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The disturbance of porphyrin synthesis induced
by lead in both humans and experimental animals
results in an increased excretion of porphyrins in
the urine. The factors contributing to the por-
phyrinuria of lead poisoning remain incompletely
understood. For the available evidence on the
topic the reader is referred to several excellent re-
views ( 1-4). Several groups of investigators
(5-7), have reported data indicating a correlation
between the concentration of coproporphyrin in
urine and the concentrations of lead in the blood
and urine of untreated industrial lead workers.
These investigators used semiquantitative tech-
niques for the estimation of coproporphyrin in
urine. Bashour (8) has- also reported a positive
correlation (r = 0.37) between blood lead con-
centration and the quantitative excretion of copro-
porphyrin in the urine of lead-exposed adults.

During a study of acute and chronic lead poison-
ing in children certain quantitative relationships
became apparent between the total daily urinary
coproporphyrin output and a) the urine lead out-
put induced by edathamil calcium disodium ad-
ministration,8 and b) whole blood lead concentra-
tion.

MATERIALS ANDMETHODS

The data to be presented are based upon serial deter-
minations of 24-hour urinary coproporphyrin output, 24-
hour urine lead output and whole blood lead concentra-

1 This work was supported by grants from the Division
of Research Grants, National Institutes of Health, De-
partment of Health, Education and Welfare (G-3918)
and from the Lead Industries Association, New York,
N. Y.

2Read in part before the Combined Meeting of the
American, British and Canadian Pediatric Societies,
Quebec City, Quebec, June 1955.

B Edathamil calcium disodium used during this study
was kindly supplied by Riker Laboratories, Inc., Los
Angeles, California.

tions in children during and following their recovery
from acute lead encephalopathy. All of these children
were treated initially with one or two courses of eda-
thamil calcium disodium, which chelates with lead and
increases its excretion in the urine. The dosage used
in all patients was 75 mg. per Kg. per day, and this was
given in divided doses subcutaneously or intramuscu-
larly for periods of five to seven days with an interval
of 14 to 21 days between courses. The criteria, upon
which the diagnosis of acute lead encephalopathy was
based, are reported in another paper (9). The subjects
ranged in age from 18 months to 41 years. Following
recovery from their initial episode of encephalopathy
none of the subjects included in the present report had
any known reexposure to abnormal sources of lead.

Urinary coproporphyrin4 output was determined by the
photofluorimetric technique of Schwartz, Zieve, and Wat-
son (10). In this laboratory determinations of total
urinary coproporphyrin output in control subjects gave
values which agreed with the normal range for children
reported by Hsia and Page (11) and Neve and Aldrich
(12) (0 to 75 y per 24 hrs. for children weighing less
than 80 lbs.). The age and weight distributions of the
control subjects were comparable to those of the patients
in the present study.

For the determination of lead in urine specimens were
wet-digested and their lead content determined colori-
metrically with dithizone according to the method of
Bessman and Layne (13).

Twenty-four hour urine collections were carried out
on a metabolism frame (14) with precautions for the
separation of urine and feces. Lead-free collection ap-
paratus was used throughout When specimens for cop-
roporphyrin analysis were collected, 1 to 3 grams of
sodium carbonate, reagent grade, were added to the col-
lection bottle as preservative. Five-gram samples of the
lot of sodium carbonate used contained no detectable
quantity of lead. Daily urinary creatinine excretion was
determined as a further check on the completeness of
each urine collection.

Whole blood lead concentration was determined by the
Division of Laboratories of the Baltimore City Health
Department by a wet-digestion dithizone technique (15).

4 The authors wish to thank Dr. Samuel Schwartz for
his generous gift of coproporphyrin which was used as a
reference standard.
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Specimens of blood were collected with the lead-free
apparatus supplied by that laboratory.

RESULTS

In children with lead intoxication a positive
correlation is found between the 24-hour urinary
coproporphyrin output just prior to the parenteral
administration of edathamil calcium disodium and
the lead output during the first 24-hour period
following institution of treatment with this chelat-
ing agent. The relationship is an exponential one
and is shown graphically in Figure 1. In this dia-
gram the urinary coproporphyrin output is plotted
logarithmically on the ordinate against the arith-
metic plot of urine lead output on the abscissa so
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that a straight line is obtained. The slope of this
regression (b) is 0.1275; its correlation coefficient
(r = 0.8213) is statistically significant (P <
0.03) when N = 7. Since treatment with edatha-
mil calcium disodium could not be deferred ini-
tially in patients with acute lead encephalopathy
in order to obtain pre-treatment urinary copro-
porphyrin values, the data shown in Figure 1
were obtained from patients during the recovery
phase. Each point on the curve was obtained from
a different patient. Two of the patients had had
acute lead encephalopathy one year previously and
were clinically asymptomatic. In the remaining
five the determinations were made two to three
weeks after hospital admission and the initial
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FIG. 1. RELATION BETWEEN PRE-TREATMENT URINE COPEOPORPHYRIN
OUTPUTANDURINE LEAD OUTPUTDURING FIRST 24 HOURSOF EDATHAMIL
CALCIUm DISODIUM ADMINISTRATION

In this graph the urine lead (mg. per 24 hrs.) is the quantity excreted
during the first 24 hours following parenteral administration of edathamil
calcium disodium; whereas, the urine coproporphyrin (-I per 24 hrs.) is
that determined just prior to institution of therapy. Urine lead output is
plotted arithmetically on the abscissa and urine coproporphyrin output on

the ordinate on a logarithmic scale. The relationship can be expressed
mathematically by the following equation:

log y=log a +b x.

In this equation y = urine coproporphyrin output ('y per 24 hrs.); a = inter-
cept of y on its axis; b = regression coefficient; and x = urine lead output
(mg. per 24 hrs.).For this regression b = 0.1275 and the correlation coefficient
r = 0.8213 for which P < 0.03 but > 0.02 when N-2 = 5.
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FIG. 2. RELATION BETWEEN SIMULTANEOUS URINARY EXCRETION OF

LEAD AND COPROPORPHYRINDURING EDATHAMIL CALCIUM DISODIUM
ADMINISTRATION

In this figure the urine lead output (mg. per 24 hrs.) during edathamil
calcium disodium treatment is plotted on the abscissa against urinary copro-
porphyrin output (7y per 24 hrs.) on the ordinate on a logarithmic scale.
Each point represents a single day's excretion. The mathematical relation-
ship is the same as that indicated for the relationship depicted in Figure 1.
For the relationship shown above, the mean regression line is drawn as a

solid line and + 1 S.D. of y on x as interrupted lines.

For this regression: b = 0.1762
r=0.7642 (P<0.001)

N= 33

treatment of acute lead encephalopathy. The
coproporphyrin determinations were made on

24-hour urine samples obtained one to three days
prior to the institution of a course of edathamil
calcium disodium treatment. This was done in
order that any possible effect of the drug upon uri-
nary porphyrin excretion independent of its effect
upon lead metabolism might be eliminated.

A similar correlation is also found between the
simultaneous urinary excretion of coproporphyrin
and of lead during the parenteral administration of
edathamil calcium disodium. This is shown in
Figure 2. This correlation is demonstrable both

during the acute and convalescent phases of lead
encephalopathy if patients with marked oliguria
during the acute illness are excluded. The rela-
tionship is again an exponential one. The data
plotted in Figure 2 were computed from 33 simul-
taneous determinations of lead and coproporphyrin
in urine during 14 courses of therapy in nine pa-
tients. The slope of this regression (b) is 0.1762;
the correlation coefficient (r = 0.7642) is statisti-
cally highly significant (P < 0.001).

In Table I are shown the changes in the excre-

tion of coproporphyrin and lead in the urine of
children with lead poisoning during the adminis-
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tration of edathamil calcium disodium. During
the period of treatment the urinary coproporphyrin
excretion usually decreases rapidly and approaches
the normal range by the fourth to sixth day. Like-
wise, the daily urine lead output also decreases;
but at a lesser rate. Upon cessation of treatment,
however, urinary coproporphyrin excretion fre-
quently returns to amounts approaching the high
pre-treatment levels. Our data indicate that a

new relatively steady state, as measured by copro-

porphyrin excretion, is reached on the average 14
to 21 days after discontinuance of drug therapy.

At and after this time a positive exponential re-

lationship between urinary coproporphyrin output
and whole blood lead concentration is found, as

is indicated in Figure 3. The slope of the regres-

sion between these two values is 0.1850, when
urine coproporphyrin output is plotted logarithmi-
cally and whole blood lead concentration arith-
metically. The correlation coefficient of the re-

gression (r = 0.6642) is highly significant (P <

0.001). The data were computed from 70 simul-
taneous, paired determinations in 15 patients who
were studied during the first year after their re-

covery from an episode of acute lead encepha-
lopathy. In this group of patients there was no

known reexposure to lead after their initial hos-
pitalization. The relationship shown in Figure 3
could not be demonstrated in children during the
first two to three weeks following hospitalization
for treatment of acute lead encephalopathy. Dur-
ing this period whole blood lead concentrations de-
crease rapidly from the very high levels initially
present.

In children convalescent from acute lead poison-
ing this relationship between urine porphyrin ex-

cretion and blood lead concentration was also
disturbed by intercurrent acute infections, during
which sharp increases in urine coproporphyrin ex-

cretion were observed. In three of five convales-
cent patients, who were studied during such ill-
nesses, the previously normal or slightly elevated

TABLE I

Output of lead and coproporphyrin in urine during edathamil calcium disodium administration *

Treatment during acute lead encephalopathy

Initial course Second course Treatment during convalescence

Urine Day of treatment period Day of treatment period Day of treatment period
Age excre-

Patient mo. tion 1 2 3 4 5 6 7 1 2 3 4 5 6 1 2 3 4 5 6

A. W. 34 UCPt 1,022 920 277 650 106
Pbt 12.1 11.4 9.2 9.5 7.3 5.5 S.0 5.2 3.2 3.2 4.5 4.7

R. S. 18 UCP 450 138 129 45 89
Pb 4.9 S.1 3.7 2.5 1.9 1.5 1.3 1.1 0.80 0.62

A. P. 25 UCP 452 222 239 75
Pb 4.1 4.2 4.1 3.0 1.7 2.7 3.1 4.1 2.0 1.5 1.4

C. R. 26 UCP 416 494 364 248 166
Pb 4.0 3.3 6.0 5.9 6.4 5.6 3.2 4.3 3.4 2.9

A. S. 22 UCP 746 379 150 150 594
Pb 5.0 3.8 2.7 2.4 3.1 1.7 3.1 2.1

M. K. 30 UCP 3,430 173
Pb 6.2 5.5 4.1 3.8 2.5

L. W. 23 UCP 615 113
Pb 3.6 3.4 2.7 2.6

W. T. 54 UCP 950 113
Pb 5.2 5.5 2.7 1.4 0.39

B. H. 36 UCP 100 80 56
Pb 1.9 2.1 2.2 2.0 2.4 1.1

t Urine coproporphyrin -y/24 hrs.
$ Urine lead = mg./24 hrs.*
* This table presents the simultaneous daily urinary output of lead and coproporphyrin during parenteral edathamil

calcium disodium administration. The ages shown are those at the time of onset of acute lead encephalopathy in each
patient. "Initial Course" refers to treatment instituted at the time of onset of encephalopathy. "Second Course"
refers to treatment begun 14-21 days after the "initial course." Patients B. H. and W. T. received treatment 10 months
and 12 months, respectively, after onset of acute lead encephalopathy.
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RELATION BETWEENURINE COPRRINOUTPUT
AND BLOODLEAD CONCENTRATION
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FIGURE 3
The data shown in the graph are based upon 70 simultaneous determinations of whole blood

lead concentration and 24 hr. urinary coproporphyrin output in 15 patients made two weeks or

longer after completion of edathamil calcium disodium administration. These data were ob-

tained in patients in whom there was no known reexposure to lead following the initial illness.
Whole blood lead concentration (mg. Pb per 100 gm. whole blood) is plotted arithmetically on the
abscissa against the urinary coproporphyrin output ('y per 24 hrs.) which is plotted on the
ordinate on a logarithmic scale. The mean regression line is shown as a solid line; while 1

S.D. of y on x from this mean regression is indicated by the broken lines.

For this regression: b = 0.1850
r = 0.6642 (P < 0.001)

N=70

coproporphyrin outputs rose to levels of 500 to
1,000y per 24 hrs. during the infection. Their
blood lead concentrations remained unchanged in
the range of 0.05 to 0.075 mg. lead per 100 gm. of
whole blood. In the absence of infection in con-

valescent lead-poisoned patients this range of whole
blood lead concentration is not ordinarily associ-
ated with increases in urinary coproporphyrin out-
put above 150 y per 24 hrs.

DISCUSSION

The present studies in children with lead poison-
ing demonstrate a positive exponential correla-
tion between daily total urinary coproporphyrin

excretion and that quantity of lead in the body
which is available for chelation and urinary ex-

cretion under the influence of edathamil calcium
disodium (Figures 1 and 2). Foreman and Tru-
jillo (16) have shown in humans that edathamil
calcium disodium rapidly diffuses into all tissues
with the exception of the erythrocytes and spinal
fluid. The data of Rubin (17) indicate that in
experimental animals this chelating agent removes

lead primarily from non-skeletal tissues and en-

hances its excretion in urine and its storage in

cancellous bone. It seems reasonable to assume,

therefore, that the initial output of lead in the urine
following edathamil calcium disodium administra-
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tion represents rapidly mobilizable tissue lead.
The total urinary porphyrin output is then prob-
ably correlated with the concentration of lead in
the various soft tissues of lead-poisoned individuals.
If this be the case, the quantitative coproporphyrin
output can be considered to provide a measure of
the "metabolically active" portion of lead responsi-
ble for its toxic effects.

The postulation that coproporphyrinuria in
plumbism is quantitatively related to the soft tis-
sue concentrations of lead and, therefore, to the
toxic fraction of body lead is supported by the fol-
lowing observations. From data reported by Aub,
Fairhall, Minot, and Reznikoff (18), by Kehoe,
Thamann, and Cholak (19), and by ourselves (9)
it can be estimated that the total lead content of the
non-skeletal tissues may vary between 20 and 100
mg. Pb in children dying from acute lead en-

cephalopathy. The data presented in Table I
indicate that, under the influence of edathamil
calcium disodium, the urinary coproporphyrin out-
put does not approach normal levels in acutely ill
patients until the latter days of drug administra-
tion, when the cumulative urinary excretion of
lead reaches 20 to 50 mg. It was also observed
clinically in the majority of acute cases of severe

encephalopathy that subsidence of coma, convul-
sions and increased intracranial pressure usually
occurred on the second or third day after institution
of therapy. In individual patients the subsidence
of these symptoms roughly coincided, during their
initial course of treatment, with the time at which
the urinary coproporphyrin excretion decreased.

In many patients with acute lead poisoning the
urinary coproporphyrin output rises again to ab-
normal levels within a few days after cessation of
drug administration. There are two possible in-
terpretations. The edathamil calcium disodium
present in the tissues may chelate enough of the
remaining tissue lead to restore more normal bio-
chemical pathways in pyrrole metabolism. Be-
cause of the rapid urinary excretion of this com-

pound it disappears from the body within a few
days. The degree of coproporphyrinuria reap-

pearing at this time might then be a reflection of
the residual soft tissue lead concentration which
is no longer inactivated by combination with the
chelating agent. In such patients subsequent ad-
ministration of edathamil calcium disodium re-

sults again in an increased urinary excretion of

lead, the magnitude of which can be predicted by
the data in Figure 1. On the other hand, the re-
duction in coproporphyrin excretion which occurs
after five to seven days of edathamil calcium di-
sodium administration might be in part due to di-
rect interference by this chelating agent with the
synthesis of porphyrins. It has been reported
by Gibson, Neuberger, and Scott (20) that delta-
aminolevulinic acid dehydrase is widely distributed
in the tissues. This enzyme converts delta-amino-
levulinic acid to porphobilinogen, the precursor of
the known biologically important porphyrins.
These workers found that edathamil inhibits the
activity of delta-aminolevulinic acid dehydrase in
vitro to a greater extent than does lead.

In the convalescent phase of lead poisoning when
lead is redistributed among the various tissues
and a new, relatively stable, metabolic state has
been achieved, the exponential relationship be-
tween blood lead concentration and urinary copro-
porphyrin output shown in Figure 3 can be dem-
onstrated. This finding confirms the correlation
found in adult industrial lead workers between
blood lead concentration and urinary copro-
porphyrin excretion reported by Shiels, Palmer,
Cornish, and Kearley (7) and Bashour (8). A
rather large variation in whole blood lead concen-
tration with respect to urinary coproporphyrin
output can be noted in Figure 3. In part, the
magnitude of this variation may be explained by
the fact that most of the data in Figure 3 were
obtained during the first three to six months of
convalescence at a time when hemoglobin and
hematocrit values were rising rapidly. The re-
sultant variations in total erythrocyte mass may
have had an appreciable effect upon whole blood
lead concentrations, since in latent lead poisoning
approximately 95 per cent of the whole blood lead
may be found in the erythrocytes. The magnitude
of these variations suggests that the total daily
urinary porphyrin excretion reflects more closely
the concentration of the "metabolically active"
fraction of lead in the tissues responsible for the
toxic manifestations than does the whole blood
lead concentration. This is particularly pertinent
when whole blood lead concentration lies in the
range, 0.075 to 0.10 mg. per 100 gm. whole blood,
which represents only a moderate increase above
the normal value. It is in this range of blood
lead concentration that urinary coproporphyrin
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excretion may be most useful as a measure of
"metabolically active" lead in the body and of the
efficacy of treatment of lead poisoning by chelating
agents.

The sharp rise in urinary coproporphyrin ex-

cretion without concomitant change in whole blood
lead concentration seen in convalescing patients
during intercurrent acute infections is of interest
in view of the clinical observation that such in-
fections have frequently been accompanied by a

recrudescence of the clinical manifestations of lead
poisoning. Studies (21) in adults without known
lead exposure indicate that a two to three-fold in-
crease in urinary coproporphyrin output may oc-

cur in chronic bacterial infections. The five to six-
fold increments in urinary coproporphyrin output
in three of five children with intercurrent infec-
tions offer biochemical support to the clinical ob-
servation that such infections may intensify the
toxic effects of lead in children during the early
months of convalescence from acute lead intoxica-
tion. When this occurs additional treatment with
chelating agents is probably both indicated and
efficacious.

Lastly, it should be noted that the method of
Schwartz, Zieve, and Watson (10) used for por-

phyrin analysis in this study measures total urinary
coproporphyrin. As pointed out by these authors
(22) and confirmed by Comfort, Moore, and
Weatherall (23) this method includes the deter-
mination not only of pre-formed coproporphyrin
but also of significant amounts of an, as yet, uni-
dentified precursor (or precursors) which is quan-

titatively converted to coproporphyrin during the
analysis. Indeed, from his studies Weatherall
(24) has suggested that a large portion of the
urinary coproporphyrin measured may actually
be excreted as precursor. The determination of
total coproporphyrin in urine does appear, how-
ever, to be a useful measure of "chelatable" lead
in the tissues, although preformed coproporphyrin
may not be the principle metabolite excreted in the
urine in lead poisoning.

SUMMARYANDCONCLUSIONS

In children with lead poisoning a positive cor-

relation has been demonstrated between the urine
lead output during the first day following the pa-

renteral administration of edathamil calcium di-

sodium and the total daily urinary coproporphyrin
output just prior to the administration of the
chelating agent. This relationship is an exponen-
tial one and was demonstrated in both the early
recovery phase and the chronic phase of plumbism.

A similar correlation was found between the si-
multaneous daily urinary excretion of copro-
porphyrin and lead during parenteral edathamil
calcium disodium administration.

During the convalescent phase in children who
had recovered from acute lead encephalopathy an
exponential relation was also found between the
whole blood lead concentration and total daily
urinary coproporphyrin excretion. This relation-
ship could not be shown during the initial acute
phase of encephalopathy when whole blood lead
concentration was frequently quite high and de-
creasing rapidly.

These data indicate that the urinary copro-
porphyrin output is related to that fraction of
lead in the tissues which is available for chelation
and urinary excretion under the influence of
edathamil calcium disodium. From the urinary
coproporphyrin output one can predict the magni-
tude of lead output in the urine which will follow
the parenteral administration of edathamil calcium
disodium. Since it is believed that this chelating
agent initially removes lead primarily from non-
skeletal tissues, it appears reasonable to propose
that the urinary coproporphyrin output in children
with plumbism is correlated with the concentration
of lead in soft tissues. Hence, the urinary copro-
porphyrin excretion provides a sensitive biochemi-
cal index of "metabolically active" and presumably
toxic lead in tissues.
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