Chemical Structure of the Porphyrins

     From the standpoint of comparative biochemistry, the

porphyrins are widely distributed in nature and, in combination

with various metallic ions, form pigments and enzymes that are

indispensable to both animal and vegetable life.  In plants the

pigment is chlorophyll, a magnesium porphyrin, essential for the

utilization of light energy in the synthesis of carbohydrates. In

higher species the respiratory pigment is an

iron‑porphyrin‑globin compound, hemoglobin.  The porphyrin

nucleus is found in other important compounds such as myoglobin

and the respiratory enzymes (cytochromes, peroxidase, catalases,

etc.) responsible for the superb efficiency of internal

respiration. Teleologically, the porphyrin structure may well be

the most important chemical configuration evolved, for without

chlorophyll, an oxygen‑containing atmosphere would not have

developed, and the earth would have retained its primitive

atmosphere of hydrogen, methane, and carbon dioxide.  Porphyrin

pigments have been found in meteorites and it has been shown that

porphyrin structure can be synthesized under conditions

reflecting the prebiotic primitive atmosphere.

     The basic structure is four pyrrole rings joined together by

methene bridges (=CH‑), forming the tetrapyrrole structure.

A series of compounds is possible, depending on the radical or

combinations of radicals substituted for hydrogen at the eight

available loci.  These points are numbered 1 through 8 in a

clockwise manner, and the four methene bridges are numbered in a

like manner by the Greek letters, alpha, beta, gamma, and delta.

The simplest substitution of four methyl and four ethyl radicals

produces a tetramethyl‑tetraethyl porphyrin called

aetioporphyrin.

     Substitution of vinyl groups (‑CH=CH2) at positions 2 and 4

and of proprionic acid groups (‑CH2‑CH2‑COOH) at positions 6 and

7 produces protoporphyrin type III. It is this compound into

which one atom of iron is incorporated to form the

iron‑containing porphyrin heme.  Heme is capable of combining

with nitrogenous compounds to form hemochromes.  When it combines

with the protein globin, it forms hemoglobin.  In different

molecular arrangements and combinations, heme is a constituent of

other important hemochromes such as myoglobin and the enzymes

cytochrome, peroxidase, and catalase.

             Biosynthesis of the Porphyrins and Heme
     The first basic reaction in the synthesis of heme is the

formation of alpha‑amino‑ketoadipic acid from succinyl CoA,

derived from the tricarboxylic acid cycle, and the pyridoxal

phosphate derivative of glycine.  By decarboxylation catalyzed by

synthetase, alpha‑amino‑ketoadipic acid is converted to

aminolevulinic acid (ALA).  Aminolevulinic synthetase (ALA

synthetase) is the key enzyme in the biochemical sequence, and an

increase in this "inducible" enzyme is characteristic of both

primary porphyric syndromes and of secondary porphyrinuria in

liver disease.

     Aminolevulinic acid is transformed to porphobilinogen by

condensation.  Porphobilinogen is the monopyrrole precursor of

the porphyrins.  Deaminating reactions, induced by one or more

deaminase enzymes, form dipyrroles and tetrapyrroles.  It is

probable that the conversion of porphobilinogen to uroporphyrins

I and III involves two enzymatic steps‑uroporphyrinogen I

synthetase being responsible for the formation of intermediate

polypyrrylmethane compounds, and uroporphyrinogen III

cosynthetase being responsible for driving the reaction toward

the formation of the normal uroporphyrinogen III isomer.

     Uroporphyrin III is probably synthesized within normoblasts

in the bone marrow, followed by further intracellular

transformation to coproporphyrin III and protoporphyrin III.

Protoporphyrin III is finally converted to heme by the insertion

of an iron atom into the porphyrin ring, a reaction dependent of

the enzyme heme synthetase, also called ferrochelatase.  This

reaction, as well as the synthesis of aminolevulinic acid, takes

place on or in the mitochondria of normoblasts, whereas

intermediate reactions are extramitochondrial.  As expected, the

loss of mitochondria in maturing erythrocytes is accompanied by

an inability to synthesize ALA and heme.

                         The Porphyrias

                          Classification
     In general, porphyria is a disease of porphyrin metabolism

accompanied by increased formation and excretion of porphyrins.

The term "porphyrinuria" refers specifically to the increased

excretion of porphyrins in the urine, not necessarily in

association with the clinical syndromes of porphyria.

               Congenital Erythropoietic Porphyria

                       (Gunther's Disease)
     This type is the rarest of the porphyrias‑about 70 cases

have been reported (Marver and Schmid).  It is inherited as a

recessive trait.  It has been reported in humans and several

other species.

     Clinically, it is characterized by photosensitivity,

discoloration of the teeth, splenomegaly, hemolytic anemia, and

hypertrichosis.  Illis (1964) suggested that the legendary

werewolf may in fact have been a person who, suffering from

porphyria, had stained teeth, a hairy disfigured face, and

preferred to go about at night to avoid exposure to sunlight.

The porphyrins are photosensitizing agents, and the increased

concentration in the blood and subsequent diffusion into the skin

prepare this tissue for the destructive effect of sunlight.  The

photosensitivity produces bullous or vesicular eruption of skin

surfaces exposed to light (hydroa aestivale), which progresses to

ulceration, scarring, and severe mutilation.  Photosensitivity

also accompanies other types of porphyria, where it is usually

less severe.  Splenomegaly is found in all cases of congenital

erythropoietic porphyria and becomes more pronounced as the

disease progresses.  Hepatomegaly is found in a few cases.

     Chemically, there is overproduction of uroporphyrin (I) and,

to a lesser degree, of coproporphyrin (I).  These are excreted in

the urine, imparting to it a characteristic wine‑red color.

     There is little doubt that the normoblasts in the bone

marrow have gone metabolically awry and are responsible for the

overproduction of uroporphyrin.  Most of the uroporphyrin in the

urine is derived from these normoblasts, probably released when

the nucleus is extruded.

     The biochemical lesion is a markedly reduced activity of

uroporphyrinogen III cosynthetase so that uroporphyrinogen I is

formed instead of uroporphyrinogen III.  Since uroporphyrinogen I

is not utilized for heme synthesis, it is excreted in

characteristically large amounts.

                  Erythropoietic Protoporphyria
     This syndrome is classified with the erythropoietic

porphyrias because, again, it seems to represent a disease of

porphyrin synthesis in the normoblasts.  There is no anemia, the

disease manifesting as a photosensitivity.  There is no abnormal

excretion of uroporphyrin or coproporphyrin in the urine, but

there may be increased excretion of protoporphyrin in the feces.

     Other cases described more recently suggest that the disease

is familial and dominant.  There are three variants:  (1)  the

"complete" syndrome, with photosensitivity, increased erythrocyte

protoporphyrin, and increased fecal and plasma protoporphyrin,

(2) a variant in which one finds increased erythrocyte

protoporphyrin but no increase in fecal or plasma protoporphyrin,

and (3)  increased fecal protoporphyrin (and coproporphyrin) but

no increase in erythrocyte levels.  In the last two variants

there is no photosensitivity.

                 Porphyria hepatica:  Hereditary

                       Acute Intermittent
     This type of porphyria, sometimes called the "Swedish type"

is usually of the pure systemic type without cutaneous lesions

and photosensitivity.  It is encountered as the manifest

(clinically acute) and as the latent type.  Typically, exposure

to barbiturates, sulfonamides, and anesthetics precipitate an

exacerbation of the disease.  In women an acute attack may be

precipitated by menstruation or pregnancy.  During the acute

attack. large amounts of porphobilinogen and aminolevulinic acid

are excreted in the urine.  In the latent phase the urine

contains neither metabolite.  Waldenstrom's studies indicate a

dominant inheritance.

     The liver is the source of the porphyrin precursors excreted

in the urine.  It is clear that the amount of porphobilinogen and

aminolevulinic acid excreted is a function of the amount of

aminolevulinic acid synthetase.

     The fundamental biochemical lesion in acute intermittent

porphyuria is still not apparent.  An explanation, acceptable to

some, is that there is a defect in the conversion of glycine to

serine, possibly because of an even more profound abnormality in

respiratory metabolism.  Such a defect in the respiratory chain

could induce liver synthetase activity and increased excretion of

porphyrin precursors.  However, neither porphobilinogen nor

aminolevulinic acid can be blamed for the clinical symptoms and

the neurologic lesions (demyelinization of central, autonomic,

and peripheral nervous system).

                 Porphyria hepatica:  Hereditary

                       mixed or variegate
     Hereditary mixed or variegate porphyria shows some features

of acute intermittent porphyria when it presents as an acute

attack, but differs from it in having cutaneous lesions and a

different pattern of porphyrin excretion.

     Biochemically, there is excretion of large quantities of

fecal protoporphyrin and coproporphyrin, and this is the chief

distinguishing feature.  Fecal coproporphyrin and protoporphyrin

excretion is high even during remission.  During an acute episode

the urine may contain moderate quantities of aminolevulinic acid

and porphobilinogen, but these levels are normal when the acute

attack subsides.

                    Porphyria hepatica:

                   Porphyria cutanea tarda

     Porphyria cutanea tarda is the most common of the

porphyrias and results from the failure of the diseased liver to

excrete porphyrins.

Protoporphyrin is excreted into the gastrointestinal tract by

bile but is not cleared from the blood by the kidney.  Normal

liver also excretes coproporphyrin in the bile.  Excretion of

coproporphyrinogen is less than that of coproporphyrin, so that

it may accumulate in the blood and be excreted in the urine.

When there is faulty liver function, excretion of

coproporphyrinogen and coproporphyrin is reduced in bile and

increased in the urine.  In porphyria cutanea tarda it is

postulated that the diseased liver is unable to reduce

coproporphyrin and uroporphyrin to the respective porphyrinogens,

and so coproporphyrin and uroporphyrin accumulate and are

excreted in large amounts.  Uroporphyrin is a powerful

skin‑photosensitizing agent, and the presence of a high

concentration of this compound explains the skin eruption.

               Porphyria hepatica:  Acquired Types
     Acquired cutaneous porphyria secondary to a

porphyrin‑producing hepatoma has been described.  The patient was

an 80‑year‑old woman who developed bullous cutaneous lesions and

showed markedly increased excretion of urinary and fecal

porphyrins.  The excised tumor contained large amounts of

uroporphyrin (III), protoporphyrin, and coproporphyrin (I).  This

is undoubtedly an example of exaggerated porphyrin biosynthesis

in tumor (even though benign) cells.

                     Secondary Porphyrinuria
     Secondary porphyrinuria is the excretion of excess amounts

of porphyrins in the urine in situations in which the abnormality

is secondary to other (nonporphyric) disease and in which the

clinical symptoms are related to the primary disease and not to

the excretion of porphyrins.

     Secondary porphyrinuria is common in all types of

parenchymal liver disease.  The excreted metabolite is

principally coproporphyrin.  In cirrhosis an elevation in

coproporphyrin excretion is found in almost all cases.  In acute

(infectious) hepatitis, coproporphyrin excretion is increased and

remains high even after other liver function tests return to

normal.  In infectious mononucleosis, excretion of coproporphyrin

parallels the degree of liver involvement.

     One of the important effects of lead intoxication

(plumbism) in humans is a disturbance in the synthesis of heme.

In the course of the inhibited synthesis of heme, two of its

precursors, aminolevulinic acid and coproporphyrin, are excreted

in large quantity in the urine, while there is an increase in

free erythrocyte coproporphyrin and protoporphyrin. In spite of

the fact that lead intoxication is often accompanied by decreased

erythrocyte survival, indicating hemolytic disease, the excretion

of porphyrins is, not related to erythrocyte destruction and

hemolytic breakdown.  Rather, several blocks in the biosynthesis

of heme interfere with the normal utilization of heme precursors

and account for the accumulation or excretion of porphyrin

compounds to a pathologic degree.

     We now have a better understanding of the nature of the

basophilic stippling or punctate basophilia seen in many of the

erythrocytes in plumbism.  The basophilic stippling consists of

mitochondria, normally absent in mature erythrocytes,

ribonucleic acid, and iron.  Iron accumulates because of the

block in heme synthesis and is stainable.
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