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CHAPTER 1.

INTRODUCTION WITH A REVIEW 
OF WORK IN STUDIES OF BRAIN 
RESPIRATIONS.

Respiration studies of nervous tissue,especially 
of cerebral tissue, have been under way by many workers 
for the past thirty years. Various clinical observations 
and physiologic phenomena regarding hypoxia and the ner
vous system have given tissue physiologists their lead. 
Hughlings Jackson suggested that the nervous system is 
organized in such a way that the primitive reactions 
of the phylogenetically older parts are prevented from 
dominating behavior by inhibitory influences emanating 
from higher levels. Examples of release of lower levels 
from control of those higher are seen in decorticate 
and decerebrate preparations.(1) Similar phenomena are 
seen in hypoglycemia.(3) Hypoxia has been shown to 
produce release phenomena which allow the basal ganglia 
and hypothalamus to exert their influence autonomously 
without the control of the cortex.(3)

The variation in vulnerability to hypoxia and 
hypoglycemia which the nervous system exhibits at its 
various levels has indicated a corresponding difference 
in the metabolic processes at these levels.(4)



3

Substantiating this is the work of Craig who has shown 
that anaerobic lactic acid production is twice as great 
in the cortex as in the medulla.

LacticAcid production is sensitive to changes in 
oxygen tension in cortex and medulla but not in the 
spinal cord. (5) Hoagland and co-workers have shown 
that the electrical activity of the dog cortex dis
appears some time before that of the thalamus in 
severe hypoglycemia. (6)

Others have shown that immature animals are 
much more tolerant to hypoxia than adults. In a series 
of experiments in which various species were used, the 
physiologically immature infant rat was shown to be 
much more tolerant to hypoxia than the comparatively 
mature guinea pig of the same age. puppies showed 
a remarkable tolerance which was partially explained 
in terms of their relative poikilothermia which made 
possible a drastic reduction in basal oxygen con
sumption. (7)^ Direct investigation of these findings 
by microrespiration studies have revealed that in the 
rat from five to fifty days of age the respiration of 
the cortex lags behind that of the medulla. After 
the fiftieth day, there is a reversal of this 
relationship. (8)
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Himwich studied the oxygen uptake of infant and 
adult rat brains, dividing each brain into cortex, 
brain stem, cerebellum,and medulla. He found a prog
ressively lower oxygen utilization in the lower levels. 
Oxygen consumption of the twenty four hour old rat 
brain was found to be about two-thirds that of the 
adult medulla. The effect of alcohol and pentobar
bital on these brains was much less than on adult 
brains, indicating tnat the functional economy of the 
developing nervous system may very well be associated with 
its oxidative processes.(9).

As an amplification of this work, a similar study 
was made on puppies and adult dogs. Determinations of the 
oxygen uptake of cortex,thalamus, cerebellum,medulla, 
midbrain, and caudate nucleus showed tnat in the growing 
puppy during the first seven weeks of life, the increase 
in metabolic rate proceeds rostrally from medulla to 
caudate nucleus. In the adult brain the respiratory 
rate of the various cerebral levels is higher in the 
phylogenetically newer levels. These different rates 
of respiration may yield a basis for the order of 
symptoms observed in hypoglycemia and acute hypoxia.(10)

Holmes, in 1930, investigating the oxidative 
processes of the nervous system with the Barcroft
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manometer; found tnat the cerebrum used much more oxy
gen than did tissue taken from the cord. He believed 
that this difference might be ascribed to a greater 
concentration of cell bodies in the cerebrum because 
the <ygof the cerebral white matter is not significantly 
different from that of tne cord. Also a rather close 
direct relationship was found between indophenol 
oxidase activity and the oxygen uptake. An additional 
correlative feature lies in the fact that the activity 
of this enzyme is greater in the nervous tissue of 
smaller animals whose nervous systems respire at a 
faster rate. (11)

The same worker, in 1932, in an attempt to local
ize definitely the site of oxidation responsible for 
cerebral and medullary oxidation differences, studied 
the respiration of the excised trigeminal ganglion. He 
selected this structure because it contains relatively 
much more cellular material than a like amount of 
cortex, and also shows considerable indophenol oxidase 
activity. His experimental findings were quite 
startling and at variance with his hypothesis. The 
oxygen uptake of slices of cerebral cortex, fifth 
cranial nerve, and Gasserian ganglion was determined.
He found the cortex slices to respire at a very rapid
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constant rate; the oxygen utilization of the nerve 
trunk was considerably below that of the cortex; and 
the respiratory rate of the ganglion was far below that 
of the nerve trunk.

On these findings he concluded that the basis of 
the greater oxidative activity is neither in the gray 
matter nor in a greater concentration of indophenol 
oxidase but in a greater concentration of dendrites and 
synaptic structures. (13) It has been shown that the 
most active part of the brain, in terms of oxygen util
ization, is the cerebellar cortex. (13) Whether this fact 
can be correlated with a correspondingly greater number 
of synaptic connections and dendrites is not known.
Such a state of affairs is certainly possible.

When considering the work of the various authors 
careful note must be made of the particular technique 
they have used. There are many ways in which tissues 
may be studied by microrespiration technique. The tissue 
itself may be studied as a slice, a minced suspension, 
or as an homogenate. Each type of preparation possesses 
certain advantages for certain studies. Tonicity of 
the medium, presence or absence of various substrates, 
ionic concentrations, temperature, and many other 
variables must be taken into account.
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A very potent respiratory inhibitor is a hypo
tonic medium. Calcium and magnesium ions added to iso
tonic saline containing glucose tend to decrease initial 
respiration but promote a steady rate once under way. 
Bicarbonate ion has little effect. Sodium chloride, 
sulfateiion and phosphate ion have specific stimulating 
effects. Potassium is inhibitory.(14)

Work done in this laboratory and work done by 
Elliott on the respiration of slices of dog cerebral 
cortex reveal large discrepancies in results.(15)
His values are almost double those that were found in 
this laboratory;go far as can be determined from his 
published description, Elliott's technique varied from 
that used here chiefly by the fact that he took brains 
from animals anesthetized with pentobarbital, while 
in this laboratory brains were obtained from animals 
stunned by a blow on the head without an anesthetic 
being employed. It As known that barbiturates depress 
oxygen consumption of the brain.(16)(17) In view of this 
it is very likely that an explanation of this disagree
ment lies in a difference in the choice of suspension 
media or in some seemingly minor variation in technique 
not mentioned in his" article.
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The chemistry underlying the respiratory activ
ity of the nervous system is far from clear. The 
respiratory quotient is fairly well established at 1.0 
which indicates a purely carbohydrate metabolism.(18)
(19) (30) (21). Baker, et al.,found evidence that the 
brain uses glucose without insulin.(22) Finding that the 
R.Q.of the brain in the intact pancreatectomized dog 
remained at unity, Himwich and Nahum concluded that the 
brain utilizes carbohydrate in a form other than 
glucose.(23) Control experiments in Baker's series 
with testis and kidney revealed that insulin was necessary 
for the completion of the glycolytic cycle in those 
tissues. The same investigation demonstrated in the 
brain a glycolytic cycle that apparently does not have 
a lactic acid,stage.(22)

Grenell and Davis have reported that they succeeded 
in obtaining normal values in cat brains for oxygen 
uptake when using perfusates free of glucose. They made 
oxygen determinations by means of the oxygen electrode 
which measured the oxygen content of a perfused cortical 
area after a perfusate was passed into the area through 
a cannulated pial arteriole. They report the usual 
alterations in oxygen uptake produced by pentobarbital, 
citrate ion and potassium ion when these substances were
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added to the perfusate.(34) Studies of human cerebral 
cortex taken at operation reveal that the oxygen uptake 
remains the same after three hours whether glucose is 
added to the suspending fluid or not. A companion study 
of this phenomenon was made using rat cortex and the 
oxygen uptake fell off sharply in the absence of glu
cose.(15) A series of dog cortex slices were studied in 
a microrespirometer in this laboratory in the absence 
of the glucose substrate and the oxygen uptake fell off 
sharply early in the first hour. Below in tabular form 
are the results of this experiment. The symbol QOg 
represents the mean oxygen uptake for eignteen mixed 
slices of cortex expressed as cubic millimeters of 
oxygen used per 100 Milligrams of wet tissue. The 
symbol,I, represents the increment at hourly intervals.

TABLE I
Oxygen uptake of mixed cerebral cortex slices studied 
without any substrate.

60 min 130 min 180 min 
Q0g 105 158 198
I 105 53 40

It might appear from Elliott's results that the human 
brain has a reserve of glucose which is not found in
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lower mammals. However, numerous experiments performed 
on human psychotics receiving insulin shock therapy 
reveal that there is a prompt marked drop in oxygen 
utilization when the blood glucose drops.(35)

As the proceeding discussion indicates the 
basic principles operative in the respiratory activity 
of the central nervous system are far from clear. About 
the only established findings are those of difference 
between different functional levels. The development 
of this thesis will show that different rates of 
oxygen utilization do not exist merely between the 
grossly distinct major divisions of the nervous system 
but even between different areas of the cerebral cortex 
where the microscope in the hands of an expert is 
necessary to distinguish the different areas.

Brief consideration will next be given to the 
manner in which the oxygen uptake of these tissues was 
studied.



CHAPTER II
METHODS

The techniques used in this series of experiments 
are those described by Warburg for the study of the 
respiration of tissue slices. Details of the standard 
procedures employed are amply described in the liter
ature.(26)(27) Certain modifications were made in this 
study to allow for the pecularities of brain tissue,and 
accordingly this section will be devoted to a brief 
description of tne modifications and applications of 
those procedures employed in this investigation.

Healthy adult dogs were placed in a stanchion 
and stunned by a blow on the external occipital pro- 
truberance. The skin was opened quickly; the skull was 
trephined and removed with bone Rongeurs. An attempt 
was made to preserve the circulation until the last 
possible moment. About one half of the time a spinal 
animal was obtained that continued to respire from two 
to ten minutes after the brain was removed.

The entire brain was quickly transferred to a 
moist-cold box which was maintained at around 5° centi
grade.(28) The pia was stripped and blocks measuring 
approximately .05 mm. in thickness were cut from the
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various areas of the cortex. Slices made with the 
Rtadie-Riggs microtome were then made from the indiv
idual blocks.(29) These slices, 0.5 mm + 0.05 in 
thickness were weighed on a microtorsion balance and 
transferred to the reaction vessels. Thus anerobic 
oxidation was kept at an absolute minimum. Generally the 
brain was removed from the living animal and placed 
in the cold box in a matter of a few seconds. In the 
cold all oxidative systems, aerobic and anaerobic, are 
markedly inhibited.(28) When the tissues were removed 
from the cold box they were in the form of slices thin 
enough to maintain aerobic oxidation by simple diffus
ion. The suspending medium used was a modified Krebs- 
Ringer phosphate solution composed as follows*

Grams per 100 c.c.
0.9 Sodium Chloride ---  100 parts
1.15 potassium Chloride- 4 parts 
1.62 Calcium Chloride —  1.5 parts
2.11 potassium Acid

phosphate----------  1 part
3.82 Magnesium Sulfate - 1 part

phosphate Buffer
pH,7 . 4 ------------- 12 parts

200 mg. per cent glucose was employed as a substrate.
The phosphate buffer was prepared by adding 17.8 grams
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grams of hydrated disodium phosphate and 20 c.c.of 
1.0 normal hydrochloric acid to a liter of distilled 
water. Each of the component solutions is isotonic and 
can be mixed in any proportions and still maintain 
isotonicity.

The flasks were flushed with moist oxygen for ten 
minutes at room temperature,after which they were allowed 
to equilibrate for fifteen minutes in the bath maintained 
at 38° centigrade. At the end of this time the stopcocks 
were closed and readings were taken every thirty minutes 
for three hours. Before going on to a report on the 
results obtained with the above methods attention is 
directed to the object of this study — the cerebral 
cortex.



CHAPTER III
CONSIDERATION OF HUMAN AND CANINE CEREBRAL CORTICES

The cerebral hemispheres are covered by a convol
uted cellular lamina which appears grossly to be quite 
homogenous. Microscopic studies show, however, that 
there is considerable variation between different regions. 
Although various areas of the cortex appear quite unique 
microscopically, each can be seen to be a modification 
of a basic pattern common to all higher mammals.

preliminary to extending some of the results of 
this investigation to the human cortex, it is necessary 
to consider the similarities and differences of human 
and canine cortices. To accomplish this purpose there is 
next set down a brief sketch of the constitution and 
organization of the human cortex. A more detailed con
sideration of the dog cortex follows in which it is 
compared with the human. Only those individual areas 
studied in this investigation will be discussed. These 
include the cortex of tne motor,somesthetic,temporal, 
auditory, and visual areas, and of the olfactory bulb.

i. Constituents of the Human Cortex 
The human cortex consists of (1) nerve cells, (2)
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entering and departing, and connecting fibers, and 
(3) glial cells and tneir processes which maintain the 
integrity of the structure.

(1) The Nerve Cells. There are five types of 
nerve cell recognized in the cortex. These are the pyram
idal, granule, and fusiform cells, the horizontal cells 
of Cajal, and the cells of Martinotti.

The pyramidal Cells are the most numerous and 
are classified as large, medium and small. The cell 
body of this type of neuron is shaped like a pyramid 
with its basp directed centrally. An axon extends from 
the base into tne underlying white matter and col
laterals ramify into the adjacent cortex. A dendrite 
extends from the tip of the pyramid toward the surface 
where it ends in spreading branches. Smaller dendrites 
arise from the base and sides of the cell body.

The Granule or Stellate Cells are small with short 
axons that branch repeatedly. Tney occur throughout the 
cortex but are concentrated in the second and fourth 
strata which are called the layers of internal and 
external granules respectively.

The cells of Martinotti are ubiquitous in the 
cortex and are characterized by the fact that their 
axons are directed toward the surface of the cortex
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where they ramify in the superficial layer.
The Horizontal Ceils of Cajal are present only 

in the superficial layer. They are fusiform with long 
branching dendrites directed horizontally. Their axons 
form the tangential fibers of the superficial layer.

The Fusiform or polymorphous Cells are found in the 
deepest stratum of the cortex. Their axons enter the 
white matter immediately below them.

(2) Fiber Structure. In most parts of the cortex 
two well defined bands of white matter are present. These 
are known as the inner and outer lines of Baillarger.
They run parallel to the surface of the cortex. In the 
region of the calcarine fissure only the outer line is 
visible in the cross section and this is known as the 
white line of Gennari. A very tnin layer of white matter 
covers the cortex and this is called the tangential 
layer. Running perpendicular to the surface of the 
cortex are myelinated fibers carrying impulses to and 
from the cortex and between different parts. This group 
of fibers is seen as a radial striation on a section
cut across the longitudinal axis of the gyrus.(30)

(3) The Neuroglia. The glial system of the 
hemisphere can be clearly described on a developmental 
basis. It begins as a syncitium with strands extending
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from the ventricles to the periphery. Later there is 
a division of the syncitium into snort rayed cells found 
in the gray matter and long rayed cells in the white 
substance. The short rayed cells have knotted branching 
processes and are often in direct relation to blood 
vessels. It may be that t .e one function of the glial 
cells is to transfer the nutritive material from the 
blood stream to the nervous tissues. The outer layer 
of the hemisphere is covered by a feltwork of glial 
fibers.(31)

3-i* Lamination of the Cortex 
Different areas in the cortex can be distinguish

ed on the basis of presence and position of different 
types of cells and fibers. These elements are arranged 
in layers. Brodman recognized six layers which are 
customarily designated by Roman numerals. These layers 
are composed as follows:

1. The molecular or plexiform layer is the most 
superficial. It contains a superficial band of tagential 
myelinated fibers and many glial cells. The rare nerve 
cells present are the horizontal cells of Cajal and 
granule cells. The terminal branches of the apical 
dendrites of the pyramidall cells ramify here.
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II. The external granular layer is rich in nerve 
cells. Present here are the small pyramidal cells and 
granules previously described.

III. The pyramidal layer has two subdivisions.
(a) a superficial layer with numerous medium sized 
pyramids.
(b) a deeper layer containing chiefly large pyramids. 
Also present in this layer are granules and cells of 
Martinotti. The outer stripe of Baillarger approximate
ly marks the deep boundary of this layer.

IV. The internal granular layer is characterized
I

by the presence of many small multipolar granules. A 
few small pyramids appear here.

V. The ganglionic layer contains in the motor 
cortex the giant pyramids of Betz cells which give off 
fibers of the corticospinal tract. In other areas 
pyramids are present intermediate in size between the 
medium and large pyramids. Baillarger's internal line 
occurs here.

VI. The layer of fusiform and polymorphic cells 
contains irregular fusiform and angular cells which 
send axons down into the white matter.(32)

iii.Histology of Specific Areas
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iii.Histology of Specific Area

(1) Motor Cortex. Area 4 of Broadman is by no 
means the only area of the cortex which will produce 
motor activity when stimulated electrically. However 
the threshold of such stimulation is lowest in this 
area. The structure is quite characteristic. The gray 
matter is thick and the lines of Baillarger are broad 
and diffuse. The two granule layers (II and IV) are 
absent or indistinguishably fused with layer III which 
is unusually thick. The ganglionic layer contains the 
gfRBt pyramidal cells which are found only in this 

area.
(2) Somesthetic Area. This area of cortex is 

relatively thick. The pyramidal cells present are very 
small and grouped together so that layers 11,111,1V, 
and V look like one broad granular layer. A thick 
network of myelinated fibers occurs in layer V.

(3) Visual Cortex. The visual cortex can be 
identified in cross sections of the occipital pole 
of the brain by the presence of a broad band of 
white matter, the line of Gennari, which, as we have 
seen, is a thickening of the outer line of Baillarger. 
The histologic boundaries of this area are very sharp.
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In this region the cortex is very thin. The pyramidal 
and fusiform cells are small and inconspicuous. The 
internal granular layer is thick and is separated by a 
light zone into duperficial and deep parts. The light 
zone is made up of myelinated fibers belonging to the 
line of Gennari.

(4) Auditory Receptive Center. The cortex in 
this region is slightly thicker than in other sensory 
areas. It contains no large pyramids and has numerous 
small cells in all layers.(30)

(5) Cortex of tne Olfactory Bulb. The structure 
of the olfactory bulb is strikingly similar in the 
entire vertebrate phylum. Five layers are described.
Tne periphery is covered by matted primary olfactory 
fibers. These fibers become grouped into bundles which 
pass into tne second or glomerular layer which is 
composed of compact glomerular tangles from which 
emerge the dendrites of the secondary olfactory fibers. 
These pass to a layer of pyramidal cells termed mitral 
cells. These in turn give off large axons which 
constitute the extensive fibrous core of the bulb. The 
very numerous granule cells are believed responsible 
for intensifying tne olfactory stimuli. These are seen
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in great numbers throughout the cortex of the bulb.(32)

iv. Description of Dog Cortex and 
Comparison with the Human

The plan of organization of the canine cortex 
does not differ significantly from the human.(34)
There follows, then, a consideration of the individual 
areas of the dog cortex studied in this investigation. 
The disposition of these areas is shown in figure 1.
The relation these areas bear to the various landmarks 
are clarified by reference to figure :3.

(1) Motor Areas. Figure 1 shows the distribution 
of the motor area in the dog. Sherrington and others 
mapped this area physiologically using electrical 
stimulation. It was found that its limits could also 
be determined histologically by the presence of Betz 
cells which are found nowhere else in the nervous 
system. The cortical maps in figure 1 shows only the 
exposed part of the motor cortex. It dips into the 
cruciate sulous and covers both walls except for the 
innermost part of the anterior bank. It follows the 
sulous along its posterior wall almost to its posterior 

extremity



Figure 1. Diagram of the Lateral Aspect o f  the 
Dog Hemisphere showing the disposition of the 
Various Areas. From Rappers (33)
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The individual canine Betz cells differ from the 
human by showing a great deal more elongation —  a 
feature noted in other cortical cells of the dog. Other 
wise they resemble very closely the human Betz cells.
In the dog these cells are more evenly distributed in 
their lamina and do not show the tendency to aggregate 
into one clump or nest seen in man. Figure 3 shows this 
feature well. The largest cells are found in the 
area marked M-l in figure 1. There is also the greatest 
concentration of cells here. This fact is quite 
interesting in view of the fact that rather large series 
of slices taken from both areas show almost identical 
respiratory rates. When this fact was determined no 
further distinction was made between areas Ml and M2 
and both were considered as simply motor cortex. It 
must also be mentioned that the sulcus ansatus (see 
figure 2) was taken as the posterior boundary of the 
motor area while Campbell states that histologically 
there is a transition to somesthetic cortex at the 
fissuret occuring in the posterior limb of the sigmoid 
gyrus known as the accessory ansate sulcus. He offers 
evidence that this small indentation is the canine 
homologue of tne upper end of the fissure of Rolando 
in man.



Figure 3. Projection Drawing taken from a Slide 
of Motor Cortex Stained with Eosin Methylene Blue.



(3) SomeBthetic Cortex. Reference to figure 1 
will show how this area lies directly behind and 
below the motor region. It just appears over the medial 
lip of the hemisphere. Dorsally it lies anterior to 
the ansate fissure. Laterally it covers the caudual 
two thirds of the gyrus coronalis. The distinguishing 
cellular feature is the presence of two layers of 
large pyramidal cells. Some of the internal pyramidal 
cells approach very closely the size of the Betz cells 
and many sections of sensory cortex appear quite similar 
to motor. The sensory receptive area is unquestionably 
the richest in nerve fibers. Further, there are more 
fibers of large caliber here than any other place in 
the cortex. Figure 4 illustrates the relatively great 
amount of white matter in this region. The cell 
lamination is evident also.

(3) Visual Area. The visual cortical represen
tation occupies more area than any other. Only the 
part designated in figure I as optic*9 was studied in 
this investigation. The whole region can be defined 
very sharply by histologic measures. Its lateral 
disposition is well shown in figure l Medially it covers 
almost the entire posterior third of the hemisphere.



Figure 4. Projection Drawing taken from a Slide 
of Sensory Cortex Stained with Eosin Methylene Blue



Figure 5. projection Drawing taken from a Slide 
of Visual Cortex Stained with Methylene Blue.



28

The white line of Gennari is fairly evident in figure 
5. The cell lamination is quite complex.Externally 
there are a few granule cells embedded in a narrow fibrous 
zone. Beneath this is found a layer of small,closely 
packed polymorphous cells. Next is described a layer 
of medium sized erect pyramidal cells. The fifth stratum 
shows medium sized cells with an occasional solitary cell 
of Meynert. The deepest layer has small fusiform cells. 
Unfortunately, slides taken from this area are not too 
representative of cell lamination.

(4) The Temporal Region. This area is a sub
division of the ectosylvian region. It is disposed 
along the first arcuate gyrus of Leuret. In the diagram 
it includes the areas designated T-3,T-4,and T-5. The 
cellular arrangement is quite peculiar. There is a 
plexiform layer covering a layer of small and medium 
pyramids. There are no large external cells. Below 
this is a layer containing round, poorly stained cells. 
Still deeper are the distinctive cells of the region.
These are lanceolate in form, intensely staining and 
sufficiently numerous to form a distinct layer.
Ordinary long fusiform cells occur next to the white 
matter. There is a concentration of white matter in
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the caudal part of this area which corresponds to 
T-4 in the diagram.

(5) The Auditory Receptive Center. This area is 
disposed over the second arcuate gyrus of Leuret.
The cellular arrangement is more or less generalized 
and histologically it does not appear particularly 
specialized. The significance of this will be touched 
upon later.

(6) The Olfactory Bulb Cortex. No distinction 
is made between the structure of the cortex and the 
human canine olfactory bulb. It is described earlier

I
in this section.

The description of the dog cortex here presented 
is taken in the main from the monumental works of 
Campbell (34)

Slides were prepared from all the areas studied. 
Various stains were tested with a view to showing the 
cellular detail. Eosin methylene blue was found the 
most satisfactory. Representations of the slides 
included in this presentation were prepared by means 
of a slide projector. The cell outlines were drawn in 
on the projected field, with pen and ink. Only those 
drawings from slides illustrating some distinctive 
feature of the various areas are included.



Next is presented tne results of the studies
on these areas in the canine cerebral cortex.



CHAPTER IV.
EXPERIMENTAL FINDINGS 

The oxygen utilization of slices of cortex 
taken from seventeen dogs was determined over a three 
hour period.In the tables that follow the cortical 
areas from which the slices were taken corresponds to 
those indicated in figure 1.

Table 1 shows the mean QOg,defined previously, 
for two and three hour periods. Individual values have 
not been tabulated in order to save space. The symbol
"n" represents the number of slices in each group,

1
"x" means the QOg and 3- the standard deviation.

TABLE 2
Mean Oxygen uptake of discrete cortical areas at the 
end of two and three hours

130 minutes 180 minutes
n X sigma(r) X sigma

Motor 65 231 36 414 54
^ensory 40 294 33 435 57
T-3 42 273 34 400 52
T-4 44 305 40 454 60
Optic 9 31 367 34 398 49
Auditory 33 235 26 330 48
Olfactory 36 331 34 347 41
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Table 3 shows the mean QOg at thirty minute in
tervals and the increment, represented by the symbol I 
between them.

TABLE 3
Mean Oxygen uptake of discrite cortical area over the 
experimental period showing the 30 minute increments.

30 60 90 120 150 180
Motor QO3 73.3 144 212 281 348 414

1 73.3 70.7 68 69 67 66
Sensory QOg 77.1 151 334 294 367 435

1 77.1 73.9 73 70 73 68
T-3 QOg 71.8 142 205 273 330 400

1 71.8 70.2 63 68 57 70
T-4 QOg 78.3 156 230 305 380 454

1 78.3 77.7 74 75 75 74
Optic 9 QOg 64.8 134 200 267 336 308

1 64.8 69.3 66 67 69 63
Auditory 3°a 60.1 118 174 235 276 330

r 60.1 57.9 56 51 51 54
Olfactory 9°2 56.6 118 178 231 286 347

56.6 61.4 60 53 55 61
Casual inspection of these figures shows that for all 
practical purposes the progression was a straight line 
function of time. This is important as an indication 
that such factors as rate of shaking, thickness of 
slices, composition of medium and amount of substrate 
are close enough to the optional to maintain the
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tissue respiration over the experimental period at a 
constant rate.

Table 4 is a statistical comparison of each 
area studied witn every other one in the series. Only 
the figures for the oxygen uptake at the end of three 
hours are included. Again "n" represents the number 
of slices,"x" the mean QOg and 6** the standard 
deviation. Tne probability of the differences in the 
oxygen uptake of the various areas being due to chance 
was tested using Fisher's "t" table. (35) The factor
"t" is defined as follows

1
j, _ Xs**X%. \

s is defined

II
where
x^ - individual values of QOg of the first series in 

each comparison.
x^ - mean QOg of the first series.
Xg - individual values of QOg of the second series. 
Xp - mean- QOp of the slices of the second series.
n^ = population of the first series
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Rg - population of the second series.

Equation II has been recast from its original 
form for convenience for use with the automatic 
calculator.(36)(37)

The results of these comparisons are expressed 
in relation fo "P" or probability that the difference 
was due to chance.

TABLE 4

1. Motor 
N. 65 
X 414 
<r 54

Sensory
40

435
57

Difference: 31 or 4.8%
t = 1.28

0.1 ^ P^0.05
Conclusion:not significant

2. Motor T-3
n 65 42
x 414 400
<f 54 52

Difference* 14 or 3.4% 
t = 1.28 

o.5^P;0.1
Conclusion:not significant

3. Motor T-4
n 65 44

<
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Cont'd.
T—43 Motor *

x 414 ' 454
54 60

Difference: 40 or 8.8%
t = 1.85

0.1; P>0.05
Conclusion: not significant

4. Motor Optic 9
n 65 31
x 414 398
<T 54 49

Difference: 16 or 3.9%
t = 1.36 

0.5<>py-0.1
Conclusion: not significant

5. Motor t Auditory
n 65 33
x 414 330
f  54 48

Difference: 84 or 20.3%
t = 7.35
P ^ 0.01

Conclusion: significant



6. Motor Olfactory

n 65 36

X 414 347

(T 54 41
Difference: 67 or 16.3%

t = 6.39 
P ^ 0.01

Conclusion: significant

7. Sensory T-3

n 40 42

X 435 400

r 57 52
Difference: 35 or 8.1% 

t - 4.43 
P 0.01

Conclusion: significant

8.Sensory T-4

n 40 44

x 435 454

<T 57 60
Difference: 19 or 4.2% 

t = 1.47 
0.5 ? p?0.01

Conclusion: not significant
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9. Sensory Optic 9
n 40 31
X 435 398
(T 57 49

Difference: 37 or 8.5%
t - 3.87
P ^ 0.01

Conclusion: significant

10. Sensory Auditory
n 40 33
X 435 330
(T 57 ^ 48

Difference: 105 or 34.1%
t = 11.1
P 0.01

Conclusion: significant

11. Sensory Olfactory
n 40 36
X 435 347
a* 57 41

Difference: 88 or 30.3%
t = 7.7
P ^ 0.01

Conclusion: significant
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12. T-3 T-4
n 42 44
X 400 454
4* 52 80

Difference: 54 or 11.9% 
t - 4.29 
P ^ 0.01

Conclusion: significant.

13. T-3 Optic 9
n 42 31
X 400 398
J" 52 ^ 49

Difference: 2 or 0.5% 
t = 0.16 

1.0 A p;0.5
Conclusion: not significant.

14. T-3 Auditory
n 42 33
X 400 347
<r 52 41

Difference: 53 or 13.3% 
t - 2.99 
P ^ 0.01

Conclusion: significant.
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15 T-3 T-4
n 42 36
X 400 347
<r 53 41

Difference: 53 or 13.3% 
t = 3.99 
P ^ 0.01

Conclusion: significant
<<

16 T-4 Optic 9
n 44 31
X 454 398
<r 60 , 49

Difference: 124 or 27.3% 
t = 9.5 
P ^  0.01

Conclusion: significant.

Difference: 56 or 12.3% 
t = 4.18 
P ^0.01

Conclusion: significant.

17 T-4 Auditory
n 44 33
X 454 330
<r 60 48
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18 T-4 Olfactory
n 44 36
x 454 347
(f 60 41

Difference: 107 or 23.6% 
t = 8.89 
P ^0.01

Conclusion: significant.

19 Optic 9 Auditory
n 31 33
x 398 330

49 48
Difference: 68 or 17.1% 

t - 5.56 
P ^ 0.01

Conclusion: significant

20 Optic 9 Olfactory
n 31 36
x 330 347
(T 49 41

Difference: 51 or 12.8% 
t = 4.6 
P ̂ 0. 01

Conclusion: significant.
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21 Auditory Olfactory
n 33 36
x 330 347
(T 40 41

Difference: 17 or 4.9% 
t = 1.65 

0.5 ^ P^O.l
Conclusion: not significant.

Table 5 summarizes the results of this 
statistical analysis.

TABLE 5
Summary of Table 4 showing significant and non
significant differences
A statistically significant The difference between
difference obtains between the following areas is
the following areas: not statistically

significant.
1. Motor and Auditory 1.Motor and Sensory
2. Motor and Olfactory 2.Motor and T-3
3.Sensory and T-3 3.Motor and T-4
4.sensory and Optic-9 4.Motor and Optic 9
5.Sensory and Olfactory 5.Sensory and T-4
6.Sensory and Auditory 6.T-3 and Optic 9
7. T-3 and T-4 7.Auditory and Olfactory
8. T-3 and Auditory
9. T-3 and Olfactory
10. T-4 and Optic-9
11. T-4 and Auditory
12. T-4 and Olfactory 
13.Optic-9 and Auditory 
14.Optic-9 and Olfactory.
The significance of these findings will be considered 
in the following section.



CHAPTER V.
DISCUSSION

Evidence has been presented that discrete areas 
of the cerebral cortex metabolize at varying rates. The 
oxygen uptake was taken as the index of metabolic 
activity.

It will be recalled that the slices studied in 
this investigation were o.5 mm. in thickness and were 
taken from the outer layer of the tissue block. As the 
cerebral cortex varies in thickness from 2.0 to 5.0 mm.. 
only a part of the entire thickness was studied.

Inspection of stained sections of cerebral cortex 
reveals that the outer two layers the plexiform and 
external granular are of almost the same thickness in 
all different areas.(32) The marked differences in 
thickness between various areas are due to variation 
in the thickness of the deeper layers. The outer two 
layers comprise approximately 0.5 mm.of the total 
depth. Thus for practical purposes the above tabul
ated results can be considered as indicating the 
oxygen uptake of the outer two layers of the cortical 
areas studied.
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While these circumstances certainly impose def
inite limitations on the interpretation of results, 
none the less, certain tentative conclusions may be 
drawn from this work. Only the most general correlation 
can be established between histological pecularities 
and the QOg of the various areas.

In this regard numerous workers have established 
that white matter respires at a lower rate than gray 
matter. It would thus seem reasonable to expect the 
cortical areas with the highest white matter content 
to show the lowest rates of oxygen uptake. Such does 
not appear to be the case however. Reference fo table 1 
reveals that the area containing the greatest con
centration of white matter, namely the somesthetic 
has the next to highest oxygen utilization, —  actually 
higher (though not significantly so) that the most 
cellular area, the motor cortex.

The area designated on the diagram T-4 is also 
extremely rich in white matter. Continuous!- anteriorly 
with T-4 is area T-3 which respires at a statistically 
significantly lower rate. T-3 has the same cell 
structure but is considerably less fibrous than T-4.
Thus in these regions the amount of white matter 
seems to bear a direct relation to the oxygen uptake.
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This principle does not seem to operate in the case 
of the olfactory bulb cortex. Here there is a rich 
fibrous outer coat and abundant interstitial fibers.
Yet the oxygen uptake in this region is significantly 
less than that of all the other areas studied except 
for the auditory. The optic cortex, of which only a 
small part was studied in this investigation, is 
distinctive in possessing a grossly visible band of 
white matter - the line of Gennari. The fiber wealth 
of the whole area is considerable, yet practically 
the same oxygen utilization is found here that was 
seen in fiber poor T-3.

These comparisons and others that could easily 
be pointed out serve to indicate that mere difference 
in the fiber to cells ratio are not enough to account 
for the difference observed in the respiration of 
the discrete areas.

The only distinctive cell types in the areas 
studied were in the deepest layers of the motor cortex 
which possess.; tne Betz cells and in the temporal 
region which has the lanceolate cells. Due to the 
thinness of the slices it is likely that none of 
these cells were obtained in the tissue preparations.
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However, considerable compression of the tissue 
occured in the slicing wnich may have caused enough flow 
of the tissue to bring the cells into the slices.
The only region possessing cells in the superficial 
layer not found in the other areas is the olfactory 
bulb cortex. Tneee are the mitral cells which actually 
are modified pyramidal cells. It is not apparent what 
significance this might have.

A third factor which might operate to influence 
metabolic activity is the degreee of hydration of the 
individual areas. This was investigated by placing 
weighed samples of cortex in a drying oven for 24 
hours at 105° centigrade and ODserving the weight loss. 
The dry-wet ratio so obtained showed only a difference 
between olfactory bulb cortex and the rest of the cor
tex. The olfactort bulb gave a very constant dry-wet 
ratio of 0.18. All the other areas gave figures between 
0.31 and 0.22.

The findings with the auditory receptive center 
and the way tney compare with the findings in other 
areas are interesting in view of the structure of 
this area. It will be recalled that the auditory 
receptive center histologically is generalized and 
shows little specialization. This would imply a



retarded phylogenetic development. Reference to 
table 5 in the preceeding chapter in which the results 
of the statistical comparison of the various areas 
is summarized shows that the only area which the 
auditory area does not differ from significantly is 
the olfactory which is manifestly quite primitive, 
relative to the development of the rest of the 
cerebrum. This fact suggests an influence on the 
metabolic rate due to phylogenetic age. Studies in 
comparative physiology and bio-chemistry may some day 
elucidate the role of phylogenesis,per se, in theI
respiratory processes.

It must be emphasized that the experimental 
results here presented merely mark the beginning of 
work in a little explored and potentially very 
fruitful field of neurophysiology. A direct contin
uation of this work would be to study the respiration 
of slices cut perpendicular to the surface of the 
cortex and determine if the same distinction between 
the various areas still obtains, ^till another 
approach would be an enzymatic analysis of the cor
tical respiratory processes by using substrates inter
mediate in the glycolytic cycle such as pyruvate and
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lactate. Enzyme poisons introduced into the reaction 
vessels might give valuable insight into the chemistry 
of the cortex.

The explanation of the factB presented here may 
some day provide a means of gaining considerable 
insight into the mysteries presented by cerebral 
metabolism and function.
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