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Abstract 

Cerny L.: Histopathology and Histochemistry of Yersin Type Tuberculosis in Rabbits. 
Enzymhistochemical Study of Development of the Disease after Infection with Myco
bacterium avium. Acta Vet. Bmo 49, 1980: 75-83. 

Enzymhistochemical study of livers of rabbits infected experimentally with 
Mycobacterium avium revealed presence of changes in activity of some enzymes in 
the process of development of microscopic changes. 

Activity of acid phosphatase was always present and especially high in macro
phages and young epitheloid cells. At this stage of development of tuberculous le
sions high activity of succinic, malic and isocitric dehydrogenases was present which 
showed high glycolytic activity of these cells. Development of pentoses and active 
pentose shunt in these cells revealed high activity of glucose-6-phosphate dehydro
genase. Activity of alkaline phosphatase was not connected to a considerable degree 
with cells of macrophage system. These cells revealed also activity of non-specific 
esterase, !1-hydroxybutyrate and alcohol dehydrogenases. 

Tuberculosis, Mycobacterium avium, Yersin type, enzymhistochemistry, hydrolases, 
dehydrogenases. 

Tuberculous tissue and especially the cells of macrophage system reveal presence of activity 
of various enzymes. Their presence confirmed various authors. Activity of alkaline phosphatase 
is present mainly in cells of lymphocyte type and neutrophilleucocytes. These findings described 
Hori et a1. (1953a, b), Merkal et a1. (1968), Wertheimer (1968), Rajchlin (1971), Arabijskij 
(1975) etc. Some of the authors found limited activity of this enzyme in cytoplasm of few macro
phages (Grusovin et a1. 1976; Meier et a1. 1977; Erochin 1978). 'During granuloma formation 
activity of alkaline phosphatase increased but in macrophages it was very limited, if any. Activity 
of acid phosphatase is according to the theory of De Duve 1963, 1966, 1970) conneeted with lyso
somes. The question of presence of activity of lysosomal enzymes was studied by various authors 
e. g. Kurilov (1970), Mitin (1970), Armstrong and Hart (1971), Rajchlin (1971), Stossel 
et a1. (1977), Davies (1976), Papadimitrious and Wyche (1976) etc. It was generally accepted 
that the activity of lysosome enzymes was one of proofs of cellular activity of macrophages. Activity 
of other hydrolase - non specific esterase was in the cells of macrophages system estimated al
ways very high (Leder 1966; Merkal et al. 1968; :2:uravleva 1970; Foldes 1976; Meier 
et a1. 1977). 

In the course of development of various granulomas also presence of activity of various oxido
reductases was studied. Activity of succinic dehydrogenase described Sorokin et a1. (1966), 
Hodel et a1. (1966), Wertheimer (1968), Arabijskij (1975), Erochin (1978) etc. Similarly, 
in various cells of macrophage system activity of isocitric dehydrogenase was described (Allison 
et a1. 1962; Hodel et al. 1966; Merkal et a1. 1968; :2:uravleva 1970; erc.). Activity of malic 
dehydrogenase was studied by :2:uravleva (1970), Stuart et a1. (1971), :2:uravleva described 
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also the presence of alcohol and ex-glycerophosphate dehydrogenase. Activity of glucose-6-phospha
te dehydrogenase was also present in cells of macrophage system (AJlison et a!. 1962; Werthei
mer 1968; Arabijskij 1975; Papadimitriou and Wyche 1976). 

In development of various granulomas the cells of macrophage system revealed presence of 
whole series of enzymes. This work was concerned with activity of some enzymes during develop
ment of tuberculous lesions in rabbits after infection with Mycobacterium avium. 

Materials and Methods 

In the study 35 rabbits weighing about 1200 g were used. Thirty of these animals were infected 
intravenously with suspension of virulent strain of Mycobacterium avium using dosis of 0.01 mg per 
1 kg. Remaining 5 rabbits were used as controls. Experimental animals were sacrificed 6 days, 
10 days, 14 days, 18 days and 21 days after infection. Each experimental group consisted of 6 
animals. For enzymhistochemical studies liver samples were taken. The tissues were chilled using 
liquid propan-butan at -70°C or liquid nitrogen. Tissue samples were cut in cryostat and 
the sections were treated to reveal the presence of following enzymes: alkaline phosphatase 
AlP), acid phosphatase (AP), non-specific esterase (NE), succinic dehydrogenase (SDH), ex-glycero
phosphate dehydrogenase (GPDH), malic dehydrogenase (MDH), isocitric dehydrogenase 
(ISCDH), ~-hydroxybutyrate dehydrogenase (HBDH), alcohol dehydrogenase (A1DH), glucose-
6-phosphate dehydrogenase (G6PDH). Always also control sections were prepared. 

Results 

Activity of AlP was in all stages of development of the process comparatively 
low. It was connected mainly with lymphocytes scattered in granulation tissue 
eventually with few neutrophils. Neither macrophages nor epitheloid cells did reveal 
any visible positive reaction. At the time of necrobiosis of cells of macrophage 

Fig. 1. 
Acid phosphatase 18 days after infection. Strong activity in some macrophages and epitheloid 

cells. Naphtol ASD-phosphate - Fast Blue BB, 1600 x . 
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Fig. 2. 
SDH, 14 days after infection. Positive reaction with mitochondrial localization in young epi

theloid cells. NBT, 1.600 x • 

system low activity of the enzyme was seen but in necrotic areas no positive re
action developed. 

Acid phosphatase, a lysosomal enzyme, was active in the cells of macrophage 
system. The highest activity with lysosomal localization was in macrophages and 
developing epitheloid cells and in young giant cells. In older cells in the center of 
foci its lysosomal localization disappeared and the activity was diffuse in cytoplasm 
of these cells. 

Activity of non-specific esterase was present in all cells of tuberculous granulomas 
and had diffuse character while in necrotic tissue the formazan was present in form 
of granules of various size and was intensively stained. 

Succinic dehydrogenase activity showed varied intensity during development 
of the process. Kupffer's cells revealed comparatively low activity, in macrophages 
and young epitheloid cells its activity increased and later decreased up to complete 
loss in necrotic tissue. Similar finding was seen with sections revealing activity 
of malic dehydrogenase and NAD-isocitric dehydrogenase. 

All cells of macrophages system revealed high activity of GPDH. This activity 
was present in Kupffer's cells, macrophages, epitheloid cells as well as giant cells 
and irregular activity was present in necrotic areas. 

HBDH and AlDH were active nearly in all types of the cells of macrophage 
system. Their activity was less prominent than in other dehydrogenases and from 
these two the activity of AlDH was higher then HBDH. 

Some changes in activity were seen during development of cells of granulomas 
in G6PDH. The highest activity of this enzyme was present in epitheloid cells, 
especially in young epitheloid cells. 
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Enzyme acdvity of various cells of gn.nulomas 

Enzyme Kupffer's cell macrophage 
epitheloid epitheloid giant necro- necro-
cell young cell old cell biosis sis 

AlP + 
AP ++ 1+++ +++ ++ ++ + + 
NE ++ ++ ++ ++ ++ ++ + 
SDH + 1++ +++ ++ ++ +(-) 
MDH + ++ +++ ++ + +(-) 
ISCDH + ++ +++ ++ + +(-) 
AlDH ++ ++ ++ ++ ++ ++ ++ 
HBDH ++ ++ ++ ++ ++ ++ ++ 
GPDH +++ H++ +++ +++ +++ ++ ++ 
G6PDH ++ +++ +++ ++ ++ + 

negative 
+ low activity 
++ active 
+ + + high activity 
+ ( -) not in all cells 

Discussion 

Choice for intervals for experimental animals to be sacrificed was made accord
ing to the results of previous experiments. It was clear that in the development of 
morphological changes the interval of 6 days was convenient because specific 
changes had developed but there was no clear formation of epitheloid cells. Ten days 
after infection epitheloid cells were present and the process in liver developed 
very clearly after the 12th day post infection. Therefore the process in liver was 
after 14 days in its full development. In further intervals the morphological chang
es in liver developed to a great extent. 

Fig. 3. 
GPDH, strong activity in whole nodule and scattered Kupffers cells. NBT, 400 x • 



79 

Literature data indicate that granuloma formation was followed very intensiv
ely. The findings were not always uniform e. g. the findings of activity of alkaline 
phosphatase concluded that activity of this enzyme was always present in gra
nulomas but not in the cells of macrophage system (Hodel et a1. 1966; Wert
heimer 1968; Alley and Mankletow 1971; Rajchlin 1971; Arabijskij 1975 
etc), while Grusovin et a1. (1976), Meier et a1. (1977), Erochin (1978) found 
activity of this enzyme also in macrophages although not in all of them. In this 
study activity of AlP in these cells was not detected. It was therefore generally 
concluded that acitivity of AlP was present in granulomas but the cells of macro
phage system revealed only limited, if any, activity. It seemed that in the time 
of necrotization of cells of tuberculous tissue liberation of the enzyme ensued 
and its activity was visible. . 

Findings of acid phosphatase activity revealed that this enzyme was present 
in the cells of macrophage system at all stages. Especially high activity was in 
macrophages and epitheloid cells, i. e. those which were very active in phagocyto
sis of mycobacteria. Comparing to previous work, high activity of this enzyme 
corresponded to high content of RNA and diminished with loss of RNA and increas
ing amount of PAS-positive material in cytoplasm of these cells. From results 
of this study and from other studies (Stossel et a1. 1972; Arabijskij 1975; 
Papadimitriou and Wee 1976; Turk et a1. 1977 etc.) it is clear that these cells 
possess high phagocytic activity and ability to destroy mycobacteria. It is also 
clear that these cells possess a highly developed lysosomic apparatus which is 
very important for destruction of phagocyted material. It was also proved that 
during necrotisation of cells activity of AP Jost its lysosomic localization and 

Fig. 4. 
HBDH, Margin of the lesion fast without reaction, high activity in liver cells. NB T, 1600 x • 



80 

Fig. 5. 
NE, 14 days after infection. The activity of liver cells higher. Naphtol AS-MX-acetate - Fast 

blue B, 1600 x . 

following apparent destruction of lysosomes, the enzyme entered the cytoplasm 
where it could act proteolytically (Viurin and Orlov 1971; Rajchlin 1972). 

Non-specific esterase activity was present in all cells of macrophage system 
although in the development of the process it did not change considerably. This 
finding corresponded to the statements of other authors e. g. Mestwerdt and 
Gusek 1968), Grusovin et al. (1976), Foldes et al. (1976), Meier et al. (1977) 
etc. Activity of this enzyme was, according to the substrate employed (Naphtol 
AS-MX-acetate) lower in granulomas than in liver cells, intensity of staining 
depending upon the substrate. Meier et al. (1977) stated, that the cells of macro
phage system revealed high activity of a-naphtyl-acetate esterase. During necro
tization of the cells enzyme apparently liberated from cells and its activity was 
present even in necrotic tissue. 

Considerable changes with development of tuberculous lesions were seen in 
activity of SDH and to lesser extent MDH and ISCDH - all enzymes of Krebs 
cycle. Highest activity of SD H was in newly formed epitheloid cells and it seemed 
that expecially in this period the cells of tuberculous lesions had highest demand 
for energy to maintain their stability and function. Gradually, the activity of SDH 
and other enzymes of Krebs cycle decreased and this phenomena proved that even 
increased activity did not protect the cells from infection. It also showed that the 
process involved mitochondria and lead to decrease in glycolytic activity of the 
cells. That was evidently connected with increased amount of PAS-positive sub
stances in cytoplasm of cells in ageing tuberculous lesions. 

GPDH activity was always high in the cells: Kupffer's cell (monocyte), macro
phage, epitheloid cell, multinucleated giant cell. This was to expect because activity 
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of this enzyme is very high in all cells of macrophage system (Loj da et al. 1976). 
During necrosis this enzyme also liberated from the cells and its activity was 
present even in necrotic tissue in granular form. It evidendy contributed to synthe
sis of triglycerides and phospholipids which were present in cytoplasm of cells 
during their necrotisation and in necrotic material. 

Two other dehydrogenases did not reveal any considerable changes during de
velopment of the process, namely, AIDH and HBDH, and activity was rather low. 
On the other hand, activity of G-6-PDH involved in synthesis of pentoses, which 
in their turn are needed for production of RNA, was high in developing young 
epitheloid cells. Those were the cells with highest content of RNA. Activity of 
this enzyme, the key enzyme ofpentose shunt, was described also by Papadimit
riou and Wyche (1976) and Arabijskij (1975). 

According to results of this enzymhistochemical study of tuberculous lesions 
it was evident, that the cells of mononuclear macrophage system were very active 
and their activity decreased during degenerative changes of these cells. Study of 
activity of some enzymes, especially of acid phosphatase, succinic dehydrogenase, 
malic dehydrogenase, glucose-6-phosphate dehydrogenase could be used in 
estimating of phagocytic potencial of these cells. 

This study has shown that tuberculous lesions in rabbits due to Mycobacterium 
avium were a convenient model for research in development of granulomas. 

Histopatologie a histochemie Yersinova typu tuberkulozy u kraliku. 
Enzymhistochemicke studium vYvoje onemocneru po infekci 

Mycobacterium avium 

Enzymhistochemicke studium jater kniliku, infikovanych experimentalne Myco
bacterium avium prokazalo, ze v prubehu onemocneni dochazi ke zmenam v aktivite 
nekterych enzymu. 

Vzdy je silna aktivita kysele fosfatazy a zvlaste vysoka je u makrofagu a mladych 
epiteloidnich bunek. V tomto stadiu vYvoje tuberku16zniho procesu je take vysoka 
aktivita sukcinat dehydrogenazy, malat a izocitrat dehydrogenazy, ktera svedci 
o vysoke glykolyticke aktivite techto bunek. Tvorba pent6z a aktivni pentozovY 
cyklus byl zjisten v techto builkach v souvislosti s vysokou aktivitou gluk6zo-6-
-fosfat dehydrogenazy. Aktivita alkalicke fosfatazy neni ve vetsi mire vazana na 
buiiky makrofagoveho systemu. Tyto builky vykazuji take aktivitu nespecificke 
esterazy, beta-hydroxybutyrat dehydrogenazy a alkohol dehydrogenazy. 

fHCTOnaTOJIOrHH H rHCTOXHMHH THna HepceHa Ty6epKYJIe3a KPOJIHKOB. 

3H31IMrlICTOXlIMHQeCKOe HCCJIe,lJ;OBaHHe pa3BHTHH 3a6oBJIeHlIH nOCJIe lIHcpeK~HH 
Mycobacterium avium 

8H31IMrHCTOXHMHQecKoe 1I3YQeHHe neQeHH KPOJIlIKOB, sKcrrepHMeHTaJIbHO IUI

~H~HpoBaHHblx Mycobacterium avium BbHIBHJIO, 'ITO B XO,lJ;e 3a6oJIeBaHH5I 

HMeIOT MeCTO H3MeHeHHH aKTHBHOCTH HeKOTopbIX SH3HMOB. 

OOJIbiliOH HHTeHCHBHOCTbIO BCer,lJ;a OTJIH'laeTCH aKTHBHOCTb KHCJIOH ~occpaTa3bI, 
B oco6eHHOCTlI BblCOKOH HBJIHeTCH B CJIy'lae MaKpo~arOB H MOJIO,lJ;bIX SrrHTeJIHOH,::J.

HbIX KJIeTOK. Ha ,ll;aHHOH CTa,ll;HH pa3BHTHH rrpou;ecca Ty6epKyJIe3a HMeeTCH TaKA<e 

BbICOKaH aKTHBHOCTb CYKIJ;HHaT .nerH.nporeHa3bI, MaJiaT H H30IJ;HTpaT .nerH.nporc

Ha3bI, CBH.neTeJIbCTBYIOru;aH 0 BbICOKOH rJIHKOJIHTH'lecKOH aKTHBHOCTH ,ll;aHHI,IX 

KJIeTOK. 06pa30BaHHe neHT03 H aKTHBHbIH rreHT03HbIH IJ;HKJI 6bIJI B .naHHbIX KJIeT-
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Kax BbUIBJIeH B CBH3H C BbICOKOH aKTHBHOCTblO rJIIOK03o-6-qxx:ipaT .n.erH.n.pOreHa-

3bI. AKTHBHOCTb IqeJIO'lHOH ipocipaTa3bI He CBH3aHa B 60JIbIDOH CTeneHH C KJIeTKa

MH MaKpoiparoBOH CHCTeMbI. HaCTOHIqHe KJIeTKH OTJIH'IaIOTCH TaK)Ke aKTHBHOCTbIO 

HecneqHipH'IeCKOH 9CTepa3bI, 6eTa-OKCH6YTHpaT .n.erH.n.poreHa3bI H aJIKOrOJIb .n.e

rH.n.poreHa3bI. 
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