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ARTICLES

Safety and Efficacy of Meso-2,3-
dimer captosuccinic Acid (DM SA)
in Children with Elevated Blood

Lead Concentrations

J. Julian Chisolm, Jr.

Lead Poisoning Program, The Kennedy Krieger Institute, Baltimore, Maryland

ABSTRACT

Objective: To evaluate the safety and efficacy of meso-2,3-dimer captosuccinic
acid in the treatment of children with lead toxicity. Design: Thiswas an open-
label study in 59 children 12—65-months old, with pretreatment whole-blood
lead levels of 2566 pg/dL, who received 116, 26—28 day cour ses of oral dimer -
captosuccinic acid, whileresiding either in the Pediatric Clinical Resear ch Unit
of the Johns Hopkins Hospital or in lead-safe housing during the outpatient
portion of the study. Results: All, who completed the study, showed sharp de-
creases in blood lead concentration during therapy, but 2—3 weeks following
completion of drug therapy, blood lead concentration rebounded to an average
of 58% (23 mg Pb/dL of whole blood) of their average pretreatment blood lead
concentration (40 wg Pb/dL of whole blood). There were no adver se reactions
attributable to dimercaptosuccinic acid; however, 2 of the 59 patients were
reexposed to defective lead paint and experienced sharp increasesin blood lead
concentration while on therapy. In one instance, the child’s blood lead concen-
tration increased from 20 to 90 pg Pb/dL whole blood in 1 week. Other unex-
pected events wer e discussed in the text. Conclusions: Dimer captosuccinic acid
is apparently safe and does mobilize lead into the urine, but not the essential
metals, zinc and copper. Reexposureisalways a danger; therefore, all children,
while on therapy, should be monitored for their blood lead concentration at
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weekly intervals during and immediately after therapy. No conclusions can be
drawn from this study regarding long-term beneficial effects, if any, of this

drug on late neur ocognitive outcome.

INTRODUCTION

Meso-2,3-dimercaptosuccinic acid (DMSA, succi-
mer) is the first orally effective and relatively nontoxic
chelating agent for the treatment of increased lead ab-
sorption and |lead poisoning. On the basis of experimental
data and a few human case reports, DMSA is also effec-
tivein arsenic (including combined arsenic and lead poi-
soning') and mercury (including methyl mercury) poi-
soning. The topic has been extensively reviewed by
Aposhian in 1983,2 1990,° and 1995*and Angle, 1993.°
The active complex that binds lead is a DM SA -cysteine
disulfide with lead being bound between one thiol group
and a carboxy! group. Asiedu et al .® has presented evi-
dence that there is enterohepatic recycling of DMSA. In
primates the amount absorbed and eventually appearing
in urine is approximately 18—20%.%"

The use of DMSA was first reported in 1954 as an
antimony DM SA complex for the treatment of schistoso-
miasis.® The first report of DMSA’s use in the treatment
of occupational lead poisoning was from Chinain 1965.°
In the United States the first clinical use was reported by
Graziano et al. in adults in 1985 and in children in
1988."* Domingo et al .*> have shown that DM SA admin-
istered to pregnant mice, in relatively low doses, resulted
in developmental toxicity including stunting of growth
in both mother and fetus and increased fetal wastage.
Therefore, it is strongly recommended that this drug not
be given to pregnant women.

The objective of this project was to evaluate the saf ety
and efficacy of DMSA in the treatment of children with
elevated blood lead concentrations. These studies were
previously reported in part.®

MATERIALS AND METHODS
Clinical Material

The 59 subjects (31 females, 28 males) of these studies
who received a total of 116 courses of DMSA were
drawn from the Kennedy-Krieger Institute’'s Outpatient
Lead Clinic.

Prior to the start of this study, exclusion of children
with glucose-6-phosphate dehydrogenase (G6PD) defi-
ciency and sickle cell disease was seriously considered,

but was not done when studies elsewhere indicated that
these patients were taking DM SA without incident.
This was an open-label convenience study.
Inclusion criteria were as follows:

1. Maeor female child 12—72 months of age. (Ac-
tual range: 12—65 months of age.)

2. Patients with pretreatment blood lead concentra-
tion (PbB) in a range of 25-120 pg Pb/dL of
whole blood. (Actual PbB range in children stud-
ied was 25-70 pg Pb/dL.)

3. Patientswith ‘‘lead-safe’’ housing in which they
may stay while receiving DMSA as outpatients.

4. Parent or legal guardian has signed written in-
formed consent.

During the course of this study, the Kennedy Krieger
Institute operated a Safety House without lead hazards
for children with lead poisoning. Ten of the 59 children
in this study were housed during treatment in this facility
adjacent to the main building, where DMSA was given
by the staff.

Exclusion criteria were as follows:

1. Patients with known hypersensitivity to similar
chemical chelating agents or drugs.

2. Patients with a history or current findings of seri-
ous cardiovascular, renal, endocrine, metabolic
respiratory, dermatologic, or gastrointestinal dis-
ease not consistent with lead toxicity.

3. Patients with symptoms of lead encephalopathy
who are vomiting or unconscious and therefore
unable to swallow and/or retain the drug.

4. Patients who have received any investigational
drug during the preceding month. We extended
this to include calcium disodium ethylene di-
aminetetraacetate (CaNa, EDTA) within the
previous 2 months. For DMSA the exclusionary
waiting period between courses was 2 weeks.
None of the children enrolled in this study was
symptomatic.

The critical factor to determine whether a child could
be admitted to the study was the availability of lead-safe
housing, in which they could receive DMSA as outpa-
tients. If this could not be obtained, they were not admit-
ted to the study. For the purposes of this study, ‘‘lead-
safe’’ housing included the Kennedy Krieger Institute’'s

MaRcEL DEKKER, INC. ﬂ
270 Madison Avenue, New York, New York 10016 o

Copyright © Marcel Dekker, Inc. All rights reserved.



ORDER |

DMSA in Childhood Lead Poisoning

Safety House, a completely rehabilitated 150-year-old
mansion, adjacent to the Institute. Frequent dust lead tests
were carried out in the house to determine that the dust
lead levels were within acceptable range. Other houses
included in this category were newly built housing on the
periphery of the city in which lead paints have not been
used, gut-rehabilitated housing in theinner city, and pub-
lic housing in which, by long tradition in this city, lead
paint had not been used. Such homes were either the
homes of grandmothers or other relatives who would
agree to take the child while on therapy. The Institute
also had a second gut-rehabilitated ‘‘lead-safe’” house
where patients not on therapy could await the availability
of lead-safe housing in the community. It was a purpose
of this study to determine what could be accomplished
under the best environmental conditions. Blood lead lev-
els were monitored at weekly intervals, with the result
being available within 30 minutes while the child was
at the clinic so that any unexpected exposure could be
identified immediately.

REPRINTS
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Protocol

Theinitia pilot protocol called for the administration
of DMSA 1050 mg/m?/d in 3 divided doses for the first
5 days of treatment, after which DMSA was reduced to
350 mg/m?/d in 2 divided doses during days 6-10. This
protocol was administered to 4 patients only, because it
became evident that in 2 of the 5 courses, PbB increased
between days 6—10 on the lower dose of the drug (Figure
1), while these patients were at the Pediatric Clinical
Research Unit (PCRU) of the Johns Hopkins Hospital.
There was no question of their ingesting additional lead
as they were not outside of the research unit. We then
changed to what became the basic protocol for the re-
mainder of the studies.

Table 1 shows the demographic data and Table 2
shows the inpatient/outpatient treatment protocol. The
children in this group actually received the drug for 26
days. Two days were given over to pretreatment acclima-
tization and control data in the PCRU. The protocol for

80
70 |-
60 |-
m Pt1
50 |- o P2
B 4 Pt3a
S 40 |- Pt 3b
pot 8
£ o Pta
30
20 |-
>~ =9
10 |
0 1 1
0 6 10
Days of treatment
| > < »

DMSA 1050 mg/m¥/day

Figure 1. Changes in blood lead concentration (PbB) during 10-day pilot course of therapy with meso-2,3-dimercaptosuccininc
acid (DMSA). Patients in PCRU received DMSA 1050 mg/m?/day for 5 days immediately followed by DMSA 350 mg/m?/d for
next 5 days. Note that patient 3, a heavily leaded child with initial PbB of 70 pg/dL, rebounded while on therapy when dosage was
reduced. 3a.and 3b show first and second courses in patient. The other 3 patients showed either no change or slight decrease in PbB
when dosage was reduced. In 2 of the 3, initial PbB were less than 50 pg/dL, as shown in figure.

DMSA 350 mg/m?*/day
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Table 1

Demographic Data**

Protocol
Total No. of Courses/Patients*
Outpatient 75142
In/Outpatient 41/17
Total No. of Patients Femae Mae Caucasian African-American
59 31 28 8 51
G6PD deficient homozygous 5
heterozygous 1

Sickle Cell Disease 1
Age range in months: Avg Min Max

35 12 65
PbB (ug/dL) Avg Min Max
Before the first course of therapy 41 24 66

*Number of courses of therapy exceeds number of patients, since most patients received multiple

courses.

** Does not include patients of pilot study (see Figure 1).

the outpatient protocol differs only in that there were no
24-hour collections of urine. These protocols were insti-
tuted and approved by the Food and Drug Administration
(FDA) before the drug was released in January 1991.
When released, atreatment course of 21 days was recom-
mended by the FDA; however, this protocol was contin-
ued throughout these studies, which were done between
1988 and 1992. In general, they were enrolled in the
clinic on aWednesday. If the child was toilet trained, and
a bed was available, the child was admitted to PCRU 2
dayslater. Otherwise, the child was enrolled in the outpa-
tient protocol and came back after 2 days to make sure
that there was no laboratory finding that would disqualify
the child for the study. Those on the inpatient/outpatient
protocol, when discharged, were sent either to a lead-
safe home or to the Kennedy Krieger Institute’s Lead-
Safety House to complete an additional 21 days of ther-
apy, whereas those on the outpatient protocol would have
received al 28 days of their therapy at this location or
in some other ‘‘lead-saf€’’ housing. Five of the patients
had been previoudly treated with CaNa, EDTA, with
their last treatment occurring at least 2 years, 2 years,
2 years, 4 months, and 2 months, respectively, prior to
enrollment in this DMSA study. These 5 patients, who
had shown rather stable PbBs, in the range of 35-45 ug/
dL during theinterval could not be enrolled in the DMSA
study until they had been relocated to alead-safe housing
in the community or the Kennedy Institute’s Lead Safety
House. In these protocols, all children received DMSA

1050 mg/m?/din 3 oral dosesfor thefirst 5 days, at which
point the dosage was reduced to 700 mg/m?/d and di-
vided into 2 doses over the next 21-23 days. No increases
in PbB during therapy (except in 2 cases of reexposure)
occurred on this standard basic protocol which included
8 children with initial PboB=50 pg/dL. Because DMSA
is only provided in 100-mg capsules, actual doses were
rounded to the nearest 100 mg and mixed in fruit juice
just prior to administration. Serum chemistries included
serum-urea nitrogen, glucose, calcium, phosphorus, bili-
rubin, creatinine, uric acid, albumin, cholesterol, alanine
transferase (AL T), aspartate transferase (AST), and aka-
line phosphatase activity. Blood counts included hemo-
globin (Hb), hematocrit (Hct), erythrocytes, mean cor-
puscular volume (MCV) and red cell indices, platelets,
and white blood cellswith differential count. Compliance
in each course was judged by the keeping of appoint-
ments and weekly pill counts. Also a history was ob-
tained to ensure the child was still remaining in the
“‘lead-safe’’ house. Compliance was judged as excellent
if al therapy was taken and all visits were kept (52
courses, 37 patients); compliance was judged as good (18
courses, 13 patients) if al therapy was taken and only
the fourth follow-up visit was missed and at least 1 fol-
low-up visit was kept; compliance was judged as fair,
(12 courses, 9 patients) if one follow-up visit was missed
and the third-week appointment was missed, which
meant the child would not get the full therapeutic course.
The child’s compliance was judged as poor or incomplete
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Table 2
Flow Chart: Basic Inpatient/Outpatient Treatment Protocol
G6PD, 24-hr
Study Hemoglobin Blood Urine
Day# Days ECG PbB M12 Typing FEP ALAD Count Urinalysis Collection
0 Clinic Visit + + + + + +
1 Admit to PCRU + + + + +
2 Control day 1 +
3 Control day 2 +
4 Inpatient + + + + + + +
treatment day 1
5 Inpatient +
treatment day 2
6 Inpatient + +
treatment day 4
7 I npatient +
treatment day 4
8 Inpatient + + + + + + + +
treatment day 5
13 Outpatient + + + + + +
treatment day 10
20 Outpatient + + + + + +
treatment day 17
27 Outpatient + + + + + +
treatment day 24
34 Follow-up + a + + + +
clinic visit
41 Follow-up + a + + + +
clinic visit

a = if abnormal during treatment; M12 = serum chemistries, see text for detail; G6PD = glucose-6-phosphate dehydrogenase
activity; FEP = free erythrocyte protoporphyrin; ALAD = aminolevulinic acid dehydrogenase activity; Blood Count = complete

blood count; Urinanalysis = including microscopic.

if anumber of appointments were missed, if not al medi-
cationsweretaken, or if the patient simply failed to return
after being discharged into the outpatient department.
There were 32 attempted coursesin this last group. Two
patients were disqualified because of reexposure to lead
against instructions. A child’'s compliance might vary
from one course to another, usually for social reasons,
so that compliance was determined separately for each
course.

Laboratory Methods
Blood was collected for |ead and other serum chemis-

tries using stainless steel needles with polypropylene
shanks and Starstedt (polypropylene) Monovet” serum

and ammonium heparin syringes. The serum chemistries,
complete blood counts, urine analyses, hemoglobin elec-
trophoresis, and G6PD quantitative assays with simulta-
neous reticulocyte counts were measured in the clinical
laboratories of the Johns Hopkins Hospital. All other
measurements were made in the Trace Metals Laboratory.

Urine was measured throughout for zinc (ZnU) and
copper (CuU) by flame atomic absorption spectropho-
tometry (FAAS) and lead (PbU) by graphite furnace AAS
(GFAAS). The method of standard addition was used.
Lead in blood was measured in duplicate (SD = 1.2 g/
dL) by anodic stripping voltametry (ASV) because PbB
results were available within half an hour, so that patients
could be monitored according to current blood lead val-
ues. Primary standardization was with biologically bound
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lead in human blood as determined by thermal ionization
mass spectroscopy (TIMS). As shown elsewhere,* ASV
provided results with equivalent accuracy but dlightly
less precision than GFAAS. The laboratory serves as a
reference laboratory for the blind interlaboratory profi-
ciency programs in PbB for the State of New York and
Wisconsin State Laboratory of Hygiene, Wisconsin.
(Special precautions are necessary when blood lead is
measured by ASV in patients on DMSA since DMSA
has a high affinity from mercury, and therefore, can poi-
son the electrode. All samplesfor blood lead were drawn
in the early morning at least 10 hours after the last dose
of DMSA, and before the first dose of DMSA in the
morning. A minimum period of 8 hours was used in one
part of the study. This approach was verified by paired
determinations by ASV and GFAAS. ASV issatisfactory
for K ;EDTA anticoagulated blood, provided the collec-
tion tube is at least half full of blood and the reagent
contains nickel).

ALAD (porphobilinogen synthase, PBG-S) activity
was measured by the method of Chisolm, Thomas, and
Hamill.™ Specimens for PBG-S were immediately stored
a —70°C in 1.5-mL polypropylene tubes with captive
plugs prior to the analysis. Serum ceruloplasmin was
measured by the method of Ravin,® and DMSA and cys-
teine in urine were measured by the method of Maiorino
et al .1 These samples were processed within 15 minutes.
All labware was cleaned with Acationox”, soaked in 10%
nitric acid, and rinsed in distilled-deionized water. Statis-
tical analysis was carried out primarily by least squares
regression analysis.

In the outpatient portion of the protocol, the child was
aways given a one week’s supply of medication with a
few extra capsules and therefore had to return each week
to get a new supply.

In the inpatient/outpatient protocol, electrocardio-
grams (ECGs) were obtained just prior to the start of ther-
apy and after 4 days of therapy. Serum ceruloplasmin was
obtained because it was anticipated that the drug might
mobilize copper. This turned out not to be the case. Uri-
nary copper values scarcely increased above baseline
during therapy in 15 children and their ECGs showed no
change during the first 4 days of therapy. All ceruloplas-
min values remained within the normal range for the age
of the child, with one exception—a child with iron defi-
ciency anemia, who had two borderline low values with
the other 6 being within the normal range. Therefore, the
above mentioned measurements of ceruloplasmin and
urinary copper were stopped after the first 15 patients
once the urinary data made it clear that copper was not
being mobilized by DMSA.

REPRINTS

Chisolm
RESULTS

The 59 patients received a total of 116 courses of
DMSA. Figure 2 shows (mean=2 SD) changes in blood
lead concentration before, during, and after therapy in
patients whose compliance was judged as either excellent
or good (66 courses of therapy). Because no difference
was found between the outpatient and inpatient/outpa-
tient protocols, the data were combined. Because no dif-
ference was found in PbB during therapy in patients who
were treated in the Safety House or a lead-safe home,
these data were also combined. Virtually al the decrease
of PbB occurred during the first 5 days of therapy. When
the dosage was reduced to 700 mg/m?/d, the lower PbB
level was maintained or perhaps lowered slightly.

Average PbB after therapy rebounded to 23 pg Pb/dL
or 58% of the average pretreatment value. Further fol-
low-up indicated the peak of rebound PbB occurred
about 6 weeks after therapy and stabilized thereafter,
probably as aresult of internal redistribution of lead from
bone to soft tissue, including blood. ALAD activity was
inversely related to PbB and therefore mirrored the
change in PbB.

The amount of lead removed was calculated from the
circulating blood in comparison with the amount actually
excreted in the urine during the first 8 hours of therapy.
Blood volume was assumed to be 80 mL/kg of body
weight. Table 3 shows representative data from 12 pa-
tients admitted to the PCRU. In each instance the amount
of lead excreted from urine during the first 8 hours ex-
ceeded the estimated amount that would be removed
from the blood pool, assuming that all of the lead came,
in fact, from the blood pool. No statistically significant
relationship was found in regression between PbB and
the amount of lead excreted in 8 hours, 24 hours (R? =
0.10), and 5 days.

Six patients who had been admitted to the PCRU were
brought back at weekly intervals for 6-hour urine collec-
tions. Nine studies were carried out in these 6 patients.
Blood lead concentration was maintained during the out-
patient phase on average at a level below 20 ug Pb/dL.
Even so, the urine lead/creatinine ratios in the 6-hour
collections indicate that a substantial diuresis of lead still
occurred in comparison with the pre- and posttreatment
ratios (Table 4).

In 7 other patients, fractional collections of urine were
obtained to measure urinary lead, zinc and copper, uri-
nary DM SA, and cysteine during the first 6—8 hours after
the initial dose of DMSA. A representative example is
shown in Figure 3. After DM SA was administered, there
was a marked increase in the urinary output of cysteine.
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Figure2. PbB changes before, during, and after DM SA therapy. Bar graph indicates =2 SD in 66 courses of therapy in 39 patients.
These data are drawn from patients, classified as showing excellent and good compliance.

Table 3

Estimated Amount of Lead Removed from Circulating Blood Pool in Comparison with Total Amount of Lead
Excreted in Urine During First 8 Hours of Treatment with DMSA

Blood Lead
ro/L .
Pretreatment (A) Est. Pb Removed* Total Urine .
After 8 hours (B) from Blood Pool Pb Output Total Urine Pb
(g Pb Post Output/Body
Patient No. A B A-B rg Pb 1st 8 hours) Weight (ng/kg)
1 340 265 75 128 263 12
2 420 350 70 103 245 13
3 315 250 65 85 144 9
4 355 270 85 99 815 55
5 380 340 40 50 284 18 T
6 560 505 55 78 491 28 %
7 355 300 55 66 234 16 2
8 370 310 60 73 198 13 E
9 410 350 60 77 211 13 ZJ
10 415 360 55 62 330 24 f
11 345 310 35 54 116 6 <
12 320 260 60 70 131 9 é
* Assume blood volume = 80 mL/kg of body weight. =
Estimated amount of lead removed from blood pool—decrease in blood Pb(A—B)x estimated blood volume. 2
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Table 4

Ratio of Urinary Outputs of Lead and Creatinine Before, During, and
After Outpatient Treatment

Before Treatment ~ Outpatient Treatment Posttreatment
24 hour Collection  6-8 hour Collection  6-8 hour Collection
0.18 0.59 0.03
0.10 0.45 0.14
0.11 0.34 0.02
0.08 114 0.13
0.16 112 0.10
0.12 0.42 0.02
0.32 2.96 0.28
0.32 314 0.14
0.30 1.04 0.17
Ratio = PbU pg/sample

Creatinine mg/sample

Urinary lead generally peaked during the second or third
hour after the administration of the drug. Copper showed
either no increase or modest increase during the second
or third hour; zinc reacted in asimilar fashion. The output
of lead in urine increased dramatically by six- to tenfold.
These data are in agreement with the data of Aposhian?
and Graziano et al .

The output of lead, zinc, and copper in urine during

12

the first 5 days of DMSA indicated that there was no
substantial increase in the output of copper and that the
urinary output of zinc during therapy did increase per-
haps twofold to an average of 530 mg/d, a value till
within the acceptable range for young children.

The patients with G6PD deficiency and sickle cell
disease (Table 1) tolerated DMSA well without inci-
dent.

10

control 30 90

155
Minutes

mPbU nM/min
CCysteine uM/min
B DMSA uM/min

215 300 420

Figure 3. Rate of excretion in urine of lead, DMSA, and cysteine after initial oral dose of DMSA. Note that the excretion of lead
isindicated in nanomoles (nM/min), while the much larger excretion of cysteine and DMSA are shown in micromoles (UM /min).
Note that lead excretion peaks during the third hour in this patient, and that there appears to be a spike in lead excretion at the end,
between the seventh and eighth hour during the child’s supper. This observation led Asiedu et al .° to pursue it further with regard
to enterohepatic recirculation of DMSA. Percent of the dose of DMSA recovered in urine during the 8 hours was 11.5%, which is
representative of the 7 patients with whom these studies were made.
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Adverse Events

Throughout, every effort was made to relocate chil-
dreninto essentially lead-safe houses. In 2 of the 59 chil-
dren, we were unable to avoid reexposure during the ther-
apy. These 2 children were not included in the statistics
on PbB in as much as they were judged to be noncompli-
ant and the purpose of the study was to determine the
effectiveness of the drug under good environmental cir-
cumstances. In one patient, the child was admitted to
PCRU with a blood lead of 50 pug Pb/dL and discharged
from PCRU after 5 days of DMSA therapy with a blood
lead of 19 pg Pb/dL. This was maintained for 1 week;
however, the following week the child showed up with
avenous blood lead concentration of 90 pg Pb/dL whole
blood. Against our instructions the child had been taken
back from the public housing unit in which she wasresid-
ing to the old dilapidated dwelling where she first got
lead poisoning. She was readmitted and promptly re-
sponded to treatment, this time with CaNa, EDTA. In
the other child, while being treated in a rehabilitated
home, PbB increased from 14 ug Pb/dL to 45 ug Pb/dL
of whole blood during the second week of therapy. The
mother was allowing this child to play on the porch while
paint was being scraped off an adjacent old house that
fell onto the porch. The mother was then instructed to
keep the child inside of the house, which she did, and to
continue the medication. Under these conditions the
child’ sblood lead concentration decreased during the fol -
lowing week to 28 pg Pb/dL.

Interesting Events

During this study 2 children wereidentified with rising
serum alkaline phosphatase activities. In one child, the
drug was stopped and since his blood lead concentration
remained below 25 pg/dL, he was not rechallenged. In
the other child, during the second course of DMSA, se-
rum alkaline phosphatase increased and reached a peak
of 1707 IU/L while the drug was continued. Alkaine
phosphatase activity decreased during the last week of
the second course of therapy. About 2 months later the
child received the third course of oral DMSA and about
1 month after that a fourth course of oral DMSA. All
serial akaline phosphatase activities remained within
normal limits during these 2 courses. Fractionation of the
serum indicated that the alkaline phosphatase was de-
rived primarily from the bone, not liver (gammaglutamyl
transferase remained normal). This falls within the little
known category of benign transient hyperphosphate-
semia,’® a disorder not associated with any symptoms or
other known untoward findings.
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No adverse clinical effects have been observed in this
or other children subsegquently seen in this clinic with a
similar phenomenon.

In 15 patients, ceruloplasmin was measured. In all but
1 child, the values remained within normal limits for the
age of the child (30—65 mg/dL; age 1-12 years). All but
2 of 8 seria ceruloplasmin measurements remained
within the normal range. These 2 dropped to a borderline
low level at 26 mg/dL. Ceruloplasmin was found to be
within normal levels, even though the drug was contin-
ued. The 51-month-old child had iron deficiency anemia.
At the time of first admission, HGB 8.8 g, HCT 29.2,
MCV 64.7, RIDW 15.75, and serum ferritin 8 ng/mL
were al indicative of iron deficiency anemia. The child
was placed on ferrous sulfate, given at a different time
from DMSA. Four weeks later, hemoglobin had in-
creased to 11.1 g, Hct to 35.5, and MCV to 70.4. Copper
deficiency was also found in patientswith nutritional iron
deficiency anemia.

In one child, therapy with DMSA was started when
the eosinophil count was 1%. Ten days |ater, it increased
to 25% of 12,100 leukocytes. The drug was stopped but
the child was followed. The eosinophil count decreased
from 25% to 4% of 11,500 leukocytes 10 days later. The
child was challenged 1 week later at which time the eo-
sinophil count was 2% , where it remained throughout the
second full 28-day course of DMSA. Extensive testing
revealed no alternate cause for the child's eosinophilia.

Finaly, one patient is of particular interest. This boy
was admitted to PCRU on a Friday for the control period.
At that time the serum transaminases were within the nor-
mal range. On Monday morning, 3 days later, just prior
to starting DM SA, serum chemistries revealed that serum
transaminases had risen to approximately 100 IU/L. This
was checked and verified. No further medication was
given after the first day. The mother was not compliant
with follow-up, so he was not seen again for about a
month, at which time serum chemistries were all within
normal limits.

DISCUSSION

Blood lead concentration decreased temporarily to
less than 35% of the pretreatment value at the very end
of the approximately 4-week course of therapy, but re-
bounded within 2—3 weeks to a value of 23 pug Pb/dL or
58% of the pretreatment value. Thisisin agreement with
the data of Graziano*! and others® who have reported data
from children receiving DMSA. Note further in Figure 2
the wide variation in the spread (£2 SD) of responses.
Among the children studied, the initial drop in PbB was
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clearly associated with an increase in PbU. There was no
constant ratio between the amount of lead estimated to
be removed from the blood pool and the actual amount
found in the urine. These data are compatible with the
hypothesis that lead is removed from the soft tissues and
rapidly transferred through the blood into the urine. It is
also possible that the excess may in large part represent
lead removed directly from the kidney, an organ in which
lead isknown to accumulate. In an attempt to see whether
a DMSA lead mobilization test would be of value, we
plotted the relationship between blood lead and urinary
lead output during thefirst 8, 24, and 120 hours and found
no significant relationships. This confirms the finding of
Lee et al . in adult lead workers, who aso found that
PbB was not predictive of the response to DMSA. They
did, however, find a statistically significant relationship
between urinary lead output and urinary delta-aminolev-
ulinic acid output (ALAU). ALAU was not measured in
this study, which involved children with PbB in a some-
what lower range than that found in the lead workers. If
Lee et al.”® primed the worker with CaNa, EDTA just
before DM SA, a relationship between PbB and urinary
Pb following DMSA was found.

Urinary lead output was markedly increased, whereas
the excretions of essential metals, such as zinc and cop-
per, were not increased. This confirms the findings of
Graziano et al.*in children. These data should be con-
firmed because they provide the basis for suggesting that
administration of DMSA may continue to produce a di-
uresisof lead even when PbB has decreased substantially.
Most recently, Woolard et al .*reported that the excretion
of the essential metals, zinc and copper, is not increased
in primates. We were particularly careful about copper,
in view of our previous experience indicating that 2-3-
dimercapto-propane- 1-sulfonate (DMPS) was associ-
ated with a dose-dependent increase in the excretion of
copper but not zinc.?! To this end we measured, at the
beginning of the study, ECGs in 12 patients and found
no change during the first 4 days of therapy. We mea-
sured urinary copper output in 15 patients, and again
found no elevations.

We found no significant changes in 14 of 15 patients
in serum ceruloplasmin and only atransient mild depres-
sion in one, which normalized during continued therapy.
Patients with concurrent iron deficiency anemia may be
treated with a therapeutic amount of iron, provided that
theiron is given at a different time of day than DM SA.
It might also be prudent to give prophylactic amounts of
zinc and copper to such patients, because they may be
deficient in these metals and iron.

Studies were carried out in 7 patientsin whom DM SA
and cysteine in urine were measured during the first 6—
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8 hours after the initial dose of DMSA. Figure 3 shows
atypical example. In general, approximately 11% of the
administered dose was recovered in the urine during the
first 6—8 hours. Studies el sewhere would suggest that the
full excretion of a dose of DMSA may require up to 48
hours. Asiedu et al .® has also reported a series of studies
that support the hypothesisthat there is an enterohepatitic
recirculation of DMSA. This was not measured in this
study. Graziano et al .* also reported a wide variation in
the amount of DM SA recovered from the urine. The data
are also compatible with the experimental data reported
by Aposhian et al.,** indicating that lead is held in a 5-
membered heterocyclic ring between the carboxyl group
and a thiol of DMSA. This is consistent with the known
propensity of lead to bind to sulfur with relatively equal
facility on the one hand and oxygen and nitrogen on the
other.2

Two out of the 59 patients did show increases in PbB
during therapy while at home. In both cases, these chil-
dren were reexposed to lead in deteriorated paint. In one
child, the PbB increased during the 1-week period, from
20 to 90 pg PbB/dL. This is an unusually large incre-
ment. The increase in PbB probably relates to the sharp
increase in exposure and continued abnormal ingestion
of lead by this child with voracious pica. Whether DM SA
enhanced the absorption of lead in this child with vora-
cious pica is not known. The child had shown normal
responses to DMSA when not overexposed to lead. This
adds further importance to weekly follow-ups for outpa-
tients—not only to check for compliance in drug admin-
istration, but also to check for continued, excessive inges-
tion of lead. Neither the fixed drug eruptions® nor other
clearly drug-related adverse reactions were encountered
in this study.?

CONCLUSIONS

Itisclear that DM SA is effectivein producing adiure-
sis of lead, albeit temporary. There have been no serious
side effects of DMSA during 116 courses in these 59
young patients. Children with marginal nutrition and
those with iron deficiency anemiacan be treated with iron
provided that the drugs are given at different times. In
the course of this study, the main method of finding lead-
safe housing for the patients was to relocate them. If pa-
tients are to be treated on an outpatient basis, their dwell-
ings should be inspected and professionally cleaned in-
cluding a high-efficiency particle accumulator vacuum
step. A visual inspection will suffice to identify scaling
paint; however, samples must be tested for lead in dust.
The data indicate that children on DMSA should be
checked at least at weekly intervals, both for compliance

MaRcEL DEKKER, INC. ﬂ
270 Madison Avenue, New York, New York 10016 o

Copyright © Marcel Dekker, Inc. All rights reserved.



ORDER |

DMSA in Childhood Lead Poisoning

and for blood lead response in order to identify arisein
PbB as soon as possible. In our clinic they were brought
in and had their blood drawn before they received their
morning dose. Whether DMSA will be shown to have
any long-term beneficial effect on the neuro-behaviora
sequelae of early lead poisoning remains to be seen.

ACKNOWLEDGEMENTS

The author deeply appreciates the help of Mrs. Veronica
Kestenberg, research assistant, and the technical assistance of
Mr. Desmond Bannon, Mrs. Virginia Grant, Ms. Josephine D.
Johnson, and Ms. Caroline Zapf.

We thank William I. Manton, PhD, for the determination of
lead by thermal ionization mass spectroscopy (TIMS) on bio-
logically bound lead in human blood.

These studies were supported by grants FD-R-000517-01
and by a cooperative agreement FD-U-000517 from the US
FDA and grant 917 from Maternal and Child Health to Kennedy
Krieger Institute. Inpatient studies were conducted in the Pedi-
atric Clinical Research Unit of the Johns Hopkins Hospital,
whichis supported by National Institutes of Health Grant MO1-
RR00052 from the Division of Research Grants of the Depart-
ment of Health and Human Services. The studieswere approved
by the Joint Committee on Clinical Investigation of the Johns
Hopkins Medical Institutions and by the FDA.

These studies were carried out under IND #17994, held by
Johnson & Johnson Baby Products Company and MacNeil
Pharmaceuticals which generously supplied gifts of DMSA for
the study.

REFERENCES

1.  Mitchell-Heggs CAW, Conway M, Cassar J. Herbal
medicine as a cause of combined lead and arsenic poison-
ing. Hum Exp Toxicol 1990;9:195—196.

2. Aposhian HV. DMSA and DMPS—water soluble anti-
dotes for heavy metal poisoning. Ann Rev Pharmacol
Toxicol 1983;23:193-215.

3. Aposhian HV, Aposhian MM. Meso-2,3-dimercaptosuc-
cinic acid: Chemical, pharmacological and toxicological
properties of an orally effective metal chelating agent.
Ann Rev Pharmacol Toxicol 1990;30:279-306.

4.  AposhianHV, Maiorino RM, Gonzalez-Ramirez D, et al .
Mobilization of heavy metals by newer, therapeutically
useful chelating agents. Toxicology 1995;97:23—38.

5. Angle CR. Childhood lead poisoning and its treatment.
Ann Rev Pharmacol Toxicol 1993;32:409-434.

6. Asiedu P, Moulton T, Blum CB, et al. Metabolism of
meso- 2,3-dimercaptosuccinic acid in lead- poisoned chil-
dren and in norma adults. Environmental Health Per-
spectives 1995;103:734—739.

7. McGown EL, Tillotson JA, Knudsen JJ, Dumlao CR. Bi-
ological behavior and metabolic fate of the BAL ana

REPRINTS

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

375

logues DMSA and DMPS. Proc West Pharmacol Soc
1984;27:169-176.

Friedheim EAH, DaSilva JR, Martins AV. Treatment of
schistosomiasis mansoni with antimony a,a -dimercapto-
potassium succinate (TWSh). Am J Trop Med Hyg 1954;
3:714-727.

Wang SC, Ting KS, Wu CC. Chelating therapy with Na-
DMS in occupational lead and mercury intoxications.
Chinese Med J 1965;84:437—-439.

Graziano JH, Siris ES, Lolacono N, Silverberg SJ, Tur-
geon L. 2,3-dimercaptosuccinic acid as an antidote for
lead intoxication. Clin Pharm Ther 1985;37:431—-438.
Graziano JH, Lolacono NJ, Meyer P. Dose response
study of oral 2,3-dimercaptosuccinic acid in children
with elevated blood lead concentrations. J Ped 1988;113:
751-757.

Domingo JL, Paternain JL, LIobet IM, Corbella J. Devel-
opmental toxicity of subcutaneously administered meso-
2,3-dimercaptosuccinic acid in mice. Fundam Appl Tox-
icol 1986;11:715-722.

Chisolm JJ. BAL, EDTA, DMSA and DMPSin the treat-
ment of lead poisoning in children. J Toxicol Clin Toxicol
1992;30:493-504.

Bannon DI, Murashchik C, Zapf CR, Farfel MR, Chisolm
JJ. Graphite furnace atomic absorption spectroscopic
measurement of blood lead using matrix-matched stan-
dards. Clin Chem 1994;40:1730-1734.

Chisolm JJ, Thomas DJ, Hamill T. Erythrocyte porpho-
bilinogen synthase activity as an indicator of lead expo-
sure in children. Clin Chem 1895;31:601—-605.

Ravin HA. An improved colorimetric enzymatic assay of
ceruloplasmin. J Lab Clin Med 1961;58:161—-168.
Maiorino RM, Bruce DC, Aposhian VH. Determination
and metabolism of dithiol chelating agents. Toxicol Appl
Pharm 1989;97:338—-349.

Crofton PM. What is the cause of benign transient hyper-
phosphatasemia? A study of 35 cases. Clin Chem 1988;
34:335-340.

Lee BK, Schwartz BS, Stewart W, Ahn KD. Provocative
chelation with DMSA and EDTA: Evidence for differen-
tial accessto lead storage sites. Occup Environ Med 1995;
52:13-19.

Woolard D, Calascan C, Smith D. Effects of succimer on
the diuresis of essential metals in a primate. Model of
childhood lead poisoning. The Toxicologist 1999;48:349.
Chisolm JJ, Thomas DJ. Use of 2,3-dimercaptopropane-
1-sulfonate in treatment of lead poisoning in children. J
Pharm Exp Ther 1985;235:665—669.

Chisolm JJ. The use of chelating agents in the treatment
of acute and chronic lead intoxication in children. J Ped
1968;73:1-38.

Grandjean P, Jacobsen IA, Jorgensen PJ. Chronic lead
poisoning treated with dimercaptosuccinic acid. Pharm
Tox 1991;68:266—2609.

Mann KV, Travers JD. Succimer, an oral lead chelator.
Clin Pharm 1991;10:914-922.

MaRcEL DEKKER, INC. ﬂ
270 Madison Avenue, New York, New York 10016 o

Copyright © Marcel Dekker, Inc. All rights reserved.



Request Permission or Order Reprints|nstantly!

Interested in copying and sharing this article? In most cases, U.S. Copyright
Law requires that you get permission from the article’ s rightsholder before
using copyrighted content.

All information and materials found in this article, including but not limited
to text, trademarks, patents, logos, graphics and images (the "Materials"), are
the copyrighted works and other forms of intellectual property of Marcel
Dekker, Inc., or itslicensors. All rights not expressly granted are reserved.

Get permission to lawfully reproduce and distribute the Materials or order
reprints quickly and painlessly. Simply click on the "Request
Permission/Reprints Here" link below and follow the instructions. Visit the
U.S. Copyright Office for information on Fair Use limitations of U.S,
copyright law. Please refer to The Association of American Publishers
(AAP) website for guidelines on Fair Use in the Classroom.

The Materials are for your personal use only and cannot be reformatted,
reposted, resold or distributed by electronic means or otherwise without
permission from Marcel Dekker, Inc. Marcel Dekker, Inc. grants you the
limited right to display the Materials only on your personal computer or
personal wireless device, and to copy and download single copies of such
Materials provided that any copyright, trademark or other notice appearing
on such Materialsis also retained by, displayed, copied or downloaded as
part of the Materials and is not removed or obscured, and provided you do
not edit, modify, alter or enhance the Materials. Please refer to our Website

User Agreement for more details.

Order now!

Reprints of this article can also be ordered at
http://www.dekker.com/servlet/product/DOI/101081CL T100100945


http://www.copyright.gov/fls/fl102.html
http://www.publishers.org/conference/copyguide.cfm
http://www.dekker.com/misc/useragreement.jsp
http://www.dekker.com/misc/useragreement.jsp
http://s100.copyright.com/AppDispatchServlet?authorPreorderIndicator=N&pdfSource=Dekker&publication=CLT&title=Safety+and+Efficacy+of+Meso-2%2C3-Dimercaptosuccinic+Acid+%28DMSA%29+in+Children+with+Elevated+Blood+Lead+Concentrations&offerIDValue=18&volumeNum=38&startPage=365&isn=0731-3810&chapterNum=&publicationDate=07%2F24%2F2000&endPage=375&contentID=10.1081%2FCLT-100100945&issueNum=4&colorPagesNum=0&pdfStampDate=07%2F28%2F2003+10%3A01%3A27&publisherName=dekker&orderBeanReset=true&author=J.+Julian+Chisolm&mac=X5GwqFFBzY6SkYCyxOj4Ow--

