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CLINICAL USES OF 2,3-DIMERCAPTOPROPANOL(BAL). IX.
THE TREATMENTOF LEWISITE BURNSOF THE

EYE WITH BAL 1

By WILLIAM F. HUGHES, JR.
(From the Johns Hopkins University School of Medicine, Baltimore)

(Received for publication February 5, 1946)

Exposure of the eye to relatively small quanti-
ties of Lewisite liquid or vapor produces a deva-
stating ocular lesion. As will be demonstrated be-
low, the progressive nature of such a burn is
caused by the arsenical component of this war
gas. To decontaminate the tissues of arsenic
after exposure to Lewisite, the English workers
(1) synthesized 2,3-dimercaptopropanol (CH2-
SH-CHSH-CH2OH), the so-called BAL. The
work pursued in our laboratories was devoted to
the determination of the optimum conditions for
the use of this antidote, its mode of action, and
limitations. These experiments will be discussed
under the following headings: (1) certain clinical
and pathologic characteristics of Lewisite burns
of the eye relating to mode of action, rate of pene-
tratioln, and the time at which irreversible histo-
logical changes first develop; (2) the rate of pene-
tration and persistence of arsenic in the tissues
after Lewisite burns, in relation to the decontami-
nating action of BAL; and (3) the toxicity and
therapeutic efficacy of BAL.

Most of the details of the experiments and a
description of the effects of Lewisite on the eye will
be reported elsewhere (2). It is the purpose of
this communication to summarize the evidence
that BAL penetrates rapidly into Lewisite-burned
eyes, and competes successfully with toxic arseni-
cal material within the tissues.

Early changes in the ocular tissues after
exposure to Lewisite

During the course of this work, more than 600
rabbit eyes have been exposed to Lewisite. The
clinical courses of liquid or vapor burns are essen-
tially similar, and are characterized by rapid tis-
sue necrosis, marked conjunctival and corneal

'The work described in this paper was done under
contract, recommended by the Committee on Medical Re-
search, between the Office of Scientific Research and
Development and the Wilmer Institute of the Johns Hop-
kins University and Hospital.

edema, and intense exudation. Immediately on
contact with the moist surface of the eye, Lewisite
hydrolyzes with the production of an arsine-oxide
and hydrochloric acid:

ClCH = CHAsC12+ H20 =
ClCH =CHAsO+ 2 HC1,

At the site of contact with the cornea, sufficient
hydrochloric acid is liberated to reduce the local
pH below 1.3 as tested by thymol blue. Acidity
of this degree is sufficient to produce a localized
superficial opacity of the cornea (3), and subse-
quent treatment with BAL has no effect on this
acid component of the Lewisite burn. All of the
later progressive characteristics of a Lewisite burn
can be produced by the instillation of a dilute solu-
tion of Lewisite-oxide, and are therefore attribut-
able to the arsenic component of this war gas.
It was also found that a number of other com-
pounds containing trivalent arsenic (e.g., sodium
meta-arsenite, phenyl arsine oxide, and maphar-
sen) were more toxic on intracorneal injection of
dilute solutions, than compounds containing penta-
valent arsenic (e.g., sodium arsenate and tryparsa-
mide).

Within 10 minutes after exposure to Lewisite
and after 30 minutes, histological evidence of dam-
age appears in all tissues of the anterior ocular
segment, indicating deep penetration and rapid
necrotizing action of this toxic arsenical (Figures
1 and 2).

Rate of penetration and persistence of arsenic in
the eyes of rabbits burned with Lewisite

The rate of penetration and persistence of toxic
arsenical material in the cornea and aqueous fol-
lowing exposure to Lewisite were determined, in
order to establish time limits during which either
a 100 per cent efficient surface decontaminating
agent, or an ideal penetrating agent, would be
effective, and to study the effect of treatment with
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FIG. 1. SECTION OF RABBIT'S CORNEA, 10 MINUTES AFTER EXPOSUREFOR

30 SECONDSTO SATURATEDLEWISITE VAPORAT 220 C.
Early changes have taken place in the corneal epithelium which is par-

tially loosened from the underlying stroma. The corneal endothelium
is disintegrated, and serum is present in the anterior chamber.

BAL on the persistence of arsenic within the
tissues.

MATERIAL AND METHODS

Rabbit corneas were exposed to Lewisite, either by the
instillation of 0.1 mgm. of the liquid onto the center of
the cornea, or by exposure of the proptosed eye for 30
seconds at 22° C. to saturated vapor in a Scholz vapor

chamber (4). The lids were then closed within 30 sec-

onds after exposure. At varying intervals thereafter,
the corneas were excised or the aqueous was withdrawn
and analyzed for arsenic, according to the method of
Chaney and Magnuson (5). With this method, "blank"
control tissues may show as much as 0.5 micrograms of
arsenic. The experimental error for determination of
these small quantities of arsenic is about 10 per cent, but
any value over 1.0 microgram indicates a definite pres-

ence of arsenic. Since any organic combination of arsenic
is converted to inorganic arsenic by this method, the
presence of BAL does not interfere with the sensitivity
of the test (6).

A second series of experiments was performed
to determine the persistence of toxic material on

the surface of the cornea, in the cornea, or in the
aqueous. Residual toxic material in such burned
eyes was detected by transfers to normal rabbit
corneas, either by direct contact of the corneal
surfaces, by the intracorneal injection of pressed-
juice extracts of the corneal stroma, or by the

intracorneal injection of aqueous. The reaction
in the normal eye produced by the transferred ma-

terial was then graded according to a numerical
evaluation of the symptoms produced, thus giving
an index of the toxicity of the material tested.

RESULTS

Within 2 to 4 minutes after the instillation of
liquid Lewisite into the eye followed by closure of
the lids, little or no residual toxic material or ar-

senic remained on the surface of the cornea.

Two minutes after exposure to Lewisite vapor

or liquid, from 3.0 to 4.6 micrograms of arsenic
were demonstrated within the corneal substance
(Table I). The amount of arsenic diminished
greatly within the next 30 minutes, and after 11
hours showed only traces of arsenic irregularly,
up to 4 days. The urinary excretion of arsenic
after the systemic administration of toxic arseni-
cals has been reported to be very slow, indicating
a rather firm attachment of arsenic to the tissues
(7, 8). Corneal juice continued to be toxic after
1 hour, but was non-toxic after 26 hours (Table
II).

Arsenic penetrated into the anterior chamber
within 1% minutes after the application of liquid
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FIG. 2. SECTION OF RABBIT'S CORNEA, 30 MINUTES
AFTER EXPOSURETO LEWISITE VAPOR, SHOWINGCHANGES
IN THE CELLS OF THE CORNEALSTROMA

Lewisite to the cornea, and disappeared within
30 minutes after exposure (Table III). The
aqueous was found to be toxic at 2 minutes and 10
minutes, but had become nion-toxic when tested
at 30 minutes.

Surface decontamination after exposutre to liquid
Leweisite. In view of the evidence above, that
Lewisite rapidly disappears from the surface of
the cornea and penetrates into the cornea and
aqueous, little or no therapeutic effect would be
expected from the use of neutralizing agents which
do not penetrate into the ocular tissues. Such
was found to be the case with 3 types of agents
tried: (1) saline irrigation, (2) an iodine-con-
taining solution, so-called "Box I," which will in-
activate Lewisite in 15 seconds in vitro,2 and (3)

2This solution was devised by Dr. Leslie Hellerman
as a method for the continuous regeneration of a limited
low concentration of iodine:
NaI 200 mgm. per 100 ml.
Phosphate buffer pH 7 M/10
Sodium iodoxybenzoate in large excess

Solvent: 50 per cent triacetin, 22 per cent alcohol, and
28 per cent water.

TABLE I

Microchemical analysis of arsenic in cornea following
Lewisite burns of the rabbit's eye

Dose of Lewisite Time after Gammaof
application arsenic

Controls (no Lewisite) 0. to 0.5

0. l1mgm.T liquid 2 min. 6.5
4.1
6.5
4.2
3.7
2.7
4.7

30 min. 1.2
1.6

1 hr. 0.7
2.9

2 hrs. 1.3
4 hrs. 1.8

11 hrs. 0.5
18 hrs. 0.
24 hrs. 1.7

0.5
0.5

2 days 0
4 days 0.9

Saturated vapor
22°C. for 30 secs. 2 min. 2.7

2.9
3.3

30 min. 1.2
1 hr. 1.9
4 hrs. 1.3

24 hrs. 0.8

hydrogen peroxide (Table IV). In these experi-
ments, the technique for the production and grad-
ing of the standard lesion was that described be-
low for the BAL treatment experiments.

The treatment of Lewisite burns of the eye with
BAL

Since Lewisite penetrates through the cornea
into the aqueous within 2 minutes after exposure,
and produces irreversible changes in the tissues

TABLE II

Toxicity of corneal juice after instillation of 0.1 mgm. of
liquid Lewisite into a rabbit's eye

Maximum ocular reaction pro-
Time after instillation duced by intracorneal injection

of Lewisite of corneal juice into normal
rabbit's eye

2 nin. 47
30 min. 30

1 hour 17
26 hours 2
27 hours 2

4 days 2 (2 injections)
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TABLE III

Microchemical analysis of arsenic in aqueous following the
instillation of 0.1 mgm. of Lewisite on

the rabbit's cornea

Time after inistillation of Iewvisite Gammaof arsenic

Aqueous control (no Lewisite) 0.4 (blank of method=
0.0 to 0.5 gamma)

Needle control (for surface con- 0.2
tamination in withdrawing
aqueous)

1 min. 0.5
1.5 min. 2.2
5 min. 2.8

10 min. 3.2 (2 specimens)
20 min. 3.2
30 min. 0

1 hr. 0
2 hrs. 0.5

11 hrs. 0.9

of the aniterior ocular segment soon after 10
iminutes have elapsed, a successful decontamiiinat-
ing agent mutst have the capacity to penietrate
rapidly and to compete successfully for both free
and combined arsenic within the tissues. To ob-
tain maximum therapeutic effect from the local
use of BAL after exposure to Lewisite, the fol-
lowing variables were studied: (1) local toxicity
of BAL for both normal and Lewisite-burned eye,
(2) optimum concentrationis of BAL, and techni-
ques of application to the eye, (3) the time limits
during which treatment is efficacious, and (4)
species differences in toxicity and therapeutic
effectiveness of BAL.

MATERIALS AND METHODS

Preliminary experiments were devoted to the produc-
tion of a reproducible and uniform standard lesion by
Lewisite, the technique and dosage to be used on treat-
ment experiments. In general, it is necessary that the

TABLE IV

Surface decontamination of the rabbit's eye 2 minutes after
the instillation of 0.1 mgm. of Lewisite

Num- Maximum Fitnal
boefr ecotaminatinig agenit ocular re- corneal Days

eyes action opacity

per cent per cent
3 100 ml. saline irrigation 72 (SD =10)* 75 (SD = 19) 7
3 "Box I" (iodine solution) 66 (SD =3) 69 (SD =2) 7
6 2 per cent H202 (3 drops) 69 (SD =4) 65 (SD =6) 7
3 Blood catalase alternating 63 (SD =20) 50 (SD =30) 7

with 5 per cent H202 every
5 secs. for 1 min.

42 No treatment 74 (SD =8) 69 (SD =14) 7

* SD=Standard deviation of the mean.

lesion be sufficiently severe to guarantee reproducibility,
and yet an excessive dosage should be avoided which
might mask the efficacy of a therapeutic agent of low po-
tency. Such a threshold lesion was produced by the instil-
lation of 0.1 mgm. of liquid Lewisite directly from a mi-
crometer syringe and No. 26 blunt needle either on the
limbus or center of the cornea. A somewhat less severe
but consistent lesion was produced by exposure of the
proptosed eye to saturated Lewisite vapor at 22 to 24°
C. for 30 seconds. The severity of the lesion produced
was evaluated numerically by grading the important clini-
cal symptoms elicited by the toxic agent. In order to
obtain single values which could be used for statistical
comparisons, the acuteness of the reaction was estimated
by adding the maximum values for each symptom over
the course of observation and conversion of the total, to
a percentage figure, the so-called "maximum ocular reac-
tion." An index of persistent corneal damage was ob-
tained by adding the values of the corneal symptoms on
the last day of observation, a total of 24 points or corneal
perforation representing a 100 per cent lesion.

Preliminary treatment experiments were made witlh a
sample of BAL obtained in the spring of 1942 from Dr.
Peters' Laboratory at Oxford. Very little difference in
toxicity or therapeutic efficacy could be detected betweenl
the British and American (NDR 133 Q-Z) samples of
BAL. The American sample appeared to be slightly
more toxic at higher concentrations, and more effective
at lower concentrations, but the British sample was older
at the time of comparison. Subsequent experience with
later samples of American BAL has shown results com-
parable to those reportedl her-e for the earlier sample
NDR133 Q-Z.

Suitable solvents for BAI were found in propylerie
glycol, ethylene glycol, redistilled thiodiglycol and tri-
acetin. BAL is sparingly soluble and deteriorates rap-
idly in water, but is effective therapeutically in aqueous
solution. Because of many practical advantages in apply-
ing ointments to the eye, a BAL ointment was devised
and prepared by Mr. Robert S. Fuqua, Chief Pharmacist
of the Johns Hopkins Hospital, for use in these experi-
ments.

per cent
BAL .................. 5 to 10
Benzyl benzoate .......... ........ 5
Peanut oil ..... ............. 20
Absorbent base ........ .......... 20
Cetyl alcohol ....... ........... 10
Glycerin monostearate .................. 14
Liq. white petrolatum .................. 21

rhis ointment was readily miiiscible witlh the tears of the
eye, and within a minute after instillation, became semi-
fluid. It was non-toxic for the normal rabbit's and mon-
key's eyes, and showed therapeutic efficacy comparable to
that of BAL in glycol solution.

Local toxicity of BAL. The tolerance of the
normal cornea for BAL was determined on rab-
bits, monkeys and partially for humans (Table V).
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TABLE V

Tolerance of the normal eye to 0.1 ml. of BAL solutions

Maximum Final
Species BAL Solvent ocular corneal Days

reaction opacity

per cent per cent per cent
50 Propylene 67 67 7

Glycol
Rabbit 35 P.G. 40 13 7

25 P.G. 20 0 2
15 P.G. 20 0 1
10 P.G. 5 0 0
10 Ointment 2 0 0

5 P.G. 5 0 0
3 P.G. 5 0 0
3 Water 2 0 0

50 P.G. 42 38 7
Monkey 35 P.G. 37 21 6

25 P.G. 22 0 4
15 P.G. 0 0 0
10 P.G. 2 0 0
10 Ointment 0 0 0

5 P.G. 0 0 0

Human
2 eyes 10 P.G. 7 0 0
3 eyes 5 P.G. 5 0 0

Toxic concentrations of BAL produced a sheet-
like opacification of the superficial layers of the
cornea which, if not unduly severe, sloughed off
within a few days leaving clear stroma beneath.
Rabbits, monkeys, and humans tolerated single in-
stillations of BAL of concentrations from 3 to 10
per cent. BAL is temporarily irritating to the
human eye, and produces an immediate stinging

sensation, followed by blepharospasm, epiphora
and conjunctival congestion.

Since an ocular lesion is almost completely pre-
vented by the use of 2 drops of 5 per cent BAL
within 2 minutes after exposure to Lewisite (see
below), the more severe reactions which follow
the use of higher concentrations must be attributed
to the toxic action of the therapeutic agent. This
damage produced by BAL can be distinguished
clinically in an eye previously burned with Lewis-
ite. It is noteworthy that the reactions produced
by concentrations of BAL over 5 per cent in eyes
previously exposed to Lewisite were more severe
than those produced by BAL on the normal cornea
(Figure 3). This suggests that Lewisite lowers
the tolerance of the cornea for BAL.

Pentetrability of BAL. Direct iodometric titra-
tions of the aqueous were made by Adler and hiis
colleagues (9), who found an appreciable increase
in the amount of sulfhydril-containing nmaterial 5
minutes after the instillation of BAL drops, or
ointments, into the rabbit's eye. Such rapid pene-
trability of BAL is also demonstrated indirectly by
its therapeutic effect on Lewisite-burned eyes.

Optimum concentrations of BAL and techniques
of application in the treatment of Lewisite burns.
Although a single instillation of dilutions of BAL
ranging from 25 per cent to 1 per cent prevented
the development of any corneal opacity lasting
more than 8 days, the use of 5 per cent BAL was

.-, 2 Dps ILLin Ltse~si+ nedE-gesw(IEQUId.sau4. val&)
0---O cisops oIRL-3topylene 9lycol 5ou+ioon in Nonwnal Eyes

Encir;ed. NLwlnrs 4- yeyes teS.
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D
x
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FIG. 3. EFFECT OF VARIATION IN CONCENTRATIONOF BAL ON REACTIONS IN NORMALAND

LEWISITE-BURNED RABBIT EYES
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found to be the optimum concentration which regu-
larly produced spectacular cures of Lewisite burns
(Table VI and Figures 4 and 5). Repeated in-

TABLE VI

Effect of variation in concentration of BAL in the treatment
of Lewisite burns of the rabbit's eye*

Num-
Num- Maximium ocular Finial corneal ber of

BAL solution ber of reaction opacity days
eyes recin oaiy fol-

lowup

per cent per cent per centt
25 1 45 0 6
20 3 37 0 6
15 4 23 0 4
10 3 11 0 2

5 5 4 0 1
3 2 12 0 2
1 1 20 0 2

Untreated** 42 74 (SD = 8)*** 69 (SD = 14) 7

* Instillation of 2 drops of BAL in propylene glycol 2
minutes after application of 0.1 mgm. of liquid Lewisite.

** Instillation of 2 drops of propylene glycol has no
influence on the severity of the Lewisite lesion.

*** SD=Standard Deviation of the Mlean.

stillations of BAL did not result in any additional
therapeutic benefit. The use of 5 per cent BAL
ointment was found to be at least equally as effec-
tive as glycol solutions of BAL in the treatment
of both liquid and vapor buirns. BAL was also
found to be effective in the treatment of Lewisite
burns of the monkey's eye. The effectiveness of
BAL against Lewisite has also been demonstrated
in many experiments by others (9 to 12).

Timne 1mits dutring -which BAL is effective.
The instillation of BAL solution, or ointment,
within 2 minutes after the end of exposure to
Lewisite usually prevents the developmiient of any
significant conjunctival or corneal reaction. If
treatment is delayed for 5 minutes, a transitory
conjunctival and corneal reaction ensues and lasts
a few days. Treatment instituted 10 minutes after
exposure is definitely less effective, a mild to mod-
erate corneal opacity persisting at the end of 7
days. The use of BAL within the first half hour
lessens the severity of the ocular lesion when com-
pared to control eyes, but permainent damage to
the eye remains.

These findings are in agreement with the fact
that irreversible histological changes are already
detectable in the corneal stroma within 10 minutes

after exposure to Lewisite, and are quite pro-
nounced after 30 minutes. Also at the end of 30
minutes, some of the arsenic has already disap-
peared from the tissues, and so the benefit derived
from decontaminating is diminished.

Persistenicc of arsenic it the cornta after thef ap-
plicationt of BAL

The quantity of arsenic remaining in the cornea
at stated intervals after a standard exposure to
Lewisite vapor was determined both for eyes
treated with BAL, and for untreated controls
(Table VII). Whereas a trace of arsenic was

TABLE VII

Influence of BAL on the rate of disappearance of arsenic
from the rabbit's cornea after Lewisite vapor burns

Specimen BLTime of ex- Gammaof
No.

BAL cision of arsenic
cornea

1 0 2 min. 2.7
2 2.9
3 3.3
4 3() mi. 1.2
5 1 hr. 1.9
6 4 hr. 1.3
7 24 hr. 0.8

8 2 drops of 5 per cent 30 min. 0
9 BAL 2 min. after ex- 4 hr. 0

10 posure. 24 hr. 0

demonstrated in the unitreated corneas after 24
hours, those corneas treated with 5 per cent BAL
showed no residual arsenic after 30 miniutes. Thus
the use of BAL facilitates the disappearance of
arsenic from the tissues, probably by competing
favorably with arsenic reversibly bound to the
tissue components.

Inttravenouts treatment of Lewisite burits of tile
eye wzith BAL

Toxic doses of English BAL were administered
intravenously to 2 rabbits in which 0.1 mgm.
Lewisite had previously been instilled into the
eyes. The conjunctival and, to some extent, the
corneal reaction in these 2 animals was less than
the average ocular reaction in control animals.

SUMMARYAND CONCLUSIONS

Exposure of the eye to small quantities of Lew-
isite liquid or vapor can produce a progressive
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FIG. 4. BOTH EYES EXPOSED24 HOURSPREVIOUSLY FOR 30 SECONDSTO SATURATEDLEWISITE
VAPORAT 22' C.

Right eye treated 2 minutes after exposure with 0.1 ml. of 5 per cent BAL in propylene glycol. Left
eye is untreated.

FIG. 5. EYES EXPOSEDAND TREATED IN SAME MANNERAS THOSESHOWNIN FIGURE 5, 4 DAYS
AFTER ExPOsuRE
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lesion of the cornea characterized by rapid tissue
necrosis, marked edema and intense exudation.
Lewisite is immediately hydrolyzed at the site of
contact with the moist surface of the eye, liber-
ating hydrochloric acid sufficient to produce a
superficial corneal opacity. The more destructive
characteristics of Lewisite burns can be produced
by a neutral solution of Lewisite-oxide containing
the trivalent arsenic. Within 2 to 4 minutes after
exposure to Lewisite followed by closure of the
lids, all toxic arsenical material disappears from
the surface of the, cornea, and within 2 minutes
can be demonstrated in the aqueous. Beginning
at 10 minutes after exposure, and well marked at
30 minutes, irreversible histologic changes in the
cornea can be detected.

A single instillation of 5 per cent BAL solution,
or ointment, within 2 to 5 minutes after exposure
to Lewisite effectively prevents the development
of serious ocular lesions. This excellent thera-
peutic effect of BAL is due, in part at least, to its
rapid penetration and withdrawal of toxic ar-
senical material from the tissues before irrevers-
ible histologic changes have developed.
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