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Cellular immunity in chronic in fcctions is 
determined totally or in part by "activa
tion" of macrophages, which then acquire 
an increased capacity to destroy causative 
organisms. 

In tuberculosis, for instance, immunity is 
associated with increased levels of certain 
hydrolytic enzymes in macrophages (6) . 
The appropriate combination of such hy
drolases could by itself destroy the tubercle 
bacillus without the intervention of other 
factors ( 7). 

In 1947, Hanks (9), found a notable 
difference in the behavior of human fibro
blasts towards Mycobacterium leprae, in 
vitro. The fibrobl asts of patients with the 
tuberculoid form of leprosy were able to 
destroy M . leprae, while those of patients 
with the lepromatous form were unable to 
do so. This observation has been confirmed 
by Yoshie and Sugawara (3 1). Similar ob-

t Rece ived for pllhl icat ion 24 Jul y 1970. 
2 T hese im'cst iga l ions were sup port ed by a grant 

from th e Conse jo de Desa rro llo Cien li fi co y HlI 
manistico, U ni versi dad Cent ra l dc Vcnezu ela P roj 
eel No. 2')0. and thc Jun ta a Favor dc los Leprosos 
dc Vcnczuela, Ca racas. 

3 J . L. Avil a, M.D., Labora t.orio de Bi oquimi ca, 
Dcpar lamenl o dc Dcrma tologia , Esc ll c la Med ici na 
".l ose " a rgas ," ' U ni versidad Cen lra l dc \ 'ellc711e la 
Ca racas, \ 'cnez lIela; .J. Com'if , M.D. , Medi co J cfe, 
Di " isi6n Dcrma tologia Sanita ri a, Mini stcrio dc 
Sanidad, Professor Ti tul a r, Dcpa rl amento de Dcr
matologia, Escuela Medi ci na "J ose Vargas," U ni" er
sid acl C ~ntral de Vcnezuela, Caracas, Venezuela. 

servations were made by Barbieri and Cor
rea (2) in macrophages developed fro m 
cultures of blood monocytes. 

Macrophages from both lepromatous and 
tuberculoid patients actively phagocytize 
dead leprosy bacilli from the first day of 
incubation , After phagocytosis, a striking 
diffe rence between the two forms is appar
ent. The macrophages of tuberculoid pa
tients completely lyse the ingested bacill i,. 
becoming practically free of lipids. How
ever, the macrophages from lepromatous 
patients are unable to do this, and trans
form into typical lepra cells, whose cyto
plasm contains numerous bacilli and dro
plets of lipids that are easily stainable by 
Sudan black 

The lack of lytic activity in the macro
phages of leprom,atous patients is specific 
for M. leprae; macrophages from leproma
tous subjects are able to lyse M. lepraem llr
ium as well as M. tuberculosis (3) . 

Moreover, when damaged M. leprae are 
added to cultures of macrophages from 
lepromatous patients, lys is takes place. This 
suggests that th e inability of these macro
phages to lyse M. leprae depends on the 
integrity of the bacterial cell wall (3). 

There is a remarkable correlation be
tween the in vitro test or the digestion of 
_H. Zeprae by macroph ages and the intra·
dermal lepromin test (2) . The latter is pos-
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itive in normal persons and in tuberculoid 
patients, but is negativc in cases of lepro
matous leprosy. 

In recent years, new idcas have been 
advanced concerning a hereditary factor 
concerned with individual susceptibility to 
leprosy ( ~ . ~~). All this sugges ts that lepro
sy occur ' when, together with contact with 
the causative organisms, there is an ab
sencc or deficiency of one or more cellular 
factors responsible for the digestion and 
ultimate fate of M. leprae in human tissues. 

Recent studi ('s have shown that bio
chemical defects of genetic origin arc re
sponsible for the marked susceptibility of 
some p ersons to certain pyogenic 'Or fungal 
infections. Examples of these conditions are 
the chronic granulomatous disease of child
hood (13. 2~), the Ghediak-Higashi syn
drome (20 ) and disse minated candidiasis 
( 1 G). 

The object of the present investigation is 
to determine the levels of some enzymes, 
known as lysosomal, in the different forms 
of leprosy; to find out if varia tions in these 
levels can explain the lon g presence of M. 
Zeprae within the lysosomes 'Of lepra cells 
( 10. 14), and the inability of these organel
les to digest the bacilli in contrast to what 
is observed in tuberculoid patients and in 
normal healthy individuals. 

MATERIALS AND METHODS 

The age of the patients studied varied 
between 14 :U1d 60 years, and their lesions 
were of widely different duration. They 
were all untreated and recently diagnosed, 
since it has been shown that sulfone treat
ment modifies the level of lysosomal enzy
mes (21) . Criteria for classifying them 
were; clinical appearance, histology of the 
lesions, and reaction to the lepromin test. 

The controls were volunteer donors of 
the Blood Bank in Caracas or patients with 
other noninfectious skin diseases, within 
the same age range as the leprosy patients 
and of similar social conditions. 

General principles of the biochemical as
says. Twenty to 30 ml. of venous blood 
were taken from fasting patients , and leu
kocytes were separated by sedimentation 
in a 2 per cent dextran solution. Contami
nating red blood cells were removed by 
hypotonic lysis with NaCI 0.2 per cent 

followed in 30 scconds by thc same volume 
of NaCl1.60 per cen t. The scparated white 
cells were subsequently washed with 0.25 
M sucrose and centrifuged at 4,900 g/ min. 
The pellet obtained was resuspended in 
0.34 M. sucrose con tainin g 100 units of 
heparin per ml. This treatment lysed the 
leukocytes completely, as shown by phase 
contrast microscopy and an increase in the 
viscosity of the suspcnsion. The suspension 
was then homogenized in a Potter
Elvehjem homogcnizer, at O°C, with 10 
strokcs of thc TeRon piston. The enzymatic 
tes ts wcrc made within 24 hours after the 
blood samples had been obtained. All bio
chemical tests were carried out in dupli
cate, each time with two different volumes 
of the enzymes tested . 

Substrates. ,B-glycerophosphate (disodium 
salt ), a.q. H20~, sucrose and o-tolidine 
were obtaincd from E. Merck A.-G, 
Darmstadt, Germ any; heparin sodium salt, 
dextran ( M.W.204.000 ), Triton X-100, 0 -
nitrophenyl-,B-D-glucosaminide, Mic1'Ococ
cus lysodeikticus, phenolphthalein glu
curonic acid, bovine albumin and bovine 
hemoglobin type I were obtained from Sig
ma Chemical Co. , St. Louis, Missouri, 
U.S .A. 

Enzymatic tests. Myeloperoxidase was as
sayed by the method of Baggiolini et al. 
(1), with slight modifications. Thc fin al 
volume as incubated without detergents 
was 3.8 mI., and the enzyme was diluted in 
distilled water. 

Acid phosphatase was determined by the 
meth<:>d of de Duve et al. (8) in a fin al 
volume of 1 m1. Inorganic phosphorus was 
determined by the procedure of Chen et 
al. (5). Alkaline phosphatase was assayed 
using the disodium salt of ,B-glycerophos
phate as substrate at a fin al concentration 
of 0.1 M in 50 mM carbonate buffer at pH 
9.9, in a volume of 1 m1. Inorganic phos
phorus was determin ed as for acid phos
phatase. 

,B-galactosidase was determined in a fin al 
volume of 0.8 mI. with 3.1 mM of 0-

nitrophenyl-/3-D-galactopyranoside in 125 
mM acetate buffer at pH 5. The o-nitro
phenol was measured in the filtrate at 420 
mp' using glycine-carbonate buffer at pH 
10.5. 

The determination of ,B-N -acetylglucos-
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aminidase (fJ-H-acetylaminodeoxyglucosi
dase) was carricd out in a total volume of 
1 1111. of 50 mM acetate bu ffer at pH 5.0 
with 1 mM p-nitrophenyl-N-acetyl-,B-D-glu
cosaminide as substrate. The reaction was 
stopped by thc addition of .3 m1. of a solu
tion containing glycine (0.4 M ), N a~CO:J 
( 0.25 M) and NaG (0.2 M ) buffered to 
pH 10.5 and the liberated p-nitrophenol 
measured at 400 mJL-glucoronidase was 
measured in a fin al volume of 1 mI . of 50 
mM acetate buffered to pH 5.0 with 1 mM 
phenolphthalein glucuronidate as sub
strate. The next steps of thc test were as for 
the prececding enzyme. H.eadin gs were 
done at 540 m JL. 

Lysozyme was assayed with M. 7!Jso
deikticus as substrate, accord ing to the 
method of Prasad and Litwack (2~), in a 
fin al volume of 3.4 mI . 

The protein analysis was made accordin g 
to the method of Lowry et a7. (17) usin g 
bovin e serum albumin as standard . 

The enzymatic tests were carried out at 
37°C for all the enzymes, except for ly
sozyme and myeloperoxidase which were 
done at 2SOC. 

In our experiments, the results represent 
total activity, for which Triton X-100 was 
added at 0.1 per cent to the incubation 
mixture of all the enzymes, except for my
eloperoxidase activity. It was p roved that 
under these conditions the activity, as mea
sured, was proportional to the concentra
tion of the enzyme and to thc time of 
incubation . 

RESULTS 

The enzymatic levels in controls and in 
patients with different clinical forms of 
leprosy are given in Table 1. Statistical 
analyses wcre carried out bv the "t" test; 
values of P > O.05 were con'sidered to be 

. significant. It will be seen that there is no 
statistically significant difference in the 
levels of enzymes under investigation , ei-· 
ther in the values of the controls as com
pared with those of the leprosy patients, or 
in the values observed in the patients with 
different form s of leprosy. 

The enzymes studied included a nonly
sosomal hydrolase, namely alkaline phos
phatase, which has been shown recently to 
be localized in PM N leukocytes inside par-

ticles which are also rich in lysozyme (1). 
High alkaline phosphatase activity has 
been found in patients \-"ith various infec
tious diseases (~7, ~8 ) or with tuberculosis 
( 2n) which is also a chronic mycobacterial 
disease. \ Ve have foun d no such variations 
in leprosy patients. 

A particul arly interesting feature is the 
great dispersion of the enzymatic values as 
regards ,B-galactosidase, ,B-glucuronidase 
and N-aeetyl-fJ-glucosamin idase in patients 
with different forms of leprosy in compari
son ",ith the con trols. I t has not been 
possible for li S to ascertain the causes of 
this dispersion, although the patients 
studi ed varied grea tly as to the durati on 
and evolution of the disease. It was impos
sibl e for us to obtain exact inform ation as to 
when the initi al lesion appeared. 

D ISCUSSION 

The practicability of usin g leukocytes 
from peripheral blood in the investigation 
of diseases characterizcd by the absence or 
inadequacy of one or more of the en'Zymes 
of the lysosomal system has been demon
strated in many papers (11. 15 , 25) . 

The long periods during which M . leprae 
remains inside vacoul es, rich in acid phos
phatase or lysosomes (10, H) a.nd the spe
cificity of such defect, points strongly to an 
enzymatic aberration in the macrophages 
which should norm ally digest the bacillus. 
This hypothesis gains strength when the 
defective lysis of the bacillus by fibrobl asts 
and macrophages of lepromatous leprosy 
patients is considered in contrast with those 
of the tuberculoid form and normal incli
viduals. 

This paper has dealt with the enzymes 
that are considered as key factors in in
tracellular defense against infection, name
ly myeloperoxidase (J2,18), and lysozyme 
(30) as well as other enzymes important 
for the digestion of major macromolecular 
constituents of the bacterial cell wall (In, 
~n, :10). H owever, no statistically signifi 
cant differences were foun d , either be
tween controls and leprosy patients, or 
among the Icprosy patients themselves. 
These results do not preclude the possibili
ty that the defi ciency may be due to the 
lack of some other lysosomal enzymes or 
substances that aet as defensive factors. 
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SUMMARY 

The act ivity of some lysosomal enzymes 
has been measured in perip heral blood 
leu kocytes, obtained from normal human 
subjects and 36 untreated patien ts w ith 
tubercu loid and lepromatous leprosy. 

There is no statistically significant differ
ence in the levels of acid-,B-glycerophos
phatase, ,B-glucuronidase, acid myeloperox
idase, ,B-galac tosidase, N-acetyl-,B-glucosa
minidase, lysozyme and alkaline-,B-glycero
phosphatase either between leprosy patients 
and controls, or between lepromatous and 
tuberculoid patients. 

RESUMEN 
Se midio la ac tividad de algunas enzimas 

lisosomiales en le ucocitos de sangre periferica 
obtenida de sujetos normales y 36 pacientes 
con lepra lepromatosa y tubercul oide, no 
tratados. 

No se encontraron di fe rencias estadistica
mente significativas en los niveles de beta
glicerofosfatasa licida, be t ag I u co ro n id a sa, 
mieloperoxidasa licida, beta-ga lactosidasa, N
acetil-beta-glucosaminidasa , li sosima y beta
glicerofosfatasa alca lin a, ya sea entre los 
enfermos de lepra y los con troles 0 entre los 
enfermos con lepra lepromatosa y los con lepra 
tuberculoide. 

MSUME 

L'activite de quelques enzymes Iysoso miques 
a ete mesuree dans les leucocytes du sang 
peripherique obtenues chez des sujets hllmains 
normaux et chez 36 malades atteints de lepre 
tuberculofde et de lepre lepromateuse et non 
traites. 

On n'a pas releve de diffe rence significat ive, 
chez les malades a tteints de lepre et chez les 
temoins, ou entre les patients lepromateux et 
les patients tuberculo'ides, dans les taux des 
enzymes sllivants: la ,B-glycerophosphatase 
acide, la ,B-glucuronidase, la myeloperoxyd ase 
acide , la ,B-ga lactactosidase, la N -acetyl-,B
gillcosaminidase, Ie lysozyme e t la ,B-glyce ro
phosphatase a lcaline. 
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