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Peripheral . blood leucoytes  were obtained frorn 1 8  patients with active 
leprornatous leprosy and 1 8  healthy volunteers. These cells were disrupted and 
served as the source of �-glucuronidase, �-galactosidase, acid phosphatase, alkaline 
phosphata.se and lipase activities. A quantitative N BT test was perforrned with 
freshly prepared intact cell suspensions. Although most of the studied activities 
were slightly increased in the leprosy group ,  the differences resulted  in 
non-statistical significance. Other enzymatic and rnetabolic activities have to be 
studied to corroborate that leucocytes from leprosy patients behave in an 
essentially normal manner. 

lntroductio n 

Phagocytosis of pathogenic bacteria is a first line mechanism for the host defense . 
Endocytosis itself, however, is not enough for the control of disease unless it is 
fol!owed by the normal metabolic and bactericid al changes induced within the 
phagocytic cel!. Some pathological situations have been explained on the basis of 
metabolic defects which impair the phagocytes' function even when endocytosis 
seems to be normal (Stossel e t al. , 1 9 7 2 ;  Kaplan et al. , 1 9 68 ; Holmes et al. , 1 9 6 7 ;  
Cooper e t  ai. ,  1 9 7 2 ,  among others) .  However, most o f  these situations seem to 
have an intrinsic defect rather than being the result of an induced impairment due 
to some externaI aetiological agent of disease . 

Lepromatous leprosy is an interesting disease because , among other things , 
some reports have appeared suggesting that the difficulty in controlling the 
disease could be explained on the basis of a defect in the function of the host's 
ma crophages (Beiguelman, 1 96 7 ;  Barbieri and Correa,  1 96 7 ;  Hanks, 1 947 ; Convit 
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et  aI. , 1 9 7 2 ,  1 9 74) .  This defect could be a primary one, induced by interference 
of the phagocytic cell metabolism by the mycobacterial metabolism , or it could 
be the result of a lack of T-lymphocyte-dependent macrophage stimu lation 
(Godal et aI. , 1 9 7 1 a ,  1 9 7 1  b ) ,  as it has been shown that patients. with lepromatous 
leprosy have a depressed cell-mediated immunity : low numbers of direct rosettes 
(circulating T-lymphocytes) (Dwyer e t  aI. , 1 9 7 3 ;  Lim et aI. , 1 9 74a) ,  depressed 
ability to reject allogeneic skin grafts (Job and Karat in Hart and Rees, 1 9 6 7 ) ,  

anergy t o  M. leprae antigens (Mitsuda, 1 9 5 3 ) ,  a n d  other aberrations i n  the cellular 
immunity (Turk, 1 9 69 ; Turk and Waters, 1 96 9 ) _  

When a n  impairment i n  phagocytic function i s  suspected to play a role i n  a 
given pathological state , it could be normative to survey the activity of the whole 
phagocytic population before attempting to analyze the function of a particular 
type of cell . As this is the case in lepromatous leprosy it was decided to study 
some metabolic and enzymatic activities in blood leucocyte populations (in which 
about 80% are phagocytic cells) prepared from a number of patients with the 
disease and compare such activities with those found in cell preparations from 
healthy individuals_ The study of leucocytes was also decided because viable 
blood-borne M. leprae have been found in circulating phagocytes from patients 
with lepromatous leprosy who have received no chemotherapy_ Intracellular 
parasites whose viability has not been definitively ruled out have also been 
observed in leucocytes from patients treated with dapsone or ri fampin (Drutz et 

al. , 1 974) _  
As polymorphonuclear (PMN)  leucocytes are the  predominant cell type  in  

peripheral b lood,  the  results will be largely indicative of the  activity of these cells, 
but the possibility remains that some defect (if any) in another cell type (i. e - the 
monocyte) may reflect in the overall activity of the complete leucocyte 
population. 

Materiais and Methods 

SUBJECTS 

Eighteen patients with polar lepromatous leprosy (both diffuse and nodular types of leprosy 
included) were studied_ This group has been under medicai control at the Centro Dermatológico 
Pascua of Mexico City , and represented  an hete rogeneous group in relation to age , sex, duration 
of disease and clinicai status at the moment of  the study. Most of the patients, however ,  were 
under conventionaJ treatment (DDS, 2 5-50 mg daily) and ali of them presented a still active 
form of the disease . A very few cases were comp1icated with some form of leprosy reaction 
(mainly erythema nodosum leprosum)_ 

Eighteen healthy volunteers (personnel and undergraduate students) with no familial 
antecedents of mycobacterial disease (Ieprosy or tuberculosis) of both sexes, and with an 
average age of 24 years, served as controls. 

CELL PREPARATIONS 

About 200 ml of blood was collected in blood collection units with citrate as the 
anticoagulant (Bolsang, Fenwal System ,  CPD, Travenol Laboratories, Costa Mesa, California, 
U_S_A-)_ The citrate-treated blood was transferred to siliconized g1ass cy1inders and left 
undisturbed to sediment at 3 70 C for 1 20 min_ The leucocyte-rich plasma was aspirated ,  poured 
into siliconized glass centrifuge bottles, treated with 2 vols of 0_87% ammonium chloride to 
disrupt erythrocytes, washed twice with citrate-saline solution (CSS, 0 .4% sodium citrate in 
0 _85% sodium chloride), resuspended in about 1 0  ml of CSS, counted in a haemocytometer 
(differentiaJ counts were done in smears stained with Wright's dye), quick frozen and stored at 
_700 C until used. 



LEUCOCYTE ENZ Y M AT IC ACTIV ITIES IN LEPROSY 1 9  

Just before their use, the cell suspensions were thawed,  diluted as required ,  brief1y sonicated 
to disperse aggregates (30 s, 7 mA, d .c .)  in a S· 1 2 5  Sonifier (Branson Sonic Power ,  Denbury , 
Conn . ,  U.S.A.) and the finely dispersed suspension was kept in an ice bath while in use . This 
sonicated cell suspension was employed for the assay of the fol1owing enzymatic activities :  
alkaline phosphatase (Enzyme Commission, E C ,  number 3 . 1 .3 . 1 ) , acid phosphatase 
(EC 3 . 1.3.2) ,  i3 ·galactosidase (EC 3 . 2 . 1 .23) ,  i3 ·glucuronidase (EC 3 .2 . 1 .3 I )  and lipase (a 
i3 ·naphthyl laurate hydrolase, see Results) . For the NBT test the cell samples were freshly 
prepared and received a somewhat different treatment as indicated below. 

QUANTITA TIVE N ITROBLUE TET RAZO LIUM (NBT) TEST (Baehner and Nathan, 1 968) 
A 20·m! sample of peripheral b!ood was collected in plastic disposable syringes containing 

20 iu per m1 of heparin . The syringe was inverted ,  and the red cells were sedimented for the 
next 2 h at 37° C. The supernatant plasma was decanted through an 1 8-gauge need!e bent to an 
angle of 90° in to siliconized 50·ml glass centrifuge tubes. After 2 vols of 0 .87% ammonium 
chloride were added to the plasma, the tubes were inverted 5 times and centrifuged 
immediately thereafter for 5 min at 1 400 rev/min (radius = 1 6  cm) at 4° C .  The supernatant 
plasma was aspirated and the cell pellet was washed twice with Krebs·Henseleit bicarbonate 
buffer ,  pH 7 .4 (Dawson, 1 969), containing 0 .2% of g!ucose . The number of leucocytes per ml 
was calculated and diluted to 2 .0 x 1 06 per  ml .  To duplicate siliconized 1 5·ml conical 
centrifuge tubes the following were added :  0.4 m! (0.3 5 ml in tubes containing latex particles) 
of the buffer ,  0 . 1 m! of 0 .0 1  M potassium cyanide , 0 .4 m! of 0 .8 5% sodium chloride containing 
0 . 1  % NBT (Sigma N 6876),  and 0 .05 ml of  washed 0 .8 /-Im !atex spherules in the tubes 
designated for phagocytosis .  The duplicate tubes !abelled "resting" did not contain !atex 
particles. This mixture was incubated in a water bath at 3 7° C for 1 5  min, then, O . !  ml of the 
previously prepared cell suspension was added to each tube . The reaction was allowed to 
proceed for 1 5  min, then it was stopped by the addition of 2 .0 ml of 2 . 5  N HCI. The tubes were 
then centrifuged at 2000 rev/min for 1 5  mino The supernatant was poured off and the sediment 
was extracted for 20 min with 4 .0 ml of  pyridine in a boiling·water bath under an exhaust 
hood. The tubes were centrifuged again at 2000 rev/min for 1 5  min, and the optical density (D) 
of the purple colour of the reduced NBT was dete rmined in a spectrophotometer at 5 1 5  nm, 
against a pyridine blank. Resting and phagocyting values were obtained and the difference 
(increment in D per 1 5  min per million leucocytes) was calculated .  

LIP  ASE (adapted from Nachlas and  Seligman, 1 949) 
In !6 x 1 50 mm test tubes, 2 .0 million leucocytes in 0 . 5  ml of physiological saline solution 

(PSS) were incubated at 3 7° C for 60 min with 3 .0 ml of  i3·naphthyl laurate substrate ( l O  mg of 
i3·naphthyl laurate , Sigma N 9 3 7 5 ,  were dissolved in 10 ml of acetone , added through a 
submerged pipette into 50 ml of an agitated solution consisting of 0 .06 M veronal buffer ,  
pH 7 .4 ,  and finally diluted to 1 00 ml with water). At  the  end of the incubation period, 0 . 5  ml  
of a freshly p repared solution containing 2 .0 mg of  Naphthanil Diazo Blue B (NDBB, Sigma 
D 3 502) were added and the tubes were shaken.  After 3 min the diazoreaction was stopped by 
adding 0 .5  m1 of 40% trichloroacetic acid (TCA), and the colour was extracted with 5 .0 ml of 
ethyl acetate . The latter was cleared by a b rief centrifugation and its D was read immediately 
thereafter at 540 nm against a blank without enzyme. 

ALKALINE PHOSPHA T ASE (adapted from Manning et ai., 1 966) 
In 1 6  x 1 50 mm test tubes, 6 .0 million leucocytes in 0 . 1  ml of PSS and 1 .0 ml of  the stock 

buffered substrate [see (a)) were incubated for 60 min at 3 7° C. At the end of the incubation 
time , 4.0 m1 of glycine buffer,  pH 1 1 .2 [see (b)] , were added to develop colour (the final pH of 
the reaction mixture was around 1 0 .7) .  After thorough mixing, the tubes were centrifuged at 
2000 rev/min for l O  min and the D was read at 5 50 nm using the control without enzyme as 
the blank. (a) The stock buffered substrate contained 1 .968 g of Tris (hydroxymethyl) 
aminomethane (Sigma T 1 503) , 30  mg of sodium phenolphthalein diphosphate (Sigma P 9875) ,  
1 00 mg of magnesium sulphate , and 700 mg of gelatin (Difco B 1 43) .  The p H  was  adjusted to 
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9 .6  and the volume brought to 1 00 m1 .  (b) The glycine buffer, pH  1 1 .2 ,  was prepared by 
dissolving 9.9 g of glycine, 7 . 1 9  g of NaCl and 40 g of  sodium pyrophosphate ( Sigma T 6379) in 
900 m.1 of distilled water. While sti rring, suff1cient 30% Na OH (approximately .1 7  ml) was added 
to adjust  the pH to 1 1 .2 and the volume brought to 1 000 m1. 

ACI D PHOSPHATASE (adapted from Seligman et al. , 1 9 5 .1 )  
I n  1 6  x 1 50 mm test tubes, the following were incubated for 3 0  min at 38° C :  2 .8 ml of 

0 . 1 M acetate buffer (p H 5 . 1 )  containing 1 .0 million leucocytes,  0 . 1  m.1 (0 . 1 5  mg) of Il -naphthyl 
phosphate (Sigma N 7375)  and 0 . 1  ml ( 1 .0 mg) of MnCI2 . After 1 .0 ml was removed to check 
lhe pH ,  the reaction was stopped by adding 2 .5 ml of 0 .05 M verona.1 buffer (pH 8 . 5 )  which 
broughl lhe pH of the reaction mixture to about 7 .4 .  Diazocoupling was performed by adding 
0.5 ml of NDBB reagent (80 mg in 20 ml of cold water) prepared just before use . After 3 min 
lhe reaction was stopped with 0.5 ml of 40% TCA and the colou r was extracted with 6 .0 m.1 of 
ethyl acetate . This was cleared by centrifugation (2000 rev/min , 1 5  min) and its D was read 
immediately thereafter aI 540 11m againsl a blank without enzyme. 

Il-GALACTOSIDASE (adapted from Yarborough et aI. , 1 96 7 )  

Test tubes cOl1taining lhe  following were incubated for 1 h a t  38° C :  1 .0 m l  of PSS 
containing 8.0 million leucocytes, 1 .5 ml of 0 . 1  M phosphate citrate buffer (pH 4 . 1 )  and 0.5 ml 
of o-nitrophenyl-ll-o -galactoside (4 .5  mg per ml , Sigma N 1 1 27) .  At zero and I h ,  1 .0-ml 
samples were removed, mixed with 1 .0 ml of 5% TCA, and centrifuged (2000 rev/min , 1 5  min). 
One and a hal f  ml of sodium hydroxide-glycine reagent were added to 1 .5 ml of the supernatant 
fluido The reagent contained 0 .4 M glycine and 0.8 M NaOH in amounts required to have a pH 
of 1 1 .4 .  The resulting yellow colour was read at 420 nm against a blank .without enzyme. 

Il-GLUCURONIDASE (Yarborough et aI. , 1 967) 
Test lubes containing 3 .0 million leucocytes in 1 .2 ml of PSS,  1 .5 ml of  0 . 1  M acetate buffer 

(p H 4 .5)  and 0.3 ml of 0 .0 1  M phenolphthalein·ll ·glucuronic acid (Sigma 1 054, pH 7 .0) ,  were 
incubated for 2 h at 38° C.  After 1 .0 ml was removed to check the pH, 2.0 ml of 5% TCA were 
added and the tubes were centrifuged (2000 rev/min, 1 5  min) .  Two millilitres of alkaline 
reagent were added to 1 .0 ml of  the supernatant. The reagent contained 1 .0 M glycine and 
0.4 M NaOH, approximately I : 4, so that the pH was 1 0 .4 . The resulting purple colour was 
read at 540 11m in a photocolorimeter against a blank without enzyme. Zero hour samples were 
consistentIy colourJess as reported by Yarborough et aI. ( 1 967) .  

ENZ YMATIC ACTIVITIES 

One uni! was arbitrarily defined as the amount of enzyme (number of disrupted leucocytes) 
that should cause an absorbance increase of 1 .00 under the conditions of the assays. Ali 
determinations were performed in the 0 . 1 -0.4 range where linearity was held. The specific 
activity was defined as the total units of activity per mg of protein . Protein was determined by 
the Lowry p rocedure ( 1 95 1 ) , using bovine se rum albumin as a reference solution.  

STATISTICAL ANALYSIS 

The Student t-test for small samples was used to calculate the levei of significance (P) of 
every determination done between normal and leprosy populations. Because of  the natural 
internai variation within groups a correction was introduced :  the control group was randomly 
divided in to 2 subgroups and, for each assay performed, the Student t·test was used to calculate 
the levei of significance between subgroups. This vclue served to correct the P-values between 
control and leprosy groups. In this paper, the reported P·values are the corrected ones. 
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Resu lts 

NIT ROBLUE TETRAZ OLlUM TEST 

Eighteen patients with lepromatous leprosy and 1 8  healthy ( control) 
individuaIs were incJuded in the testo Both control (N) and leprosy (L ) 
populations were able to reduce the oxidized NBT dye (Fig. 1 ) . Although a 
certain difference between L and N groups could be observed ,  this difference 
resulted in non-statistical significance . Table I shows the activity found in each 
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Fig. 1 . N B T  reduction b y  leucocytes from patients with lepromatous leprosy ( L )  and b y  
leucocytes from normal individuaIs (N). The activity i s  given a s  the increment i n  D 
(phagocytosis minus resting) per one million leucocytes, per 1 5  min incubation at 3 7

°
C .  

Horizontal lines are the  mean  value. 

group (range, mean value ± the standard error, and the P-value) .  The activity is 
given as the increment in D S 1 S  nm (phagocytosis minus resting) per o n e  million 
leucocytes, per 1 5-min incubation at 3 7° C. It  can be deduced that, as a group, 
lepromatous patients are not defe ctive in their circulating phagocytic cells' ability 
to endocytose latex spherules, nor in their ability to undergo the oxidative 
changes that accompany the p hagocytic process and which permit, among other 
things the reduction of the oxidized NBT dye. 
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TABLE I 

Redu ction of the Nitrob lue Tetrazo lium dye by leucocy tes Iro m h ealthy and lepromatous 
individuais 

Group 

Leprosy ( L )  
Normal (N) 

No. of  
individuais 

1 8  
1 8  

Activity * 
Range Mean ± S . E .  

0 .05 1 -0 .26 2 
0 . 042-0. 3 5 1 

0 . 1 4 1  0 .0 1 5  
0 . 1 1 0 0 .0 1 7  

P 

0 . 5  

* Increment in D (phagocytosis minus resting) per o n e  million leucocytes, per 1 5  min 
incubation at 3 7° C. Other conditions were as described under Materiais and Methods.  

LEUCOCYTE HYDROLASES 

Figure 2 shows the results when the alkaline phosphatase (AlPh),  the acid 
phosphatase (AcPh) ,  the (l -glucuronidase «(l -Clu) ,  the (l -galactosidase «(l -Cal) and 
the lipase ( Lip) activities were assayed . It can be observed that, for every enzyme, 
the cell  population derived from the leprosy group (L ) showed a somewhat higher 
activity than that found in the normal group (N) .  However, when these 
differences were analyzed they resulted in non-statistical significance . The mean 
specific activity (total units of  activity per mg of protein) ,  the standard error, the 
number of samples assayed and the P-value,  are given in Table 2. Each assay was 
performed at least twice and the reported results are those obtained with an 
optimal number of cells as determined by preliminary experiments. It is clear that 
there is not a significant difference between groups L and N for most of the 
assayed enzymatic activities although, in the case of the lipase, a certain 
difference was observed as judged from the P-values : 0 .05  (uncorrected)  and 0 . 1 

TAB LE 2 

So me enzy ma tic activities present  in leucocy tes fro m  patients with lepro matous leprosy in 
co mparison  with those found in h ealthy individuais 

Specific activity in * 
Enzyme Leprosy Normais P 

Alkaline phosphatase 1 . 540 ± 0 .6 1 9  0 . 738  ± 0 .220  0 . 5  
( I  I )  ( 1 3 ) 

Acid phosphatase 3 . 290  ± 0 .897  2 .449  ± 0 .322  0 . 9  
( 1 2 ) ( 1 2 ) 

t}-Glucuronidase 0 .4 1 0  ± 0 . 0 5 3  0 . 3 6 5  ± 0 . 0 2 8  0 . 6  
( 1 2) ( I  I )  

Lipase 1 .472  ± 0 . 2 7 2  0 . 800 ± 0 .095  0. 1 
( l O) ( 1 1 )  

i3-Galactosidase t 0 .088  0 .095  
( 5 )  ( 1 4 ) 

* The specific activity is given as the total units of activity per mg of protein. The 
mean value and the standard erro r are shown and the number o f  samples analyzed is given in 
parenthesis. 

t Because o f  the small number of samples incJuded (see text) neither the standard erro r 
nor the P-value were calculated .  
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Fig. 2 .  Leveis of Jl-galactosidase, Jl-glucuronidase: alkaline phosphatase, acid phosphatase 

and lipase in leucocytes frorn patients with leprornatous leprosy (L ) and normal individuais (N). 
The activities are given as the total  units per rng o f  protein (see Materiais and Methods) .  The 
rnean value and the standard error are shown .  

(corrected)_ Because several authors consider that  the technique used in this study 
(,B-naphthyl laurate as the substrate ; Nachlas and Seligman, 1 949) is related with 
an esterase more than with a lipase , we are now using a natural complex substrate 
(coconut oil) and the results will be presented in a further communication. The 
assay for ,B -Gal required a large amount of cells. As described under Materiais and 
Methods, 8.0 million leucocytes had to be used in the test and even with this 
number, D readings lower than 0 . 1 0  were obtained. Although the mean specific 
activity in L and N groups showed n o  apparent difference, because of the small 
number of samples a statistical analysis was not possible . 

D iscussion 

Some reports have previously appeared regarding the ability of PMN from 
leprosy patients to reduce the NBT dye ( Lim et ai. ,  1 9 74b ; Goihman-Yahr et aI. ,  
1 97 5 ) .  This test has been used t o  measure the overall oxidative changes that 
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follow the phagocytic process and which are related to the normal function of 
phagocytes. These changes include an increase in oxygen and glucose con
sumption, an increase in the production of hydrogen peroxide and other 
bactericidal peroxides, the activation of the "hexose monophosphate shunt" ,  and 
other re lated changes (see DeChatelet, 1 9 7 5 ,  for a recent review) .  Under these 
conditions, reduced NAD and NADP co-factors reach high leveis and they can be 
used, among other things, to reduce the oxidized NBT dye, provid ing adequate 
leveis of "diaphorase" (the total of ali enzymes that can catalyze a reaction 
between NBT dye and reduced pyridine nucleotides to give the insoluble blue 
formazan) are present. Compared with controls, leucocytes from lepromatous 
patients have normal leveis of both reduced co-factors (NADH and NADPH) and 
"diaphorase" activity as can be ded uced from their ability to efficiently reduce 
the oxidized NBT dye (Um et aI. , 1 9 74b ; Goihman-Yahr, 1 9 7 5 ; this paper, 
Fig. I ) . 

Peripheral leucocytes of leprosy patients are not depressed in their ability to 
produce normal leveis of Iysosomal hydrolytic enzymes. This seems to be a logical 
finding because (a) the leprosy bacillus does not primarily parasitize polymor
phonuclear leucocytes but monocytic leucocytes and tissue macrophages ,  and (b) 
the PMN is the predominant phagocytic cell  in peripheral blood. On the other 
hand,  it has been demonstrated that only a small proportion (0 . 1 -0 3%) of the 
blood PMN leucocytes of lepromatous patients contain bacilli , but the number of 
bacilli per cell is usually I and rarely 2 or 3, while up to 3% of the blood 
monocytes contained a number of bacilli which was between I and more than 1 0 , 
per cell. 

Probably the short half-life of PMN leucocytes (about 6 h in circulation and 
1 -2 days in tissues) and their tendency to "commit suicide" while ellgaged in 
phagocytic processes, could be a simplistic explanation for the fact that this type 
of cell is usually not shown to be more broadly parasitized by the long-lived 
mycobacteria. An alternate e xplanation could be based on the fact that although 
PMN leucocytes possess immunoglobulin-receptors (Ward ley et aI. , 1 9 7 6 ;  
Zighelbaim e t  aI. , 1 9 76) ,  they do not seem t o  have both immunoglobulin (IgG t 
and IgG3 ) and complement (C3b ) receptors which make the mononuclear 
phagocytes, highly phagocytic cells_ 

The mean value for each enzymatic activity was slight1y higher within the 
patients' group although this difference, for most of the cases, was not 
statistically significant. Therefore , from our results it was concluded that the 
leucocyte population from lepromatous patients , is not deficient in the activity of 
the studied Iysosomal enzymes, at least under our conditions of  assay. Even when 
parasitized leucocytes could have impaired metabolic or enzymatic activities , the 
defect might not reflect in the overall activity of the leucocyte population due to 
dilution, as only about 0.3% of the total leucocyte population in untreated 
patients has been found to be parasitized by acid-fast bacilli (Drutz et aI. , 1 9 7 2 ,  
1 974) .  

In  relation to the lipase activity, although a complex lipid substrate was not 
used , we believe that because of the waxy components of the wall structure of M. 
leprae and other mycobacteria, it is an enzyme that must be studied in more 
detail and with a more appropriate methodology _ Other enzymatic activitie� and 
oxidative metabolic changes have to be studied to definitively state that 
circulating leucocytes of lepromatous patients behave in an essentially normal 
manner as compared with leucocytt<s from heaithy individuals_ . � .  ' � 



LEUCOCYTE ENZYMATlC ACTlVITlES IN LEPROSY 2 5  

Acknowledgements 

O. Rojas·Espinosa, J. E. García and S. Estrada, are fellow holders from the Comisión de 
Operación y Fomento de las Actividades Académicas dei Instituto Politécnico Nacional, 
México. We are deeply in debt to Drs F. Latapí and A. Saúl, from the Centro Dermatológico 
Pascua at Mexico City, for letting us work with their patients, and to Miss Theresa Dolan for 
her help in the p reparation of the manuscript .  Financiai support was obtained from the W.H.O.  
and from the Conacyt, México. 

References 

Baehner, R. L .  and Nathan, D .  G .  ( 1 9 6 8 ) .  Quantitative nitroblue tetrazolium test in chronic 

granulomatous disease. N. Eng/. J. Med. 2 7 8 , 97 1 .  
Barbieri, T .  A. and Correa, W. M .  ( 1 967 ) .  Human macrophage culture. The leprosy prognostic 

test ( LPT).  Int. J. L epr. 3 5 , 3 7 7 .  
Beiguelman, B .  ( 1 9 6 7 ) .  Leprosy and genetics. A review o f  past research with remarks 

concerning future investigations. Bu li. Wld H/th Org. 3 7 , 46 1 .  
Convit, J . ,  Avila, J .  L. , Goihman, M .  and Pinardi, M .  E. O 972 ) .  A test for the determination of 

competency in clearing baciUi in leprosy patients. Bu li. Wld Hlth Org. 46, 82 1 .  
Convit, 1 . ,  Pinardi, M .  E . ,  Rodríguez-Ochoa, G . ,  Ulrich, M . ,  Avila, J .  L .  and Goihman, M .  

( 1 9 74) .  Elimination of My cobacteriu m leprae subsequent to  local i n  vivo activation o f  
macrophages i n  lepromatous leprosy b y  other mycobacteria. Clin. exp. Im m u n. 1 7 , 2 6 1 .  

Cooper, M .  R . ,  DeChatele t ,  L. R. , M cCaU, C .  E . ,  LaVia, M .  F . ,  Spurr, C.  L. and Bahener, R .  L .  
( 1 9 7 2) .  Complete deficiency of leukocyte glucose-6-phosphate dehydrogenase with 
defective b actericidal activity . .I. Clin. In vest. 5 1 ,  769 .  

Dawson, R. M .  c . ,  Elliott ,  D.  c . ,  EUiott ,  W.  H .  and  J ones, K. M .  ( 9 69) .  Data for Biochem ical 
R esearch, 2nd ed. p. 5 0 7 :  Oxford University Press. 

DeChatelet, L .  R. ( 1 9 7 5 ) . Oxidative bactericidal mechanisms of polymorphonuclear leukocytes . 
.I. Infect. Dis. 1 3 1 , 2 9 5 .  

Drutz,  D. J . ,  Chen,  T. S .  N .  a n d  L u ,  W. H .  ( 9 7 2 ) .  The continuous bacteremia i n  lepromatous 
leprosy . N. Engl. .I. Med. 287 ,  1 5 9 .  

Drutz, J .  D. , O' Neill, S .  M .  a n d  Levy , L. ( 9 74) .  Viability of blood borne My cobacterium 
leprae . .I .  Infect. Dis. 1 30 , 2 8 8 .  

Dwyer, J .  M . ,  Bullock, W. E .  a n d  Fields, J .  P.  ( 9 7 3 ) .  Disturbance of  the blood T :  B 
Iymphocyte ratio in lepromatous leprosy. Clinicai and immunologic correlations. N. Engl. 
.I. Med. 288 ,  1 036 .  

Godal, T . ,  Myklestad, B . ,  Samuel, D .  R. and  Myrvang, B.  O 9 7 I a) .  Characterization of  the 
ceUular immune defe ct in lepromatous leprosy : A specific lack of circulating 
Mycobacteriu m leprae-reactive Iym phocytes.  Clin . exp. Im munol. 9 , 82 1 .  

Godal , T. ,  Rees, R .  J .  W .  and Lamvik , J .  O .  0 9 7 I b ) .  Lymphocyte-med iat ed modification o f  
blood-derived macrophage function i n  vitro : Inhibit ion of  growth o f  intracellular 
mycobacteria with Iymphokines. Clin. exp. Immunol. 8 , 6 2 5 .  

Goihman-Yahr, M . ,  Rodríguez-Ochoa, G . ,  Aranzazu, N .  a n d  Convit, J. ( 9 7 5 ) .  Polymorpho
nuclear activity in leprosy. 1. Spontaneous and endotoxin-stimulated reduction of 
nitroblue te trazolium:  effects of serum and plasma on endotoxin-induced activation. Clin. 
exp. Im m u n ol. 20, 2 5 7 .  

Hanks, J .  H.  ( 1 947) .  The fate of leprosy bacilli i n  fibroblast cultivated from macular and 
tuberculoid lesions. In t. J.  L epr. 1 S ,  3 1 .  

Holmes, B . ,  Page, A. R .  and Good,  R. A. ( 1 9 6 7 ) .  Studies of the metabolic activity of leukocytes 
from patients with a genetic abnormality of phagocytic function. J. Clin. Invest. 46 ,  
1 42 2 .  

Job,  C.  K .  and Karat, A .  B.  A .  O 9 67) .  In Hart,  P .  D .  and Rees, R .  J .  W.  Lepromin and Kveim 
antigen reactivity in man, and their relation to  tuberculin reactivity .  Brit. medo B u li. 2 3 ,  
8 0.  

Kaplan, E. L. , Laxdal, T. and Quie, P.  G. ( 9 6 8 ) .  Studies of polymorphonuclear leukocytes 
from patients with chronic granulomatous disease of childhood : Bacte:jcidal capacity for 
streptococci. Pedia trics 4 1 , 5 9 1 .  

 bactericidal 

5  2



26 J .  E.  GARCIA-GONZALEZ, o. ROJAS-ESPINOSA AND s.  ESTRA DA-PARRA 

Lim, S .  O. , Kiszkiss, O .  F., lacobson, R. R., Choi, Y .  S .  and Good, R. A. ( I 9 7 4a) .  
Thy mus-dependent Iymphocytes of peripheral b lood in leprosy patients. Infect. Im r.zun. 
9 , 3 94. 

Lim, S .  O., Kim, W. S. ,  Kim, C. S. ,  Good,  R. A. and Park, B .  H .  ( 1 9 7 4 b ) .  NBT responses of 
neutrophils and monocytes in leprosy. In t. J. L epr. 42 ,  1 5 0 .  

Lowry, H.  O . ,  Rosebrough, N. l . ,  Farr, A. L. and Randall, R. l .  ( 1 9 5 I i . Protein measurement 
with the Folin-phenol reagent.  J. Biol. Chem. 1 9 3 , 2 6 5 .  

Manning, J .  P . ,  S teinetz , B .  G . ,  Babson, A .  L. and Butler, M .  C.  ( 1 966) .  A sim pie a n d  reliable 
method for estimation of alkaline phosphatase in tissue homogenates. El1zy mo/. A cta 
biocatal. 3 1 , 3 09 .  

Mitsuda, K. ( 1 9 5 3) .  On the value of a skin reaction to a suspension of leprous nodules. Il1 t. J. 
L epr. 2 1 , 347 .  

Nachlas, M .  M .  and Seligman, A. M .  ( 1 949) .  Evidence for the  specificity of esterase and lipase 
by the use of three chromogenic substrates. J. Bio/. Chem.  1 8 1 ,  3 4 3 .  

Seligman, A. M . ,  Chauncey, H .  H . ,  Nachlas, M .  M . ,  Manheimer, L. H .  and  Ravin, H.  A. ( 1 9 5 1 ) . 
The colorimetric determination of phosphatases in human serum. J. Bio/. Chem. 1 9 0 ,  7 .  

Stossel, T .  P . ,  Root, R. K .  a n d  Vaughan, M .  ( 1 9 7 2 ) .  Phagocytosis i n  chronic granulomatous 
disease and the Chediak-Higashi syndrome. N. Engl. J. Med. 286, 1 2 0.  

Turk, J .  L. ( 1 9 6 9 ) .  Cell-mediated immunological processes in leprosy. Bu li. Wld Hlth Org. 4 1 ,  

7 7 9 .  
Turk, J .  L .  a n d  Waters, M .  F .  R. ( 1 9 6 9 ) .  Cell-mediated immunity i n  patients with leprosy. 

Lancet  2 ,  243 .  
Wardley , R. c. ,  Rouse, B .  T. and  Babiuk, L. A. ( 1 9 7 6) .  Antibody-dependent cytotoxicity 

mediated by  neutrophils : A possible mechanism of antiviral defense. J. R eticuloendothel. 

Soc. 1 9 , 3 2 3 .  
Yarborough, O.  J . ,  Meyer, O. T . ,  Oannenberg, A. M .  and Pearson, B .  ( 1 9 6 7 ) .  Histochemistry o f  

macrophage hydrolases. 1 1 1 .  Studies on � -galactosidase, � -glucuronidase a n d  amino

peptidase with indolyl and naphthyl substrates. J. Re ticuloendothel. Soco 4, 3 9 0 .  

Zighelbaim, J . ,  Gale, R .  P .  and  Kedar, E. ( 1 9 7 6 ) .  Polymorphonuclear leukocyte Fc receptors in  

antibody-dependent cellular cytotoxicity (AOCC) . Transplan tatiol1 2 1 ,  5 2 4 .  




