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Although chemical agents were not employed
as offensive weapons during the past war, never-
theless it was imperative to pursue vigorously
investigations on the treatment of chemical warfare
casualties. Inasmuch as a number of chemical
warfare agents contain arsenic, attention was
focused on the synthesis of compounds capable of
antagonizing the local and systemic effects of ar-
senical vesicants. These investigations, initiated
by the British, led to the synthesis of 2,3-dimer-
captopropanol, which is now more familiarly
known as BAL (British Anti-Lewisite). In ad-
dition to BAL, numerous other SH-containing
compounds, including monothiols and dithiols of
polyhydric alcohols, were synthesized by the
American and British investigators. Among these
were thiosorbitol, prepared at the du Pont de
Nemours and Company laboratories, and the glu-
coside of BAL, first synthesized by Danielli and
co-workers (1).
The historical background which led to the

synthesis of BAL and its derivatives, and the basic
contributions which have resulted-from studies on
the effect of mercaptans on the toxic action of ar-
senic and other heavy metals, have been summa-
rized by Peters (2) and Waters and Stock (3).
Pertinent to the background of the present study
were the observations supporting the general
hypothesis that heavy metals are toxic to biologi-
cal systems because of their reaction with SH
groups of the protein moiety of cellular enzymes
to form mercaptides. That mercury shares in
this action has been demonstrated by Barron and
co-workers (3). Moreover, BAL is capable of
reactivating enzyme systems poisoned by mercury,
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a fact which both affords support to the theory of
the mechanism of inactivation, and gives promise
for the therapeutic efficacy of mercaptans in the
treatment of mercury poisoning. The present re-
port is concerned with the efficacy of BAL, BAL
glucoside and thiosorbitol in the treatment of ex-
perimental, acute, systemic mercury poisoning in
rabbits and dogs.

The reactions between mercaptans and Hg++ in
uitro

The reactions between mercaptans and cationic
mercury which occur in vitro are presumably in-
dicative of the expected interaction of the two
agents in vivo. A brief study of the chemical re-
actions between the various mercaptans and mer-
cury was, therefore, undertaken.

Reactions zvith BAL. When solutions of HgCl, (0.1
M) were added to non-buffered, aqueous solutions of
BAL (0.05 M) a copious, flocculent white precipitate
formed. Titration with phenolphthalein as an indicator
revealed the formation of 2 equivalents of H+ for each
mol of HgCl, added. The white precipitate was insoluble
in alkali, but could be dissolved upon the addition of con-
centrated Ha. On the basis of analogy to the reactions
of BAL with arsenicals (2,3) the complex (hereafter
called Hg-BAL) presumably possessed, the following
structure:

H
HC-S

/g
HC-S

HCOH
H

The complex was sufficiently dissociable so that the addi-
tion of neutral solutions of Na,S to a suspension of the
mercaptide resulted in the formation of a copious, black
precipitate of HgS.
Of greater importance than the formation of the in-

soluble Hg-BAL complex, was the reaction which took
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place when Hgl was introduced into alkaline solutions
of BAL maintained at pH 7.5. Under these conditions
the addition of Hg" in the molar proportion of 1 Hg: 2
BAL resulted in the formation of a complex which was
soluble and so little dissociated that the addition of neu-

tral solutions of Na2S did not precipitate HgS. A simple
formulation for the di-sodium salt of this complex (here-
after designated as Hg(BAL)2) is as follows:

H H
HC-S-Hg-S-CH

Hl SNa NaS&H
HtOH HO&H
H H

Evidence was also obtained that soluble complexes con-

taining mercury and BAL in the molecular ratios of 2: 3
could also be formed at slightly alkaline pH.

Reactions with 1-thiosorbitol. The reaction of 1 mol

of HgCl2 (0.1 M) and 2 mols of 1-thi6sorbitol (0.05 M)
in aqueous solution resulted in the liberation of 2 mols of
H+ as determined by titration and the formation of a

complex which presumably has the following structural
formula:

H H
HC-S-Hg-S-CH

(&HOH)4 (&HOH)4
HtOH H(OH
H H

The complex, hereafter designated as Hg(thiosorbitol)2
dissociates to the extent that the addition of neutral solu-
tions of Na2S results in the copious precipitation of HgS.
Reactions with BAL glucoside. BAL glucoside4 was

obtained as the barium salt. The compound contained
approximately theoretical amounts of barium and sulfur,
but only 60 to 70 per cent of theoretical SH activity.
The sodium salt of the glucoside was formed by the ad-
dition, to solutions of the barium salt, of a slight excess

of Na,SO and the pH adjusted to ca. 7.4 by the addition
of HCI. The BaSO, was removed by centrifugation, and
aliquots of the filtrate were titrated iodometrically for
SH activity. The molar equivalence of the reactions
below was calculated in terms of dithiol activity as deter-
mined analytically. When solutions of 0.1 M HgCl, were

reacted with those of 0.05 M BAL glucoside in the molar
proportion of 1: 1, the addition of neutral solutions of
Na2S resulted in the precipitation of HgS. Presumably a

soluble mercaptide (Hg-BAL glucoside) with appreciable
dissociation was formed. The further addition of a sec-

ond mol of BAL glucoside in an alkaline medium (pH 7.5
or greater) resulted in the formation of a complex (Hg-
(BAL glucoside),) unaffected by Na,S which may be
considered to have the following structure:

4Received from Dr. B. W. Howk and Dr. W. H.
Vinton of the du Pont Laboratories, Wilmington, Del.

CH2OH CH2OH
H H

HHC-S-Hg-S-CH HC

0 (HIOH): Hi:-SNa NaS-lH (H OH).

&-O~ H2 HaC 0C
H H

Treatment of systemic mercury poisoning in
rabbits

For the determination of the efficacy of mercap-
tans in the treatment of acute systemic mercury
poisoning in rabbits, solutions of HgCl2 were
administered intravenously. The lethality of 0.3
per cent solutions of HgCl2 to adult rabbits of
mixed sex is shown in Table I. A standard dose

TABLE I

The toxicity of HgCl2 administered intravenously in rabbits

Day of death

Dose2 Mortality
Oto2 2to4 4to6 6to8 8to14

mgm.
per kgm.

2.0 6 out of 10 1 2 2 1
3.0 78 out of 81 6 39 22 6 5
5.0 2 out of 2 1 1

10.0 I out of 1 1
25.0 2 out of 2 2

of 3.0 mgm. per kgm. (LD96) was employed as a
background for the therapeutic study. The ma-
jority of rabbits receiving this dose died between
the second and sixth days. Deaths, other than
those which occurred acutely, were invariably as-
sociated with renal insufficiency as evidenced by
the marked and progresive elevation of serum
NPN or urea N. The determination of either
NPN (micro-Kjeldahl) or urea N (Van Slyke
and Cullen) was routinely performed 2, 4 and 14
days after the administration of mercury. Even
after the injection of 2.0 mgm. per kgm. of HgCl2,
100 per cent of animals showed marked elevations
in NPN, although a small percentage survived.
The effect of treatment with BAL, 1-thiosorbitol

or BAL glucoside on the course of acute mercury
intoxication in rabbits is presented in Table II.
If treatment was initiated within 5 minutes, 3 mer-
captans were completely effective in preventing
death when given in the total dose of 0.3 mM. per

550



TREATMENT OF MERCURY POISONING WITH BAL AND THIOSORBITOL

TABLE II

The effect of mercaptan therapy in rabbits following the intravenous administration of an LD9, of HgCl2

Interval Dose of Thiol* Incidence of renal Time of death in days
before Mortality insufficiency in

initiation - Mortality animalssurviving- ___
of therapy BAL I-Thiosorbitol BAL glucoside 48 hrs. 0 to 4 4 to 8 8 to 30

mix. mM. per kgm. mM. per kgm. mM. per kgm.
5 3XO.1 O out of 10 I out of 10

3X0.05 O out of 9 O out of 9
3X0.008 3 out of 10 10 out of 10 1 2
1 XO.011 8 out of 10 9 out of 9 1 2 5

3XO.1 O out of 10 2 out of 10
3X0.05 4 out of 10 10 out of 10 2 1 1

3XO.1 O out of 10 O out of 10
3X0.05 1 out of 10 O out of 10 1
3X0.011 2 out of 10 3 out of 9 1 1

30 5X0.1 6 out of 10 8 out of 10 2 3 1
3XO.1 2 out of 10 10 out of 10 1 1
3X0.05 5 out of 10 10 out of 10 2 1 2

3X0.8 9outof 10 6outof6 6 1 2
3X0.4 2outof8 7outof7 1 1
3XO.1 6 out of 10 9 out of 10 5 1

3XO.1 4outof 10 7outof9 1 2 1
3X0.05 4outof9 6outof9 2 2

60 3XO.1 10 out of 10 10 out of 10 1 5 4
3X0.05 8 out of 10 10 out of 10 3 2 3

3X0.4 8outof 10 9outof9 2 5 1

3XO.1 8outofl0 l0outofl 1 1 6

* BAL and 1-Thiosorbitol given in 3 equally divided doses, the first, intravenously, and the second and third, intra-
muscularly, respectively 1 and 3 hours later. Any subsequent doses were given at 2-hour intervals. BAL glucoside
given similarly, except that all injections were intravenous. BAL administered in propylene glycol (0.5 mM. per ml.).
1-Thiosorbitol and BAL glucoside administered in aqueous solution.

kgm. Of even greater significance was the fact
that a rise in NPN was observed in only 3 of the
30 animals. When the dose was reduced to a

total of 0.15 mM. per kgm., the superiority of the
dithiols, BAL and BAL glucoside, over the mono-

thiol, 1-thiosorbitol, became apparent. It is also
of interest to observe that BAL in the total dose
of only 0.025 mM. per kgm. reduced mortality to
30 per cent, although the incidence of renal in-
sufficiency was 100 per cent.
The fact that BAL does not represent the ulti-

mate goal in the therapy of mercury poisoning
with dithiols, is shown by the superiority of BAL
glucoside when compared with BAL at the dose
level of 0.011 mM. per kgm. This dose was

chosen because it is the molar equivalent of the
dose of HgCl2 employed. Thus, 5 minutes after
the intravenous injection of HgCl,, the admini-
stration of a molar equivalent of BAL glucoside

resulted in so effective a combination of BAL
glucoside with mercury as to reduce mortality to
20 per cent, and prevent renal damage in the ma-
jority of surviving animals.
The adverse effect of a delay in treatment can

be seen from the data in Table II. In the rabbit,
a therapeutic delay of 30 minutes resulted in an
incidence of renal insufficiency of close to 100 per
cent. However, all 3 mercaptans were still capable
of preventing the death of. a high proportion of
animals. The data at 30 minutes suggest that in-
creasing the total dose of BAL by extending the
period of treatment afforded no greater protection.
If treatment was delayed for 60 minutes only an
occasional animal survived.

The toxicity of the preformed complexes
Information on the basic mechanism involved

in the treatment of mercury poisoning by mer-
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TABLE III

A comparison of the toxicities ofHg(BAL)N, Hg(1-thiosorbitol)N, and Hg(BAL glucoside): administered intravenously in rabbits

Dose of preformed complex Day of death
Mortality___Incidence of

.-

-__________________________ -Mortality renal insuf- -_ _ _ _ _ _-_ _ _

Hg(BAL)s Hg(l-thio- Hg-BAL Hg(BAL ficiency* O to 2 2to4 4to6 >6sorbitol)2 glucoside glucoside)|

mgm. HgCl2 mgm. HgCl2 mgm. HgCL2 mgm. HgCl2
per kgm. per kgm. per kgm. per kgm.

3.0 6 out of 6 6 out of 6 3 3

3.0 6 out of 6 5 out of 5 1 5

3.0 1 out of 6 4 out of 6 1
10.0 4 out of 4 3 out of 3 1 2 1
25.0 3outof3 3outof3 2 1

3.0 0 out of 6 1 out of 6
10.0 0 out of 4 4 out of 4
25.0 3 out of 4 3 out of 3 1 2

* In animals surviving 48 or 72 hours.

captans was obtained from observations on the
toxicity of the preformed complexes of BAL, 1-
thiosorbitol and BAL glucoside with mercury.
The data presented in Table III show that in
terms of molar equivalent amounts, the toxicity of
Hg(BAL)2 was as great as that of HgCl2. The
same was true of Hg(thiosorbitol)2. However,
Hg-BAL glucoside was significantly less toxic
than, and Hg(BAL glucoside)2 was approxi-
mately only % as toxic as, a molar equivalent
amount of HgCl2. The paradoxical fact that a
mercaptan effective in the treatment of mercury
poisoning forms a complex in vitro which, when
administered intravenously, retains the full toxicity
of Hg++, will be discussed below.

Treatment of systemic mercury poisoning in dogs.
The efficacy of BAL and BAL glucoside in the

treatment of systemic mercury poisoning in dogs
was determined following both oral and intra-
venous administration of HgCl2.

Treatment of intravenous mercury poisoning.
Control studies on the intravenous toxicity of
HgCl2 in dogs revealed that a dose of 4.0nmgm. per
kgm. (0.4 per cent solution) was invariably fatal.
The majority of dogs died by the 4th day. All of
the animals which survived 48 hours showed a
marked elevation in serum urea N, the average
level at this time being approximately 150 mgm.
per cent. In those dogs which survived 96 hours,
the serum urea N ranged between 200 and 300
mgm. per cent. One animal died within 24 hours

with evidence of massive pulmonary edema. The
fact that mercury administered intravenously can
damage the pulmonary capillary bed has also been
observed by Rosenthal (4). The evaluation of
BAL in the treatment of acute intravenous mer-
cury poisoning in the dog is complicated by the
fact that approximately 50 per cent of animals,
treated within the first hour, die acutely during
the first day of massive pulmonary edema (Table
IV). It is known that BAL itself is capable of
producing pulmonary edema as a result of a direct
toxic action on the capillaries (5). Although the
dose of BAL necessary to produce acute deaths
from its action on the pulmonary circulation is
greatly in excess of that employed in the present
study, nevertheless, the possibility of a synergistic
action of BAL and mercury on the pulmonary
capillary bed must be considered.

Table IV depicts the efficacy of BAL and BAL
glucoside when given at varying intervals of time
after intravenous HgCl2. When treatment with
BAL was delayed for 30 minutes, 6 of 13 animals
died acutely of massive pulmonary edema. The
surviving animals enjoyed an uneventful recovery
and none showed any significant elevation in serum
urea N. A delay of 1 hour before the initiation of
BAL therapy again resulted in the acute death
of 6 of 13 animals. Of the 7 survivors, 4 ulti-
mately succumbed, but death was significantly de-
layed. Three of these animals exhibited a marked
rise in serum urea N, and their deaths must be
attributed to renal insufficiency induced by mer-
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cury. One animal survived 11 days, and at no

time gave evidence of renal impairment. The 3
survivors showed no effects from the administra-
tion of mercury. Of 4 dogs treated with BAL
glucoside 1 hour after the administration of mer-

cury, none succumbed and only 1 showed a transi-
ent rise in serum urea N to a level of 70 mgm.

per cent.
When treatment was delayed for 2 hours, BAL

still afforded significant protection. One of 5
animals succumbed to acute pulmonary edema.
Of the 4 others, only 1 died with the typical symp-
toms of mercury poisoning; 1 other animal showed
a transient rise in serum urea N to 40 mgm. per

cent. BAL glucoside was also highly effective
after a therapeutic delay of 2 hours. Only 1 of
6 animals succumbed. Death occurred on the
eighth day, with a characteristic rise in serum

urea N concentration. Of the 5 animals which
survived, none showed an elevation of urea N to
levels higher than 33 mgm. per cent.

In a group of 8 dogs, treatment with BAL glu-
coside was delayed for 3 hours. Although 6 of
the 8 animals succumbed, in 4 death was signifi-
cantly delayed, occuring 8, 12, 12 and 29 days
after mercury, respectively. In 2 of these animals
the serum urea N rose only to 111 and 136 mgm.
per cent, and was declining at the time of death.
They showed progressive inanition and might
have been saved with adequate supportive care.

Of the 2 surviving animals, 1 was completely pro-
tected by therapy with BAL glucoside, and the
other showed transient elevation of serum urea N
to a level of 42 mgm. per cent.

Treatment of oral mercury poisoning. A dose
of 30 mgm. per kgm. of HgCl2, given as a 1 per
cent solution (LD10), was employed to test the
efficacy of BAL and BAL glucoside in the treat-
ment of oral mercury poisoning. The dogs were

starved for 24 hours and given 5 mgm. per kgm.
of morphine sulfate, intramuscularly, 45 to 60
minutes before the administration of HgCl2 to
prevent vomiting. The solution of HgCl2 was

introduced by stomach tube. No animal which
vomited was considered in the data. It should be
emphasized that no lavage or local antidotal ther-
apy was attempted, the animals being completely
dependent upon the parenteral administration of
the mercaptan to overcome the local effects of
mercury within the gastrointestinal tract. In
some experiments, both the control and experi-
mental animals received supportive therapy 24
hours after the administration of mercury in the
form of an intravenous infusion of 50 ml. per kgm.
of 0.9 per cent NaCl and 5.5 per cent glucose, in
order to alleviate the dehydration resulting from
the severe bloody diarrhea which invariably de-
veloped. However, this inadequate procedure
failed significantly to influence the course of the
animals, and was not routinely employed.

TABLE IV

The effect of BAL and BAL glucoside therapy in dogs receiving 4.0 mgm. per kgm. of HgCl2 intravenously (>LDioo)

Time of initiation Time of death in days
of_ therapy __ Number o Acute Incidence of renal in-Nmanimals pulmonary Subsequent mortality sufficiency in animals
BAL|aBAL as

deaths surviving 48 hrs.** 1 to 4 4 to 7 7 to 30
BL glucoside

hrs. hrs.
23 1 22 out of 22 17 out of 17 15 6 1

i 13 6 0 out of 7 0 out of 7
1 13 6 4 out of 7 3 out of 7 3 1
2 5 1 I out of 4 2 out of 4 1

1 4 0 0 out of 4 1 out of 4
2 6 0 1 out of 6 1 out of 6 1
3 8 0 6 out of 8 7 out of 8 1 1 4

* 0.15 mM. per kgm. of dithiol in 3 equally divided doses. First BAL dose given intravenously, 2nd and 3rd doses,
intramuscularly, 2 and 4 hours later, respectively. (Four of the dogs treated with BAL 1 hour after mercury received
the first dose intramuscularly.) BAL glucoside given similarly, except that all injections were intravenous. BAL in
propylene glycol (0.5 mM. per ml.) used intravenously; BAL in peanut oil (10 per cent solution) used intramuscularly.
BAL_glucoside administered in aqueous solution.
**Seum urea N levels greater than 35 mgm. per cent.
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The effects of therapy with BAL and BAL glu-
coside on oral mercury poisoning are summarized*
in Table V. Of 19 control animals, none survived,

TABLE V

The effect of BAL and BAEL glucoside therapy in dogs receiv-
ing 30.0 mgm. per kgm. of HgCl2 orally (>LD,oo)

Time of initia- Incidence of Time of death in daystion of therapy* renal insuf-
Mortality ficiency in

BAL M ortalityanimals sur-
BAL ALuo viving 48BAL Gluide hrs.** Oto 2 2 to44 to 7 >7

hrs. hrs.
19 out of 19 1S out of 15 4 8 4 3

2 4 out of 10 1 out of 10 3 1
3 7 out of 1S 2 out of 9 2 2 2 1
S 2outof5S 2outof5 2

2 1 out of 8 Oout of 8 1
5 2 out of 6 Oout of 4 2

*0.15 mM. per kgm. of dithiol in 3 equally divided
doses. Dogs receiving treatment 2 or 3 hours after mer-
cury given dithiol at 2-hour intervals. Dogs receiving
treatment 5 hours after mercury given 2nd and 3rd doses 2
and 17 hours later, respectively. All BAL injections were
intramuscular (10 per cent solution in peanut oil). BAL
glucoside administered intravenously in aqueous solution.

** Serum urea N values greater than 35 mgm. per cent.

and all those alive at 48 hours showed elevated
serum urea N values, the average being 100 mgm.
per cent. This increased progressively to the
time of death. Only 3 animals lived for 7 or more
days.
When dogs which had received oral mercury

were treated 2 hours later with BAL, a high de-
gree of protection was afforded (Table V). Six
of 10 animals survived. What is more, as can be
seen from Table VI, only 1 of the 10 animals
showed evidence of renal insufficiency as judged
by a significant rise in the level of serum urea N.
In those dogs which died, death could be attributed
to a severe hemorrhagic gastro-enteritis. Even
more striking results were obtained when treat-
ment with BAL glucoside was instituted 2 hours
after the administration of HgCl,. Of 8 treated
animals, only 1 succumbed, and in this dog there
was no evidence of a significant degree of renal
impairment at 48 hours (Table VI).
When BAL was administered 3 hours after

HgCl2, 7 of 15 treated animals succumbed. Again
only 2 dogs showed elevated serum urea N levels
at 48 hours; 1 animal had a level of only 44 mgm.
per cent-and died 6 hours later. This animal was
dehydrated from a bloody diarrhea. The second

TABLE VI

The effect of BAL and BAL glucoside therapy in dogs
initiated 2 hours after the oral administration of

30 mgm. per kgm. of HgC12 (>LD,oo)

Serum urea nitrogen (mgm. per 100 ml. serum)

Dog no.Tieo
HBefore 48 hrs. 96 hrs. 120 hrs. 2i wks.

After BAL therapy

45 S* 10.5 8.8 11.9 9.0
46 17 days 5.2 5.6 7.8
47 S 8.6 12.7 19.8 11.4

48 S 15.4 16.7 23.0 16.1
49 144 hrs. 9.4 15.4 46.3
32 168 hrs. 17.7 10.4 9.3

33 S 17.8 15.2 12.7 11.4
34 144 hrs. 8.9 9.6 11.8
35 S 19.5 19.9 23.0 21.2
58 S 9.8 11.2 14.5

After BAL glucoside therapy

108 S 9.0 7.0 20.7 6.1
109 S 7.9 7.8 6.2 5.5
110 S 6.3 5.1 4.9 4.6

111 S 9.3 9.3 32.4 12.7
112 120 hrs. 9.7 15.5
113 S 10.6 10.7 9.5 9.5

114 S 7.7 5.4 5.9 9.6
115 S 13.7 15.5 11.8 13.8

* S =Survival.

dog showed a progressive rise in serum urea N.
In none of the 5 remaining dogs which succumbed
could death be attributed to the toxic actions of
mercury on the kidney.
Of the 5 animals treated with BAL 5 hours

after the administration of HgCl2, 3 survived.
The 2 deaths occurred on the third and fourth days
in animals with 48-hour serum urea N levels of
57 and 52 mgm. per cent, respectively. BAL
glucoside was also highly effective when given 5
hours after oral poisoning with mercury. Two of
6 animals succumbed, 1 within 24 hours and the
other within 48 hours; both exhibited a severe
hemorrhagic enteritis. Of the 4 surviving ani-
mals, none showed evidence of systemic mercury
poisoning.

DISCUSSION

It is evident-from the above data that the 3
mercaptans investigated were able to protect
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against the systemic effects of mercury, even when
treatment was delayed. In view of the ability of
these compounds to form mercaptides in vitro, it
must be assumed that similar reactions occur in
vivo. Moreover, the fact that early treatment
with mercaptans affords complete protection, in-
dicates that the mercaptides formed in vivo are
sufficiently non-dissociated to prevent combination
of Hg++ with essential cellular enzymes. Lastly,
the observation that the dithiols are therapeutically
effective when administered 2 to 3 hours after in-
travenous mercury in dogs, indicates that the di-
thiols can remove mercury already combined intra-
cellularly.
Of the 3 mercaptans studied, the order of de-

creasing efficacy was BAL glucoside, BAL, and
thiosorbitol. Thiosorbitol possesses certain phar-
maceutical advantages over BAL in that it is a
crystalline, water-soluble compound which may be
readily administered by intravenous injection. Al-
though it is much less toxic than BAL in mice and
rabbits, the greater efficacy of BAL at dose levels
which are well within the range of human toler-
ance (3) favors the choice of the dithiol for clini-
cal use. The fact that the monothiols were less
effective than the dithiols in reversing arsenic
linkage with proteins has been demonstrated by
British investigators (2). By analogy, mono-
thiols might be expected to be less effective in the
treatment of mercury poisoning. The in vitro ob-
servations reported above indicated a greater dis-
sociation of Hg(thiosorbitol)2 than of either Hg-
(BAL)2 or Hg(BAL glucoside)2.
In dogs there was definite evidence that BAL

glucoside was more effective than BAL in the
treatment of both oral and intravenous mercury
poisoning. This fact is chiefly of academic in-
terest at the present time, inasmuch as BAL glu-
coside is not available in a sufficiently pure form
to warrant clinical trial. However, it is not un-
likely that compounds superior to BAL in pro-
tecting against the toxic effects of heavy metals
would result from further investigations on
dithiols.

Sufficient data are not available to account for
the greater efficiency of the glucoside. However,
certain conclusions may be drawn tentatively from
observations on the toxicities of the preformed
complexes. Hg(BAL)2 was no less toxic than
HgCl2 on a molar basis. On the other hand, Hg-

BAL glucoside was definitely less toxic than in-
organic mercury. Inasmuch as the available data
indicate that Hg-BAL glucoside dissociates to a
greater extent than does Hg(BAL)2, one cannot
relate the observed differences in toxicity to dis-
sociability.

It is known that BAL is readily oxidized in the
body. Therefore, the undiminished toxicity of
BAL complexes could be explained by the intra-
cellular oxidation of the complexes with the re-
lease of cationic mercury. In the treatment of
mercury poisoning, a sustained concentration of
BAL is maintained by repeated injections. Thus,
a recombination of Hg++ released by oxidation
with available BAL is possible. During the time
that BAL is available, renal excretion of the com-
plex can be effected. The fact that BAL pro-
motes the excretion of arsenic (2, 3) and cadmium
(6) has already been reported. Data on the ef-
fects of mercaptans on the excretion of other heavy
metals are not yet available.

Danielli and coworkers (1) have suggested that
BAL glucoside remains extracellular in its distri-
bution. An extracellular volume distribution of
the Hg-BAL glucoside complexes would explain
their decreased toxicities. In keeping with this
explanation, Hg(BAL glucoside)2, a compound of
higher molecular weight than Hg-BAL glucoside,
might be expected to penetrate cells more slowly
and thus be less toxic. However, it must also be
assumed that the difference in the degree of dis-
sociation of the 2 complexes may play some role
in their relative toxicities.
An extracellular distribution of a mercaptan

would not preclude the possibility of the mercap-
tan's removing heavy metals from intracellular
enzymes. A significant degree of dissociation of
the metallo-enzyme complex would result in an
appreciable concentration of diffusible cationic
metal which would be available for combination
with the mercaptan at an extracellular site to form
a mercaptide of lower dissociability. Thus, a
continuous removal of metal from the cell could
be accomplished.
The fact that BAL, at dose levels within the

range of human tolerance, is highly effective in
preventing systemic effects of mercury following
oral mercury poisoning in dogs provides the ex-
perimental background for the clinical use of BAL
in mercury poisoning in humans. In the above
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study, none of the dogs received the adjuvant and
supportive therapy which would be afforded hu-
man patients. Thus in the majority of animals,
the metabolic disturbances resulting from the se-
vere diarrhea, which was invariably present before
delayed treatment was initiated, could only. be
corrected by voluntary ingestion of food and
water, and adequate renal function. The fact that
treatment was so efficacious that a majority of
dogs survived even when therapy was delayed for
5 hours, attests to the value of BAL in the treat-
ment of mercury poisoning more convincingly
than if 100 per cent survived with the aid of in-
tensive local and supportive therapy. In support
of this statement is the fact that in only 1 instance
did an orally poisoned, BAL-treated dog die in
uremia.

SUMMARY AND CONCLUSIONS

1. Three mercaptans, BAL, BAL glucoside and
1-thiosorbitol, have been employed in the treat-
ment of acute intravenous HgCl2 poisoning in
the rabbit. BAL and BAL glucoside have been
employed in the treatment of acute intravenous and
oral HgCl2 poisoning in the dog.

2. Rabbits receiving 3.0 mgm. per kgm. of
HgCl2 (LD6) intravenously, were completely pro-
tected by 3 doses of 0.1 mM. per kgm. of any of
the mercaptans, provided therapy was initiated
within 5 minutes. Therapy was progressively
less effective with decreasing dosage or increasing
delay before initiation. The order of decreasing
efficacy of the 3 mercaptans was BAL glucoside,
BAL and 1-thiosorbitol.

3. Dogs receiving 4.0 mgm. per kgm. of HgCl2

intravenously (LD100), were completely protected
from the renal effects of the metal by 3 equal doses
of BAL totaling 0.15 mM. per kgm. when treat-
ment was delayed for 30 minutes. Striking pro-
tection was still afforded both by BAL glucoside
and by BAL when treatment was delayed for 2
hours.

4. Of 44 dogs receiving 30 mgm. per kgm. of
HgCl2 orally (LD100) in which treatment with a
total of 0.15 mM. per kgm. of BAL or BAL glu-
coside was delayed for from 2 to 5 hours, 28 sur-
vived and only 1 animal died in uremia. No local
therapy was employed, and the deaths which oc-
curred could be attributed to gastro-enteritis and
inanition.

5. The reactions between mercaptans and mer-
cury in vitro have been studied, and tentative
formulae for the mercaptides formed have been
presented. The toxicities of the preformed mer-
captides have been determined, and the mecha-
nism of action of mercaptans in detoxifying mer-
cury discussed in the light of these data.
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