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INTRODUCTION

The rate of movement of sodium from plasma to brain and its final steady state
distribution are affected by the blood-brain barrier phenomena, There is,“however;
only one report comparing sodium movement across the blood-brain barrier in new-
born and adult animals. Bakay? noticed that the brains of 4 fetal kittens contained
about twice as high a concentration of radioactive sodium as did the maternal brain
5 h after the intravenous injection of 24Na into | pregnant cat.

Some substances such as glutamic acid!6, cholesterol!l, lysine?, phosphorust,
and potassium!? have been shown to enter brain more rapidiy or have a higher steady
state concentration relative to plasma in newborns as compared to adults, i.e., the
blood-brain barrier is more ‘permeable’. But increased barrier permeability was not
found consistently in developmental studies using trypan blue, a dye largely bound to
plasma proteinl5,

The access of sodium to the brains of newborn animals is not known despite the
importance of this ion in neuron excitability and tissue fluid balance; its effect upon
specific enzyme systems in brain26; its suggested role in cerebrospinal fluid formation??
and its association with states of mental depression? and other neurological symptoms
extending from simple headache to delirium, seizures, and death!?,

With the working hypothesis that barrier data from other substances cannot
justifiably be extrapolated to include sodium, experiments were designed to answer
the following questions: (1) Is the blood-brain barrier of newborn animals more
permeable to sodium than that of adults as measured by whole brain uptake?; (2)
Since the brain is not homogeneous, are the anatomical areas of increased permeability
similar in adult and newborn animals as measured by autoradiography?

* This article is based upon a dissertation submitted in partial fulfilment of the requirements for
the degree of Doctor of Philosophy in the University of Michigan.
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METHODS

Animals. Albino rats over 3 months of age and of either sex were obtained from
Spartan Research Animals, Inc. for the adult data. Pregnant rats in the 15th to 20th
day of gestation were obtained from the same supplier, and rats from the ensuing
litters were used for the newborn data. All experiments on newborns were completed
within 30 h after birth.

Anesthesia. Animals were anesthetized by intraperitoneal injection of sodium
pentobarbital, 35 mg/kg body weight to the adults, 18-20 mg/kg body weight to the
newborns. Care was taken to assure adequate respiration since the total effects of
hypoxia upon the blood-brain barrier in newborn animals are not known. The skin
color of the anesthetized animals was compared with that of unanesthetized littermates
to determine adequacy of respiration. Unsatisfactory animals were discarded.

Surgicalmethods. The adult rats were injected withisotope intravenously via a can-
nula in the femoral vein, the newborns via a glass micropipette in the external jugular or
femoral vein. The isotope was administered as 0.9 9% [22Na]sodium chloride (Abbott
Laboratories, activity approximately 25 4C/ml) in less than | min in the dose of 50 uC/
kg for adults and approximately 190 uC/kg for newborns. The volumes injected, as
percentages of total blood volume, were about 49 for adults and 99, for newborns.
The animals were sacrificed in groups of four 15 or 30 min, or 1, 2, or 4 h after the
injection. Four adults and 4 newborns were injected with isotope intraperitoneally and
killed 12 h after the injection.

At the time of sacrifice, the chest cavity of the anesthetized animal was opened,
the large thoracic vessels were cut, and blood was collected into heparinized capillary
tubes. Blood was drained from the cranial vessels for 15-20 sec and, within 30 sec from
opening the thoracic cavity, the entire carcass was frozen in liquid nitrogen. The
center of the cerebral hemispheres froze within 1 min3. After 5-10 min the carcass was
removed and transferred to a deep freeze for storage at —15°C. Within 24 h the entire
brain back to the caudal regions of the medulla and excluding the olfactory bulbs
was removed from the cranium.

Analytical methods. The blood sample was centrifuged within 45 min, and 50 or
100 ul of plasma were drawn off. The plasma sodium was determined in an internal
standard flame photometer, and the radioactivity of the same sample was determined in
a scintillation well counter to obtain the specific activity of plasma in counts/min per
uequiv Nat,

The whole brain was weighed, dried in an oven at 105°C to constant weight, and
reweighed to give tissue water. Concentrated nitric acid was added, and the tissue was
digested at 200°C for 1 h. Concentrated formic acid (to neutralize the solution) and
Li2SO; were added. The solution was left overnight to allow maximum leaching of
sodium from the remaining tissue fragments and then filtered. The total sodium and
radioactivity of the filtrate were determined to obtain the specific activity of brain in
counts/min per uequiv total Na+. The accuracy of the flame photometer was checked by
adding known amounts of sodium to some of the brain samples.

The ratio specific activity of brain/specific activity of plasma was determined for
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each animal, and the mean of the four ratios for each adult group was compared
statistically to the mean of the newborn group that was sacrificed after the same time
interval.

Anesthesia control. The effect of sodium pentobarbital on the permeability of
the blood-brain barrier is not known, so control experiments were done on both new-
born and adult rats.

Three newborn littermates were given an intraperitoneal injection of 35 mg/kg
sodium pentobarbital plus 50 4C/kg 0.9 % [22Na]sodium chloride; 4 others from the
same litter were given radioactive saline alone. After 90 min specific activity ratios were
determined (Table I).

Similar experiments were done on adults except that the isotope was given
through intravenous cannulas implanted 3 days previously. The anesthesia was given
intraperitoneally, and the animals were killed at | h (Table I).

The ratios specific activity of brain/specific activity of plasma of anesthetized
and unanesthetized rats are not significantly different regardless of the age of the ani-
mals,

Autoradiography. Animals were prepared for the autoradiographic studies with
identical surgical procedures and they were frozen {5 min after the injection. After the
brain was removed from the crantum, 16-48 u tissue sections were cut in a cryostat at
—10°C, placed on glass slides, stored over formalin for 24 h for vapor fixation, apposed
to Kodak NTB-3 autoradiographic film plates, and stored with desiccant in a light-
and moisture-proof box for exposure. After a 3-6 week exposure period at —4°C, the
plates were developed. Af no time between the freezing of the brain-and the end of the
exposure period were the brains or tissue sections seen to thaw.

TABLE 1

THE EFFECT OF SODIUM PENTOBARBITAL ON THE PERMEABILITY OF THE BLOOD-BRAIN BARRIER IN NEWBORN
AND ADULT RATS

Specific activity brain/specific activity plasma
Anesthetized*  Unanesthetized**

Newborn 0.715 0.662
0.727 0.703

0.695 0.777

0.665

Mean 0.712 0.702
Standard deviation + 0.016 -+ 0.053
Adult 0.669 0.531
0.707 0.735

0.669 0.661

0.664 0.697

Mean 0.677 0.656
Standard deviation -+ 0.020 + 0.089

* Intraperitoneal injection of 35 mg/kg sodium pentobarbital plus 50 uC/kg 0.9% [22Na]sodium
chloride.
** Radioactive saline alone.
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Autoradiographic resolution was determined by measuring (a) the smallest
distance between two 22Na-liquid platinum lines that could be distinguished auto-
radiographically and (b) anatomical features such as the choroid plexuses and
ventricles. The resolution was better than 0.2 mm. The contrast in the autoradio-
graphic images was enhanced in the photographic records. The film used does not
allow direct counts for simple quantification, and the method was not calibrated.

Control experiments in which brain tissue slices from non-injected rats were
apposed to autoradiographic film plates, exposed and developed showed no image
artifact from chemical exposure of the film.

Discussion of Methods

(I} The direct entry of sodium into brain tissue could not be distinguished from
the passage from plasma into CSF (cerebrospinal fluid) or from CSF into brain. The
term ‘blood-brain barrier’ will therefore be used to include all three barrier sites.

(2) The experimental design does not provide information about the mechanism
of the barrier to sodium in either adult or newborn animals.

(3) Contamination of the brain sample by residual blood is particularly serious
during the early time intervals when the plasma specific activity is high and brain
specific activity is low. Draining the head reduces the blood content to about 1.59%,
(ref. 10). The maximal error in brain specific activity that could be caused by residual
blood in either adult or newborn brain at 15 min would be about 3. The tissue sec-
tions were examined microscopically, and there was no consistent correlation between
the rare sites of pooled blood and autoradiographic density.

(4) Exposure of brain and ischemia can affect the movement of ions!?. These
were avoided by freezing the animal before opening the skull. Assuming a diffusion
constant of 8.0 10~* sq.cm/min through a cortex containing spherical cells?2, it is
possible to calculate the distance from the in vivo source at which the concentration of
diffusing 22Na would equal one-half the original concentration. This distance at most
would be 0.3 mm in the 90-sec period between killing the animal and freezing the brain.

(5) Several possibilities must be considered in the interpretation of autoradio-
graphic patterns: (a) the experimental methods are adequate and heterogeneity truly
reflects areas of varying permeability; (b) heterogeneity is present but is due to sodium
binding or variations in total sodium concentration throughout the brain; (c) no
binding occurs, but isotope diffuses from its in vivo location during exposure of the
autoradiograms and any real heterogeneity is obliterated (sodium diffusion must be
considered since the temperatures during tissue preparation and autoradiographic
exposure were higher than the estimated eutectic point of tissue); (d) both diffusion
during exposure and binding occur and heterogeneity is, at least in part, an artifact.

These can be resolved by comparing autoradiograms of the brains of rats killed
IS min after the isotope injection with those of animals killed after longer time inter-
vals (2.5, 3. 5 or 24 h) providing that the exposure time of the ‘15-min interval’
autoradiograms is equal to or longer than that of the ‘long interval’ autoradiograms.
The results are summarized in Table I1.
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TABLE II

COMPARISON OF RESULTS OF ‘SHORT INTERVAL’ AND ‘LONG INTERVAL' AUTORADIOGRAMS

Possibility 15-min interval results Long interval results
(a) Method satisfactory heterogeneity or homogeneity
homogeneity
(b) Binding but no diffusion 7 heterogeneity < heterogeneity
during exposure
(c) Diffusion during exposure homogeneity == homogeneity
but no binding
(d) Diffusion during exposure heterogeneity == heterogeneity

and binding

TABLE 111

PLASMA SODIUM, BRAIN WATER AND BRAIN SODIUM IN ADULT AND NEWBORN RATS

Plasma Na*  Brain water Total brain Na*
(mequiv/l) (%) mequivikg wet wt.  mequivikg tissue H0
Adult rats
n 22 22 22 22
x 139 78.8 47 60
S.D. +3 + 0.6 4 2 43
S.E. + 1 4+ 0.1 + 1 4: 1
Newborn rats
n 38 42 42 42
x 141 88.8 71 80
S.D. +5 + 1.6 + 4 +'4
S.E. 41 + 0.3 41 11

n = number of animals; ¥ == mean; $.D. == standard deviation; S.E. == standard error of the mean.

The autoradiograms at i 5-min intervals did show either homogeneity or hetero-
geneity (see Results). Autoradiograms from animals with longer intervals after the
injection were always homogeneous. Therefore, significant binding and/or diffusion do
not occur and the methods of autoradiographic localization are acceptable:

RESULTS
Plasma sodium, brain sodium, and brain water of adult and newborn rats

The total sodium of brain and plasma and the brain water of the adult and the
newborn rats used in these experiments are listed in Table III. Comparison of the adult
data with the newborn data shows: (1) the plasma sodium values of the two groups are
not significantly different; (2) the percent water in newborn rat brain is significantly
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Fig. 1. Mean specific activity of brain/specific activity of plasma versus time of adult and newborn rats.

greater than in adult rat brain (P < 0.01); and (3) the total sodium of newborn rat
brain is significantly higher than that of the adult (P < 0.001) expressed as either
mequiv Na*/kg wet weight or as mequiv Na*/kg tissue water. Therefore, the increase
in tissue water of newborn rat brain cannot alone account for the increase in total
brain sodium.

Variation in brain sodium in the first 24 hours after birth

Much of the variation in the data collected from newborn rats appears to be
related to the animals’ precise ages. In thirteen 2-h-old rats from 4 litters plasma sodium
was 141 + 1 mequiv/l, brain water was 89.2 4- 0.2%,, and total brain sodium 75 = |
mequiv/kg wet weight. Numbers represent the mean + standard error of the mean.
Fifteen 24-h-old rats from 4 litters had 142 + 1 mequiv/l plasma sodium, 88.9 - 0.2%/
brain water and 72 4 | mequiv/kg wet weight total brain sodium. There was no
significant difference between the plasma sodium or brain water values of these two
groups, but the brain sodium did decrease significantly (P << 0.03) during this 22-h
period.

Sodium entry into brain

The two curves of the ratio brain specific activity/plasma specific activity versus
time (Fig. 1) depict sodium entry into adult and newborn brain. Although both
tissues rcach the final ratio of 0.95 at 12 h, the ratios of newborn and adult brains at
the early time intervals are significantly different (see Table 1V).

Autoradiography of adult rat brains

Satisfactory autoradiograms were obtained from 4 adult and 2 newborn brains.
Most results mentioned below were seen in at least 2 brains.

One area of adult brain consistently indicated increased uptake of 22Na. This was
a transverse band across dorsal medulla and ventral cerebellum that first appeared 1.4
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Fig. 2. Plasma specific activity of adults (top) and newborns (bottom) at different times after in-
jection relative to plateau or 90 min value (see text). Each newborn animal is represented by a
separate symbol.

mm anterior to the foramen of Luschka and extended caudally past the obex, reaching
its maximum width and autoradiographic density at the level of the foramen of Lusch-
ka (Fig. 3).

Adult white matter sometimes showed increased uptake of sodium. This was
seen most often in the corpus callosum (Figs. 4-7), but it was also seen occasionally in
the subcortical white matter, radiations of the internal capsule, external capsule,
fimbria and alveus of the hippocampus, stria medullaris (Fig. 5), anterior commissure
(Figs. 4, 6), optic tract (Fig. 7), and fasciculus retroflexus.

There were also indications of increased sodium uptake in adult brain by the
lateral walls of the posterior portion of the third ventricle, the medial portion of the
posterior thalamus (Fig. 8), the granular and medullary layers of the cerebellum
(Fig. 9), and the septal region (Figs. 4, 11).

Attempts were made to examine those areas of adult brain that normally allow
greater entry of plasma substances (area postrema, infundibulum, etc.). The regions of
the area postrema (Fig. 10) and subfornical organ (intercolumnar tubercle) (Fig. 11)
showed increased uptake, but the density in these areas was neither greatest at these
specific structures nor restricted to them. The marked increase in uptake in the septal
region of one brain was not repeated in similar sections in a second animal. The
choroid plexuses in some autoradiograms appeared to have an increased concentration
of isotope (Fig. 11). The uptake by the subcommissural organ was not isolated but was
included in the band that lined the third ventricle. Satisfactory sections of the pineal
body, infundibulum and hypophysis were not obtained in adult rat.
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BLOOD—BRAIN BARRIER TO SODIUM 343
Autoradiography of newborn rat brains

The site of greatest sodium uptake in newborn rat brains was the proliferative
cell zone (periependymal matrix cells). The autoradiographic density was so great and
s0 specific that the entire area could be traced as clearly on the autoradiograms as on
the stained tissue sactions.

The anterior limit of this structure was in the olfactory bulb where the greatest
number of proliferative cells and the greatest autoradiographic density were lateral to
the olfactory ventricle (Fig. 12). The zone continued caudally and then began to extend
dorsally mainly along the lateral edge of the lateral ventricle (Fig. 13). It spread even
more dorsolateralward, passing around the most lateral portion of the lateral ventricle
(Fig. 14), and then continued posteromedially as a small band lining the ventricle in
the subcortical white matter in the region of the cingulum. Traces of this cell zone could
be seen in the medial portions of the subcortical white matter in sections posterior to
the pineal body. All regions of the proliferative cell zone took up increased amounts of
radioactive sodium or took it up at a faster rate than did other regions of newborn
brain. While the autoradiograms of newborn cerebellum were technically unsatis-
factory, the proliferative cell zone (external granule layer) here. too, indicated in-
creased density, supporting the above statement.

Layers of cell bodies in Ammon’s horn and the dentate gyrus clearly indicated
increased sodium uptake in newborn brain (Figs. 14, 15) although this was never seen
in adult brain. Also, in contrast to the adult, newborn white matter showed the least
uptake of all regions (Figs. 13-15, 17). The corpus callosum, subcortical white matter
and radiations of the internal capsule could sometimes be detected by their absence of
autoradiographic density. But since the degree of density of the autoradiographic
image is a relative rather than an absolute concept, it is possible that the apparent
decreased uptake in white matter merely reflects an increased uptake by the gray.

The pineal body (Fig. 16), subcommissural organ (Fig. 18), and the subfornical
organ (Fig. 15) showed increased sodium uptake. There was no apparent increase in

General Legend. Fies. 3 through 18.

(1) Of each pair of photographs, ‘A’ is the tissue section from which ‘B’, the autoradiogram,
was made.

(2) Movement or folding of the tissue sections may have occurred during staining. The tissues
were stained with thionine after exposure of the autoradiographic plates.

(3) 1f a portion of the tissue section was folded during exposure, the autoradiographic density
under the fold would be greater than normal. This artifact is present in most of the autoradiograms,
for example, Figs. 13-16.

(4) All sections are approximately coronal.

Fig. 3. Transverse band across dorsal medulla and ventral cerebellum at the level of the foramen of
Luschka (adult).

Fig. 4. Corpus callosum (CC), anterior commissure (AC), and septal region (adult).

Fig. 5. White matter in the radiations of the corpus callosum (RCC), internal capsule (CAI), fimbria
and alveus of the hippocampus (H1), and stria medullaris (SM) (adult).

Fig. 6. Corpus callosum (CC) and anterior commissure (AC) (adult).
Fig. 7. Corpus callosum (CC), alveus of the hippocampus (HI), and optic tract (TQ) (adult).
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sodium uptake in the septal region, choroid plexus, or walls of the third ventricle in
newborn rat. The sections of brain stem were not good but there were no obvious
areas of inhomogeneity.

DISCUSSION

The adult plasma sodium, total brain sodium, and brain water correspond with
values presented in the literature2?. The newborn plasma sodium and brain water
values also agree, but the total brain sodium values in my experiments are markedly
higher than other published data on [-day-old rats (71 versus 56 mequiv Nat/kg wet
wt.)30. The tissue samples of Vernadakis and Woodbury3°did not contain the germinal
cell zone or any other subcortical areas, and this may explain the discrepancy in our
results.

Sodium entered adulit brain with a half-time of about 75 min and newborn brain
with a half-time of about 40 min (Fig. 1) after a single intravenous injection. Olson and
Rudolph?4 found that sodium entered the CSF of dogs after intravenous injection with
a half-time of 99 min, and the sodium that did enter CSF equilibrated rapidly with
brain. From Davson’s? published rate constant for the entry of sodium into the CSF of
rabbits undergoing constant infusion, a half-time of 95 min can be calculated. Wood-
bury33 found a half-time of total sodium entry into rat brain of about 80 min after
intraperitoneal injection. These values are surprisingly consistent considering the
different animal species, experimental techniques, and analytical methods that were
used. No quantitative studies have been reported on the rate of sodium entry into
newborn brain,

To justify the interpretation of the data that the rate of entry of sodium into
newborn brain is significantly faster than the entry into adult brain, the plasma
specific activity levels throughout the experiment must be examined. If the history of
the plasma specific activity relative to the sample point were lower in the adult rats,
there would have been a smaller concentration force to drive the isotope from plasma
to brain, and one would expect the amount of 22Na in adult brain to be lower. In this
case, the decreased rate of uptake would not be due to decreased permeability but
rather to a decreased concentration gradient. But the history of adult plasma specific
activity was higher than that of the newborn rats (Fig. 2).

The plasma specific activity of the adult rats reached a plateau at 402 counts/
min per mequiv Na+t (mean of the 1, 2, and 4 h plasma specific activity values). If this

Fig. 8. Lateral walls of the third ventricle and choroid plexus (adult).

Fig. 9. Granular and medullary layers of cerebellum. The dimensions of the medullary layers are
close to the limits of the autoradiographic resolution, but they do appear to take up increased
amounts of sodium (adult).

Fig. 10. Area postrema (AP) (adult).

Fig. 11. Septal region (SR) near the subfornical organ (intercolumnar tubercle) and anterior com-
missure (AC) (adult).

Fig. 12. Germinal cell zone (GCZ) in the olfactory bulb (newborn).
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plateau is called the 1009 level, the mean plasma specific activity 15 min after the
injection is 1259, at 30 min is 1209, and within | h it has reached plateau level (Fig.
2, top).

All newborn rats did not receive the same dose of isotope, and the plasma
specific activity values could not be compared directly. Instead, several samples were
obtained from each animal. The plasma specific activity values at 90 min were called
1009%;, and all other specific activities were plotted relative to that value (Fig. 2, bot-
tom). The mean newborn plasma specific activity was 106 %, 5 min after the injection.
Thus, the newborn relative plasma specific activity is equal to or lower than that of
the adult rats, and the greater rate of sodium entry into newborn rats is not due to a
history of a high plasma radioactivity.

As striking as the difference in rate of sodium uptake between newborn and
adult brain, was the heterogeneous pattern of this uptake. This heterogeneity was
particularly impressive since the tracer was sodium, an ion usually characterized by its
lack of specificity. In newborn brain the regions of greatest autoradiographic density
seem to fall into three, not mutually exclusive, categories: (1) areas of high cell
density as the germinal cell zone, pineal body, and subfornical organ; (2) areas of high
neuron density as cortex, Ammon’s horn, dentate gyrus, and habenular nucleus: (3)
cell populations with high nuclear to cytoplasmic volume ratios as the germinal cell
zone. One can only speculate on the reasons for these differences between adult
and newborn brain since data on the intracellular sodium concentration, permeability
of cell membranes to sodium, and Na*-K*-stimulated ATPase activity per unit of cell
membrane are not available.

In both newborn and adult brain, however, several other possibilities must be
considered.

(1) Capillary structure. Blood-brain barrier properties have been attributed to
the pericapillary basement membrane and glial sheath. The developmental data in the
rat are consistent with this view since at birth, when the basement membrane is thinner
and less dense and the sheath of cell processes is incomplete!2, sodium does enter the
brain more rapidly. The heterogeneity of uptake might be related to varying rates of
maturation of the capillary complex such as those found between spinal cord?s and
cerebral cortex!2 but complete anatomical data are not available. However, increased
sodium uptake was not restricted to those areas of adult brain in which connective
tissue spaces rather than glial processes surround the capillaries (area postrema. sub-
commissural organ, and subfornical organ)32.

Fig. 13. Germinal cell zone (GCZ) passing dorsally and laterally (newborn).

Fig. 14. Germinal cell zone (GCZ), as it passes around the most lateral portion of the lateral ventricle
(newborn).

Fig. 15. Germinal cell zone (GCZ), cell layers of Ammon’s horn and the dentate gyrus of the hippo-
campus (HI), and the subfornical organ (OS) (newborn).

Fig. 16. Pineal body (P) and habenular nuclei (HN) (newborn).
Fig. 17. White and gray matter (newborn).
Fig. 18. Subcommissural organ (OSC) (newborn).
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(2) Capillary density and blood flow. The heterogeneity of sodium uptake may
be related to vascularity, but this is not likely. Adult white matter, which usually
demonstrated increased uptake autoradiographically, has the lowest vascular density
of any brain measured$. Newborn brain, which had a greater rate and more marked
heterogeneity of sodium uptake, is vascularized less densely and more uniformly than
adult®. The germinal cell zone which showed such striking sodium uptake is only
moderately well vascularized!4.

(3) Vernadakis and Woodbury3! report that the inulin (extracellular) space in
rat cortex decreases with maturation, but throughout development the number of
small neuronal and glial processes increases and the cell bodies become more dispersed
while the intercellular gap has been reported to remain the samel2. If the number of
small processes in a given area increases and the intercellular gap remains the samc,
the volume of extracellular space within that area would increase. One would expect
the concentration of substances such as sodium which are said to be chiefly extra-
cellular to increase also. A geometrically small extracellular space in newborns would
be compatible with a large sodium concentration only if part of the sodium were
intracellular.

Autoradiograms of kitten brain 6 h after intravenous injection of [3>S]sulfate
showed greater uptake in white matter than in gray. However, in adult cats 1 h after
intravenous [35S]sulfate, the uptake was greater in gray matter?. Studies with iso-
niazid®, barbital?l, phenobarbital, thiopental, and urea??® also showed greater uptake
in gray matter of adult cat brain.

Bakay? gives both chemical and autoradiographic evidence of greatest sodium
uptake by the superficial layers of the cerebral and cerebellar cortex, brain stem, and
ventricles of adult cat brain at various times after the intravenous injection of isotopic
sodium. My autoradiograms of adult rat brain do not support this since many areas
adjacent to the ventricles, choroid plexuses, and brain surfaces did not show increased
sodium uptake. Bakay froze the brains by covering the exposed dura with solid COs..
Although exact times are not given, his slower method of freezing a larger brain must
have resulted in a greater degree of pressure and anoxic changes than occurred in my
experiments. Kapp and Paulson!? recently showed that cerebral anoxia is accompanied
by the movement of sodium and CSF into brain. Others, too, have shown that hy-
poxia in adults leads to changes in extracellular sodium in brain?? and hypercapnic
hypoxia causes an increase in the cerebral uptake of sodium?. Except for this possible
difference in anoxia and the obvious differences in species, 1 cannot explain the con-
tradiction of our results.

It is clear that the rate and degree of entry of each tracer must be understood in
terms of the stage of development of the individual brain structures.

SUMMARY

The net rate and structural specificity of 22Na entry into newborn and adult rat
brain after intravenous injection were investigated.
After a single injection, the half-time of sodium entry into adult rat brain was
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about 75 min, into newborn brain about 40 min, a difference not related to the history
of plasma specific activity.

Autoradiograms were made using Kodak NTB-3 plates 15 min after the intra-
venous injection of 22Na. In the adult rats, areas of increased uptake included a band
across dorsal medulla and ventral czrebellum at the level of the foram=n of Luschka,
some white matter, the lateral walls of the posterior portion of the third ventricle, and
the granular and meduliary layers of the cerebellum. The regions of the subfornical
organ (intercolumnar tubercle) and area postrema showed increased uptake, but the
density in these areas was neither greatest at these specific structures nor restricted to
them.

Autoradiograms of newborn brain showed the greatest sodium uptake in the
germinal cell zone (subependymal matrix cells). The neocortex, newly formed cell
layers of Ammon’s horn and the dentate gyrus, pineal body, and subfornical organ
showed increased uptake; but the subcommissural organ did not. The density in the
region of the walls of the third ventricle was not consistently increaszd. Areas destined
to be white matter showed the least uptake of all.

The pattern of increased barrier permeability to sodium does not conform to the
traditional pattern established by trypan blue.

From these data one can see the importance of considering the blood-brain
barrier as unique for each class of tracer substance, age of animal, and structural area
of the central nervous system.
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