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Effect of L-phenylalanine on central nervous system
elements in tissue culture1

L. LISS AND H.-D. GRICYMER
From the Departments ofPsychiatry and Pathology, The Ohio State University College of Medicine,

Columbus, Ohio, U.S.A.

The histopathological findings in oligophrenia
phenylpyruvica (phenylketonuria) are, in most cases,
limited to the pallor of the myelin in the brain and
spinal cord (Benda, 1952; Crome, 1962; Poser and
van Bogaert, 1959; Baar, Grumer, Beverage,
Gordon, and Lee, 1963), and occasionally, neuronal
changes have been recorded in younger patients
(Alvord, Stevenson, Vogel, and Engle, 1950;
Corsellis, 1953). Evidence has been provided that a
metabolic error, preventing the oxidation of phenyl-
alanine to tyrosine, may result either in retarded
myelin formation or in damage to the formed
myelin. Such a metabolic disorder, in which excess
of a known substance results in damage to the
developing nervous system, can be investigated
successfully in a tissue culture model.

MATERIAL AND METHODS

The cultures were derived from newborn puppies.
The cerebral cortex was dissected into small particles
not exceeding 1 mm.3 Three such explants were placed
on each of the 12 x 50 mm. cover slips in a plasma
clot. Two coverslips placed back to back in culture
tubes were maintained in roller drums with a nutrient
fluid containing 81 % Eagle's basal medium, 15 % foetal
calf serum with the addition of 1% each of embryo
extract and glutamine, as well as a total of 1% of peni-
cillin and mycostatin and phenol red indicator. All
cultures were divided into four groups of 25 each, and,
while one served as the control, the remaining cultures
were subjected from the start to three concentrations of
L-phenylalanine (Sigma) in the nutrient fluid, namely,
25 mg. per 100 ml., 50 mg. per 100 ml., and 100 mg. per
100 ml. These concentrations were chosen in an attempt
to duplicate the pathological condition occurring in the
brains of patients with phenylketonuria. At various
intervals, until the 53rd day when the material was ex-
hausted, random samples from each group were incubated
for the determination of glucose-6-phosphate dehydro-
genase (G6PD) activity with D-glucose-6-phosphate,
nicotinamide adenine dinucleotide phosphate (NADPH);
'This study was supported by funds from the National Institutes of
Health, under grant no. NB-03988, V and HD 00775. and N.I.H.
general research support grant, Rotary no. 320002, project no. 378,
from the Ohio State University College of Medicine.

for lactate dehydrogenase (LDH) activity with sodium
lactate and nicotinamide adenine dinucleotide (NAD);
and with reduced form of dihydronicotinamide adenine
dinucleotide (NADH) for dehydrogenase activity
(Pearse, 1960). The slides were also counterstained with
oil red 0 for the detection of sudanophilia. The control
cultures as well as the experimental cultures were evalu-
ated in areas where the proliferation and maturation of
the neuroectodermal system had occurred, and in the
areas where fibroblastic activity was predominant, in
order to evaluate the effect of the drug, not only on the
neurones and glia, but also on the mesenchymal cells.

DESCRIPTION OF FINDINGS

The control cultures showed evidence of morpho-
logical differentiation of the neuroectodermal
elements after 10 days in vitro. At this time, the
activity of NADH was increased in the pericaria
as well as in the processes. The absence of oil-red-O-
positive material reflected the absence of degenerative
changes (Fig. 1). The activity of LDH, although
lower, showed after 10 days' activity both in the
glial elements and in the parenchymal cells. The
maturation of the cells occurred steadily until
the last controls were evaluated on the 53rd day, and
the activity of NADH remained high in the cells,
perikaria, and in the processes. The marked thicken-
ing of the neuronal processes suggested at the time
myelinization in the cultures. There was, at no time,
evidence of degenerative changes either in paren-
chyma or in glia which resulted in negative oil red 0
staining (Fig. 2). The fibroblasts overgrew some parts
of the culture and displayed the typical parallel
arrangement of the spindle-shaped cells.
The cells which were maintained in the various

concentrations of L-phenylalanine were evaluated
on the basis of this baseline. In the cultures subjected
to 25 mg. per 100 ml. of phenylalanine in the nutrient
fluid, the growth was somewhat delayed, although
the differentiation of the elements, without any
evidence of degenerative changes, was observed
on the seventeenth day (Fig. 3). The differentiation
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FIG. I. Pattern ofgrowth and differentiation after 10 days ofgrowth in nutrient fluid. NADH and oil red 0 x 300.
HIG. 2. Cells after 53 days in nutrient fluid. NADH and oil redO0. x 300.
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FIG. 3. Cellular population after 17 days of growth in 25 mg. of L-phenylalanine per 100 ml. of nutrient fluid. NADH

and oil redO0. x 300.

FIG. 4. The pattern of differentiation after 53 days ofgrowth in 25mg. of L-phenylalanine per 100ml.of nutrient fluid.
L.D.H. x 300.
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FIG. 6. Cellular destruction X
extracellular droplets of sudano
days of incubation in 100 ml
100 ml. of nutrient fluid. NADA

which was seen with LDH, progressed steadily,
continuing slowly until the fifty-third day to the
point when no major difference with the control
culture was present from the standpoint of either
differentiation and maturation of cells or of the
lack of degenerative sudanophilic products (Fig. 4).
A 50 mg. per 100 ml. concentration of L-phenyl-

alanine caused delay in the migration and differentia-
tion of the neuroectodermal cells. This effect was
accompanied by the appearance of breakdown
materials after three weeks. In some of the areas,

'̂&t the differentiation of the cells was distinct after 29
days. The overall NADH dehydrogenase activity
was low, while some cells showed numerous sudano-
philic droplets indicating degenerative changes. This
finding was augmented by more specific degenerative
changes in other areas, where apparently the matura-
tion had progressed at a normal pace. In these cells
an abundance of small sudanophilic droplets was
present arranged concentrically around the nucleus.
The droplets were found both in cells with normal
or elevated NADH dehydrogenase activity and also

A.'* in numerous cells where this activity was reduced or
had disappeared completely. In the latter cells, the

vth in SO mg. Of L-phenyl- presence of the circular pattern of accumulation offluid. Consistentaccumulau the sudanophilic material was the only indicationets in the perinuclear zone.
of the presence of the nucleus, indicating functional
damage of severe degree, although morphological
disintegration did not take place (Fig. 5). This
particular type of degeneration was not observed in
any of the examined cultures with either lower or
higher concentrations of L-phenylalanine. The
fibroblasts which were also observed in this culture
did not exhibit any pathological changes. As the
culture aged, the number of areas in which this
pathological finding was observed increased, and
more cells showed that NADH dehydrogenase
activity had completely disappeared.
The culture, which was maintained at the L-

phenylalanine level of 100 mg. per 100 ml. of
nutrient fluid, showed normal fibroblastic growth
without any evidence of degenerative changes or
slowing down of the cell proliferation. In contrast,
the neuroectodermal elements were severely affected.
The migration of the cells from the explant was
retarded and the culture never reached the level of
maturity found in the control. The cells in numerous
areas showed evidence of pronounced morphological

k*ffi: damage. The activity of NADH was low or non-
existent. In many areas, the disintegration of the
processes and cell bodies could be observed. This
disintegration was accompanied by the presence of a

ith evidence of intra- and sudanophilic substance both within the damaged
philic material. Fifty-three and degenerating parenchymal cells and free,
g. of L-phenylalanine per apparently following breakdown of the cell con-
fandoilredO. x 300. tinuity. These changes, after 53 days in vitro,
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resulted, in many areas, in almost complete dis-
integration of all neuroectodermal elements (Fig. 6).

DISCUSSION

The results of the experiment indicate that concen-
rations of L-phenylalanine up to 100 mg. per 100 ml.
(6-06 x 10-3M) in vitro do not affect the rate of
growth or the maintenance of mesenchymal ele-
ments. In contrast, the effect on the neuroectodermal
elements, and especially on the parenchymal, cells
is obvious. The changes in concentration of 25 mg.
per 100 ml. (1 52 x 10-3M) are of a mild character.
The slowing of outgrowth and of differentiation is
difficult to quantitate and the fact that no degener-
ative changes were present after 53 days in vitro
indicates only a minor effect of phenylalanine at this
concentration. The doubling of the amount of L-
phenylalanine to 50 mg. per 100 ml. (3 03 x 10-3M)
results in a definite retardation of the growth of
neuroectodermal elements with evidence of de-
generative changes, which are indicated by the
appearance of the sudanophilic substance in the
pericarium of the parenchymal cells. We have not
observed any degenerative changes in the oligo-
dendroglia and the occasional evidence of sudano-
philic material in the astrocytes could be the expres-
sion either of the damage to the astroglia or the
result of phagocytic activity of the astroglia in vitro.
It should be noted that the distribution of the sudano-
philic material in the cytoplasmic area surrounding
the nucleus suggests a specific topographical target
which is damaged by L-phenylalanine in vitro. The
degree of damage observed at 100 mg. per 100 ml.
(6-06 x 10-3M) cannot be evaluated with the same
accuracy since the evidence of destruction is over-
whelming at this concentration. It should be noted,
however, that although the number of differentiated
neuroectodermal cells, especially the parenchymal
elements, was lower than in the lesser concentrations,
some of the cells, despite the presence of a high con-
centration of phenylalanine, did succeed in attaining
morphological differentiation, although no evidence
of myelinization was observed in any of the cultures.

In correlating these findings with the symptoms
of brain damage and the known pathological

findings in patients with phenylketonuria, the
experimental model suggests that the target prone
to damage in phenylketonuria is the neurone. The
neuronal damage, which may be reversible in the
initial stages, eliminates, at least temporarily, one
of the elements essential for formation of myelin.
Therefore, the retardation of myelinization which is
observed in the brains of patients with phenyl-
ketonuria should be regarded as secondary to
neuronal damage. Also, the pathological changes in
neurones as reported in the literature are substantiated
by this experiment. The seizures which are observed
in these patients, especially in early, rapidly pro-
gressing cases, should be regarded as aetiologically
precipitated by the neuronal damage. The concen-
tration up to 100 mg. per 100 ml. shows an exag-
gerated picture which cannot be correlated with the
pathology in vivo since the overwhelming neuronal
destruction could not be compatible with life.

SUMMARY

The effect of L-phenylalanine on mammalian cells
was evaluated in vitro in concentrations of 25 mg.
per 100 ml. to 100 mg. per 100 ml. of nutrient fluid.
The lowest concentration did not interfere visibly
with cell differentiation, while the highest concentra-
tion was toxic and resulted in destruction of the
cells. The intermediate concentration (50 mg. per
100 ml.) produced neuronal damage with the implica-
tion that the perikaryon zone is the target area.

REFERENCES

Alvord, E. C. Jr., Stevenson, L. D., Vogel, F. S., and Engle, R. L. Jr.
(1950). Neuropathological findings in phenyl-pyruvic oligo-
phrenia (phenyl-ketonuria). J. Neuropath. exp. Neurol., 9,
298-3 10.

Baar, H. S., Grumer, H-D, Beverage, E., Gordon, M., and Lee, S. Q.
(1963). Enzyme inhibition by phenylalanine and its derivatives.
Proc. 2nd int. Congr. ment. Retard., Vienna, 1961, vol. 1,
pp. 62-69.

Benda, C. E. (1952). Development Disorders ofMentation and Cerebral
Palsies. Grune and Stratton, New York.

Corsellis, J. A. N. (1953). The pathological report of a case of phenyl-
pyruvic oligophrenia. J. Neurol. Neurosurg. Psychiat., 16, 139-
143.

Crome, L. (1962). The association of phenylketonuria with leuko-
dystrophy. J. Neurol. Neurosurg. Psychiat., 25, 149-153.

Pearse, E. A. G. (1960) Histochemistry, Little, Brown and Co., Boston.
Poser, C. M., and van Bogaert, L. (1959). Neuropathologic observa-

tions in phenylketonuria. Brain, 82, 1-22.

374

P
rotected by copyright.

 on M
ay 22, 2023 by guest.

http://jnnp.bm
j.com

/
J N

eurol N
eurosurg P

sychiatry: first published as 10.1136/jnnp.29.4.371 on 1 A
ugust 1966. D

ow
nloaded from

 

http://jnnp.bmj.com/

