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ABSTRACT

Background: Chronic arsenic toxicity, producing various clinical manifestations,
is currently epidemic in West Bengal, India, Bangladesh, and other regions of the
world. 2,3-Dimercapto-1-propanesulfonate, a chelating agent, increases excretion
of arsenic in urine to several times the prechelation concentration but the therapeu-
tic efficacy of 2,3-dimercapto-1-propanesulfonate in the management of chronic ar-
senic toxicity has been incompletely evaluated. We investigated the clinical use of
2,3-dmercapto-1-propanesulfonate in such patients. Methods: Twenty-one consecu-
tive patients with chronic arsenicosis were individually randomized into 2 groups:
11 patients (9 males and 2 females, age 30.63 = 11.4 years) received 2,3-di-
mercapto-1-propanesulfonate 100-mg capsules 4 times a day for 1 week and re-
peated in the 3rd. 5th, and 7th week with no drug during the intervening period.
The other 10 patients (5 males and 5 females, age 34.4 * [4.41 vears) were given
placebo capsules (resembling 2.3-dimercapto-1-propanesulfonate) in the same
schedule. The consumption of arsenic-contaminated water was terminated by all 21
subjects. Initial and posttreatment urinary arsenic excretion was determined in all
cases. Sequential excretion of urinary arsenic was determined during the treatment

* Correspondence: Dr. Debendra Guha Mazumder. 37/C Block B, New Alipore, Calcutta 700053, West Bengal. India. Fax: 91/033-
475-1799; E-mail: dngm@apexmail.com

665

Copyright © 2001 by Marcel Dekker. Inc. www.dekker.com




Guha Mazumder et al.

of 2 drug- and 1 placebo-treated cases. The clinical features were evaluated by an
objective scoring svstem before and after treatment. Routine investigation including
liver function test and skin biopsy were also done before and after the treatment.
Drug-associated toxicity was tabulated. Results: Therapy with 2,3-dimercapto-1-
propanesulfonate caused significant improvement in the clinical condition of chronic
arsenicosis patients as evidenced by significant reduction of total clinical scores
from 8.90 * 2.84 10 3.27 x 1.73; p < 0.0001. Exposure cessation alone with pla-
cebo treatment also reduced clinical scores (8.50 = 1.96 10 5.40 = 2.12; p < 0.003),

but the posttreatment total clinical score of 2,3-dimercapto-1-propanesulfonate-

rreated patients (3.27 * 1.73) was significantly lower than that of placebo-treated
patients (5.40 = 2.12; p < 0.01). The most significant improvement was noted in
regard to the clinical scores of weakness, pigmentation, and lung disease. No difjer-
ence was noted between groups in the hematological and biochemical parameters
(which were normal) and skin histology before and after treatment. No 2,3-di-
mercapto-1-propanesulfonate-related adverse effects were noted. Total urinary ex-
cretion of arsenic in 2,3-dimercapto-1-propanesulfonate-treated cases increased
significantly following drug therapy, with no increase in placebo-treated cases. Con-
clusion: 2,3-Dimercapto-1-propanesulfonate treatment caused significant improve-
ment in the clinical score of patients suffering from chronic arsenic toxicity. In-
creased urinary excretion of arsenic during the period of therapy is the possible

cause of this improvement.

BACKGROUND

Chronic arsenic (As) toxicity due to drinking of As-
contaminated water has been reported from many coun-
tries. but the number of affected people in West Bengal,
India. and Bangladesh is unprecedented. It is estimated
that about 6 million people are exposed to As-contami-
nated drinking water (As level > 0.05 mg/L) in 8 districts
of West Bengal (1-3). Hyperpigmentation and keratosis
of the skin are endemic with weakness, anemia, burning
sensation of the eves, solid edema of the legs, liver fibro-
sis, chronic lung disease, gangrene of the toes, and neu-
ropathy as further manifestation of chronic arsenicosis
(4). Chronic As toxicity is an established cause of skin
cancer and recent studies strengthen the evidence that it
also causes lung and urinary bladder cancer (5). Despite
the magnitude of this potentially fatal toxicity, there is no
effective therapy for this condition; patients once affected
may not recover even after remediation of the As-con-
taminated water (6). A cohort of 24 subjects with chronic
arsenicosis, followed for 2-10 years after exposure,
showed improvement of cutaneous manifestations in only
45% of cases while new symptoms of lung disease ap-
peared in 41.6% of cases (7). There is a compelling need
for an effective pharmacotherapeutic agent to reduce the
body Furden of As, alleviate toxicity. and prevent As-
related cancer.

In the 1940s, 2.3-dimercapto-|-prapanol, commonly
known as British Anti-Lewisite (BAL) (8) was found to

be an effective antidote in acute As poisoning. 2.3-Di-
mercapto-1-propanesulfonate (DMPS) (9) and meso-2,3-
dimercaptosuccinic acid (DMSA) (10) are much more
soluble in water and can be administered orally. Evalua-
tions of arsine and As trioxide in rabbits (11.12). mice
(13,14), and guinea pigs (15) all favor treatment with
DMSA over BAL. The significantly lower toxicity and
the ease of administration contributed to the clinical con-
sensus that DMSA and DMPS, not BAL, are the first
choice of therapy for human As poisoning (16). In our
earlier controlled human study, DMSA was not found to
be more effective than placebo in reversal of the clinical
biochemical responses or histological responses to
chronic arsenicosis (17).

We report here results of our study of a prospective,
randomized, single-blind, placebo-controlled trial to
evaluate the efficacy and safety of DMPS in patients with
chronic arsenicosis caused by drinking As-contaminated
water.

METHODS

Study Design

Between June 1998 and January 20300, we conducted
a prospective, randomized, placebo-controlled, single-
blind study of previously untreated patients with chronic
arsenicosis. Patients received either 100 mg DMPS (Di-
maval, Heyl-Vertriebs-GmbH, Germany) 4 times per day
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orally or matching placebo for | week, repeated in the
3rd, 5th, and 7th week with no medication during the
intervening period. Both case and control patients were
provided with a standard hospital diet, safe water (As <
10 pg/L). and similar symptomatic treatment. For the
treatment of bronchitis, identical courses of antibiotics
were given for | week. The same bronchodilator was
used for the treatment of dyspnea caused by broncho-
spasm.

The design of this study was otherwise similar to that
of the DMSA study (17) with a few modifications.
Briefly, all the patients included in the study were se-
lected from the As clinic on the basis of a history of
drinking As-contaminated water (As content > 50 pg/
L) for more than 3 years associated with clinical features
of chronic As toxicity. A large number of cases attended
the As clinic; the selected subjects were a consecutive
convenience sample of individuals who consented to hos-
pitalization for the total period of study and fulfilled
the inclusion criteria. Randomization occurred after ad-
mission. No two members of the same family were in-
cluded.

Patients were evaluated by an objective scoring sys-
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tem before and after treatment. The scoring system fol-
lowed was similar to that of the DMSA study trial. Al-
though many symptomatic parameters recorded were
subjective, the objective parameters included pigmenta-
tion. keratosis, chest signs (rales and rhonchi), hepato-
megaly, and splenomegaly. Flushing of the face. edema
of the legs/hands, ascites, and loss of ankle jerk were
also included in the scoring system (Table 1). Breath-
lessness on accustomed exertion, mild exertion, or at rest

‘were defined as mild (Score 1). moderate (Score 2), or

severe (Score 3), respectively. Any possible therapy-re-
lated side effect was monitored in every patient. All the
patients were hospitalized throughout the study period.
The institutional review board approved the study and all
patients gave written informed consent.

Patients

To be eligible, patients had to be at least 18 years of

- age and have clinical evidence of chronic As toxicity (all

had spotty pigmentation and keratosis). with a history of
drinking As-contaminated water (As content > 50 pg/
L) for more than 3 years.

Table 1

System of Clinical Scoring of the Symptoms and Signs Before and After Treatment with DME Ps
and Placebo

Symptoms and Signs None Mild

Moderate Severe

(=]

Weakness
/'Cough
Dyspnea |
_Rales. Rhonchi
Hepatomegaly
Spleadmegaly
Pigmentation
Keratosis
Flushing of face
Conjunctivitis nonpitting
Edema leg/hand
Abdominal pain
Anorexia
Nausea
Diarrhea
Hearing defect
Claudication
Hand/leg ulcers
Paresthesia
Pallor
Ascites
Loss of ankle jerk
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1 (14 cm span) 2 (16 cm)

! (diffuse)
1 (thickening)

| (only legs)

3(>16 cm)

2 (4 cm) 3(>4cm)

2 (spotty) 3 (blotchy)

2 (few modules) 3 (multiple nodules)

2 (leg + hands)

Maximum score: 33.
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Patieats were excluded for any of the following rea-
sons: termination of As-contaminated drinking water for
more than 3 months before: treatment with other chelat-
ing agents: a history of smoking. addiction to alcohol.
taking hepatotoxic drugs: and serum positive for hepatitis
B virus surface antigen. Women who were pregnant or
breastfeeding were also excluded.

Investigations

Before entry into the study. each participant under-
went evaluation of routine hemogram. urine and stool
analysis. blood biochemistry. liver function tests, pro-
thrombin time. and screening for hepatitis B surface
antigen. Abdominal ultrasonography and upper gastroin-
testinal endoscopy were employed to evaluate portal hy-
pertension.

Skin biopsies were taken from unexposed areas by
punch biopsy technique for histologic evaluation before
and after treatment on 4 patients of the DMPS group and
3 patients of the placebo group. Hvperkeratosis, acantho-
sis, papillomatosis. and parakeratosis, the characteristic
features of chronic As toxicity, were evaluated objec-
tively before and after therapy by measuring with an ocu-
lar micrometer as described in the DMSA study (17) by
a pathologist unaware of the treatment category.

Measurement of As in Urine and Water

Urine samples were collected for 2 consecutive days
before and at 24 hours after initiating the drug or placebo.
Aliquots of the 24-hour urine samples were immediately
deep-frozen and preserved until analyzed by atomic ab-
sorption spectroscopy using a method based on that of
Atallah and Kalman (18) following an alkali-induced
sample digestion procedure. Briefly. an aliquot of urine
(1 mL) was wet digested with 1 mL 20% NaOH and 650
mg potassium persulfate for 5 hours at 90°C. After diges-
tion. each sample was diluted to a volume of 10 mL with
highly purified distilled deionized (Millipore quality) wa-
ter. Digested urine samples were analyzed by hydride
generation atomic absorption (HGAA) spectroscopy us-
ing a Perkin Elmer AA 100 atomic absorption spectropho-
tometer equipped with a flow injection atomic spectros-
copy system (FIAS—100) for detecting combined arsine
As specizs (18 The reagents for flow injection analysis
and hydnde generation were sodium borohydride 0.2%
in 0.05 sodium hydroxide used as a reductant and 2%
hydrochloric acid used as an acidic carrier soluion for
the hydnide generation. Nitrogen was used as the carrier
gas. The detection limit was ascertained and accuracy
maintained by analysis of a sample from NIST (formerly
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the National Bureau of Standards). Washington, DC, and
in-house-prepared spiked urine samples. The As concen-
trations of pretreatment and 24-hour posttreatment urine
samples of all DMPS and placebo-treated cases were de-
termined.

The urine As of 2 drug-treated and 1 placebo-treated
subjects was analyzed in the progressive weeks of drug/
placebo treatment as well as during the off weeks.

The As content of water samples consumed by the
patients was analyzed by HGAA following flow injection
analysis as above (18).

Statistical Analysis

The significance of the differences between paramet-
ric data obtained in the DMPS and placebo groups was
calculated by Student’s r-test. The clinical scores of the
patients before and after therapy were compared by one-
way analysis of variance (ANOVA). For nonparametric
data, Chi-square with Yates' correction, as applicable,
was used.

RESULTS

Twenty-one patients were enrolled in the study. Ten
were randomly assigned to the placebo group and 11 to
the DMPS group. Demographic variables, degree of As
exposure, total clinical score, and results of baseline in-
vestigations of patients in each group are summarized in
Table 2. There were no significant differences in age, du-
ration of As exposure and its concentration in drinking
water, pre-therapy urinary As level, objective scores of
clinical features, and baseline investigation data between
patients of these 2 groups.

Therapy with DMPS caused significant improvement
in clinical condition of chronic arsenicosis patients as ev-
idenced by significant reduction of the total clinical score
from 8.90 = 2.84 t0 3.27 * 1.73; p < 0.0001. The pla-
cebo-treated cases also improved (8.50 + 1.96 to 5.40 +
2.12:p < 0.003) (Fig. 1), but the posttreatment total clini-
cal score of DMPS-treated patients (3.27 * 1.73) was
significantly lower than that of placebo-treated patients
(5.40 % 2.12; p < 0.01). The clinical score improvement
of DMPS-treated patients was mostly in the categories
in regard to weakness, pigmentation, and lung disease
(Table 3). There was no statistically significant difference
of any of the symptom scores in regard to pre- and post-
treatment values in placebo-treated cases (Table 4). The
improved clinical score of the placebo-treated cases was
thought to relate to an adequate hospital diet, rest, and
cessation of exposure.
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Table 2

Baseline Characteristics of the Patients

DMPS Placebo
(N =11) (N = 10) p Value
Demographic Variables
Age (years) 30.63 = 11.40 344 * 1441 0.525
Sex (M:F) 9:2 S48
Degree of As Exposure
As (mg/L) in drinking water 0.64 = 0.49 0.98 = 1.02 0.35
Duration of As exposure (years) 21.45 = 11.57 17.00 = 4.78 0.27
Urinary As (ug/L) 44.05 = 21.10 48.72 = 21.20 0.708
Total Clinical Score 8.90 = 2.84 8.50 = 1.96 0.708
Hemogram
Hemoglobin (g/dL) 10.80 = 1.66 11.29 = 1.47 0.51
Total leucocytes (mm?) 7800 *= 1329 7800 = 713 1.00
Neutrophils (%) 6245 *+ 8.32 65.14 = 8.33 0.51
Lymphocytes (%) 27.90 = 8.32 29.42 = 8.01 0.69
Blood Biochemistry
Sugar (mg/dL) 80.45 * 20.32 79.71 = 11.88 0.29
Urea (mg/dL) 21.90-* 8.46 2225 £ 5.17 0.56
Albumin (g/dL) 433 + 040 4.04 = 0.67 0.326
Globulin (g/dL) 3.51 =£0.70 337 £ 0.39 0.579
ALT (IU/L) 4150 = 2143 25.85 = 16.07 0.106
AST (IU/L) 42.80 * 2.84 3833 = 14.22 0.637
ALP (IU/L) 182.45 * 67.33 155.57 = 67.45 0.23
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No significant difference in hematological values or
blood biochemistry was observed among subjects treated
with either DMPS or placebo. before or after treatment
(Table 5). No adverse symptom or any abnormal hemato-
logical or biochemical alteration was noted among
DMPS- or placebo-treated cases.

DMPS treatment caused a significant increase of the
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Figure 1. Clinical score of patients before and after therapy
with DMPS and placebo.

24-hour urinary As excretion posttreatment (110.32 *+
64.79 pg/L) compared to pretreatment (.05 = 21.10
g/L, p < 0.05). No significant difference in urinary As
excretion was observed between pre- (48.72 = 21.20
¢/L) and post- (40.57 = 15.09 pg/L) urine As of the
placebo group.

Serial measurements of 24-hour urine As of 2 DMPS-
treated cases showed the highest values within 24 hours
of its administration. The concentrations reached baseline
after remaining high throughout the first week of therapy.
In the subsequent weeks. the urine As remained near the
baseline during the drug-free period with some increase
during the subsequent courses of DMPS therapy (Figure
2). Urinary As did not show any significant fluctuation
during the three courses of placebo therapy (Figure 3).

The histological abnormalities of the skin biopsy tis-
sues of both DMPS- and placebo-treated cases were unaf-
fected by therapy.

DISCUSSION

This is the first randomized. placebo-controlled. sin-
gle-blind trial with DMPS. a chelating agent, showing
significant clinical improvement in patients suffering
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Table 3
Pre- and Postreatment Individual Scores of Patients Treated with DMPS (Case) and Placebo (Control) ' ;
Pigmentation Keratosis Weakness Hepatomegaly Neuropathy Lung Disease f
Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post ’
Case
1 2 1 3 2 1 0 0 0 0 0 0 0
2 2 1 2 2 1 0 1 1 1 0 3 iz
3 2 1 2 0 0 0 1 0 0 0 0 0
4 1 1 1 1 1 0 1 0 0 0 3 0
-] 1 1 1 1 1 0 1 0 0 0 1 0
6 2 2 1 1 1 0 1 1 1 0 3 0 o
7 1 1 1 1 1 0 0 0 0 0 2 0
8 1 0 1 0 1 0 1 1 0 0 2 2
9 2 1 2 1 1 0 1 0 0 0 3 0
10 1 1 2 2 1 0 1 1 1 1 3 0
11 1 0 1 1 1 0 1 1 0 0 0 0
Control i
1 2 1 2 1 1 0 1 1 0 0 3 2 §
2 ] 1 1 1 1 0 0 0 0 0 1 1 i
3 ! 1 1 1 1 1 0 0 0 0 3 2 N
4 1 1 1 1 0 0 1 1 1 1 2 2
5 3 2 3 2 0 0 0 0 0 0 1 0
6 3 3 3 3 1 0 1 1 1 1 1 2
7 1 1 1 1 1 0 1 1 0 0 0 0
8 ] 1 1 1 1 1 1 1 0 I 0 1
9 1 0 0 0 1 1 0 0 2 0 4 1
10 2 0 1 0 1 1 2 0 1 1 0 0
Table 4
Clinical Score of Patients Before and After Therapy
Clinical Features Drugs Before After p Value
Pigmentation DMPS 1.45 = 0.52 0.90 = 0.54 0.02
Placebo 1.60 = 0.84 1.10 = 0.87 0.20
Keratosis DMPS 1.54 = 0.68 1.09 = 0.70 0.14
Placebo 1.40 = 0.96 1.11 = 0.87 0.47
Weakness DMPS 0.91 = 0.30 0.00 = 0.00 0.00000031
Placebo  0.80 = 0.42 0.40 = 0.52 0.07
Hepatomegaly DMPS 0.82 = 0.40 0.45 = 0.52 0.08
Placebo 0.70 = 0.67 0.50 = 0.53 0.46
Neuropathy DMPS 0.27 = 0.46 0.09 = 0.30 0.29
Placebo 0.50 + 0.70 0.40 * 9.51 0.72
Lung disease DMPS 1.82 = 1.33 0.36 = 0.80 0.005
Placebo 1.50 = 1.43 1.10 = 0.87 0.46
Total scoring DMPS 8.90 * 2.84 327 £ 1.73 0.00017
Placebo 8.50 = 1.96 5.40 % 2,12 0.003
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Table 5

Hemogram and Blood Biochemistry of the Patients Before and After Therapy

Clinical Features Drugs Before After p Value
Hb (g/dL) DMPS 10.8 = 1.66 11.09 = 1.75 0.59
Placebo 11.29 = 1.47 11.75 = 091 0.57
Total WBC DMPS 7800 = 1329 7918 = 1551 0.85
(count/mm*) Placebo 7800 = 713 8487 *+ 2981 0.56
Neutrophils (%) DMPS 62.45 = 8.32 63.36 = 11.83 0.79
Placebo 65.14 = 8.33 60.86 = 9.99 0.43
Lymphocytes (%) DMPS 2790 = 7.50 28.09 = 11.27 0.96
Placebo 29.42 = 8.01 31.43 = 10.26 0.68
Urea DMPS 21.90 = 8.46 25.18 = 5.17 0.56
Placebo 2225 = 5.17 21.50% 537 0.64
Albumin (g/dL) DMPS 434 = 041 4.35 £ 0.61 0.95
Placebo 4.04 = 0.68 4.61 = 0.36 0.07
Globulin (g/dL) DMPS 3.52 = 0.7 371 = 1.04 0.46
Placebo 3.37 = 0.39 3.17 £ 0.59 0.30
ALT (IU/L) DMPS 415 = 21.44 328 = 4.41 0.23
Placebo 25.86 = 16.07 32.29 = 15.20 0.45
AST (IU/L) DMPS 42.8 = 22.83 31.7 £ 7.02 0.52
Placebo 38.33 = 14.22 3333 = 7.28 0.43

from chronic As toxicity (compared to placebo treatment)
after 4 weeks of drug administration with 3 intervening
weeks without medication. There was also clear evidence
of increased As excretion in urine following DMPS ad-
ministration. Although the increases in excretion were
less remarkable during subsequent weeks of therapy,
there was a definite increase in excretion above baseline
concentrations, an increase not seen in the previous study
of DMSA (17).

250 4

Urinary Arsenic 1n ppb

Hospital Day

Figure 2. Serial concentrations of 24-hour urine As of 2 pa-
tients treated with DMPS showing increased As excretion fol-
lowing drug therapy. Patient | (@) and patient 2 (O). A Drug
and A drug withdrawn.

The capacity of chelating agents to improve the clini-
cal outcome in the cases of subacute or chronic As expo-
sure has not been previously investigated in animal ex-
periments or in carefully controlled human clinical trials
(19). Case series of patients undergoing dimercaprol
treatment for subacute arsenical dermatitis and other
complications of syphilis treatment with organic arseni-
cal medication (20) suggested that chelation may acceler-
ate clinical improvement. but these early studies were
conducted without rigorous controls and the clinical rele-
vance to long-term ingestion of inorganic As is uncertain.
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Figure 3. Serial concentrations of 24-hour urine As in 14 pla-
cebo-treated subject. A Placebo and placebo A withdrawn.
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In our carlier placebo-controlled study. we observed
that DMSA was globally ineffective in the therapy of
chronic As toxicity in man (17).

DMPS appears to be a clinically superior chelating
agent than DMSA in the treatment of arsenicosis. The
administration of DMPS to fasted normal male volun-
teers shows DMPS to be excreted in the urine over a
longer peniod of time than DMSA (16). After administra-
uon of a single dose of DMPS 300 mg orally in 13 sub-
lects consuming As in drinking water for a prolonged
period. urine excretion of As was several-fold that of pre-
chelation levels (21).

DMPS appears to be biotransformed in humans to acy-
clic and cyvelic disulfides whereas DMSA in humans is
biotransformed almost completely to a DMSA-CySH
(1:2) mixed disulfide (22). A DMPS-cysteine mixed di-
sulfide has been found only in minute amounts after
DMPS administration (16). A major difference between
DMSA and DMPS is that the latter is distributed both
extracellularly and, to a small extent, intracellularly (23—
25). Both renal and biliary excretion of DMPS oc-
curs (23).

Chelating agents have been used for more than 50
vears in the treatment of metal intoxication (26). DMPS
15 a chelating agent that belongs to the vicinal dithiol
eroup (27). Because of the 2 neighboring sulthydryl (SH)
groups, DMPS has a high affinity for many heavy metals
that have an affinity for sulfur and forms stable com-
plexes with them (27). The 2 SH groups also give rise
1o its reductive properties (28.29). The polar sulfonic acid
eroup influences primarily the physicochemical behavior
and is responsible for water solubility of DMPS (30) and
thus for some of its pharmacokinetic properties. DMPS
forms stable complexes with many heavy metals (16,31).
Complexes with cadmium, cobalt, copper, nickel, mer-
cury, and zinc are water-soluble, while the lead complex
is precipitated (32). The majority are chelates, i.e., com-
plexes in which the heavy metals are bound into a ring
structure (16). DMPS forms stable complexes with vari-
ous organic and inorganic As compounds (33-35) pre-
dominantly with 1:1 stoichiometry (35).

DMPS is not a new drug. As early as in 1958, the
former Soviet Union established it as an official drug. It
was subsequently synthesized and marketed as Dimaval
by Heyl in Beriin. Germany, and became available to
more of the Western world. It has been used mostly for
treating humans with mercury (36) and lead (37) intoxi-
cation. It 1s registered in Germany with the BGA (their
FDA) for the treatment of mercury poisoning. However,
the few reports available to date regarding its efficacy in
chronic As toxicity have been inconclusive. Kew et al.
(38) found no improvement in peripheral neuropathy of
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4 months’ duration after 300 mg/d of DMPS for 3 weeks
and 1.2 g/d of DMSA for 2 weeks. However, full recov-
ery after treatment with DMPS (without any evidence of
prolonged renal or neurological impairment) was ob-
served in 2 cases of acute As toxicity caused by ingestion
of large a quantity of As (1 g and 4 g) (39).

Although DMPS showed unequivocal improvement
of several clinical symptoms of chronic arsenicosis in the
present study. there was no significant improvement of
important features like keratosis, neuropathy. or hepato-
megaly. There was also no improvement of skin histol-
ogy in the drug-treated cases. Since the chronic arse-
nicosis victims treated in this study had been exposed for
many years (21.45 * 11.57 years), it may be unrealistic
to expect reversal by 4 weeks of drug therapy. To assess
the long-term efficacy of DMPS on the course of chronic
As toxicity (including prevention of development of As-
related cancer), a trial of prolonged therapy seems meri-
ted. The plan of treatment might be similar to the protocol
of prolonged therapy for the management of other metal-
lotoxicity, e.g., hemochromatosis (due to iron overload)
or Wilson’s disease (due to copper overload) by chelating
agents. There were no drug-related side effects nor any
hematological and biochemical alteration in any of the
11 cases treated for 4 weeks, and DMPS appears to be a
safe drug, but extended observations are needed.

Major limitations of the study include the utilization
of single-blind design (because of institutional logistic
problems) and the use of some subjective criteria. This
might create a major concern about the potential impact

_of observer bias on the results. However, objective pa-

rameters like pigmentation, keratosis, chest signs (rales
and rhonchi), and hepatomegaly were also included in the
scoring system. In the absence of well-published criteria
defining chronic arsenicosis, an arbitrary system of clini-
cal scoring was used to evaluate the efficacy of chelation
therapy. The scoring system was not validated before im-
plementation, but limitation of the score to the presence
or absence of symptoms like weakness and paresthesia
(1 or 0) was intended to improve objectivity. The same
clinician evaluated all cases, obviating interevaluator
variability, but not observer bias.

The randomization of subjects in the present study to
DMPS or placebo appears to have resulted in significant
differences with respect to the gender composition of the
2 groups. The DMPS group was predominantly male
(82%) compared to an even split in the placebo group.
Although one cannot completely rule out the effect of
gender difference in the outcome of the results, objective
evidence of improvement of pigmentation rules out the
possibility of less reporting by Indian women in altering
the outcome of the results. The capsules, free from the
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drug, given to control cases were not real placebo as they
did not have the mercapto odor. The subjects, however,
were medically unsophisticated and had no knowledge
that the DMPS capsules possessed any specific odor.
Hence, the DMPS-free capsules used for the control cases
may be considered as true placebo. Standardized dose of
100 mg 4 times a day rather than an individual calculation
on the basis of weight or surface areas was sclected as
appropriate to community dispensing practices since all
subjects weighed between 40-56 kg. The method of As
analysis was previously validated but was not included
in this investigation.

Pigmentation and keratosis are the most consistent,
nonmalignant features of chronic arsenicosis. Pigmenta-
tion is not histologically related to arsenical hyperkerato-
sis. It has been reported to decrease following prolonged
intake of As-free water (7). Our study demonstrated a
significant improvement of this parameter (which is an
objective one) following the intake of DMPS compared
to placebo, substantiating the validity of our observation
on its efficacy in the treatment of chronic arsenicosis.

[t is difficult to explain why DMPS was found to show
some clinical improvement while DMSA did not. DMPS
is considered a more effective chelater than DMSA as the
former is distributed both extra- and intracellularly (23—
25). In contrast to the DMSA study, there was a small
increase in urinary As compared to baseline at the begin-
ning of each week of DMPS treatment. It is known that
prolonged exposure of As causes its accumulation to vari-
ous organs and tissues of the body (4,5,40). The contin-
ued increases in urine As provide a rationale for consider-
ation of a trial of prolonged treatment with DMPS.

This highly preliminary finding of a promising and
effective treatment of epidemic arsenicosis with DMPS
supports further study of this agent in a more stringent,
double-blind, placebo-controlled method. Therapy might
be prolonged for a minimum of 6 months. Inclusion of
a larger number of cases with true randomization would
possibly overcome any probable age and sex biases. The
administered dose. calculated on the basis of body weight
or surface area, could be more precise.
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