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I. Animal Colony 

A. Hous ing 

The rat colony consisting of a total of about 800 control and 
irradiated animals was originally housed in four rooms in the animal 
quarters of the old College of Medicine building. Due to an acceleration 
of the University's building program, it was necessary to vacate those 
quarters at a much earlier date than anticipated and to move into tempor
ary quarters pending completion of a new animal housing area. The new 
quarters are now ready for occupancy and a new Castle #D-20204 square 
cabinet autoclave has been ordered for installation in the very near 
future. Each of the three rooms in this complex is equipped with a 
Chrysler "heat pump" unit. Thus each separate room has its own independent 
heating-cooling unit and temperature can be maintained at a constant level 
(70-75'' F) throughout the year. An important feature of the new space is 
the absence of any furnace vents or ducts or doorways connecting with the 
remainder of the building in which the rooms are located, thus providing 
complete isolation from other animal colonies, laboratories and office 
areas. 

It is anticipated that the new aging colony will be established by 
April 1, 1968. 

B. Breeding of animals 

Timed-pregnancy females were obtained by placing breeder males 
with females (one male per two or three females) at 10 p.m. on a given 
date and removing them at 6 a.m. the following morning with the presumed 
pregnant animals being identified by appearance of vaginal plugs. Another 
method has been to observe the animals for the first two hours during which 
the breeders are with the females. Those females not receptive to the 
males were removed and those which were receptive were left with the males 
for a period of from four to six hours. The time of pregnancy was assumed 
to be the mid-period for the total number of hours during which the females 
were in company with the breeders. The first twenty-four hour period fol
lowing insemination was considered day 0 to 1.0 and the next twenty-four 
hour period was considered day 1.0 to 2.0 and so on throughout the gesta
tion period. Rats from each new litter were weaned at thirty days of 
age, sexes were separated and the animals were housed in groups of four 
per cage. 

C. Additional control specimens 

Since the major program being carried out under this contract is 
concerned with long term or "aging" effects, we have deemed it advisable 
to initiate the studies by obtaining control animals of advanced age. 
Accordingly, we have obtained male rats of the Long-Evans strain from 
700 to 972 days of age together with equal numbers of young adults of 
113 days and 300 days of age, respectively, from Dr. P.S. Timiras of the 
Department of Physiology, University of California at Berkeley for con
trol aging studies. Studies conducted on certain of the tissues from 
these animals will be described in subsequent sections of this report. 
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II. Methods of procedure 
A. X-irradiation equipment and procedure 

A General Electric Maxitron 300 or Westinghouse Quadro-Condex x-ray 
unit was employed throughout these studies for all x-irradiation procedures. 
The x-irradiation was performed at 250 kv and 15 ma employing a filter of 
1 mm. Cu and 2 mm. Al. The rats were placed in a well-ventilated, snug-
fitting lucite container and irradiated from the dorsal aspect. Dose and 
rate calibrations were made with the use of a Victoreen dosimeter placed 
in a wax phantom at a depth corresponding to the depth of the fetuses be
neath the skin surface of the dam. All pregnant rats were irradiated at 
the rate of 60R/minute with the x-ray source from 43 to 50 cm. above the 
level of the dorsal skin surface of the dam, the focal distance depending 
on the machine used. All animals were irradiated on gestation day 13.5. 

B. General procedures for preparation of tissues for light microscopy 

1. Fixation 

At the appropriate age or post-irradiation interval, as noted 
in succeeding sections of this report, the brain tissues of a number of 
adult animals of each group were fixed by a two stage perfusion method as 
described by Cammermeyer (Acta Anatomica 40:149, 1960) using Elliott's 
"B" as the flushing solution and Heldenhain's "Susa" solution, Bouin's 
fluid or 10% neutral formalin as the fixative. In "Susa" and Bouin's 
fixed specimens, the brains and cervical spinal and autonomic ganglia 
were very carefully dissected out and removed after a post-fixation in
terval of at least four hours. In formalin fixed tissues dissections of 
the same structures were done at least six hours after the perfusion. 
"Susa" or Bouin's fixed tissues were kept in the fixative overnight be
fore preceding with the dehydrating and clearing procedures. Formalin 
fixed brains were maintained in 10% neutral formalin for one week prior 
to further processing. Fetal brains employed in dose fractionation, 
histogenetic and cytokinetic studies were quickly dissected out and 
fixed by immersion in Bouin's fluid on gestation day 19.5. 

The "Susa" and Bouin fixed tissues were dehydrated with dioxane, 
cleared in terpineol-toluene, imbedded in Paraplast and sectioned at 
2 0 ^ and 6/a. Formalin fixed brains were dehydrated in graded ethyl 
alcohols with final dehydration and clearing in normal butyl alcohol. 
Tissues from the irradiated brains were carried through all procedures 
and solutions in company with tissues from corresponding controls. 

Some tissues were fixed by immersion in a mercuric chloride-potassium 
dichromate solution for the Golgi-Cox method (Sholl, D., Jour. Anat. 87: 
387, 1953) or the tungstate modification of the method as outlined by 
Ramon-Moliner (Stain Tech. 33:19, 1958). Additional tissues were fixed 
in a glutaraldehyde-potassium dichromate mixture for staining of dendrites 
by the method of Colonnier (Jour. Anat. 98:327, 1964). 
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' 2. Staining 

Routinely the "Susa" fixed tissues were stained as follows: 
gallocyanin-iron hematoxylin-acid fuchsin, ponceau de xylidene in order 
given for general histology and quantitative histology; Gridley's quad
ruple stain for connective tissues, elastic tissue and blood vessels; 
Verhoeff's elastic stain for elastic fibers; cresyl violet-luxol fast 
blue for neuron perikarya and myelin; the Feulgen method for DNA; the 
periodic acid Schiff method for mucopolysaccharides, carbol fuchsin, 
Nile blue A, and ferric-ferricyanide, individually for lipid pigments 
(lipofuscin) and the Gomori method for alkaline phosphatase. Represen
tative slides throughout the rostro-caudal extent of the brain were left 
unstained for fluorescence microscopy of lipofuscin pigments. 

Bouin fixed tissues from adult brains were stained with the gallo-
cyanin-iron hematoxylin combination of stains and with buffered thionin 
at pH 4.5 for Nissl material. 

Formalin fixed tissues were stained with the buffered thionin method 
at pH 4.5, toJnidlne blue, PAS, Feulgen method and Nile blue A. A repre-
—..*.4c;vo Tories of tissues from each brain was sectioned at 6 fi and 
mounted in a low fluuj-ô rcenoo medium fox flttoveacence studies of lipofuscin 
pigment. 

Any alterations in the fixation, dissection or staining schedules 
outlined above will be noted in appropriate sections of the following 
report. 

C. Colony sampling plan 

The general plan for the "sampling" of the rat colony at pro
gressively older age levels has been modified somewhat from the original 
proposal. Originally it was planned to expose the animals to a dose of 
130R and to sample the colony by sacrificing an appropriate number of 
animals at 50 days of age and every 100 days thereafter throughout the 
life of the colony. This plan has been modified to the extent that the 
x-irradiation dose has been decreased to 90R and the animals have been 
sacrificed at 100 days of age and thereafter at 150 day intervals (e.g. 
250, 400, 550, 700, 850, etc.). However, three groups of 130R animals 
were sacrificed at 50, 150 and 250 days of age before the decision to 
change the dose and time intervals was made. Preliminary data on the 50 
and 250 day animals was given in a previous progress report. Detailed 
data on the latter group was published in the Journal of Neuropathology 
and Experimental Neurology (26:584-600, 1967) and reprints are enclosed, 
but no further work has been done on the other two groups. 

D. Tissue sampling methods for cell and blood vessel counts 

Prior to our decision to carry out the cell and blood vessel 
counts at 20 cortical depth levels, a very considerable number of cell 
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III. Results 

A. Control aging studies in Long-Evans rats 

Nine male rats of the Long-Evans strain at age 109-113 days, 10 at 
age 298-300 days, 2 at age 653 and 663 days respectively, and 9 at age 
763-972 days were perfused with "Susa" solution as described above. The 
perfusions were carried out by the senior investigator and graduate stu
dents in the Department of Physiology, University of California at Berkeley. 

Brain weights and dimensions and preliminary data on proportion (%) 
of cortical tissue occupied by blood vessels and the nuniber of blood vessel 
fragments per grid reticule area (< 5 ju and > 5 ;û mean diameter, respec
tively) were presented in the 1966 progress report for the animals of the 
109-113 and 763-972 day groups. 

A manuscript comparing cell populations in area 2 of cerebral cortex 
in the 109-113 day and 763-972 day groups of Long-Evans rats has been pre-
{xired and pre-prints are enclosed with this report. This manuscript has 
been accepted for publication in the Journal of Gerontology pending certain 
revisions requested by the editor. 

Studies on lipofuscin pigments in formalin fixed tissues from young 
adult (117-129 days) and aged (790 days) control male rats from the Berke
ley colonies will be described below in conjunction with data from similar 
studies on our own albino (90R) groups. 

Two additional young adult and two aged control specimens were pre
pared for the Colonnier method and have been embedded in celloidin prepara
tory to sectioning and mounting for quantitative studies of dendritic 
branching patterns. 

B. Preliminary quantitative study of dendrite branching patterns in 
animals exposed to 90R x-rays 

In the studies described in our paper on the 250 day animals ex
posed to 130R x-rays cited above, only qualitative investigations of 
dendrites were carried out. However, quantitative analyses of Golgi-Cox 
and Colonnier preparations of tissues exposed to 90R on gestation day 
13.5 have been initiated in accordance with the previous research pro
posal, and the preliminary results are given below. These are results of 
studies carried out on pyramidal cells of cytoarchitectonic lamina 3 in 
area 2 of the cortex. It should be noted that, while the identity of 
cytoarchitectonic laminae in the irradiated brains was somewhat uncertain, 
pyramidal cells were present at a depth lê rel proportional to the depth 
of layer 3 in controls. These appeared to correspond in every way to the 
pyramidal cells in lamina 3 of the control brains. The parameters evalu
ated were: number of dendrite branching points in concentric circular 
zones (shells).with each shell 2 0 ^ from the center of the perikaryon, 
number of dendritic endings in each concentric shell, number of dendritic 



intersections per 10 ;u at the outer boundary of each shell and branching 
index (total number of endings divided by branches arising from perikarya). 
These determinations were carried out on a minimum of 20 pyramidal cells 
in each group of animals (young adult controls, young adult irradiated 
(100 days), aged control and irradiated animals (700 days)). 

The dendritic branching patterns, evaluated in terms of the parameters 
noted above, revealed no significant differences (p >.05) among any of the 
four groups of rats studied. Results are shown, in the following charts. 

The close agreement between all of the curves illustrated above indi
cated that the techniques for evaluating the dendritic patterns were con
sistent and reliable. From,the observed results, however, it was apparent 
that no differences in dendritic branching patterns between young adults 
and aged animals or between irradiated and control rats had occurred at 
700 days of age. It is of interest to note that some authors (e.g. Miya-
gishi et al, Aota. Neuropath. 9:7, 1967) consider rats of "over 17 months" 
of age to be "senile". If we may accurately categorize our animals at 
700 days of age as "aged", it would appear that alterations in dendritic 
branching patterns are not a prominent concomitant of the aging process, 
nur does prenatal Irradiation at 90R appear to influence the patterns in 
the surviving cells. It remains to be determined, however, whether such 
iiltreracions may ctccxix- at more advanced ages and at higher dose levels 
(130R single and 300R fractionated) as proposed in the accompanying re
newal application. 

The branching index (number of dendritic terminations ) 
(number of dendrites arising from perikaryon) 

for each of the above groups of animals is given below. 

Young adult control (100 days) 4.72 ^ 1.086 S.D. 

Young adult irradiated (90R) 4.54 ^ 1.187 S.D. 

Aged control (700 days) 5.16 - 1.315 S.D. 

Aged irradiated (90R) 4.93 * 1.22 S.D. 

In the same tissues employed in the determinations of dendritic 
branching patterns the mean neuron soma volume (layer 3) was determined 
by measuring the greater and lesser diameters and applying the formula 
1/6 TT a, b, c where a = the greatest diameter, b = the least diameter 
and c = the mean of the two diameters. Results are shown in the histo
gram on the next sheet. It was apparent that no significant differences 
in soma volume occurred among any of the 4 groups studied. 
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C. Cell population (90R groups) 

The data presented below have been obtained from cell counts at 
20 successive depth levels in young adult control (100 day) and aged 
(700 day) female albino rats and in corresponding groups of irradiated 
animals. Tissu.es from 6 to 8 animals in each group, together with an 
equal number of males have been prepared for study but cell counts have, 
thus far, been carried out op. only 3 females in each group. The cell 
counts were made by focusing a grid reticule through 20 fi sections of 
cerebral cortex (area 3) according to the method described in our recent 
paper (J. Neuropath. Exper. Neurol. 26:584, 1967, reprints enclosed.) 

The findings from counts of neuron and glia populations in 3 female 
rats in each treatment group are illustrated in the following charts. It 
will be noted that an apparent increase in neuron packing density appeared 
from depth levels 3-7, inclusive, in aged control as compared with young 
adult controls at the same relative depth levels. Due to the rather 
great variability in the counts at these levels, the differences were 
probably not significant. Unfortunately time has not permitted a sta
tistical evaluation of these apparent differences. 

In our recent publication (J. Neuropath. Exper. Neurol. 26:584, 1967) 
it was noted that a significant decrease in neuron packing density occurred 
in irradiated (I30R) as compared with control rats at 250 days of age. 
From the ntw data presented below, it appears that a dose of 90R is in
sufficient to produce any notable difference in packing density in young 
adult irradiated as compared with control rats. However, in the aged 
irradiated rats a marked decrease in neuron packing density as compared 
with aged controls was observed at each of the two characteristic "peak" 
levels. The differences appear to be of sufficient magnitude to attain 
the level of statistical significance, but tests of significance have 
not yet been done. These data suggest the possibility that a prenatal 
x-irradiation dose of 90R produces no marked effect in young adult animals 
but that neuron death in these animals may be greater at older age levels 
than in controls. It is possible, of course, that the irradiated animals 
which we have evaluated at 700 days may have shown the $ame cell deficits 
at 100 days as they did at 700 days of age. Studies are underway to gain 
additional data bearing on this question. 

The data on total glial packing density at the 20 relative cortical 
depth levels suggested an increase in glial density in aged controls as 
compared with young adult controls and, possibly, a slight increase in 
glial density in controls as compared with irradiated rats. The glia/ 
neuron index appeared to reflect the same tendencies as noted above for 
total glial population at the various relative cortical depth levels. 
Additional studies with statistical testing will be conducted in the 
near future in order to evaluate further the tendencies noted above. 

It will be observed from these cell frequency profiles that the 
glial population in all groups studied increased from relatively low 
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levels in the superficial submolecular cortical levels to relatively 
high values in the deeper zones bordering the corpus callosum. This 
finding is very consistent and is in close agreement with our findings 
presented in the preprint referred to above and in our recent paper on 
the 130R group (J. Neuropath. Exper. Neurol. 26:584, 1967). 

Separate counts on microglia cells have been carried out with re
sults shown in the following charts. It will be observed that results 
were extremely variable and no consistent differences in values were 
apparent in any of the four groups of animals studied. 

Brains from irradiated and control animals at 250, 400 and 600 
days of age have been procured and imbedded in Paraplast. Where sig
nificant changes are observed between young adult and aged control and 
irradiated rats we will study animals of the above age groups in order 
to gain information on the time of appearance and rate of progression 
of such changes. 

D. Blood vessel populations (90R groups) 

Measurements of blood vessels at 20 successive depth levels 
in area 3 of cerebral cortex were carried out in the same tissues em
ployed for the cell counts described above. The methods employed were 
similar to those described in our recent paper (J. Neuropath. Exper. 
Neurol. 26:584, 1967). However, in this case, we have determined the 
mean area/oil immersion field of vessels < 5 ^ and > 5 ji in diameter 
rather than the number of blood vessel fragments as reported in the 
above paper. In carrying out these measurements a Wild M-20 binocular 
microscope, equipped with a drawing tube, was used. The image of each 
blood vessel segment in a 6 ̂  Susa-fixed, iron-hematoxylin stained, 
tissue section, as observed through the drawing tube, was sketched and 
the area occupied by each segment was determined planimetrically. Such 
measurements have been made in 4 sections, in each of 6 to 8 brains per 
group, at each of the 20 relative depth levels. In every section the 
blood vessels in 4 grid reticules were drawn in outline as indicated 
above. 

The proportion (%) of the tissues occupied by blood vessels was 
determined in the same sections. Employing the integrating ocular 
(X8) and an oil immersion objective (XlOO), the number of "hits" on 
blood vessels, either on the lumen or walls, as opposed to all other 
tissue components, was determined. 

The above data have been recorded for 2 anLiiais in each group but 
have not yet been compiled or processed. 

Similar data have been obtained for 6 young adult (113 days) and 
6 aged (763-910 days) Long-Evans rats but have not yet been processed. 

We have observed no qualitative alterations in blood vessels in 
young adult or aged control or irradiated brains. 

r 



HOLTZMAN ALBINO GROUPS 
(Susa-fixed) 

Age and 
Treatment 
Group 

Young adult 
control 

Young adult 
' Irradiated 

1 Aged 
Control 

Aged 
Irradiated 

Cortical layer 
of area 3 2 |5 2 J5 2 '5 2 |5 

7. field occupied by 
pigment in neuron 
somata 

0.29 '0.29 0.13 |0.31 0.72*1.10 0.85 '1.32 

Ratio of congregated 
to scattered pattern 
of pigment distribu
tion in neurons 

0.002*0.007 0.008|0.04 0.15|0.54 0.10 |0.37 

Age Group 

LONG-EVANS GROUPS 

Young Adult Aged 

Cortical layer 
of area 3 '2 ' 5 2 ' 5 

% field occupied by 
pigment in neuron 
somata 

• 0.77 • 1.75 2.51 • 2.59 

Ratio of congregated 
to scattered pattern 
of pigment distribu
tion In neurons 

• 0.007 ' 0.04 0.19 ' 0.55 
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To be presented at the meetings of the American Association of Anatomists, 
April 1968 in New Orleans, Louisiana 

"paper from platform" 

BRIZZEE, K.R., P.A. CANCILIA*. N. SHERWOOD* and P.A. TIMIRAS*, Departments 

of Neurology, Pathology and Anatomy, University of Utah, Salt Lake City, 

Utah and Department of Physiology, University of California, Berkeley, 

California. A comparison of relative amount and distribution of auto-

fluorescent pigments in cerebral cortex of rat. 

A preliminary investigation of the relative amount and pattern of 

distribution of autofluorescent pigment material in neurons has been 

carried out in tissues of area 3 of cerebral cortex in young adult 

(100-129 days) and aged (670-790 days) rats of the Holtzman and Long-

Evans strains. The tissues were fixed by a two-stage perfusion procedure 

employing physiological saline followed by Heidenhaln's Susa solution or 

107o neutral formalin. The tissues were imbedded in Paraplast and sec

tioned at 6yu. Tissues prepared for electron microscopy were perfused 

with 3% glutaraldehyde, post-fixed with 1% osmium tetroxide and embedded 

in Epon 812. 

With an integrating ocular on a fluorescence microscope the number of 

"hits" on pigment bodies as opposed to area not occupied by such bodies 

was recorded in each oil innersion field. The results were expressed as 

% of area of field occupied by such pigment bodies. It was observed that 

the proportion of the average oil inmersion field occupied by auto-

fluorescent pigment bodies in layers 2 and 5 in unstained sections in

creased markedly in aged as compared with young adult brains. In the same 

preparations the ratio of neurons exhibiting such fluorescent bodies in 

a congregated pattern in contrast to a scattered distribution increased 

by a factor of 3 or more in both layers 2 and 5. 



Electron micrographs of tissues from layer 5 of area 3 in young adult 

and aged albino rats revealed an increase in size and an aggregation of 

dense bodies without change of other cytoplasmic organelles. Large 

aggregates of more heterogeneous material were present in perineuronal 

glial cells. (Supported by AEC research grants AT(11-1)-1474 and 

AT(ll-l)-34 and USPHS grant No. CA05321-08.) 

Histology, aging 
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F. Accumulation and distribution of lipofuscin pigment in cerebral 

cortex (90R and control albino and Long-Evans control groups) 

Representative 2 and 6 }i tissue sections of cerebral hemispheres 
fixed in Susa solution or in 10% neutral formalin were deparaffinized 
and mounted, unstained, in a low-fluorescence mounting medium (Unimount, 
Brunswick Labs, St. Louis, Mo.). These preparations were examined in 
blue light, at a wave length of 422 mp and the lipofuscin pigment bodies 
were identified under the oil immersion objective by their autofluorescent 
properties. 

The relative amount of such pigment was determined with the use of 
a Zeiss integrating ocular mounted on the fluorescence microscope. The 
proportion of the tissue occupied by the pigment bodies was determined as 
the % of "hits" on pigment bodies in neuron somata as opposed to "hits" 
on all other tissue elements. In order to be considered a "hit" it was 
necessary that the pigment body be clearly in focus and clearly located 
in a neuron cell body possessing an identifiable nucleus. The results 
of these counts of pigment bodies in laminae 2 and 5 of area 3 of cere
bral cortex in young adult and aged control and irradiated albino rats 
are given below. In each lamina of each brain a minimum of 1000 points 
was counted for this determination and the counts were carried out in at 
least 3 brains in each of the 4 groups of animals. 

An additional group of Long-Evans control rats (4 young adult -
129 days and 3 aged - 790 days) was perfused with 10% neutral formalin 
and processed as described above. 

It was observed that the ratio of pigment bodies occurring in a 
"congregated" pattern as opposed to a "scattered" arrangement was about 
the same in formalin fixed tissues and "Susa" fixed brains. 

It was noted, however, that the % of the average oil immersion field 
occupied by pigment bodies was considerably greater in formalin fixed 
tissues than in the Susa-fixed brains. Thus, it is apparent that formalin-
fixed tissues should be used for future investigations on lipofuscin 
pigment. 

An abstract of a paper to be presented at the 1968 meeting of the 
American Association of Anatomists in New Orleans, Louisiana has been 
submitted to the program secretary. This abstract, which is reprinted 
below, will be published in the Anatomical Record. 

Additional brains from young and intermediate age adults and aged 
control and irradiated albino rats have been perfused with 10% neutral 
formalin and will be used for fluorescence studies of lipofuscin pigment 
in the near future. 
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F. Quantitative histological studies on delayed effects of prenatal 

x-irradiation (130R) in rat cerebral cortex 

Results of these studies have been published and a reprint of the 
paper is enclosed (Jour. Neuropath. Exper. Neurol. 26:584, 1967). 

Control and irradiated (130R) animals from the same experimental 
group at 50 and 1*50 days of age have been obtained and are imbedded in 
Paraplast. Time has not permitted further processing of these speci
mens. 

G. Ultrastructural studies on adult brain tissues 

The brains of 100 and 700 day control and irradiated (90R) 
albino rats were perfused with 3% glutaraldehyde, post-fixe'd̂ with 1% 
osmium tetroxide and embedded in Epon 812. Sections of layer 5 in 
area 3 of cerebral cortex were cut at 1-2 p with glass knives and 
stained with alkaline cresyl violet. Thin sections of the same area 
and layer were cut with a diamond knife and stained with lead citrate. 

There were no consistent ultrastructural changes observed in ribo-
somes, mitochondria, neurofilaments or Golgi apparatus of neurons and 
no changes in structure of neuroglia or endothelial cells, at magnifi
cations up to 20,000 times, in irradiated as compared with control 
tissues in young adult or aged rats. The thickness of the vascular 
basement membranes were comparable in both groups. 

In aged animals there was an increase in the number of lipofuscin 
granules in neurons and neuroglia somata and the structural patterns in 
both cell types appeared to correspond to those described recently by 
Miyagishi et al (Acta Neuropath. 9:7, 1967). 

These patterns as outlined by Miyagishi et al are given below. 

Type 1 - granular ̂ -"^^h°"*= vacuoles 
^» with vacuoles 

Type 2 - homogeneous 

Type 3 - lamellated (relatively rare but 
present in our preparations) 

^ 1 + 2 
Type 4 - ̂ l . 1 + 3 

"^2 + 3 

The compound, non-lamellated type was much more prevalent in glia 
and neurons of aged than young adult brains but no differences between 
irradiated and control brains were noted. 



V, 

II 
H. Ancillary studies on radiation effects on fetal rat brain 

The following investigations have been initiated in order to gain 
additional information on effects of Irradiation on cortical histogenesis, 
cytokinetics, and resilience or possible recovery ability of irradiated 
fetal brain tissues. 

We believe the data from such investigations should be of considerable 
value in gaining a more complete understanding of long term or "aging" 
effects of irradiation on the fetal brain. 

1. Preliminary autoradiographic studies of radiation effects on 
histogenesis of rat cerebral cortex 

Twenty Holtzman strain female albino rats were divided into 
two groups, ten animals for control and ten for the irradiated series. 
The females were placed four in a cage with two males at 10 p.m. and re
moved at 6 a.m. Day zero of gestation was considered to start at 2 a.m. 

Ten pregnant females were exposed to lOOR x-rays at 60R/minute on 
gestation day 13.5. The animals were divided into five groups of two 
animals as was the non-irradiated control group. Two of the irradiated 
and two of the control pregnant females were used on day 15 of gestation. 
Four different animals were used on day 16, four more on day 17, until 
all had been utilized on each gestation day, 15 through 19, inclusive. 

Laparotomies were performed on these animals, with aseptic pre
cautions, and the uterine horns exposed. The fetuses of each pregnant 
female received an injection of tritiated thymidine through a 31 gauge 
hypodermic needle on a 250 microliter Hamilton syringe. (New England 
Nuclear Corp. - 5.0 millicuries/milliliter of sterile aqueous solution -
specific activity 16.5 curies/millimole.) The laparotomy incisions were 
then closed by suturing and covered by collodion. 

The following scale of dosages was used: fetuses aged 15 days post 
conception received 10 microcuries each; those aged 16 and 17 d.p.c. 
IS microcuries each; those aged 18 and 19 d.p.c. 20 microcuries each. 
The dosages were found empirically to give adequate labelling in the 
material required for radioautography. 

The injected specimens, both irradiated and control, were killed by 
decapitation at 28 days post conception. The brain tissues were Bouin 
fixed, dehydrated in alcohol, placed in xylene and then embedded in Para
plast. The blocks were sectioned at 6 microns and coated with liquid 
emulsion (Kodak NTB-2) by the dipping method. Aftar an exposure period 
of 5 weeks, the slides were developed (Kodak Dektol developer) and stained 
with hematoxylin and eosin. 

A preliminary examination of the slides revealed that in the control 
28 days post conception animals injected on gestation days 15 and 16 the 
heavier label was located primarily in cells of the deeper cortical lamina 
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(V and VI). Those animals injected on gestation day 17 showed a predominance 
of heavy label in lamina IV. Those animals injected on days 18 and 19 show
ed heavy labelling in lamina II and III. 

The irradiated specimens had well defined cortical laminae but the 
cortical plate depth was significantly reduced. The same tendency toward 
labelling in specific laminae.was observed in irradiated as in control 
brains, but the labelling was more diffuse in irradiated than in control 
brains. Studies on effects of irradiation on gestation days 15, 17 and 
19 on localization of the label at 28 days post conception are continuing. 

2. Preliminary autoradiographic studies on the cell generation 
cycle in the 13.5 day albino rat fetus 

Six pregnant albino rats were anesthetized with chloral hydrate 
on day 13.5 of gestation, opened nld-ventrally and the gravid uterus pro
duced.- Each fetus received an intra-amnionic Injection of 10 microcuries 
of tritium labelled thymidine every half hour for the first two hours, 
and then every two hours thereafter. One fetus from each of three females 
was removed from the uterus and fixed immediately. Fetuses were taken at 
half hour intervals up to four hours, then every hour up to 14 hours. In 
the Intervals between the injections and sacrifices the uterus was returned 
to the abdominal cavity and the muscle and skin joined with skin clips. 
An attempt was made to keep the animal at noirmal body temperature. 

Slides will be prepared and labelled cells counted for the determina
tion of the duration of the cell generation cycle and the duration of the 
different phases in- the cycle. This will be done according to the method 
of Fujita et al (Exper. Cell Res. 28:52, 1962). 

3. Preliminary autoradiographic investigations of cell generation 
cycle in chick brain 

In this work fertile eggs were obtained and incubated with the 
air sac upward for 48 hours at 37° C and relative humidity at 61-64%. The 
eggs were then candelled to outline the air cell and opened into the air 
cell by means of a carborundum grinding disc mounted on a dental drill 
handpiece. When the inner shell membrane of the air cell was opened, the 
germinal disc was found to be readily accessible in about 75% of the eggs. 
Those eggs in which the embryo was not found to lie immediately under the 
inner shell membrane of the air cell were discarded. 

In each viable embryo, 25 fic tritiated thymidine was introduced direct
ly on top of the embryo under the vitelline membrane. An initial series 
of 36 chicks was labelled with tritiated thymidine, 25 microcuries/chick 
(S.A. 15.5 curies/millimole) and two chicks per hour were sacrificed each 
hour for a total of 24 hours. All tissues were fixed in Bouin's fluid, 
imbedded in Paraplast and sectioned at 6 p. Radioautographs were prepared 
according to the method of Koprlwa and Leblond (Kopriwa, B. and Leblond, 
C.P., J. Histochem. Cytochem. 10:269, 1962) and stored in light-tight 
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black plastic boxes in a refrigerator at 5*̂ . Preliminary observations 
indicated that an exposure time of 2 to 3 weeks was enough to produce 
adequate grains. The najority of tissues have yet to be radloautographed, 
and all tissues await analysis. 

4. Studies on residual histological effects and possible cell 
recovery in fetal brain tissue following whole body x-irradiation 

a. A paper entitled "Effects of total-body x-irradiation in 
single and fractionated doses on developing cerebral cortex in rat foetus" 
by L.A. Jacobs and K.R. Brizzee was published in the journal Nature, 
210:31-33, April 2, 1966. Six reprints are enclosed. 

b. A second paper entitled "Histologic effects of total 
body x-irradiation in various dose fractionation patterns on fetal 
cerebral hemisphere" by K.R. Brizzee, L.A. Jacobs and C.J. Bench has 
been published in the journal Radiation Research, 31:415-429, 1967. 
Six reprints are enclosed. A paper describing some of the results of 
this study was presented at the 1966 meetings of the Radiation Research 
Society in Coronado, California and 6 copies of the abstract are en
closed. 

c A third paper entitled "Radiation necrosis and repair 
in rat fetal cerebral hemisphere" by A.N. D'Agostino and K.R. Brizzee 
was published in the A.M.A. Archives of Neurology, 15:615-628, 1966 
and 6 reprints are enclosed. An abstract of this paper entitled "An 
ultrastructural study of tissue recovery in fetal cerebral hemisphere 
following total body irradiation in albino rat" was published in the 
Book of Abstracts of the Third International Congress of Radiation 
Research, Cortina, D'Ampezzo, June 26-July 2, 1966. Six copies of 
this abstract are enclosed. Due to inadequate travel funds, neither 
Dr. D'Agostino nor I was able to attend this Congress. 

d. Single dose-split dose group 

Preliminary data from this group of fetal rats were out
lined in the previous progress report. These data were reported in terms 
of effects of single doses on gestation day 13.5 on depth of cortical 
plate in lateral wall of hemisphere as seen at gestation day 19.5. The 
single doses were given in Increments of 25R from 25 to ISOR. In the 
split dose series each animal received an initial dose of 125R followed 
by a second dose of between 25R and ISOR after a 12 hour Interval. In 
the past year additional pregnant female albino rats of the Sprague-
Dawley strain have been irradiated at each of the above doses, and measure
ments of the depth of cortical plate in the dorsal (apical), dorsolateral 
and lateral walls of both left and right hemispheres were made. Results 
of the means of the combined measurements are shown in the semi-log plot 
below. It will be noted that the curve reveals an initial "shoulder" 
region as noted by several workers in tissue culture studies (Elkind 
et al. Radiation Research. 25:359, 1965; Whitmore et al. in Cellular 
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Radiation Biology, University of Texas, M.D. Anderson Hospital, pp. 423, 
Williams and Wilklns, 1965). The following portion of the curve exhibits 
a steep slope constituting the exponential portion as observed by the 
previous workers. 

An abstract of a paper presented on this subject at the 1967 meet
ings of the American Association of Anatomists Is reprinted below. 

In order to examine this phenomenon at a shorter time interval* we 
have recently irradiated another split dose series at the same doses but 
at an interval of 9 hours. These fetal brains have been ewbedded In 
Paraplast but have not yet been sectioned. 

Reprints and abstracts of reports on studies supported wholly or 
mainly under this contract are included below. 

\ 
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