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URINARY LEAD CONCENTRATION
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F1G. 3.—Graph illustrating changes in urinary lead in lead poisoning. The upper curve presents data for one
workman with a history of protracted, heavy lead absorption (Case No. 4). The lower curve shows the

mean values for the remaining six men. Vertical lines give the ranges of observations. The upper limit of
normal is shown by the horizontal dotted line.
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FiG. 4.—Graph showing changes in urinary coproporphyrin in lead poisoning. The upper curve is for the workman with protracted, heavy

lead absorption (Case No. 4). The lower curve shows the means for the remaining six men.
The upper limit of normal is shown by the horizontal dotted line.

Vertical lines give the ranges of observations.
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F1G. 6.—Two-dimensional
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except in Case 3 whose low initial
count remained unchanged. All
counts after the 120th day were
within the normal range of 1 to
3,000 (Lane, 1949).

Concurrently with improve-
ment in the clinical condition
and blood picture, the mean
values of wurinary lead and
coproporphyrin  concentrations
reached normal limits at 55 and
133 days respectively (Figs. 3
and 4). One worker (Case 4),
however, with a previous history
of protracted, heavy lead ab-
sorption was excreting 1-4 mg.
coproporphyrin per litre of urine
330 days after exposure. A tem-
porary rise in porphyrin excretion
at 110 days in four workmen was
subsequently traced to their
having done lead smelting with-
out the knowledge of the works
manager.

Single-dimensional ~ chroma-
tography (Nicholas and Riming-
ton, 1949) of the pooled ether-
soluble  porphyrins collected
during the first 130 days showed
the presence of coproporphyrin

5.—Chromatogram of porphyrin methyl
esters prepared from urine in lead poisoning.
Photograph of spots red-fluorescent in ultra-
violet light. Solvent oleic acid-kerosene
a:n.

chromatogram of

porphyrin methyl esters prepared from

urine in lead poisoning.

Photograph of

spots red-fluorescent in ultra-violet light.
Solvents chloroform-kerosene (2°6 :4) and
n-propanol-kerosene (1 :5).
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TABLE 2

URINARY COPROPORPHYRINS I AND III IN LEAD POISONING
330 DAYS AFTER EXPOSURE

Coproporphyrin I
%;e Proportion in | Urinary Concen-
: Rf. Mixture tration
(%) (ug./1.)
1 0-42 47 67
2 0-44 40 42
3 042 29 117
4* 0-41 20 348
Coproporphyrin IIT
1 0-64 53 76
2 0-67 60 62
3 0-69 71 285
4* 0-67 | 60 1045
* This sp also contained an unidentified porphyrin Rf.0-84,

209% of total porphyrin concentration. Data in this table are means
of observations on urinary specimens collected on the 329th and
330th days.

only. Examination of the derived methyl esters by
chromatography using oleic acid-kerosene 1 : 1
(Chu, Green, and Chu, 1951) showed that these
comprised a mixture of coproporphyrin I (30%)
and coproporphyrin III (70%,).

Urinary specimens collected on the 329th and
330th days were examined (Figs. 5 and 6). Copro-
porphyrin I was present in each specimen, and
ranged from 20-479%, of the total porphyrin con-
centration (Table 2). It represented 289 of the
pooled material.

Uroporphyrin was not detected in any of the
ether-extracted residues.
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COPROPORPHYRINS IN LEAD POISONING

For comparison eight specimens of normal urine
contained 38, 37, 28, 90, 71, 17, 17, and 52 pg. per
litre with a mean value of 44 pg. coproporphyrin
per litre. On the Chu chromatogram copropor-
phyrin I constituted 559, of the total porphyrin.

Discussion

Forty-six litres of urine were collected during
the first stage of the study, and contained 86-7 mg.
ether-soluble porphyrins of which 309, was copro-
porphyrin L. If the coproporphyrin I had been normal
it would have contributed only 1:6%, of the total
urinary porphyrin. As this result was entirely
unexpected, further specimens were collected on
the 329th and 330th days and these confirmed that
an increase in total urinary porphyrin was accom-
panied by a rise in coproporphyrin I. We have
calculated that when the bath enamellers had acute
lead poisoning they were excreting approximately
1 mg. of coproporphyrin I per litre of urine, which,
with the high punctate basophil count, is consistent
with bone marrow hyperplasia. This hyperplasia
would arise in response to an increased rate of
breakdown of abnormal red blood cells, and,
indeed, the workman with the heaviest lead absorp-
tion (No. 4) had a serum bilirubin level of 2 mg. per
100 ml. (indirect). However, it is evident that lead
also interferes with haemoglobin production within
the erythrocyte precursors, probably inhibiting
many enzymes taking part in the synthesis of inter-
mediates, including the formation of haem by

incorporating iron into protoporphyrin 9. This .

disturbance of porphyrin metabolism leads to loss
of coproporphyrin III in the urine.

Lead has, therefore, two toxic actions in haemo-
poiesis, which together are responsible for the
anaemia. (1) It interferes with normal maturation
of erythroid marrow cells leading to the production
of so-called stippled cells which are rapidly broken
down by the reticulo-endothelial system. (2)
Haemoglobin synthesis in the precursor cells is
inhibited, probably by a general action of lead on
the enzymic formation of porphyrin and other
intermediates.

Coproporphyrin I excretion appears to be
associated with hyperplasia of the erythroid marrow
cells in haemolytic jaundice, in congenital porphyria
(Aldrich, Hawkinson, Grinstein, and Watson,
1951), and in lead poisoning, and is apparently
independent of haemoglobin formation. It seems
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probable that the coproporphyrin isomers I and 111
arise by independent syntheses from their common
precursor glycine. The possibility that copro-
porphyrin I may play a vital role in cell proliferation
awaits further study.

This hypothesis is presented in an attempt to
resolve the apparent anomalies of coproporphyrin
I and III formation in lead poisoning, but it does
not exclude the long recognized action of lead on
the erythrocytes.

The practical issues involved in the use of urinary
porphyrin excretion as an index of lead absorption
will be discussed in a further communication.

Summary

A study has been made of urinary lead and
coproporphyrin in seven cases of lead poisoning.

Accompanying the well recognized increased
urinary excretion of coproporphyrin III in lead
poisoning there was a concomitant increase of
coproporphyrin I at a mean of 309, of the total
porphyrin excretion.

It is suggested that coproporphyrins I and III
are synthesized independently. Coproporphyrin I
is associated with proliferation of marrow cells as
distinct from coproporphyrin III, which is linked
with the formation of haemoglobin within the cells.

We should like to thank Mr. S. Coxon and Mr. C.
Howe for their valuable assistance in this work.
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