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The toxic effect of arsenic on the living cell
probably follows the combination of the arsenic
with certain vital components of the cell (1 to 5,
8). This combination has been observed to be
reversible in vitro (5 to 9). With the develop-
ment of 2,3-dimercaptopropanol (BAL) by Peters,
Stocken, and Thompson (8), the detoxification
of arsenic by dissociation of the arsenic-cell com-
plex seemed feasible in man, since BAL has the
requisite affinity for arsenic without undue tox-
icity (8 to 10). BAL was therefore administered
in ointment, and later by injection, in the treat-
ment of arsenical intoxication (11, 12).

An increased elimination of arsenic from the
body during BAL treatment would probably re-
flect the release of a significant amount of arsenic
from the cells (8, 10). To test this point, the
urinary excretion of arsenic has been followed be-
fore and during treatment with BAL in 18 pa-
tients in this clinic. Sixteen were suffering from
a complication of arsenical therapy. The effect
of BAL on these patients' course is described in
another report (11). The other 2 patients, who
had received mapharsen without untoward reac-
tion, were studied to determine the effect of BAL
administered 2 and 3 days after an injection of the
arsenical drug. The effect of BAL on the fecal
excretion of arsenic was not followed, since the
brief control period and the illness of the patients
prevented the collection of accurately timed speci-
ments.

METHODS

Arsenic in the urine was determined by the method of
Magnuson and Watson (13).

1 Part of the work described in this paper was done
under a contract, recommended by the Committee on
Medical Research, between the Office of Scientific Re-
search and Development and the Johns Hopkins Univer-
sity.

For inunction, BAL was added in 5 or 10 per cent
concentration to an ointment containing benzyl benzoate
in an oily base. This ointment was devised by Mr. R. S.
Fuqua and tested by Dr. W. F. Hughes, Jr., in Lewisite
burns of the eye (14). BAL was given intramuscularly
in 5 or 10 per cent concentration in peanut oil and benzyl
benzoate (10).

Urinary sulfur was measured by the gravimetric pro-
cedures of Folin and Benedict (17).

The titration of urine with iodine was performed at a
strongly acid reaction. Approximately 1 volume of con-
centrated HC1 was added to 5 volumes of urine, and the
mixture quickly titrated with 0.01 N iodine solution.
Speed of titration was emphasized, since the urine may
take up excess iodine slowly. A trace of freshly pre-
pared starch solution was used as an indicator. Highly
concentrated urine gave a poor end-point, and was diluted
suitably. Duplicate or triplicate measurements were
made. BAL added to urine could be measured by the
procedure, but the reaction is obviously not specific for
BAL. The results are presented to indicate .the incre-
ment of reducing substances, including reduced sulfur,
which accompanies the use of BAL.

RESULTS

Eight patients with arsenical dermatitis were
given BAL by inunction or injection. In every
case, there was an increase in arsenic excretion
following the first course of BAL treatment (Table
I). Four patients received a second course of
treatment, with an increase in urinary arsenic
in each case (Table I, Figures 1, 2, and 3). One
of these patients, after responding to 2 series of
BAL injections, showed an increased excretion
of arsenic following a 3-days course of inunction
with BAL in ointment, but gave no clear response
to a subsequent single, large inunction (Figure
3). The total courses of treatment numbered 14
in 8 patients, with increased arsenic excretion in
13 trials in 8 patients.

In contrast to the findings in dermatitis, only 3
of the 6 patients with jaundice showed an in-
creased excretion of arsenic after a course of
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FIG. 1. EFFECT OF Two COURSESOF INUNCTION OF BAL OINTMENT ON DAILY
ARSENIC EXCRETION IN ARSENICAL DERMATITIS (PATIENT H. T.)

BAL treatment. In the whole series of cases, all
of the obvious failures of increased excretion were

in cases of jaundice occurring during antisyphi-
litic treatment.

The 2 patients with agranulocytosis and throm-
bocytopenia entered the hospital within a few days
of the last injection of arsenic, when the rapidly
decreasing excretion of arsenic made the effect
of BAL treatment difficult to demonstrate. In 1
patient (E. W.) there was possibly a small in-

crease in urinary arsenic after treatment, but in
the other (E. A.), no effect was evident. In or-

der to study a similar situation with adequate
control observations in patients without a pressing
need of treatment, 2 men under antisyphilitic
treatment were given BAL by intramuscular in-
jection 2 or 3 days after the last arsenical injec-
tion. The results (Figure 5) were very similar
to those seen in the patients with blood dyscrasia.
During the period of rapidly decreasing arsenic
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FIG. 2. EFFECT OF Two SERIES OF INTRAMUSCULAR
INJECTIONS OF BAL ON DAILY ARSENIC EXCRETION IN

ARSENICAL DERMATITIS (PATIENT H. C.)

excretion, little or no increase of urinary arsenic
was observed after BAL, but a rapid fall in ar-

senic excretion might be noted at the end of
treatment.

The effect of the route of administration of BAL
on the excretion of arsenic cannot be evaluated be-
cause of the small number and diversity of the
cases. It is evident that either inunction or injec-
tion of BAL is generally quite effective. The
dosage by inunction was usually larger.

A few experiments were undertaken to ob-
serve the relation between urinary sulfur and ar-

senic during the administration of BAL. In 3
patients, excretion of organic sulfur increased after
BAL (Figures 4 and 5). In each case, the ex-

cretion of arsenic was affected to a greater or less
degree by the administration of BAL, and the
change coincided with an increase of organic sul-
fur in the urine. The reverse effect could not be
demonstrated in 2 cases (Figure 5) in which an

injection of mapharsen did not appreciably affect
the excretion of organic sulfur.

As a rough measurement of the addition of re-

duced sulfur to the urine after the administration
of BAL, the iodine uptake of strongly acidified
urine was measured. This quantity, recorded as

m. eq. of iodine per day, increased after BAL
treatment and closely followed the changes of ar-

senic excretion in 2 cases (Figures 4 and 6).

DISCUSSION

The consistent increase in arsenic excretion after
BAL treatment of arsenical dermatitis corresponds
with the good clinical response of these patients
(11). Although it is apparent that some arsenic
is removed by the BAL, the excretion of arsenic
continues at a lower level after the completion of
treatment. There are reasons to believe that the
arsenic removed by BAL is that which is most
damaging. The combination of the skin with
highly toxic arsenicals has been demonstrated to
be reversible by BAL (8, 9). BAL has been
shown to restore cellular ferments of the skin in-
activated by toxic arsenicals (8, 9). Furthermore,
the most toxic arsenical compounds, which are

bound most firmly to the living cell, show the
greatest stimulation of excretion after BAL (3,
10). These observations suggest that the in-
crease in urinary arsenic after BAL treatment
reflects the release of a toxic arsenical from the
skin, with consequent improvement of the derma-
titis.

No such regular improvement is evident, either
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FIG. 4. DAILY URINARY EXCRETION OF ARSENIC, IO-
DINE-TITRABLE REDUCINGSUBSTANCES,AND SULFUR (OR-
GANIC, INORGANIC, AND TOTAL, INCLUDINP ETHEREAL)
DURING Two COURSES OF TREATMENTOF ARSENICAL
DERMATITIS WITH INUNCTIONS OF BAL (PATIENT R. S.)

clinically or in the excretion of arsenic after BAL
treatment, of the jaundiced patients. The arsenic
excretion was unchanged in 3 cases, and moder-

FIG. 3. EFFECT OF BAL ON DAILY ARSENIC ExcRE-
TION IN A PATIENT WITH ARSENICAL DERMATITIS (PA-
TIENT V. H.)

The patient received 2 courses of intramuscular injec-
tions of BAL. Subsequently, she was given a brief
course of inunction with BAL in ointnent and finally a
single large inunction.
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ately increased in the other 3. It is difficult to
assess the etiologic role of arsenic in these cases,
since intercurrent hepatitis would produce much
the same picture (15). Moreover, the type of
jaundice produced by arsenical drugs varies (16),
and BAL might not be expected to affect each
type equally. The phosphatase activity as a meas-
ure of biliary obstruction shows no correlation
with the response to BAL.

The increased excretion of organic sulfur and
reducing substances after the administration of
BAL coincides with the increase in urinary ar-
senic. Considering the large excess of sulfur, it
seems improbable that an increased urinary arsenic
could affect appreciably the excretion of organic
sulfur, and no such effect is evident. These ob-
servations support the idea that the administration
of BAL promotes the excretion of arsenic by sup-
plying an excess of material with which arsenic
forms stable compounds.
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FIG. 5. DAILY URINARY EXCRETION OF ARSENIC AND

ORGANIC SULFUR IN Two PATIENTS (C. S., LEFT, AND

J. F., RIGHT) RECEIVING MAPHARSANFOLLOWEDAFTER

2 To 3 DAYS BY INTRAMUSCULARINJECTION OF BAL
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FIG. 6. DAILY URINARY EXCRETION OF ARSENIC AND
IODINE-TITRABLE REDUCING SUBSTANCES DURING Two
COURSESOF TREATMENTOF ARSENICAL DERMATITIS WITH
INTRAMUSCULARINJECTIONS OF BAL (PATIENT H. C.)

SUMMARY

The urinary arsenic has been studied before
and after BAL therapy in 16 patients with arseni-
cal intoxication, and in 2 patients receiving ar-
senical treatment without reaction. Of 24 courses
of BAL administration, 16 were followed by a
definite increase in arsenic excretion, 4 by a pos-
sible increase, and 4 by no increase. On no oc-
casion was there a decreased excretion of arsenic
during BAL treatment.
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The increase in urinary arsenic after BAL ap-
pears to be more consistent in patients with the
arsenical dermatitis than in hepatitis, suggesting
a correlation with the greater efficacy of BAL in
the treatment of arsenical dermatitis.

The increases of urinary organic sulfur and re-
ducing substances coincide with the increased uri-
nary arsenic after BAL administration, lending
support to the idea that the excretion of BAL or a
related substance is associated with the increased
arsenic excretion.
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