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Abstract 

Cerny L.: Histopathology and Histochemistry of Yersin Type Tuberculosis in Rab­
bits. Histochemical Study of Development of the Disease after Infection with Myco­
bacterium avium. Acta vet. Brno, 48, 1979: 53-60. 

Organs of rabbits infected intravenously Mycobacterium avium were studied to 
reveal dynamics of changes in content of nucleic acids, carbohydrates and lipid 
substances and formation of fibres during development of Yersin type tuberculosis. 

Macrophages, young epitheloid cells and giant cells contained ribonucleic acid 
in their cytoplasm and nucleoli indicative of high activity of these cells. Gradually, 
amount of RNA in these cells diminished, first from their cytoplasm and then from the 
nucleoli and in prenecrotic stage the cells did not contain RNA at all. 

Along with the development of tuberculous process, in the cells of epitheloid and 
giant type content of PAS-positive carbohydrates increased. Greater part of these were 
glycogen while caseous material contained complexes of carbohydrates and proteins. 

In the cytoplasm of epitheloid and giant cells in the center of tuberculous foci, 
in necrotizing cells and in caseous material neutral fats, phospholipids, in later 
stages cholesterol and fatty acids were present. This finding showed that there was 
a metabolic disturbance of hypoxemic type. 

Formation of reticulin fibres in tuberculous lesions was connected with presence 
of acid mucopolysaccharides. 

Tuberculosis, Mycobacterium avium, Yersin type, histochemistry, nucleic acids, 
glycosaminoglycans, lipids, fibres. 

Basic work in histochemistry of nucleic acids was performed by Brachet (1950) and Cas­
person (1950). It was stated that embryonic and growing tissues contained high amount of ri­
bonucleic acid (RNA). Thus finding of increased amount of RNA is one of the characteristics of 
cellular activity. Content of RNA in the course of tuberculous infection was studied by Fri­
denstejn (1950), Averbach (1956), Henrichsen (1956), Hori et al. (1953a, b, 1957), Cerny 
(1965) etc. These authors concluded that macrophages and young epitheloid cells contained high 
amount of RNA distributed in cytoplasm and nucleoli. 
Studies of appearance of various lipid substances in course of tuberculosis have shown constant 
results. As soon as at the beginning of this century the finding of neutral fats in caseous necrosis was 
described (Herxheimer - 1902, Dietrich - 1909). Later the presence of neutral fats in tu­
berculous process was studied by Hori et al. (1953a, b), Cerny (1965) and the same authors 
have described in caseous necrosis the presence of fatty acids and cholesterol. These findings 
were confirmed by Kondo and Kanai (1976). 

PAS-positive sugars in course of tuberculous infection were seen in cytoplasm of epitheloid 
and giant cells and in caseous material as well (Hori et al. 1953a,b; Henrichsen 1957; Sorokin 
1966; Williams et al. 1969; Nair 1973; Gudewicz and Filkins 1974,1976 etc.). Acid muco­
polysaccharides were also present especially in later stages of the process and their presence was 
connected with formation of reticular fibres. 

The aim of this work was to evaluate findings of these substances and to study the dynamics 
in tuberculosis of rabbits due to Mycobacterium avium. 
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Materials and Methods 

In the experiment 15 rabbits infected intravenously Mycobacterium avium were used. Infective 
doses and the intervals of sacrifice of experimental animals were given in previous paper. 

Tissue samples were fixed in neutral formol, Baker's fluid, Zenker's fluid and Carnoy's fluid 
and they were sectioned either using paraffin embedding or freezing microtom. The following stain­
ing methods were employed: Brachet method for RNA, gallocyanine method for both types of 
nucleic acids and Feulgen method for DNA, further the methods for glycosaminoglycans PAS, 
toluidine blue metachromatic stain, Halle method with coloid iron, alcian blue and Best method. 
The fibre formations were stained by van Gieson method, and Weigert method for elastic fibres 
and Gomori for reticulin fibres were used. Lipid substances were stained by Oil Red 0, fatty acids 
using Fischler's method and cholesterol by Schultze's method while phospholipids were stained 
by Luxol blue. 

Results 

In organs of rabbits sacrificed up to 24 hours after infection no changes in con­
tent of studied substance weres present. However, 48 hours after infection prolife­
rating cells, mainly alveolar macrophages, Kupfi'er's cells and spleen macrophages 
contained clear nucleoli with high content of RNA. Cytoplasm of few alveolar 
macrophages contained small amount of PAS-positive substances. 

Five days after infection proliferating cells contained high amount of RNA in 
their cytoplasm and nucleoli, particularly prominent in Kupfi'er's cells and macro­
phages of the liver tissue. Similar picture was present also in the spleen and, to 
a lower degree, in the lungs. Free alveolar macrophages contained in their cyto­
plasm PAS-positive substances, partially glycogen. The fibre formation of liver 

Fig. 1. 
Multinucleated giant cell and epitheloid cells contain in their cytoplasm PAS-positive material 

- 14 days after infection. PAS-hematoxylin, 1600 x . 



Fig. 2. 
In the site of tuberculous nodule formation, origiIlllI reticular structure of the liver disappeared. 

14 days after infection. Gomori - 400 x. 

Fig. 3. 
[n tuberculous nodule new reticular fibres are formed. 16 days after infection. Gomori - 1600 x . 

• 



• 

Fig. 4. 
During necrobiotic changes content of neutral fats in the middle of focus increased. Oil Red 

0-400 x . 

Fig. 5. 
Giant cell and epitheloid cells revealed in cytoplasm presence of phospholipids. 14 days. Luxol 

blue - 1600 x . 
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and lung was not changed and besides its PAS-positivity it stained also with 
alcian blue and metachromatically by toluidine blue - it contained acid muco­
polysaccharides. In forming tuberculous lesions no lipid substances were present. 

Seven days after infection most of the macrophages and forming epitheloid 
cells contained big nucleoli with RNA and high amount of this material in their cy­
toplasm. Exception from this rule was found in the lungs where alveolar macro­
phages contained limited amount of RNA but they revealed presence of PAS­
-positive substances and in few instances small droplets of neutral fat. Intercellular 
substance of some granulomas revealed presence of small amount of acid muco-
polysaccharides. , 

Content of RNA especially in lungs changed in rabbits sacrificed 9 and 10 
days after infection. Content of RNA in cytoplasm and nucleoli of most alveolar 
macrophages decreased while macrophages . and young epitheloid cells in liver 
and spleen contained large amount of this substance. In sections stained by Feulgen 
method for DNA some nucleoli of alveolar macrophages revealed pycnotic 
changes with intensive staining. In cytoplasm of these cells increased amount 
of PAS-positive substances and neutral fats was observed. 

Twelve and 14 days after infection the main feature of cells of tuberculous lesions 
was a lower amount of RNA. This picture was clear mainly in the cells localized 
in the centers of tuberculous foci. At the same time amount of PAS-positive sub­
stances in these cells increased. Alveolar macrophages underwent necrotic changes 
and this process was connected with loss of DNA. Findings of neutral fats and 
phospholipids were more prominent and in tuberculous lesions acid mucopoly­
saccharides were seen with formation of new reticulin fibres. Original reticular 
structure in these places was destroyed. 

In lesions of both rabbits which died 16 and 18 days after infection content of 
RNA further decreased and in necrotic foci neither RNA nor DNA was present. 
Content of glycogen in the cytoplasm of epitheloid and giant multinucleated 
cells grew further and PAS-positive material was seen in the necrotic material 
as well. Intercellular substance revealed presence of acid mucopolysaccharides. 
Content of neutral fats, phospholipids, fatty acids and cholesterol increased in 
the cytoplasm of epitheloid and giant cells and in the necrotic material. 

Discussion 

Findings described in previous paper have shown development of tuberculous le­
sions in the rabbits infected intravenously with Mycobacterium avium. Some histo­
chemical studies lead to the conclusion that young and active cells have high content 
of RNA in their cytoplasm and nucleoli (Kedrovskij - 1951 b, Averbach -
1956, Cerny - 1965). In tuberculous lesions high content of RNA was seen main-

'ly in macrophages, young epitheloid and giant cells, localized mostly in superficial 
layer of the nodule. Towards the center of nodules content of RNA decreases. 
This finding corresponded with previous work where epitheloid cells in the middle 
of nodules lost their ability to destroy mycobacteria and in these cells mycobacteria 
increased in number. According to these findings the content of RNA in cytoplasm 
and nucleoli of the cells of mononuclear macrophages system could be used as 
an indicator of phagocytic and destructive activity of these cells towards myco­
bacteria. 

Necrotic foci of granulation tissue showed no presence of RNA and the changes 
applied to DNA as well. Pycnotic nuclei were stained intensively but in necrotic 



58 

areas DNA disappeared. This finding was in accordance with study of Henrich­
sen (1956) and Dixon (1956); It was then possible to state that in the series -
monocyte (Kupffer's cell) - macrophage - epitheloid cell - giant cell, the highest 
content of RNA was in macrophage and young epitheloid cell, the older epitheloid 
and giant cells losing RNA from their cytoplasm first and then from their nucleoli. 

Situation was completely different in findings of lipid substances in the cells 
of tuberculous tissue. Neutral fats and phospholipids appeared in cytoplasm of 
cells at the time when RNA disappeared and content of these substances increased 
towards necrosis. In necrotic material these substances were diffusely dispersed. 
Fatty acids and cholesterol appeared in necrotic area. Similar findings described 
Hori et al. (lg53a, b), Cerny (1965), Kondo and Kanai (1976). It was evident 
that caseous necrosis developed through steatosis of cells. This process had hypo­
xemic character and was apparently connected with destruction of mitochondria 
and enzymatic disorder which leads to general disturbance of cellular meta­
bolism. 

Nearly in all stages of development of tuberculous lesions PAS-positive substan­
ces were present. Exception from this rule were macrophages and young epi­
theloid and giant cells; in their cytoplasm neither neutral fats nor phospholipids 
were present. Connected with ageing of these cells PAS-positive substances 
appeared and their amount intensively increased. These substances were mostly 
glycogen but PAS-positive material in necrotic areas gave no positive reaction 
for glycogen and this material was presumably formed by complexes of sugars 
and proteins. This finding was in accordance with studies of Nishyiama (1953), 
Henrichsen (1957), Hori et al. (1957), Nair (1973). Presence of glycogen in 
cells of various granulomas confirmed also Lowell et al. (1966), Curran et al. 
(1966), Gudewicz and Filkins (1974, 1976). These substances infiltrated appa­
rently the cells in the process of diminishing their metabolic activity. The process 
was seen in the period of decreased content of RNA and increased number of 
mycobacteria that is in period of decreased metabolic activity of cells of tuber­
culous tissue. 

Acid mucopolysaccharides appeared in tuberculous lesions in later stages of 
development of the process (12-14 days) and their presence was apparently 
connected with the reticulin fibres formation, indicating that the process of fibre 
formation in tuberculous lesions was similar to that in non-specific tissue and was 
connected with basic intercellular substance. 

It was shown that described histochemical examination of tuberculous granulo­
mas could be used to state the activity of cells of macrophages system in phago­
cytosis of tuberculous mycobacteria. 

Histopatologie a histochemie Yersinova typu tuberku16zy u kraIiku. 
Histochemicke studium vYvoje onemocneni po infekci Mycobacterium 

avium 

Na organech kraukU, infikovanych intraven6zne Mycobacterium avium, byla 
sledovana dynamikazmen obsahu nukleovjch kyselin, cukni a tukovjch latek 
a vjvoj vlaknitjch utvani behem rozvoje Yersinova typu tuberkul6zy. 

Makrofagy, mlade epiteloidni builky i mlade obrovske builky obsahuji v cyto­
plasme i v jaderku RNK, coz svedci 0 vysoke aktivite techto bunek. Postupne 
se z bunek granulaCnf tkline RNK ztraci, nejdnve z cytoplasmy, pak z jaderka 
a v obdobi peed nekrotizaci bunek se jiZ nenachazi~ 
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S rozvojem procesu se zvysuJe v buiikach typu epiteloidnich a obrovskyeh 
bunek mnozstvi PAS-pozitivnich cukriI, z nichz vetsi cast tvoH glykogen. Kase-
6zni hmota obsahuje komplexy eukru a bilkovin. 

V cytoplasme epiteloidnieh a obrovskyeh bunek v centru lozisek, v nekroti­
zujicieh buiikaeh a v nekroticke hmote se nachazeji neutralni tuky a fosfolipidy, 
v pozdejsich stadiich i cholesterol a mastne kyseliny. Je to svedectvi 0 naruseni 
metabolismu bunek hypoxemickeho typu. 

Tvorba retikwarnich vlaken v tuberkul6zni granulaCni tkani je spojena s nalezy 
kyselych mukopolysacharidu. 

fHCTOJIOrHJI H rHCTOXHMHJI THna l1epceHa Ty6epKYJIe3a KPOJIHKOB. 

fHCTOXHMHlJeCKHe HCCJIe.ZJ;OBaHHJI pa3BHTHJI 3a6oJIeBaHHJI nOCJIe HHcpeK~HH 
M. avium 

Ha opraHax HHCPH~HpoBaHHblx BHYTpHBeH03HO Mycobacterium avium KpO­

.ITHKOB npoBo.ZJ;HJIHCb HCCJIe.ZJ;OBaHHJI .ZJ;HHaMHKH H3MeHeHHM cO.ZJ;ep)KaHHJI HYKJIeH­

HOBbIX KHCJIOT, caxapoB H )KHPOBbIX BemeCTB H pa3BHTHe BOJIOKHHCTbIX o6pa30-

BaHHM B Te'!eHHe pa3BHTHJI Ty6epKYJIe3a THna l1epceHa. 

MaKpocparH, He60JIbIIIHe allHTeJIHOH,Il;Hble KJIeTKH H MOJIO,Il;ble rHraHTCKHe 

KJIeTKH cO,Il;ep)KaT B ~HTOllJIa3Me H Jl.ZJ;pbIIIIKe PHK, '!TO cBH.ZJ;eTeJIbCTByeT 0 BbI­

COKOM aKTHBHOCTH .ZJ;aHHblx KJIeTOK. PHK IIOCTelleHHO H3 KJIeTOK rpaHyJIJI~HOH­
HOM TKaHH Hc'!e3aeT, cllepBa H3 ~HTOIIJIa3MbI, llOTOM H3 JI.ZJ;pbIIIIKa H B llepHO.n. 

nepe,ll Hei<poTH3aU;HeM KJIeTOK ero Y)Ke HeT. 

C pa3BHTHeM npo~ecca B KJIeTKaX aIIHTeJIHOH,llHOrO H rHraHTCKoro THllOB YBe­

JIH'!HBaeTCJI KOJIH'!eCTBO IIACK - n03HTHBHbIX caxapoB, 60JIbIIIYro '!aCTb H3 HHX 

o6pa3yeT rJIHKOreH. Ka3eo3HaJi Macca CO,llep)KHT KOMllJIeKCbI caxapOB H 6eJIKOB. 

B ~HTOllJIa3Me allHTeJIHOH,llHbIX H KpyrrHbIX KJIeTOK B ~eHTpe o'!arOB, B HeKpo­

TH3HpyromHx KJIeTKaX H B HeKpOTH'!eCKOM Macce HaXO,Il;JlTCJI HeMTpaJIbHble )KHpbI: 

H cpoccpaJIHllH,llbI, Ha 60JIee l103,llHHX CTa,Il;HJlX TaK)Ke XOJIeCTepHH H )KHpHble KHC­

JIOTbI. 3TO CBH,lleTeJIbCTByeT 0 HapYIIIeHHH MeTa6oJIH3Ma KJIeTOK rHllOKceMH'!ec­

Koro THlla. 

06pa30BaHHe peTHKYJIJlPHbIX BOJIOKOH B Ty6epKYJIe3HOM rpaHyJIJI~HOHHOM TKa­

HH CBJl3aHO C BbIJlBJIeHHeM KHCJIbIX MYKOllOJIHCaxapH,llOB. 

References 

A VERBACH, A. M.: K gistochimiceskoj charakteristike morfologiceskich reakcij pri lecenii 
eksperimentalnogo tuberkuleza antibiotikami i chimiopreparatami. Probl. tuberk., 34, 1956; 
43-52. 

BRACHET, J.: Lokalizacija i verojatnaja rolj nukleinovych kislot v kletke i v embrione. Usp. 
sovr. BioI., 29, 1950: 140-144. 

CASPERSON, T.: Cell growth and cell function., New York, 1950. 
CURRAN, R. C. - LOWELL, D. - CLARK, A. E.: Mucopolysaccharides in peritoneal gra­

nulomas in the rat. J. Path. Bact., 91, 1966: 429-440. 
CERNY, L.: Pi'ispevek k patogeneze tuberkulozy a nektere histochemicke studie tuberkulozni 

granulacni tkline. Thesis, Brno, 1965, 177pp. 
DIETRICH, A.: Die Storungen des ZeUuHiren Stoffwechsels. Erg. aUg. Path., 13/11, 1909: 

282-355. 
DIXON, K. C.: Protein and nucleic acids in caseous necrosis. Amer. Rev. Tb. pulm. Dis., 77., 

1958: 106-119. 
FRIDENSTEJN, A. Ja.: 0 razpredeJenii nukleinovych kislot v specificeskich granulomach 

pri eksperimentalnoj tuberkuleznoj infekcii i vakcinnom processe. Bjul. expo Med. i BioI.; 
41, 1950: 67-77. 

GUDEWICZ,. P. W. - FILKINS, J.P.: Glycogen metabolism in macrophages: Effect of 
exogenous glycogen, glucogenesis in inflammatory exudate, leucocytes and macrophages. RES­
J. Reticuloendothel. Soc., 16, 1974: 1-8. 



60 

GUDEWICZ, P. W. - FILKINS, J. P.: Glycogen metabolism in inflammatory macrophages. 
RES-J. Reticuloendothel. Soc., 20, 1976: 147-157. 

HENRICHSEN, E.: Alkaline phosphatase and calcification in tuberculous lymph nodes. Exp. 
Cell. Res., 11,.1956: 511-519. 

HERXHEIMER, G.: Ober Fett-infiltration und Degeneration. Erg. allg. Path., '8,1902: 624-658. 
HORI, M. - HATTORI, S. - HAGIHARA, T.: Histochemical study on the histogenesis of 

tuberculous lesions in the lung. I. Nucleic acids, alkaline phosphatase, acid mucopolysaccha­
rides in pulmonary lesions of tuberculous patients. Med. J. Osaka Univ., 4, 1953: 329-340. 

HORI, M. - HATTORI, S. - HAHIGARA, T.: Histochemical study on the histogenesis of 
tuberculous lesions in the lung. II. Histogenesis of pulmonary tuberculosis in guinea pigs. 
Med. J. Osaka Univ., 4, 1953: 341-351. . 

HORI, M. - HATTORI, S. - HIRAYASU, R. - SUZUKI, K.: Histochemical studies on 
calcification of tuberculous lesions. Med. J. Osaka Univ., 7,1957: 777-785. 

LOWELL, D. - SCHORAH, C. J. - CURRAN, R. C.: Glycosaminoglycans in experimental 
granulomata. Brit. J. expo Pathol., 47, 1966: 228-234. 

NAIR, M. K.: The early inflammatory reaction in the fowl. A light microscopical, ultrastructural 
and autoradiographic study. Acta vet. Scand., Suppl. 42, 1973: 103pp. 

SOROKIN, S. P.: A morphologic and cytochemical study of the great alveolar cell. J. Histochem. 
Cytochem., 14, 1966: 884-897. 

WILLIAMS, D. - WILLIAMS, W. J. - WILLIAMS, J. E.: Enzyme histochemistry of epithe­
loid cells in sarcoidosois and sarcoid-like granulomas. J. Pathol. (Edinburgh),97, 1969: 705-709. 

KONDO, Eixo. - KANAI, Koomi.: Accumulation of cholesterol esters in macrophages incubated 
with Mycobacteria in vitro. Jap. J. med. Sci. BioI., 29, 1976: 123-137. 




