
EFFECT OF IONISING RADIATION EXPOSURE ON STRUCTURE AND
PERMEABILITY OF EPITHELIAL JUNCTIONS IN RAT ILEUM

F. Lebrun, I. Dublineau, S. Grison, C. Strup and N.M. Griffiths

Institut de Radioprotection et de Sûreté Nucléaire, BP n°17, IRSN F-92262 Fontenay aux
Roses Cedex, France

Purpose :  Exposure of the digestive tract to ionising radiation results in both morphological
and functional alterations of the small intestine. However little is known about the effect of
irradiation on the junctions playing a major role in the maintenance of epithelial barrier
integrity. Thus the aim of this study was to investigate, in rat ileum, the effect of radiation
exposure on the permeability of the epithelial barrier in parallel with the localization of
certain inter- and intra-cellular proteins of tight and adherent junctions.

Material and methods : Male Wistar rats were exposed to a single hemi-body irradiation (6 to
12 Gy) under gaseous anaesthesia and studied for one week after exposure. Samples of
terminal ileum were removed and treated for immunohistochemical analyses of junctional
proteins (ZO-1, �-catenin) and pan-cytokeratin (epithelial cell marker) using confocal
microscopy. Other ileal samples were placed in Ussing Chambers for determination of 14C-
mannitol, FITC-dextran-4kDa and 3H-Dextran-70kDa fluxes. 

Results :
Structural changes: For a 10 Gy irradiation, localization of pan-cytokeratin showed important
alterations of epithelial structure with a disruption of continuity at day 3, recovery of crypts at
day 4 and hyperplasic crypts and villi at day 7. Localization of both �-catenin and ZO-1
showed an irregular staining as soon as day 1 in crypts, an increased cell size in villi at day 2,
and a drastic loss of staining at day 3 and 4 in both villi and crypts. At Day 4 some
hyperplasic crypts with normal junctions can be seen and at day 7 all crypts and villi had
recovered normal junctional patterns. Concerning the dose related changes at day 3 after
exposure, localization of pan-cytokeratin showed increasing damage of the epithelium with
increasing dose. No effect was observed for 6 Gy but a disruption of the epithelium was
observed for 8 (slight), 10 and 12 Gy (drastic). Similarly, localization of both �-catenin and
ZO-1 showed no major alterations of junctions after 6 Gy. For 8, 10 and 12 Gy, the pattern of
staining showed a majority of non-stained zones with the remaining stained zones revealing a
disorganized network of junctions, with some diffuse cytoplasmic staining for �-catenin.
Fewer stained zones were observed with 10 and 12 Gy than with 8 Gy, showing a greater
effect at higher doses.
Permeability changes: For a 10 Gy irradiation an increase of passage of markers, reflecting an
increased epithelial permeability, was observed only at day 3 (x3 to 5). Concerning dose-
related changes at day 3, no effect was seen after 6 Gy, and an increase was observed for the
two smaller markers after 8 Gy (x3). However both 10 and 12 Gy markedly increased the
permeability of the three markers (x3 to 10).



Conclusion 
These experiments demonstrate clear modifications of epithelial structural characteristics
which depend on time and radiation dose. Furthermore the radiation-induced increase of
permeability is concomitant with the structural alteration of tight and adherent junctions in the
epithelium.
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