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Anemia occurring in the treatment of leprosy by sulfones has been 
reported by various authors who tried different doses administered by 
the oral or parenteral routes. Several selected reports are cited. 

Faget and Johansen (4) saw toxic reactions with daily doses of from 0.5 to 1.0 gm. 
of promin by mouth. When it was given by the intravenous route, however, the dose 
could be increased to 5 gm. per day without severe reactions, although after six weeks 
of treatment 46 per cent of the patients showed moderate anemia. Fernandez et al. 
( 5), in a series of 140 patients treated with diasone by mouth, 'observed anemia with 
daily doses of over 1.0 gm. Because there were reticulocytosis, bilirubinemia, increase 
of bile pigments in the urine, and decrease of erythrocyte fragility, they considered this 
anemia to be of the hemolytic type. According to Lowe (6), diaminodiphenylsulfone 
(DDS) induced an anemia at a dose of over 300 mgm. per day, with a blood concen
tration of 0.8 to 1.4 mgm. per cent. When the daily dose reached 400 mgm., with a 
blood level of 1.0 to 1.8 mgm. per cent, the hemolysis became more marked and the 
drug had to be stopped. The maximal dose was attained by increasing 100 mgm. every 
2 weeks. Smith (8) reported anemia in a daily dose of 2.4 gm. in patients treated with 
diasone. Blood examination showed an increase of red blood cells and hemoglobin and 
an increase of the icterus index. The same anemia appeared with DDS at doses of 
over 300 mgm., which Smith considers the maximal therapeutic dose. Allday and 
Barnes (1), who used DDS in daily doses of over 200 mgm., did not consider the hypo
chromic anemia an important toxic effect. Blood examinations were done only in 
patients with clinical complaints, such as edema, dyspnea, pallor or languor. 

The several plans of sulfone treatment in leprosy actually used differ 
as to the daily dose, the time of continuous administration of the drug, 
and the resting periods. The purpose of this study was to determine the 
erythrocyte changes caused by the administration of different sulfones 
and the relation of these changes to the blood concentration of diamino
diphenylsulfone. 

MATERIAL AND METHODS 

Sulfone treatments were given to groups of 5 patients which had remained at rest 
for two weeks. The following drugs and doses were employed, all administered by 
mouth. 

Group 1: 0.66 gm. of bis-methylene sodium sulfoxylate, daily, equivalent to 0.333 
gm. of DDS.l 

Group 2: 0.90 gm. of the same compound, daily, equivalent to 0.555 gm. of DDS. 
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Group 3: 0.2 gm. of diaminodiphenylsulfone (DDS), 3 times a week. 
Group 4: 0.4 gm. of diaminodiphenylsulfone (DDS r, daily. 
Hematologic examinations of heparinized venous blood were made just before 

treatment started. At the same time the concentration of DDS in venous ox alated 
blood was det ermined. Weekly determinations were made during the six weeks of 
treatment and two weeks after its interruption. The hemoglobin concentration was 
det ermined by the electrophotometer, and the erythrocyte fragility t est was made 
qualitatively in NaCI solutions. 

The blood samples for determining the DDS levels were always drawn from the 
patients after the same period following ingestion of the drug. Brownlee's method ( 3) 
for the estimation of DDS was used. However, after acidification and deproteinization 
of the blood the filtrate was treated, for complete hydrolysis of possibly conjugated 
DDS, in a boiling waterbath for one-half hour. On cooling, the initial volume was 
restored with distilled water and the solution was diazotized and treated, after de
struction of excess nitrite with N-(l-naphtyl)-ethylenediamine, according to Brown
lee's method. An Evans photoelectric colorimeter with green filter ( = 530) was used 
for reading the color intensity. 

The blood levels shown in the graphs always refer to the total sulfone (free and 
conjugated), expressed in terms of DDS. 

RESULTS 

GROUP I.-The mean sulfone concentrations in the blood of the five 
patients treated with 0.6 gm. of diaminoxil given daily for 6 weeks are 
shown in Text-fig. 1. The values obtained refer to minimum levels, be
cause the blood was taken 24 hours after the last dose. Individual varia
tions in this group ranged from 0.30 to 0.45 mgm. per cent. As shown in 
the same graph, the variations of hemoglobin and red cells in relation to 
the initial levels are within normal limits. Reticulocytes increased from 
0.4 to 1.6 per cent (Text-fig. 6). 

GROUP 2.-In this group, which received 0.9 gm. of diaminoxil daily 
for 6 weeks (Text-fig. 2), the mean blood concentration of DD-S ' was 0.5 
mgm. per cent, with individual variations of from 0.3 to 0.5 mgm. per 
cent. In four cases no alteration of the initial values of red blood cells 
and hemoglobin was observed. In one case, however, the blood level of 
DDS increased progressively to 1.2 mgm. per cent (Text-fig. 3). Anemia 
appeared when the blood concentration attained 0.7 mgm. per cent, and 
the lowest values for red blood cells and hemoglobin were found at the 
maximal DDS level. Spontaneous recovery occurred after interruption 
of treatment. In this case the reticulocyte count increased from 0.8 to 
3.1 per cent. 

GROUP 3.-This group, receiving 200 mgm. of pure diaminodiphenyl
sulfone 3 times a week for 6 weeks, gave a mean DDS blood level of 0.2 
mgm. per cent, with variations 'between 0.15 and 0.35 mgm. per cent 
(Text-fig. 4). No variations from the initial values were seen in this 
group. Reticulocytes varied from 0.3 to 1.4 per cent (Text-fig. 6). 

1 "Diaminoxil," prepared by the Instituto Butantan, corresponding to diasone 
(Abbott) and diamidin (Parke Davis). 
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TEXT- FIG. 1. Hemoglobin, red blood cells, and DDS blood concentrations of Group 
1, receiving daily doses of 0.66 gm. of diaminoxil; averages of 5 ·patients. 
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TEXT-FIG. 2. Hemoglobin. red blood cells, and DDS blood concentration of Group 
2, receiving daily doses of 0.99 gm. of diaminoxil; averages of 5 patients. 
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TEXT-FIG. 3. One case of Group 2, in which there were marked anemia and high 
DDS concentrations. 
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TEXT-FIG. 4. Hemoglobin, red blood cells, and DDS blood concentrations of Group 
3, reCelVIng daily doses of 0.2 gm. of pure diaminodiphenylsulfone; averages of 6 
patients. 
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GROUP 4.-In. this group, with the daily dose of 400 mgm. pure diam
inodiphenylsulfone, the treatment was continued for only six days. The 
mean blood concentration of DDS was 0.99 mgm. per cent, with individual 
variations of from 0.75 to 1.3 mgm. per cent. Toxic reactions were ob
served in all of the patients, and their severity compelled interruption of 
the treatment. Text-fig. 5 shows the average drop of initial values of red 
blood cells and hemoglobin. This drop was most marked in two of the 
cases. The reticulocytes varied from 0.7 to 1.5 per cent (Text-fig. 6). 
Further observations showed a spontaneous return of the blood values to 
the initial normal level. 

In general, there was a slight decrease of the fragility of erythrocytes 
until after 38 days of treatment (Text-fig. 7), probably due to the partial 
hemolysis of the erythrocytes that were more fragile. However, the initial 
values were regained after interruption of the drug. 

No changes in the total or differential leucocyte counts were observed 
in any group. Eosinophilia observed before treatment was unchanged 
during and after treatment. In most cases the erythrocyte sedimentation 
rate remained unmodified, except that in two cases of Group 4 it increased 
during reactions of the erythema nodosum reaction type. 

DISCUSSION 

The results obtained show that blood concentrations of DDS larger 
than 0.6 mgm. per cent caused a moderate and progressive anemia. 
Smaller concentrations, up to approximately 0.5 mgm. per cent, did not 
alter the blood picture even on prolonged treatment. The comparison of 
Groups 1 and 2, which received 333 and 555 mgm. daily of DDS, respec
tively, as bismethylene sodium sulfoxylate (diaminoxil, or diasone) 
showed almost the same mean blood concentrations. Only one case 
(Text-fig. 3) presented a high concentration of DDS, and at the maximal 
level there was observed the maximal degree of anemia. This fact sug
gests that there is no advantage in giving more of the drug than is needed 
to maintain an optimal blood concentration. 

On the other hand, the blood level did not depend directly upon the 
DDS content of the drug used. The dose of 400 mgm. of pure DDS, 
giving a mean blood concentration of 0.99 mgm. per cent (Group 4), 
provoked toxic phenomena, chiefly anemia, in all of the patients. How
ever, with a daily dose of 555 mgm. of DDS as diaminoxil, the mean blood 
concentration was 0.5 mgm. per cent and toxic reactions were not ob
served. These data indicate, as others have observed, that the blood 
concentration depends more upon the molecular constitution of the drug 
than the amount of the active substance in it. 

Among the toxic phenomena anemia is the most important, as has also 
been reported by others. It appears that it is of the hemolytic type, since 
reticulocytosis, bilirubinemia, increase of urinary bile pigments, and 
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TEXT-FIG. 5. Hemoglobin, red blood cells, and DDS blood concentration of Group 
4, receiving daily doses of 0.4 gm. of pure diaminodiphenylsulfone; averages of 5 
patients. 
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TEXT-FIG. 6, Averages of the reticulocyte counts of the 5 patients of each of the 
treatment groups. The larger dose of diasone (555 mgm. of DDS) provoked an initial 
decrease which was followed by gradual increase until the end of treatment, 
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groups. 
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slight decrease of fragility of the erythrocytes are observed, probably due 
to the partial hemolysis of the erythrocytes that were more fragile. 

Brownlee (2) considers that this anemia is due to lack of alimentary 
iron, with which sulfone forms a nonabsorbable complex. If this were 
so, the administration of iron to correct this' anemia, as recommended by 
this author, would be inadequate. Experiments made in dogs by Rosen
feld et al. (7) indicate a hemolytic action by large doses of sulfones. This 
hemolysis was estimated by hemoglobin determinations in the plasma. 

As there are individual variations of drug absorption, the occurrence 
of anemia must be watched for by hemoglobin determinations, in order 
to determine when a dose which is safe for most of the cases will induce 
hemolysis in some of them. When that happens smaller doses may be 
used, because the greater absorption in such individuals gives the same 
blood concentration as in the majority. Blood examinations made after 
the interruption of treatment revealed spontaneous recovery of the 
normal values of hemoglobin and red blood cells without the use of 
antianemics. 

SUMMARY 

Hematologic changes have been studied in patients treated with dif
ferent doses of diasone-diaminoxil, the Butantan Institute equivalent of 
diasone, 4'diaminodiphenylsulfone-N, N' (bis-methylene sodium sulfoxy
late) -and pure diaminodiphenylsulfone-DDS-by mouth. 

The results show that blood concentrations of DDS over 0.6 mgm. per 
cent induced a moderate, progressive anemia. Blood concentrations 
smaller than that amount did not cause any alterations. 

Daily doses of 0.333 and 0.555 gm. of DDS in the form of diasone gave 
the same blood level. Thus the larger dose of this drug is excessive, pre-
senting ,no advantage. _ 

The group of patients treated with 0.4 gm. of pure DDS daily pre
sented a mean blood concentration of practically 1.0 mgm. per cent. 
Toxic reactions, chiefly anemia, appeared in all of these patients. 

It was also observed that the blood concentration lof DDS does not ' 
depend solely upon the amount of active substance contained in the drug. 
Toxic reactions and anemia observed in patients who received 400 mgm. 
of pure DDS did not appear in the group treated with 555 mgm. of DDS 
as diasone. The blood level seems to be related to the chemical compo
sition of the drug, and individual variations may be seen. 

The detection of anemia by hemoglobin determinations is held to be a 
safe index of the optimal individual dosages. When anemia occurred, 
normal blood values were attained after the treatment interruption with
out the use of antianemics. 

RESUMEN 

Se estudiaron los cambios hematol6gicos en pacientes tratados con distintas dosis 
de diasone-diaminoxil, el equivalente de diasone del Instituto Butantan, 4' -diaminodi-
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phenylsulfone-N, N' (bis-methylene sulfoxylato sodico) -y diaminodiphenylsulfone
DDS-por via oral. 

Los resultados demuestran que concentraciones sanguineas de DDS de 0.6 mgm. 
por 100 cc. indujeron una anemia moderada progresiva. Concentraciones memores no 
causaron alteraciones. 

Dosis diarias de 0.333 y 0.555 gm. de DDS en forma de diasone produjeron los 
mismos niveles en la sangre. Por tanto la dosis mayor es excesiva, presentando nin
guna ventaja. 

El grupo de pacientes tratado con 0.4 gm. de DDS pura diariamente presento una 
concentracion promedio en la sangre de 1.0 mgm. por 100 cc. Reacciones toxicas, 
especialmente anemia, ocurrieron en todos estos pacientes. 

Se observo tambien que la concentracion sanguinea de DDS no depende solamente 
de la cantidad de substancia activa contenida en la droga. Reacciones toxicas y anemia 
observadas en pacientes que recibieron 400 mgm. de DDS pura, no se observaron en el 
grupo tratado con 555 mgm. de DDS en forma de diasone. La concentracion sanguinea 
parece relacionarse con la composicion quimica de la droga, y variaciones individuales 
se pueden observar. 

La deteccion de anemia por medio de determinaciones de la hemoglobina es un 
indice razonable para calcular las dosis optimas individuales. Cuando ocurrio anemia, 
se regreso a valores normales luego de la interrupcion del tratamiento, sin necesitar 
el uso de antianemicos. 

Acknowledgment: The authors are indebted to Dr. G. Rosenfeld for the planning 
of the work and for his advice. 
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