of relative cortical-subcortical function
are valid, they present far-reaching im-
plications for the interpretation of cere-
bral function.
CuesTER W. DArrROW
Ricaarp N. ViETH
JerRE WiLson
Psychophysiological Laboratory,
Institute for Juvenile Research,
Chicago, Illinois
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Differential Excretion of
D-Phenylalanine in Man

In the course of an investigation into
the extent of genetic control over certain
aspects of phenylalanine metabolism in
man, a major discrepancy was noted be-
tween the results of two methods used
in determining urinary phenylalanine
after ingestion of the r form of this
amino acid. The two methods were one-
dimensional paper chromatography, in
which a butanol-acetic acid-water mix-
ture was used, and a modified form of
the decarboxylase method of Udenfriend
and Cooper (I). The paper chromato-
graphic results were markedly higher
than the decarboxylase values and were
well beyond any methodologic differ-
ences. Since the decarboxylase method
is specific for wr-phenylalanine, while
chromatographic techniques do not dis-
tinguish between the 1 and b forms, the
simplest explanation of these results was
that the ingested phenylalanine was
racemic. Consequently, tests were run to
examine this hypothesis, and they clearly
demonstrated that the original substrate
was slightly racemic. The purpose of
this report is to point out the possi-
bility and implications of minor iso-
meric contamination in studies of amino
acid metabolism and to consider the
interesting variation in excretion rate
of p-phenylalanine that was observed
among individuals in these experiments
(2).

Meister et al. (3) have discussed the
problem of determining the degree of
optical purity of various amino acids.
They point out that techniques such as
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polarimetry cannot detect isomeric im-
purities of less than 1.00 mg percent,
while the use of oxidases and decarboxyl-
ases in properly designed Warburg ex-
periments can detect isomeric contami-
nation of less than 0.10 mg percent. In
this work, the presence of p-phenylala-
nine was demonstrated by measuring the
oxygen uptake on incubation with
p-amino acid oxidase, according to Bur-
ton (4). The original sample of phen-
ylalanine was run in the Warburg ap-
paratus with known amounts of p-phen-
ylalanine as controls, and oxygen up-
take occurred equivalent to 0.60 mg per-
cent of p-phenylalanine. A second sam--
ple of r-phenylalanine from a different
source, but not used in these metabolic
experiments, was tested in a similar
manner and was found to contain 0.17
mg percent of p-phenylalanine.

For most biochemical and physiolog-
ical experiments, such minor impurities
would probably be undetectable. How-
ever, in studies that involve recovery of
ingested amino acids from the urine,
isomeric contamination of the order of
0.10 mg percent could lead to serious
error. This follows from the fact that
the kidney acts as a highly selective
filter, retaining most rL-amino acids with
an efficiency of more than 95 percent,
while the p forms are excreted quite
readily (5, 6).

In the present studies, 2 g of the
L-phenylalanine, estimated to contain
0.60 mg percent of the p-isomer, was
given orally, and urine was collected for
the following hour. The phenylalanine
concentration in the urine samples was
determined by the decarboxylase and
paper chromatographic methods, the
difference between the two being taken

as an estimate of the concentration of
p-phenylalanine in the specimens. The
percentage of the p-isomer in these speci-
mens averaged more than 50 percent.
With feedings of from 5 to 10 g of the
substrate, isomeric contamination of as
little as 0.10 mg percent could lead to
an error of the same order of magnitude.

The simplest way to avoid the prob-
lem of minor isomeric contamination
would be to utilize techniques that are
specific for the L form of the amino acid,
such as the enzymic, and most micro-
biological methods. Another approach
would be to use the assays suggested by
Meister et al. (3) to insure minimal iso-
meric contamination. In this connection
we should like to suggest the possibility
of using man as a concentrating mecha-
nism for a suspected racemic amino acid
mixture before assaying it for b con-
tamination. Such a system could in-
crease by 100-fold the sensitivity of de-
tection of isomeric contamination.

In Table 1 are given the data on the
excretion rate of p-phenylalanine after
the ingestion of 2 g of the racemic phen-
ylalanine, containing 0.60 mg percent
of the p-isomer. The data are reported
as milligrams of p-phenylalanine per
milligrams of creatinine and represent
the average concentration for the first
hour’s urine specimen following the
feeding. The experimental subjects were
normal monozygotic and like-sexed di-
zygotic twins.

As can be seen, there is considerable
variation in the excretion rate of p-phen-
ylalanine, the range being more than
15-fold (0.024-0.379). Variability in the
excretion rate of p-isomers, and in par-
ticular of p-phenylalanine, has been ob-
served before (5, 7). The physiologic ex-

Table 1. Urinary excretion rate of p-phenylalanine in monozygotic and dizygotic twins.

Ratio of

Twins Sex D-phenylalfn}ine !ntrapair inlt\faeglalir
to( xc:;j:;rg;le differences difference
Momnozygotic
'y o T
i ? 0117 0.026 0.025
I
Dizygotic
“ S A
>3 SR
"5 ’ 008 0.060 0058
s SR - B
g S
Intrapair variance ratio, dizygotics/monozygotics 11.7%

* Significant beyond the 0.05 level.
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planation of this variation in excretion
rate is far from clear, although several
possibilities, such as variations in kidney
p-amino acid oxidase activity and renal
readsorption mechanisms, have been dis-
cussed (9, 8). Because of the low levels
of p-phenylalanine in this work, it was
not possible to examine any of these
physiologic hypotheses.

What is of most interest to us is the
genetic information that can be obtained
from a comparison of the intrapair dif-
ferences and variances in excretion rates
between the pairs of monozygotic and
dizygotic twins. As can be seen in Table
1, the average intrapair difference for
the dizygotic twin pairs is more than
twice as large as that for the monozy-
gotic pairs. The intrapair variance ratio
for the dizygotics/monozygotics is 11.7,
which, with 5 and 3 degrees of freedom,
is significant at higher than the 5 percent
level. This would mean that at least part
of the observed variation in excretion

rate of p-phenylalanine is the result of’

genetic differences. The work of Good-
man (8) on mice is particularly relevant
here, since she also found evidence for
genetic control of variation in excre-
tion rates of the p-isomers of several
amino acids, including phenylalanine. It
would appear that further work on the
physiology and genetics of differential
excretion of the p-isomers would be very
rewarding.

STaNLEY M. GARTLER

Ricuarp E. TasHAN
Institute for the Study of Human
Variation, Columbia University,
New York
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Glia/Nerve Cell Index for
Cortex of the Whale

Since man occupies the top position
in the phylogenetic scale and has at-
tained the highest intellectual develop-
ment, there has been a well-understood
tendency to relate certain characteristics
of the morphology of his brain to this
development. Early attempts to parallel
intellectual performance with brain
weight, relationship of brain weight to
body weight, and number of convolu-
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tions now have only historical interest.
Certain aspects of the histology of the
cerebral cortex were also thought to re-
flect phylogenetic development. The idea
that the more highly developed cortex
contains more “space” between nerve
cells probably was expressed first by
Nissl (1) and was later supported by
such an authority on cerebral cytology
as Economo (2). More recently, Friede
(3) studied the glia index (number of
glia cells per nerve cell) in the cortex
of various animals and found that it in-
creases from the frog to man. He con-
cluded that the ascending phylogenetic
development of the cortex is character-
ized by a relative increase in glia cells.

However, the human brain is not only
the most highly developed but it is also
the largest brain that is usually studied.
It is possible, therefore, that certain his-
tological characteristics of the cerebral
cortex may reflect an increase in size and
not in the phylogenetic development.
Thus, Tower (4), studying the cell den-
sity of the cerebral cortex, included in
his series the brain of the whale and
elephant, which are the only two animals
with a brain weight higher than that of
man. He found that the cortical cell den-
sity was inversely correlated with brain
weight, and not with the position of the
animal on the phylogenetic scale.

It is the purpose of this report to show
that the glia/nerve cell index reflects
brain weight rather than phylogenetic
development. Our histological material
was a portion of that used by Tower (4,
5) and consisted of 20-w paraffin sections
of two whale (Balaenoptera physalus L.)
brains which weighed 6500 g and 7150
g, respectively. Cortex from three sec-
tions, two from the frontal region and
one from the occipital region, was
studied. A 20-u paraffin section of the
temporal cortex of a 36-year-old woman
was also examined for the purpose of the
comparison of our results with those of
Friede (3).

Photomicrographs at a magnification
of 80 were made, and the glia cells and
nerve cells were marked on them with
the aid of direct microscopic observation
of the slides. No attempt was made to
differentiate between the types of glia
cells, but care was taken to avoid mark-
ing endothelial nuclei. The marked cells
were counted according to the following
rules. In the whale cortex, the counts
were made separately only for layer II;
the deeper layers were counted together.
Separate counts for nerve cells contain-
ing or not containing nucleoli were made.
In the human cortex, layers II to IV
were counted separately, layers V and
VI together. All nerve cells were counted,
irrespective of whether or not they con-
tained nucleoli. Data are recorded in
Table 1.

As can be seen from Table 1, the glia/

Table 1. Number of glia and nerve cells
counted and the glia/nerve cell index for
whale and man.

Cells counted Glia/

L nerve
ayer ———————— T4

Glia Nerve index

Whale, specimen No. Cst-1
1I 185 167 1.11
IITto VI 2116 473 4.47
All 2301 640 3.59
Whale, specimen No. C-293
11 277 150 1.84
IIIto VI 1717 264 6.50
All 1994 414 4.81
Whale, specimen No. C-293
11 290 186 1.56
Il to VI 2454 311 7.89
All 2744 497 5.52

Whale (total)

7039 1551 4.54

Man
11 714 468 1.53
111 627 343 1.83
v 870 424 2.06

Vand VI 657 371 1.27

Man (total)
2868 1606 1.78

nerve cell index of the cerebral cortex is
much higher in the whale than in man.
The value for the human cortex is 1.78,
which is very close to the ratio of 1.68
established by Friede. Our index was
obtained by investigation of only one
region in the first temporal convolution.
Because of the agreement of our value
with that of Friede, we did not investi-
gate other regions. In the whale, we
studied three regions, two from one ani-
mal and one from the other. Though the
ratio varied from 3.59 to 5.52, it was
significantly higher than in man, the
average for all three regions being 4.54.
Statistical analysis of these results was
made, applying the formula

— XY

T k(-2 y(1-9)
\/N1+Nz

and the results were found to be highly
significant.

These values for the whale were ob-
tained when all nerve cells, whether they
contained nucleoli or not, were counted.
By applying such a method, we incurred
an error resulting from the fact that
when particles are counted in histologi-
cal sections, the true number per volume
is smaller than that counted (6). This
error increases with the increase of the
ratio between the size of the particles
and the thickness of sections. Since the
nerve cells of the whale are larger than
those of man, and since all our sections
were 20 w thick, we overestimated the
number of nerve cells for the whale cor-
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