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The inoculation of NI. leprae and M. lepraemurium 
in to animals develops two types of lesion : (a) 
lepromatous lesion, that occurs in rats, mice and 
hamsters (Hadler, 1 953 ; Hadler and Ziti ,  1 956) ; 
(b)  Tuberculoid lesion, found in guinea pigs and 
rabbits (Hadler, 1 953) . In a previous paper 
(Hadler, 1 953)  the histogenesis, the morphology 
and a few cytochemical properties of the in­
flammatory cells from these two types of lesions 
were studied . The results indicated that in the 
tuberculoid type of lesions the macro phages are 
able to lyse the phagocytised mycobacteria, be­
coming transformed, after the bacterial lysis is 
done, into epithelioid cells, free of bacilli and 
lipids. On the other hand, in the lepromatous 
type of lesions the macrophages were unable to 
lyse the phagocytized mycobacteria, transform­
ing into lepra cells which contain numerous 
bacilli and lipid droplets within their cytoplasm. 

I n  the present paper an attempt is made to 
study the cells from lesions induced by M. leprae 
and M. lepraemurium inoculated in guinea pigs, 
rabbits and rats, as far as some cytochemical and 
cytophysiological properties are concerned . In  
addition, human lesions of  both tuberculoid and 
lepromatous type were also studied. 

MA T E R I A L  A N D  ME T H O D S 
Adult rats, guinea pigs and rabbits of both sex, 
weighing I 40-220g (rats) , 3 I O-365g (guinea 
pigs) and 2 . 000-2 . 500 (rabbits) were used . 

Suspensions of M. leprae and M. lepraemurium, 
prepared by the usual methods and rendered 
free from tissue particles with the aid of the 
Hanks ( 1 95 1 )  technique slightly modified, were 
injected intracutaneously or intraperitoneally. 
The inoculated dose of bacilli was determined 
by weighing the already dried bacilli from a 
suspension sample. When the inoculation was 

performed by intracutaneous route the hair of a 
5 cm. skin area was previously shaved . 

The animals were grouped according to the 
mycobacterial species inoculated, the route of 
inoculation with the additional injection of elec­
tro-negative colloidal particles (Table I ) .  Two 
kinds of colloidal particles were employed : (a) 
I per cent Prussian blue water 'solution' ; (b)  
I :  2 water diluted Indian ink.  The Prussian blue 
was injected together with bacilli ; the Indian I nk 
was injected either 24 or 48 hours before the 
animal was killed, except for the rabbits (see 
Table I ) .  

T A B L E  I 
Throughout the experiment, the animals were 
killed by ether inhalation according to the 
following schedule : (a) groups 1 , 2 and 4 :  one 
or two animals daily until the 3rd day and each 
three days until the 40th day after inoculation ; 
(b)  groups 3, 5, 6 and 8 :  one animal at the 2nd, 
5th, 8th, 1 2 th, 1 5th and 20th day ; of the remain­
ing animals of the group, 8 were killed at the 
25th, 30th, 35th and 40th day and those ones of 
group 3 at the 50th, 60th, 70th and 90th day. 

Humans lesions from four lepromatous and 
four tuberculoid leprosy cases were also studied. 
In addition, the site of inoculation of the lepro­
min test performed in six posi tive and six 
negative contacts, taken up by biopsy, 20 days 
after the lepromin injection, were included in 
this study. 

The histological study was performed in such 
a way that always one rat and one guinea pig 
subjected to the same experimental condition 
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Disease. 
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T A B L E  I 

Experhnental anhnals, dose of inoculuDl and route of inoculation 

No. of Animals 

Group Rats Guinea Mycobacterial 
Pigs Species 

25 25  M. leprae 

2 25 25  M. lepraemurium 

3 1 0  1 0  M. leprae 

4 20 20 M. lepraemurium 

5 6 6 M. leprae 

6 6 6 M. lepraemurium 

7 6 6 M. lepraemurium 

Rabbits M. lepraemurium 

8 1 0  M. leprae 

( * )  injected into the lesion, 24-48 h before the animal was 
killed . 

could be compared ; the rabbit and the human 
material were studied in parallel. Pieces of 
omentum, spleen, liver and lymph nodes, as 
well as the site of inoculation were taken up and 
treated as follows : 

( I ) General histological techniques : fixed in Bouin's 
fluid or in a solution containing 80 per cent 
ethanol (85 ml) , formalin ( 1 0  ml) and acetic 
acid (5  ml) ; embedded in paraffin and stained 
by HE, Masson's trichromic and orcein ; 

( 2 )  Silver methods : (a) reticulum : fixed in a 
1 0  per cent formalin solution, embedded in 
paraffin and silver stained by Gomori's ( 1 937 )  
technic ; or  frozen sections, silver stained by  the 
Rio Hortega's ( 1 943) technique ; (b) macro­
phages : fixed in a 1 5  per cent formalin solution 
added, 3g of calcium chloride to each 1 00 ml of 
solution ; frozen sections, stained by a variant of 
the Rio Hortega ( 1 927 )  method . 

(3 )  Mycobacteria : Faraco 's  ( 1 938) modification 
of Ziehl-Neelsen's stain technique ; 
(4) Athrocytic activity : fixed in Bouin, embedded 
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Inoculum 
Colloidal particles 

Dose in Route of 
Mg. Inoculation 

0 · 5  Intracut. 

1 . 0 Intracut. 

2 . 0  Peritoneal 

4 . 0  Peritoneal 

0 · 5  Intracut. 

1 . 0 Intracut. Pruss ian blue o. 1 ml 
Indian ink o. 1 ml ( * )  

4 . 0  Peritoneal Pruss ian blue o. I ml 
Indian ink 1 . 0 ml ( * * )  

4 . 0  Peritoneal Indian ink 0 . 3 ml 
injected together the 

0 · 5  Intracut .  bacilli 

( * * )  injected by peritoneal route, 24-48 h before the 
animal was killed. 

in paraffin and stained by HE, or fixed in 
formalin-calcium solution, frozen sections and 
counterstained with carmine. 

(5 )  Mitochondria : Fixed in Regaud 's fluid for 
four days, postchromed for eight days and 
stained by Altman's fucsin-anilin. 

(6)  Histochemical techniques : 

(a) Lipids : Two procedures were used : fixed 
in a formalin calcium solution, frozen sections 
stained by a 60 per cent ethanol saturated solu­
tion of Sudan black B ;  and fixed 24 h in a form­
alin calcium-cobalt solution, post-chromed for 
six days and stained by Sudan black B as for 

McMannus ( 1 946) phosphatide technique. 
(b)  Alkaline phosphatase : Technique of Gomori 

( I 946a) ; sodium B glycerophosphate as subs­
trate ; incubation for 4 h. 

(c) A cid phosphatase : Technique of Gomori 
( 1 950a) modified by Holt ( 1 959) ; fixed in 
formalin calcium solution at 4 °C ;  paraffin 
embedded in frozen section ; substrate sodium 
B glycerophosphate ; incubation for 2 h. 



(d) Lipase: Technique ofGomori ( 1 953) : fixed Table 2 shows the main morphological and 
in ethanol at 4 °C for 1 2  h and embedded in cytochemical properties of the macrophage. 
paraffin ; incubation 1 0  h in between 40, at pH Some quantitative differences could be seen con­
7 . 2  (0 . 05M veronal buffer) . cerning the guinea pig macrophages compared 
(e) Basophil and metachromatic substances : Fixed to the rat ones. These differences are cyto­
in Bouin or ethanol-formalin-acetic acid chemical and cytophysiological in nature. The 
solution, stained in a I per cent Toluidine guinea pig and rabbit macrophages display a 
blue solution, at pH 4 . 5 . Ribonuclease test higher level of lipase, alkaline and acid phos­
performed with a boiled acid extract of phatase activity (Figs. 7 , 9 and 1 0) ; they contain 
pancreas . larger amounts of lipid droplets than do the rat 

macrophages. Although the macrophages in (f) Periodic acid Shiff reaction : Fixed in Bouin 
these three animal species are actively phago­or ethanol formalin-acetin acid solution ; 
cytic, those of rat show larger amounts of bacilli McMannus ( 1 948) technique. 
inside the cytoplasm. The study of the lesions 

(g) Feulgen's reaction : Feulgen and Rossen­ throughout its development show that the 
beck's ( 1 924) technique. amount of mycobacteria progressively decreases 

within the guinea pig and rabbit macro phages ; 
R E S U L T S  in the rat macrophages, on the other hand, the 

amount of bacilli increases progressively. As the The guinea pig and rabbit lesions are histologi­
amount of bacilli inside the cell depends upon cally similar and therefore they will be analysed 
the ratio between the uptake and the lysis of the together. There are no detectable histological 
phagocytised bacilli, this finding permits two and cytochemical differences concerning either 
hypotheses : ( I ) the rat macrophage display a the mycobacterial species or the inoculation 
higher degree of phagocytosis ; ( 2 )  the guinea route, when single animal species are considered . 
pig and rabbit macrophages are able to lyse the 

The macrophage appears as a cell that plays phagocytised bacilli .  
a key role concerning the development and 
evolution of the leprosy lesions in all animal The latter hypothesis is supported by follow­
species studied, since this cell should be well ing findings : 
identified . As an attempt to accomplish this (a) The phagocytic activity seems to be similar 
purpose besides its morphology we have based in the rat and guinea pig macrophages, since 
its argentophil properties (Figs. 1 and 2 ) ,  which both are able to take up Prussian blue and 
seem to be very suitable in this connection. Indian ink particles at a same extent. It is 

The macrophage originates from a spindle­ known that athrocytic and phagocytic activity 
shaped and slightly argentophil cell whose cyto­ are parallel . 
logical and cytochemical properties are sum­

(b) I n  the rat macrophages the bacilli seldom marised in  Table 2. Cytochemically this cell 
lie within cytoplasmic vacuoli ,  and are mor­shows some quantative differences when guinea 
phologically normal and stain well ; on the pig lesions are compared with rat lesions . Either 
other hand in the guinea pig and rabbit macro­the alkaline or the acid phosphatase activity, 
phages the bacilli lie in cytoplasmic phagosomes, quantitatively estimated by the method of 
display marked and progressive morphological Cleland ( 1 950) , slightly modified, are higher in 
alterations, lose their alcohol-acid resistance and the guinea pig spindle-shaped cells rather than 
show some sudanophilia, in contrast with what in the same cells from the rat lesions . It is known 
happens with morphologically normal bacilli . that such a method to estimate phosphatase 

activity is not suitable for quantitative purpose Furthermore, since the rat macrophages do 
(Gomori, 1 950a, 1 950b) . However, in our not show any morphological sign of cell damage, 
material it  proved to be useful since the results the guinea pig and rabbit macrophages often 
were uniform and permit a good comparison present cytoplasm vacuolization, degenerative 
either among several cell types in a single animal alterations of the nucleus (pyknosis, chromatoly­
species or  between a same cell type in two sis) and cell necrosis . These findings suggest a 
animal species. Nevertheless, the results must be more striking integration of bacilli into host cells 
considered only as a semi-quantitative approach. in these latter animal species . 

Some Cytochemical and Cytophysiological Properties of the Cells 1 73 



Silver satmmg method for argentophil cells ; 320X 
FIG. I Rat intracutaneously inoculated with M. leprae­
murium ; skin lesion. The macrophages appear deep black ; 
the lepra cells are slightly impregnated or unstained ; the 
giant cell shows the central area moderately argentophil .  

FIG.  2 Guinea pig intracutaneously inoculated with !vI. 
lepraemurium ; skin lesion. The macrophages are strongly 
argentophil whereas the epithelioid cells are not stained. 
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FIG. 3 Rabbit intracutaneously injected with !vI. leprae 
plus Indian ink ; HE stain ; 550X. The macrophages ( top 
righ t) show a great amount of granules within their cyto­
plasm ; the epithelioid cells (centre and left side) contain 
only a few granules arranged as a circle near the nucleus. 

FIG. 4 Rat peritoneally injected with !vI. leprae; lymph 
node lesion ; Sudan black B stained ; 300X. The lepra cells 
contain numerous sudanophil droplets wi thin their c yto­
plasm. 



TABLE 2 

Cytological, cytochetnical and physiological properties of the tnain cells found in 
lesions produced by tnycobacteria inoculation into rat and guinea pig tissues 

Spindle-shaped Cell 
Properties 

Guinea Pig Rat 

Argentophilia ± ± 

Phagocytic activity ( * )  ± ± 

Athrocytic activity ( ** )  ± ± 

Mitochrondria ++++ +++ 

Cell damage 

Sudanophil substances + + 

Phospholipids 

Basophil substances (RNA) +++ +++ 

Metachromatic substances + + 

PAS positive substances 

Alkaline phosphatase ++++ +++ 

Acid phospha tase ++ + 

Lipase +++ ++ 

( * )  Phagocytic actIvIty : estimated on the basis of the 
amount of bacilli within the cell cytoplasm. 

The macrophages become transformed into 
epithelioid cells in guinea pig and rabbit lesions, 
and into lepra cells in the rat lesions. 

The morphological and cytochemical proper­
ties of the epithelioid cells may be seen on 
Table 2. The morphological study supports the 
view that epithelioid cells are unable to phago­
cytise, since they do not contain within their 
cytoplasm bacilli nor other kind of alcohol-acid 
resistant substances nor Prussian blue and 
I ndian ink granules . This finding suggests, 
furthermore, that all detectable substances 
liberated from the bacilli lysed by the macro­
phages are soon split off, as the macro phages 
develop into epithelioid cells. 

The lesions from animals that have received 
bacilli plus Pruss ian blue or Indian Ink sus­
pensions show much particulate matter within 

Macrophage Epithelioid Lepra 
Cell Cell 

Guinea Pig Rat (Guinea Pig) (Rat) 

++++ ++++ ± 

+++ ++++ ++++ 

++++ ++++ +++ 

++++ +++ +++ + 

+++ ± + 

+++ + + +++ 

+++ ± + 

++ ++ 

± ± 

+ ± 

+++ ++ ++ ± 

+++ ± +++ 

+++ ± ++ 

( * * )  Athrocytic activity : estimated on the basis of the 
amount of colloidal granules within the cell cytoplasm. 

the cytoplasm of the macrophages. As the 
macrophages transform themselves into epithe­
lioid cells, the granules progressively decrease in 
size and reduce in number, and when the 
transformation is accomplished only a few 
granules lie on a very limited cytoplasmic area 
(Fig. 3) . 

There are strong morphological evidences 
suggesting that Pruss ian blue and Indian ink 
particles are slowly digested throughout the 
macrophage development. The rate of digestion 
of colloidal particles seems to be slower than the 
rate of bacillary lysis. 

The results obtained by the injection of Indian 
ink into the lesions, performed 1 -2 days before 
the animals were killed indicate that epithelioid 
cells do not show any evidence of athrocytic 
activity. 
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Alkaline phosphatase activity of the inflammatory cells. 

FIG . 5  Rat peritoneally inoculated with M. lepraemurium ; 
liver lesion ; 300X. The lepra cells, which cen tre the 
lesion, are very slightly positive . The peripherally situated 
macrophages show a strongly positive reaction .  

FIG.6 Rat  peritoneally inoculated with M. leprae; liver 
lesion, 50oX. The lepra cells that constitute the lesion are 
almost negative. 
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FIG7 .  Guinea pig peritoneally inoculated with M. leprae. 
Peritoneal lesion ; I OOX. The macrophages and the blood 
vessel endothelial cells (right side) are strongly positive. The 
epithelioid cells and the giant cell ( left side) show a lesser 
degree of positivity. 

Acid phosphatase activity of the inflammatory cells. 

FIG.8  Rat peritoneally inoculated with M. lepraemurium ; 
peritoneal lesion ; 300X. The spindle shaped cells and the 
macrophages, show slightly positive reaction .  The lepra 
cells that centre the lesion, are negative. 



The multinucleated giant cells, often found in 
guinea pig and rabbit lesions, are cytochemically 
and physiologically similar to epithelioid cells, 
except concerning its cytoplasmic central area. 
In this site, on the other hand, the described 
properties are closely alike to those of the 
macrophages. 

In the rat lesions the macrophages transform 
themselves into lepra cells, which show many 
differences, mainly concerned with cytochemical 
and physiological properties, compared to the epi­
thelioid cells (see Table 2 and Figs . 4, 5 ,  6 and 8) . 

The amount of bacilli within the cytoplasm of 
the lepra cells, although large, increases pro­
gressively throughout its development. As the 
bacilli injected were dead, this result supports 
the view that the lepra cells are able to phago­
cytise, in contrast to what happens with the 
epithelioid cells . The bacilli contained in the 
lepra cells often do not show morphological 
alterations at least before the second month of 
the evolution of the lesion. Only later some 
alcohol-acid resistant granules do appear. This 
finding indicates that lepra cells are unable to 
lyse the phagocytised bacilli, which remain 
stored within the cytoplasm for a long period . 
On the other side, the stored bacilli do not seem to 
produce any harmful effect upon the lepra cells . 

FIG.9 Guinea pig peritoneally inoculated with M. 
lepraemurium ; liver lesion ; 450X. The epithelioid cells and 
the macrophages show strong positive reaction. 

When Prussian blue was injected together with 
bacilli, a large amount of dyed granules appeared 
scattered within the cytoplasm of the lepra cells, 
remaining there for a long time. There are no 
signs, in the most part of the lesions, that could 
be interpreted as an attempt of the lepra cells to 
digest the stored granules. Only in some limited 
sites of the lesions are there evidences of Prussian 
blue digestion, performed by the macrophages 
and by cells originated from them ; these latter 
cells show physiological properties which differ 
from those presented by the true lepra cells 
(Hadler, 1 959) . 

The lepra cells are able to take up I ndian ink 
particles, i�ected 1 -2 days before the animals 
were killed . Nevertheless, the athrocytic activity 
of the lepra cells is at a lower degree compared 
to that of the macrophages . Only in the retro­
gressive phase of the leprosy lesions, which takes 
place two or more months after M. leprae 
inoculation, the lepra cells exhibit a higher 
degree of athrocytic activity, which becomes 
similar to that presented by the macrophages . 

In  the rat lesions some giant cells may be 
found. Although they are morphologically 
similar to those found in guinea pig lesions, 
physiologically and cytochemically they display 
the same properties as the lepra cells. 

FIG. I 0 Guinea pig peritoneally inoculated with M. 
leprae ; peritoneal lesion ; 450X. The macrophages show 
s trong positive reaction ; the larger epithelioid cells display 
a lesser degree of phosphatase activity. 
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The results obtained with human material 
( leprosy lesions and the site of lepromin reaction) 
are very similar to those described above. The 
macrophage and the lepra cells of human lesions 
are almost identical to the homologous cells of 
the rat lesions, either cytochemically or physio­
logically. On the other hand, the macrophages 
and the epithelioid cells of human tuberculoid 
lesions are very similar to the homologous cells 
of the guinea pig and rabbit lesions . 

D I S C U S S I O N  
The stated results show that the rat lepra cells 
are very different cytochemically and physio­
logically from the guinea pig epitheloid cells. 
Some quantitative differences are also found 
when the macrophages of these two animal 
species are compared . 

I t  appears that the macrophage is the most 
important cell as far as the histogenesis of lesions 
produced by mycobacteria is concerned . There­
fore, a suitable staining method able to demons­
trate this cell was considered as very desirable. 
Some silver staining techniques have been suc­
cessfully used to impregnate the inflammation 
macrophage (Rio Hortega, 1 92 7, 1 943 ; Rio 
Hortega and Asua, 1 92 1 ; Marshall, 1 946, 1 953 ,  
1 958) , since it i s  an argentophilic cell ( Marshall ,  
1 953 ,  1 958) . 

The macrophage, therefore, well defined by 
silver impregnation, was taken as the central 
point of lesion development. On this basis, the 
cells that precede and succeed it  could be well 
maintained and studied cytochemically and 
physiologically. 

The lesions induced by M. tuberculosis inocula­
tion into guinea pigs show that the macrophages 
are endowed with alkaline phosphatase activity, 
in contrast to what happens to the epithelioid 
cells which are inactive (Russel and col . ,  1 944) . 
Similar results have been obtained in tissue 
cultures (Weiss and Fawcet, 1 953)  and in human 
lesions of the tuberculoid form of leprosy 
(Klingmuller, 1 953 ) . Our results show, how­
ever, that either in animal or in human lesions, 
the epithelioid cells present alkaline phosphatase 
activity, although in a lesser degree compared 
to the macrophage. The alkaline phosphatase 
activity of epithelioid cells is larger than that 
presented by the lepra cells, which are almost 
inactive. In agreement with our findings, it  has 
been pointed out that in the experimental rat 
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tuberculosis the 'chronic inflammatory cells ' do 
not show any alkaline phosphatase activity 
(Grogg and Pearse, I 952a) , similar to that which 
occurs with the rat lepra cell (Klingmuller, 
1 953) · 

On the other hand, our results do not agree 
with those concerned with the acid phosphatase 
activity of the inflammatory cells . It has been 
stated that both macrophages and epithelioid 
cells from tissue cultures (Weiss and Fawcet, 
1 953)  and the 'phagocytes' from rat tuberculous 
lesions (Grogg and Pearse, 1 952a) are provided 
with a high degree of acid phosphatase activity, 
in contrast with the guinea pig epithelioid cells 
which are inactive . Pepler and col. ( 1 958) have 
found in human leprosy lesions more acid phos­
phatase activity in lepra cells than in epithelioid 
cells . It must be considered that it  is very 
difficult to correlate cells defined by different 
criteria. Furthermore the semi-quantitative 
approach concerning the acid phosphatase 
activity performed by us, in a material where 
the macrophages were accurately recognised by 
its argentophilia, seems to be more suitable 
than other methods alrcady used to the same 
purpose. 

Lipolytic enzymes such as stearases (Vogel, 
1 95 1 )  and lipase (Gomori, 1 946b ; Wotton and 
col . ,  1 950) have been found in the guinea pig 
macrophages. On the other hand, the lepra cells 
do contain many lipid droplets within their 
cytoplasm (Rath de Souza and Alayon, 1 942 ; 
Villela and Linhares, 1 943 ; Linhares, 1 944 ; 
Rath de Souza and Souza Lima, 1 950 ; Azulay 
and Andrade, 1 952 ; Harada, 1 955 ; Sugai, 
1 958) and show a feeble lipolytic activity 
(Emerson and col . ,  1 932 ) , whereas the human 
epithelioid cells apparently do not contain lipids 
(Rath de Souza and Alayon, 1 942 ; Rath de 
Souza and Souza Lima, 1 950 ; Azulay and 
Andrade, 1 952 ) .  These results were confirmed 
by our findings . 

Both the guinea pig and the rat macrophage 
show cytological similarities . Nevertheless, they 
display several physiological and cytochemical 
differences, which appear to be correlated with 
its ability to lyse the phagocytised bacilli Con­
sistent evidences concerning the mycobacterial 
lyses within the guinea pig and rabbit macro­
phage are provided by the study of the lesions 
throughout their development and evolution. 
Electron microscopic studies performed on 



human tuberculoid leprosy lesions support this 
view (Nishimura, 1 960) . 

There should be some correlation between 
acid phosphatase activity, the functional role of 
the macrophage and its transformation into the 
epithelioid cell. This view is supported by the 
already admitted effectiveness of this enzyme in 
splitting off tuberculoid phosphatides (Grogg 
and Pearse, 1 952a ; Gerstl and Tennant, 1 94 1 ) .  
As both alkaline and acid phosphatase as well as 
lipase appear at a higher level in the cells which 
are able to lyse the

· 
mycobacteria, it would be 

admitted that the enzymic production capacity 
by the cells has a great role concerning the 
bacterial lysis . 

On the other hand, the biosyntheses or the 
activation of enzymes would depend upon the 
strength of cell stimulation. As the interaction 
of bacilli and host cells is closer in guinea pig 
lesions than in rat lesions, the different physio­
l ogical behaviour of the inflammatory cells in 
these animal species would be a consequence of 
the effectiveness of the stimulus.  Some experi­
mental results support this hypothesis . Hadler 
( 1 959) injecting electro-negative colloidal par­
ticles together, either the M. leprae or the M. 
lepraemurium in rats, found in limited areas of the 
lesions striking evidence of mycobacterial lyses 
performed within the macrophages . These cells 
further undergo transformation into epithelioid­
like cells . This result was interpreted as a conse­
quence of the enhanced stimulation effect of the 
rat macrophages accomplished by the inter­
action of the bacilli plus the colloidal particles . 
Hadler, Ferreira and Ziti (unpublished paper) 
inoculated guinea pig with M. leprae and 
M. lepraemurium and treated them with cortisone 
and an antihistaminic drug. Their findings show 
that the treated guinea pig macrophages become 
unable to lyse the phagocytised mycobacteria, 
and as a result lepra-like cells do appear in the 
lesions . In such instance, the treatment per­
formed seems to inhibit the synthesis of the lytic 
enzymes by the macrophage, at the same time 
that the interaction of bacilli-host cells decreases. 
Therefore, by acting on the interaction of bacilli­
host cells the functional activity of the inflamma­
tory cells may be experimentally changed . 

The different behaviour of guinea pig and rat 
macrophages when M. leprae and M. leprae­
murium are inoculated appears as a property of 
their OW11 tissue cells, since it is independent of 

previous mycobacterial contacts (Hadler, 1 953)  
and it is not modified by experimentally induced 
either specific or para-specific hypersensitivity 
(Hadler, 1 956 ; Hadler and Ziti, 1 955) . 

SU M M A R Y  
The lesions induced b y  M. leprae and M. leprae­
murium inoculation in the guinea pig and rabbit 
display a tuberculoid structure, whereas in the 
rat they present a lepromatous structure. A 
cytochemical and cytophysiological study car­
ried out on these two kind of lesion structures 
showed many differences concerning the bio­
chemical and the functional activity of the 
macrophage, which seems to be responsible for 
the development of physiologically different 
cells : the epithelioid cell in the tuberculoid 
structure and the lepra cell in the lepromatous 
structure . The macrophage was considered as 
the most important cell concerning the lesion 
development and therefore was carefully identi­
fied, mainly by its argentophilia .  

The guinea pig and rabbit macrophages, are 
able to lyse the phagocytised mycobacteria, and 
display a high degree of alkaline and acid phos­
phatase activity. They quickly split off lipids 
(phospholipids included) within its cytoplasm, 
since they present a high degree of lipase 
activity . They show numerous mitochondria and 
some ribonucleic basophilia in its cytoplasm. 
The macrophage transforms itself into the 
epithelioid cell, which is not argentophil, is free 
of bacilli and contains very few lipids within 
its cytoplasm. The epithelioid cell displays, 
furthermore, alkaline and acid phosphatase and 
lipase activity ; it is a cell that does not display 
phagocytic and athrocytic activity, but it is able 
to split off the electro-negative colloidal granules 
already contained in its cytoplasm. 

In the rat the argentophil macrophage is un­
able to lyse the phagocytised mycobacteria, 
shows a feeble alkaline and acid phosphase 
activity ; splits off very slowly the lipids con­
tained in its cytoplasm, which agrees with its 
very feeble lipase activity . In  this animal species 
the macrophage transforms itself into the lepra 
cell, which is slightly argentophil, and contains 
a great amount of bacilli and of lipid droplets 
within its cytoplasm. This cell is void of lipase, 
alkaline and acid phosphatase activity and of 
r ibonucleic basophilia. It is able to phagocytise 
and to athrocytise granular matter. 
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The results obtained in human tuberculoid 
and lepromatous lesions were very similar to 
those stated before . I n  the tuberculoid lesions the 
macrophage and the epithelioid cell are similar 
to the homologous cells from guinea pig lesions . 
On the other hand, in the lepromatous lesions 
the macrophage and the lepra cell are similar to 
the cells found in the rat lesions . 

The different behaviour of the inflammatory 
cells in these two types of lesions seems to depend 
upon the interaction of bacilli and host cells, 
which provides the stimulus concerning the bio­
synthesis of enzymes ; some of them would be 
accounted for by the mycobacterial lysis . This 
hypothesis is supported by results concerning the 
experimental stimulation and inhibition of the 
inflammatory cells induced by the M. leprae and 
M. lepraermurium inoculation. 

R E SU M O  

As lesoes induzidas pela inocula<;ao d o  M. leprae 
e do M. lepraemurium, em cobaios e coelhos, 
apresentam estrutura tubercul6ide. No rata 
estas lesoes possuem estrutura lepromatosa .  0 
estudo citoquimico e citofisiol6gico, efetuado 
nesses dois tipos de lesoes, mostrou diversas 
differen<;as concernentes a atividade bioquimica 
e funcional dos macr6fagos, as quais parecem 
responsaveis pelo aparecimento de celulas fisio­
logicamente diferentes : a celula epiteli6ide na 
estrutura tubercul6ide e a celula leprosa na 
estrutura lepromatosa. 0 macr6fago foi con­
siderado a celula mais importante no que con­
cerne ao desenvolvimento das lesoes e por isso, 
foi identificado cuidadosamente - principal­
mente atraves de sua argentofilia. 

Os macr6fagos do cobaio e do coelho sao 
capazes de lisar as micobacterias fagocitadas e 
apresentam forte atividade phosphatasica, tanto 
alcalina quanta acida. Eles metabolizam rapid a­
mente, lipides contidos em seu citoplasma e 
possuem forte atividade lipasica. Apresentam 
numerosas mitocondrias e pequena basofilia 
ribonucleica. 0 macr6fago transforma-se na 
celula epiteli6ide, que nao e argent6fila - nao 
possui bacilos e con tern poucos lipides no cito­
plasma ; nao exerce fagocitose nem atrocitose 
mas e capaz de metabolizar cor antes eletro­
negativos con tid os em seu citoplasma. 

No rato, 0 macr6fago argent6filo e incapaz de 
lisar as micobacterias fagocitadas ; apresenta 
fraca atividade fosfatasica acida e alcalina ; 

1 80 Leprosy Review 

metabolisa muito lentamente lipides contidos em 
seu citoplasma, 0 que concord a com sua fraca 
aftividade lipasica. Nesta especie animal 0 macr6-
fago transforma-se na celula leprosa, fracamente 
argent6fila, muito rica em bacilos e em goticulas 
de lipides . Esta celula e isenta de lipase, de 
atividade fosfatasica acida e alcalina e de baso­
filia ribonucleica. A celula leprosa e capaz de 
fagocitar e atrocitar. 

Os resultados obtidos em lesoes de lepra 
human a confirmam os verificados em animais . 
Nas lesoes tubercul6ides 0 macr6fago e a celula 
epiteli6ide sao semelhantes as celulas hom610gas 
presentes nas lesoes do cobaio . Ao contrario, nas 
lesoes lepromatosas 0 macr6fago e a celula 
leprosa se assemelham as celulas emcontradas 
nas lesoes do rato . 

o comportamento diferente das celulas in­
flamat6rias nesses dois tipos de lesoes parecem 
depender da intera<;ao bacilos-celulas do hos­
pedeiro, a qual produz estimulo responsavel pela 
biosintese de enzimas, algumas das quais pro­
duziriam a lise das micobacterias . 

Esta hip6tese e apoiada por resultados pro­
venientes da estimula<;ao e da inibi<;ao experi­
mentais das celulas inflamat6rias induzidas pela 
inocula<;ao do M. leprae e do M. lepraemurium. 
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