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ABSTRACT

Experiments show that the formation of adhesions begins with initial development of exudative purulent
inflammation followed by productive inflammation with active proliferation of macrophage cellular elements.
Neutrophilic infiltration of granulation tissue is long-termed, with a tendency to secondary suppuration.
Transformation of granulation tissue into fibrous tissue occurs from day 14 to 30. On the 60" day, volume adhesions
accompanied by hyalinosis, subpleural pleurogenic pneumosclerosis with a tendency to pulmonary sclerosis devel op.
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INTRODUCTION

Nonspecific pleural empyema is one of the most comrpathological processes in thoracic surgery [1, 2
Development of new surgical technologies and caasiee therapy of this disease aims to improverdsailts of
treatment of patients suffering from nonspecifieyshl empyema. Modern developments are mainly @ideto
microflorainvestigations with the introduction oéw schemes of antibacterial therapy and sanitatiethods, the
introduction of newsurgical techniques, and perbecof the complex treatment of patients sufferfingm this
pathology [1, 3, 4].The number of rigid processesglicating the course of acute pleural empyemaleading to
the transformationinto the chronic form remainthatsame level within the limits 8.3 - 25% [4].

Nowadays morphological alterations of pleural adhes which depend on time of arising are one of the
insufficiently exploredproblems of nonspecific plauempyema [1, 5]. We found only few reportsdedaie time-
dependent morphological alterations of pleural aaties.

The aim of the study wasto investigate the featofenorphological alterations of pleural adhesitmet depend on
time of arising in mature rats.

MATERIALS AND METHODS

Both male and female adultrats of the WAG straingiieg 180-200 g (28 animals) were employed inphesent
study.The experiment was carried out in accordaritie international principles of the European Camti@n for
the Protection of Vertebrate Animals (Strasbou@85).Adhesions in pleural cavity were simulatedoading to
D.Spensor [6].

The experimental animals were divided into fourup® of seven animalsdepending on time ofadhesiataiion
in the pleural cavity. The®froup was examined on day14 after initiation ofemibns in the pleural cavity. The
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2"group of animals was examined on day30 from the sfahe experiment, thé“3group was examined on day 45,
and the ¥ group — on day 60.

The material obtained in the experiment was usedfarphological study. Excised adhesions with ifinagts of the
visceral and parietal pleura along withadjacentspair subpleural parenchyma were morphologicallyreixed.

The investigated material was fixed in 10% neufaimalin. Then it was subjected to standard higfioial
processing by a series of alcohol solutions ofdasing concentration, mixture of Nikiforov (96% atiol and
diethyl ether in the ratiol:1), chloroform and thefiltrated with paraffin. The blocks formed wecet into serial
sections of4 - fum thick.

Specimensstained with hematoxylin and eosin wered u® generally assess the conditions of the tissue
Stainingwith Weigert's stain for elastic fibers aw@n Gieson’'spicrofuchsin was used for the detectmd
differentiation of connective tissue structureseTdomplex of histochemical techniques was usedssess the
functional activity of regenerating tissues. Dedbgnucleoproteins were revealed by Feulgen-Rossdrisaction.
Ribonucleoproteins were detected by Brachet's ntetBtaining by Mallory’s method was used to assesturity
ofconnective tissue. Histological and histochemieahniques were performed according to recommandagiven

in the specific manuals [5, 7].

The complex of histological and cytophotometriceig@shes was carried out using the Olympus BX-4Tas@ope
with Olympus DP-Soft (Version 3: 1) and Microsoftdel software.

Immunomorphological examination was performed oraffim sections of 5-@um thick by means of indirect Coons
method modified byBrosman. Collagens were typednbyioclonal antibodies (mAb) (Serotec) to collagpaty |,
lll, and IV. F (ab) -2 - fragments of rabbit ambuse immunoglobulins were used as fluorescentldab
Specimens were examined by means of luminescembsaigpe using color filters [7].

Results of morphological investigations were preedsby mathematical statistics methods using aisalys
variance. Methods of variational statistics allowed findthe arithmetical mean, variance, standaediation,

average error, and the probability of differenclee Tifference between two means in small samplasdetermined
by Student's t Table following the condition of ¢nn,-2). Differences between the data were considdrgtfisant

at p<0.05 (i.e. P>95%).

RESULTS AND DISCUSSION

In experimental animals of thé'group (the 1% day since the simulation of adhesions in the plecawity), pleura
(both visceral and parietal sheets) was dull, edeusa slightly thickened with filamentous impositfowhich took
the form of soft adhesions in some points. Micrggcoexamination showedswollen, focally desquamated
mesothelium. The pulmonary parenchyma in subplquaels had signs of edema and focal proliferatminl®ose
connective tissue. Deformation of alveoli and ggifienomena of purulent exudative pneumonia weserobd in
these areas.

The adhesions were represented by granulatioretidswvas characterized by focal proliferation gmdnounced
inflammatory infiltration. The neutrophilic granagtes werepredominant cell population in the irdik. The
distribution of granulation tissue vessels was emevn some areas they were numerous, i.e.hypergtén
developed. Hyperemia ofgranulation tissue vesseds wbserved. Endothelium had pronounced signs of
proliferation as evidenced by the high histochemagtivity of DNA in the nuclei of endothelial csll Basal
membranes of newly formed blood vessels were PAsgipe and thin.

Fibroblasts with signs of active collagen formatisare the predominant population among the celigrahulation

tissue. This term was characterized by increasatbeu of fibroblasts in the central parts of thengitation tissue.
The cytoplasm of fibroblasts was homogeneous, cbealdtained with basic dyes, demonstrated actinthegis of

RNA (Fig. 1) confirmed byBrachet'sreaction. Meartiogl density of RNA in the cytoplasm of fibroblastvas

(1,637 £ 0,041) conventional units (conv. un.)ha green region of the spectrum. The nuclei okagére large and
bright. They contained delicate mesh of chromatid large nucleoli. Histochemical DNA activity imetfibroblasts
varied from moderate to high in some points, an@émnmaptical density of DNA in the nuclei of cells wé,147 +

0,085) conv. un.
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Figure 1.Pronounced synthetic activity of granulatbn tissue fibroblasts with high RNA content in thecytoplasm. Adhesion fromthe
control group animal eliminated from the experimenton day 14. Staining by Brachet's method.Magnificabn 400x

In this period, granulation tissue was charactdrlzgthe beginning of maturation with increasingnter of fibrous
fuchsinophilic structures represented by individfiaé fibers or groups of fibers but clear fibemidles were not
detected. The surface layer of granulation tis®reesl as an exception because in direct proxinoitffaroblasts
there was revealed a dense network of newly forooddgen fibers forming small bundles. Both typémterstitial
collagens (I and Il types), with a predominancetygfe Il were revealed in the compositionof corthectissue
fibers. By discussed time (the "“dfy), the amount of Hale-positive agents of theugtbsubstance of granulation
tissue was insignificantwhich indicated a decrdashe synthesis of acidic GAGs. At the same tilmeré was an
accumulationof PAS-positive substances in intéastubstance of granulation tissue. Such accuioulandicates
the growing amount of sulfated mucopolysaccharateshence collagenization processes.

Themucopolysaccharidesof the ground substance damatrix for fibers formation. Lymphocytes, plasogdls and
small amounts of macrophages were found amongethédar components of the granulation tissue. Tytepdasm
of macrophages was vacuolated and PAS-positiveseT ligcts are known to be associated with the gjicol
activity of cells and indicate their intensivefuioctal activity.

On the 38 day,pleura was dull, edematous, thickened, wikirge number of filamentous and filmy impositions.
Adhesions were shown to be translucent, wet, anty gfFig. 2). Subpleural pulmonary parenchyma waavily
edematous, accompanied bynecrosis areas andpheaahexudative purulent pneumonia. Areas of desbnof
alveoli and acini were found(Fig. 3). Proliferatioh scar tissue with distinct deformation of thedutissue was
detected.Atelectasis areas were found in some oktistological examination of adhesions showedtiveide
enough, containing the cellular connective tisdtree inflammatory infiltrate was preserved. It wapnesented by
neutrophilic granulocytes with admixture of macraghs, lymphocytes, and plasma cells.
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Figure 3. Exudative-purulent pneumonia and edema isubpleural parts of the lung parenchymain the contol group animal on day 30 of
the experiment. Hematoxylinand eosinstaining. Magfiication 200x

Loose fibrous connective tissue containing bundfesollagen fibers and a small amount of connedtissue cells
was formed at this period of observation. Bundlesallagen fibers of the immature connective tissweze wide,
fuchsinophilic when stained byVan Gieson and bhgHPAS-positive. Type Il collagen was determined
predominantly in the fibrous structures. It wasedétd as a linear luminescence of moderate inje(Sig. 4).
Type | collagen was found focally in the form db@ght luminescence.

TheDNA content in fibroblasts nuclei was decreageean optical density of DNA on sections stained-bulgen
Rossenbeck method was(1,994 + 0,06) conv. un.)s Tt indicates decreased potency of fibroplastits to
growth and reproduction. At the same time, the@rcsglized ability to form the ground substancelag®n, and, as a
result, the collagen fibers, is maximally manifelste
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Figure 4.Type Il collagen in the form of linear luminescence ofmoderate intensity in the adhesionsfn control group animal eliminated
from the experiment on day 30. Indirect Coons rea@n with antiserum to type Ill collagen.Magnification 400x

The synthetic activity of fibroblasts in this pediovas confirmed by the high level of RNA synthesithe mean
optical density of RNA in the cytoplasm was (1,8¥70,066) conv. un.in the green region of the speuotr
Activation of collagen formation may be due to fhesence of lymphocytes in granulation tissue. Liyogytes
produce cytokines that stimulate fibroblasts peséition and collagen synthesis.

The ground substancewas PAS-positive and didndanoBAGs. At the same time,most of the blood vissaere
empty and degenerated. Endothelial cells formimgviissels wallswere lost among fibroblasts.

On the 48day, the most of the observations showedpronouptegtogenic pneumosclerosis. Subpleural foci of
cicatrizing lung parenchyma containing randomhaaged collagen fibers, as well as portions of tsfemned lung
parenchyma were found. Deformed lung parenchyméagwd small acini with reduced number of alveoli.
Carnification foci were found in some portions,.aleeolar lumens were filled with inflammatory exate. The
pleura was thickened andintensively fuchsinophilieen stained by Van Gieson. The adhesions weresepted by
loose connective tissue with a large number of meaRAS-positive and fuchsinophiliccollagen fibersaaged in
bundles. The fibershad correctlongitudinal direttas well as random arrangement. Type 1l collagas mainly
determined in the fibrous structuresas a lineaiinestence of moderate intensity. Ground substarsefaund to
be weakly PAS-positive. Connective tissue contaifexd blood vessels and a small amount of connedisgeie
cells. Symptoms of inflammatory infiltration werepegessed slightly. Small amounts of fibroblastsnphocytes,
histiocytes, single macrophages and neutrophilenglocytes were determined in perivascular spacarph-
functional activity of fibroblasts was decreasecedaisienced by the activity of histochemical reawsiéor DNA and
RNA in their cytoplasm and nuclei. Thus, the meptical density of the DNA content in the fibroblastuclei was
(1,962 + 0,621) conv. un.,and that of RNA in théopyasm was (1,677 £ 0,052) conv. un.

On the 68 day, area of irreversible pleurogenic pneumosslewith deformation of the lung parenchyma was
formed in the subpleural parts. The sclerosis ptrsmmn was found in some portions of intrapulmonary
parenchyma. The pleura had signs of cicatrical degdion, i.e. it was tuberous and deformed. Thesidns were
dense, massive, opaque, and whitish (Fig. 5).

Symptoms of inflammatory infiltration were weaklyanifested. Volume adhesions were represented lgufib
tissue formed by correctly oriented bundles ofagdin, reticular, and elastic fibers. At the sametiformation of
elastic fibers in the scar tissue was much slotkastic fibers weremainly determined in the edgeadhesions as
thin fibrils woven in the scar tissue. At this metj the increase in the width and length of therbin bundles was
detected. The number of cells was small. Many eimntlisappeared due to atrophy and remaining celle we
flattened between the fibers. Fibrocytes were blegredominant among fibroblast cells. The levelnabrpho-
functional activity of thesecells was low. The mé&adA content in their nuclei was determined as %2,# 0,523)
conv. un., and that of RNA in the cytoplasm wagZ22,+ 0,037) conv. un.
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Figure 5. Dense, massive, tuberous, whitish, opagaehesions in the control group animal on the 80day of the experiment

Type Il collagen was mainly determined in the dibs structuresas a linear luminescence of modeértasity.
Some observations showed hyalinosis in adhesionsuth cases, the fibers were homogenized, hadbritbaf
structure and existed as a homogeneous mass (Figthé quantity ofmucopolysaccharides as PAS-p@siti
structures in the ground substance was decreased.

Figure 6.Hyalinosis in adhesion on the 60day of the experiment.Fibersare homogenized wittoks of fibrillation. Some of them are
represented by a homogeneous mass. Control groupiamal. Hematoxylin and eosin staining.Magnification200x

Signs of pleura inflammatory infiltration were keplong with the scarring process. Granulation pgeceas
prolonged leading to the progression of adhesions.
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CONCLUSION

1. Complex morphological examinations of simulatethesions in the pleural cavity of animals show the
formation of adhesions begins with initial develahof exudative purulent inflammation followed psoductive
inflammation with active proliferation ofmacrophageellular elements. Macrophagesstimulate angiodgenes
fibrillogenesis and underlie granulation tissuarfation.

2. Neutrophilic infiltration of granulation tissuis long-termed, with a tendency to secondary sugjour.
Hypergranulation often develops and transformatibgranulation tissue into fibrous tissue occumnfrday 14 to
30.

3. Volume adhesionsaccompanied by hyalinosis, suippl pleurogenic pneumosclerosis with a tendemcy t
pulmonary sclerosis develop by the"afay.
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