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Extract 

The cellular growth patterns in whole brain, cerebrum, cerebellum, hippocampus, and brainstem 
were examined in rats between 6 and 22 days of age. When weight alone was measured, little difference 
was seen between the various regions; however, when cell number (DNA) or protein per cell (protein : 
DNA) was measured, regional differences became very striking. 

In the cerebellum, DNA content increased 8.5 fold between 6 and 17 days and subsequently 
tapered off. The protein : DNA ratio declined during this period. Although the increase in cell number 
in the cerebrum was only 2.5 fold, it continued until 2 1 days, at which time the experiment was ter- 
minated. After 10 days there was also an increase in the protein:DNA ratio. In the brainstem, there 
was a modest increase in cell number between 6 and 14 days. After 10 days the protein:DNA ratio 
increased 4 fold. In the hippocampus, there was a discrete increase in cell number only between 14 
and 17 days. 

These data demonstrate the existence of distinct regional patterns of cellular growth during post- 
natal maturation of rat brain. 

The brain, although often viewed as a discrete organ, is composed of a number of anatomically distinct 
regions that perform separate and unique functions. Previous data from this laboratory have shown 
that cell division ceases in whole rat brain by 21 days postnatally and in whole human brain by six 
months of age. This study demonstrates that various regions of rat brain have different rates of cell 
division and that the entire pattern of cellular growth is regionally specific. Since certain functions 
are regionally controlled, it is possible that the regional growth patterns described here have functional 
correlates. 

Alteration in the environment (nutrition) is known to affect the rate of cell division in whole brain. 
I t  is possible that environmental effects may be regionally specific. By studying the effects of environ- 
mental stimuli (anoxia or malnutrition) on regional growth patterns and correlating these effects 
with functional changes, it may be possible to relate cellular changes to functional deficits. 



Introduction 

Organ growth is not a homogeneous process, especially 
in brain. Specific regions may grow at varying rates. 
Moreover, within any given region, growth can occur 
by an increase in cell number (hyperplasia) or by an 
increase in the size of individual cells (hypertrophy). 
Simply measuring increments in weight, volume, or 
density will not distinguish between these two biologi- 
cally different types of growth. This distinction can be 
clearly made, however, with biochemical measure- 
ments. Since DNA is not only located almost entirely 
in the nucleus, but is also fixed in quantity in every 
diploid nucleus within a given species [6, 141, an in- 
crease in total organ DNA represents an increase in the 
number of cells. The Purkinje cells of the cerebellum 
are polyploid, as are a few cells in the forebrain [12]. 
In both areas, however, they constitute such a small 
percentage of the total number of cells that they do not 
significantly affect the general principle that an in- 
crease in DNA content is indicative of an increase in 
cell number. The protein: DNA ratio reflects the aver- 
age protein content per cell and the RNA: DNA ratio 
represents the average RNA content per cell. 

During the postnatal development of the rat, DNA 
content of whole brain increases linearly until about 
the 17th day and then levels off. In contrast, protein 
content continues to increase linearly until 99 days of 
age [17]. Thus, postnatal growth in whole rat brain 
occurs initially by hyperplasia and subsequently by 
hypertrophy. Brain, however, is composed of various 
regions known to control specific functions. These re- 
gions are made up of different cell populations and 
demonstrate different cellular migratory patterns [l,  
3, 151. Our studies examine cellular growth in four 
different regions of the developing rat brain. 

Materials and Methods 

Sprague Dawley strain rats were nursed in litters of ten. 
Animals were sacrificed a t  6,  8, 10, 17, and 2 1 days of 
age. In order to keep the size of the nursing group con- 
stant, animals from another litter replaced the animals 
killed. The brains were removed immediately and 
divided into cerebrum, cerebellum, hippocampus, and 
brainstem. The cerebellum was separated by blunt dis- 
section at the cerebellar peduncles. The brainstem 
boundary was considered to be the thalamus and the 
hypothalamus above and the bottom of the medulla 
below. Since the hippocampus is quitelargeand distinct 
in the rat, it was isolated by blunt dissection through 
the cerebrum. The cerebrum was considered to be all 
matter in the forebrain above the thalamus and the 
hypothalamus exclusive of the hippocampus. Protein, 

Fig. I .  Weight of the regions of the developing rat brain 
versus days. Whole brain is represented as 0.5 x the 
weight in order to get it on the figure. Each point re- 
presents a minimum of three animals. The ranges are 
indicated. 

RNA, and DNA were extracted by the method of 
SCHMIDT and THANNHAUSER [16]. Protein was deter- 
mined by the method of LOWRY et al. [13]. RNA was 
determined by the orcinol reaction [9]. DNA was 
determined by BURTON'S modification of the diphenyl- 
amine reaction [7], which had been standardized 
against the fluorometric method of KISSANE and Ro- 
BINS [I 11 and shown to agree within 2 %. Complete 
details of the methods have been described previously 
~ 7 1 .  

Results 
Weight 

Whole brain increased in weight 2.5 fold between 6 
and 21 days (fig. 1). In cerebrum, brainstem, and hip- 
pocampus, weight increased 2 fold, while in cerebel- 
lum, it increased 6 fold. The regional patterns of in- 
crease in weight showed only slight variation from that 
in whole brain. Weight of whole brain and cerebrum 
increased in a curvilinear fashion; that of cerebellum 
increased linearly between 6 and 2 1 days. Hippocam- 
pus demonstrated a discrete increase in weight only 
between 10 and 17 days. Weight in brainstem increased 
slowly between 6 and 14 days and increased more raF- 
idly thereafter. 

Whole Brain 
Values for DNA, RNA, and protein content in 

whole brain were obtained by adding the sum of the 
parts (fig. 2). DNA content increased 3 fold from 1.02 
to 3.23 mg between 6 and I7 days and increased very 
little thereafter. RNA content increased from 2.18 to 
4.91 mg and then tapered off. In contrast, protein con- 
tent continued to increase linearly from 4.92 to 2 18.7 
mg until 21 days, a t  which time the experiment was 
terminated. 

Cerebellum 
The rate of cell division in cerebellum exceeded that 

in any other region from 6 through 17 days (fig. 3). 
DNA content increased 8.5 fold from 0.188 to 1.58 mg 
between 6 and 17 days and subsequently tapered off. 
Protein increased only 3 fold, from 7.7 to 26.7 mg; thus, 
the protein: DNA ratio or protein per cell actually de- 
creased. Since RNA increased only 4 fold, from 0.205 
to 0.850 mg, the RNA: DNA ratio also declined with 
growth. 
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Fig.2. DNA, RNA, and protein content of whole rat 
brain in the developing rat. Each point represents a 
minimum of three animals. The ranges are indicated. 
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Fig. 3. DNA, RNA, and protein content of the develop- Fig.4. DNA, RNA, and protein content of cerebrum 
ing rat cerebellum. Each point represents a minimum versus days. RNA is represented as 0.1 value in order 
of three animals. The ranges are indicated. to get it on the graph. Each point represents a mini- 

mum of three animals. The ranges are indicated. 



Fig. 5. DNA, RNA, and protein content of hippocam- Fig. 7.  Protein : DNA ratios in various regions of the 
pus in the developing rat brain. Each point represents developing rat brain. Each point represents a minimum 
a minimum of three animals. The ranges are indicated. of three animals. The ranges are indicated. 
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protein : DNA ratio increased, especially after 10 days. 
Since RNA increased from 1.09 to 2.36 mg, the RNA: 
DNA ratio remained fairly constant throughout early 
growth. 
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H$pocampus 
DNA content failed to increase between 6 and 14 

days (fig. 5). Between 14 and 17 days there was a sud- 
den 50 % increase, from 0.088 to 0.135 mg. The in- 
crease then leveled off. The RNA content increased 
until 14 days and then tapered off. The exact rate of 
increase of protein was unclear, but it would appear 
that there was a slow, steady increase in protein content 
from 3.3 mg at 6 days to 7.0 mg at 17 days and then a 
tapering off. -]:: Braimtem 

There was a 65 %increase from 0.319 to 0.503 mg in 
20 DNA content between 6 and 14 days, and no further 

increase thereafter (fig. 6). In  contrast, protein increas- 
1°L I I I I I -4 

1 0.2 ed 6 fold from 16.1 to 93.5 mg, most of the increase 
6 8 10 14 17 21 Days occurring after 10 days. Thus, a small increase in cell 

Fig.6. DNA, RNA, and protein content of brainstem number occurred early, but most growth in the brain- 
in the developing rat brain. Each point represents a stem, especially after 10 days, resulted from hyper- 
minimum of three animals. The ranges are indicated. trophy. 

Cerebrum Discussion 
Cell division in the cerebrum occurred at  a slower 

rate than it did in the cerebellum, but persisted for a Simply measuring brain weight alone showed that, 
longer period of time (fig. 4). DNA increased linearly with the exception of the hippocampus, all regions in- 
from 0.428 to 1.013 mg between 6 and 21 days, while creased linearly. Except for cerebellum, this increase 
protein increased from 21.6 to 92.3 mg. Thus, the occurred at approximately the same rate. Thus, the 
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pattern of increments in the weight of whole brain did 
not seem to differ strikingly from that in the various 
regions. 

Whole brain analysis, however, failed to reflect ac- 
curately the cellular growth patterns of the various 
regions. In the cerebellum, there was a marked in- 
crease in cell number between 6 and 17 days. In the 
cerebrum, cell number increased more slowly but for 
a longer period of time. In  the brainstem, the increase 
in cell number was slowest and occurred for the shortest 
time. 

In contrast, cell number in the hippocampus failed 
to increase between 6 and 14 days. Between 14 and 
17 days, DNA content increased sharply and then 
leveled off. In the young rat, there is a region beneath 
the lateral ventricle that contains immature cells. The 
cells have been shown to migrate to the hippocampus, 
being present in large numbers of the 15th day [2]. Our 
data are consistent with these findings. 

Whole brain analysis also failed to reflect the pro- 
tein: DNA ratio in the various regions (fig. 7). The 
ratio increased steadily in cerebrum, whereas in brain- 
stem, it remained constant between 6 and 10 days and 
then increased 4 fold. Although part of the protein may 
have come from cells originating elsewhere, it appeared 
that growth of the brainstem after 10 days occurred by 
hypertrophy. Conversely, the protein:DNA ratio in 
the cerebellum actually decreased during growth 
(fig. 7). 

Previous data from this and other laboratories have 
indicated that the effects of certain external stimuli on 
the developing brain depend on the state of growth of 
the brain [5, 8, 10, 181. Thus, malnutrition, when it 
occurs early, retards brain growth by interfering with 
cell division. If refeeding is initiated after the period of 
cell division, recovery does not take place. If, however, 
caloric restriction is instituted after the period of cell 
division has ended, no effect on DNA content or cell 
number is seen. Instead, the protein:DNA ratio is re- 
duced but returns to normal when the animal is sub- 
sequently refed. Since brain growth is not homoge- 
neous, different regions might be affected differently, 
depending on the cellular events occurring at the time 
a stimulus was active. In humans, certain stimuli such 
as excess phenylalanine or decreased circulating thyro- 
xine affect the young brain more profoundly than they 
do the mature brain. The young brain also responds to 
anoxia very differently from the more mature brain [4]. 
Regional studies using these stimuli have not been 
done. I t  is possible that these age-dependent differences 
may also be related to the type of growth occurring in 
various regions at the time of insult. 

These data suggest that if meaningful correlations 
are to be made between biochemical and functional 
changes in the brain, or between pathologic stimuli 

and subsequent biochemical differences, individual 
regions must be examined separately. 
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