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Effects of DDS on Lysosomal Enzymes 

from Leprosy Tissues I 

A. C. Palekar and N. C. Magar~ 

The term "lysosome" was first proposed 
hy De DuVe and associates (:1) when a 
special group of cytoplasmic particles was 
found in rat liver containing within them as 
many as five distinct acid hydrolases with 
widely differing speci fi ci ties. 

Weinstock et aZ. ( Ill) showed that the 
muscle was ting that occurs in muscular 
dys trophy is primarily a hydrolytic and 
catabolic process in which the activity of 
ca thepsin (one of the lysosomal enzymes) 
was observed to be increased. Zalkin et aZ. 
(~ I ) and Tappel et aZ. (Ii) have repolted 
greatly elevated ac tivities of lysosomal en
zymes in muscular dys trophy of laboratory 
animals. 

Brieger and Allen (1) showed increased 
acid phosphatase activity in leprosy ti ssues, 
where there is active bacterial lysis. 
Prabhakaran and Bapat (J~) reported that 
inocula tion in vivo and in vitro of JCRC 
bacilli, which had been originally isolated 
from human leprosy, caused an increase in 
acid phosphatase of mouse macrophages. 
Wade ( 18) has considered the possibility 
of the presence of lysosomes in various 
types of leprosy. Palekar and Magar (10) 
have reported increased activities of four 
lysosomal enzymes, viz., acid phosphatase, 
ca thepsin, ribonuclease, and aryl sulfatase, 
in leprosy tissues. 

Sul£one therapy of leprosy, first intro
duced more than 20 years ago by Fage t and 
associates (5), is one of the triumphs of 
modern medicine. Treatment in large doses 
leads to anemia, but according to Dhar
mendra et a1. (4) in doses of 100 mgm. a 
day oral DDS does not produce any 
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marked hematologic changes, even on pro
longed administra tion. Smith ( Ill) 
presented evidence indicating that the 
effective action of sulfone compounds in 
trea tment is du e to their breakdown into 
DDS in the body. 

The present paper presents a report of 
the specific activities of a number of ly
sosomal enzymes, viz., acid phosphatase, 
ca thepsin, ribonuclease, and aryl sulfatase, 
derived from normal tissues as well as 
tissues of leprosy patients who had not 
undergone DDS treatment. This paper also 
reports the results of a study of the effect of 
Dbs administration Ol) lysosomal enzymes, 
in which specific activities were deter
mined for the same enzymes in the tissues 
of leprosy patients under DDS treatment 
and the tissues of leprosy patients who had 
undergone DDS trea tment for 6-10 years 
and been found bacteriologically negalive 
for M. Zeprae. 

MATERIALS AND METHODS 

Tissues examined. These were obtained 
from the following groups: 

1. Normal persons. 
2. Leprosy patients who had not under

gone DDS treatment. 
3. Leprosy patients who werc under 

DDS trea tment. 
4. Leprosy patients who had been under 

regular DDS treatment for 6-10 years and 
found to be bacteriologically negative for 
M. Zepl'ae. 

Tissue specimens weighing 250-300 
mgm. were obtained by biopsy from the 
arms of normal persons and from th e 
lesions on the arms of the patients with 
lepromatous, tuberculoid and maculoanes
thetic types of leprosy. 

Six persons from group 1 and 18 each 
from groups 2, 3 aud 4 ( 6 each of the 
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FIC. 1. Specific activity of acid phosphatase from lysosomal fraction (L ). Values 
of normal , without DDS trea tment, and treated with DDS for 6-10 years are mean 
of six observations ± S.D. (Standard deviation). 

lepromatous, tuberculoid and maculoanes
thetic types of leprosy patients ) \"ere 
studied. 

Treatment schedule of patients. The 
schedule was as follows: Oral therapy with 
DDS in a dosage of 25 mgm. daily for 6 
days per week for 3 months, increased by 
25 mgm. (daily for 6 days per week ) 
every 3 months until the maximum of 100 
mgm. daily for 6 days per week 'vvas 
reached, which was continued. 

Collection and preparation of tissues. 
Tissues were collected in 0.25 M sucrose 
containin~ 0.001 M tetrasodium salt of 
ethyl ene-diamine-tetra acetic acid. The 
suspension was adjusted to pH 7.0, and 
frozen immediately at -60 °C with dry ice, 
acetone mixture being used to minimize 
changes in the lysosomes. The tissues were 
homogenized with a Potter and Elvehjem 
~lass homogenizer ( 11 ). The homogenate 
( H ) was flItered and fractionated further 
according to thc method of Sawant et aT. 
( I ~) in order to obtain light mitochondrial 
fractions (F I , F II , F III ) and the ly
sosomal fraction (L ). All the steps from 
collection to incubation for enzyme assay 
were carried out at 0-4 °C. 

Enzyme assays. Specific activities of all 
the enzymes were determined as follows 
from all the fractions after b'eatment with 
the detergent Triton x-lOO: 

1. Acid phosphatase ( orthophosphoric 
monoester phosphohydrolase, EC 3.1.3.2 rl 

activity was assayed by the method of 
Gianetto and De Duve ((;) . Released inor
ganic phosphorus was measured by the 
method of Lowry et al. (i) . 

2. Cathepsin (EC 3.4.4.9) activity was 
assayed by the method of Gianetto and De 
Duve (6). Released tyrosine was measured 
by Miller's method (9). 

3. Ribonuclease (polyribonucleotide-
2-0ligonucleotide transferase, ( cyclizing) 
EC 2.7.7.16) activity was measured by the 
method of De Duve et a7. (a). 

4. Aryl sufatase (aryl sulfate sulfohydro
lase, EC 3.1.6.1) was assayed by the meth
odofRoy (H). 

RESULTS 

It was found that specific activities of all 
the four lysosomal enzymes increased grad-

S Enzyme Classificalion. According to Int erna tion 
al Union of Biochem istry; R epon of the Commis
sion on Enzymes, Oxrord, Pergamon Press, 1961. 



TABLE 1. Acid phosphatase: specific activity 'in terms of m~ moles of P1· l'eleased/ min./ mgm. N. 

Group I Type 

N ormal " -
Without t reatmen t La 

TX[a 
:VIA" 

Treated bact. neg. L" 
'I'M" 
:\,1 A" 

("nder t reatment Ll 
2 
3 
4 
5 
6 

T:\,11 
2 
3 
4 
5 
6 

..\'[Al 
2 
3 
4 
5 
6 

• Results are me,Lll of six observa tions ± S.D . 
, .L = L~romatous 
T 1V[ = Tuberculoid 
"\fA = l..\laculoanesthet ic 

H 

14 .95 ± 0.45 
19.10 ± 0.63 
23 .05 ± 0 .76 
21 .40 ± 0.91 
15 .70 ± 1.09 
16.48 ± 2 .22 
16 .30 ± 0 .92 
15 .79 
16.54 
16 .84 
17.62 
J8. 14 
18. 52 
J 7 .1 8 
17 .54 
18. 43 
J9 .73 
20 .88 
21 .73 
15 .92 
17.09 
17.32 
17 .40 
18 .91 
20 .20 

I 

FI FII FllI L 

21 .25 ± 0 .96 32 .85 ± 1.62 49 .64 ± 2.06 82 .01 ± 3. 93 
26 .61 ± 0 .34 42. 34 ± 0 .98 57.45 ± 1 .21 134 .33 ± 6 .89 
30 .47 ± 1.25 48.84 ± 2 .02 66 .81 ± 2.96 149 . 23 ± 10 .54 
28 91 ± 0 .38 46 .04 ± 6 .15 62.45 ± 3. 26 140 . 17 ± ~ 0 .05 
23 .55 ± 1.21 35 .56 ± 1.28 53 .17 ± 2.05 86 .85 ± 0 .66 
24 .10 ± 1.86 36 .58 ± 1. 37 56 .26 ± 1. 59 92 .42 ± 0 .65 
24 .03 ± 0 .92 36.32 ± 0 .8S 55 .04 ± 1 .12 89 .71 ± 0 .44 
21 .99 34.62 52 .32 89 .44 
22.03 36 .21 53 .13 92 .37 
23 .92 36 .57 53.18 98 .94 
23 .94 38.43 54.85 104.43 
24 .83 40 .12 55 .38 113 .93 
25 .60 41.30 56.29 123. 71 
23.43 36 .65 54.35 96 .99 
24.65 38.33 56 .16 99 .94 
25 .28 39 .39 57.98 106.23 
26.68 42 .47 59 .99 li7.1 8 
28 .31 44 .01 62 .27 128. 97 
29.03 46.26 64 .28 J41.12 
22 .25 35 .83 53.33 96.45 
22.72 37 .80 54.46 98.20 
23 .43 39 .54 55 .70 103 . J8 
24.77. 41.57 57 .20 109 .03 
26 .09 43 .07 59 .16 11 8. 70 
28 .01 44 .34 61 . 12 132 .30 

- - ----- - - - - - -- - - -- - - ---- - - ---- - -- --

s. D. = St and ard devia tioll 
Pi = I norganic phosphorus 
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TABLE 2. Cathepsin: specific activity in terms of 1nJ.l. moles oj tyrosine liberated/ min./l1tgm. / N . 

Group Type H I F I I 
I 

FIr F Ill 

Normal" - 4 .13±0 .35 7.28 ±0 .60 

I 
8. 76 ± 0.47 12.02 ± 0 .87 

Wi thout t reatment L" 5.95 ± 0.23 9 .81 ± 0 .3 1 15.52 ± 0. E.9 20.65 ± 0 .32 
T:'I1" 6 .63 ± 0.69 11 .44 ± 0 .52 17 .59 ± 0 .72 23.55 ± 0 .3 1 
MAlt 6.47 ± 0 . 19 10 .90 ± O .~O I 16 .84 ± 0 .74 23 .12 ± 0 .51 

Treatrd bact. neg. La 4.78 ± 0.47 7 .88 ± 0.40 10 .64 ± 0 .59 14 .71 ± 0 .62 
'1':'1 I" 6.08 ± 0 .58 8.82 ± 0.27 13. 37 ± 0 .99 16.08 ± 0 .91 
yrA" 5 .62 ± 0.34 8 .54 ± 0.27 Jl.68± 1 .16 15 .62 ± 0.43 

L"nder t reatment L1 4. 82 7 .72 9.92 15 .04 
2 4 .95 8 .09 10 .58 15.77 
3 5.~0 8.32 11 .72 17.24 
4 5.40 8. 64 12.50 17.73 
5 5.43 8. 96 13.36 18 .71 
6 5 .60 9.29 14 .16 19 .59 

1':'111 4. 88 8. 12 10 .67 15 .22 
2 5.15 8. 63 11 .25 16.24 
3 5.41 8.84 11 .91 17 .19 
4 5 .68 9 .23 12 .72 17.71 
5 6.01 9 .79 14 .26 19 .03 
6 6 .23 10.74 15 .49 20 .71 

:'IL\l 4.87 7. 94 10 .18 14 .85 
2 5 .11 8 .42 10 .95 16 .08 
3 524 8 .56 11 .82 16.78 
4 572 9.51 13.21 18. 26 
5 5 .84' 9. 85 13 .99 18. 76 
6 6 .17 10.47 14.86 19 .88 

• See footnote T able L 

L 

57. 84 ± 386 
90 .90 ± 1.6R 

111.48 ± L59 
97 .93 ± 3.56 
66 .63 ± 1.03 
7311 ± O.I-! 
70.98 ± 0 .65 
68 .51 
69.38 
73 .25 
74.76 
78. 12 
84.02 
76 .01 
80.76 
89 .38 
90.40 
97.28 

104.33 
69 .01 
73 .50 
77 .65 
79.59 
84 .20 
90.72 
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F IG. 2. Speci fic activ ity of ca thepsin from lysosomal fraction (L ). Values of normal, 
without DDS trea tment, and trea ted with DDS for 6-10 years are mean of six 
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ually as the fractionation proceeded from 
the homogenate (H ) to the lysosomal frac
tion (L ), which showed the highest activi
ty. In the case of aryl sulfatase the homo
genate and light mitochondrial fractions 
showed very low activity as compared with 
the lysosomal fraction. 

The lysosomal fraction from the tissues of 
leprosy patients of all types who had not 
undergone DDS trea tment showed signifi
cantly high ( P = 0.01 ) activity for all the 
enzymes when compared with the same 
fraction from normal tissues. (Tables 1 to 
4). 

The lysosomal fraction from the tissues of 
leprosy patients of all types who had un
dergone DDS treatment for 6-10 years, and 
who had been found bacteriologically ne
gative for iVl. leprae, showed significantly 
low (P = 0.01 ) activity as compared with 
the corresponding fraction from patients 
who had not undergone DDS trea tment, 
indicating thereby a tendency to move 
toward normal values (Figs. 1 to 4). 

Specific activites of the lysosomal en
zymes from the lysosomal fraction of tis
sues of leprosy patients who were under 
DDS treatment at the time were lower than 
those of patients who had not received 

treatment, and higher than those of pa
tients who had undergone prolonged (6-10 
years ) treatment and been found bacteriol
ogically negative for M. leprae ( Fig. 4) 

These results indicate that the specific 
activities of lysosomal enzymes from the 
tissues of leprosy patients of all types de
creased significantly after DDS treatment, 
showjng a tendency to attain normal val
ues. 

DISCUSSION 

In the course of his description of ly
sosomes as biochemical and morpholugic 
entities, De Duve (2) suggested that the 
enzymes ordinarily sequestered within 
these organelles might be released in vari
ous physiologic and pathologic states. It 
was considered possible by Weissmann 
(20) that acid hydrolases freed into the 
cell sap or surrounding tissues might in
deed play a role in local tissue degener
ation and in the catabolism of host cell 
constituents as well as of the invasive 
bacteria. 

Malfatti and J onquieres (8), in their 
study of modifications of M. leprae during 
chemotherapy, reported swelling of cyto
plasm, a granular state, and th e disappear-
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TABLE 3. Ribonuclease: specific activity in terms of mil moles of substrate hydrolyzed/ min./ mgm./ N. 

Group Type H FI FII FIII 

Normal" - 3.06 ± 0.32 4.31 ± 0 .35 5.51 ± 0 .47 10 .30 ± 0.51 
Without treatment La 3.83 ± 0 .18 5.57 ± 0.25 8.08 ±0.35 19.47 ± 0 .34 

'I'M" 4.57 ± 0.35 6.24 ±0 .22 9 .70 ± 0.49 22 .80 ± 0.49 
MAa 4.36 ± 0.28 6.00±0.12 9.01 ± 0 .08 21.76 + 0.60 

Treated bact. neg. La 3 .41 ± 0.37 4 .76±0 .17 6 .09 ± 0.40 1l.30±0.73 
TM" 3.94 ± 0.28 5.29 ± 0.54 7 .03 ± 0.24 14.12 ± 0.65 
MAa 3.78 ± 0 .11 4.97 ± 0.24 6.90 ± 0.20 13.62 ± 0 .65 

Under treatment L1 3.28 3.89 6.18 II. 25 
2 3.36 3.98 6.22 11.94 
3 3.39 4.02 6.53 13 .36 
4 3.41 4.09 6.78 15 .50 
5 3 .47 4.10 6 .95 17.26 
6 3.65 4.21 7 .24 18 .25 
T~1 3.65 4.39 7 .77 14.34 
2 3.75 4.56 8. 13 15.47 
3 3.87 4.57 8. 47 15 .50 
4 3.94 4.63 8. 61 16 .13 
5 4.04 4.72 8.94 17 .74 
6 4 .17 4.93 9.02 19.99 

:-'1AL 3.44 4.18 7.04 12.54 
2 3.61 4.81 7.10 13 .34 
3 3.68 4.36 7.14 14.10 
4 3.85 4.40 7.62 15 .18 
5 3.90 4.46 7 .80 18 .13 
6 4 .01 4.60 7.84 19 .21 

_ .. __ .. -

• See footnote Table 1. 

L 

48.03 ± 4.11 
76. 81 ± 0.42 
87 .39 ± 4.49 
87.52 ± 3.47 
52.53 ± 0.78 
55.99 ± 0.53 
55 .30 ± 0.36 
55.14 
59 .61 
63.85 
66.20 
68.60 
72 .14 
58.04 
65.58 
68.56 
72.47 
74.91 
82.54 
56.92 
62 .25 
69 .36 
70.37 
73.96 
79.69 
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TABLE 4. A ryl sulfatase: specific activity in terms of miJ. moles of substrate hydrolyzed/ min./mgm./ N. 

Group Type H I F [ I Fll F l[[ 

?\ormal" - 0.659 ± 0.063 0 .724 ±0086 0 .986 ± 0.0.J.3 1 .481 ± 0 .048 
Without treatment La o . 663 ± 0 .021 0.948 ± 0 .034 1. 345 ± 0 .084 1 937 ± 0 .034 

Tyr" 0 .732 ± 0 .050 1 .040 ± 0.049 1.68 1 ± 0 .078 2.070 ± 0 .053 
YlA" 0 .753 ±0.031 1 .056 ± 0 .058 1.604 ± 0 .069 I 2.021 ± 0.057 

Treated bact. neg. La o .660 ± 0 .0 I I 0.738 ± 0.049 1.130 ±0.15.J. I . 563 ± O. 666 
1';\11" 0 .691 ± 0.021 0 .849 ± 0 .052 1 . 341 ± 0 . 106 1 .698 ± 0 .078 
:\1:\ a 0. 678 ± 0 .010 0 .805 ± 0 .039 1 .307 ± 0 .081 1. 649 ± 0 .088 

u nder treatment Ll 0.659 0.743 1. 11 5 1.543 
2 0.664 0.747 1. 136 1.587 
3 0 .669 0.752 1.154 I .631 
4 0.673 0.761 1 . 178 1.677 
5 0.678 0 .774 1.214 1.724 
6 0.684 0.785 1.251 1 .759 

TIV11 0.675 0.771 1.389 1.592 
2 0.682 0 .779 1.422 1.654 
3 0.684 0.786 1.447 1.733 
4 0.691 0.794 1.478 1.796 
5 0.693 0 .801 1.503 1.822 
6 0.704 0 .809 1.532 1.85 1 

:\1A1 0.687 0 .778 1.354 1.578 
2 0.689 0.785 J .369 1.676 
3 0 .692 0.792 1.381 1.684 
4 0.695 0 .798 1 .397 1.729 
5 0.702 0. 801 1 .502 1 .785 
6 0.716 0 .814 1.578 1.834 
- . - -

• See footnote Table 1. 

L 

15 .829 ± 0 .690 
17 .776 ± 0.290 
~o .439 ± 1 .380 
19 .378 ± 0.668 
16.330 ± 0 .48 1 
17 .069 ± 1. 387 
16.903 ± 0 .338 
16 .351 
16.424 
16.509 
16.789 
16 .907 
17 .292 
16 .567 
17 .637 
17.911 
18.364 
18 .981 
19.762 
16 .944 
17.453 
17.929 
18. 360 
18. 423 
18. 715 
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ance of the peripheral halo, which is appar
ently dep endent upon the nonnal bacillary 
metabolism, fac ts indicat ing dis turbances in 
normal bacillary metabolism during chem
otherapy. 

Prabhakaran and Bapat (12) provided a 
clue to a probable mode of action of DDS 
in the treatment of leprosy in suggesting 
that the drug induces bacterial lysis in
directly by effecting release of lysosomal 
cnzymes in the Virchow cells where M. 
Zeprae prQliferates. 

Rath de Souza and de Souza Lima (1:1), 
in a study of the mechanism of sulfone 
derivatives in lepromatous leprosy, stated 
that, although the sulfones exercise a de fi
nite beneficial effect, they do not go further 
than to start, accelerate and intensify some 
mechanism that seems to be present al
ready in the Virchow cell-leprosy bacillus 
complex. 

Our results have been gratifying, suggest
ing that the biochemical evidence couJd 
be integra ted in understanding of the gen
eral physiology of the cell as an effective 
device allowing the cell to utilize organic 
matter incorporated after the DDS treat
ment. The DDS may be acting principally 
on the lysosomal component, increasing its 
hydrolase activity, altering cell metab olism 
in some way, and rendering the cell cyto
plasm unsuitable for the multiplication and 
survival of th e bacillus. 

SUMMARY 

The specific activities of four lysosomal 
enzymes, viz., acid phosphatase, ca thepsin, 
ribonuclease and aryl sulfatase, were found 
to increase with fractionation from an origi
nal tissue homogenate to the lysosomal 
fraction. 

In order to determine the effect of DDS 
administration on lysosomal enzymes, a 
study was made of the specific activities of 
these enzymes in tissues from leprosy pa
tients who were under DDS treatmen t at 
the time, and lep rosy patients who had 
undergone DDS treatment for 6-10 years 
and been found b acteriologically negative 
for M. Zeprae. 

The results indicated that the specific 
activities of lysosomal enzymes from tissues 

of leprosy patients of all types decreased 
significantly after DDS treatment, showing 
a tendency to attain normal values. 

RESUMEN 

Las actividades especifi cas de cuatro en
zymas lysosomales, ej. , acido fos fatasa, 
ca thepsin, ribonuclease y aryl sulfatase, se 
encontraron que aumentaban con el frac
cionamiento de un tejido original homogeni
zado a la fracci6n Iysosom,ltica. 

Para detelminar el efecto de la administra
cion de DDS en enzymas lysosomales, se hizo 
un estudio de las actividades especHicas de 
estas enzymas en tejidos de pacientes de lepra 
que habian tenido tratamiento con DDS en 
ese momento, y pacientes de lepra que habian 
recibido tratamiento con DDS por 6-10 afios y 
q ue habla sido encontrados bacteriologicamente 
negativos para M. leprae. 

Los resultados indican que las actividades 
especificas de las enzymas Iysosomales de los 
tejidos de pacientes de lepra de todos los tipos, 
disminuy6 significativainente despues del trata
miento con DDS, mostrando una tendencia a 
acercarse a valores normales. 

MSUM:E 

Apres fractionnement d 'un homogeneisat de 
tissu originel, permettant d ' obtenir la fraction 
lysosomique, on a observe une augmentation 
dans les activites specinques de quatre enzymes 
des lysosomes: la phosphatase acide, la cathep
sine, la ribonuclease et l'aryl sulfatase. 

En vue de determiner l'effet de l'administra
tion de DDS sur les enzymes des lysosomes, on 
a mene une etude des activites specifiques de 
ces enzymes dans des tissus obtenus chez des 
malades de la lepre qui, a ce moment, etaient 
soumis au traitement par la DDS, ainsi que 
chez des malades qui avaient re~u un traite
ment par la DDS pendant 6 a 10 ans et etaient 
devenus bacteriologiquement negatifs pour M. 
leprae. 

Les resultats indiquent que les activites 
specifiques des enzymes des lysosomes obtenus 
a partir de tissue de malades de la lepre de 
n'importe quel type, diminuaient significative
ment apres Ie traitement par la DDS et mon
traient une ten dance a se stabiliser a des 
valeurs normales. 



35,4 Palekar & Magar: Effects of DDS on Lysosomal Enzymes 445 

Acknowledgments. This investigation was 
supported by a research fellowship and con
tingency expenses grant to A. C. Palekar from 
the Indian Council of Medical Research. The 
authors wish to thank the authorities of the 
Acwolth Leprosy Hospital, Wadala, Bombay, 
for the supply of leprosy tissue, and those of 
the K. E. M. Hospital, Parel, Bombay, for the 
supply of normal tissues. 

REFERENCES 
1. UHIECEH, E. M. and ALLEN, J. M. Cyto

pathologica l changes in lepra cells. Expel'. 
Cell Res. 28 ( 1962) 4.38-440. 

2. DE DUVE, C. Lysosomes: a new group of 
cytoplasmic particles. In Subcellular Parti
cles, T. Hayashi, Ed. New York, Ronald 
Press Co., 1959, p. 128. 

3. DE DUVE, C., PRESSMAN, B. C., CIANET
TO, R. , VVATTIAUX, R. and ApPELMANS, 
F. Tissue fractionation studies. 6. Intra
cellular distribution patterns of enzymes 
in rat liver tissue. Biochem. J. 60 (1955) 
604-617. 

4. DHARMENDRA, CHATTERJEE, K. R. and 
BOSE, R. Diamino-diphenyl-su lphone 
(DDS) in the h'eatment of leprosy. 
Pharmacological aspects. Leprosy in India 
22 (1950) 174-201. 

5. FACET, C. H., POCCE, R. c., JOHANSEN, F. 
A., DINAN, J. F. , PREJEAN, B. M. and 
ECCLES, C. C. The promin treatment of 
leprosy. A progress report. Publ. Hlth . 
Rep. 58 (1943) 1729-1741. Reprinted in 
Internat. J. Leprosy 34 ( 1966 ) 298-310. 

6. CIANETTO, R. and DE D UVE, C. Tissue 
fractionation studies. 4. Comparative study 
of the binding of acid phosphates, 3-
glucuronidase and cathepsin by rat liver 
particr}es. Biochem. J. 59 ( 1955 ) 433-438. 

7. LOWRY, O. H., ROBERTS, N. R., LEINER, 
K. Y., W u, M. L. and FARR, A. L. The 
quantitative histochemistry of brain. 1. 
Chemical methods. J. BioI. Chem. 207 
(1954) 1-18. 

8. MALFATTI, M. C. and JONQUlERES, E. D. 
L. Study of the morphological modifica
tions of Mycobacterium leprae during 
chemotherapy. Internat. J. Leprosy 2 1 
(1953) 323-330. 

9. MILLEn, C. L. Protein determination for 
large nwnber of samples. Anal. Chern . 31 
(1959) 964. 

10. PALEKAR, A. C. and MACAR, N. C. Lyso
somal enzymes .in leprosy tissues. Unpub
lished data. 

11. POTTER, V. R. and ELVEHJEM, C. A. A 
modified method for the study of tissue 
oxidations. J. BioI. Chem. 114 ( 1936 ) 
4@5-504. 

12. PHABHAKAHAN, K. and nAPAT, C. V. Ef
fect of diaminodiphenyl sulphone and 
ICRC bacilli on acid phosphatase of mac
rophages. Indian J. Med. Res. 54 (1966 ) 
458--461. 

13. HATH DE SOUZA, P. and DE SOUZA LIMA, 
M. The mechanism of action of the sulfone 
derivatives in lepromatous leprosy. lnter
nat. J. Leprosy 20 ( 1952) 365-374. 

14., Hoy, A. B. The sulphatase of ox-liver. 1. 
The complex nature of the enzyme. Bio
chem. J. 53 (1953) 12-15. 

15. SAWANT, P. L. , SHIBKO, S. , KUMTA, U. S. 
and TAPPEL, A. L. Isolation of rat liver 
lysosomes and their general properties. 
Biochem. Biophys. Acta 85 (1964) 82-92. 

16. Sl\HTH, M. A. A pharmacological study of 
three sulphones. Part 1. Absorption, distri
bution and excretion. Leprosy Hev. 20 
( 1949 ) 78-88. 

17. TAPPEL, A. L., ZALKIN, H., CALDWELL, 
K. A. , DESAI, 1. D . and SHIBKO, S. In
creased lysosomal enzymes in genetic 
muscular dystrophy. AI:ch. Biochem . Bio
phys. 96 (1962) 340-346. 

18. WADE, H. W. The lysosomes. Internat. J. 
Leprosy 33 (1965) 351-355. 

19. WEINSTOCK,!. M., EpSTEIN, S. and MIL
HOHAT, A. T. Enzyme studies in muscular 
dystrophy. III. In hereditary muscular 
dystrophy in mice. Proc. Soc. Exper. BioI. 
& Med. 99 (1958) 272-276. 

20. WEISSMAN " C. Labilization and stabil
ization of lysosomes. Fed. Proc. 23 
(1964) 1038-1044. 

21. ZALKIN, H . TAPPEL, A. L. CALDWELL, 
K. A. , SHIBKO, S. , DESAI, I. D. and HOL
LIDA Y, T . A. Increased lysosomal enzymes 
in muscular dystrophy of vitamin E de
ficient rabbits. J. BioI. Chem. 237 (1962) 
2678-2682. 


