter " intermediary pyrvelo motabelism
must bo studied to determine Lf possitle by what steps protoporphyrin,
coproporphyrin and weporphyrin are farmed, PFinally we muwet determine
what factors mako for the normelly great cmsses of type IIX perplyrin
over typo I, mxd under whot sonditions this veletionship 1o disturbed,esss
0o of the greatest of (diffioulties) has been the (lack of s satipe
factory experimentsl animsl),” Theoe goals ave still largely uwmed,

he sdvent of isotople tracer techniques has provided tools, which,
nents, should male popsible the elucidation of tho dologie intere
relotionghips of the porphyrins, The evidence presemted sariier thad
wroperphyrin and ooproporphyrin ave invelved in protoparphyrin
aynthesls strergthens the theory that porphyria represents & motabolie
errer in protoporphyrin smthesis o utilimation, Thus the experinental
porphyric animal should prove ueeful in oluwcddation of some of the stepe
in the impartant bdosynthotic chain between the fundmmentsal pyrrelo
postulated by Shemin and Wittambers' ) and formation of protepeplyrin
e

In adidition, defindtion of the motabelic ervors in the porphyvriss
could bemefit umens efflicted with these diseases, ’
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Singe in this lebaretery attention is dirceted temard tiw role of

parphyrin-containing eoxymos in variow discase states, an experimsatal
porplyria is prinevily intended to test the hypothosis that the sigmw
ad sysplons of porphyrie represent an intrecellular lack of hemoe
conteining reepirstory cespounds, notably aytochrems o and eatalage,

Decavse the kmown fwwetimelly-doportant perphyrin-containing
copeunds are of type III esefigwration, a type of experdmental
porphyria wag sought which dlsrupts the synthesis of type 11X parphywis
within the cell, Since in congendtal humen porphyrds it is the type I
porphyrine widch are emveted, the relsticship to protoparplyrin IX
synthesis is not elear, m.mwm,wm'mm’
the type Il parplyrine are conreted sbnermally, It is quite possddle
that these almormel mmownte of urcporphyris III and ooproparphyrin IXX
reprosant blocks of enwymatic resotions in the synthesis of protoparpbyrin
Ix,

The rat was selected as the experimental sximal because of the
vast amount of bicchemieal infermstion available on the rat, and
boceuse rat liver has proved ©0 be 4u ideal mediwm for ensyme studios,

Fossible methods of produsdng & porphyria of the "adult” type
were lindted do the we of severel sodetive drugns eulfonsl, wideh
had prodused equivocal results in mmimils in other investignters® handsj
tadonal, wiich hed roportedly caused uroporphyrin ewrotica in humng(38)y
bartdturates, which hod been reparted as precipdteting acute perplgrisl¥)
bub which falled to inevesse rebbit urinary porplyrine is the hands of
taubendor and Nondes’"®); and sedormid, which fn & commmicstion fyes
ne, Rudt Solwdd' ¥ 1 e sumer of 1952 was olted as causing the
exmroiion of large amounts of woporplyrin in rabddt urine, Schedd's
work had been prempted by the suggestien by DussbergtU2) in 3932 that
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prolonged Sodermid ingostion had ceuwsed acute porphyria in ome of hias
petlents, This last, most hopeful, approach wes decided upeny oduinise
tration of Sedorwid to the pat,

Oral admindstration of Sedesmid %0 the met has caused a marked
change in urinary porphyrin ewretion, and has prodosed = syndress
which chemtsally and elimically simolates adult humem porphyris,

These stedics emstitute the presemt report,
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44 Fosk Dope With Tho Anisels
colony were used thronghout the caperimomts, Rats 1 to k were
100 grem malowy rate 38 and 39 were 60 grem weanling females, ALY
other yets were 200 + 20 gram femalos when experiments wore begm,
These rats wore reised on a retion of Puring Leboretory Chow and
wore fod the ease reticn during experiments, Thay had wnlisited
scous o food and water during experimente, though at vimee thay
becams too weak o eat or drink,

2 Urise Collostien  Thwes metedalie cages simllar to thave
mwwa»’mm Thepo cagoe soparated
fadsly efficiently the widne and fooes end food, allowing O-1
grams of food and Ou) fueal pellets to fall en the Plass wodl in
the fumel dwring & Zh-how urine ccllcctiem,
Ss Sfedoruid Suepsngion — Simte Sedevwid &s virtually imsclubloe
in wstor, saline, snd other immocusus selvents, it had to be
administered as & susponsdon, 4 satisfectary suspendirg agent for
stomch-tubing proved te be projylens plycel. The Sedormid posdor
was suspended and partdelly dissslved in propyiens glyvdd by grinding
in & morter or mixdng in s Wering Rlmnder, The wsual cmcestration
was 50 ag Sedormid per ml of suspenaion,

For parenteral injection a satisfectery suspension was meds
by mixing isctonie glyvercl, 0,15 Twven 80, and 20 wg per ol of
Sedermid,»

41 an indebied to D, Ellen Telman for devising and prepering this
salutdon, .
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be Stomach-tubdng ~ To imsure an accurete orel desage, Sedeowld
was sduinistered by stommch tube, The suspensdon was ziven in
mwmwmumummwum&m

(WﬁMQWthmmm
wore made using sterdls teshuis, in single dxily deses of 200400

ng Sedormld per kg per day,

motabolism cages, wine wes stripped from the bladder and the dsily
~ Bedermid injection given, Time of bladder steipping was moted as
the start of the wine cdllection peried,

Anfuads werw soen approximetely 2 hours after bedng placed im
the metabolionm cages, They were removed from the coges after
manually stripping bladder wine inte the cages, Tme of stripping
was noted as the end of the wrine cullection peried,

he following were vecordod for cach animals (1) strength, as
shom by galt of locemotion, (2) alertnese, {3) wedght, (L) mmber
of fecal pollets emroted, (5) esvunt and color of wine, {(6) asount
of food and water takom, ( 7) presemce or absence of rales, nassl
m.m,mmuhmm
wall, (8) gemoyal appesvence,

Cagos wewe rinsed with about 80 ml of water, frem a wash
botile, which drained inte the cdllesting fumwel, Urine plus wash
wator wae tramferred $o 125 wl Frlewmyer flasks, and the ¢alloce
tng funnel and bealwr were replaced with clomn glassware and a
vew glass wool plug. Urines were then refrigereted price to
determining perplyria levels.



The wrino samplos, whish included wash weter, ware made up %o
100 wl with distilled water in a grodusted oylinder, Esch sample
was then divided, 50 sl being placed in a 125 ml Evlomseyer flask
for dotermination of "bedled* wroporphyrin (UB), The remmining
50 ml were used for the dobermination of "wihbodled” uwreparplyrin
(v), coproparpiyrin (G), md the qualitative test for porphos
blinogen (),

hrm%*mxmmu(m* In this prosodure &
$ ul aliquod of wrime is placed in & 250 al seperatery Pamnel,
and 15 ml of distilled veter and 5 ul of buffered asetie acid
(four vilumes glasial acetic acdd and ome velume of eatwrated
aquoous sodium acotzte) are sdded, his selvidon is then shakem
with 80 2l of etiyl scotete. Coproporplyrin pesses into the otiyl
acetate phase, The aguoous phase is saved far uwoparplyrin detere
mination, The ellyl acotate is then washod twios with 25 m)
portione of 1 pur ot sodium acetate or wmtdl no flucrescence is
cbeerved in the aquecus weshos under o Woods lights, The etigl
Gcetata iv then shaken with 25 Ml of 0,005 por cent lodine,
propaved fresh each day frem a 1 por cent salution of fodine in
othyl aleohudl by dilution with water, This procedsre is designed
to canvert any eogroparphyrin precursare to copreparphywin, Soall
amounts of ethyl alechdl are wsed to "bweak” tw emolsion formed at
this podnd, After dlscarding the aqueous phese, the coproperpiyria
is extrected with four b ul portions of 1.5 ¥ B3, Tho I exivest

T S AT T D S

HMQMWMQW" Diineds,
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io then made up o 25,0 sl with 1,5 ¥ HCY, chaleen, and poured into
& flnorimeter tube,

phase from the copreporyiiyrin determinetion was cabrined with the
first 1 per cend sodium acebtate wash, und any subsequent washoe
that contained visible fluncrescencs, This frection contained the

weparplgrin fyem $he § ol aliquet of weine, This frection wes
made 1,5 W with the approprdate volume of 7,5 ¥ Hil, and aboud 25
sl ware pouwred into a fluorimeter tube,

s J he 50 ul portion of
wrine to be bolled was adjusted to pH 5.0 nuing s Seckuan pH
acter equipped with lavge clectredes, 4 bolling stone was added,
and the samples were halled on 2 hot plate for teenty mimmtes,
After cosling, the smmples were diluted to 50,0 =i with distilled
wmtor, and 2 § ul aliquot wus treated aw deseribed above te lsclate
the wreporphyrin, The etiyd scetste plmse, centulning coproper=
phywin, s disemrded,

For porplyrin quantitation, use wes made of the fact that
porpigrins flucresce red when struck by light in the penrwulirpe
violet range, The Calectron flucrimeter, capatle of sespuring
mwwum»m“’g.mmmm
parpese, This dnstrument has two primery filtews, Corsdng S53h,
to isclate the boS millimicren exciting band, and & seoomdavy
£12%er, Corning 242k, to isclate the sadtted wod band, A Linear
Mwﬁmnmm#m
cuncentration below 100 microgams coproparphyrin pes 100 ml,
Upimosn copcentrations of parplyrin were messured agalost & §
microgren coproperphyrin per 100 ml etandard in 1,5 ¥ HCL, weing




Co
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s blank of 1,5 % Bal, Thus &l) perphyrin concentietions reparted
heredn are in tevmw of coproporpiyrin fluorescence,

way performod on each urine specimem, using the mothod of Watsan
and sehmarts'85), I thte test a 5 =l aliquet of wrine 1n added te
5 ul of Brlich's reagent (0,7 grem p-dimethylamdohensaddelyde,
100 ul water, 150 sl of oo, HUl), and, after shaking, the solutien
is allomed to stand omw minute, Then 10 ) of sstweted godimm
acotate is added with shaking, and the selutien is again allewed to
stand for omo minute, If coler dovelops, 10 nl of chleroferm ave
added with phaking, The test is interproted as positive if awre
than & vory slight piok edlor sppearw in the agueowy phage, in
arbitrary grading ssale of 0 to ++++ was adopted, Lack of any
pink color wap O, + wag & very slight pink celor, and +++ wae &
doop vialet,
Gusasterisation of Doroted Perplyvin

Further provedures, employing selecded wino saples, wore
earrieod out in an attempt Lo idomtdfy the emoroted porplyrine,
Lo lsslaties of Pepiyrize T Sveinssen tocheis! ) e
uped to resowe porphgvins frem the urine specisens, This method
consists in adding calcium chleride and sodinm hydroxids to
centrifuged wino, uwhich results in a precipitate of calodum
phosphatos and hydromide on which paphyrins ave quentitetively
sdgorbod, The comtrifuged precipitate was thes dissclved &n 7,5
¥ Ba1,
2, Formation eaigerdn Methyd Egtesn finee pupificatien
of porpbyrine by chramstogrephy is mel camvendently ascusplished
wsing the methyl esters, esterification wos carried out using &




mamammwmna.“ﬁ, Porphyring
dissolved in 1.5 ¥ 00 wove left standing overnight in the durk
with ten velumes of coterifying mixture, The csterifying misture
veually consiste of a 205l sothenol ssulfuric acdd sclutien, Them
25 wl of chloroform ware added followed by distilled water wntdl
as zore chlorofarm phase appeared. Esterification wes judged
conplete when all flusrescente passed inte the chloaroform phase,
The ohlevofarw phase was washed five times with distilled water
aod wnoe with 7 per eant sedium chloride, 7The estere wore then
taken o dryness for storage or purification,

Experiments using eloe chlaride or trichlorecetie seld as
catalywts instead of wuilfurde aedd gave satisfectory estarification,
but difficulties in separating catalyet from ester made those
ccupounds lese satisfactory then sulfurie soid,

of wroporphyrin mothyl ester er its separation from eopreporplyrin
cater way dosired, chromtography was carried out accerding teo the
-H-rm«d.”‘”‘ In this wethed & 15 ma chromee

togrephy tube im tightly packed with Herck eoloivm eardbenate as
the adecrbing agent, Dry porplyrin methyl ester is dissclved in 3
drope of chloroeform and diluted with 2 ml of besgene, This solutdon
is placed an the colum sud developed with mixtures of bensene and
ehlorefoms varying in peopertions fyum 1S parts henmene por part
ehloroform, The higher concentration of chlsrofcom spoeds the
rate of developmomt, Oentle water suctiom is used, Impuriidss
venain en the %p of the cclum, uroporphyrin ester is in a band
Mmmw,wwumh.mmn.
separsied as a discrete bund, The calaium carbomete is exiruded,



and the ureporphyrin snd coproparphyrin scoes are out oud under
visunlization with the ultrevielet light. 9w porphyrin estere
are cluted from the osleium sarbonate with ehlorofera, When
farther purification i» desived the precess is repoated,

Vhon only copreporphyrin lscaer is desired as a purified
 produst, es for evample in iscmer retio determdnations, petrelewn
ether instosd of benseno is wed with chlareform to develop the
soproporphyrin band, Sineo potroleun ether procipdtates wropar-
- plyria methyl ester, this procedure provests the poesibility of
weparplyrin treveling down the column and comtaminating the

mmuwxmw“m
wos determined using a sodification of the fluercscence guenching
mothod of Schwarts ot al,'47), in aliquet of chlerefem comtatning
510 micrograms of totel purificd eopreparplyrin csber is dried in
& flusrimetor tube, The ester is disadlved in § s of redistilled
acetone aud 10 nl of Sgremsen phosphate buffer (pi 6,0), 4
fleorizeter resding is taken after mixing, The twbe is them fveoen
for six minutes in & doaker of scetons mixed with dry foe, 7w
tubs 15 allowed %o stand &b voon tespersture for sixbeon howrs, and
& pocond fluorimeter reading is made, T etio of the fivet to
secend fluorimeter readings zives the isomer vatio when sgplied to
ourves previously sonstructed fvom known mixtures of puro ecoprepore
piyrin I and 111 standards, This meothed takes advantage of the
faot thet finoresconco of coproporphyrin I 48 loot o "guemched®
after frecaing, wheveas that of coproporphyrin Il is wealtered,




Mdmmmww
tion of parified weperphyrin to coproporpiyrin wee earriod out,
and the isemer ratio of this coproporphyris was determined ag
outlined above, Per the decarboxyleticn the recent medificatien
t Sdmmdsen and Selwarts' *0) of the standard mothed of Pischer
snd Hilger'!®) way med, Tds dLfPiCULY proveduve, carried oub by
Rishard Nevd, was not modified, and will not bo deserided in detaid

bhere, The mothod utilises the fact that mild decarbenglation (0.3
N HGL, 225 mm g pressure, 160° C, for thewe hows) proveeds enly
a8 far as coproporphyrin,

plyrin mthyl estor was eryutallised out of ehloreferm by adding S
ol of redistilled mothansl 4o & Zubm tobe eontaiwming 0.5 sl of
porphyrineeontaining chlovoform, The tube was shalmm, a cotten
plug was imserted, and the tsbe wes vefrigevated, Flocculent red-
brown woporphyrin erystale sppesred after a fow hows,

Roerystallisstion was perfermed by pourdng the mother liques
and erystals over s cotton plug in 4 amell fummel, dlecarding the
mm,mmmwwwmm,
W%Mmmueﬁﬂmmmﬂﬁ
methanol as described abeve, |

Essmivation of eryutal morphology was carried out with au
ondinary siorescops and light source, |

Ths meléing pednt of these wroporphyrin mothyl ester eryetals
wis doterained with & fl2-1L3 FisherJoucs melting peint apporetus,
Several melting peint doterminations wers wssuosessful booange of
sdnbtering,



| 1 y Abgozpiion speotzs of
the vardcus perphyring wove deternined iwing the beslman DU spostro=
photemoter, Sclwents were olther 1.5 ¥ HG. or ellorvofumrw, and the
Mumwmm@mmmwum

Mmmwm%n“-mmmw
sad protoporpiywin ), and stnce the ret convetos Lurge smounts of

proteporplyrin 1 hie Seces' L), dus prebebly to the Farerian gland\ %),

4% wes thought desirehle o dotermine whether ¢ wt & substantisl
smount of protoperplyrin wee condained in the "vopro” frestien,
Frotoperphyrin has sot been reparted ss @ conptituvent of the orine
&wmhwmmm,
&m»tm%mmwmm'
utilises the fast that coproparplyris emn be ¢xtvected from ethey
with 0,1 ¥ HQ, while protoperphyrin requires § B . The "copro®
i 1,5 W BOL from the "Swco” method was buffered to pll ¥ and
extrsoted with an equal valume of ether, indor these sonditions
both coproparglyrin and proteparpigrin move into cier "0, This
other galuiion was woshed teioo with 20 sl portdens of 0,5 per cent
sodlan sostate, Coproporplyrin was extrested with five b sl pore
Hons of 0.3 ¥ Nel. Any protoperphyrin remsizing i» the other was
then extrected with § B A,
Hesw Studlss
1, Rt 32  Thie anlmel which had deen “porpheic” for sne woek
wie axsmined grossly under the ulivaviclet light, The smdsal
received 2 ng of nembatal imtvaperitoneslly, and 3 ol of Wood
wore removed with o heparinised syringe by cardise pwsstere, The
viseers weve empined an both the ovbside surfase end out section



g2

fo vod flverescense wnder the witraviclet light, A deseriptien of
the red fluaressence seon will be presented in 'Results”,

Somo of the organs wore assayed for porplywin comtent, Hoart,
kidney, small gut, Harderian gland, tvain, apleen, and liver were
weighod, homogenived in the Waring Hendor with distilled water,
made 5 per cont with respect to trichloreseids acid, and centrifuged,
These extracts werw then treated in the sume way as wine epecimens
for dotermination of coproporplyrin and *boiled” mnd “urboiled®
uroporpliyyring

Red blood eells were assayed for perphyrin in the following
mamers L.k sl of pacied erytlrocytes weve trested with buffared
scetlo scid until the debris was cclorless, Then the debwis was
extractod several times with 1.5 ¥ I wntdl flusrescence no lenger
apposred in the extract, The buffered acetic asdd exiwects end 1.5
¥ B extrects were combined, meutralised to redegrey to cango red
paper, and extyactod three times with 2 volumes of ether, Under
thege conditions uweporphyrin semaing in the aqueous phose while
protoporphyrin and coproporplyrin ave extraoted by the others )
The ether solution wes then washed three tdmes with 1 per oond
sodium acetate, and these washes were added %0 the eriginal aguecus
phass to ecubine all the wroperphyrin, Coproporphyrin was extracted
from ether with 0,1 N B and proboparplyvrin with 3 N BCL, The
porphyring were quantitasted flvovimetrically,

A supsrnatant of trichloarecetis acidetreatod plasma wos tested
for porphotdlinogen,

The flawrescent fade seorotions wers waphed fias the animls
with distillod water, the porphyrin was lsclated by the Sveinsson
technie, and the absorpiion spestrum deteymined im 1,5 ¥ BCL
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sgadnet o blank of 1.5 ¥ HCL,

' Bl
e LT S e 1

disoovery of bivarre veod flnorescence, presumshly due to porphyrin,
in varions parte of the caveass of yat 32, dlssections wore perfarmed
on other rate in & further study of these phemomns,

Rat 33, a 200 gren Sedormid-fed fomale which had boem im fyenk
porphyria for six days, wes saorificed, The viscera, central nere
vous system, Harderian glands, and portiens of the skeleton snd
peripheral nervous sywtem were disscoted snd viewed esxternally and en
et sootion in the durk wnder o Woods light, Results of this exami.
nation will be presented later, Hat L2, s normal 200 gram Spregude
Denlley female, was similerly exmmined, Rat kb, a normal Long-Evens
founle obtained frem Dy, Donald Waller, wes also sscvificod,

Since s difference in tlssue flucrescento botweem normal and
parphyric rats seemed to exist, nine animsls, some povphyric and
soms pon-porphyric, were killed with gas on Maveh 23, 1953, for the
purpose of examining thw kidneys, Histories and resulis of exanmie
netion of those ardmals will be given later,

! 3 After observing thet ihe
oontants of the rat stomach and gut Llvoresced red, emaminstien
was made of the Purina chow pallets which made up the rat dlet,
Grosaly the pallets flucresced s dull crenge-brows, and on cloose
inspection small {less than 1 mm) Jewel-like particles were soen
which fluoregoed Wwight ved,

in attempt wos made to isdlate the red-flusrescing material,
Purins chow was mixed with wster in a Waring Plendor e centwrife
eged. The red fiweresconcs was scen o vemide in the tap layer of
sodiment in & non.miseible, light groen ofl, This @il mus poured




off and extracted with othyl acetate buffered with spotie asid,
Al of the fluorescence wont into the otiyldl acelate phase, This
fluerescense asould not be extrected with 1.5 %, 3 0, 7§ o
eondenirated HEL,

24



RESULIS

h.m WIMMHMMM
dotermined on 13 200w-grem Sprogue-Duley femalo retss In 57 doderul-
nations the rangs of coproporphyrin was 3.2 to 25,0 micrograme per ok
howrs with & mean of 12,2, ‘Urbodled* urcperphyrin vasged frem 0,5 te
13,0 sdovograms por 2l bours with & meen of 5,6, ‘Beiled* woparpiyrin
valus varded betwoen 1,6 and 13,9 miovegrans yor 2k hours with & meen
of S.he In any given wine specimen 'bedled® and “unbellod” values were
essontially equel, indieating that no epprecisble ureparplyrin prosus
sor is prepent in noewald ret urise, ALl porphobilinogen tests performed
on theso urine samples were negative, Control valuves for w0 weanling
rots, 36 and 39, fell within the senges given in Tedle I for 200 gram

: : d _ ! Tabile IX presento
mmmmmﬂmam
suspended in propyiens glyool, 4 tolal of 22 rats worw so treated, In
20 of thepe seme simormality of porphyrin emcvetion wue produced, with
valuss woll above the normal range, The twe yets who falled to show
increoased parplyrin valuce were yut 6 and wut 18, both of whom diod
fvom cooplicntions of stommohetuibing after only three days of drug
aduimistretion, Rsts 1, 2, 3, by 11, 12, 13, 1hy 15, 16, 20, 32 and
33 reached lowels sufficientdy high to be considered prectiesl smrves
of ureparphyrin and eoproparplyrin,

Coproporphyrin wes omelstantly the firet costitaomnd te rise,
usually bedng elevated after the thind duy of drug dosages., lLevels of
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"bedled® and "wbeiled® urcporphyrin remained low and essontdally squal
for a fow days to two weeks, when & sharp inerease in both ccourred,
Simmltaneously a positive parphobilinogen test sppeared, and the animals
became ill. “W"anm,mithmuughu3m
micrograms per day, excoeded "unbeiled" values, indicating the pressnce
of a non=flucrescent uroporpbyrin precursor, This precursor, if it
ware the same as occurs in human asubte porphyria, might be parphebilino-
gen, though this is a disputed m‘(%)

Figare II charts s typical chemleal and clinical course of an
andmel receiving oral Sedormid,
3. Effect of Parenteral Sedormid Injectdons Intreperitoeal
Sedormid injevtdons in rat 2 and suboutanecus injections of Sedormid
in 7 other rate caused no increase of urinary parphyrins or porphts
bilinogen out of the normal range, &s showm by Table III, The
intraporitencal dosage was held to 100 mg per kg because this dose
in rat 21 was regularly followed in & to 10 minutes by profound coma
nﬁam,mwmzmumuma
peritonsal irritatien, Subcutansous dosages of LOO mg per kg were
estimated to produce lethargy approximately cemparaile to 200 mg per
kg orally, At asutepsy of rat 21, the peritoncsl surfaces appeared
norsal, suggesting that Sedormid had been mobilized from the intra-
peritonsal space,
L4e Effect of Oral Propylems Glycol Propylene glycol administered
alene by stemach tube failed to cause any inerease in urinary porplyring
wmmmMunu;umumn.

B. (linicsl Effects of Sedormid
Normal rats, when first given Sedormid in prepylene glyoel by




¥igure II
TYPICAL CHEMICAL AMD CLINYCAL
COURSE OF AW ANIMAL GIVEN
SEPORMID I PROPYLEME GLYCOY BY
STOMACH TUEE
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stomach tibe, oxhibited signe of soute dntordeatienwlethargy end
woolmony of the extremitfes, These signe began )«2 houwrs afber
intuhatien and lasted a fow houwrs, ,

After 1-2 wooks of 300 mg/kg dosages, s mumber of elinieal ohungoes
took place ecdncidentally with a shasp rise in uwreporphyrin cmretiom
and appearunce of & strongly pesitive porphobilinogen test, Sigw of
lethargy and paresis of the extremities (more prominent in the hind
limbs) beocame mawvied and lasted throughout the 24 hous peried between
doses, Tho mamber of fecal peliets redused shawply, UCrine staining
of the ventrul sbdominal wall appesred, prebebly becsvee the animale
vodded while lying mmeenscdous in ene position thweugh mest of the duy.
Fedght nsuslly dvopped during this perded, though rat 16 begen esting
copeseively end gainod weight,

If dosages yoye continued, the ardmals inveriably went dowmhdll
and died in a oomtose state, canplotely parelysod, neardy wwespone
sdve, with slow, irrepular dlapiragmtic respiretions, Orues
exandnation of the orguns after death was wwemarlable emeept that
the sbosmch was wuelly pesled with 1525 grams of food,

If sedormid wea stepped st smy stage in this deemhill courve,
the aninele useally made 3 dramatic resovery within abeut 2 daym,
Lethargy firet dleappeared, parelywis of the exiremitiss rovedsd,
feeal pellet nubers rose %o noewal or above, while porphyrin esretion
lewels and the parphebilinogen test roverted to normml (see figwe i),
within thowe days the rets were eating well and had amly & slight
woalmens of the hind lisbe, mmvfested as s rolling gsit, to show for
thetr iliness, |

Other intereeting clinical findings sesm in gome of those amimels



wre; oticky, purple, red-fluorescent eye eecroilous; beluvier
disordors perhape denoting nmger, sush as cowiant biting at all
ohjeots, eating of feces, and canmibaliswy various contral nervess
ayoton signs such as rhytheds babbing of the heed and comvulsions
dmvalving the ferelishs,

-w-m-mwﬂmmm—u-am
fron rat 15, ccllocted at the height of drug response, his prepare-
iom traveled as & single bend on the caledum cardonate chrematogreply
column,

(ryotals of this compound recrystallised twice out of mothamcl
melted sharply st 260 o 261° G, (uwscomrested), %his is mear the
mlting point of ureporplyrin III octametiyl ester, which in sald by
Riningtent ) 20 bo 255 to £60° C. The Waldemstrém wroparplyrin
mothyl ester isclated fyom cases of human asute porpigris melts &b
258 to 250° 6,050} 44 25 parhape wroperpiyrin 117, Proviews
attempts to obtain shavp melidng pednts en urcparphyrin meparations
from othwr “porplyric” rets wowe uwsunsessful became of sintering,

Tiome uraporphyrin methyl ester erystels frem ret 15 had under
ingh megnificstien the sppesvamee of resebttes of long curved halrs,
as shown in Piguve II1I,

Twe 100 mierogranm smples of tids wreporphyrin weve suscessfully
in HL decarborylated Lo coproperplyrin by Rishard Newd, fe determined
the iscower ratio of this coproporphyrin to be greater than 90 per cent
type III oo both samples, Thus prectically all, if mot all, of the
cmreted wroporphyrin met be of e type III eanfiguration,



Figure III
APPRARANCE OF UROPORPHIREIN METHYL ESTER

CHISTALS FROM URINE OF RAT 15

Sotes lagnified 1650 x,
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in sheovption peak at & wave length of 625 millimicvans wes
chtained on purificd chleroform solution of uroparplyrin metlyl ester
fron uwrine of yat 12, A known sample of ocproporplyrin in chlereforn
vun simlbanconaly exhibited & saximm at 622 stlliniorans, Lesberg' ')
Jiots maxine of 625 and 622,5 for these capounds respectively, Another
posied woporphyrin sample in 1.5 N BGL from high-ureporphyrin urine of
rats 11, 12, 13, and 1i hed sexima b B0, 502, 570 to 572, end 625
alllisdorans, |
2, _Goproporpigrin Notlgh Eotey  Copreparpiyrin was lsclated from
wrine, isomsrated and chramtogrephed for isomer ratis dsterminsticn,
Throo different samplos of ret 16 urine were so treated, Type IL
iommer meds wp the mejordty of this coproperplyrin, Percentages of
80, 60 (duplicates), 100, 100 (duplicates), grester tham 90, and
grester than 95 (duplisates) wure cbtained on the tiwee urine samplos,
fhese procedures were carrded out by Hichard Hevs.

CGoproporphyrin isolated in the routine extzesticns wes verified
as being ooproporphyrin by seversl abecrpiicon epsotre deterainatlens,
A pocled sample of oopreparphyrin in 1.5 ¥ BQL fren rete 11, 12, 13,
and 1k had saocdas 2t 402, 199, end 566 milliniorens, Hat 1l eoprepor-
plyrin in B0 had maxdime at 03 and 622 adliisdoronsy Mt 17 copropot=
phovin hed mexdms st 40D and 550, These maxima are typical of knomn
coproparplyrin in the instrument wed,
: o) : he urine of rats § and P on twe
soparete deys afber high levels of coproparphyrin exsrotion had been
roached were soparately examined 0 assess the amomt of proteperphyrin
traveling with coproperphyrin, sinse the “Secc” mothod extraots
coproparplyrin @nd protoporpiyrin tepether, 5 These rets hed besn




o

@ Sedoersdd for 6 and § daye respoctively, The flusrcsoence aseribed
to protoporphyrin wae found to range in these four determinations from
0.6/72 to 2,5/61 of the total daily coproporpiprin outpub. It wes

deodded that urinery eamretion of proteporplyrin under these conditions
47 46 emiste 8t all, ie very smll, Thevefore suparstion of protopure
phyrin and coproporphyrin as @ step in the reutine chemical doterninae

tione was mot adopted.
B Tissus Stadies
1, Rat 32 Histeryy 2/12/53 207 gram fomale etarted en 300 ng
por kg Sedormid in propylene @lyod
by stemsch tbe,

t/% Showed clindcal signs of perplyria
(whe 195, +++ woalmess, + lothargy),
C=92, UmSh AB)= 109, P= 4,

2/26 G =238, U=1460, WD) 1130, P = e,

e (bay sasrifived) Wi, 150, Woakneas +i+,
lothargy ++4,

Gross gppearance of this animal umder tle Woods light revealed
d@iffuge red fluerescence about the nose, with twilliand red finorese
oemoe at points of purplo secretions seon in ordinary light, There
wmg slight red fluorescence areund the urethral wmeatus sod o the uwrine.
stained avea of the ventrel sbdominal wall, Brillimt red flucressence
of the forepaws and dull red fluorescence of the tail were noted,

Bramdnation of the visoers grossly and on cui soctlon revealed
& brillimnt discrets band of rod flusrescence oo cut sectiom of the
kidnoy ot the position of the cortico-medullary junctiony msvied red
flugroscense of the washed smell bowel wall and a dull erengeved



15 |

flooresvence of the fecngy no flusrescence in the cersbral and cowwbellar
hemigpheres, but striking red fluoresconce in the pons, wedulla, crasial
nerves, and spinal cordy red fluorescence in the seiatio end intopw
costal nervesy extremely beight red flucrescomce in the Herderden glmody
red floerescence in the chondral partien of the ribey no flverescente
in motle, sys, bone mavow, bens, liver, end heart, Stouseh, adremals,
pencroas, and ovaries wese not examined,

Porplgrin analysis on varions crgans revealeds

Srgen L LB
Fpart o o 0

ey 20,3 3.4 0  JHedes ALl concentratiens
Small gub 0k © 0 are expressed sz morograns
Haderdan gland 150 2 ¢ por gen of wot tiseue,

Drain ¢ O o '

Splesn o ¢ o

Liver 2.9 2.3 ga

The erythroeyte porphyrin lovels wores

Uroporplyrin  ©

Coproporphyrin 11,6 micrograne per 100 sl KOO
Protoporpigrin 61.0 mlevograns per 100 sd B0
4 positive porphobilinegon test was cbserved en the eupernatant
of twichloracotio acid-treated plamms, indioating perheps that sppre~
cighle quantities of porphebilinegen were civoulating in the blood ef
this animal,
A maimus at 9 smiliisierons was cheerved on the face seovetion
porphyrin da 1,5 ¥ HQ, which identifiod this msterial ae prodeperphyrin,



b2

2, Bat 33 Bletarys 2/12/55 Q1 gren femde staviod on 300 =g
par kg por day Sedormid in propplend
flyedl by stemach tube,

2/%  Showod elintes] signe of porphgris
(whe 17, convalsiens, +++ lethargy,
+i¢ worimose )
/% C = L, U =200, KB) = koo, P = 4+,
k74 iniwm), sacrificed, Pavelysed,
eorvulsing, wirespensive, with slow
displragmeiic breatiing, bresaishe
purple staing arowmd eyos, pows, sd
" v
The findings of red flucresoemce described for iet 32 wre confismed
in this vet, and additional avess were exmained, Slight red flucrescence
vee geon on the out ends of treches cartilages, Lungs fiuncrusced
slightly, more promisemtly in the widiish, thickened sroas which
probably represented pneuwnonia, Very slight red fluorescence was seen
eround the porta hepatis) none was ssen on eud seetion of the liver,

Pood sod feces and gut wall from stomsh to amus fiearesced brdllim

aangeerred, surept in the antvel portion of the stomach, whare no

fineresoonce wag present in the food or adjscent stomach wall, The
fecss had some watereecluble flusreseence, No flucroscence Wiy noded
in pantreas, adrenals, or gploan,

3s Jormal Rats  Bat 43, & novsal Spregue-Dasley female, and ret kb,

4 novmil Leng-Bvems femmde, wore disscoted and studied under the Woods

1ight, Lovation end intensity of ved flucrescence wers disvevered to

differ only slightly from that dessribed in the "purphyrie” rats



32 end 33,

lo fluorescence woe soon &n the kidneys of elther ret, Oomsidorebly
1oos fincrosemcs was noted in the feoss, nome of it water-geluble, No
finoregoant secrotions were present about the syow, nose, or forefetd,
but a fednt pink flueresconce in the musele ares of the feco wib apparent,
Ho fluoressence was sosn in the seistio o interccetsl nerves or the
chendral »id onds,

A nore thoreough cxamination of the centaal nervous aysben was made
o these rate thap on provious animals, Rod flusrescenso wes seen in
hw intermal capsule, corpus callosum, snd oevoleel peduncles, The
spinel cord flnoressed on out seotion in the perdphory, The conclusion
reached was that wihite matter of the central nervous system fiuveresced
rod, while grey matter did not, OCranisl merwes X, XX, ¥V, VIX, and VIIZ
fiveresved ved, while IIX and VI ¢id not, |
he Bet & s animl, vhich hod received LOD ng per kg of SoGamdd
dully for 35 dayw, was dissootod under the Woods light, The sppearance
of this enimel dld not differ from the novwal rets, cwept thet flumrese
eent seoretions were peosont sround the eyos and exbternal naree,

Severel firm white nodulse were present in the suboutaneous tissve
of the back whevw injoctions had beon given, This finding wes later
confirwed in vete 26, 27, 26, 30, and 31, sideh had rovoived similew
subsutensous injestions, Rets 40, ki, hS, and b6, wihich had received
eral preparetions, did not present this finding, It was felt thet
theso nodules were the rosult of the suboutamoows injections, and
poogitly eonteined umschilisod Sedormid,

Ss. Bdoog of Other Bate  The kidnoys of wets 25, 27, 26, 30, nd X,
who hed roocudved parentoral Sedormid injections for IS duys, showed no



fAnceoscenve, Nelthor did the kidneys of yats kO and li, who hed
received oral propylens glyedl for 22 daye, The kidneys of rate LS
and i, who had been on desagos of 375 mg per kp aral Sodermdd for
18 days, showed the same flucewesence soen in the kidneye of rats 3¢
and 33,



DISCUSSION

The neemal valuwes of urinary copropurphyrin reported here agree
well with the data of Hafftauer, given by Schwmuris in his 1950
“Porphyrin Netabslisn® Leotwe Outlines.'™® In Hoffoawer's seriecs
26 adult fomale rats, with sversge wedght of 200 grams, comreted an
average of 11 micrograms per 2h hours, 88 against 12,2 for the serdes
roported here, Sclnmris did not mention the strain of vats investi-
gated, This data was mot published, theugh Schwarts refers to it as
"gubmitted for publication”, Rimington and Hemmings'*4) quantitated
rat coproporplyrin exeretion, hut did not publish thelr comivel data,

Ko data was found in the litereture senverning ureporphyrin
wwretion of yete, It should bo esphasised thet the wreporphyrin
valuss reported heve on normal ret wrine represent only the red
fivoreseence of the etlyl scetate-inscluble (othor-insoluble) materisl
in that wine, Ureporphyrin from normal vat uwrine hag not been iso
iated and charesterised by its plysiesl propertiss, and wmtil this is
deno ite presence should be questicned, lHowever, the prebebility that
uroperphyrin is present is cansideved to be high, Lesberg and Leggel?)
state thet "Porpigrins sre the enly substanses with red fluorescence
in acid solutien which coewr in feces or urine,”,

The interpretation of perphobilinogen tests was difficult in
these newmal snimals, bessuse cosssionally a faint pink coler pob
extracted by ehlerefom would vesult from the astion of Ehwlich's
reagent on normal rat wine, These “one-plus” resctions were arbi.
trarily oonpidered nugative, 7The poseibility existe that trases of



porphokilinogen are present in ncrmel rat wrine,

fhe lack of significant discrepancy between "beiled” and “wnbodled®
wroperphyrin valuwes in pormal rat wine (see Table I) inélcates that
no apprecishle precurscr i prosent which will cowvest ‘o ureperphyrin
upen heating,

Effset of Orel Sedersid in Prepyloe Glyeel

" Oral edministration of Sedermid suspended in propylene glyoal
cansistently csused the assretion of large amounts of woporplyrin,
end san therefore be seld to have cauvsed an experimanial porplyria,
This experimantal digerder has mny feataves Lo commor with a type of
bumay porphyria.

The wrinary flndings in these animsls of & posilive Ehwlich best
for parphodilinogen, Lsevessed amownts of type III sopwvporphyrin, and
snoraoes anounts of vroparphyrin largely in the ferw «f eceurser are
eritoria ecmiderod dlagnastle of seuts porplyris in the humen adale,(®)
Si=llarly, the signs of lethargy, paralysis of the wriremiiies, and
gastrointestinagl dysfmotion are charecteristic of this human diseesge,

This form of porphyria should be dletingrishod fron the sengemital,
o orytiwopetette” ) e, which 1o ehemtoally mad elintoally
digtinet, In congenital porplyria the circulating red cells cantain
large emownts of wroporphyrin and copropseplhyrin, snd the cmwreted
porphyrine are lavgely of the type I conliguratica,

Aftor Wils work wes started, Schuid and Setemwrte’ 27) published
extenaive studiss on the affest of cral Sodewmld on rabbits, ke
findings reported have on the rat do sot differ lsportantly firoa
those found ix the rabbdé, These awbhors prosemted tisses porphyris
assays which suggested that the liver sas the principle site of



b7

iavolvoment,
The soneistent inevease in urinary eoproporphywin in advance of
ureperphyrin soon in these rats is & fusture which has bowis cheerved

mmamm,(m
There seems to be & remsrimble cerrelstion between wreporplyrin

prosursor, repreosanted by the dlssrepency hotween "bolled” and
"ombedled” veluew, and porphobilincgen (see Teble IX), In the past
these substances have been considered to be ideniical, but Hateen'5?)
has presentod evidence that the woporplyrin precurecs in agute
porphyria is wn Erlich-negative suhetance which sen be separated
from porphotdlinogen,

Of the 22 jate treated with oral Sedormid, anly 13 develeped
high enough porphywrin levels to o congidered practical sourcss of
ureparphyrin and copreporpiyrin, Seven rats (11, 12, 1, 15, 16,
32, and 33) reached very high wropsrphywin levels and were "parplyrie®
for § duye or lenger, These soven were thapefore the most satisfactory
potential exporimental animels, |

Ono of the cbvious disadvantages of the present Sedermid-trested
rot as an experimental animal is that the discaso sppesrs to be
devastating to the animal, and frenk porphyrie wsuvally lasts wly
sbout a week before death oscurs, Thorefore long-term experimonts
with the animel comtimously perphyric are as yot not possidle, The
disease secus to kill partly by insnitien, sinoe the animals ususlly
neither out nor drink after fyank perpliyria hos begun, Therefore
cxperiments are plamned in whieh supportive parentaral fluide and
antibiotics will be usad 1o an attempt to lengthen the cowrse of the
diserder, This situation is reminiscent of soute porplyria in dumenss,
when patients ave grevely i1l during cxacerbations of the disease,



C. Effoot of Parentoral Sedorsid Injeticns

The failwre of parenteral Sedormid injestions Lo cause eny change
in perplyrin excrotion euggests that the oral route is nocessary to
produse the disordsr, If this preliminary hypothosis proves to be
tros, 1t say msan that Sedamid swst reach the liver direct vis the
portal system to bo effestive, Another possibility which should be
investigated is that Sedormid exmrts its offect by acting on the
intestinal becterial flora, It should be emphasimed that intreperie
toneal Sedurwid was given to only ohe aminal, wet 23,

B, Tissue Studies

Hed flvorescenve in animal tissues is & rare phemomonon, and,
when soon "is presumptive evidenoe for the presense of porpiyrinsg®
(Turner) %% mos the ved fluaressence ssen in the caressses of
normal and porplyrie yats can be tentatively aseribed to perphyrin,

The red fluorescence seen in the cemtral nervous system of both
normal and perphyric vats proved on inspection of ths literature %o
be 2 phenomencon cammon 1o 811 mammels, nﬁ-wm’mmm
flverescente in the brain of 33 spocies of manmals (inclnding rat)
and birds, and tentatively identified the source of the fluarescence
a8 ooproporphyrin, Rosently Blanshard>") showed ths perphyrin to
be ecpreporplyria III,

Flusresoonse seen in the Harderian gland of both normal and
parphyrie rats bas boen observed in noveml rets by other investi-
gators, Isolation and identificetion of large amomts of protopore
plyrin fron the tears of rat 32 corvesponds bo Tawhinte! )
gbservation that the absorption spestrum of the tears of normal rats
is that of protoporpigria,



Purple nasel and ey cmpretions seen in all the porphyric rats
have been termed “chromodacrycrrhesa” by other imvestigaters., This
phenomencn has been cbeerved in vitamin B.deficient sximals, but oen
alge be produced by water deprivation, Acoording Lo Lewberg end
togge,' 7! the gland exsretion, which nommlly enters the naselacrimal
duet and is swullowed, bocomes gluoy snd remains areund ihw eyes and
pose in water deprivation states, Becauge the animals cesse drinking
-when fvank perphyria ccews, their purple nasal exsrotions can probably
be emplained on this basds, ’

Fluoreseence is the fecos of wwrmal rats porheps ean bo explained
by the red-flucrescent matordal in Purina chow, This substance has
not been identified, but ite solubllity cheracteristics indlcate that
it is not & porphyrin, Contsmination of wrine with food doss not give
spuricus porphyrin values, becuuse thie substance is not extrascted
with the methods cmpleyed in purphyrin analysis,

The weter-soluble fluorescence in the feces of rat 33, not sesn
in pormal animls, suggests an atmorwality of fuesdl porpiprins in
porphyric snimals,

The cansistent finding of & prominent red-flucressent bund seen
on cut geotien of the kideeys of porphyrie vats is thought to be &
roal deperture frem the normal, The role of the kidmey in production
of porpigvia is net kmown, Se far enly bone marvew and liver have
beon implicated as pringiple sites of porplyrin produstion in
mﬂ._(”)



The wrinary porplyrin and porphobdlinoges cxcretion of 200 grem
fomalo rats hes boen desoribed,

Oral adeinistretion of Sedormid suspended in progplenms glyeel
has canged mariked increases in wrinary woperpliyrin, soproparphyrin
Iil, and porphobdlincgen, These findings, ocoupled with cenowwent
elinieal changos of paralywis, lethargy, and gastrointestinel
dysfunction constitute a syndrome elesely resesbling eduli human
porphyria, The diserder tims prodused resenbles that reeentdy
desoribed in rabbibs,

Tissue studies on porpiyring of normal and Sedormid-fod rate
have beon desoaribed,
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