








provocative chelation with DMSA and EDTA: evidence for differential access to lead storage sites

--- DMSA only or DMSA first In = 25)
-a- EDTA before DMSA (n = 9)

10 15 20
Urinary ALA (mg/1)

and ZPP and either DMSA- or EDTA-chelat-
able lead. Notably, when the relation between
ALAU and eight hour lead excretion after
DMSA was evaluated in the 17 subjects who
received only DMSA (lower line in fig 3),
ALAU was directly related to lead excretion
in these subjects (fI = 25-66, P = 0-04, regres-
sion data not shown), but this association was
not found after the elimination of one subject
with a large value for ALAU. Lead excretion
after EDTA seemed to be less if DMSA was
given first, but none of the differences in any
of the models were significant (all P values for
DMSA first were variable and >0 05, table 4).

Lead excretion after DMSA and EDTA
showed different relations with blood lead,
ZPP, and ALAU in a manner consistent with
the above findings. Specifically, ALAU was
more strongly related to DMSA-chelatable
lead than was either blood lead or ZPP (table
3). In contrast, blood lead at the time EDTA
was given was more strongly related to cumu-
lative lead excretion after EDTA than was
either ZPP or ALAU (table 4). For each
1 Pg/dl increase in blood lead, urinary lead
excretion after EDTA increased by 98 Mg.
Age, work duration, and baseline urinary lead
concentration were not consistently associ-
ated with cumulative lead excretion after
either agent was given.

Discussion
To our knowledge, no previous studies have
compared lead excretion after DMSA with

Table 4 Linear regression results ofmodels of eight hour cumulative lead excretion after
1 g intravenous EDTA in 17 Korean lead workers*

Independent vanablef /1 Coefficient SEMI) P value Total r'

Model 1-with PbB: 0-56
PbB 97 680 39 944 0-03
Weight 75-656 385042 0-07
DMSA first -624-245 582121 0 30

Model 2-with ZPP: 0-36
ZPP 0-430 9 370 0 96
Weight 72-818 53-858 0 20
DMSA first -967-452 1137 707 0-41

Model 3-with ALAU 0 39
ALAU 82-589 99-232 0-42
Weight 74-111 44-852 0 12

DMSA first -786-072 712-270 0 29

*Regressions were performed separately with PbB, ZPP, and ALAU. All workers also received
10 mg/kg of oral DMSA two weeks before or after EDTA.
tDMSA first = 1 ifDMSA was given before EDTA.

that after EDTA in the same subjects, nor
compared the predictors of such excretion
with the two agents. Previous investigators
have reported on the comparison of lead
excretion after DMSA (270 mg three times,
eight hours apart) and EDTA (1 g intra-
venously twice, 12 hours apart) in a single
worker with an initial blood lead of 82 pg/dl.24
In this worker, cumulative lead excretion after
the two agents was similar. A provocative
chelation test with DMSA could have broad
applications in clinical settings and for use in
epidemiological studies of the health effects of
lead. Although XRF measurement of bone
lead provides an estimate of cumulative lead
absorption, much of the measured lead is not
relevant to current health as it is quiescent in
cortical bone. As will be discussed, DMSA
may chelate lead from storage sites in the
body that are directly relevant to changes in
health over time, and thus DMSA-chelatable
lead could be useful in both clinical 9fd
epidemiological settings.
The data suggest that DMSA and EDTA

lead excretion correlated; that lead excretion
after EDTA was generally higher than after
DMSA; that peak urinary lead concentrations
and return to baseline are attained more

rapidly after DMSA than after EDTA; and
that lead excretion after DMSA is rapid, such
that cumulative lead excretion at 2, 4, 6, 8,
and 24 hours were all highly correlated. Blood
lead was an important predictor of lead excre-

tion after EDTA whereas ALAU was an

important predictor of lead excretion after
DMSA. Age, work duration, subject weight,
and baseline urinary lead concentration were
not consistently associated with lead excretion
after either DMSA or EDTA in adjusted
analyses. Interestingly, cumulative lead excre-

tion after DMSA was higher in workers who
received EDTA two weeks before DMSA.
Also, EDTA given before DMSA was an
important modifier of the relation between
ALAU and eight hour lead excretion after
DMSA.
The DMSA only group and the DMSA v

EDTA group were recruited from different
work sites. The two groups had similar ages,

blood lead concentrations (although a statisti-
cally significant difference was found, we do
not think that the difference in blood lead
concentrations was biologically important),
baseline urinary lead concentrations, and
ALAU, but the DMSA v EDTA group had
higher mean ZPP concentrations and work
durations. We do not think, however, that
uncontrolled confounding by work site is
likely to have influenced the study results.
When we controlled for these important mea-

sured confounding variables-that is, ones

that we thought from the start were most
likely to influence the relation between chelat-
able lead concentrations and the main inde-
pendent variables such as blood lead and
ALAU-there was no important change in the
associations found. We thus think that it is
unlikely that unmeasured confounders had a

meaningful influence on these relations.
Although not entirely resolved,2526 DMSA

Figure 3 Modification
effected by EDTA on the
relation between ALAU
and eight hour cumulative
lead excretion after DMSA
in 34 lead workers. These
are the results of model 3 in
table 3. The data indicate
that the dose-response
relation between ALAU
and eight hour lead
excretion after DMSA was
much steeper ifEDTA was
given two weeks before
DMSA.
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seems to mobilise lead primarily from soft tis-
sue and does not seem to have a significant
effect on lead in bone.27 As such, redistribu-
tion of lead from bone to soft tissue target
organs such as the brain and kidneys is not
thought to occur. This not only makes DMSA
theoretically safer in terms of long term organ
function with chelation treatment, but per-
haps also more relevant for use in provocative
chelation. The soft tissue compartment of
lead storage may be most relevant to the func-
tion of the target organ so to assess DMSA-
chelatable lead could be an easy and
convenient measure of this type of lead stor-
age site. Studies in animals have shown that
lead concentrations decreased dramatically in
brain, liver, and kidney after DMSA was
given.25 27 This supports the notion that
DMSA-chelatable lead could be used to esti-
mate the lead burden in target organs for use in
epidemiological studies. In one study in a
small number of animals with restricted
ranges of lead tissue burdens low correlations
were found between DMSA-chelatable lead
and lead concentrations in organs (kidney,
liver, brain).27 Nevertheless, the ultimate test
of the validity of the measure is whether it pre-
dicts health effects in humans. This has not
been evaluated to date.

Several of the findings in our study are con-
sistent with the hypothesis that DMSA-
chelatable lead is a measure of bioavailable
lead stores, primarily of soft tissue origin.
Lead excretion after DMSA is enhanced if
EDTA is given before the DMSA. This is
consistent with research in animals that sug-
gested that EDTA results in a redistribution
of lead from bone to soft tissue. It is thus pos-
sible that EDTA increased concentrations of
soft tissue lead and DMSA then mobilised
lead from these sites. In contrast with
EDTA-chelatable lead, which was most
strongly associated with blood lead concentra-
tions (consistent with previous research 2831)
DMSA-chelatable lead was most strongly
associated with ALAU, but notably not with
blood lead. The lack of correlation with blood
lead concentrations may be due to the impor-
tant influence of bone lead on blood lead con-
centrations; DMSA does not seem to chelate
lead from bone.
The substrate, ALA, for the lead sensitive

enzyme 5-aminolevulinic acid dehydratase
(ALAD) is a measure of an early biological
effect of lead in the haem synthetic system. It
would seem that only bioavailable lead
inhibits ALAD. The association of ALAU
with DMSA-chelatable lead in our study is
consistent with the interpretation of DMSA-
chelatable lead as a measure of bioavailable
lead stores. The dose-response relation
between ALAU and DMSA-chelatable lead
was much steeper when EDTA was given two
weeks before DMSA. We speculate that
EDTA redistributed large amounts of lead to
soft tissue sites, which led to increased inhibi-
tion of ALAD, accumulation of ALA,
increased lead excretion after DMSA two
weeks later, and a stronger association
between ALAU and DMSA-chelatable lead.

Cory-Slechta has proposed that one strat-
egy in the chelation of lead workers might be
to give DMSA before EDTA to prevent the
redistribution of lead mobilised from bone
and enhance depletion of soft tissue lead
stores.27 The present data indicate that such
redistribution may, in fact, occur in humans,
because DMSA mobilised more lead ifEDTA
was given first. If the goal is to remove as
much lead as possible, however, this strategy
would be less efficient, and perhaps EDTA
should be given first followed shortly by
DMSA. It should be noted that the ultimate
value of any of these strategies in improving
the health of lead workers has not been rigor-
ously evaluated to date.

Other data suggest that the toxicokinetics
of DMSA are favourable to its use in a
provocative chelation test. After an oral dose
of DMSA to normal human volunteers, uri-
nary excretion of the unaltered (not
metabolised) drug peaks at about two hours
and is essentially complete by nine hoprs.'2
Urinary excretion of altered DMSA, which
consists of several oxidised species including
mixed DMSA-cysteine disulphides, peaks at
about four hours and is not complete for
24-48 hours.323' By 14 hours, about 21% of
the DMSA given had appeared in the urine,
with 88% as the altered form. Urinary lead
excretion peaked at four hours and returned
to baseline between six and eight hours. The
DMSA is extensively bound to plasma pro-
teins, mainly albumin, and does not seem to
penetrate the erythrocytes." Although the
structure of the DMSA-lead chelate is not
currently known, some investigators hypothe-
sised that the mixed DMSA-cysteine disul-
phides may be the active chelating species.34 It
is interesting to note that published cumula-
tive excretion curves of unaltered DMSA are
similar to those of cumulative lead excretion
after DMSA in these Korean lead workers.
The DMSA-cysteine mixed disulphide has

not been detected in blood but is the primary
form of altered DMSA in urine."3 Plasma pro-
teins may serve as a depot for DMSA in the
blood. After transport to the kidney, exchange
with cysteine may occur that results in excre-
tion of the mixed disulphide. Although the
biochemical basis for these transformations is
not currently known, this suggests that
DMSA may not be available in the blood for
chelation of lead. Other data suggest that
DMSA is primarily extracellular in its distribu-
tion." Lead may be chelated by DMSA just
before excretion from the kidney. If DMSA
only forms complexes with lead in the kidney
just before excretion, this may also explain
why DMSA does not cause redistribution of
lead to soft tissue. The DMSA-chelatable lead
may thus be very relevant to the epidemiologi-
cal study of renal function and perhaps blood
pressure.
Two workers, one of whom received

DMSA first and the other EDTA first,
excreted large quantities of lead after EDTA
but small quantities after DMSA. It can be
speculated that there could be differences
between people in the formation of these
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mixed disulphides, which are likely to be
enzymatically mediated, and perhaps this
could account for the relatively low excretion
of lead in these two subjects after DMSA.
As DMSA itself seems to be mainly distrib-

uted in plasma and does not mobilise lead in
bone, an important question is the interpreta-
tion of the DMSA provocative chelation test.
Clearly, bone lead measured by x ray fluores-
cence is a better measure of cumulative lead
absorption and retained body burden, but
much of this lead is biologically inactive and x
ray fluorescence is not widely available. The
plasma compartment is thought to be very
important to the health effects of lead in that
all lead that is deposited in target organs
passes through this compartment. Although
whole blood lead concentrations were not a
predictor of DMSA-chelatable lead, plasma
lead concentrations may be, but measurement
of plasma lead was beyond the scope of this
study. The ultimate validation of DMSA-
chelatable lead awaits the results of prospec-
tive epidemiological studies.
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