Amoebic Meningoencephalitis

The report by Cerva and Novik
concerning 16 human fatalities asso-
ciated with amoebic meningoencephali-
tis (Z) should ring a warning bell among
members of the health professions.
Amoebas are being cultivated with
remarkable frequency from human
sources such as the upper respiratory
tract and from serum during searches
for viruses thought to cause various
respiratory symptoms, fevers, and hepa-
titis (2). Speculations on how free-
living amoebas gain access to the
human host, whether by inhalation
from the air or via the oral route,
and whether they gain entrance in the
amoeboid or cyst form, are fascinating
from an epidemiological point of view,
and since no one yet knows the overall
occurrence of these potentially impor-
tant amoebas in the nasal-pharyngeal
regions of human populations, it would
seem prudent to undertake at once an
extensive survey of their occurrence.
Moreover, it would seem wise for
medical practitioners to include the
possibilities of amoeba in the unex-
plained meningoencephalitides that they
encounter. In light of Cerva and
Novik’s paper, someone should also im-
mediately attempt to isolate these pro-
tozoans from public and private swim-
ming pools at large since some amoe-
bas (for example, Entamoeba histoly-
tica) are known to be resistant to the
common methods of chlorination used
in water treatment.
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Endovitamins and
Orthomolecular Environment

In his article on the role of “ortho-
molecular” concentrations of essential
nutrilites in mental health (7), Pauling
quotes evidence showing that when an
essential metabolite is exogenously sup-
plied auxotrophic mutants have an
evolutionary advantage over proto-
trophic strains (2); he discusses, among
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other examples, evolutionary loss of
the ability to synthesize ascorbic acid
by primates and a few other species.
An interesting aspect of this story,
which is relevant to Pauling’s conten-
tion that different tissues may require
different amounts of an essential nutri-
lite, is the fact that in those species
which do not require ascorbic acid in
the diet, the vitamin is not synthesized

by all cells, but only by one organ

which provides for the rest of the orga-
nism. Curiously enough, the site of syn-
thesis changes with evolution (3). It
is localized in the kidney in amphibia
and reptiles and in the liver in mam-
mals. Birds show a transition pattern;
early species, such as the chick, syn-
thesize ascorbate in the kidney, and late
species, such as the Passeriformes, syn-
thesize it in the liver (3).

The missing step in those species and
organs unable to synthesize ascorbic
acid has been tracked down to a single
enzyme, gulonolactone oxidase (GLO),
which is the last one in the synthetic
pathway (3). As far as we know this
enzyme belongs exclusively to this path-
way so that it can be dropped without
derangement of related paths such as
glucuronate metabolism.

In addition to evolutionary variations,
GLO is also subject to temporal and
spatial programming in ontogenic de-
velopment. In the chick embryo, which
makes all its ascorbic acid de novo (¢),
GLO activity is initially spread through-
out the blastoderm, including the extra-
embryonic mesoderm, and then gradu-
ally disappears from differentiating cells.
The liver and stomach still retain some
activity at the middle of development,
but later GLO is found solely in the
nephrogenic tissues where it becomes
highly concentrated (5); in the hatched
bird the enzyme is present only in the
kidney (3, 5). In chick, therefore, as in
most higher animals, ascorbic acid may
be considered an “endovitamin” in the
sense that most organs depend symbiot-
ically on a group of specialized cells
for its supply.

In connection with the problem of
ascorbic acid requirement of brain
tissue, it is remarkable that embryonic
brain, in chick at any rate, has one of
the highest ascorbic acid titers in the
organism and yet has no synthetic activ-
ity (4, 5). This puts the developing
brain in this species under severe de-
pendence from synthesizing tissues. In
the embryo of man and other primates,
the central nervous system presumably
depends entirely on maternal supplies
of vitamin C, although preliminary evi-

dence suggests that leakage of GLO
activity in early development may
occur even in ascorbic acid-requiring
species (6).

Besides the mental manifestations of
scurvy, mentioned by Pauling, the re-
quirement of ascorbic acid as a cofactor
in the beta-hydroxylation of sympatho-
mimetic and hallucinogenic amines (7)
provides more direct evidence of its
involvement in brain function. The
foregoing considerations emphasize the
possibility that brain damage due to
ascorbic acid deficiency may occur as a
consequence of metabolic imbalance
during embryonic development without
ostensible dietary shortage or even in-
deed in species which do not require
ascorbic acid as an external vitamin.

The mechanisms underlying the
epigenetic regulation of ascorbic acid
synthesis remain obscure. Since GLO
requires no cofactors, and diffusible
inhibitors were ruled out (5), the loss of
synthetic activity in differentiating tis-
sues may be attributed to actual restric-
tion of enzyme synthesis. The differen-
tial expression of the GLO phenotype
in different organs and developmental
stages and even perhaps in different
species and phyla could conceivably
reflect a differential gain in gene activ-
ity controlled by cytoplasmic factors at
the level of replication, transcription,
or translation. The resulting equilibrium
could affect, in turn, the penetrance of
other genes. Thus, the shedding of un-
necessary synthetic mechanisms may
not only confer an evolutionary advan-
tage but may also serve an economical
purpose in epigenetic differentiation to
spare free energy for the synthesis of
more specific molecules or the per-
formance of higher integrative func-
tions. The case of ascorbic acid may
not be unique.
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