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CHAPTER I. 

1 . ORPHYRI IN - an historic~l review . 

In 1939 the first case of porphyria was described 

in South frica (1, 2); by 1961 it had come to be 

realised that outh frica has probably the hi hest 

incidence in the world of the porphyrin diseases . 

Little progress was made over the war ye rs, but over 

the short space of the last 15 1e rs the status of these 

diseases has altered . They are no longer rure, never-

dia nosed etabolic disorders hardly accorded e~uc in 

text books, but constitute almost a nation l problem. 

The increased use of all manner of drugs over the 

past 20 years may be responsible in part for a riae in 

the frequency of expression of the inherited form of the 

disorder, but this form is commonest in deacendanto 

of the trek-boers and their migration into urban a:reas 
r 

where medical diagnostic facilities exist is a fairly 

recent phenomenon . he increase of porphyria in 

Africans c~ be attfibuted to various factors asso­

ciated with the growth of industry in the towns . 

Despite the foregoing, the increase in apparent inci­

dence of the porphyrias in South Africa is probably 

due mostly to increased awareness on the part of the 

medical profession. This follows largely the published 

iorks of two men, Dr's Dean and Barnes . 
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Barnes (3) published his first paper concerning 

porphyria in South .• frica in 1945. His work, later 

performed in association with Dean, is responsible for 

much of our present knowledge of the porphyrin diseases 

in South frica. In this early paper eleven cases are 

reported; the possibility of a familial trait is hinted 

at, as is the da.nger associated fith the adminietr~tion 

of barbitur tes. 

In his second paper Barnes (4) noted porphyrinuria 

in both European and Afric!:l.?l patients. ttempts were 

ma.de to study the porphyrin chromatographically, but 

for reasons which are not clear, this did not seem 

very helpful. No striking differences were found 

between the porphyrinuria seen in Europeans and in 

fricana. 

In 1953 Dean (5) commented upon the high incidence 

of porphyria in South frica, and stressed the fGUUiliul 

nature of the disorder. Cases of acute porphyria were 

described. Dean makes early reference in this paper 

to his renowned studies on the inheritance of porphyria 

in vouth frica. As is well known, it was the frequency 

with which he had encountered acute porphyria in this 

country which prompted these studies. 
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Chemical studies at this stage were confined 
to the examination of urines for PBG ( ,'atson-s chwartz 
test) and porphyrina. rines were studied spectro­
scopically by Barnes. It was realised thtit, except 
during an acute attack, the urine could be normal 
spectroscopically and by the Watson- Schwartz test. 
It was realised also, that even when the urine is 
normal, the faeces should be examined. 

Dean had observed the varied manifestation 
of porphyria in families he had studied. He concluded 
that attempts to classify porphyria on clinical grounds 
into cutanea tarda, acute and latent forms were arti­
ficial, not realising that he was dealing with an 
entity poorly documented in the world literature . 

In 1955, the family studies to which Dean had 
referred briefly in his previous paper, were publi~hed . 
Thia paper, "The Inheritance of orphyria" (6) repre­
sents the most extensive genetic survey of any condition, 
and is a milestone in the researches into porphyria 
in this country. 

The biochemical investigations were extremely 
simple and need not be stressed. Urine was examined 
spectroscopically after acidification, to detect ab-
normal concentrations of porphyrin. 1rhe faeces were 
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examined if urine was negative on 2 oocaeions. The 
study showed clearly (1) that a very l rge number of 
porphyric p~tients in this country were descended from 
a single ancestor (2) that in a single family cute 
porphyria, chrnnic cutaneous porphyria ~nd latent 
porphyria could co-exist . 

In the same year arnee (7) indicated th ta 
form of porphyria was also common in Jfricans on the 
, itwatersrand . ~orphyrin in excess of normal 
(i . e . detect ble in acidified urine using h nd 
spectroscope) was found in ,oo urines . ~kin lesions 
were found in one third of the patients where urines 
had contained excess po»phyrin. (~) 

Urobilinogen ,as found in 49 of the 300 urines. ome 
of the patients had hepatomegaly . 

role was ascribed to lcohol. 

A possible aetiological 

Barnes (8) published in 1958 results of a further 
study of porphyrin und porphyrin precursor excretion 
tn 15 frican patients usin quantitative tech..~iques. 
He no ·ted th t in all instances f ecal porphyrin was 
less than 150 g/g d . w. (Holti ethod) and the urine 
uroporphyrin excretion was markedly ele~ated in most 
cases. e noted that ALA excretion exceeded 10 mg/L 
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in four of the cases studied. In this paper, Barnes 

recognised Swedish and vouth frican inherit d porphyria, 

as well as what he termed Bantu porphyria, us separate 

entities. lie rejected the idea thut these conditions 

could be caused by the same metabolic lesion. 

t this time it was realised th t the South frican 

and owedish forms of inherited porphyria wer simil r in 

some respects but diffe~ed in others, notably in the 

occurrence of skin lesions in the 'outh frican form. 

To decide whether the differences were environemental 

or due to different inherited genes, Dean travelled to 

Sweden and Holland, studying cases of porphyria and 

sending specimens to Barnes for analysis. Dean nd 

B rnes (9) compared clinical and biochemical findin a 

in ca es of acute nd cutaneous porphyri encountered 

in iol and and Sweden, and showed that ex plea of 

porphyria in every way comparable with ,.'ou th ,. fri can 

cases, occurred in Holland where cases identical to 

the wedish ones could luo be found. 

ales (10) showed that what had previously been 

referred to· s antu porphyri did, in fact, occur in 

all three racial groups seen in ape Town, lliites, 

fricans nd people of mixed descent. e showed that 
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the nature of the cutaneous involvement was no clue 

to biochemical differences in the cases studied, but 

that two distinct patterns of porphyrin excretion 

were associated with cutaneous porphyria. 

arnes (11) had aimil~rly observed th~t faec~l 

porphyrin, in particular the ratio~ of CO RO to ROTO 

in the faeces, is a valuable index to distinguish 

inherited porphyria from the frican variety. In 

this publication he compared faecal porphyrin excretion 

by 27 hite and 19 :frican porphyric patients. While 

PROO concentration in the hite c~ses r n ed from 

103 - 1280 ug (mean 487), in the frican cuses the 

range was 11 - 134 (mean 45). CO O concentrations 

in white cases ranged from 23 800 (mean 242), but 

in frican cases from 6 - 161 {mean 58). 

The foregoing paragraphs indicate that t~o forms 

of porphyria are prevulent in South ~rica; 

(a) a form in which dominant inheritance can be 

demonstrated, which is most common in white 

people but occurs al.so in persons of mixed 

descent, and 

(b) a form seen in all r cial groups, but more 

commonly in Africans and persons of mixed 

descent . 
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Other essential differences between these conditions 

may be summarised in Table 1-1. 

Clinical 
Presentation 

Table l - 1. 

Inherited. 

None. 
or 

Cutaneous Porphyria 

or 
Acute Porphyria. 

or 
Combinations. 

Urine Porphyrin. Variable. 

Faecal Porphyrin. Always raised. 

ALA, PBG in the 
urine. 

ssooiated 
disease. 

Raised in acute 
attacks. 

None. 

cguired.* 

None. 
or 

Cutaneous Porphyria. 

Always raised. 

Variable 

Normal or only 
slightly raised. 

Often evidence of 
impaired liver 
function. 

* This appeared to be the most suitable term to use 

in this table, although it was not in general 

use in 1960. 

There are reports in the South African literature 

of varieties of porphyria which clearly differ from those 

detailed above. Congenital erythropoietic porphyria 

has been described, (12) and there is an interesting 

case report of a white child of 5 years who had 

cutaneous porphyria from the age of 6 months. Urine 
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URO and OOF O was increased but fecal CO O u.nd ROTC 
r1ere very hi 0 h. Fluorocytes were not found in the bone 
marro,, but unfortunately free erthrocyte porphyrin was 
not atim ted. Th case resembles in some respects, 
that described by orter and Lowe (14). Lest the 
problem wppear to have been oversimplified, mention 
should be made of reports (10, 46) of acute porphyria 
occurring in apparently pure blooded fricans. Such 
instances are, however, very r re and open to various 
interpretations. 

2 . STAT ' mT OF TJ • 

Analyses of excreted porphyrins referred to above 
have been by simple techniques . Initially urines ,ere 
examined with a hand spectroscope, and stools and urines 
screened for excessive porphyrin content by observing 
fluorescence in UV light. These techniques throw no 
light on the nature of the porphyrins excreted in 
increQsed amounts. The introduction in 1956 of a 
method for the routine eatim~tion of uroporphyrin in 
urine ( resel et.a1.- 15) as well as coproporphyrin, 
and the introduction in 1958 by IIol ti et. al, 16) of a 
simple method for faec 1 porphyrin an· lysis, represented 
major advances in porphyrin technique. The routi e 
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estimation of URO and COPRO fractions in urine, and 

COPhO and ROTO fractions in faeces, became fe sible 

in any laboratory equipped with a spectrophotometer 

operating in the range 380 - 430.Jlu • ales, in 

particular, has made a systematic study of porphyrin 

excretion in health and disease using these methods. 

Upper limits of normal excretion have been defined 

and routine diagnostic problems can be dealt with. 

Useful though these techniques may be, they 

provide only crude separations of the principal 

porphyrins. The urine porphyrin method only disting­

uishes ether soluble nd ether insoluble/cyclohexanone 

soluble fractions; the faec~l porphyrin method of 

Holti separates ether soluble porphyrin into a fraction 

which is extracted from ether by 0.1 M HCl and a fraction 

extracted by l.5_N HCl. 

On the basis of known physical properties of the 

porphyrins, it may be reb.soned that these methods pro­

vide adequate separation of artificial mixtures of UH.O 

+CORO and of COPRO + PROTO. The purity of the frdc­

tions obtained from pathological urines and faeces and 

labelled 'UR0, 11 "OOPR0 11 and ":PROTO" is, however, more 

dubious. 
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By 1960 the broad outline of the steps leading 

to the biosyntheais of protoporphyrin from glycine and 
succinate had been defined . ilthough the~e was (and 
still is) much to learn regarding the enzymes c talysing 
the individual steps and of the integration of porphyrin 
aynthe i into cellular metabolism, it had become possible 
to think of the porphyrin diseases in terms of defects 
at various stages in haem synthesis. For this reason 
a aetailed study of porphyrin excretion w~s undertaken. 

3 . THE AIMS OP THE I S. 
It was considered necessary to identify precisely 

the principal porphyrins excreted by patients with the 
various porphyrin diaorders encountered . uch a study 
would include both urine and faecal porphyrine. It 

w~s intended that isomer types of isolated porphyrins 
would be est blished. 

Prior to the work described in this thesis, it 
had been established that the Swedish and outh jfrican 
forms of inherited porphyria, as well as acquired 
porphyria (variously referred to in the literature, 
see Chapter V), differed in the excretion patterns 
of porphyrins and porphyrin precursors. It was 

hoped that more precise andlytical methods would clarify 
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these differences, and perhaps throw light on the 

nature of these disorders at an enzyme level. 

During the course of these studies to other 

pro lems arose:- The first concerned the excretion 

of uroporphyrin in the faeces and the second the 

composition of dicarboxylic porphyrin mixtures in 

f<:,l.eces. 

There was no fundamental reason for investig ting 

faecal uroporphyrin excretion, but until a ,ethod ias 

available for extracting and measuring faecal U O, 

it was impossible to know whether or not significance 

should be attached to its occurrence. atson, (whose 

technique of analysing fecal uroporphyrin is review~d 

in h pter I), h s stressed the importance of this 

me surement. (17). 

Initial studies of faecal porphyrin showed th-t 

alls ples contained a variable amount of "non-PROTO" 

dicarboxylic porphyrin. In p· tients (Chapter VII) 

with cquired porphyria, in one of the patients with 

.s. genetic porphyria, and in the normal subject GS, 

thee fractions were founQ to exceed PROTO. Until 

precisely identified, their significance remu.ined 

uncertain. The problem was met by the dvvelopment 
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of countercurrent distribution (COD) techniques. 

In the introduction to the studies which follow, 

one fin~l point must be made. This work formed pa.rt 

of the research programme of the Renal M.eta.bolic 

Research group. It was necessary that the group 

have at its disposal adequate technique for handling 

porphyrins, in any given situation. A system~tio 

study of the physical and chemical properties of 

porphyrins, and of methods used in handling them, 

was therefore commenced. 
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CHAPTER II. 

1. Introduction. The role of the porphyrins in 
animal biochemistry is to modify the redox-potential 
of the reaction FeIII + £~ Fe11 and couple this 
reaction to protein systems. This role is dependent 
upon the interesting physico-chemical properties of 
the porphyrin macrocycle . Discussion of thee pro-
perties is essential for an understanding of many 
practical aspects of porphyrin beh viour including 
solubility, light absorption, fluorescence and acid­
base properties. 

ere it not for the striking physical character­
istics of the porphyrins, their intense colour, vivid 
fluorescence and photosensitising action, the excessive 
excretion by humans of a few milligrams daily could 
have remained long undetected. 

Important publications concerning porphyrin 
chemistry include Fischer's classical work "Die Chemie 
des Pyrroles" (18), a review by Granick and Gilder (19), 
the comprehensive treatise on biologic~l spects of 
porphyrins by Lemberg and Legge (20), the review by 
Granick and auzerall in 1961 (21), and most recent 
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of all, reviews by F lk (22) and Phillips (23) in 1963. 
2 . omenclature. Synte tic nomencl ture re rds the 
porphyrins s derivatives of porphin, the structure of 

which is sown in igure (II - l). 

2 

oHC 

8 

7 

H 
C 

C 
H ., 

PORPHIN 

4 

CH~ 

5 

6 

ig.II - 1. Structure and nomenclature of Porphin. 
Numbering of the pyrrole rings, the methane carbons, 
and the eight unsubstituted beta positions is s sho n 
in the figure. The bet positiono eing unsubstituted 
in por hin, no iso eris tion can occur • 
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It was suggested at one time that the attachment of 

two hydrogens to two different ring nitrogens could 

lead to isomerisation, but this was refuted by Erdman 

and Corwin (24) who showed that methylation of one 

pyrrole N produced little change in the absorption 

spectrum. 
Table II - 1. 

l 2 

H 

Et 

3 

H 

Me 

Et 

Me 

4 

H 

Et 

5 

H 

te 

6 7 8 

Porphin. H 

etio I Me 

II e 

III 4e 

IV Me 

Proto IX Me 

Copro III Me 

Uro III Ac 

Me= - CH3 

t 

Et 

Et 

Vi 

Pro 

Me 

Me 

Me 

'.Pro R.C 

e 

Et 

Et 

Vi 

Pro 

Pro 

18 

J,;lt 

Me 

H H H 

Et Me Et 

Et Et Me 

Et Et Me 

Me Et iie 

:Pro Pro Me 

Pro Pro Me 

c Pro Pro Ac 

Vi= - CH=CH2 

Ac= - CH2COOH Pro= - CH2 CH2COOH 

For other derivatives of protoporphyrin see III - 1. 

Substituting each of the pyrrole rings I - IV with 

an ethyl and a methyl group leads to four isomeric 

aetioporphyrins. The four aetioporphyrins (see Table 

II - 1) were synthesised by Fischer who showed that 
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protoporphyrin derived from blood yielded aetioporphyrin 

III on reduction and decarooxylation. He l~t~r syn-
fifteen thesised the mane possible mesoporpryrins and showed 

that protoporphyrin from haem could be reduced to 

mesoporphyrin I in his series with vinyl groups in 

positions 2 and 4. 

he electronic configuration of 1 electron molecules. 

'urrent concepts regarding the disposition of 

the bonding (valency) electrons in the porphyrin 

molecules provides a theoretical baais for ob .rved 

physic..1 properties, in particul r:-

1. Chemical stability. 

2. Dependence of b sicity of ring N's on bet substituents. 
3. pectr 1 properties. 

4. Fluorescence. 

5. Biological function. 

~lectronic configur~tion will thus be considered in 

detail. 

enzene. c6H6, is conventionally represented as an 

hexagonal arrangement of 6 carboni atoms linked by 

alternating single and double bonds (conjug ted double 
bonds.) 1hia is an unsatisf ctory representation 

because the molecule 1 cks the reactivity of the 

ethylenic bond, and in fact, X-ray diffraction studies 
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sho each C to C bond in b nz n o be of .u 1 1 nth, 

hr t ue doubl bond eshort r th n le ban a. 

he C - C bond of nzene r of i t rmedi t len th. 

o t eori tt ... p to xpl in hes f ot • 

h oci te p rtic l r y th 

th n 0 • uli 
' envis e b nz ne ui-

libri i ture of' V iou re son ti or 
' i f rin 

on y in he die o it1on o e 1 l ct on involv d 

in bon 
' ee i ure II - 2( ) . 

O~O~(;}=d)~G 
(a) 

( b) {c) 

1 .II - 2( ). t t. 
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Incre sed freedom of electron disposition allowed 

by resonance leads to a lowering of the free energy 

of the molecule with increased stability (resonance 

energy). 

The Molecular Orbital method of Hund and others 

(25) ia somewhat complex but provides a more dynamic 

picture. here two carbon atoms are joined by a 

single bond, the two bonding electrons occupy an 

orbital symmetrical about the line joining the two 

carbon nuclei (sigma bond). second bond between 

the two carbon atoms involves a Pi bond formed by the 

overlap of dumbbell-shaped orbits, normal to the plane 

of the sigma bond. Figure II - 2(b). Unlike the 

sigma bond electrons, Pi electrons are not strictly 

loo lised to their parent C atoms and in a molecule 

such as benzene where nsingle" and "double'' bonds 

alternate, the Pi electron orbitals becom confluent, 

(Figure II - 2(c). The increase in freedom of 

movement of the i electrons is associated with 

lowered free energy; this "deloc lisa.tion energy 11 

is equivalent to resonance energy. • further 

consequence of Pi bonding is a planar (linear) mole­

cule as this entails greatest overlap of the tomic 

Pi electron orbitals. By this treatment, (linear 
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combination of atomic orbitals with maximum overlap 

or L.v •• o.) it is possible to deal mathematically 

with the Pi electrons as if they belonged to the 

molecule &s a whole and not to its constituent atoms 

(molecular orbital or $ .O. method.) 

nergy levels of the i electron cloud can be1 

quantised and, to some extent, abAorption spectra 

due to electronic transitions justified mathem~tically. c26 ) 

The .i::i electrons are free to move about the molecule 

and can be induced to do so by, for example, a 

nagnetic field, rather like an electric current in 

a wire. Their relative density tone part of the 

molecule can be influenced by electron attracting or 

repelling groups at other parts. The porphyrin 

macrocycle is an example par excellence, of a Pi 

electron molecule and although conventionally drawn 

with 16 conjugated double Londa, it s.ould be visualised 

as a planar skeleton of C and N atoms joined by single 

bonds, with clouds of mobile Fi electrons above and 

below the plane of the C and N atoms. The value of 

this concept will become clear in subsequent sections. 

' 
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TIES. 

theoretical analysis of porphyrin spectra is 

iven by Platt (26). Certain practical aspects 

are de lt with in review rticlea ~lready cited. 

co prehensive review is that of Phillips (23). 

The subject is complex one, but for the 

pur.ose of this thesi only spectr of the II etion 

type and the modifications th· t result from olution in acid 

or fron et l complex for tion need be con ider d. 

In neutral d.nd lkalirte solvents ~etio orphyrin 

popsess four absorption bands in the visible re ion, 

and· sharp and very intense band aroun 400 ~ in 

the ne r ultra violet. This last band is named 

the uoret band af'teL' its discoverer. 

he pol'phyrins derived from h m precar"'ors, 

and also certain derivatives of protoporphyxin have 

"aetio" type spectra 111 neutral solvents. typical 

eximnle i the absorpt·on of CO .0 ester in clloro­

form shown in Figure II - 3. The alph, bet, 

gamma and delta b nds h ve regularly incr sing molar 

extinction co-efficients. (~ee ap endix A for 

extinction co-efficients.) 
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* Beta substituents alter the position and shape 
oft e porphyrin absorption bands. Aliphatic groups 
have little effect,and replacement of two H's at 
po itions 2 and 4 in deuteroporphyrin by ethyl groups 
giving mesoporphyrin causes only a 2 nyi shift in the 
position of the alph~ band. In the case of uro-
porphyrin, the carboxyl groups cf the acetic residues 
are one eth.:ine C removed from the porphyrin macrocycle 
and e ch causes only ~bout 1 mu shift of the alpha I 
band to lon~er wave-lengths; propionic carboxyl 
groups have about half this effect (compare rueso­
porphyrin and coproporphyrin.) 

The vinyl groups of protoporphyrin, in contrast, 
each cause about 4 m)1 alpha band shift to the red, 
an at the same time exert a 11 rhodofying" effect, 
increasing the height of the gamma band. The vinyl 
groups of protoporphyrin are, of course, conjugated 
to the nucleus. 

t would seem that addition of vinyl groups 
increases the size of the Pi electron cloud, incre ses 
the delocalisation energy and lowers the quantum energy 

refers to the (JI( and 1"! carbon atoms of the pyrrole rings. If rnethene bridge carbons are referred to this vill be specifically indicted. 
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of electronic transitions, thus causing a spectral 

shift towards the red. t the same time there ia 

a relative decrease in electron density at the central 

ring nitrogens (rho ofying side chain are electron­

attr c·ting.). A decrease tendency to acquire protons 

is reflected in &r1. increased llCl number. 

In cid solution the £our bands of the uetio­

type apectrum undergo alteration and the uOret b nd 

is shifted towards the red. Two oands are seen in 

the visible region with the shorter wave length band 

having the greater extinction co-efficient. The 

ne tr~l to acid spectrum shifts in deuteroporphyrin 

and protoporphyrin are illustrated in Figures II -4,5. 

etal complex i'oruation involves a similar chan6e 

ulthou~h the rel tive heights of the alpha d beta 

band in the visible varies with the stability of the 
particul r metal complex . 

Oxidation of a methene carbon atom destroys the 

aetio-type spectrum. efore ring opening occurs an 

absorption band ppears in the region 640 - 660 mu. 
I 

Opening of the rin leaves a linear tetrapyrrole with 
a sin0 le broad band around 500 mu. Because porphyrin 
deriv · tives and degradation products have absorption 
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spectra different from their parent porphyrins, the 
ratio of Emax: min and the relative heights oft o 
bands constitute valuable criteri of purity. 

Transfer of free porphyrin between acid solutions 
and organic solvents is an indispensable procedure in 
purification. For this and oth r reasons, it is 
essentiul to consider theor~ticul spects of acidic 
&nd basic properties. 

Porphyrins derived from hem precur-ors po sess 
variable numbers of o rboxyl groups and two baaic 
pyrrolenene nitrogens. ~he carboxyl grou s re 
hydrophylic at all pH's, though more so wh n ionised 
in al · line solution. ihe nitrogens -re hyaroohobic 
unless quarternary; the p at which tr· nsition to 
the quarternary state occurs is influencea by ~ 
substituents. s mentioned above, electron attracting 
grou sin the beta positions of the pyrrole rings, 
e. g . vinyl, discourage acquisition of protons by the 
central ring N's. 

11 porphyrins are soluble in sufficiently strong 
Cl by virtue of their pyrrolenene nitrogens. Solu­

bility in this and other acid ~olutions is influenced 
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by the number of carboxyl groups. 11 species possess 

an iso-eleotric point or pH of minimum solubility in 

the range 1.5 - 4. 

It was appreci~ted by early workers that porphyrins 

could be partially separQted by extracti ethereal 

solutions of a mixture with increaeing concentrations 

of HCl. ~his led to the d•tinition of a specific 

property of porphyrins, the HCl number:-

11That concentration in percent of HCl which will 

extract 2/
3 

of the porphyrin from an equal 

volume of its solution in ether." 

A table of HCl numbers of eome porphyrins is iven 

in appendix B. 

he reaction between porphyrin and acid may be 

represented as below if it is assumed that solutions 

are sufficiently dilute for activity co-efficients to 

approximate to unity : 
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PH 2+ 
2 

By the law of mass action: 

( ) • (R+) 2 = 

(P) 

(l?H 2+) 
2 

(P) 

= 

= 

k 

k 

:J 2+ . Further, if it is assumed that h2 is insoluble 
in ether and P insoluble in acid, the p rtition of a 
given ~orphyrin species between ether and HCl may be 
written: 

Porphyrin in cid 
= 

~orphyrin in ether 

Thes saumptions may be tested by showing th t 
plot of 

lo (PII2
2+) - log ( ) = k'' + 2 100 (H+) 

is lin r. This i found to be approximatoly o. 
fho aistribution coeffici-nt of por~hyrin etveen 

ueous 101 and eth r io thus rel ted to the s uare of 
th hydrogen ion concentrations; it i oun 



- 27 -

unity only over a small range of acid concentration 

and it is this range which should be selected for 

purification of a porphyrin by CCD. urther, if an 

ethereal solution of porphyrin is extracted with HCl , 

the concentration of which is increased stepwise, the 

change from ''inefficient" to ''ef'ficienttt extraction 

will be abrupt. 

The effect of the hydrophilic carboxyl groups 

on solubility in aqueous media can be largely can­

celled by esterification. For example, free copro­

porphyrin has an HCl number of o.oa, but the IICl 

number of the tetra methyl eater is 1.5. Haemato-

porphyrin free acid has an HCl number of 0.1, but 

the dimethyl eater, 0.8. ~esser change in HCl 

number results when haematoporphyrin is esterified 

because t e lower HCl number is determined in part 

by the hydroxyethyl side chains ~t positions 2 and 4, 

which a.re only masked if the dimethyl ether derivative 

is formed. 

6. FLUORESCE C~. 

Energy is absorbed by molecules in discrete 

"packets" or quanta; the energy of a quantum is a 
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function of its wavelength. For energy to be absorbed 

by a molecule, some change must be induced requiring 

exactly the amount of energy supplied by the quantum. 

This may be an alteration in vibr tion or rotation of 

components of molecular structure, or excitation of 

electrons, or both. 

The absorption bands of por»hyrina in the regions 

350 - 650 mu represent those regions where the proba­

bility of energy being bsorbed is high. When absorption 

occurs in these regions, tr~naitions occur in the ener5 y 

levels of the Pi electrons resulting in an excited 

state of the molecule. The fate of absoroed radiant 

energy is dealt with by ~umry and ~yring (47). ~he 

topic is a complex one but it seems that the f ollowing 

may occur:-

1. i he energy may be dissipated in smd.11 steps 

into vd.bration and rotation movements and 

appear as heat. 

2. By direct interaction with the electron clouds 

of neighbouring molecules, the energy absorbed 

by one molecule may be tro.nsferred to another. 

3. The molecule may decay from its excited state 

to ground state or near ground state with 

emission of a quantum of radiant energy. 

Thie is the physical basis of fluoreocence. 
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Fluorescence is a phenomenon typically associated 

with Pi electron molecules because in the loo elr1 held 

electron cloud cf these molecules it is possible for an 

excit d state to persist long enough for fluorescence 

to occur. ihe persistence of this excited state is 

interfered ~ith by factors which facilitate (1) and (2) 

above. Thus neighbouring molecules cause q·enchi:ng 

of fluorescence by interaction with the excited mole­

cule at an electroniclavel before fluorea.cence can occur; 

heat also decreases fluore cence by increa""ing random 

rotation and vibr~tion movements. 

~he fluorescence of porphyrins is a striking and 

beautiful attribute, and red fluorescence being rela­

tively uncommon, llows minute quantities to be 

detected in any situation where porphyrin is in oolu-

tion. solid porphyrin does not fluoresce. 0.1 ug/cc 

is easily detected by the n ked eye when fluor·e cence 

is activated by filtered UV light from a low pressure 

Hg c. fluorimeter equipped with a photomultiplier 

tube can detect 10-4 11g/ cc. 

ands of fluorescence emission correspond to 

those of light absorption but the intensities re 

inversely rel · ted, thus the most intense fluorescent 
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band in neutral solution corresponds to the weakest 

abso1·ption band. 

?. OLUHILITY. 

Knowledge of the solubility properties is 

required for handling porphyrin in the laboratory. 

Certai11 aspects of solubility could be de 1 t · Ii th 

from a theoretical view-point, but only generalisu.tions 

based on empirical observations will be recorded here. 

A. Comparison of the solubilities of esters and 

.f:cee acids. Eaterification results in the 

loss of ionisable side ch ins. Decreased b sicity 

of the N's is reflected in increastd HCl numbers. 

The esters re insoluble in strong bases which do 

di""solve free porphyrin acids) but have much reater 

solubility in relatively non-polar organic solvents, 

e.g. chloroform, curbon tetrachloride, carbon disulphide 

and ethyl acetate. 

B. 'olubility of Free Porphxrin cids. Free 

porphyrins are very soluble in stron"' acids :ith the 

solubility in HCl ) HCOOH ) CH3COOH. This property 

reflects the basicity of the ring nitro 0 ens ~nd proto­

porphyrin with fairly high HCl number of 1.8, is 

relatively insoluble in glacial acetic acid. fhe 
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normality of HCl required to dissolve free porphyrin 

in the dry state is a function of the HCl number. 

c. Solubility in 'lkaline olutions and Organic ases . 

queous sodium and potassium hydroxide di'solve 

free porphyrin from the dry &tate illd extract porphyrin 

from solution in ethe~. Qalts form with the carboxylic 

acid group a.nd these are relatively insoluble, although 

readily di sociated at neutral and acid pH. Free 

porphyrins are soluble in aqueous a,."!lmonia (25, W/ -

abo~t 13N) and the solubility ·ppe rs to be function 

of the number of carboxyl groups with the solubility of 

URO) CO RO / FROTO. This order is reversed for 

pyridine which is an excellent solvent for porphyrins 

with 2, 3 and 4 carboxyl groups. 

Tetrahydrofuran (THF) is a weaker base than pyridine. 

Uroporphyrin is scarcely soluble in THF, coproporphy;rin 

intermedi-tely so, but dicarboxylic porphyrin very soluble. 

HF is a useful solvent, being we~k base nd yet able 

to bring free porphyrln into solution from the dry state 

(see ountercurrent istribution Chapt.VI-~)) Free 

porphyrins and their oetalloporphyrin complexes have 

simil r solubilities in basic solvents. 



- 32 -

D. Solubility in Neutral Organio Solvents . Free 

porphyrins are . insoluble in non-polar organic solvents, 

and slightly_aolable in ether, ethyl acetate and acetone. 

~hese solvents do not dissolve porphyrin in the dry 

state unless acidified, e.g. ether/acetic acid, 
, 

ethyl acetate/acetic acid and acetone/HCl mixtures. 

Certain alcohols are fairly good solvents. The 

water miscible alcohols are little used but n-butanol 

will extract any free porphyrin from aqueous phase 

at its iso-eleotric point. 

Of tho free porphyrins, uroporphyrin I is least 

soluble in organic solvents . Insoluble in ether, 

it is only sparingly soluble in ethyl acetate, but 

fuirly soluble in ethyl acetate and n-but nol mixed 

in equal parts end also in cyclohexanone • 

• Solubility of ~sters. 1he solubility of 

p a·phyrin esters decreases with increasing numbers 

of c~rboxyl groups und with decreasing polarity of 

the sol vent• thus PROTO l COP O ) URO and, if sol vents 

are listed in terms of their polarity, hex~ne, benzene, 

ether, ethyl acetate chloroform, methanol, acetone. 

water, it is found th t the solubility of esters is 

maximal in chloroform but decreases with both increasing 
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and decreasing polarity. Substantial differences 

exist bet1een the solubilities of the various isomers. 

Isomers! and II are lee-,s soluble and II and IV more 

sol ble. These differences are used in purification 

by fr~ctional cryetc-illisc.. tion. 
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CHAPT 1R III. 

CH ISTRY OF THE PO 

The organic chemi try of the porphyrins io ealt 

with in Fischer's classic work "Die Chemie des yrroles' 

(18) for which there is no substitute in · lish. Falk's 

review (22) covers briefly certain theoretic 1 d 

practical aspects. A v~luable guide to l bor~tory 

technique is that of ochwartz et.al. (27). Only those 

chemical reactions relevant to ~nuly ticaJ. technique 

will be discussed here. Practicul details re given in 

Chapt. VI. 

1. 

( ) sterification. 

sterification of the c~rboxyl side chains is often 

made use of. The esters are more stable, t ey can be 

purified by column chromatogr phy, and are very soluble 

in CHC1 3 and ethyl acetate. hen pure, the est rs form 

cryst..uline compounds with sharp melting points . ethyl 

esters are usually made, but ethyl esters of uro orphyrins 

have been prepared on account of their lower m. p . (28). 

•quilibrium in the reaction 

- c~ o + 
......_ OH 

is driven to the right by strong miner cid. 



- 35 -

Diazomethane is alao used: 

( 

0 
- C-7" 

' oH 

is and Saponific tion. 

orphyrin e tera hydrolyse in queoua ineral. 

cid t room temperature . aponific tion t es place 

if the ester i tre ted with meth olic . , pot "sium 

d my reci it te salts o the c rboxyl groups for 

lthou h thy re more soluble th the soa.i s ts. 

re tent of the salt iith dilute cid will liber te 

free porphyrin . aponific tion my e efer ble to 

hydrolysis with Qtron· ci if it is desi e ble to 

protect vinyl roups from hydroxy-ethylation. 

{C) 

If porphyrin with cetic side ch ins 1 he ted 

at 180°0 in 1 HOl for 4 hours, decarboxylation to 

methyl roups occurs (29). Yields pproach 1007 if 

oxygen is excluded. kinetics of the re ction, the 

effect of varying the nor lity of the acid, the 

temper~ture and the reaction tie, have been inve ti-

g ted by ,hu nd Chu {30). Increaein cid cone ntration 

enh nces stability of the coon roups. He tin at lower 
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temperatures and/or for shorter times, increases the 

yield of porphyrins with 7, 6 and 5 {COOH) groups. 

(D) Reuctions of the Vinyl t-,roups of Protoporphyrin. 

{i) Hxdroxyethylation. 

In strong mineral acid the vinyl group reacts 1;hus: 

* - CH= CH2 + HOB - CH (OH) CH3 

the possibility of optical isomerisation should be 

noted; the asymmetric C a.tom is marked •,,i th un asterisk. 

The reac'tion is presumably ,~ ra.ndo, one nd 1;.t olution of 

protoporphyrin in acid will become w1 equilibrium 

mixture of divinyl, monovinyl-monohydroxy et yl and 
' 

dihydroxyethyl deuteroporphyrino. 

The vinyl group will simil rly add Hr nd the 

adduct may be hydrolysed to haem=toporphyrin. 

- OH= CH 2 ----~, 
H20/N~OH - Cli(OH)OlI + RBr. 

- C lBrCH3 ) 3 

lIBr/HAc 

Jlaematoporphyrin produced in thie way is optically 

in ctive; chromatography of the ester on cellulose 

(31}, has yielded 4 fractions which r~preaent the 

expected number of optical ieomere. t It is interesting 

that haematoporphyrin .formed by cleaving the thio-ether 

f The assumption has been made thut the ddition of 
2 0 or UBr to the vinyl groups obeys .. u.rkovmikofi'' s 

Rule. This point does not seem to have been investi­
gated but it is very likely that this as~umption is 
valid. 
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bonds of cysteine to the porphyrin moiety of cytochrom~ c 

using silveD salts, yield optically active haem to­

porphyrin (32). 

Haematoporphyrin will lose 2 molecules of w ter 

to ive protoporphyrin if heated· in vacuo. 

The hydroxyl groups of haematoporphyrin may be 

replaced by methoxy groups by refluxing with methanol-

sulphuric acid. The propionic groups are simultaneously 

esterif'ied and the dimethyl ester-dimethyl ether results. 

(ii) Resorcinol Fusion. 

Haemin fused with resorcinol at 200°0 loses two 

vinyl groups to form deuterohaemin. Removal of FeIII 

after reduction to Fe11 gives deuteroporphyrin. aemin 

is used, rather than protoporphyrin, for resoroinol fusion 

because the side chains have greater reactivity in the 

!erriporphyrin complex than in the free porphyrin. 

(iii) Reduction. 
The vinyl groups of protoporphyrin may be reduced 

with hydriodic acid (33), or with hydrogen and a palladium 

catalyst (34) to yield mesoporphyrin. Granick reported 

an overall yield of 70% for the 1 ·tter reaction conducted 

on a micro scale. Mu.ir and Neuberger (35) on the other 

hand, suggest that conventional Pd catalysts are 

ineffective und recommend using d suspended in methyl 

methacrylate. 
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2. REACTIONS OF TH 

(A) Formation of netal complexes. 

Details of this reaction are considered by 

Phillips (23). The classical view was thit two 

dissociu.ble hydrogen atoms attached to the rin;=> 

nitrogens were repl~ced by met3l forming ionic bonds; 

the two rem~ining nitrogens contributed electron puirs 

to co-ordinate bonds. In fact, the bonding of the 

metal is the aame to each nitrogen. 

The nitrogen electron pairs 4re part or the 

'7r - electron cloud in the free porphyrin. Co-ordinution 

of a meta.l therefore, alters the disposition 0£ electrons 

and causes profound changes in absorption spectra. 

ietals may be introduced into the porphyrin ring 

by heating the porphyrin and the -cetate of the metal 

in its correct valency st~te in a suitable solvent, 

usually glacial acetic acid. 

(B) The Removal of ,Viet,;i.ls f~om ~ etalloporphyrins. 

The ~vailable methods are 

(i) treatment with mineral acid 

(11) reduction with uodium am lgam 

and reoxidation 

(iii) addition of Li.uH4 to a solution of 

porphyrin in ethylene di -ine. (36). 
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(1) above is the method ost commonly used; the strength 

of cid required will depend upon the nature of the complex. 

Uroporphyrin Zn complex is dissociated in 1.5 HCl. 

Coproporphyrin Cu complex requires concentrated 

sulphuric acid. ~he same applies to the Cu complex of 

uroporphyrin>"turacin. 1' The stability of various etal 

complexes is considered by Oliver nd Ruvlinson (1951). 
' 
special problem is the de-ironing of haems. 

Fe111 forms an exceptionally stable complex and before 

the free porphyrin ca.n be obt .ined by tre tm nt with acid, 

iron must be reduc~d to the ferrous form. lie most 

convenient method is th t of Grinstein (38). Haemin 

is dissolved in methanolic oxalic acid containing ferrous 

sulph· te. ry H 1 gs ie p seed. The haem Fe111 is 

reduced and Fe11 replaced by protons to give proto­

porphyrin which is esterified. 

ith the exception of deuteroporphyrin, the 

porphyrine dealt with in this thesis are fully substituted 

in the beta positions. The only reaction which need be 

considered here is reduction. The aronatic n ture of 

the porphyrin nucleus m es it resistant to reduction 
H 

by most common reducing gents, e.g. dithionite, 2/Pd. 
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Reduction is possible with H2/Pt but a/Hg is most 

commonly used. (27). third ethod is the acidifi-

c tion of an alkaline solution of porphyrin and sodium 

borohydride. (68). he addition of 6 hydrogen o.toma 

results in complete reduction. 11 aromatic character 

is lost, the porphyrinogens are colourless o.nd have no 

absorption bands in the visible or near UV. 

are not complexed. 

et ls 

In acid solution porphyrinogens re unstable 

and dissociate reveJibly into dipyrryl-meth es. 

Re sociution of different dipyrryl-methanes le us to 

alterations in isomer type. Fischer (lee.cit.) 

originally showed that mesoporphyrin reduced in hot 

acetic acid with zinc dust gave a. mixture of on, two 

and three carboxyl porphyrins an re-oxidation. Recently 

·auzerall (69) has shown that in hot acid solution 
UROG 'N and OPROGEli rearrange to random mixtures o.f 

isomers, t III, i IV and each of I and II. 

orphyrinogens are unstable in solution but fairly 

stable in the solid state. The stepwise reduction of 

porphyrin was investigated by Granick (34). reatest 

energy is required for addition of the first 2 hydrogens 

to produce a chlorin-type compound; this my be rurther 
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reduced to the hexahydroporphyrin under milder 

reducing conditions, e.g. with dithionite. 

Porphyrinogena may be quantitatiYely oxidised 

to porphyrins with iodine. Other oxidants lead to 

vari ble losses. (70). 

4. TH IO SYNTHES I 

In 1955 Shemin (39) summarised the state of 

knowledge at that time describing in detail the 

experimental work which demonstrated the origin of 

each carbon and nitrogen atom of protoporphyrin. 

Our knowledge of the biosyntheais of porphyrins ha 

been placed in historical perspective by chmid (40); 

a comprehensive review of biosynthesis is iven by 

Granick and ~auzerall (21). Neuberger (41) stressed 

certain special aspects of the role of glycine and 

serine in porphyrin synthesis and Goldberg and 

Rimington (42) review the subject with the problems 

of diseases of porphyrin metabolism in mind. 

(A) The Synthesis of Delta- ino Levulinic acid.(ALA) 

The enzyme LA synthetase which catalyses the 

condensation of glycine and succinyl-CoA is located in 
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the mitooondria; apart from this enzyme, LA synthesis 

requires a functioning citric acid cycle associated with 

an intact electron transport chain and active oxidative 

phosphorylation. In vitro ALA is synthesised by ALA 

synthetase in the presence of glycine, euccinyl-Co, 

pyridoxyl phosphate and magnesiwn ions . The evidence 

indioatin the requirement of pyridoxyl phosphate is 

interesting. ,introbe (43) observed that Vitamin B6 

deficient pigs developed hypochromic anemia with ci low 

erythrocyte protoporphyrin, and Schulman nd Richert (44) 

observed th t pyridoxine deficiency led to inefficient 

haem synthesis from glyoine-c14 in ducklingG. 

Compounds such as 1-cysteine, 1-penicillamine, 

isonicotinic acid hydrazide, cyanide and parachloro­

mercuribenzoate {PCB), which inhibit reactions requiring 

pyridoxal phosphate as cofactor, also will inhibit ALA 

formation. 

(B) The Shemin Cycle. (45) 

A A can undergo further reactions other than those 

which led to haem synthesis. transamin tion 

reaction has been documented (48), which le ds to 

alphaketo-glutaraldehyde which may lose a 1-C fragment 
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to form succinate. fhis cycle provides a possible 

metabolic pathway for glycine, the car)oxyl carbon of 

glycine forming CO2 , and the alpha carbon contributing 

a 1-C fragment possibly to a labile pool. ~hile there 

is good evidence that these relictions occur in mammals, 

their quantitative significance i unkno~n. The 

cycle may be one special case of a cycle in whiQh aoyl­

CoA deriv tives condense with glycine with resultant 

metabolism of the various atoms of glycine and reform­

ation of the acyl moiety as c.arboxylic acid. 

lL is the first substance formed which is 

specifically a haem precursor. The 1L synthetase 

reaction is thermodynamically irreversible d LA 

must either condense to PBG or be metabolised by 

reactions of the Shemin cycle. Until the quantitative 

significance of this cycle in intact organisms is 

known it will not be possible to consider the signi­

ficance of the ALA synthetase reaction as a control step 

in regulating haem synthesis. The possible importance 

of ALA synthetase as a control step has been emphasised 

by Sano and Graniok (52). 
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(C) ,LA Dehydrase. 

The enzyme which catalyses the Knorr type 

condensation of two molecules of ALA to one molecule 
or PBG is situated in the soluble fraction of cells. 

(54) o special co-factors are required for this 

reaction, but the ensyme itself has been shown to 

contain copper (55) and DT is strongly inhibitory 
as are substances which interfere with SH groups, 

e.g. iodoaoetamide and PCMB. The need for copper 
(50) may account for the hypoohromic anemia knotn 

to follow copper deficiency. he enzyme is unique 
in biochemistry in that it catalyses the condens tion 
of 2 molecules of its substrate. Both molecules of 
AL are bound to the enzyme although one is more 

firmly held that the other {56). 

(D) Porphobilinogen. {PBG). 
PBG will condense to uroporphyrinogen in vitro. 

The reaction proceeds best in solutions of high con­
centr tion; when oxygen is rigoroualy excluded, yields 
can approach 100% (57). Under oxidising conditions 

coloured porphobilins (probably dipyrryl methenee) and 
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some porphyrins are formed. t physiological pH 

a large amount of isomer I UROGEN is formed although 

an exact figure has not been given. On the other 

hand, under acid conditions a mixture of isomers 

is formed, one half isomer III, one eighth of isomer 

II and isomer I, and one quarter of isomer IV, which 

mixture is that which would be expected from random 

condensation of PBG molecules to tetrapyrroles (57). 
In vitro conditions lead only to 8 carboxyl 

porphyrinogene. 

Two enzymes have been described which participate 

in the a>ndensation of . BG to UROG N Q58). The first, 

PBG deaminase, leads only to isomer I, the second, a 

heat labile "isomerase" does not act on PBG or UROGEN I, 

but if present with the deaminase, will cause PBG to 

condense to UROGEN III. 

Various mechanisms have been advanced to explain 

these phenomena. part from the well documented 

existence of two enzyme fractions, the following 

facts must be accounted for. 

l. Lese than 4.5 moles of PBG form a mole of 

UROGEN. (?To scheme involving 11 wasta.ge' 

of PBG is acceptable.) 

... 
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2. The isomerising agent acts prior to ring­

closure. (The ieomerase h~s no action 

upon UROGEN.) 

3. Free formaldehyde ia not formed as postulated 

in some reaction mechanisms. 

PDG shows a strong tendency to condense and 

form linear polypyrryl methanes. 'yclio tetrapyrryl 

methanes can form without strain. Tri- a.nd penta­

pyrryl methanes are improbable. The mechanism 

proposed by Bullock et. al. and supported by 

Rimington (59) appears probable; the deaainase 

attaches to PBG at the alpha-hydrogen activating 

the amino methyl side chain which undergoes de-am.ination. 

Successive molecules of PBG condense throu6h their amino 

methyl aide chains losing ammonia, forming the sequence 

ENZ; P .... AF • .A:2 .A'P. etc. In the absence of isomeraae 

cycllsation only oocu.ra when 5 PBG molecules have con­

densed in linear fashion and the last 4 cyclise to 

UROGEN I. The isomeraee enzyme causes the pyrrole 

attached to the enzyme to be included in cyclisation 

when only 4 PBG molecules have condensed. Details 

of this hypothetical, though attractive, scheme are 

given by Rimington (loo.cit.) 
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(E) The Decarboxylation of OROGEII. 

Our knowledge of the reactions which lead from 

UROGEN III to haem is incomplete. The demonstration 

by eeve et.al. (67) th~t uroporphyriaogen rather than 

uroporphyrin was active in promoting haem synthesis 

in a red cell haemolyeate represented a major advance 

in knowledge of porphyrin synthesis, but the subsequent 

steps are documented in rather few p pars. Certain 

conclusions as regards anatomical localisation of 

enzyme ~ction (52) may be premature. UROG III is 

decarboxyl ted in stepwise fashion to COPROG~i III. 

vidence for this reaction has been obtained by 

Mauzerall and Gra.nick {60) who achieved partial puri­

fication of a decarboxylase enzyme by zone electro­

phoresis on starch. The source was a haemolysate 

of rabbit reticulocytes. his enzyme had no special 

requirements and low specificity. UROGEN III was 

decarboxylated only twice as fast as UROG NI. Even 

this degree of specificity is somewhat surprising as 

the enzyme must, in the course of stepwise decarboxy­

lation, deal with some 54 possible substrates. Papers 

from Rimington's school concerning a decarboxylase 
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enzyme fro human erythrocytes deny incre sed 

specificity for the series III isomer UROG i (61). 

A heat stable ultrafilterable co-factor required for 

decarboxylaae activity h s been described by Hoare 

and Heath (67). he enzyme is inhibited by mercury, 

copper nd manganese, -lso by oxygen. Yields of 

CO ROG ? re improved by addition of GSll, cysteine 

and by lack of oxygen. 'his is not surprising as 

thee are the factors vhich maintain porp yri ogens 

in t~eir reduced state. he intermediately c~rboxy-

lated porphyrinogens do not tend to accumulate bee use 

the enzyme h s a low 1ichael1s const nt and high 

turnover number. 

(F) CO ROGEN Oxid se. 

~he conversion of coprogen to protoporphyrin is 

an intere ting reaction. Decarboxylation of propionic 

side chains t positions 2 and 4 is coupled th oxid tion 

of the remaining 2-carbon side chains to vinyl groups. 

Oxygen is required for the reaction but cyanide does 

not inhibit it, suggesting direct oxid tio1 by olecul~r 

oxygen. Granick (63) cites unpublished evidence that 

oxidation and decarboxylation proceed at the ame time, 
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and Sano and Granick (52) provide evidence that· the 

enzyme is located chiefly in mitocondria. The apeoi-
ll\. ficity of this enzyme is apprently of a very high order. 
" 

Only COPROGEN III can be converted to a di-vinyl 

porphyrin, and no evidence has ever been put forward 

that protoporphyrins of isomer type other than 9 occur 

in nature. 

(G) The Incorporation of Iron into ROTO. 

Various papers, (64, 65) cite evidence in favour 

of this reciction being mediuted by an enzyme, the 

so-called '' ferro-chelatase." One difficulty is 

thu.t at physiological pH, if iron can be m<Unta.ined 

in Q ferrous st~te and 1ROTO maint ined in solution 

at a reaaonable concentration, haem will form in the 

abs~nce of ~ny enzyme. Protein, because of its 

solublising effect on PROTO, will, in a non-specific 

fashion, increase yields of haem. However, there is 

evidence that this reaction is enzyme c talysed. 

In Haemophilus influenzae, the vinyl group of proto­

porphyrin are obligatory for the insertion of iron. 

Other haems (e.g. deutorohaem, meaohaem) support 

growth, but the org-nism will insert iron only into 

PROTO. 
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( H) Summary • 

he main reactions, the enzymes involved, and 

their possible localisation within the cell s suggested 

by ano and Granick, have been summ rised in i ure III-1. 

The picture presented is a static one . ~he various 

isol· ted fragments of knowledge have been collected 

from study of plant enzy~systems, of red cell haemoly­

a tes, of liver homogenates, and purified cellular 

fr~ctions. Virtu lly nothing is known of them ner 

in which these enzymes are integr ted into the controlled 

formation of haems at rate ufficient to eet the 

needs of cells . The daily synthesis of porphyrin in 

the human body is of the order of 300 mgm, yet th 

excretion of unused haem• precursors does not exceed 

5 - 10 mgm, a state of affairs which suggests excellent 

control over the rte of haem synthesis . 

One mech:.illism of control has been suggested by 

no '""nd ranick (52) who used the f ot thQt he enzymes 

required to synthesise ALt as well as the enzyme(a) 

which finally convert CO ROGEN to EROTO, are located 

within the mitocondria. The remaining enzymes are 

found in the soluble fraction of the cell . Ora.nick 

suggests th,t the rate t which ALA leave t e mitocondria 
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aervea to control the rte of haem synthesis. lle 

doee not suggest how egress of AL may it elf be 

controlled. 

he task of unravelling the biosynthesis of 

protoporphyrin has been difficult enough, ut the 

chain of events does not stop there. Iron protoporphyrin 

is found in oatalaee, peroxidease, myoglobin, d, ith 

the vinyl groups involved in thioether linkages, in 

cytochrome C, but cytochrome oxid se ha formyl 

porphyrin with -CHO at position 8. (66). othin is 

known of the reactions which lead from protoporphyrin 

to porpbyrin 11 a" • 



- 52 -

CHAPTER IV. 

PORPHYRIN EXCRETIO~ I 

A Review of the Literature. 

In the past, urine porphyrin excretion has 

been extensively studied, whereas ~aecal porphyrin 

has been rather neglected. Thie is unfortunate; 

the faeces represent the major pathway of porphyrin 

excretion in health and usually in disease. Further, 

in the urine, the occurrence of PBG which slowly 

converts· to uroporphyrins has complicated the study 

o:f porphyrin excretion in diseased states. uch 

effort as directed towards elucidating the nature 

of uroporphyrins which could be recovered in crystal­

line form from pathological urines . This will be 

dealt with as a separate problem. Before considering 

pathological states, knowledge concerning normal 

porphyrin excretion must be reviewed . 

1. ion.ML PORPHYRIN EXCRETION. 

A. Urine Porphyrin. Comfort et.al. (71) collected 
II ,, 

118 litres of norm~l human urine from persons known 

a...,_d unknown. Ether soluble porphyrine were extracted 

and the remaining porphyrin adsorbed onto talc. he 



- 53 -

chief porphyrin present was Coproporphyrin which 

was m~inly isomer I. Small amounts of porphyrins 

with from 5 to 7 carboxyl groups were identified 

chromatographically, and also a small amount of 

uroporphyrin which was not crystallised. Lockwood 

and loomfield (72) recovered crystalline uroporphyrin 

from normal human urine. They found the uroporphyrin 

to be chiefly isomer I, but coproporphyrin chiefly 

isomer III, although variations were encountered 

betwe~n the two subjects studied. 

atson (73) studied the daily excretion and 

isomer distribution of coproporphyrin in normal 

urine. He found that isomer I predominated although 

there was variation from person to person. Kehl (74.) 

has reviewed these findings and studied the problem 

further. Using a more reliable technique than was 

available to earlier workers, he found normal urine 

coproporphyrin to oe largely isomer III • 

.uales and Saunders (75) have studied normal 

urine porphyrin excretion in the three racial groups 

seen in Gape Town. Coproporphyrin ranged from 

l - 204 ug/day and Uroporphyrin from O - 41 ug/day. 

Ranges and means for the oifferent groups are cited. 
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B. Faecal Porphyrin. Various uthors (8, 16, 75, 
76, 77) have studied quantitative aspects of the ex­

cretion of ether soluble porphyrins in health using 

the Holti (16) method of porphyrin estim tion. All 

authors have found fecal ether soluble porphyrin in 

health to be less than 100 ug/g dry weight, but whereas 

Haeger found coproporphyrin excretion to be 2 ! 2 ug/g 

dry weight and protoporphyrin 15 ! 12 ug/g dry weight, 

Ealea found a range for coproporphyrin of O - 27 and 

protoporphyrin 2 - 99 ug/g dry weight . mhe difference 

may be due in part to variations in diet, for a diet 

rich in meat certainly increases faecal porphyrin (75) 
(78) All investigators have found the protoporphyrin 

fraction in the Holti method to exceed the copro-

porphyrin fraction by between 3sl and 6:1. No thorough 

study has been reported of ether insoluble porphyrin in 

normu.1 faeces. The only study appears to be thut of 

Bashour, quoted by \latson (79) that a trace of uro-

porphyrin may be recovered from normal faeces. \he 

important point is that it is only a trace, and Schwartz 

(27) gives a range of 10 - 40 ug/day for normal uro­

porphyrin excretion. 
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In summary, the excretion of porphyrin in he 1th 
is low, despite the fact that the d,.i..ily requirements 
of haem ~ynthesis ent il mu.nufacture in the body of 
about 300 .• of protoporphyrin; in the urine 
usu(, lly less than. O .1 m • of haem pre cur ore 
is excreted daily and in the faeces not more than 
1-2 g. d ily. ~his excludes AL~ and BG of which 
a fe.'I milligrams mu.y be found daily in ... he urine. 

2 • IN DIS · _., • 

(A) Congenital rythropoietic Porphyrid. (C.E •• ) 
This condition originally tended to be confused with 
other form of porphyria, but chmid (80), following 
study of urine und tissue porphyrins, defined the 
condition nd, reviewing the literature, cc pted 
only 34 cases as being proven C. ·.P. H. Fischer, 
in his ori 0 incl studies of the patient Petry, hQd 
shown that the urine cont ined large quantities of 
series In O and OOPRO. ost mortem studies of 
tisoues from Petry showed the liver, spleen and ones 
like i e to cont in lurge ounto of series I porphyrin. 

(i) Findings in erythropo1etic tissues. 
Schmid studied the bone marrow inc. '.P. y fluo-
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rescence microscopy. He found that some normoblasts 
fluoresced brilliantly while others were non-fluorescent. 
Bone m rrow biopsy m terial contained large amounts of 
porphyrin and crystalline URO I was prepared. 

(ii) Findings in the urine. Rimington and 
~ilea (81) studied 15.7 litres of urine from a human 

case of C •• P. 712 mg. of porphyrin was obt1:-ined 
of hich 634 mg. was URO I; 11.5 mg. of COPRO I 
were lao obtained. A few milligrams of 5 and 7 
carboxyl porphyrins were present. 6 carboxyl material 
was no mentioned. Kench et.al. (82) studied the 
urine of a patient with C.E •• chiomatographic lly 
and found evidence of porphyrins with 7, 6, 5 nd 4 
carboxyl groups. 

(iii) Findings in Faeces. Fischer showed 
the faeces to contain large amounts of COPRO I and 
leaser ounts of UR I. He noted th tin the f~eces 
some of t .. e COPRO waa present as colourless recursor. 
The lev 1 of PROTO in th~ faeces is reported to be 
normtl ( 11). 

(iv) etabolic Studies •. 4.n important 
observation was thut of ruy (83) who gave N15-glycine 
to a patient with C. ·.P. and studied labelling of the 
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faecal stercobilin. He found u prominent early peak 

t 3-4 daJ which was much gre ter than in normal 
persons. T_is probably represents ineffective 

erythropoiesis and may be associated with. the hc1.emo­

lytic element prominent in some cases of C.E •• 

imington and Booij (84) have shown th ta 

haemolysate of red cells from a pati nt with c •• P. 

is able to convert PDG to both O I and IJRO III. 
Normal cells, however, form only IRO III unless 
previously heated. There is thus only a partial 

inability to form the series III isomer. reou ably 
a tot 1 bloc.K would be incompatible with life. 

(B) wedish Genetic Porphyria. In com on with 
C •• this condition may be recognized as un entity 
in the literature although it is referred to by various 
names. (Clupt. V). One can only be certain of tht: 

diagnosis, however, when fi ures pert ining to f ecul 
porphyrin excretion are cited. 

(i) Findings in the Urine. The uri:ae 
cont ins v~riable amounts of . L nd PBG in remission 
and L.rge ounts in an acute attack. 1he quantity 
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of URO found in the urine will thus depend largely 

upon conditions of collection and storage. ~reshly 

voided urine from patients with Swedish porphyria may 

cont~in little, if uny, incre se in uroporphyrin 

concentration. (85) On the other h nd, urine from 

these p.;Ltients, is often voided pinkish or· dark and 

then contains inc:reased amounts of porphyrin. The 

discolouration, of course, is due more to porphobilin 

than to porphyrin. It is not known how much of the 

porphyrin is formed while the urine is in th bl dder. 

Unexpl ined as yet is the occurr nee of porphyrin 

in the urine largely as a metal complex (probably zinc). 

This phenomenon requires further investigation. 1!:he 

composition of the uri1e uroporphyrin will be con idered 

in a special section devoted to Groporphyrin. 

(ii) ~indings in the Faeces. ~enc (86) 

studied faecal porphyrin in acute porphyria in 1943. 

He found 18 ug/g of coproporphyrin during an ·cute 

a tack, but no uroporphyrin. . simiL.r.r report ca.me 

fro111 \J'ruy in 1950. ( 87) From 350 gm. of' f eces, 

1.5 mg of voproporphyrin I was obt ined ...... n an impure 

specimen of u'RO I. It was in this case thQt cytochrome 
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myoglobin and catalase were studied and found to be 

normal. ~u ntitative aspects of faecal porphyrin 

excretion in Swedish porphyria were studied by B rnes 

(9) and Haeger {76). Barnes showed th t the faecal 

porphyrin levels could be relatively ncmmal, but in 3 

out of 10 cases studied total faecal porphyrin exceeded 

100 ug/g d.w. Haeger, with a lurger series, showed 

that faecal porphyrin was increased relative to normal 

but the ratio of PROTO to OOPRO remuined unchanged 

at about 6:1. 

(iii) Bindings in the Tissues. Schmid 

studied 11 cases of acute porphyria and showea no 

increase in the porphyrin in the bone marro, even 

after heating. In the liver, however, heating pro­

ducea a.n increase in URO content. Faecal porphyrin 

excretion wus not reported and some of these ca es 

my have been of the J. ~. Genetic variety. 

(iv) Metabolic Studies . Scott (89) 

showed that persons with .... weaish genetic porpLyria 

excrete more of an administered dose of ~ ~s PBG 

than do normal peraons. ichurds end Joott (89) 

showed th~t a large oral dose of glycine (25 ) 
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caused increased urinary excretion of U.A in this type 

of porphyria. Dowdle et al (90) gave c14-glycine to 

a patient with Swedish porphyria. They showed that there 

as no defect in the oxidation of glycine-2-C to co2 
but that the specific activity of glycine 'Jhich conju­

g ted with benzoic acid to form hippuric acid WciS eight 

time the specific activity of the glycine ·,hich formed 

PBG. 

(C) eporta from Rimington's School on patients with 

Porphyria Cutanea Tarda (PCT) . A group of c ee is 

described in the literature which has led to Himington • s 

concept of reciprocity affecting faec 1 and urine por-

phyrin excretion. The first such report as in 1948. 

Gr yet 1 (91) described their concept of CT: 

"porphyrinuri e.nd sensitivity to light develops 

later in life and sceleroder. ic tendency is conu.on. 

The occurrence of abdominal colic, a.nd excretion in 

the rine of large amounts of URO III, sug ests a 

rel tionehip to the acute type, but severe nervous 

symptoms re not present." 

22 year old man was described in whom j ndice 
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was accompanied by a fall in faecal porphyrin 
excretion and an increase in urine porphyrin. 
In the urine both COP O and an ether-insoluble 
porphyrin increased. This latter could not be 
dee rboxylated to COPRO a.nd had an alpha band (CHC13 ) 
at 623.5 mu. There was no evidence obt ined th t 
this ether-insoluble porphyrin was URO. 

acGregor (92) described a second instance of 
cutaneous porphyria with intermittent Jaundice in a 
14 ye r old boy. Again, the reciprocal relationship 
between urine and faecal porphyrin was well demonstruted, 
but insufficient data concerning the jaundice was given . 
In r mission periods faecal porphyrin rose to as much 
as 45 mg. per day. Death eventually occurred in coma 
with a positive BG reaction in the urine. ~he urine 
contained porphyrina with from 3 - 8 carboxyl roups; 
PO O wa isol ted from the faeces and oryet llised 
after purific tion by RCl number fraction tion. 
die rboxylic porphyrin was obt ined which melted t 
165°c. It is interesting thut at autopsy then tu.re 
of the porphyrin was not established. The skin of this 
p ti.nt was lready affected at the age of 14, ·nd at 
de th scarring and deformity of the hands ;ere severe . 
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A third example of jaundice associated with PCT 

was described by Rimington and .ells (93). '.rhe patient 

was a chronic beer drinker. Faec~l porphyrin w s des­

cribed as greatly increased with the PROrO fraction 

exceeding COPRO. The serum fluoresced nnd ~as at~ted 

on spectroscopic grounds to contain protoporphyrin, but 

details of analytical methods \ere not given. 

olti et al (16) described a patient with CT. 

The skin was involved, faeces contained~ 1 rge excess 

of porphyrin. PROTO, as measured by the olti method, 

exceeded COP o. Urine porphyrin was someti es increased 

and the tson-Schwartz test waa f intly positive if 

fresh urine was tec•ted. F·amily studies indicated a 

domin nt mode of inheritance. There is no reason to 

believe that this case differed from •.• enetic porphyria. 

Co ent. The reciprocity theory ppear to have 

origin ted in the studies described in the case of 

Gr y (90). It is important to note th t ltnough there 

was an increase in ether-insoluble porphyrin, this was 

never shown to be uroporphyrin and the nature rem~ins 

obscure. In the second case, th t of acGregor, 

quantitative eetim tion of ALA and PBG were not per-

formed. lthough it w s stated that testing the urine 
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for PBG gave a negative result, it ias not stated 

whether the urine tested w a fresh. rom the published 

data it is not possible to assess the nature of the 

jaundice. las this an event in the natural history 

of the porphyrin disease, or was it n unrel-ted 

obstructive jaundice which rossly ltered the clinicu:l. 

presentation of the porphyria? 

he terminal ''acute attack 11 described in 

acre or's case was acute porphyria as the urine 

contuined l~rge a.mounts of PBG . s this so in any 

of the other acute episodes? Dat~ in the c ae of 

imington nd ells is ag in difficult to ssess. 

The finding of protoporphyrin in the urine is interesting 

but inadequately documented . It is und rstand~ble that 

in a condition a oci ted with the daily excretion of 

more than 40 mgm of porphyrin in the feces, obctructive 

jaundice 1ould lead to an incre sed urine excretion of 

porphyrin. The same porphyrin previously excreted in 

the faecee ,ould be expected to ppe4r in the urine. 

(D) Other Reports. An interesting case is 

described by Calvy (94), with biochemical aspecto of 

this case well documented in the stu ies of Lowry et ul. 

(95) . The tient w s , 20 ye ·r old n val rating who 
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sufferred intermittent abdominal pain nd excreted a 

urine which darkened on standing. His skin was 

severely involved. Vesicles and erosions occurred 

on the hands, but an acute photo-sensitive re ction 

had involved the face. positive family hi tory 

was confirmed by finding increased PBG in urines from 

other members of the family. The patient was admitted 

to hospit 1 with an episode of jaundice with hepato-

meg ly and bile in the urine. PBG was absent at 

this time, urine COPRO was increased cilld PROTO 

exceeded COP O in the faeces. Faecal porphyrins 

were type III isomers. Haem and porphyrin metabolism 

was studied following the administration of N15-glyoine. 

The lubel was rapidly incorporated into haemoglobin 

haem and into faecal COPRO, but there was deluy in 

the incorporation of N15 into fecal O o. he decay 

in activity of faecal PROTO was not exponenti l but 

could be accounted for by dilution in various pools. 

An important paper concerning the cl ssification 

of the porphyrius was th t of ohmid et al (96). 

Amongst the p tients described with hepatic porphyria 

a group with Swedish porphyria can easily be distinguiohed. 
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Tissue porphyrin was normal except aft r he ting, 

recurrent nbdominul pain was a prominent clinical 

fe ture, but liver function was variously disturbed. 

further group may be distinguished with high urine 

URO, grossly fluorescent liver biopsy tissue und gross 

increase in the URO content of liver. These patients 

all had abnormal albumin-globulin ratios; frank 

cirrhosis was present in some, and in others a history 

of alcohol consumption • 

.:>Chmid et al m~ke particular reference to case 86 

in this article, described as ixed Porphyria. The 

patient was seen on two different occasions. On the 

first occasion cutaneous involvement was prominent. 

On the second occasion abdominal p~in was being 

experienced and the skin was described as normal. 

Liver function showed a reversed albumin-globulin 

ratio on the first occasion, but the content of 

porphyrin in the liver was not groe~ly abnorm 1, 

(URO 5.3 ug, COPRO 0.18 and ROTO 0.82 ug/gm liver.) 

Unfortunately no mention is made of f~ecltl: porphyrin 

in this article, but it seems likely th~t case 86 was 

simil r to the familiar cases of C.A. Genetic porphyria. 
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Used in the context of this paper ( chmid et al) the 

term 0 mixed porphyria11 could equally be pplied to 

cases of S.A. genetic porphyria although, in this 

conditiont it is questionable whether the kin, once 

abnormal, ever returns to normal. 

{ ) The Uroporphyrin Problem . In 1937 

aldenstrom (97) described the isolation from acute 

porpp.yria urine using ethyl acetate, of URO-methyl 

ester which melted in the range 258 - 260° and which 

he considered to be l&.rgely isomer III . rhis finding 

was contrasted with ]ischer ' e finding of uropor hyrin 

I in the urine of his patient dth C • • P. 

In 1945 the first of a series of papers dealing 

with uropoI~hyrin came from the school of i tson (98) . 

Uroporphyrin was recovered from the urines of p~tients 

with wedish porphyria, C.E .P. &ld .C.T. ome of the 

urines were heated prior to recovery of porphyrin. 

Crystalline uroporphyrin eaters isolated from patients 

with o edish porphyria and P.C . T. were described as 

Waldenatrom po:rphyrins. Crystal morphology was 

typical of URO, but melting points were aomewh t 

broad, in the range 250 - 260°, and decarboxyl~tion 
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yielded a mixture of COPRO'u I D III. 

lhen URO from the case of .C.T. was chromato­

graphed on calcium carbonate, tv.o fructions were 

obt ined. The f ·ter running (mp 284°0) yielded 

COPRO I on decarboxylation, the second fr~ction, 

mp 2 a0 c COPRO III. he second fraction was ~bsent 

from -lden trom ' s porphyrin derived from the urine 

of patients with Swedish genetic porphyria in the 

acute phase and also from uroporphyrin obt ined from 

urine of patients with C. E. P. Elementary ana.lysi 

showed the 208° porphyrin to be heptacarboxylic 

porphyrin. 

In 1949 Rimington (99) introduced lutidine 

chromatography for the an lysis of porphyrin mixtures . 

In 1950 Nicholas and iming on (100) systematically 

investigated the chromatographic behaviour of porphyrin 

esters on columns of lumina, m gnesium oxide, magnesium 

c~rbonate and calcium curbon te. Lutidine chroma-

togr phy howed that certain samples of uroporphyrin 

ran a two spots, th. t with a slightly higher Rf value 

be referred to as "pseudo-uroporphyrin. 1 Column 

chromatogr phy on magnesium oxide, magnesiwn c·rbonate 

anu calcium carbonute did not appear to sep·r~te URO 
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and UDOURO. In 1951 Chu and Chu (101) introduced 

their technique for the separ tion of 00 0 ester 

isomers I and III, and Falk and Benson {102) extended 

this technique to URO ester isomers, using different 

solvents. 

~he uroporphyrin problem depended on whether 

ldenstrom porphyrin from the urine of patients with 

P.C.T. contained a 7 carboxyl fraction which lowered 

the melting point of URO I with which it was mixed 

and hether this 7 carboxyl material was identic&i! 

with S URO observed chromatographically. 

Despite the fact th t Falk (22) still refers 

to OU Oas an unknown substance, there is now 

abundant evidence thu.t it is the same as d.tson' s 

hept carboxylic porphyrin. Chu and Chu (103) 

examined 17 litres of urine from a patient with .c.r. 

using the excellent resolution of their 11 Hyflo 11 column 

chromatographic technique. oth UR0 1 I and III were 

isoluted and in addition a 7 carboxyl porphyrin, melting 

point 224°C, which deoarboxyluted to COPRO III. In 

1955 atson's school published a very c reful study 

of 11 mg. of porphyrin isolated by Professor ·r y from 

the urine of a patient with acute porphyria. lthough 
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this porphyrin behaved as .0 III on alk-Benson 

chrom tography, it dee rboxyl ted large y to isomer 

I COPRO. 1he rnel ting point of the original specimen 

had been slightly r ised by chromatography on c lcium 

carbonate, but not on magnesium oxide . 

source of difficulty in est blishing the 

n ture of uroporphyrin aa!llple s has been the f, ilure 

of investigators other than of the atson school to 

duplic te ·the reported sep rations of 8 11.d 7 c rboxyl 

porphyrins on calcium carbonate. , atson reported an 

inve tigation of this point in 1960 (104), and ho1ed 

that only samples of calcium carbonate in which the 

correct proportions o.r ca.lei te and aragoni te ( :-ray 

cry tallogra.phy) were present, were effective in 

achieving this sep ration. jresel and ~alk (105), 

using a sa. ple of calcium carbonate obt ined fro 

Dr •• J. 1 tson, sep rated URO ·nd PS UDOURO methyl 

esters. 

V rious paper electrophoresis systems separ te 

the 7 nd 8 c rboxyl porphyrins widely. 

the system of Lockwood and Davies (106). 

Thia includes 

J.he se authors 

obtained sufficient P EUDOURO for element ry an lysia 

and showed it to be 7 c-rboxyl. 
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Various reports ( 85, 107), in addition to those 

lready cited, indicate that the 7 c rboxyl ( or 

peeudouro-) porphyrin only occurs in significant quan­

tity in uroporphyrin samples which have been formed by 

enzyme activity. Uroporphyrin formed by heating urine 

cont ining considerable amounts of ~BG, does not contain 

the 7 carboxyl porphyrin and, more significantly, it · 

is almost absent from the urine of C • • P. (81) 

(Chapter VI, oection 15-A). 

ownmary. Uroporphyrin from congenital porphyria 

urine is almost pure uroporphyrin I and provides no 

roblem. Urihe porphyrin from the urine of cute 

porphyria may, or may not, contain significant amounts 

of 7 carboxyl porphyrin . If it does not, it will 

oontc;;1.in mixture of URO isomers formed from BG, 

the composition of the mixture dependi~ upon the 

pH of urine. Such uroporphyrin will form a aldenstrom-

type uroporphyrin, the melting point of which will 

not be altered by methods which separate off 7 curboxyl 

fractions. Uroporphyrin from p tients rlth acquired 

porphyria usually referred to in literature as CT, 

will yield a Jaldenstrom-type B porphyrin, where 7 
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and 8 carboxyl porphyrina are admixed in varying 

proportions. The melting point of this aaterial 

will be altered by techniques which separate 7 and 

8 carboxyl porphyrins. 
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CHA.PT RV. 

Various classifications of the porphyrias h ve 

been ug ested but none has encotmt red enerW. .:...pproval . 

As emphasised by ales (108), aioagreement is inevit ble 

until the various types of porphyria can be defined 

precisely in ter1s of a biochemical defect. 

The original classification of Gunther (109) 

is now only of historical interest. 

he cla.ssific tions which are currently of interest 

· re those of Yaldenstrom (110), iatson {17), E lea (108) 

and Goldber and Rimington (42) . These d.re iven below: 

(i) ald enatrom. 

orphyria congenita 

orphyria acuta (5 clinical subdivisions) 

Porphyria cutanea turd~ heredit ria 

" 
11 11 symptom tica. 

(ii) ,atson. 

I. or hyri erythropoietica 

II. Porphyria hep tica 

A. Hereditary cute inter ittent 
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1. anifest 

2 . Latent. 

.B. llereditary mixed or varie ate 

l. Cutaneous 

2 . Acute 

3 . ixed (Vurious combin· tion ) 

4. tent 

C. lleredit ry cutaneous. 

D. Constitution 1 or Ideosyncratic ( C ) 

1. Chemical 

2. Ideopathic 

3. With systemic disease. 

• cquired • 

1. cieoondary to hepatoma 

2 . Second ry to fungicide . 

les. 

ales added to taldenstrom's claesificntion 

n mes suggesting the known bioohemic l differ­

ences bet,een the conditions. 

l . Porphyri~ congenit 

2 . orphyria cuta - pyrrolo_porphyria 

3. PCT heredit :ria - protoco ro or hyria 

4. POT symptomutica - urocoproporphyria. 
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(iv) Goldberg and Rimington . 

1. Congenital (erythropoietic) porphyria 

2. Acute Intermittent Porphyria 

3. Cutaneous Hepatic Porphyria 

(a) Hereditary forms 

1. Porphyria ..,utanea Tarda Iiereditaria or 

protocoproporphyria ( d.l.ldenatrom,1957) 

ii. Mixed J!orphyria (viatson et al 1951) 

iii. Porphyria variegata. (Dean and .rjarne!'3 , 1959) 

(b) Acquired forms 

i . orphyria utanea Tarda. 'ymptomatica 

ii. Bantu orphyria (Barnes;1959) 

iii. Turkish porphyria (Cetingil ~ Ozen, 1960) 

iv. Porphyrin producing hepatic adenoraa {Tio 1957) 

4. xperimentally induced porphyrias. 

~rythropoietic protoporphyria remains unclassified. 

aldenstrom's scheme is clearly allied to 

Gunther's original classification; it is merely a 

list of the four familiar clinical variations of 

porphyria. The recent description of erythropoietic 

protoporphyria renders this list incomplete nd the 

toxic human porphyrias are not referred to. The 

classification is entirely clinical; .,alee attempted 
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to link the established clinical entities With specific 

biochemical disturbances, but the validity of this ia 

questionable. rere it to be shown that a variety of 

"urocoproporphyrian or "PCT symptomatica" had an here­

ditary basis as now claimed by waldenstrom , the relation­

ship would become confusina. 

ving studied the porphyrin content of various 

tissues, Schmid et al (1954) proposed that the porphyrias 

could be broadly divided into erythropoietic nd hepatic 

varieties. lthough imington (1952) at first questioned 

the validity of auch a distinction, the current classi­

fication of Goldberg and Rimington indicates partial 

acceptance of "atson's view. 

There is no problem in segregating the 

erythropoietic porphyrias from those porphyri sin which 

free erythrocyte porphyrin is normal. wVen if the 

liver is only the main site of abnormal porphyrin 

metabolism in the hepatic porphyrias, this distinction 

is very useful in claasific~tion and dia0 osis. 

It is over the classification of the hep tic 

porphyrias that disagreement is greatest. aldenstrom 

(1963) makes a plea that the genetically determined 
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porphyrias be regarded as entities· which cannot 

interconvert any more than can, for example, Haemo-

philias and B. lith his series of over 300 cases 

he has a v~st experience of edisn genetic porphyria, 

and has established thia ae an entity . The principal 

biochemical features are r iaed A and PBG excretion 

in remission, but normal or only slightly increased 

f ec 1 porphyrin concentrations . 

South frican genetic porphyria has been, if 

anything, better documented and is characterised by 

relatively normal LA and PBG in remission and a high 

faecal porphyrin. Both the Swedish and ~outh frioan 

varieties are inherited as endelian dominants and 

sufferers from either are liable to attacks of ~cute 

po:rphyria. 

These two conditions are in every sense bio­

chemic l entities, but there· re published reports 

which re either inaccurate or indicate th tinter­

meniate forms of genetically determined diae se exist: 

Calvy et al (94) describe a patient with cut neous 

porphyria whom utson and his co-workers studied. 

(See Chapter IV). The faecal porphyrin was high but 

a positive family history was established by finding 
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PBG in the urine from two otherwise healthy relatives. 

This is typical of neither the Swedish nor the South 

African form.a. 

ataon's sub-classification of the hepatic 

porphyrias would place the "Swedish" and 0 ... outh Africantt 

conditions into hie categories (A) and (D) with further 

subdivision into clinical variants. His category of 

(C), hereditary cutaneous, remains to be established. 

Porphyria cutanea tarda symptomatica or urocoproporphyria 

which is seen as a complication of the excessive use o:f 

alcohol, will fall under c.ection D. 

l major source of confusion, e1.t present unresolved, 

is the relationship between liver function ~nd the 

porphyrias. /atson (17) claims that liver funct;ion is 

frequently disturbed in "hepatic porphyria'', but does 

not indicdte that this takes the form of an obstructive 

lesion associated with jaundice. However, he maintains 

that impairment of BSP excretion is frequently encountered. 

,, aldenetrom {111) agrees with "runs ting (112) that 

in cutaneous porphyria seen in association with alcoholism 

there is usually evidence of liver disease but th t frank: 

cirrhosis is not often encountered. 
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In Swedish porphyria in remission liver ftmction 

is normGl, but ldenstrom (110) has encountered 

jaundice in a number of patients with acute porphyria. 

eports from Rimington and his associ~te 

(see hapter IV-2-C), suggest th~t episodes of obstruc­

tive jaundice characterise the naturul history or 
inherited cutaneous porphyria in which the faecal 

porphyrin is increased. However, the data presented 

in the case reports do not indio te clearly that the 

liver disease which so grossly ~1tered the clinical 

pres nt tion of the porphyria was second ry to the 

porphyria. 

The literature thus appeurs to provide two main 

points of difficulty: the first, found chiefly in 

American literature, is whether wedish an South 

fric~n genetic porphyria form clear cut entities 

dS is ~o strongly emphasised by laldenstrom, or whether 

intermediate forms occur. The second, app rent from 

case reports of Dritish authors, is whether there is 

a type of porphyria characterised by a remission phase 

when the faecal porphyrin is high and akin lesions are 

absent or mild, and an acute phase characterised 

clinically by abdominal colic, jaundice, a.~d an 
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exacerbation of the akin lesions, and biochemically 

by signs of obstructive jaundice, a fall in faecal 

porphyrin and u rise in urine porphyrin. 

South African experience concerning tr e first 

point supports Waldenatrom'a view with the reservation 

that moderate (not defined on purpose) increases in 

LA and PBG may be encoun~d in remission in South 

African genetic porphyria. 

However, South tfrioa, as recently emphasised 

by Dean (145) may represent a special case. In this 

country there is good evidence that all persons with 

variegate porphyria have inherited their affected 

chromosome from the same source. Perhaps similar 

circumstances obtain in Sweden, but the existence of 

two disorders involving the haem synthetic pathway, 

similar in some respects but differing in others, 

sugge ts that other, perhaps intermediate forms could 

occur which would ~1so prove to be genetically and 

bioche~ically distinct. 

The S38ond problem depends upon whether the 

jaundice of the :~nglish cases was part of' the natural 

history of the porphyric disorder or an obstructive 

jaundice of unrel4ted cause occuring in patients with 



- 80 -

the South African genetic type of porphyria. The 
latter vie~ is favoured. 

For the purpose of this thesis, a si ple 
classification is given which covers only those 
varieties of porphyria encountered in this study and 
other types fully documented in the literature. · 
l. rythropoietic porphyrias 

(a) congenital erythropoietio porphyria 
(b) erythropoietic protoporphyria 

2. Hepatic porphyrias 

(a) Swedish genetic porphyria ( cute Intermittent 
Porphyria) 

(b) outh African genetic porphyria (Variegate 
orphyria) 

(c) ~cquired porphyria (Symptomatic Por,hyria) 
(d) orphyria secondary to hepatoma. 

The non-commital designations "Swedish11 nd 
"South frican" are used as suggested by Den ·nd 
.Barnes (113) . 
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CUA T ··R VI. 

L • 

1. Purification of olvents. 

It is essentiul th1.t metallic impurities are 

removed from solvents ~nd from all reagent hich 

are to be used with porphyrins. 1'.A:nal r" solvents 

(Bri ti h rug Houses) h:;i.Ve often been sed a supplied. 

but if time permits it is sound practice to distill 

11 solvents. 

ome solvents require speci 1 mention: 

• {· ter should come from an all-gl~ss still 

or from cl deionisinc- column • 

• Diethyl ethe~ must be purified before us. 

eroxides may be removed from technic~l ~r~ e et r 

{114), the eth.,r dried with soaiwn ulph,;.te or c ... lcium 

chloride, md distilled. Storc... , when tm voidable, 

hould be in~ light-proof bottle. t er supplied 

for an esthesi is free of peroxides but contains a 

reserv<.a,tive (propyl g llate) which leci.ves · re idue 

if the bulk of the solvent is ev~porated. 

C. Chloroform available commercic..lly usu··lly 

cont~ins u small a ount of ethanol as a pre crvative. 

This renaers it unsuitable for use in chrom<':k·to ra.phic 
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procedures as ethanol greatly increases th eluting 

power of th solvent. The ethanol m~y be removed by 

washing commercial chlo~oform four or five times with 

one fifth its volume of water, drying the wai;)hed 

chloroform with calcium chloride {powdered) and dis­

tilling it. So prepared, chloroform is unstable. 

It must be stored in a dark bottle ~nd prepared freshly 

every 3 - 4 weeks. 

D. ethanol. Commercial reagent grade ethanol 

cont ins less th n l,"' of water and this 1 dry enough 

for use in esterification reactions. 

~. ethylated pirit. Tis solvent is extremely 

cheap and is useful for rinsing glassware during 

experi ental work. supply of di tilled ''w i te" 

ethyl ted apiri t should be ept available • . 

F. thyl acetate (An lar) h s been used Qa supplied. 

It is expensive and should be recovered fter 1 rge 

volumes h~ve been used for porphyrin extractions. rhe 

recovery is described by ' chwartz et 1 (27). 

G. Hexane. The commerciu.l product is fr ctiori 

obt ined during petroleum refining. It should be 

redistilled to re ove high-boiling cont in .ts . 

• yridine. "Analu.r" pyridine h s been use c...S 

supplied. 
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I. Lutidine. Tends to become discoloured. It 

can be purified and at the same time freed of met llio 

impurities by distillation under reduced pressure 

(about 75 millimetres of mercury). 

J . Tetrahydrofuran ie unstable and forms peroxides. 

It is usually preserved with hydroquinone. raotice 

has been to ~urify it oefore use by distillation over 

solid KOH pellets. 

discarded. 

Discoloureds mplea should be 

2. Recovery of orphy;rine from Biological .• aterial • 

• Urine . 

Rimington and .'veineon (115) and Dresel nd alk 

(105) have described solvent extraction procedures which 

will recover both OOPRO and U O ~rom urine . COP O is 

recovered by the clae ical procedure of shaking the 

urine with ether and acetic acid. URO is extracted 

with cyclohexanone at pB 1.5. It should be rertlised 

that some urinea, 
appreciable. 

contain;concentrations of porphyrins 

with 7, 6 and 5 C rboxyl groups similu.r to, or grec.ter 

than the concentration of COPRO ( hapter VIII) . 

porphyrins are p rtially soluble in ether and the 

fractionation into COP O and URO is not cle cut. 

:these 
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Both fr~ctions will be contaminated by porphyrins 

more polar than COPRO but not insoluble in ether, 

as is URO . The cyclohexanone extract of urine also 

contains a considerable amount of brownish impurity 

which seems unavoidable if an organic solvent is used 

to extract the URO fraction. 

Various adsorbents appear to be suitable for the 

recovery of porphyrin from urine. Talc has, however , 

been used routinely because it is easy to work with and 

appeared to h&ve no particular disadvantages. The pH 

of the urine is corrected to the range pH 3 - 4 by the 

addition of glacial acetic acid. \bout 50 grams of 

talc is cidded per mg of porphyrin. fter thorough 

mixing an aliquot is removed and centrifuged. 5cc o:f' 

the supernatant is then shaken with 2 cc of e1. mixture 

of equ~l p rts of etherJacetic acid und amyl alcohol 

and ezamined in filtered UV light, to ensure that all 

porphyrin has been adsorbed to the talc. If not, more 

talc is added. large Buchner funnel is prepared 

with two luyera of filter paper covered with 'Celite" 

filter ~id tmd the talc is filtered off. .i.f ter washing 

with distilled water contuining about l,• acetic acid, 

the tu.le and ••celi te" filter cake is removed and dried 
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in a vacuum desaicator over calcium chloride. ~he 

cake ia then broken up und left in methanol plus 5~ 

sulphuric acid for 24 hours at room temperature to 

esterify adsorbed porphyrin. The talc is filtered 

off from the esterifying mixture and washed with fresh 

methanol containing 2~ concentrated sulphlil"ic acid. 

Porphyrin ester is trunsferred from the metha.nol­

sulphurio acid mixture to chloroform as described 

below. (Section 3). 

One possible advu.ntage of using talc s an 

adsorbent which was discovered during the course of 

studies on porphyrinogens, ie th~t talc, when added 

to a sol~tion of purphyrinogen, causes the immedi te 

oxid tion of the porphyrinogen to porphyrin. 

tmospheric oxygen is presumably required. 

B. Bile (or Duodenal. ispirate) . 

•hen attempts were made to extract porphyrin from 

bile by aha.king with various organic solvents, copious 
and stable emulsions formed. It was found possible to 
improve m tters somewhat by diluting the bile ten times 

with water before attempting to extract the porphyrin. 
This, however, meant working with very large volumes 
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~nd extractions were probably ratter inefficient. 

Lat ··r, it wus found that if the bile .... s mix d i th 

an equal volum~ of saturated ammonium sulph, .... te, extrac­

tions could ea ily be performed ith ether or ethyl 

acet-~e. l'his is the procedure :hich h s been 

dopted for all studies reported here. thou h 

fairly "clean" extracts of porphyrin can e repa.r d 

from bile in this fashion, it should be notea th t there 

is still tendency for the recovered porphyrin to form 

emulsions 1hich make it tedious to an lye bile- orphyrin 

extr Cv3 in counterourrent distribution ppur4t s. 

C. aecea. 

mhe recovery of porphyrin fro f'-'- ces using ethyl 

cetate nd acetic acid bas been de cribed (116). This 

=ethod w us d for muc. of the early work describ din 

this the is. owever, the extraction of uropor hyrin 

from faeces is incomplete. This difficilty cnn be 

overco e by extracti'ng the fa cal residue re aini 

~fter extr ction with an ethyl acet te/aoetic cid 

mixture. Before extraction; uro'porphyrin mu~,t first 

bee terified. 

~he residue is left soakin in methG.llol plus 5 
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sulphuric acid for 24 hours. The acidified methanol 

cont~ining porphyrin ester is filtered from the faecal 

residue which ie then washed with further quantities of 

acidified methanol and the porphyrin ester then trans­

ferred from the pooled methanol sulphuric acid solutions 

to chloroform. Unfortunately, during trr:msfer of the 

ester to chloroform. emulsions sometimes form which muat 

be separated by centrifugotion. 

D. Tissue. 

A method has been developed for the estimation 

of porphyrin present in liver, which depends upon the 

homogenization of the tissue in acetone and elution of 

porphyrin by addition to the acetone of l-2~ concentrated 

(3670w/v)hydroch1oric acid. 'fhe nethod w s developed 

bec~use it was found that the technique of Schwartz 

et al (117) did not extract uroporphyrin present in 

the livers of rats poisoned with hex~chlorobenzene. 

The acetone extraction on the other hand, is extremely 

efficient. 

extracted. 

At the same time, of course, haems nre 

The amount of porphyrin recovered from 

some livers was so great that it wus suspected that 

some of the haems were being de-Jroned to leave free 
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porphyrin, but the amount o! porphyrin obtained from 

normal liver was leas than one microgr m per gram, 

showing this not to be the case. 

!ethod. A weighed sample or tissue is homogenised 

in acetone (AR). ihe homogenate is transferred to a 

small conical flask and 2% (v/v} cone. HOl added to the 

acetone. After violent sha.kingt the tissue residue 

is filtered off using a small Buchner or Hirsch funnel • . 

The tissue residue remaining on the funnel is once more 

extracted by shaking with acid acetone und the two 

fil tratesr1pooled • The extract of porphyrin and h~ems 

in acid acetone may be either evaporated to near dryness 

under vacuum in a rotary evaporator and esterified for 

subsequent an lysis or analysed by solvent extraction 

procedures. (It is only necessary to evaporate the 

acetone if a fairly large volume of methanol+ 5~, 

sulphuric acid is added.) 

Details of a olvent xtraction Procedure. The 

acid acetone is added to nn equal volume of water and the 

solution brought to pH 3.5 by the addition of aqueous 

sodium acetate. Ether soluble porphyrin is extracted 

by shaking the solution twice with equal volumes of 

eth •r. The ether extracts are pooled and washed twice 
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with half their combined volume of 5% sodium acetate. 

the first wash containing . 005~ iodine. The two sodium 

acetate washes are added to the original aqueous solution 

for the subsequent extraction of URO. COPRO is extracted 

from the washed ether using 0. 1 I HCl, and PROTO with 

1.5 i nc1. To extract URO from the combined aqueous 

solutions the pH is corrected to be in the range 1 . 5 to 

2 by adding ;.o N HCl, and URO is extracted to compl_etion 

into a mixture of equal parts of ethyl acetate and 

n-butanol. Extraction ia complete when the organic 

solvent no longer shows pink fluoreaoence in UV light 

after shflking with the aqueous phase. URO is extracted 

into 1.5 N HCl after petrol ether (any fraction) has 

been added to the ethyl acetate - n-butanol solution . 

The volume of petrol ether should approxim~tely equal 

that of n-butanol. The porphyrin content of the 

extr eta is quantitated as described in the appropri te 

section. An experiment was conducted in which liver 

from a patient with acquired porphyria was analysed 

by 3 methods: 

(a) acetone)HCl extraotioh as described above 

followed by esterification, electrophoresis 

and quantitation of the electrophoreaed 

porphyrin fractions. 
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(b) acetone HCl extraction procedure (as above) 

followed by the solvent extraction procedure, 

also described above. 

(c) homogenisation of the tissue in met .anol, 

elution of the porphyrin by acidification 

of the methanol with 5% (v/v) of concentrated 

sulphuric aoid,followed 24 hours 1 ter by 

transfer to chloroform of the methyl esters 

of porphyrin, and analysis by electro­

phoresis after hydrol1.ais . 

(a) gave a result 117 microgra.ms total porphyrin per 

gram wet weight of liver, (b) 128 micrograms, nd (c) 

127 micrograms per grum wet weight of liver. 

Homogenisation in methanol and subsequent esterifi­

cation of the porphyrin before sep ration from the 

tissue residue is not recommended as the emulsi ons 

formed were extremely troublesome. 

3. The Esterifioation of Free Porphyrin tcids. 

Techniques described above muke use of 5% solutions 

of sulphuric acid in methanol for the eaterification 

of porphyrins. This is probably the sioplest procedure 

to use. qually effective is h solution of dry hydrogen 
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chloride (118) in methanol. Falk et al (102), state 

th t up to 24 hours is required for complete esterifi­

oation uain methanol-sulphuric aoid at room temperature. 

However, if dry hydrogen chloride is passed into a 

solution of porphyrin in methanol , eaterification ie 

virtually immediute. 

nough HCl gas need not be passed to saturate 

t~e methanol (this is about 35% w/w). If the gas 

is bubbled f irly fast, the methanol-HCl solution will 

suddenly become warm and esterifioation proceeds r pidly. 

(38). 

~he techniquef>r tr&nsferrin porphyrin ester 

from acid methanol to chloroform is described in the 

reference already cited (116). It is most important 

that acid present be neutralised with saturated aqueous 

sodium acetate before water is added to sepdr te the 

chloroform and aqueous phases. Unless this sequence 

is followed, some hydrolysis of porphyrin is inevitable. 

Diazomethane has been aomewh~t ne lected in 

recent years for use in the esterification of porphyrins, 

particularly since there is now a convenient method for 

its preparation. It is true that the reagent has a 

bad reputation on account of its poisonous nature and 
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explosive properties, but the a.moun a required for 

the esterification of porphyrins recovered from 

biological material are usu!tlly small and the da.~gers 

ure thus slight. 

Although it is normally stated that esterifi­

cation is carried out in anhydrous ethere l solution, 

ether is a very poor solvent of free porphyrin in the 

dry state. However, experience has shown th .t 

diazomethane can be used in ethereal solutions con­

taining tetrahydroguran (THF) or pyridiae. 

Diazomethane is prep~red from N-methyl:N-nitroeo;p-tolyl­

sulphonic acid by the method cited by Vogel (loo.cit. 

p 971.) The method of synthesising this compound is 

also given. An ethereal solution of diazomethane is 

distilled into a solution of porphyrin in ether, with 

or without THF or pyridine, and cooled in ice. It is 

convenient to prepare at least 0.15 of a gram of 

diazomethane at a time although this usually represents 

a gros excess of th~t required for methyl tion. he 

presence of an excess of diazomethane is teated for by 

dipping glass rod moistened with glacial acetic acid 

into the solution; bubbles of nitrogen re liberated 
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in the presence of diazomethune. The diazomethane 

and solvents .... re distilled off under vacuum or removed 

with a stream of dry nitrogen. residue of the 

porphyrin ester remuins which may be taken up in 

chloroform. 

4. Separation of Porphyrin Esters by Column Chromatogra;ehy,. 

A. The Use of .lumina Columns. 

It is of great importance th t the ~dsorb_tive 

capacity of alumin~ be carefully stand rdised prior 

to use. or this reason exact det~ils of the pro-

cedure found to be aatisfuctory by tri·l ~nd error 

will be given. The ulumina used was "Aluminium 

oxide, standardised for chromatographic analy·is 

according to Brockmann, Merck. ·1 Thia was activated 

by heating at 220°c for three :to four hours nd cooling 

in a dessicator. neactivation to be~ween Grudeo 1V 

and V (Brockmann and Schodder) was achieved by adding 

10% (v /w) of distilled 'i:ater to the alumina contained 

in wide-necked flask, atopperin6 this firmly and 

sh--king violently until the water had been dispersed 

and the alumina was again a fine, free-flowing powder. 
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A mixture of 2.5 milligrams each of uroporphyrin, 

coproporphyrin and protoporphyrin nethyl estera c~n be 

sep rated on a column containing about 50 gr~ms of 

alumina s prep red above. 50 gran:is of alumina is 

slurried with chloroform (alcohol free) and poured into 

a column lt inches across, closed t the bottom ith a. 

sintered glass disc of medium porosity with at p below 

to control the r~te of efflux. 

the alumina llowed to settle. 

The t pis closed and 

The layer of chloroform 

above the alumina is sucked off, or run off, and, taking 

great care not to disturb the surface of the dsorbent, 

the porphyrin mixture is added in solution in~ minimum 

volume of alcohol free chlroform. The t~p is opened 

to allow the ester to be adsorbed~+ the top of the 

column, but closed again just before the column runs 

dry. zgain with great care, chloroform is dded and 

the rte of efflux adjusted to 120 drops per minute. 

t rotoporphyrin and then coproporphyrin will be collected 

as separate fr ctions, but the elution of uroporphyrin 

requires addition to the chlorofor of 1~ by volume of 

methanol. Recovery of µrotoporphyrin and coproporphyrin 

from such a column is virtually quantitative but, in an 

experiment performed, while 97% of protoporphyrin a..~d 
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100, of coproporphyrin applied, w~s recovered, 

only 72, of uroporphyrin eluted. The remainder 

stayed at the top of the column and could not be 

displaced even by pure methanol. ~he ease of elution 

of porphyr1ns from alumina is MESO = DLlJTERO = PROTO) 

COPRO) URO = HA!'..MATO. 
I 

B. Chromatography on Magnesium Oxide. 

This technique has been largely abandomed for 

analytical work. Although batches of magnesium 

oxide initially supplied appeared to give good re­

coveries, recent batches have tended to adsorb 

irreversibly considerable amounts of the applied 

porphyrin esters. Magnesium oxide used to be used 

for separating the porphyrins of urine, but this is 

done far more efficiently by electrophoresis. 

was previously u use for magnesium oxide column 

There 

chromatography in the separation of protoporphyrin 

and other dicarboxylic porphyrins of faeces e.g. meso-

or deuteroporphyrins. However, the separation was 

never clear cut, and losaea of protoporphyriu were 

sometimes large. Counterourrent distribution (CCD) 

is no; used for separating these porphyrins. 
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lthou h chromatography on 0 h~e been l rg ly 

suppl~nted by CCD and electrophoresis in an lytical 

studies it is still useful for prep~rative iork. 

gO is prepared in similar fashion to alumina but 

only 3~ v/w of water is added to deactivate. slurry 

is prep-red in chloroform plus 1% (v/v) met anol nd 

elution is accomplished with increasine concentrations 

of methanol . .1:he ease of elution is URO / CO O > 
DEU • 0 = I so PR0110 > HAE LATO . 

5 . The Quantitat on of orphyrin in Solution . 

rhe concentration of porphyrin in solutions is 

measured either spectrophotometrically or fluoro ­

metrically . Spectrophotometry makes use of the 

sh rp absorption bands in the visible region, or of 

the extre ely sharp und intense absorption of the 

soret bana around 400 mu. in the near UV. 

Fluorometric measurements re ma.de by activt:J.ting 

fluorescence with light at the wave length of the 

Soret b nd of the porphyrin being measured and re­

cording emission at the alpha band maximum whioh ia 

around 600 mu. in aoid solutions, and 620 - 630 mu. 

in neutr 1 solutions . 
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A novel method of quantitating porphyrin in 

solution which will also be described, 1~ the copper 

titration method o! Oliver and Rawlinson (37) which 

is useful for determining molar concentrations of 

porphyrins whether or not the molecul r weight is 

known • 

• Spectrophotometry. 

heoretical aspects concerning the behaviour 

of light passing through solutions are considered by 
+ llaastone (120). • ccurate measurements ,y absor,.tiometry 

require (1) absolutely clear solutions, (2) th t the 

molecular species being measured ·is not in any way 

aa~ociated and (3) th t the concentration is ouch 

th t deviations from Beer's Law c n be neglected. 

olar extinctions of porphyrins at the oret b nd 

maximum range from about 2.8 x 105 for protoporphyrin 

in acid solution to 5.2 x 105 for uroporphyrin in acid 

solution,~nd measurements may be nade on solutions which 

contain less than about 1.5 to 2 microgr ms of orphyrin 

per ml. at higher concentr tions Deer's law is no 

lonr;er followed. In organic solvents the extinctions 

are lower, ranging from 1.5 to 2 x 105 and more 

concentrated solutions can be me eured using oret 

band absorption. 



- 98 -

For stronger solutions, either acid or neutral, 

the absorption bands in the visible region must be 

used or the solutions diluted .• or accurate work, 

need hardly be . stated thut these meu.surements are 

only valid if physical constants relevant to the 

particul r porphyrin being measured are known. It 

often huppena, though, that in solutions obt ined 

from biological extracts, unknown porphyrin mixtures 

are present as well as impuritiea,und under these 
measurements 

eircum.stanoee;can only be regarded as approximate. 

imington and Sveinsson (115) have described 

a method for correcting absorption in the uoret band 

for the presence of impurities. fieasuremunts a.re 

it' 

m de at the peak of the voret band ab~orption nd t 

points approximately 25 mu. above and belo the pea.k, 

i.e. -t 430 mu. nd 380 mu. The assumption ism de 

that bsorption due to the background impurities 

chan es in a linear fashion from the point 25 mu. 

above the oret bana to that 25 mu. below. The sum 

of absorptions at these two points is subtr~cted from 

twice the Soret band maximum and the difference , , 

divided by a factor which is unique fore ch porphyrin, 

represents the corrected optic 1 density. Rimington 
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has published a list of correction factors (128). 

This method cannot profitably be applied to measure­

men ta mu.de on the .soret band of neutrdl porphyrin 

solutions because in theae solutions the ubsor_ption 

on the ultr violet cide of the band does not fl off 

sharply. 

B. ~xtinction Coefficients. 

xtinction coefficients have been detoroined 

for the various reference porphyrins prep-...red. These 

are indic ted in ILppendix B. Weighing have been m de 

on . 11 Sartorius t'electa.U balance which allows the weight 

to be estimated to the nearest O.l mg . 'For extinction 

coefficients to be reasonably accurate at least 10 mg . 

of porphyrin should therefore be weighed out. This 

amount of pure porphyrin has not always been ~vailable, 

so th tit is not claimed th~t extinctions quoted in 

thi ,rork are more accurate t},.!-.J.ll other published 

:figures. Those extinction coefficients which huve 

been used in calculations are separately indio ted in 

Appendix B. 

The generally used extinction coefficients ~re 

those of Rimington (128). These are given to three 

significant figures implying a very high degree o:t 
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accuracy. Rimington' s figure for ~ol, OOPRO 

(0.1 N IlCl) is 4.89 x 105; Jope and O'Brien (121) 

after a painstaking purification of OPROt arrived 
5 at the figure 5.2 x 10. However, it ia not possible 

to assess the relative merits of published figures 

when details of technique, including the weighings, 

are not given. 

A generally accepted extinction coefficient 

which should be viewed critically is th~t of ·ROTO 

in 1.5 N liOl. RimiD8ton gives ~ol PROTO (1.5 N HCl) 

as 2.75 x 105 and the Soret peak as 408 mu. It has 

been found that both figures are probably rather 

low. 

riOTO ester was hydrolysed and purifiea by COD. 

( ther/0.5 • HCl.) The molar concentration of this 

purified OTO in solution in glu.cia.l acetic acid was 

determined by the Cu titration method {below) and the 

extinction in 1.5 J.i HCl was fo~d to be 3.15 x 105 

and j .2 x 105 in two sep . .:.rate expa:r.-iments. 1he 

Soret band maximum was at 409.5 mu on each occasion. 

In a different experiment }OTO ester was 

purified by chromatography and hydrolysed with 

methanolic KOH. 'l'he molar extinction in 1.5 N BCl 

was 3.02 x 105 based on a weighed sumple of 8.5 mgms. 
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The Soret band maximum was at 409 mu. 

cid hydrolysis of PROTO leads to an impure 

product and cannot be used if it is desired to measure 

extinction coefficients accurately. Despite the ex-

periments reported here and these remarks, imington's 

figure of 2.75 x 105 has been used in moat calculations. 

However, attempts to obtain correct extinction co­

efficients have highlighted difficulties in prep ring 

pure sQmples of porphyrin. 

u. Fluorimetrz. 

Fluorimetry was the generally accepted method 

of measuring the concentrations of porphyrin in very 

dilute solution before spectrophotometers able to 

operate in the near UV became generally available. 

'I'he physical basis of fluorescence was considered 

briefly in Chapt.rI. The monograph of Udenfriend 

( 129) 11 1~1uoreacence ssdy in '.Biology and 1edicinen 

contains useful practical data and some theoretical 

discussion but makes only brief reference to porphyrins. 

(i) Advantages of Fluorimetry. ~he overriding 

advantage is sensitivity. The Aminco-Bowman spectro-

fluorophotometer uses a Xenon light source, a ~hoto­

multiplier tube detector and separate diffraction­

grating monochromators for activating and emitted 
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light. This instrument will 0 ive a full scale 

deflection with as little as 10-4 ug. of porph. rin 

per ml. in acid solution. 

is required. 

Only 1 ml. of solution 

3 further advantage could be selectivity. 

ctivation of fluorescence at 400 mu with emission 

at 600 - 630 mu is a fairly unique property; far 

more unique to porphyrina than is absorption at 

400 mu. Fluorimeter readings are thus due mainly 

to porphyrin fluorescence . Unfortunately, 

enhancement and quenching of fluorescence by 

impurities detract from the precision of measure­

ment and. can generally not be a.dequ· tely corrected 

.for. 

(ii Standards. Measurements must be w de 

by comparison with a known source. I'f _possible 

this should be a standardised solution of the sub­

stance being measured. If this is not possible, 

conversion factors have to be used which vary with 

the following: 

(a) slit wiaths of the monochromators 

(b) photomultiplier tube response chc.racteristics 

(c) variations in spectral energy distribution 

of the activating source. 
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(It is assumed thu.t the wavelength settings of 

the instrument are adjusted to give the maximum 

deflection from a sample before each reading is made.) 

Only coproporphyrin is sufficiently stable for 

use as a standard in fluorimetry. In practice, 

solutions are used which contain 0 . 10 ug/ml in 

O.lu N and 1 . 5 N HCl . Using the Aminco- owman 

instrument, slit-system io . 3, an IP 28 photomu.lti­

plier tube and exprest,ing concentrations on a. w/v 

basis in 1 . 5 N HCl, PROTO will give fluorimeter 

readings 70~ of those of an equal concentration of 

COPRO and URO 75,; of ~o RO. (The concentr~tions of 

U O, CO> 0 and ROTC used in determining these conversion 

factors were derived fron ruolar extinctions of 5.2, 

4 . 8 and 2 . 8 x 105 respectively. ) Because of (a) 

(b) und (c) above, these conversion factors are 

only applicable under the instrument t::onditions 

defined . Standard tiOlutions of copropor2hyrin, 

stored in the dark ,rt room temper ture, h ve proved 

quite stable over several montns. 

The rel tionship between fluorimeter .re dings 

and concentration is linear up to 0.2 ug/mL. 

vchwa.rtz (27) reports th~t s turation of n acid 

solution of porphyrin with ethyl acetate causes an 
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8 - 12% enhancement of the fluorimeter reading. 

This was not found to be so when ether was the 

organic solvent used. 

In summary, fluorimetric assay of porphyrins 

is useful when extreme sensitivity is required. It 

has cilso been useful and accurate in determining 

coproporphyrin isomer composition as absolute assaye 

were not called for. 

D. After analysis by Countercurrent Distribation. 

A special problem encountered was the need for 

rapid quantitation of porphyrin in the individual 

cells of countercu:rrent apparatus. ..fter a counter-

current anu.lysis, some 30 to lOC cells, each ootJ.taining 

an ethereal and aqueous phase, must be analysed. 

Vdrious porphyrins, some known ~nd some unknown will 

be ·istributed t:twoughout the system. The concen­

trations vary from fairly deeply coloured to only 

fairly fluorescent solutions. Granick aud Dogo~ad 

(123), describin~ the countercurrent separations of 

haemuto-deutero-meso- o.nd protoporphyrins easured 

both phases simultaneously in a modified ec man 

cell-holder, making the measurement at isobestic 

points of these particular porphyrins. T 1ey stress 
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the advant~ge of this method in speeding the analysis . 

Inspection of a plot of porphyrin absorption 

spectra in acid and ether solutions e.g . Pigs . IV-4,5 

shows thut at the isobestic points, the slope of the 

lines is extremely steep so th ta all errors in 

choosing the wavelengths of isobestics will lead to 

l arge differences in molur absorption . 

dd to this the fact th .t the nature of the 

porphyrin being measured is unknown until after the 

countercurrent analysis and it will be pparent how 

unsuit ble this technique is for 'Unknown solutions. 

In practice, it has been found convenient to dE:ter ine 

the extinctions, ·both in ether und in · cid solution, 

of prominent bands in the visible as well a the Soret 

region of the porphyrins commonly encountered . 

fter CD the two phases have been sepr rated, 

measured separately and all re dings have been 

finally corrected to Soret Band absorption in acid . 

Inaccuracies are inevitable when •tnewtt porphyrins 

are encountered but they are likely to be considerably 
less usin::, this method than if measure ents are made 

on upposed isobestic points. bsorption peaks may 

be rapidly determined but not isobesticA . 
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• 'he Copper Titration method of Oliver Rawlinson. 
( 37). 

This method for measuring molar concentrations 

of porphyrin makes use of the fact thut the bsorption 

spectrum of the copper complex differs from that of 

the free porphyrin. To determine, for example,the 

mol r concentr tion of a solution of protoporphyrin 

plots are m de of the spectrum of the free porphyrin 

in glacial acetic acid and of its copper complex formed 

by heating the porphyrin with cupric acetate and ,lacial 

acetic acid in a water bath t 100° C for ten minutes. 

point (or points) is chosen from the plottea spectrum 

where formation of tle metal complex result in a 1-rge 

change in extinction. 

A series of tubes is prepared each cont~ining a 

known amount of porphyr1n and graded amounts of cupric 

cet 'te and glaci 1 acetic acid ao th~t there will be 

some tubes in wh!ch conversion of the porphyrin to its 

copper complex is incomplete and two or three tubes 

where conversion is complete. The tubes are then 

heated t 100° C for ~O minutes and the optical density 

of each read at the point previously chosen. plot 

is obtained as shown in Fig. VI - 1. 
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6 . Crystallisation of Porphyrin 

Concentrated solutions of porphyrin methyl 

esters are prepared in chloroform . Jrystallisation 

is induced by adding a solvent in which the ester is 

relatively insoluble . (Referred to as precipitating 

solvents . ) Crystal growth should be as olov us 

poRsil>le . 

Optimum crystal morphology hue been obtained 

by ad ing precipitating solvent to a chloroform 

solution of ester slowly, and with constant agit~tion; 

both solvents are warmed before mixing . ~he mixture 

ia then stoppered and allowed to cool slowly in a 

bemcer of tepid water . If no crystals form, cooling 

is continued in the refrigerator . If cryatc..llisation 

still f~ils to occur, the total volume is reduced by 

evapor tion in a stream of nitrogen while ~arming the 

tube in u W-lter bath, further precipitating solvent 

c..m then be added . 

ry tallisation should be c~rried out in a ground­

gl ss stoppered test tube of as small a volume as 

possible . ' 11 tration should precede crystul.lis ..... tion . 

lll solvents must be distilled before use. 

Uroporphyrins crystallise from chloroform on 

the ddition of benzene , hexane, acetone, ether etc . 
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COPRO I crystallises well from chloroform methanol. 

fhis is a useful system because the chloroform can 

be evaporated on a water bath faster than the methunol 

so th~t if crystals do not form after .dding methanol 

nd cooling as descri'bed above, the concentration of 

methanol and porphyrin may be simultaneously increaoed 

by evaporation. 

CO tO III tends to cryst~llise very slowly. 

Hexane should be added to a very concentr ..... ted solution 

of the eater in chloroform. Crystallisation may ~alee 

days or ilieeks . 

Dicarboxylic porphyrins cryat~llise well from 

chloroform-methanol as described for CO RO I. 

ryst le should be aep~rated from their mother 

liquors by centrifugation. The mother liquor is 

removed using a aeteur pipette and the crystals 

washed in fresh methanol or hexane, whichever solvent 

has been uaed to induce crystal growth. 

It has been stated (121) th tit is extrc;rnely 

difficult to remove traces of chloroform from 

crystalline porphyrin ~ethyl esters. It is possible 

that clathru.tes form. If crystalline m teri,l io to 

be accurately weighed, it should be kept for~ few 

days in a vacuum dessicator over pa.raff.in \Jax, o:r, 
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preferably, dried in an Abderhalden pistol. 

1. 1eltins Point Determ~nations . 

A sharp melting point ia one of the beat single 

criteria of purity in an organic chemical compound. 

he porphyrins are no exception and the ~elting points 

of porphyrin methyl esters have been used since the 

early days of porphyrin chemistry ~a criteria of the 

purity of preparations and as a guide to their nature. 

elting points described in this tlesis huve been 

obtained using a Leichert Microhotstage of the Koffler 

type which e~ables the crystals of porphyrin to be 

observed under a magnification of up to 100 tirnes. 

Ordin ..... ry or polarised light m'""y be used. !rhe rate 

of heating is controlled by a Variac type trwisformer. 

There is perhaps some dis~dvantage in such 

minute inspection of porphyrin crystals in the pro­

cess of their melting. Instead of observing gross 

melting in a group of crystals, each individutil crystal 

is ob served. ... intering .ina.y be confused with melting 

lthou h of course there should be no loss of birefrin-

gence. rystalu tend to reform in the melt and melting 

cannot be regarded as complete until all crystuls in 

the melt have disappeared. Under these stringent 
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circumstances a sharp melting point, when the 

temperature is raised sufficiently slowly, for 

example, 2° per minute, is an excellent indication 

of purity, but it is encountered fairly uncommonly 

in porphyrins prepared from biological extr eta. 

the porphyrin literature contains frequent reference 

to juel ting points given as a single figure. It is 

not easy to accept these because the .oet highly 

purified materials melt over u range of one or two 

degrees, wlen the melting point is as high as 200° C. 

The melting points of various reference porpbyrina 

are given in r' .. ppendix B. 

a. Spectroscopy. 

A. The Visible Regiqn. Absorption maxima and 

minimu of porphyrins may be determined by plotting 

complete spectra using a spectrophotometer; the 

spectra re complex and this is an extremely time-

consuming operation. Further, few spectrophotometers 

are equipped with gratings and prisms provide rather 

low dispersion in the red region where the important 

alpha band is situated. 

The Hartridge 1eversion Spectroscope waa 

specill.J.ly designed for investigating the ~pectra of 
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porphyrin compounds. It is able to mea. ... u.re the 

centre (not the peak unles!:3 the band ie ymmetricu.l) 

of absorption bands in the region 500 - 680 mu with 

quite remurkable ccura.cy and tl,e instru,. ent is extremel:1 

rapid to use. 

Very accur, te measurements can be m de on the 

alpha band of neutral porphyrin spectra, esi:1ecially 

in ethr.;r or dioxa.ne solutions, u. small alt0r tions 

in the positions of this band provide useful information 

in analytical work. ~ables of absorption maxim~ of 

various porphyrins as measured with the eversion 

upectroscope are given in ,ppendix B. 

'B . Infrt:i.-red sw ctra. .Different isomers of 

different porphyrins possess unique patterns of IR 

absorption in the finger-printi~., region of from 

750 - 2250 cm-1 • In the case of URO's I and III 

these ifferences <.:l.Te not adequate to detect mixtures 

of isomers (27) but isomers I and III of JOP O differ 

quite considerably in the region 800 - 1300 cm-1 • 

It is not known whether there are signif1c nt 

differences in the spectra of isomers of OTO 

although the marked asymmetries which should follow 

moving vinyl groups about sug est th t there •muld be~ 
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IR spectra can be recorded in ·olution or in · 

the solid state. Only the 1~ ... tt r ppe ... r to .h ve 

been used in published works. ( 27, 141). li'ig. VI-2 

shows IR spectra obt ined using KOl discs and a Unicam 

-100 double beam recording pectrophotoT:'leter. hese 

spectr are in good gree ent nd 

illis (141 which were obtained ith porphyrin~ di -

persed in Nujol. Only the record of bsorption in 

the 'fi er-printing' region has been shown , it was 

found that differences between those porphyrins studied 

1ere negligible in other regions. Th ~b orption 

xim t 1740 mu are due to carbonyl oxy n. It is 

not pos,,i ble o as$i _ n definite si nificance to ... ny 

other pe o. 

9. P per Chromatography of 1:orph,rr~. 

A. Free iorphyril1§.• In 1949 Nicholas and 

Ri ington (131) introduced the first solvent system 

suitable for the ·hrom togr·phy of free porphyrins 

on paper. The solvent consisted of w ter ~nd 

comm roiul mixture of 2: 3 and 2 ~5 dimethyl pyridines 

and the chrom tograms were run in an mmoni ~tmos­

phere. the Rf v lues of free porphyrin3 in this 

system depended chiefly upon the number of c r oxyl 
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groups The method was improved by Eriksen (132) 

who introduced 216 dimethyl pyridine in pl ce of the 

previous isomers which were partly immiscible with 

water . riksen employed the convenient "ascending 11 

technique. In 1958 the versatility of the method 

was extended when Eriksen showed that if the ratio 

of water to lutidine was ohanged from 3s5 to 2:5 

that the method caused good separation of copro­

porphyrin isomers, and that isomers I, II and III 

could be sep-ruted. Isomers Ill nd IV did not 

sep4rate . In 1961 imington showed th t meso-

orphyrins I and IX could be separated using water 

to lutidine in the ratio ls5. 

method for the paper chromatography of free 

porphyrin acids has been described (133) using neutral 

s lt solutions, but this method does not compare with 

the lutidine method as the quantity of porphyrin which 

ca.n be appl~ed to paper is small and streaking tends 

to be annoying. 

B. Esterified Porphyrins . technique has been 

described for the separation by paper chromatography 

of porphyrin esters on the baeis of the number of 

carbmethoxy groups. (101). Two methods are docu­

mented which eep~rate the I and III isomers of O 
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\ I)~ 

and COPRO esters respectively (10~). Cu.re mus t be 

taken in using any one of these 3 systems that the 

capacity of the »aper is not overloaded nd the t,o 

techniques for isomer separation lead to anomalous 

results unless great care is taken in this respect. 

Both ethods for isomer sep rations ppeur to deJend 

upon the relative insolubility of the series I isomer 

esters in organic solvents, but this property must be 

exploited at exuctly the right concentrution. 

Further, tha a.lk-Denson techni ue for separ tin0 

U.O isomers requires the use of dioxane; this 

requires considerable purification prior to use 

and h u very limited ·stability. Neither of these 

techniques has been used in this study. The Chu and 

Chu technique for coproporphyrin isomer separations 

was found to be inferior to th t of .Eriksen. mhe 

}tilk-Benson technique leads to considerable difficulty 

when 7 carboxyl porphyrin (pseudo-uroporphyrin) is 

present, and the procedure followed in isomer an lyses 

of URO and 'PSEUDOUR0° has been to d.ec rboxylate and 

estimate the isomer content of the resulting copro-

porphyrlns. 
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c. Details of Technique. 

(i) Lutidine vhromatographx, System l. 

(To separ te free porphyrins on the basis of the 

number carboxyl earoups.) 

Chromatography is carried out at room temperature 

in closed, light-proof gl as tanks. he ~olvent used 

is 2,6-lutidine 5 parts, water 3.5 parts. The atmos-

phere is derived from a 100 cc beaker containing 5N 

ammonia. Pieces of .batman's No . 1 filter p per 

(see below for details of preliminnry washing required) 

9" x 11' are spotted with porphyrin containing solution, 

1 inch from the 9 inch border. ~he pc.a.per is dried 

in a current of warm air ~~d stapled so as to form 

cylinder which stands in a petri dish on the bottom 

of the glass cylinder. No time need by llowed !or 

equilibration of t},e atmosphere in the tank. olvent 

is pl ced in the petri dish and fter 12 hours the 

paper iQ taken out, the solvent front marked, the 

p per dried in warm air, and examined in ultra violet 

light. The c pacity of the paper is extremely high. 

orphyrin may be applied in solutions cont ining 

1 microgram each of uroporphyrin, coproporphyrin and 

protoporphyrin per microli tre of solvent. ·oncentrated 

(25) ailll!lonia solution is a suitable solvent for 

porphyrin mixtures containing pred minantly uro-
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porphyrin but pyridine must be uaed if the porphyrin 

present is predominantly dicarboxylic. or mixtures 
containing equal quantities of uro- copro- and 

dicarboxylic porphyrin, a lil mixture of concentrated 

ammoni solution and pyridine usu ly works well. 

Dilute HCl ie a good solvent for tree porphyrin but 

if porphyrin is applied as the hydrochloride, anomalous 
Rf values are obt~ined and coproporphyrin runs s a 
double spot. 

u ntitative SRects. Initi 1 attempts to 

recover porphyrin quantitatively from paper fter 

lutidine chroDatography were very uns tisf ctory. 

Dic!lrboxylic porphyrin in particular was recovered in 

~ields of from 5 to 101"• It was found th t this 

could be overcome by washing the paper thoroughly 

before u e in 1. 5 J.i liCl, rinsing the p per thoroughly 
in distilled water until the washings were neu~r 1, 

and drying it in u. warm air oven at 100°0 for one to 
t.o hours. fter this treatment, which pre umably 

removes metallic impurities, recoveries have been, for 
a chrocatographic procedure, f irly good, on condition 
enough porphyrin is applied at the starting point. 

(ii) •xperiment~ To determine the recovery 
from paper following separation of porphyrins by 

lutidine chrom togr~phy. 
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Solutions of methyl esters in chloroform were 

prepared of uroporphyrin I, coproporphyrin III nd 
protoporphyrin IX. 0.5 cc of each was dried and 

hydrolysed for 24 hours in 1 cc of 7.5 HCl. 

4 cc of water was added and the solu·tion diluted 

ten timea with 1.5 N Cl. 

and concentrations were:-

uroporphyrin 

copropor_phyrin 

protoporphyrin 

The optie 1 densities 

O. D. 

0.875 

0.110 

0. 435 

ug/cc 

1. 57 

1 . 15 

0.923 

Into 6 B-14 glass stoppered teat-tubes were 

pipetted in turn 0.5, 0. 4, 0.3, 0. 2, 0.1 and 0.05 cc 
of each ester solution. The ester mixtures were 

hydrolysed with 7 . 5 M IlCl for 24 hours and the cid 
dried off under vacuum over KOI. 100 u of a 1:1 

mixture of iH40H (25;) and pyridine was ad ed to each 
test tube and the free porphyrin acid-hydrochlorides 
dissolved with vigorous swirling. ( "Rotomix. 11 ) 

10 uL of each of the 6 concentrations w s applied to 

a 2.5 cm line on 1hatman's No . l paper (acid waah d) 
and the 3 components of the mixture separate by 

lutidine chrom tography (system 1) aa described. 
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The chromatogram was dried at 40°0, the fluorescent 

spots murked in pencil and the porphyrin eluted 

into 5. 0cc of 1 . 5N HCl. (The paper was macer~ted 

by shaking vigorously in B-14 glass stoppered te t 

tubes with small glass b lla.) Theo tic~l density 

readi s Qnd the recoveries are tabulated ( ~able VI-1). 
0 tical densities have been corrected for b ck round 

absorption. ( ect. 5- ). ·o cl i is made that this 

is a precise technique. It does, however, allow 

information of limited quantitative significance to 

be obtained from chromatographic an lyse where 

previously visual inspection w~s the only means of 

assessing the relative concentrations of fr ctions . 

Time has not yet permitted a more rigorous evaluation 

of ei·ther quantitative lutidine chromc:a. tog.r phy or 

electrophoresis. 

Table VI - 1. 

Vol.of Ester Solution (cc) 
0 . 5 0 . 4 0.3 0.2 0.1 0.05 

llliQ. O.D. 

Recovery 

OTO O.D. 
% ecovery 

0.86 

98 

0. 59 
77 

0.17 
38 

0 . 66 0 . 48 

96 92 

0.48 0.34 
77 73 

0 . 19 0.11 
55 41 

0.30 0.16 0.054 

86 94 62 

0.21 0 .12 .079 
68 76 100 (?) 

.087 0.10 0.035 
50 115(?) 77 
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Lutidine Chromatography System II - The ~eparation 

of CoproporEhyrin Isomers. 

Technique is similar to the above. The same 

apparatus is used and coproporphyrin dissolved in 

ammonia or ammonia-pyridine is applied in the same 

fashion to 11 tman'e I paper. The atmosphere in 

the tank however, is derived from us 11 be ker 

containing 25~ (approximately 13.5 N) ammonium 

hydroxide. The solvent is 2s6 lutidine 5 parts, 

water 2 parts. After the paper has been placed in 

the tank together with the beaker of ammonia, 20 min­

utes is allowed for equilibration of the tmosphere 

in the tank before solvent is run into the etri dish. 

gin 1-un of approximately 12 hours is satisfactory. 

The mobilities of the coproporphyrin depends to some 

extent on temperature, and in cold weather the sepa­

ration of isomers is less good than on warmer daya. 

Quantitative epects. Whatman~ No. 1 paper 

need not be washed prior to use for coproporphyrin 

isomer separations, and the technique of isomer 

analyses is readily quantitated by a fluorometric 

nethod. ~fter chromatographic separation is complete, 

the paper ia dried t 60° for about 20 minutes. The 
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spot .re th n mar ed in ncil, cu o t, ~ pl ced 

in -14 round l es atop r t t • 0 ch 

teat tube ia de 5 cc of 1.5 1 nd ome ·lf 
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This figure shows two plots, corrected and uncorrect-d . 

In the corrected plot allowance has been made for the 

f ct th t the analysis showed the standard coproporphyrin 

I golution to coritain 7~ of Jeries III isomer. 

~- Rf values have not been mentioned in 

connection with lutidine chromato r~phy. It has been 

found in the case of oystem I where porphyrins separate 

according to the number of carboxyl groups, thQt Rf 

values depend greatly upon the concentration of ammonia 

in the tank which is not easily controlled. It ia fc...r 

preferable, with each run, to an lyse a known mixture 

of uro-, copro- and propopQrphyrins. imilarly in 

tle technique for separation of coproporphyrin isomers 

(system II) known coproporphyrins I, II and III should 

always be chromato raphed simultaneously with unknown 

mixtures . 

B. Chromatography of Esterified orph,yrins. 
(io1) sY,stem Chu and Chu/have described solvent;consisting 

of ~~ kerosene 35 parts, chloroform ( d.lcohol free) 

3 parts and n-propanol 2 parts (Ki! -CHLOR- O.i) which 

separ tea uro-, copro- a.nu protoporphyrin f irly well 

on Wll tman's I pa.per, in an atmosphere derived .from 
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the a me solvent mixture. The time required for 

sep ration is about 3 hours. imil r upparatus to 

thut described above may be used, namely a closed glass 

jar, a petri dish d n the bottom and ascenai tee nique. 

It is of reat importance th t the ground glass cover 

of the jar should fit well. ~lthou0 h separation of 

porphyrins is 1 rgely dependent upon the number of 

ca.rboxyl groups, there are certain anom~lies. Firstly, 

haematoporphyrin moves at approximately the s~me rte 

as uroporphyrin. s mentioned elsewhere, ~ixtures of 

ha.ema.toporphyrin prepared by treating haemin with 

hydro en bromide ~nd acetic cid re not homog nous, 

nd separate on thia system into .... t least 4 components, 

the fastest movi at the same rte as uroporphyrin, 

which h s an Jtf of about .25. luo ) protoporphyrin 

runs Du slightly different rate from me o- and 

deuteroporphyrins. The differences in Rf values 

are not sufficient to use this system for the separation 

of protoporphyrin from meso- o.na/or deuteroporphyrin, 

but if porphyrin mixture is suspected to cont .... in 

de~teroporphyrin contaminating protoporphyrin, this 

c n be detected by inspecting the ah pe of the proto 

spot. no attempts have been made to quantitate this 

technique. Care must be taken not to ovurlo d the paper, 

and the capacity is approximately a tenth th·t of the 
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lutidine system. Free porphyrins remain at the 

point of upplication. 

10. The leotrophoresis of orphyrin cids. 

Electrophoretic separation of free porphyrin 

acids was first described by Papastam tis and Kench 

(13 5). Uroporphyrin, coproporphyrin and protoporphyrin 

were separated using agar gel and a phosph te buffer 

t pH 8.0. Cubsequent papers (136) have de.cribed 

similar separations using various buffers and paper 

ao the supporting medium. Lockwood and Davis (106) 

have recently described the semi-quantitative an~ly ia 

of porphyrin containing rnixtures using hatman 3 paper 

and 0.04 Na2co
3 with 0.0001 M EDT as electrolyte. 

lectrophoresis is chiefly useful for sep rating 

porphyrina with more than four carboxyl groups on the 

basis of charge alone, i.e. there is no difference in 

tne mobility of isomers aa occurs in 2:6-lutidine 

chromatography. In p~rticular, electrophoresis sepa-

r tes clearly 7- and 8- carboxyl porphyrins. ( ee iig.VII-7) 

Experiments with agar and agaroae as the diffusion 

barrier for column electrophoresis have given separations 

of 7- and 8- carboxyl porphyrins inferior to thos~obtained 
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on Whatman's 3 ~ paper . The mobility of both 

fr ctiono was extre ely high and some separ tion 

appeared to occur but subsequent &nL-ly is of the 
11 separated" fractions using paper electrophoresis 

aid not confirm this. 

A. Technique . The method of Lockwood and 

D vis (loo . cit.) is used but porphyrin is applied to 

the paper before wetting it dth electrolyte. The 
paper on either side of the line of applic tion of 

the sample is wet with electrolyte to within t 11 of 

t e sample . 1he electrolyte gap closes by capillarity . 
The voltage gradient is 5-6 v cm-1 und 2-3 hours is 

required for sep r tion. The electrophoretogram may 
be inspected with UV light during "runni 1 but such 
exposures should be brief and the electrophoresis box 
should be protected from light aa far as possible. 

Further information on technique is ·iven in Section 11 . 

B. Interpretation. In general, the mobility of 
porphyrins during electrophoresis is only ~ function 
o:f the num er o:f carboxyl groups, b11t certain anomalies 
occur ~na are important . The movement of porphyrins 
during electrophoresis on paper is probably a fortunate 
combination of various f~ctora including (i) electro-
phoresis, (ii) electro-endoamosis d (iii) adsorption 
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to the supporting material (cellulose . ) If 

increa ing amounts of OPRO are applied top per 

and electrophoresed it will be found th t there is 

a minimum mobility but not am ximum mobility; the 

CO O behaves as thou hit were being ~dsorbed to the 

paper until this becomes saturated. 

illustr ted in Fig . VI- 4. 

Fig . VI - 4. 

Lhis point is 

Electrophoresis of increasing amounts of 
U O, COPRO, and PROTO . 
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Fig. VII - 7 shows that if there is tricarboxylic 

porphyrin present it will displace the slowest moving 

CO O away from the starting line probably through the 

s e mechanism of blocking adsorption it-eon the paper. 

~hese difficulties do not arise in lutidine chromato-

raphy so that all analyses should be by both ethods. 

i. VI-5 illustrates analysi of a mixture of porphyrins 

with 4, 5, 6 and 7 COCH groups perfor ed by chromatography 

and electrophoredis . 

Fig . VI - 5. 
Analysi .. of a mixt re of 7, 6, 5 and 4 carboxyl 

porphyrina by electrophoresis nd lutidine 
chromatography to show the difference in 
behaviour of porphyrina in these two systems . 
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Excellent correspondence between the number of 

carboxyl groups nd mobility is observed in both 

systems. These porphyrins were all of isomer series 

* I; n lysis by lutidine chrom tography can be com-

plicated by the f ct th t some separation of isomer 

types occurs, ffecting in particular the mobilities 

of the 5 nd 6 c rboxyl porphyrins. 

c. Quantitative .speots. Section 5-C (ii) 

gave details of recoveries of porphyrin from paper 

after sep'rations uchieved with lutidine chromatogruphy . 

The s e recovery experiment was performed separ ting 

the s me mixtures of URO, COPRO d ... OTO by electro-

phoresis and the recoveries obtained are set out in 

Table VI - 2. 

* obtained by decarboxylating URO I fort hr . at 1ao0 c 
in 0 . 5 M HCl . 
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Table VI - 2. 

Vol. of ester 
solution (c.c . ) 0.5 0.4 0 .:, 0 . 2 0.1 0 . 05 

lmQ. O.D. . 784 .568 .450 .223 .103 .023 

'" recovery 89 81 86 64 59 25 

co RO O.D. . 695 .530 .436 .227 .123 .047 

'/o recovery 89 81 86 74 80 61 

P.t OTO O.D. .400 .,oo .231 .145 .073 .012 

? recovery 92 87 89 84 84 28 

In Table VI - 2, 0 0. 1 cc of ester solution" 

corresponds to roughly a concentration of 0 . 05 ug/mL 

porphyrin in the solution applied to the paper. Below 

this concentration recoveries are obviously very poor. 

11. The ~easure.ment of Uror>orohyrin in Ft1.eces. 

~chwartz et al (27) and imin ton (137) have 

published techniques for the estimation of URO in 

f&..eces. 1atson (17) has stated that such estim~tes 

may be '1decisive 11 in diagnosing "porphyria outanea 

tarda." Despite the significance attached to this 

fraction, Watson has not published the evidence that 

it is uroporphyrin which he measures. In later 

publications the fraction is referred to s 11 uro-type 
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porphyrin", indicating presumably mixtures of 

porphyrins with more than 5 or 6 (COOH) groups. 

,/atson extracts faecal porphyrin exhaustively 

with ethyl acetate and glacial acetic acid; uro­

porphyrin is washed from this with 3% sodium acetate. 

The fecal Tesidue is then further extr cted with 

10 fli
4

0H until extracts are no longer fluorescent 

in UV light. These extracts are combined with the 

sodium acetate washes and uroporphyrin recovered by 

chromatography on alumina. 

imington's technique is similar but the initial 

faecal extraction is performed with ether rather than 

ethyl acetate nd the recovery of uroporphyrin from the 

aqueous phases is ith cyclohexanone at pll 1.5. 

either metlod proved satisf ctory. he ammonia 

extracts of f~eces are difficult to work with, extraction 

of fluorescent material is relatively inefficient and 

th volume of extract is large. iuch non-porphyrin 

pigment is extracted and some of this tend to be 

colloidul. Chromatography on alumina as de~cribed in 

atson's method, largely eliminates this brown pigment 

but not the cyclohexanone extraotion of Rimington . 

From a faecal specimen of a patient with •.• genetic 
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porphyria in remission the equivalent of 98 ug/gm 

dry weight of uroporphyrin was obtained using atson's 
. . 

method; this proved on lutidine chromatography to be 

almost entirely coproporphyrin with some dicarboxylic 

porphyria. 

It ·.-.as therefore concluded that thi technique 

does not ensure th t porphyrin measured as U O is in 

fact uro- or even "uro-type" porphyrin. It is not 

denied, however, that when uro- (or "uro-type")porphyrin 

is present in the faeces that this will appear in the 

eluate off alumina. 

Reasons for Difficulty in Measurin,g Uroporphyrin in Faeces. 

(1) In quantitative extraction techniques the 

chief physical property of the porphyrins made use of 

in purification is transfer from dilute HCl to n 

organic solvent and the reverse. In the case of 

uroporphyrin the organic solvents suitable are cyclo­

hexanone, an n-butanol - ethyl acetate mixture and amyl 

alcohol; petrol ether must then be added before 

porphyrin can be extracted with acid. These solvents 

dissolve so much other organic materi~l th t the aqueous 

to organic transfer results in little purification. 
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{2) Uroporphyrin, because of its highly polar 

nature, is strongly adsorbed to v rious surf ces and 

it tends to remain adsorbed to f ec 1 residues during 

extr~ction. 

(3) There is a negligible mount of uroporphyrin 

in normal feces; in symptomatic porphyria when a 

marked increase in uroporphyrin excretion occurs, 

this is chiefly into the urine and in genetic por­

phyria in remission it is doubtful whether the amount 

of uroporphyrin exceeds normal . Gre~t sensitivity 

is thus required in a method measuring faecal 

uroporphyrin. 

i , ethod Developed for ati.mation o 

ight and seven carboxyl porphyrins c n only be 

sep r · te from each other and from other porphyrins 

quantitatively on~ micro-sc~le using chrom tography 

or electrophoreclis. he final quantitative step 

thus chosen was a modification of Lockwood's technique 

of qu ntitGtive electrophoresis of porphyri1.1.s. 

orphyrin Was extracted in two stc:1.ges; firstly, 

an ethyl ~cetate extract Wus m de followed by recovery 

o.f uroporphyrin with other residuc:i.l porphyrins after 

esterification . 
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Details. Between 5 and lOg. of wet faeces is 

weighed into a B-24 glass-stoppered test tube. 2 glass 

marbles are added and with violent shaking porphyrin 

is extracted into ethyl acetate and glacial acetic 

acid mixed in the ratio 611. After 20 minutes of 

shaking by hand or mechanically, the tube is centri­

fuged and the solvent is poured off. Fresh solvent 

is added. Extraction is repeated 6 times or until 

only a faint blue fluorescence remains. One extra.c-

tion ia now performed with ether which is added to 

the ethyl acetate and the f~ecal residue is allowed 

to dry. 

5~ n2so
4 

in methanol is added to the tes t tube 

containing the dry faecal residue and this is left 

for 24 hours after vigorous agitation. The methy-

lating mixture is filtered off and the residue 

repeatedly extracted with fresh 5 sulphuric acid 

in methanol until extracts are non-fluorescent. 

Porphyrin is transferred from the ethyl acetate 

- acetic acid - ether mixture into 1.5 N HCl. .t1he 

completeness of extraction must be judged in ~ light. 

Fluorescence may remain in the organic pha~e while the 

acid layer is non-fluorescent if chlorophyll degradation 

products are present. The 1.5 N HCl extract is dried 
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under high vacuum in a rotary drier and the residue 

redissolved in 51 sulphuric acid and methanol. 

ethylation may be presumed complete after 24 hours. 

sterified porphyrin in the two fractions ascribed 

is transferred to chloroform . Details of the transfer 

have already been given. Should emulsions form when 

the esterified faecal residue is transferred to chloro­

form, these must be separated by centrifugution. The 

chloroform solutions are dried and eaoh ester fr · ction 

redissolved in 10 cc volumes of fresh chloroform with 

1; {v/v) of methanol as preservu.tive. '2hese solutions 

must be stored so as to avoid evaporation. 

liquots of the chloroform solutions of the 

extracted esters are tranaferre to -14 gl· ea-stoppered 

test tubes, dried, redissolved in 7.5 N HCl and left 

i the dark for 24 hour. The acid is evaporated 

in~ v cuum deaicator over solid KOH. 

than l mm of mer~ury is desirable. 

v ... cuwn better 

critical step in this quantitative ethod is 

securing complete re-solution of the free porphyrin 

acids. Dilute HCl is unsuitable. (See under utidine 

chromatography.) Dicarboxylic porphyrins re sparingly 

soluble in strong (25%, about 13.5 N) ammonia solution 



- 135 -

and uroporphyrin is relatively insoluble in pyridine. 

In practice, most porphyrin mixtures will dissolve 

in one or other of these solvents or a mixture of 

equal parts of pyridine and ammonia. Pure ammonia 

should not be used for mixed faecal porphyrin residues, 

but if a significant fraction of uroporphyrin is anti­

cipated, the pyridine-ammonia mixture should be used. 

hen solution of the hydrolysed porphyrins has 

been obtained in an accurately known volume of solvent 

(usually 0.1 cc) an aliquot of this is spotted onto 

dry Whatman's 311 paper. 0.02 cc can be applied as 

a line 2.5 cm. long. ~lectrophoresia is by the 

method of Lockwood previously described. 

fter the electrophoretio strip has been dried 

in a ,·arm-air oven at 45°c, the fluorescent areas 

are marked in pencil, cut out and placed in -14 

lass-stoppered test tubes each cont ining 5 cc of 

1.5 N HOl. About six · 11 glass bals ( • D.H. ) ure 

added and the tubes shaken vigorously to fr~gment 

the paper. After centrifugation °oret band absorp-

tion in the centrifugate is measured apectrophoto-

1::ietrically . The corrections of imington nd 

veinsson are applied. Fluorimetry may be uoed 

when concentrations of porphyrin are too low for 
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spectrophotometry, but at these levels low overall 

recoveries are obtained. 

Lutidine chrom- tography may also be used to 

aep rate porphy1·ins prior to estimation. 3r paper 

is less suitable than 'Vhatman's No . l or o.2, and to 

these papers only 0.01 cc of porphyrin solution can 

be applied per 2.5 ems. 

ecovery 'xperiment. The porphyrin content of a 

specimen of normal faeces was measured by tne Holti 

method. The copro content was 26 ug. and proto 25 ug 

per gruro dry wei ht. 

~epar te sol tions of uro- (1.38 m ), copra-

( 2. '"5 ! ) and pro to- ( 2. 4 mg) porphyrins were pre­

pured in 1.5 N 1101. These were combined, the · Cid 

rapidl neutralised with aaturuted sodium ceta te and 

this solution added to 32 g (dry weight) of the above-

entioned fecal specimen in .u.ring blenuor. The 

stool d.~ d porphyrin \~ere homo enised una the homoc,enate 

tr-nsferred to an evaporating dish. he excess fluid 

was dried off in v- cuum over calcium chloride. 

( 2o5 'hould h ve been used, drying ·as very slow). 

r orpnyrin was then extracted by the ~etho jutt 

described. 
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If it is assumed that the Holti method provides 

an accurate estimate of total ether soluble porphyrin, 

u.nd that only traces of uroporphyrin occur in normal 

faeoee,then: 

(1) the recovery of ether soluble porphyrin was 46% 
(2) the recovery of uroporphyrin was 32% 

Only 55' of the uroporphyrin (isomer I) was 

extracted in the ethyl acetate fraction. 

Recoveries in this experiment were poor. 1he 

question remains as to which steps in the manipulations 

lead to losses and the extent to which these depend 

upon concentrations of porphyrin present. .Becauae 

of the r~ther low level of porphyrin added quantitation 

by electrophoresis was required to operate dt levels 

at which recoveries by this method are known to be 

poor. This was the chief reason for low recoveries 

obtained and would not apply to specimens containing 

more porphyrin. 

added were: 

1 he concentrations of porphyrin 

uroporphyrin ••••••• 43) 
I 

coproporphyrin •••••• 70) 

protoporphyrin •••••• 70~ 

ug/g dry weight 
faeces. 
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12. etermination of HCl .1fumbers. 

o determine ROl numbers a series of Known 

concentrations of HCl saturated with ether are 

rt: re. It i more convenient not, ~s us the 

custom, to express the concentration of acid as 

perc nt, but to consider lICl numbers in terms of 

normalities, and the range of concentrations of HOl 

required is from 0.011 to 2.5 N. solut:i.on of 

porphyrin in ether is then prepared (about l u /c . c.) 

and saturated with water. Equal volumes of the 

various strengths of acid and ether solution are 

pip tted into wells oppered test tube, on en, 

and the two phases allowed to equilibrate. .1. he 

concentr tion of porphyrin remainin0 in the ethereal 

p. se in each tu e is now measured spectrophoto:etri­

c .... lly nd a gr ph prep red plotti g ~c1 concentr ticm 

versu the amount of porphyrin extracted inLo the acid . 

It is obviously impossible to determine the 

mount of porphyrin in acid directly ae 101 r 

xtiactions re a function of (f+) concentr~tion. 

Published figurus for !Cl number of v ious 

well-known porphyrine ao not agre precioely ana. the 

rea ... on for this probably lay in the difficulty 

experienced by early wor.kers in quantitating the 
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porphyrin content of the ether. This is e sy with 

a spectrophotometer hich can me sure the intensity 

of the Soret band , but such instruments were not 

readily available before 1945. 

The HCl number is a fairly crude estimation nd 

can be supplanted in some cases by distribution co­

effi cients in countercurrent apparatus . 

100 

80 

60 
o/o 

Por ph. 
in 

Ac i d. 

20 

0 
001 

DISTRIBUTION OF DICARBOXYLIC 

PORPHYRINS BETWEEN HC I & ETHER . 

0·1 1· 0 
L og Norma lity of HCI. 

Fi g . VI - 6. 
Plots from whi ch were derived HCl numbers 

of various dicarboxylic porphyrins. 
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Figure VI - 6 shows plots obtain~d by the ubove method 

which enabled the HCl numbers of haern~toporphyrin, 

deuteroporphyrint mesoporphyrin and protoporphyrin 

to be determined. These are oet out in Table VI - 3 

and compared with the results of earlier workers. 

Table VI - 2• 
orphyrin. Thia t ource of Data. Zeile <.1nd 

work. Schwartz et al(27) Rau (146) 

Proto- 1 . 85 2.0 1.90 

.eso- 0.63 0. 5 0.60 

Det tero- 0.37 0.4 0.36 

Ha.emato- 0.066 0.1 -
The ~ccuracy of values obt ined hav been confirmed 

by the patterns of distribution of the sa..me porphyrins 

in countercurrent apparatus. (Fig. VI - 7) 

13. Counter-current Distribution Technigue. 

he HCl number has already been defined ~nct the 

manner of its determination described. This single 

property, more than any other, has been u-ed in the 

sep ration and purification of porphyrins extracted 

frora biological materials. 
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Differing lCl numbers indicate differing 

partition coefficients between ether and dilute 

HCl and thus provide a property whereby porphyrina 
may be separated using counter-current distribution 

pparatus. Craig and Foat {122) introduced COD 

in 1946 and it is rather surprising that there are 

only four references in the literature to the use of 
this apparatus in porphyrin chemistry. 

In 1953, Granick and Bogorad {123) used al rge 

automatic apparatus to aep~ate v rious porphyrina 

.roduced by Chlorella mutants. They also showed 

how efficiently~ mixture of haem~to-,deutero-,meao­
and protoporphyrins could be aep~rated. aul (124) 

showed that a fifteen tube syotem could eep rate 

haemato-, meso- and protoporphyrins. In 1956, Falk 
et al (125) used u twenty tube CCD chain to show that 
when ROTO ester is hydrolysed in acid the hydrolysate 
contains impurities of a low HOl number. England 
et Gl (126) have published a brie~ account of an 

investigation into f~ecal porphyrin in steatorrhoea 
using CCD. 

• General rinciplea and Practical Details • 

CCD apparatus consists or · a train of ma.ny tubes 
which are numbered serially. With the tubes containing 
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upper and lower phases of immiscible (or partially 

miscible) solvents the inter-connections re ouch 

that transfer of the upper phases to overlie lower 

phase of the succ~eding tubes is accomplished merely 

by correct rotation of the frame holdin the tubes. 

he sequence of operation is as followe:-

(i) ach tube ie filled with the correct volume 

of lower phase (or an excess) previously saturuted 

with upper phase . 

(ii) The material to be anulysed i introduced 

in solution .in upper phase (saturated with lower phase) 

into the first tube. 

(iii) The phases are equilibrated by rocking 

the apparatus to and fro about 6 - 10 times. 

(iv) The phasea are allowed to separ te. 

(v) Dy the correct m nipulution of the h ndle, 

upper phase in tube 1 is transferred to tube 2. 

(vi) Fresh upper phase (saturated ;ith lower 

phase) is aaded to tube 1, and the whole cycle is 

repeated. 

(vii) hen the end of the counter-current train 

is re ched, or when sufficient number of. tr~nefers has 

been made, the contents of the tubes is removed from 

the pparatus. 



- 143 -

It is not necessary to determine the contents 

of e ch tube in order to plot a distribution curve; 

the differences between successive tubes are insuffi­

cient to warrant this . Practice has bee1 to collect 

the contents of the odd- numbered tubes in numbered 

test tubes separately for spectrophotometry ( ee 

ection 5 - D. ) The apparatus was speci~lly designed 

with t .• ps on a.l ternate tubes to make this possible . 

Tbxce different varieties of COD par tua 

h ve been used . Initi l studies were ad s1ng 

a large- volume apparatus housed in the Iation 1 

Chemic 1 Rese rch Laboratoriec of the C. S. I •• in 

Pretoria. This was unsuitable or the type of work 

to be described because of its size . sm 11 35- tube 

c::1.pparL. tus , as then borrowed from the ept. of Organic 

Chemistry, niversity of Qtellenbosch . This appar~tus 

(Buhler) was unsuitable because each tube wa open to 

the tmosphere leading to considerable losses of ether 

by evdporation . The consequent vari tiona in volume 

of the upper phases made calcul tion of distribution 

coefficients inaccurate . 

oat of the COD lyses reported lere vere 

performed using 100 "Craig" 10 mL COD tubes on f.rume 
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m-de locally. The apparatus was entirely closed 

und there was no loss of upper phase due to evapo-

ration during the course of distribution. though 

the appar tus was entirely manually operate, it 

bee e possible, with practice, to perform 60 

transfer distribution , read the St:i.mples on the 

spectrophotometer , plot the distribution curve d 

wash the app ratus all in the space of 4-5 hou.:r:·s. 

peed is of some importance in working with unstaole 

materi~l such as porphyrins. 

It is of paramount importunce that the olvents 

used in CCD be pure. In the 100 tube app r tus 

rel~tively small amounts of porphyrin become distri­

buted in up to 2 Litres of ether nd acid. The 

fractions are recovered by neutr lisin the aid, 

tr .... nsferring the porphyrin to the ethereal phase and 

distilling off the ether (after waahin" it with wuter .) 

Impurities as well as the porphyrins become reatly 

concentrated. In practice, glass-distil t.d w ter 

and distilled peroxide-free ether have been used. 

B. Choice of Solvents and olvent Systems. 

Technical difficulties were encountered when 

in1mducing materi 1 into the counter current apparatus. 
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It is essential that porphyrin be introduced in 

a small volume, viz. one, two or three upper phases 

in the first 1 - 3 tubes. Ideally, the pp ratus 

should be oh rged by filling only the first tube with 

material to be aep~rated, but this imposes too severe 

a limitation on the capacity . Porphyrin is prepared 

in solution in ether . The ether is washed well with 

water and then concentrated by evaporation in a rotary 

drier to the required volume of between 20 d 30 ccs. 

ithout delay the concentrated solution is introduced 

into the £irst tubes. Granick nd Bo or d sug est 

dissolving dicarboxylic porphyrin in tetrahydrofuran 

(THF) to increase the capacity of the first few tubes . 

They nention th ta precipitate forms s the THF 

becomes diluted and maintain that this does not 

affect the quality of their separations. Experience 

has been otherwise; it wae found that if precipit tes 

formed they would ~a.owly redissolve over the course of 

perhaps 10 or 20 transfers, entirely spoiling the 

separation of fractions. 
THF is nevertheless useful as a solvent £or 

introducing porphyrin into the first tube, but care 

must be taken that precipitation does not occur. 

Experience has shown that the best techni _ue is to 
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add 2 - 5 cc of THF-porphyrin solution to the· cid 

ph se in tube 1, equilibrate this mixture and then 

add enough ether to bring the total volume in tube 1 

to 20 co. Pyridine cannot be used bec~use it Jill 

neutr lise the aoid. 

Counter current techni ue has only been used 

for separ ting ether soluble porphyrins. It was 

therefore only necessary to choooe a particul r 

strength of HCl with which to partition the porphyrin 

with ether. It ie useful to st rt by ,termining 

the HCl number of the porphyrin mixture to be analysed 

and to select the concentr tion of acid 1hich will 

give a known distribution coefficient of about 1 for 

the bulk of porphyrin in the mixture to be lyaed. 

It is always possible, fter an initial run, to 

further fractionate concentration bands tone or 

other end of the counter current app ratu~, using 

different strengths of acid. Fig. VI - 7 shows 

the distribution of haematoporphyrin, mesoporpbyrin, 

deuteroporphyrin and protoporphyrin after a 60 tube 

transfer, using the system ether/0.095 N Cl. The 

separation obtained may be compared with the HCl 

numbers of'. the same porphyrina which were given 

above. ( ig. VI - 6.) 
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CCD } Haemato 
Deutero 
Meso 
Proto 

20 30 
TUBE--+ 

40 50 60 

Fig. VI - 7 .• 

Counter current distri ution pattern of H O, 
D UT ll), SO and RO O fter 60 tr nsfers 
between diethyl ether nd 0.095 N Cl. 

c. Results. en a CCD 

nalysis h s been completed the qu~ntity of por hyrin 

in each tube must be determined (th~t present in upper 

nd lower ph se is sum.mated) n the i tri ution 

plotted gr phic lly. The tho of determinin the 
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porphyrin content of each tube h s been de lt with 

in section 5 above. It i convenient to lot the 

concentration in terms of optic 1 dens ty r ther th~n 

mounts of p~rphyrin as the nature of fr ction my 

be obscure vhen a griph is plotted. 

he information u.vail ble after plottin the 

distribution inoludes:-

(i) the conc~ntrution of porphyrin in any iven tube 

(ii) ~he tube number (n) of maximu. concentration 

(iii) th total number of transfer{r). 

Phe partition coefficient, K = n _ n .. assumi th t 

the volumes of u per anu loier planes are ~ ual. 

Recalling the rel~tionship given in h pt.II-5, 

the HCl number of a given porphyrin c n be calculated 

from it distribution coefficient: 

HCl number= ·; .65 X I (d !Cl )d_L_ 
l'I 0.5 

here NHCl is the normality of the .d:Cl sed in the 

lower phase. 

In ractice it is unnecessary to me sure the 

content~ of e ch tube followin UCD. This atu. e is 

r ther time consuming and it is adequate, fter a run 

of 30 - 90 transfers to reud ternate tubes. 
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The detailed mathematical treatment of results 

has been dealt with by King and Craig (127) . If p and 

q are the fractional a ounts of solute i~ upper and 

lower J)hases so that (p + q) = 1 "p" may be regarded 

as the probability th· ta given solute molecule will 

be transferred. ith this stati tlcal b sis, the 

distribttion of solute about its m ximum (n) follows 

Gussin curve . 

he fraction~! mount of solute present in the 
ri" tu·be after r transf ere is 

• 
n (r-n) 

p • 
'l'r,n = 

n ! (r - n) ! 
r ! 

which expression, or its simplified form: 

= r,n 2 rK 
{K+l) 2 

1 
i 

e 

( x2 
~ 2rK 
~(K+l) 2 

) 

~ 
) 

(where x denotes displacement from nmax> 

may be used to calculate a theoretical distribution 

curve and assess any deviations therefrom due to 

impurities, or non- ideal beh viour of the solute. 
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14. The Decarboxylation of Uroporphyrins. 

The ucetio side chains of URO a.re less st ble 

than the propionic aide ch ins ~nd will decarboxylate 

if he ted to 180° c. in dilute HCl. (The propionic 

side chains can be decarboxyl ted by heating with 

soda-lime.) Recoveries can upproach 100~ if oxygen 

is rigorously excluded from the reaction tube. This 

reaction allows COPRO to be prepared from any porphyrins 

with more than 4 carboxyl groups and the isomer com­

position of the original porphyrin can he investig<.1.ted 

by using lutidine chromatography (system 2) to analyse 

the OOPRO . 

t mixture of equal amounts of URO's I and III 

was prep red and decarboxylated by the method to 

be given below. The isomer composition of the 

resulting COPRO was 52% isomer I and 48 isomer III. 

I>eca.rboxylation does not therefore appeur to lter 

the isomer composition of mixtures. 

Method: The reaction is carried out in C rius 

tube of suitable capacity. - 15 ml tube will en ble 

about 3 mg of porphyrin to be decarboxylated, the 

limiting factor is the solubility of the porphyrin 

in 7.5 N HCl. 

The porphyrin is introduced into the tube as 

the ester in solution in chloroform or in solution 
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in suit ble volume of Cl. The ester s dried 

onto the ~11s of the t be nd dissolved ·n 7.5 

HCl using 1/25 the fin 1 volume of solution to be 

he te. (Dec~rboxyl tion is c rri dot in 1, HCl) 

It is not necessary tow it for est r to hydrolyse. 

The acid is diluted to 1% (0.,5 ) and the tube ttach d 

to the ppar tus shown in Fig. VI - 8. 

To Source of 
dry Oxygen free 
Nitrogen 

Carius 
tube 

manifold 

j oint 

Hg manometer 

DEGASSING APPARATUS FOR 
DECARBOXYLATION 

Fig. VI - 8. 

To Vacuum Pu~ 

via KOH Trap 

Car1us 
tube 
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fter freezing the contents, the tube is evacuated 

to a pressure of 0.1 mm Hg. fter a few minutes 

the tap lea.ding to the pump is closed an.d the tube 

thawed. 

system. 

Purified nitrogen is allowed to fill the 

This cycle is repeated twice; on the third 

intro uction of nitrogen the pressure is only allowed 

to re ch 10 mm Hg. The t p isolating the 'arius tube 

from the manifold is closed and the con triction in 

the Carius tube ~ealed in an oxygen flame. The tube 

is placed in an oven at 180° C. for three hours ~nd 

allowed to cool. COPRO ia transferred to ether after 

n~utralisation of the HCl, the ether is washed and 

taken to dryness. The porphyrin residue my be ta.ken 

up in ~rnmonia for chromatography, or esterified, as 

required. 

If due ca1·e is exercised, as little as 5 ug. of 

porphyrin can be deoarboxyl ted to COPRO with recovery 

of enough material for chromatography. 

15. Preparation of Reference Porphyrins. 

In the following pages practical details of methods 

used in the preparation of reference porphyrins are given. 

Only outlines are provided as much of the infornation 

is to be found in the foregoing sections of this chapter. 
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Physical constants of the reference porphyrins are 

to be found in ,ppendix B. 

A. Uroporphyrin I. Uroporphyrin I h s baen 

prepared for reference purposes on two occasions. 

The first preparation wG.!,a from th-~ urine of cow 

with congenitul erythropoietic porphyri · . This 

a.nimd.l is ·the sole surviving member of th\:: nerd 

originally studied by Rimingt on e..nd Foarie (138). 

The techniques used were those described by 1i th( 139). 

URO I wac crystallised as the nethyl eater from 

chloroform - benzene. The m.p. was 289 - 291° C 

and this porphyrin ran as a single spot ,h n electro­

phorened, thus indicating freedom irom seven c=rboxyl 

porphyrin. The second preparation of U O I was from 

the urine of a patient with acquired porphyri~ who had 

received chloroquine. (140) bout 200 mgms of mixed 

seven ~nd eight carboxyl porphyrin cont ining about 

60% isomer I was avi..ilc .. ble. This wa., crystallised 

repeatedly from chloroform - acetone and, · fter seven 

recrystallisations, a fr ction w s obt ined which 

molted over the range 289 - 291° C., which dee rboxy­

lated only to CO RO I, ..... nu which moved c.a.S u single 

spot on electrophorenis. 
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hen attempt was ~ade to determine the mol,r 

extinction of this specimen of URO I, it w found to 

be slightly contaminated ith metalloporphyrin. Puri-

fie tion was achieved by precipitation from, and re­

solution in, dilute HCl onto occasions. 

w s found to be 5.6 x 105 in 1.5 HCl. 

Th mol 
.1his figure 

is 7.6~ too great. 

B. Uroporphyrin III. The conventional source 

of Uroporphyrin III is ~ur cin, a copper complex of 

U O III found in the feathers of birds of the family 

uaopha idae. Preparation of pure mo III from this 

source h~s been described by Nicholas an Rimington (134). 

e· there of this bird were kindly s ppl ed by 

Dr . ,:interboth 

free porphyrin. 

t nd an attempt m,;;.de to pre re the 

Followin the method of imin ton, 

t _e fe there ere extracted vith conoentr ted ..,ulphuric 

acid. ih t was obtained, however, "I s not pure 

uropornhyrin III but a mixture of porphyrins with 

8, 7, 6 and 5 c rboxyl groups, but all of the III 

isomer series. mall uantities of 8 c~rboxyl 

series III porphyrin could be sepa.r~ted b l ctro-

phoresis, but ttempta to prep~re the pure m teri~l 

by column chromatography f!iled. u.herc re two 
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possible explanations for this unsatisfactory state 

Firstly, the feathers were old and had 

been lying about in a drawer for some years. Some 

decarboxylation may have occurred spontaneously. 

Secondly, there are species differences amongst the 

luries, whose feathers contain ~uracin . The feathers 

studied oume from Turaoue Corythaix, wheres .imington 

had obt ined feathers from Turaous Indicus. 

·he URO III used was a gift from rof. C.Rimington 

to rof. L. Ealea . 

c. COPRO I. Coproporphyrin I contaminuted by 

7% of COPRO III was prepared from about 3 Kg of calf 

meconiwn. econium was dried in an oven at 100° C. 

and then extracted with ether after thorough mixing 

with glacial acetic acid. The organic phase was 

removed by deoa.ntation. The ether was distilled 

off and the remaining acetic acid solutioiL of ~igment 

mixed with 10% HCl. Fatty material which precipi-

tated overnight, was filtered of!, und the resultant 

solution w~s vacuum distilled to dryness. 'he 

residue was tre ted for 24 hours with 5; 12so4 in 

methanol and porphyrin ester with considerable 

impurity w s then transferred to chloroform. 



Cry talline COP O I. 
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fter chromatography on .MgO, crysta.llisntion ~nd 

recrystallisation from chloroform - methanol, 30 mgm 

of small birefringent needles were obt-ined. fter 

sintering at 248° melting occurred in the r-nge 

251-4° C. (See opposite page.) 

his m~terial beh~ved in the expected m nner 

when chro.atogr~phed on paper using lutidine/vater 

(syotems 1, 2) and the system of Chu - ... d Chu (101) 

for the identific~tion of COPRO isomers, b La small 

·mount of COPRO III was still present. 1-R 

spectrum (Fig VI - 2) (KOL disc) agreed p1·ecisely 

with that of Falk nd dllis {141) nd Schw ... rt a. 

et e.l ( 27) 

D. Coproporphyrin III. The usu source for 

this porphyrin io an ultrafiltr~te of a culture of 

Corynebc.cteriuru Diphtherlae, which h s been gro m on 

a medium containing th ·L amount of iron :,hich is 

optim~l for the production of toxin. ~\. 1.-....rge 

volume of such ul tra.fil tr .te wa. obt"'.ined from the 

Rietfontein Laboratories of the S •.• I •.• R. .Ster 

u.rrival oy rail it \'Jue found to cont"~in 400 ug/L of 

ether sol ble porphyrin. The porphyrin wcs adsorbed 

onto t le ~rter correcting the pH to 3.5 

e terific tion the COPRO w s foun( to be contaminated 

by (i. ; etal complex, probably copper. <:."epar · tion 
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was achieved on a column of magnesium oxide which 

had to be at le"st 12 cm long. A sample of ~O O III 

was prepared with a molar extinction of 4.56 x 105 

in 1.5 HCl . 

this compound; 

The melting point was typical of 
. 0 
melting occurred firut at 125 - 130 o, 

solidification occurred with form .. ttion o-r birifringent 

crystals which remelted at 178 - 180° C. Crystal­

lisation was achieved from chloroform-hexane. The 

cryst ls were extremely dense, ppearing amorphous 

unless crushed onto glass elide. 

A• Protoporphyrin IX. Preparation by the method 

of Grinatein (38) is convenient; however, the product 

ia impure. Chromatogr~phy on lumina will remove a 

contaminating green pigment (see below). Chromato­

gr~phy on MgO hae been abandoned becuuae of v riGtiona 

in bc::.tches of this adsorbent and high losses due to 

irreversible adsorption. 

CD is the method of choice for purification 

of crude RO O eoter. ydrolysis with 25~ H 1 (24 

hours) or saponification with 5% methanolio OJ is 

followed by COD between ether and 0.45 1 HCl . An 

experiment w s perforoed in which 2 samples of RO' 0 

ester were hydrolysed by the above methods d distri-
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buted separately over 60 tubes. There was a band 

of porphyrin of low HCl number only in the specimen 

hydrolysed with acid. 

Diazomethane is preferred to strong mineral acid/ 

methu.nol for the eeterifioation of protoporphyrin 

because it avoids any treatment with strong acid. 

Esterifioation with CH2H2 should be followed by 

chromatography on alumina. 

Protoporphyrin is unstable in solution, parti­

cularly in chloroform, decomposing. to a gre-en pigment 

of high HCl-number which absorbs at about 660 mu and 

at 500 mu. (Falk (22) oonsidera formation of this 

pigment to be enhanced by phoegene present in old 

chloroform.) 

Crystallisation of the dimethyl ester occurs 

readily from chloroform methanol, the characteristic 

habit appears to be the "boomerang" sh ped crystals 

shown rather poorly in Fig. VI - 9. The melting 

point of pure specimens is 231 - 233° c. Falk quotes 

the oingle figure 2;1°. The melting point of 224° 

given by Schwartz et al (27) though unfortunately 

accepted during earlier work in this thesis, is 

definitely too low. The molar extinction coefficient 

in dilute HCl is discussed in Section 5 above. 
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l_ig. VI - 9. 
Crystals of RO O IX dimethyl ester viewed 

in pol.rieed light. ( 100). 

F. Deuteroporphyrin IX. H emin chloride is 

repared by the method of ischer (142). This is 

converted to deuteroporphyrin by fusion with re orcinol 

follow d by remov 1 of the iron. The reaction to 

remove the vinyl side ch=in is conducted under extreme 

conditions and yields ~re r ther low. The origin 1 
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method described for remov 1 of iron was th t of 

Fischer who reduced Fe111 by adding iron dust to a 

solution of the porphyrin in acetic acid. Ohu and 

Chu (143) recommended a reduction time of 15 minutes, 

but this was found to cause extensive loss of porphyrin. 

Much better yields of deuteroporphyrin were obt~ined if 

de-ironing wr .. s carried out according to the ethod of 

Grinstein, used for the preparation of protoporphyrin 

dimethyl eater. 

The procedure adopted w s as follows: 

100 .mgms. of recryst llised h emin chloride was 

intimately mixed with 500 mg of resorcinol. The 

mixture was maint ined t 190 - 200° C. for 15 minutes 

in an oil bath in a lightly-stoppered flask, nd then 

cooled. The reaction mixture ~as dissolved in 100 cc 

of absolute methanol and 4 g of ferrous sulphate added. 

Dry hydrogen chloride gas wus bubbled through until the 

solution became warin, and, at the same t :ime, turned 

purple. fter standing aside on the bench to cool, 

the porphyrin ester was transferred to solution in 

chloroform and evaporated to dryness. The crude 

eater Wds taken up in chloroform and chrom~tographed on 

magnesium oxide. The yield was 30.9 mgms. A small 

quantity of deutero-haemin ran ahead of the porphyrin 



- 161 -

on the magnesiu.i.~ oxide column. Physical properties 

of the porphyrin are given in ~he appendix. The 

melting point (226° C.) ie higher than previously 

reported figures. It is suggested thtit this is due 

to a purer preparation resulting from the improved 

techni ue for removal of iron. 

G. MesoporRhYrin IX. Reduction of the vinyl 

groups of PROfO to ethyl groups may be accomplished 

using either hydriodic acid (33} or H2 with a 

palladiwn catalyst (34). Both ethods have been 

used. Althoµgh losses appear to be much less when 

reduction is carried out cat lystically a purer sample 

of mesoporphyrin was obtained from the HI reduction 

method . 

(a) HI reduction 30 mg of PRO~O ester was 

inti ~tely mixed with 300 mg of ascorbic acid nd 

dissolved in 6 ml of glacial acetic acid. 1.65 ml of 

HI (S.G. = 1.94) was added and the mixture boiled over 

a naked flame for i minute. The reaction mixture wus 

cooled in water and added to 150 ml of ether. he 

ether was washed twice with an aq~eous solution of 10% 

acet te with 3% sodium sulphite and then three times 

with water. !he porphyrin was extracted into 0 .75 N 
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HCl, the acid neutralised and the porphyrin taken 

back into ether. The ether was evaporated off, 

50 ml of methanol was added and dry HCl gas passed 

until the solution became warm. Xesoporphyrin ester 

was trun.s!erred to chloroform, chromatographed on MgO 

and crystallised from chloroform - methanol. 

m.p. 212 - 214° c. 
(b) Hw(Pd reduotiona 21 mg of PR010 eeter 

was dissolved in 2.0 ml of 99-100% formic acid (BDH) 

and 30 mg palladised charcoal (10~) added. The 

mixture was maintained at 60° C for 10 minutes while 
H2 bubbled slowly through. ~ther was added and the 

acid neutralised with saturated aqueous sodium acet~te. 

Further purification was as described above. 

m.p. 195 - 210° c. 
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CHAPTER VII. 

STUDIES OF PO PHYRIN EXC TION. 

1. Introduction - The Nolution of Technique. 

The studies described below evolved over the 

period January 1961 to September 1963. Initi~lly 

the intention was to perform analyses of a type 

previously reported in the literature but not pre­

viously reported on the varieties of porphyria en­

countered in South frica. To isolate d charact­

erise a porphyrin appeared to be an end in itself. 

Only when this uim had been achieved was it realised 

how meaningless the informa ion was divorced from 

quantitative aspects of porphyrin excretion. 

uantitative records were therefore kept of 

extraction and analytical procedures; measurements 

were made of porphyrin concentrations usipg physical 

constants which were most appropriate. However, a 

high degree of precision was not possible when dealing 

with "unknown" fractions. Much of the analysis was 

chromatogr phic. Fractions obtained fro column 

chromatography could be measured and column chromate-

graphy on alumina is most quantit tive; at first, 

however, paper chromatography and electrophoresis were 
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only qualitative. nelative amounts of various 
porphyrins present in mixtures were judged by visual 
inspection of the fluorescent spots and a photographic 
record of paper strips was kept. ~t the time thie 
procedure appeared the best available, but it is no 
longer defended. 

It was easy for the experimenter to become 
convinced of certain findings after inspecting chroma­
tograms but, even with photographic records, difficult 
to present such data to others. 

Attempts were made to place lutidine chrom to­
graphy and electrophoresis on a quantit~tive basis. 
This work was fruitful; recoveries were not complete 
but good enough to provide useful data, and the attempts 
to increase recoveries resulted in improvements in 
technique. The quantitative estimation of copro­
porphyrin isomer ratios proved to be particularly 
precise. (iig. VI - 3.) Early impressions gdined 
by inspecting chromatogr ·ms in iJV light were confirmed 
and the information could be more acceptably presented. 

Precision for the results of quantitative electro-
phoresia is not claimed. Reference to the relevant 
section of Chapt.VI makes it clear that recoveries ure 
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a !unction of the .amount ot porphyrin applied; 

in analysing unknown mixtures this cannot ways be 

controlled. Conoluaions have, however, been reached 
with a clear appreoiation of the limitations of the 
methods employed. 

In this chapter the records of analytical work 
on excreta from various patients with porphyri~ and 
from 3 normal subjects will be presented. With the 
exception o! normal aubjeot G.s. (the author) all 
patients studied were in-patients at Groote Schuur 
Hospital, receiving either the general ward diet or 
a diabetic step 6 diet . Urines were collected in 
amber ·iinohester bottles and porphyrin extracted as 
soon as possible after receipt. Faecal specimens 
were stored deep frozen if delay in analysis was 
unavoidable. 

Quantitative measurement of urine ALA, PBG and 
porphyrins and faecal ether soluble porphyrins were 
made using standard methods already referred to. 
(151, 115, 16.) Dry weight of faeces were determined 
after drying an aliquot for 4 hours at 105° o. 

The 24 subjects studied may be grouped as 
followes-



Section. 

2 

3 

4 

5 

6 
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Number of 
Disease. patients studied. 

Normal 3 

Acquired Porphyria 6 

S •• Genetic (variegate) 10 
porphyria 
A. Remission - 5 
B. Acute - 5 

Swedish Genetic (acute 
intermittent) porphyria 

A. Remission - 4 
B. Acute - 0 

4 

Erythropoietic protoporphyria 1 

The laboratory techniques which have been 

employed are described or referred to in Chapter VI. 
Column chromatographic procedures are somewhat involved; 

these are set out diagrammatically in the sections on 

cases 4-A(v) and 4-B(i). 

Brief case reports are given in Appendix B. It 
was not considered necessary to describe the clinical 

status of the patients at length; biochemical data 

sufficient to justify diagnosis of a particul,~r type 

of porphyria has been given,and enough clinical d ta 

to indicate that there w~s no factor present which 

might modify the presentation of the porphyrin disease. 
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2. Normal orphyrin Excretion. 

A. Urine. Porphyrin excretion in normal urine 
has been ~dequately described by others (ch~pt.IV) 

B. F~eces. Table VII - 1 lists quantitative 
aspects of the excretion of porphyrins and porphyrin 
precursors by three normal subjects. 

Cases 

Urine (mg/L) 

ALA 

PBG 

URO 

COPRO 

Faeces ug/g d.w. 

CO:PRO 

PROTO 

Table VII - l. 

F.B. 

0 

1.5 

0 

.037 

.021 

.024 

J.K. 

0.83 

0 

0 

.094 

.028 

.047 

G.s. 

normal 

.036 

.020 

(1) (F.B.) !uropean male, 23 ye rs • .11·ractured 
femur reduced 6 weeks before study. Not a heavy drinker 
and had not taken alcohol since admission. The serum 
proteins and flocculation tests of liver function were 
normal. 

100 gma (dry weight) of faeces was extracted and 
the crude ester mixture chromatogr~phed on lu.mina to 
yield 3 fractions. 
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Table VII - 2. 

raction. mg. ( CHClJ} (CO H) 
1 3.0 627 2 

2 .37 622 4 

3 .22 620(diffuse) 4 
4.~ 

raction 1. Chromatographed on MgO to yield a small with 
component;alpha band at 621 mu (chloroform) and a 
major fraction wi t1i al1)ha band at 629 mu (chloroform). 

This was crystallised (m.p. 218 - 222° ) nd 
recrystallised (m.p. 222 - 224° .) Cryst~ls of proto­
porphyrin (as jud ed by behaviour on MgO, absorption 
spectrum nd m.p. of crystals) are shown in ig.VII-la. 
r ctions 2 and 3. Both were (COOH) 4 but (3) w s p· rtly 

metalloporphyrin - hence the alpha b~nd shift. his 
1 s dissociated with cone. R2so

4 , re-est rified and 
ex minea. by lutidine chrom toeraphy ( ystem 2). 

Found: about 70% isomer I 

30~ . r isomer III. 

Crystallised, (Fig.VII-lb) mR.240-25o0 c. 



Fig.VI - 1. 
Crye alline porphyrin fro. ~ ces or 

norma.l subject. 
(a) OTO. ( b) ,0 0 • 

(ii) ~ceivine tre tent 

for cervio l pondylo i • iver !unction nor 1. 

evidence of ~1cohol exceas~s. 

11 e (dry ,eight) of ~~ec extract an 

0 

chro togr. _Jhed on u.lumina. ~h ·ee fr ction ob i:ned. 
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Ta le VII - 3. 

r ction. mg. 

1 about 2.5 

2 o.63 

3 small fraction 
not measured. 

( CHCl~ 

624 

622.4 

624 

{COOR) 

2 

4 

4 

l!1r ction 1. Ohromatographed on gO. inor fr ction 

with alpha band (chloroform) at 619.4 mu w s followed 

by 1.84 mg protoporphyrin (alpha band 628.8 mu.) 

Fr· ction 2 . and 2• Analysed by lutidine chromatogr~phy 

( system 2). Found: about 60a isomer I 

40Jbisomer III 

(iii) ~G.S.) 29 ye rs, white rn .... le. ~o 

diseases, liver function norm 1. he benzidine test 

on the f~ec 1 ~pecimen was positive .fter 5 - 10 secs. 

but s the subject a conot..l i ,; me~t-ri h iet, the 

significance of this test was duoioua. (144). 

Urine - not examined qua.ntit tively on this 

occ ·ion but previously norm 1 on 

ny occasion. 

aeces - COPI O 36) 
) ug/gm dry weight 

PROTO 20) 
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38 gm dry eight of f ec s s extracted. 

hro to raphy on lumin yielded 2 fr ctions. 

Table VII - 4. 
COOH 

r ction. g. CHC13mu ( ig.VII- 3) 
1 0.97 620 . 4 ( !) 2 

2 0 . 27 621 . 7 4 + trace 3 

Fr ction 1 . The position of the lph band d 

behaviour of the ester ihen chrom tor phed in 

the R- CHLORO- RO system, suggested that the reater 

p t w s DETRO or so . Counter curr nt distribu-

tion erformed Fi. VII - 2) ~ .-.....;.__-...:_;:~:....:....:.=..::-.i..;.;;..~-'--'"-='--------<--~--------. 

4 

3 

O. D. 
units 

2 

1 

GS-1 CCD 

0 098 n HCI - ether 

n=15·5 

0 20 30 40 50 
~~-------- TU BE No. _.,>,;,__ _______ _____. 

Fig. VII - 2. COD pattern of icQrboxylic porphyrin 
from normal subject G. o. ote the prominent peak 
due to D UTEBO • 
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and indicted a prominent discrete peak due to 

D~UT~RO and pea.ks due to two poorly separated com­

ponents with higher HCl numbers, probably mono and 

divinyl deuteroporphyrin. D T RO w s the 1~r est 

single fraction. 

Fraction 2. Coproporphyrin, isomer composition 

analysed by the quantitative method: 

Found; 63~~ isomer 1 

57.; isomer III. 

(iv) Comment on normal faecal porphyri~. 

Recoveries of faecal porphyrin nave been about one half 

those of the Holti method. his may be attributed to: 

(a) 1echnical difficulty in ey_ Uotively extracting 

large quantities of faeces with 1·easonable volumes 

of solvent. 

(b) ampling errors in the Holti ethod: faecal 

debris consists p rtly of large pc:.;.rticles, e.g. beans, 

fruit, skins, pips. These are not usually taken for 

qua.ntit tive 1eaoureraent. 

(c) LOSS on aluminu chromatography. Pure esters 

of vOP!O and PROO are quantitatively recovered but 

in faec 1 analyses a fluorescent band is lways present 

vhich elutes very slowly with 1-2% methanol in chloroform. 
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This is recovered heavily contaminuted with bile 

pigment and has never been examined in detail in 

norm l fueces. In faeces of S.A. Genetic porphyria 

in reMission it has been found to be dicarboxylic 

porphyrin. It is either uneeterified OTO, or 

possibly esterified haematoporphyrin which does 

beh~ve in this fashion on alumina columns . 

In the three samples examined above, none 

contained porphyrin with more than 4 ( 00) groups . 

This was evident when crude mixed porphyrin was chroma­

tographed (lutidine, system 1) before column chroma­

tography. 

In each inst,nce dic~rboxylic porphyrin was 

roughly 3 X copro~orphyrin. In 2 caaes the dicarbox­

ylic porphyrin was mostly P~OTO judging from the alpha 

bdnd near 630 mu. In the third case there was n 

incre a in DEUT.c,RO and hardly any PROTO. This increase 

in D·UT~RO seems to have been at the expenBe of PROTO 

but it muy be associ ted with the positive benzidine 

test. (The concentration of porphyrin was normal.) 

11 three c ses demonstr-ted a preponder~nce of 

isomer l COP ... O. 
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; . orphyrin, , xcr~.tion in cguired l?or;ehyri • 

The criteria for the diagnosis of cquired 

porphyria ere:-

1. No family history of the disorder . 

2. ros 0 incre~se in urine porphyrin concen-

tration with "U 0 11 gre ... ter than 11 COP 0 11 , 

using the quantit tive method already 

referred to. 

3. Normal or only slightly increased excretion 

of ~LA and BG in the urine. 

4. Faecal concentrution norm 1 or only moderately 

raised with 11 00PRO" exceeding "PRO 0 11 , using 

the quantitative ethod Glre dy referred to. 

5. history of exce.isive ~-lcohol int,1..tee was 

su gestive of the diagnosis. 

_able VII - 5 lists essential clinical d'ta, 

Table VII - 6 the results of routine chemical investi­

g~tions, und Table VII - 7 the histolo ical findings 

(Dr. C.J. ys) and porphyrin levels in liver biopsy 

specimens. Brief reports of typical c sea ar~ given 

in ppendix B. The excretion of porphyrins Uld 

porphyrin precursors is given in Table VI • 
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Table VII - 5. 
Case: J.T. G.S. ,., • C • J .F. G.O. F. • 

All had lesions of cutwieous porphyria. 
ge (ye._rs) +1 43 46 41 47 

Race* C C C 0 C 
Duration of alco-
hol excesses 

(years) 15 28 20 22 
Dur tion of por-
phyric symptoms 3 5 6 6 

months months months years months 
Hepatomegaly lf 3f lf none 3f 
Urobilinogenuria + 
Associated Decreased ** diseases creat. 

clear. 
* (C denotes mixed descent. 

(A denotes pure blooded African (Bantu). 
** (i) Diabetic GTC 

(ii)abnormal pancreatic function. 

Case: J.T. 
}' tty Mild 

change 
Re genera- Present 

tion 
Prominent Present 

portal 
tracts 

Cirrhosis Present 
Siderosis r.,oderate 
Liver por-
~rin u g wet 

weight. 

Table VII - 7. 
G.S. 

[arked 

.Present 

Present 

Absent 
lioderate 

175 

~ • C • 

--A 
(1) 
s ..... 
0 
(I> 

Pl 
al 

0 
12; -

J . F • 
resent 

Doubt­
ful 

Absent 

. bsent 
oder te 

216 

o.o. 

197 

41 
A 

lf 

+ 

F. • 
Present 

.Present 

.Present 

lbsent 
Sevr.)re 

470 



- 176 -

Table VII - 6. 

c ..... se: J.T. G.S . "".c. J . • G.O. F • . • 

S . lbwnin ( ) 2.6 4 , 0 3,6 :; • 3 4 ; .a 
S.Globulin{el'l 3, 4 3 . 6 2. 5 4 . 1 3 . 1 2 . 8 
il.-totl:l mg%~ 1 . 9 1 . 4 0.5 0.3 1 . 5 1 . 0 

-conJ. mg, nil trace nil 0 . 1 0 . 4 0. 4 .lk • Pho s . ( Bod • 
units) 8 . 0 3 , 7 3.5 11 4 8.5 Urea (m 1) 39 37 30 19 15 Creat.vle r(mL/min) 116 123 67 

Serum Iron(uf,) 260 85 176 140 ~hymol.turb. units) 4 l 2 l 1 2 inc.turb. (units) 12 12 16 8 6 SGOT ( arm . units) 26 33 4 35 23 •I. 1' 78 97 SP retention 
(45 ins.) nil nil nil nil nil 

Table VII - a. 

Case: J.T. G. . .1!., c. J.F . r. 0 • 
Urine mg/L 

A 2.4 4 , 2 ,.o 2. 3 2 . 0 , .2 
p G 2.3 3. 0 1.7 3.7 2.5 1.6 
URO 2.g 4,3 2.5 1.3 1.39 2 . 87 
CO RO 0.21 1.0 0 . 23 0.3 0.33 0 . 13 

0 . 18 0.73 0.091 0.057 0 . 049 0 . 14 
0 . 10 0.24 0.039 0.150 0.031 0 . 11 
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• j.T. 

(i) or _ yr·in 

cxtr ct a from y c lle,,.t'on o rin 1hich 

cont ·ned .6 m o_ por lyr· ( 1ve .. ethod.) 

p r 1roma.to r .... phy 

_orphyr·n ~i 1 rom 

de ec ro hore i sho 

co ,onent. 

o bet 

h others ots were of 

equ l . 't no· ty. 

fr ctions:-

r ctio?!,. 

1 

2 

3 

b e on c 

o .:..tor p yon 

.:...ble J.l.- • 

( 0 Cl:~ 

r :> 

622 

6(;;2 ( f' int) 

ro ..... to r ..... y ... o. e 

7 nd 

·inoi 1 

ly 

0 yi· d 

=7) 6 

4 

4 

ectr , .. or 010. 

r ction 1. vry t d to oive cryst l .. i i h t pie 

•P• 55 - 2:57°0. 

oxyl t~d 0 

60. i 0 ~ 0. OU . 

l 

• 

e 
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Fraction 2 - d 2• Largely CO O on spec1ro copic 
and chro I to 0 r~ hie evidence; out 85r i~omer III. 
The fr · ction was conturnin t~d i th porphyrin with 

ore than 4 c rboxyl groups . 

(ii) Faecal Porphyrin. or hyrin 1as 

extracted from 270 g (wet wei ht) of faeces ~nd 

eeterified . he crude ester "sex 1ned by luti-
dine chrom togr~phy (aystem 1). 'ue oat ·ntense 
spot corre~.ponded to a. ( COOH) 

4 
porphyi·in . i t 

spots corresponded to 2 nd 8 c ~rboxyl muteri. ... l, 
ta series of sots of intermediate intensity had 

rel ive mobilities between thooe of he 

CO O 1 rker . 

O and 

Chrom tography on alumina yielded 4 fr ctione: 

Table VII - 10. 

,raction. mg. ( COO! ) ( CHCl.7) 
2 

1 0 . 4 2 and 3 620 - broad 
2 3 

3 4 ) 5 > 6 

4 contaminated 
with bil 

r ction 1 . urther an lysis on go yielded 0 . 12 g 

of dicarboxylic and 0 . 21 mg 01 tric rboxylic por hyrin . 
he rather bro~d alpha band of th~ die boxylic 
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porphyrin was at 626 mu showing th~t, altlo h 

protoporphyrin muy h ve been present, it s certainly 

not pure. 

Fr-ction 3. Because of contamination by more highly 

c rboxylated porphyrin, pure CO RO wus not obt ined. 
Isomer analysis by lutidine chromatography ( ystem 2) 

indicted th~t about 85~ of the ,OPRO present w s 

isomer III. 

B. G.S. male, Coloured, ew~ge worker, 44 years old. 

(i} Urine Porphyrin. 4.7 L of urine was 
collected over 4 duys. Porphyrin was extracted and 

esterified. 1fter hydrolysis, the por hyrin was 

an~lysed by lutidine chroma·tography and electrophoresis. 
Lutidine ohrom~tography (system 1) indicated 

porphyrins with 3 to 8 carboxyl groups. This w s 

the only evidence obtained for a tricurboxylic porphyrin 
which may have been partially hydrolysed. terial. This 
(COOH) 3 spot w s fainter, and t~e (COOH)7 & 8 spots 
stronger, than the rest which were of about equal inten­
sity. 

ta later date the relative ounte of each 
fr~ction present waa determined by quantitative electro­
phoresis: 
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Table VII - 11. 

COOH 

pproximate % 

8 

32 

Isomer III 30 

7 

35 

75 

6 

9 

5 

1; 

4 

11 

60 

Crude porphyrin ester wqs chromato r phed on 

a column 0£ roagnesiu~ oxide. 

eluted: 

our bun ~s rnre 

Table VII - 12 . 

mg. CII013 (COOH) pprox. % 
Isomer III. 

1. 11.9 624 . 5 8=7) 6 60 

2. 0. 9 623 . l 5 60 

3. 1 . 2 621 . 2 4 70 

4 . ...Q.d 622 4 0 
14 . 4 -

Both electrophoresi~ end chromatogr~phy on 

gO confirmed the preponderance of 7 and 8 c rboxyl 

porphyrin. Signific nt amounts of por lyrine with 

6 and 5 c rboxyl groups were d.lso indicted. Isomer 

analyses were performed on fractions eparated both 

by chrom tography on ~O and electrophore is ( ·ables 

VII - 11, 12) and it will be noted thut the results 

do not differ significantly. Some isomer separation 
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occurred on the I[gO column which is unusual. 

(ii) Faecal orphyrin. Quantitative 

analysis of faecal porphyrin had indicated a "COPRO" 

fraction of 0.62 mg/g. This extremely high level 

made more precise analysis of this specimen of 

speciQl interest. 

Porphyrin was extracted from 204 g (wet weight) 

of faeces and esterified. Lutidine chromatography 

(Fig. VII - 4) showed components with from 8 to 2 

carboxyl groups of which COPRO was most intense. 

Fig. VII - 4. 
Lutidine chromatography (system 1) on extract 
of faecal porphyrin from acquired porphyria. (G.S.) 
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Chromatography on alumina yielded 3 fr ctions. 

Table VII - 13. 

Table VII - lJ. 

r ction. mg. (CHC1
3

) ( COOH.) -
1 1.7 620.6 2> 3 

2 9.5 622 4 ;> 5 

3 6 (contaminated 2 - 8 
with bile 
pigment) 

Fr-ction l was 1 rgely dicarboxylic porphyrin from 

its behaviour on lutidine chromatography and when 

chromatographed as the ester on paper. ( - HLOR- ROP) 

he position of the alpha band indicated th t proto-

porphyrin was not the major fr~ction. his fraction 

was chromatogr phed on an gO column and 3 sub­

fructions obt-ined (~able VII - 14). 

Table VII - 14. 

Fraction. mg. (CHC1
3

) 

1-1 0.1 622 

1-2 0.8 620 - 621 

1-3 0.5 627 (diffuse) 

Fraction 1-3 represents the closest ~pprouch to PROTO 

from this faecal sample and thio 0.5 mg fr~ction 
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equalled 10 ug/gm d.w., hereas the OPRO recovered 

represented 190 ug/gm d.w. and porphyrins ith more 

than 4 c rboxyl groups about 120 ug/gm d.w. 

r ction 2 was ostly CO RO and only 5 - 10~ was 

isomer I. Cryst lline OPRO III was prepared. The 

m. p. w s very obviously dimorphic, mp 120 - 130° c, 
0 155 - 165 c. ecryst llisation did not entirely 

free this specimen from cont~min tin0 5-c rboxyl 

porphyrin, thou hit elevated the mp's to 130- 135° C 

nd 165 - 168° c. 

PORPHYR IN SS 1 (3) 

Fig. VII - 5. 
IR Spedtrum of COFRO from faeces 

of G.s . 
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The IR spectrum (Fig. VII - 5) agreed f irly well 

with th t of COP O III, but a peak at 1125 cm-l 

was missing in the "unknown" specimen. Cull 

complex was prep red. (mp 211 - 212° C). 

raction 3 was an lysed by electrophoresis. 

orphyrins with from 2 - 8 carboxyl rou s era 

identified. The (COOH) 2 epot was faint, (COOi) 3 
does not ppear separately by this technique and 

was 
the (COOH) 8 spot/barely detect ble. (COOH)4,5,6 & 7 
were approximutely equal in intensity. 

c. ,.c. Coloured m le, trawlerman, 46 years. 

(1) Urine Porphyrin was extracted from 

4.7 Litres of urine contuining a total of 12.9 mgm 

of porphyrin. fter eeterification this porphyrin 

'as chrom~tographed on o. 
obtained (Iable VII - 15). 

h:ree fractions were 

hese were qu ntit .... ted 

and examined spectroscopically by chromato r~phy and 

by lectrophoresis. 
Table VII - 12• 

Fraction. mg. (CHCl~) (COOR) 

l 6.7 626 7, 8 
2 0.17 5, 6 
3 0~13 622 4 
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r ction 1 was further separ ted into 7 ·nd 8 

carboxyl fractions by electrophoresis on hatman•a 

3 B paper. The eight c~rboxyl porphyrin (UHO) was 

30 isomer III and the seven c rboxyl ( S DOUkO) 

85 isom r III. Only isomers I and II were found. 

(The isomer n· lyae vere performed by utidine ohroma­

tography, (system 2) on CO RO's prepared by dee rboxy-

1 tion of the 7 nd 8 ourboxyl fr~ctions e ur ted 

electrophoretically.) ~'~ \I'\\- '-). 

Fr ction 2 was not analysed further . 

r ction 3 CO RO 75,:1 isomer III. 

(ii) ~aec l Porphyrin. orphyrin w _.a 

extracted from 62 gms (ctry weight) off eces . By 

the Holti method this contained 6 . 8 g °COPRO" and 

2 . mg nPRO O '. Chromato aphy (lutidine system l) 
of the crude extr·ct showed porphyrins with from 7 - 2 

carboxyl groups . he strongest spot corresponded to 

the CO RO ~rker, ~11 others were of pproxim tely 

equ l intensity. 

5 fructions ere obtained from a column of 

alumina; these were exmiined spectroscopically, 

quantit ted d chrom-tographed on paper. 
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Table VII - 16. 

·raction. mg. (CHC1
3 ) (COOH) 

1 0.56t.- 620 - 630 2 
(diffuse} 

2 0.57 3, 4 

3 4. 5 621 . 4 4 

4 1.4 5, 4 

5 +1.5 (contamin~ted 7,6,5 - with bile) 
pigment.) 

* quantitated after chromatography on gO. 

raction l waa chromatographed on gO and two sub­

fractions were obtained; o. 1 mg with alpha band 

in chloroform t 620 mu, follo ed by 0.35 g with 

lphc.1. b nd at 628.4 mu i.e. fairly pure protoporphyrln. 

r~ction 2 - not nalyaed further. 

raction 2 - isomer composition investi · ted 

chror::io.togr phic lly. Found: 75 isomer III.( ie.VII-6). 
r ct1ona 4 and 5 ¥ere heavily contamin~ted by bile 

pigment. Judging the electrophoresis strip visually 

thy consisted of ~bout equal cunts of porphyrin 

1th 4, 5, 6 and 7 carboxyl groups. 

trt:.i.ce of uroporphyrin. 

here w s a 



lfr"'°" fqeees 
~ 

(CCl(5'1t)lt 
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Pig. VII - 6. 
Sep~ration of vOP O isomers I and III by 
lutidine chromatogr phy (system 2.) 

~: (i) s in the JJrevious C-se, it as found 

that dicarboxylic porphyrin constituted only a .mall 

fraction of the total faecal porphyrin and of this 

s all fraction, a subst ntial amount (40}) was 

definitely not ~ROTO. he pure CO.RO fr ction 

amounted to 1fg dry weight; other porphyrin with 

more than 2 c~rboxyl groups to 56 ug/g dry weight, 

and die rboxylic porphyrin to only 10 u /gm dry 

weight off eces. 
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(ii) It was apparent that considerable 

amounts of porphyrin with 7, 6 and 5 c rboxyl roups 

ere present. By the nature of the extraction pro­

cedure it was posai ble tha.t URO was 110 t be1n extracted. 

:his w s further investigated as follows: 

2. 44 g (dry weight) of faeces we extracted in 

two stages, first with ethyl acetate - acetic acid 

and then by esterification of the faec 1 residue . 

ieither fraction contained significant amount· of 

U~ .. o but the "residue 11 showed a prominent 7 ca.rboxyl 

spot on electropl1oresis, indicating incomplete extract­

ion •ii th ethyl acetate - acetic acid. 

hster from the 11 residue" fraction w ~ chromato­

graphed on .[gO as on this cl.dsorbent URO runs ... he~d 

of oth~r porphyrins nd mr.;;.y be recovered in good 

yield. Again, a mixture of 7 a.nd 8 c~rboxyl 

porphyrin was obt~ined but the 8 carboxyl (URO) 

was only present in trace amounts. 

In other p~tients quantit~tive data on this 

point will be presented. In this patient it was 

concluded th-....t uroporphyrin was present, but in~ 

le ser ~mounts th~n the 7 c rboxyl porphyrin. 
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D. J.F. Coloured male, 41 ye~rs. Builder. 

(i) ,Urine Porphyrin. N'o detailed study 

was made of urine porphyrin. The following attempt 

w~s m~de to determine the ratio of COPRO to CO ROG~N . 

Urine was voided by the pati ·nt directly into 

a dry d~rk bottle. i'his waa wor!;:ed upon immediately 

in the laboratory in dull red light. 5 cc of urine, 

5 cc of lacial acetic acid, 25 cc of water and 50 cc 

of ether were shaken in a separating funnel and the 

aqueous phase discarded. T-he ether wus washed 3 X 

with 10 cc aliquots of distilled w~ter . .he ether 

w s extracted to completion with 0.1; RCl (CO ~O) 

and 0.1 cc of' 1% iodine in lcohol dd d to the ether. 

Porphyrin was agdin extracted to completion ith 

0.1 N HCl (COPROGEN). 
CQPROGF., .. 

Foundi = 1.96 
COP.RO 

This n~lysis is imperfect. It does not ensure 
-~~ that porphyrina ri th 6 and 5 carboxyl groups re not 

measured as "COPRO", nor does it ensure quantitative 

recovery of COPRO . Both these r~ctors, however, 

would tend to inore1:.se the COPROGEN/COPRO ratio. 
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{ii) t i d onl r 

y q tit t1ve elect .. ·o hor ia. pl ~ a-

ly ed for. d durin the r Jij on e or th J 1unt 

to t e ch oroquin (14 ). a 1 ur et o in 

1 ble VII - • 

-:_L. 
G cups. 

t • 3+4 5 6 7 8 . . 
22/12 

-------...----, 
195 llC 11 4 /g 

/1 21 8 58 200 55 • • 
10/1 21 210 154 l 0 440 lo4 

C 1 
t ,10th) 

• 
lity 
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Figure VII - 7 illustr· tes the electrophoretic 

nalysis which contributed the quantit tive d ta given 

in T ble VII - 16. Such high levels of f · cul '7 l'.illd 

8 c rboxyl porphyrin have only been encountered in 

this single instance. 

Case . ; . was also studied during the administration 

of chloroquin& but no similar incre se in faec 1 porphyrin 

occurred. 

(iii) Liver orphyrin. liver biopsy 

epeci en contained 216 ug/g wet weight of liver. 

Lutidine chromutogr phy (system l} and electrophoresis 

showed thie to be only 7 and 8 c rboxyl porphyrins • 

• • o. Coloured male, elect~~cian, uged 47 • 

(i; Urine ~orphyrin . Urine collected 

during the first two days of hospit~lis tion was 

pooled. orphyrin was extracted and aterified. 

y conventional quantitative an lysis, th porphyrin 

content was "URO" 1.39 and 11 COP 0° 0.33 mg/L. 
u1::1.n ti tu ti ve electrophoresis gave the followin result: 

11a.ble VII -11. 
(C OR) e 7 6 5 4 Total . 

g/L 345 389 196 152 158 1,240. 
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(ii) ile Por hyrin. Ether soluble 

porphyrin w a extract d from 250 cc of duodenal 

spir te. Preliminary purification involved two 

extractions into acid nd back into ether to mini­

ise emulsion forme.'tion in the CCD appc.r 1,U. CCD 

s then c rried out throu h 24 tr nsfer, usin the 

ph ses diethyl ether nd 0.105 i HCl, utu lly s~turated . 

jor peaks re shown in Fig . VII - 8 nd 

able VII - 18. 

2 

0 . D. 

units 

1 

0 5 10 

C-C. BILE (G. 0.) 
Ether - 0 105 N HCI. 
35 transfers. 

15 20 

TUBE No. 

25 

Fig . VII - 8. 
CD pattern of porphyrin from bile of G.O. 

30 35 
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Table VII - 18 . 

..11:.... k * 1HC1 no." robable nature. -
0 0.03 - 97 COPRO 

7 0 . 26 0 . 277 117 DEUT :o + (COOH);+4 
19 1 . 26 .524 8 00 

33 17 18 OTO 

(* Calculc:ted from k) 

Quantit tive data given in Ta le II - 18 

is approximc..te . Separations were not clear-cut . 

he c lculated HCl numbers re r ther low because in 

this apparatus, which was not entirely closed, ether 

was lot by evapor tion during tr::.nsfer, iith consequent 

deviationv from unity of the r tio of the phase volumes . 

(iii) Fecal Por,hyrin . 

extracted from 100 g. wet weight (51 

Porphyrin w.is 

dry wt.) of 

feces and esterified . sit w~a the intention to 

study only ether eolu le porphyrin the conventional 

procedure was slightly modified . ..orphyrin was 

extracted from the neutralised 3.0 N HCl solution 

into ether, not ethyl acetate. fter esterification, 

the crude estel' mixture w:...s an lysed by latidinc ch:I'o u­

tography (system l) and then fractionated on an ulumina 
column . 3 fractions ere obtained (mable III - 19) 

and ig. VII - 9. 



l 

2 

utidin 
purity of 
column. 

t. B• 

0 .. 48 

0.23 

J .8 
4. 

- 1 4 -

{ 91}1 
6,:,.7 2 

6,1.0 )'J2. 

.1 ~>> ;,> b,> 7 

n icat th rel tive 
in from lumina 
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The porphyrin recovered after chrom~to~ri..!.phy 

on al~ina amounted to 88 ug/g a .• y the .. olti 

method this faec 1 sample contained 80 u /g d.w. 

porphyrin . 

Fraction 1. he position of' the alph bu.nd 

indicated that this decurboxylic fraction (/ig.VII-9~ 

cont ined a substantial mount of PROO . Ster 

saponification in methB.nolic KOH , the free porphyrin 

w~s n lysed by CCD. The first CCD was between 

ether d 0.095 NH 1 {30 transfers) shown in 

ig.VII - lOa an tubes 20 - 30 from tris CCD ere 

then redistributed between th~ ph ses ether nd 

0. 35 HCI . {:Fig. VII - lOb)'. 3 Symmetrical peaks 

were obt ined, one in the first system (n = 11) and 

two n the second (n = 5.5, n = 18). 

are given in Table VII - 20. 

'able VII - 20. 

Calculated 
Fraction. n k HCl no. - -

1 11 0.61 o.;2 
2 5.5 0 . 224 0.87 

3 18 1.64 1.98 

.t!urther details 

Probable 
~ ether. nature. 

110 622 D'UT RO 

120 627 ONO VI YL 
DEUT RO 

180 632 PROTO 



1 · 5 

lO 
OD 
units 

0 ·5 

0 

3·0 

2·0 
OQ 

unit!> 

1·0 

0 

5 

5 ·04 

10 20 30 

TUBE No ), 

i,g. VII - 1 ) 

10 15 20 25 30 
TUBE No. 

Fig. VII - 10 (b) 
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Fr ction 2. Tric rboxylic porphyrin wlich w snot 

tu1ied further. The sharp alph band t 621 mu. 

showed thc .. t no vinyl group w s present t position 

2 or 4. 

"raction 3. CO.t'.t O with small amounts of ore nighly 

c rboxyl ted porphyrin. ]urther un~lysed by lutidine 

chrom to raphy (system 2). 

over 

ound: isomer I 16, 

isomer III s4; . 

F. F . • .. fric' n male, labourer, aged 41 ye rs. 

(i) Urine orph.yrin. Urine wQs collected 

thre d y period und pooled. orphyrin was 

extracted fro n an liquot, esterified ·md analysed 

by u~ntitative electrophore is. ( ! ble VII - 21). 

Table VII - 21. 

uOOH 2 4 5 6 7 8 

Urine 45 61 96 6;>0 1140 ug/L 

cleces 86 141 27 18 4 46 ug/g 

(ii) orphyrin. uantit-tive 

an lysis of faec l porphyrin is shown in 4ble II-21. 

or further analysis porphyrin w~s extr cted from 

d. 'I. 
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135 g et wei0 ht (26 g d .w.) off eces. Only ether 

soluble porphyri1 was e terified as describ d hove 

( Oase G.O.) Chromatography on lumin' yielded 5 

frGctions (~able VII - 22). 

r ction. mg. 

1 1.45 

2 0.10 

3 ~ 

J•2 

'!'able VII - 22. 

( C 1013 ) mu. 

622 

( OORl 

2 

3 > 4,= 2 

619.8 4 

y the llolti method this f ec l peci en 

contained 3.56 mg 11 00 on and 2.83 .. of" or ·" 

l/r ction 1. ~h·s fraction was n lysed by CD 

nd 3 fr~ctiona were oot inec. ill ,er_ dicar oxylic 

1hen ex ined by lutidine chromatography {&yste, 1). 

35 transfers were c ..... rrie out betv,e n phases of 

ether and 0.1066 ~ !Cl, mutu .... lly saturated. The 

di tri ution wus not plotted graphically but 3 groups 

of tubs containing concentration band ere pooled. 

Table II - 2~. 
r ction. 'I'ubes . m~. (etherJ 
1-1 6-16 0.89 622 
1-2 23-29 0.47 627 ONOVINYL +. ESO 
1-3 30-34 0.30 631.6 0:tO + .ONOVINYL. 
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These three fractions were esterified with 

diazomethane and chromatogra.phed on alu.min • ]'raotion 

1-1 was inadvertently lost. Fraction 1-2 showed an 

alpha absorption band in chloroform at 625.6 mu, 

providing good evidence for one vinyl group ~t position 

2 or 4. Fraction 1-3 showed alpha band absorption in 

chloroform at 629 mu; it w s not pure ROT: O but 

cry s tallised from chloroform/hexane to give the 

rosettes shown in ,1g. VII - ll(a), mp 220-222° 

Fraction 2. (from alumina) largely trio rboxylic 

porphyrin, was not analysed further. 

raction 2• Coproporphyrin, analysed by lutidine 

chromatography (system 2). 

] ound: isomer I 9% 
isomer III 91; . 

c. 

(iii) Liver Porphyrin. The total porphyrin 

content of a liver biopsy specimen was 470 ug/g wet wt. 

This consisted (lutidine chromatography, syutem 1) of 

seven and eight carboxyl porphyrin only. 



E F 
F19W-l1 



- 199 -

•· Porpb.Yrin Bxoreiion in S.A. Genetic Porphyria. 
A• Reny.9aiga ihase • 
Criteria for tAe diagnoaia ot S.A. Genetic porphyria 

are as followss 

1. family history of the disorder with the 
diagnoaia in affected membera confirmed biochemically. 

2. Mar,kedly elevated faecal copro- and 
protoporphyrin. 

3. Urine porphyrin variably increased but 
with the "copro" !raotion always exoeeding the nuro" 
fraction, except when urine PBG is high during an acute 
attack. 

4. Normal or only moderately increased 
excretion of AL" and PBG during the remission phase. 

5. Clinically, patients may be asymptomatic, 
have cutaneous manifestations, or develop acute porphyria 
with or without coexistent cutaneous involvement. 

There is no definite boundary which separates the 
acute attack from remission. If the excretion of ALA 
and ~BG is normal the patient is in the remission phase; 
if these substances are preaent in the urine in high 
concentrations and the patient is auf!erinr abdominal 
pains or showing signs of paresis or paralysis etc. 
there is no doubt that it is the acute phase of the 
illness. Yrom the bioche•ical standpoint however, 
the diatinction appears to be one of degree onl7. 
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Of the oi: p ti nts studied during "remission" 

in only one ( I.B.) was the urine AL concentr tion 

below 6 mg/Land P~G below 2 ug/L, yet none h d 

recently had an 11 acute ttack' or shown symptoms 

of acute porphyria. 

Table VII - 24. 

Cases of •• Genetic porphyria in remis ion. 

Case: H.S. A.V. S.D. P.V. H.B. J.C. 

R ce. All were classed a.a "whi tee" 

Sex. r • • . F. • • 

Age {yrs.) 30 21 37 23 50 57 
Definite 
family history + + + + + 

Skin lesions + + + + 

Previous acute 
attack + ? 

tSsociated entally Nil. il. 11. * disease abnormal. 
* Angina pectoris 

Hi tus hernia. 

T~ble VII - 24 lists certain relev.nt clinical 

information; table VII - 25 gi veo d tc... which enables 
the state of liver function in these patients to be 

sessed, and ~able VII - 26 lists the results of 

quantitative determinution of urine porphyi·in 
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and urine A. and BG excretion t the time tha..t the 

an lyse..., to be described were conducted. 

Table VII - 25. 

Case: . s. A. V • S. D. P.V. r. • J.C. -
Serum Albumin 

(g. ) 3. 9 4.0. 3. 5 4.1 3.9 
Serum Globulin 

(g.%) 1.9 2., 2.2 2.8 ;.o 
ilirubin 

otal ~mg., ) 0. 3 0 .8 o.5 0 .5 0.5 onj. mg_.%) neg. 0 0 0 nil 
• lk. hos • 
(Bod.unit ) 4.4 14.8 3.1 5.0 

Zinc turbidity 
(units) 10 0 0 1 

Thymol tur-
bidi ty (unite) 2 5 4 11 
B.S. • 
( at 45 min.) nil nil 24 nil ....., 

GOT 
(Karmen units) 17 14 26 

'.i.:able VII - 26. 
C se: H.o. A.V. s.n. 1. B. J.C. 
Urine (mg/L) 

LJ 6. 7 7.1 4. 5 5. 5 11.:, 'PBG 4. 7 4.3 2.7 1.3 6.3 URO 0.19 0.067 0.35 .103 
COPRO 0 . 48 0.68 1.25 1 . 11 

0.37 0 . 34 0 . 31 .53 .54 
0.34 0.48 0.44 .51 .51 
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( i) H. • White male aged 30 ,rears, unemplo.yed. 

(a) Urine Porphyrin. orphyrin was extr cted 

from 14 L of u.rine pooled during hospit·lis tion. 

Chromatographic and electrophoretic naly is of the 

crude ~orphyrin extract showed an intense C ,0 spot 

and leas intense spots corresponding to 7 and 8 curboxyl 

porphJrins. 

hromatography on gO w,ielded 2 fractions. 

(Table VTI - 27). 

r ction. 

l 

2 

Table VII - 27. 

(CHC13 ) 

624.6 

621.0 

(COOH) 

7, 8 

4 

;~ Isomer II I. 

40 

90 
The isomer composition of r ction 1 as 

deter ined after decarboxylation. 

(b) orphyrin. Porphyrin ex rQcted 

from pooled a mple a 1th a tot""l t ·rnig t of 300 g. 

he crude porphyrin extract wa n~lysed chro uto­

graphic~lly and electrophoretic lly. Spots co res­

ponding to CO RO and PROO markers were pro inent; 

a faint spot indicting a tric rboxylic porphyrin a.nd 

a trac:e of pentacarboxylic porphyrin s noted. 
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1.i..he crude ester was chromatogr phed on an 

alumina column. 3 fractions vrnre obtained but 

records are incomplete . 

Fr ction 1. Dic·rboxylic porphyrin. Further 

analysed on 1:/igO to give three sub-fractions . The 

third and largest of these had the following 

properties: -

bsorption spectrum {mu) 629 . 6; 577.8; 540 . 6 

m. p . 205 - 219° C. 

I .R. absorption spectrum - peaks corres-

ponded well with those of R TO IX . 

:f'raction 2. 80% COP .. 0 III . 20,., CO RO I. Pure 

GOPRO III (identified ohromatographicaJ.ly) obtained 

by fractional crystallisation. m.p . not recor~ed. 

raction 3. Heavily contaminated with oile . Not 

analysed further. 

(ii) A. V. vihite /.;_ale, 21 ;Leu.rs. armer . 

(a) Urine. Porphyrin was recovered from a 

pooled urine specimen . Chromatography (lutidine, 

system 1) showed COPRO to be the principal component . 

~ definite spot corresponded to a six c·rboxyl porphyrin 

and a f~int spot indicated URO. Seven carboxyl 
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porphyrin was not noted. COPRO, isolated by 

chromatography on agO was 90~ isomer III. 
(b) Faeces. orphyrin was extracted from 

68 g ( t weight) of stool. Dy routine quantitative 
an lysia .this contained COPRO 0.41 and ROTO 0.43 mg/g 
dry weight. The crude extr ct was an lysed by 

chromatography (lutidine, system 1). OOFRO and 

O O spots were most prominent but weaker spots 
indicat d porphyrins with 3 nd 5 or 6 c~rboxyl groups. 

Th crude extract was chromatographed on alumina. 
Two fractions were obtained (T~ble VII - 28). 

i'able VII - 28. 

Fraction. 

l 

2 

mg. (CHC13 ) 

2.06 

1.36 

626 

621.4 

(COOH) 

2 

4 

Fraction 1: \fas chromt1.togrc.phed on l.tgO . Thrae 
fractions were obtuined; the firnt cont ined 

trace of COPRO . The second, die rboxylic porphyrin, 
showed an alpha band at 620.5 mu and was thus of the 
DEUTLR0- 1 SO type. 1he third,and largest,fraction 
had an alpha band at 629 mu. Thia fraction was 
crystallised from chloroform/hexane to give crystals 
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of poor morphology and m.p. 218 - 223°c. his 

fraction was regarded as PROTO IX. 

Fraction 2 was identified as COPRO chromatographically 

and spectroscopically. Lutidine ohro atography 

{system 2) showed this fraction to be 90a isomer III. 

(iii) S.D. White mQle, age 37 years. School teacher. 

Both urine and faecal porphyrin were analysed 

by quantitative electrophoresis. The patterns are 

shown in Fig. VII - 12{a) and the results in T ble 

VII - 29. Fig. VII - 12(b) enables lutidine chroma-

togr phy ( systern l) to be compared with the electro­

phoretic analysis. 

Table VII - 29. 

COOH GROUPS 
2 4 5 6 7 8 Total. 

Faeces 280 244 trace 524 ug/g 

Urine 625 62 25 14 19 745 ug/L 

d.w. 
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(a) ( b) 
Fig . VII - 12. 

Analysis by lutidine chromatography and 
electrophoresis of faecal and urine porphyrin from Case (iii) ( S.D.) URO, COPRO and PROTO+ MESO markers appear on the right. Faecal porphyrin derives from two fractions , EXT ( ethyl acetate extract) and RES ( residue) ( ee Chapt.VI, Determinatiou of URO in faeces .) 
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(iv){P.v.d.L.) .bite fem le aged 23 yrs. ousewife. 

This patient ith S •• Genetic orphyria w~s 

admitted to hospital for two weeks for a metabolic 

study (90). She received an intravenous injection 

of lycine-2-014 and the appearance of radio ctivity 

in various metabolites of glycine-2-C rbon as studied. 

11 stoola i·ere collected; crystalli and 

.O:rO were prepared from each specimen by column 

chrom~togr~phic procedurvSo Very large quantity 

of fueces was procesRed and an opportunity thus pro­

vided to study in more det 11 (i) porphyrin from 

lumin columns eluting between dicu.rboxylic porphyrin 

and COPRO, possibly tricarboxylio, and (ii) porphyrin 

eluted from gO columns head of 

previou ly &s ~BSO/D UT O type. 

OTO, referred to 

Lutidine chromatography showed that t1 e frc.1.ction 

referr d to in (i) above was a mixture of approxi~ tely 

equal amounts of three and four carboxyl porphyrin. 

lpha band absorption was f irly sh rp and · .. t 623 mu. 

It WdS thus ~likely that a large a.mount of this 

porphyrin ,as a tripropionic, monovinyl porphyrin 

which would have been of special interest. in lysis 

of th~ fraction by vCD ha~ not yet been p~rformed . 
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COD of the fraction referred to in (ii) above 

has been completed. The porphyrin obt ined by 

chromatography on ,igO was saponified with 5%> metha.-

nolic Kil, nd anulysed by CCD usi 

and 0.105 .tf HCl with 80 transfers. 

asp ses ether 

Three concentration 

ba..'lds liere obtained which were maximru. in tube 22, 

34 and 45, but s~parations were incompl~~e. Tubes 

in which 1:;here was obvious overl<1p apparent, were 

disc rded. Jhese t.ree fractions are described in 

Table VII - 30. 

Table VII - 30. 
Cale. Ether resumed 

n. k. HCl no. of. 0 nature. -
22 0.38 0.33 622 526.1 Deutero 

34 n.74 0.47 622.6 onoethyl-deutero 

45 1.3 0.62 623.2 528.8 ,. eoo 

n m.:p . '.r'ig. VII - 11. 

22 220 - 224° C 

45 210 - 214° C F 

This study provided good evidence for the 

possible nature of' ttnon-PROTO" dicarboxylic porphyrin 
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which has alw ys been found in greater or lesser 

amou.~ts in stools un lysed. When, at f'uture date, 

the specific activity of these samples with respect to 

c14 is determined, it will be possible to decide whether 

they have arisen from ;F!O TO in the E::,'1lt or from exogenous 

sources. 

(v) 

(a) Urine Porphyrin. Urine passed during 

a 3-day period was pooled. By conventional analysis 

the concentration was URO 0.10 and COP O 1.1 

Porphyrin was extracted by adsorption on talc, esteri­

fiod, hydrolysed and an lysed by quantitative electro­

phoresis. 

COOH Groups 

Urine orphyrin 

Table VII - 31. 

5, 

490 

6 

8.6 

7 

5.4 

8 

8.9 ug/L 

It was not possible to distinguish 4 and 5 carboxyl 

porphyrin because a large quantity of crude mixture was 

applied to the paper to minimise losses of the se compo-

nents present only in small amounts. Lu.tidine chromato-

graphy showed quite clearly that the main component was 

coproporphyrin. 
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( b) Bile Pornh:zrin. D1u·iP..._, stuay of 

pancreatic function, duodendl cl ... ,pir .... te wus collected. 

]rom 100 cc of this highly fluorescent fluid, ether 

soluble porphyrin w ..... s extracted quantitatively . mhere 

was no . evidence of ether insoluble porphyrin. he 

porphyrin extruct was analysed by COD (ether,0.10~ HCl.) 

hree concentr tion lrn.nde were obt ined wr. .. ich ~ ere 

pooled and ex~mined further: T .1~ Vll - 32 . 

'!'able VII - 32 . 

Tubes. Ji'r ction Jaret (ether) Amount (coon) 
mu . mg. 

0 - 5 0 0opro 11 400 1 . 48 4, 2 

7 - 12 nneutero 11 398 1 . 68 2, 3, 

28 - 33 ''Proto" 405 4 . 80 2, l 

inkish fluoreuo~nce in tubes 34 n· 35 

sugse~ted the presence of metal. complex. 

TubeQ - 5. Lutidine chromJ..to raphy (sy tem 1) 

showe the chief comoonent _present to be CO RO but, 

~ rpri&insly enough, ther" wo.s al so a .i nific .... nt 

dicarboxylic porphyrin component . 

about 80/ iso~er III . 

The CO RO was 

e dicurboxylic porphyrin present w· e .... i ther 

D •'UT· RO, inadequately sep rated, or porph., rin Hi th a 

4. 

(?) 



- 211 -

lower HCl number such as HA£ lTO. T.he poole fr ction 

was esterified with dia.zometha.ne, the ester ried md 

redissolved in fresh ether and extrccted twice with 

h lf its volume of 1% HCl . (0 . 5 HCl should have been 

used . ) :.i:he .Jpectral properties of the porphyrin ester 

which vas extr~cted by 1 HCl, nd th~t rem-ining in 

the ether, were compu.red . '.l'he fru.ction i th re~ter 

cid solubility showed n 0 . 6 mu shift to tho red of 

the alpha b· ds in ether . hro to rc1 1y of the HCl 

extract showed a spot corresponding to a dicarboxylic 

porphyrin which ,:as more intense than th t corresponding 

to ,OP O. Tenuous though this evidence is, it seems 

likely that the original bile sample cont ined between 

0 . 2 and 0 . 5 mg/100 mL of mono- or dihydroxyethyl 

deriv~tives of OTO. No other die rboxylic por-

phyrin ester would have been efficit?ntly extr ... cted 

from ether under the con itions used. 

(c) »aecal )0rohyrin . "'" sin le specimen 

was ,;.n lysed by the Holti quantit tive technique, by 

qua.nti tative electrophoresis d by column chromato­

graphic procedures supplemented by COD . ( ble VII - 33). 



00 

Holti 

2 

255 
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o ro 0.5.,) 
) / d •• 

roto 0.51 ) 

4 

4 1 

5 

35 

impurity 
FRACTION 

. -- - - ----- ·- - - 4 
- - -- - - - -- ---- - 3 

------------ 2 

----------- 1 

mg 

1 ·5 
8 · 19 

2 · 94 

20·9 

34 mg 

7 

1.7 

.i.. CHC~ 

619 · 6 

621 ·4 

626 - 9 

8 

1 . 

(COOH) 

4 

4 > 3)2 

2 

C - C DI STRI BUT ION 

green 
impurity 

2 
T 

FRACTION 

- - - 1 - 2 

- - - 1 - 1 

- 13. 

,,I. CHC~ 

630 · 4 

621 

ot 

7 4 g/g • "· 

15·3•/. ·,somer I 

84· 1•1. ,so mer 11 

mg 

1 · 5 

5 ·4 

Outline of n ly i cl por hyrin of C e (v).B •• 
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Column chromQtogranhy and COD. 

An outline of the procedure followed is set 

out in Fig. VII - 13. The crude extr ct separated 

into four fractions when chromato raphed on alumina. 

The .roperties of these fractions are tabul-ted in 

the figure . Fraction 1, dicarboxylic porphyrin, 

Wc;1.S dried and redissolved in 5 . 0 cc CHC13 • 2.0 cc 

was chromatographed on MgO and 3 • 0 cc wa ... s ponified. 

in 5~ methanolic KOH prior to a.na.lysis by COD. 

Fr ction 2 was crystallised from chloroform- methanol 

nd recrystallised twice from chloroform-hexane. 

Crystals (Fig.VII - 14) had typical COP O III ester 

morphology . Oureful heating revealed only a single 

sharp m. p . at 150-151° C. 

Fig.VII - 14 . 

Crystalline OOP:00 III 

m.p. 150 - 151°0. 
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Chrom tograehy on µgo yielded 1.5 ROTO 

(alpha bc..nd, OHC1 3 = 630 mu. m. p. 218 - 220° C) 

(Pig. VII - llC) and 5.4 m ms of dio rboxylic 

por hyrin having alpha band (CHC13 ) = 621 mu. 

ecovery of the 'RO'rO fri!:tction fro the gO column 

was incomplete because of irreversible d orption. 

De pite this, MgO chrom~tography had indic te an 

excess of 'non- IWTO" decarboxyl1c porphyrin over 

"PROTO" confirming the deduction based on behu.viour 

of fraction 1 from the lumina column on pa er chroma­

to5r ..... phy. (K.ih- CHLO 0- PROP) . 

lysis by ccp now bee, e of great interest . 

Two di tributions were performed: 

(i) ether - 0 . 096 IICl - It1i • VII - 15' • 

and (ii) ether - 0 . 45 i H l on tubes 60-80 of (i) 
Fig. VII - 15b. 

Figure VII - 15a, 0.096 f HCl, shows distri­

bution pattern with many peaks . The largest single 

fr ction v a concentr ted in tubes 60 - 80 and this 

wa again analysed by CCD using 0 . 45 H 1. he 

peak maximal t tube 47 (k = 1.42, RCl no.= 0 .51, 

o( eth r = 623 mu) was prot,inen t; this ,.., s regarded 

s o. definite peak Is round maxi al ~t tube 11; 

this behaved as tricarboxylic porpbyrin on lutidine 
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{ ~ystem l) chromatography. Further pe ks were 

suggested a.t tubes 23 (Di..UT.r.. 0) and 33 (D UT •!O -

l i:o hybrid) • Tub o 60 - 80 wero pooled and 

analysed by COD using ether ~nct 0.45 N HCl. 

igure VII -15b illustrutea the two cle r cut 

concentration bunds obtained. These were indivi- . 

du~lly pooled and the properties re tabuluted belo~. 

(~able VII - 34.) 

1 ool 

1 

2 

mg. 

2. 95 

2.1 

1£<.1.ble VII - 34. 

C ..... lculated 
HCl no . 

0 . 89 

1 . 87 

ether. 

628 . 6 

633.0 

CIICl~ .,, 

630 . 6 

It w.-...s thought likely that ool 1 represented 

a monovinyl deuteroporphyrin . This fraction was 

therefore dried, dissolved in formic acid and re-

duced with hydrogen using a palladium churco<.:,.1 cat lyat. 

he alpha band in ether shifted from 628.6 to 6 3.0 mu 

which is pproximately the shift which one vinyl group 

at position 2 or 4 would c use. 

The green impurity shown to the right hand side 

of rig. vII - \$ ~ ~s oorbed 4t about 660 und 500 mu; 

it w s non-fluoroscent and could have been un oxidation 
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roduct of ' OTO which had formed d u:-in 

chloroform or durin uponific tion. 

tor oe in 

thou h al o 

noted during purific~tion of POTO prep red from blood, 

it · d not previously been a .. sociatod 1th the appear­

nee of monovinyl porphyrin nd there w s no reuson 

tor gard this monovinyl porphyrin as rtifact. 

ool 2 was pure ROTO. fter esterific tion 

with diazomethano nd chromatography on lumina. 

cry1t lis tion yielded be~utiful dichroic cryst~ls 

m. p. 231 - 233° C. (Fig. VII - lld. 

uomment. This n ly is as p~rticularly 

instructive. lthough reviously the column chroma-

togr phic procedures h d yielded fraction which 

would have been accepted ~a f·irly pure. 010, OCD 

showed this to be impure judgin from the m. p. To 

prepare pure PRO~o it would be necessary to use a 

method c pable of separ ~ing oharply monovinyl an 

divinyl deuteroporphyrins. gO chro.atography cun 

barely separ te ROTO from D .UTI:. 0 so th t co ... tami­

n tion of either fraction ·ith monovinyl deutero­

porphyrin would seem inevitable. 
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* Table VII - 37. 

Case: H.B. .s. ~ ~ s.s . - -
Urine mg/L (i) (ii) 

ALA 22 26.7 23 17 5.0 20.5 

BG 68 58.2 47 35 24.3 35.7 

URO 1 . 42 5.45 1.42 3 .'.39 0.57 

OOPRO 1.43 2.54 2.45 1.64 0.49 

Faeces ug/g d.w. 

COP 0 1.43 0. 47 0.67 0.74 0.56 0. 33 

OTO 0.83 0.42 0.47 1.01 1 . 00 0 . 28 

* The excretion of porphyrins and porphyrin precursors 

B. 

on admission to hospital. 

Cases otudied During cute ttt eke. 

( 'i.) H.B. ~hi te male ged 33 ye .... rs. armer. 

Relevant clinical. and biochemic 1 data is iven in 

Tables VII - 35, 36, 37 and in 1.ppendix B. 

(a) Urine Porphyrin. Figure VII - 17 shows 

the result of serial estimations of urine BG after 

admission to hospital. Porphyrin was recovere from 

urine collected over the three 2-d y periods indicated. 

(A, and C). Urine porphyrin fractions -C were 

examined by puper ohrornatography and electrophoresis. 
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Tables :VIT - 35, 36 and 3'7 list relevant clinical 
nd biochemic l d t~ referring to the five »~tients 

who were studied during ttacks of acute por hyria. 

Case: 

Race 

Sex 

ge (yrs) 

amily history 
of Porphyria 

Skin lesions 

revious acute 
ttack 

ssoci.. .. ted 
aisease 

~: 
Serum albumin 

{g1) 
Serum ~lobulin 

{g%) 
Ser . ilirubin 

total (mg'°) 
conj. (mg~) 

oerum .Uk .Phos. 
(Bod. units) 

Thymol turb. 
(units) 

Zinc turb. ( u) 
:SP~ retained 
at 45 mins. 

S. G.O. T. 
.Blood urea 
Cre t.Clear. 

H.B. 

d 

33 

yes 

yes 

no 

nil 

H.B. 

3.2 

2.0 

3.2 

l 
6 

0 
92 
78 

' able VII - 32. 

.s . 
0 

F 

32 

no 

no 

no 

nil 

50 

? 

yes 

no 

nil 

Table VII - 36. 
_&. 

4.1 

3.3 

0.9 
0 

;.a 

nil 
24 
79 
60 

~. 
3.3 

2.1 

0.6 
0.4 

l 
5 

186 

.N. 

41 

yea 

yes 

no 

nil 

• .N. -
3.3 

2.2 

0.9 
0.5 

l 
6 

69 

s .s. 

no 

yes 

yes 

nil 

* s. . -

0.4 
0.2 

5.0 

2 
11 

nil 
17 
68 

* ta refers to 2nd admission. bnor ulities of liver function including altered zinc turbidity and ••• retention did ppear after some weeks in hospital. 
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- 220 -

ach fraction was chro~ to r~phed on !gO. The "UR0 11 

fractions, thich were mixture~ of 7 and 8 c rboxyl 

porphyrin, decarboxylated und the isomer composition 

determined, 

Urine specimens were never stored loner than 

24 hours so th t no speci 1 precautions 1e e taken 

with reg rd to stor~ge, 

lectrophoresis of urine fr .ctions , B nd C 

showed that with decreasing levels of PG there was a 

rel tive decre se in the amounts of -carboxyl porphyrin 

vi th rel.;..tive incre se in the ount of 7 · nd 4 carbo:>0Jl 

·lectrophoresis alysis of 3 urine specimens 
of 1 se (i) H.B. to show ulterations in porphyrin content with decreasing PBG excretion . 
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On .igO columns fractions J - ,,., gave 3 subfr~ctions v 

each. (Tc...ble VII - 38). 

Table VII - ia. 
\ig . (OOOH) Isomers 

I III/IV II -
1 1.1 4 90 
2 0 . 3 5 "> 6 
3 0 . 8 8 > 7 > 6 60 40 0 

B l ) 
1 . 49 4 90 

2 ) 4 > 5 
3 1 . 24 8 >7 > 6 50 45 5 

C 1 1 .1 4 90 
2 0 . 6 5 > 4 
3 4.7 a· > 7 ;- 6 45 45 10 

It wae of particular interest to find evidence 

of isomer II COPRO in the decarboxylated li O fractions 

Band C. The evidence for isomer II was a discrete 

spot on the chromatogram with an Rf just gre...:.ter than 

that of isomer III. it the time reference isorner II 

COP.JD was not avuilable but later a specimen of synthetic 

ORO II ias obt~ined through the generosity of 

Dr. S. F . if.cDonald of 1roronto. On deoarboxylation 

this yielded COPRO II which behaved as described ;;.bove. 

Bee use URO II was found. it was assumed th~t URO IV 

might a.loo be present, but COPiO'e II and IV are 
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indistinguishable chromatographically. 

ll.though the URO fractions consisted of mixtures 

of isomers, the urine COPRO was almost entirely isomer lII. 

(b) Faecal Porphyrin. After an initial 

period of constipation, stools were obt ined on the 

4th nd 5th days after admission to G ••• ( ee fi 0 ure 

VII - 16). Table VII - 39 indicates the result of 

quantitative ana.lysis. 

Table VII - 39. 
Date. et. t. 

D~l 
t. Oopro l'roto Total 

,s2 
13.8.62 100 38 1.83 1.24 3.07) 

1J8/g 
14 .a. 62 183 69 0.62 0.42 1.04~ dry wt. 

The an lysis by column chromatography of the crude 

ester obt~ined from this pooled specimen was r~ther 

involved and ha been shown di~ rammatically in Fig.VII-19. 

Analysis w a complic ted by fractions with 4, 3 and 2 

carboxyl groups which differed little in their physical 

properties. 

The crude eater extract was fractionated on alumina. 

(Column I) and 5 fractions obtained. These were 

que.nti t ted except for ( 5) which was heavily contarni-

nated with bile pigment. Spectroscopy and chroma. togr .. 1phy 

.. 
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Two major components are indic ·ted as Pools 1 and 2, 

which had the pro erties given in Table VII - 40. 

The fraction intermediate between pools 1 and 2 

(n - 28) is probably (2 or 4) monoettyl deuteroporphyrin. 

Table VII - 40. 

Pool. "n" "kit Calculated Absorption Porphyrin. 
HCl no. in ether. -

1 20 0.50 0.:345 622.0 573.3 526.2 DEUT ID 

2 36 1.50 0.600 623.0 574.0 528.4 MESO 

COD analysis explained the f ilure to obt in 

crystalline materi 1 uf good morpholo y and sh rp m.p. 

from fraction 1-2. Crystals had been produced, the 

m.p. was 165 - 170° C, but morphology was not uniform. 

Fraction 2, from column I (Fig.VII - 18) was dealt with 

as shown in the di~gram which is self-explanatory. 

olumn IV (alumina) showed that it waa possible to 

isolate 3 fractions differing little in alpha band 

absorption, but having 2, 3 and 4 cQrboxyl groups. 

These fractions probably had 4, 3 and 2 propionic 

curboxyl groups und could have been degradation pro­

ducts of OPROG~N. 

l!Jra.ction ~. Lutidine chromatography (system 2) 

indic ted 75,o isomer III COPRO. Fractio.nu.l cry a talli­

aati on yielded 24 mg COPRO III (mp cu1Icomplex 215-217°~ 

ig. VII - 22.) 
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Crystals complex 

nd 7 mg CO:PRO I, mp 248 - 250°0. . e I wpectru are 

sho n in lig. vr- - 23. 

r ction 4. 1.6 pentacarboxyl porphyrin not 

inventl ted further. 

r ction 5 Lutidine chroma to raphy ( .;JS tem l) 

show ... d prominent 2 and 4 carboxyl porphyrin sot., but 

more hi hly c rpoxylated porphyrin was not cons icuous. 
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BS3XMLX3 

,,.. -• ,,. .. 
c~ -

Fig. VII - 23. 
IR spectra of CO O's I and III se 
by fractionc<l crystallisation from 
( ig • VI I - l '7 • ) 

r ted 
r ction 3 

Comment. aly,:,is of the urine sho, ed dissoci tion 
of the isomer composition of the 00 0 d URO fractions. 
he p e~rance of small ount (10) of iso r II 0 

sug e ted th· t non-enzymic conver .. ,ion of 13G mi ht be the 
source of incre sed amounts of URO and this as corrobo­
r ted y the exceos of 8 over 7 carboxyl porphyrin. 
rine Oi O in specim ns , Band J w s virtually all 
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isomer III. (The possibility of isomer J.V being 

present is not excluded by the chromato raphic 

technique, but it is improbable.) 

The faecal analysis was complex but the following 

conclusions appear valid: COP O was the largest 

single fraction; 75 - 80~ was isomer III and the m.p. 

of the Cu complex was determined. This excluded the 

possibility of isomer IV being present. The IR spectra 

of both COPRO isomers isolated agree well with spectra 

of reference material. 

PROTO was not prepared in very pure form, but 

none of the properties of the four timesrecrysta.l.lised 

materidl suggested it was not largely PROTO IX. 

IB20, DEUT.El?O and a hybrid of these porphyrins 

accounted for most or the 9.2 mg of fraction 1-2 

(Fig. VII - 1q) 
(COOH) 3 porphyrin was isolated but it was not 

monovinyl and therefore not a biosynthetic intermediate . 

(ii) A.S. Coloured female, 35 ye ra.llousewife. 
Studied first during an acute attack and 1 ter in 

remission. 
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(a) Jrine Por phyrin. orphyrin was recovered 

from 2.1 1 of urine(8 - 12/6/63). Chromatography 
on MgO and on paper provided the following fractions: 
(Table VII - 41). 

Table VII - ~l. 

Fraction. mg. (C 013 ) (GOOH) % Isomer III. 

1 1.8 625.3 8 7 30 

2 0.17 621 . 8 5 4 70 

3 0.44 621.0 4 80 

Chromatographic evidence for the presence of 
isomer II uroporphyrin was dubious; but the eight 
carboxyl porphyrin exceeded seven curboxyl porphyrin 
judging from the int enei ty of spots when the crude 
ester extr ct from the urine w s ~lysed by electro-
phoresis nd cr romatogra.phy. 1his suggested that the 
eight carboxyl porphyrin had, in part, formed oy non­
enzymic condensation of BG. 

(b) Fctecal )orphyrin. (a) The first ~pecimen 
obtained after admission:-

The total weight was 340 gm (wet) or 75 gm dry 
weight. A crude extract of porphyrin ester was pre-
pared and analysed; the chief components iere porphyrins 
with two and four curboxyl groups, but the pre~ence of 
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porphyrins with 5, 6, 7 and 8 carboxyl groups was 

clearly shown on electrophoresis and lutidine chroma-

togruphy ( system 1). Chromatography on ulumina gave 

five fractions ( ,able VII - 42.) 

TQ.ble VII - 42. 

Fr- ction. m • (CHC1
3

) C H. 

1 10 . a 625 2 

2 4.5 621 5 ) 4 

3 21 . 7 621 . 8 4 

4 3.5 622.4 5 ;;> 4 

5 about 25 623 2 - 8 

66 mg. 

raction 1: Chro. atographic bel1 viour ana. he 

position of the alpha. band suggested the presence of 

a considerable amount of decurboxylic porphyrin which 

was not protoporphyrin; this was confirmed fter 

chromatogr phy on YO (Table VII - 43.) 

able VII - 4~. 
Fraction. mg. (CHC13) 

1-1 0. 53 621.7 

1-2 5.32 620.0 

1-3 2.55 629.5 
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r ction 1-3 ',, cryot lied rec y t l d 

fro c lorofo /hex e. C y 0 unifor 

siz o ... olo y er ob i h"ch 1 ed "· e 
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ge ted th t i f ction a i ·t . oi o-

ropor hy ins. 

i fr c ion i a ub e uentl 

( 1 • II - 24). 

y \,;, • 

O.D. 
units 

10 

8 

6 

4 

2 

0 L..-...---

0 10 

CCD di 
fro 

l n = 18 

C - C DI STRI BUT ION 

AS 1-3 

( Ether 
{ O· 095N HCI 

60 transfers 

! n:50 

1 n=58 

20 30 40 50 60 
TUBE NO. --+ 

0£ fr ct· on 1-



- 232 -

The phases consisted of ether and 0.095 N HCl; 

60 transfers were carried out. complex pattern 

was obtained but the largest fraction was deutero-

porphyrin (n = 18). The alpha and gamma bands in 

ether were at 621.8 and 527.0 mu respectively. 

fter esteri~ication with CH2N2 and chromatography 

on alumina, crystals were grown from chloroform/ 

methanol. (Fig. VII - llb.) The CCD pat·tern also 

suggested the presence of mono-ethyl-deutero- (n=29) 

and mesoporphyrins (n = 36). n=50, and n=58 indicate 

small amounts of monovinyl- and protoporphyrins in 

this fraction. 

Fraction 2: not analysed further. 

Fraction 3: Analysed by lutidine cnromatography 

( system 2). 

Frc1.ction 4: 

gated further. 

Found: 50~ isomer III 

Five carboxyl porphyrin, not investi-

:Fraction 5: Electrophoresis showed the presence of 

approximately equal quantities of porphyrins with from 

2 to 8 carboxyl groups. 

Comment. It was noteworthy th t the fraction 1-2, 

probably a mixture of oIBSO &.nd DEUT RO, exceeded the 

ROTO fraction (1-3). lso interesting was the 
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presence of highly carboxylated porphyrin in the 

f aeces, which as Will be seen again later, is a 

feature distinguishing the acute attack from remission. 

Faecal orphyrin during remission. A faecal 

specimen was obtained four months after the acute 

attack. The urine at this time cont ined CO RO 

0.21 and URO 0.06 mg/L. The result of quantitative 

analysis of faecal porphyrin was COPRO 0.29 and 

P 010 0.45 '1'!18/g d.w. Analysis was incomplete but 

pap~r chromatography (KER-OHLOR-PROP) of aecarboxylic 

porphyrin sepuruted by alumina chromatography showed 

this to be largely PROTO. · This was confirmed by 

spectroscopy. 

The COP O in this specimen was analysed. 

Found: 67% isomer III 

335' isomer I. 

(iii) P .N. Wh i te female aged 40 years . 

(a) The first stool specimen obt ined 

after admission with acute porphyria was analysed. 

The crude extract of porphyrin esters from 213 g of 

faeces was chromatographed on alumina. 

were obt ined (Table VII - 44.) 

Five fractions 
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Table VII - !4• 

.Fr ction. mg. (CHC1
3 ) ( COOH) 

l 8 . 6 2 

2 2. 35 no 4 ) 3,2 

3 12.0 record 4 

4 3.16 5 

5 heavily contaminated 2 - 8 
with bile 

raction 1. Chromatography on MgO yielded 3.8 mg 

of OTO judgi:µg from spectroscopic characteristics, 

behaviour when chromatographed on paper using the 

system (K~R-CTLORO-PROF), crystal morpholo y d 

m.p. 222 - ·224°C. {after three recrystal.lisatione.) 

Only 0.6 mg of a ixture of ME O and DEU.L:, 0 was 

obtained. 

Fractions 2 and 3. These were combined as fraction 

2 wus largely coproporphyrin. Phe isomer composition 

was an lysed by lutidine chrom tography ( ystem 2). 

'ound: Isom r III 49r 

Isomer I 51,o 

There was a small amount of porphyrin, perhaps 5%, 
which behaved like COP O II in the chromatogra .• 
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(b) The analysis de cribed above had 

indicated the presence of porphyrin ·Ii th more than 

4 carboxyl groups. his problem w s further investi-

g ted by analysing a specimen obtained on the following 

day by quantitative electrophoresis. (Table VII- 45). 

Table VII - 45. 
COOH Groups. 2 4 5 6 7 8 rotal. 

Faecal 
Forphyrin 416 1177 277 74 41 140 2325 ug/g d.w. 

This technique does not result in cle~r sep ration 

of 2, 3 and 4 carboxyl porphyrins but more highly 

carboxyl ted ~ractions are readily identified. 

(iv) ti. L. ,hi te female, age 50 ye •rs. Housewife. 

(a) Faecal porphyrin was tinalysed during an 

attack of acute porphyria in order to investigate the 

excretion of highly carboxyl ted porphyrins. Table VII -46. 

COOd Groups 

.Faecal 
orphyrin 

Table VII - 46. 

2 4 5 6 7 8 

427 1125 379 174 150 176 

otal 

2431 u.g/g d.w. 

(b) The urine porphyrin was not an lysed 

in detail. fter the excretion of PBG had returned 

to near normal levels, a sample of urine wa collected 
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and the ratio of OOPROGEN:COPRO determined by the 

same procedure described under Section 2, Case ri, (J .FJ 

The result was COPROG~N = 3.5. 
CO.PRO 

(v) S.S. Coloured male, unemEloyed. 

This patient was studied during two different 

attacks of acute porphyria. On the first occasion 

faecal porphyrin was wialysed by quantitative electro­

phoresis to inve3tigate the excretion of highly c-rboxy-

lated porphyrin. On the second occcLsioL, a. sample 

of bile was obtained and analysed by CCD. 

(a) F~ecal rorphyrin. 

Table VII - 47. 

COOH Groups. 2 4 5 6 7 

Paecal 
?orphyrin 254 747 124 38 55 

(b) Bile Porphyr;in. The J.::hrlich 

on the bile w a negative. 

8 Tot&l 

119 1337 

reaction 

The CCD pattern after 40 trunsfers bet1een the 

phases ether, 0.101 J HCl is shown in Pig. VII - 25. 

Three chief components are evident; "CO 0" to the 

left, and intermediate frt:t.ction a..·rHi a "P- OTO" fraction 

to the right. No ether insoluble porphyrin had been 

ug/g 
d. w. 
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noted when the bile w s initially extracted . 

·7 5 

· 5 0 
JJ M Porphyr· 

per tu be . 

·2 5 

TUBE 1 

P OO L 1 

COUNTER CURRENT DISTRIBUTION 

ET HER SOLU BLE PORPHVRI NS F R OM B IL E O F S . S 

( 10 . 6 . 6 3. ) 

.7 5 

·5 0 

·25 

0 o~~~~L-~10~~~~-_::~2;0:'.::==:~::=~~3~0__}};~~~~~~4g 

TUBE NUMBER -

i ig . VII - 25. 
COD pattern of porphyrin from bile of 
Case (v) S.S. 

mhree pooled fractions ~ere worked up further: 

1. 1:ube s 1 - 7 

2. kube 10 17 

3. Tubes 32 41. 
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Theue fr c ion rer st r'fied inaivi u ly 

(diazo ane) d chro to raphed on in. he 

fr c ion from 1 ina ~ re hydroly ed nd naly~ d 

bv lutidine chromato raphy. ( i. I - 26) 

bile 

It i quite cl ar fro the c ·o tor 

· a.:ni ul tion ,ere not eff ctive i 

ctione o! 
t d by C 

t e 

• 

ure 

fr ction. e princ· 1 co pone ti t l - 7 
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was COP O and in tubes 32 - 41 a dicarboxylic 

porphyrin. ~he intermedi te fraction (Tubes 10-17) 

contained largely dicarboxylic porphyrin which was 

presumed to be of the meso - deutero type. 

(c) Urine Porphyrin. The only stt<.dy made 

was to me· sure the vOPI OG N/CO RO rcitio. 

nique ha ~lready been referred to. 

The tech-

5. 

Found: COPROG 
COP 0 

= 3.15. 

orphyrin Excretion in owedish Genetic .Porghyria. 

Criteria for the diagnosis of Swedish ~enetic 

porphyria are as follows:-

1. family history of the disorder with the 

diagnosis in affected members confirmed biochemically. 

2. levated urine ALA and PBG excretion at all 

tiu es. 

3. Rorm..tl., or only slightly increased, faecal 

porphyrin concentration. 

4. The absence of all signs of cutaneous porphyria. 

5. The occurrence of attacks of cute porphyria 

either in the p~tient or in members of his family. 

The tudies reported here have all been Ll.de on 

members of a single, ru.ther small, family. he family 
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tree is shown in Fig. VII - 27. The clinical course 

in ., se 9 (A), v!.E. has been dominated by severe rheum­

atic carditis. This patient has been admitted to Groote 

Schuur ospital frequently and gross increases in urine 

ALA and PBG excretion while faecal porphyrin has been 

relatively normal, h~vebeen documented on many occasions. 

C-..se (B), .w., is an aunt of i • .r.. and suffers periodic 

attacks of abdominal pain. 0he has been admitted to 

hospital on four occasions because of severe att cka 

of abdominal pain accompanied at the onset by gr nd mal 

seizures. ."-gain, high urine levels of ALA and PBG 

have been accompanied by only moderately increased 

faecal porphyrin concentration. 

Casev (C) and (D) have not been studied clinically. 

s far as is known they are asymptomatic but the figures 

given below show quite obviously th t they are 

biochemic lly positive. 

(A) M.E. Coloured ma.le, 20 years, unemployed. 

(i) Urine Porphyrin. Porphyrin was 

recovered d~ily from 24 hour specimens of urine col­

lected during the course of a metabolic experiment. 

The delay between voiding the urine and recovering 

the porphyrin w s thus minimised as waa the formation 
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of uroporphyrin from PBG. n. total of 7. 3 L of urine 

was extracted. Chromatography of the crude eoter 

showed porphyrin with 8, 5 and 4 carboxyl groups. 

This was chroma. tographed on ~go and the isomer content 

of the fructions obt,,1,ir.1.ed determined by lutidine chroma-

togru hy (system 2). 

~II - 48. 

The findings are sLo'm in Table 

Fraction . 

l 

2 

mg. 

0.87 

0 . 62 

(ii) 

~ie VII - 48 . 

Recovery 
ug/L 

119 

85 

625 . 4 

620 . 8 

{COOH) % Isomer III. 

8 5 

4 

60 

90 

that ~~e yield of porphyrin from fneces of this patient 

would be low. For this re,1.son a. large specimen (850 g) 

as extracted. The crude ester extract obt~ined w~s 

chromatographed on alumina nd thrE:!e frnctiouo were 

obtained (Table VII - 49.) 

Table VII - 42• 
Fraction. mg. (CHCl~) (00011) 

l 22.0 ( !) 629 2 

2 2.1 622 4 

3 largely bile pigment, not axamined further. 
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J!ract ion 1. lti thout further purification this fru,1tion 

was crystallised (m.p. 217 - 219° C.) ""nd recrystallised 

(m.p. 220 - 222° c.) Because of its spectroscopic and 

chro mc:1. tographic behaviour and b ec use of t 1e mp, the 

fraction was regarded as PROTO D'.'. The a...~ount recovered 

amounted to approximately 100 ug/g d.w. of faeces and 

muJt be regarded as increased. 

Fraction 2. Spectroscopy and chrorni:::.to ru.phy indic.;;.ted 

this fraction to be COPRO. The iaomer composition was 

analysed by lutidine chromatogr-phy (system 2). 

Found: about 70i~ isomer I . 

(B) I.iv. Coloured female 1 aged 26. Housewife. 

Faecal Porphyrin!. A stool !rpecimen weighing 

125 gm (50 g d.w.) wa3 analysed. <l'his cont ined 

P ·OTO 81 and C0.1 0 74 ug/g d.w. (Hol ti method). The 

crude. porphyrin ester extructed w,is chromatographed on 

alumina; the findings ·re recorded in Table VII - 50. 

Table VII - 50. 

frc.1.ction. mg. (<.mc1
3

) (COOH) 

l 0.75 metal complex 2 

2 2.46 622.6 2 

3 0.32 594.4 3, 4 
metal complex 

4 o.s 632.2 4 
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This analysis was unsatisfactory because a 

considerable amount of both 2 and 4 carboxyl porphyrin 

was recovered as metalloporphyrin . It is, however, 

significant th ... t fraction 2 was not l rgely proto­

:porphyrin, judging fro1.::i the alpha band absorption 

and behaviour of the ester when chromato0 r phed on 

paper (KER-CHLORO-'PR01'). Further ..in ..... lysis of HgO 

resulted in loss of this fraction bectiuse of difficulty 

in preparing .ulgO with the correct degree of · daorbency. 

1raction 4.was arw..lysed by lutidine chrom~tobraphy 

( system 2). Found: about 10; isomer T. 

{C) •. ,. 

(D) L • 

Specimens of faeceo wera obt ined from 

two further _patients of the f, ... mi y to 

which cases (A) and (B) above belonged. Urine por-

phyrin precursors were estimated t tl e s me time. 

The results of these estimations .... nd of quanti t tive 

an-lyses of the stools is shown in Table II - 51. 

~able VII - 51. 
c, 
.;;) • • • \I.E • 

Urine (mg/L) 
PBG 11 . 2 26 
ALA 1. 0 7.6 

'filaeces(ug/g d.w. ) 
Copro 52 15 
Proto 137 31 
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(i) Quantitative electrophoresis of faecal 

porphyrin (fable VII - 52). 

Table VII - ~2. 

COOII Groups. 2 4 5 6 7 8 Total. 

s. f . 98 23 trace 8.5 130 ) 
ug/g 

ii.is. 62 16 trace trace 78 ) 

Normal faeces have not been analysed by this 

technique so that it is uncertain whether these-levels 

are abnormal. By the Holti method it w~s quite clear 

that faecal porphyrin of s.w. is increused. The 

electrophoretic technique did, however, show th tin 

the patient who was excreting the gre~ter qu ntity of 

PBG , a measureable amount of uroporphyrin coul _ be 

detected in the fdeces. 

could not be measured. 

ueven carboxyl porphyrin 

(ii) Chromatography on alumina. liquots of 

the ethyl acetate extract of faeces which had been 

prepared for analysis by electrophoresis were nalyaed 

on alumina columns. [he results are tabul ted (Table 

VII - 53). mhe identity of the fractions is baaed on 

spectroscopic and chromatographic behaviour. Iaomer 

analysis w s by the quantitative lutidine (system 2) 

chrom~togruphic technique. 

d.w. 
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Table VII - 23• 

S. • M.E. 

Proto .24 .19 

Copro .05 .05 

~ Isomer III 29 32 

6. Porphyrin Excretion in Erythropoietic Protoporph.yria. 

Faecal porphyrin excretion bas been studied in a 

single cuae of this condition. The patient was a 

fifteen year old white boy whose skin has been abnormal 

since the age of seven years. Unlike patiente with 

S. J . Genetic porphyria who complain chiefly of the 

sequelae of increased cutaneous fragility, he has 

suffered, as the most prominent symptoms, oedema and 

erythema following prolonged exposure to sunlight. 

His parents are both quite normal. Following the 

report of Magnus et al (147), free erythrocyte por­

phyrin w s measured and found to be grossly increused. 

Figure VII - 28 shows the appearance of sme r of 

peripheral blood in a fluorescence microscope. 
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Fig. VII - 28. 
Photomicrograph of the trunsient red 
fluorescence seen in erythrocytes from 
a patient with erythropoietic protoporphyriu. 

The levels of porphyrin and porphyrin precursors 

found in the urine were normal . Faecal porphyrin 

concentration was COFRO 0 . 04 and POTO 0.52 mg/g d.w. 

Free erythrocyte porphyrin was COPRO 4.7 and PRO~O 

556 ug/100 c.c. blood. (Method of Schwartz and wikoff,148). 
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orphyrin was extracted from a stool wei~hi 

113 g (wet wt.) Chror;m. togruphy of the crude extract 

on paper (lutidine/water, sj•stem 1) showed the principnl 

fraction to be dica.rboxylic porphvrin . 0hrorna.tograoh 

on alumina yielded 4 fractions. Details are ttiven in 

/ :i:able VII - 54 . 

able VII - 54. 

raction. mg. (CHClL)mu (COOH) 

1 5. 0 629 . 2 2 

2 0 . 1 - 3 

3 0 . 19 622 4 

4 contaminated with 2 
bile 

ion 1: PROTO judging fro~ the spectroscopic 

d chromatographic behaviour; this fraction 

crystallised from chloroforc-methanol to give cryst 

lting in the range 219 - 233° v. 

}lrac tion 3~:_ CO.PRO. Isoiiler analysis ahoVled this "to 

be 70;1 isomer I, 30% isomer III . 

ent: Significant points were the r.:..tio of 

01ro to COPRO evident from the quantitative a.nalysi 

n.nd after column chromatography. Column chromo:.1 toc;raphy 
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showed this ratio to be more than 25:1, which sets 

this case &part froo all others studied in this 

urvey of porphyrin excretion. The COPID isooer 

composition is that of a normal person and the COP.RO 

ia quantitatively not increu.eed. 

; 
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CH 1.PTBR VIII. 

COLLECTED 

In the following sections the experimental 

results set out in Ch~pter VII·will be summarised. 

here applicable quantitative data obtained using 

standard laboratory methods will be included in 

an attempt to define the p tterns of porphyrin 

excretion encountered in health and in the porphyri~s 

studied. 

1. Normal ~orphyrin Excretion. 

There is no normal level of porphyrin excretion; 

but only an upper limit arbitarily set because it 

exceeds the excretion of, for example, 95 of a 

healthy populution. The upper limits of porphyrin 

excretion in health have been considered by ~-les 

and ,aunders (75). 

- • Urine orphyrin. 30 ug/1 of n- 0 11 and 

130 ug/L of" OPR0 11 are accepted as the upper limits 

of normal. "URO" will consist chiefly of 8 ca.rboxyl 

porphyrin but also some 7 carboxyl material. "COPRO" 

will be contaminated with truces of 5 and 6 carboxyl 

porphyrins. 

isomer III. 

The COPRO of normal urine is mostly 
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B. Faecal Porphyrin. The upper limits of 

normal are accepted as ,OPRO 27 ug/g dry weight and 

PROTO 75 ug/g dry weight. hile the expression of 

faecal porphyrin as a concentration ie useful in 

dealing with diagnostic problems, arguments iill be 

developed below which require an approxi te assess­

ment of daily porphyrin excretion. It will be assumed 

that the average hospital patient consuming a full diet 

excretes about 25 g of faeces (dry weight) d ily. (149). 

However, no reasoning will be adv~nced which relies 

heavily on the precision of this figure, which certainly 

does not apply to ill patients whose d~ily output of 

faeces may be very s~all. 

The isomer content o! faecul COP O as investi-

gc .. ted in 3 normal subjects ( 'ha.pt. VII -2). In each 

instance it was 1bout 70/o isomer I. No good evidence 

was obtained to prove that norm.-1 faecal O O is type 

IX. Crystalline material was only isolated in subject 

( ). The rather lame comment may be mdde that it is 

very unlikely to be any type other than IX. 

C. Daily ~xcretion. Combining the v rious facts 

and assumptions given above, the upper limit of daily 

porphyrin excretion in health may be ~rrived at,-
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URO COP 0 OTO 
I III 

Urine 30 130 ) 
) 

Faeces 30-40 510 1/0 1900 ) ug. d· ily. ) 
Total 60-70 510 300 1900 ) 

2. Acquired Porphyria . (Cha.pt.VII ection 3.) 

Urine. 

The urine was studied in 5 cases. In 2 of these 

the resUlts of electrophoretic an lyses iere expressed 

quantitatively. he inspection of chro atogr ms ~nd 

electrophoresis strips gave similar results. 

( l) 'here were large ....l.I:lount a of porphyrin with 

7 and 8 carboxyl groups. 

(2) All intermediates of UROG f decarboxylation 

were represented. 

(5) Coproporphyrin wa not much more prominent 

than porphyrin with 5 or 6 (COOH) 0 roups. 

~hese results m~y be expressed qu ntitatively in 

able VII - l using data from Tables VII - 11, 17 and 21. 

The results of quantitative analysis by conventional 

techn1que are given for comparison:-
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Table VIII- l. 

Conventional 

COOH group 8 7 6 5 4 Total •URO" "COPRO" 

Case B 345 389 196 152 158 1240. 1390 330 ) 

:p 1140 630 96 61 45 1972 2870 130 )ug/L 

B 1710 1850 470 690 580 * 4300 1000 ) 

* Table VII - 11 gives results only in terms of 

% of total. Figures for (COOR) 8 - 4 

calculated from "conventional" total. 

Isomer patterns of uroporphyrins were studied in 

cases , Band C; the results are set out in Ta le VII-2. 

No evidence for isomer II was noted. 

Table VIII - 2. 

COOR 8 7 4 

Case ~ !so.III 

A 60 85 

B 30 75 60 

C 30 85 75 

It is concluded that the eight carboxyl porphyrin 

is largely isomer I but the 7 a.nd 4 oarboxyl porphyrina 

largely isomer III. 
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Faecal Porph.yrin. 

In only one case (D) did quantitutive an lysis 

by the Hol ti method indic te "PROTO'' "COP 0". In 

only one instance(~) w.s the total r~ecul. porphyrin 

normal but the "COPR0 11 fraction was def'ini tely elevated. 

Chromatography and electrophore•is of crude 

extracts of faecal porphyrin had indicated the 

presence of porphyrins with from 2 - 8 carboxyl groups. 

The quantities of highly carboxyl ted porphyrins were 

considerable in all cases. 

Column chromatography enabled fai ly pure 

fractions of di- and tetra- carboxyl porphyrin to be 

prepared. significant finding which was quite 

different from the finding in normal persons, was ~e 

small mount of dicarboxylic porphyrih obtained relative 

to co ,O. able VIII - 3 illustrates this point and 

includes, for interest, the ~OPRO ratio obt~ined by 
PROTO 

the Holti method. 

Table VIII - 3. 

Case. (COOB) 4 (COOH) 2 
COPRO 

~4 Holti oro. mg. mg. 
2 

13 9.5 1.7 5.6 3.23 
C 4.5 0.6 6.8 2.3 
E 3.8 0.5 7.6 1.6 
F 2.0 1.5 1.34 1.3 
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Then ture of the dicarboxylic porphyrin w~s 

further investigated by MgO chror torr hy in cases 

A, Band C and by CCD in cases~ and F. Only from 

nF" Wets a fairly pure sample of" OTOtt obtained. 

(Fig. VII - lla). In this instance recovered P 010 

amounted to 12 ug/g d.w. but in none of the others 

did it exceed 10 ug/g d . w. The remainder of the 

dicarboxylic fractions obt~ined probably consisted of 

O, D~ T-RO etc. but as tlese were never obt ined in 

pure form, their nature could only be inferred . 

i'hereas the faecal COPRO is lways increused, 

faecal (COOH) 2 is not increased above normal. (It 

would be meaningless to say that it is below normal 

because "normal II is being used here only to in ico.te 

that a value is below an upper limit.) 

rhe isomer content of faecal COPRO was investigated 

in cases~, B, G, E and F. the measurement 

was only approximate; the results were 85,--, 901; and 75% 

isomer III respectively. In = u.nd F tl,.e technique was 

considered accurate and the results were 84% and 91~ 

respectively of isomer III. 

Highly carboxylated porphyrin which was noted in 

the fueces in all instances was measured by quantitative 
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electrophoresis in 2 cases. hese porphyrins re 

usually regarded us being excreted largely into the 

urine, so, for the purpose of approximate comparison 

with amounts found in the urine, concentr tions are 

expressed as "per k• d.w." and per 25 g. d •• " 

(Table VIII - 4.) 

Table VIII - 4. 

C 0 0 H 
8 7 6 5 4 

~ 
2 

D ( J .F. ) 24 119 110 195 36 ug/g d.w. 

600 2980 2750 4850 972 ug/25g.a.w 

F ('F • • ) 46 48 18 27 141 86 ug/g d.w. 

1140 1180 435 685 3530 2150 ug/25g.d. w. 

If the assumption made regarding the normal daily 

stool weight is val.id, 'then the faecal excretion of 

uroporphyrin and ~orphyrins with (7 - 5) carboxyl groups 

becomes highly significant, possibly even exceeding 

urinary excretion. 

Duodenal aspirate from C-se (u.O.) was an lysed 

by CD. 111he pattern obtained was in agreement with the 

above comments on faec 1 porphyrin excretio in acquired 

porphyria. 
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Yree porphyrin in the liver was measured in 

Cases~' D, ~ and F and found to be grossly increased. 

In Cases D and F this proved to be seven and eight 

carboxyl porphyrin only. 

Summary of findings in 6 oases of acquired porphyria. 

Urinary porphyrin was greatly increased; this 

consisted chiefly of 8 and 7 carboxyl porphyrins with 

lesser &mounts of with 6, 5 and 4 carboxyl porphyrin 

groups. 11 except 8 carboxyl were chiefly isomer III; 

the eight carboxyl was about 70% isom r I. No evidence 

for other isomers was found. 

Faecal porphyrin was usually increased but, 

more striking than the quantitative increase which was 

variable, was the reversed ratio of COPRO to dicarboxylic 

porphyrin and the significant amounts of porphyrins 

derived ~y oxidation from substrates of UROGEN 

decarboxyla.se. 

Faecal C01)RO ranged from 75 - 94% isomer III. 

Faecal PROTO was definitely not increased; more 

difficulty was experienced obtaining ROTO in pure 

form from patients with acquired porphyria than from 

normal per sons. 
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• • Genetic Porphyria - ~um.mary of 

( ) Patients studied during remission. 

Analyses are reported on 6 cases (i - vi) 

H • S. , • V • , S • D • , P • V • , H. 'B. and J • C • 

(i) Urine Porp8frin. Urine porphyrin was 

studied in Cases (i), (ii), (iii) and (v). 

(i) and (ii) were studied by qualitative procedures 

and by chromatography on MgO. (iii) and (v) were 

studied by qullntitative electrophoresis. In each 

instance the findings were similar. COPRO was the 

predominant fraction. In (1) and (ii) this was 

,ork • 

found to be almost entirely isomer III. URO formed 

a very much less significant fraction and was accom­

panied by seven cEirboxyl porphyrin. (e.g. Fig.VII - 12) 

Tables VII - 29 & 31 express these facts in quantitative 

terms. Only traces of porphyrin with five and six 

carboxyl groups have been encountered. 

Much lees attention has been paid to urine 

porphyrin excretion than to faecal porphyrin because, 

as previously emphasised, the urine is quantitatively 

a relatively unimportant route of porphyrin excretion 

unless the highly carboxylated porphyrins are being 

considered. 
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(ii) Faecal Porphyrin. 

(a) PrinciRal fractions. In each instance 

lutidine chromatography confirmed the presence of large 

amounts of COPRO and dicarboxylic porphyrin. These 

fractions were subsequently isolated by alumina 

chromatogr phy. The findings in three case are given 

in T~ble VII - 5 and contrasted with the vOP.0/PROTO 
ratio derived from conventional analysis. 

1rable Vl I - 5. 

COJ?RO (COOH) 2 
COP 0 

Ratio(COOH}2 mg. mg. 
C -p (Hol ti) 

(ii) (A. V.) 1.36 2.06 0 . 66 1.09 

(iii) ( S .D. ) 0.24 0 . 28 0.86 

(iv)(H.13.) 8.2 20 . 9 0.39 

No close correlation exists. These figures are 

given because they express in numerical. terms a 

significant difference between faecal porphyrin in 

these patients and those with acquired porphyri • 

0 . 54 

1.04 

In S.,. genetic porphyria both UOP O and dicar oxylic 

porphyrin are considerably increased in the faeces . 

(b) Faecal Uroporphyrin. In none of these 

cases were significant amounts of porphyrin with 6, 

7 or 8 carboxyl groups obtained from the faeces. 
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uantitative electrophoresis((iii) and (iv)) 

illustrates this point (Tables VII - 29 and 33.) 

This contrasts significantly with the finding in 

acquired porphyria and in S •• genetic porphyria 

during the acute attack. 

( c) Porphyrin from Duodenal Aspirate ("Bile"). 

Porphyrin from bile was studied by CCD in cases 

(v)(Table VII - 32) and (vi) (Fig.VII - 16). The 

amounts of porphyrin available were small but the 

distribution patterns obtained suggest that the 

mixtures of porphyrins encountered in bile are very 

similar to those encountered in faeces. Some evi-

dence was obtained (Case v) that a porphyrin with the 

properties of IIAEMATO was present in the bile. 

(d) COPRO isomer composition. This was 

investigated in (i}, (ii) and (v). In each instance 

OOPRO was predominantly isomer III (80%, 90%, 85~) 

No evidence of isomer II was noted. atisfactory 

cryst lline COPRO III was only obtained from Case (v). 

The isomer composition differs strikingly from that seen 

in normals and in Swedish genetic porphyria.(Fig.VII - 1) 
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I SOMER COMPOS! TION OF 

FAECAL COPROPORPHYRIN. 

Normal. Symotomatrc. s A.Genetic. 

acute rem1ss1on rem1ss1on 

100 

][ 

I 

-L 

100 

I - 1. 
o ition of ol t d 

from tl v riou e crib d 
1 s i 

(e) Die box:i::lic Eore uri the 

e li r tudie d scrib d {e. • C i ii) 

po phy in hich dicarbo.xylic, hich d 

ab orption b in Chlo ofor i r fer-

ence PO 0 nd i ich or d cry t l t· in the 

rune 220 - .... 24° cc pt d s PO O I. 

!l'he CCD ly o f c 1 porphyrin fro C e v, 
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however, yielded a particularly pure PROTO preparation 

of m.p. 231 - 233°c. Reference PROTO was reviewed 

and reprepared confirming that the correct m.p. is 

close to this figure (232 - 233°0). 

The evidence, therefore, for describing PROTO 

from the faeces of cases of s. A. genetic porphyria 

as identical to PROTO IX rests on this single m.p. 

determination. It does not seem justi~iable to 

quote evidence based on I.R. spectral studies when 

m.p.'s have indicated clearly that the material 

studied has been impure. The best reason for refer-

ring to this PROTO as PROTO IX ie actually the very 

great unlikelihood of it being anything else. 

The CCD analysis on dicarboxylic porphyrin from 

Case V also revealed a monovinyl-deuteroporphyrin 

(Table VII - 34). Evidence for the presence of MESO 

has been found in Cases iv and v and also in i, studied 

during an acute attack. Evidence for Dh'UT.tiID was found 

in Cases iv and v during remission and in cases i and ii 

during acute attacks. COD patterns in each of these 

instances provides evidence for a fraction with fCl 

number and spectroscopic properties intermediate 

between MESO and DEUTERO. 
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Porphyrins or the MESO-Dh"UTERO type have also 

been found in bile, probably as a result of an entero­

hepatic circulation. 

(B) Patients studied during acute attacks. 

Various analyses were performed on urines and 

stools from 5 cases, (1 - v) 

(i) Urine PorphYrin. The striking 

biochemical abnormality in the urine during acute 

attacks is the excretion of large amounts of ALA and 

PBG. vari ble amount of URO is formed by the non-

enzymic condensation or PBG. 

The urine porphyrins were only investigated in 

detail in Cases i and ii. The serial. study in Case 1 

indicated that the principal differences between the 

urine in remission and during the acute attac could be 

attributed to condensation of PBG to porphyrin. 

h'vidence for this was the increase in eight, relative 

to seven, carboxyl porphyrin (see whapt.IV - 3), the 

finding of COP O II on decarboxylation of "U O" .fractions 

obtained from chromatography on MgO columns W1.d the 

rapid change to the remission pattern already described 

when PBG excretion decreased. Also , the isomer compo-
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sition of urine COPRO remained const nt at about 

90~ isomer III, while urine URO contained signifi­

cant amounts of series I, II and probably IV URO ' s. 

orphyrina , i th 5, 6 and 7 carboxyl groups ·were 

never prominent on chromatograms of urine porphyrin 

from Oases i and ii. t no time as die rboxylic 

porphyrin found in the urine during the acute attack. 

(ii) Bile Porphyrin. Bile has been obtained 

only from Case v. COD analysis d.nd chro atography did 

not reveal any differences between excretion patterns 

in remission and in the acute attack. The ,t; rlich 

reaction on this bile specimen was negative. 

(iii) Faeces. 

(a) Dicarboxylic porphyrin: there 

was no definite feature characteriuing the c te attack 

as opposed to the findings in remission already described . 

In ases (i) and (ii) it seemed th~t an unusually large 

arnount of "degrc1ded 11 dicurboxylic porphyrin ( 1E 0, 

DEU'r...,RO etc.) was pr esznt, but in (iii) this was not 

so. 4here was no gros alteration in the r tio of 

COP Oto dicarboxylic porphyrin recovered. 

(b) CO RO: A difference noted 

between remission and the acute attack was ~n increase 
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in the relative amount of COPRO I. (Fig. VIII - 1) 

(c) Porphyrins with more than 4 carboxyl 

groups. In all cases studied there hds been evidence 

of porphyrins with 5, 6 and 7 c rboxyl groups, and 

even the ethyl acetate/acetic 1.cid extracts sometimes 

contained URO. This point was investigated by quanti-

tative electrophoresis in Cases (iii) ( i V ) and ( V ) • 

( 'I able VIII - 6). 

Table VIII - 6 . 

(c 0 0 Bl 
2 4 5 6 7 8 Total. 

Case 
(iii) 416 1177 277 74 41 140 2325) 

(iv) 427 1125 379 174 150 176 243l)ug/g 

(v) 254 747 124 38 55 119 1337) 

It is quite clear th~t in the acute attack 

increased amounts of highly carboxyl~ted porphyrin 

appears in the faeces. This is significantly different 

from the findings in remission. It is perhaps sur-

prising t_ha.t more of porphyrins wi. th 5 - 7 carboxyl 

groups was not found in the urine of ·~ses (i) and (ii). 

(d) Quantitative spects of faecal 

porphyrin excretion during acute attacks: 

d.w. 
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The concentration of porphyrin in the faeces tends 

to be very high in specimens passed during attacks of 

acute porphyria. This ueually coincides with a period 

of anorexia; constipation ie usually a feature and 

the daily output of faeces may be very low indeed. 

The biochemical disturbance of the acute attack is 

usually short-lived and has resolved when daily faecal 

output returns to more normal levels. It is conceivable 

that by studying only concentrations of porphyrin, a 

marked decrease in faecal porphyrin excretion during 

the acute attack may have been overlooked. 

The importance of this point cannot be over­

emphasised, and will be considered again in vhapt. IX. 

An opportunity to investigate the relationship between 

daily faecal output and the urinary excretion of ' LA 

and PBG arose on the second admission of S.u. (Case v) 

in an attack of acute porphyria. Shortly after 

a~~ission the patient was transferred to a metabolic 

ward. All urines and stools were collected and 

Fig. VIII - 2 shows vari tiono of weekly PBG and total 

faecal porphyrin excretion. 

The inverse relationship was striking in the 

beginning but over the crucial first 2 weeks in a 
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general ward, faec 1 collections may have been 

incomplete. 'his sin le obs rvation is Olever, 

stro ly suggestive of an inverse rel tionship between 

fecal porphyrin excretion and precursor excretion, and 

further study is mandatory. Unfortun tely, it is 

extrem ly unusual for precursor excretion to remain 

elev-ted for such long periods in netic orphyria. 

In this instance, prescription of the sed tive 

trichloralphenazone may have been p rtly re ponsible . 

600 fiil PBG S.S. 

I Total Fa~cal Porphyrin 

Weeks 

Fig. VIII - 2. 
The rel~tionship betreen weekly excretion rates of 

G and total faecal ether-soluble porphyrin in 
ase (v) over a 17 week period. 
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Summarx of 'Findings in S .A. ,enetic -'orphyria. 

Large amounts of COPRO tilld dicarboxylic porphyrin 

may be recovered from the faeces. The composition 

of the dicarboxylic porphyrin is vari~ble, but 1 .0TO Ix 

is usually the chief fraction. M ..... SO, .J::UT . .,RO, 

monovinyl (? monoethyl) D.uUTE O and a Li:,-~0-D.-UT 'RO 

hybrid have also been found. These are presumed 

to arise by bacterial activity. 

COPRO in remission is lurgely (90;v) isomer III 

but the amount of isomer III decreases relative to 

the amount of isomer I in the acute attack. The ratio 

of CO RO to dicarboxylic porphyrin both in remission 

and in the acute attack is in che region of unity. 

?crphyrins with more than 5 c~rboxyl groupo are 

largely absent from the faeces in remission, but are 

present in appreciable concentrations durin."" th2 ..... cute 

attack. 

In remission the daily excretion of fa.ecal 

porphyrin is probubly about 25 - 40 mgms. (20 - 30 g 

dry weight off eces daily.) £his figure may well 

fall con;.;,iderably during the acute utt ... ck but this 

point ha.., not been u.dequately st:udied, nor is it 

readily amenable to study. There is, if anything, 
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a rise in u1~ine coproporphyrin excretion during the 

acute attack, but quanti ta.ti vely the c·.1a.n,;e i not 
very l rge and co~ld result from absorption of 

porphyrin from the bo,el contents. 

4. Swedish Genetic ~orphyria. 

Studies have been made on 4 cases, all from one 
fairly s .... 11 fa.11ily. 

A. Urine Porphyrin. This w s a.naly~ed in 

det il only in Case; ( 1 •• ) Ttible VII - 48 shows 
that only 85 ug/L of CO.PRO w s recovered; 9010 of this 
was isomer III which may be significant. The faecal 

OP.O was only 30~ isomer III. 

orphyrin. R TO was recovered from 
the faeces of Cao~ in crystalline form. ~he di-

c ..... rboxyl ic porphyrin from the L.eces of se B was 

mostly not ROTO, b~in of the ~so or type. 
Only sm·ll faec l specimens were analy ed from ~ases 
C and D but in ac inst nee lph· ban absorp ion 
indic: ted the dicarboxylic porph rin to be 1 · · ~ly 

0 o. 
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In all four cases COPRO from the faeces w~s 

predominantly (70~) isomer I which is the same as 

has been found in normal subjects. (Fig.VIII - 1). 

Table VII - 52 shows that a small a.mount of URO was 

present in the faeces of both J and D. This point 

was not investigated in the other two. The higher 

figure for faecal URO (8.5 ug/g. d.w.) in (C) may 

correlate with the increased urinary excretion of 

PBG relative to D. 

In 3 of these 4 oases ¢D excepted) there is 

evidence of an increased faecal porphyrin concentration 

and in each instance this is due to dicarboxylic 

porphyrin ( to I'RO'tO in 2 of these 3). 

The ratios of COPRO:dicarboxylic porphyrin were:­

A 0.096 

B 0.205 

C 0.235 

D 0.260 

The average r tio in the three normal cases 

studied was 0.34 (0.25 - 0.43). 

In summary, the pattern of porphyrin excretion is 

essentially norm 1 but l?ROTO may be increased tnd URO 

is increased,probably when urinary PDG excretion is high. 
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C1APTE IX. 

T SIGiIFI 'ANOE OF DI 

OF PORPHYRIN i<;X-., ,TI0!1
• 

1. Introduction. 

In the preceding Gh pter,I summaris~ct r~sults 

obtained uaing varioue anc.1.lytical techni1;_ue to inveoti­

gate patterns of porphyrin excretion in nor al and 

porphyric persons. mphasie was placed on the lo'l 

levels of porphyrin and por hyrin precursor excretion 

encount~red in normal persons. In acquired porphyri~ 

it was shown that the urine and faeces cont in excessive 

amounts of URO, porphyrins with 7, 6 and 5 ca:cboxyl 

groups, and COPRO. The excretion of dicurboxylic 

porphyrin is normal nd the urine cont~ins, t o t, 

sliwht increase in I.LA and PG. Urine an f .cal 

RO excretion is of the order of 1-10 mg ily, l,ich 

· <..o.y thus exceed 100 X the noro.al li, .it. l ppro ima tely 

the same a ount of OPRO is excreted, but this represents 

a sm~lJerincre se relative to the norm 1 of about 1 mg. 

daily. 

The daily excretion of porphyrin nd orphyrin 

precursors is greater in S.A. genetic - nd Pwedish 

porphyri~. 00PRO and PROTO excreted in the former 

my exceed 30 mg daily, and in an acute att~ck as much 
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as 300 mg of LA and BG may be excreted d ily. 

In the recently recognised condition, erythropoietic 

protoporuhyria (B.P.) only PROTO excretion appe rs to 

be abnormal. bout 10-15 mg is excreted daily. 

An attempt has been made to set out some of these 

features diagrammatically in Fig. IX - 1. 

Fig. IX - 1. 
The volumes of the solid cones in this figure 
represent increases in porphyrin excretion 
relative to the normal. Both faecal nd urine 
porphyrin hawebeen considered. 
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The different patterns of excretion illustrated in 

the figure suggest abnormal metabolic processes at 

different points on the haem synthetic pathway. In 

congenital erythropoietic porphyria there is good 

reason (Chapt.IV, Sect.2A) to attribute all the metabolic 

abnormalities to abnormal action by UROGEN isomerase. 

In none of the conditions which have been investigated 

in this study has a comparable state of affuirs been 

found. 

Before discussing the significunce of different 

patterns of porphyrin excretion in relation to the 

metabolic lesions in the porphyrias, there are various 

comments to be made concerning the pr ctical signifi­

cance of these differences. 

2. Practical specte. 

A. DiagP;oetio Value. In Chapt. VII the criteria 

were stated which al.low the porphyrias to be differen­

tiated on biochemioGl grounds. Precise analytical data 

presented has confirmed the validity of these criteria 

and suggested how they may be augmented. 

Electrophoretic and chromatographic analysis of 

urine from patients with cutaneous porphyria should 
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easily distinguish the acquired and S •• genetic 

varieties. The excretion of considerable amounts 

of intermedi tely carboxylated porphyrins is typical 

of acquired porphyria. Similar information could be 

obtained by analysing faecal porphyrin, but the 

preparation of specimens is more involved. 

It has been shown that the ratio of COPRO to 

dicarboxylic porphyrin in the faeces often differs 

in normal and in porphyric patients. ihether this 

will be reflected in the COP 0/PaOTO ratio when these 

fractions are estimated by the Holti techniq~e 

depends upon the relutive a.mounts of PROTO &.nd 

meso/deutero type porphyrin. Better use could be 

made of uOPRO/dioarbo:xylio porphyrin ratios in the 

differenti~l diagnosis of the porphyrias if separ~tione 

were based on the number of carboxyl groups rather than 

on HCl numbers. This can be achieved by extracting 

dicarboxylic porphyrin from a solution of faecal 

porphyrin in 0.15 M HCl with chloroform, as recommended 

by ,ateon. 

Much more isomer III OOPRO wae found in the faeces 

of patients with S.A. Genetic porphyria than in normal 

persona. Thia difference might prove to be of vt:uue in 
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differentiating between a porphyric person with only 

a alight increase in faecal porphyrin nd a normal 

person whose faecal porphyrin concentration is towards 

the upper limit of normal. /rhis problem is encountered 

in family studies, particularly when children are tested. 

However, it remdine to be shown whether a knowledge of 

faecal COPRO isomer composition ie of any value under 

these circumstances. 

B. Inference§ regarding Preferred Modes of 

Porphyrin Excretion. Rimington (59) and his 

co-workers ha.ve devoted much effort to determine the 

manner in which porphyrins and porphyrin precursors 

are excreted by the body. His vi ewe may be briefly 

summarised: URO and UROGEN are excretea J.argely by 

the kidney; dicarboxylic porphyrin (whether reduced 

or not) is excreted by the liver only. COPRO is 

excreted 1 rgely by the liver d.nd GOPROGEN partly by 

the kidney. 

It was found thut in acquired porpbyria the 

urine and faeces contain roughly equal a.mounts of 

both eight and seven carboxyl porphyrin. In the urine 

the eight oarboxyl, and in the faeces the seven carboxyl 

porphyrin were found to predominate. .uch reater 
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amounts of uOP O were found in the fc:2.eces than in 

the urine. COP OG N has not yet been measured in 

~he bile, but in the urines of two cases of s. A. 

Genetic porphyria the COPROGEN/CO RO ratios were 3.5 

and 3 . 75, which grees with timington's predictions. 

Dicarboxylic porphyrin has not been found in 

the urines of any of the patients discussed in this 

thesis. However, in a patient ~lith • • Genetic 

por~hyria studied recently with Prof. L. ~alas, 

obstructive jaundice was accompanied by excretion 

in the urine of dicarboxylic porphyrin. It w=s of 

particul r interest that the porphyrin was eth r 

insoluble and an explun~tion for this is not yet 

av iluble. An increase in urine porphyrin 

excretion following biliary obstruction is, of 

course, the sequence of events predicted by imington's 

reciprocity theory (see Chapt. IV). .o ever, in the 

case referred to, there WdS reason to believe th~t 

the j undice was not p~rt of the n.tur~l history of 

the disease nor was the ether insoluble porphyrin 

excreted URO, but an unidentified die rboxylic porphyrin. 

A possibility to be investigated is th t under the 

abnormal circum.,tances of biliary obstruction, 
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dicarboxylic porphyrin can be conjugated (e.g . with 

glucuronic acid) prior to excretion in the urine. 

C. The Fate of PROTO in the Gut. It has been 

shown that in addition to PR010, other dicarboxylic 

porphyrins occur in the faeces. The spectroscopic 

properties and HCl numbers s indicated by behaviour 

in COD app~ratua indicate the occurrence of the 

porphyrins det~iled in Table IX - 1. Confirm tory 

evidence for a monovinyl porphyrin was obt~ined by 

observing a 4-5 mu shift in the wavelength of alpha 

band absorption after catalytic Teduction. 

Designation of 
porphyrin. 

Tu,ble IX - 1. 

Subatituents at 
positions 2 and 4. 

Calculated 
l!Cl number. 

PROTO - CH= CH2 i - CH= CH2 1.86 

Monovinyl - CH= CH2 : -CH2.cH3 or -H 0.96 

'tfeso - CH2 .cH3 i - cn2 .cn3 0 . 60 

Ionoethyl deutero - CH2 .cu3 : - H 0.46 

Deutero - H : - H 0.}3 

No physiological significance can be attached 

to any of the dicarboxylic porphyrins indicted in 

lable IX - 1, except PROTO. These fractions probably 

result from bacteri~l degradation of OTO; porphyrina 
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with similarly low HCl nUJJ1bera huve also been encountered 

in bile and their presence there supports the concept 

of an enterohepatic circulation (161, 126). 

The aromatic stability of the porphyrin nucleus 

protects it from reduction by bacteria out this does 

not prevent the vinyl groups from being reduced in a 

manner simil r to the reduction of bilirubin in the gut. 

3. Speculation regarding the of the 

Porphyrias based on Observed PGl.tterns of Forph;xrin 

Excretion. 

Basically, three possible explanations for the 

excessive excretion of haem precursors or their 

immediate derivatives have been ~dvancea. 

(i) For various reasons (not germ~ne to 

the present arguments) there is excessive production 

of L.L which is metabolised to other haem precursors 

and thus excreted. (e.g. Gra.nick (63), de 1attheis 

and imington (152) ~nd Schmid (40). 

(ii) The biosyntheeis of a haem enzyme 

ia blocked and the increused synthesis of huem precursors 

is an attempt to overcome such a block (153). 

(iii) Porphyrinogens, the metabolic 

intermediates of hae~ synthesis, are irreversibly oxidised 
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to porphyrins at un abnorm 1 rte. The porphyrins 

are excreted s the body has no other w~y of i~pocing 

of them. 

In discussing these theories, ac uired porphyri:u. 

and erythropoietic protoporphyria will ue considered 

sep r tely; since the cute att ck ia common to the 

•• ana. ciwedish forms of inherited porphyriu, these 

will be considered together. Before consLrnrint;.; the 

human diseases, brief mention will be mu e of experi­

mental porphyrias in 1 boratory anim lu bee use the 

fin ings in these huve often been compared ,i h the 

fin ings in man. 

. • xperiment~l Porphyria. ~i turbances in 

porphyrin met bolism h .... ve been induced in laboratory 

anim la (rs.ts, guinea pis an_ r b .... its) by feeding 

allyl-1 opropyl-thioc rbamide (Sedormid), ~llyl-iso­

propyl-acetamide (AI ), dihydrodicarbethoxycollidine 

(DDC) and hexachlorobenzene (HOB) (167, 168). 

Sedormid, .11 c nd DDC have, under the con di tioni:) used, 

produced simil~r disorders with excretion of incre eed 

amounts of proto- and coproporphyrins and porphyrin 

precursors. The onset of the disturbance of porphyr,in 

metabolism has been r·pi. HCB on the other h~nd, 

produces in the rt u condition simil r to cquired 
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porphyria in man if fed as a 0.2% supplement to a 

standard laboratory diet. This substance came to 

be investigated following an outbreak of cutaneous 

porphyriu in Turkey (170) which was traced to the 

injestion by peasants of BOB present in seed wheat 

as a fungicide. 

Early work on experimental porphyria was dominated 

by the finding that the development of porphyria was 

accompanied by a profound fall in liver catalase activity. 

It was argued that the disturbance of porphyrin metabolism 

might represent either attempts to replace this haem­

enzyme or failure of utilisation of haem precursors 

for catalaae synthesis. Neither view has been supported 

by experimental work. Until recently, the induction 

of experimental porphyria with Sedormid or I or DDC 

remained an intriguing observation but could not be 

connected with any other specific ulterations in inter­

mediary metabolism. Ginsburg and nowdle (171) have 

now shown that apart from alterations in porphyrin 

excretion, there is an increase in the uctivity of 

glucose-6-pbosphate dehydrogenase in the liver of the 

rate, and a considerable increase in t~e excretion of 

ascorbic acid. Lt the same time there is~ decre se 

in the activity of PY+Uvate kinase suggesting a deviation 
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of glucose-6-phosphate away from glyoolytic to 

alternative pathways. There is as much reason, 

therefore, to refer to this intoxication as "experimental 

ascorbio-a.oiduriatt as experimental. porphyria ! 

The significance of the relationship between the 

disturbances of porphyrin metabolism Qnd those of 

intermediary metabolism remains to be ev luated. 

~tudies of HOB porphyria have not yet provided 

any information on the pathogenesis of acquired porphyria 

except the observation that HOB p~oduces both functional 

and anatomic evidence of liver disease. 

In summary, experimental porphyria in animals can 

be expected to produce valuable information in the 

future regarding reldtionships betveen porphyrin meta­

bolism and other pathways of intermediary metabolism., 

but at present the experimentdl porphyrias do not 

contribute to an understanding of the hum~n diseases. 

B. Acquired Porphyria. The metabolic abnormality 

responsible for this condition remains unknown, but the 

picture presented seems to be less confusing that th~t 

of the dominantly inherited porphyrias to be discussed 

in a later section. 
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orphyrin derived from e ch porphyrinogen inter-

mediute of 

porphyri 

OiO synt esis re excreted in cquired 
nd the amounts my r nge from normal (P 0' 0) 

to over 100 X norm 1 (U 0). he excretion of L nd 

PG is never more thun lightly incre s • hi p ttern 
does not suggest~ met belie block t ny point. It 
could be rgued th t h p tter1 is de to i.cre sed 
loads of .L on th biosynthetic pathi y, ut this oe 
not account for the o 11 increuse i1 G excretion. 
lso, h p ttern of excretion i~ very different rom 

th t found in a healthy person follo in0 the or 1 ad ini-
str tion of 
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Porphyrin excretion in acquired porphyria is 

adequately accounted for by the suggestion that the 

abnormal excretion of porph.yrin follows an increased 

rate of porphyrinogen oxidation. Such a theory 

accounts for the excretion of about equal amounts of 

the v~rious porphyrins with from 8 to 4 c~rAoxyl roups, 

but normal amounts of dioarboxylic porphyrin. It also 

explains the relatively normul quantities of LA and 

PBG excreted. 

The v:ll.idity of such an hypothesis could be 

chec~ed by determining relative amounts of URO and 

copro which are excreted in the reduced form. It may 

even be possible to measure such ratios in aerum. 

The technical difficulties are numerous and due 

consideration would have to be given to the different 

ways in which porphyrins and porphyrinogens are excreted 

by the kidney and liver. 

"hile it is easy to discuss glibly the oxidation 

of por hyrinogen as a basic metabolic lesion in acquired 

porphyria, it must be remembered that such oxidation 

would require (a) atmospheric oxygen or some other 

electron acceptor and (b) a catalyst such as light, 

porphyrin or possibly Fe11I. here is a single account 
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in the literature of an enzyme isolated from spinach 

(172) hich catalyses the oxidation of OGJN but the 

significance of this is difficult to assess. 

Perhaps the easiest explanation to uccept i 

that porphyrinogen leaks from the cells in the reduced 

form and is oxidised elsewhere e.g. in the akin under 

the influence of light . 

he observed pattern of porphyrin excretion ia 

only one aspect of acquired porphyria which muot be 

ccounted for by any s tisfactory hypothesi~. 

1lcohol is almost a proven aetiolobic 1 Ggent even 

thou~h relatively fe alcoholics develop porphyria. 

The urkieh epidemic due to CB showed th .. ~t other 

toxins can cause a similur disease. .ecent ork suggests 

a relationship between iron deposition in t1e liver and 

acquired porphyria. further interesting fact to be 

explained is the reaction to chloroquine of patients 

with acquired porphyria. As far as ta±~ is known 
reaction 

this; io specific to this disease. 

he Possibility of an Inherited actor. 

he rarity of acquired porphyria in putients 

who consume excessive mounts of alcohol ougge~ts the 

interaction of this toxin with a p rticul r inherited 

constitution. ~ point of interest is whether this 
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inherited predisposition is multifactorial or dependent 

upon a single gene. dequate studies of the families 

of patients may decide this. \/aloenstrom and Aronaen 

(166) claim to have shown that acquired porphyria can be 

inherited. 

Chloroquine induces a reaction in p tients with 

acquired porphyria which is reminiscent of the reaction 

of patients with G-6-PD deficiency to primaquine (140). 

This again suggests an inherited factor and underlines 

the need for family studies. 

The Role of lcohol. 

he metabolic fate of alcohol provides no support 

for the theory th~it acquired porphyria follows increased 

porphyrinogen oxidation as a result of an altered intra­

cellul r redox potential. The oxidation of ~1cohol 

(alcohol dehydrogenase) causes an increase in DPNH 

relative to D.N in acute experiments (163, 164, 165) 

but it is difficult to extrapolate from these observations 

to the possible effects of the long continued ingestion 

of alcohol. Ucohol may be responsible for the 

development of acquired porr,hyria purely through its 

effects on iron metabolism. 
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Disturbed Iron Metabolism. 

any alcoholic drinks contain increased amounts 

of iron. Increased iron absorption from the gut is 

a fe ture of chronic pancreatitis and hepatic cirrhosis, 

both of which conditions can follow intemperance. (155). 

It has also been suggested that alcohol per e causes an 

increase in iron absorption (173). 

Uys (156) has consistently shown abnormal iron 

deposition in the li,er in acquired porphyria, nd 

unders (155) has shown that repe ted veneuection can 

lead to a marked decrease in urine porphyrin excretion. 

Theron et al (162) produced experimental siderosis in 

ruts and found about a hundred fold increase in the 
N 

activity of mitochondrial DPH oxid se. .uch a change 
~ 

would support the concept of an altered intracellul r 

redox potential favouring spontaneous oxid tion of 

porphyrinogen. 

C. South .frican and wedieh Genetic orohyr~. 

To be acceptable, an hypothesis which attempts to 

explain these conditions must account for:-

i. ~ominant inheritance. 

ii. The different p~ttern of porphyrin and 

porphyrin precursor excretion encountered. 
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iii. The biochemical and clinical features 

of the acute attack. 

iv. The ability of drugs to precipitute or 

aggravate the acute ~ttack. 

v. The complete normality of haemoglobin 

synthesis. 

the significance of dominant inherit nee will be 

denlt with first. Consideration of the other established 

facts listed above invites speculation but thoughts on the 

meaning of dominant inheritance emphasise the need for 

caution. 

(i) Dominant Inheritance. 

Before discussing the interpretation of the 

different patterns of excretion in these conditions 

the significance of dominant inheritance will be 

briefly considered. 

'· hen Garrod dvanced his fertile concept of 

certain diseases being "Inborn .&.llrrora of ,ietabolismH 

he cited results of hia studies on alcdptonuria, 

cystinuria, albinism, and pentosuria. It w~s no 

accident that these conditions are all inherited as 

hendelian recessive characters. In these, a:na. in 

other similarly inherited conditions, the abnormul 
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biochemical findings are adequately explained by 

postulatin0 the ~bsence of a single enzyme or species 

of protein. In some such diseases, in vitro studies 
0~ 

have confirmed ·the absence of~gross decre~se in 

activity of an enzyme or other protein. 

It is accepted that in recessively inherited 

conditions two chromesomes are affected at the same 

locus with resultant deletion or moditicution of 

protein structurally dependent on that gene locus. 

Sex-linked dominant inheritunce oper~tes in a manner 

similar to the autosomal recea , ive because information 

is carried on only u single chromosocre. 

in diseases inherited as autosomul dominants 

there are no grounds for postulating that an enzyme 

is deleted. ~vidence from two conditions (sickle 

cell trait and primaquine sensitivity in fem~les) 

sugges ts th~t the inheritance of a single abnormal 

gene can cause a decrease in the amount of normal 

protein made in the body. In sickle cell trait 

the missip.g normal protein is replaced by abnormal 

protein. Neither carriers of sickle cell trait 

nor fem~les heterozygou~ for G-6-PD deficiency show 

untoward effects unless exposed to the appropriate stress. 
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These to con itions are exce;tion~l becuuse 

quantitative deficiency of a particular _rotein 

le~ds to signs of disease. 1 number of other 

dise oe~ re known which are inherited s ~endelian 

dominunts, but in none is then ture of the 1,etabolic 

lesion understood. ,ell documented conditions 

inherited as en elian dominlnts include:-

In 

(i) S •• und .... wedish Genetic porphyria. 

(ii) eriodic p raiysis 

(iii) .ldynam.i ·pisodica Here< itari 

(iv) Hereditary "'pherocytosis 

(v) e:ac.l Glyco suri · 

(vi) Polycystic dise se of the kidney. 

the 1 ut three conditiions liste t ere is 

evidence of an an ..... tomict.1.l bnorma.lity at cellul r 

leve1. J.Jemonstrnble ubnormalitie,:;, inc ude an abnormal 

red cell envelope in hercdit~ry spherocyto is, flattening 

of the tubul. ... r e i thelium in renal glycosuriti. nd in 

polycystic disease the f ilure of glomeruli tnd 

nephrons to connect in embryonic life . In each 

instance pu.rticu. r tis..,ue has been affect d; the 

"metabolic defect 11 may lie .1n the chemi•try of otructur 1 

protein rather thun in pathway of inter edi ry metabolism . 
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In South ifrican and Swedish porphyria, in 

periodic paralysis ~nd in adynamia episotlica heredi­

taria a common feature is, again, involvement of a 

p~rticular tissue. These three conditions are also 

similar in their phasic nature, although it is not 

sugge ted th t the time relationships of attacks 

are the so.me. 

There are other conditions probably inherited 

as Mendelian dominants, e.g. primary gout, certain 

f~mili~l lyperlipidaemiaa and hypercholesterolaemias 

and one form of localised lbinism. In none of these 

has it bee possible to attribute the diseases to an 

abnormal protein or enzyme. 

In view of the foregoing remarks on the signifi­

cance of utosomal doininant inheritance, it would be 

very surprising if the studies of porphyrin excretion 

recorded here enabled the metabolic de~ect in 5 . t. 

nd ~Jwedish porphyria to be exactly predicted. No 

such predictions will be made. ihe observed facts 

are confusing and it is probably correct to s y that 

they will rem~in confusing until much more is known 

about the integration of isolated reactions and 
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reaction sequences within the cell. In particula'r, 

information is required on factors which control the 

permeability of cells to their contained metdbolitea. 

(ii) The Different Patterns of .Excretion. 

The different patterns of porphyrin excretion 

in these conditions were summarised at the beginning 

of this chapter and set out diagrammatically in }'ig.IX-1. 

In both conditions it is necessary to postul~te 

excessive production of \.LA; in Swedish porphyria 

this is excreted as ,ALA and PBG without being metabo­

lised further, but in the South frican form in remission 

the ALA is metabolised to, and excreted as, COPRO and 

PROTO. 

'hen .ALL w..1s given to a normul individual 

(Fig. I X - 2) PBG and 00 RO appe~red in the urine, while 

·OP O and YROTO may have appeared in the fdeces. This 

differs from the pattern of excretion in S • .1 .Genetic 

where PBG excretion remains low during remission. 

Low remission levels of PBG excretion could be explained 

by postulating adaptive changes in enzyme activities. 

However, in the acute attack of~ •• Genetic porphyria, 

faecdl porphyrin does not increase pari passu with .i\.LA 

and PBG excretion and ~t may even decreuse. (Fig.VIII-2). 
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It is clear that in Swedish Porphyria some 

impediment exists to the further metabolism of PBG ; 

in the outh African variety u similur block would 

have to be postulated beyond PROTO . South ~frican 

porphyri~ comes to resemble the b.edish v riety more 

closely during the acute phase even to the extent thct 

~ partial block in the metabolism of BG seems to 

develop. 

The synthesis of haemoglobin in both these 

conditions ppears to be quite normal; no defect 

in form~tion of any haemoprotein has been suspected, 

and, as far as is known, any defects re confined to 

the liver. These points make it unlikely th~t any 

enzy e defect exists comptl.Tuble with the presu.,"!led 

absence of URO i'EN iaomerase in C. · .P. 

J.he obvious dii'ferences between the hae 

synthetic p thw ye in the bone marrow ~nd in the liver 

re a puzzlin feature of &wedioh and •• 

porphyria. rhe content of free porphyrin in the 

red cells is nor~al. It must be assumed th t 

erythroid cells ure i permeable to circulatin roto­

porphyrin precursors or these coul be expected to 

diffuse inwards and be further 1et boli ed to proto­

porphyrin or haem. 
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In the first paragraph of this section, it was 

pointed out thut excessive production of A had to 

be assumed. Whether this wa:.> due to events occurring 

outside the haem synthetic pathway or within this 

p thway (in the liver) was not discussed. 

genetic lly distinct conditions being de lt 

In the two 

ith, the 

incre sed synthesis of $LA can manifest in divergent 

fashions (during the remission phase.) It is therefore 

more likely that any abnormalities of enzymes or 

cellular structures (a) involve the haem synthetic 

pathway in the liver nd (b) involve it differently 

in the two conditions, than that the alteration~in 

haem precursor synthesis are consequent on met bolia 

~berr,dions at some other site in intermedi ry etaboliam. 

The f'oregoing mu.y appear contradictory. irstly, 

it i su ge, ted th· t ~here ~re metabolic ubnoro lities 

ut various points in the haem synthetic puthw y nd that 

the excessive production of 1L is secondury. Jecondly, 

it is pointed out that no evidence exists for an abnormal 

enzyme in the haem synthetic p thway. 

However, this apparent contradiction should be 

considered to ether with the remarks reg ..... rdin dominant 
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inheritance. Maybe nothing should be postulated 

until mo~e facts become av~ilable. If a suggestion 

muut be mad·e, let it be that the blocks 11 in metabolism 

of hem synthetic intermediates in the liver a.re due to 

anatomical derangements or abnorm 1 permeabil.:.ties 

within the cells. 

D. Erythropoietic Protoporphyria ( •• ) 

In this condition erythrocytes are found to 

contain large amounts of free ROTO. Free PROTO (~bout 

50 ug/100 cc blood) is found in the serum und 10-15 mg 

of P.1: OTO is excrttted daily into the faeces. 'the con­

tent of porphyrin in the liver is unknown. The liver 

in a single case was shown to contain large a.mounts of 

PROTO (14) but various features of this case ~ere 

atypical. 

Nothing more is known about the metaoolic lesion 

in this condition. Redeker (157) made the significant 

observation that in lead poisoning and certain iron 

deficiency anaemias, PROTO is comparably increased in 

erythrocytes, but little escapes into the plusma , while 

in ' • • lcrge ~mounts of PROTO are present in the plasma. 

Redeker ouggested that the red cell envelope was abnormally 
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permeable to PROTO. r·hia does not explain why 

erythrocyte porphyrin is inore sed rather th.::.n decreased. 

No abnormalities of erythrokinetioe or 

ferrokinetics have been shown in .P. and it ppears 

that the only disability suffered by affected persons 

is light sensitivity. Probably because of the 

increased serum protoporphyrin the clinical picture 

in •. P . is dominated by an acute reaction to light 

with erythema and oedema. Magnus (147) showed 

that variations in the amounts of light at varying 

wavelengths required to produce erythema in patients 

with .P. corresponds to the absorption spectrum of 

prctoporphyrin in the near UV . ·bnormal fragility 

of the skin does develop in the sun-exposed ~reas . 

dominant mode of inheritance has been suggested 

(158) in erythropoietic protoporphyri although this 

is not yet proven. The concept of a defect in the 

red cell envelope is reminiscent of the defects sus­

pected in other dominantly inherited conditions. 

4, CO CLUSION. 

The study of excreted porphyrins presented here 

has been useful in various ways. It has become possible 
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to define more accurately abnormali t ies of porphyrin 

excretion in the conditions studied. 

diagnostic criteria have been defined. 

dditionul 

Information 

about the ways in which porphyrins are excreted has 

been g~thered and in acquired porphyria the p~ttern 

of porphyrin excretion supports definite suggestions 

concerning pathogenesis. In the domincllltly inherited 

porphyrias, while these studies have stimulated thought 

on possible mechanisms, it has not been possible to make 

any definite predictions regarding the fundament 1 meta­

bolic lesions. 
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( iii )(a)Free orphyrins in ther. 

Forphyrin. cu. Em01x 10 -3 

PROTO ( 405 
504 

DEUTERO l 395 
493 

(b) Free porphyrine in dilute HCl. 
orphyrin. (N)-lii. .. l. mu. 

PROTO 1.5 

DEUT.ll.iRO 0.2 

~410 
~557 

1
400 

545 

154 
14.6 

170 
lb.8 

molx 10 

310 
17.3 

424 
14.4 

-3 

The constants given in this section weed termined 
for use during vCD studies. ,eso and Deutero h ve very 
simil~r extinction coefficients. 

(iv) Free EOrEhyrins in 1.5 N HCl followi~ elution 
from chromatograms and electrophoresis strips. 

Carboxyl ol. vt. -5 Em01x 10 grou:2s. { ... e.esters) 
2 590 4.0 
3 650 4.0 
4 711 4.2 
5 769 4.5 
6 827 4.7 
7 885 5.0 
8 943 5.2 

xtinction coefficients ure known accurately only 
f&~tArag~ ~.a~rg0 ~1ldP~ftpgit~i8ting f8Frta8ikFBund aosorption by the method of Rimington and Sveinsson(ll5) 
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B. ,:· bsorption maxima using the Hartrid!£e 

Reversion ~ectroaco:2e. 

(i) Porphyrin !ethyl esters in chloroform. 

Porphyrin. ,a 
middle pa k ~ -

URO 625.0 573.0 568.6 535.3 
COPRO 621.6 572.5 566.9 533.9 
PROTO 630.6 579.6 575.0 541 . 5 

ESO 620 . 8 570.9 532 . 9 
DEUTERO 619.4 568.8 528.5 

(ii) Free Porphyrin in ether. 

Porphyrin /l 
~ r: middle peak 

PROTO 632.4 581.4 576.2 537 . 6 
I 1 <'.' Q 623.5 574.6 568.0 528.7 
D•'UT..., 0 621.8 572.4 565.6 526.1 

(iii) orphyrin in dilute .1Cl. 

1 orphyrin ( )-HCl oi- /1 

PROTO ( 0.5 599 . 4 553.8 
( 1.5 601.'3 555.5 

r.ESO 0.13 5 9.0 545 . 9 
D •'UT ~no 0.11 587.8 544.7 



2. 

3. 

iv 

HCl NUMBER~. 

Porphyrin HCl number. 

PROTO 1.85 

MESO 0.63 

DEUTERO 0.37 

HAEMATO 0.066 

MEL'rING POINTS OF METHYL ESTERS. 

Porphyrin. 0 m.p. c. 0 m.p. c. Cu complex. 

URO I 289-291 

URO III 254-261 

COPRO I 253-255 276 - 278 

COPRO III 125-130 217 - 218 
178-180 

ROTO IX 232-234 

MESO IX 212-214 

D..,.lJT~RO IX 226-227 

elting points were determined as described in 

Chapter VI. The figures are uncorrected for 

errors in thermometer calibr tion. 
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APP NDIX B - Brief Case Reports. 

Tables included in Chapter VII provided ta 

required for the aesessment of liver func1,1on. The 

concentr tions of porphyrine and porphyrin precursors 
in the urine and faeces is also tabulated in Chapter VII. 

1. Patients with Acquired Porehxria. 

A. (J.T.) A 41 year old Coloured labourer who 

was a mitted to hospital because of lesions of cutaneous 
porphyria affecting his hands. The lesions h d been 
present for some months prior to admie ion. No other 

member of the patient•a fumily was similarly affected. 
For nearly 20 years he had drunk large amowita of wines 
and beer but mainly over week-ends. 

The only abnormalities on physical examination 

were the skin lesions and a one finger, firm, non-tender 
hepatomegaly. The urine was normal. Haemoglobin wus 

12g/100 ml, ESR 5mm/hr and the blood pressure 1,0/70 mm Hg. 

B. (G •• ) Thia patient was a 43 year old 'oloured 
male employed in the municipal sewage department. Three 
months before admission blisters h d uppe red on the dorsa 
of his ho.nds which broke down leaving ulcers which healed 
slowly and bee me infected. Por years prior to dmission 

the patient had consumed a number of bottles of cheap wine 
daily. 
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hyaical examination showed typic 1 lesions of 
cutaneous porphyria. on the backs of the hands. The 
liver w· s three fingers enl..i.rged an tender. During 
the first 7-10 days of hospitalisation the patient had 
a low grade pyrexia which w snot adequately explained 
despite investigation. The haemoglobin wus 14.5g/100 ml; 
the • .s.R. 14mm/hr ( 'eatergren) and the B •• was 150/105 
mm Hg. 

The patient suggested th this grcmdf ther might 
have had some cutaneous disease; two living sisters 
were screened for porphyria but with negutive results. 

c. (t;.c.) This 46 ye r old Coloured fisherman 
was admitted to hospital because of severely infected 
lesions of cutaneous porphyriG. He had first noted 
that his skin was abnormally fragile 5 months prior to 
admission and the abraded areas were slo to he,.d. 

Since the age of 18 years he had indulged in frequent 
bouts of drinking. He would consume number of 
bottles of cheap wine at a time. month prior to 
admission he had noted th t bouts of drinking were 
affecting his skin adversely and, of his on accord, 
desisted. ipart from obvious evidence of cutaneous 
porphyria, a palpable liver and mild hypertension, this 
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can w s physic lly normal. His bloo pres~ re ~· s 
155/85 nun H?; nd sedimentation r te 10 '/br ( ·esterJ'.ren). 

reduced cre~tinine cle ranee (67 nl/min) w o found 
but the re son for this Wc.s not discovered. 

D. (J.F.) The patient was 41 year old Coloured 
c rpenter who had lesions of cutaneous porphyria for 
6 ye rs prior "to admission. .part from f'ragility of 
the kin no bli~ter formation, sc rring h d been very 
severe •nd ldrge areas of faecial skin h~a been replac~d 
by sc r tissue. Since about the age of 20 ye ra the 
patient had consumed large wnounta of lcohol, mostly 
as brandy. 

The liver w~s slightly enlarged but ipart from 
this findin0 nd the cutuneous lesions the p tient wu.s 
physically healthy. The haemoglobin w·s 14.8 g/100 ml, 
,SR 40 mm/hr ( .e tergren) and the blood pre sure 

llu/70 . Hg • 

• {G.O.) This 47 ye r olu 0oloured man was 
employed by a firm ma.king electrical goods . For six 
months ·rior to udmission to ho~p·t~l heh d noted 

bnorm 1 fr~ ility of his skin with bli ters following 
minor tr uma. ·heBe had become infected an some 
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scarring had followed. For approximately the same 

period of time he had noticed parasthesiae of his 

feet and tenderness of his calf muscles. 

Since his lute teens this mad had drunk heavily, 
mostly che p port. Over the p~st 8 years his consump­
tion had increased to about 2 bottles of wine daily 

supplemented ith other alcoholic dTinks. 

hyeical exumination showed a well-looking m le 
with deeply pigmented scars on the d rsae of his hands, 
Spider nevi were noted over the upper part of his trunk 
but there was no palmar erythema and the testes were 
norm 1. The liver was definitely enlurged being 
pal.pa le three finger's breadths below the costul 

margin. There were no objective neurological signs 

of the peripheral neuritis suggeoted by his symptoms. 

The B.P. was 120/70 mm llg, haemoglobin 12.5 g/100 ml 

and the ESR 5 mm/hr ( Veatergren). Urobilinogen w~s 
present in the urine. A diabetic type of glucose 
tolerance curve was noted and pancre tic function w~s 
abnormal.. 

F. (F. ~.) This 41 yeur old African male had 
suffered from lesions of outaneous porphyria during 
the year preceding admission. Heh d lso h d colicky 
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abdomin~l pins und intermittent diarrhoeu. 'or an 

unknom eriod of time he had b en drinking l~rge 
qu ntities of cheap wines ~nd also illicitly brewed 

Ka.ffir" beer. 

i:ig ent tion of the sun expo ed rea er 
rominent; scars nd some recent nd infected erosions 
ere noted on the hunds. The liver w p lpable. 

Dlood nd mucus were present in the stool und proglottides 
of T.s ginata were found. iillOebic dysentery was suspected. 
Tre tment was with emetine followed by chloroquine nd 
fin lly atebrine. Chloroquine produced striking 
reaction such s has ulready been referred to (140) a.nd 
atebrine led to the expulsion of four to.pe worms. 

he porphyrin studies described in ha.pt. VII 

were performed prior to tre tment with chloroquine. 

~i• Those studied during the Remission hase. 

(i) (H.S.) This 30 ye r old /hite man was 
unemployed and eupported by a state pension. Since the 

ge of 7 years h~ has had an bnorm 1 skin. rhen 
udmitted to hospit-1 ln 1962 the skin of his h-ndo and 
face showed numerous paper thin scars, milia, vesicles 



and depigmented areae. !he akin over the hands and 
forearms was abnormal.17 fragile. 

No other physical altaoraalities ••r• found on 
examinations the appen41x had been removed and there 
was slight tenderness in the epigaatriwa. The patient 
w~a entally dull. 

One out of nine aiba has an abnormal. akin similar 
to that of the patient and the t~ther is alao affected. 
The patient has never had a definite attack of aoute 
porphyria, but the ol1Dioal record stated th t PBG was 
present in the l.ll"ine in 1959. 

(11) (A.V.) A 21 year old ",rhite" male farmer 
from the Sutherlan4 dietriot. Since the age of 12 
years he had noted that hi• akin was abnormally fragile. 
He had oooaaionally had aild attacks of abdominal pain 
when he noticed that hie urine waa dark. He denied 
taking any alcohol. Apart from minor akin leJione 
and definite outan.eoua hac;1.lity, phyaieal examination 
was negative. 

The p tient came from a family of five children 
two of whom have cutaneous porphyria. 
mother's aiatera were also af!eoted. 

Two of hie 
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c111) c~.1).) This p tieht w s a 37 year old 
school-te cher. He wao first seen us an out-pa tient 

t Groote Schuur Hospital in 1963 but heh d been aw re 
of h ving a 0 soft 11 akin for more thu.n 10 yea.rs before 

that . This has become wors~ over the yo tra and when 

seen at G. S.H. the backs of his h·nds and hie forehead 
were extensively involved by erosions, ulcers nd sc~rs. 
No other phyaicdl abnorm lities were noted. The p tient 
denied excessive intake of alcohol . No definite family 
history could be obtained but his mother is thought to 
h ve had a soft akin. 

The biochemical findings in the urine nd faeceo 

were typical of '•·. Genetic porphyria . 

(iv) ( • V.) No clinic l inveati~a tions were 

carried out oh this patient during the hospit~l udmission 
coinciding with the studies reported in this thesis. 

She had, however, been admitted to the hospit l in 1959 
with an attack of acute porphyria which followed removal 
of her appendix under pentathal anaesthesia. 

Porphobilinogen w s found in the urine . 
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(v) (H.B.) Thie patient was diagnosed as 
suffering from S.A. Genetic porphyria in 1961 on the 
basis of: 

(1) The characteristic skin lesions. 

(2) positive family history. ( sister had had 

acute porphyria.) 

(3) Elevated faecal porphyrin concentration. 

(Coproporphyrin 0. 17 mg/g d.w. ~nd 

protoporphyrin 0.78 mg/g d.w.) 
The present admission w~s for the investigation 

of chest pain which proved to be due to angina pectoris. 
Typical cutaneous lesions were again notices. It is 

interesting that this patient had received a pentothal 
an eathetic and taken butobarbitone sleeping tablets 
with no apparent ill-effect . 

(vi) (J .C.) This patient was a 57 year old 
"white" casual labourer. He was referred to Groote 
Schuur Hospital in 1963 because of cutaneous porphyria. 

s a child he had suffered from "eczema" between the 
ages of 10 and 16 years. Signs of skin isease 
recurred between 25 and 30 years of age when he Wci.S 

engaged in heavy manual work. Bliaters , which he led 
slowly leaving sc~ra, appeared periodically on his hands . 
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In 1952 he had been treated conservatively in hospital 
for a suspected stomach ulcer. From the ge of 30 
onwards he had passed red urine periodic lly. There 
w a no family history o! porphyria and his six children 
were in apparently good health. 

B. Those studied during ttaoke. 

(1) (H.B.) This 33 year old "white" mule was 
transferred from a country hospit~l in semi-comatose 
condition. A week prior to transfer he had received 
tablets(? sulphonamides) as treatment for a flu-like 
illness. Profuse vomiting began soon after taking 
these and acute abdominal pain began a day later. 

Since the age of 14 years the patient hud h d 
a fragile akin, trauma leading to blisters which burst, 
forming ulcers which healed slowly and with scarring. 
Two other members of the family have been diagnosed 
ash ving porphyria. 

On examination the patient was confused and 
restless. He showed generalised pigmentution and 
healed scars on the dorsae of his hands and feet. The 
pulse was 108 and the blood pressureJA5/90 mm Hg. The 
abdomen was tender in all areas. In addition to the 
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data given in Chapt. VII, the serum Na was 117 nd 
K 4.9 q/L. 

(ii) ( 1.S.) A week prior to admission this 35 year 
old coloured female was given a pentothal anaesthetic 
for the manipulation of her left tlllkle. Four daya lQter 
she experienced the sudden onset of acute abdominal pain 
associated with vomiting and constipation. The urine 
became reddish in colour. The hrlich'a test was 
strongly positive. 

The backs of both hands and the forearms showed 
fine healed scars typical of cutaneous porphyria. lo 
family history o! porphyria could be obtained. Both 
parents had died years previously. single living 
sister was located with the help of 11ss ~. oodie, but 
was foun to be normal • 

. vhile it is convenient to attribute the onset of 
acute porphyria in this patient to the pentothul anaes­
thetic, she had received four such anaesthetics in the 
previous 3 months d thout any app rent ill-ef,fects. 

(iii) (,!.L.) This p t1ent Wi.:i.S 50 year old 
"white" housewife, who was dmitted to hospit ell 17 d ys 
fter hysterectomy operation performed under anaesthesia 

induced d th pentothal. Recovery had .. pp rently been 



xv 

uneventful but 12 days after the surgery she bee e 
nauseous and felt pain over her whole body. Generalised 
motor we knees developed and the p tient bee me confused. 

i'hen examined on admission there were no signs 
of porphyric skin lesions. The patient was confused, 
sensation was intact but there was flaccid quadriplegia 
with absent reflexes. ·" tr cheoetomy wao performed. 
espiratory failure was treated 1ith intermittent 

positive pressure respiration. 

Lhe urine h d been found to contain lar e amounts 
of BG. 

Although the amounts of AL and BG 1n the urine 
decreased rapidly the patient's clinical course was 
stormy. IPPR had to be continued for over a month. 
evere azotaemia marked the early phase of this cute 

attack. 

(iv) (.r.ll.) The patient, a 40 year old "white" 
female was admitted to Groote Schuur Hospit l ·1th 
severe abdominal pain accompanied by vomiting. Shortly 
before the onset of these symptoms she h d at rted a 
cours of Antiphen treatment for a tapeworm. he had, 
however, been receiving ~henobarbitone for an epileptic 
seizure two months previously. 
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~hen admitted the patient had been constipated 

since the onset of abdominal pin bout a weeK before, 

and the urine h d been u dark red. The Ehrlich's test 

w a strongly positive for porphobilinogen. 

(v) (S.S.) Thie 34 year old coloured male was 
admitted to Groote Schuur Hospital on two occasions 

while this study was in progress. On both occasions 

abdominal pain of considerable severity wus accompi nied 

by tachycardia nd vomiting. No neurological lesions 

developed. 

No family history has been obtuined to sub tantiate 
the diagnosis of S •• Genetic porphyria, but the patient 

has typical porphyric akin lesions and~ grossly elevuted 
f ~ecal porohyrin. 

Qthough ble VII-36 indicates a norm· l BSP clear-

nce, this refers to hie condition at the beginning 

of the second acute attack. In this rath r unusual 

instance of acute porphyria in p tient with the S.A. 

Genetic type of porphyria the concentr tion of llA and 
E Gin 'the urine remained increased form ny weeks. 

The BuP clearance was impaired when repeated after 16 
weeks in hospital. 
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s Y. 

brief review was given of the hiotory of 

porphyria in South Africv. and the aims of the study 

to be described were stated . Phys~cal and chemical 

properties ~f those porphyrins of interest in a study 

of the intermediates of haem synthesis were described . 

Knowledge of the metabolic pathways leadin1.t to the 

synthesis of haem was reviewed. 

revious studie 

und disease were discu 

of porphyrin excrctio 

ed . 

in health 

Consideruble uttention was Riven to laboratory 

techniques required for the analysis of :porphyrins 

present in biolo~ical materials . It was hoped that 

this section of the thesis in particulur v1ould be of 

use to othero . 

Various analyses were conducted on urine , fd.eces 

e1.nd bile from 24 patients; 3 of these ·were normal 

persona · o nad acquired porphyria, 10 had S. A. Genetic 

porphyr of 1r11hom 5 were studied during ucu"te a.tt ..... cks, 

4 were ses of s \~ edillh-·porphyria. and there was an 

iaola' cuse of erythropoietio protoporphyric. . 

hown that the patterns of porphyrin 

excr encountered were unique to these various 
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conditions. This information could be helpful in 

·elucidating diagnostic problems while it confirmed, 

in part , and extended previously expreosed views on 

the modes of porphyrin excretion. Evidence was 

produced to show that protoporphyrin can be degraded 

in the tro-intestincl tract v~rious products 

of degradation were described • 

.u:uphasia was placed on the concept that th 

different patterns of porphyrin excretion in the 

porphyria.s reflect different metabolic lesions in 

these diseases. The aignific~nce that could b 

ttributed to various patterns wa's discussed. It 

,as pointed out that in acquired porphyria our know­

ledge of the pathoRenesia h&s made si~nificnnt 

dvances,but thbt in those conditiono inherited by 

the raendelian dominant mode the known facts arc con­

fusing n.nd little progress has been m~de in understanding 

tlJ.'wlll • 




