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In 1954, A~NOLD published a paper on the effects of X-radiation on 
the hypothalamus of 6 monkeys, and in that same year he together with 
PERCIVAL BAILEY and their associates dealt with the changes occurring 
in the brain in general in 40 monkeys (AnNoLD; AnNOLD and BAILEY; 
ARNOLD, BAILEY and  HARVEY ; ARNOLD, BAILEY, HARVEY et al. ; ARNOLD, 
BAILEY and LAUGHLIN). Their monkeys (Macaca mulatta) were adults of 
both sexes. Under Nembutal anesthesia, they were exposed transtempo- 
rally or transrostrocaudally to beams of 23-MeV X-rays. These beams 
were i.0 and 2.5 cm in diameter, respectively, and the corresponding dose 
rates were 150 I~/min and 75 R/min. The RBE of these X-rays were esti- 
mated to be 0.6 that of 200--400 kV X-rays. 

According to ARNOLD, the paraventrieular and supraoptic nuclei were 
"rather responsive" to the radiation. In  2 monkeys exposed to 3000 I~ and 
sacrificed 6 months later these two nuclei were almost selectively affected 
as far as the hypothalamus was concerned. In 1 monkey receiving 1500 R, 
"the selective e f fec t . . ,  was observed to a lesser degree," and in 3 others, 
which received 5000--7000 R, the entire hypothalamus was damaged. A 
footnote in the article stated that comparable hypothalamic changes were 
noted in 5 other monkeys, but no details as to dosage, etc., were given. 
The incidence of selective involvement of the paraventricular and supra- 
optic nuclei in the 40 monkeys was not established. 

In  the ARNOLD-BArLEY papers only the paraventrieular nuclei were 
illustrated. As seen in these illustrations, about 50 ~ of the nucleus on the 
two sides contained necrotic areas, which coalesced with one another. At 
the edge of lesions, severely damaged nerve cells were disappearing. I t  
was stated that  "all" the surviving nerve cells showed degenerative chan- 
ges. Few if any reactive glia were found in the vicinity of affected areas. 
There was no mention of ca]cific material in the lesions or elsewhere. 
According to ARNOLD, "The mechanism for this somewhat selective 
effect of X-rays upon the paraventricular and supraoptic nuclei has not 
been determined. I t  would appear to be a degenerative effect resulting 
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from X-irradiation." ARNOLD, BAILEY and HARVEY remarked that the 
hypothalamus "responds in a very unusual fashion in that the cells of the 
paraventricular and supraoptic nuclei are selectively a f f ec t ed . . . "  

In  a study of the brain in general in these animals it was found that  at 
a dose of 3000 1% the transirradiated cortex was damaged but not as 
severely as the paraventricular and Supraoptic nuclei (ARNOLD, BAILEY 
and HARVEY). Most consistently damaged was the white matter of the 
cerebrum and brain stem. At both sites the white matter was speckled 
with discrete lesions. The major damage was described as in nerve fibers. 
Oligodendroglia showed nuclear pyknosis and cytoplasmic swelling soon 
after irradiation at 1500--3000 R (ARNOLD and BAILEY), but no mention 
was made of the status of these cells with the advent Of delayed radio- 
necrosis. Astrog]iosis occurred in the vicinity of damaged tissue in 
6--8 months after irradiation at 3000 IZ, but was "rather moderate." 
This was taken to indicate "a definite impairment of the reactivity of the 
glial cells by radiation" (ARNOLD, BAILEY, HARVEY et al.). Another inter- 
pretation was that  the "readily demonstrable radioseleetivity for the 
white matter begins as a demyelinating process and proceeds, with time 
and increasing dose, to an actual necrosis of the myelin and a x o n s . . . "  
(ARNOLD, BAILEY, HARVEY et al.). At 12 months postexposure (1500 to 
3000 R), vessels in degenerated areas of white matter were found modera- 
tely thickened, while in the cortex they appeared unaltered. From this ob- 
servation it was gathered t ha t " the  vascular changes and the obliteration 
of vascular channels were for the most part secondary to the death or 
degeneration of neural tissues, rather than a primary effect of radiation" 
(ARNOLD, BAILEY and LAUGHLII~). Further, it was stated that  "the 
insignificant vascular changes cannot conceivably account for the damage 
to the neural elements" (ARNOLD, BAILEY and HARVEY). 

The ARNOLD-BAILEY reports seem the only ones available on delayed 
radionecrosis in the hypothalamus. The finding of hypothalamic damage 
in monkeys exposed to X-rays and y-rays led us to take up the subject 
again. The report follows. 

_~Iaterial and Methods 

Seven juvenile cynomolgus monkeys (Macaca irus), 4 females and 
3 males, were used in this study. They were strapped in a lead-shielded 
chair allowing only the head to be exposed to the radiation source. The 
irradiation was accomplished in a single session, interrupted at the mid- 
point when the animals were rotated 180 ~ . The radiation was directed to 
the sides of the head. However, the animals tended to look toward the 
source, and thus the frontal lobes were usually the most heavily exposed. 
All the anbnals received 2000 R at 50 1%/rain (air dose). Of the 7 animals, 
4 were irradiated with a 250 kVp X-ray machine operating on 30 mA 
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with 0.5 mm Cu and i mm AI filtration. The half-value layer was 1.5 mm 

Cu. The radiation was given at 70 cm from the center of the animals' 

heads, at which distance the flux covered a 20 • 20 cm field. The heads 

of the other 3 animals were exposed to y-rays from a teletherapy unit 

containing about 230 Curies of Co-60 at the time of irradiation. 

Under these conditions, 37 minutes were required to administer 2000 l~. 

The midline X-ray dose was approximately 800/0 of the air dose or of 

the proximal skin dose, or about 1775 I~. In the ease of the y-radiation, 

it was given over the same time period but at a distance of 35 cm. The 

midline y-dose was about 2015 R. Radiation and other data are given 

in the table. EEG and behavioral studies carried out in these animals 

are reported elsewhere (RIoPELL~ et al. 1967). The animals either died 

or were sacrificed when moribund. Severe ulcerative and other lesions 

developed in the face in practically all the animals, and bronehopneu- 

monia or pneumonitis in 3 (Cases I, 3 and 4). Otherwise no significant 

visceral lesions were observed. 

All the brains were fixed in 10~ formalin, embedded in celloidin, and 
serially sectioned at 30--40 ~. From each 30 sections, 3 succeeding sections 
were stained by cresyl eeht violet, hematoxylin-van Gieson, and by  the 
Woelke method for myelin, respectively. In  selected sections, other stain- 
ing or silver impregnation methods were used, as is brought out in the 
text. 

Observations 
Hypothalamus and Neighboring Structures 

In  the first 4 animals listed in the table, no changes were observed in 
the hypothalamus. 

In  Case 5, the supraoptic nucleus of one side was severely damaged 
(Fig. l). I t  contained necrotic areas, between which were islands of 
degenerated supraoptic cells. The necrotic areas were coextensive upward 
into the lateral preoptie area of the hypothalamus, and above this lesion 
another focus of cellular necrosis was forming. Throughout these lesions 
were numerous reactive mesenchymal cells. Branches of vessels extend- 
ing into the upper par t  of the more advanced lesion were distorted and 
apparently necrotic. In  the subjacent optic tract, many  mesenchymal 
cells were issuing from capillaries. The paraventricular nuclei were 
unaffected. Further,  an area in the mamillothalamic t ract  of one side was 
severely damaged and was heavily infiltrated with activated mesenehy- 
mal cells. Vessels within and adjacent to the lesion were dilated. Isolated 
focal damage of white mat ter  of this proportion was also noted elsewhere 
in basal structures, for example in fiber bundles in the amygdala. 

In  Case 6, lesions were encountered unilaterally at  several sites, but  
not in the supraoptic nucleus. In  the paraventrieular nucleus, as seen in a 

1" 



4: M.Z.M. IBI~AHIM, W. HAYMAKER, J. MIQUEL, and A. J. P~IOP:ELLE: 

Fig. 1. Case 5. An area of cellular necrosis involves parts of the supraoptic nucleus 
(lower two arrows) and the adjoining part of the lateral preoptie nucleus. Above it, in 
the lateral preoptic nucleus, is another area of cellular necrosis, in which the damage 

is less advanced (arrows). X 52. Cresyl echt violet 

Nissl preparation, the lesions were multifocal and were located both 
within the nucleus and along its border (Fig. 2). Most of the lesions were 
heavily infiltrated with calcific material. Lesions of the same kind at 
other levels contained abundant calcium salts (yon KdssA method), and 
in occasional lesions, iron salts as well (GoMoRI method). The section 
shown in Fig. 2 was destained and impregnated with silver by a modified 
]:IOI~TEGA method. (The section was reversed when mounted, so what ap- 
pears the right side is actually the left.) The preparation, shown in Fig. 4, 
reveals thickening and dilatation of many of the vessels in the para- 
ventricular nucleus. Most of the capillaries had disappeared. The control 
(unaffected) paraventricular nucleus is shown in Fig. 3. Damage of the 
paraventricular nucleus was limited three-dimensionally, as examination 
of neighboring serial sections revealed no changes in this nucleus. The 
anterior hypothalamic nucleus (at the level of the paraventricular nu- 
cleus) and the medial preoptic nucleus (in an area just beneath the anterior 
commissure) were also damaged. Each contained a small focus of heavily 
calcified tissue. Dilatation of vessels around some of these loci was strik- 
ing. In  the septal nucleus and adjoining subcallosal gyrus, besides calci- 
fied loci, there were areas of cell fading in which slightly dilated vessels 
and activated microglia were found; situated in the midst of such areas 
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were calcified vessels. Wi th in  or near  most  of the lesions were thickened 
vessels, and  occasionally, telangiectasias as well. 

I n  Case 7, the paravent r icular  nucleus was the only hypothalamic  
s t ructure  affected. This nucleus was damaged bilaterally.  I n  a myel in  
prepara t ion  a n u m b e r  of pale areas were visible. I n  the companion Nissl 
preparat ion,  nerve cells had disappeared from these pale areas. I n  the 
center of some of the areas thus  affected a somewhat  dis tended and  tor- 
tuous vessels was found (Fig. 5). React ive cells in such areas were very few. 
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Fig. 5. Case 7. Paraventricular nucleus. The arrows point to somewhat dilated and 
tortuous vessels, around which nerve cells have disappeared. X 230. Cresyl echt 

violet 

Brain in General 
The animal dying in the shortest period of time (13 weeks) had puru- 

lent meningitis. No brain changes attributable to the irradiation were 
found. 

From 17 weeks onward, pathological changes were consistently 
observed. In  the X-irradiated animals the lesions were limited to the 
cerebrum, with the white matter of the frontal lobes (which, as mentioned 
previously, received the largest dosage) the most damaged, while in the 
y-irradiated animals the white matter of the brain stem was also damaged, 
and in one of the animals, the eerebellar white matter as well (Table). 
Examination of sections with the unaided eye revealed, at the 17-week 
stage, very small lesions in the frontal white matter. Most of them were 
clearly oriented to the plane of vessels. At 18 weeks very small lesions 
were also seen, but most of the lesions had grown larger and were clearcut, 
and some had coalesced (Fig. 6). With the passage of time, the lesions 
continued to be multifocal and sharply circumscribed. However, in the 
frontal lobes they tended to be obscured by a pathological process charac- 
terized by demyelination. Further, at some levels of the frontal lobe in 
cases of longer duration, the white matter was devastated by advancing 
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Table. Survival period and data on pathological changes in the brain. 0 signi]ies no 
pathological change; ~ ,  very minor change 

Monkey No. o ~z 

Riop. No. 

AFIP Aoo. ~ ~ 

1 y-rays 13 
126 
989995 
2 X-rays 17 
116 
988872 
3 7-rays 18 
100 
989992 
4 X-rays 20 
104 
989993 
5 y-rays 20 
112 
988871 
6 X-rays 33 
124 
988873 
7 X-rays 35 
118 
989994 

Lesions in 
White Matter 

0 0 0 

2 +  • 0 

2-- 2 +  0 

2+ ~- 0 

3§  2§  3§  

4 +  0 0 

44- 0 0 

of Lesions in 

0 0 

i 0 

0 0 

+ 0 

§ § 

§ § 

+ § 

�9 

0 0 

0 i +  

2 +  3+  

l §  l §  

4 +  3 §  

1§ 4 §  

2 §  3 §  

t issue necrosis. Unde r  these condi t ions  areas  of the  adjoin ing cerebral  
cor tex  were also heav i ly  damaged .  Cort ical  lesions i ndependen t  of  white-  
m a t t e r  damage  were also seen. Aneurysms  (Table) and  te langiectas ias  
could usua l ly  be found, b u t  were most  f requent  in the  f ronta l  lobes;  in 
the  y - i r r ad i a t ed  animals  t h e y  were also seen elsewhere, of ten in l i t t le  
a l te red  tissue. F ina l ly ,  in mos t  of the  cases b ra in  a t r o p h y  was evident .  I n  
such brains,  vessels in m a n y  locat ions  were d i l a t ed  (Fig. 6). 

As v iewed microscopical ly ,  a wide spec t rum of  pa tho log ica l  change 
was encountered .  Only cer ta in  lesions t h a t  have  per t inence  to the  sub- 
jec t  of  this  pape r - - i . e . ,  the  h y p o t h a l a m i e  aspec t  of  the  p r o b l e m - - w i l l  be 
dea l t  with.  

I n  the  whi te  ma t t e r ,  vessels were commonly  found affected in the  
v i r tua l  absence of  pa thologica l  change in the  neighbor ing tissue. Thus,  
smal l  assemblages  of  a c t i v a t e d  mesenehymal  cells could be found  l ined 
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Fig. 6. Case 6. Frontal section showing lesions mainly in white matter. Some of the 
lesions are oriented in the same plane as stem vessels. Considerable brain atrophy has 

occurred. X 3.8. Woelke myelin method 

up along capillaries. Or myriad mesenchymal cells emanated from vessels 
of capillary proportion, as in the optic tract in Case 5 (Fig. 1). Cells of 
some medium-sized vessels were hypertrophic and bizarre in appearance 
(Fig. 7). Frequently, the lumen of vessels was greatly widened (Fig. 8). In  
some areas the vessels were grossly thickened and distorted (as illustrated 
for the paraventricular nucleus in Fig. 4). Moreover, vessels exhibiting 
little change in caliber nonetheless showed cellular abnormalities. The 
presence of aneurysms and telangieetasias has already been mentioned. 
Also fairly frequent were calcified vessels, with an abundance of mineral- 
laden material in the adjoining, heavily damaged tissue. 

The predominant lesion in the white matter included what may most 
appropriately be called "coagulative necrosis." Such lesions were com- 
monly found perivascularly. This is illustrated in Fig. 9. Here, either mye- 
lin pallor or tissue destruction is to be seen around practically every 
vessel. The larger lesions shown in this photograph are presumed to 
have developed in the same way; it is suggested that  in enlarging, the 
lesions escaped vascular bounds. Development of a small focus of coagu- 
lative necrosis in association with dilated vessels is shown in Fig. 8. 
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Figs. 7 and 8. Cerebral white matter. Fig. 7. The vessel is dilated, and bizarre cells 
are present along its course. X 300. Fig. 8. Vessels are enormously dilated. A small 
lesion is developing in relation to them. To the ]eft is a coagulative lesion in the 
midst of which are dilated vessels. Spatially related to this lesion and apparently 
coursing from the dilated vessel is g small, abnormal vessel (arrows) which is 

apparently a branch of the dilated vessel. X 130. Cresyl echt violet 

Ano the r  k ind  of  lesion commonly  observed  in the  white  m a t t e r  con- 
s is ted in spongi form t issue necrosis. Lesions of  this  k ind  were sha rp ly  
c i rcumscribed.  They  were no t  seen per ivascular ly ,  but ,  ins tead,  occupied 
capi l la ry  beds. This  k ind  of lesion was no t  found in the  h y p o t h a l a m u s  or 
in the  cerebral  cortex.  

Ol igodendrogl ia  were commonly  invo lved  in ear ly  s tages  of lesion 
deve lopmen t  in  all the  cases. However ,  l i t t le  needs to  be sa id  abou t  the  
changes as t h e y  are  descr ibed  elsewhere (HAYMAKEa et al., 1967). Suffice 
i t  to  s ay  t h a t  glycogen a p p e a r e d  in  these  cells in  earl ier  s tages  of  thei r  
demise, and  t h a t  b r eakdown  of the  o l igodendrogl ia -myel in  uni t ,  which 
was vascu la r -dependen t ,  appea red  to  be the  basis of  the  deve lopmen t  
of  some of the  eoagula t ive  lesions. 

I n  the  cerebra l  cortex,  the  p r e d o m i n a n t  lesion was of  the  coagula t ive  
type .  Such lesions were mult i focal ,  in different  s tages  of  evolut ion,  and  
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Fig. 9. Case 5. Frontal lobe. Areas of tissue pallor surround many of the vessels. 
Around some vessels the parenehyma has been damaged. Larger areas of necrosis 
are also present. One of the lesions is continuous into the cortex. X 40. Woelke 

myelin method 

usually of sinuous pattern. Smaller eoagulative lesions could be found 
centered on vessels; deposits of calcareous material in damaged tissue 
were also frequent (Fig. 10). Occasionally the tissue surrounding penetrat- 
ing cortical vessels was found damaged throughout three or four laminae. 
Vertical streaks of coagulative necrosis were occasionally seen in the 
cortex in areas in which vessels in the overlying meninges were dilated 
and had sclerotic walls. In  silver-impregnated material, larger vessels 
were found much thickened, such that  they were tortuous and, in places, 
buckled. A further observation was that  plasmatic material was issuing 
from vessels of fairly normal appearance and overrunning and destroying 
cortical tissue (Fig. 11). This was, however, infrequent. 

Discussion 
Lesions appearing in the hypothalamus were no different from those 

occurring in the cerebral cortex, and they were no different from those 
developing in the white matter, except that  the lesions here were of a 
more diverse character than in the other two sites. This is to be expected 
from the greater tendency of white matter to develop lesions. 
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Fig. 10. Case 7. Frontal cortex.~Multi- 
focal cellular necrosis of sinuous pat- 
tern. Smaller areas of necrosis surround 

vessels (arrow). Some foci contain calcareous material. X 70. AFIP Neg. 62-922. 
Fig. 11. Case 4. Plasmatic material has escaped from the vessel and destroyed some 

of the tissue. X 100. Cresyl echt violet 

One of the  most  impress ive  pa thologiea l  changes in this  series was the  
d i l a t a t ion  of  vessels. The d i l a t a t ion  was no ted  no t  only  in the  hypo tha la -  
mus, whi te  m a t t e r  and  cerebral  cortex,  b u t  also in the  meningeal  vessels. 
I t  was no t  easy to  de te rmine  the basis of  this  d i la ta t ion .  Diree t  r ad i a t i on  
i n ju ry  to  vessels could be pos tu l a t ed  as i ts  b a s i s - - i n  some ins tances  a t  
l e a s t - - b u t  there  were no cr i ter ia  secure enough to allow any  pa r t i cu l a r  
change to be singled out  as rad ia t ion- indueed ,  except  for aneurysma l  
format ion .  The d i l a t a t ion  eould have  been secondary  to  the  cerebral  
a t r o p h y  t h a t  was ev ident  in mos t  of the  eases, or the  d i l a t a t ion  could 
have  been the  resul t  of  back  pressure  resul t ing  f rom obs t ruc t ion ,  of 
wha tever  cause, in the  capi l la ry-venous  sys tem,  t~egardless of  how the  
d i l a t a t ion  developed,  the  associa ted  stasis,  we believe, was pathogenic .  
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Severe vascular permeabili ty disturbance, whatever the basis, could 
account for lesions such as illustrated in Fig. 9. 

Another manifestation of altered vascular permeabili ty was the out- 
pouring of mineral-laden fluid into the tissue. This was a common disturb- 
ance. At some levels of the frontal lobe in Case 7, caleific deposits dotted 
the white mat ter  and also some areas of the cortex, in the virtual absence 
of other changes. 

Moreover, there were vessels of relatively normal appearance which 
were functionally defective. This is illustrated in Fig. 11. Pert inent in this 
connection was an observation by  SCHOLZ, DUellO and BR]~IT (1959) and 
SCHoLz, SCHLOTE and HIRSCI~B]~OEn (1962), in a s tudy of the delayed 
radiation reaction in the spinal cord of rabbits, in which areas of the white 
mat ter  were necrotic. Although the grey mat ter  in the cord was little 
altered, and although the vessels were practically of normal appearance, 
t rypan  blue given intravitally permeated practically all the grey. Thus, 
there may  be functional disturbances in vessels of the irradiated CNS 
without demonstrable morphological manifestations thereof. 

Before turning to the hypothalamus a word needs to be said about the 
knot ty  problem of the influence of direct radiation injury of the paren- 
chyma on delayed lesion development. I t  has been shown and confirmed 
tha t  radiation in the dose range used in the present s tudy can directly 
injure the CNS. But  there is no clear evidence that  long-incurred brain 
damage is in itself the basis of delayed radioneerosis. This is a view 
supported by  the experimental observations of ZE~A~, CA~ST~ and 
BmNDO (1964). However, it appears that  brain damage can give rise to 
delayed radionecrosis secondarily through the stasis and associated 
hemodynamie disturbances tha t  develop as a consequence of brain 
atrophy. Occurrence of hemodynamie disturbances as a major factor in 
causing delayed radiation necrosis is in accord with the view of ScHoLz and 
his colleagues (L~MAN, KUPALOV and SCHOLZ, 1933 ; SCHOLZ, 1934, 1949, 
1957; SCHOLZ, DuellO and BI~EIT, 1959; SCHOLZ, HAGER et al., 1961; 
SCHoLz, SCHLOT~ and HIRSCHnEnG~t~, 1962), although their view was not 
formulated entirely in the same way as ours. Z~MAN et al. (ZE~A~ 1963, 
1964, 1966a--e;  Z]~MAN, CA~STEN and BIO~DO, 1964), on the basis of 
tr i t iated thymidine and tri t iated eytidine studies, have proposed an 
alternative hypothesis to explain the development of delayed radio- 
necrosis. Comment is, however, not necessary here, as the hypothesis is 
discussed elsewhere (I-IAYMAK~ et al. 1967). 

Coming now to a consideration of the hypothalamic lesions, An~oLn, 
B~-J~EY and ItAaVEY (1954), in their s tatement  dealing with the genesis of 
lesions in the paraventrieular and supraoptie nuclei (cited in the fore- 
going), apparently concluded tha t  necrosis of cells of these nuclei was due 
directly to the radiation. No working hypothesis was provided as to how 
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radiation injury of the nerve cell could become manifest after a latency 
of some months. ZEMA~ (1966a and b), admittedly on the basis of con- 
jeeture, suggested tha t  damage of cells in these nuclei could be tied up 
with their close proximity to capillaries. This was in the sense tha t  oxygen 
tension in these cells should be relatively high, a factor which, according 
to him, should predispose them to radiation injury. Our Fig.5, show- 
ing tha t  nerve cells next to vessels were disappearing, could be 
cited in support  of this view, as could all the paravascular lesions observed, 
including those in the white matter.  That  an oxygen effect can be 
obtained in the CNS under normal atmospheric conditions still needs, 
however, to be demonstrated. 

Zr, MAN singled out denseness of the capillary bed as the basis of the 
selective involvement of the paraventrieular and supraoptie nuclei observ- 
ed by AgNOLD, BAILEY et al. However, in our series the factor of 
capillary density could not have been of much over-all importance, as 
lesions involved hypothalamie nuclei indiscriminately. I f  capillary density 
were a determining factor in lesion development, then the supraoptic 
nucleus should carry the highest incidence of damage, as it has an even 
richer capillary bed than that  possessed by the paraventrieular. Ag~or,D, 
BAILEY et al. did not illustrate the supraoptic nucleus, and thus we have 
no basis for comparing their observations with ours. The supraoptie 
nucleus was damaged in only one of our eases, and then only focally. The 
paraventrieular nucleus was selectively injured bilaterally in one of the 
eases (Case 7), also focally, without any change occurring in the supraoptie 
nucleus. An explanation of the differing vulnerability may  be sought in 
the blood supply of these two nuclei. In  the monkey, FInLeY (1940) 
observed that  a branch originating from the anterior cerebral ar tery 
passes medial to the optic tract, gives off branches to the supraoptic 
nucleus, then proceeds upward to supply the paraventricular nucleus. 
The supraoptic nucleus is drained by the basal venous system, and the 
paraventrieular nucleus by the internal cerebral venous system. The 
vascular setup is thus such that  alteration in blood vessels in different 
parts of the system could lead to differing effects upon these two nuclei. 
That  random radiation-induced damage of vessels was the basis of the 
lesions in our series appears plausible. Focal distribution of the lesions 
supports this possibility. 

From the foregoing it seems evident tha t  the genesis of lesions in the 
hypothalamus is fundamentally no different than elsewhere in the CNS. 
The sites at  which lesions develop in the CNS would seem to be determi- 
ned by the regions of the vaseulature in which hemodynamie crises 
occur. Lesion development must  also be dependent in some degree on 
metabolic tissue requirements at the t ime the hemodynamie crises are 
occurring. 
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The hypothes i s  presented  here could account  for a number  of var iables  
associa ted  wi th  the  deve lopmen t  of de layed  r ad ia t ion  necrosis, such as 
ou tc ropping  of  lesions a t  different  t imes  in the  same brain,  en la rgement  of  
lesions once t hey  had  formed,  and  the  wide range in the  l a t ency  a t  which 
radioneerosis  occurs. 

Summary 
This r epor t  deals  wi th  de layed  pa thologica l  changes observed  in the  

bra ins  of monkeys  receiving X- and  y - r ad i a t i on  to the  head  in a dose of 
2000 R given a t  50 R/rain.  

The pa tho log ica l  changes observed in the  h y p o t h a l a m u s  and  the  res t  
of the  b ra in  s t rong ly  sugges ted  a "vascu la r  f ac to r"  as of overr id ing 
pa thogenic  impor t ance  in lesion incept ion.  

Zusammenfassung  

Bei  sieben jugendl ichen  Macaeus-Affen wurden  sp~te nenropa tho lo-  
gische Vers  des Gehirns nach  y- und  X-Bes t r ah lung  des Kopfes  
beschrieben.  Die Dosierung be t rug  2000 R bei  50 R pro Minute.  

Die Veri~nderungen im H y p o t h a l a m u s  wa rden  im einzelnen dar-  
gestel l t .  S ta rke  Gef/ igerwei terungen sprechen ffir einen vaseularen  Fak -  
for  der  Strahlenseh/~digung. 

The brain sections were obtained from the Armed Forces Institute of Pathology, 
Washington, D. C., where preliminary studies were carried out by Dr. P. LA~I~T 
and Dr. R. P. DAvis. AFIP accession numbers are indicated in the table. 
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