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Previous communications have demonstrated the advantages of
inhalation of ethyl iodide in treating certain diseases (1, 2). Two
hundred patients with epidermophytosis, tinea capitis, tinea favosa,
monilia infections, cryptococcosis epidermica, blastomycosis and
other mycotic infections have been treated by means of inhalations of
ethyl iodide. Many of these patients, treated for a period of years
with unsatisfactory results by the methods hitherto available, have
shown striking improvement and even complete recovery. No reports
of the therapeutic use of ethyl iodide by other investigators were avail-
able in the literature. The purpose of the present investigation was
to study the elimination of ethyl iodide after inhalation in order to
establish the optimum dosage and frequency of treatment, and to gain
knowledge concerning the mechanism of its action.

AMOUNTOF ETHYL IODIDE RETAINED IN BODYAT THE ENDOF INHALA-

TION PERIOD

The first object of the study was to measure the amount of ethyl
iodide remaining in the body at the termination of the inhalation of
the ethyl iodide vapor.

The ethyl iodide2 was weighed, or was measured by means of a

I This investigation was aided by a grant from the DeLamar Mobile Research
Fund of Harvard University.

2 All ethyl iodide used in this investigation was obtained by repurification of
Merck's ethyl iodide according to directions given by Fisher (11). Ethyl iodide
which has been properly prepared is colorless, has a specific gravity of 1.94 at
150C., a boiling point of 72.2°C. and is phosphorus-free. It should be stored in a
brown bottle. The addition of a globule of mercury will keep the product colorless.
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ELIMINATION OF ETHYL IODIDE

INSPIRED AIR

EXPIREOD
AIR

FIG. 1. DIAGRAMOF APPARATUSUSED IN THE INVESTIGATION
The inspired air is drawn through test tube A containing the ethyl iodide. The

concentration of ethyl iodide in the inspired air can be varied by altering the degree
to which the straight glass tube projects into the test tube. Rebreathing is pre-
vented by the use of flutter valves B, B. The expired air passes through outlet
tube F. For clinical purposes a simpler, more practical apparatus has been
devised.
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United States Bureau of Standards pipette. The desired amount was
transferred to a test tube (A, fig. 1). The apparatus was constructed
to permit partial saturation of the inspiratory current of air with
ethyl iodide vapor. The two way flutter valve system B (fig. 1)

Measure-
ment

number

1
2
3
4

5

6
7
8

9

10

11

12
13

14

15
16
17

18

TABLE 1
Amount of ethyl iodide retained in body at end of inhaation period

Subject

S. B.
S. B.
S. B.
S. B.

M. K.

H. C.
H. C.
H. C.

E. R.

R. A.

J. E.

M. G.
M. G.

H. D.

M. V.
M. V.
M. V.

C. V.

Date

1930

January 23
January 27
January 30
February 4

February 4

February 6
February 10
February 13

February 3

January 31

January 31

January 24
January 27

January 29

February 14
February 18
February 24

March 14

Dura-
tion of
inhala-

tion

minutes

10
26
39
38

35

20
30
33

32

25

40

25
43

26

17
22
47

60

Respir-
atory

minute
volume

liters

10.2
9.0
8.5
8.7

8.8

10.6
11.3
9.8

9.0

11.9

7.4

7.2
7.8

10.8

8.0
6.2
6.3

5.5

Respi-
rations

per
mmute

21
23
23
21

30.

28
28
25

26

17

13

10
15

17

14
9
9

5

Amount
of

ethyl
iodide

inhaled

grams

1.94
1.93
3.64
5.76

3.82

1.94
3.68
5.00

4.96

4.10

5.44

3.88
3.30

5.82

1.94
1.94
5.82

5.82

Amount
exhaled
during

period of
inhala-

tion

grams

1.12
1.06
1.96
3.14

2.14

1.08
2.08
2.60

2.58

2.00

2.38

1.57
1.40

2.38

0.72
0.73
2.17

1.81

Amount
retained

at end
of

treatment

grams

0.82
0.87
1.68
2.62

1.68

0.86
1.60
2.40

2.38

2.10

3.06

2.31
1.90

3.44

1.22
1.21
3.65

4.01

Per cent
of total

retained
at end

of treat-
ment

per c*

42.2
45.1
46.1
45.5

44.0

44.3
43.5
48.0

48.0

51.3

56.3

59.6
57.6

59.2

62.9
62.4
62.8

69.0

communicated directly with a Tissot spirometer of four hundred
liter capacity in which the total amount of expired air was collected
and measured. The inside of the spirometer was coated with red
lead. Gas samples of 250 cc. were taken from the spirometer and the

-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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ELIMINATION OF ETHYL IODIDE

ethyl iodide content measured according to the method of Starr and
Gamble (3). Wehave been able by this method to recover known
amounts of ethyl iodide with a high degree of accuracy. The total
amount of exhaled ethyl iodide could then be calculated. The differ-
ence between the amount of ethyl iodide volatilized in the inspired
air and the amount exhaled represented the amount remaining within
the body at the immediate conclusion of a treatment.

The results of eighteen measurements in ten different subjects are
shown in table 1. The amount of ethyl iodide inhaled varied from
1.93 to 5.82 grams. In different individuals, the percentage of ethyl
iodide retained in the body varied from 42.2 to 69.0 per cent of that
inhaled; but, in a given individual, the percentage retained in suc-
cessive experiments was remarkably constant, regardless of the
amount inhaled. In subject S. B., for example, 1.93 to 5.76 grams
of ethyl iodide were inhaled but the percentage retained varied only
from 42.2 to 46.1 per cent. The percentage of ethyl iodide retained
was not affected by the length of time taken for inhalation (table 1).
The percentage retained depended to a large extent, however, on the
respiratory rate; the lower the respiratory rate, the greater the per-
centage retention (fig. 2). With lower respiratory rates more time
is probably available for effective absorption of ethyl iodide by the
blood of the alveolar capillaries. In subjects with normal respiratory
rates, the average retention of ethyl iodide in the body at the con-
clusion of treatment was 55 per cent of the total amount inhaled.

THE AMOUNTOF ETHYL IODIDE EXHALEDAFTER END OF INHALATION
PERIOD

Besides the ethyl iodide exhaled during treatment, additional
amounts were exhaled after treatment. To study this latter factor
the following method was used. Ethyl iodide was administered
according to the procedure described above except that the outlet
tube F (fig. 1) was led to the air outside the laboratory to prevent
reinhalation of the ethyl iodide exhaled during the treatment. As
soon as all the ethyl iodide in test tube (A) (fig. 1) had been vaporized,
the test tube was removed and the expired air collected in a Tissot
spirometer at appropriate intervals for five or ten minute periods.
The total volume of -expired air during each period was measured,.
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and samples of 250 to 1000 cc. were taken and analyzed. From these
data, the total amount of ethyl iodide exhaled during any given
period of time as well as the average number of milligrams of ethyl
iodide exhaled per minute could be calculated. By means of these
results curves of excretion were plotted (fig. 3). The final portions
of the curves (dotted line) of excretion were estimated since the con-

centration of ethyl iodide became too small to be measured.
Indirect evidence in regard to the approximate accuracy of the

ter al portions of the curves was obtained by analysis of samples
of alveolar air. The concentration of ethyl iodide in the alveolar

o 0 40 s0sow
MINUTES AFTER END OF TREATMENT

FIG. 3. THE RATEAT WHICH ETHY IODIDE IS GIVEN OFF IN THE EXPIRED AIR
FOLLOWINGTREATMENT

air would be higher than that of the total expired air inasmuch as the
expired air collected in the usual manner represents alveolar air diluted
by air of the dead space. The absence of ethyl iodide in the alveolar
air collected after the projected portion of the curve had reached zero

would be confirmatory evidence of the accuracy of this part of the
graph. Ninety to 120 minutes after the conclusion of treatment,
samples were obtained by collecting the air of successive forced ex-

pirations until a total of one liter was obtained. Four analyses in
two subjects showed no detectable amounts of ethyl iodide.

The total amount of ethyl iodide exhaled could, therefore, be cal-
culated by integrating the area under the curve. Thirteen series of
measurements were made in eight suhjects (table 2). The length of
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640 ELIMINATION OF ETHYL IODIDE

time ethyl iodide continued to be exhaled following treatment and the
total amount of ethyl iodide exhaled were apparently unrelated
to such factors as dosage, duration of treatment or respiratory rate
of the patient. The average amount of ethyl iodide exhaled after
the end of the inhalation period was 0.35 gram or 9 per cent of the
mean total dose.

TABLE 2

The amount of ethyl iodide exhaled after end of inhalation period and related data

Tieatr Total amount
Measure- Amount Duration Re*rt- inhalation when ofhal iodi

ment Name ethyl iodide of inhalation espra utns ethyl iodide after end of
number inhaled period tobceases inhalation

to be exhaled period

grams minutes minutes grams

1 M. V. 1.94 17 16 107 0.44
2 C. V. 1.94 23 5 98 0.22
3 H. N. 1.94 24 16 82 0.20
4 W. M. 1.94 20 25 60 0.36

S M. V. 3.88 35 11 45 0.42
6 M. V. 3.88 30 9 62 0.36
7 R. P. 3.88 38 22 97 0.18

8 S. B. 5.67 39 29 117 0.54
9 J. E. 5.82 36 13 68 0.45

10 M. V. 5.82 47 16 100 0.55
11 J. A. 5.82 45 22 94 0.33
12 C. V. 5.82 60 5 103 0.25
13 C. V. 5.82 50 6 49 0.29

EXCRETION OF IODIDE IN THE URINE

The next object of the investigation was to learn in what manner
and at what rate the remainder of the ethyl iodide was excreted.
Ten specimens of urine collected immediately following treatment
were analyzed for ethyl iodide by the method of Starr and Gamble
(4). No free ethyl iodide could be detected.

Other investigators (5, 6, 7, etc.) have shown that the major portion
of inorganic iodine salts administered orally, rectally, or intra-
venously is excreted as iodide in the urine. In the present inves-
tigation all urine was collected over a period of days following
treatment, the time of voiding, the volume and the iodide content
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of each specimen being recorded. From these data the hourly excre-
tion of iodide was calculated. The iodide excreted in the urine
after ethyl iodide inhalation was compared with that following
the administration of similar doses of potassium iodide by mouth.
The method used for measuring the iodide in the urine was substan-
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HOURSAFTER END OF TREATMENT

FIG. 8. EXCRETIONOF IODIDE IN URINE AFTER VARIous DOSESOF ETHYL IODIDE
HAD BEEN GIVIEN TO SUBJECT (M. V.)

The effect of urinary volume on excretion was studied by doubling the fluid
intake after the second dose of 1.94 grams of ethyl iodide had been taken. The
two curves of excretion closely correspond.

tially that of Bolliger (8). Charcoal was substituted for Lloyd's
reagent. The oxidizing reagent consisted of a ten per cent solution
of sodium nitrite in concentrated sulphuric acid. Standards were
made containing 0.5 to 6.0 mgm. of iodine in 25 cc. of CCL. Small
test tubes of uniform diameter were employed in the colorimetric
comparison of the standard and unknown solutions.
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ELIMINATION OF ETHYL IODIDE

Figures 4, 5, 6, 7 and 8 show the hourly excretion of iodide in the
urines of five subjects after the administration of various amounts of
ethyl iodide by inhalation and of potassium iodide by mouth. The
curves of iodide excretion after ethyl iodide and potassium iodide are
of the same general type, the rate and duration of excretion being
strikingly similar.

HOURSAFTER END OF TREATMENT

FIG. 9. THE AVERAGERATE OF IODIDE ExcRETION EXPRESSEDAS PERCENTAGE
OF THE TOTAL EXCRETEDIN THE URINE

Curves showing the percentage excretion during successive 12-h:our
periods following treatment varied but slightly in all subjects regard-
less of the dosage. The average rate of iodide excretion expressed as
the percentage of the total excreted in the urine is shown in figure 9.

In a given patient, urinary excretion of iodide ceased after approxi-
mately the same time interval regardless of the amount of ethyl
iodide inhaled (table 3). The duration of excretion was not altered
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appreciably by doubling the fluid intake (solid and dotted lines,
figure 8). That the volume of urine did not affect the rate of excretion

TABLE 3
Measurements of excretion of iodide in urine

Q

v

.0
S

0

a
a
W

44

1
2
3
4

5
6
7

8
9

10
11

Subject

S. B.
S. B.
S. B.
S. B.

H. C.
H. C.
H. C.

M. V.
M. V.
M. V.
M. V.

Date

1930

January 27
January 30
February 10
February 19

February 6
February 10
February 13

February 14
February 18
April 3
February 24

A

0

0

._

0

0

a.2s_ =d
S .5

grams

1.93
3.64
5.82
5.67

1.94
3.68
5.00

1.94
1.94
3.88
5.82

B

v. d

o0 a
._

0

._a

of

U E.-
0-

grams

0.87
1.68
2.64
2.58

0.86
1.60
2.44

1.22
1.21
2.43
3.65

C
4)44

0

0-

._

+a a0

4L) V -

.5

0

0

4.10.521.33
0

a 8

grams

0.52
1.33
2.29
2.23

0.51
1.25
2.09

0.87
0.86
2.08
3.30

D

I ,,

u0114.a
04)

."
a00

co
.s0

grams

0.42
1.08
1.86
1.81

0.41
1.02
1.70

0.71
0.70
1.69
2.68

E

4
10

.0

0.2

D

Q.5

ti

0.r7

grams

0.32
0.58
1.35
1.23

0.35
Q. 59
0.78

0.45
0.51
1.02
1.71

F

.o.5
a =
.- "

Elx
50.1.

W04

per cent

76
54
73
68

85
58

64
73
61
64

G

o- o

b... o I?

OS.

hours

>50

65
67
72

>44
53
73

45
40
51
52

H

0
0

._ ._

8.0

Ia _

hours

113

114

124

71

>77

109

94

71

80

95

TABLE 4
Percentage excretion of iodide in urine after administration of potassium iodide

Urinary iodide
Measurement Subjet potassium iodide Iodide iodide excreted caluion

number administered equivalent in uine as percentage of
bymouth ~~~~~~~~~intake
grams grams grams per cent

1 H. C. 1.31 1.00 0.64 64
2 C. V. 2.24 1.71 1.42 83
3 S. B. 2.72 2.08 1.64 79

was also shown by the fact that S. B. continued to excrete iodide in
the urine for a somewhat greater length of time than H. C. or M. V.

I
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ELIMINATION OF ETHYL IODIDE

(table 3) although the urinary volume of the latter subjects was
approximately one-half as great.

The total amounts of iodide excreted in the urine of three pa-
tients after doses of potassium iodide by mouth are given in table 4.
Of the total iodide ingested an average of 75 per cent was excreted by
the kidneys. These results are in accord with observations of others
(5, 6, 7, etc.). The remainder of the iodide, according to these in-
vestigators, is excreted by the intestines, the skin, and in the sputum.
Of the total amount of ethyl iodide not eliminated by the lungs, an
average of 68 per cent (table 3) is excreted by the kidneys as iodide.
It is reasonable to conclude that the remainder of the iodide is ex-
creted in the same manner as mentioned above. Excluding the ethyl

15I% EXCRETEDIN FECES,PERSPIRATION. SPUTUM.ETC.

_- - 319b EXCRETEDIN U*RINE.::.:-.*- - -99b EXHALgD FOLLOWINGTRgATMENT.

450/0 EXHALEDDURING TREATMENT

FIG. 10. DIAGRAMMuATIC REPRESENTATION OF THE FATE OF ETHYL IODIDE
ORIGINALLY INHALED

iodide given off by the lungs, our results indicate the similarity in the
excretion of iodides, whether administered originally as the organic
compound, ethyl iodide; or as an inorganic salt, potassium iodide.

In brief, one may conclude that after 1.0 to 3.0 cc. of ethyl iodide are
inhaled, an average of 45 per cent is immediately exhaled during treatment,
9 per cent is exhaled during the first 2 hours after treatment and 31 per
cent is excreted by the kidneys. This accounts for 85 per cent of the
total dose given, the other 15 per cent being excreted in all probability
by the intestines, skin, and in the sputum (fig. 10).

DISCUSSION

Frequency and amount of dosage. The action of a drug depends in
large part on its concentration within the body. It is consequently
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desirable. to maintain a high level of concentration of the drug in the
body by administering sufficient amounts at appropriate intervals to
offset excretion of the substance. Elimination of ethyl iodide takes
place through the lungs, the kidneys, the gastro-intestinal tract, and in
the sputum. The results of the present investigation demonstrate
that a total of 54 per cent of the inhaled ethyl iodide is exhaled during
treatment and within the first few hours immediately following treat-
ment. Measurements of the elimination of iodide in the urine after
inhalation of ethyl iodide offer important evidence regarding the
amount remaining within the body since 68 per cent of the ethyl
iodide not exhaled during and immediately following treatment, is
excreted as iodide in the urine (table 3). The rate of excretion
is greatest immediately following treatment and decreases rapidly.
Approximately 85 per cent of the total urinary iodide is excreted
within the first 24 hours and approximately 97 per cent is excreted
by the end of 48 hours. This indicates that daily repetition of
the dosage is desirable to maintain a high level of iodide within
the body; that is to say, a given dose repeated daily will maintain a
higher level of concentration than twice that dose given every other
day. It should be noted, however, that since 15 per cent or more
remains within the body, daily repetition will lead to accumulation
and, ultimately to toxic effects. To prevent such an occurrence,the
daily dosage could be reduced on each successive day, but practically,
the same purpose may be achieved by omitting treatment every third
or fourth day. Forty-eight hours will then elapse between two treat-
ments, an interval of time sufficiently great to permit almost complete
elimination of the accumulated iodide. The amount of the daily
dosage of ethyl iodide must depend largely on the therapeutic results
and the absence of toxic effects as observed clinically. Clinical ex-
perience up to the present indicates that daily doses of 4 grams are
efficacious but further experience is necessary to establish this more
precisely. Future communications will give further information
regarding this point.

Influence of fluid and food intake on excretion of iodide. The water
intake during treatment need not be regulated since the excretion of
iodide seems to be independent of the fluid ingested (fig. 8). The
influence of diet was not studied since the iodide content of food is so

6-S4 7



ELIMINATION OF ETHYL IODIDE

small that the effect may be considered unimportant for these pur-
poses. It is probable, that in the presence of toxicity, increased
amounts of sodium chloride in the diet will facilitate excretion.

Contraindications to the use of ethyl iodide. Impaired excretory
function of the kidney will probably favor retention of iodide and the
appearance of toxic effects. We have therefore been particularly
careful to avoid treating subjects with evidence of nephritis. The
urine of all subjects was examined previous to and following treatment
in order to exclude any possible untoward effects on kidney function.
No evidence of renal irritation was observed. Ethyl iodide was not
administered to any patients with symptoms or signs of thyrotoxicosis.

Mechanism of action of ethyl iodide. The use of ethyl iodide was
originally suggested because it is an unstable compound which can
be absorbed directly into the arterial circulation and so reach the
peripheral tissues in high concentration. Ethyl iodide is only slightly
soluble in water so that intravenous administration would be in-
advisable. If given intravenously a part of the ethyl iodide would,
moreover, be given off immediately by the lungs before it reached the
arterial blood. The investigations of Henderson and Haggard (9),
and of Starr and Gamble (10) indicate that more than three-
quarters of inhaled ethyl iodide is immediately hydrolyzed in the
arterial and capillary blood before it reaches the veins. Some of
the ethyl iodide, however, passes into the tissues during inhalation
and accumulates there in increasing, amounts, as shown by the
fact that, after ethyl iodide inhalation is discontinued, venous
concentration of ethyl iodide exceeds arterial concentration. The
exact changes that occur in the peripheral blood are still obscure.
Minute amounts of free iodine may conceivably be liberated. We
have taken blood from patients before and after treatment to learn
whether the growth of fungi was less in the latter blood but no sig-
nificant difference was noted. It is of interest to note that a toxic
rash which appeared in a few patients receiving repeated large doses
of ethyl iodide was first observed in the diseased areas rather than
according to the conventional distribution. The fact that ethyl
iodide is a lipoid solvent may also explain in part its striking thera-
peutic efficacy.

Investigations are planned to study the value of ethyl iodide in other
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diseases and the advantages to be obtained from quantitative inhala-
tion therapy.

SUMMARYAND CONCLUSIONS

1. The fate of ethyl iodide in the body has been studied after the
inhalation of amounts found strikingly effective in treating morethan
200 patients with certain skin diseases.

2. The results of this investigation offer a rational basis for deter-
mining the optimum dosage and the frequency of treatment.

3. After 1.0 to 3.0 cc. of ethyl iodide are introduced into the inspired
air, an average of 45 per cent is immediately exhaled during the period
of treatment, an average of 9 per cent is exhaled during the first two
hours after treatment and 31 per cent is excreted by the kidneys.
This accounts for 85 per cent of the total dose given, the other 15
per cent being excreted in all probability by the intestines, skin,
and in the sputum.

4. Of the ethyl iodide excreted as iodide in the urine, approximately
85 per cent is excreted within the first 24 hours and approximately
97 per cent is excreted by the end of 48 hours.

5. The results indicate that daily repetition of the treatment is
desirable to maintain a high level of iodide within the body.

6. To avoid accumulation of the drug and possible toxic effects,
treatment should be omitted every third or fourth day.

7. Within the range of therapeutic dosage, the percentage of ethyl
iodide retained in the body is independent of the size of the dose, of
the length of time taken for inhalation and of the fluid intake and
output.

8. The mechanism of action of ethyl iodide and the contraindica-
tions to its use are discussed.

Weare indebted to Miss Mary Vastine for technical assistance.
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