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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. Brno 49, 1980: 75—83.

Enzymbhistochemical study of livers of rabbits infected experimentally with
Mpycobacterium 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, f-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 neutrophil leucocytes. These findings described
Hori et al. (1953a, b), Merkal et al. (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 al. 1976; Meier et al. 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 al. (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; Zuravleva 1970; Foldes 1976; Meier
et al. 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 al. (1966),
Hodel et al. (1966), Wertheimer (1968), Arabijskij (1975), Erochin (1978) etc. Similarly,
in various cells of macrophage system activity of isocitric dehydrogenase was described (Allison
et al. 1962; Hodel et al. 19665 Merkal et al. 1968; Zuravleva 1970; erc.). Activity of malic
dehydrogenase was studied by Zuravleva (1970), Stuart et al. (1971), Zuravleva described
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also the presence of alcohol and «-glycerophosphate dehydrogenase. Activity of glucose-6-phospha-
te dehydrogenase was also present in cells of macrophage system (Allison et al. 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
A1P), acid phosphatase (AP), non-specific esterase (NE), succinic dehydrogenase (SDH), x-glycero-
phosphate dehydrogenase (GPDH), malic dehydrogenase (MDH), isocitric dehydrogenase
(ISCDH), B-hydroxybutyrate dehydrogenase (HBDH), alcohol dehydrogenase (A1DH), glucose-
6-phosphate dehydrogenase (G6PDH). Always also control sections were prepared.

Results

Activity of AIP 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 AIDH 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 AIDH 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 activity of various cells of gtanulomas

, epitheloid epitheloid giant necro- necro-
Enzyme Kupffer’s cell  macrophage cell young cell old cell biosis sis
AIP - - - - - + -
AP ++ P+ + +++ ++ ++ + +
NE ++ ++ ++ ++ ++ ++ +
SDH + P+ 4+ ++ ++ +(-) =
MDH + ++ + 4+ ++ + +(=) -
1SCDH + ++ +++ ++ + +(=) -
AIDH ++ ++ ++ ++ ++ ++ ++
HBDH ++ ++ ++ ++ ++ ++ ++
GPDH +++ 2+ + +++ +++ +++ ++ ++
G6PDH ++ +++ +++ ++ ++ + -
- negative
+ low activity
++  active
+ + + high activity
+(—) notin 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 12t» 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 .
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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 al. 1966; Wert-
heimer 1968; Alley and Mankletow 1971; Rajchlin 1971; Arabijskij 1975
etc), while Grusovin et al. (1976), Meier et al. (1977), Erochin (1978) found
activity of this enzyme also in macrophages although not in all of them. In this
study activity of A1P in these cells was not detected. It was therefore generally
concluded that acitivity of A1P 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 al. 1972; Arabijskij 1975;
Papadimitriou and Wee 1976; Turk et al. 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. NBT, 1600 x .
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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 (Vturin 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 SDH 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 (Lojda 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 evidently 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, A1DH 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 of pentose shunt, was described also by Papadimit-
riou and Wyche (1976) and Arabijskij (1975).

According to results of this enzymbhistochemical 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 tuberkulézy u kralika.
Enzymhistochemické studium vyvoje onemocnéni po infekci
Mycobacterium avium

Enzymhistochemické studium jater kralikd, infikovanych experimentaln€é Myco-
bacterium avium prokizalo, Ze v prib&éhu onemocnéni dochdzi ke zménim v aktivité
nékterych enzymd.

Vzdy je silnd aktivita kyselé fosfatizy a zvlast€ vysoka je u makrofigh a mladych
epiteloidnich bunék. V tomto stadiu vyvoje tuberkul6zniho procesu je také vysokd
aktivita sukcindt dehydrogendzy, malat a izocitrdt dehydrogendzy, ktera svédci
o vysoké glykolytické aktivité téchto bunék. Tvorba pentdz a aktivni pentézovy
cyklus byl zji$tén v téchto buiikich v souvislosti s vysokou aktivitou glukézo-6-
-fosfat dehydrogendzy. Aktivita alkalické fosfatdzy neni ve vE&t$i mife vizdna na
buriky makrofagového systému. Tyto buiiky vykazuji také aktivitu nespecifické
esterdzy, beta-hydroxybutyrat dehydrogendzy a alkohol dehydrogenizy.

T'ucromaronorus u rucroxumus tuna Vepcena Ty6epkynesa KpoiHKOB.
IH3UMIHCTOXUMHUECKOE HCCIEIOBAHUE Ppa3BUTHA 3aboBieHus mocie HH(I)CKHHI/I
Mycobacterium avium

OH3UMIUCTOXMMHUUECKOE M3yUEHHE IIEUEHHM KpPOJHKOB, SKCIEPUMEHTAJBbHO IH-
$unuposannrix Mycobacterium avium BeiiBuIO, yTo B xome 3aboseBaHMsI
MMEIOT MECTO USMEHEHUA aKTUBHOCTH HEKOTODHIX SH3MMOB.

Boabuioft MHTEHCHBHOCTHIO BCETAA OTJIMYAETCS aKTUBHOCTH KHUCJIOU docharaser,
B OCOGEHHOCTH BBICOKO ABJISAETCS B Cly4ae MaKpoparoB MU MOJIOLBIX SIIUTETHOMI-
HBIX KieToK. Ha maHHOM crazuu pasBuTHA Ipollecca TybepKyie3a MMeeTcsa TaKike
BBICOKAsg aKTUBHOCTb CYKLIMHAT AETHADPOTE€HAsbl, MajaT ¥ H30LUTPAT HeTHUIpOre-
Ha3bl, CBUIETEJbCTBYIOIasA O BHICOKON TJIMKOJMTHYECKOM aKTHBHOCTH NAHHBIX
kiaeTok. O6pa3oBaHue MEHTO3 ¥ AKTUBHBIM MEHTOSHBIA LMKJI OBLJI B TaHHBIX KJET-
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Kax BBIABJEH B CBASK C BHICOKOM aKTUBHOCTBIO IJIIOK030-6-PocdaTr nmermmporexHa-
36l. AKTUBHOCTG 111es104HOM PocdaTassl He cBA3aHa B GOJBILON CTENMEHH C KJETKA-
Mu MakpodaroBoi cucreMmsl. Hacrosimye KJI€TKM OTIMYAIOTCS TAKKE€ aKTHBHOCTHIO

HecnenuduyecKoil scTepasbl, 6eTa-oKcuOyTHpaT HETHAPOreHashbl M AJKOTOJb Ie-
THIpOTEeHa3HL.
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