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PREFACE



PREFACL

My interest in porphyrin metabclism started in 1951 when,
as a medical regisgtrar, I presented a patient with acute porphyrisa
at a clinical meeting in the Western Infirmary, Glasgow. Later,
I studied other patients with this disease through the kindness of
Dr. J.4.W. McCluskie, Mr. BE. Gergtenberg, F.R.C.S5.E. and Professor
Sir J.W. Mcllee,

In 1952 I received a Nuffield research fellowship tenable
at the department of Chemical Pathology, University College
Hospital Medical School, London. From 1952 - 1954 much of the
clinical and experimentsl work in this thesis was done under tﬂe
guidance of Frofessor C. Rimington, F.R.S. The experimental work
was published as each section reached completion and I enclose
reprints of such work, The clinical section and the histories of
50 cases have not been published, with the exception of 2 cases
(Nos. 4 and 25) reported by Goldberg, MacDonald and Rimington in
1552,

From September 1954 to January 1956 I held an Eli Lilly
travelling fellowship in medicine, awerded by the Medical Regearch
Council. During this periocd I worked in Professor Wintrobe's
department in Salt Lake City, Utah. The major part of my work
there was a study of haem synthesis, to which I have briefly
referred in Sectiocn 2.

The subject I had tackled, at first sppearance so circum-
scribed, quickly reveeled attachments to many other branches of

medical science. Throughout this thesis I have tried to make it



clear to vhom I owe gratitude for such specialised knowledge or

aid. T would particularly like to thank Dr. Jamegs B. Gibson who

wasg mainly responsible for the joint paper on neuropathology.

I would also like to thank Professors Cameron, Dent and Rosenheim

and Drs. H.Harris, Harold Hegth and Elizabeth Work for their advice.
From the beginning of these studies I have been greatly

influenced by the example and benevclence of Frofessor Rimington

and to him I owe much.

A, Goldberg.
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30 Seherer, chemisck-physiologische Untersuchungen.

bei welchem anstatt der Kochsalzlosung, das Blut mit Wein-
geist gemischt und Wasserstoffgas durchgeleitet wurde,

Um die Capacitiit des Blutserums fir Kohlensiiure zu
priifen, wurde folgender Versueh anzestellt. In eine mit
Quechsilber  gefillte graduirte Glasrihre waorden 1S4 €. €.
Rhollensiiure geleitet und sodann 60 C. C. Serum von Och-
senblut dazngebracht.  Nach 24 Stunden war die Kohlen-
siiure his aul 60 C. C. verschwunden, folglich 124 C. C. Kol-
lensiiure von dem  Blutserum absorbirt worden.  Ex wurden
nun 30 C. C. Essigsiiure zu dem Serum gebracht und die Flhis-
sigheit etwas geschittelt.  Bx entwickelten sich daraufl wie-
der 08 C. C. Kohlensiiure aus dem Serum.

Bei cinem andern Versuche wurden zu 132 €. C. Koh-
lensiiure a6 C. C. Blutseram gebracht. Nach 24 Stunden
waren noch 21 C. C. Kohlensiiure dibrig, alse 111 C. C. ab-
sorbirt worden. Aul Zusalz von 28 C. C. Fssigsiure ent-
wickelten sich wieder 31 C. C. Kollensiure und S0 C. €.
blicben mit dem Serum verbunden.

Es geht darans hervor, dals frisches Blutserum von
Ochsenblut sein doppeltes Volomen Kohlensiiure absorbirt.

Auch iiber den Farbstoff des Blutes und namentlich
iiber die Frage, ob das Eisen der [irbende Theil desselben
sey, habe ich, nach der Angshe des Ilrn, Prof. Lichig,
cinige Versuche angestellt,  Insbesondere waren es die Ver-
suche von Sanson, welche wiederholt wurden.

Trockener Blutkuehen wurde zu einem feinen Pulver
zerrieben und ‘mit concentrirter Schwelelsiiure in cinem
Mirser auls innigste gemischt.  Die Masse wurde sodann
in ecin Becherglas mit destillirtem Wasser gebracht und an
einem kiihlen Orte ruhig stehen gelassen.  Nach einigen
Stunden hatte das Wasser, welches ganz hell und klar blich,
eine bedentende Menge schwefelsanres Eisenoxyd anfzenom-

men, was sich durch die gewéhnlichen Reagentien auly leich-

Plate I. Section I.

The first historical allusion to the porphyrin
pigments of blood was by Scherer (1841).



I. HISTORY OF ACUTE INTERMITTENT PORPHYRIA

The first histerical allusicn to porphyrins was made by
Scherer (1841). He added concentrated sulphuric acid to dried
and powdered blood and washed the precipitate free of iron. The
iron-free regidue was then heated with alcochcl which tock on a
blood-red colour, He thus had shown that the red colour of
blood wes not due to iron (Plete 1). Mulder (1844) carried out
a similer study and described a "purple~red flui&” devoid of
iron, which he named "iron-free haematin®.

This red substance was called cruentine by Thudicum (1867)
in a report to the Privy Council of Great Britain. He defined
its spectrum and noted its remerkable fluorescence by a simple
method (Plate 2). In 1871 Hoppe-Seyler found that the iron-free
haemgtin, described by Mulder, was a mixture of twc substances,
the main constituent of which he called haematoporphyrin. (Greek,
porphuros -~ red-purple). Three years later Schultz (1874)
publighed the clinicel deteils of a case of so-cglled 'Pemphigus
Leprosus' for his doctorate thesis. He described the patient as
a 33 years old weaver who had suffered from skin photosensitivity
since the age of 3 months. His spleen was enlarged and he
passed a wine-red urine. The urine of this case was thoroughly
investigated by Baumstark (1874), who named two pigments derived
from it - urcorubrohaemetin and urofuscchaematin. Baumstark
congidered that the gpectrum of an acid solution of
urorubrohaematin resembled that of Hoppe-Seyler's acid

haematoporphyrin, although he did not regard these two substances



Mode of testing Fluids with respect to Fluoresence, by means of a Cone of Sunlight
colleeted by a system of Quartz Lenses.

Bands. Measurements, Width. Istensity. Rank.
1. 142° 18" — 142° 3' = (° 15’ 3 7
2, 141° 55 — 141°30' = 0°25° 1 &
3. 1417 21" — 141° = 08 3 @
4, 1H0° 45" — 145° 18" = 0° 27 A B

Blue dark, cut off at 1392 9",

Diagram of Speetrum of nentral fuorescent Crenntine.
AalBC n Eh F G HB'

!

The saturated ehloroform =olution was one Ctr, thick,  'The speetram
wis messured with the aid of o gaslight only, Tt flunoreseed with o
splendid blood-ved eolour in the sun-cone.  This iz the first body which
i= known to fluoresee with '|w1uu;,'t'ltunll.r«' light, that is to ALY, the swne
kind ot light or eolonrs which it transmits,  The fluoreseent cone has
an intensity of colonr cqual to that of a solation about ten times more
coneentrated.  Considering its heanty alone the phenomenon may he

placed by the sidoof those exhibited by quinine, ehlorophyll, or cud-
hear,  But by its peeulinrity it is perfeetly unigue,

¥ & o B

Athaline Four-banded Crucatine—~Spectram 11, plate 1L, represents

Plate 2. Section I.

Thudicum (1867) first observed the
fluorescence of porphyrins ("“ecruentine")



as identical. It is often written that Baumsterk obtained
haematoporphyrin from a case of leprosy but it is clear that the
case of Schultz and Baumstark waé the firgt description of what

we now call congenitel porphyria and in fact the first association
of this pigment in urine with a disease in man.

In 1880 MacMunn described a dark pigment excreted in the
urine of a patient with subacute rheumatism, who had been taking
sodium sglicylate. He called this pigment urchaematin but later
(Maclunn 1885) renamed the pigment urohaematoporphyrin because it
"bears a very striking resemblance to haematoporphyrin'.

Le Nobel (1887) confirmed this finding and also listed a number
of diseases, including lead poisoning, in which he had found the
pigment. He also found it in normal urine.

Sulphonal was introduced as a hypnotic in 1888.  Shortly
after this Stokvis (1889) reported that an elderly woman who had
taken sulphonal excreted a dark red urine and had later died
(Plate 3), He congidered that the pigment in this urine was
gimilar to, but not identical with haematoporphyrin. Harley
(1890) reported a fatal case of an unususl form of nerve
disturbance, associated with dark red urine in a woman of 27 under
the care of Dr. John Wyllie, at the Edinburgh Royal Infirmary.
This woman had been given sulphonal and presented many of the
neurclogical features of porphyria. Ranking and Pardington
(1890) described two women who excreted 'haematoporphyrin' and who
exhibited the gastro-intestinal and neuro-psychiatric menifegtations
of the disease we now call gcute intermittent porphyria. Thesge

patients were unrelated, though they lived in the same house and
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OVER TWEE ZELDZAME KLEURSTOFFEN IN
URINE VAN ZIEKEN,

DoOR
Prof. B. J. STOK VIS,
(Met een Plaat.)

I. LAKMOES () IN URINE NA GEBRUIK VAN RESORCINE.

In Maart Ll ontving ik door bemiddeling van Dr. c. c. DELPRAT een
urine, die zich door hsar donkerbruine kleur, huar hoog soortelijk gewicht,
haren rijkdom uwn ureum en acid. uric., muar bovenal ann indoxyl-zwavelzure
zouten onderscheidde. De urine bevatte zooveel indoxyl-zwavelzuur, dat
5 C.C, met zoutzuur en chloorkalk behandeld, voldoende waren, om 30
—40 C.C. chloroform intensief blauw te kleuren. De urine was afkomslig
van een patiéntje, door perityphlilis en peritonitis uangetast, en huar rijkdom
aan indoxyl-zwavelzuur was dus zeer verkluarbaar. Mawr bij behundeling en
schudden met anether, nu toevoeging vun een weinig phogphorzuur, bleek
buitendien uit de urine in den nether een lichtrose kleurstof over te guan,

Plete 3. Section I.

first case of "sulphonal porphyria
was reported by Stokvis (1889).



had not taken sulphonal. 1In the next 20-30 years many other
cases were recorded of "haematoporphyrinuria" associated with a
definite pattern of symptoms. Glinther (1911, 1922) carefully
listed these individual cases. Sometimes sulphonal or the allied
drugs, tetronal and trional, were taken for long periods prior to
the onset of symptoms. Other cases had no obvious relationship
to drugs and presumably were precipitated by unknown causes.
Barbituragtes were introduced into clinical medicine in 1903 and 3
years later Dobrschangky (1906) described a case, which we would
now regard as typical of acute porphyris without paralysis,
occurring in a patient after prolonged administration of diethyl-
barbituric acid.

Hans Glnther was the first to classify the diseases of
porphyrin metabolism in two comprehensive papers in 1911 and 1922.
In the first of these he quoted fourteen cases from the literature
in which acute symptoms of porphyria arose spontaneously
(haematoporphyria acuta) and fifty-six cases of haematoporphyria
acuta toxica, in which the symptoms were associated with the
ingestion of sulphonal, trionel or veronal. He also defined and
named, for the first time, the very rare condition congenital
porphyriza (haematoporphyria congenita) in which the predaminating
symptoms are due to gkin photogensitivity. There is in this
description of congenitel porphyria the realization that the disease
persists throughout life and Garrod (1923), in the second edition
of his classical moncgraph, credits Glinther with the first
recognition that this disease was an "inborn error of metaboligm."

Garrod himgelf (1892, 1893a, 1893b)and in association with Gowland




Hopkins (1896) had made outstanding contributions to the chemical
detection of porphyrins in urine.

In Glinther's second work in 1922, he elaborated on his
first thesis, quoting further cases. He noted the possibility
that acute porphyria might be hereditary and suggested that people
lisble to develop acute or congenital porphyria had a diathesis
(Porphyrism) with certain notable physical and mental character-
istics - neurosis, insomnia, dark hair and pigmented skin. In a
survey of the clinical features of acute porphyria, he introcduced
a triad of symptoms which were commonly present - abdominal pain,
constipation and vomiting. One of Glinther's cases of congenital
porphyria wes a man called Petry. Hans Fischer commenced a study
of the excreta of this patient and between the years 1915 and
1945 made morumental contributions to porphyrin chemistry. By
these researches the naturelly-occurring porphyrins of excreta -
uroporphyrin and coproporphyrin - were found to differ structur-
ally from haematoporphyrin, which was considered to be a
chemical artefact. Fischer (1915 a,b), Laidlaw (1904) and
Schunm (1924) differentiated the naturally-occurring porphyrin of
haem itself from haematoporphyrin and the name protoporphyrin was
suggested for this by Fischer. Thus it was that the diseases of
porphyrin metabolism came to be termed Porphyrias, by Waldenstrtm
(1937), rather than Haematoporphyrias (Ginther, 1911).
Valdenstrbm (1937), in his excellent monograph, made a clinicsl
survey of 103 cases of acute porphyria found in Sweden. He
reviewed some previously published cages of chronic haemato-

porphyria (Glnther's classification) in which light sensitivity



had occurred some years after birth, at times associated with
abdominal pains. For these cases he substituted the name

Porphyria Cutanea Tarda. In 1954 Schmid, Schwartz and Watson

classified the porphyrias on the basis of the porphyrin content

of the livers and bone marrows of 31 cases. In two cases of
congenital porphyria they found porphyrins concentrated in the bone
marrow, particularly in the normoblastic nucleus, an elaboration
of the original observations of Borst and KBnigsdorffer (1929).

This rare group was therefore termed Porphyria Erythropoietica.

In the remaining 29 cases porphyrins were mainly found in the

liver and they were therefore called Porphyria Hepatica. This

included the typical acute intermittent porphyria, a mixed type

in which photosensitivity and acute symptoms may occur in the

same patient, and Porphyria Cutanea Tarda, a term reserved for a

group in which photosensitivity occurs later in life, unassociated
with acute symptoms (Table 1).

Waldenstrbm was greetly aided in hig gtudies by the
presence in acute porphyria urines of a substance which gives a
red colour with Ehrlich's aldehyde reagent (paradimethylamino-
benzaldehyde). This substance is now known to be the precursor
chromogen of the uroporphyrin found in these urines and with
certain very rare exceptions (Watson, Hawlkinson and Bogsenmaier,
1953) its presence in urine is a specific test for acute porphyria,
As early as 1890 Harley had noted that the urine of a case of sulph-
onal-induced acute porphyria contained a chromogen which, when oxidised,
became a red pigment. Paula Sachs (1931) described a substance in the

urine of a patient with acute porphyria which gave a red colour,



insoluble in chloroform, with Ehrlich's aldehyde reagent and
which was therefore not urobilinogen.

Waldenstr®m (1937) showed that this Ehrlich reacting
substance, which he considered to be a chromogen of a porphyrin,
was not only excreted in the urine of every case of acute
porphyria, but that some apparently healthy relatives of these
patients also excreted it. He thus conceived the idea of a

latent porphyria and traced examples of acute or latent porphyria

to second and even third genefations. On the basis of his work,
he suggested that acute porphyria was transmitted as a Mendelian
dominant characteristic. Later Waldenstrbm and Vahlquist (1939)
suggested that the Ehrlich-reacting chromogen, which they partly

purified and named porphobilinogen, was a dipyrrylmethane.

Prunty (1945) and Gray (1950) found that the liver and kidney of
fatal cases of acute porphyria contained porphobilinogen. A
most important step occurred when Westall (1952) isolated
erystalline porphobilinogen from the urine of a patient with
acute porphyria in University College Hospital, London, (Case
36). Cockson and Rimington (1953) elucidated its structure as
a monopyrrole. Recently Granick and Schrieck (1955) have
suggested that & -aminolaevulic acid, a precursor of porpho-
bilinogen, is excreted in large amounts in acute porphyria

urines.



TABLE I

Classification of Porphyrias

3 Ginther (1911)

Haematoporphyria acuta
Haemateporphyria acute toxica
Haemetoporphyria chronica
Haematoporphyria congeniteg

W

II Waldenstrbm (1937)

1. Porphyria congenita
2. Porphyria cutanea tarda
3. Porphyria scuta
(a) Latent porphyria
(b) Abdomingl form
(c) Nervous form
(d) Classical acute porphyria
(e) Comatose form commencing as (b)

III Schmid, Schwartz and Watson (1954)

1. Porphyria erythropoietica ~ congenital photogensitive
porphyria, usually associated with haemolytic
anaemia and splenomegely.

2. Porphyria hepatica - hepatic disease or functional
impairment frequent.

(a) Intermittent acute type - abdominal
and/or nervous manifestations

(b) 'Cutanea tarda' type - late appearance
of photesensitivity withoult other
manifegtations.

(c) 'Mixed' type - photosensitivity with
intermittent abdominal and/or nervous
manifestations.



PORPHYRINS,  CHEMICAL AND BIOCHEMICAL BACKGROUND






COOH COOH COOH

&, dn, &n,
éH, éH, éHz
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dcﬁvagvc Hé-NH, éHz'NHz
5 OOH 8-aminolaevulic acid
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COOH COOH
éHz COOH éH, COOH
éf—!z + éH, J:Hz éHl

s i\_‘L

NH,

2 mols. 8-aminolaevulic acid Porphobilinogen

Scheme summarizing biosynthetic steps from
glycine + succinate (from the tricarboxylic acid cycle) to
porphobilinogen, the simplest pyrrolic substance known to be
a precursor of haem and porphyrins.

Fig. 2. Section 2. (After Rimington, 1955.)



2. PORFPHYRINS

Chemical and Biochemiecal Background

The porphyrins are nitrogen-containing compounds whose
cﬁemical structure congists of 4 pyrrole rings united by means of
methene bridges. They occur throughout the animal and vegetable
kingdomgin the free gtate or as metal complexes. The iron complex
of protoporphyrin IX or haem (Fig. 1) is of especial importance in
animels and forms the prosthetic group of haemoglobin, the cyto-
chromes and catalase.

The porphyrins have been known for nearly a hundred years
and yet it has only been in the past decade that the main steps in
the biosynthesis of haem have been ascertained. This advance has
been prineipally due to the introduction of isotopiec labelling
techniques. From work carried out primarily in the laboratories
of Shemin, Neuberger and Rimington the following pattern emerges
(Fig. 2). Active succinate condenses on the ™ -~carbon atom of
glyeine to give o amino-p-Ketoadipic acid, which is then decar-
boxylated to give rise to S-aminolaem,lic acid, 2 molecules of
which condense to form porphobilinogen. Porphobilinecgen is the
precursor monopyrrole of all the porphyrins and ie alsc the
characteristic exeretion product of acute porphyria. The mechan~
ism of conversion of the monopyrrole to the tetrspyrrole structure
is not yel known and the biclogical sequence of porphyrins in the
formation of haem from the porphobilinogen stage is not certain.

There was some controversy as to whether protoporphyrin

itself wes an intermediate in the synthesis of haem (Granick,



HYPOTHE TICAL SCHEME

COOH COOH
COOH  CH, gool-l CH,
CHa CH, CH, B C[HL_T C’ﬁ_lr
== = e o i —men |
A P P A CH, P P CH,
UROPORPHYRIN |1 COPROPORPHYRIN Il
CH; EHR
CH, CH CH, CH
HAEM «F=
L o JL o)
CH; P P CH,

PROTOPORPHYRIN

Fig. 3. Section 2.
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1954; Dresel, 1955; Eriksen, 1955; Schwertz and Ikeda, 1955).
The present suthor, while working in Professor Wintrobe's
laboratory in Salt Leke City, U.S.A., described a method for the
measurement of haem synthesis in a haemclysate of chicken erythro-
cybes, in which he used radiociron as a tracer for the rate of
synthesis. Free protoporphyrin IX, as well as glycine,
S—-aminolaevulic acid, and porphobilinecgen, significantly stimu~
lated haem synthesis. Furthermore the conversiocn of protoporphy-
rin to haem was shown to be enzyme dependent (Goldberg, 1955;
Goldberg et al. 1956). A particle-free aqueous extract of chicken
erythrocytes contained this enzyme, the activity of which was
retained after lyophilisation and storage for at least 4 weeks.
This iron-incorporating enzyme requires a co-factor, which is re-
moved by ultrafiltration of the agueous extract (Goldberg, 1956).

The work of Neve et al. (1955) suggests that reduced
uroporphyrih I1I and coproporphyrin III are also intermediates in
haem synthesis. It ig thus probeble that vroporphyrin III is the
first formed tetrapyrrole from porphobilinogen and that by a
process of decarboxylation of its reduced form, coproporphyrin III
is formed, which is later decarboxylated to protoporphyrin, the
precursor of haem itself (Fig. 3).

1 litre of humen urine normelly conteins 10-200 micrograms
of a mixture of coproporphyrin I and III, only traces of urcpor-
pbyrin and no porphobilinogen. In the diseases of porphyrin
metebolism the pattern of excretion isabnormal (Table 1). There

are probably abnormalities of porphyrin metaboligm in man other

then the main group of porphyrias. The use of improved chemical



Disease Main urinary excretion product

Acute intermittent Forphyria. Forphcbilinogen, ;
§ amino-laevulic acid.

Porphyrie Cutanca Tarda. Urcporphyrins I and IIL.
Congenital Porphyria. Uroporphyrin I.
Hereditary Coproporphyria. Coproporphyrin IIIL.

T trace of urcporphyrin I.

Tgble 1 Main urinary excretion products in the diseases of

porphyrin metabolism.

methods should help to detect them. Hereditary coproporphyria

is such a condition, first mentioned By Berger and Goldberg (1955).
Four cases of coproporphyria were described in a single family -

a boy aged 10 years, his mother and father (first cousins) and his
paternal aunt. The symptoms of porphyria were sbsent. The

adults excreted mederately high quantities of coproporphyrin III

in the urine and stocl, whereas the boy excreted very large
quentities of coproporphyrin III in the urine and stool, with a
trace of urcperphyrin I in the urine. The boy also suffered

from rickets and riboflavine deficiency, both of which were improved

by treatment.

10



ACUTE INTERMITTENT PORPHYRIA.

CLINICAL DISCUSSION OF 50 CASES
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AETIOLOGY

Genetics ™

The first observation that acute porphyria occurred in
memberg of the same family was made by Barker and Estes (1912).
Glinther (1922) noted the hereditary implications of the disease
but it was Waldenstrbm (1937) who firmly established its
hereditary nature. Gates (1946) reviewed WaldenstrBm's data and
considered that the disease was inherited as an irregular dominant
character. In the present series of 50 cases at least 19 have
one or more relatives with the active or latent condition.
9 latent porphyrias were revealed by investigation of relatives.
It was only possible to study 11 families in detail (see Appendix).
The family trees were constructed on the basis of whether or not
porphobilinogen was definitely found in the urine on at least one
occagsion. There is only one exception to this rule. Case
No. 41 died in 1935 and although the urine was noted to be dark
in colour it was not tested for porphobilinogen. The clinical
and family histories of this patient make the diagnosis of acute
porphyria highly probable. The urines were routinely tested by
the methods of Watson and Schwartz (1941) and Vahlquist (1939).
Where a doubtful positive was obtained about 0.5 to 1 litre of
urine was concentrated and any porphobilinogen present was ident-
ified by paper chromatography (Westall, 1952; Cookson and

Rimington, 1954). Concentrates of normal urine, so treated,

# I am indebted to Dr. H. Harris, London Hospital, for his help

and advice in the writing of this portion on genetics.



showed no porphobilinogen., This method proved very helpful in
identifying 3 latent porphyrias who excreted small quantities
of porphobilinogen -~ family 2, son of propositus; family 3, father
of propositus; family 9, nephew of propositus. It should be
noted, however, that out of 18 previously active cases whose urines
were tested in a state of remission, 5 had ceased to excrete
porphobilinogen (Cases 15, 31, 37, 46 and 47). Case 10 did not
excrete porphobilinogen at the age of & years but did do so at
11 years. Thus the absence of porphobilinogen in the urine of
a relative does not rule out the possession of the trait and this
is of particular importance in testing the urine of the child
relative.

The findings in this series confirm those of Waldenstrtm
(1937, 1956). In 4 families (Nos. 1, 2, 3 and 8) the condition
wag found in more than 1 generation, apparently transmitted
directly from a parent to one or more of the offspring. 1In
another family (No. 7) where it was not possible to test the
parents, 2 half-sibg with unrelated fathers were found to be
affected. Thus a single gene would seem necessary for the man-
ifestation of the disease. There was no evidence of increased
parental consanguinity. This familial distribution is consistent
with the hypothesis that the condition is inherited as a Mendelian
dominent character, i.e. the individuals are heterozygous for
an abnormal gene. In 2 instances, however, (families 1 and
10), where more than one of a group of sibs were affected, it was
not possible to detect porphobilinogen in the urines of either

of the parents. It must, therefore, be assumed that there is
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considerable variation in the degree of the expression of the
character and that one can get all grades from the acute case, the
latent porphyria, to the apparently normal individual who excretes
no porphobilinogen. It is possible that some of the latter

group might begin to excrete porphobilinogen, if suitably provcked.
In only 2 families (Nos. 1 and 8) is there the association of a
parent and a child who have both had the active disease. This

is not altogether surprising, because if a gene produces a severe
and lethal illness variable in its manifestations, then those with
the milder form of the affection are more likely to survive to
advlt life.

The epparent sporadic occurrence of the disease (families
5 and 11) might perhaps be attributed to mutation, thet is the
sudden change from the normel gene to its abnormal counterpart in
the germ tract of one or other of the parents. Although the
occurrence of a mutation in these families cannot be excluded, it
is probable that in the majority of instances where an affected
child has been derived from normal parents, one or other of the
perents is in fact heterozygous for the gene.

From a study of these families, it has been pogsible to
calculate that aspproximately 25% of the sibs of a case may be
expected to have porphobilinogen in the urine. A high proportion
of these are liable to have an acute attack. Furthermore, about
1 in 4 of the children of individuals who excrete porphobilinogen
may be expected to become similarly affected. If it is true
that affected individuals are heterozygous for an gbnormal gene,

then 2 out of 4 children of parents, only one of whom is affected,
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should carry the abnormal gene. Thus half of those carrying the
gene may not excrete porphobilinogen.
AGE OF ONSET

The most frequent age of onset (Fig. 1) in this series
occurred in the third decade for females and in the fourth decade
for males. The high incidence of the third decade in females is
confirmatory of WaldenstrBm (1937). The youngest case was a girl
of 11 years (No. 10). Rothman (1926) and Bauer (1943) have
described acute porphyria in children of 3 years 10 months and
2% years respectively. 2 of the 5 cases which started after the
age of 40 years commenced after prolonged administration of bar-
biturates. It is possible that a relationship exists in the ages
of onset of siblings. Thus Cases No. 17 and 18, brothers, both
commenced symptoms at the age of 30 years. Cases No. 21 and 22,
brother and sister, started with symptoms at 35 and 36 years,
respectively. Cases No. 37 and 38, sisters, started to have
symptoms at 23 years of age. Cases No. 40 and 41, brothers, had
the commencement of symptoms at 29 and 31 years respectively.

ENDOCRINE FACTORS

(a) Sex incidence Priestley (1894) first drew attention to the
preponderance of females with porphyria and Garrod and Hopkins
(1896) found that the mejority of cases of "Sulphonal Haemato-
porphyria" were women. Subsequent studies (e.g. Waldenstrbm,
1937) have confirmed this incidence. The present series shows
that the 50 cases consist of 31 females and 19 males, i.e. 62%
and 38% respectively. It is questionable whether this sex

incidence is genetically ordained or whether secondary precipitat-



ing causes, e.g. pregnancy, barbiturate intoxication, predispose
to the sex difference. The disease may be no less severe in the
male and out of 12 deaths, 33% were male.

(b) Mengtruation Waldenstrbm noted the apparent relation of
clinical symptoms to menstruation. In the present series the
onset of an attack was closely associated with a menstrual period
in 7 women (Cases No. 5, 12, 20, 25, 34, 37 and 38). In these,
the periods were generally delayed but not suppressed. Case 34
had repeated attacks associated with the onset of her menstrual
period. ©She wag put on testosterone and the doctor believed
that the testosterone therapy was related to an improvement in her
condition. In 6 additional women there was amenorrhoea (Cases
No. 6, 9, 26, 30, 32 and 36). Amenorrhoea is not an infrequent
accompaniment of a debilitating disease and in Case No. 6 there
was also the association of tuberculous endometritis. The
ineidence of the disease in males, in pre-pubertal girls (Cases
10 and 48) and in post-menopausal women (Cases No. 2 and 15)
suggests that, if there is any association between mensiruation
and clinical symptoms, it is not a primary one.

(c) Pregnancy This is a matter not only of academic interest but
of eclinical importance since a preponderance of the female cases
occurs in the child-bearing period. This point concerned
Waldenstrbm (1937) in whoge series 2 cases died during pregnancy.
He writes, "The question of the importance of pregnancy is more
difficult to answer. Among a large number of mature women, some
will be pregnant. It is also possible that it is not pregnancy

itself which precipitates an attack, but the hypnotic and other

15
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medical drugs given during this time. It would seem important
that the doctor realises the possibility of a deterioration in
the condition if pregnancy occurs.™ (He then refers to his Cases
No. 65 and 100, both of whom died during pregnancy).

"Another question is of importance in this respect. When
the doctor is asked by a woman patient whether she can have
children, in spite of her illness, he must also remember the
dominant nature of the disease and the danger to the child. Ee
must not underestimate the danger to the mother and child.!
(Translation).

In the present series several cases show an association
with pregnancy. Cases 1, 22 and 39 commenced an attack 5 days,
14 days and 14 days, respectively, after the birth of a child.
Cases 3, 30 and 35 gtarted to have symptoms in the very early weeks
of pregnancy. Both Cases 3 and 30 died shortly after termination
of pregnancy and in the latter case the child also died shortly
after birth. Case 20 had a normal pregnancy but had an
exacerbation of pain immediately after delivery. Watson (1952)
has stressed that an attack might occur after a confinement. On
the other hand, there are several examples of normal pregnancies
occurring in acute porphyria cases (Cases No. 5 and 26) and some
observers have even reported marked improvement in their cages
during pregnancy (Rawlings 1950; Freedman et al. 1952).

Thus no dogmatic statement can be made on the relationghip
between pregnancy and porphyria. In some cases pregnancy may be
completed with impunity but in others the impression is gained

that pregnancy may gravely and sometimes fatally overtax the
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porphyria patient.
ALGOHOL

In Case No. 7 exacerbations of the disease were associated
with bouts of alcoholism, although prior to the last attack he
had also taken barbiturates as well as alcochol. Martin and Heck
(1956) found that alcchol was a precipitating factor in 23 of
their 80 acute and photogensitive cases. They did not specify
what number of the 23 cases were acute porphyria.

MOTION SICKMESS

In Case No. 45 attacks of severe vomiting were associated
with travel. In the last attack, which started during a sea voyage,
the urinary porphobilinogen level rose markedly and then fell with
improvenent in the general condition.

INFECTION

In the present survey there are many examples of the role
of infection in precipitating or aggravating an attack of acute
porphyria. This is not surprising, since in other metabolic
diseages infection may play a similar role. It is well recognised
that infection may precipitate a diabetic into diabetic coma, or
a patient with Addison's disease into a crisis.

(a) Acute tonsillitis Examples of acute tonsillitis precipitating
an attack have been given by Waldenstrbm (1937) and Denny-Brown

and Sciarra (1945). This has been confirmed in 5 cages of this
series (Nos. 17, 22, 37, 48 and 49). In Case 37 the effect of
the throat infection and tonsillectomy on porphobilinogen

excretion was recorded (Fig. 2).

(b) Urinary infection Discombe and D'Silva (1945) and Abrahanms,
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CASE 37 ACUTE _PORPHYRIA KM. §_23yrs.
Influence of Infection on Porphobilinogen excretion
(expressed as uroporphyrin) in Acute Porphyria

ACU S
7 lT.m:ﬁng'“ S:]';'ﬂfF TONSILLECTOMY .
6_ L A J [:_ 2l
5+ ' -
URINARY T g i
UROPORPHYRIN
mg./day.
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0 LR ::?F:~rrr1.,,a
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Fig. 2. Section 3.

Gavey and Maclagan (1947) noted the association of a urinary
infection in acute porphyria and this has also been recorded in
Case 36.

(¢) Skin infection This appeared to be a precipitating factor

in Cases 4 and 14. In Case 25 erysipelas, which followed inject-
jons of A.C.T.H., greatly sggraveted en attack alreedy in progress.
Skin infection has been noted by Discombe and D'Silva (1945) as
such a precipitating factor.

(d) Herpes zoster This occurred in Case 29 just prior to an
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attack. Vannotti (1954) has described herpes zoster on the
digtribution of the ileo-inguinal nerve, occurring with each
atback of a case of acute porphyrie.

(e) Tuberculous endcometritis was asscciated with an attack in
Case 6.

(f) Pulmonsry infection This is usually a complication of a

severe attack, particularly with immobilisation and respiratory
paralysis. Thus an agpiration pneumcnia occurred in Case 29
and lobar pneumcnie aggravated en attack in Case 4. In Cages 1,
3, 6 and 43 pulmonary infection was a fatal complication in
respiratory paralysis.
BARBITURATES

Since the intrcduction of the barbiturates to clinical
medicine in 1903, there have been conflieting reports on their
possible relation to human acute porphyria. Drobrschansky (1906)
described a typical case of acute porphyrie, without paralysis,
occurring in a patient after prolonged edministration of
diethylbarbituric acid. Haxthausen (1927) reported the develop-
ment of skin photosensitivity and the presence of excessive
amounts of porphyrins in the urine of an epileptic who had been
taking ethylphenylbarbiturate for some time. Eliaser and Kondo
(1942), Denny-Brown end Sciarre (1945), Prunty (1946), Jérgensen
and With (1947), Macleod and Grant (1953), and Whittaker and
Whitehead (1956) have described deterioration in the cliniecal
state of acute porphyria patients with the development of severe
or even fatal parelysis, after the administration of certain bar-

biturates, among which were ethylphenylbarbituric acid and



ethyl(l-methyl-butyl) barbituric acid. Waldenstr®m (1939, 1940)
was convinced that barbiturates mey precipitate attacks in cases
of latent porphyries and that they seriously affect the prognosis
of the disease. On the other hand, Glmther (1922), Turner (1938)
and Discombe and D'Silva (1945) failed to note any relation

between barbiturates and acute porphyria.

Information on the relation of barbiturates to normal humen

porphyrin metebolism has been obtained from observationsg on the
urinary porphyrin excretion in cases of barbiturate poisoning.
Rosendorff (1910), Sowden (1910) and Maclean (1912) found no
abnormel porphyrinuria in patients who had ingested single large
doses of diethylbarbituric acid, while Rommel (1912) cbserved
dark-red urine in a patient who had taken 25 g. of the same drug.
A study of the cases in the present series suggests 2
types of relationship between barbiturates and acute porphyria.
(1) If barbiturates are given over a prolonged period they
precipitate an attack.
(2) If barbiturates are given during the course of an attack
they may accelerate the onset of paralysis.
The evidence for the first hypothesis is based on Cages 15, 16
and 50. In these cases barbituretes, meinly phenobarbitone,
were given for 13-2 years. Among the presenting symptoms were
drowsiness and memory loss (Case No. 15), incoherence and
repetitiousness of speech, convulsions (Case No. 16), hysteria-
like behavious and depression (Case No. 50). These symptome
recall the description by Fraser et al. (1954) of chronic barbit-

urate intoxication or its sudden withdrawszl. In each of these

20
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Fig. 3. ©Section 3.

The relationship between barbiturates and the onset of
paralysis in 48 patients with acute porphyria. In 2
cases it was not certain whether barbiturates were given
or not, and these were not inecluded in thig analysis.



cases the main symptoms and signs departed after the cessation of
this drug and there has been no recurrence for several years.

On the other hand, there has been evidence that the genetic ab-
normelity exists in this type of case. Thus Case 16 still passed
porphobilinogen 3 years after the cessation of barbiturates and
the son of Case 15 is e latent case. It is also noteworthy that
Cases 15 and 16 were 56 and 59 years of age, respectively, and
had suffered no previous symptoms until then. This information
suggests that prolonged ingestion of barbiturates may precipitate
an attack of acute porphyria where the lstent trait exists and in
these cases the clinical manifestations bear some resemblance to
those of chronic barbiturate intoxication.

The evidence-for the second hypothesis - namely that bar-
biturates may cause neurclogical manifestations if given during
an attack - is summarized in Fig. 3. Thus 77% (24 out of 31) of
cases with paralysis or paresis had been given barbiturates, while
35% (6 out of 17) of those without paralysis or paresis had taken
barbituretes. This difference is highly significant
Q7L2 = 7.8 1d.f. p<.01). Of the 7 cases with paralysis who had
not been given barbiturates, 5 (Cases 12, 13, 34, 35, 44) had
only mild neurological invclvement but Case No. 43 died with
general paresis and bronchopneumonia after a prolonged smouldering
course and Case No. 47 had quite severe nerve involvement includ-
ing pyramidsl tract signs. Within the group, who had parelysis
and barbiturates, are the most severely afflicted patients, e.g.
Cases 2, 23, 24, 32 and 33, who had explosive and fatal courges

after repeated administration of barbiturates.
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In Section 5 the barbiturates are classified according to
their effect in disturbing the porphyrin metabolism of rabbits.
Those barbiturates with allyl groups, e.g. seconal, were particularly
effective. In accordance with this classification an analysis has
been made (Table 1) of those barbiturates which were used in
patients who had paralysis and those who did not have paralysis.
This study reveals one difference in the two groups of cases. 1In
each case in which seconal was given (Cases 2, 7, 21, 24) paralysis
of a very severe degree (in two cases fatsl) was found. There
are an insufficient number of barbiturates used in the group without

paralysis to meke this difference statistically significant.



BARBITURATES USED

' I TLT: Iv

Group Lffective in Slightly Effective Ineffective in

of Rabbit in Rabbit Rabbit
Patients e.g. Seconal e.g.Phenobarbitone, e.g. Soneryl, TOTAL
Nembutel, Amytal
Luminal
PARA-
LYSED 4 19 13 36
(a)
NOT
PARA- | 0 4 3 ' 7
LYSED |

Teble 1. Analysis of barbiturates used in patients (a) who had
paralysis and (b) who did not have paralysis, according
to the classification of barbiturates in Section 5 with
respect to their effectiveness in disturbing the por-
phyrin metabolism of rabbits. The numberg refer to
the number of patients given one of a barbiturate group.
Thus 4 patients, who later became paralysed, received
seconal. Some patients received more than one
barbiturate.

Seconal = sodium allyl(l-methylbutyl)barbiturate
Phencbarbitone = sodium ethylphenylbarbiturate
Nembutal = sodium ethyl(l-methylbutyl)barbiturate
Luminal = sodiwm diethylbarbiturate

Soneryl = sodium butylethylbarbiturate

Anytal = sodium isoamylethylbarbiturate



7/////////////////////% ABDOMINAL PAIN

ABDOMINAL PAIN + CONSTIPATION
ABDOMINAL PAIN + VOMITING
ABDOMINAL PAIN + SENSORY DISORDERS
ABDOMINAL PAIN + DIARRHCEA
NON~ABDOMINAL PAIN
EPILEPTIC FITS

ﬂENIAL ?EPRFSS!ON A

10 30 50 70 90
PERCENTAGE OF CASES

g \

Fig. 4. Section 3.

Main presenting symptoms in
50 cases of acute porphyria
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CLINICAL FEATURES

PRESENTING SYMPTOMS

The main presenting symptoms at the onset of the disease
are summarised in Fig. 4. These affect 2 systems - gastro-
intestinal and neurcpsychiatric. Abdominal pain, either alone or
associated with constipation, vomiting or mecre rarely diarrhoea,
is the most common complaint. However, in 22% of cases neuro-
psychiatric manifestations were predominant and in the majority of
these (9 out of 11 cases) there was no complaint of abdominal pain.
In a few cases (8%) there was a combination of abdominal pain and
disorders of sensation e.g. paraesthesiae or pains of limbs. The
6% of cases which presented with epileptic fits are worthy of note.
The danger in the administration of barbiturates to these cases
is clear. Many cases had psychological symptoms on admission but
only 1 case had such symptoms (mental depression and hysteria in
Case 50) as the main presentation.

The incidence of symptomg and signs throughout the course

of the disease is shown in Figs. 5 and 6.
GASTRO-INTESTINAL FEATURES

Abdominal pain is predominantly colicky in nature with

intermissions when it is constently present. It may be present
in any part of the abdomen but mainly in the epigastrium and (R)
iliac fossa or may, in fact, be generalised over the whole abdomen.
It is characteristically very severe, boring "deep down" and
usually causes great distress to the patient.

A1l of the patients who complained of abdominal pain and

who were exemined by the author, did have some abdominal tendernegs.
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This was usually much less in degree than the severity of the pain
would suggest, but there was no muscular rigidity of the abdomen,
with two exceptions. In Case 4 the abdomen became rigid like a
case of perforated duodenal ulcer. In Case 21 there was some
locelised rigidity in the (R) iliac fossa.

Rectal examination was negative in most cases in which it
was carried out. In Case 11 there was some rectal tenderness.
A large number had yvomiting and/or constipation, associated with
the abdominal pain. In 1 case (No. 45) vomiting occurred without
abdominal pain. Abdominal pain usually preceded the vomiting.
6 cases (Nos. 1, 18, 21, 42, 44 and 50) had diarrhoea and vomiting.
It is of diagnostic interest that Case 44 was initially sent to a
fever hospital with a diagnosis of gastro-enteritis. In all cases
of some severity there was loss of weight during the attack.
NEUROLOGICAL FEATURES

Non-Abdominal pain In 26 cases (52%) pain was felt in

the limbs, particularly the legs, in the head and neck, in the
large joints, e.g. shoulder and knee, in the lumber region or in
the anterior chest region. In all except 2 cases (Nos. 24 and
27) the pain in these regions was accompanied by abdominal pain.
Case 24 had pain predominantly in the large joints. Case 27 had
lunber pain which passed anteriorly and downwards to both groins.

MOTOR DISTURBAINCE

Paralysis or Paresig of limb muscles occurred in 34 (68%)

of cases. The extent of this varied from weakness of a pair of
limbs to complete quadriparalysis. There was paresis of upper

limbs only in 1 case (No. 35), paresis of lower limbs only in 5



cases and quadriparalysis or quadriparesis in 28 cases. In the
great majority of cases the paralysis was of the lower motor
neurone type, although in 5 cases (Nos. 23, 32, 33, 44 and 47)
definite extengor plantar responges were obtained and in 1 case

(No. 47) there was muscular rigidity of the lower limbs, ankle
clonus and increased limb reflexes. In 27 of the 34 cases with
paralysis or paresis there were diminished or abgent tendon
reflexes and in many cases there was marked musculer wasting (Plates
3a and b Appendix). There was a predilection for extensor muscles
of wrists and fingers in Cases 5, 14, 25, 41 and 47 (Plate 6b
Appendix), but there was no definite pattern of paralysis such as
the Landry type which has been suggested in the past. All cases
were bilaterally involved but usually unequally so. In very severe
cases the muscles of the trunk were also affected. 1In Case 35

the muscles of the back and upper limbs were particularly weak.

Half of the 28 cases with paresis or paralysis of all 4 limbs hed

cranial nerve involvement (Table 2).

CASES
Nystagmus 7 11, 24, 29, 32, 49, 50.
Dysphagia 17, 21, 23, 24, 30, 36.
Aphonia Xy (22, 233, 96%
Diplopia Ty =Fs
Facial Palsy 1, 12.
Dysarthria e

Table 2. Cranial Nerve Involvement.
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The relationship of paralysis or paresis to barbiturates is
illustrated in Fig. 3. Incontinence of urine occurred in 6
cases (Nos. 1, 3, 24, 31, 32 and 33) and urinary retention in

1 case (No. 38). 1In Case 1, incontinence of faeces algo
occurred. 5 Cases (Nos. 2, 30, 32, 33 and 48) had respiratory
parelysis with involvement of the diaphragm and/or intercostal
nugcles.

SENSORY DISTURBANCE

19 cases (38%) had involvement of sensation (Table 3).
Of these all but 2 cases (Nos. 9 and 20) had muscular paralysis
or paresis, which came on prior to the sensory loss. 15 cases
had museular paralysis or paresis but no sensory disorder. In
2 cases there was paralysis but the sensory examination was not

recorded.
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Type of Sensory Disorder Site Case No.
Analgesia Trunk and proximal areas
(Pin-Prick Loss) of limbgs 13
Cervical dermatomes 5 & 6 21
Upper and lower limbs 14
Lower limbs 11
Shins 33
Generalised 2 & 36
Hypo-Algesia Lower limbs 15
Bathing trunks region 5& 24
Hyperaesthesia Lower limbs 9 & 44
Complete Sensory Loss Lower limbs 17
Below mid-thorax 23
Pgraesthesgiae
Numbness Head 7
Forearms and hands 1&7
Lower limbs 7 & 34
Waist downwards 50
Genitalia 23 & 24
Tingling Feet and calf 9 & 20
Joint and vibration
Lower limbs to knees L

sense loss

Table 3.

Summary of Sensory Disorders
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VISUAL DISTURBANCE

There was a partial and temporary loss of vision in 3 cases
(Nos. 16, 22 and 48) lasting no longer than 2 days.
EPTLEPSY

8 cases (Nos. 3, 8, 16, 17, 28, 33, 48 and 50) had epilep-
tic fits. These were generalised in 7 cases. In Case 16 they
commenced in the (L) arm, passed to (L) leg and then became
generalised. Hypertension was present in 6 of the cases but this
was only of a severe degree in 3 cases. In Case 33 there was a
B.P. of %%%, papilloedema and fits. A prior history of barbitur-
ate ingestion was obtained only in 3 cases (Nos. 16, 28 and 50).
Barbiturates were given to control the fits in Cases 17, 28 and 33.
In Cases 17 and 33 this was followed by deterioration in the
condition and in Case 28 the fits continued until the barbiturates

were stopped. LElectroencephalogramg were performed on 4 of the

cages with fits, at the National Hospital, Queen Square, London,
at the Maudsley Hospital, London, and at the Central Middlesex
Hospital, London. Cases 17 and 50 had normal electroencephalo-
grams. That of Case 33 was abnormal but its pattern was
consistent with the stuporose condition of the patient. Case 28
had a mildly abnormal E.E.G. The report is as follows: "A low
to medium alpha rhythm is dominant but tends to be unstable in
frequency and very mild dysrhythmia is seen at times; There is
no significant asymmetry nor focal abnormality, nor disturbance on
overbreathing. The record is non-specific and only just outside
normal limits, but compatible with the epileptic diathesis".

An electroencephalogram was done at the National Hospital,



Queen Square, London, on Case 29, although she did not have fits.
The report of this was as follows: "Slightly abnormal. Confused,
choppy type with alpha waves and fast rhythm and enough 5-7 ¢/s
waves to make it abnormal'.

MENTAL SYMPTONS

29 cases (58%) had mental symptoms associated with their
illness. These have been arbitrarily clagsified into 3 grades:
(i) Depressed, nervous, hysterical lacrymose or “peculiar'.
Case 1, 2, 3, 8, 12, 23, 24, 28, 30, 31, 39, 41, 49, 50.
i.e. 14 cases. In Case 50 mental depression was the
presenting symptom and she was initially treated as an
out-patient in a hospital for mental diseases.

(ii) Confused, hallucinated, disorientated or with personality
change. Cases 4, 5, 7, Rl, 22, 25, 40, 43, 46.
i.e. 9 cases.

(1iii) Mentally certified and/or placed in mental institutions.
Cases 8, 9, 11, 29, 32, 36. i.e. 6 cases.

The remaining cases were mentally normal. Their
reaction to what was, at times, very severe pain, was not excessive.

CEREBRO-SPINAL FLUID

A normgl cerebro-gpinal fluid, in respect to protein
sugar, chloride and cell content, was obtained in 11 cases (Nos.
1, 16, 17, 21, 22, 26, 32, 33, 39, 41 and 48). In Case 31 the
chloride content was 670 mg.% (normal 700-750 mg.%). In Case 32

the C.S.F. was tested for porphobilinogen and found to be negative.

30



31

CARDIQOVASCULAR FINDINGS

Pulse rate 32 cases (64%) had tachycardia (i.e. P.R. over 100/
minute) during the acute phase of the disease. In these the P.R.
was a good indication of the activity of the condition. In most
of these cases the P.R. was 110-120/minute but in a few it rose to
150-160/minute.

Blood pressure 28 cases (56%) had hypertension (i.e. a systolic

pressure of 150 mm.Hg. or more and a diastolic pressure of 95 mm.
Hg. or more. In some cases (Nos. 3, 4, 7 and 33) there was a
marked hypertension. In Case 7 there was a Grade II retinopathy
associated with a blood pressure of'%%g, but the fundus returned
to normal when the B.P. became normal. Case 33 had papilloedema
and fits asscciated with the hypertension. Case 2 presented as
a case of "Essential Hypertension" and a seconal sedation test was
given on 2 occasions, following which the patient's condition
repidly deteriorated and she died. It is of interest that Case 3
developed hypertension in the final attack but not in the previocus
ones. Case 25 developed hypotension (%%) in 1 phase of her
conditioen,

Electrocardiography Electrocardiograms were reported in 9

cases. Four of these (Nos. 4, 21, 33 and 34) were normel and in
Case 43 the LE.C.G. showed left axis deviation only; the blood

pressure gt this time was In the remaining 4 cases I am

140
100*
indebted to Dr. A. Hollman, University College Hospital, London,
for help in the interpretation of the E.C.G's.

In these 4 cases the following features were found.

P, was sharply pointed and there were prominent atrial T waves (Ta),
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Plate I. Section 3.

Case No. 25. E.C.G. (16/2/52)
shows tachycardia, low voltage
T waves, pointed P waves in
Lead 2, PQ depression in Leads
ITI and CR4.




giving P.Q. and S.T. depression in 2 cases (Nos. 25 and 47). These
findings suggest atrial damage or atrial strain and/or hypertrophy,
possibly related to respiratory embarrassment. On the other hand,
Case 32, in whom (R) atrialdilation and pulmonary collapse was
detected post-mortem, did not show these findings.

Low voltage T waves were found in 3 cases (Nos. 25, 32 and
47) which suggests generalised myocardial damage. The serum
potassium in these cases was never low enough to account for these
changes. There was some cardiac rotation in each of these 4
cases - clockwise in Cases 32 and 36, anti-clockwise in Cases 25
and 47. This was possibly related to (R) heart strain and hyper-
tension respectively.

An example of such an abnormel E.C.G. (Case No. 25) is
given in Plate 1.,

Ophthalmoscopic Examination Retinal artery spasm was seen in 4

cases (Nos. 30, 36, 37 and 47) (Plate 7 Appendix). As noted
above, Cases 7 and 33 had a Grade II retinopathy and papilloedema
respectively.
DERMATOLOGICAL FINDINGS

No case had frank photosensitivity of 9kin; with the
exception of Case 47 who had a slight vesicular eruption on her
cheeks and bridge of nose at the beginning of her illness. This
healed and her facial skin later became pigmented (Plateba Appendix).
Cases 11, 12, 20, 21, 24, 29, 32 and 36 showed a darkening of the

exposed areas of their skin and this returned to a normsl colour

if the patient recovered.
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TEMPERATURE

7 cases had an intermittent low grade pyrexia (99-100.6° F)

without obvious infection. These were Cases 11, 19, 20, 25, 31,
43 and 46.
HAEMATOLOGICAL FINDINGS

Haemoglobin determinations were recorded in 27 cases and

showed a mean of 14.7 G% (Range 11.8 - 17.3).

The volumes of pack red cells in Cases 32 and 47 were

elevated to 55 and 51% respectively. Both these female patients
were dehydrated and after adequate hydration the haematocrit of
Case 47 became normal., Case 32 died.

The erythrocyte sedimentation rate was recorded in 16

cases by the Westergren or Wintrobe methods. In 11 cases normal
values were obtained. In Cases 12, 29, 38, 39 and 49 there were
slightly elevated readings by the Westergren methed, i.e. 16, 19,
20, 17 end 17 mm./hour respectively.

LEUCOCYTE COUNTS

In 28 cases the leucocylte counts during the active phase
were between AFIO,OOO/cmm. In 11 cases there was an elevgted
leucocyte count (Table 4), the elevation being due to an increase
in polymorphonuclear 1eucocytes; From Table 4 it can be seen
that any substantial leucocytosis was asscciated with infection

or epileptic fits.
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Case Leucocyte Infection if any
No. Count/crm. or cther possible cause
i 24,000 Bronchopnewnonia
5 13-45,300 Pulmenary Infection
& 11,600 None
9 12,600 lione

16 11,000 None

17 21,000 Post-Epileptiec

2 12,000 lone

25 29,000 Lrysipelas

26 12,000 None

32 12,600 None

39 11,600 None

Table 4. Analysis of leucocyte counts
above 10,000/cmm in 11 cases
of acute porphyria.
REINAL FINDINGS
Traces of protein were found in the urines of 12 casee,
of which 4 also had granular casts. The blood urea was raised in
3 cases (Nos. 2, 11 and 31) but this was probably, in each case,
an "extrerenegl" type of ursemia due to excessive vomiting.
Urinary infections were respongible for aggravations in the
condition of Case 36.
PYRUVATE TOLERANCE TEST
Dr. J.N. Cunings, Naticnal Hospital, Queen Sguare, London,
carried out pyruvate tolerance tests in Cases 17 and 33 (Table 5).
Case 17 showed a slightly abnormal result, while that of Case 33

was frankly abnormal.



TABLE 5

Pyruvate Tolerance Test

Results expressed as mg pyruvate/100ml blood

Case No. Fasting After 60 mins. After 90 mins.
. xllormal
upper limits  1.12 1.26 )
Case 17 1.02 1.08 1.46
(30-4~51)
Case 33 0.88 = 22
(26=8-53)

(31-8-53) 1.0 1.68 2.08

% Joiner, lcirdle, and Thompson (1950).

SERUM ELECTROLYTES

These are recorded in 8 cases (Table 1 Appendix), In 6
of these sbnormalities were found. There were diminished sodium
and chloride levels in Cases 1 and 47. In Cases 25, 32 and 38
the chlorides were somewhat diminished, while in Case 3 there was
a hypochloraemia associated with a hypokalaemia and alkalosis.

In each of these cases excessive vomiting had taken place and the
results may thus be explained.

EMPIRICAL LIVER FUNCTION TESTS

Some Liver Function tests from 18 cases are recorded in
Table 2 (Appendix). It should be emphasised that these were done
in different laboratories by different workers. lNevertheless the
study of the results bringsforth the following conclusions. In
the majority of cases no abnormelity was detected. The total

protein content of plasma is low in Cases 21 and 34. It is
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difficult to know the significance of the abnormality in the
Albumen-Globulin ratic in Case 21. The alkaline phosphatase
levels in Cases 3 and 33 were raised. It is of interest that in
both these cases this test was performed during a very severe
phase of a fatal attack. The thymol turbidity was increased in
Case 27 and possibly so in Case 30, in which the thymol floccula-
tion wes grossly aebnormal. The cephalin flocculation was
repeatedly abnormel in Case 7, who is an alcocholic. The hippuric
acid synthesis test was diminighed in Case 4.

Cregtinuria Creatine (50 - 700 mg/24 hours) was consistently
present in the urine of Case No. 21 in the scute phase of the dis-
ease.

CEEMICAL PATHOLOGY OF POST-MORIHEM TISSUES

The porphyrin and porphobilinogen analysis of post~mortem
tissues in 7 cases of acute porphyria and 2 control patients who
did not have porphyria is summerised in Table 3 (Appendix). The
liver end kidney contained porphobilinogen in the acute porphyria
patients and the liver contained some urcporphyrin where this was
tested, in contrast tc the control tissues which contained neither
porphobilinogen nor uroporphyrin. The livers, bone~marrows and

spleens of porphyria patients did not have significantly higher

concentrations of coproporphyrin and protoporphyrin than the tissues

of control patients. The kidney of 1 case, which was tested, had
elevated concentrations of coproporphyrin and protoporphyrin.

The presence of porphobilinogen in the liver and kidney
of cases of acute porphyria corroborates the findings of Prunty

(1945), Grey (1950) and Schmid et al. (1954).
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PATHOLOGICAL FINDINGS

Post-mertems were carried out on Cases 1, 2, 3, 24, 32 and
43 (see case records). Terminal respiratory infection was found
in Cases 1, 3 and 43. Pulmonary oedema and (L) ventricular
cardiac failure occurred in Case 2. In Case 32 there were small

intrepulmonary haemorrhages and areas of collapse, secondary to

respiratory paralysis. There was 2lso a small pericardial effusion

of about 15 cc. of slightly cloudy fluid, but no pericarditis;

the right auricle was dilated; on microscopic examination there
was fine patchy atheroma of the coronary arteries and little
oedema of the left ventricular myccardium. In Case 24 there was
fatly degeneration of the liver and gastric petechial haemorrhages.
Gibson and Goldberg (1956) reported on the neuropathology of acute
porphyria in 5 Cases, 4 of which belong tc the present serieg
(Cases 2, 24, 32 and 43). Concurrently with this, Dr. R.A.B.
Drury investigated a biopsy of a dorsal interosseus nerve of the
foot of Case 36 (Drury 1956). These neuropathological findings

are summarised in Table 4 (Appendix).

COURSE AND PROGHOSIS

The course of acute porphyria in these 50 cases is
variable. In a few cases, e.g. 10 and 46, there was merely some
intermittent and occasional abdominal pain; in others, e.g. Cases
2, 23, 24, 32 and 33, there was an explosive fatal attack which
lasted from 10 days to 10 weeks. The courses in the majority of
cases in the present series lie between these 2 extremes. In

these, attacks recurred for months or years. A "step ladder"
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pattern of incressing severity is seen in Cases 1 and 5. 1In

both of these cases 3 attacks occurred over a period of months,
each attack more severe than the last, until the final fatal and
paralytic atback took place. In Cases 3 and 30 the patients'
condition worsened throughout pregnancy, until death occurred
shortly after the birth of the child. The mortelity rate in
relation to age groups is recorded in Table 6. The overall
mortality rate is 24 per cent. These 12 fatal cases are further
analysed in Table 7. It can be seen that the majority died from
paralyses with or without a terminal respirstory infection. In
Case 3 there was alsc a profound electrolyte disturbance. The most
dangerous decade for the patient with acute porphyria is the second
in which there was a mortality of 63 per cent.

The duration of the activity of the disease, i.e. the
period from the first to the end of the last attack, is some
measure of the tendency to relapse. In Table 8 the mean of those
periods in the non-fatal cases has been caleulated for each 10 year
age group. This suggests that after the 4th decade, patients are
less liable to relapse, and in fact the 4 patients above the age
of 40 who survived their first attack have had no further attacks
for several years. The impression is also gained that if a
patient in any age group survives a profound and crippling attack,
she is unlikely to have a relapse, e.g. Cases 14, 17, 26, 36

and 40.



A%e Group No. of Cases No. of Fatal Per cent
years) Cases Mortality

10 - 19 8 5 63%
20 - 29 24 4 17%
30 - 39 13 2 15%
4O = 49 1 0 0

50 = 59 4 1 R_5%
Total 50 12 4%

Tgble 6. Relation of mortality rate to age of onset of

disease.



Case

No.

23

30

32

33

43

48

Age at

onsget
(years)

23

52

R9

i iy

33
19

20

13

31

18

15

Teble 7. Analysis of Deaths
Duration Precipiteting
of illness cauge of death
1 year General Paralysis
Bronchopneumonia.,

4 weeks General Parslysis
Pulmonary oedema.

19 months End of pregnancy
10 days before
death. Pneumonia.
Hypochloraemic
Alkalosis
tExtrerenal Uraemia"

6 months General paresis.
Respirstory
paralysis.

10 days Respiratory
paralysis.

16 days General Paralysis

6 months General paresis.
Collapse after
birth of child.

10 weeks General and
respiratory
paralysis.

1 yeer Respiratory
peralysis.
Coma.

2 years Respirstory
paralysis

2 years Bronchopneumonia
General paresis.

16 months Respiratory

parelysis

Barbiturates
given during
attack

Sodium amytel
Phenobarbitone

Seconal

No barbiturates

Sedium amytal,
Soneryl.

Phenobarbitone
and soneryl.
Seconal
Nembutal at
onset of
illness.

Phenobarbitone

Phenobarbitone

Medinal 2 doges

No barbiturates

Phenobarbitone

40



41

Age No. of Mean duration

Group non-fatal of activity (years)
(years) Cases
20 - 29 20 1.9 (10 days - 14 yrs).
30 -~ 39 11 1.5 (2 weeks - 8 yrs).
40 = 49 n (o) §
50 = 59 3 0.9 (3 weeks - 2 yrs).
Toteal 38 1.6 (10 days to 14 yrs).

Table 8 Relation of duration of activity of disease

in non-fatal cases to age of onset of disease.
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DIFFLRENTIAL DIAGNOSIS

A definitive diagnosis rests simply on the presence of
porphobilinogen in the urine, but the critical point is the recog-
nition that this comparatively rare disease may present with
symptoms suggestive of an acute abdominal condition, a psychosis
or psychoneurosis, a peripheral neuritis, an epilepsy of unknown
causation etec. “In this series 6 cases had abdominal operations
because of their symptoms - Cases 11, 19, 21, 26, 40 and 47. In
Case 19 a gastric ulcer was found on another occasion and a partial
gastrectomy was performed. Thus the co-existence of a second
condition, unrelated to porphobilinogenuria, may complicate the
diagnosis. Case 38 developed abdominal symptoms 4 months after
the birth of her child and a diagnosis of post-partum salpingitis
was made. Case 26 was diagnosed as a case of poliomyelitis. The
articular pain described by Case 24 suggested a diagnosis of acute
rheumatism. Case 29 was diagnosed as a "post-herpetic
encephalitis™.,  Acute porphyria has been well named "the little

simulator" (Waldenstrbm 1939).

TREATMENT
Prgghz;axis
In this disease, where definitive treatment awaits a
deeper understanding of the biochemical abnormalities, the pre-
vention of an acute attack is important. Whenever an active case
is discovered it becomes a duty to test the urines of relatives
for the presence of porphobilinogen. The family doctor is thus

able to mark the latent porphyria case and if an attack arises,



avoid the dangers of a delayed diagnosis. On the other hand, there
is no guarantee that a relative without porphobilinogenuria does

not have the genetic defect. It has been observed that individuals
heterozygous for the abnormal gene may not excrete porphobilinogen
in the urine. Furthermore 5 out of 18 cases did not have porpho-
bilinogen in the urine in states of remission. For these reasons,
it is suggested that no member of a family in which there is a
known case should be given barbiturates. This is no great thera-
peutic denial, since there are several excellent non-barbiturate
hypnotics.

In dealing with the established case in remission, care
should be taken to avoid the seversal precipitating factors which
have been enunciated. Infections should be treated swiftly.
Tonsillectomy was a valuable preventive measure in Case 37.

Advice on pregnancy will be asked, but no dogmatic
answer can be given. The dangers must be explained and if
pregnancy ensues the obstetrician should be alerted. If any
surgical procedure becomes necessary, a barbiturate must not be
used as an adjuvant to anaesthesgia. Careful surveillance through-
out the puerperium is necessary since this period,especially the
early part of it, is a treacherous one.

Ireatment of an ascute attack

Usually the patient is a difficult one to treat and nurse.
It may be advisable to place her in a side ward rather than in a
general ward when gross psychological disturbance and severe
abdominal pain are present. If there are signs of paralysis, an

artificial respirator should be held in readiness. The relief of
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pain can be tried with morphia, pethidine (meperidine), or codeine.
Agpirin is not contra-indicated.

The re-establishment and maintenance of salt and water
balance is important if excessive vomiting has occurred. The
experience should be remembered of Case 47 who was improved by
A,C.T.H., administration after enteral and parenteral saline had
been given without success. Infection should be sought and
treated. Subgtantial elevations of temperature (more than 101°F),
leucoeyte count (more than 12,000/c.mm. in the absence of convul-
sions) or sedimentation rate (more than 20 mm/hour) should give
rise to the suspicion that such an infection exists. This aspect
of the treatment of the acute porphyria attack resembles the
search for a focus of infection in a diabetic coma. The value
of this measure is seen in Cases 25, 36 and 37.

Specific Drug Treatment

The efficiency of any treatment is difficult to assess
in acute porphyria, in which gpontaneocus remissicn and rapid
improvement are often encountered. In spite of this, it is of
value to attempt an objective judgment of the various kinds of
specific drug therapy used in these 50 cases.

A.C.T.H. It is of interest to note that Urquart (1898)
suggested that suprarenal extract should be tried in cases of
porphyria, since disease of the suprarenals had been recorded in
this condition. Campbell (1898) gave "suprarenal tabloids” to a
porphyria patient without effect. On the other hand, Prunty
(1949) found evidence of adrenal cortical hyperplasia in his case.

A.C.T.H. was given in 5 cases in this series. In 3 of these (llos.



3, 12 and 43) there was no obvious effect, but in cases 25 and 47
there was some improvement of the elinical condition associated
with the administration of the drug. In the latter case (No. 47)
the hypochloraemia did not respond to enteral or parenteral salt
therapy, until A.C.T.H. was given. This may be compared with the
severe post-operabive hyponatraemia and hypochloraemia, persisting
despite adequate intake of sodium, potassium, and chleride, which
is quickly corrected by cortisone (Graber et al. 1956). 4,C.T.H.
is worth trying in those cases in which there is generalised
weakness and/or salt and water loss (Goldberg, Macdonald and
Rimington, 1952). Watson (1954) has stressed that 4.C.T.H. should
be given as early as possible in the course of the disease.
(Figs. 1 and 3 Appendix).

Cortisone In 3 cases (13, 36, 43) cortisone had no effect,
while in Cases 5 and 13, there was some improvement associated with
its administration.

Neostigmine (Prostigmine) is a parasympathomimetic drug,

which stimulates postganglionic cholinergic nerve endings by means
of its anbi-cholinesterase activity. Begides this action it
exerts a component of direct action on voluntary muscle fibres
(Goodman and Gilman, 1955). In many cases of acute porphyria
there is an apparent depression of parasympathetic activity (hyper-
tension, tachycardia, congtipation, although diarrhoea has less
frequently been observed). A myasthenia-gravis-like picture has
also been described (Denny-Brown and Scierra, 1945). It is not
surprising, therefore, that neostigmine has been used in the

treatment of this condition - in some cases with good effect
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(Waldenstr®m, 1944; Berg, 1945; Gordin, 1948; Veflingstad, 1949;
Oigard and Roos, 1953; Gillhespy and Smith, 1954) and in other
instances without benefit (Ashby and Bulmer, 1950; Fawcett, 1954).
Berg (1945) and Berlin and Cotton (1950) observed by kymograph and
X~-ray exeminagtion, respectively, an improvement in the peristaltic
activity of the stomach and small intestine of acute porphyrisa
cases, after the injection of prostigmine. 1In the present series
neostigmine had no effect on the paralysis or pain in Cases 5, 6,
9, 11 and 30 but did relieve constipation and retention of urine
in Case 30, In Case 36 there was a marked improvement of the
mental state associated with administration of neostigmine, but this
was probably fortuitous. It is possible that some cases of acute
porphyria might be symptomatically helped by this drug, particular-
1y where there is a diminished action of smooth mugele.
Hexamethonium may diminish hypertension (Case 23, 36, 30).
It does not alter the courge of the disease; it may not relieve
pain pari pagsu with the depression of hypertension (Case 30).
In Case 33 this drug was only effective as a hypotensive agent for
short periods after its injection. Wehrmacher (1952) has described
the variable effects of tetraethyl ammonium chloride and
tubocurarine chloride on pain in a case of acute porphyria.
Other Drugs The following drugs were used without
apparent benefit - calcium gluconate I.V. (Cases 4 and 25),
benadryl (Case 25), priscol (Case 25), probanthine (Case 39),
eucortone (Cases 4 and 47). Vitamin B therapy (aneurin and
riboflavin) was given enterally or parenterally in several cases

(7, 9, 17, 33, 46). With the possible exception of Case 7, an
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alcoholic, it had no benefit.

Psychological Attitude In many patients a definite

diagnosis is delayed for some time. The patient may begin to
accept the statement that the very real pain she is guffering is
due to "nervousness" or even "imagination" and in some cases this
situation may in itself aggravate the mental state of the patient.
Case 29 said she fellt greatly relieved when she realized that her
doctors had found a cause for her pain, even though her symptoms
were not immediately relieved. TFor this reason it is a kindness
to explain that the symptoms have been brought about by a definite
diseagse. In family 10, a brother of Cases 43 and 44, developed
an hysterical equivalent of the disease, but had no porphobilino-
genuria. The fear of the disease which may be present in healthy
relatives should be noted.

Physiotherapy Where paralysis or paresis has occurred

the limbs should be correctly maintained in positions of function
and active physiotherspy should be started as soon as possible

and continued until complete recovery has been attained (see below).

Treggggnt after a severs attack

The patient may recover quickly and completely. On the
other hand, she may be left severely crippled or even insane after
the acute attack. It is important to realize that complete
restitution of physical and mental function is the rule in these
patients, but this may teke 4 or 5 years. Thus Cases 36 and 40
were mentally ill for several years, but both eventually returned
to a normal state. Cases 14, 17, 21, 26 and 36 had marked wasting

and weakness of musculature, but showed remarkable recoveries.
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That the pathological changes of the nervous tissue in this
disease are so completely reversible should be of great encourage-

ment to the medical attendant and patient.

DISCUSSION OF CLINICAL FEATURES

Glinther (1922) suggested that 3 symptoms commonly occurred
in acute porphyria - abdcminal pain, vomiting and constipation.
This is in agreement with the incidence of symptoms in this survey
(Fig. 5). Attacks may, however, occur entirely without abdominal
pain., The pain may be felt in the limbs, chest, head, neck or
the joints. Thig point has been repeatedly made since Ranking
and Pardington (1890) and Harley (1890) referred to non-abdominal
pain in the disease. Diarrhoea has also been noted (Garrod and
Hopkins, 1896; Glinther, 1922; Van den Bergh et al. 1937).
Waldenstrbm (1937) deseribed 3 cases witﬁ mucous colitis, a
condition present in Case No. 42 of the present series. Hyper-
tension in acute porphyria was first described by Melkersson (1926),
and Waldenstrbm (1937) noted the significance of the hypertension
and tachycardia, but Bostroem (1920) recorded a B.P. of 95/30 in
one case. This may be compared to Case 25, who developed hypo-
tension in one of her attacks. Essential hypertension may occur
simultaneously as in Case 2 and in Saint et al. (1954).

Some of the electrocardiographic findings are substantiated
by those of other workers. Thus Berlin and Cotton (1950) noted
P.Q. depression in one case. Eliaser and Kondo (1942) found \
marked elevation of the S-T segment, which they attiributed to

coronary arterial spasm. Degenerative changes of the mycocardium
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have been described by van den Bergh et al. (1934) and Saint et al.
(1954).

The type of neurological involvement - patchy, predominantly
motor and this mainly lower motor neurone = is the same as that
found by Waldenstrbm (1937). The evidence for pyramidal tract
involvement in 5 cases of the present series corroborates similar
findings by Melkersson (1926) and Waldenstrbm (1937). Waldenstrbm
also found that 60 per cent of his cases had neuropsychiatric
manifestations. Five of these were mentally certified. These
figures are in agreement with the present series. The association
of epileptiform seizureg with acute porphyria was noted early in
the history of the disease (Campbell, 1898; Brown and Williams,
1909).

Abnormal E.E.G. patterns were obtained in Cases 28, 29
and 33. Berlin and Cotton (1950) and Perrault et al. (1953)
also reported definite abnormelities. The former workers noted
low voltage waves of 5-7 cycles/sec present throughout the tracing,
suggestive of diffuse cortical damage (cf. Case 29 in this series).
The latter found signs of paroxysmal activity likely to be basal
in origin; this activity disappeared between attacks.

_ The finding of skin pigmentation in several of the cases

in this series corroborates Waldenstrbm (1937) and Vannotti (1954).
The latter also deseribed "mild cutaneous lesions of a vesicular
nature", which may occur in acute porphyria and this description
recalls Case No. 47, in whom such a vesicular eruption occurred on
the face at the very onset of the condition. It may be argued that

Case 47 should be classified as a porphyria cutanea tarda in view



50

of this skin manifestation and also because of the raised faecal
porphyrin obtained in remission (MacGregor, Nicholas and Rimington,
1952). On the other hand, the skin menifestations were mild and
fleeting, while the acute attack was the predominant clinical
manifestation.

Proteinurie wes present in about 25 per cent of cages.
Such a finding has been noted by many observers, e.g. Garrod and
Hopkins (1896), Cllnther (1911, 1922), Grund (1919) and Melkersson
(1926). Hymans Van den Bergh et al. (1937) and Harbitz (1924)
alsc described the assceiation of subacute and chronic nephritis
respectively, while Stern (1894), Denny-Brown and Sciarra (1945)
and Prunty (1949) obtained renal tubuler necrosis at the pogt-
mortems of their cases.

Excesgsive vomiting was suggested as a cause of the serum
electrolyte changes. Similar changes have been explained on this
basis (Vannotti, 1954), but Prunty (1949) suggested that the
pathological lesions he found in the renal tubules might be the
cause of the diminighed plesma sodium and chloride levels of his
patient. The empirical liver function tests show only slight or
moderate changes in a few cases. Vannotti (1954) found the
galactose tolerance test positive in 30 per cent of his cases.

The diminished hippuric acid synthesis in Case 4 may be related to
a diminished glycine pool in the liver.

In experimentally induéed porphyria in the rabbit, where
much porphyrin was formed, there was a diminished urinary glycine
excretion, revealed by paper chromatography (Section 6). 1In

cages of human acute porphyris no such change was found, but the



hippuric acid synthesis test may be a more sensitive index of
aveilable glycine. The mild diabetic curve in Case 11 and the
abnormal pyruvate tolerance test in Cese 33 suggest that abnormal-
ities in carbohydrate metebolism, particularly in the brain, may
exiet in this disease and might repay further study.

The marked creatinuria in Case 36 emphasises the muscle
wasting in this condition. Vannotti (1954) recorded creatinuria
in a rare form of acute porphyris, which he called "Myoporphyria",
and in which muscular atrophy and decolorisation were present.

The presence of a raised blood cholestercl in Case 8 is
of interest. Vannotti (1954) recorded that a lowered level was
more commonly found.

In Cases 45 and 46 large amounts of coproporphyrin as

well as porphobilinogen were found in the urines. The significance

of this finding is not known.
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4. PHARMACOLOGY OF THE PORPHYRINS AND rORFHOBILINOGEN

The work described in this section atlempts to define the
relationship between the abnormal substances excreted in acute
porphyria and the clinical manifestations of this disorder of
porphyrin metabolism. During an attack of acute porphyria,
patients usually excrete large quantities of porphobilinogen
gither alone or with certain porphyrins. The excretion of the
porphyrins and porphobilinogen is usually in direcl proportion to
the severity of the symptoms, suggesting a causal relation,
although Waldenstrbm (1939) has reported an authenticated case
in which the patient did not pass uroporphyrin or porphobilinogen
in the urine or bile during the attack, but did so on other
occasions. Several authors have claimed that porphyrins maf
influence the intestine or uterus (Supniewski, 1927; Glinther,
1922; Reitlinger and Klee, 1928; Vannotti, 1937; and Simici,
1938)., Critical appraisal of these reports has led to the
repetition of this work using porphyrins of the kind known to be
excreted in porphyria, which were obtained by ilmproved methods
of purification. The isolation of porphobilinogen in crystalline
form (Westall, 1952) has for the first time allowed pharmacological
testing of the pure substance, although Waldensirtm and Wendt
(1939) and Prunty (1945) had injected partially purified porpho-

bilinogen into rabbits.

METHODS

Animal Experiments Observations were made on the blood pressure

(recorded with a cannula in the carctid artery) and on the
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respiration of 13 cabts and 3 rabbits (anaesthetized with chloralose
(80mg./kg) after induction with ether) and of 1 pithed cat, 1
pithed and eviscerate cab, and 1 decerebrate cat. Injections were
made into the right femoral vein or the splenic vein.

Stimulation of the distal end of the vagus, separated and
cut in the meck, was with supramaximal 0,5 mgec., ghocks at 10 c./s.

Isolated Organsg Eyperiments were glso made on isolated strips

of guinea-pig ileum, non-pregnant rabbit uterus, rabbit jejununm
and ileum, or cat ileum, set up in Tyrode's solution at 34°C.
Gonlractions were recorded on smoked paper by a frontal writing
lever. [Experiments with light irradiation were done with an
electric bulb of 300 w. at 25 cm. from the tissue in the organ bath.
Drugs The porphyrins, with the exception of haematoporphyrin,
had beenisolated from bioclogical material as the methyl esters.
Before use the esters were hydrolysed with 7 N HC1l for 36 hours,
at room temperature, the excess of HCl being then removed in a
vacuum desiccator over KOH. Haematoporphyrin was prepared and
used as the dihydrochloride. Pure crystalline porphobilinogen
(Westall, 1952) was used; the porphobilin was obtained by
Mr. R, G. Westall as a by-product in the preparation of porpho-
bilinogen.

Porphobilinogen was dissolved in a minimum volume of 0.1 N
NH,.OH and then mede up to the required volume with 0.9% saline.
For the porphyrins and porphobilin M/7 scdium bicarbonate was

used as the solvent.
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RESULIS

Anaesthetized Cats and Rabbits Recordings were made of the
direct effeet of porphobilinogen - and, in one experiment, of
uroporphyrin I - on the blood pressure, respiration and vascular
responses of the treated animals to acetylcholine, histamine,
nicotine, adrenaline, noradrenaline, and vagal stimulation.

The amount of porphobilinogen injected (uvp to 100 mg/kg.) was
limited by the amount available; but from the known rate of
excretion in patients (40-160 mg./day), and from the fact that
tests for plasma porphobilincgen concentrations gt the height of
an attack were not greater than 1.5 mg/ml. (see Section 7B), it

is likely that the blood levels obtained in our experiments were
comperable to or even greater than those obtaining in acute
porphyria. The only effect observed was an apparent potentiation
by porphobilinogen of the response to adrensline and noradrenaline
in a few of the early experiments (Fig. 1). This apparent
potentiation of adrenaline end noradrenaline could not, however,
be repeated and its interpretation is complicated by the fact that
considerable spontanecus fluctuations in sensitivity to these drugs

nay oceur,

# The work on anaesthetised cats and rabbits was performed by
Drs. W.D.M. Paton and J.W. Thompson. The remainder of the
work on isolzated tissues and unanaesthetised animals was

done by the author of this thesis.
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3pg. 3pz. 3pg. 3ug. 3pug.
Ad. NA. NA. T NA. Ad.
M [ Porphobilinogen
minutes 100pg.

FiG. 1.—Cat.; chloralose; blood pressure recording; intravenous
injections. Responses to 3 pg. adrenaline and noradrenaline
before and after 100 pug. porphobilinogen.

gans After obtaining records of spontaneous activity
and tone, and of consistent responses to acetylcholine, histamine,

borphyrins, porphobilinogen, and porphobilin to the preparation

was investigated. With uroporphyrin I the effect of

irrgdiation was also determined. A summary of these results is

TaBLE I
TESTS OF PORPHOBILINOGEN AND PORPHYRINS ON ISOLATED TISSUES 1
Porphobi- Uroporphyrin ‘ Coproporphyrin ~ *| Haemato- shili
Lt : L 1 | T it Porphobilin
 Drug concn. .o .| 1/40,000 110,000 | 140,000 | 140,000 | 1/40,000
: | l—ﬁ'ccl on spontaneous acti- | i
R::}:?;:ls 4 vityandtone .. .. 0 0 0 0 [ 0
Effect on respcnqe to '1d1'en— b i
L aline - 0 0 0 0 | o
(Drug concn. .- .. | 1/40,000 1/10,000 | 1/10,000
Effect on spontaneous acti-
Rabbit vity and tone = 0 0 o
ile -1
Lrum Effect of combining wl!h
jejunum | light irradiation .. 0 |
Effect on response to hist- I |
amine, acetylcholine, |
adrenaline . i o | 0
[ Drug concn. .. .. | 1/20000 | 1/40-10,000 | 1/10,000 | 120000 | 120,000 | 18,000 1200
1 Effect on spontaneous acti- Slight + | + twice | + (histamine,
| vityand tone 0 twice only 0 only 0 contaminant?)
Guinea- I| Effect on rcsponsc to act.ly1~ o i
pig 4 choline . 0°
ileum | N
| Effect on response to 5-OH
| tryptamine 0 0 0 0
| {
| Effect on response to hmA + (507%) | " ]
|, amine once only | |

= No effect: 4+ = increase; — = decrease.



The only significant responses wers those to haemato-
porphyrin (1/8,000) end to porphobilin. The former produced a
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followed by

inactivity of the intestine and a refractoriness - which became

-

complete - to histamine and acetylcholine. Rabbit intestine

was unaffected. Porphobilin produced a higtamine-like

contraction, sensitive to mepyramine, but less so to atropine

L*
(a1
,_
L
_

Img. 0.3pg.0.25p9. 0.3pig.0.25pg Img. 0.3pgImg 0.2 Spg.
PBN H ACh H ACh PBN H -PEN ACh
& A “= LS

€ € ¥
Atropine Mepyramine

1.5 x 09 102

FiG. 2.—Isolated guinea-pig ileum. Response to 1 mg. porphobilin,
0.3 pg. histamine and 0.25 pg. acetylcholine (a) normally, (b) in
presence of 1.5 < 10~9 atropine, (c) in presence of 10~% mepyr-
amine,

iest of Porphobilinogen on Unanzesthetized Rabbit

PR 0 r L sadioy esmdsadaaTr IO o
10 mg. porphobilinogen was injected intravenously into a

o L P fry ~ 1 A . 1 - s SIS S B T v e
rabbit (2.2 kg.) with an external biliary fistula. The animal

showed no abnormal symptoms in the 3 days following the injection.

™ . - 2 . L 9 ~1 T 2 ~ ot hyrin during
ithere was a slight rise in the level of bile protoporphyrin curing
- P s ot o was noted in the urine
and a trace of urcporphyr was noted in the urine

g 3. g amos Peoind
o ” - s - . . P it | T A heanT | T nooan Ja e 1 [ (|
several hours after the injection. No porphobilinogen was lound

Gl wisl
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in the urine.

Test of Whole Urine from Patients with Acute Porphyria

As a final test, to cover the possibility that in
porphyria some unidentified pharmacologically active substance
is excreted, a sterile specimen of urine from a patient suffering
a moderately severe attack of acute porphyria (with hypertension
and abdominal pain) was infused into an anassthetized cat at a
rate of approximately 4 ml./min. for 15 min. This by itself
produced nc effect on bloeod pressure or respiragtion; and its
effect on the responses to adrenaline, noradrenaline, histamine,
acetylcholine, and nicotine was indistinguishable from that of a
specimen of normal urine.

DISCUSSION

Despite a great deal of research on acute porphyria the
mechanism of the production of symptoms remains obscure. Recent
work has tended to minimize the possible direct influence of the
porphyrins (Waldenstrbm, 1939) and to emphasize the importance of
the pathological features of patchy myelin change cbserved in the
peripheral and autonomic nerves (Demny-Brown and Sciarra, 1945).
These authors considered that the changes might be caused by an
intermittent ischaemia, probably due to a circulating vaso-
constrictor substance. Following this, Wehrmacher (1952)

reported clinical improvement in acute porphyria with the use of

ganglion-blocking agents. A search for some such vascoconstrictor

substance, which might be present only in active cases of acute
porphyria, would be a reasonable approach to the problem. The

pharmacological testing of the known and already purified

o1
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excretion products was clearly necessary. It would be unlikely
that urcoporphyrin and coproporphyrin could fulfil this role,
since these are excreted in increased amounts in both congenital
porphyria (as the series I isomers), and in porphyria cutanea
tarda (as the series I and III isomers) where skin photo-
sensitivity may be the only symptom. Porphobilinogen, however,
is always excreted in the urine in atbtacks of acute porphyria and
in thoge phases of porphyria cutanea tarda where acute symptoms
are superimposed on the cutaneous syndrome. For this reason,
porphobilinogen or some closely related substance has been strongly
suspected of being the materia peccans of acute porphyria (Lowry
et al., 1950).

These experiments have failed to show that either the
porphyring or porphobilinogen have any significant pharmacological
action, The initial animagl experiments, in which porphobilinogen
appeared to potentiate the blood pressure responses of the cat
to adrenaline and noradrenaline, could not be repeated. These
interesting results cannot be explained, although it is just
possible that there may be an individual tissue and enimal sen-
§itivity to such drugs. Their inactivity is at variance with the
results of gome previous investigators. The difficulty of
isolating porphyrins from biclogical materials, such as urine, in
a state of purity that will guarantee freedom from possible
histamine contamination, is very great. It is suggested that
the contradictory results obtained by previous workers may
Possibly have besn due to histamine contamination.

The results of intravenous injection of porphobilincgen
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into a rabbit confirm Prunty's (1945) findings, but contradict
those of Waldenstrdm and Wendt (1939), who found porphobilinogen
in the urine of a rabbit into which they hed previously injected
the partially purified substance (amount used unknown).
Experiments on the execretion of porphobilinogen after enteral and
parenteral administration to rats have shown that this subgtance
is removed by glomeruvler filtration without significant tubular
re-zbgorption (Section 74). The reasson for the present results
in the rabbit is probably due to the loss cf porphobilinogen
through the externel bile fistula.

Further work has tended to substantiate the sbsence of
pharmacoclogical activity of the porphyrins and porphobilincgen.
An "experimentel porphyrie" or disturbance of porphyrin metabolism
has been produced in rabbits by the non~hypnctic substance allyl
isopropyl acetamide (Goldberg, 1953); very large quentities of
uroporphyrin and porphobilinogen were excreted - in one animal
for as long as three weecks - without cbvious phermacclogical
effect. Apart from constipetion, there is no evidence that the
state of these rabbits compered with the clinical state of human
acute porphyrie, although the animals excreted proportionately
greater quantities of the substances. Falk, Dresel, and Rimington
(1953) have shoun that porphobilinogen is a porphyrin precursor
in a tissue system. This emphasizes thagt in perphobilinogen we
are probably dealing with a physioclogical substance. Vhile
these experiments therefore do nct rule out the possibility that
an unidentified vasoconstrictor substaence may be produced in

acute porphyris, or that the known excretion products mey excrt



a pressor sction by a mechanism at present unkncwn, they render

these suggestions unlikely.

SUMMARY

1. The porphobilinogen and the porphyring usually exereted in
acute porphyria, as well as haematoporphyrin and porphobilin,
have been tested pharmacologicelly.

2. Apart from glight and veriable action of uroporphyrin I,
coproperphyrin I, and porphobilin, these subgtances shoy no
pharmacological section.

3. The significance of the results in relation to the symptoms

of acute porphyria is discussed.
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THE EFFECT OF CERTAIN BARBITURATES

ON THE PORPHYRIN METABOLISM OF RABBITS
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5. THE EFFECT OF CERTAIN BARBITURATLES ON TEE

PORPHYRIN METABOLISM OF RABBITS

Introduction

In Section 3, evidence was put forward that the barbit-
urates may precipitate an abtack of acute porphyria or may be
associated with the paralytic phase of the disease. Lehmamnn gnd
Zinn (1910) first carried out an experiment with diethyl
barbituric acid, which had caused a porphyrinuria in one of their
petients. They gave this drug in prolonged dosage to one rabbit
without the production of similar pigments. Animsl experiments
were also carried out by Laubender and londen (193€), who investi-
gated the effects of diethyl, bromellyliscpropyl and ethyl-
cyclohexenyl-berbituric acids on the urinary porphyrins cf
rebbits. They failed to find any such effect in all these
experiments with the excepticn of one animal treated with
diethylbarbituric acid, which showed a slight rise of urinary
porphyring.

The barbiturates comprise a group of chemically related
drugs, while acute porphyria is a rare disease. Moreover, it
is usually impossible to tell from published records whether the
barbiturates had precipitated the overt disease in a case of
latent porphyria or had in fact provcked ascute porphyria in a
formerly healthy subject. To overcome this difficulty end the
uncertainty in assessment of these clinical impressions, the
effects of different barbiturates on the porphyrin metebolism of

rebbits were studied. OCut of nine barbiturates so tested, six



62

had 2 significant effect on the urinary porphyrin excretion;
those conbaining one or more gllyl groups were particularly
effective.

METHCDS

Seventeen rabbits (average wt. 2.8 kg.) were housed in
individuel metabolism cages ellcwing the separation of urine and
faeces. A preliminary base-line period of 4~7 days before drug
adminigtration was ellowed during which the totel daily urinary
coproporphyrin and sometimes elso faecal porphyrins were deter-
mined. If the animel died during an experiment, tissue porphyrins
and porphobilinogen were also determined. The average duration
of each courge of barbiturate wyas 12 days. The types of
barbiturates and their route of adminigtration are recorded in
Table 1. If the rabbit survived this course, analyses were
continued during a recovery period of 4-7 days. After such an
interval, some rabbits were started on a different barbiturate as
indicated in Teble 1. The maximum sub-lethal dose of each drug
was employed.

Quantitative analvses

Urinary porphyring. These were determined by the method

of Rimington and Sveinsson (1950) with the following modifications.
Ether-scluble porphyrinsg were extracted by ether: acetic acid

(10:1 by vol.) and after the ether had been washed three times
with water, were transferred directly into 1.4N-HC1 for
Spectrophotometric determination (Beckmen, model DU). One part
of urine containing porphobilinogen, was diluted with 4 parts

RN scdium acetate buffer pH 4.22, and placed in boiling water for
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Table 1. Effect of barbiturates on the urinary exeretion of coproporphyrin in rabbits

The sodium barbiturates were given in equally divided dosage twice daily. A letter after a rabbit number signifies that
the rabbit obtained the corresponding barbiturate on a primary course a, or on subsequent courses b, ¢, ete. Doses were

administered by intramuscular injection unless indicated otherwise. . i
£ Mean urinary coproporphyrin
A

Dosage ’ \
— - \ Pre-dosage
Rabbit Average level ~ Duration level Increase
Drug no. (mg./kg./day) (days) (peg./day) (pg-/day)

5:5-Diallylbarbituric acid 2a 113* 15 19-7 -+ 1937
1h 103* 35 75 +169-5
3 100 17 5:2 +119-2
da 128* 12 87 +88-3

5 101-6 7 8 486

6 125 9 53 + 84

7 114 7 2 +51

5 148 i 33 +47
Sodium 5-allyl-5-(1-methylbutyl)- 9 172 5 37 +42-6
barbiturate 10 115 12 3-8 +22:9
115 100 12 9-8 +20-2
2d 82-8 12 19-7 +17-3
5-Allyl-5-isopropylbarbiturie acid 20 67-81 12 19-7 +81-6

12 76T 13 7 +40

13 4T 12 7 +27
Sodinm 5:5-diethylbarbiturate 145 171 13 ] + 97
13d 140 12 7 + 96
15 169 13 1-8 + 87
16 144 12 2-4 + 56
Sodium 5-ethyl-5-(1-methylbutyl)- 1la 98:5 12 9-8 +15-2
barbiturate 2¢ 110-5 12 19-7 + 73
4h 128 14 87 + 2:3
Sodium 5-ethyl-5-phenylbarbiturate l4a 71 9 5 +14-7
la 67 20 7-5 +13-5
13¢ 81 12 7 +11-7
1656 82 12 2:4 + 68

Sodium 5-isoamyl-5-ethylbarbiturate 130 90 12 7 -2
2e 83 12 19-7 - 52
Sodium 5-butyl-5-ethylbarbiturate 17a 109-5 12 11-5 + b5
16a 98 12 24 + 23
Sodium 5-ethyl-5-(1-methylbutyl)-2- 176 218 12 11:5 + 52
thiobarbiturate 2f 164 12 19-7 - 147

* Some doses given by gastric intubation. + Given by gastric intubation.

20 min,  Appropriate dilution for spectrophotometric deter-
mination of the total uroporphyrin was made with HCl so that
the final concentration of acid was 0.5N.

= 3 :
Yaecal coproporphyrin and tissue copro- and proto-

porphyrin,  Faeces and tissues were ground thoroughly in a
morter. Liver tissue wes in addition comminuted in a Waring
Blendor. The ether-scluble porphyrins from weighed portions
of fasces and tissue were extracted by repeated sheking with
ether:acetic acid (10:1, v/v) until the supernatant after
centrifuging showed no porphyrin fluorescence. The porphyrins

were then analysed as in the case of urine.
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Porphobilinocgen. Porphobilinegen in urine wes deter-

mined by the method of Vahlquist (1939). Tissue dispersicns
were treated with about an equal volume of 20% (w/v)
trichloroacetic acid, the mixture was centrifuged and the super-
natant analysed gg in the case of urine.

Blood examination. Haemoglcbin was determined by the

method of Rimington (1942). Erythroeyte counts and reticulocyte
counts were carried out using standard techniques.

Urinary amino acids. These were examined by methods of

Datte, Dent and Harris (1950).

Identification of porphyrins

The urines from rebbits treated with sedium ally (1-
methylbutyl) barbiturate or allyliscpropylbarbituric acid
contained increased amounts of porphyring, all of which were ether
soluble. These urines were preserved with toluene and stored at
3°. The porphyring were extracted with ether:acetic acid and,
after the ether had been washed 3 times with water, were trans-
ferred into a minimsl volume of 2.8N-HCl and then precipitated
at the iscelectric point (pH3.1). The precipitate was
centrifuged, dried, and esterified by contact with methanclic
HC1l for 24 hr. The porphyrin esters were transferred into
CHCl3 by the addition of saturated sodium acetate, the CHCl,
layer washed once with water, once with dilute ammonia, and twice
with water, in that order. Theox band (absorption band at
longest wavelength) of the porphyrin ester at this stage was noted
on the Hartridge Reversion SpéctrcscoPe. 4L portion of the ester

was dried, hydrolysed with 7N-HC1 for 36 hr. and chromatographed
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on paper (Nicholas and Rimingten, 1951). The remainder was
crystallized from CHCl; : methanol (1:5, v/v.). Melting points,
which were not corrected, were determined on an electrically
heated micro aepparatus (A. Gallenkamp and Co. Ltd.). Isomer
analysis was done by the methed of Chu, Green and Chu (1951).
Urines from some rebbits treated with diellylbarbituric
acid contained uroporphyrin and porphcbilinogen as well as an
increase in ether-goluble porphyrins. Thege combined urines
were brought to pH3-4 with glacial acetic acid and sufficient
tale was added to adsorb all porphyrins. The tale was filtered,
dried, and repeatedly eluted with 2N ammonia until no porphyrin
fluorescence gppeared in the supernatant. The total alkaline
eluates were then breought to the isoelectric point and the por-
phyring thus precipitated were dried, esterified aznd taken into
CHCl3 ag described above, The porphyrin esterg were fractiocnated
by chromatography on columng of aluminium oxide Grade IV and
magnesium oxide Grade III (Nicholas, 1951). The fractions were
defined bye band estimations and, after hydrolysis, by peper
chromatography (Nicholas and Rimington, 1951). Isomer analysis
of octacarbexylic porphyrin esters was performed by the method of
Fglk and Benson (1953), while that on tetra and pente-carboxylic
porphyrins was done by the method of Chu et al. (1951). The

urcporphyrin ester was crystallized from chlorofcrm:methancl.

RESULTS
Thoge barbiturates which produced the greatest increase
of urinary porphyring slso caused the most prolonged hypnosis.

Disllybarbituric scid was the most effective drug, while
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allylisopropylbarbituric acid and sodium 211yl (l-methylbutyl)
barbiturate, caused a higher excrstion of urinary coproporphyrin
and a more prolonged hypnosis than the remaining barbiturates.

In each of three rabbits treated with diallylbarbituric acid, the
drug was given sometimes by gastric intubation and sometimes by
intramuscular injection. No significant quantitative difference
of urinary porphyrin excretion was obtained by thus changing the
route.

Urinary coproporphyrin Table 1 records the average daily

excretion of coproporphyrin in the urine during the pre-dosage
period and the average deviation from this figure during admin-
istration of the drug. Coefficients of variation are not included
since in almost every instance the results were guite obviously
significant. |Where an effective barbiturabe was used, the urine
coproporphyrin excretion showed a prompt increase after the lst

or 2nd day, rose to a maximum level on about the 6-7th day, remained
at about that level during the subsequent administration of the

drug and fell to normal within 2-3 days of its cessation.

Urinary uroporphyrin and porphobilinogen In three rabbits

(1b, 22 and 3) treated with diallylbarbituric acid, uroporphyrin
and porphobilinogen appeared in the urine on the 7th, 7th and 8th
days, respectively, and generally continued to be excreted for as
long as the drug was given (Table 2 and Fig. 1).

Faecal coproporphyrin In rabbit 1b the faecal coproporphyrin

was determined before and during administration of diallylbarbit-
uric acid. This showed that the faecal coproporphyrin rose at

the same rate as the urine coproporphyrin from a previous normal



EXPERIMENTAL PORPHYRIA RABBIT 1b.

Diallylbarbituric :
acid 500 -
(mg.) :
Urinary
porphobilinogen 5000
(units/day)

g
Urinary . 20 - 4
uroporphyrin

(mg./day) 101 =

Faecal 2000
coproporphyrin

(,ng-/da}’) 1000
Urinary 300

coproporphyrin 200
(kg-/day) 400k

0 5 10. 45 20 25 30
Time (days)

Fig. 1. Effects of diallylbarbituric acid on the
urinary uroporphyrin, coproporphyrin and porpho-
bilinogen and faecal coproporphyrin excretion
of rabbit 1b.
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Total uroporphyrin Porphobilinogen
Jug./dzy) (units*/day)

Rabbit No. Average Maximum Average Maximum

1b 1720 4750 456 1607
2a, 360 800 78 161
3 250 340 78 109

* Vahlquist (1939)

Table 2. Daily urinary uroporphyrin and porphobilinogen

excretion in rabbits receiving diallylbarbituric acid.

daily average of 38mg./day to a daily average of 1495 mg./day.

Tisgue porphyring Table 3 summarizes the tissue analyses for

porphyrin of four normal rabbits, and five rabbits which had died
from barbiturate intoxication at a stage when they were excreting
increased urinary coproporphyrin. There was an increase of
copro- and proto-porphyrin concentrations in the bile and liver
in intoxicatad rabbits, but the levels in the bone marrow showed
no abnormality. The liver of rabbit 10 gave a faint but
definitely positive reaction for porphobilinogen. Uroporphyrin
was never found in any tissue.

Blood examination Haemoglobin determinations, erythrocyte counts

and reticulocyte counts were made immediately before, during and
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after administration of the drug to three rabbits treated with
diallylbarbituric acid and one treated with allylisopropyl
barbituric acid. No significant change was obgerved in any of
the erythrocyte counts or reticulocyte counts. In two of these
rabbits (2b and 3), a slight fall (about 2 g.%) in the haemo-
globin level was observed, while two rabbits (1b and 7) showed no
significant change.

Urinary amino gecids In seven rabbits, in which a rise of urinary

coproporphyrin was obtained, the urinary amino geid patiern was
no different before and at the end of barbiturate administration.

Identification of porphyrins The ether-soluble porphyrins

obtained from the urines of rabbits treated with allylisopropyl-
berbituric acid or sodium a2llyl(l-methylbutyl)barbiturate
consisted entirely of coproporphyrin III. The ester m.p.'s

and the results of psper chromatograms are shown in Table 4.

Table 4. Idsn#@ﬁcaﬁon of wrinary porphyrins. Sumunary of results

Free porphyrin Porphyrin ester
Paper ; Paper chromatography ’
chromatography (a) (b) M.p. of
(Nicholas & Chu el al. Falk & crystals
Rimington, 1951) « Band 1951 Benson, 1953 (*) Summary
Diallylbarbiturie acid 8 COOH 625-1 e Mainly 274 Uroporphyrin 111
series [IT
6 COOH 6236 — - — Hexacarboxylic
porphyrin
5 COOH 622:5 Series 111 R — Pentacarboxylic
porphyrin 11T
4 COOH 621-1 Series IL1 - - Coproporphyrin 111
Sodium allyl(1-methyl- 4 COOH 621-3  Mainly - 154, remelt. Coproporphyrin 111
- butyl)barbiturate series 111 1724
Allylisopropyl- 4 COOH 6217  Mainly — 150, remelt. Coproporphyrin 111

barbituric acid series 111 160

69
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The porphyrin esters obtained from the urine of rabbits
treated with disllylbarbituric acid were fractionated on a
magnesium oxide column. This separated first an octacarboxylic
pbrphyrin with anef band 625.0 mu.; then two intermediate
fractions withoc bands 623.0 and 621.6 mu., respectively; and
finally a tetracarboxylic porphyrin with & band 621.1 mu. The
firgt fraction was rechromatographed on a magnesium oxide column
and yielded a single porphyrin zone. The sgppearance of the
crystals obtained from this zone was suggestive of uroporphyrin
ITI, 'The m.p. (274°) and paper chromatography (Falk and Benson,
1953) showed the series III isomer to be that mainly present
(see Table 4). The two intermediate fractions were further
chromatogrephed on an eluminium oxide column. This allowed the
separation of a main portion with o band 622.5 mu. and a lesser
portion with & band 623.5 mp., which behaved as pentacarboxylic
and hexacarboxylic porphyrins, respectively, when examined by
paper chromatography (Nicholas and Rimington, 1951). On a paper
chromgtogram (Chu et al. 1951), the pentacarboxylic porphyrin
had sbout the same mobility as coproporphyrin III., The final
fraction was identified as coproporphyrin III by-melting point

and paper chromatography (see Table 4).

DISCUSSION

This work has shown that of the nine different barbiturates
éxXamined, six were capable of producing some effect on the por-
phyrin metabolism of rabbits. Of seventeen rabbits used, eight
were given more than one barbiturate in separate courses. This

was considered as a possible factor influencing results. However,



W
i
"\
[
3
e
o
cE
ks
@
b

K T arhitiimrata iras HataeT o e iy o o
another barbiturate was never s inary copropor-

E IO L, (R T i it S e - : 4 R P
phyrin level had returned to its normal from the previous course,

n 1n 1]+ > Mats i’ ~tr Flhat +hie ama AT +
na the results in Table 1 show that tThe same arug, vsed on

different animals, whether it was their first or subsequent 1

4
&
I

biturate, generally gave corresponding results in porphyrin
excretion. For the more effective barbiturates, sufficient
numbers of rabbits were used, on a primary or subsequent barbit-
urate course, to demonstrate the unimportance of previous
intoxication. Difference in effect upon porphyrin excretion
must depend, among other things, upon the chemical constitution

3 |

of the drug, the daily

ol

osage employed and its duration, and also,
possibly, upon the normal level of porphyrin exeretion of the
individual animal,

The resultg in Tgble 1 show that the barbiturates used

may be clagsified in four groups according to their effectiveness

EFFECT OF BARBITURATES Fig- 2. Each vertical segman‘t

O%H‘_"”ARY EXCRETION OF COPROPORPHYRIN IN RABBITS represents the average daily
=1l coproporphyrin output in a

single rabbit during barbi-

0 il turate administration in
160t excess of (or less than) the
T normal average daily copro-
140r- U porphyrin excretion. I,
diallylbarbituric acid; II,
120F | allylisopropylbarbituric acid
100k and sodium allyl(l-methylbutyl)
E barbiturate, III, sodium
8ok diethylbarbiturate, sodium
- ethyl(1l-methylbutyl)barbiturate,
60} and sodium ethylphenylbarbiturate.
i IV, sodium ethyl(l-methylbutyl)

40

thiobarbiturate, sodium isoamyl-
ethylbarbiturate, and sodium
butylethylbarbiturate,

20

ADDIT/ONAL DA/LY COPROPORPHYRIN wug./day

DIALLYL ALURATE BARBITONE =~ PENTOTHAL
SECONAL NEMBUTAL AMYTAL
= La PHENOBARBITONE BUTOBARBITONE
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(1) Diallylbarbituric acid, which caused a considerable
rise of urinary coproporphyrin in each of eight rabbits and, in
three of these, the excretion also of urcporphyrin and porpho-
bilinogen.

(2) Allylisopropylbarbituric acid and sodium al1ly(l-
methylbutyl)barbiturate, which caused a moderate rise of urinary
coproporphyrin,

(3) Sodium diethylbarbiturate, sodium ethyl(l-methyl-
butyl)barbiturate, and sodium ethylphenylbarbiturate, which caused
only a slight increase of coproporphyrin in the urine.

(4) Sodium ethyl(l-methylbutyl)thiobarbiturate, sodium
igsoamylethylbarbiturate, and sodium butylethylbarbiturate, which
did not alter gignificantly the urinary coproporphyrin excretion.

The possegsion of the allyl group thus appeared to make
the barbiturate more effective in producing a rise of porphyrin
in the urine. Thege drugs also caused deeper and more prolonged
hypnosis in rabbits. Drugs possessing an allyl group have been
known to give rise to pathological and metabolic changes in
humans and in experimerntal animals. Popper (1936) and JWrgens
(1951) have shown that allylformate and H-(diallylacetyl)urea,
respectively give rise to hepatic cellular degenerslion in
experimental animals. N-(Allylisopropylacetyl)urea may cause
thromboeytopenic purpura in humans (Ackroyd, 1949), may influence
the course of human acute porphyria (Duesberg, 1932), and gives
rise to the hepatic type of experimental porphyria in rabbits
with the excretion of large amounts of uroporphyrin and porpho-

bilinogen (Schmid and Schwartz, 1952). Diallylbarbituric acid



has for some time been known to be one of the most toxie of the
barbiturates and for this reason hag generally been abandoned as
an hypnotic in humans.

The finding in post-mortem tissue analysis that the liver
and not the bone marrow contained excessive copro- and proto-
porphyrin (and in one instance porphobilinogen) recalls the finding
in the liver of porphobilinogen (Prunty, 1945) and uroporphyrin
(Watson, Schwartz and Hawkinson, 1945) in human acute porphyria
and of these two substances in experimental porphyria in rabbits
(Schmid and Schwartz, 1952). It also may be related to the known
hepatotoxic effect of other allyl derivatives in experimentel
animals. It is of interest, too, that the coproporphyrin and urc-
porphyrin produced in excess were the series III isomers. Rimington
(1952) has proposed a scheme of possible enzymic derangements,
occurring in the porphyrias and the toxic porphyrinurias. It is
not possible from the present results to interpret the precise
mechanism occurring in the barbiturate porphyrinurias, but a reascn~
able inference from them might be that some of the barbiturates,
especially those containing the 2llyl group, may interfere with the
enzymes which decarboxylate uroporphyrin III to coproporphyrin III
and protoporphyrin and, perheps, with those responsible for the
transformation of protoporphyrin to haem. Diallylbarbituric acid
may also block the formation of tetrapyrroles from porphobilinogen.
The main site of this interference may possibly be the liver.

The present findings raise the questions of the bearing
of these animal experiments upon barbiturate medication in human

beings and of the relation, if any, which exists between human
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acute porphyria and the disturbances of pigment metabolism caused
by barbiturates in rabbits. The doses of barbiturates used in
the animal experiments were proporitionately (weight for weight)
gregtly in excess of those normally teken by humans. The
rabbits, however, generally tolerated these daily doses well and
were mostly able to survive the period of drug administration.
Humans if given a proportionate amount of barbi'turajbe almost
certainly could not survive. A weight-for-weight comparison of
the effect of the barbiturates on human and rabbit porphyrin
netabolism would therefore be misleading. From these experiments,
we may possibly infer thal barbiturates in proportionately
smaller dosage may effect the abnormally sengitive porphyrin
metabolism in human acute porphyrias; the clinical impression
that this does in fact take place may receive some substantiation
from these results (Section 3). The differing degree of
effectiveness of the barbiturates in the experimental enimal may
also explain the divergence of opinion on this clinical impression,
which was based on the obgervation of different barbiturates.

It is of great interest that diallylbarbituric acid administered
to a normal animal csuses the excretion of porphobilinogen and
uroporphyrin.

A further point of inference may be important. Barbit-
urates have been shown to inhibit some of the oxidative processes
of brain tissue (Quagtel and Wheatley, 1933), the degree of
inhibition being directly proportional to the hypnotic activity
of the drugs. These authors also emphasized the importance of

the allyl group in this connexion. Changes in nerve and brain



tissue occurring in acute porphyria (Mason, Courville and Ziskind,
1933; Denny-Brown and Seiarra, 1945; Gibson and Goldberg, 1956)
may be the most important lesions responsible for the clinical
results of this disease. It is possible that barbiturates

might aggravate this upset in brain and nerve metzgbolism, as
distinct from their effect on porphyrin metabolism. This might
explain why some barbiturates, producing no marked effect on the
porphyrin metabolism of rabbits, have been among those suspected

of adversely affecting the course of acute porphyria. (see Section 8).

1. Barbiturales have been suspected of advergely affecting the
clinical course of acubte porphyria. To assess this clinical
impression objectively, the effect of nine barbiturates on
the porphyrin metabolism of rabbits has been observed.

2. These barbiturates may be classified into four groups.

(i) Diallylbarbituric acid, which caused a considerable rise
of urinary coproporphyrin III in each of eight experimental
rabbits and in three of thiese the excretion algo of uropor-
phyrin III and porphobilinogen. (ii) Allylisopropylbarbit—
uric acid and sodium allyl(l-methylbutyl)barbiturate, which
caused a moderate rise of urinary copreoporphyrin 1II.

(iii) Sodium diethylbarbiturate, sodium ethyl(l-methylbutyl)-
barbiturate and socdium ethylphenylbarbiturate, which caused
only a slight coproporphyrin increase in the urine.

(iv) Sodium ethyl(l-methylbutyl)thiobarbiturate, sodium iso-

amylethylbarbiturate and sodium butylethylbarbiturate, which
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did not alter significantly the urinary coproporphyrin
excrebtion.

The effect of the presence of an allyl group in the barbitur-
ate is discussed.

The significance of these results in animals is considered

in relation to human acute porphyria,
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6. EXPERIMENTALLY PRODUCLD PORPHYRIA IN ANIMALS

Stokvis, who made the first cbservation on the "sulphonal
haematoporphyrinuria" in man, also produced the first experimental
coproporphyrinuria, by the administration of sulphonal to rabbits
and dogs (Stokvis, 1895). These experiments were later confirmed
by other workers. In 1939 Waldenstrm and Wendt attempted un-
succegsfully to produce an experimental porphyrinuria by the non-
hypnotic derivative of sulphonal,dimethyl sulphone dimethyl methane.
Rimington and Hemmings (1938) found that sulphonilamide caused a
high excretion of coproporphyrin in rats, while Dent and Rimington
(1947) observed a marked copreporphyrinuria in rats fed on a diet
including oxidised casein. The pattern of porphyrin excretion
in the urine of rabbits given lead was investigated by Weatherall
and Comfort in 1952. Schwartz, Keprios, and Schmid (1952)
caused the excretion of uroporphyrin,increagsed coproporphyrin and
porphobilinogen in the urine of rabbits treated with phenyl-
hydrazine, lead and exposure to unfiltered light from a mercury
arc lamp. Schmid and Schwartz (1952) described an experimentel
porphyria in rabbits induced by sedornid (allyl-isopropyl-
acetylurea) in which they noted the urinary excretion of large
emounts of uroporphyrin and porphobilinogen and in many of their
animals the development of ;transient paralysgis of the hind legs
end bladder and functional gastrointestinal disturbances',
reminiscent of human acute porphyria. The chemical findings cf

these authors were confirmed, but the difficully in making a



elinical assessment of ragbbits treated with sedormid, which is a
profound hypnotic, led me to invesiigate related drugs,; cne of
which might produce the same chemical featureg, but yet be non-
hypnotic. Such a drug is allyl-isopropylaceteamide (Goldberg,
1953) (henceforward called 4.I.A.). This drug has given a
clearer view of what happens to rabbits affected by a pigment
dyscresia, apparently the same as in humen aeute porphyria.
Comparison of the effects of these related drugs on the
porphyrin metabolism of rabbits, together with the similar study

of certain barbiturates (Section 5), has also ellowed the

definition of a chemicel structure which may interfere with normal

porphyrin formation Scme rabbits receiving sedormid or A.L.4,
excreted large amounts of porphobilincgen and uroporphyrin, while
others excreted only smgll asmounts of these materials. 4 study
of this difference in individual animals and its relation to
corresponding differences in the pathological histology of the
liver and urinary amino-acid excrebion has confirmed the import-
ance of the liver in porphyrin metabolism (Prunty 1945; Walson,
Schwertz and Hawkinson 1945).

The occasionally beneficial effect of spleneclomy in
congenital porphyria (Aldrich, Hawkinson, Grinstein and Watson
1951) suggested a trisl of the effect on a rabbit of splenectomy
between two separate courses of sedormid.,

The type of cells in vwhich porphyrine are normally
fabricated is unknown, but the liver is probebly of great import-
ance. An attempt has been made to investigate the rcle of the

reticulo-endcthelial cells of the liver in the porphyrin metabolism
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of experimental porphyria by means of the R.E. blockading substance
thorium dioxide (Gottlieb 1934), although it is doubtful if &
carplete blockade can be achieved.

For some time the barbitursgtes have been considered to
have an adverse effect on patients with acute porphyria.
Waldenstrém (193%) considered thet they might precipitate neuro—
logicel manifestetlions in patients who might otkerwise suffer

L

only the ebdominal gymptoms of this discese. For this reason the
effect was cbserved of a barbiturate given to an A.I.A.-intoxi~
cated rabbit already excreting large quantities of porphcbilinogen
and porphyrins. Further to explore any possible relationsghip
between experimental porphyria, parelysis and barbiturates, an
experimental porphyria, with and without the addition of a
barbiturate, was induced in fowls, enimals known to be susceptible
to metabolic derengement of their nervous system. An experi-

mental porphyria hass also been induced in rats by means of A.I.A.

METHODS AND MATERIALS

Rabbits (2 to 4 kg. body weight) were kept in metebolism
cages, allowing the geparate collection of urine and faeces. In
general, porphyrin and porphobilinogen delerminalions were carried
out on 24 hrecollections of urines; in a few cases, 48 hrccllect-
ions were used. Where faecal porphyrins were determined, 2-, 3-
Or 4~day gpecimens were pooled, having been collected daily and
stored at 2°C. In most cases, a 4- tc 7-day base-line pericd was
allowed before the drug was given. Oral drugs were administered

once daily by gastric intubation.
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Urinary, faecsl and tissue porphyrin and porphobilinogen
determinations were done ag in Section 5. Uroporphyrin in
tissues was determined, after extraction of ether-gcluble por-
phyring, by shaﬁing repeatedly with N-ammonium hydroxide until
extracts no longer exhibited red flucorescence when brought to
0.5N in HC1l, The dissolved urcporphyrin was determined spectro-
photometrically as in the case of urine. Identification of
porphyrins by chromategraphic methods, melting-point and spectro-
photometric determinations and haematclogical measurements were
carried out as in Section 5. Platelet counts were dene by the
direct method ueing Rees-Ecker solution (Wintrobe 1951).

The isclation of erystelline porphobilinogen end its
identification by paper chromatography were carried out by the
methods deseribed by Westall (1952) or Ccokson and Rimington (1954).

Blced pressure in the rabbits was determined by the method
of Grant and Rothschild (1934). TFour consecutive readings were
taken under their recommended conditions at the same time each
morning for several days before the drug was given and then
similarly during the course of its sdministration.

A1l rabbitg' urines were examined initially, and at the
end of the drug course for amino-scids by the method of Datta,
Dent and Harris (1950). Urines found to contain many amino-
acids were then further examined by the method of Dent (1948).

The therium dicxide used was in a 25% colloidal

suspension ('thorotrast' - Heyden).
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RESULTS

Porphyrins

Urine Teable 1 summerizes the urinary uroporphyrin *
and porphobilinogen excretion of twenty-three rabbits, intox-
jceted with allyl-isopropyl-acectamide (A.I.A.) (nine rabbits),
sedormid (six rebbits), propyl-iscpropyl-acetamide (three
rabbits) and sllyl-iscpropyl-acetic acid (five rabbits). For
comparison, the results of a similer series, using diallyl
barbituric acid (Section 5), have been added to the present group.
A.T.A. and sedormid csused an immediaste increase above normel in
the level of urinary coproporphyrin, mounting rapidly stepwise
with continued administration of the drug until the 4th to 7th
day, when porphobilinogen and uropcrphyrin were noted in the urine
(see figures 1 and 2). From this point, the urinary copropor-
phyrin excretion remained spproximately constant, but the porpho-
bilinogen and uropcrphyrin mounted to reach maximum levels 2 to
3 days later. These drugs were continued in every case except
twe (Nos. 5 and 12) until the rabbit died. In rgbbits 5 and 12,

withdrawel of the drug led to a rapid (within 48 hr.) cessation

# Urines were heated with 2N acetate buffer pH 4.2 for 20 min,
at 100°C to convert porphobilinogen present into uroporphyrin
and the total uroporphyrin then determined spectrophotcmetric-
ally (see Methods). The term 'urinary uroporphyrin' is used
throughout this paper to indicate the total urcporphyrin so

measured.



rabbit
no.

{=Rv ~RC B =R B VLR

11
12
13
14
15

16
17
18

19
20
21
22
23

24
25
26
27
28
29
30
31

* 1.G.=intragastric; I.M.=intramuscular; A.L.A.=allyl-isopropyl-acetamide; P.L.A.=n-propyl-

TaBLE 1. EFFECTS OF DRUGS ON URINARY PORPHYRIN AND PORPHOBILINOGEN

route*

LG.
1.G.
L.G.

I.G.
LG.
L.M.
LM.
L.G.

L.M. or I.G.
I.M. or I.G.
I.M.
LM. or I.G.
I.M.
L.M.
1.M.
I.M.

dose

EXCRETION OF RABBITS

duration

(mg/kg/day) (days)

187
226
217
170
182
176
181
183
204

257
230
217
187
212
187

236
256
143

372
154
193
267
128

113
103
100
128
102
125
114
148

14
11
8
13
23
8
12
5
13

© =

a3 3

uroporphyrin
(mg/day)
(-__'__’L'_'_ﬁ
mean max.
A.T.A.
1:52 2:-62
0-43 1-48
1-47 3-87
10-21 18-33
6-32 15-85
7-37 12-52
10-26 177
2:46 766
385 13-44
sedormid
1:53 55
6-6 19:0
11:29 27-0
88 15-2
1-78 3-8
2:5 3-2
P.IA.
Al Ac. acid
dial
0-36 0-80
1-72 475
0-25 0-34

porphobilinogen
(mg/day)
(—'A'—\
mean max.
53 11:2
2.7 11-0
6-3 20-1
53-7 101-8
36-8 704
19-8 34:5
636 116-2
18-81 62-4
9-:05 24-4
54 11:5
7-4 18-2
38-0 64-5
not done
3:7 9:0
not done
06 1-24
3-6 12-4
0-6 0-84

° }l'} -
porphyrin
(pg/day)
additional
to normal

289
264
272
292
342
203
188
217
125

120
182

94
279
104
126

nil
5

nil

—
DO ;o

194
169
119
88
86
84
51
47

isopropyl-acetamide; A.I.Ac. acid =allyl-isopropyl-acetic acid; dial = diallyl-barbituric acid.
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URINARY
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URINARY
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300

URINARY
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100
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121 1 mg. of porphobilinogen ( Jestall 1952).

difference was noted when comparing the pattern of porphyrin and

porphobilinogen excretion of the sedormid rabbits with that of

theA.I.A, rabbits, except that one A.I.A.-intoxicated rabbit

\Ne. 5) continued to excret

3 weeks, a duration not fo

a 2 ; i
wome rabbits (Nos. 4, 5, 6,

und possible with

e large anounts of these mgterials for

7, 11 and 12) excreted large amounts
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Porphyria Rabbit 7

ALLYL ISOPROPYL
ACETAMIDE 500
mg.

LAARaRERARE] |

URINARY 10,000
PORPHOBILINOGEN
units / day 5,000

URINARY
UROPORPHYRIN
mg./day

BODY WEIGHT _ .
G. 2750} e i

BLOOD PRESSURE 80 'WM L

mm.Hg. 60 o

0—0 Hb. G. 0]0 10_0— — 0 =
o—o R.B.C. mill/cmm. e — J
e—e RETIC'S Count To _: ° °

] -~ oy 1 SO . 2 .
rigure 2. Lffeet of allyl-isopropyl-acet

o in a rgbbit on its
excretion of urinary *“"ﬁ‘“hD[}lJ.ludaen and on its body
1t, systolie blocd pressure and haematological

"
By
D

e

values. 130 units of p cmuomlu‘o"'aﬂ_ equel 1 mg. of
porphobilinogen (Westall 1952).

of porphobilinogen and uroporphyrin and continued to do
long as the drug wes given (Nos. 5 and 12), or until some inter-

current cause of

7 and 12 or uraemia in rabbit 4. Other rabbits (los

.

i—-l
I
-

i8]

and 10) reached maximum excretions of uroporphyrin and porpho

inogen at much lower levels and ceased excreting these substances,

age.

e.g. bronchopneumonia in rabbitg
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The chemical identification of urinary porphyrins is
summarized in Tsble 2.

n-Propyl-isopropyl-scetamide showed no effect on the
porphyrin excretion of rabbits, while allyl-isopropyl-acetic acid
caused glight increases in coproporphyrin excretion above normel
(more than 5 pg/day) in three out of five rabbits tested.

Faeces TFaecal coproporphyrin was determined in six
rebbits (Nos. 5, 11, 12, 13, 14 end 15) whose daily excretion
rose from normal (pre-drug) levels of 254, 44, 70, 64, 6 and
61 peg to levels of 495, 315, 942, 473, 1060 and 2Rl xg respect-
ively. In the two animals which survived (Wos. 5 and 12),
faecal coproporphyrin levels were determined after the cessation
of the drug. In No. 5 the average daily coproporphyrin
excretion for the first 8 days of this period was 3659 xg. This
animal was severely constipated during the drug course, but
excreted a normal quantity of faeces as soon as the drug was with-

draym. The large rise from 495 to 3659f4g/day was thus probably

TABLE 2. IDENTIFICATION OF PORPHYRINS. SUMMARY OF RESULTS

porphyrin methyl

free porphyrin a band ester isomeric m.p. of
no. of carb- in CHCl; series by paper crystals
drug  material oxyl groups (mp) chromatography (°C) summary
sedormid urine 8 625-3 mainly ITI 254-258  uroporphyrin ITT
5 622-4 S — i
4 621-2 III e coproporphyrin
I1L
ATA. urine 8 6256 mainly IIT 247-261 uroporphyrin ITT
plasma* 8 625:0 I and III — uroporphyrin
III and I
bile 8 — II1 — uroporphyrin ITT
4 — ITT e coproporphyrin
11T
2 630-2 - — protoporphyrin

* Ether-insoluble fraction only.



due to rapid evacuation of the overloaded bowel. In rabbit

No. 12 constipation was less marked, and the faescal coproporphyrin
fell from a mean of 602 mg/day on the last 3 days of the drug
course to 202 xg/day on the 3 days following the cessation of
dosage.

In the course of these determinations it became evident
that the faecal pfotoPOrphyrin was considerably raised. The
quantitative extraction of this porphyrin was rendered unsatis-
factory by the presence of large emounts of chlorophyll-type
pigments in the stool.

Bile TIncreased coproporphyrin and protoporphyrin levels
were found in the bile of all rabbits showing an increased urinary
coproporphyrin excretion (see Table 3). In six rabbits
intoxicated with either A.I.A. or sedormid, an ether-inscluble
porphyrin was obtained. On spectrophotometric examination in
0.5 N-HC1 this porphyrin had a maximal absorption at 405 mgc.

It was further investigated by chromatographic methods and shown
to be uroporphyrin III. The coproporphyrin was identified by
peper chromatographic methods as of the series III type (see
Table 2).

Plasma In three rabbits (Nos. 4, 7 and 8) the plasma or
serum at post-mortem showed red fluorescence. In one of these
(No. 4) this was found, by further investigation, to be due to
coproporphyrin and urcporphyrin IIT with some uroporphyrin I
(see Table 2).

Tissues (see Table 3) The coproporphyrin and proto-

porphyrin of liver and bile showed increases above normal,
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proportional to the degreé of porphyrin increase in the urine.

In A.T.A.-~ and sedormid-intoxicated rabbits, the spleen, marrow
and kidney coproporphyrin and protoporphyrin were slightly raised
above normal, but not to the same degree ss in liver and bile.

In rabbit 4, portions of skeletsl muscle tissue showed marked
porphyrin flucrescence. Two upper incisor teeth which had
accidentally been broken at the beginning of the experiment grew
to their previous length in 1 week. At post-mortem examination,
the roots of these teeth had porphyrin fluorescence. Rabbit 16
(n-propyl-isopropyl-acetamide) had no porphyrin increase in any
tissue. Rabbits 19, 21 and 22 (allyl-iscpropyl-acetic acid) had
small increages in liver and bile coproporphyrin and protoporphyrin,
while marrow coproporphyrin and protcporphyrin were also slightly
raised in rebbit 22,

Porphobilincgen

Urine Porphobilinogen wes isclated from rabbit urine by
the method of Westall (1952) or that of Coockson and Rimington
(1954) and found to be identical in all respects with porpho-
bilinogen from acute porphyria urine.

Plagme In four rabbits (lics. 1, 4, 7 and 8) the blood

plasma tested qualitatively for porphobilinogen (Vahlquist 1939)
at the height of the induced ettack, or at post-mortem, gave a
positive result. In the case of rabbit 8, a spectrophotometric
extinction curve was also obtained showing maxima at 527 and

556 mge , characteristic of the product of porphobilinogen and
Ehrlich's aldehyde reagent. The concentration of plasma porpho-

bilinogen in rabbit 4 post-mortem was 105mg/ml. (for quentitative
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determination of porphcbilinogen see Westall (1952)).

Tigsues In five rgbbits there was a pogitive porpho-
bilinogen reaction in the liver; in three of these it was also
positive in the kidney, TFaeces, brain, bile, spleen and marrow
were negsbive for porphobilinogen, with the exception that in
rabbit 8 traces of porphobilinogen were present in spleen and
marrow. 1In this animal the plasma porphcbilinogen was strongly
positive, and these trsce reactions could have been derived from
the blood which its spleen and merrow contained.

Urinary amino-sgcids

These were identified in ten rabbits (A.I.A.- or sedormid-
intoxicated) by meang of paper chromatography. Normel rabbit
urine (10 to 15 1. in method of Datta et al. (1950) end 15 to
25,1, in method of Dent (1948)) shows only a glyeine gpot. In
rabbit 14 no abnormality was detected at the end of the drug coursc.
In five ragbbits, all high excretors of uroporphyrin and porpho-
bilinogen (Nos. 4, 5, 6, 7 and 12), the glycine spot at the end
of the course was markedly reduced in intensity from that before
the drug was given., In rabbits 4 and 6, this diminution was
established by an spproximately quantitative experiment. Volumes
of urine, from befors and at the end of the drug course, correspond-
ing to the same fraction of the total daily urine oubtput, were
placed on to the same paper chromabogram and developed by either
phenol or butanol acetic acid respectively, in a one-dimensional
run. The dilution of the gtronger urine necessery to match the
weaker was assessed and confirmed experimentally by further

chromatographic runs. This experiment showed administration cof
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the drug in both animals to have caused at least fourfold
reduction in urinary excretion of glycine. Rabbits 1, 10 and
12 (all poor excretors of urﬁporphyrin and porphobilinogen) voided
many aminc-acids at the end of the drug course, the day before
degth, viz:=-

Rabbit 1 excreted taurine, glanine, glutamic acid,
glutamine, ethanolamine phosphate and glycine (see figure 3).

Rabbit 10 excreted glutemic acid, glycine, olpamino
butyric acid, lysine, threonine, taurine, small amounts of
histidine, methyl histidine, arginine, serine and a trace of
leucine (see figure 4).

Rabbit 12 excreted glutamic acid, glycine, alanine,
taurine, threonine,)g-alanine, higtidine, trace valine, trace

tyrosine, leucine and some aspartic acid.

CLINICAL FINDINGS OF A.I.A.- AND SEDORMID-INTOXICATED RABBITS

Neurological

Rabbits intoxicated with sedormid differed from those
treated with A.I.A. Sedormid proved to be a profound hypnotic,
the animals remaining unconscious for about 10 hours after each
dose of the drug. Those treated with A.I.A. never lost con-
sciousness, but a few appeared slightly dazed for about 1 to
1.5 hours after the administration of the drug. It was thus very
difficult to evaluate the claim of Schmid and Schwartz (1952)
that sedormid-treated rabbits exhibited paralysis or paresis.
Using A.I.A. alone, limb paralyses or pareses never occurred, and
these rabbits remained normally mobile and active even though

excreting amounts of uroporphyrin as high as 7 mg/aay or more for



many days; zrebbit No. 5 maintained an excretion near this level
during an entire 3 weeks' course of the drug.

Gastro-intesgtinal

dppetite and weight Both groups guickly developed a

relative anoreiia; they left most of their pellet (M.R.C. lNo. 18,
Pruce and Parkes 1946) diet, but usually ate cabbage snd drank
sufficient water tc maintain their normal urinary volume. The
rabbits lost weight steadily; mean deily losses for those on
A.I.A. being 52 g (six rabbits tested), and for those on sedormid
36 g (five rabbits tested). In the case of rabbit 5, normsl
appetite returned the day following cessation of the drug (4.I.4.),
and the body weight gradually rose to its previous lewvel.

Faeces  Rabbits.of both groups became quickly consbipated,
Thus average daily faecal weights were recorded of 87 g before and
17 g during the administration of A.I.A., end of 60 g before and
25 g during the administration of sedormid. In most rabbits this
drop took plece the dey fellowing the first dose of the drug.
The stool weight of rabbit 5 rose from an average level of 4 g/day
during the period of drug administration to 89 g/day on the second
day after withdrawal of the drug.

Straight X-ray of the abdomen was done on two rabbits

before and at weekly intervals during A.I.A. administration. In
one (No. 1) no difference was observed, while in the other (No. 5),
a progressively increasing gascous digtention of loops of bowel
was revegled. This appearance gradually returned to normal on

withdrawal of the drug.
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Blood pressure

Table 4 summarizes the results of systolic blood-pressure
readings of four rabbits intoxicated with A.I.4. It is difficult
to presume any significant change of blood pressure consequent on
drug administration. The systolic bloed pressure of rabbit 10
maintained a steady level, averaging 73 mm.Hg in the first 6 days
of its sedormid course, during which there was a mounting excret-
ion of coproporphyrin and later of uroporphyrin and porphobilino-
gen. On the 7th, &th, 9th and 10th days, the blood pressure fell
to 38, 42, L0 and 1/ mm.Hg respectively, during which time there
was a fall of porphobilinogen and uroporphyrin excretion, although

the drug was maintained at the same dose. The rabbit died on

the 10th day; post-mortem examination revesled hepstic necrosis.

TABLE 4. SYSTOLIC BLOOD PRESSURE OF RABBITS WITH EXPERIMENTAL

PORPHYRIA
mean mean daily B.p.
uroporphyrin (systolic) (mm Hg)
excretion P = \
rabbit no. (mg/day) before drug during drug
1 f 1-52 78 85
3 1-47 64 69
5 6-32 81 74
¥/ 10-26 83 78

Haematological

The results of seriazl haematological determingtions in
five rabbits are summarized in Table 5, together with totzl logs
of porphyrin in the urine during the course of the experiment.
One animal (No. 5) provided data for porphyrin loss in both urine

and faeces. The determinations of Hb., R.B.C. and reticulocytes
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TaBLE 5. COMPARISON OF HAEMATOLOGICAL RESULTS AND TOTAL PORPHYRIN
EXCRETIONS ADDITIONAL TO NORMAL, OF 5 RABBITS TREATED WITH ALLYL-
ISO-PROPYL-ACETAMIDE (NOS. 1, 4, 5 AND 7) AND SEDORMID (XN0. 10)

total faecal
copro- copro-
total porphyrin  porphyrin
uro- loss loss
duration reticu- porphyrin additional  additional
rabbit of drug Hb. R.B.C. locytes loss to normal to normal
no.  (days) (%) (109mm?) (%) (mg) (mg) (mg)
1 14 before 10-64 4-10 2:5 21-24 4:05 —
after 11-77 4-25 1
4 13 before 13-61 4-90 1 122-5 3-66 —
after 14-28 477 1
b 23 before 13-31 577 2:5 139 7-87 28-65
after 13-77 5-05 1
7 12 before 10-88 4-55 1 92-2 2:58 —
after 11-42 4-71 1
10 9 hefore 13-2 5-29 0:75 10-71 1-36 —
after 13:2 519 1

showed no gignificent veriation. Determinations of blood plate-
lets and clot retraction on two rabbits before and during sedormid
administration algo showed no significant change.

Dermatological

The rabbits showed no evidence of photosengitivity although
in a normally bright room. The sedormid skin patch test of
Ackroyd (1949) was applied for 48 hours to the shaved skin of
the inferior dorsal area of rabbit 11, during its course of sedor-
mid. There was no skin reaction to this test.

Effect of barbiturate

The effect was observed of a small dose of a barbiturate
on a rabbit (No. 4; 3.3 kg) already excreting high levels of

urcperphyrin and porphobilinogen under the influence of A.IL.A.

I

intoxication. 100 mg of sodium allyl-(l-methyl butyl)-barbit

urate wag injected intramuscularly on the 14th day of the drug



course. The rabbit remained unconscious for the next 24 hours.
In normal rabbits the szme doge relative to body weight of this
barbiturate caused only slight transient sedation. By the next
dey the rabbit had recovered and seemed alert, but the day
following it lapsed into a wesek paretic state, described more
fully below.

Mode of death

Histopathology of tissues In rabbits 1, 3, 10 and 13,

post-mortem examination of tissues was normal apart from hepatic
necrosis. Rabbit 2 at post-mortem had mid-zone degenerative
changes, such as vacuolation and haemorrhage, in the liver.
These five rabbits had become obvicusly weaker in the 2 days
before death, and in rabbit 10 this was accompanied by a fall in
systolic blood pressure. Rabbits 2 and 3 were found dead in
their cages, but rabbits 1, 10 and 13 showed a similar mode of
exitus. They all had tremor of limbs and violent convulsions,
and in rabbit 13 there was marked opisthotonos lasting 15 to 30
min. before death.

Rebbits 7 and 12 became weak and dyspnoeic and developed
a purulent nasal discharge the day before death; At pogt-mortem
examination, bronchopneumonis was noted and confirmed micro-
scopically. Rabbit & was spparently normal until the day of

death, when it became weak, with drooping head, and with a mucoid

discharge from eyes and nose. This rabbit died during intubation,

At post-mortem the liver and kidneys were pale, and histological
examination revealed vacuclation of the peripheral cells of the

liver lobules and of the convoluted tubular epithelium of the
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kidneys. The lungs showed a patchy bronchitis with foci of
collapse and pulmonary oedema. The elinical disgnosis of rabbit
Isnuffles' (Pasteurella septics) was not confirmed bacteriologic-
ally.

Rabbit 4, which hed been given an injection of barbiturate
(see zbove), became very weak with paresis of neck and limb
nuscles 2 days following this injection, after having recovered
from its hypnotic effect. The urinary volume had decreased, but
the urine contained no protein and merely an occasional erythro-
cyte on microscopic examination. There was sbsence of pain
sensation in the right hind leg, but electromyogrsphy of the limb
mugecles by Dr. 0. Lippold, University College, failed to reveal
any abnormality. The rabbit's condition deteriorated and 2 days
after the onset of this state it was sacrificed, bled and
immediately perfused with 10% formol saline to allow investigation
of the nervous gystem. Dr, J.C.B. Fenton, Dept. of Pathology,
University College Hospital, examined these tissues. Myelin
changes were observed in the peripheral nerves of this animal,
but they were considered to be atypicsl of true myelin degener-
ation and could be attributed to causes other than the action of

the drug, e.g. fasting and dehydration. The blood plasma was

markedly opalescent. Table 6 shows the results of blood and plasma

examingtions, for which I am indebted to Dr. F.V. Flymn,
Department of Clinical Pathology, University College Hospital.

& loyer nephron nephrosis (with consequent uraemia) was indicated
by the microscopic finding of tubular distension with flattened

epithelium and fatty vacuclation of some of the convoluted tubules
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of the kidneys. The liver shoyed minor periportal fatty changes

without evidence of necrosis.

TABLE 6. BLOOD ANALYSES OF RABBIT 4 (A.ILA. 4 BARBITURATE) COMPARED
WITH NORMAL LEVELS

rabbit 4 normal rabbit

plasma cholestrol (ing %) 410 60-100 (34)
blood urea (mg %) 308 45 (4)
plasma potassium (m.eq/L.) 6-34 4-5-5-5 (20)
plasma sodium (m.eq/l.) 140 140 (20)

Of the remaining five rabbits, los. 6, 11 and 15 died
within helf an hour after intubation, and post-mortem examination
failed to show any higtological abnormelity. Rabbit @ became

weak, with deep, laboured respiration on the day before its death.

Histology of its tissues was normal, Rabbit 14 did not recover
from the hypnotic effect of its dose of sedormid. Again, post-
mertem histological examination was normal.

SPLENECTOMY

In rabbit 12, a period of 3 weeks rest was allowed after
8 course of sedormid lasting 11 days. & splenectomy was then
performed, and the following day the rebbit was started on a second
course of sedormid with the same dose ag in the initisl course.
Porphobilinogen and urcporphyrin were noted, in addition to
inereased coproporphyrin, on the 2nd day of drug administration
and rose gradually until a daily level of 9.5 and 2.2 mg. of
porphobilinogen and uroporphyrin, respectively, were obtained
after 1 week. The rabbit then died and was found at autopsy to

have bronchopneumonia.
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LFFECT OF RETTCULO~-ENDOTHELIAL BLOCKADE

Tagble 7 summarizes the resulits of sedormid intoxication
in the rabbits (Nos. 32, 33 and 34) which had a simultaneous
reticulo-endothelial blockade by thorium dioxide. In two of
these rabbits a splenectomy had been performed before the block-
ade, in order to increage the concentration of thorium dioxide
in the liver,.

Rabbit 32 showed no change in blood haemoglobin concen-
tration, erythrocyte, reticulocyte and platelet counts, but did
develop a leucocytosis, from BOOQﬁmHB to 13,400/ﬁm3, and a
diminished clot retraction at the end of the experiment. This
rabbit also developed an abnormal urinary amino-scid pattern, from
a sélitary glycine spot before the experiment to an excretion of
glutanic acid, glycine, tsurine, glutamine and higtidine before
death. At post-mortem examination there wes marked hepatic
necrosis. Rabbit 33 survived the full course of the experiment,
but 20 days later, when the same dose of sedormid was repeated,
the rabbit went inteo profound coma from which it did not recover.
The liver parenchyma at post-mortem examination appeared healthy.
Rabbit 34 was found dead in its cage; there had been some
infection of the splenectomy wound. Microscopic examination of
the livers of rabbits 32 and 33 showed the presence of thorium
dioxide mainly in the Kupffer cells, but also in small amounts
Throughout the hepatic cells.

A further experiment was carried oubt on a normal rabbit
in which an external bile fistula had been performed. Adminis-

tration of thorium dioxide in similar dosage to the above
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experiment did not cause any fall in the levels of bile porphyrins

and urinary porphyrins.

EXPERIMENTS ON FOWLS

AJ.L, in gelatin capsules was administered to two Rhode
Island Red chickens, each weighing 2 kg. DNo. 1 received the
drug for 18 days and No. 2 for 17 days. Chicken 2 was also given
injections of sodium allyl-{l-methylbutyl)-barbiturate (seconal)
in a mean daily dosage of 37 mg. during the final 7 days of its
drug course.

Porphyrin and porphobilinogen excretion In both animals

there was an immediate rise in the coproporphyrin and protopor-
phyrin content of the excreta. Porphobilinogen and uroporphyrin
were noted on the 4th and 7th day respectively (see Tzble 8).
Chicken 1 excreted greater amounts of porphobilinogen and uro-
porphyrin than chicken 2. The porphobilinogen was identified by
means of paper chromabography (Westall 1952) as being identical
with that isolated from the urine of s case of acute porphyria.
4dmong the porphyrins contained in the exercta, uroporphyrin III
and coproporphyrin III were icentified by means of paper chrome-
tography (see Methods).

Clinical znd pathological results Both chickens were

active throughout the course of this experiment, although they
lost an average of 3C g. weight daily. The weight of their
excreta progressively diminished. Their Hb. and R.B.C. levels
did not alter throughout the experiment. Towards the end of the
experiment, both chickens became weak and lethergic, althcugh

frenk paralysis was not seen. They were sacrificed by means of



nembutal intravenougly, bled and infused through the acrta with
10% formol saline. The examination of their nervous system by
Dr. J.C.B.Fenton did not show myelin degeneration. Histoclogical
oxemination of the kidneys of beth these fowls shewed subnuelesr
vecuclation in the convoluted tubules. The liver of chicken

No. 1 was normel and contained porphcbilinogen, but that of FNo. 2

showed cellular necrosis and contained no peorphobilinogen.

EXPERTMENTS ON RATS

Nine Wistar strain albino rats (175 tc 204 g) were placed
in metabolism cages, z2llowing the separste collection of urine and
fasces. After a preliminary base~line pericd of 3 days, they
were given A.T.A. by means of gastric intubagtion through a2 blunted
metal needle (size: internal dismeter 18 s.w.z. (0.048 in.),
external dismeter 15 s.w.g. (0.072 in.)) attached to a glass
s.yr:‘r,nge. The A.I.A., powder had previously been thoroughly ground
up in a morbtar and suspended in 'cellophas' (I.C.I.) 4% (1 part)
and water (4 parts). A uvseful concentration of the drug was
100 mg/ml. of suspension. It was found that the eppropriate
dose in these rats was sbout 100 mg/day (400 to 500 mg/kg.).

Porphvrin and porphobilinogen excreticn (see Table 9).

The nine rats showed an immediate rise in urinary coproporphyrin,
In rat 6 faecal porphyrins were also determined. The increase
in ether-gcluble porphyrins in the faeces greetly excceded that

in the urine, e.g. rat 6 had a mean daily increesse of urinary
coproporphyrin of 54/¢g, the rises in daily stocl coproporphyrin
and protoporphyrin being 115 and 436 geg respectively.  Seven rats

excreted porphobilinogen,on the 2nd (rats 1, 2, 3 and 4), 4th (rat

100
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5), 6th (rat 6) or 11th (rat &) d;;Ly of drug administration. The
mean level of porphobilinogen exereticn was about 2 meg/day, but
rat 2 had persistently high levels reaching a maxinum of 15.2
mg/day. Freshly voided urine, containing porphobilinogen, was
normally coloured and had no porphyrin fluorescence. Spectro-
photometric examination of thig fresh urine showed no evidence of
any pfei‘ormed uroporphyrin, It darkened on stending and becane
fluorescent, although these changes were not so marked sg in the
rabbit urines. Small quantities of porphobilinogen were found
in the rat's stocls.

Two rats (Nos. 7 and 9) excreted no porphobilinogen,
although there was & rige in urinary coproporphyrin, Throughout
the experiment they became progressively wedker, and by the 6th
and &th day, respectively, were on the point of death, when they
were sacrificed (see below).

The porphyrin excreted in the urine was defined as copro-
porphyrin series III by means of paper chromatography (see
Methods). Porphobilinogen was isolated from the urine as
characteristic crystals using the method of Cockson and Riminglton

(1954).

Clinicel and pathological results All rals showed scome

loss of weight (mean loss 2.5 g/day) aud diminished appetite,
although not as severely as did rsbbits. They did not have the
profound constipation noted in most rabbits, ealthough in some
rats there was a dimirution in stool weight from a normal mean

5 g/day to a mean of 3.1 g/day. They appeared to be more dazed

than the rzbbits for several hours after A.I.A. administration.
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There was no clinical evidence of paralysis. During the course

8

of the experiment, rats 1 and 2 were each exposed to a carbon are
lemp at 1 ft. distance on two separate occasiong, lasting 15 and
30 min, respectively. lNeither rat showed any sign of phobto-
sensitivity. The eclinical course of rats 7 and 9 hes been
described. The other seven rats remained mobile and alert. They
were sacrificed gt the end of the experiment. Chemical analysis
of tissues is swmarized in Teble 10. Those rats excreting por-
phobilinogen in the urine had porphobilinogen in the liver, while
rats 7 and 9 had porphobilinogen neither in their urines nor livers.
Histology of the livers in those rats excreting porpho-
bilinogen weas normal. The liver of rat 7 showed fatiy degener-
ation, but thalt of No. 9 was histologically normal. Aminc-acid
chromatograms of the urines, before and at the eﬁd of the experi-
ment, were done in rats 1, 2, 3, 4, 5, 7 and 10. No change in
the amino-acid pattern wag noted. Histological examination of
the nervous system of rats 1, 2, 3 and 4 by Dr. J.C.B. Fenton

did not show myelin degeneration.

DISCUSSION

A question, important to our understanding of human acute
porphyria, is whether or not the known porphyrins or their
precursors, or unknown substances, released by the pigument
dyscrasia, cause the clinical symptoms of this disease. The
work on the pharmacological action of carefully purified porphyrins
and porphobilinogen (Section 4) afforded no evidence for any
direct action of these subsiances, and the finding that porpho-

bilinogen is probably a normel precursor of porphyrins and haem
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(Falk, Dresel and Rimington 1953) renders less likely the former
assumption that the symptomatic disturbances in acute porphyrie
were due to porphobilinogen. The work of Schmid and Schwartz
(1952) suggested a direct associstion between the chemical dis-
turbance induced by sedormid and the gastro-intestinal and
neurological symploms which they observed in rabbits. In the
present observations, however, the hypnotic action of sedormid
obscured the clinical features of the rabbit porphyria. Allyl-
iscpropyl-scetamide allows an experimental porphyria without
hypnosis. The separation of these two properties, excess porphy-
rin and porphobilinogen produetion and hypnosis, is in itself
noteworthy, since gome of the most potent drugs disturbing porphy-
rin metebolism, e.g. sulphonel, trional, sedormid and certain
barbiturates, are hypnotics.

Using either sedormid or 4.I.A., I have confirmed the
association of the chemicel and gasiro-intestingl features of
experimental porphyria, but have failed to cobserve any paralyses,
with one exception (rabbit 4) where a barbiturate was given in
addition to A.I.A. The clinical and histo-pathological pictures
were here complicated by uraemia. In order to study this point
more fully, experiments were carried out on fowls, animals
particularly susceptible to metabolic derangement of the nervous
system. Fowl 2 was given a barbiturate in addition to A.I.A.
in these animals there was no evidence, clinical or histopatholog-
ical, of any selective damage to nervous tissues. The experiments
in which rats were intoxicated with A.I.A. showed that, in gpite

of high levels of porphobilinogen and porphyrin excretion in the



urine, the animals remained normally mobile and alert, and histo-
pathological examination of the nervous system revesled no lesion.
Anocther point of digsimilarity between rabbit experimental
porphyria and human acute porphyria is the abgsence of hypertension,
although this is a commen finding in acute porphyria. The
gquestion may be asked,how relevent to the human disease are the
results of the experimentelly produced porphyria in animals? It
can be argued that if an animal is exposed to e chemical porphyria
for little more than 3 weeks, this may nol be gufficient time to
produce the clinical manifestationg of the humen digease, since

in man the metabolic abnormelily may be of long standing before
the onset of symptoms. Sulphonal, however, may precipitate an
acute porphyria in man within 5 - 20 days (Hearder, 1896;

Erbslbh, 1903; Pfértner, 1914).

The heematological deta agree with the normél blood levels
obtained in active phages of human acute porphyria. It must be
emphasized that these figures are concentration levels, and blood
volumes, which might alter in the progressive wasting states of
these rabbits, were not meagured. Courtice and Gunton (1949)
have noted an increase in the plasms volume of rabbits in which
cabbage was added to the normal diet. On the other hand,
Hengehel, Mickelson, Taylor and Keys (1947) have shown that the
absolute plagma volume incressed slightly in a group of thiriy-
two men undergoing a periocd of gemi-starvation in which about one-
querter of the body weight was lost, approximately the same
proporticn as lost by the rabbits studied. If the latter findings

are gpplicable to the present experiments, they would suggest that
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the undiminished heemoglobin concentrgtion levels in the rabbits,

ey .

implied, abt least, maintenance of the total amount of haemoglcbin

throughout a pericd during which large quantities of porphyrins

a

were excreted. Table 1l attempts to estimate the ratioc of daily

.

porphyrin loss to normal daily protoporphyrin formation in three

oy ~
Lo K.

of these rabbitsg (los. 45 5 and 7). Thig ratio is about 1

a

t is svggested that if the porphyrin excretion represented a

deviation of porphyrin from normal haem production, this would
have regulted in a recognizable ansemia. Drabkin (1951) has

suggested that the porphyrins excreted in the human porphyriss

might be the result of an 'under-utilization' owing to diminished

globin supply, rather than of an 'overproduction' of these pig-
mentg. The findingg in thig rabbit porphyria would point to an

'overproduction' rather than an 'under-utilization'.  Ancther

factor strengthening this view is the diminished urinary glycine
excretion noted by paper chromatography in those rabbits (Nos. 4,
5, 6, 7 and 12) with the high total porphyrin ocutput of 126, 147,

38, 95 and 88 mg, respectively, during the periods under consider-

T
|3

ation.

TABLE 11. ESTIMATED RATIO (EXPRESSED AS A PERCENTAGE) OF DAILY PORPHYRIN
EXCRETION TO NORMAL DAILY PROTOPORPHYRIN FORMATION IN 3 RABBITS
TREATED WITH A.LLA.

The normal daily protoporphyrin formed was calculated from the following data: (a) blood
volume in the normal rabbit is 70 ml/kg (6) and (b) average life span of the rabbit erythro-
cyte is about 68 days (22). (¢) haemoglobin level as determined at commencement of
experiment (see table 5).

estimated
normal
proto- determined .
body probable  porphyrin  porphyrin porphyrin loss (%

rabbit weight blood formed loss normal porphyrin
no. (kg) volume (mg/day) (mg/day) formation
4 4-12 288 19-6 98 50-0
5 3-69 258 17-7 7-65 43-3
7 3-14 220 15-0 7-9 52-7



Such & diminution of glycine exeretion was not obgerved
in other rabbits treated with the same drugs, nor in rabbits
treated with certain barbiturates (Section 5) where the total
porphyrin excretion was much less. This suggests that in the
high porphyrin exerelors there was scme encroachment on the glycine
poocl; but there is, however, still the possibility (in rasbbit 4)
that the diminished glycine excretion is dve to renal failure,
for it is known that in the human, amino-acid excretion in the
urine decreases in renal failure (Dent 1954). Glycine is known
to be a precursor of porphyrin (Shemin and Rittenberg 1946).
dmino-aecid chromatography was carried out on the urines of 2
patients in the active phase of acute porphyria. lo abnormality
was detected. It is of interest that one patient (Case No. 4)
had a diminished hippuric acid synthesis. Il is possible that
this was causedby alowered level of the glycine pool.

Table 12 groups together and compares six 'good porphyrin
excretors' (above 6 mg uroporphyrin/day) and four ‘poor
porphyrin excretors' (below 2 mg uroporphyrin/day). These ten
animals, out of a geries of fifteen treated with A.I.A. or
sedornid, clearly fell into two groups. The comparison of these
groups emphagizes the fole of the liver in the production of
porphobilinogen. All poor excretors had pathological evidence
of severe hepatic damage and porphobilinogen was not present in
the livers. The pronounced eminc-aciduria might be an expressgion
of this hepatic damage. On the other hand, the livers of good
excretors showed either ncrmal parenchymatous tissue or minor

changes, with porphobilinogen present in four cut of five examined.



TaBLE 12. COMPARISON OF ‘GOOD’ AND ‘POOR’ EXCRETORS

mean uro-
porphyrin final liver
rabbit excretion urinary r A —
no. (mg/day) amino-acids porphobilinogen histology
4 10-21 glycine ++ + minor periportal fatty
diminished change
5 6-32 glycine animal still on drug after 23 days
diminished
6 11-62 glycine iy some fatty change, no
diminished necrosis
7 10-26 glycine 0* parenchyma normal
diminished
11 6-6 not determined + + + parenchyma normal
12 11-29 glycine + + + parenchyma normal
diminished
Il 1-52 many present 0 cellular necrosis
2 043 not determined 0 mid-zone degenerative
changes
3 1-47 many present 0 cellular necrosis
10 1-53 many present 0 cellular necrosis

* No drug given during last 2 days of life. Died from bronchopneumonia.

4

The significance of the diminighed urinary glycine gpot in thege
good excretors has been discussed. The importence of the liver
in porphyrin metsbolism has been emphasized previously (Prunty
1945; Watson et al. 1945). The marked fall in the urinary
exeretion of porphobilinogen and porphyrin 1 to 2 days before
death of the 'poor excretors' suggests a failure of synthetiec
activity in the liver due to progressive intoxication. These
findings also suggest that the difference between good and poor
excretors lies in the inherent ability of the liver of an individ-
uel rabbit to deal effectively with the drug (A.IL.A. or sedormid).
One might speculate upon the possibility of this difference

being genetically determined, and draw a comparigon with human
acute porphyria in which a genetically determined aberration of
metabolism (probably affecting the liver) is known to exist.

creve

Of the remaining five rabbits, three could not be clasged



as 'goed' or 'poor' excretors owing to lack of adegquate data
(Nos. 9, 14 and 15); one (No. 8) died from an infection before
maximun porphyrin levelg were reached, and the remaining rabbit
(No. 13) would have been classified as a good excretor (8.8 mg
uroporphyrin/day) had it not died with hepaiic necrosis 6 days
after the cessation of sedormid administration.

In attempting a comparison between human acute porphyria
and experimental porphyria in the rabbit, emphasis has so far
been laid on the difference between these two states. There are,
however, certain similarities, viz. the chemical similarity of
the porphyrins and porphobilinogen excrebed, the relatively
undisturbed blood picture and the constipation, the gaseous
distension seen radiologically (iMason, Courville and Ziskind
1933), although it cannot be excluded thal the gastro-integtinal
symptomg in the rabbit might be a direct regult of the drug
employed. The histological changes in the liver, where any such
have occurred; are more severe than those usually described for
human acuts porphyria. On the other hand, several rabbit livers
were histologically normal, just as in many cases of human acute
porphyria. Certain drugs containing allyl groups are known to
be hepatoxic (Popper 1936; Section 5), and this must Dbe
considered in relation to the pathological changes seen in some
of the rabbits. The higtological changes in the renal tubules
of rabbits 4 and 8 are reminiscent of the lower nephron nephrogis
deseribed by Prunty (1946) in e human case of acute porphyria.
Bronchopneumonia, common as a final cause of death in acute

porphyria, occurred in two rabbits.
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TABLE 13 Chemical Structure and Effect of Certain Drugs on The

Porphyrin Metebolism of Rabbits

Drug Structure Effect on urinary
porphyrin excretion
Allyl-zsopropyl— Gy =ChicHs
acetamide (A.I CH-CO'NH, 4
Mo
CHy
Allyl-isopropyl-acetyl- CHmOIel:
urea. ~(Sedormid) ch CH-CO'NH-CO-NH, +++
3
CHgy H
n-Propyl-isopropyl- CHyCHyCH,
acetamideT CH-CO-NH, —
CHy
CH;
Allyl-isopropyl- CHy=CH-CH,
acetic aclﬂ CH‘COOH :
CHa~ éu
CHy
Diallyl-barbituric CH,=CH:-CH =
acid. (Dial) * 2/CO NH ++
< >co
CH,=CH:CH, CO-NH
Sodium allyl (l-methyl
butyl)-barbiturate. CHR'CH'CHz/CO-NH +
(Seconal) >C0
CH, \
CHgCH-;CH X NCo-N g
Allyl-isopropyl- CH,=CH-CH,

barbituric acid. /CO—N; i
cO

CH=> ¢éH Nco-NH
Hy

( A e T T e s 1 I e
FER (much coproporphyrin, porphobilinogen
+ 4 Marlcad g - N S rphobilinosen
27 Maried ellecy \nucia coproporpiyrin, sSdue lJL; lJLk»JL'J. nogetl
T S NPy, N 2
anc uroporpllyrlill ";,r
& e L
) Moderate effect
x '-—‘J.—i-..l."_'.'._'-i.- coproporpiayril
e VLY +4
= P NO elieci.

1 - - N P | e
laple ,.L, P zgentg the cne ical struecvures o© Lile Ol 4] sed
| 1 = Fe = e T e i P Su e PR I T
ang their effecitis on the po rin metabolism of rabblts. Iro
+14 =1 ) L Ay B o R T et laset one gll7] v Bl
this swummary it may be coneluded that at least one allyl growp,
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together with an acid amide, ureide or a cyclic ureide, as in the
barbiturate series, is the constant chemical structure in the
compounds found to be effective.

The results of the experimenis uging reticulo-endothelial
blockade by means of thorium dioxide agree with the work of
Vannotti (1937); who found that a preliminary reticulo-endothelial
blockade did not diminish porphyrin excretion in normel rabbits,
but decreased porphyrin formabtion in lead-intoxicated rabbits.
The three rabbits in the pregent experiment behaved as 'poor
excretors’. This might be due to the effect of thorium dioxide
on the Kupffer cells or the hepatic cells. It is possible, how-
ever, that all three of these rabbits would have been 'poor
excrelors' even without thorium dioxide.

The results of splenectomy in rabbit 12 indicale thatl
porphobilinogen, urcporphyrin and coproporphyrin can be formed in
the sbgence of the spleen.

The porphyria induced by A.I.A. in rats showed a certain
similarity to that in the rabbits, although points of difference
were also noted. The distinction between 'good excretors' and
'poor excretors' was more clearly evident in rats than in
rabbits. The rats tolesrated a relatively higher doge of A.I.A.,
were much less constipated than the rabbits and showed no change
in their urinary amino-acid patterns. Both the rat and rabbit
illugtrate that, as in the normal animal, the main route of
excretion of tﬁe sther-soluble porphyrins is in the faeces. The
main route of execretion of porphobilinogen appears to be the

urine, although small asmounts are exereted in the stool.
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A1l the drugs used in this investigation (with the
exception of the barbiturates) were most generously provided by

the Hofmann La Roche Co.. Basle.

BIUUDENAS

The chemical findings of Schmid and Schwartz (1952) in
experimental porphyria of rabbits induced by sedormid have been
confirmed.

Since sedormid is hypnotic, z group of related drugs
has been tested to find one which might produce the chemical
picture in animals without hypnosis. Such a drug is allyl-
isopropyl-acetamide (A.I.A.). In this investigation, the
constant chemical structure affecting porphyrin mebabolism was
found to be CH,=CH-CH;~CHR-CO-IH- . Scme rabbits excrete large
anounts of porphobilinogen and uroporphyrin when given either
sedormid or A.I.A,, others produce little. It is suggested
that the cause of this difference is related to a variability
of the individual rgbbit liver to deal effectively with these
drugs.

Rabbits, intoxicabted with either drug, became consgtipated,
had poor appetite and lost weight. They did not become
parelyzed, nor show any change in systolic blcod pressure or in
their haematological values. Two fowls, one alsoc given a
barbiturate, and nine rats were intoxicated with allyl-isopropyl-
acetamide. Although these animals excreted relatively high
levels of porphobilinogen and porphyrins, they did not develop

Paralysis.
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The experimentally induced porphyria in animals is
compared with human acute porphyria. The effecls are described
of reticulo-endothelial blockade, splenectomy and barbiturate
administration on porphyria induced experimentally in rabbite.

Sxperimental porphyria appears to be due to an over-

production of porphyring, rather than to an under-utilization cf

porphyrin pigments.



THE RENAL EXCRETION OF

PORPHOBILINOGEN IN MAN AND ANIMALS
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7. THE RENAL EXCRETION OF PORPHOBILINOGLN IN MAN AND ANIMALS

Introduction

Porphobilinogen is excreted in the urine in large
guantities in acute porphyria and is always found in the livers
of fatal cases of this disease. In experimental porphyria in
animals induced by sedormid (allylisopropylacetylurea) or allyl-
isopropylacetamide, porphobilinogen is likewise found in the urine
and liver.

Westall (1952) isolated porphobilinogen in erystalline
form, an achievement which allowed an adequate experimental study
of this substance. The fate of porphobilinogen administered to
the rat was recorded, and this led to observations on the renal
clearance of endogenous porphobilinogen in patients with acute
and latent porphyria. These studies suggested that in both
experimental porphyria and in acute porphyria, the liver is the

site of formation of the porphobilinogen excreted in the urine.

7A. FATE OF PORPHOBILINOGEN, ADMINISTERED ENTERALLY OR
PARENTERALLY, IN THE RAT

Previous reports on the behaviour of porphobilinogen when
administered to experimental animals are conflicting, probably
because the porphobilinogen used was only partially purified or
was available in amounts too small for adequate investigation.
Thus Waldenstrbm and Wendt (1939) injected partially purified
porphobilinogen into rabbits and found it to be excreted in the
urine, vhile Prunty (1945) failed to find any in the urine under

similar conditions.



The following experiments with porphobilinogen were done
in order to clarify its mode of excretion in an experimental
animal. It was found that porphobilinogen, when administered
parenterally to the rat, is excreted into the urine mainly by
glomerular filtration. If it is given enterally or parenterally,
it is not found in the livers of rats subsequently killed, at a
time when the plasma still contains porphobilinogen. These find-
ings suggest that the porphobilinogen, found in the livers of
rats with experimental porphyria, has been formed there and hag
not been transported to the liver from an extrahepatic site.

Falk, Dresel and Rimington (1953) showed that porphobilin-
ogen behaved as a precursor of certain porphyrins in a haemolysed
chicken-erythrocyte system. In the present work, a small but
significant conversion of porphobilinogen into coproporphyrin III

and uroporphyrin III has been detected in the rat.

METHODS

General

The Wistar-strain rats used weighed between 150 and
2l g. with the exception of rat No. 7 which weighed 112 g.
Rats Nos. 9 aﬁd 13 were female. They were placed in metabolisnm
cages. In studies lasting 2 weeks, separate daily urinary and
faecal specimens were analysed every second day for porphyrins,
the specimens not determined on the day of excretion being stored
at 2°. In experiments where urine was collected at frequent
intervals, e.g. half-hourly or hourly, micturition was induced by

a 'tail-pulling' procedure gimilar to that described by
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Hutschenreuter (1933). In collecting urine from metabolism
cages, the cage was washed with water, until the washings were
free from porphobilinogen (see below). In the experiment on rat
No. 9, where hourly urine specimens were taken for 20 hours, the
interior of the metabolism cage was washed 4 times at the end of
each hour with a total vol. (each hour) of 200 ml. water.

The porphobilinogen used had been isolated in the
erystalline form (Westall, 1952; Cookson and Rimington, 1954) and
was administered as the hydrochloride in 0.9% (w/v) NaCl, using
0.5 ml. for parenteral injection and 1 ml. for enteral administra-
tion. Intravenous injections were given into a tail vein,
subcutaneous into the dorsal area of the rat. All enteral
administration was carried out by gastric intubation.

Haematological values were determined as described in
Section 5.

Isolation and determination of porphyrins

Urine Coproporphyrin was extracted by the method of
Schwartz, Zieve and Watson (1951). Uroporphyrin from the same
specimen of urine was obtained by combining the agueous and sodium
acetate washings from the coproporphyrin extraction, and bringing
these to pH3.0-3.2. The washings were then shaken with ethyl
acetate, the agueous layer was discarded and uroporphyrin extracted
with 0.6N-HC1.

Fagces Coproporphyrin and protoporphyrin were extracted
by the method of Schwartz and Wikoff (1952) with the following
modifications. The ethyl acetate was shaken with 20-30 ml.

0.005% aqueous I, immediately after extraction of porphyrins with



3N-HC1l. The aqueous layer was discarded and a further extraction
with 3N-HC1l carried out, in order to obtain any porphyrin
precursor. This was not found in any specimen. The final
coproporphyrin extraction in 0,1N-HCl was not shaken with UHGlB.
Uroporphyrin was obtalned from the sodium acetate washings of the
ethyl acetate layer during the above procedure. These acetate
washings were dealt with in the same way as described for urinary
uroporphyrin,

The porphyrins, so extracted from urine and faeces, were
determined by the method of Rimington and Sveinsson (1950) using
a Beckman spectrophotometer, model D.U.

Paper chromatography of porphyrins This was carried out

as deseribed in Section 5.

Isolation and determination of porphobilinogen

Urine and tissues Porphobilinogen was determined as

described in Section 5. It was assumed that 1 mg. of porpho-
bilinogen is equivalent to 130 Vahlquist (1939) units (Westall,
1952).

Faeces To a weighed amount of faeces in a centrifuge
tube, sufficient water was added to give a thin paste. Clarific-
ation was effected by adding 10% (w/v) lead acetate in 3% (w/v)
acetic acid, in a volume one-tenth of that of the diluted faeces,
mixing and then centrifuging. The supernatant was decanted and
excess PbR+ was precipitated with a solution containing NaH2P04
(123 g./1.) and K HPOy, (138 g./1.). The mixture was centrifuged
and the supernatate analysed for porphobilinogen as deseribed for

urine.
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Plagmg Frotein was precipitated by adding 0.33 vol. of
20% /u/v) trichloroacetic acid to centrifuged plasma as obtained
post-mortem. The mixture was then centrifuged and the supernatant
tested for porphobilinogen. In the living rat 0.1 ml. of bloecd
from the tail was sucked into a 0.1 ml. pipette, previously rinsed
with heparin. The blood was discharged into 1.5 ml. of 5% (w/v)
trichloroacetic acid contained in a centrifuge tube. This was
thoroughly shaken, centrifuged and the supernatant tested for por-
phobilinogen. The observation that porphobilinogen does not enter
erythrocytes (Section 6) was confirmed in the present study. The
blood haematoerit for the rat was taken to be 40 (Wintrobe, 1951)
and plasma porphobilinogen was calculated on this besis.

Paper chromatography This was done as deseribed by

Westall (1952) and Cookson and Rimington (1953).

RESULTS

Intravenous injection of porphobilinogen

Excretion pattern of porphobilinogen and porphyring Rats

Nos. 1 and 2 were given intravenous injections of 9.04 and 9.4 mg.,
respectively, of porphobilinogen after a preliminary period of &

and 7 days, respectively, during which daily faecal and urinary
porphyring were determined. These determinations were continued
during the succeeding 8 days. Porphobilinogen was rapidly excreted
in the urine of both rats. It appeared in the urine within 10

min. of injection and was detectable until & hours later. In rat
No. 1 specimens of urine were collected every 2 hours during the

12 hour period after injection. The results of porphobilinogen,
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uroporphyrin and coproporphyrin determinations on these specimens

are illustrated in Fig. 1. This shows that nearly half of the total
porphobilinogen excreted in the urine (6.07 mg.) was passed in the
first 2 hoﬁrs after injection, while the execretion of the gmall
quantities of uroporphyrin (4.59 gg.) and coproporphyrin (6.85x4¢.)
was more protracted. A smaller yield of porphobilinogen was
obtained in the urine of rat No. 2, viz. 2.85 mg., of which 2.6

mg. were excreted in the first 3 hours after injection. This rat
excreted a total of 4.95mg. of uroporphyrin and 6.0sg. of copro-
porphyrin in the 24 hours following injection.

Paper chromatography of these porphyrins showed that they
behaved as uroporphyrin IIT and coproporphyrin III, respectively.
The porphobilinogen excreted in the urine was indistinguishable
from crystalline porphobilinogen by paper chromatography, using
butanol-acetic acid (Westall, 1952). Furthermore, the lactam
derivatives (Cockson and Rimington, 1953) of the porphobilinogen
excreted in the urine and of crystalline porphobilinogen, behaved
identically on a paper chromatogram.

Table 1 summarizes the mean daily faecal coproporphyrin
and protoporphyrin values before and after adminigtration of
porphobilinogen in rats Nos. 1 and 2. These figures are similar
in each rat. Paper chromatography of these porphyrins both
before and after porphobilinogen administration demonstrated that
some dicarboxylic porphyrin (similar in properties to protoporphy-
rin) as well as coproporphyrin had been extracted by 0.1N-HCl and
thus the coproporphyrin determinations in Table I are too high.

However, an amount of dicarboxylic porphyrin similar to that of
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Fig. 1. Urinary excretion of porphobilinogen and
porphyrins after the intravenous injection of
porphobilinogen in rat No. 1.

coproporphyrin (as judged by fluorescence on paper chromatograns)
was extracted by 0.1N-HC1l in each case. It was therefore
considered that no significant change had occurred in faecal por-
phyrins as a result of porphobilinogen administration.

Neither rat showed any abnormal symptoms during the 8-day
pericd following the porphobilinogen injection. Haemoglobin
contents, red cell numbers and reticulocyte counts were determined
in both rats, before and at the end of the experiment and one day
before and one day after the injection. No significant changes

in these haematological values were observed.



Ratg killed withir 30 min. Porphobilinogen (2.2, 2.0

and 2.14 mg.) was injected by vein into rats Nos. 4~6 and these
were killed after 30, 30 and 10 min., respectively. The porpho-
bilinogen contents of the tissues of these rats are summarized in
Table 2. The urine, plasma and kidneys always contained porpho-
bilinogen, while liver, spleen, brain, bone marrcw and Harderien

glands gave consigtently negative results. Subcutaneous fat and

lungs contained porphobilinogen, while skeletal and cardiac muscles

(thoroughly washed free of blood) of rat No. 6 contained porpho-

bilinogen. The plasmea porphobilinogen level of rat No. 6 was

approximately 4 times that of rats Nos. 4 and 5 (killed at 30 min.).

Small amounts of porphobilinogen were found in the gut contents.

Subcutaneous injection of porphcbilinogen

Rats killed within 30 min. after single injection.

Porphobilinogen (2.0 and 2.62 mg.) was injected into rats Nos. 7

and 8, respectively, and the animals were killed 30 min. after the

injection. The pattern of urinary and tissue porphobilinocgen
(Teble 2) was similar to that found after intravenous injection.
The plasma porphobilinogen level wag higher than thet found in
rats Nogs. 4 and 5.

Rats killed 20.25 hr. after half-hourly injections,

mgintained for 20 hr. In experimental porphyria in rats induced

by allylisopropylacetamide, porphobilinogen is consistently found
in the liver in high concentration, also in the kidney and urine,
and sometimes in the plasma. This hepatic porphobilinogen could
have been formed in the liver or at an extrzhepatic site, e.g. the

bone marrow, and transported by the blood stream to the liver.

122



123

vy dmog | 'P9Isa] JON &
= — 0 0 0 0 0 0 0 0 0 —  [0o1jU00 [pWION  ZFI eI
= 908 0 0 0 0 9-83 0 L-01 86 < 4 0031 (rs) lo FLI 21
0¥ a%6 1 0 0 0 0 0 12 0 09LT L8 021 ('r8) ag-¥ L6T 11
L9 062 0 0 0 0 0 0 0 3318 891 0g¥ (‘r'8) 3¢ 061 01
6L PEL 18 0 69 gL 0 0 917 @69 083 09108  9IZI (*2'8) 0-0% 091 6
68 120 1 0 901 c91 g 0 %93 00T o1 61L 0 (-0's) 29-3 161 8
69 981 1 8 + + * 0 9:L% oL + a¥9 0g (0°8) 0.3 311 L
19 S0¢ 1 0 8 €6 9:01 0 8¢ ¥21 + ¥ 01 (a1) 318 091 9
212 996 * 16 & 11 0 0 €8 g% G-z <08 0g (-a1) 0 LI g
&F L6 * * * * 0 e11 0g + $68 08 (a1) 33 091 ¥
(%) (-8n) opsnwr  sfung 9o opsnwt  JeAry  wuwselg  Aeupryy  (reyo3)  (resoy)  (urm) (*Su) (-3) ‘ou
rl.|||J\|\ uhdw.._—..H mdue—auﬂw Eu.U qun.D. ﬂompﬁhﬂh_” .w_um.. M aﬁ_m
patesooax “3qg 80T Apog
L J
aawoq_:,mon&om

'90%I} ' 89YBOIPUI -+ , i (sonssyy Fururewex oyy) ‘(w87 10 5/-5r se 10 (sjusquoo N3 puw eurm) ueFourmqoydiod [e304 3 se pessexdxe are symser ueFourmqoydiog
"s[euITE Jo Juiry pue uonrsmUITIpe "V I'v 10 wefournqoydiod usemjeq pored 0f s1ejex uonem(y (*v'I'V) epruwyeseiddordosiAre jo “Sur (g ueAld sem T ‘ou jey
(2°6) uworpgnyua owysob fiq 4o
(r9's) figsnosuppnogns (*a'1) fgsnousanyuy ‘uabowpqoydiod uaaih (11—%) s1w4 fo suoypurwiaap (*69J) uabowapqoydiod anssry, gz o[qe],



124

The very rapid excretion of porphobilinogen in the urine and the
absence of porphobilircgen from the liver in the abdve experiments,
when the plasma still contained porphobilinogen, made such an extra-
hepatic site unlikely. However, it was still possible that the
liver might teke up porphobilinogen from an extrahepatic site if
porphobilinogen were present in the plasma for any length of time.
To determine the approximate length of the pericd during which
significant plasma levels are maintained in experimental porphyria,
rat No. 12 was given allylisopropylacetamide by gastric intubation.
Within 20 hours this rat had excreted porphobilinogen in the urine.
It was killed and porphobilinogen was found in the liver and kidney
(Table 2).

In order to mimic the effects of continuous production of
porphobilinogen by a possible extrahepatic site throughout this
pericd, 1 mg. of porphobilinogen was injected subcutaneously into
rat No. 9 every 30 min. for 20 hours. The initiel two doses were
given together at the beginning of the experiment. ~ Urinary
exeretion of porphobilinogen was determined hourly and urinary
uroporphyrin and coproporphyrin, as well as plesma porphobilinogen
were determined every 2 hours (Fig. 2). The rat was killed 15 min.
after the final injection and tissues were analysed for porphobil-
inogen and porphyrins (Tables 2 and 3). The liver did not
contain porphobilinogen, while the gut contents showed a significant
amount of porphobilinogen, presumably from passage through the bile
ducts. During the 20 hour pericd of the experiment the rat showed
no pathological symptoms.

Inspection of Fig. 2 shows that during the latter 10 hours
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Fig. 2. Effects of repeated subcutanecus injections
of porphobilinogen for 20 hr. on urinary por-
phobilinogen and porphyrin excretion and on
plasma porphobilinogen. For experimental
details see text.

Table 3. Porphyrin determinations (pg-/g. or pg./ml.) in tissues of rats which had been given porphobilinogen

Uroporphyrin was not found in any of the tissues of these rats.

Liver Kidney Blood
£ A bl et R [ A B
Rat Copro- Proto- Copro- Proto- Copro- Proto-
no. porphyrin porphyrin porphyrin porphyrin porphyrin porphyrin
+ 0-04 0-02 0-01 0-04 0 0-06
6 0-23 0-16 012 013 0:02 0-26
7 0-09 0-11 0 0-25 0 0
9 0-02 0 0-31 0-57 0 0
13 0-02 0-16 0-08 0-07 0-02 0-49

(eontrol)

125



126

of this experiment the hourly urinary excretion levels of porpho-
bilinogen were remarkably constant - a mean of 1530  151sg.
(8.D.)/hr. The mean plasma porphobilinogen level during this
periocd was 31 : Tl peg, (8.D.)/ml. Thus the renal clearance for
porphobilinogen in this rat was 0.82 ml./min. or 0.55 ml./min./100 i
of body weight. This figure is in good agreement with inulin
clearance found in the rat (Smith, 1951) and would therefore

suggest that porphobilinogen is filteréd by the glomeruli and not
regbgorbed to a significant extent.

Table 3 summarizes the liver, kidney, and blood porphyrin
determinations of rats Nos. 4, 6, 7 and 9, which had been given
porphobilinogen parenterally. There is no significant elevation
of the porphyrin levels.

Enteral adminigtration of porphobilinogen

Excretion pattern of porphobilinogen and porphyrins

A study similar to that described for rats Nos. 1 and 2, wae carried
out in rat No. 3., After a preliminary period of 6 days, 3.68 mg.
of porphobilinogen were given by gastric intubation. Daily
urinary and faecel porphobilinogen and porphyrin contents were
determined during the base-line pericd and in the 7 days following
porphobilinogen administration (Table 1). There was no signifi-
cant change in the porphyrin levels in the urine or faeces. Io
porphobilinogen appeared in the urine of this rat (cf. rats Nos.
10 and 11, below), but 45% of the porphobilinogen administered was
recovered in the faeces. Traces of porphobilinogen were present
in the faeces up to the gixth day after porphobilinogen adminis-

tration.
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Fig. 3. Urinary excretion of porphobilinogen
after intragastrie intubation of 3.4 mg.
of porphobilinogen,

Ret killed after 7.5 hr. Rat No. 10 was given 3.4 mg.

of porphobilinogen by gastric intubation. Urinary porphobilinocgen
deterﬁinations were done every 30 min, (Fig. 3). Porphobilinogen
was detected in the urine within the second half-hour and was
excreted in small amounts until 6 hours after its administration.
Maxinmum excretion in the urine occurred between 2 and 2.5 hours.

Between 6 and 7.5 hours, when the rat was killed, no porphobilinogen
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was detected in the urine. After death 2.12 mg. of porphobilin-
ogen was recovered from the intestinal contents. It was notable
that in gpite of this large quantity of porphobilinogen in the gut,
it was not exereted in the urine in the last 1.5 hr. and this
woulc suggest that porphobilinogen is only absorbed in the upper
part of the rat intestine., Porphobilinogen was not found in the
other tissues (Table 2).

Rat killed after 2 hr. Rat No. 11 was given 4.85 mg. of
porphobilinogen by gastric intubation and killed 2 hours later in
order to see whether porphobilinogen could be detected in the liver
during a phase of meximal absorption of porphobilinogen from the
gut (see zbove). Urinary porphobilinogen determinations, as in
rat No. 10, showed the excretion of 11.3, 30 and 46 mg. of porpho-
bilinogen in the second, third and fourth half-hcur periods,
respectively, after administration. The rat was then killed and
1.75 mg. of porphobilinogen were recovered from the intestinal
contents. The plasma contained 2.1sg. of porphobilinogen/ml.,
whilst 0.104 mg. of porphobilinogen was recovered from gut tissues
after they had been thoroughly washed with normal saline. FPorpho-
bilinogen was not present in liver, kidney, muscle, fat, Harderian
gland or brain (Table 2). No porphyrins were detectable in the
liver.

In vitro incubation of porphobilinogen with gastro-intestinal

contents of a rat

This experiment was carried out to investigate further the
absence of conversion of porphobilinogen into porphyrins in the

gut, which was demonstrated in rat No. 3. A rat was killed and



its gastro-intestinal contents were mixed with sterile normal saline
to give a total vol. of 23 ml. 4.5 ml. of this were pipetted into
each of four 50 ml. conical flasks. Flasks Nos. 1 and 2 were
imnersed in boiling water for 5 minutes and 1 mg. of porphobilino-
gen in 0,56 ml. of sterile normel saline was added to flasks Nos.

2 and 4. The pH of each of the contents of these flasks was about
6.6, The flagks were then plugged with cotton wool and incubated
for /4 hours with shaking at 90-100 oscillations/min. at 37°.

The contents were then analysed for porphobilinogen and porphyring
(Table 4).

The results show that a 59 and 52% recovery of porphobil-
inogen was achieved from flasks Nos. 2 and 4, but there was no
significant change in the porphyrin content in any flask, with the
exception of a small quantity of uroporphyrin (0.71g) found in

flagk No. 2.

Table 4. Incubation of porphobilinogen with gastro-intestinal contents of a rat

An equal volume of a mixture of gastro-intestinal contents in sterile 0:99, (w/v) NaCl was added to each of flasks

nos. 1-4. Flasks nos. 1 and 2 were immersed in boiling water for 5 min. before incubation.

Porphobilinogen Porphobilinogen
a:ipded befof: recovered after

Flask incubation incubation Uroporphyrin Coproporphyrin Protoporphyrin
no. (mg.) (mg.) (ng) (ng-) (ng.)
1 0 0 0 0-16 4-10
2 1 0-59 071 0-36 2:90
3 0 0 0 0-29 625
4 1 0:52 0 0-26 2:76
DISCUSSION

The results show that most of the porphobilinocgen admin-
istered parenterally is excreted in the urine and that this excre-

are recovered in the fsaeces.

tion is rapid; small amounts

Given, however, by the enteral route, it is mainly excreted

129



130

unchanged in the faeces, although small amounts, (in the case of
rat No. 10, one-twentieth of the porphobilinogen given) may be
excreted in the urine. The excretion behaviour of the naturally
occurring porphyrins (uroporphyrin, coproporphyrin and proto-
porphyrin), after entersl and parenteral administration to exper-
imental animals, has been studied previously. Fischer (1916) and
Giinther (1922) found that uroporphyrin given parenterally to mice
and rabbits, respectively, is mainly excreted in the urine, while
Fischer (1915) found that uroporphyrin, when taken by himself by
mouth, was passed unchanged in the stocl. On the other hand,
coproporphyrin III, given orally or parenterally to rats, is not
passed in the urine, but recovered in the stool (Hoffbauer, Watson
and Schwartz, 1953). Protdporphyrin injected parenterally into
dogs with a bile-renal fistula was not accounted for in the porphy-
rins excreted thereafter, apart from traces of material resembling
deuteroporphyrin (Watson, Pass and Schwartz, 1941). The
excretion of porphobilinogen thus resembles more that of uropor-
phyrin than that of coproporphyrin or protoporphyrin. The mean
percentage recovery of the porphobilinogen administered,
parenterally or enterelly, was 53 X 14. This compares with the
50% recovery of coproporphyrin III injected parenterally into

rats by Hoffbauer et al. (1953).

The absence of abnormal symptoms in any of the rats used
in the present work confirms the results of the pharmacological
study of porphobilinogen in Section 4. It is of some interest that
a small, though significant, rise of coproporphyrin IIT occurred

in the urine of rats Nos. 1, 2 and 9, besides some excretion of



urcporphyrin III. This is in accordance with the demcnstration
by Falk et al. (1953) using a haemclysed chicken erythrocyte
system, that porphobilinogen is a precursor of uroporphyrin,
coproporphyrin and protoporphyrin.

The site of the excessive porphobilinogen formation in
acute porphyria is of importance. Prunty (1945) showed that por-
phobilinogen is found in high concentration in the liver at autopsy
of these cases, and this observation has been repeatedly confirmed.
Thus Schmid, Schwartz and Watson (1954) include this disease in
their 'porphyria hepatica' group. Porphobilinogen is also found
in the kidney and urine and scmetimes in the bile and plasma, but
not in other tissues. In experimental animals drugged with
sedormid or allyliscpropylacetamide, these same tissues also contain
porphobilinogen and in the same relative concentrations. In fact
Schmid and Schwartz (1952) refer to the experimental porphyria
preduced by sedormid as belonging to the 'ﬁepatic type'. This
suggested but did not prove, that in acute porphyria and in
experimental porphyria of énimals, porphobilinogen is formed in
the liver. It did not exclude the possibility that porphobilin-
ogen is formed at an extrahepatic site, e.g. the bone marrow, and
is transported by the blood stream to the liver. The present
experiments indicate that porphobilinogen is mainly excreted by
glomerular filtration in the rat. Further, they show that por-
phobilinogen is not found in the liver after enteral or parenteral
administration. The plasma porphobilinogen levels in these
experiments were high, higher than those found in an attack of

acute porphyria. In rat No. 9 this plasma level was maintained
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for 20 hours, a period which had been found sufficient to induce

an experimental porphyria by means of allylisopropylacetamide,

with accumulation of porphobilinogen in the liver in rat No, 12,
(Fig. 4). These facts would suggest that extrahepatic porphobil-
inogen formatlion in experimental porphyria in the rat is improbable.
It is also of interest that there was no significant increase of
either coproporphyrin or protcporphyrin in the livers of rats

given porphobilinogen. In the livers of animals with experi-

mental porphyria such an increase is present.

7B. RENAL CLEARANCE OF ENDOGENOUS PORPHOBILINOGEN IN MAN

There is some evidence that the mechanism of porphobilin-
ogen excretion in the rat may be relevant to human acute porphyria.
In this disease, the high porphobilinogen concentrations in the
urine and the persistently low concentraticns in the plasma, even
at the height of an attack, suggest a rapid excretion of that
substance. Furthermore, a sharp rise of porphobilinogen excretion
in the urine often accompanieg and may even precede the onset of
clinical symptoms of porphyria, which would also suggest rapid
elimingtion. Finally, acube porphyris urine, which is freshly
passed and has not lain in the bladder for long, contains mainly
porphobilinogen with only traces of coproporphyrin and uroporphyrin.
This is the same pattern of porphobilinogen and porphyrin excretion
as is found in the urine of a rat, injected perenterally with
perphobilinogen. A greater conversion of porphobilinogen into

porphyring would be expected, if porphobilinogen were not rapidly
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Fig. 4. Porphobilinogen (
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.) in tissues of rats

9 and 12. Rat 9 received repeated subcutaneous
(S8.C.) injections of porphobilinogen. Rat 12
was given a single oral dose of allyl-isopropyl-

acetamide (A.I.A.).

No porphobilinogen hag

accumulated in the liver of rat 9, despite
maintained high blood-level, whereas the liver
of rat 12 containsg much porphobilinogen.

eliminated in acute porphyria.

The probability of such a rapid

elimination would explain the absence of significant photosensitiv-

ity in this disease, since this symptom is caused by an excessive

amount of formed porphyrins in skin.

These findings would suggest



that the renal excretion of porphobilinogen in the rat might be
similar to that in human acute porphyria. For these reasons
studies were carried out to determine the renal clearance of
endogenous porphobilinogen in three cases of acute intermittent
porphyria (two during an acute attack and one during a remission)
and in one case of latent porphyria. The results suggest that in
these patients endogenous porphobilinogen was in fact excreted by

glomerular filtration with little or no tubular reabsorption.

METHODS AND MATERIALS

Clinical

The Casges

Case 1. (Mrs. I.B. aged 21. Case No. 39 in Appendix).
Height 155 cm., weight 43.6 kg. Acute intermittent porphyria.
This was her first attack. She had had recurrent bouts of ab-
dominal pain, transient hypertension, and tachycardia for 6 weeks.
There was weakness of her armg and legs. The experiment was
done during the acute phase on a day when she was co-operative and
had little gbdominal pain. She excreted 215 mg. of porphobilin-
ogen in her urine on that day.

Case 2. (Mrs. J.M. aged 23. Case No. 38 in Appendix).
Height 162 em., weight 55.5 kg. Acute intermittent porphyria.
This was her first attack. She had had severe abdominal pain
and vomiting for 3 weeks and had difficulty in passing urine. On
the day of the experiment her symptoms had greatly improved and
she excreted 52 mg. of porphobilinogen in her urine.

Case 3. (Mr. C., aged 29). Height 193 cm., weight 74 kg.

Latent porphyria. Situs inversus totalis. Bronchiectasis.
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Traumatic epilepsy. He has never had symptoms suggesting acute
intermittent porphyria, yet he excretes about 100 mg. of porpho-
bilinogen in his urine each day. (Patient of Dr. Donald Hunter,
London Hospital).

Case 4. (Mr. L.F. aged 24. Case No. 14 in Appendix).
Height 175 cm., weight 65.5 kg. Acute intermittent porphyria in
remission. A year beforehe had a very severe attack with quadriple-
gia. He still had wasting of the small muscles of his hands. He
excreted about 120 mg. of porphobilinogen in his urine daily.

Two separate experiments were made in this case:(a) clearance of
endogenous porphobilinogen, and (b) simultaneous clearance of
endogenous porphobilinogen and of inulin.

A1l the patients were recumbent in bed throughout each
experiment, except Case 3, in whom the effect of postural change
on the renal clearance of porphobilinogen, creatinine, and urea
wag investigated.

Food and Fluids

Each patient was given breakfast before the start of the
experiment. Cases 1 and 4(a) in addition had a light lunch
during the experiments. Cases 2, 3, and 4(b) fasted throughout
the experiments. The patients were encouraged to drink water and
orange-juice from an hour before till the end of the clearance
periocds.

Collection of Urine and Plagma

Urine was passed voluntarily by all the patients except

Case 2, who had to be catheterised at the end of the clearance

period. The minimum of urine passed in any single clearance period



was 230 ml. The mean of all such volumes was 544 = 260 ml.

The experiments in every case were made between 7 a.m.
and 5 p.m. In Case 1 the urine excreted in 6 hours (from
11 a.m. till 5 p.m.) was collected, and plasma specimens were
taken at 1, 3 and 5 hours after the start of the experiment.
Case 2 emptied her bladder at 7 a.m. and was catheterised 44 hours
later. ©Plasma specimens were taken at 1 and 3 hours after the
start of the experiment. In cases 3 and 4(a) the patients had
four and five consecutive 2-hour clearance periods beginning at
7 a.m. and 9 a.m. respectively. ©Plasma specimeng were taken an
hour after the start of each clearance period. In Case 4(b) the
clearance of endogenous porphobilinogen was studied for 2 hours
(from noon to 2 p.m.). An intravenous inulin drip had been set
up at 11 a.m., and inulin clearance was determined for the period
12.30 - 2.0 p.m. The inulin clearance recorded represents the
average of three separate half-hourly inulin clearances recorded
in this 1% hours. The minimum of urine passed during each half-
hourly period was 194 ml., and the mean volume for the three
periods was 240 £ 35 ml.

Urea and creatinine clearances were measured in addition
to porphobilinogen clearances in certain cases (see table).
Biochemical Determinations

Porphobilinogen was determined in urine end plasma by

methods deseribed in Section 5. In every case 1.5 ml. of 20% (w/v)
trichloracetic acid was added to 6 ml. of plasma.
Weighed quantities of crystalline porphobilinogen were

added to distilled water and normal human plasma, sufficient to
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TABLE 5

RENAL CLEARANCES IN PORPHYRIA

Clearance of (ml. per min.)

]
Duration | g [ —
Case t} l Endo-
gl T L £ | Creat- | genous :
iriitie ren | pornhe- | Inulin
| From ‘ To | !bﬂmogon:
1 1lax. | sem. |[R| 79 42 Il 117
2 | TaM. |11as p..\r.'l R v ST s
3 9 AL 11a.M. | S 7 51 (i
11 a.M. 1P.M. R 92 G9 105
1P.Mm 3 P.M. E] 82:5 53 97
I 3 . 5 P.M. | R 91 73 104
da) | 7am | gamm | R 79 52 84
| 9am. [1lam | R 64 54 85
11 A.M. 1 Pp.M. R 91 67 89
1 .M. 3 P R 87 54 89
3 P, 5 P.M. R | 80 54 82
| |
|80+ 92|56+ 55|86k 28
(3] Noon 2eM. | R it e 90 =
|12.30 P.M.| 2P R o e e 04

In case 4(b) the endogenons porphobilinogen clearance and the
inulin clearance were measured simultaneously.

R, reenmbent, 8, standing,

give concentrations in the same range as that of the specimens of
urine and plasma to be tested. The densities of these standard
agqueoug and plasma solutions when treated with Ehrlich's reagent
were measured at 552 mp on a 'Unicam' spectrophotometer (S.F.500),
and caiibration curves were drawn, the spectrophotometric readings
being plotted against known concentrations of porphobilinogen in
water and plasma.

The urine in each case was diluted 25 - 100 times with
digtilled water. It was therefore considered permigsible to
measure the porphobilinogen content of this very diluted urine by
the calibration curve of the standard agueous porphobilinogen
solutions. The porphobilinogen contents of patients' plasma were
likewise calculated from the calibration curve of the standard
plasma~porphobilinogen solutions.

The specimens of urine and plasma were examined for their
porphobilinogen content within half an hour of collection; before

the determination they were stored at 2°C.
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* Urea was determined in blood by the method of Van Slyke
and Cullen (Hawk et al. 1947). Urinary urea was determined by
the hypobromite method (Harrison 1947).

® Creatinine The methods deseribed by Hawk et al. (1947)
were used for plasma and urinary creatinine.

Inulin clearance The method used for this was essenti-
ally that deseribed by Higashi and Peters (1950). I must thank

]

Dr. E. J. Ross for guidance and assistance in this procedure.
Results

The results of these experiments are summariged in the
table. The mean plasma-porphobilinogen concentrations in Cases
Ly, 25 35 jandidla) were 4.0 L 0, 1.0.% 0.2, 0.6%:0:3, and 1.3 2
0.2 mg. per ml., respectively.

The mean endogenous porphobilinogen clearances of all the
patients when recumbent, corrected in each case to 1.73 sq. m. of
body-surface area, was 106 X 28.4 ml. per min.

Discussion

The results suggest that, in thesé patients, endogenous
porphobilinogen was filtered by the glomeruli and not exereted or
reabsorbed by the tubules to any significant extent. Creatinine
and inulin are known to be entirely excreted by glomerular
filtration. In Cases 3 and 4(e) the simultaneous renal clearances
of creatinine and endogenous porphobilinogen were similar. This

similarity was less obvious in Case 1. The simultaneous renal

% I must thank the department of Clinical Pathology, University

College Hogpital, London, for these determinations.
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clearances of inulin and endogenous porphobilinogen in case 4(b)
were similar. The mean of the corrected porphobilinogen clearance
of all the patients when recumbent (106 * 28.4 ml. per min.)
compared favourably with the figure recorded by Smith (1951) for
glomerular filtration-rates obtained in mixed groups of males and
females (116 * 28.1 ml. per min.).

The results of the influence of posture on the renal
clearance of creatinine, urea, and porphobilinogen in Case 3
require comment. Brun et al. (1945) recorded that glomerular
filtration, measured by inulin clearance, and renal plasma flow,
measured by diodone clearance, became lower when the reclining
posture was changed to the passive erect posture, and then roge
to their former levels when the patient resumed the reclining
posture. These changes took place within 15 - 30 minutes of the
change of posture. White and Rolf (1948) and Epstein et al.
(1951) confirmed this influence of posture on inulin clearance,
and Ni and Rehberg (1931) and White and Rolf (1948) showed a
similar effect on the renal clearance of creatinine. On the other
hend, Vier et al. (1951) did not find any influence of posture on
creatinine clearance.

The renal clearance of endogenous porphobilinogen in Case
3 was somewhat higher in the reclining position than in the erect
position, and the simultaneous urea and creatinine clearances
showed a similar effect. These observations do not clarify fully
the role, if any, of the renal tubules in the excretion of endogen-
ous porphobilinogen, since the clearance of urea, which is slightly

reabsorbed by the tubules, and of diodone, which is excreted by the
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tubules, are also influenced by changes of posture. However, the
close correspondence between the changes in porphobilinogen and
cregtinine output suggest a closely related mechanism of excretion.

It has been suggested that, in experimental porphyria
in the rat, porphobilinogen is formed in the liver and not at an
extrahepatic site. 1In acule porphyria in man porphobilinogen is
found in the same tissues as in experimental porphyria in the rat -
i.e. liver, kidney, and plasma. In addition the mechanism of the
renal clearance of porphobilinogen in acute porphyria in man appears
to be the same as in the rat. This suggests that the reasoning
that porphobilinogen is formed in the liver in experimentel porphy-
ria in the rat is valid for acute porphyria in man.

Porphobilinogen is a substance of low molecular weight
(226) and is pharmacologically inactive; it can be easily and
accurately measured in very small concentrations in urine and
plasma. After its injection into rats a maximal recovery of 79%
was obtained, of which 75% was found in the urine, while the
slight increase of urinary porphyrins reflected a 0.1% conversion
of the injected porphobilinogen. Possibly this substance or one
closely allied to it might provide a suitable tool for the deter-
mination of the glomerular filtration-rate.

The fact that some patients with latent porphyria and
acute porphyria in remission may excrete large quantities of por-
phobilinogen in the urine while they have a determinable plasma-
porphobilinogen level should be remembered when an attempt is being
made to assess the progress of a case of acute porphyria. It is

also clear that clirniecal interpretations of changes in urinary



output cf porphobilincgen must take into account changes in renal

function as well as changes in the production of porphobilinogeﬁ.

For example, a decressed outpul of porphobilinogen can mean either
that the patient is getting over his acute attack of porphyria or

that his condition is worsening because of renal failure, with,

of course, & lowered glomerular filtration-rste. Plasma-porpho-

bilinogen levels and clearance determingtions can be used to

distinguish between these two possibilities.
SUMMARY

LS Porphobilinogen has been administered parenterally and
enterally to rats. After parentersl injection, porphobilincgen
wag rapidly and mainly excreted in the urine. Small smounts were
excreted in the faeces. After enterel adminigtration, only small
amounts were slowly excreted in the urine. Most of it was passed
unchanged in the faeces. The porphobilinogen excreted in urine
was identical chromatographically with that administered.

2. A calculation of renal clearance of porphobilinogen in
the rat suggests that porphobilinogen is mainly excreted by
glomerular filtration without significant reabsorption.

<35 A small but significant rise of coproporphyrin III, as
well as the excretion of some urcporphyrin III, was noted in rat
urine after parenteral injection of porphobilinogen. There wes
no significant change in faecal porphyrin excretion after enteral
or parenteral administration of porphobilinogen.

4 Aercbic incubation in vitro at 37° of porphobilinogen

with gastro-intestinal contents of a rat showed no evidence of
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conversion of porphobilinogen into porphyrins.

5. Porphcbilinogen was nct found in the liver when rats were
killed shortly after its enteral or parenteral adminigtretion, nor
was it found in the liver of a rat after subcutanecus injections
of porphobilinogen every half-hour for 20 hours, during which time
a high plasma porphobilinogen concentration was maintained.

These findings suggest that the porphobilinogen found in the 1ivgr
of a rat with experimental porphyria ig in fget formed there and
is not transported by the blood stream to the liver from an extra-
hepatic site.

6. The relevance of these results, obtained in the rat, to
hunen scute porphyria, is discussed.

T Renal clearance has been gtudied in three cases of acule
porphyria and in one case of latent porphyria.

8. The results suggest that endogenous porphobilinogen is
excreted in man by glomerular filtration without appreciable
tubular resbsorption. The significance of this finding is

discusged.



PATHOGENESIS AND ORIGIN OF CLINICAL MANIFESTATIONS



8. PATHCGENESIS AND ORIGIN OF CLINICAL MANIFESTATIONS

Since the early descriptions of acute porphyria, there has
been speculation on its pathogenesis and the mechanism of the
causation of symptoms. Harley (1890) considered that there was
an guto-intoxication due toc faulty oxidation of a urinary pigment.
In his discussion on sulphonel-induced porphyria, Stokvis (1895)
postulated that the drug caused haemorrhages into the mucous
membranes of the alimentary canal and that the blood pigment, so
released, was converted to porphyrins. On the other hand, Oswald
(1895) suggested that sulphonal affected the adrensls, which at
that time were thought to be concerned with the degradation of
haemoglobin, Thig effect, he believed, led to such an accumulation
of the decompogition products of haemoglobin, which he considered
to be porphyrins, as to seriously affect the nervous system and
cause death. Later, Barker and Estes (1912), on the bagis of a
post-mortem examingtion, postulated that gastro-intestinal
dilatation was the primary condition which caused a toxaemia.
Snapper (1922) performed 2 autopsies on cases of acute porphyria
and found tuberculosis of the retroperitoneal lymph glands in one
end an infected hydronephrosis in the other. He then suggested
that the colic and paralysis were caused primarily by a chronic
poisoning of the retreperitoneal nerve plexuses. Garrod (1923)
considered that patients with congenital porphyria lack an enzyme
which is responsible for one of the stages in the conversion of
blood pigment into bile pigment. Several authors claimed that

porphyrins may influence isolated strips of animal intestine or
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uterus (Gunther 1922, Supniewski 1927, Reitlinger and Klee, 1928,
Simiei, 1938, and Vamnotti 1954). These pharmacoclogical studies
seemed convincing proof (Cerrie, 1936) that the substances,
causative of symptoms in the human disease, were the porphyrins.
Berg (1945) suggested that the porphyrins produced a block in
neurocmuscular transmission. Waldenstrbm however (1937, 1939) cast
doubt on the view that symptoms were caused by porphyrins but
stressed the importance of vasospasm. He also suggested that
certain pyridine derivetives, possibly formed from the excessive
pyrroles, affected the nervous system. Lowry et al. (1950)
suspected that porphobilinogen or some clogely related substance
was the cause of the clinical manifestations, while Denny-Brown
and Sciarra (1945) considered that the pathological changes in the
nervous system might be caused by an intermittent ischaenmia,
probably due to a circulating vasoconstrictor substance.

The work reported in Section 4 suggested that purified
porphyrins and porphobilinogen are pharmacologically inactive and
also rendered unlikely the suggestion that a circulating vaso-
constrictor substance exists in this disease. Thig interpretation
was strengthened by the production of an experimental porphyria
in animals by the non-hypnotic substance allyl-isopropylacetamide
(Section 6). In this condition the enimals excreted large amounts
of porphobilinogen, but yet showed no clinical similarity to human
acute porphyria, apart from constipation and loss of weight.
Furthermore, porphobilinogen, not porphyrins, is the main excretion
product in acute porphyria. Freshly voided urine contains little

formed porphyrins. This may explain the absence of gross photo-
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gensitivity of skirn in acute porphyria, since photosensitivity is
found in other types of porphyria in which formed porphyrins are
excreted. The darkening of the skin noted in several cases of
the present series may be caused by the simultanecus excretion of
8Laminolaevulic acid (Granick and Schrieck, 1955), which has some
slight photosensitising action (Secott, 1955; Jarrett et al. 1956).

The views on the origin of the clinical manifestations
have therefore been contradictory, but there has been an increas-
ing agreement that the liver is the seat of the abnormal porphyrin
metabolism. Thus Garrod (1900), Neubauer (1900) and Mason,
Courville and Ziskind (1933) supported this view and in 1945, Prunty
found porphobilinogen in the liver of a case of acute porphyria.
This was confirmed by Gray (1950) and Schmid et al. (1954). The
latter classified scute porphyria as being of the hepatic type
(Section 1). The work of the author suggested that the porpho-
bilinogen found in the liver is made there and is not transported
from an extrahepatic site (Section 7).

In 1956, Gibson and Goldberg confirmed the importance of
primary demyelination in this disease. The general distribution
of this pathological change throughout the nervous system (Teble
4 Appendix) suggests that the clinical features may be explained
entirely on a neurogenic basis.

The neurological clinical manifestations are clearly

related to the neurcpathological findings. Thus the demyelination
of peripheral nerves, from post-mortem or biopsy tissues, explains
the limb paralysis. The lesions in the phrenic nerve in Case 32

are related to the respiratory paralysis which occurred in that
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patient. 1In Case 24 ataxia and nystagmus cccurred and foci of
demyelination were found in the white matter of the cerebellum.

Some mental changes were obgserved in Cases 2, 24, 32 and

43 and in each of these perivascular foci of demyelination were
found in the cerebral white matter. It is alsc possible that an
underlying mental instability was brought out by an attack (Glnther,
1922). Spillane (1947) noted that when cerebral demyelination
occurs in subacute combined degenergtion, it is usually found in
patients who have had psychotic manifegtations.

Gastro-intestinal symptoms consist primarily of pain,

constipation, vomiting and diarrhoea. Intestinal spasms alternat-
ing with atonia and dilatation, varying in location, but predomin-
antly in the upper tract, have occasicnally been obgerved at
laparotomy of these patients. They have also been demongtrated
botk by intragastric balloon (Berg, 1945) and by radicgraphy
(Berlin and Cotton, 1950; Calvy and Dundon, 1952). Such effects
may have been caused by patchy demyelination of the preganglicnic
motor fibres that innervate the viscera. These fibres have their
cell stations in the spinal cord and medulla. Retrograde
degenerative changes were found in these nuclei. Demyelination
of the Vagus nerves (Cases 2 and 32) and of fibres of the sympath-
etic chain (Case 32) were also noted. The demyelinating lesions
in these nerves were disseminated patchily and this may have
resulted in an irregular motor innervation of the bowel, which could
cause the gymptoms described above.

Berlin and Cotton (1950) have put forward a similar neuro-

genic hypothesis for the gastro-intestinal features of this disease.
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They point out the similarity of the effects of porphyria and
vagotomy upon gastro-intestinal motility and consider that the
greater involvement of para-sympathetic innervation in porphyria
may be responsible for dilatation and atony as the predominant
functional disturbance. Watson (1954) reported marked relief of
abdominal pain in 1 case after bilateral splanchnicectomy.

Non-gbdominal pain in the limbs and elsewhere may be due

to sensory-fibre damage in the peripheral nerves. The changes in
the posterior spinal root ganglia in the cases of this series were
generally slight and inconstant, but such changes have been des-
cribed by Bostroem (1920), Mason, Courvil;e and Ziskind (1933) and
by Denny-Brown and Sciarra (1945).

Hypertension and Tachycardia The sino-aortic regulation

of blood pressure and pulse rate is an important buffer mechanism.
Pulsatile expansion of the carotid sinus and aorta stimulates the
passage of impulses along the afferent pathways of the medullated
carotid sinus and aortic nerves which join the glossopharyngeal
and vagus nerves respectively. They end in the reticular sub-
stance and the nucleus of the tractus solitarius. From the
adjacent dorsal nucleus of the vagus nerve, inhibitory impulses
are distributed to neighbouring vasomotor centres and also to the
hypothalamic circulatory centres (Kezdi 1954).

It is clear that interruption at any point in this pathway
may block the buffer mechanism and give riée to hypertension and
tachycardia. Changes in the vagus nerves, nucleus solitarius,
the dorsal vagal nucleus and reticular substance have been observed

in Cases 2, 32 and 43 (Table 4 Appendix). Kezdi (1954) has



investigated thig buffer mechanigm in a case of acute porphyria by
observing the effect of stimulation (digital pressure) or block
(procaine) of the carotid sinus region on blood pressure and pulse
rgte. He noted an absence of response in active phases of the
disease and postulated a disruption of the mechanism and a neuro-
genic cause for hypertension and tachycardia.

Thus it is possible to explein all the main clinical
features on a neurological bagis. In view of the pharmacological,
pathological and experimental evidence, such an explanation would
seem more rationel than the others which have been reviewed. It
is suggested therefore that in acute porphyria there is a funda-
mental disturbance of pyrrcle pigment metabolism which has itg
site in the liver. Asscciated with this there may be a related
disturbance in the metabolism of the nervous system, of which
demyelination is the pathological expression. The exact nature
of this agsociation ig not clear. The recent elucidation of the
porphyrin-like structure of Viteamin By, (Bomnet et al. 1955) may
have some relevance, particularly when it is realized that
demyelination of the nervous system may take place in pernicious
enaemia (Spillane, 1947). This hypothesis is illustrated in
Fig. 1. A substance X has been postulated, of which porpho-
bilinogen is a precursor and which is essentisl for the nutrition
of the myelin of the nervous system. 4 metabolic “block" to the
formation of this substance in the liver would lead to an
excessive preduction of porphobilinogen and S:aminolaevulic acid
and also to demyelinstion of the nervous system. It is possible

that a genetically-determined deficiency in a specific enzyme,
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HYPOTHETICAL SCHEME FOR PATHOGENISIS OF ACUTE PORPHYRIA
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Fig,1. Section 8

A substance X has been postulated of which
porphobilinogen is a precursor and which is
essential for the nutrition of myelin, A
metabolic block to the formation of this
substance in the liver would lead to an
excessive production of porphobilinogen and
also to demyelination of the nervous system,



variable in the expression of its severity, might explain the
"block". The intermittent nature of the disease might be related
to the effect of other factors, e.g. endocrine factors, infection,
barbiturates ete., on this abnormally sensitive pathway. In
experimental porphyria in animals neither paralysis nor demyelin-
ation of nervous tissue was found, although much porphobilinogen
accumulated in the liver. This suggeéts that the fundamental
biochemicel lesions in human acute porphyria and experimental
porphyria are not identical.

The role of the barbiturates in this hypothesis requires
particular mention. They appear to be associated with the onset
or the aggravation of the neuroclogical phase of the diseage and
they may precipitate an attack. Barbiturates have their hypnotic
action by inhibiting the oxidative mechanisme of brain tissue and
some of them, at least, influence pyrrole pigment metabolism in
animals. Barbiturates may obtain their adverse effect in acute
porphyria not only by inhibition of the formation of substance X
but also by a direet depression of the oxidation of brain tissue.

The varied clinical features of acute porphyria, as well
as its pathological chemistry, could be explained on the basis of

this general hypothesis.
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APPENDIX
Abbreviation d Notes:
BLR Pulse Rate.
B.P. Blood Pressure.
Hb. Haemoglobin concentration.

R.B.C. Red blood cell count.
W.B.C. White blood cell count.
E.S.R. Erythrocyte sedimentation rate.

C.S.F. Cerebrospinal fluid.

The year (in brackets) and age given at the beginning of
each case history, refer to the year in which symptoms commenced
and the aée of_the patient in that year.

The methods for the determination of porphyrins and
porphobilinogen in urine and tissues have been described in
Section 5. It should be noted that the characteristic excretion
product in acute porphyria urine is porphobilinogen. The urinary
uroporphyrin concentrations, recorded in some of these cases, were.
estimated after hegling the urine for 20 minutes with a pH 4.2

acetate buffer, which converts much of the porphobilinogen to

urcporphyrin,
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Mrs. E.H. Age 24 years (1953) Filler in fireworks factory

Case No.l

Five days after the birth of her first child, in December
1952, this women had an attack of severe colicky sbdominal pain
lasting a few hours. The child died one month later from
bronchopneumonia. In May 1953 she had an attack of severe
abdominal pain, diarrhoes and vomiting, with aching pains in her
limbs and a feeling of weakness. This lasted for 3 days. She
was well wntil 27/10/53 when she developed a chill and with this
she had colicky abdominal pain, diarrhoea and vomiting; she was
sleepless and nervous. She was admitted to Livingstone Hogpital
on 5/11/53 when phenobarbitone gr. % t.d.s. and sodium amytel
gr. 3 was given deily for the next 5 days. During this period
she developed weakness of arms and legs and numbness of forearms
and hands. On 10/11/53 she wag transferred to Joyce Green
Hogpital, Dartford, Kent, where red urine was noted for the first
time. On exemination she was afebrile. P.R. 110-120/minute.
B.F. -:%:—g . There was marked loss of power in g1l muscle groups,
especially proximals, hypo-algesia and hypo-aesthesia from
fingers to middle of upper arms and from toes to middle of thighs,
bilateral facial nerve weskness, difficulty in swallowing and
coughing.,  W.B.C. 24,000/cmm. Hb. 13 Gk. C.S.F. normal.
Serum electrolytes showed low serum scdium and chlorides and
slightly raised blood urea (Table 1). Liver function tests
(Table 2). Urine porphobilinogen +++  She became incontinent
of urine and faeces, was semi-conscious and had Cheyne-Stokes

respiration. Died 11/11/53. P.M. (Dr. N.P. Orchard). Early



bronchopneumonia of lower lobes. Recti abdominis showed area of
degeneration and foci of round cells. Marked degeneration of
Purkinje cells of cerebellum. The anterior horn cells at all
levels of the spinal cord showed degenerative changes. Chemical
pathology of tissues (Table 3).

Summary 3 attacks of increasing severity following birth of
first child. In the final fatal attack she was given
barbiturates and developed neurological manifestations. lote

diarrhoea, not constipation, as accompaniment of abdominal pain.

Mrg., L.B. Age 52 years (1953) Housewife Case No. 2

This patient was admitted to Mile End Hogpital, London,
on 4/6/53 because of morning vomiting and general nervousness of
6 weeks' duration. Examination on admission showed only hyper-
tension (B.P. %ﬁg) and obesity. She was given phenébarbitone
gr. & b.d. on a few occasions. 12 days after admission
(16/6/53) she began to complain of severe epigastric pain and
vomiting., There was scme tenderness in the epigastrium but no
rigidity. The same day an intravenous pyelogram was carried
out ("pyeloselectan" 20 ml.) and after this she felt much worse.
Seconal gr. 6 was given in a B.P. gedation test and the same dose
of this barbiturate was repeated next day. At this time she was
noisy and was behaving strangely. She continued to have pains
in the abdomen and also in the back and upper thighs. She

became very constipated and was incontinent of urine at times.
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Plate I. (Appendix).

Gall stone of Case 2.
This fluoresced markedly and contained
coproporphyrin III and a trace of uro-
porphyrin.
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On 27/6/53 she passed dark red urine, containing porphobilinogen
and uroporphyrin, determined later as the series III isomer type.
Examination on that day showed absence of ankle and knee tendon
reflexes and generalized loss of pin-prick sensation. She hed
a flaccid quadriparesis and generalized numbness. Her B.P.

150

fell to 100 and her P.R. rose from about 80/minute to 100/mimute.

She remained afebrile. W.B.C. 7,100/cmm. E.S.R. 8mm/hour.

Hb. 13 G%. Blood urea rose from 38 mg.% on admission to 92 mg.%.
Urine contained no protein. She became dyspnoeic with bubbling
respirations and died on 30/6/53.

P.M. showed left-sided heart failure. Pulmonary haemorrhagic
oedema. The gall-bladder contained a large pigment stone, the
shape of a walnut (see Plate 1) 3.2 x 2.5 cm,, 12.2 g. in weight.
Chemical analysis of the stone showed the following: Bilirubin
15% net weight; celecium 0.1% net weight; porphyrin 0.05% net
weight. The porphyrin content was almost entirely copro-
porphyrin series III, although a trace of uroporphyrin was
discovered by means of paper chromatography. The chemical
pathology of post-mortem tissues is described in Table 3.

Summary Solitary fatal attack occurring in a woman of 52 with
marked hypertension, possibly essential hypertension. Two

seconal sedation tests may have precipitated the onset of

neurclogical symptoms.
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Miss M.M. Age 25 years (1952) Bakery Assistant Case No. 3

This patient was first admitted to Stobhill General
Hospital, Glasgow, on 1/12/52 with a history of severe colicky
abdominal pain and voemiting of 4 days' duration. The pain
started in the epigastrium and moved to the right iliac fossa.
She described it "as if someone was tearing my inside out'.
Exemingtion showed tenderness in the right iliac fogsa. The
pain continued intermittently for 5 weeks and she discharged
herself from hospital on 9/1/53 although she felt then that her
(R) arm was becoming weaker. During this admission ghe received
sodium amytal on at least one occgsion. She was re-zdmitted on
15/1/53 with abdemingl pain and severe pain in her knees, hips
and shoulders. There was marked weakness of her arms and legs
and slurring of gpeech. Porphobilinogen and uroporphyrin
(15 mg./24 hours at meximum) were then found in the urine. She
was given a course of 4.C.T.H. from 26/1/53 to 12/2/53 (total of
340 mg, A.C.T.H.). She improved during this period but it was
difficult to agsess the influence of A.C.T.H. gince daily
uroporphyrin determinations had shown a downward trend, even
before A.C.T.H. was commenced. In the next few months there was
a marked improvement in the power of her limbs and by 18/5/53
they had almost recovered, spart from some persistence of wrist
drop. During this time she had occasional pain in the scapular
region and in the abdomen. On 30/7/53 she was discharged to a
convalescent home where she continued to get better.

She was repeatedly re-admitted to hospital for R-3 weeks

cach time from September to December 1953 because of abdominal
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pain and vomiting. Finally on 12/7/54 she was re-admitted with
abdominal pain, vomiting and slight weakness of her legs. She
was found to be 7% months pregnant. She was given pethidine in
large doses for her pain and gave birth precipitately to a live
male infant on 15/7/54. Several hours later she had a generalized
epileptic convulsion lasting 4 minutes. In the next 5 days she
had 1-4 fits each day. She developed a hypechloraemic alkalosis
(Table 1) and her blood urea rose to 268 mg.% before death
despite replacement therapy. She developed hypertension (B.F.
%%%) for the first time since her illness. B.R. rose to lDQ/
minute. Urine contained protein. DMentglly she was apathetic
and withdrawn. She remained afebrile but died 27/7/54.

P.M. showed basal consolidation of both lungs. Serum elsctro-
lytes during final admission (see Table 1). Liver function
tests (see Table 2). For chemical pathology of tissues see
Table 3.

Femily History Her sister has porphobilinogen in her urine.
The infant passed porphobilinogen in his urine for 2 days after
birth.,

Summary A series of attacks lasting 20 months, the final fatal
outcome oceurring 10 days after the birth of a 74 months foetus.

Epilepsy, hypertension followed the birth of the child.



156

Mr, R.G. Age 22 years (1944) Labourer Case No. 4
He was first admitted to hospital, while in the R.A.F.
in 1944, because of severe colicky abdominal pain and constip-
ation., VWhile in hospital he developed pains in the legs and
paraesthesiae of feet and aglso became hallucingted, e.g. he said
that there were birds in the bed and thousands of them in the
ward. His legs, and later his arms, became weak but there was
never any sensory loss. He was discharged from the R.A.F. and
between 1945 and 1948 he had many attacks requiring 11 admissions
to the Ayr County Hospital and 6 admissions to the Western
Infirmary, Glasgow. In these hogpitals the same kind of attack
as above was recorded. In most attacks vomiting occurred. 1In
the severest phase of abdominal colic his abdomen was noted %o
be rigid. Marked tenderness of thigh and calf muscles was found
on several occagionsg and the knee tendon reflexes were transiently
diminighed. Mental confusion and hallucinations were repeatedly
present. Skin infections were common and in cone episode
(September, 1948) a (R) lower lobe pneumonia occurred. The
attacks usually lested a few days to one month. There was
always marked loss of weight during his attacks. His last major
one was in September 1950. He was seen in 1952 when he stated
that he still got mild attacks of sbdominal discomfort lasting a
few hours, every 3-4 months. Afebrile during all attacks except
when he had pneumonia. B.P. in gevere attacks rose to %%g and
pulse rate to 130-150/minute. E.C.G. normal. Hb. 15.5 G%.
R.B.C. 5.46 million/emm. Reticulocyte count 2%. W.B.C.

5,400/crm.  Liver function tests (see Table 2).
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Treated with I.V. calcium gluconate, saline or glucose saline.
Eucortone or DOCA and Vitemin B therapy had no apparent benefit.
Summary A series of severe atlbacks with abdominal and neuro-

psychiatric manifestations over a period of 6 years.

Mrs. G.W. Age 24 years (1955) Housecwife Case lo. 5

This young woman was admitted to Grantham and Kesteven
General Hogpital on 29/3/55 because of weakness, constipation,
vomiting and lower abdominel pain of 10 days' duration. The
pain was usually a dull ache in the (R) iliac fossa, sometimes
rediating to the (L) iliac fossa. She had lost some weight in
the past few months and had been admitted to this hospital 4
years previously with pain in the (R) iliac fossa. B.P. %g% ’
P.R. 99-100/minute. Temperature 99°F. She was discharged
after 1 week.

She was re-admitted 6 weeks later, on 25/5/55, because
of the recurrence of symptoms in the previous 3 weeks. There
was tenderness on deep pressure low in the (R) iliac fossa.
W.B.C., 19,000/cmm. She was given sodium amytal on 2 occasions
and later complained of numbness of her legs, abdomen and
shoulders. There was diminished pain sensation on the skin of
the sbdomen and lower limbs. Started on cortisone 25 mg./6
hours with marked improvement. Discharged 28/7/55. Re-
admitted 10/9/55 with recurrence of pain 5 days previously, as

well as marked frontal headaches, associated with photophobia.



Given soneryl on night of admission and for 3 nights thereafter
and gtarted on cortigone, 25 mg. b.d. next day. 3 days after
admission reddish urine was noted and a diagnosis of acube
porphyria was made. She was given atropine, belladonnea and
pethidine. She was also given neostigmine 2 days before death.

Her doctor felt that the atropine relieved her pain. She
developed atbacks of tachypnoea (40/minute) on 9/9/55. W.B.C.
45,300/crom.  There was some moist r8les in her chest. 2 days
later marked muscle weakness and wasting was noted, particulerly
in the extensors of the wrist. The tendon reflexes of arms and
legs were absent. There was a deterioration in her general
condition on 22/9/55. She was breathing rapidly and was slightly
cyanogsed and later that day she died.

The patient was "emotional" during her last admigssion
and became disorientated prior to death.

She was given cortisone 25 mg. g.i.d. 13-15/9/55. Her
hugband thought her symptoms became worse at the time of
menstruation. She had delivered a normal child 2 years prior
to her final illness. Urine:protein negative,micro. N.4.D.
E.S.R. 8 mm/hour. Hb, 105%. Urine porphobilinogen +#+ .

Family History HNone of note.

Sumnary 3 increasingly severe attacks within 6 months occurring
in a young woman of 24 years. In the first attack gastro-
intestinal symptoms only occurred; in the second paraesthesiae,
and in the third and fatal attack paralysis occurred. The
second and third attacks were associated with barbiturate

adminigtration. Normal pregnancy and delivery 2 years previously.
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Mrs. J.8. Age 23 years (1954) Canteen Agsistant Case No. 6

This woman was admitted 22/9/54 to the General Infirmary,
Saligbury, because of abdominal pain and vomiting. She had had
amenorrhoea for 3 months prior to this and she had been given
sulphonamides and bubobarbitone as treatment for 1 week before
admisgion. In hospital she was nervous and in pain. B.P. lgg
P.R. 76/min., Temperature normal. Hb. 14 G¥. W.B.C. 6,900/
com. 5.S.R. 26 mm./hour. (Westergren). Urine porphobilinogen
120 mg./litre. Urine: protein negative. The pain gradually
settled and it was noted that she had a mass in her (R) fornix.
A disgnogis of tuberculous endometritis was made on histological
evidence and she was later treated with streptomycin end P.A.S.
(para—smino-salicylic acid). She did not develop neurological
manifestations and she had no further symptoms for 16 months
after the attack, although she continued to excrete 26 mg.
porphobilinogen/litre urine during remission.

Previous History Appendicectomy at 16 yeers. At 21 years while

in the Middle East she developed malaria and reported to her
doctor that she could not feel her (L) leg. He could find no
clinical abnormality and the limb soon returned to normal.

Family History Not known.

Summary A solitary attack associated with tuberculous

endometritis in a young woman of 23 years.



Mr. W.J.S. 38 years (1950) Brewery Traveller Case No. 7

Since 1950 he heas had 4 abttacks of abdominal pain,
voniting and neuropsychiatric symptoms, each atbtack following
an alcoholic bout.

1950 Nervous, irritable, numb feelings at back of head, hands
and legs, anorexic, colicky abdominal painanivomitiﬁg. Passed
red urine. On examinagtion epigastric tenderness, sluggish
reflexes.

May 1953 He had a similar attack as well ag lumbar pain
radiating to shoulders, following an excess of gin drinking.

On this occasion he complained of great muscle weaknegs in all
his limbs, particularly in the upper limbs. P.R. 100-120/min.
Tendon reflexes barely elicited. No sensory loss. C.S.F.
normal. Hysterical throughout admission. Given seconal,
sodium amytal and soneryl on various occasions throughout stay
in hogpitel. Given ancuryn HCl, and nicotinamide.

Discharged July 1953.

dpril 1954 He had improved since his last admission to
hospital but 3 weeks before this admission he had drunk a good
deal. A gimilar attack occurred with the additionagl symptoms
of thick speech, diplopia and diarrhoea as well as constipation.
Examination showed sbsence of tendon reflexes except biceps;
nystagmus in all directions. B.P. %%g . Grade II retinopathy.
C.S.F. normal. Urine gave a strong Ehrlich's aldehyde reaction.
Childlike mental behaviour. Memory loss, disorientation. He
became very much improved in 2-3 weeks. During this period he

was given seccnal, membutal and vercnal end at the time of his

160



161

discharge he continued to have seconal gr. 13 nocte.
Treatment as before.

November 1955 He remaired well until 4 weeks before this 4th

admission to hospital. He had again been drinking to excess
and hed started teking sodium amytal nightly, and noted that his
urine had become red. HMarked difficulty in walking. Unable to
eat unaided. Limbs hypotonic. Tendon jerks gbsent. Coarse
nystagmus. P.R. 100-120/min. Emotionally labile, hysterical
behavicur. Porphobilinogen discovered in his urine _ana
diagneeis of acute porphyria esteblished. Treated with Vit. B
therapy as before. Barbiturates discontinued. Gradual
improvement after sbout 2 weeks. Muscular power improved.

B.P. returned to normal, fundi normal and his mental condition
greatly improved.

On an exemination in April 1956 he was completely normal
apart from residual weskness of both wrigts and small muscles of
his hands.

Liver function tegts on his several admigsions showed scme
ebnormelities, e.g. thymol turbidity 3-4 units, cephalin
flocculation + to +++ (Table 2). W.B.C. usually about 6,000/
com.  E.S.R. 5 mm./hour.

Family History Nil of note.

Swmary Four attacks of abdominal pain, vomiting and neuro-
psychiatric symptoms of increasing severity asscciated with

glecholism and to scme extent with barbiturate intake.
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Mrg. P.I.A. 30 years (1953) Housewife Case No. 8

‘This wceman was adnitted in December 1954 to Lincoln
County Hospital with periumbilical pain, recurrent vomiting and
heedaches of about 1 week's duration. She was constipated for
/, deys before admission. B.P. %—% + P.R. 130/min. E.S.B.
11 mm (Westergren). Hb. 15.5 G&. W.B.C. 11,600/cmm.
Urine prophobilinogen 113 mg./24 hours. Serum cholesterol
322 mg.f. She was gpathetic, drowsy and in pain for 1-2 wecks
but rapidly recovered. During the acute attack she had a
series of epileptiform attacks without focal onset. B.P.
returned to 1478 . Discharged 7.1.55. Trested with pethidine,
atropine and morphia with beneficial results. Since then until

May 1956 she has had no symptoms.

Family History See Family 1 and cases 9 and 10.

Summary  Solitary attack with abdominal symptoms, hypertension

and epilepsy.

Mr, D.C. 26 years (1955) Driver Case No. 9

Admitted to Lincoln County Hospital 4.1.55. because of
severe abdominel pain, nauses, flatulence, vomiting and constipa-
tion of 3 days' durstion. The pain was dull and aching, mainly
periumbilicel, but going through to both loins and back. No
loss of weight or parsesthesise. Slight tenderness over right
rectus abdominis muscle and in both loins. B.P. 145 (normal in

105
remigsion 183 ). P.R. 70/minute. Urine contained trace of
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protein. Haematological examination, normal except W.B.C. 12,600/
cmm, Liver function tests, normal (Table 2). Urine contained much
porphobilinogen. No neurclogical signs. Skin wes unusually pig-
mented.  Symptoms gradually settled in & days end he was
discharged from hospital on 20.1.55. Treated with pethidine and
atropine gr.i%E, both of which helped him. He was well until
26.7.55. when he was admitted to hospitel for a tendon and digital
nerve repair cperation following an arm injury. As an

anaesthetic he was given I.V. thiopentone, gas and oxygen. Two
days later he had severe periumbilical pain, vomiting, genersl
malaise and constipation. There was some tingling in the (L)

calf, and occasional difficulty in starting micturition but no
neurclogical signs. This cleared up in a few days and he was
discharged 2.8.55. He has been well since then.

Fanily History See Famiiy 1 and Cases 8 and 10.

Summary One attack with abdomingl pain and hypertension., A
second attack followed an operation, for which I.V. thicpentone

was given.

Migs R.A. Age 11 years (1955) Schoolgirl Case No. 10

She was seen in lNovember, 1955, because of a family
history of acute porphyria. She had been complaining at
intervals of slight pains in the loins, for about 1 year. In
October 1955 she had some subcostal pain - slight and quite

transient. She had never had any really acute abdominal pain or
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vomiting, headache or constipaticn. Mengtruation had not
comnenced. Urine porphobilinogen 29 mg./litre. Urine 3% years
previously contained no porphcbilinogen.

Femily History See Family 1 and cases 8 and 9.

Sumary Transient lcin and subcostal pain end porphobilinogen-

uria in g child of 11 years.

Mp, W.F.A, Age 23 years (1954) Porter Case No. 11

Thig men was first admitted to the North Middlesex
Hospitel, London, on 15/1/54 with central abdominal colicky pain,
loss of appetite, nausea and vomiting of 24 hours' duration.
There was some tenderness in the lower abdeomen particularly on
the right but no guarding or rigidity and some rectal tenderness
on presgure to the right anteriorly. B.P. iég. A laparotomy
was performed and a normal agppendix was removed. He continued
te have pain and also camplained of weakness cof his sbdominal
muscles and lower limbs and became nervous end irriteble. e
was treated with uwltre-vioclet light and improved. In June 1954
he developed nausea, enorexia, vomiting and complained of pains
in his limbs. He was anxious and miserable. He was given
phenobarbitone gr. + on 5 occasions while at home. On 15/6/54
he was admitted to Claybury Hospital with general weakness and
paing in hig 1imb muscles. Temperature 100°F, P.R. 95-120/
minute, B.P 180

L] - 115 .
abdomen and flexures of his arms. He was given sodium amytal

There was a peculiar pigmentaticn of the
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gr. 3 on 12 occasicns. For a short time he had sugar in the
urine and a mild diabetic glucose tolerance curve. He beceame
incontinent of urine and unruly, developed nystagmus, analgesia
of the (R) arm and leg, and diminished (R) knee and ankle tendon
reflexes. There was fine tremor of all his muscles and his
speech became slurred. His behaviour became childlike. Urine
(8/7/54) contained protein and granular casts. Blood urea 144
mg. %.

He was re-admitted to the FNorth liiddlesex Hospital on
15/7/54. In view of the marked muscle weskness, including
bilateral wrist-drop, and myassthenic appesrance, he was given a
course of prostigmine but this had no obvious effect. He made
sloy but steady improvement end beceme more co-cperative. By
3/8/54 he could welk unsupported and he insisted on teaking his
discharge. His urine contained large quantities of porpho-
bilinogen. Hb. 13 G%. R.B.C. 5 million/emm. W.B.C.

10,000/ cam.

Summary 2 attacks in a man of 23. In the first, with gastro-in-
testinal symptoms, an appendicectomy was performed. At the

onset of the second he was given barbiturates and then developed
severe neuropsychiatric manifestations. Myasthenic sppearance

but no response to prostigmine.
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Mrs. S.C. Age 28 years (1951) Housewife Case No. 12

Between August, 1951, and March, 1953, this woman has had
about 1l attacks of abdominal pain, vomiting, constipation, pains
in the neck and thighs, often with ioss of power of hands and
arms and scmetimes of legs and voice. These atbacks came on
several days before her menstrual pericd and would only alleviate
1-2 weeks after her period. Her longest remission was between
May, 1952, and Jenuary, 1953, during which time she was on methyl
testosterone. Her normgl B.P. is l%% but with onset of

ebdominal pain there was usuelly a rise, e.g. }ég . Afebrile.

20
Mentally, she showed no abnormelity apart from ilight depression
during phases of paralysis. There was no higtory of taking
barbiturates. Since March 1953 she has made considerable pro-
gress. There has beenlno further attack since then. The urine
contained much porphobilinogen and uroporphyrin, during these
attacks. The urinary uroporphyrin on 16/3/53 was 7.8 mg./day.
Further records - Hb. 13.1 g.%. W.B.C. 6,400/cmm.

E.S.R. 16mn/hour (Westergren). Given courses of cortisone and

A.C.T.H. without obvious benefit.

Family History Her sister had a similer attack 4 years

previously in the early monthg of her pregnancy. The urine was
not tested.

Summary Repeated attacks for 2 years with gastro-intestinal and
neurclogical symptoms. No history of barbiturate intoxication.
Attacks associated with onset of menses. Improvement with methyl

testostercne adminigtraticn. Cortisone therapy without benefit.
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Misg J.M. Age 32 years (1953) Storekeeper Case No. 13

This woman was admitted to the Southern General Hospitel,
Glasgow, on 11/3/53. 3 weeks before admission she developed
pain and numbness with swelling on the (L) side of her face.

3 days before her admission she suffered severe pain in the lower
abdomen, vomited and was constipated. During the first 3 weeks
of her stay in hogpital she became weaker and wasted. She
first complained of weakness of the (R) arm then also of the

(L) arm and legs. Examination showed muscular wasting, around
the shoulder joints, hips and thighs. There was absence of
pin-prick sensaticn over the trunk and proximal portion of the
limbs. Afebrile. B.P. %—.:é'gi throughout attack. P.R.
120/minute. There was slight tenderness in the abdomen, but no
guarding. There was no mental abnormality. A course of
cortisone was given to her from 3-21/4/53. During this time
she improved greatly and she was discharged on 7/5/53 in a fit
state. Information from this patient on 4/8/54 states that

she has kept very well, and has no abdominal pain or muscle
weakness.

Further records - the urine contained much porpho-
bilinogen and porphyrins. Hb. 13 G%. R.B.C. 4.8 million/cum.
W.B.C. 6,800/cim. There was no history of taking any drugs
apart from occasional vegaenin before admission to hogpital.
Sumnagry A neurological form of the disease with no history
of barbiturate ingestion. Improvement asscciated with

cortisone therapy.



Plate 2(a). Appendix.

Cagse No. 1l4. Wasting of hand muscles.
Thenar muscles are obviously affected.
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Mr. L.F. Age 2/ years (1953) Pogt Office Technician Case No. 14

This young man was admitted to Wanstead Hospital, London,
in April 1953 because of colicky abdominal pain congtantly present
for 3 weeks. Shortly before the onset of the pain he had a
boil on (R) forearm, abscesses of (L) elbow and gum and a poiscned
finger. His own doctor had given him 2 tablete of son2lgin:each
night for about 2 - 3 weeks before his admission to hospital
in order to make him sleep. A diagnosis of acute porphyria
was made since the urine contained much porphobilinogen. His
syuptoms subsided and he was discharged. He was re-admitted
on 1/6/53 with marked weakness of upper and lower limbs,
abdominal pain, vomiting and constipation. His legs and arms
became paralysed with absence of all tendon reflexcs
and - pinprick semsation. This state continued for
several months but he gradually improved and was able to walk and
use his arms. He was discharged on 21/12/53. When seen on
27/7/54 he still had some degree of wrist drop and foot drop and
wasting of thenar, hypothenar and interossei muscles of both
hands (Plates 2, a and b). In August 1954 he still had
occasionel cramps in his calf muscles and still felt that the
skin of his legs was very sensitive. On 27/7/54 he excreted
193 mg. porphobilinogen/litre of urine. There was no mental
abnormality during his attack, although he admits that he felt
like committing suicide when the pain was very severe.

Further records - B.P. %’. P.R. 90/minute.
Hb. 16 G%. R.B.C. 5.5 million/ecmm. Reticulocyte count 0.5%.

Urine - protein negative.



Plate 2(b). Appendix.

Case No., 14. Wasting of hand muscles.

Interossei notably affected.



Surmary Multiple skin infections and barbiturate administration
followed by gastro-intestinal symptoms.  Severe neurologicel
phase of the disease engved later. KAlmost complete recovery of

motor power within 1 year.

Mrs. M.B. Age 56 years (1952) Housewife Case No. 15

This woman was admitted to University College Hospital,
Londen, on 6/7/52 with severe pain in the back and legs and
tiredness and lassitude for 4 weeks. In the previous 2-3 weeks
her appetite had become poor and she was congtipated. For 10
days she had had attecks of mid-abdominal pain and vomiting and
noted that her urine was dark. She had been taking pheno-
barbitone gr. & b.d. for the past 12-18 months and sodium amytal
gr. 2 or 3 nightly for 10 days before admission.

Exgmination showed that she was co-operative but rather
drowsy and slow in response to questions. Temperature 98.4°F.
E.S.R. 5 mm/hour. P.R. 100-120/minute. B.P. %_% . hpart
from diminished pin-prick sensation and weakness in both legs,
the examingtion of the nervous system was normal. The abdomen
was flaccid and there was tenderness in the (R) hypochondrium
and in both renel angles. The urine contained much porpho-
bilinogen and 4.36 mg. urcporphyrin/day. The pain was relieved
by pethidine and in a few days she became brighter and very co-
operative. Her legs became stronger and her pulse rate fell to
90/minute. In 1 week's time her urinary uroporphyrin had fallen

to 0.77 mg./day. She was discharged on 19/7/52 and warned

169



FAMILY 2. +[A +@
Case 15. | |
I | |
58 +A 510 567' @

56

24




against taking barbiturates.

She reported on 29/7/54, 2 years later, that she was
feeling much better and had had no symptoms. Her urine then
did not contain porphobilinogen.

Further records - Hb. 14 G%. W.B.C. 8,600/cum. Blood
urea 27 mg.%. Urine contained a trace of protein. Liver
function tests (see Table 2). Stool porphyrin - Coproporphyrin
150 wg./g. dry weight. Protoporphyrin 285 pe./g dry weight.
Total blood porphyrin 27 4g./100 ml. of blood (normal).

Femily History Her eldest son had porphobilinogen in his urine.

This was confirmed by paper chromatography in 1954. There was
no porphobilinogen in his urine 2 years later. See Family 2.
Summary Onset of an attack after prolonged ingestion of pheno-
barbitone and sodium dmytal in a woman of 56 years. She had no
porphobilinogen in her urine 2 and 4 years after her attack.

Her son is a latent case.

Mr, S.G.H. Age 59 years (1951) Foreman clegner Case No. 16

This man was admitied to Whittington Hospital, London, on
10/4/51. For 4 days he had complained of persistent colicky
epigastric pain, vomiting and constipation., The day before his
admigsion he had become incoherent and repétitious in his speech
and could only see dimly. While he was being adnitted to
hogpital he had a sudden epileptic fit, Jacksonian in type.

This began with clonic movements of the (L) arm, then (L) leg
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and finally both sides of the body. The clonic movements
increased in violence for several minutes and he then settled
into unconsciousness. Within 5 minutes he again became rest-
less and violent and was given 0.3 g. pentothal I.V. He had
been taking phencbarbitone and codeine every night for 2 years.

Examination showed that he was afebrile. P.R. 70/
mifute. B.P. %%% .  W.B.C. 11,000/cmm. Hb. 18 G%. R.B.C.
6 million/emm. The abdomen was soft and there was no tender-
ness. There was no abnormality in the nervous system except
extensor plantar responses immedistely after the fit. C.S.T.
normal. Serum electrolytes normal (Table 1). Liver function
tests (Table 2). Urine conbtained much porphobilinogen and
16.4 mg. of uroporphyrin/day.

He had no further epileptic fits and his vision returned
to normal within 2 days. Within 1 week hig abdominal pain had
ceased and normal bowel motions had commenced. Mentally he was
rather depressed. He was discharged from hospital on 25/4/51.
He still felt very weak for the next 3 months and remained in
bed. He reported that he slept badly and had difficulty in
walking. After this he steadily improved. He reported on
29/7/54 that he had been free from symptoms, apart from slight
head pains, in the past 3 years. He had scrupulously avoided
barbiturates. On 4/8/54 his urine contained 130 mg.
porphobilinogen/litre and 204 ug. coproporphyrin/litre.

Sumary Onset of acute porphyria after 2 years of nightly

phenobarbitone ingestion. Presented to hospital as a case of

Jacksonian epilepsy. No further attack after 3 years but still



passes porphobilinogen in his urine.

Mr, D.H.W, Age 30 years (1950) ZFarm labourer Case No. 17

This men was admitted to Bedford General Hospital on
15/12/50. He had developed acute tonsillitis 2 weeks previously
and with it be had abdominal pain, constipation and vomiting.
Just before he was admitted he had a convulsive seizure. Wuhile
sitting, his eyes had turned up, his limbs moved jerkily for 10
minutes and there was slight frothing at the mouth. He remained
in coma for 1 hour after this. He had been having epigasiric
pain intermittently for about 1 year.

fxgmination on admission showed no sbnormality in the
nervous system. B.P. %%% . P.R. 100-110/minute. Afebrile.
W.B.C. 21,000. E.S.R. 8mm./hour. He was put on phenobarbitone
gr. # t.d.s. and butobarbitone gr. 3 nocte p.r.n. 10 days after
admission he developed a bilaberal flaccid paralysis of the upper
1imb and shoulder girdle muscles. Later he developed a bilateral
lower motor neurone facial palsy. He improved after this until
March 1951 when his voice became husky and he had a bovine cough.
At this time, too, a bilateral flaccid paralysis and complete
loss of superficial sensation in his lower limbs occurred. A
lunbar puncture showed a normal C.S.F. He was transferred to
the National Hospital, Queen Square, on 9/4/51 where it was noted

that he had gross generalized involvement of motor power,

including paresis of the 7th, 9th, 10th, 1lth and 12th cranial
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nerves, as well as extensive sensory impairment. An E.E.G. was
norimal. The urine was found to contain much porphobilinogen and
51.15 mg. of uroporphyrin/day. He improved slightly and was
discharged on 27/9/51 to Manfield Hospital. With physiotherapy
his hand power improved, his legs were only little improved.
By September 1952 he had managed to walk a little with crutches.
2 years later, September 1954, he was able to wallk but he still
felt his hands and legs somewhat weak. He had no abdominal pain.
In 1956 he still had some flexion deformity of his fingers and
had to wear an orthopoedic support in his shoes.

Further records - Liver function tests (Table 2 ).

Fanily History Brother is Case 18. See Family 3.

Summary Atback commencing with gestro-intestinal symptoms and
an epileptic seizure. In hospital he received barbiturates and
a very severe neurological involvement occurred. It is of
interest that his brother who was never given barbiturates had a

much less severe attack (Case No. 18).

Mr., C.W. Age 30 years (1953) Farm labourer Case No. 18

This man is a younger brother of D.H.W. (Case No. 17).
In 1951 his urine contained porphobilinogen and 2.645 mg./iitre
of uroporphyrin. His urine had been tested routinely, since his
brother was an established case of acute porphyria. He had no
symptoms, however, until 5 days before his admission to Bedford

General Hospital in 13/4/53. He then complained of severe,
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continuous,gnawing pain in the (L) lumbar region, passing down to
the left iliac fossa, vomiting and slight diarrhoea. He was
sleepless and passed dark urine. There was no history of
barbiturate ingestion.

Examination on admission showed that he was anxious.

There was no abdominal guarding or rigidity but a deep tenderness
about the umbilicus. There was nothing abnormal in the nervous
system. B.P. ;é% . P.R. 100/minute. Afebrile. Hb. 13 G¥.
R.B.C. 4.4l million/cnm. W.B.C. 10,000/cmm. The urine contained
much porphobilinogen and uroporphyrin but no protein, Pethidine
was used successfully for the relief of pain.

Within 7 days of his admission his pain had gone and he
was discharged on 25/4/53. He was seen again on 18/7/53. He
had had a slight backache associated with the pagsage of darker
urine than normal but was otherwise well. He was well in July
1956 but still excreted 92 mg./litre porphobilinogen in his urine.

Family History See Family 3.

Summary  Short, sharp attack with lumbar pain and diarrhoea.

Note same age of onset as brother (Case No. 17).

Mr, J.L.S. Age 37 years (1951) Engineer Case No. 19

This man was admitted to Whitiington Hogpital, London, on
26/5/51 with the sudden onset of anterior central chest pain and
shortness of breath of 1 day's duration. The pain lasted several
hours and wes relieved by an injection of morphia. P.R. 100/

minute, Temperature 99-100°F. W.B.C. 5,000/cmm. Hb. 15.5 Gk.
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Urine contained much porphobilinogen. There was recurrence of
substernal pain and breathlessness the next day but he eventually
settled down and was discharged on 6/6/51. For asbout 1 year
before this admission he had been given a small white tablet

b.d. which made him "dopey" and for 7 days before admission he
had been given daily injections into his arm which also made him
sleepy. These drugs have been ascertained as phenobarbitone and
sodiun amybal during the first 7 months of this period but it has
not been possible to make sure what kind of drug was given there-
after. There was a previous history since 1942 of abdominal
pain coming on ¥ hour after meals and sometimes eased by medicines.
In 1945 he was discharged from the Army because of a 'duodenal
ulcer' and in 1948 he had an appendicectomy, &bt which a normal
appendix was removed.

After his discharge from hospital he continued to have
severe pressing, upper abdominal pain, sometimes relisved by food.
He was re-admitted in March 1953 when a partial gastrectomy was
performed. The pathologist reported a simple ulcer of the lesser
curvature of the stomach.

He was last seen on 11/1/54 when he reported that he had
had no gbdominal pain since his operation.

Further records - his urine on 21/1/53 contained porpho-
bilinogen and 0.6 mg./litre of uroporphyrin.

Summary The association of porphobilinogenuria with a gastric
ulcer. Onset of his "abttack™ unusual - anterior chest pain and
breathlessness but no other cause for these symptoms could be

found. Had taken gleeping tablets for 1 year prior to onsetb.
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Mrs. B.S. Age 23 years (1953) Housewife Case No. 20

This patient was admitted to the Royal Infirmary,
Sheffield, in March 1953 with a history of abdominal pain, con-
gtipation and paraesthesia of her feet. This occurred at the
time of her period, which was not suppressed. Examinagtion

showed generalised abdominal tenderness. There was no neurolog-
160
90 °

100-110/minute. W.B.C. 5-10,000/crm. E.S.R. 6mm/hour

icel gbnormality. B.P. Temperature 99-100°F.  P.R.
(Westergren). Her symptoms settled in a few weeks and she was
digcharged 19/6/53. She was re-admitted 2 months later with a
second, milder attack of abdominal pain. On this occasion her
urine contained much porphobilinogen and 7.3 mg./litre uro-
porphyrin.

She was seen in April 1954, when ghe had become pregnant
and had had no further episodes of pain since her last normal
period. She remained symptom-free during her pregnancy but had
a return of abdominal pain after delivery for a sghort time.

She was last seen in April 1956 and had had no further symptoms
since then.
Summary 2 mild attacks. Pregnancy without incident but

exacerbation immediately after delivery.

Mr, R.P. Age 43 years (1952) Motor mechanic Case No., 21

This man had occasional abdominal pain with constipation
from the age of 35. He was admitted to Birkenhead General

Hospital aged 43 years in May, 1952, with a 4 day history of
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colicky abdominal pain beginning in the (R) iliac fossa, anorexia,
vomiting and slight difficulty in micturition. There was tender-
ness and some rigidity in the (R) ilisc fossa. A laparctomy was
performed and a normal appendix was removed. Intravenous
pentothal was given at operation. Barbiturates (type unknown)
had been given by his own doctor at home between 1950-1952. le
was re-admitted To hosgpital in June 1952, with general weakness
and loss of weight. On this occasion he was given seconal and
nembutal. He was re-admitted once again in July 1952, and on
this occasion porphobilinogen was discovered in his urine. He
was generally wesak and there was wasting and tenderness in the
musceles of the shoulder girdle, hips and face (Flates 3 a and b).
There was slight impairment of guperficisl gensation over cervical -
5 and 6 dermstomes, numbness of posterior aspect of thighs and
tenderness end hyperelgesia of the scrotal srea. He was
constipated on admigsion, but had diarrhoea for several days

after admission. There wes loss of sensation in the bladder
with difficulty in sterting micturition and he had to be
catheterised for some dsys. His condition deteriorated for
several weeks following admission and he became mentally confused
and irrational with lucid intervels. The muscular weakness
progressed from proximsl to distal muscles and he developed wrist
drop with flexion at metacarpo-phelangeal joints with extensgion

at interphalangeal joints (Plates 3 a and b). His speech became
slurred, he had difficulty in swellowing; there was intercostal
breathing and slmost complete paralysis of his legs. Throughout

this time he had intermittent attacks of severe colicky pains with
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marked perspiration, After this regressicn his condition remained
staticnary for about 1 month and he then made steady progress.

He was discharged in December, 1952, not completely recovered, bub
16 gained strength at home., He was seen ggein in 1954. Although
he still gets occasional cramplike pain in the lower abdomen and
legs, he hag returned to work and leads & normal life. His

urine still becomes dark on standing. In August 1956 he had
completely recovered, but continued to exerete porphobilinogen in
the urine.

Further records He was afebrile throughout hig illness apart

from one occasiocn when he had an upper respiratory infecticn,
His pulse rabe remained at 105-120/m:'mu'te during his severe phase.
B:Ps l%% » but this was only taken when he was recovering. £E.C.Ge,
C.S.F. -~ normal. Hb. 13.6 G%, R.B.C. 5.2 million/cmm. W.B.C.
9,000/crm. Urine contained no protein.

Liver function tests (Lable 2). Serum electrolytes
(Table 1).
Femily History He has 2 sisters, both of whom excrete porpho-
bilinogen in the urine. One of these (Mrs. D.K., Case Ho. 22)
has had symptoms. See Family 4.
Summary A prolonged sbtack with quadriparalysis and cranial
nerve involvement. Barbiturates, including seconal given,

Complete recovery.
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Mrs. D.E. Age 36 years (1949) Housewife Case No. 22

This woman ig a sister of Case No. 21. On routine
examinagtion in 1952, much porphobilinogen was found in her urine.
In 1949, 2 weeks after the birth of twins, she developed an
Tacute tonsillitis". Shortly after this she complained of ab-
dominal pain, constipation, pains in the legs, blurring of vision
and headaches. Admitted to hogpital 3-9-49; noted to be dis-
orientated and restless, tendon reflexes sluggish, C.S.F. normal,
tachycardia, B.P. %;—3 . She gradually became raticnal, but still
complezined of generalised pains. One month after admission she
was discharged, although she complained of leg pains. The patient
remembered that her urine became very dark during this illness.

In 1950 she was admitted to hospital because of chest
pains. Since then (until 1956) there have been no further
symptoms, suggestive of acute porphyria. Before the birth of her
twins, she had 2 other children in 1937 and 1944.

Pamily History See Family 4 and Case No. 21.

Summary One attack in a woman aged 36 years, commencing 2 weeks

after the birth of twins.



Miss J.F. Age 17 years (1952) Schoolgirl Case No. 23

This young girl died after an explosive first attack of
acute porphyria. About 2 months before her death she became
restless and sleeplegs at night. 8 days before her death she
began to vomit and have frequent cramp-like abdominal pain, first
on one side then on the other. There was constipation and some
abdominal distension. She was given 2 tablets of soneryl (gr. 13)
on 3 or 4 nights for her sleeplessness. Her mother noted that she
passed dark urine, which stained her pyjamas brown. TFour days
before her death she developed retention of urine, paraesthesiae in
the genital area and had difficulty in focusiﬁg her eyes. Her
speech became nasal and slurred, she had difficulty in swallowing
and her legs became weak. Her breathing was rapid. She was
admitted to the London Clinic where her general weakness increased.
While there she was given phenobarbitone and soneryl. She was
admitted on 8.9.52., 2 days before her death, to the National
Hogpital for Nervous Diseases, Queen Square, London,

On examination there, she was anxious, restless, agitated
and confused. Her pupils did not react to light. There was
well-marked palatsl weakness and fluid regurgitated through her
nose. The power of her limbs and trunk muscles was diminished
and the lower limb reflexes were absent. There was a doubtful
(R) extensor plantar response. Her intercostal muscles were
weak. There was a vague level, mid-thoracic, below which all
forms of sensation were impaired. B.P. %gg . Pulse 120/minute.
Afebrile. espiration 30/minute. She was given hexamethonium

30 mg. 3 hourly which brought her B.P. down to z% for a short
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pericd after each injection. Two days after admission her
breathing beceme irregular and jerky and despite artificial
respiration with the Bregg-Paul apparatus she died on 10.9.52.

Further records TUrine - Porphobilinogen 248mg/1itre.

Uroporphyrin 96.8mg/litre.
Paper chromatographic invegtigation of the urinary porphyrin
showed it to be entirely uroporphyrin series III. Chemical
pathology of P.M. liver - Table 3.
Summary An expleosive fatal attack in a girl of 17 years. Onset
of restlessness and insomnia; severe neurological manifestations;

barbiturates given on geveral occasiong.

Mr, M.C.B.W. Age 33 years (1953) Lorry driver Case No. 24

This men was admitted to Whancliffe Hospital, Sheffield,
with a history of pain in both shoulders (R) knee and sacral
region of 1 week's duration. He also complained of constipation
and numbness in the upper part of thighs and genitalia. In
1944 he had similar pains and they had been diagnosed as being
caused by rheumstic fever, but he remembered that he then passed
red urine. On examination it was noted that he was hysterical,
there was muscular inco-ordination of his limbs, diminighed pain
and light touch sensstion in the 'bathing trunks' area and a
nystagmus to the left. There was no abdomingl tenderness.

B.P. l?g = Before he was diagnosed zs a case of acute porphyrias

he was given seconel gr. 3 each night from 27.2.53. te 4.3.53.
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He became generally weak, was unable to swallow and there was
difficulty in coughing. He became incontinent, rambling and
ncisy and died on 8.3.53.

Further records He remained efebrile throughout this pericd ex-

cept during the day before his death when his temperature rose
to 100°F.  Pulse Rate 100-120/minute. Hb. 14.8 G%. E.S.R.
6rm. /hour.  W.B.C. 12,000/cmm. Blood urea 48 mgh. Urine
(7.3.53.) conteined 19.6 mg/litre of porphobilinogen and 12 mg./
litre uroporphyrin, identified later as uroporphyrin series III.
Post-mortem showed fabtty degeneration of the liver, gross gastric
petechial haemorrhages and pulmonary and cerebral congestion.
Foci of demyelination were found in the white matter of the
cerebellum. (See table 4). Chemical pathology of P.M. tissues —
see table 3,

There was no family higtory of note. His 2 children did
not excrete porpheobilinogen in their urines.
Summary 4An explosive, fatal attack onset by articular pain.
Death from general paresis 4 days' after administration of

seconal.

MigsW.E. Age 21 years (1951) Whisky-bond worker. Case No. 25

This patient was admitted to the Western Infirmery, Glasgow,
19.1.51., with a history of lower abdominal pain, nausea and
vomiting of 2 days' duration. The abdominal pain wes constantly

present, but more severe and colicky at times and she also had
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Cage No, 28. At this time she
often screamed, had visual
hallucinations and threatened
to commit suicide.
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pains in the medial aspect of her thighs. Her mother had noted
that she was thinner and less active since 2 months previously.

On examination it was .noted that she was anxious, crying and
cyanosed. Temperature 102°F., Pulse Rete 140/minute and B.P.
%f% . W.B.C. 8,200/cmm. There was slight abdominal tenderness,
bﬁt no rigidity. The urine was claret-ccloured and contained

much porphobilinogen. She menstrusted 3 days after her

admission, the abdominal pains lessened and the B.P. fell to

15
80

One month after her admission (19.2.51) she commenced &
prolonged attack lasting 6 weeks with almost constant abdominal
pain, tachycardia and amenorrhoea with logs of weight. She
often screamed, had visual hgllucinations and threatened suicide
(Plate 4). By 27.3.51. she became weak, hypotensive (B.F. %%),
somewhat dehydrated end was still in considerable pain. She was
given 850 ml. of normal saline by subcutaneous drip using 9 mg.
hyaluronides and sterted on a course of A.C.T.H. 12.5 mg 6 H.
intremuscularly (50 mg/day) lasting 1 week (Fig.l). Her general
condition improved greably within 1-2 days. Her pain diminished,
B.P. rose to %%g and she became somewhat euphoric. She then
proceeded to a remigsion lasting for 1 year. Her periods
returned in July 1951, she put on weight, but mentelly she was
quieter and "different!,

She was re-admitted to hospital on 26.1.52. and remained
there for the next 4 months with an attack similar to her previous
one. She was given nembutal gr. 1¥ in error, and this coincided

with an aggravation of her condition. She was put on a short course
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of A.C.T.H. and develcped an erysipelas-like rash of her leg and
a temperature of 103°F. She wes very wesk at this stage, her
serum chlorides were diminished (Table 1), and on 26,2.52., after
2 period of overbreathing (respirations 46/minute), she developed
a tetanic spasm of her hands which were in the pogition of main
d'accoucheur. During this spasm her serum calcium was 9.0 mgh
and CO, combining power 67 vols%. She gradually improved after
antibiotic therapy, but there was considergble generalised
muscular weakness for some time. There were no abnormal neuro-
logical signs apart from this muscular weskness and absent knee
tendon reflexes. During this phase she had complained of
abdominal peinsg end shooting paing in her legs, but these, tco,
diminished. She was discharged from hospital on 14.4.52., since
when she has had no further attacks. She reported in August
1954, that she was working on a farm and feeling very fit.

Further records Liver function testg (Teble 2) normal.

Hb. 13 G%. R.B.C. 4.49 million/cmm. Reticulocytes 1%. Urine
contained no protein. There was no relevant family history.
Sunmar 2 severe attacks, one in 1951, the cther in 1952.
Severe abdominal pain and psychotic changes occurred in both
attacks. In the first attack administretion of A.C.T.H. was
agsociagted with improvement. In the second attack she was

given nembutzl gr. 13 in error and developed generalised muscular

wegkness. She made a complete recovery.
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Mrg. J.G. Age 19 years (1949) Housewife Case No. 26

This girl was admitted to Whittington Hogpital, London,
28.12.49. because of severe generslised sbdominal pain, vomiting
and constipation. These symptoms had been coming on gradually
for a few months, but had become much more severe just before
admiggion, On 29.12.42. her sppendix was removed. A few days
later she complained of weskness of the back, arms and thighs.
She was discharged on 7.1,50. While in this hospitel, she had
been given soneryl gr. 3 on two occssiong. At home she still
felt unwell; she shivered, coughed and there was incressing
weakness of her muscles. She wes admitted to Coppetts Wood
Hospital, London, as a case of poliomyelitis.

On examinagtion, it was noted that there was weakness of
the face, limbs and trunk. Afebrile. Pulse rate 110/minute.
W.B.C. 12,000/cmm. Hb. 12.6 G%. R.B.C. 6.06 million/cmm.
C.S.F. was normal. Urine was pink in colour and contained much
porphobilinogen and 48 mg/litre of urcporphyrin (19.1.50); it
also conteined a trace of protein. She became much weaker.
Firgt her arms and then her legs became peralysed. There was no
sensory loss. She was mentglly clouded and could not speak.
There was amenorrhoea and loss of 3 stones in weight. She
gradually improved and after 3 months she was transferred to the
Metropolitan Hospital, where she remained for 2 months. She put
on weight, her periods returned and her legs and arms recovered
their pover. Since August 1950, she has been well although she
continues to pass porphobilinogen in her urine. She had her

first baby in June 1952, and there was no trouble during pregnency.
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She reported in July 195/ that she was well, had had no abdominal
pain and was 5 months pregnant.

Family History Her 2 cousing are said to have died from a

similar condition,

Summary A very severe attack with marked neuroclogical signs,
comuencing as a simple attack with gastro-intestinal symptoms
during which barbiturates were given. 2 normal pregnancies

since her complete recovery.

Mrs. B.E. Age 23 years (1953) Hairdregsser Case No. 27

This young woman had been healthy until 4 days before her
admission to the Western Infirmary, Glasgow, on 1.7.53., because
of pain, nausea, vﬁmiting and constipation. The pain started
across the lumbar region and radiated anteriorly and downwards
into both groins and thighs; it was constant though varying in
severity. She hed never been given barbiturates. B.F. la% .
Pulse rate 140/minute. Afebrile. E.S.R. 6mm/hour (Westergren).
W.B.C. 7,200/cm.  Hb. 14 G&. R.B.C. 4.8 mill/cmm. Urine
contained much porphobilinogen and porphyrins. There were no
abnormal neurological signs. The pain settied about 6 days after
her admigsion and she was discharged shortly afterwards. She was
well when seen 1 year later.

Further records Liver function tests ~ Table 2.

Summary Single short attack. No paralysis or hypertension.

Site of pain unusual,



Mrg, M.S. Age 23 years (1953) (Civil Servant & Housewife Case No. 28
This young woman had been suffering from intermittent
attacks of abdominal pain and vomiting lasting about 12 hours for
3 months before her firslh admission to the North Middlesex
Hogpital, London, 7.10.53. For one week before her admission
she had severe,congtant, epigastric pain and insomnia, for which
she was given sodium amytal and phenobarbitone., One day before
her admission she had a generalised epileptic attack and this was
the presenting cause of her admission. Her husband had noted a
slight personality change in her ~ she had become gquieter, more
subdued and annoyed by small things. She never had had fits
previously nor was there epilepsy in the family,
On admission she was given intramuscular phencbarbitone
gr. 3 on 2 occasiong and phenobarbitone gr. % t.d.s. by mouth.
A geries of generalised clonic convulsions followed during the
next 2 days and ceased when barbiturates were terminsted on the
diagnosis of acute porphyria. She continued to have inter-
mittent abdominal pain for a few weeks, but this gradually
lessened and she was discharged on 30.10.53. Her B.P. had risen
during her attack to % § and fell to a basal level of ;é% .
Pulse rate rose to 120/minute. Afebrile. The urine contained
much porphobilinogen and 9.33 mg/day of uroporphyrin. Hb.
12 G%. Liver Function Tests - normal (Table 2). Urine had a
trace of protein.
She was re-admitted to hogpital on 23.2.54. and again on
R5.6.54. for further attacks of abdominal pain, constipation and

voniting with hypertension. There were no convulsions on thesge
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occasions. These attacks were associated with inereases in por-
phobilinogen output. On each occasion the pain settled and she
was able to be discharged in 1-2 weeks.

A1l 3 attacks commenced at the time of her menstruezl

periods which were delayed by 5-10 days.

Family History  Nothing of note except that her mother hag migraine.
Summary This woman was admitted to hospitel because of epilepsy,
for which barbiturates were given. Epileptic fits ceased when

the barbiturstes were discontinued.

Mrs., B.F.A., Age 46 years (1951) Hougewife Case No. 29

This woman was admitted to the National Hospital, Queen
Square, London, on 23,1.51, 6 weeks before her admission sghe
developed a "herpetic® rash on the upper sternum and (L) side of
her neck. She slept badly at this time and was given sleeping
tablets and injections. 1 week later she started to vomit and
continued to do so for about 2 weeks. 4 weeks before her ad-
misgion she had a sudden acute abdominal pain in the region of
the umbilicus. The pain lessened but was followed by a dull
abdominal ache and pain across the middle of the chest. These
paing lessened in the next few wesks. She also became nervous
and melancholic and was afraid that she might commit suicide.
She developed pains in the soles of her feet and was unable to put
her weight on them. She was seen by a psychiatrist and was

admitted to Shenley Mental Hospital. While there she became
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wegker and her abdominal pain continued. She had temporary
diplopia, It was noted that she had nystagmus, slurred speech,
dysdiadcokokinesia, and tremor of her tongue. She was then trans-
ferred to the National Hospital, Queen Square, London, as a case
of post-herpetic encephalitis.

On examination at that hospitel it was noted that she was
co-operative, slow in action and speech and cried easily. There
was a (R) ptosis, general muscular weakness and tenderness, and
absent knee and ankle tendon reflexes. There was no sensory

loss, except a posgsible hypoalgesia of cervical 3-5 dermatomes

on the (L) side. B.P. 138 . Pulse rate 120/minute. Tempers—
ture 101°F on admigsion, but this settled to normal in 3 days.
E.S.R. 19 mm/1 hour. Hb. 13 G%. R.B.C. 4.42 million/cmm.
W.B.C. 4,100/cmm. The urine contained much porphobilinogen and
porphyrins and a trace of protein,

Her condition gradually improved; the abdominal pain
lessened and she became gtronger. This improvement was marred
by a thrombophlsbitis but she was well enough to be discharged on
7.3.51. Mentally she returned to normal. She hergelf states
that she felt much more stable when she realised that her doctors
had found some cause for her symptoms and did not atiribute them
to 'nerves'.

She reported on 3.8.54. that she was very well. She had
had no pain for over 3 years. Her urine on that date contained
no porphobilinogen. In 1956 she had had no recurrence of her
disease.

O

Further records Liver function tests - Table 2. W

=

.G. was

L

'slightly abnormal' (p. 30 ).
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Family History Her grandmother had an episode. of paralysis.

Her paternal uncle had depression and committed suicide.
Summary An attack following herpes zoster and the administration

of "gleeping tablets". Neuropsychiatric manifestations.

Mrs. D.J. Age 19 years (1955) Housewife Case No. 30

This patient was admitted to Maelor Genersl Hospital,
Wrexham, on 13/6/55, during the first month of her pregnancy,
because of abdominal pain and vomiting of 48 hours duration,

She was also constipated and compleined of generaliged trunk and
limb pains. Before the diagnosis was suspected she was given
nembutal gr. 1% and this was repeated 4 times in the next 5 days.
10 days after admission she complained of extreme generalised
muscular tenderness and about 1 week later there was marked
weakness of her armg and legs with westing of limb muscles,
impairment of pin-prick sensation over the front of her thighs
and legs and absent upper limb and weak (R) knee tendon reflexes.
Her B.P. on admission was ;ég but rose to %%% with the onset of
linb weakness. There was marked retingl artery spasm. Her
P.R. was usually about 110-120/minute. She had one episode of
pyrexia (101°F) which resolved in 3 days and this was possibly
due to a mild urinary infection. During her attacks she was
very misersble and unco-cperative. Hb. 14.8 G%.  W.B.C. 4,400/
emm. Reticulocyte count 1.5%. She was treated with pethidine

and amidone for her pain. Priscel, chlorpromazine and
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prostigmine were given without benefit. 'Angolysen' retard I.M.
did control the hypertension but had no effect on pain. She
developed intercostal muscle weakness but did not require an
artificial respirator. There was difficulty in taking food and
fluids and she had to be fed by intragastric drip from 12/7/55 to
3/9/55. Her condition graduelly improved although she complained
of pain in her back and lower abdomen. She gave birth
spontaneously to a live 7 month old infant on 13/12/55. One
hour after delivery her pulse rose to 160/minute. She was trans-
fused with blood but after less than % pint had been given she
collzapsed and died. The infant died 11 hours after birth.

Urine porphobilinogen 127 mg/litre (24/6/55), 80 mg/litre
(13/9/55) .

Family History ©Nil of note. See family 5.

Summary A severe attack in a girl of 19 years commencing in the
first month of pregnancy and terminating fatally a few hours
after the premature birth of her child, who also died. Neuro-

logical manifestations associated with berbiturate administration.

‘Mr. E,BE. Age 34 years (1949) Clerk Case No. 31

In July 1949, this man was adaitted to hospital because
of a purulent (R) maxillary sinusitis, following a tooth
extraction 1 month previously. He was also sleepless and con-
stipated. He was given penicillin injections and also pheno-
barbitone daily and discharged in 10 days. Towards the end of

this period he had severe epigastric pain and flatulence and felt
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very unwell. These symptoms continued while he was at ﬁome, but
lessened end disappeared after 14 days.

He wes well until May 1953, when he complained of pain in
the (R) temple for which he was given sodium amytal and pheno-
barbitone gr. 3 daily for 5 days. He then developed considerable
weakness of his legs, severe epigastric pain, violent vomiting
and insomnia. He was admitted to Croydon Generel Hospital where
porphobilinogen was found in his urine. He was depressed and
lacrimose and later became somnolent and unco-operative. He had
marked general weakness, especially of hands and legs. B.P.

%’g . Pulse rate 90-110/minute. Temperature 98.4°F.- 100°F.
E.S.R. 6bmn/1 hour. Blood urea 90 mgh urea clearance 46% of
average normal. Urine - trace protein.

He remained very weak for 3 weeks; 10 days after his
admission he developed a (L) femoral vein thrombosis. His legs
regained their power and he was discharged 17.7.53., 5 weeks after
admission. His fingers still remained weak for the next 6
months but improved rapidly after treaiment with wax baths.

When seen on 20.8.54. he was very well. There was no
porphobilinogen in hisg urine.

Family record The urines of his mother, father, son and

daughter contained nc porphobilinogen.
Summary 2 attacks in 1949 and 1953; neurological symptoms in
1953; a history of barbiturate administration in both 1949 and

1953.
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Miss A.W. Age 20 years (1952) Ewmployed at home. Case No. 32

This girl was quite well until 10 weeks before her death
on 14.3.52. She first complained of lower abdominal pain,
constipation, vomiting and dysuria. She was admitted to the
Deaconess Hogpital, Edinburgh, where extensor plantar responses
were noted on examination and a mild urinary infection was treated
with streptomycin. She was also given phenobarbitone gr. &
tedes. for 3 weeks since she was difficult to control and very
nervous. On one or two occasions she received sodium luminal
when her pain was severe. She was discharged after 1 month,
during which period she had lost 1 stone in weight. She then
went on holiday to Glasgow, but while there she developed weakness
of arms and legs. She became markedly hysterical and was
admitted to Glasgow Royal Mental Hospital, where porphobilinogen
in large amounts was found in the urine. She was transferred to
the Western Infirmary, Glasgow, on 11.3.52. and died 3 days later.
During this short period her muscular weakness had progféssed to
a complete fleceid quadriplegia with absence of tendon reflexes
and plantar reflexes (Plate 5). Sensabtion was normal. There
was nystagmus and difficulty in swallowing, micturition and
breathing. She died in a Drinker Respirator.

Further records (11-14.3.52.) Pulse rate 110-120/minute. B.P.

l%g . E.S.R. Wintrobe — 2mm/1 hour. W.B.C. 12,300/cum (Neutro-
phil polymorphs 82%. Lymphocytes 10%. Monocytes 8%).

Hb. 15.5 G%. R.B.C. 5.62 million/emm. Volume of packed red
cells 55,50,50%. Urine had trace of protein and large quantities

of porphobilinogen. Serum sodium and potassium normal,



chlorides diminished (Table 1). Empirical liver function tests -
normal (Table 2).

P.M. Report (Dr. J.B. Gibson) This was not remarkable with the

exception of the lungs and nervous system. In the lungs there
were patches of collapse and haemorrhage, apparently due to
respiratory embarrassment. The pathological findings in the ner-
vous system are summarised in Table 4.

Family History Nil execept her brother had infantile paralysis.

Summary A fatal first attack in a girl of 20 years. Pheno-
barbitone and sodium amytal given. Quadriparalysis, respiratory

paralysis, death,

K.B. Age 14 years (1953) Schoolboy Case No. 33

This boy had a fatal attack of acute porphyria in 1953
lasting 7 weeks. For about 1 year before this he had occasional
attacks of colicky ebdominal pain about every 2 months and lasting
1 day.

On 18.7.53. he started to have sbdominal pain once again
and this continued for 5 days, when he had a generalised
epileptiform convulsion lasting 5-10 minutes, with jerking of all
limbs, tongue-biting, and incontinence. He was admitted to
Peterborough Memorial Hospital (23.7.53), where phencbarbitone
was given in large doses for 1 week to control his fits. Vhile
there he developed a flaccid quadriparalysis, papilloedema and a

BiP. of %%% 5 On 21.8.53. he was transferred to the lNgtional
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Hospital for Nervous Diseases, Queen Square, London. He was noted
to be a wasted ill-locking bey who was drowsy but co-operative.
There was slight neck stiffness and esrly papilloedema of the (L)
fundus and irregular narrowing of the retinal srteries. A11
1limb muscles were wasted and tender. He could not sit up unaided.
The knee tendon reflexes were absent. There was a feeble (R)
extengor plentar response and hypoalgesis over higs shins.
Afebrile. P.R. 106/minute. B.P. %%% . He continued to have
fits, became restless and noisy. He was put on hexamethonium
bromide 25 mg. 3 hourly for 36 hours, but this was only effective
in reducing the B.P. for short pericds.

He became more restless and inaccessible with lucid
intervels. On 3.9.53. he became dyspnoeic, had 3 small fits and

died next morning in coma.

Further records W.B.C. 6,800/cmm. Hb., 16G%. R.B.C,

5.68 million/cmm. E.S.R. 3m/1 hour. Liver function tests -
Table (2). Serum electrolytes Teble (1). The urine contained
much porphobilinogen. C.S.F. - normal. E£.E.G. gbnormal (p.29 ).

Family History His married sister, age 25 years, developed

abdominal pain and vemiting in October 1952, followed by fits and
paralysis of both legs. ©She died after 5 weeks. The urine of
this patient was not tested for porphobilinogen. His parents
and 5 remaining brothers and sisters are well and have no
porphcbilinogen in their urines.

Summary A fatal attack, lasting 7 weeks in a boy of 14 years
with abdominel pain, epileptic fits, pspilloedema, hypertensicn

and gross paralysis of limbs and respiration. Intermittent
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bouts of abdominal pain for 1 year before this. His gister

died of a similar condition, also with fits 1 year previously.

Barbiturates given to the boy before onset of parslysis.

Miss J.D. Age 33 years (1951) Hairdreszser Case No. 34

This woman has had 6 attacks of abdominal pain and
vomiting from 1951 tc 1953. 1In October, 1951, she had acute
abdoninal pain, constipation, vomiting and frequency of
micturition for which a laparctomy was performed in Cumberland
Infirmary, Carlisle. No abnormality was found. The symptoms
continued for 3 weeks after cperation. On 28.2.52. she had
encther attack of severe abdominal pain and vomiting, and
although excess porphyrins were then found in the urine, a
second operation was done because of the fear of a possible
intestinal cbstruction. She continued to vomit after operation
and burst her operation wound as a result of this. On 16.8.52.
she was admitted to the Western Infirmary, Glasgow, with a
similar attack lasting 18 hours. There had also been some
nunbness and weakness of her legs. 1t was noted then that she
was restless end anxious. Afebrile. B.F. ;g% (in a previous
attack this hed risen to 155 ).  Pulse rate 110-120/minute.
There was some generalised abdomingl tenderness, but no rigidity.
Her legs were weak, bul there were no other abnormal neuro-
logical signs. She was given morphia, pethidine and aspirin
for her pain, which gradually settled down in a few weeks.

She had a further gimilar attack in November 1952, for which
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A.C.T.H. was given for 2 weecks withcut apparent influence on
symptoms. There were 2 further attacks in April and May 1953.
Since then, until August 1954, she has had mild attacks of
abdominal pain only. All1 her previous attacks had been pre-
menstrual and her physician had suppressed her periods with
testostercone since April, 1953.

Further records Basal B.P. l%% « Liver function tests -

normal (Teble 2). The urine contained much porphobilinogen.
She had not taken barbiturates since 1951,

Summery  Recurrent attacks of abdominel pain, vomiting and con-
stipation for 2 years in a woman of 33. No higtory of

barbiturates. Numbness and weakness of legs on 1 occasion.

Mrs., A.W. Age 21 years (1953) Housewife Case No. 35

This woman began tc have abdominal pain and nausea for
2 weeks after a missed menstrual pericd. She was thought to be
pregnant, possibly to have g tubal pregnancy, and was admitted to
Stobhill Genersgl Hospital, Glasgow, on 18.10.53. Examination
showed that there was loss of power in the muscles of her back
and arms. There was no sensory loss. B.P.;%g . Pulse rate
100-130/minute. Afebrile. The urine contained much porpho-
bilinogen and 22mg/litre of urcporphyrin.

Her abdeminal pain persisted for several weeks in hospital,
but this gradually lessened and her muscle power imprcved.

Mentally she was truculent and of low intelligence. When she was
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discharged she attended the antenatal cliniec for seversl months
and her pregnancy was confirmed. She continued to excrete large
amounts of porphobilinogen in her urine without symptoms.
Before the ernd of her pregnancy she defaulted from the antenatal
clinic and has not been able to be traced.

There was no histery of barbiturates.
Summary A first attack occurring in very early pregnsncy in a
women of 21 years. Abdominal pain end muscular paresis.
Tachycardia but no hypertension. The attack settled and she

continued her pregnancy.

Miss I.M. Age 28 years (1950) |QNurse Case No. 36

This young woman was well until December, 1950, when she
started to have intermittent attacks of lcwer abdominal pain,
constipation, vomiting end pgin in the lowsr legs and feet, with
the passage of reddish urine. This went on for 1 year during
which ghe wes admitted on 2 occesions (2.8.51. and 10.12.51.) to
Hackney Hospital, London., VWhile there it was noted that her
B.P. was intermittently raised %%g - %%g) but sometimes returning
tc normal (l§%)° Pulse rate was 130/minute during severe phases.
She was given barbiturates on several occasions during her stay
in hospital, e.g. phenobarbitone gr. 3 p.r.n., and nembutal gr. 3
p.r.n. nocte. She was afebrile. She became very depressed,

wes considered to be hysterical and was aduitted to a mental

hospital 27.11.51. for a short time for electric convulsion
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treatment. After this she developed a quadriparesis, lateral
nystagmus, slight (R) ptosis, diffuse loss of pin-prick sensation,
incontinence, aphonia and dysphagia.

In this critical sta%e, she was admitted to the Metabolic
Ward at University College Hospitel, London, under Dr. Blake-
Pritchard and Dr. C.E. Dent., B.P. lg-g « There was a persistent
tachycardia (110/min.). The urine contained much porpho-
bilinogen and urcporphyrin (maximal value 6bmg/dey). She wes
treated with hexamethonium bromide 40 mg. 3 hourly, to keep the
systelic B.P. at 120 and prophylactic chloramphenicol. She
improved gradually over several weeks - her voice first, then
swallowing, then her limbs. Her urinary uroporphyrin fell to
5mg/day. She had repested B. coli urinary infectiong which
caused slight relapses in which the urinary uroporphyrin ievel
rose to 15mg/day. A course of cortisone was given for 1 week
without much effect. She became severely emaciabed and her
calorie intgke was reinforced by the addition of 70 ml. absolute
alcohol to her diet. She was also given isonicotinic acid
hydrazide and methyl androstenedicl to improve her appetite and
nutritional state. Her physical condition improved gredually
during the next 12 months and she became able to welk and use her
hands, but there was an insidious degenergtion of her mental
condition throughout 1953 and she was placed (4dugust, 1954) in a
mental home as a certified patient. She was hallucinated,
delusional and uneble to work. In 1955 she made a remarkable
physical and mental recovery and is now (1956) normal apart from

the excretion of porphobilinogen in the urine. This improvement
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was associated with the administretion of neostigmine.

Family History Sister is a latent porphyria. See Family 6.

Summary A very severe prolonged attack with marked neurclogical
symptoms. Barbiturates were given before onset of paralyses.
Gradual physical improvement but insidious mental deterioration.
Patient was certified in a mental home, but is now completely

recovered.

Mrg., K.M. Age 23 years (1951) Housewife Case No. 37

This woman was admitted to University College Hospitel,
London, as a surgical emergency in January, 1952, because of severe
colicky abdominal pain, vomiting and constipation eof 10 days'
duration with the passage of dark urine. A similar legs severe
episcde had occurred 1 year previously. On examination it wes
noted that her tempersture was 100°F. Pulse rate 100-120/minute.
She had an acute tonsillitis and culture of a threst swab gave a
growth of hgemolytic streptococcus. Her urine contained much
porphobilinogen and 28.28 mg/litre of urcporphyrin on the day
after her admisgion. B.P. %38 . Retinal artery constriction
with small waves of spasm, was noted. Her condition settled after
a course of penicillin and her urinary uroporphyrin was 0.87 mg/
litre 16 days later.

She was re-admitted on 14.9.52. with a scre throat,

constipation, headache and nausea, but no abdominal pain. She

had an scute tonsillitis and her temperature was 103°F.
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Hb. 15 G#. W.B.C. 9,10¢/emm. There was no tachycardia or
hypertension on this occasion. She was again treated with
penicillin and her temperature rgpidly fell and her condition
improved. 4 tonsillectomy was performed on 29.9.52. There

was no untowerd reaction from this. The daily porphobilincgen
levels (expressed as urcporphyrin) throughout this period are
noted in Fig. 2. They show the rise of porphobilinogen
associated with this infeclion and its fall when the infection
wag contrelled. She has remained very well for the pagt 4 years.
hHer urine on 8.2.53. did not contain porphobilinogen.

Family history See Family 7.

Summary 2 attacks of acute porphyris, cach associated with acute

tonsillitis. Remission after tonsillectomy.

Case No. 38

Mrs. J.M. Age 23 (1954) Packer in cigarette factory & housewife

This petient, a sister of Case No. 37, was well until
4e8.54. when ghe complained of sharp, gripping, lower abdominal
pain and pains in the lateral aspects of her thighs. There was
vomiting sssociated with the pain. She had given birth to a
baby girl 4 months previously. In view of this, she wzs admitted
to the obstetric wing of University College Hospital, London, es
a possible case of postpartum salpingitis and treated with
penicillin and sulphonamides. The pains diminished, but they
returned with the onset of her period 4 days later, and it was then

noted that her urine contained much porphobilinogen. She had
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became constipated throughout this period and also complained of
backache. On 16.5.54. she was transferred to the Medical Unit,
U.C.H., London.

On exemination it was noted that she still had severe
abdominal pain. There was generalised abdominal tenderness, but
neo rigidity. She was mentally alert and intelligent. She had
difficulty in passing urine and required to be catheteriged for
several days. There were nc abnormel neurological signs.

B.P. lg%. Pulse rate 80/90/minute. Afebrile., Her pain and
voniting settled after about 1 week. She developed a symptomless
urinary infection which was treated successfully with streptomycin.

On 13.10.55. she delivered a normal child after an
uneventful pregnancy.

Further records Plasma electrolytes (18.8.54) showed

diminished chlorides (Table 1). Liver function tests (18.8.54)
(Table 2). Hb. 15 G%. W.B.C. 6,800/cmm. E.S.R. 20mm/1 hour.
Her urine throughout her stay in hospital contained 50-100mg/day
of porphobilinogen.

Fanily histery  See family 7.

Summary A first attack in a woman of 23, 4 months after the
birth of her child. No neurological signs but retention of

urine for several days. lNormal pregnancy one year later.

202



203

Mrs. I.B. Age 21 years (1954) Housewife Case No. 39

This young woman was admitted to Luton and Dunstable
Hospital on 4.,7.54. with a history of severe continuous abdominal
pain, mainly in the epigastrium, with vomiting, constipation and
loss of weight of 2 wecks' duration. She had given birth to a
child 2 weeks before the onget of symptoms. She also had some
dysuria and frequency for which her doctor had given her
sulphetriad. He also gave her codeine and butobarbitone.
There was a previous history of aborticn after a 6 months!
pregnancy in March 1953. 1In June 1953 ghe had cramp-like
epigastric and leg pains.

In Luton and Dunstable Hospital she appeared very ill
and mentally disturbed. There was epigestric tenderness but no
rigidity, paresis of legs and arms but no sensory loss. She
was transferred to University College Hospital, London, on
14.7.54. 8nd it was noted that she was in considerable pain.
Limb paresis was still present., Only the (L) knee and (R) arm
tendon reflexes could be obtained. B.P. %%g . Pulse rate
130/minute. Urine contained 150-200 mg. porphobilinogen daily.

She was treated with pethidine for her pain. She was
also given prébanthine 15mg 4H for 7 days and tetra ethyl
ammonium chloride 100mg t.d.s., for 14 days. There was no
dreamatic improvement of symptoms from both of these drugs. On
21.8.54. she developed a temperature of 101°F. This was due to
a (R) lower lobe pneumonia, caused by a penicillin-resistant
staphylococcus pyogenes. This was successfully treated with

aureomycin. The infection must have taken place after the onset



FAMILY 8.
Cases 39,40, 41. T?_:?

| | | | |
tll t2 4l © 404 38 36(1

I I
247‘. 230 210 180



204

of her illnegs because her qhest X-ray in Luton and Dungtable
Hogpital was normal.

She gradually improved after the treatment of her pneumonia.
Her abdominal paing lessenesd, the muscular power and tendon
reflexes returned and the B.P. and pulse rate returned to normal.
She was discharged on 22.8.54.

Further records 4-14.7.54. Hb. 11.8 G%. R.B.C. 4 million/

com. W.B.C. 11,600/ctm. #.S.R. 17mm/1 hour. Liver function
tests - normal (Table 2). C.S.F. normel.

Family history Her father is Case No. 40. Her paternal uncle

is Case No. 41. See family 8.
Sumnary 4 moderately severe attack in a girl of 21, starting

2 weeks after the birth of her child. Mild neurological signs.

Butobarbitone given. Intercurrent pneumonia treated successfully.

Mr, R.A. Age 29 years (1935) Shipyard holder Case No. 40

This man is the father of Case No. 39. His urine was
examined when his daughter was unwell and found to contain porpho-
bilinogen. Hig past history is very suggestive of a prolonged
attack of acube porphyria. He had always noted that his urine
was amber coloured - 'the colour of whisky!. On 16.6.35. he
had a sudden (L) subcostal, gnawing, intermittent pain with
vomiting and constipation. These symptoms recurred for the next
2 years, during which time he was admitted, on 2 occasions, to

the Royal Infirmary, Greenock. Pulse rate 70-90/minute. Afebrile.
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Barium meal was negative. No abdominal rigidity. He remembers
that his legs and arms became very weak and his wife relates how
he became changed mentally. He would not recognise her. On
one occgsion he jumped over the stair railings and tried to set
things on fire while he was in hospital. He remembers that he
was getting injections and tablets which made him sleepy.
Examination of the records shows that these injections were mainly
morphia and atropine. He did however have alonal gr. 2 on
25.6.35. and medinal gr. 7.5 on 26.6.35. The hospital authorities
wished to have him certified, but his father took him home
and he gradually recovered his strength and normal mental state.
On 15.1.37. a laparotomy was carried out at Broadstone Hospital,
Port Glasgow, because of his persistant abdominal pain and a
retrocaecal, non-inflamed appendix was removed. His wife states
that it was 1940 before he was quite normal mentelly and till
then she felt afraid to be alone with him in the house.

He has been well from that time until 1954, except for
a period of 5 weeks in hogpital in 1948 when he had generalised
cedema, which quickly settled. Exemination in August, 1954,
showed no physical abnormality except a BiP. of #g . Urine
contained 72mg/litre porphobilinogen and 58seg/litre copro-
porphyrin,
Family history See family 8.
Summary Acute porphyria with onset 19 years ago. Marked
mental change with gradual recovery to nofmal. Still excretes

porphobilinogen in his urine.



Mr, J.A. Age 31 years (1933) Shipyard worker Case No. 41

This man, a brother of Case No. 40, began to be troubled
with recurrent attacks of abdominal pain in 1933, with constipa-
tion. A laparotomy was done in November 1933, and his appendix
was removed, At operation areas of spasticity of the large
bowel were seen. The pain continued after operation. In
January, 1934, he found that he could not extend his fingers
properly, nor his (R) wrist. 1 month later he complained of
pain in his chest, which persisted and was worse on exertion.

He was admitted to the Victoria Infirmary, Glasgow, on 7.3.34.
and was noted tc be emaciated, pale, sad and depressed. HMove-
ments of arms were weak. Bilatersl wrist drop was present.
There was weakness of the legs, but there was no foot drop.
Tendon reflexes of the limbs were absent. There was no sensory
Joss. His urine was noted to be dark amber in colour. He was
discharged from this hospital on 6.7.34., "very much improved".
His pain continued after hig discharge.

On 3.5.35. he was admitted to the Roysl Infirmary,
Greenock, with a complaint of severe abdominel pain. On
examination he was found to be in a debilitated condition with
bilateral wrist drop and a flaccid quadriparesis. B.P. l%g .
Pulse rate 80-100/minute. Afebrile. C.S.F. normal. On
10.5.35. he developed a carbuncle of his back and sugar was found
in his urine. He was given medinal 2 tablets on 8.5.35. [His
condition deteriorated rapidly and he died on 15.5.35.

Family history See family 8.

Summary The history here is very suggestive of acute porphyria,
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although the urine, noted to be dark, was not investigated for
the presence of porphobilinogen. The subsequent family history
which unfolded - proved acute porphyria in his brother and niece =~

makes such a diagnosis very likely.

Mrg, L.W. Age 55 years (1952) Hougewife GCase No. 42

This woman was admitted to the London Hospital in May,
1954. In the previous 2 years she had bouts of diarrhoea coming
on in the early morning, lagting 2-3 days and occurring every
2 to 3 weeks. She had passed mucus during these attacks, never
blood. She had hypogastric pain during the attacks and sometimes
she vomited. Between attacks she was constipated. Her last
attack occurred 4 weeks before her admission to hospital. For
the past 8 weeks she had noted that she had passed dark urine.

Pagt History 18 years before, she had abdominal pain and vomit-

ing. She was then admitted to the London Hospital., A
lesparoctomy was performed and = retrocaecal fibrosed appendix was
removed. She has had headaches, sometimes with vomiting, in
the past 15 years. 1In recent years she has felt very lethargic
and has never wanted to go out of the house, particularly since
her husband died 4 years ago.

On examination it was noted that she was an obese middle-
aged woman. There was no physical abnormality, except that the
palate elevated to the (R). B.P. ;g% . Pulse rate 65-95/

minute. Afebrile. The urine contained 78.3 ng. porphobilinogen/

litre,
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¥hile in hospital she had a severe attack of constant
generalised abdominal pain with persistent vomiting and constipa-
tion, lasting one week. This was the most severe attack of
abdominal pain that she hed suffered. She was discharged from
hogpital 1 month after admission. Since then she still has
recurrent attacks of diarrhcea and also has had severe headaches.

Barbiturates have mnot been given to this psatient for
geversl years.

Family higtory See family 9. Her nephew, age 40 years, has

porphobilinogen in his'urine. He is very healthy. The specimens
of the remaining relatives were negative for porphobilinogen.
Summary A middle-aged woman with recurrent attacks of diarrhoea,
vomiting and some abdominel pain. She passes porphobilinogen

in her uriné. Long history of migraine. Nephew is a labent

case.

Mr. J.W. Age 18 years (1952) Case lo. 43

This young man was well until February, 1952, since when
he had intermittent attacks of nausea, vomiting, constipation,
abdominal end leg pains until his death in December 1953. He
required to be admitted to the Royal Infirmary, Glasgow, on 5

occasions throughout this 22 months' period. In some of these

attacks he had trangient hypertension (E.P. %%%, %%g}, tachy-

cardia (100-120/minute) and mental disorientation. In his final

attack he was re-admitted to hospital because of headache and pains
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in his back and 1limbs. He later developed tremor and weakness
of his arms and legs. This limb weakness progressively in-
creased for 2 months until his death on 14.12.53. from broncho-
pneumoniza, He was given a prolonged course of cortisone and a
short course of A.C.T.H. in his finel illness, but these did not
seem to improve him. He had never been given barbiturates.

Further records Hb., 14.6 - 15.4 Gb., Liver function tests -

normal (Table 2). E.S.R. 9mm/1 hour (Westergran).
Throughout his illness he excreted much porphobilinogen in his
urine. P.M. tissues - Chemical analysis - Table 3.

Family History His sister is Case No. 44, See family 10.

Summary  Recurrent attacks for nearly 2 years, final fatal one

with slow development of limb wegkness. Barbiturates not given.
lMiss M.W. Age 15 years (1951) Case lNo. 44

This girl is the sister of Case No. 43. Her mother
stated that she had intermititent attacks of abdominal pain and
vomiting since early childhood. In 1951 she was admitted to an
infectious diseases hospital because of abdcminal pain, diarrhoea
and pain and stiffness in the legs. She was diagnosed there as
a case of acute porphyria, but before the diagnosis was made she
was given barbiturates. 1In May to June, 1952, and again in
November, 1952, she was under the care of Professor L.J. Davis at
the Glasgow Royal Infirmary, with similar symptoms. There was

an intermittent low-grade pyrexia and tachycardia of 120/minute.
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W.B.C. 8-10,000/cmm, She was re-admitted on 4.2.53. with the
160

same patbtern of symptoms. The B.P. was 120 ? the first occasion
on which hypertension was noted. She was dehydrated and her
abdomen was tender. Both her legs were weak and there was
increase of muscle tone and a (L) extensor plantar response.
Her legs were hyperaesthetic but otherwise there was no sensory
abnormality. Her condition improved within a few days. As in
other attacks, her initial diarrhoea gave place to constipation.
After her discharge from hospital she remained well until
28.6.54. when she was re-admitted with abdominal and muscular
pain, vomiting end constipation of 2 days' duration. There was
tenderness and weakness of her legs but no sensory changes.
B.P. %%% - She improved on symptomatic treatment during the
following 10 days and was finally discharged on 3.8.54. She has
remained well gince then. The urine has contained large amounts
of porphobilinogen during attacks.

Family history See family 10. Her maternal aunt died in 1938

after a prolonged illness ending in mental disturbance. Ber
twin brother complained of intermittent abdominal and leg pain

in 1955 and required to be admitted to hospital. Porphobilinogen
was never detected in his urine and the porphyrin contents of
several specimens were normal. It was congidered that this was
an hysterical simulation of acute porphyria.

Summary Repeated attacks of acute porphyria for 3 years.
Diarrhoea a recurrent feature. Minimal neurological signs.

Barbiturates not given gince 1951.
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Mr. D.W. Age 20 years (1940) Leather manufacturer Case No. 45

This man was admitted to University College Hospital,

London, on 1l.5.54. because of severe vomiting and prostration

which occurred at the end of, and following a journey by sea from
the U.S.A. He started to vomit while on board ship and continued
to do so in the few days between his arrival in this country and
his admigsion to hospital. He had taken dremamine on his bost
journey, though the sea was calm. No barbiturates were taken.
He had 4 such abtacks of severe vomiting in the past - in 1940,
1946, 1949 end 1951, the first three asscciated with stormy air
trips. In his first attack in 1940 he also had tingling of his
extremities, weakness of hig muscles and aphonig, but these
symptoms passed off in 24 hours. The attack in 1951 came on
after an injection of pentothal. There has never been any
abdominel pain.

Past History He had asthma and flexural eczema as a child. He
still ge£s agthmatic attacks. He had jaundice in 1945 in Sao
Paulo, but this was not asscciated with vomiting. There is no
skin photogengitivity. On examination it was noted that he was
dehydrated end mentally clouded. Afebrile. Pulse rate 70-80/
minute. B.P. l,% . Urine (3.5.54.) contained 4lmg/litre of
paphobilinogen and 7.58mg/litre of ether scluble porphyrin, later
shown by paper chromatography to be Coproporphyrin III with some
hexacerboxylic and/or heptacarboxylic porpbyrin. There was
only a faint trace of urcporphyrin. The urine glsgo gave a
moderately strcng acetone reaction. The stocl porphyrin

determination was - coporporphyrin 15.42mg/g dry wht., proto-
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phyrin and deuvtercporphyrin 3.5mg/g dry wt. Paper chromabto-
graphic analysis of the coproporphyrin fracticn showed the same
pattern of porphyring as in the urine.

The patient was treated with 5% dextrose in normal saline
and 'avomine'. He shtopped vomiting and became very much better
in a few days. le was discharged on 8.5.54.

Further records 21.5.54. Urine Porphobilinogen - faintly

present (confirmed by peper chromatography). Coproporphyrin

1.57mg/litre. Stocl Coproporphyrin 2.23mg/g. dry wbt. Pro-

toporphyrin and deuteroperphyrin 0.06mg/g dry wt. Blood
(Plesma + erythroeytes) - Protoporphyrin 32.8/ag/100 ml,
Coproporphyrin 1.3;ag/100 ml.

Family history There is & family history of asgthma and skin

allergy. One brether died from Leukaemia. There is no other

histofy suggestive of acute porphyrie. His son excreted normal

quantities of porphyrin in urine and stool.

Summery  Recurrent attacks of severe vomiting and prostration ,
assccigted with travel in the past 14 yeers. No sbdeminal pain,
tachycardia or hypertensicn. In the 1 attack during which he
was observed, he excreted porphobilinogen and much coproporphyrin
IITI in the urihe. When the attack had subsided the porpho-

bilinogen and coproporphyrin exereticns in the urine had greatly

decreased, although they were still gbnormally high.
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Mr. B.J.P. Age 25 years (1952) Physicist Case No. 46

This man has been perfectly healthy apart from inter~
mittent pain in the right iliac fossa in the past 2 years (1952-
1954). The pain comes on in the morning soon after rising from
bed and is more often present when he is worried. It is not
accompanied by vomiting, nor associated with eating fcod. In
1948 higs sppendix was removed because of bilious attacks.

There isg no skin photosensitivity.

The faet that his porphyrin excretion was abnormal was
first noted by Dr. F.W. Darby, who was, at the time, doing a series
of normel humen urinery copropcrphyrin studies. The urinary
coproporphyrin of this man was abnormally high. Clinical exaii~
ingtion revealed no other abnormality.

Exgmination of his urine on July 1954 showed porpho-
bilinogen (confirmed guelitatively by paper chrometography),
coproporphyrin 1.524mg/1itre.

Steol  Coproporphyrin 259.§ag g. dry weight. Protoporphyrin -
trace only. ©Paper chrometography of these porphyrins showed the
urinary porphyrin to consist of mainly coproporphyrin III, with
some uroporphyrin and some hexacarboxylic porphyrin, while the
stool porphyrin was entirely coproporphyrin III.

Family History Of his relatives, only his mother had recurrent

abdominal pain. His father had died from syringomyelia in 1951.
Urine and stool specimens were obtained from his mother, maternal
aunt and his own baby daughter. His mother's stocl showed some
increase in porphyrin exeretion (coproperphyrin léaAg/g. dry

weight). The remaining specimens were normal.
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Summary & healthy young man, with only slight recurrent
abdominal pain, excretes porphobilinogen in the urine and much

coproporphyrin IIT in the urine and stool.

Migsg S.W. Age 28 years (1950) Machinist Case No. 47

This young women was admitted to the Western Infirmary,
Glasgow, on 25.1,52. because of constant colicky lower abdcminal
pain, vomiting, constipation and the passage of dark urine for 2
days. There was also difficulty in micturition. 9 days before
admission she developed a red rash on the bridge of her nose and
cn both cheeks for which she was given white tablets, probably
sulphonamides.

Pgst History In 1950 she was admitted tc the Royal Infirmary,
Glasgow, because of pain in the right iliac fossa and the passage
of dark urine., 4 laparotomy was performed and a normal appendix
was removed. There was no higtory of photosensitivity. On
examination in Januery, 1952, it was noted thal she wes very
thin, weak and that her face was pigmented with ocedema and
vesiculation of her cheeks (plate 6a). Pulse rate 100-120/
minute. Afebrile. B.P. l%g on szdmission, but she later
developed a disstolic hypertension (B.P. ﬁ—g). Her arms and
legs became wesk, although she could always move them feebly.
There wes e selective weakness of the extensors of the wrist and
fingers giving the 'tricorne' hand (plate 6b). There was no
sengory loss or loss of muscular co-crdination, as far as thig

could be examined. At one pericd bilateral extensor plantar
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responses could be obtained and there were inereased ankle and
knee tendon reflexes present with ankle elonus. Her abdominal
pain continued for seversl weeks, but latterly she complained of
nunbness of her abdomen and pains in the legs and scapular region.
Her vomiting stopped about 4 weeks after her admission and she
was given 0,5 n. saline orally and parenteral normal saline in
order Lo raise her persistently lowered serum chloride.. The
administration cf 100 mg. 4.C.T.H. per day (15-21.2.52.) brought
abou’ & prompt and sustained restoration of the normel level.
During this period her volume of packed red cells fell from 51%
(31.1.52.) to 42% (16.2.52.). There was a gradusl improvement
in her condition after 6 weeks and she was eventually discharged
on 4.4.52. o z convalescent home.

There were no psychological changes throughout her illness
apart from some reascnable anxiety over her condition.

Throughout her illnegs she had amencrrhoea which continued
till May, 1952. She has reported regulerly since then till
September, 1954, and during a1l this time she hag remained very
well and has gained over 1 gtone in weight.

Further records Her urine throughout her illness contained much
porphobilincgen. The maximum urcpcrphyrin concentration was 34mg/litre.
Serun electrolytes (Table 1) - before and after A.C.T.H.

Liver function tests (Table 2). Plasma did not fluoresce.

Examination of her fundus on 13.2.52. when B.P. was %%% showed a
"Fundus Hypertonicus", with spasm of the retinal arteries (Plate 7).
The fundus became normal in appearance when her B.P. returned tc

normel.



Plate 7. Appendix.
Case No. 47. TFundus Hypertonicus.
I wish to thank Mr. Doneld, Cphthal-

mology department Western Infirmary,
Glasgow, for this painting.
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Stool - Urine
Copro— Frote- | Copro- | Ure- Porpho-
porphyrin porphyrin porphyrin | porphyrin bilinogen

Date wg/g. Ary | mg/g. dry mg/litre mg/l.
63,52, 161 644, i 18.41 T i
(active ;
phase ) |

| |
#25.4.520 340 | 401 58.5 0 0

| !

¥10.8.54s 404 203 PTTCIE B

% phase of remission

Summary The general history of this girl is characteristic of
acute porphyria. The skin lesicn in the beginning of the 1952
attack is puzzling, since there was nc photosengitivity either
before or after this ocecasion. The urine and stcol in remission contained

increased amounts of porphyrins.

Miss B.R. Age 15 years (1951) Schoolgirl Case No. 48

This girl was well until 17.5.51. when she developed e
sore throat. ©She was treated with penicillin and sulphonilamide.
The next day she complained of pain in the lower abdomen and in
both hips. The pain was constently present and associated with
nausea, vomiting and constipation. On 20.5.51. she had headache

with epistexes and was said to have had two "convulsions" with
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stiffness of her body, but without loss of consciousness.
She was admitted next day to the Western Infirmary, Glasgow.

The pain persisted for about 1 week and she was discharged shortly

130
80 °

Her urine contained muech porphobilinogen.

after this. B.P. Pulse rate 120/minute. Afebrile.
She was well until September, 1952, when she had a 'cold!
and this was treated with aspirin powders. Shortly afterwards
she complained of lower zbdominal pain radiating down both thighs,
end also pain in the lumbar region. There was no vomiting or
constipation. She was re-admitted to the Western Infirmary,
Glasgow, on 24.9.52. B.P. ;ég . Pulse rate was high through-
out this attack and maximally 160/minute. There was a low grade
pyrexia with a maximum of 101.2°F. W.B.C. 7,200/cmm. Hb.
12.5 G%. Her pain continued for about 15 days after her
admission to hegpitel. On 29.9.52. she had a sudden partial
logs of vision, lasting a few hours. About 5 days later she
became confused, hallucinated and hystericsl and almost un-
manageable for some time, but settled down in a few days. She
became sc homegick and unhappy that she was allowed to go home.
She remeined unwell and was given 300,000 units daily of
distaguaine penicillin for 6 days, as well as phenobarbitone

gr. & nightly. Her condition deteriorated throughout this
period and she was then admitted to Ayrshire Centrel Hospital,
where she died with respiratory paralysis, after having been
placed in an artificial respirator for 10 days.

Further records Becosyn 50 mg. t.d.s. and priscol 20 mg. t.d.s.

given throughout second attack withoul apparent effect. There
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is no family history of note. She had not menstruated up to the
time of her first admission.

Summary 2 attacks, the second fatel, in a girl of 15 years.

The respiratory paralysis before death wes preceded by barbiturate

adninigtration.

Mr., W.B. Age 36 years (1954) Minister Case No. 49

This men wes well until September 1954, when he developed
a sore throat for which he wes given sulphonamides. Shortly
after this (3/10/54) he complained of colicky epigastric pzin at
first constent and later intermittent, lasting for 2-3 weecks
during which time he was alsoc constipated. No cause for the
pain could be found. He was seen by a psychiatrist because he
was a difficult patient. He had no neurological features, apart
from bilateral nystsgmus. B.P. %%% . P.R. 95/minute.
Temperature 97.2°F. E.S.R. 17 mm/hour. Hb. 14.4 G%.
W.B.C. 4,400/cnm. TIntermittent proteinuria. He gradually
recovered and had no further ettack for 1% years. FHe was given
barbiturates after the pain started but did not develop paralysis.
Urine ﬁorphobilinOgen 68 mg/litre. Coproporphyrin 317 mg/litre.

Family History His only child is an epileptic. There is no

porphobilinogen in the urine of this child.
Summary  Solitary attack following a sore throat and sulphon-

emides. DBarbiturates given during an attack bub parelysis did

not develop.
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Mrs., M.B. Age 22 years (1954) Housewife OCase No. 50

This young woman developed migraine in February 1953 and
was put on phenoberbitone gr.i b.d. or t.d.s. Although this
made her feel giddy, sickly and dazed, she continued to take
the drug until May 1954. She became progressively more depressed
and after a peculiar "stiff" turn in which she felt depressed
and cried, she was sent to the Maudsley Hospital for treatment.
An E.E.G., performed there, was normael and she was put on
sodium amytel nocie which was continued until lst September,
1954. In August 1954 she complained of vague, intermittent
abdominal pain, lethargy and depression. She then went on
holiday to the Isle of Wight. The pain got more severe,
radiating from the loins down both sides tc the lower abdomen.
It was constantly present, though it varied in intensity, and was
associated with vomiting. She was admitted to hogpital.  Since
she also had albuminuris, a diagnosis of pyelitis was made and
she was treated with phenobarbitone and sulphonamides. Five
days later she developed twitching movements in the (R) side of
the face and loss of consciousness and subsequently had 4 further
epileptiform attacks. When she recovered from these she was
confused and drowsy and was transferred to a mental hospital.
She gtill had abdominal pain, vomiting, ancrexia and complained
of some numbness from the walst downwards. U was ncted that
she passed dark urine and a diagrosis of acute porphyria was
established. She was then transferred to University College
Hospital, London (22.9.54.). She was drowsy, apathetic and

still complained of abdominal pain and numbness of lower limbs.
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B.P. %%% . P.R. 116/minute. There was weakness on straight leg

raising and absent knee jerks. Slight pyuria and bacilluria
(B. coli). Fundi normal. Urine porphobilinogen 7.7 mg/litre.
Blood urea 27 mg.%. Hb. 15 G%. W.B.C. 7,400/cmm. She had
lost over 1 stone in weight since the onset of her illness and
had to be persuaded to tgke an adequate diet. The abdominal
pain continued and was now asscciated with diarrhoea. The pain
gradually eased and her mental condition improved. She was
discharged 11/10/54. Since June 1954 (until 1956) she has been
very well, entirely free of symptoms.

Previous illnesses HNocturnal enuresis since childhood. She is

ligble to hay-fever in summer.

Family higstory 9 other members of family tested for porpho-

bilinogen in urine and all found negative (sec family No. 11).
Summary Frolonged barbiturate sdministration for migraine
followed by depression and later epilepsy and ﬁeurological

symptoms. Porphobilinogen in urine.
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Serum or Plagma Electrolvtes

HJ

ABLE 1

(Appendix)

Cagse Date. Sodium Potassium Chloride Biecarbonate UI‘eaT
No, (m.eq.l.) \n...’l.l) (ﬂ.eq I ) (n.,,q 15 ) mg.
Normal Values. f"3£,— 3) (3.5-5. 5, (07-10’?J (44—31) (20-40
1 Yogism, Im 5.3 20 7.3 58
(died 11.11.53)
B 112, 7.54. Lyl o8 352 75
N6 Bk 3.1 73 39.6 99
18. 75l 130 3.15 88 33 67
P I A 148 45 90 L0 268
(died 25.7.54)
21 134 3.7 100
25 129, 1.52. 130 4,85 101
20. 2.52. 136 3.7 87
2 21 139 4.7 93
25 2.52. 135 LS 91
f ﬁ-l5') 137 5.1 95
33,525 139 46 103
5e3ah2 147 Sl 103
32 112.3.52: 154 L6 93
33 121.8.53. 153 4.6 100
38 }18.8.54. 142 455 8s 25
7 129,352, 114 46 68
1.2.52; 67
5,2.52. TE
12.2.52, 64
18,2.52, 142 3.84 93
19.2.52. 152 Lk 9%
. 91 9,52 143 3.58 9
D« 12825 146 3.84 99
& 2 5 a5, 139 4423 95
& e Jesaisa 146 6.66 100
Moo 1352 142 5.38 96
el % 3.3.52. 145 2.23 100
El eI D [P R 139 LB 96
< 17:3.52. 139 4436 104
27.3+52. 135 5.38 96
2L L.52, 156 .87 98
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Plate 8. Appendix.

Cage No. 32. Right phrenic nerve undergoing
demyelination, with phagocytosis of released
lipoid. Free macrophages are seen in oedem-
atous spaces beneath the endoneurium.

Sudan IV X 120.

I am indebted to Dr. James B. Gibson for his
permission to include Plates &, 9, and 10.



Plate 10,

Appendix.

Case No. 43, Parietal white
shoying a small perivascular
demyelination.

Spielmeyer., X30.
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