
CHAPTER 1

An Historical Introduction to Porphyrin
and Chlorophyll Synthesis
Michael R. Moore*

Historical Introduction to Porphyrins and Porphyrias

Introduction

Porphyrins are the extroverts of chemistry. Bright purple and fluorescent, they are
used biologically in the processes of energy capture and utilization. Porphyrins are the
key to life. It has been suggested that abiotic formation of porphyrins, in particular

uroporphyrinogen would have provided the first pigments necessary for the eventual synthesis of
the chlorophylls. This would have facilitated the emergence of simple photosynthetic organisms
in primordial earth through enhanced efficiency of energy capture and utilisation (Fig. 1).

Communication
The development of the science of porphyrins and chlorophyll has progressed at a breakneck

pace over the last century. A key to the development of medicine and science in the 20th century has
been the improving levels of communication on an international basis. However, by the 1960s it was
becoming increasingly easy for scientists to communicate both in person and electronically. At the
same time many national groupings established between the middle and end of the 20th Century
have grown and consolidated the interrelationships between scientists and physicians in the study of
haem and chlorophyll synthesis. As an illustration of this continuing communication, Table 1 shows
the sequence of meetings of the Tetrapyrrole Discussion Group, (TPDG) in the United Kingdom
from its inception in 1977.
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Email: m.moore@uq.edu.au
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Figure 1. Carbohydrate synthesis and degradation using chlorophyll and hemoproteins.
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Tetrapyrroles: Birth, Life and Death2

The porphyrias provide examples of the derangement of the pathway that synthesizes these tet-
rapyrroles. From the outset, the name “porphyria” described not the diseases but the lustrous purple-red
crystalline porphyrins:

πορϕνροο
[porphuros or purple].

Again the importance of this topic is reflected in the number of international meetings organized
in the last half-century (Table 2). Chapter 5 describes recent advances in this field.

Table 1. The Tetrapyrrole Discussion Group (TPDG) a list of meetings since inception

Year Date Site Organiser

1977 5 July University College, Cardiff George Elder/ Stan Brown,
Francesco De Matteis

1978 7 April Middlesex Hospital, London Francesco De Matteis
1979 29-30 March University of Leeds Stan Brown
1980 3-4 January University of Bristol Trevor Griffiths, Owen Jones
1980 25-26 September Western Infirmary, Michael Moore

University of Glasgow
1981 10 April Queen Mary College, London Ray Bonnett
1982 23 April University of Southampton Peter Jordan
1983 21-22 March University College, Cardiff Tony Jackson, George Elder
1984 6 January Royal Free Hospital, London Barbara Billing
1984 16-17 July University of Leeds Stan Brown
1985 19-20 September University of Edinburgh Jenny Houghton
1986 April The Royal Society Albert Neuberger
1987 20-23 July University of Southampton Medical Peter Jordan

School ‘10th Anniversary Meeting’
1988 11-12 April University of Leeds Jenny Houghton
1989 4-7 April University of Glasgow Michael Moore

‘A Century of Porphyria’
1989 December The Royal Society Francesco De Matteis
1990 December Queen Mary and Westfield College, Ray Bonnett

London
1992 6-7 April University of Southampton Peter Jordan
1993 5-6 January University of Cambridge Alison Smith
1993 15-16 September University of Leeds Jenny Houghton
1994 11-12 July Queen Mary and Westfield College Ray Bonnett, MartinWarren
1995 10-12 April University of Leicester C-K Lim, Andy Smith
1996 11-12 January University of Southampton Peter Shoolingin-Jordan
1996 10-11 September University of York Timmins
1997 30 June-1 July Queen Mary and Westfield College Ray Bonnett

‘20th Anniversary Meeting’
1998 23-24 March University of Cambridge Alison Smith
1998 7 December The Royal Society Martin Warren
1999 1-2 September University of Essex Ross Boyle
2001 4-5 January University of Leicester Andy Smith
2001 13-14 September University of Cardiff Mike Badminton
2002 8-10 April Heriott-Watt University Martin Warren
2003 9-10 January University of Leeds David Vernon
2003 28-30 August Lund University, Sweden Lars Hederstedt, Mats Hansson
2004 16-17 September University of Cambridge Alison Smith
2005 1-2 July University of Hull Ross Boyle
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3An Historical Introduction to Porphyrin and Chlorophyll Synthesis

Table 2. A chronology of international porphyrin and porphyria meetings post-1955

Year Date Site Organiser(s) Background

1955 8-10 Feb London Rimington CIBA Foundation
1959 31 Aug-4 Sept Canberra Lemberg, Legge IUB/AAS Hematin Enzymes
1963 18-24 Sept Cape Town Eales
1968* 8 April London Rimington, Neuberger UCH/ Biochem Soc Symp. 28.
1968* Crystal Mt Tschudy 1st Gordon Conference on
to to to Tetrapyrroles GRCs every even
2006 Newport Ann Smith year thereafter
1970 2-6 Dec Cape Town Eales
1970 GRC
1972 3-6 April New York Adler NY Acad Sci
1972 GRC
1973* 28-30 June Marburg Doss
1974 GRC
1975* 19-20 Feb London Neuberger, Kenner Royal Society
1975* 1-4 May Freiburg Doss
1975 New York Adler NY Acad Sci
1975* 17-19 July Helsinki Koskelo & Tenhunen
1976* July Wolfeboro GRC
1977 June28-July 1 Marburg Doss 400th Anniversary Phillips U.
1977* Sept Cardiff Brown, De Matteis 1st Meeting of TPDG Elder/Moore
1978* July Wolfeboro GRC
1978 Kyoto Sano
1979* 29 Oct-1 Nov Buenos Aires Batlle CIPYP
1980* 4-8 Aug Wolfeboro Troxler GRC
1982 23-28 May Tokyo Mascaro Dermatology
1982 1-6 Aug Wolfeboro Marks GRC
1984* 5 Nov Minneapolis Pierach Watson Symposium
1984* 6-10 Aug New London Smith (K) GRC
1985 19-22 June Paris Nordmann
1986* 28 July-1 Aug Wolfeboro Sassa GRC
1986* 27-29 Oct Rye Brook NY Silbergeld NY Acad Sci
1987* 12-13 Nov London Ont Haust
1987* 7-10 Oct Rome Topi
1988* 25-29 July Wolfeboro Correia GRC
1989* 4-7 April Glasgow Moore Century of Porphyria TPDG -

Goldberg Festschrift
1990* 23-27 July Wolfeboro Beale GRC
1992* 30 April-4 May Papendal Wilson, De Rooij
1992 Kushner GRC
1992* 22-24 Oct Göttingen Seubert Ippen Festschrift
1993* 16-17 March Oslo Moan Rimington 90th Birthday
1993* 22-26 Nov Melbourne Blake
1994 24-29 July Wolfeboro McDonagh GRC
1995* 28 June-2 July Helsinki Tenhunen, Mustajoki
1996* February Cape Town Meissner, Kirsch International association for the

study of liver disease (IASLD)
1996* 14-19 July Henniker Bloomer GRC
1998 12-17 July Newport Lagarias, GRC

Shoolingin-Jordan

Table continued on next page
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Tetrapyrroles: Birth, Life and Death4

Descriptions in Antiquity
Although the first verifiable cases of porphyria were identified in the middle of the 19th

Century, some of the writings of the ancients seem to show clear descriptions of attacks of acute
porphyria (Table 3). Hippocrates, 460 to 370BC, gives a splendid description of a woman from
Thasus who suffered from many of the features that we now recognise to be associated with the
acute attack of porphyria.

The allusions to porphyrins, around 1840, by Lecanu1 and other workers, preceded the first
clinical presentations of porphyria by Schultz2 and Baumstark3 by 30 years. The porphyrias belong
to that larger group of diseases described by Garrod4 in 1923 as “inborn errors of metabolism.” They
demonstrate a unique combination of neurological and dermatological features, which show charac-
teristic variations from one condition to another, the reasons for which may be sought in enzymic
change within the haem biosynthetic pathway. The history of various aspects of the porphyrias and
porphyrin metabolism has been recorded by Florkin and Stotz5 and Moore6 (Table 3).

Structure
The basic porphyrin nucleus is a unique biological structure. It consists of a macrocycle of four

pyrrole rings linked by four methene bridges. The normal biological intermediate is not this highly
conjugated porphyrin, but the hexa-hydro porphyrin, the porphyrinogen in which each of the methene
bridges is reduced.

An important feature of this complex ring structure is its metal-binding capability. The most
commonly bound metals are iron and magnesium. In this form the metalloporphyrins reach
their true apotheosis. Haem, an iron-containing complex usually bound to various proteins, is
central to all biological oxidations. Haemoproteins are also used as oxygen carriers. The
chlorophylls are the magnesium-porphyrin compounds, which are central in solar energy utiliza-
tion in the biosphere.

As well as the systematic formation of porphyrins by biological systems, abiotic synthesis of
porphyrins has been described in which a primitive chemical system has produced porphyrin-like
compounds through the high entropy of their formation.7 Such synthesis was important in the
ontogenesis of terrestrial life, since it would have facilitated the emergence of life forms on primor-
dial earth by increasing the efficiency of oxido-reductive processes as well as of energy capture.8

Porphyrins are found in fossil life forms9 and have even been identified in rocks from the moon.10

Table 2. Continued

Year Date Site Organiser(s) Background

1999* July Hamburg Martasek
2000* 16-21 July Newport Ortiz de Montellano GRC
2000* 10-13 Sept Paris Deybach festschrift Millenium, Nordmann
2000 Dijon Guillard ISPP-1
2002 8-10 April Edinburgh Heathcote, Warren Biochem Soc, TPDG
2002 June Kyoto Ogoshi ISPP-2
2002* 14-19 July Newport Ferreira GRC
2003 21-25 Sept Prague Martasek
2004 New Orleans Smith, Kadish, ISPP-3

Sessler
2004 July USA O’Brian GRC
2005 Feb Cape Town Meissner Kirsch festschrift
2006 July USA Smith (A) GRC
2007 April Rotterdam De Rooij Wilson Festschrift

GRC = Gordon Research Conference
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5An Historical Introduction to Porphyrin and Chlorophyll Synthesis

Table 3. Selected chronology of studies of porphyrins

Year Researcher Studies

460-370BC Hippocrates Described a case akin to menstrually-related acute porphyria
1831 Laennec Anaemia of lead poisoning
1837 Lecanu Acid extraction of hemin from blood
1841 Scherer Hemin extraction—iron free
1844 Mülder Purple-red fluid devoid of iron
1864 Hoppe-Seyler Named hemoglobin
1867 Thudichum Spectrum and red fluorescence of porphyrins
1871 Hoppe-Seyler Prepared porphyrins from blood and showed they were

pyrroles
1874 Schultz Congenital porpyria—pemphigus leprosus)

Baumstark Urinary porphyrin pigments—an error of biosynthesis
1879 Hoppe-Syeler Chlorophyll tetrapyrrole, phylloporphyrin, structurally similar

to heme
1980 McMunn Salicylate-induced porphyrinogenesis
1883 Soret Light absorption around 400nm of hemin

Krukenberg Red fluorescence of eggshells
1884 McMunn Discovery of cytochromes (myohematin)

Brouwier Chocolate-colored bones in abbatoir carcasses
1888 Nencki, Sieber Hematoporphyrin dicarboxylic
1889 Stokvis Sulfonal-induced acute porphyria

McMunn Porphyrins in echinoderms and the black slug
1890 Ranking, Pardington Described the symptoms of acute porphyria
1891 Geill, Fehr Induction of acute porphyria in women by sulfonal

Copeman Neurosis in female porphyrics
1892 Church Turacin shown to be a porphyrin
1893 Barnes Named photosynthesis (carbonic acid and chlorophyll)
1895 Stokvis Animal porphyria

Binnendijk Excess porphyrins in urine of lead-poisoned patient
1896 Saillet Coproporphyrin (urospectrine)
1903 Zaleski Mesoporphyrin

Erbslöh Axonal degeneration in acute porphyria
1904 Laidlaw Preparation of protoporphyrin
1906 Willstätter Chlorophyll characterization commenced

Dobrschansky Barbiturate-induced porphyria
1908 Hausmann Porphyrin photosensitization of mice
1911 Günther First classification of porphyria
1912 Küster Correct tetrapyrrolic structure of heme
1913 Meyer-Betz Hematoporphyrin sensitization of skin
1915 Willstätter Nobel prize for chlorophyll work
1923 Kämmerer Porphyrin from putrefying meat—protoporphyrin

Garrod Porphyria—inborn error of metabolism
1924 Fischer and Kögl Ooporphyrin (protoporphyrin) in eggshells

Policard Preferential uptake of hematoporphyrin by rat sarcoma
1925 Keilin Rediscovers cytochromes

Derrien and Turchini Oviduct porphyrin deposition on eggshells
Intense red fluorescence of harderian gland

1929 Fischer and Zeile Hemin synthesis confirming Küster’s structure
Similarities of side chains of heme and chlorophyll

Table continued on next page

©
20

08
 C

op
yr

ig
ht

 L
an

de
s 

B
io

sc
ie

nc
e.

 N
ot

 fo
r 

D
is

tr
ib

ut
io

n.



Tetrapyrroles: Birth, Life and Death6

Table 3. Continued

Year Researcher Studies

1929 Borst and Autopsy study of Petry
Königsdörffer

1930 Fischer Nobel prize for porphyrin work
1931 Sachs Chromogen giving red coloration wth Ehrlich’s reagent

Körbler Porphyrin uptake by tumors
1932 Grotepass Urinary coproporphyrin III in lead poisoning

Hijmans van den Bergh Lead increase in erythrocyte protoporphyrin
1933 Watson Stercobilins

Dhéré et al Studies of microbial porphyrins
1935 Franke, Fikenstscher Doubling of urinary coproporphyrin excretion after ethanol
1936 Dobriner First case of what would be called hereditary coproporphyria

Rimington Congenital porphyria in cattle
1937 Waldenström Review, naming of porphyria cutanea tarda and classification

of acute porphyria
Turner Porphyrins in fox squirrels
Guildemeister Albumin binding of porphyrins

1939 Rimington, Hemmings Coproporphyrinuria following use of sulfanilamide
Waldenström Isolation of porphobilinogen

1941 Watson, Schwartz Simple test for urinary porphobilinogen
1944 Strong Harderian gland porphyrin and carcinoma in mice

Clare and Stephens Congenital porphyria in pigs
1945 Barnes Variegate porphyria in south Africa
1946 Shemin, Rittenberg Isotopic study of porphyrin biosynthesis

Corwin, Erdman IR investigation of NH tautomerism
1948 Folkers, Smith Isolation and characterization of vitamin B12

1949 Pauling, Itano Sickle cell hemoglobin
Lemberg, Legge Description of biosynthetic sequence

1950 Neuberger et al,
Shemin et al Uroporphyrin first formed biosynthetically
Rimington, Sveinsson Spectral absorption of porphyrins

1951 Watson et al Erythropoietic and hepatic classification of porphyria
Shemin, Wittenberg Requirement for succinyl-CoA

1952 Westall Isolation of porphobilinogen
1953 Shemin, Russell, Role of ALA in biosynthesis

Neuberger, Scott
Kosenow, Treibs Erythropoietic protoporphyria

1955 Goldberg, Rimington Allylisopropylacetamide-induced experimental porphyria
Hodgkin et al X-ray structure of vitamin B12
Bogorad Reduced porphyrins—porphyrinogens are biosynthetic

intermediates
Scott Photosensitizing effect of ALA
Shemin The succinate-glycine cycle
Berger, Goldberg Named hereditary coproporphyria
Tio Porphyria cutanea tarda associated with adenoma
Schwartz et al, Use of hematoporphyrin derivative on cancer
Rassmussen-Taxdal et al

1956 Goldberg et al Ferrochelatase—the iron-incorporating enzyme
Waldenström Recognition that each porphyria can be localized to a defect

in one enzyme

Table continued on next page
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7An Historical Introduction to Porphyrin and Chlorophyll Synthesis

Table 3. Continued

Year Researcher Studies

1957 Cam Turkish porphyria—hexachlorobenzene-induced
Lascelles, Schulman, ALA synthase—requirement for pyridoxal phosphate
Richert

1957 Haeger ALA in urine in lead poisoning
1958 Granick ALA synthase the primary control point of heme biosynthesis
1959 Solomon, Figge 3,5-Dicarbethoxy-1,4-dihydrocollidine experimental porphyria

Becker and Bradley First application of NMR to porphyrin structure
1961 Calvin Nobel prize for photosynthesis work

Magnus et al, and
Langhof et al Named and studied erythropoietic protoporphyria
Lipson et al Use of purified hematoporphyrin derivative
Gajdos et al Role of ATP in control of porphyrin synthesis

1962 Perutz and Kendrew Nobel prize for X-ray crystal structure of hemoglobin
1964 Illis Porphyria and the etiology of werewolves

Heide et al Hemopexin, a heme-binding γ-globulin
Dagg et al Similarities between acute porphyria and lead poisoning

1965 Woodward Nobel prize for total synthesis of chlorophyll and vitamin B12
1966 Macalpine and Hunter “Royal malady”
1969 Pinol-Aguade et al Hepatoerythropoietic porphyria

Gajdos et al Homozygous hereditary coproporphyria
Romeo and Levin Uro’gen III cosynthase and congential porphyria

1970 Strand et al Acute intermittent porphyria related to deficiency of PBG
deaminase

Koskelo et al Binding of 14C-porphyrins by hemopexin and albumin
1971 Bonkowsky et al Hematin use in acute porphyria

Moore et al Ethanol inhibition of ALA dehydratase
1973 Beale et al ALA synthesis from glutamate, through DOVA
1974 Jackson et al Protoporphyrinogen oxidation enzymically controlled
1975 Bonkowsky et al,

Bottomley et al,
De Goeij et al Ferrochelatase and erythropoietic protoporphyria
Beale et al C5 Pathway, glutamate → ALA

1976 Elder Hydroxymethylbilane synthase as secondary control stage
Wetterberg International review of drugs in porphyria
Brodie et al, Elder et al Coproporphyrinogen oxidase and hereditary coproporphyria
Kushner et al Uro’gen decarboxylase and PCT

1977 Brodie et al Control of acute porphyrias by PBG deaminase
1979 Jordan et al, Mechanism of formation of uroporphyrinogen III

Battersby et al from hydroxymethylbilane (preuroporphyrinogen)
Bird et al First description of plumboporphyria (ALA dehydratase

deficiency)
Moore et al Acute and nonacute classification of porphyria
Tephly et al DDC forms N-alkylated porphyrins

1980 Meisler et al Gene for porphobilinogen deaminase on chromosome 11
Brenner and Bloomer Protoporphyrinogen oxidase and variegate porphyria

1981 Mustajoki, Immunological variants of PBG deaminase—
Anderson et al CRIM positive and CRIM negative

1982 Day et al Concurrent (dual) variegate porphyria and PCT
Nordmann et al Description of harderoporphyria

Table continued on next page
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Tetrapyrroles: Birth, Life and Death8

Chlorophyll
Prior to 1893, the process by which plants reduce carbon dioxide to organic matter was termed

assimilation. However, in that year, Barnes11 proposed that the biological process for the synthesis of
complex carbon compounds in the presence of chlorophyll under the influence of light should be
designated as photosynthax or photosynthesis. The history of this process is described by Gest.12

The naming of chlorophyll in 1818 was by Pelletier and Caventou13 from the Greek

[Colour of Leaf ]

On our planet chlorophyll synthesis is an extremely conspicuous process. Rüdiger14 noted that the
surge in chlorophyll synthesis in the spring on our planet is the clearest evidence of the presence of life
on earth. Elucidation of the structure of chlorophyll by Fischer and Orth15 occurred in 1940 and a
verification of this structure by its total synthesis by Woodward16 in 1960.

In chlorophyll the four pyrrole rings are linked into a tetrapyrrole with a magnesium atom at
the centre of the structure. To form the first of these pyrrole rings there is an alternative route for
the synthesis of 5-aminolaevulinate, which starts from glutamate through a three-step pathway,
which is called the C5 pathway; in contrast to the synthesis from glycine and succinyl-CoA. This
was demonstrated by Beale et al.17 The overall mechanisms are described by von Wettstein et al.18

In the subsequent stages of the pathway, living systems have developed two ways of transforming
uroporphyrinogen III into metal complex macrocycles. One is oxidative and leads to the chlorophylls
and to haem, which the obligatory acceptor for the enzymic oxidation is oxygen. The second method
is nonoxidative and makes use of methylation. This pathway is found in anaerobic organisms and
for compounds like cyanocobalamin develops a macrocycle, which is structured to hold the cobalt
ion.19 Recent work on the biosynthetic pathways of haem, chlorophylls and corrins are described in
other chapters in this book.

Table 3. Continued

Year Researcher Studies

1983 Eiberg et al Gene for ALA dehydratase on chromosome 9
Grandchamp et al Gene for coproporphyrinogen oxidase on chromosome 3
Batlle et al Use of ALA dehydratase replacement therapy

1984 Kordic et al Homozygous variegate porphyria
Grandchamp et al cDNA for PBG deaminase mRNA
De Verneuil et al Gene for uroporphyrinogen decarboxylase on chromosome 1
Youngs Chester Porphyria

1986 Deybach et al Homozygous erythropoietic protoporphyria
1987 Jordan and Warren Dipyrromethane co-factor for PBG Deaminase

Siepker FAD cofactor for protoporphyrinogen oxidase
1989 Riddle et al Two forms of ALA Synthase
1990 Bishop et al ALA-S2 and X-linked Sideroblastic anaemia—location Xp11.21
1991 Whitcombe et al Ferrochelatase 18q22
1991 Astrin et al Uroporphyrinogen co-synthase 10q25.3
1992 Cotteral X-linked sideroblastic anaemia—due to ALA-S2
1993 Norton Chester Porphyria on 11q
1994 Dailey et al Two iron, two sulphur clusters in ferrochelatase
1994 Cacheux et al Coproporphyrinogen oxidase 3q12
1995 Taketani et al and Protoporphyrinogen oxidase 1q22-23

Roberts et al
1996 Meissner et al R59W mutation in protoporphyrinogen oxidase—South

African variegate porphyria
1998 Röhl, Warren “Purple Secret” further evaluation of the ‘Royal Malady’
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9An Historical Introduction to Porphyrin and Chlorophyll Synthesis

The Early Chemical Era

Early Studies
The history of the porphyrins begins with the work of Lecanu, Berzelius,20 Scherer,21 and Mülder.22

Scherer added concentrated sulfuric acid to dried and powdered blood and washed the precipitate
free of iron. He thus had shown that the red coloration of blood was not due to iron. In Mülder’s
study, he described a “purple-red fluid” without any iron, which he named “Eisenfreises hämatin”
(iron-free haematin). This red substance was called “cruentine” by Thudichum23 in his report to the
Privy Council of Great Britain in 1867. He defined its spectrum, and noted that, “it fluoresced with
a splendid blood-red color.”

Contemporaneously, the first tentative efforts were being made to understand the part played by
the tetrapyrroles in living organisms. In 1871, Hoppe-Seyler24 found that “iron-free haematin” was
a mixture of two substances, the main constituent of which he called “hämatoporphryin.” Three
years later, Schultz2 published the clinical details of a case of so-called “Pemphigus Leprosus” for his
doctoral thesis. The patient was a 33-year old weaver who had suffered from skin photosensitivity
from the age of 3 months. His spleen was enlarged and he passed a wine-red urine; this urine was
investigated by Baumstark3 who named two pigments derived from it—“urorubrohaematin” and
“urofuscohaematin.” The importance of his observations was in his interpretation that the source of
the porphyrin pigments was from an error of biosynthesis. The case was a description of congenital
porphyria. This was the first association of this class of pigments in urine with a disease in humans.
The autopsy records intense red-brown discoloration of the skeleton, a feature of this disease in both
animals and humans.

In 1880, MacMunn,25 who later discovered the cytochromes in 1884, described a dark pig-
ment excreted in the urine of a patient who had been taking sodium salicylate. MacMunn called
this pigment “urohaematin,” but later, he renamed it “urohaematoporphyrin” because “it bears a
very striking resemblance to haematoporphyrin.” Hoppe-Seyler26 studied the porphyrin in chlo-
rophyll and rediscovered the property of red fluorescence first seen by Thudichum. He named it
“phylloporphyrin.” The term “porphyrin” was used by others such as Church27 in his description
of the porphyrin from Turaco feathers (turacin). Finally, the major spectroscopic feature of por-
phyrins, the strong absorptions lying around 400 nm was described for haemoglobin in 1883 by
Soret.28 This absorption band for porphyrins is still called the Soret band.

Biochemical Developments
A true biology of the porphyrins could not at that time be formulated because the exact route to

their biosynthesis, together with their relationship within intermediary metabolism, were lacking.
Many erroneous views were propounded during this period concerning the origins and interrela-
tionships of the porphyrins, views, which obfuscated and retarded progress in the biological sphere.
It was thought, for example, that porphyrins arose as degradation products of haemoproteins, such
as haemoglobin, by removal of iron and the protein moiety and that protoporphyrin, so formed, was
“detoxicated” by progressive carboxylation providing, in uroporphyrin, a more hydrophylic mol-
ecule for urinary excretion. These mistaken assumptions inevitably confused any understanding of
the porphyrias, although Günther’s29 clinical classification in 1911 helped to resolve some of the
misunderstanding. One may also admire Baumstark’s foresight in 1874. He believed the urinary
pigments of Schultz’s 1874 case arose by an error in the biosynthesis of haemoglobin and not by any
fault in its degradation, a concept that was not confirmed for another 50 years.

The chemical excreted in the porphyrias remained a matter of debate. The urinary pigment had
been thought to be haematoporphyrin.30-32 Garrod33 showed that the absorption spectra of the urinary
porphyrins were being masked by other chromophores in the urine, but it was not until 1915 that
Fischer34 showed that “urineporphyrin” was quite discrete from “haematoporphyrin.” Nencki and his
coworker, Sieber35 contributed to the knowledge of the time by showing that haematoporphyrin was a
dicarboxylic porphyrin. Saillet36 prepared “urospectrine” in 1896 from urine which was subsequently
named “coproporphyrin”37 and also showed the presence of this compound in urine as a colorless
chromogen (probably “coproporphyrinogen”). “Protoporphyrin” was also prepared unknowingly at
this time by Laidlaw.38 The correct structure of haem was first proposed by Küster39 in 1912 but
subsequently rejected by other workers, of greater stature, such as Willstätter and Fischer. Following
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Tetrapyrroles: Birth, Life and Death10

the separation studies of Willstätter and coworkers40,41 for which he was awarded a Nobel Prize (Fig.
2), Fischer began a series of studies, which continued for 30 years until his death in 1945. During this
time, he was awarded the Nobel prize for chemistry in 1930 (Fig. 3).

Mathias Petry and Hans Fischer
Mathias Petry was one of Günther’s cases of congenital haematoporphyria. Petry became both

laboratory aide and source of porphyrins for Fischer. Fischer worked with him until Petry’s death in
January 1925 when Fischer undertook a chemicopathological autopsy, which he published under
the name of “Porphyrinurie”.42 Borst and Königsdörffer43 published the extensive pathological
autopsy. Laidlaw,38 Fischer,34 and Schumm44 differentiated the naturally occurring porphyrin of
haem itself from haematoporphyrin and the name “protoporphyrin” was suggested for this sub-
stance by Fischer45

The Biochemical Descriptive Era
It was during the 1930s that the next generation started their work. During this time, some key

names and prominent contributions emerged: the discovery of Ehrlich’s positive chromogen in the
urine of patients with acute porphyria in attack by Sachs.46 Waldenstrom studied Sachs’ Ehrlich’s
positive chromogen, which, together with Vahlquist, he named “porphobilinogen”47 in 1939

Haem Biosynthesis
The next milestone in the development of this subject rested upon the emergence of a systematic

biochemical description of the pathway of haem biosynthesis. The names most commonly associ-
ated with this are Shemin and Neuberger (Figs. 4, 5). Their work encompassed the early description
of how “5N-glycine was incorporated into haem by humans and animals.48,49 This led first, to the
realization that ALA was a precursor of porphyrins50,51 and at the same time, that the monopyrrole,
porphobilinogen, was indeed, the precursor of uro-, copro-, protoporphyrin, and haem.52

Figure 2. Richard Willstätter—Nobel laureate in
chemistry 1915 (© The Nobel Foundation).

Figure 3. Hans Fischer Nobel laureate in 1930
(© The Nobel Foundation).
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11An Historical Introduction to Porphyrin and Chlorophyll Synthesis

A “pyrrolic intermediate” was postulated as a vital step in the biosynthesis of the tetrapyrrole
ring. The decisive contribution came in 1952 when the substance called porphobilinogen, excreted
by patients suffering from acute intermittent porphyria, was shown to be a monopyrrole.53,54 It was
shown to give rise, enzymatically, to uroporphyrinogen when incubated with a haemolysate of chicken
red cells.52

Early Description of Porphyria
After sulfonal was introduced as a hypnotic by Kast55 in 1888, Stokvis56 reported that an elderly

woman who had taken sulfonal excreted dark-red urine and later died. He considered that the
pigment in this urine, producing coloration resembling port wine, was similar to, but not identical
with, haematoporphyrin. Harley57 (1890) reported a fatal case of an unusual form of nervous distur-
bance associated with dark-red urine in a 27 year-old woman who had been given sulfonal and
presented many of the neurological features of porphyria. Ranking and Pardington58 (1890) de-
scribed two women who excreted “haematoporphyrin” and who exhibited the gastrointestinal and
neuropsychiatric manifestations of acute intermittent porphyria. The terms “porphyria” and “por-
phyrinuria” emerged gradually and slowly replaced “haematoporphyria” and “haematoporphyrinuria.”
Sometimes sulfonal or the allied drugs, tetronal and trional, had been taken for variable periods
prior to the onset of symptoms. Other cases had no obvious relationship to drugs and, presumably,
were precipitated by other unknown causes. When barbiturates were introduced into medicine in
1903, it was not long until a report of an acute porphyric attack, precipitated by diethyl barbituric
acid, was reported.59

Drugs and Chemical Porphyria
The earliest evidence that we have for the drug-related development of porphyria occurred when

the drug sulfonal induced the first published example of an attack of acute porphyria by Stokvis.56

The ability of certain compounds to increase porphyrin synthesis in experimental animals has been
used as a means of examining the processes of haem biosynthesis.60 Experimentation with animals

Figure 4. David Shemin. Figure 5. Albert Neuberger.
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Tetrapyrroles: Birth, Life and Death12

added much to this area of knowledge but confusingly, some drugs produced different patterns of
porphyrin excretion in different species due to differences in response and susceptibility. Some in-
vestigators maintained that drugs merely precipitated attacks in patients already suffering from ge-
netic acute porphyria, whilst others disputed this.

Allyl Compounds
Schmid and Schwartz61 (1952) found that the hypnotic compound Sedormid (allylisopropyl

acetylurea) could produce a porphyria in laboratory rodents which was akin to acute intermittent
porphyria in humans. Allylisopropylacetamide (AIA), a structural analogue of Sedormid was soon
found to be equally effective porphyrinogenic agents62 (Fig. 6).

DDC
A chance observation by Solomon and Figge63 (1959) revealed that the substituted

dihydropyridine, 3,5-diethoxycarbonyl-1,4 dihydro collidine (DDC) caused an experimental por-
phyria. Tephly et al (1981),64 De Matteis and Marks (1983)65 and others studied the chemical
events following experimental administration of the porphyrinogenic drug, DDC. It has been shown
that the N-alkylated protoporphyrins are the immediate inhibitors of ferrochelatase and that they
originate from the haem of the cytochrome P450, DDC being the methyl donor.

Fungicides
Hexachlorobenzene, has also been shown to cause experimental porphyria in humans. An out-

break of cutaneous porphyria in Turkey66 was related to the ingestion of seed-wheat treated with
hexachlorobenzene as a fungicide, which initiated the work, which continues to the present into the
effects of polyhalogenated hydrocarbons on haem biosynthesis.67,68 Another therapeutic fungicide,
griseofulvin, was also shown to be porphyrinogenic.69

The means by which each of these compounds, AIA, DDC, and hexachlorobenzene, influence
the biosynthetic pathway are of interest since they provide a useful pointer to the diversity of influ-
ence of chemical compounds upon the processes of control of haem synthesis and provide the ratio-
nale for development of the lists of drugs contraindicated for use in acute porphyria.

Classification of Porphyrias
In his papers of 1911 and 1922, Günther29,70 was the first to classify the diseases of porphyrin

metabolism. In the first of these he quoted 14 cases from the literature in which acute symptoms of
porphyria arose spontaneously, “haematoporphyria acuta,” and 56 cases of “haematoporphyria acuta
toxica,” in which the symptoms were associated with the ingestion of sulfonal, trional, or veronal.
He also defined and named, for the first time, the very rare condition, congenital porphyria,
“haematoporphyria congenital” in which the predominating symptoms were due to skin photosen-
sitivity. In Glasgow in 1898, McCall-Anderson71 had described two brothers, both of whom had
solar sensitivity and excreted “haematoporphyrin” in the urine. Meyer-Betz72 was the first of Fischer’s
coworkers. He injected 200 mg of haematoporphyrin into his own veins in 1913. Knowing the
marked photodynamic effect of this substance on mice, paramecia, and erythrocytes, from the stud-
ies of Hausmann,73,74 he intended to remain indoors and expose himself very cautiously to light.
However, he was a practicing physician and soon after the injection he received an urgent message
from a sick patient and he felt obligated to make a house call. It was a sunny day and though he
strove to avoid direct exposure to the sun, he was unsuccessful. Shortly thereafter, he developed an
extreme solar urticaria of the hands and face. This experiment revealed the potent photosensitizing
influence of this particular porphyrin.

In Günther’s second work in 1922,70 he elaborated on his first thesis, quoting further cases. He
noted the possibility that acute haematoporphyria might be hereditary and suggested that people liable
to develop acute or congenital haematoporphyria had a “porphyrism” with certain notable physical
and mental characteristics—neurosis, insomnia, dark hair, and pigmented skin. In a survey of the
clinical features of acute haematoporphyria he described a triad of symptoms which were commonly
present, namely abdominal pain, constipation, and vomiting.
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13An Historical Introduction to Porphyrin and Chlorophyll Synthesis

Hepatic and Erythropoietic Classification
Waldenström (1937)75 made a clinical survey of 103 cases of acute porphyria found in Sweden.

He reviewed some previously published cases of chronic haematoporphyria (Günther’s classifica-
tion) in which light sensitivity occurred some years after birth, at times associated with abdominal
pain. For these cases, he substituted the name “porphyria cutanea tarda”. This classification was
further extended by Watson76 in 1960, Goldberg and Rimington in 196262 and Eales77 in 1979
(Figs. 7-9).

Classification into Acute and Nonacute Porphyria
The general aim in most classifications was to provide a clinical basis consistent with the known

biochemical features. The full elucidation had however, to await the complete description of each of
these diseases as a specific enzymic disorder of the haem biosynthetic pathway, a process that evolved
over the years between 1955 and 1980.

The clinical manifestations of the porphyrias vary enormously. The traditional classification of the
diseases as either hepatic or erythropoietic, dependent upon the primary site (or what was thought to
be the primary site) of overproduction of the porphyrins, is inadequate. For that reason the classifica-
tion into the acute and nonacute types of porphyria based upon the main clinical presentation, offers a
more satisfactory means of subdivision of this group of diseases.

The major feature of these diseases is that they may be provoked into an acute attack with a
neuropsychiatric or neurovisceral syndrome associated with increases in production and urinary
excretion of the porphyrin precursors ALA and PBG. The reasons for these changes have been
sought in a number of theories which presently have settled upon an excess of ALA, a deficiency of
haem, or a combination of these two.78 The neuropsychiatric or neurovisceral syndrome is not
present in the nonacute porphyrias, which consist of congenital erythropoietic porphyria, erythro-
poietic protoporphyria, and PCT. The primary presenting feature in the nonacute porphyrias is skin
photosensitivity.

Figure 6. Sam Schwartz (courtesy of Studio Minne-
apolis).

Figure 7. Cecil Watson (courtesy of Dublin Pro-
ductions).
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Tetrapyrroles: Birth, Life and Death14

Enzymes
With the description of the pathway sequence, the time was ripe for the elucidation of the

catalytic steps—the enzymic description of the biosynthetic pathway.
Thereafter, each of the stages of the pathway was exhaustively examined. The most important

point in this sequence is the first one, the formation of ALA by ALA synthase. Granick provided the
evidence from his studies that this was indeed the control point of the biosynthetic pathway79 (Fig.
10). The last enzyme of the sequence to be described was protoporphyrinogen oxidase.80 It was clear
however, that additional control points would have to be sought in the biosynthetic sequence. One
such enzymic control point was demonstrated at porphobilinogen deaminase (PBG-D).67,81 It was
at this site in the pathway that the formation of uroporphyrinogen III was eventually elucidated by
Jordan82 and Battersby et al.83

Enzymic Classification
The most important feature of current levels of understanding of the porphyrias is that the

metabolic disorder can, in all cases, be localized to one specific enzyme within the haem biosynthetic
pathway.81,84

Thus, in the acute porphyrias the expression is largely hepatic. In acute intermittent porphyria,
the defect has been shown to lie at the level of porphobilinogen deaminase (EC 4.3.1.8). In heredi-
tary coproporphyria the defect lies at the level of coproporphyrinogen oxidase (EC 1.3.3.3), in
variegate porphyria at protoporphyrinogen oxidase (EC 1.3.3.4), and in the exceptionally rare
“plumboporphyria” at ALA dehydratase (EC 4.2.1.24). The resultant overproduction of
coproporphyrinogen and protoporphyrin respectively in these diseases can account for their
photocutaneous manifestations.

In the nonacute porphyrias, the expression is both hepatic and erythropoietic. The deficient
enzymes are in congenital erythropoietic porphyria, uroporphyrinogen cosynthetase (EC 4.2.1.75),
erythropoietic protoporphyria, ferrochelatase (EC 4.99.1.1); and PCT, uroporphyrinogen decar-
boxylase (EC 4.1.1.37). A classification based upon these enzymic lesions may have merit but

Figure 8. Abe Goldberg. Figure 9. Len Eales.
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15An Historical Introduction to Porphyrin and Chlorophyll Synthesis

there are logistical problems in the application of such a classification, not the least of which is the
difficulty in reproducible measurement of enzyme activities and the nonavailability of biopsy
material upon which the estimations might be carried out.

Molecular Genetics
Molecular genetics have allowed a more fundamental recognition of the nature of the genetic

defects in these diseases. The early concept that was shown to be true for Staphylococcus aureus was
that the genes would all lie on one chromosome and be cotransducible; that is unfortunately not so.
In humans the early investigations in this sphere have shown clearly that they are not clustered in the
human genome, but dispersed among different chromosomes. From the work thus established,
cDNA probes have been synthesized for these proteins, which are facilitating further investigation of
the molecular defect and of the familial association of these diseases.

Acute Porphyria
Waldenström’s studies in Sweden were greatly aided by the presence in his patients’ urines of

porphobilinogen, which forms a red color with Ehrlich’s aldehyde reagent (an acidic solution of
paradimethyl-amino-benzaldehyde). As early as 1890, Harley had noted that the urine of a case of
sulfonal-induced acute porphyria contained a chromogen which, when oxidized, became a red pig-
ment. Such a substance in the urine of a patient with acute porphyria gave a red coloration insoluble
in chloroform, with Ehrlich’s aldehyde reagent, and which was therefore not urobilinogen (Sachs,
1931). Waldenström (1937) showed that this was not only excreted in the urine of every one of his
patients with acute porphyria, but that some apparently healthy relatives of these patients also ex-
creted it. The idea of a “latent porphyria” was thus conceived. Later, Waldenström and Vahlquist
(1939) considered that the Ehrlich-reacting chromogen, which they named porphobilinogen and
partly purified, was a dipyrromethane.

Figure 11. Claude Rimington (courtesy of Greta
Rimington).

Figure 10. Sam Granick (courtesy of S. Sassa).
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Tetrapyrroles: Birth, Life and Death16

The liver and kidney of fatal cases of acute porphyria contained porphobilinogen85,86 which was
isolated from the urine of a patient with acute porphyria in University College Hospital in Lon-
don,53 Cookson and Rimington54 showed it to be a monopyrrole and Haeger87 found that two-thirds
of patients with latent or manifest acute intermittent porphyria excreted excess 5-aminolevulinic
acid (ALA) in addition to increased porphobilinogen (Fig. 11).

Concurrent Porphyria
Concurrent porphyria has been defined as two differing types of porphyria occurring in the same

individual.88 A large kindred in Chester have been described, with excretion and enzymic patterns of
both acute intermittent porphyria and variegate porphyria (both PBG-deaminase and
protoporphyrinogen oxidase with low activity). In another study, Day et al89 reported 25 patients
with a variant of variegate porphyria combined with porphyria cutanea tarda which they called “dual
porphyria.” Studies performed in six of these dual porphyria patients by Meissner et al90 showed
that erythrocyte uroporphyrinogen decarboxylase activity was reduced as was protoporphyrinogen
oxidase activity. Such parallel inheritance need not imply that there is further genetic disadvantage
since the effects of multiple enzyme inhibition in the pathway are not necessarily additive, as is
shown by the example of lead poisoning.91 This is not the case for homozygous porphyrias in which
the dermatological and other features are usually severe.92

Neuropathy
The acute porphyrias have in common the features of acute abdominal pain, limb weakness, and

neuropsychiatric presentation. This symptomatology can be explained on a neurogenic basis. De-
spite advances in genetics and biochemistry, the link between these biochemical abnormalities and
the neuropathological and clinical manifestations remains unclear. The earliest case of acute porphy-
ria examined pathologically was that of Campbell93 in 1898 who failed to find any nervous system
abnormality. However, in 1903, Erbslöh94 described features of axonal demyelination in the femoral
nerve from a porphyric patient who had died after treatment with sulfonal. Mason95 and coworkers
(1933) showed that the most characteristic lesions were seen in the nervous system and affected
peripheral nerves and sympathetic ganglia.

Psychiatric Aspects
The acute attack may reveal a variety of psychiatric manifestations, including anxiety, depres-

sion, and frank psychosis. The literature on the psychiatric features is sparse. The earliest cases were
described by Copeman96 in 1891 and by Campbell in 1898. It is clear that a frequent misdiagnosis
of hysteria is made, although Brugsch97 recognized it as a distinct psychosis in his review of the
literature. The available data show that the psychopathology is related to affective neurotic, rather
than psychotic, features and a truly schizophreniform presentation has not been observed.84 Tishler98

and coworkers in 1985 in 3867 psychiatric inpatients found that 0.2% (8 patients) who experienced
episodic psychosis and depression had confirmed acute intermittent porphyria. In general terms, the
psychiatric phenomena may be expected in up to 70% of acute attacks.

Monopyrroles in Porphyria and Other Disorders
It is intriguing that disturbances of porphyrin metabolism have been observed in schizophrenics

and that excesses of a monopyrrole-hydroxyhaemopyrrole lactam are present in urine of patients
with acute porphyria and some psychiatric disorders.95,96,97,99,100,101 Prior to its discovery in the
urine of porphyric patients an association between “mauve factor” excretion and psychiatric illness
had been made. Typically the factor was shown to be present in up to 50% of endogenous psychoses
and 70% of acute schizophrenia.

Mauve factor was identified using a chromatographic method that suggested it was an alkyl
pyrrole. Mass spectrometric analysis of a single component showed a molecular ion that was sugges-
tive of a mono-ethyl dimethyl pyrrole that led to the hypothesis that the “mauve factor” was essen-
tially due to kryptopyrrole. Subsequent studies by Graham et al showed the identification to be
incorrect and in fact due to the heterologous pyrrole, haemopyrrole in its lactam form.101,102
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17An Historical Introduction to Porphyrin and Chlorophyll Synthesis

Nonacute Porphyrias

Congenital Porphyria
Congenital porphyria is one of the rarest of the porphyrias, but was the first recorded case of

porphyria in the literature, probably because of the severity and dramatic nature of its symptoms.
The case was described by Schultz in 1874. His patient was a 33 year-old weaver who had suffered
from photosensitivity of the skin from the age of three months. His urine was wine red and con-
tained pigments which resembled Hoppe-Seyler’s acid haematoporphyrin. At autopsy, his bones
were found to be dark brown in color. Further case reports were made by other authors.71,103,104

Günther29 named the disease haematoporphyria congenital in 1911.
In subsequent autopsies of two cases of congenital porphyria, the porphyrins were found to be

concentrated in the bone marrow rather than in the liver. Congenital porphyria was therefore
renamed “porphyria erthyropoietica”. In subsequent patients examined two different types of
normoblast were found, an abnormal type which exhibited marked porphyrin fluorescence, ap-
parently in the nuclei (fluorocytes), and other normal normoblasts without such fluorescence. It
was then thought that these abnormal normoblasts which carried the trait representing the inborn
error of metabolism.105

Porphyria Cutanea Tarda
Porphyria cutanea tarda (PCT) is the most common form of porphyria. Patients present with

cutaneous photosensitivity but do not experience attacks of neurovisceral dysfunction. PCT differs
from the other porphyrias in that there is no clear pattern of inheritance in the majority of cases
although in some, familial transmission can clearly be established. Waldenström106 introduced the
term “porphyria cutanea tarda” (PCT) in 1957.

PCT is usually classified into two main types based on the relative importance of inherited and
acquired factors.107 The majority of patients may be classified as sporadic. These patients have no
family history of the disorder and its development appears largely related to chronic alcohol inges-
tion or the use of the contraceptive pill. Erythrocyte URO-D activity is normal in these patients
although hepatic URO-D activity is depressed. In the sporadic or toxic disease polyhalogenated
hydrocarbons have been shown to be the etiological agent in some cases. The most common precipi-
tant is however, alcohol ingestion, which is known to disturb porphyrin metabolism in normal
subjects.108 Orten et al109 studied the urinary excretion of porphyrins and precursors in chronic
alcoholics and noted increased coproporphyrin excretion but no significant increase in excretion of
uroporphyrin, ALA, or PBG.

Toxic Porphyria
If one excludes the porphyria caused by sulfonal, toxic porphyria in humans only became clearly

established after 1957 when there was a disastrous outbreak of porphyria among Turkish peasants
who had inadvertently ingested the fungicide, hexachlorobenzene, with their wheat and bread.66,110

In this Turkish population, Günther’s postulate of “toxic porphyria” in his early classification was
fully substantiated.

Hepatoerythropoietic Porphyria
Hepatoerythropoietic porphyria is a homozygous form of familial PCT first reported by

Pinol-Aguade111 in 1969. This topic is well reviewed by Smith (1986).112 All have exhibited severe
mutilating photosensitivity from birth. In addition, there are hepatic changes and there is usually a
mild normochromic normocytic anemia. URO-D activity examined in erythrocytes and fibroblasts
is markedly reduced to less than 10% of normal.

All the above forms of PCT present with a similar clinical picture of cutaneous photosensitivity
and an identical porphyrin excretion pattern due to reduced hepatic URO-D activity. However the
mechanism of the enzyme defect appears to vary, genetic factors being most important in the famil-
ial type and acquired factors in the sporadic or toxic type.

©
20

08
 C

op
yr

ig
ht

 L
an

de
s 

B
io

sc
ie

nc
e.

 N
ot

 fo
r 

D
is

tr
ib

ut
io

n.



Tetrapyrroles: Birth, Life and Death18

Erythropoietic Protoporphyria
Erythropoietic protoporphyria is principally characterized by acute solar photosensitivity. The

nature of the disease was first clearly established in 1961 by Magnus et al113 and Langhof et al114

although there had been earlier reports.115 Despite its late description this is a relatively common
condition although its prevalence has not been precisely calculated. Onset may occasionally be
much later and not necessarily include many of the described features of this disease.116

Porphyria in Animals

Hepatic Porphyria
Since acute intermittent porphyria is the most common of the porphyrias affecting humans, one

might expect that cases of this condition would have been encountered in animals but, up to the
present, no clear example of acute intermittent porphyria in animals has been reported. This might
be explained by the difficulties in diagnosis of the disease, should it occur in animals.

Congenital Porphyria in Cattle
Several reports described the finding of chocolate or brown-colored bones in abattoir carcasses.

The first such report was by Brouwier117 in 1884, followed a year later by one from Tappeiner118 of
red-brown bones in swine. Mosselman and Hebrant119 were convinced that it was formed from
haemoglobin, while Ingier120 thought it to be melanin associated with another pigment derived
from chlorophyll. The similarity between this condition in animals and human congenital porphy-
ria was recognized by Schmey,121 who proposed for it the name “osteohaemochromatosis” instead of
the misleading “ochronosis” with which it had previously been known. That the pigment in the
bone was a porphyrin seems to have been first clearly realized by Möller-Sorensen122 in 1920. Credit
for the suggestion of its hereditary nature should probably go to Witte.123

Studies in South Africa
In 1936, a herd of grade short horn cattle was discovered in South Africa in which no fewer than

13 cases of congenital porphyria were seen.124 Excessive quantities of uroporphyrin I and copropor-
phyrin I were found in the organs and body fluids and there was definite evidence of photosensitiza-
tion. The urine was wine red in color and was rich in uroporphyrin and coproporphyrin; the faeces,
erythrocytes, and plasma were also rich in coproporphyrin I. The entire skeleton was deep brown in
color and afforded large quantities of uroporphyrin I.62 The inheritance was relatively easy to trace
as autosomal recessive.

Porphyria in Pigs
As with cattle, dark-colored bones had been noticed in pig carcasses long before living cases of

congenital porphyria were diagnosed.118,120,121,125 The first living cases were observed in New Zealand
and reported by Clare and Stephens.126 In Denmark, what appeared to be congenital porphyria in pigs
appeared in the Thisted district during 1951 and 1954.127 Affected animals had discolored teeth dis-
playing pinkish-red fluorescence in ultraviolet light. A closer study of the teeth showed that the por-
phyrin was not evenly distributed, but was mainly located in the dentine layer just below the enamel.128

Cats and Dogs
In 1964, a report appeared of a young kitten whose deciduous teeth were brownish with red fluo-

rescence in ultraviolet light and whose urine had been blood-colored since the cat was two months old;
it was otherwise normal. When the permanent teeth erupted they were lighter in color and devoid of
fluorescence. A littermate and some kittens from a former litter of the mother also had discolored teeth,
suggesting a dominant inheritance.129 The absence of skin photosensitivity, dominant inheritance, and
decrease of porphyrin deposition with age is similar to the porphyria found in pigs.

In studies in Cape Town it has been shown that many dogs have abnormally high excretion of
coproporphyrin in urine, which may relate to their carnivorous, rather than omnivorous, eating
patterns. Owen130 et al (1962) described a young dog with permanent teeth showing a transient
pink color in ultraviolet light, but both disappeared after several months.
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19An Historical Introduction to Porphyrin and Chlorophyll Synthesis

Porphyrin Synthesis in the Animal Kingdom
Free porphyrins in varying amounts are found in widely, although somewhat erratically, distrib-

uted in most living organisms. Microbial porphyrins represent a useful source of material for the
examination of porphyrin synthesis,131 for example Rhodobacter sphaeroides was used by Lascelles132

in her studies of the control of porphyrin synthesis.
Among the mammals, a few genera appear to produce much more porphyrin than others; these

belong to the family of rodents. The rat produces a relatively large quantity of protoporphyrin, by
synthesis in the harderian glands. Squirrels also produce much porphyrin and their bones have a
pale-brown color due to deposition of uroporphyrin and fluoresce pale red in ultraviolet light. This
is most marked in the American fox squirrel, Sciurus niger.133 Only Tamias striatus has this in com-
mon with S. niger134 Levin and Flyger135 found reduced activity of the enzyme uroporphyrinogen
III cosynthetase in haemolysates and tissue extracts from fox squirrels as compared with grey squir-
rels. The animals appear in every way normal without untoward symptoms accompanying their
high porphyrin production and must therefore, be regarded as physiological examples of excess
porphyrin synthesis. Analogous to this are the molluscs that deposit quantities of uroporphyrin in
their shells,136 or among other higher forms of animal life, the group of birds known as the touracos,
or plantain eaters, who utilize the copper complex of uroporphyrin III, called turacin, for the deep-red
areas of pigmentation in their flight feathers.27,137,138 Porphyrins are used in the coloration of eggs,139

probably by deposition within the oviduct.140

The Harderian Gland
Johann Jakob Harder (1656-1711) found and named the retro-orbital gland in the deer, which

he named glandula nova lachrymalis in his publication of 1694.141 Since then, many investigators
have found that this gland is present not only in some mammals but also in amphibians, reptiles and
birds. The precise purpose of the gland remains an enigma and has probably not been studied in
greater depth because of its absence in primates.142

The gland has a remarkable capacity to synthesis porphyrins.140 In particular, the presence of
many of the porphyrins of the latter part of the biosynthetic pathway are found in the gland in
rodents in such quantities that intermediates such as tri-carboxylic haemoporphyrin can be isolated
and characterised in the gland.143,144,145 Numerous studies have shown that porphyrin production
in the gland is profoundly influenced by the presence of steroids.146,147

The harderian gland in the golden hamster is an extremely rich source of porphyrins.148 It has
been extensively studied in this rodent. Although the female gland is arguably the richest natural
source of porphyrins known, the male gland contains little porphyrin, possibly because the
rate-limiting enzyme, 5-aminolevulinic acid (ALA) synthase is more active in the female than the
male.149 All of these, including the role of hormone replacement,144 emphasize the role that steroids
play in porphyrin synthesis and the activities of the enzymes of the biosynthetic pathway.

Phototherapy and Cancer
The early foundation of photochemotherapy may be sought in the work of the 1903 Nobel

laureate Neils Finsen. Thereafter, Hausmann in 1908 and 191173,74 showed that haematoporphyrin
photosensitized both paramecia and mice. Normal human tissue also reacts in a pathological fashion
when saturated with porphyrins and exposed to light, as was so clearly demonstrated by Meyer-Betz
in 1913.72 It is a simple step to conclude that this photoreaction might be usefully employed in the
destruction of pathological tissue. This was aided by the early description in 1924 by Policard.150 of
the preferential uptake by rat sarcoma of haematoporphyrin. That injected porphyrins accumulated
in tumors were observed by Körbler.151 The work in 1955 of both Schwartz152 and coworkers and
Rassmussen-Taxdal et al153 is of interest since it pointed the way for future work in humans.

Haematoporphyrin Derivative
The foundation of the present use of haematoporphyrin derivative is based on the work of Lipson

et al154 who showed that some components of haematoporphyrin derivative (HPD) were better
localized in malignant tissue than “crude” haematoporphyrin and in the development of lasers. Such
chemical treatment of the haematoporphyrin produces a complex mixture of substances, such as
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mono- and diacetates of haematoporphyrin, protoporphyrin, deuteroporphyrin, and, in particular,
a dihaematoporphyrin ether or ester.155,156,157

5 Aminolevulinate
In the second half of the twentieth century it became obvious that 5 Aminolevulinate (ALA)

could be converted to porphyrins. In his early study in 1955 Scott158 showed that, when given to
humans, a dose of ALA gave rise to a transient but marked photosensitivity with erythema of the
exposed skin resembling mild sunburn reaching a maximum between 9 and 12 hours. The transient
nature of the ALA induced photoreaction meant that it too was considered as a potential candidate
for use in phototherapy. By bypassing the rate limiting stage in haem biosythesis, through the use of
ALA with consequent overproduction of porphyrins ‘in situ’, would allow such tissues to become
photosensitized and subject to photodestruction, given the appropriate dose of photoactivating light.
As a consequence of this, ALA based photodynamic therapy has taken its place in the treatment of
cancer with considerable successes in the succeeding years.159,160

Mechanism of Effect
The fundamental principle behind this therapy is that since tumor tissue will preferentially accu-

mulate porphyrins, these may be used for both identification and therapy of neoplastic tissue. Un-
fortunately, other metabolically active tissue, such as liver and kidney, also accumulate porphyrins,
but being remote from light sources these are relatively safe from the photodestructive effects of
therapy. The red fluorescence seen in ultraviolet light of tumors after injection of various porphy-
rins, has proved of help to the surgeon in the localization of neoplasms during an operation. A
serious side effect of therapy is continued light photosensitivity of exposed skin for a considerable
time after treatment.

This area of study is one of which work continues to seek better localizers and/or sensitizers,
based either on specific synthesis of porphyrin derivatives or through the use of other naturally
occurring porphyrins or synthetic porphyrins and in the development of better light sources. At the
present time, the clinical interest in this subject has been stimulated by technological developments.
These relate principally to the development of better laser light sources such as gold vapor lasers and
other forms of tunable lasers and endoseopic probes.

Retrospective Diagnoses

Royal Malady
The history of the porphyrias is naturally only truly reliable from the time at which there was

concurrent medical observation and scientific mensuration. Any studies prior to the well-documented
works at the end of the last century are, therefore, liable to be steeped in anecdotal inaccuracy. It is
however, of interest to consider the hypothesis pro-pounded by MacAlpine and Hunter in 1964 that
porphyria, possibly variegate porphyria, was present in the Royal Houses of Stuart and Hanover in
the United Kingdom.161 The ability to carry out such investigations depended not only on the
inevitable extensive documentation of royalty, but also on the very precise descriptions conveyed to
us over time by their physicians.

Of these, one of the more remarkable is that of Sir Theodore Turquet de Mayerne, physician to
James, VI and I. He described one acute episode, following a hunting trip:

“On his return he passed blood red urine.... He also told me that he quite frequently passed water,
red like Alicante wine but without attendant pain....”

Mary Queen of Scots had suffered similarly to her son from acute attacks of abdominal colic,
described as

“...he labored under painful colic from flatus (an affliction from which his mother also
suffered)...”

The history of the “Royal Malady” took a further intriguing turn following the studies of Röhl,
Warren and Hunt162 in 1998. These authors pursued a scientific/medical detective investigation,
as a consequence of which, they discovered the bones of Princess Feodora of Reuss in Poland.
Following exhumation, bone samples were obtained for DNA analysis. The authors were similarly
able to obtain skeletal samples from Theodora’s mother, Princess Charlotte of Saxe-Meiningen.

©
20

08
 C

op
yr

ig
ht

 L
an

de
s 

B
io

sc
ie

nc
e.

 N
ot

 fo
r 

D
is

tr
ib

ut
io

n.



21An Historical Introduction to Porphyrin and Chlorophyll Synthesis

Mitochondrial DNA can be used to establish family relationships provided that there is a continu-
ous maternal line of descent. Czarina Alexandra and Princess Charlotte were first cousins and
importantly both were daughters of Queen Victoria’s daughters, Princess Alice and Princess Victoria
respectively. All should consequentially have inherited the same mitochondrial DNA from Queen
Victoria. Such analysis proved that the bones from Princess Feodora’s grave did not derive from
the Romanov line. However those from Princess Charlotte’s grave did derive from that line. As a
consequence of the DNA analysis the workers were able to show that there was a novel
protoporphyrinogen oxidase gene in Princess Charlotte’s bones. Finally the workers found that
there was convincing evidence that Prince William of Gloucester had variegate porphyria. Prince
William was tragically killed in an aircraft accident in 1972 and in consequence DNA evaluation
has never been possible, but the clinical evidence was sufficiently robust to convince Sir Abraham
Goldberg and Dr Geoffrey Dean of its merit.

The historical implications of these observations are profound and, if true could imply that the
loss by Britain of the American Colonies could be ascribed to a genetic disease163 and, potentially
that Kaiser Wilhelm, whose mother was Princess Victoria could have suffered from the psychiatric
features of Variegate Porphyria.164

Vincent Van Gogh
Retrospective diagnosis of porphyria continues to be a matter of interest to many workers

throughout the world. Wilfred Arnold165 studied the history of Vincent van Gogh in some detail,
his descent into psychiatric illness and the reasons for its causation. Many of the features he
exhibited were consistent with acute porphyria precipitated by chemicals such as the solvents and
alcohol to which he was exposed. No objective evidence of acute porphyria in his family has yet
been discovered. However the subjective evidence is highly suggestive of this condition.

Werewolves
A bizarre suggestion has been that persons with congenital porphyria or hepatoerythropoietic

porphyria or other of the homozygous porphyrias were the werewolves or vampires of legend. Ly-
canthropy (magical transformation of human to wolf ) certainly did not take place, but the subjects’
skin mutilation, hypertrichosis, and desire to eschew light exposure may have led the superstitious to
this conclusion.166 The medieval descriptions of werewolves included: “pale yellowish excoriated
skin”—explicable by haemolytic anemia and pruritis; reddish teeth—erythrodontia; and “habita-
tion in isolated regions, such as Central European valleys”—familial association and inbreeding in
such areas. It is not easy to explain either fear of garlic or lust for blood. The effects of garlic might
have related to the oxidative metabolism of diallyl disulfide. In this the needs of the patient should
be considered. The press hysteria in the United States following these disclosures, established an
inaccurate and unjustified perception of porphyria in the public mind and did considerable harm to
the porphyric patient.167

Ephemera: Porphyrinurias
The heterogeneous group of diseases best described as porphyrinurias are those in which the

disturbances of porphyrin metabolism have been brought about by endogenous and exogenous
factors other than the genetic ones linked to the porphyrias. The porphyrin normally excreted in
excess is coproporphyrin. This category includes lead poisoning, hereditary tyrosinemia,168 ethanol
abuse,108 myocardial infarction,169,170 and the effects of drugs like carbamazepine171 and many other
compounds such as polyhalogenated hydrocarbons.172 Coproporphyrinuria has also been reported
in a number of conditions such as liver disease and hepatocellular carcinoma.37,173 Porphyrins are
probably hepatotoxic and may even be associated with the development of neoplasms.174 When
Lithner and Wetterberg175 carried out a retrospective study of 20 years of the relationship between
hepatocellular carcinoma and acute intermittent porphyria, they found this to be significant.

In addition to those porphyrinurias, there are changes in the pattern of porphyrin isomer
excretion in the hyperbilirubinemias of the Dubin-Johnson syndrome and in the Rotor syn-
drome. In these two conditions the quantity of porphyrin synthesized and excreted is not necessarily
in excess of normal upper limits, but they are associated with excess production of series I isomer
porphyrin.176-178 A key worker in this area was Peniti Koskelo (Fig. 12).
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Lead
The connection between lead and porphy-

rin biosynthesis is reputed to have been first made
by Binnendjik (cited by Stokvis, 1895), but the
connection between this metal and anemia had
been made very much earlier by Lannaec179 in
1831. This was confirmed by Garrod in 189233

who observed abnormal porphyrin excretion in
the urine of a patient with lead poisoning and
then in 1895 by Stokvis31 who found that
lead-poisoned rabbits excreted excess urinary
porphyrins. Other effects of lead on the
haemopoietic system were reported before the
end of the century by Behrend,180 who observed
stippled basophils in the blood of a patient with
lead poisoning.

Lead Porphyrinemia
and Porphyrinuria

The crude compound that Garrod identi-
fied as haematoporphyrin was shown to be co-
proporphyrin III by Duesberg.181 Liebig182 had

suggested that it was produced by the action of lead on the bone marrow. By 1932 Grotepass.183 had
demonstrated elevated coproporphyrin in urine in lead poisoning.

The increased concentration of a free porphyrin in blood was identified by Hijmans van den
Bergh et al184 in 1932 as protoporphyrin IX located in the erythrocytes of subjects dosed with lead.
In 1958, finally, diminution of ALA dehydratase activity (ALA-D) was identified as a means of lead
assessment.185

Arsenic
In 1960, studies of hair taken from Napoleon Bonaparte by the University of Glasgow showed

that his hair contained considerable concentrations of this metal. Subsequent activation analysis has
also found increased arsenic in his hair and would potentially confirm this diagnosis.

Of greatest interest here is arsenic’s impact on haem biosynthesis and in particular upon uropor-
phyrin decarboxylase, especially when one juxtaposes this information against the recent findings by
Warren (personal communication) that George III had substantial levels of arsenic in his hair (100
times background). The reasons for such high levels could be sought in the use of arsenic both as a
medicine and as a hair powder.

Woods and Fowler186 showed haem biosynthetic changes associated with arsenic and subsequent
studies have confirmed that not only is there increased excretion of porphyrins187 with decreased
activity of uroporphyrinogen decarboxylase which might be used as a biomarker of arsenic expo-
sure.188,189 Concordant with the hypothesis that As could have contributed to exacerbation of acute
porphyria in George III is the finding of precipitation of variegate porphyria in a patient from
southern USA who consumed “moonshine” contaminated with lead and arsenic.190

Pseudoporphyria
Poh-Fitzpatrick191 pointed out in 1986 that the term “pseudoporphyria” had been used to

describe a bullous dermatosis associated with a number of dermatological conditions that bear
some resemblance to porphyria, often induced by many drugs but which were not porphyrias!
The term “pseudoporphyria” should not be used to describe them, but only to describe conditions
in which alterations of porphyrin metabolism can be found, such as the bullous dermatosis of
haemodialysis.192

Figure 12. Peniti Koskelo.
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Mycosis Porphyria
In addition to hereditary porphyria in cattle, an acquired form has been described, attributable

to a fungal infection.193 Similar to this was the case reported by Lim et al194 of a 24 year-old man
who had increased faecal porphyrin excretion, resembling that seen in variegate porphyria. The
abnormal faecal porphyrins were shown to be the result of excessive consumption of brewer’s yeast,
which was shown to have a high porphyrin content.
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