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Abstract 
Adult rabbits were irradiated to one proximal tibial metaphysis 

while the contralateral tibia served as a control. Each animal was 
thus its own control. Single doses of 15, 25 and 40 Gy 6oCo were 
used. The follow-up time was I 1  to 22 weeks after irradiation. A 
histochemical method, recording diaphorase (NADHZ and 
NADPHz) activity in osteocytes, was employed. This method is 
regarded as superior to conventional histology. No evidence of 
osteocyte death was found even after 22 weeks following 40 Gy 
irradiation. This is interpreted as an indication that the osteo- 
cytes, which are end stage cells, are relatively radioresistant. 
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Bone cell viability after irradiation has been investigat- 
ed by many authors. Different methods have been used, 
such as radioactive isotope labelling (2, 21), radiography 
(5, 22), histology (10, 26), histochemical methods (9, 11) 
and electron microscopy (8, 19), to name but a few. A 
drawback of many of the most commonly used methods is 
the difficulty of truly ascertaining if a bone cell is viable or 
not. 

The aim of the present study was to assess irradiation 
damage to bone tissue with the use of an enzyme histo- 
chemical method recording NADH2- and NADPHz-diaph- 
orase activity of the osteocytes (6) after irradiation doses 
of 1540  Gy. 

Material and Methods 

Animals and anaesthesia, Fifteen adult lop-eared rab- 
bits of both sexes were used. During the irradiation proce- 
dure the animals were under general anaesthesia using 
intramuscular administration of Hypnorm (Mekos, Hel- 
singborg, Sweden) at a dose of 0.7 ml per kg body weight 

and hour and intraperitoneal administration of Valium 
(Roche) at a dose of 0.5 ml per kg body weight. 

Irradiation procedure. The room temperature during 
irradiation was 22°C. The tibia to be irradiated was placed 
upon a 10 cm thick polystyrene phantom. To minimize the 
difference in absorbed dose between soft tissue and bone 
6oCo gamma irradiation was used. Skin source distance 
was 60 cm and the field size was 7 . 5 ~ 7 . 5  cm. The dose 
rate was about 1 Gy per minute. To ensure full build-up a 
5 mm thick bolus was applied. The animals were divided 
into five groups with three animals in each. In group A 
one animal received 15 Gy, the second 25 Gy and the third 
animal 40 Gy as a single dose to the medial aspect of one 
proximal tibial metaphysis. The other tibia served as a 
control. The same pattern was applied in the other groups 

Retrieval of bone specimens for analysis. The group A 
animals were once more anaesthetized with Hypnorm and 
Valium 11 weeks after irradiation and the skin, fascia and 
periosteum over the medial aspect of each proximal tibial 
metaphysis were incised and the cortical bone laid bare. A 
15x15 mm large bone specimen was then removed with 
the use of a saw, using profuse saline irrigation to mini- 
mize the heat trauma. Thereafter the animal was sacri- 
ficed with an intravenous overdose of nembutal. The re- 
trieved bone specimens were then processed for histology 
and histochemistry. The animals of the other groups un- 
derwent the same procedure but with longer time inter- 
vals. The animals of group B were thus sacrificed 14 
weeks, those of group C 17 weeks, of group D 20 weeks 
and of group E 22 weeks after irradiation. 
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Histological and histochemical methods. The speci- 
mens for histological and histochemical analysis were im- 
mediately placed in 10% EDTA of 4°C and pH 6.95 for 
demineralization. After 10 days the demineralization pro- 
cess was completed. Following decalcification the bone 
specimens were frozen in isopentane at - 140°C and were 
then sectioned in a cryostat at -20°C. The specimens 
intended for histology were stained with HTX-eosin and 
those intended for histochemical analysis stained for 
NADH2- and NADPHz-diaphorase activities (6). 

Results 

The histological sections showed lamellar bone of nor- 
mal appearance. No changes were seen in the morphology 
of the bone architecture and the lamellae were intact. The 
number of filled osteocyte lacunae did not differ between 
test and control specimen in any of the animals investigat- 
ed at any dose level or at any of the follow-up times used 
in the study. The histochemical analysis of the same bone 
specimens demonstrated strong activity of oxidative en- 
zyme activities, thus indicating viable osteocytes. 

Discussion 

The present results indicate that the osteocytes in ma- 
ture bone tissue can sustain high doses of ionizing irradia- 
tion without cell death. Conventional histological investi- 
gation of bone cell viability as evidenced by empty lacu- 
nae (dead cells) or filled lacunae (living cells) has been 
regarded as uncertain (12). KENZORA et coll. (18) demon- 
strated the presence of filled lacunae several days after 
osteocyte necrosis confirmed by H3-cytidine autoradio- 
graphy. The same authors could also prove that empty 
osteocyte lacunae may be due to artifacts accompanying 
the fixation and processing of the bone tissue specimen. 
Several other authors support the view of histology as an 
uncertain indicator of bone cell viability (7, 20). The pres- 
ent method has been regarded as superior to conventional 
bone histology in the evaluation of bone cell viability (1). 
The diaphorase enzymes, NADHz and NADPH2, are 
strictly intracellular and produced by metabolically active 
cells. Presence of diaphorase enzymes will thus indicate 
cell viability. 

The relative radioresistance of the mature bone rests on 
the concept of the osteocyte as a fixed post mitotic cell, 
incapable of further cell division (24, 25). Bone viability 
after irradiation has been demonstrated by other authors 
(3, 23). In a vital microscopic investigation on mature 
bone tissue in the rabbit JACOBSSON et coll. (14) found no 
evidence of bone necrosis after up to 40 Gy @)Co irradia- 
tion in single doses with follow-up times up to several 
years. On the other hand, evidence of retardation of bone 
healing has been brought forth in several studies (15-17). 
The bone cells responsible for bone formation, namely the 
osteoblasts, are less differentiated (reversible post mitotic 

Figure. Histologic section from bone tissue irradiated to 40 Gy 14 
weeks before sacrifice. Staining with NADH2. The osteocyte 
lacunae show oxidative enzyme activity, indicating cell viability. 

cells) than the osteocytes. The osteoblast precursors, 
called pre-osteoblasts, are even less differentiated (vege- 
tative intermitotic cells) (25). BERGONIB & ~ O N D E A U  in 
1906 postulated that the higher the proliferation rate of a 
cell the higher the radiosensitivity and vice versa. In the 
light of the present results this seems to be the case 
regarding the bone cells. 

The mature bone cells, the osteocytes, are highly differ- 
entiated cells (fixed post mitotic cells) incapable of further 
cell division and proliferation. The osteocytes appear to 
be relatively radioresistant as no evidence of cell necrosis 
was found after up to 40 Gy single dose @'Co irradiation up 
to 22 weeks following irradiation. 

Request for reprints: Dr. Magnus Jacobson, E.N.T.-Depart- 
ment, Sahlgrenska sjukhuset, S-41345 Goteborg, Sweden. 
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