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Abstract 

Emhmad Abdouslam 0., Ojeda F., Levkut M., 5evcikova Z., 5kardov<l 1., 
Daxnerova K.: Ultrastructure of Apoptotic Cells in Chicken Bursa of Fabricius after Gamma 
Irradiation. Acta vet. Bmo, 1997.66:155-158. 

Ultrastructure of irradiated lymphocytes in bursa of Fabricius was studied. Twenty four 
chickens were irradiated by gamma rays at a total dose of irradiation 4.5 Gy and exposure time 12 
min 24 s. Histological examination showed occurrence of pyknotic cells in bursa in experimental 
groups. Electron microscopy of the irradiated bursa revealed typical apoptotic morphology such as 
chromatin condensation. nuclear fragmentation, formation of apoptotic bodies and phagocytosis 
of apoptotic cells 6 hour after irradiation. The mitochondria appeared to be morphologically intact 
in the early stages of cell death. Phagocytosis is supposed to be done by resident macrophages 
which are mainly located in the medulla of the bursa Fabricii. Although bursa Fabricii like other 
lymphoid organs has been known to be highly sensitive to irradiation. this work shows high 
scavenger capability of the mononuclear - phagocyte system in bursa of Fabricii. 

Ultrastructure, apoptotic bodies, phagocytosis 

Apoptosis is a form of physiological cell death also referred to as programmed cell death. 
It is a highly regulated event and plays a role in a number of physiological and pathological 
processes, such as embryonic development (Hinchcliffe 1981), during involution of 
hormone-dependent organs ( Ali son and S a r r a f 1992), clonal selection in the immune 
system and adult tissue maintenance (A r end sand W y II i e 1991). It also occurs 
however, under some pathological conditions, as in tumours (F e sus et al. 1991). some 
viral infection (Banda et al. 1992; Lam and Vasconcelos 1994), after radiation 
(U e d a and S h a h 1992; Dewey et al 1995) and some haematological diseases which 
are associated \vith the production of blood cells (Y 0 s hid a 1993). 

Affected cells shrink in volume. lose contact with their neighbours and lose specialised 
surface elements (W Y II i e 1993). The nuclear events of apoptosis begin with the collapse 
of the chromatin against nuclear periphery and into one or a few large clumps within the 
nucleus (Wy II i e et al.l980). In many cases the entire nucleus condenses into a single 
dense ball. whereas in others the chromatin buds outward into small balls, with each ball 
surrounded by a nuclear envelope (E a r n s haw 1995). 

The aim of this study was the examination of bursa Fabricii by electron microscopy after 
whole-body gamma-irradiation to study the morphology of changed cells. 

Materials and Methods 

Thirty-two 35 d old chickens (broiler cross-breeds) were divided in four groups of eight birds each. There were 
three experimental and one control group. The experimental chickens were irradiated by gamma rays (cobalt source 
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Chisostat 60) at a dose rate of 0.33 Gy / min. The total dose of irradiation was 4.5Gy and exposure time was 12 min 
24 s. SSD (Source-to surface-distance) of 60 Co source was 95 em. There is a very wide range (1-10 Gy) of 
irradiation doses reported to induce apoptosis ( A r r a i et al. 1996). The range 4 - 6 Gy is the most often described 
to cause the most pronounced induction of apoptosis within 6 hours after iITadiation (D ewe y et al. 1995). The 
chickens were decapitated in groups 1 h, 6 hand 24 h after ilTadiation, respectively. Samples of bursa of Fabricius 
taken for histological examinations were processed by K 0 n r a d et al. (1995). Small pieces of bursa of Fabricius 
for electron microscopy were collected and immediately immersed in a fixative solution consisting of a mixture of 
2.5'7c glutaraldehyde and 2.0% paraformaldehyde in 0.1 % M cacodylate buffer (pH 7.2). Samples were postfixed 
in 0.1 % OsO~, dehydrated by an increasing ethanol series, and embedded in Durcupan. Semi-thin sections 1-2 ~m 
thick were made on a pyramitom LKB. stained with 0.5% toluidine blue, then evaluated under a light microscope 
(Carl - Zeiss, lena). The ultrathin sections were prepared on an ultramicrotome LKB Nova, mounted on copper 
grids and contrasted with uranyl acetate and lead citrate. The sections were investigated under an electron 
microscope (lEOL 1200 MX) with an accelerating voltage of 80 KY. 

Results 

Light microscopy revealed the occurrence of pyknotic cells in all 24 experimental chickens 
(Plate V., Fig. 1) but not in controls (Fig. 2). Pyknotic cells occurred both in the follicular 
medulla and in the follicular cortex, as soon as 1 h after irradiation. Twenty four h after 
irradiation only reticuloepithelial network of follicles without lymphoid cells (Plate VI., 
Fig. 3) was found. Detailed description of localization and percentage of occurrence of 
pyknotic cells in bursa of Fabricius was done by K 0 n r a d et al. (1995). 

To demonstrate that the found pyknotic cells represent the process of cell death by apoptosis, 
transmission electron microscopy was used (TEM). As the first stage of apoptosis we observed 
many shrunken cells whose nuclei contained highly condensed chromatin and occasionally 
broke up into several fragments in the bursa of irradiated chickens (Plate VII., Fig. 4). These 
changes were observed in both medullar and cortical parts of follicles. Despite the evident 
changes in the chromatin organisation, the mitochondria appeared to be morphologically intact 
in the early stages of cell death (Plate VIII., Fig. 5). Many cells with apoptotic morphology 
mainly in the medulla appeared to be engulfed by neighbouring phagocytic cells 6 h after 
irradiation (Plate IX., Fig. 6). Furthemore, TEM observation displayed many roundish bodies 
after nuclear fragmentation in the bursa of the irradiated chickens (Plate X., Fig. 7). These 
bodies not only varied in size, but were also considerably smaller than lymphocytes, indicating 
that these bodies represent apoptotic bodies. After 24 hours only a few apoptotic lymphocytes 
were observed mainly in the cortex of the bursa of Fabricii. 

Discussion 

Although by K 0 n r a d et al. (1995) there were no pyknotic cells observed in control 
group, a low percentage of pyknotic cells as a form of apoptosis could be observed in 
unirradiated chicken bursa of Fabricius (A r a i et al. 1996). It is a normal process of clonal 
selection of lymphocytes in this organ. 

The increasing occurrence of pyknotic cells is known to be detected after irradiation of 
this organ (M a r u yam a and Fe 0 I a 1987). The present study confirmed the marked 
increase of pyknotic cells in bursa of irradiated chickens and clarified the ultrastructural 
characteristic of the pyknotic cells. Cell death of bursa lymphocytes revealed typical 
morphology for apoptosis such as shrinkage in volume, chromatin condensation, nuclear 
fragmentation followed by formation of apoptotic bodies (U e d a and S h a h 1994). 
Electronogram showed that most of apoptotic cells are engulfed by macrophages after death. 
Early phagocyting process is supposed to be done by resident macrophages mainly in the 
medulla of bursa. It is known that the cortex of bursa contains densely populated small 
lymphocytes and Iymphoblasts, whereas lymphocyte population is sparsier in the medulla 
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contains also macrophages and dendritic reticular cells ( Bet t i et al. 1991). Conventional 
electron microscopy, such as that used here, is usually unable to identify the type of cells 
with apoptotic morphology. However, it seems likely that the majority of the apoptotic cells 
observed in bursal follicle are lymphocytes, since nonlymphoid cells located in lymphoid 
tissue are known to be much more radioresistent than lymphoid cells and to be little affected 
by radiation used in this study (M a r u y u a m a and Fe 0 I a 1987). Location of 
macrophages in the medulla can explain that medullar reticuloendothelial network contains 
less apoptotic lymphoid cells than that in the cortex, indicating that phagocyting capacity 
of macrophages is large. The rapid and nearly complete removal of the apoptotic cells 
suggests that the chicken bursa of Fabricius possesses effective cellular systems by which 
apoptotic cells are recognized and removed rapidly. Although bursa Fabricii like other 
lymphoid organs has been known to be highly sensitive to radiation this work shows high 
scavenger capability of the mononuclear - phagocyte system in bursa of Fabricii. 

The present study demonstrated electron microscopically changes of apoptotic cells after 
irradiation of bursa Fabricii. The study also showed higher radioresistance of macrophages 
as compared to lymphoid cells. Phagocytosis of dead cells is believed to be done by resident 
macrophages which are mainly located in the medulla of bursa Fabricii. 

Ultrastruktura apoptoznych buniek burzy Fabricii u kurciat po gama oziareni 

Ultrastruktlira oziarenych lymfocytov burzy Fabricii bola sledovana u 24 kurciat po 
oziareni gama, pri celkovej davke 4,5 Gy a expozicii 12 min., 24 s. Histologickym vysetre­
nim sme v experimentaJnej skupine dokazali pyknoticke bunky v burze Fabricii. Pomocou 
elektr6novej mikroskopie sme overili v burze typicku apopt6znu morfol6giu, ako napriklad 
kondenzaciu chromatinu, fragmentaciu, tvorbu apopt6znych teliesok a fagocyt6zu apo­
pt6znych buniek 6 h po oziareni. 

Fagocyt6za pravdepodobne prebieha prostrednictvom rezidentnych makrofagov, ktore su 
lokalizovane najma v dreni burzy Fabricii. 

Hoci burza Fabriciije podobne ako ostatne lymfoidne organy vysoko senzitivna voci ozia­
reniu, potvrdzuje tato praca vysoku cistiacu schopnosijej mononuklearneho fagocytarneho 
systemu. 

References 

ALISON. M. R .• SARRAF. e. E. 1992: Apoptosis a gene directed programme of cell death. 1. Roy. ColI. Phys. 
Lond.26:25-35 

ARAI. S .. KOW ADA. T .• TAKEHANA, K .. MIYOSHI, K .. NAKANISHI. Y. H. HA Y ASHI. M. 1996: Apoptosis 
in the Chicken Bursa of Fabricius Induced by X-Irradiation. 1. Vet. Med. Sci.: 58: 1001-1006 

ARENDS. M. 1., WYLLIE. A. H. 1991: Apoptosis: mechanisms and roles in pathology. Int. Rev. Exp. Pathol. 32: 
223-254 

BANDA, N. K., BERNIER. 1 .. KURAHARA. D. K .. KURRLE, R., HAIGWOOD, N .. SEKAL Y, R. P .. FINKEL, 
T. H. 1992: Crosslinking CD4 by human immunodeficiency virus gp 120 primes T cells for activation-induced 
apoptosis. 1. Exp. Med. 176: 1099-1106 

BETTI. F. WORSMAN,T. U .• De FARIA. F. P .. SESSO, A 1991: Development of the cloacal bursa in the domestic 
fowl. II. A quantitative and fine structural analysis of the follicular cortex and medulla. J. Submicrosc. Cytol. 
Pathol. 23: 613-628 

DEWEY, W.e.. LING, e. C .. r.!EYN, R. E. 1995: Radiation-induced apoptosis: relevance to radiotherapy. Int. J. 
Radiation Oncology BioI. Phys., 33: 131-134 

EARNSHAW, W. e. 1995: Nuclear changes in apoptosis. Current Opinion In Cell Biology, 7: 337-343 
FESUS, L.. DAVIES, P. J. A, PIACENTINI, M. 1995: Molecular mechanism in the program of cell death by 

apoptosis. Eur. 1. Cell BioI. 56: 170-177 
HINCHCLIFFE, J. F., 1981: Cell death in embryogenesis. In Bowen. I. D .. Lockshin, R. A. ed, Cell Death in 

Biology and Pathology. Chapman and Hall, London, pp. 35-78 



158 

KONRAD, V., SKARDOV A, I., OJEDA,F., LEVKUT, M., PROSBOV A, M. 1995: The apoptosis oflymphocytes 
in chicken bursa of Fabricius after gamma irradiation. Folia Veterinaria 39: 97-99 

LAM, K. M., VASCONCELOS, A. C. 1994: Newcastle disease virus induced apoptosis in peripheral blood 
lymphocytes. Vet. Immunol. Immunopathol. 44: 45-56 

MARUYA1\1A, Y., FEOLA, J. M. 1987: Relative radiosensitivities of the thymus, spleen, and Iymphohemopoetic 
systems. Adv. Radiat. BioI. 12: 1-82 

REYNOLDS, E. S. 1963: The use of lead citrate at high pH as an electron - opaque stain in electron microscopy. 
J. Cell BioI. 17: 208-212 

UEDA, N .. SHAH, S. V. 1994: Apoptosis. 1. Lab. Clin. Med.I24: 169-177 
WATSON. M., 1958: Staining oftissue sections for electron microscopy with heavy metals. 1. Biophys. Biochem. 

Cytol. 4: 475-478 
WYLLIE, A. H. 1993: Apoptosis. Br. J. Cancer 67: 205-208 
WYLLIE, A. H. 1980: Glucocorticoid-induced thymocyte apoptosis is associated with endogenous endonuclease 

activation. Nature 284: 555-556 
YOSHIDA, y. 1993: Hypothesis: apoptosis may be the mechanism responsible for the premature intramedullary 

cell death in the myelodysplastic syndrome. Leukemia 7: 144-146 

Address for correspondence: 
O. E. Abdouslam 
Department of Pathological Anatomy 
University of Veterinary Medicine 
Komenskeho 73 
041 81 Ko~ice 
Slovak Republic 
Phone: (421) 95 633 211 
















