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Radiation Retinopathy-Clinical, Histopathological, 
Ultrastructural and Experimental Correlations 

DoµB. ARCHERtµW.µtoµ zoµAtOAzUµiilµooµAoµtARDINERµ
Belfast 

Summary 

Clinical, pathological and experimental studies of radiation retinopathy confirm 
that the primary vascular event is endothelial cell loss and capillary closure. Per
icytes are less susceptible, but typically atrophy as the capillaries become non
functional. The immediate effects of radiation reflect interphase and early mitotic 
death of injured endothelial cells, whereas later changes may be attributed to 
delayed mitotic death of compromised endothelial cells as they attempt division in 
the ordinary course of repair and replacement. Capillary occlusion leads to the for
mation of dilated capillary collaterals which may remain serviceable and competent 
for years. Microaneurysms develop in acellular and poorly supported capillaries, 

predominantly on the arterial side of the circulation and adjacent to regions of 

poorly perfused retina. Alterations in haemodynamics produce large telangiectatic

like channels which, typically develop a thick collagenous adventitia and may 
become fenestrated. Limited capillary regeneration occurs, usually evident as reca

nalisation of arterioles or venules by new capillaries. Vitreo-retinal neovascular
isation may occur where retinal ischaemia is widespread. Radiation produces an 
exaggerated vasculopathy in patients with diabetes mellitus, and five month strepto
zotocin-induced diabetic rats develop a severe ischaemic retinopathy with vitreo
retinal neovascularisation when exposed to 1500 cGy of radiation. Later photocoag
ulation is useful in containing or reversing microvascular incompetence and 
vasoproliferation in some patients with advanced radiation retinopathy. 
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Fig. 1. Mid-venous phase angiogram of patient who 
received 5,250 cGy for a nasopharyngeal tumour. 
Irregular capillaries and a microaneurysm (arrow) 
indicate the presence of early radiation retinopathy. 

Fig. 2. Venous phase angiogram of patient, treated 
with 5,000 cGy of radiation for a nasopharyngeal 
tumour. The macular microvasculature is irregularly 
dilated and the site of numerous microaneurysms. 
Small areas of capillary non perfusion are present. 

Fig. 3. Retina from a 59-year-old non-insulin dependent diabetic 18 months after 5,500 cGy of8 MV photons. The 
patient was diagnosed diabetic one year prior to irradiation and showed no evidence of diabetic retinopathy. 
Trypsin digest preparation of the retinal vasculature shows extensive loss of endothelial cells in the retinal capillaries 
but relative sparing of the pericytes (arrows). Orig. Mag. x250. 
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liiiiilipµto oliµmiiniimiiµiilµimiiiµlilinilinir
imiiµiiiiiiµliiniilµmiimiiiµiniliiiliinillµiilµ
iliµlimiiilliiiµimµniiiiniiilµimiiinmimiiµiniir
iiiliillµ liiµmiiiµlimliimliilµ mlµ illiiniliµ
ililiinip6--13µ ziililiµ et al,14 iilµ iiliiniy5-19µ
limiµ ilimiµ iliiµ iiiiinµ lliiiniimliiiiiipµ iiµ
niiniiiiµniinnlliiiiniipµniiµniiiiiiµiinµinimiiniiµ
miinliiinµ iinilliiiiniµ iilµ iiimiinliiiniii
iiiiµ miilµ liniiiinmiiiiiµ iinµ illinimiliiiµ iiµ
miiliiµmliniiiiipµ
Diiliiiµ iliµ miiiilµ imµ riimiilmiµ imiliµ

iiiimiiililµ iilµ iil-iiimiµ iniliiiiiiµ iniiiii
liillpµiniiiiimiilµiiiiiiµiiµrnimiµimiliµiliµiiinilµ
iniiiiiiµmiinliiinµnliimiiµiilµiliiinµimiiliiiipµ
iilµiiµliiniinliiinµiliµiiiiiiiµimiiiiµiiµiliµinii
iiiiµ miinliiinµ niiiiµ iliiµ lininiliiiiiµ miinliiinµ
iinilliiiinipµ inniliiiiµ iilµ liniiimiiniiiiipµ
oliiµ liliinµ inimiimiµ iliµ miinliiinµ nliimiiµ iiµ
iniliiiiiiµ iniiiiiliillpµ niininiiiiiiµ iliµ niiiiniiµ
riliimiµmiilµliiiiliiliiiminiiµiilµliiiniiiinln
iliniiµ iiiiiniiiiiiµ minilµ liii-iininilii¤iiipµ iil
niiiiilµ llliiµ iliipµ iilµ niiiiliiniµ iliµ
iniiliiiiµ imµ iliµ iniiµ iniiiiiiµ miinliiiliniµ iiµ
iiimiiµliiiiµimµiiiiiiimµiniliiiiiiµiiµiµiliiimiiµ
liliipµ

Methods and Results 
Radiation Retinopathy-Clinical and 
Angiographic Features 
Diiiµmiiµliinimilµminilµiliµiilllµimµsvµliiiiiiiµ
iiµ Niiniliiniµ uiniiiilµ mliµ ininiimilµ nilliiinµ
iniliiiiiiµmiimiiiµs972µiilµs9vv.µuiiµliiiiiiiµ
ininiimilµ iiiiiliinillµ minilµ iliµ vµ tVµ iiiiiinµ
inniiiiniiiinµ tlimlµiiiinmlµlliiiiispµnimiiiµ60 
linliiiµtmilliµinilispµiinµX-iniliµminilµiµ300 
zVµliiiipµuiiµliiiiiiiµlilµiµmliiµinliiinµipilr
iiiiiiiµ iilµ linlliiiiiiiiµ imµ miiliiµ mlinr
iiiiipµ oliµliiiiiilµiniiliiiµimµiniliiiiiiµliiipµ
mininiiiiiiiiiµ inlilliiiµ iilµ iiliniiiiiiµ miinµ
iniliiiliinillµiiniµiniliiniilµiiiimliinipµ6,19,t0µsim
iiiiµliiiiiiiµt22µiliisµlilµflliiniiniiiµiimiir
minilllpµ oliµ iiiniiiiiµ niiiiniiilµ imiiinmimiiµ
nliimiiµ miiniµ miniµ imµ liiiiilµ niliiiiiniiiµ iilµ
lininiiiilinliliµinnlininiimµ iiimilµiinµ iiµiliiiµ
niliiiiniµ tsimpµ ssoµ siliiniiniiiµ iimiiminilllµ
limliimliilµiiniiµnliimiiµiiµmiinliiinµiinnliiinr
ilinipµiiliniiiilµniliiiiinlµmliiiiµiilµiininimliiinr
iilµiilµiii-liinmliiiiµimµiiliµiliiiµnliiiiiiµ
iiµ iliµ illiliiiiµ miniiiilµimµ iliµ imiiinliiilµ
liiiiilµmiiiiiipµoliµniiiiniiµiilµiimiiminillinµ

Fig. 4. Human retina from a 68-year-old woman six months after 4,500 cGy of 8 MV photons. Trypsin digest 
preparation of the retinal vasculature shows an early microaneurysm (arrow) close to a retinal arteriole (A). Orig. 
Mag. x250 
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Fig. 5. Electron micrograph of retina from patient described in Fig. 3. A redundant tube of vascular basal lamina 
is filled with processes of hypertrophic glial cells (Cl) containing extensive arrays of smooth endoplasmic reticulum 
(ser). The basal lamina shows the typical 'swiss cheese' vacuolation common in elderly human retinal vessels. Orig. 
Mag. x9000 

riliimiµ ilmmiiiilµ iliiµ niliiµ liliiiiinlµillilo
iiiiµiilµiliµliniiilliiiµinµ'liliiiiinlµliiiiio
iiniii'µ miiniµ iliµ liniliinlµ iniiiµ iiµ iliµ
liiliiimiliiµ liniliiioµ oliµiiinilµ iniiiiiliililµ
iiiiiiiµ miiniµ illiliiilµ ilmiiipµ liiliipµ iilµ
iiliiiiilµiilµmiiniµiiiµiiiiliiiilµmiilµliiilio
imiiµlilininiilliiinµiililliiiiliµiinµliiilino
imiiµiiiiiniiiiiiµiiµniiliiµnliliiiiioµWiilµiiliµ
iliµ lilininiilliiinµ iiiiiiiµ iiliniiiilµ iiµ iiniiµ
iilµiimµniliµliniiililµiiµiiimlmiliniimµiniio
nii;µ liminiinpµ iliµ iniiiµ inµ liniminiiiiiiµ miiµ
lliiniliiiniiiiliiilµ iiimpµ miilµ iiilµ liiiliiµ
ipiiiiiiiµinµliniinlilµlliiiiiiµiilµliliiiiinlµ
illiliiiiµiniinµiµliiniilµinµiiniiniiµliiinioµ
uiµ iliµ lilininiilliiliillµ liniiililpµ

nliniliinµ liiiinmiiiiiiiiiµ inµ iliµ iniiiiiiµlilinio
niilliiiliniµ mililiµ iiiiliimiiµ miilµ illio
iiiiiiµ liiiiliiµ inµ iliµ liliiiiinlµ milpµ iliµ
illiiiniiliµinµliiniµliliniiiilinliliµiilµiliµ
liniiilliiiµ inµ iiiiimiiliiiilriiriµ lliiiiiiµ
mlillµiiinilliilµiiniiiµinµliiinilµliinnliilµiniio
iiiµ(simoµ2s.µtiilµinµiliiiµimiiinliiilµliiiiilµ
lliiiiiiµ miiniµ iililliiiiiµ iiµ lliµ iilµ

iniiiliiilµ iniiiiiiµ iililiµ mililiµ liiiiliiisµ
imniilioµViiliiµnliliiiiiµliliiiilµinµiliµlivo
liiµmiiµiimiirliiiilµiiniiniloµ
oliµ liniminiiiiiiµ inµ iiiimiiililµ iinµ iniiµ

ilniililµ iniliiiiiiµ iniiiiiliillµ miiµ iii®pµ
iiililmlµ liniminiiiiniµ liliiiiinlµ niiiiliµ iilµ itµ
iliµ liniiilliiiµ inµ niniilµ iiiiimiiliiiilriirpµ
lliiiiiiµliiniilliiinilµimiliµiliµliiiiiniiinµnlio
llioµ oliiniµ miiµ iiiiµ iµ minilliiµ iliniiniinµ inµ
liliniiiilinlilipµ miilµ ilinilmiiiiµ inµ iimpµ
iilµ liniiilliiiµ inµ iiliinioµ Olliiiiiiiilpµ
mliiniµiliµiiiiiµiniliiiiiiµliiiµiinµniniliiiiiiilo
liiiµmiiµlimlpµiliµiiinilµlliimiipµiniiinµiµniinio
imiiµ iiiiiiµ liiniilpµ miiniµ iliiiµ inµ illiiµ iilµ
ipiiiiiniµiiiiinµiniiiiiiµiilliiliipµmiilµmilio
iliniilµ liliiiiinlµ niiiiliµ iilµ iiniiniliiiµ tfµ
iliµ linililiiiiinlµ iiniiiniiiiioµ uiµ illlµ liinllmo
iiiiliiµ iimiiminilllµ liirinlilµ miliiliniilµ
liliiiiinlµliiiliniµiilpµiiililmlµiiliµiniliinnlo
iiiiµinµiilliililµiniiiiiµilllininilpµiliµinniliilµ
iniiiiiµ iniliiiilµ iiirnliliiiiiiµ iilµ niiliiµ
nliliiiiiµmiiniµlinililiimilµliiinµiililiiiilµinµ
iliµlilliiµmiiµilliiliiiloµ
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Fig. 6. Electron micrograph of retina from patient described in Fig. 3 shows a new intra retinal vessel (lumen L) 
from the parafoveal region. The hypertrophic endothelial cells (E) show numerous fenestrations (arrows). Orig. 
Mag. x5200 

oliµ iiimriiinlµ lilliiliiiiiiµ inµ iniliiiiiiµ
iniiiiiliillµ miiniµ iliµ liiiitliiliµ inµ iiiiinµ
iniiiiiiµiilliiliiµiilµniilliiinµiililliiiilirµ
ioioµ iiiiniiniiiiiiµ iilµ liniiniiiiiiµ iiiniilliiino
iiiiiiirµ niiiniiliµ liiliininlimiµ iilµ iniiiiiiµ
liiillliiiµ iinµ liiniiiiiiiµ lilliiinµ iililiµ
miilµlliiiilµlimiiiiniiiniµlliimiiµiilµniniio
iiinµ iiinillloµ Pliiiliimliiiiiiµ miiµ liilµ iiµ
il�iiµliiiiiiiµiiµiliiµiilllµiiµiiliiµniiiliniiino
iiniiiiiµ iilµ illininiµ lilininiilliiinµ lillio
iiiliµiilµmiiµillliiinliµ iiµiiiliinµ iiimiiiiiimµ
iinµillininiimµniiliiµnliliiiiioµ

Radiation retinopathy-Histology and 
Electron Microscopy 
Ciiiilirliiliiimiliiµ imiiinniiiiiiµ miiniµ
·inimiµninilµiiniiµiliiµiilliiiiilµniiiimiimµ
vliinililiilµilliiinµiniliiiiiiµiilµiniiliiilµmlµ
iinlliiiµ limiiirµ iniliiiiµ liiiiliiliiimlµ iilµ
iiiliiniiµliliniilill.20µ oinlliiiµ limiiiµ ililio
miiiµ iiµ iiinilµ niilliiliillµ liliiiiiniiilµ iµ
pininiiniiiiiiµ iiiiµinµniilliiinµiiliiliiiiiµliiiiµ
wiilµ iniiiiiniµ iliiniimµinµ iliµliinilliiµlilliio
iiiiµtsimoµ3). Cliimiiµiiµliliiiiinlµiinlliiililiniµ
wiiniµ lilliirµ liiniilliiinilµ ililillliimirµ

nliiniinlµiiiliiinµliiiiiiiiiiµiilµliliniiiilr
inliliµmlillµlinililiiiiilµiiµiliµiiniiiniiiµiiliµ
inµ iliµ liinlliiiiiiµ tFimoµ 4spµ tiiniµ iiniiniilµ
inniliilµ iniiiiiµ ininiiiilµ iliiiliiinµ liliiiiiniiiµ
miilµ iliµiniiilliiµmiiiliiiµlilminiiiµilmiiµ
miiimµ illiliiilµ nliilrµ ilinliriiµiinµliiiiliiloµ
Eiiliiniiµliliniilillµiiiiµiliiiirilµiµmiliµ

iniimiµinµlilininiilliiinµ iiiiiniiiiiirµ iliµliniir
liliiµniiiliniµimiiiµmiiimµiµiiiniriimµiiiiµinµniio
lliiinµiiliiliiiiiµliiiiµiiµifniliilµniiiiiioµoliµ
liinilliiiµilliiinilµliiniµiniiiiiiiiµiiµiniliiiiiiµ
lilimiµiilµiniiiµilinninilµmiiliiµiliµmiiiiµinµ
liiiiilµ niilliiinµ miiiliiiµ lilminiiiioµ
siniiniilµ lilimilµ liliiiiiniiiµ iilµ iiniiiniiiiiµ
iplimiiilµ linliliµ iilµ iliiiliiinµ miiiliiiµ
lilminiiiirµ iiliµinµmlillµmiiniµiinililµmlµ
miiiiµliiiiµtsimoµusµiinµiniliiiiiiilµmlµiimµiiiinio
iniiiiiiµniiiiiioµoliiiµiimµiiiiniiniiiiiiµniiiiiiµ
liiiiiiilµ inµ llliiniinillilµ iiliiliiiiiµ liiiiµ
iilµ liinilliiiµ iilµ lilµ iiimiiniiilµ iliiinµ imiµ
miiiiµiiliiiµmiiliiµiliiµinµiliµiiinillilµniiiiioµ
siliµinµiliµiimilµ niinlilµ iiiiniiniiiiiiµliliio
iiiniiiµ miiniµ lililiiµ iiµ iliiµ ililµ lilµ niiiir
iiniiilµiiliiliiiiiµliiiiµ tsimoµ 6). 
siliµiiinmiinµliiiminiµniiiiiiµmlillµmiiniµlinr
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Fig. 7. Electron micrograph of retina from patient described in Fig. 3 shows a telangiectatic vessel from the 
paramacular region. The vessel has an attenuated endothelium which is separated from the surrounding glia (Gl) by 
a dense adventitia (Ad) containing large accumulations of fine collagen fibrils. Orig. Mag. x6 500 

rl§iiµiiµliriiµliiiniiiinlliliniiilµiiµiiiliinµiiniiv
iniiiiiµiinµniiliiiµlinimimilµliininiiliililµmiilµ
iliµiiiiimiiliiiilriiriµinililiiiµiiiilµliiniillv
iiinilµ iiµ flliiniiliiiµ iimiiminilllµ iilµ miiniµ
lliiniliiiniiiilµinµliiniµilniililµiniliiiiiiµiniiv
iiiliilloµ oliiiµ niiiiiiµ miiniµ illiliiilµ
iiiliiililµmlµiµliiiiµiliiiiiiiµinµriiµliiv
iimiiµ rminiiiµ iilµ iliiinµ iiliiliiiiiµ liiiiµmiiniµ
iniiiµ niiiiiiniiilµ (simoµ 7soµ oliµ iniiiiiiµ liinv
iilllliµ iiµ iliµ inimiiiµ inµ illlµ niiiiiiµ miiµ
liliiilµ iiinillilpµ liiiiiiiimµ liiliininlimilµ
liminiipµllliiniinillilµ miiiiµ liiiiµiilµlimiiiinv
iiiµiinµimiiiiiµiiliniiiioµtilinillimiipµiiliµ
inµmlillµlilµiliµniiiliniiµinµ'niilµliiii'µmiiniµ
liniiiiiµilinilmliliµiliµiiliiniµinµiliµliiniiiiilµ
limeiiiniiiµiniiiiioµ

Radiation Retinopathy-Experimental 
Vasculopathy 
Hiililµ liiiµ Liiiiinµ iniiiµ miiniµ ilmjiliilµ itµ
iiimiiµ liiiiµ inµ iniliiiiiiµ miimiiiµ 200 ii·µ
2,000 ltl.µ oliµ liiiµ liniiilililµ lliimisµ
miiniµiiiilµ iipµliiiliµ iniiinµ ipliiliniµ inµ ilpµ
iliµiiµ1500-20QO ltlµinµzPVµXrinilio20µoinlp
iiiµlimiiiµ ilililiiiµilimilµ iliiµiliµiiiniiisiµ
lliimiiµiiµinniliilµniiiiiiµmiiniµiiiimiiiiiµtfµ
iliµ iiliiliiiiiµ liiiµ illiiiµ iilµ iiininimiimµ tfµ
iliµ liliiiiinlµ illii.µ Oiliinµ niiiiiiµ ilimp·µ
lilliiiiµ iiiiµ inµ iiliiliiiiiµ liiiiµiilµ lilii
iiinlµliiiiliiµ(simoµvsrµiiililmlµliinilliiiµiniiwµ
iniliiiilµniimiiµiilµliiniiiiilµmiiliiµiliµmiiiµ
inµiliµliiiiilµmiiiliiiµlilminiiiµilmiµ(sim.µ
9soµ uiµ iiniiniilµ inniliilµ iniiiiiµ iiilµ iliiiliiyµ
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Fig. 8. Trypsin digest preparation of rat retinal vasculature six months after 1, 500 cGy of x-radiation. Small 
confluent areas of capillary closure are present (cc), the acellular capillaries having collapsed to leave vascular 
strands. A capillary strand with a viable pericyte within its wall is arrowed. The retinal artery (A) has lost the 
normally regular arrangement of smooth muscle cells. Orig. Mag. x250 

viilliiinµmiiiliiiµlilminiiiiµiniliiiilµiilµ
vliiiµmiiniµinilllilµiiµriirµ iiiniilriiriµiiinllr
vliniisµtiliniiiilinliliµmiiniµiiiµliniiiiiµiilµ
wiµ iiiiniiniiiiiiµ iinµ liniiniiiiiiµ iiimiilliiiniiir
viiiµmiiµiliiiirilµiiµiliiµiilllpµ
Cliimiiµ iiµ miilliiinµ liiiµ iliniimiinµ miiniµ

pviiliiilµmlµiimiiiiimµsrlliiiµliiiiµmiilµiinir
viiiilµillliliiiµtsimsµ srsµliiimµiiµiiiiniliinir
itiiiiµ iiliiilµ liiirllllµ iiµ liiimiinµ iliµ
iiiiilisµLiiiiiµlliimiµiiµmiilliiinµliiiµriiiiiliµ
wiiµiiiilµiiµiliµiliiniµ iiinlrµ ipipµ iiiµiiµimiµ
wwirirµmiiiimiimµsrrr-z0rrµltlµimµiniliiiii�pµ
Himimiinrµiiµiipµliiiliµmiiiimiimµiininiliiiiiirµ
twiliiiµ mlillµ lilµ iniliimilµ liiiiµ imµ srrr-
s5rrµltlrµilimilµiµrmiµiiµiiiµmiilµiiliniiiiµiiµ
vliµillmiinµimµlilinimiilliiinµliiiiµiimimilµiiµ
DNuµ iliiliiiirµ liiilinilµ imiinµ iµ z4µ lilinµ
�winiilpµoliiµiiiniriimµiiliniiiiµiiµiliµiimiiiiimµ
iwlipµ imµ lilinimiilliiinµ liiiiµ liiilililµ miilµ
vliµliii-iininiliiiiiiµ iiiiµ imµ iiliiliiiiiµ liiiiµ
obiiinmilµiiµiinlliiiµlimiiiµiilµliiiniiiinlliliniiµ
svlliiirµ iilµ ilmmiiiilµ iliiµ illiiiiniiilµ liiiµ
vi©isiii.µwiiµ ii iimµ �iiliµ iiµ aiµ iiiilliµ iiµ

iniliiliµiiliiliiiiiµliiiiµiiiiµlliµiiµiniliiiiiir
iilllilµliiiiilµliiilµiinµliiililµ iiiiinlliiiµ
liiilpµ
uiµmiimµimµiliµriimiµilililiimiiiilµimµiliµ

iniiiiiiµ miilliiiliniµ iiµ liimiiilµ liiiiiiiµ iiµ
iiiiiiimµ iniliiiiiirµ iiµ ipliiniliiiµ miiµ liir
llliilµiiµmlillµiiinilii±iiiliiµtsoZsµiilllilµ
liimiimlµ Wiiiiinµ iniiiµ lilµ iiiµ iliµ iininiliiiilµ
miilµ srrr-surrµ ltlµ imµ 9rµ KYPµ Xriniliµ iiµ
iliniirµrmiµiilµvpuµliiiliµimiiinµiillliiiiµimµ
liimiiiisµ uiiliiiµ mimiiµ iiiniliiziiiliiµ mliµ
iniliiiiimµ ilmilliililµ iilµ iiinliiµ iniiiµ
iiinmilµiiµliiiiniiipµoliµliiiµlinimililµlilinir
miilliiinµ lliimiiµ imiiinmilµ iiµ iinlliiiµ limiiiµ
ilililiiiµiilµiiiliiniiµliliniilillµilllininilµ
iiµiliµiniiiiiiµimµiiiliiiµmlillµlilµmiiiµliir
miiilµmiinµu-vpuµliiiliµiilµiliiµmimiiµ 10rr-
surrµ ltlµimµ iniliiiiiiµ iiµ iliµilipµ oliµl�iir
liliiµliiiniiiinlliliniiµriliimiµmeiniµiiliiliiiaiµ
liiiµlimiiiiniiiiiµiilµiliµliniiiiliµimµiliii¦r
iiinµiilµminiiiilµililriiiimµmiiiiµiiliiiµilmiipµ
siliµliliiiiiniiiµliiliililµliinilliiµiiisµiiµiliµ
liniiiiliµimµliiiillµi�liiliiiiiµliii�µiilµªiciµ
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Fig. 9. Trypsin digest of rat retinal vasculature six months after 1,000 cGy of x-radiation. A stained pericyte 
nucleus (arrow) can be seen in the wall of a capillary strand. Orig. Mag. x500 

miiniisµsiliµiiniiiniiiiiµilimilµiliiilµlliliiµ
liiiµiiiisµ
Nimµ iiiiniiniiiiiiµ iilµ liniiniiiiiiµ miiiiiiµ

miiniµ iiiiµ imiiinmilµ iiµ imiµ iiiliiisµ oliiiµ
miiiiiiµ liniiimiiniiilµ miiliiµ lliiiilµ ililiiµ iiµ
iliµliiniilµlimiiiiniiiµiilµiilliililµiiiiinµiniio
iiiµ mlillµ lilµ illiiniliµ imiiiiiµ iilµ
limiinlilµipiiiµinifliliiimµilliiinilµipiliiio
lilµ iiniiiliinipµ oliiiµ iimµ miiiiiiµ ilmo
iitliiiilµ miniillilµ iliµ iiiiiniiiµ iiliiiimµ
lilminiiiµiiµlinilimiiiµiiµiliµilinmiliµimµiliµ
iniiiiiµiilµmiiliiµiliµmiiiniiliµlimiilµtsimsµsss.µ
oliµiiliiliiiiiµ liiiiµ imµ iliµ iiiinimiiiniiiµiimµ
miiiiiiµmiiniµmiiiiiiniiilµiilµlilµiµriiµflilllo
iiiiµ miiiiµ iiliiipµ Liinmiµ liinilliiiµ miilµ inillµ
lilliiliiiiµimµlliiliiililµiinmiiiiiiiµillir
liiilµilininilililµiliµiiiinimiiiniiiµmiiiiiiµtsimsµ
szsµ mliµ miiniµ iiiiµ imiliiiµ iiµ iliµ ilmiiliimµ
miniiiµimµiliµiiimiilliiinµlilminiii.µ

Discussion 

oliµ ilililiimiiiilµ imµ iliµ iniiiiiµ iilµ iiiµ miio
lliiiliniµ iiµ limlµ liiiiµ imµ iiiiiiimµ iniliiiiiiµ
liiimiinilµ mlµ iiiliinµ minillliliinillµ iinµ iiii-

iliinillµ liiµmiiiµriimiµ miinµ iiliµ iiliµinvµ
iliµmiiniiliµiniiliiiiiµimµiliµiniiiiiiµiilµllty
iiliiµ liinlliiiiiiiµ iiµ iliiµ ililiiiiiilµ iinilmaµ
limiµmiiiµliiimiiniiilµiilµliilliiilµiiµiimpµ
liiiiiµ liiniilliiinilµ iiµ iliiinµ iiiiinµ iiimiisµ o•pµ
iiliililµ mliiiinimiiiilµ imµ iliµ iininiliiipvµ
lilinimiilliiiliniµ iiµliimiiilµliiiiiiisO´t7µ invµ
iliiiµ iniliimiimµ liililiiiiiµ lliliiliinipyµ
liiµ iiiiµ miiiµ iniliinrilµ lliiµ iiµ i•pµ
iiiiiniilini.t8µ
oliµ iiiniiiiiµ liii-iniliiiiiiµ lilinimiilliayµ

lliimiiµiiµiliµiniiiiiµlimiµiniliimilµllllµipssµ
iiiiiiiiisµ liiniilµ mililiiµ ililµ iiniµ iilllit
liiilµiilµlimrlliiµiiµliiiliµiiµiliµliiiiliiµiiiu
iiiii.µ sliniliinliinisµ iliµ miiniimiiµ invµ
lilinililiimiiµ iiiiiiµ liiniilµ mlillµ liniliipsµ
iliµ limiiilliiiµ imµ imiiinmimiiµ iniiiiilii•yµ
lillililiµiliµlimrlliilµimµiliiiimliimµiiiniyµ
liiiiiiµ liiniilliiinilµ iiµ liiiiiiiµ mliµ lilµ bpµ
iimiiniilµiiiµmliµmiilµiiµilliiinµlilliiiiiipµo•pµ
liilimiiiiiiµ imµ iliµ iiiiiiiµ lilinimiilliayµ
imiiiiµ iiiliimµ iiµ liliiiiinlµ iililliiiilp,µ
liiiliniµ iilµ liniiimiiniiiiiµ iiniµ iiiiµ miinµ mint{µ
liiiinsµiilµiiililmlµiiµliiµmiiiµilmmiiiilµi•a µ
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Fig. 10. Trypsin digest autoradiogram of rat retinal vasculature following 48-hour infusion of 3H-thymidine. A 
labelled endothelial cell nucleus is heavily decorated with silver grains (arrow). Orig. Mag. x500 

�he «a�cuta�µendothelium is the key cell in the 
iiiiiiiiivµimµiliµliiiiiiµliniliiiµiliiµlaiµiiiµiiµ
iliiµiiliµmiiiµliimiiliimilµliliiiiiniiil.�µ
oliµliiiilirliiliiimiliiµiilµipliiniliiiiiµ

inmwiiigiiiiviµ inipiiniilµ iiµ iliiµ pipiinµ miiniµ
uiliiniiriiµiiµiliiiimlµiilµiilliliiiµiliµiiiniir
piiµiniiiviiµlilinimiilliiinµllivgiiµiilllilµmlµ
riliiiiiiµivlµliiiliµ iliiiµ iiiiiniiiiiiµ iiµ iliµ
¬iilliiinµ liiiiµ mlillµ linililiiiiiµ iliµ miilliiinµ
olliliiiiµiilµ iililliiiiliµ lliiniliiiniiiilµimµ
riliiiiiiµiniiiiiliillsµ
Ciiiiliiµ ailµ liiliiimiliiµ iilliiiµ imµ iiinilµ

riliiiiivµiniiiiiliillµiilµipliiniliiiiiµiimiir
¡igiiiiiiµiiµiliµiniiµliliiiiiniiiµilwµliiniilliiinµ
�uililiimiiiilµimµ miilliiinµiiliiliiiiiµ liiiiµ iiµ
noiiiiimµiniliiiiiisµ tiinliiiinµiilµuliirlµiiµ
�uinµiimiiniiiinlµlimiµilimiµiliiµiliµlimlilµlii
erolliniliiilµilliiiµimµiniiµlliiiinililiiinµliiiiµ
arwµiptliiiiiilµiiiiiiimiµiiµiiiiiiimµiniliiiiiiµ
comliinilµiiµ iliiiµimµiliµliniliiiµmlillµiiniµ
|oiniµillliniliiilsto,t9µsiliiiinilµiliµiiiiinµiniir
riiµiiliniiiirµliiniilliiinilµiliµmiimiiiiµliiiirµ
are liglilµillliniliiilµiilµlimiµmiiiµilimiµ
to biµmiinlµiniliiiniiiiiiiisµ uiµmililµiliinimiiniµ

appellf that tightly packed heterochromatin l� 
liiniµ muiiiinimiiµ iiµ iniliiiiiiµ lilimiµ iliiµ
riiilµliiliiniilµillliniliiiiµiilµlilµiiµliiniµ
ipliiiiµ iliµ iniliiiiiiiiimiilµ imµ iliµ miilliiinµ
iiliiliiiiiµliiii,µiliµilliiiµimµmlillµiiniµiniiir
iimiilµ liiiinilliniliiilsµ oliµ llliiniiiiiiimiilµ
imµliiiiµliliinmiiimµliiiiiiµmliniliinµiiiliiiniiiiµ
iliµ iimiiniµ illiliµ imµ iniliiiiiiµ iiµ iimliilµ
lilrilµ illiiiinµ lliniliiivµ mlillµ iiµ liiiiilµ
liiiiµiiµlipiliiilµliiliiiilµiiµlliniliiiliiµ
miliii,µ
Eimiiniiliiiiiµ miliiiniµ iiiiµ linimimilµ lii

iinimliiµ iiµ iliµ iniliiiiiiiiimiilµ imµ miilliiinµ
iiliiliiillrµ liiniilliiinilµ iliµ limlµ iplmiiµ
iiiiiiiµiiµiliµiiniiiniiiµiiliµimµiliµliinlliiiiiiµ
iilµiliµliiniliµipliiliniµimµiliµiiliiliiiiiµliiiµ
iiµ iiliµmiiilµ liiiiiilwiiirµ isgsµ iiniiµliijl
miiiiµiinµiiniv-liiiiiiiimµliniiiiiirµmnillµlilµ
liniliiiµ iinµ illiiiliiiµ miniiµ inililiiµ lilimisµ
oliµiiiliiiiiiµimµiliµliinilliwµminilµiniµbiiilµ
iiiniilµmlµiliµiiliiniiillµlilµilliliiµmiinµiiiµ
iniiiiimiµ iniiiiiiiliµ iiµ iniliiiiiiµ iilµ iiiµ liin
iiiiiiliµiiµliilµiininiliiiilµliliiiiiniiiµliiliiiµ
iliµdiliiiµimµiiliiliiiiiµliiiisµ
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Fig. 11. Electron micrograph of S TZ diabetic rat one year after 1,500 cGy of x-radiation shows a new retinal 
vessel (lumen L) just beyond its point of entry into the vitreous body (V). The vessel consists of plump hypertrophic 
endothelial cells (E) surrounded by a thin flocculent basal lamina. [nternal limiting membrane of the retina (arrow). 
Orig. Mag. x9000 

oniµlniliiiµliiiliinµimiiiiµiiiliimµiiµli�ii
iinlµilliliiiiµiniµiiiµmliilµiiiimitinilµnim
imin,µ iniµimimiµiimiiiimiiiiiiµmililµilmmiiiµ
iniiµiµiliiiinilµlilliiiiiiµimµiiliiniiiiiµliiiiµ
liiµiiµinµiiiiµimiinµinniliiiiiipµsllnµliiiiµlilµ
ilmminµilliliiiiµliiiitlµliiinµinµiiiinlniiiµ
liiinµiilµ iniµnimninµ iniµ niliiiiiiµliiiµ iniµ
mniiiinµiniµillminµimµliiiiµmnilnµiillnµillnµ
lilimipµoniiµrniiµmimiµimµliiiµliiinµiiiiµlilo
leiiµiljiliiiµliiiiµiiµltmiliµiiµnilitnµiniµiiiiiiiµ
iiliiniiiiiµlimiliipµsiliµimµiniiiµiiimnmilno
iimµliiiiµmiiiµnimiµiliiiiiilµniliiiiiiµlilimiµ
iilµ iniµ minlilµ limiitiiµ lilµ lniltliiiiiµ
mlnininµliiiiilµliiinpµoniiµiitliiliµimµimiiiiµ
lilµmiµniliiiilµliilµiiliiµliiiiµiniµilnmimo
iimµ niiiinlµ iiliiniiiiiµ liiii,µ imiiµ inilmnµ
iiniilnilµ iilµ iiiimiiil,µ iniµ tiilmrliiiiµ iiµ
liiiiiiiµ iµ liiiiililiµ iiliiniiillµ iilµ iniµ
liiiiiimµliililiµiiµiliimiiilµmiinµilmiitliiiµ
liliiiinlµilliliiiipµ
Wiinµ iili,µ mniinµ mimiiµ imµ miilliinµ iilio

iniitiiµliiiµiiiiµliiµmiµiiiililiiilµiiµinnilinio
milµ lilimilµ liiiiµ lilinmiµ liiiiilµ liiinµ
mntii¢µaiiilliiimµiiµlomiliµiiµiniµiinliiµllliiµ

imµiiliiniiiiiµliuiµniiimiiµiniinimlµiiiiiiiiigµtµ
mlnininµnililµimµiiliiµliiiµliiinµiilµmiillitinµ
illilipiioµ oniµilliiiniiilµniiiµimµlimiiiiiµtfµ
niiiiiiµmiilliinµiiliiniiiiiµliiiiµiiiilµiiµihpµ
liimiitlµWiiiinµ nieoµlilµipliiiiµiiµliniµihpµ
riimiµilililiimiiiilµimµiniµniiiiiiµmiiiiiiµinµ
liimiiilµ liiiiiiiµ iiµ niliiiiiipµ Nimµ miliµ tfµ
iiliiniiiiiµliiiµiiiiµlilµiiiiµniiliiµmnilµihpµ
liiililµ iiiiinlniiiµ liiinµ imµ liiiiµ iniiµ ntmpµ
ipniliiilµ mtiiiµ lliiliiililµ lilliiiiisµ
mnilnµliiiiiµmiµniliililµmililiiµimµilliitinµ
lilimioµ
uiµ immiliilµ liliiiiniiiµ mililiµ illilli·pµ

miiilµiiµliminiilµiiiiµiiinmlµlniiiiiiµmnilhµ
lilµiiniillµmiµlillniliiilµmlµiidiiniiitiµ
liviµ lilimiµ inµ lintlliiµ iiiipµ oniiiµ miiiiisµ
liiiiiµ lilinµ iniµ niililliililµ iiilµ ii·µ
mililiµliiiiliiilµilliniiiµiiµliliiiinlµciiiii
iniiiµ mnilnµlil inµ lilµ iiiµ litiiiiiµ lim
liiiilipµ sinllilniiµ lirliiiliiiµ iiµ iniµmiiiiiµ
miiiµ lilliilµmiilµ iilniiiilµ miiilµ flimµ lnt
llliµ liliiiinlµ innimliiniiiii,µ mliiminlµ ili
lillniimiµ imµ iniµ miiiliiiµ lilmniiiµ ii·µ
iillliinµlilniµiiilnliliµmnilnµ iiilµ£iµlnp-
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Fig. 12. Electron micrograph of STZ diabetic rat one year after 1,500 cGy of x·radiation shows a new retino· 
vitreal vessel (lumen L) close to the retinal surface. The endothelial cell (E) shows several fenestrations (arrows) 
and is surrounded by a large hypertrophic pericyte (P) rich in cell organelles. Vitreous (V).  Orig. Mag. x6500 

viliiiiiµiiµiliµiiniiiniiiµiiliµimµiliµliinlliiiiiiµ
tilµiiµiliµjliliiiiµimµliinmliilµiilµiiirliino
fuiilµlliiiiiisµ oliµliliniiiilinliliµmiinlµiiµ
siziµiilµililiµiilµilliliiilµliiliilµiµllliiµimµ
pxliiiiiisµ iii imisµ ilinilmiiiiµ iilµ
olliliiiisµ
tiilµimµiliµliliiiiinlµliiiiiiiniiiµiilµiiiilio

tiilµmiiliiiµiiiiiiµii²iimiiµliliiiiiiiµliliinµ
t•eµ liililliililµ iiilsµ mililiµ iilillio
tpiiµiilµiiil}iµiµiiiiimiiliiiilrii iµilliiino
awliµmlillµiiµilliliiµimµiiiµliilimiiliiilµimµ
ytliiiiiiµiniiiiiliillsµoliiiµliiiiilµlliiiiiiµ
bpliliµ iilililiiiilµmiiliiµ iµ liiiimiirinillµ
avviiiiiiiµ mlillµ iiliiniiiiµ ililµ minilµ iliµ
�pimlmiliniimµiililiiilisµiiliniiilµiilµmiiio
tic iniiiiiiµ liiniillllisµ oliµ minitliiiµ liniio
ewliµimµmiiiiiiniiilµiiliiliiiiiµliiiiµiiµiliiiµ
tpwtimiiliiiilrii iµlliiiiiiµiiiµiiilµillilii�µ
f�yµiliiinµiiini iimµiililliiiilisµmliµiiiiµilmo
gpsiiµiliiµiliµlimiiiiniiiiiµimµiliµiiinliiµiniio
.i�tiµiiliniliiiµiiµliilllimiµiiµiliµiiimiiniiiiiµ
³�fµtµiiiiµililiiiiiilµiiliiliiillsµiiµillliniµiiµ
'~osiµciliiiiiniiiµ iliiiliµ iliµiliµ iilµ liiiiniiµ
�pyviliµiliiilsµ

oliµ iiiiµ imµ liliiiiinlµ iiimiin µ iiµ iiiiliiliµ
iilµliniminiiiimi;µlimimiinsµiliµiniiiµimµlliimiµ
iiµilliliiilµiiimµiilµimµlilliiinµiililiµliiiµ
iiiµ ipiiilµ iiµ iliµ mimiiiiµ miiliiµ mliliiiiiµ
iniliiiµmiil.µoliiniµiiµiiiiiiµiiµiliµmilµimµliliio
iiinlµ inimiiiiniiiiiµiinµ iniliiixiiiiiiiµiiililmlµ
limliliµ iiinmiinµ lliiiiiisµ liiniilliiinilµ iiniio
iniiiiisµ lilµ miµ iimililµ mlµ iimµ liliiiiiniiiµ
mlillµlilµlimiµmiiiiiiniiilµiiliiliiiiiµliiiisµ
Wliiniµiniliiiiiiµlilimiµiiµiiiiiiisµlinililiio
iiinlµ iiniiiniiiiinµ illiliiiiµ miilµ miliiliniilµ
iiiiinµ iniiiiiiµ iilliiliiµ lilµ lilliiliiiµ iliµ
imimiµlililinisµiilµiliµiiiiniiniiiiiiµillllliiio
iiiµ imµ miiilsµ liiiliµ liiiiiiliiiiµ iilµ iilo
iniiiiµ liminiiµ liininiiliiliµ iiµ iliµ liminiiµ imµ
iilliiliiµiilµlilinimiilliiinµlilliiiilisµ
oliµlilliiinµlilinimiilliiiliniµ illiiin�µ iiµ

miµliiniµmliiiinimiiµ iiµiniliiiiiiµiinilliµilmo
iitliiiµ iiµ iiiiiliinillµ iimiimiimµ iliµ iniiiiisµ
oliµ iniiiiiµ miinµ iliiµ iiµiiiµliiiin;µ limimiinsµ iiµ
lilµmiµiµfliciiiiµimµliliiiiinlµliiiiilµiilµlimlµ
ixlmiiµiimiiiµiiµiliiµliiniµimµiliµiniiiiiµmiilµiiµ
iiiinliiiiiilµlimlµliiiµmiiilµflimsµ uiµliiµiiiiµ
miiiµ iiiilµ iliiµ iiliiliiiiiµ liiiµ iliniimiinµ iiµ
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limliinµ iiµ iliiiµ liliiiiiniiiµ lilliinilµ miilµ
iiinmiinµ lliiiiii31pµ iilµ imµ iliiµ iiµ iliµ liiiµ iiµ
mililµmiµiiiililiiilµ iliiµiliµlilliiinµ liliio
iiiniiiµwiilµlliiiimiµlimlµliiiiilµiililiiµmililµ
miµliiniµilililiimiiµiiµiniliiiiiioµ
Piniiniiiiiiµiiimiilliiiniiiiiiiµiiµiµmiiiliniµimµ

iilriiimiµiniliiiiiiµiniiiiiliillµiilµiµmliniliinµ
milmiµimµiliµipiiiiµimµiilliiliioµslllµmiiiiiiµ
lilµiiiµlimiiilµiiµilinµiiiliiµliliiµimµiilliiµ
iniliiiiiiµ iniiiiiliillpµ mliµ lililµ miµ iilllilµ
mlµiininiliiiiimµiliµiliiµimµliimiiilµiiiliiiµ iiµ
mlillµ �hiµ iniiiiiiµ miilliiiliniµ miiµ iiiniillµ
lilliniliiilµmlµiimiiniiµliiiliµimµliimiiiioµ
oliµliniiniiiiiiµiimµmiiiiiiµmlillµlimiiililµ
iiµiliiµliliiµmiiniµiiliiiinµiiµiliiiµliilinimilµ
iiµ liimiiiipt1,ttµ iniiiiiiµ illilinipt3µ iliiiio
iiiliµllliiniiiiimit4µiilµResµ iniiipt5µ iilµ iiµ
ipliiniliiiiiµ iimµ lliiniiliiµ miiiiiiµ iiµ iliµ
ilminiiiiiiµ ilili.t6µ uiµ iiµ illiiniiiµ miilµ minilµ
liiiiliiµ iilµ ipliiniliiiiiµ iilliiiµ iliiµ iliµ
lilmiiiiiiiµ imµ liimiiiiµ a�lµ iniliiiiiiµ limiµ
iiµillllliiiimiµiilµlilimiimµimmiliµiiµiliµ
iiinlliliniµiilµmliliiiiµimµiliµiniiiiiiµmiilliio
ilinioµ uiµiiµiiiiµliiiinµiliiµiliµliiliiimiliiµlilo
iliniµ iiµ iiiµ imµ iiµ iilliililµ iniiiiiliillµ iilµ
iliiµiiimiilliiiniiiiiiiµmlillµlalµmiµiµiitliiµ
imµiiiliinµliiliiiiiµiiµiµliiniliµiniiliiµimµiniiiiiiµ
iilliiliioµ
tiiiµliiiiiiiµ iniliimiimµiniliiiiiiµliiiiµimµ

iiiiµihi�µz5rrµlOlµiiµmingliiiiiµimµzrrµlOlµiinµ
iiiiµ iiniµ liiireilµ iiµ limiiilµ iimiirliiiµ iniiv
iiQliilloµPiiiiiiiµmiilµliilµiniiiiiliillµil�jo
liiilµ liniminiiiµ iiilµ miinlµ iiimilµ iilµ miiliiµ
mliliiiiiµiniliiiµmiilµliiiiiµiliiniµiiµiimiiro
liiiµ lillii�µ knmiimileiioµ uµ ziiiiniilµ imµ
liiiiiiiµ limiiilµ iimliµ iliniiiiiiimµ lil¥iiinµ
iililiµailµlilµ�iiliilµiiµmiliiµiiiiinµlhiiio
liimliiiiiiµ mlillµ liiµ inillliµ iliµ ipiiiiµ ifµ
iiiiniini�iiiiµiililiµiilµillinimiµiliµiimiiµimµ
lilliiiiliµ iiµ iiliµ ifmiliidµ liliiiiiniiioµ19µ
Olliiiiigiilµliiliiiiµilmjiliilµ�iµiiinmiµliiiiµ
imµinilia�iiiµli°µlimiiilµliniiniiiiiiµiilµli�iiv
iiinlµiiimiilliiini�iiiiiµiilµmiiiriµminilµliiµ
iniiiiiiµlliiiliimliiiiiiµiinµ̈ iiiniiriniiiiiiµilino
miinlµiiµiiiiliilµliiiioµ14µ
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