1 CLINICAL STUDY OF THE BLOOD GLUTATHIONE IN
LEPROSY!

By S. M. BimBAD

From the Astrakhan Clinical Leprosarium?
Astrakhan, U.S.S.R.

The literature dealing with the subject of the glutathione con-
tent of the blood in various pathological conditions is extensive, but
the subject has not received sufficient attention in connection with
leprosy. Contributions have been recorded by Takashima (1) and
by Sakakibara (2), with which I have been able to acquaint myself
only from abstracts.” There are no records of similar studies in
the Russion literature. As will be seen, studies of the variations in
the amount of glutathione in the blood of leprosy patients permits
a definite orientation with respect to the question of the state of
protoplasmic dynamic factors.

In the organism affected by leprosy, impairment of the inter-
mediary metabolism develops quite early. Even at the very onset
of the disease, when clinical symptoms and subjective neural dis-
turbances only begin to define themselves, there are indications of
disturbances in the blood and lymph circulation, such as cutaneous
erythema and cyanosis. These changes develop in parallel with or
are accompanied by disorders of the vegetative nervous system.
The frequent involvement of the upper respiratory tract by the lep-
rous process also affects the gas metabolism. The chemical alter-
ations in the organism of the patient become more pronounced as
the leprous process becomes generalized.

According to recent studies, the oxidation process in the tissues
may take place without the participation of atmospheric oxygen.
Substances which require energetic oxidizing agents under artificial
conditions are easily oxidized in the animal organism because of the
presence there of a number of oxidizing ferments. Glutathione,
first discovered in 1918 by Mayerhoff and studied in detail by J.
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Hopkins, belongs to such ferments. It has been shown to be a tri-
peptide containing sulphur and composed of cystine, glycocol, and
glutamic acid.

The glutathione of the blood is contained in the erythrocytes
and is of utmost importance in the processes of general and tissue
metabolism. Although our knowledge of the physiology of this sub-
stance is still incomplete, the important part that it plays in the res-
piratory function of the erythrocyte, comparable with that of hemo-
globin, is definitely established. It possesses the capacity of easily
binding and splitting off its hydrogen and is therefore met in two
forms, hydrated or reduced (sulphhydrated, SH) and dehydrated or
oxidized (disulphide, SS). In the tissues the latter form quickly
changes again into the other (reversible reaction). Thus gluta-
tione fulfills the function of an oxidizing ferment.

In the present study the glutathione content of the blood was
determined by the method of Woodward and Fry. The blood was
taken from the antecubital vein, usually while the patient was fast-
ing. Similar specimens from five healthy individuals served as the
control. For the purpose of studying the possible variations in lep-
rosy, determinations were made on groups of patients suffering
from the various forms and stages of the disease. '

Takashima and Sakakibara evidently studied only the reduced
form of glutathione in their leprosy patients, as far as can be
judged. In the present study the entire content of this substance,
in both the reduced and oxidized forms, was determined. More-
over, blood taken for analysis of the hemoglobin served also for the
calculation of the so-called Gabbe and Woodward indices. Since
the glutathione is contained in the erythrocytes, the number of
which varies, while none is present in the plasma, Gabbe suggested
the following formula for calculation of the index:

Reduced gluthathione (mg. per 100 cc.)

K—
Erythrocytes (in millions)

Under normal conditions this index varies between 5.3 and 9.3
(average 5.8) and serves to express the amount of reduced gluta-
thione per cell. According to the data of numerous authors, the
Gabbe index is higher in anemias than normal. However, in some
diseases not complicated by anemia, including leprosy, there is no
parallelism or dependence between the amount of glutathione in the
blood and the absolute number of erythrocytes.

Since in anemias an inverse relationship is observed between
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the glutathione and hemoglobin values, Woodward suggested the
following formula:

Reduced glutathione (mg. per 100 cc.) X hemoglobin (per cent)

Erythrocytes (in millions)

This formula expresses the degree of oxidation capacity of each
erythrocyte. Under normal conditions the Woodward index varies
between 5.3 and 7.8 (average 5.7).

In normal individuals the total glutathione in the blood varies
between 34 and 41 mg. per 100 cc.; the reduced form varies from
26 to 33 mg. and the oxidized form from 5 to 10 mg. The normal
controls examined in the present study gave the following average
values: total, 37.5 mg. per 100 cc.; reduced, 30.0 mg.; oxidized, 7.5
mg. About the same values have been reported by other authors
who have employed the Woodward and Fry method as well as the
Gabbe index (Woodward and Fry, Goorevich, Guindes and
Smirnov).

STUDY OF LEPROSY CASES

The leprosy patients investigated, a total of 82, were divided
into four groups. (1) The first group was composed of 20 patients
with the tuberculoid form of the disease or with only nervous symp-
toms (N1 and N2). In all of them the cutaneous manifestations
and nervous symptoms corresponded to the maculo-neural type of
the old classification. (2) The second group was made up of 18
patients with the lepromatous and mixed forms of leprosy (L1, L2,
L3, L1-N2, L2-N2). The course of the disease in all of them at the
time of the investigation was regressive, (3) The third group in-
cluded 34 cases, mostly of active lepromatous leprosy, which may
be classified as 1.3. The course of the disease may be character-
ized as slowly or rapidly progressive. (4) The fourth group, 10
patients, all suffered from the lepromatous type of the disease with
exacerbations of the process (lepra reaction).

A total of 99 determinations were made on these 82 cases, sev-
enteen duplicate ones having been made on thirteen of them. Ery-
throcyte counts and hemoglobin determinations (percentages) were
also made, and the color indices were calculated. The details of
the findings are submitted in Table 1.
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The average of the figures for total glutathione given in this
table shows that, on the whole, there was a slight decrease as com-
pared with the normal controls: total glutathione 32.6 mg. per
100 cc., the reduced form 28.2 mg., and the oxidized form 4.4 mg;
the Gabbe index averaged about 5.6 and the Woodward index 4.4.
It will be seen, however, that the reduction is ascribable mainly to
the last two groups. In the first two the variations, from 28 to 46
mg., differed little from normal, whereas in the third group the
range was from 24 to 33 mg. and in the fourth group from 20 to
31 mg. The effects of these differences, as shown by average fig-
ures for the different groups, are shown in Table 2. Each group
will be considered separately.

TABLE 2,—Average blood glutathione level, per 100 ce. by case groups, in-
cluding eontrols.

Glutathione Index
Group I —_— e
Total Reduced Oxidized Gabbe Woodward
I 37.0 3315 | 3.8 6.7 5.4
11 38.9 33.0 5.9 6.6 5.1
e —— { e - 5.6
Average 37.9 33.1 4.8 6.7 | ___
111 28.9 25.3 3.6 5.1 39
v 24.7 19.0 5.7 3.7 2.9
Average" 28.0 23.9 e 41 - 4.8 o 3.7
Total Average 32.6 28.2 4.4 5.6 44
Controls | 315 30 | 75 _ —

Group 1.—It will be observed that in this group, which com-
prised only cases with tuberculoid and ordinary maculo-neural lep-
rosy (Table 1, I), the figures for total glutathione are of the order
of normal values. Those for reduced glutathione, however, show a
tendency to rise to the highest normal levels. Thus this form is
actually somewhat increased, whereas there is, relatively, a consid-
erable lowering in the oxidized glutathione as compared with the
normal value. Thus the reduction processes in most of the patients
of this group prevail over the processes of oxidation.

Group 2—Very similar figures were obtained in the cases of
the second group, in which the disease, for the most part of the lep-
romatous type, was of regressive character (Table 1, II). In them
the values for total and reduced glutathione remain within normal
levels, while on the average the content of oxidized glutathione is
decreased, but to a lesser degree than in the first group. A study
of the variations in the cases of this group reveals a normal corre-
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lation between the different forms of the substance, reduced, oxi-
dized, and entire.

Group 3.—In the third group, composed of cases with clinically
active manifestations and mainly of the lepromatous type (Table 1,
III), the figures for all three determinations were markedly de-
creased. Whereas in the first two groups together the values for
glutathione varied from 28 to 46 mg. per 100 cc. (average 38) and
of the reduced form from 24 to 37 mg. (average 33), in the third
group the total figures ranged from 24 to 34 mg. per 100 cc. (aver-
age 28.9) and for the reduced form from 19 to 32 mg. (average 25.3).

Group 4.—Advantage was taken of the opportunity to examine
the bloods of ten patients with lepromatous leprosy who were in a
reactive condition generally known as “lepra reaction” (Table 1,
IV). The data obtained show that during exacerbation of the dis-
ease process in such cases there is an especially marked lowering
of the amount of reduced glutathione as compared with normal and
materially greater reduction in the total amount than in the other
groups, even in the third one composed of more or less active cases
in the ordinary process of the disease. The range for total gluta-
thione was from 20 to 31 mg. per 100 cc. (average 24.7), and of the
reduced form from 13 to 24 mg. (average 19.0). The latter element
was mainly responsible for the low total figures since the oxidized
glutathione values remained relatively high, though still less than
in the controls. .

INDICES AND OTHER DATA

The Gabbe index, obtained by dividing the reduced glutathione
by the number of erythrocytes (millions), which normally averages
5.8, was found (Table 2) to average somewhat higher than normal
in the first two groups of cases (6.7 and 6.6), respectively. This
fact confirms the indication of a prevalence of the reduced form of
glutathione in the erythrocyte over the oxidized form. This pre-
dominance of reduced glutathione in the blood of cases of tuber-
culoid and maculo-neural leprosy, and also in the regressive stage
of cases of lepromatous leprosy, permits the conclusion that the
aerobic oxidation is complemented by considerable anaerobic oxi-
dation.

In the cases of the third group (i.e., those with the active form
of the lepromatous process) there is demonstrated a reduction of
the Gabbe index. It follows that no compensation by intracellular
oxidation is taking place and that the amount of glutathione in each
erythrocyte is lowered. Thus there is evidence in these cases of an
impairment of the oxidation-reduction processes in the tissues.
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The Woodward index, obtained by multiplying the reduced
glutathione and hemoglobin values and dividing the result by the
erythocyte count (normal average 5.7), is seen to remain almost
within the normal limits in the first and second groups. This cor-
responds with the concept that the oxidative capacity of the ery-
throcytes is not altered. On the other hand, the decrease of this
index in patients of the third group (to an average of 3.9) seems to
indicate a lowering of oxidative capacity.

With respect to the fourth group—Ilepromatous cases in reac-
tion—the changes in the correlation of the two forms of glutathione
are more demonstrable than the variations in the total glutathione
values. The decrease in the reduced glutathione and the corre-
sponding relative increase of its oxidized form indicate the pres-
ence of an altered oxidation process in the tissues. The Gabbe and
Woodward indices are also decreased, a fact which seems to indi-
cate a lowering of the oxidation-reduction capacity of each ery-
throcyte.

In this study, no correlation could be established between the
glutathione values and the sex or age of the patients. Nor was
any correlation found between the findings and the antileprosy
treatment to which the patients had been subjected. On the other
hand the length of the course of the disease has been found, in most
instances, to have had some influence on the blood glutathione con-
tent. Thus in advanced cases its amount was usually lower than
in earlier ones (Table 3).

TABLE 3.—Relation of duration of the disease to the glutathione values.

Glutathione
Duration
Group | of the | Reduced | Oxidized | Total Gabbe | Woodward

disease

1& 2| 14 yrs. | 337 47 | 384 | 68 5.2

5-9 yrs. 31.0 5.0 36.0 6.3 5.3

10 & over 34.6 4.8 39.4 6.8 5.4

3 | 1-4 yrs. 23.5 41 27.6 5.0 38

5-9 yrs. 24.5 3.7 28.2 4.9 3.6

10 & over 26.5 8.6 30.0 b.1 4.0

4 | 1-4 yrs. 22.5 5.6 28.0 4.6 3.5

| 5-9 yrs. 16.0 6.8 22.8 3.1 2.5

10 & over 21.7 4.0 25.7 4.0 3.3

| ple S e, i —— —— ——

Total | 1-4 yrs. 30.4 4.6 35.0 6.2 4.7

5-9 yrs. 256.7 4.7 30.4 5.1 4.2

10 & over 21.7 3.8 31.5 54 | 4.2

Repeated determinations of the blood glutathione in the same
patient, made for control purposes, indicate its stability. Only
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very slight variations, not exceeding a few mg. per 100 cc. were
observed.

DISCUSSION

On the basis of the data obtained in this ‘study, it seems per-
missible to conclude that in the determination of the blood gluta-
thione and its indices we have a new test applicable to leprosy, one
which characterizes it as a disease in which the general metabolism
is unstable and variable. In cases in which the symptomatology
does not indicate any profound changes in the organism, or in
which the process shows a tendency towards regression, the amount
of glutathione in the blood does not differ from normal. In the
slow course of progression of the disease, associated with further
development of symptoms and of pathological functional disturh-
ances, the diminishing amounts of the glutathione in the blood indi-
cate a depression in the intracellular oxidative processes in the
organism. This further confirms a lowering of the oxidation-reduc-
tion processes during this period of the disease. In the case of
activation of the leprous process (lepra reaction), the amount of
glutathione in the blood is still further decreased, but a relative
increase of the content of the oxidized form, as compared with the
reduced form, indicates a compensatory tendency of the organism
to combat the impaired equilibrium.

Stated summarily, it has been found that with improvement of
the leprous process (regression) the amount of glutathione in the
blood rises, while exacerbation of the process is followed by a
decrease. Thus a study of this element of the blood serves as a
valuable index of the course of the pathological process in the lep-
rosy patient and is of aid in the prognosis of the disease and in eval-
uating the treatment employed. :

CONCLUSIONS

1. A study of the glutathione content of the blood in leprosy
is of aid in determining the state of the oxidation-reduction proc-
esses in the patient.

2. In the tuberculoid and maculo-neural forms of the disease
the total amount of glutathione in the blood does not differ from
normal, but the amount of the oxidized form decreases with a cor-
responding increase of the reduced form,

3. The qualitative and quantitative values of blood glutathione
in patients with lepromatous leprosy of slight and moderate degrees
of advancement of the disease and in a regressive stage do not differ
from normal.
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4. In the active cases of the lepromatous type of leprosy in
which the disease is progressing either rapidly or slowly all of the
glutathione values are decreased.

5. In the reactive phase of leprosy there is a marked decrease
of reduced glutathione and the total value though the amount of
the oxidized form tends to remain within normal limits.

6. Determination of the blood glutathione values in leprosy is
of value in ascertaining the extent of compensation of the leprosy
process.
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