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2,3-Dimercaptosuccinic ac id  (DMSA) is an oral ly effect ive orphan drug that is 
more specif ic and has a wider therapeut ic  index than other currently ava i lab le  
drugs used for lead intoxicat ion. Its invest igat ional use in the United States has 
been l imited to the treatment of men with occupa t iona l  plumbism. Twenty-one 
chi ldren with b lood  lead concentrat ions of 31 to 49 ~g/dl, who also had a 
posit ive calc ium disodium edeta te  (CaNa2EDTA) mobi l izat ion test result, were 
hospital ized for 7 days. Fifteen chi ldren were randomly assigned to three 
groups that rece ived either 350, 700, or 1050 mg/m2/day, respectively, of DMSA 
in three d iv ided doses daily. A fourth group of six chi ldren rece ived conven-  
t ional treatment with 1000 mg/m2/day of in t ravenous ly  administered 
CaNa2EDTA in two d iv ided doses daily. The 1050 mg/m2/day dose of DMSA was 
signif icantly more effect ive than lower doses of DMSA or intravenously admin- 
istered CaNa2EDTA in reducing b lood  lead levels and restoring erythrocyte 
~-aminolevulinic ac id  dehydratase activity. Intravenously administered 
CaNa2EDTA signif icantly increased the urinary excret ion of several essential 
minerals (zinc, copper,  iron, and calc ium),  whereas DMSA did not. The DMSA 
was wel l  to lerated and appears  extremely promising as a drug that will simplify 
the management  of ch i ldhood lead poisoning. (J PEDIAI"R 1988;113:751-7) 

Chelation therapy for children with lead poisoning has 
primarily relied on the parenteral use of calcium disodium 
edetate. Although effective in reducing the blood lead 
concentration and eliciting lead diuresis, t, 2 CaNazEDTA is 
a relatively nonspecific chelator 3 that can be accompanied 

by renal toxic effects in patients who are not adequately 
hydrated. 4,s Of greater concern, however, is that recent 
animal studies indicate that CaNa2EDTA can cause a 
redistribution of lead to the brain, 6 a finding that has led 
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some to question the wisdom of using this drug in the 
"diagnostic" lead mobilization test. 6,7 

Other drugs for lead poisoning also have serious draw- 
backs. The intramuscular administration of 2,3-dimercap- 
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to-1-propanol is associated with nausea and vomiting in the 
majority of children who receive it. s Because of its toxicity, 
BAL is administered only in conjunction with 
CaNa2EDTA to children with BPb concentrations of 70 
ttg/dl or more, who are at risk for encephalopathy, s To a 
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lesser extent, oral D-penicillamine has been used to treat 
children with moderately elevated BPb concentrations3 ,9 
However, this agent is not nearly as effective as the former 
two drugs, is associated with allergic reactions, and is not 
approved by the U.S. Food and Drug Administration for 
use in children with lead poisoning. Finally, the use in 
children of 2,3-dimercapto-l-propanesulfonic acid, ~~ a 
moderately effective oral analog of BAL, has been associ- 
ated with serious toxic effects, and its use in this country 
has apparently been discontinued (J. Chisotm, Jr.: persona/ 
communication, July 15, 1987). 

During the past 10 years, we have identified 2,3- 
dimercaptosuccinic acid as a potentially useful drug for the 
treatment of lead,". 12 arsenic, and inorganic and organic 
mercury poisonings (reviewed by GrazianC0. We report 
our experience with DMSA as a safe, specific, and highly 
effective oral agent for the treatment of elevated BPb 
levels in children. 

M E T H O D S  

Eligibility criteria for this protocol, which was approved 
by the Columbia Presbyterian Medical Center Institution- 
al Review Board, consisted ofa  BPb level of 30 to 49 #g/dl 
and a positive CaNa~EDTA lead mobilization test result 
(i.e., >0.6 #g Pb/mg CaNa2EDTA administered). At the 
time that this study was initiated, standard therapy for 
such children ~4 consisted of treatment with 1000 mg/ 
m2]day of CaNa2EDTA administered intravenously in two 
divided doses daily for 5 days. 

Parents were given the option to choose whether their 
child would receive conventional therapy with intravenous- 
ly administered CaNa2EDTA or orally administered 
DMSA. Fifteen children whose parents granted informed 
consent for DMSA were randomly assigned to receive 
either 350, 700, or 1050 mg/m2/day of DMSA in three 
divided doses daily for 5 days. These doses of DMSA are 
equivalent to the doses of 10, 20, and 30 mg/kg/day, 
which had been studied in men with occupational lead 
poisoning. ~2 The DMSA was provided in gelatin capsules 
containing 110 mg of active compound and was adminis- 
tered by emptying the contents of the capsules into either 
Hawaiian Punch or ice cream. (The dose of DMSA was 
rounded off to the nearest capsule, so the actual mean 
doses administered were 379, 714, and 1043 mg/m2/day.) 
In addition, six children whose parents consented to 
conventional therapy received 5 days of treatment with 
1000 mg/m2/day of CaNa2EDTA given intravenously in 
two divided doses daily. Thus a total of 21 children were 
studied. 

Exclusion criteria included the following: (1) known 
hypersensitivity to chelating agents, (2) a history or 

current findings of serious cardiovascular, renal, hepatic, 
endocrine, metabolic, or gastrointestinal disease, (3) any 
symptoms of serious lead poisoning, (4) an abnormal 
electrocardiogram, (5) the use of any investigational drug 
(including D-penicillamine) during the month before the 
initiation of the study, and (6) the use of any drug with 
well-defined organ toxicity (with the exception of 
CaNa2EDTA) during the previous 6 months. Patients who 
had previously received CaNa2EDTA remained eligible to 
receive DMSA, and vice versa. Indeed, four children were 
studied twice, each receiving CaNa2EDTA or DMSA at 
different times, months apart; two received DMSA first 
and then CaNa2EDTA, and two received CaNa2EDTA 
first and then DMSA. 

Each child was admitted to the pediatric clinical 
research center fbr 7 days. During the first day, baseline 
blood and urine measurements were made. During the 
subsequent 5 days, either oral DMSA or intravenous 
CaNa~EDTA was administered: DMSA was administered 
at 8-hour intervals beginning at 2 P.M. on the second 
hospital day, and CaNa2EDTA was given at 12-hour 
intervals beginning at 11 A.M. of that day. The seventh day 
of hospitalizatio n served as a posttreatment observation 
period. The protocol also called for each child to be seen as 
an outpatient approximately 1 and 2 weeks after discharge 
from the hospital. Twenty-four-hour urine specimens were 
collected daily (from 2 P.M. to 2 P.M.) throughout the 7-day 
hospital stay for the measurement of lead, I5 creatinine, and 
a variety of essential minerals? 6 In addition, blood samples 
were obtained daily for BPb, 17 erythrocyte 6-aminolevu- 
linic acid dehydratase, ~8 erythrocyte protoporphyrin, ~9 and 
alanine and aspartate transaminase measurements. Com- 
plete blood cell counts were obtained once and serum 
chemistry panels were obtained twice before drug treat- 
ment (the second sample after an overnight fast). These 
analyses were repeated in the morning after 3 days of 
treatment, and in the morning after 5 days of treatment. 
Systolic and diastolic blood pressure, radial pulse (supine), 
and respiratory rate were recorded at 2:30 p.M., 10:30 P.M., 
and 6:30 A.M. on each day of the hospitalization. 

Other drugs were administered only if absolutely neces- 
sary. Three patients who received DMSA (one patient per 
DMSA dosage group) received amoxicillin during the 
hospitalization for the treatment of otitis media. In addi- 
tion, one patient in the CaNa2EDTA group received 
isoniazid during the hospitalization because of a positive 
purified protein derivative test result. 

All 21 patients completed the hospitalization. One 
patient in the group receiving 350 mg/m2/day did not 
return for the scheduled follow-up visit 1 week after 
discharge from the hospital. Four patients did not return 
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Fig. t. Mean BPb concentrations of four treatment groups, illustrated as a function of time. Drugs were administered 
only on days 1 to 5. Groups are denoted as follows: A = 350 mg/m2/day DMSA; [] = 700 mg/m2/day DMSA; A, = 1050 
mg/m2/day DMSA; Q = 1000 mg/m2/day CaNa2EDTA. The ANOVA of the slopes of decline during days 0 to 5 found 
1050 mg/m2/day of DMSA to be more effective than the other treatment regimens. 

for the scheduled follow-up visit at 2 weeks afte r discharge; 
of these four patients, two were in the CaNa2EDTA group 
and two were in the group receiving 700 mg/m2/day 

DMSA. 
Statistical analysis. With regard to BPb levels, the plan 

(a priori) was to conduct a regression analysis of BPb levels 
over time (for each patient) from day 0 (pretreatment) 
through day 5, with the use of both linear and nonlinear 
models. To force each regression curve through the same 
y-intercept, we also expressed the data as a percent of the 
pretreatment value; each patient was thus considered to be 
at 100% on day 0. One-way analysis of variance was then 
run on the 21 slopes Of decline in BPb levels (i.e., four 
groups of patients). Differences between groups were 
evaluated by the Scheff6 test for multiple comparisons, 
with an alpha statistic of 0.05. 20 

A similar analytic strategy was used for erythrocyte 
ALA-D. In this case the slopes were positive. Variables 

from complete blood cell counts, blood chemistry values, 
urinalyses, and vital signs were analyzed by three-way 
heirarchical ANOVA (group~subjects~days). The Scheff6 
test for multiple comparisons was subsequently used to 
examine differences between groups. 

R E S U L T S  

Demographic characteristics. Of the 21 patients in the 
study, i4 were Hispanic, six were black, and only one was 
white. Patients who received CaNazEDTA ranged in age 

from 2 to 5 years, and those who received DMSA were 
between 2 and 7 years of age; mean ages of the treatment 
groups ranged from 3.97 to 4.62 years. The mean pretreat- 
ment BPb concentration of the CaNa2EDTA group was 
39.7 ~g/dl, in comparison with 39.4, 37.5, and 36.0 #g/dl, 
respectively, for the groups that received 350, 750, and 
1050 mg/m2/day DMSA. The mean EP level for the 

CaNa2EDTA group was 157 ~zg/dl, in comparison with 
158, 86, and 143 #g/dl for the three DMSA groups, 
respectively. Thus all four treatment groups were compa- 

rable, 
Efficacy 
Blood lead levels. In each group, BPb levels declined 

during the 5-day treatment period and rebounded after the 
cessation of drug administration, presumably reflecting the 
mobilization of lead from the skeleton (Fig. 1). Regression 
analyses (over days 0 to 5) were conducted with BPb 
concentrations expressed in four different ways: (l) the 
raw BPb measurement, (2) log BPb, (3) percent of the 
pretreatment BPb level, and (4) log percent of initial BPb 
concentration. For each patient the correlation between 
BPb level and day of treatment was significant for each 
type of analysis. However, the data yielded the best fit 
when analyzed as log percent of the initial !3Pb level versus 

number of days of treatment. 
The decline in BPb concentration obtained in response 

to the lowest dose of DMSA (350 mg/m2/day) did not 
differ from that observed in response to conventional 
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Fig. 2. Mean erythrocyte ALA-D activities of four treatment grotlps, illustrated as a function of time, Groups are 
denoted as follows: A = 350 mg/m2/day DMSA; [] = 700 mg/m2/day DMSA; �9 = 1050 mg/m2/day DMSA; O = 1000 
mg/m2/day CaNa2EDTA. The ANOVA of slopes of rise during days 0 to 5 found 1050 mg/m2/day of DMSA to be more 
effective than the other treatment regimens in restoring ALA-D activity. PBG, Porphobilinogen. 
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Fig. 3. Urinary lead data, expressed as micrograms of lead per milligram of urinary creatinifie per 24 hours, of each 
treatment group during 7-day hospitalization. Drugs were administered only on days 1 to 5. Data ai'e scattered because of 
the problem of incomplete urine collections. Groups are denoted as follows: A = 350 mg/m~/day DMSA; [] = 700 
mg/rn2/day DMSA; �9 = 1050 mg/m2/day DMSA; ~ = 1000 mg/m:/day CaNa2EDTA. The ANOVA found 
creatinine-corrected urinary lead excretion to be greatest in group that received CaNa2EDTA. 

intravenous CaNa2EDTA treatment. However, the highest 
dose of DMSA (1050 mg/m2/day) was significantly 
more effective than either conventional intravenous 
CaNa2EDTA treatment or lower doses of DMSA. 

Erythrocyte ALA-D. Measurement of ALA-D activity 
was done to provide an estimate of metabolic inhibition by 
lead. During the course of chelation therapy, erythrocyte 
ALA-D activity rose in all four treatment groups (Fig. 2). 

In each patient the slope of rise in erythrocyt e ALA-D 
activity was calculated by regression analysis; each such 
individual analysi s was highly significant. The highest dose 
of DMSA (1050 mg/m2/day) was significantly more 
effective in rejuvenating ALA-D activity than either lower 
doses of DMSA or conventional therapy with 
CaNa2EDTA. 

Urinary lead excretion. The collection of complete 
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Table. Mean urinary mineral excretion per milligram of creatinine 

Day number 

0 I 2 3 4 5 6 

Urinary Zn (/~g) 
Group 1 * 0.9 0.9 1.1 0.9 1.2 1.4 
Group 2 "I" 0.8 1.2 1.1 1.2 1.2 1.3 
Group 3~ 1.5 1.2 1.6 1.3 1.6 1.8 
Group 4w 3.8 12.7 13.3 13.5 11.5 12.9 

Urinary Cu (/~g) 
Group 1 0.37 0.26 0.29 0.22 0.37 0.36 
Group 2 0.38 0.39 0.37 0.40 0.29 0.47 
Group 3 0.39 0.47 0.55 0.41 0.53 0.73 
Group 4 0.65 1.13 1.16 0.74 0.88 0.98 

Urinary Fe (tzg) 
Group 1 1.0 1.1 0.8 1.0 1.4 1.5 
Group 2 1.0 1.5 1.0 1.0 0.8 1.5 
Group 3 1.1 0.8 1.3 0.9 1.2 2.0 
Group 4 1.8 2.2 2.5 1.9 2.1 2.7 

Urinary Ca (/~g) 
Group 1 43 26 28 72 64 60 
Group 2 56 55 89 94 110 78 
Group 3 55 68 121 107 88 94 
Group 4 110 137 192 241 171 162 

Urinary Mg (#g) 
Group 1 128 100 89 110 130 122 
Group 2 73 108 126 109 96 135 
Group 3 176 150 181 111 142 160 
Group 4 120 129 102 87 81 55 

60 
79 

102 
119 

114 
136 
102 
69 

0.9 
1.1 
1.2 
3.6 

0.44 
0.73 
0.47 
0.72 

1.1 
1.9 
1.6 
1.5 

There was a significant group effect (p < 0.001) for urinary Zn, Cu, Fe, and Ca. In each case, the CaNa2EDTA group was found to differ significantly from all 
three DMSA dose groups. The increase in urinary Ca excretion in the CaNa2EDTA group is probably due to the renal elimination of CaNa2EDTA. 
*Group 1:350 mg/m2/day DMSA. 
]'Group 2:700 mg/m2/day DMSA. 
:~Group 3:1050 mg/m2/day DMSA. 
w 4:1000 mg/m2/day CaNa2EDTA. 

24-hour urine specimens in these very young children, 

many not toilet trained, was not always a complete success. 

Accordingly, all urine data must be reviewed cautiously. 

For all urine variables, we attempted to adjust for urine 

losses by also expressing the data per milligram of urinary 

creatinine. This correction assumes that  urinary lead 

excretion is relatively constant throughout the day; this 

assumption may not be accurate. 

There were no significant differences among t reatment  

groups with regard to pretreatment urinary lead excretion 

(expressed as micrograms of Pb per milligram of creati- 

nine) on day 0. With regard to this value during the course 

of treatment,  A N O V A  revealed a significant dose effect 

(p < 0.0001) and a significant dose-by-day interaction 

(p < 0.0001) (Fig. 3). The Scheff6 test for multiple com- 

parisons found the urinary Pb excretion to be higher in the 

CaNa2EDTA group than in each of the three D M S A  

groups. The dose-by-day interaction reflected decreasing 

lead excretion over time, undoubtedly a consequence of the 

gradual decline of lead concentrations in the blood and soft 

tissue compartments.  

Specificity. There were no significant differences among 

groups in the urinary excretion of Mg, Zn, Cu, Fe, and Ca 

on day 0, before drug administration. (Because the first 

dose of CaNazEDTA was administered a t  11 A.M., 3 hours 

before the completion of the first 24-hour urine collection, 

the values for day 0 excretion of Zn, Cu, Fe, and Ca were 

highly variable and appeared slightly elevated in compari- 

son with those for the D M S A  treatment groups.) 

CaNa2EDTA induced significant rises in urinary Zn, Cu, 

Fe, and Ca excretion (Table); the latter may be because 

this drug contains calcium. The magnitude of the effects of 

CaNa2EDTA on urinary mineral excretion was small for 

Cu and Fe but large and clinically significant for Zn. 

Treatment  with D M S A  did not cause a significant eleva- 

tion in the excretion of any of these essential trace 

minerals. These findings indicate that D M S A  is far more 

specific than CaNa2EDTA for heavy metals. 

Safety. No  clinically significant abnormal complete 

blood cell counts, vital signs, or clinical chemistry values 

were observed. Daily measurements of alanine and aspar- 

tate transaminase were normal. (In a previous study of 
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DMSA in men with occupational plumbism, ~2 three 
patients had experienced a very mild transient rise in 
alanine transaminase. 

For each of the following measurements, three-way 
ANOVA was conducted: serum Na, K, C1, CO2, blood 
urea nitrogen, glucose, creatinine, Ca, P, uric acid, choles- 
terol, protein, albumin, total bilirubin, direct bilirubin, 
alkaline phosphatase, lactate dehydrogenase, creatine 
phosphokinase, alanine and aspartate transaminase, hemo- 
globin, hematocrit, erythroeyte and leukocyte coUnts, 
mean corpuscular volume, me~m corpuscular hemoglobin, 
mean corpuscular hemoglobin concentration, systolic and 
diastolic blood pressure, radial pulse, respiratory rate, and 
body temperature. Several findings were statistically sig- 
nificant but no trends were noted, and none of the findings 
was of clinical significance, because all values were within 
normal ranges. 

Administration of DMSA was well tolerated by all 15 
children. Two patients who had also received amoxicillin, 
One in the low-dose DMSA group and one in the high-dose 
group, had a single episode of vomiting. In one child, it 
followed the very first dose of DMSA; in the other child it 
occurred on day 4 of treatment. Each child eventually 
completed the coUrse of treatment Without further inci- 
dent. No other adverse effects were observed. 

D I S C U S S I O N  

2,3-Dimercaptosuccinic acid was first synthesized by 
Friedheim and DaSilva, 2~ who incorporated the molecule 
into the strUcture of melarsonyl potassium (also known as 
Mel W), an arsenical drug for the treatment of schistoso- 
miasis. It was first proposed as an antidote for heavy metal 
poisoning by the Chinese 22,2~ and has been used fa i r ly  
widely in the People's Republic of China, the Soviet Union, 
and Japan (reviewed by Aposhian24). Our recent work has 
fueled interest in this neglected compound, now classified 
as an orphan drug by the U.S. Food and Drug Administra- 
tion. We have expanded the clinical experience with 
DMSA While paying particular attention to dose require- 
ments, its safety in both adults 12 and children, and its 
efficacy in comparison with other chelating agents. 

Perhaps the most important findings of this study are 
that, at doses ot' 700 or 1050 mg/m2/day, DMSA brings 
aboUt a more substantial decrease in BPb concentrations 
than does CaNa2EDTA, whereas CaNa2EDTA evokes a 
greater urinary lead output. There are two possible expla- 
nations for this apparent contradiction. First, DMSA 
Could Conceivably shift lead from the blood compartment 
to other tissues rather than into the urine; however, animal 
data indicate that this is not the case. 11,25 The second 
possibility, supported by a considerable body of evidence, is 
that CaNa2EDTA brings about a substantial mobilization 

of lead from bone, resulting in the movement of lead into 
the blood, soft tissues, and urine. The rapid mobilization of 
lead from bone by CaNa2EDTA appears to be potentially 
dangerous. For example, Cory-Slechta et aL 6 demon- 
strated that a single dose of CaNa~EDTA can increase 
brain and liver lead concentrations. Chisolm's clinical 
experience L 2. 7 during the 1950s in children with acute lead 
encephalopathy and BPb concentrations > 150 #g/dl  dem- 

onstrated a temPorary worsening of central nervous system 
manifestations after the initiation of CaNa2EDTA treat- 
ment. 

Thus, although the mobilization of lead from bone by 
CaNa2EDTA results in more urinary lead excretion than is 
observed with DMSA treatment, the use of CaNa2EDTA 
does not result in a greater reduction in lead poisoning and 
is not clinically more beneficial. An analogy to thi s finding 
relates to the use, during the early 1970s, of ascorbic acid 
to increase the urinary elimination of iron in response to 
deferoxamine therapy in patients with thalassemia major. 26 
Although ascorbic acid undoubtedly increased iron mobili- 
zation and urinary iron output, it was not beneficial and, in 
fact, resulted in the death of several patients from Cardiac 
disease because of the redistribution of iron to the 
hearL27.28 

Including the 15 children who are subjects of this report, 
our institution has now used oral DMSA to treat 50 
individuals, ages 1 to 58 years, with BPb levels ranging 
from 31 to 96 #g/dl,  without any serious adverse effects. 
The drug appears safe, effective, specific, and simple to 
administer, and it thus represents a significant improve- 
ment over existing drugs for the treatment of lead poison- 
ing. We caution, however, that little is known about the 
safety of longer courses of therapy; in 43 of our 50 patients, 
the duration of DMSA administration was limited to a 
single 5-day course of therapy. Further studies Of DMSA, 
involving longer courses of therapy on an outpatient basis, 
are in progress. 
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