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The following is a description of the clinical, pathological and histochemical
findings in a child suffering from an atypical form of amaurotic idiocy. The
findings in this case considered together with other reports in the literature,
indicate that amaurotic idiocy might not represent a nosological entity caused by
a single, well defined metabolic derangement, but rather a morphological and
clinical syndrome which includes a number of different though akin metabolic

derangements.
Clinical Data®

The patient was the second son of healthy unrelated parents. Both parents were Ashkenazi
Jews, the father’s family originating in Poland, whereas the mother’s ancestors lived for the
last five generations in Palestine. The first born (brother to the patient described in this
article) was a spontaneously delivered boy, who weighed at birth 3500 gm. Development was
normal during the first six months of life, but at 7 months the mother noticed arrest and
regression. of development. The examining physician (Dr. H. RograrLEr) found decorticated
posture and spasticity of the lower extremities. The infant eould not hold its head and exa-
mination of the fundi revealed a typical finding for Tay-Sachs’ disease. The physician was
later informed that the child died at the approximate age of two years and that no autopsy
had been performed.

The second born, also a son, was spontaneously delivered after an uneventful pregnancy.
Weight at birth 3800 gm. The infant was examined by Dr. RoETHLER at the age of 5 months.
Until that time his development was reported to be normal. During the last weeks prior to
its examination the infant was running an undiagnosed sub-febrile temperature. Clinical
examination at this stage, including ophthalmological study was not particularly contributory,
.except for some hyperreflexia, muscular hypotonia and slight irritability.

At the age of 7 months the infant was re-examined. No further development had occurred
during these two months; the child stopped turning over in his bed, obesity developed, and
the cireumference of the head was 44 cm. Examination of the fundi revealed early changes
of Tay-Sachs’ disease, with typical findings in the maculae of both eyes, although the papillae
were not yet quite pale.

At the age of two the child was amaurotic and an almost completely motionless idiot.

At the age of 21/, years the child was admitted to the Pediatric Department of the Kaplan
Hospital after a week’s illness, with cyanosis, high temperature and cough. Penicillin treat-
ment brought down the temperature, but the child continued to be subfebrile, unconscious,
with repeated attacks of cyanosis and dyspnea. Clinical examination, at the hospital revealed
an unconscious spastic child with hyperreflexia. Diffuse rales could be heard over both lungs.

* The author is grateful to Dr. W. Jowas of the Kaplan Hospital and to Dr. H. Rosra-
LER of the Gedera branch of the Worker’s Sick Fund for the clinical data, and to Drs. A. Rerr
and U. SanpBANK of the Pathological Institute of the Assaf Harofeh Government Hospital
for the post-mortem material.
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The head was enlarged (circumference 51,5 cm). Liver and spleen were not enlarged. Ophthal-
moscopic examination showed atrophy of the optic nerves and typical cherry-red spots. The
child died on the 12th day of hospitalization after progressive increase in severity of the dyspnea
and cyanosis.

A complete autopsy was not performed. The brain was extracted and sent to the Assaf
Harofeh Hospital Department of Pathology already fixed in formalin. Pieces of the brain
were kindly sent by Drs. REIr and SANDBANK to the author for further study.

Histologieal and Histochemieal Findings
Both paraffin and frozen sections of many pieces of the brain were made. The staining
methods are listed together with the findings. The pathological process in the gray matter
was basically similar in all the areas examined with only slight variations in intensity. The
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Fig. 1. Cerebellar cortex showing a single swollen Purkinje cell and numerous swollen satellites. H.&E. x 130

changes in the white matter were less homogeneous, as demyelination was not of equal inten-
sity in the different areas. Topographical study of the demyelinating process was impossible,
however, because of insufficient material.

In sections of paraffin-embedded material stained with haemotoxylin and eosin the
neurones showed the change typical for amaurotic idiocy. All ganglion cells were swollen, often
pear-shaped, and the tigroid substance and the nucleus were usually pushed to one side of
the cell. The cytoplasm of these cells appeared finely vacuolated. In most areas there was
clear evidence of loss of neurones. In the cerebellum, for example, very few Purkinje cells
remained (Fig.1). In addition to the swollen ganglion cells at least two other types of enlarged
cells containing deposits of an abnormal material could be discerned in the gray matter
(Figs.1 and 2):

a) swollen astrocytes of the “gemaestete’ type, with acidophilic homogeneous cytoplasm.
In sections stained with Cagar’s gold sublimate method, slender processes could be scen. ex-
panding from the bodies of some of these “‘gemistocytes” (Fig.3);

b) Gitter cells (compound granular cells) with frankly vacuolated cytoplasm and central
nuclei.

In the white matter some oligodendrocytes were surrounded by a wider halo than usual,
and there was marked gliosis (Fig.4). No inflammatory infiltrate was found anywhere. The
adventitial cells and periadventitial histiocytes were swollen and often foamy, especially in
the white matter.
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Frozen sections stained by BreLscmowsky’s method revealed an appearance typical for
amanrotic idiocy with the neurofibriis pushed against the cell walls by the stored material

H.&E. x130

Fig. 3. Cerebral cortex showing slender processes emanating from bodies of densely stained gemistoeytes.
Cytoplasm of Gitter cells is almost unstained. Cajal’s gold sublimate method x 135

(Fig.5). The substance within the neurones as well as the substance accumulated in the va-
rious glial cells stained weakly with this method.

In frozen sections stained with MiLLON’s reagent and with the ninhydrin- Schiff technique
the neurones and the pathological glial cells stained very lightly and much less than the
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background. With the Einschluffirbung of FEYRTER (using toluidine blue instead of thionin)
the ganglion cells and the gemistocytes remained unstained or were faintly orthochromatic
whereas the Gitter cells stained in different shades of blue and purple-blue. With the Bi-Col

Fig. 5. Cerebral cortex showing swollen ganglion cells with neurofibrils pushed to the periphery by the stored
material. Bielschowsky’s neurofibril method. x 110

stain (Worsax 1956) similar results were obtained: the ganglion cells and the gemistocytes
were practically unstained and the Gitter cells stained faintly blue.

In frozen sections stained with P.A.S. all the three types of cells in the cortex, as well as
the adventitial cells and the Gitter cells of the white matter, stained intensely. Twenty four
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hours immersion in 29/, OO, did not produce any staining in the affected neurones, whe-
reas the Gitter cells and the gemistocytes stained pale yellow to pale brown; the staining
was more intense in some adventitial cells. Similar results were obtained in sections stained
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Fig. 6. Cerebellar cortex showing relatively weak sudanophilia of the three Purkinje cells and of the gemistocytes,
contrasted by the intense staining of the Gitter cells. Sudan Black B staining on a frozen section. x 105

Fig. 7. Cerebellar cortex showing intense staining of the cytoplasm of Purkinje cells and of satellites. Fischler’s
stain on a frozen section. x 105

by Swank and DavENrorT’s (1934) method for degenerating myelin. Staining with Sudan
IIT resulted in & clear differentiation between the neurones and the gemistocytes which
stained pale yellow on the one hand, and of the Gitter and adventitial cells which stained
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red on the other. Staining with Sudan Black showed similar relations, but all the cells stained
more intensely than with Sudan ITI. Fig.6 shows the weak staining with Sudan Black of the
affected Purkinje cells and the intense staining of the satellites. There were few anisotropic
crystals in some Gitter cells and practically none in the neurones. With Nile blue the sub-
stances stored in all types of cells stained pale blue. With SPIELMEYER’s method for myelin
and with BAkER’s method for phospholipids marked variation in the staining intensity of the
affected neurones was found. Most nerve cells stained weakly or did not stain at all. In most
Gitter cells the stored material remained unstained, whereas most of the material within the
gemistocytes stained intensely with both methods. With the performic acid Schiff procedure
of LiLrie (1954) the neurones and the various storing glial and adventitial cells stained pale

T AP
-
Fig.8. Cerebral cortex showing intense and lipid-solvent resistant sudanophilia of the cytoplasm of the gemisto-
cytes. Scattered sudanophilic droplets in cytoplasm of neurones and Gitter cells. Sudan Black B staining on a
paraffin section. X 150

pink, much paler than the myelin sheaths and in a slightly stronger hue than the background
of the gray matter. With FiscHLER's method the ganglion cells and most satellites stained
intensely (Fig.7).

ScrvLTZz’s method for cholesterol revealed unexpected findings: The ganglion cells, as
well as the Gitter and the adventitial cells stained very intensely. The gemistocytes appeared
to be unstained.

In paraffin embedded sections stained with Sudan black or with P.A.S. it was found
(Fig.8) that the gemistocytes retained most of the staining materials. In the neurones there
were scattered intensely stained droplets; similar droplets but in somewhat smaller amounts
were found in the Gitter cells.

From the histochemical findings summarized in Table, it can be concluded that the
material stored in the affected neurones was mainly a mixture of lipids. The mixture con-
tained abundant cholesterol, neutral glycolipids and fatty acids and small but variable amounts
of phospholipids. The lipid in the mixture did not contain, or contained very few, strongly
acidic groups. The amount of protein within the cytoplasm of these neurones was very small.

Discussion

Most authors (c¢f. GLoBUS 1942) distinguish five variants of amaurotic idiocy:
the congenital, the infantile, the late infantile, the juvenile, and the adult forms.
A sharp demarcation of these variants does not seem justified, as:
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Table. Main Histochemical Findings in the Neurones and Qlial Cells
++ intense staining; + medium staining; 4 weak staining; 0 no staining

79

Compound
Classes of Gemist Granular
Staining Method Molecular Groups | cnounds which | Neurones Cmisto- | oorpuscles
Demonstrated are mainly stained cytes and Adven-
titial Cells
Millon Peptide linkages| Proteins + 4 ‘ +
Ninhydrin-Schiff Alpha amino Proteins + 4+ +
Metachro- 1.Meta- ‘s
g . Acidic poly-
masia (}ﬂm- chromatic | 4 q:q; groups saccharides 0 0 +
schlufifar- 2. Ortho- and lipids
bung) chromatic £ —0] £ —0 +
Weakly acidic | Acidic poly-
Bi — Col 1.Red groups saccharides 0 0 0
2. Blue Strongly acidic
groups and lipids +—0] £ —0 -+
1—2 glycols and -
1 glycol — Neutral poly-
P.A.S. 2 amino saccharides T T S
groups
Active ethylenic
links ; strong-
Os O, ly reducing Un.sa't urated 0 + 4
lipids
groups
(SH ete.)
Swank and Daven- Same as Os O, | Unsaturated
port’s solution and also lipids and 0 + +
hexosamine some poly-
. saccharides
Sudan I1I Non polar
groups Lipids + + ++
Sudan Black B Non polar Lipids (wide
groups range) + -+ ++
Nile Blue 1. Red Non polar
Sulphate groups Neutral fats 0 0 0
2. Blue Acidic groups Fatty acids and + -+ +
acidic lipids
Baker’s method Phosphate (?) | Phospholipids (e ++ 0— 4
Spielmeyer’s method Probably | Probably
phosphate phospholipids| 0 — - ++ 0— 4
Performic acid Schiff Ethylenic bonds| Unsaturated
lipids i + -+
Fischler’s method Acidic groups Fatty acids —++ + — - 4+
Schultz’s method Unsaturated
sterols Cholesterol ++ 0— 4 4+
Sudan Black in Non polar Hardly soluble
paraffin sections groups lipids -+ -+ +
1—2 glycolsand| Glycolipids or
P.A.8. in paraffin 1 glyeol- polysaccha-
sections 2 amino rides hardly + 4+ +
groups soluble in

lipid solvents
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a) there is considerable over-lapping between the variants in the age at onset
of symptoms and in the age at death;

b) cases which were included in one variant in accordance with clinical data or
age, belonged to another variant by pathological and histochemical criteria, and
vice-versa.

From a clinical standpoint the first symptoms of amaurotic idiocy may
appear at any age, although most commonly in early infancy. When the first
symptoms appear late in life, the disease process may continue for many years,
whereas in the infants the course is almost invariably short. Still, in some cases,
as for example in the case of TuTHILL (1934) the first symptoms appeared early
in life {three months) and the histochemical characteristics were of the infantile
variant, whereas death occurred at the age of seven years, because of pulmonary
tuberculosis. Such cases may be considered as protracted infantile.

From a histochemical viewpoint, when comparing most published cases there
is a difference in the staining characteristics of the stored material which roughly
corresponds to the age of onset of symptoms and the age at death. As has been
pointed out already by Sacms (1887) the material stored within the affected
neurones stains heavily by the haematoxylin-lake methods used for demonstrating
myelin. This finding has been confirmed by numerous workers (e.g. Voo 1909;
BrerscaowsKy 1921 ; Hassin 1924 ; Scmarrer 1930; ScHEIDEGGER 1941; Giam-
paLmo 1951). The stored material stains faintly or not at all with Sudan III or IV
and is hard to extract with cold fat solvents. In the later forms of amaurotic
idiocy the stored material stains progressively less intensely by the iron-haematoxy-
lin and the myelin techniques and more intensely by the Sudan dyes (cf. GLoBUS
1923 ; Scarrer 1925 ; Scaor 1930). This observation, although generally accepted,
does not fit all observations. Voar (1909) described a juvenile case of a boy who
attended school at the age of six (but learned with difficulty) and died at the age
of eleven. In the neurones of the brain the stored material stained with HEIDEN-
HAIN’S iron-haematoxylin and with SPIELMEYER’s myelin method, and was not
sudanophilie.

Dirzer (1957) who made a thorough histochemical study of numerous cases
found that cholesterol esters were present in the cells of the infantile cases (as
first reported by Hurst 1925) and not in the juvenile, and that metachromasia
was less pronounced in cases of higher age groups. According to SEITELBERGER,
VoeEL and StEPAN (1957) and SurreLBERGER and Naey (1958) metachromasia
is present in the forms occurring at lower age and is almost absent in the more
adult variants. The isoelectric point of the stored material is also lower in the
infantile variants.

Quantitative chemical studies (KLENK 1940, 1941 ; SVENNERHOLM and ZETTER-
GREN 1957) have shown there is a marked increase in gangliosides in infantile
amaurotic idiocy. KLENK could not detect any definite chemical abnormality in
the brains of juvenile cases. According to CumMiNGs (1957) the increase in neurami-
nic acid (and therefore in gangliosides) is present in the cortex of cases of all
ages. Qther workers could not find an increase in gangliosides in late infantile or
in the more adult forms of amaurotic idiocy (JERVIS 1952; TINGEY et al. 1958;
TiveEY 1959).
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It is known for a long time that the presence of balooned neurones caused by
storage of lipidic material cannot be considered specific for amaurotic idiocy. In
many cases of Niemann-Pick’s disease the appearance of nerve cells is similar,
although the substance stored is different. Furthermore, there is enough evidence
to show that the stored materials in various cases of amaurotic idiocy are not
always the same.

In some cases of amaurotic idiocy the material stored within the nenrones or
that found either in glial cells or extracellularly, is pigmented. STRAUSSLER (1906)
was probably the first to describe a form of idiocy in which the balooned neurones
were pigmented. SPIELMEYER (1906) observed some pigment granules within the
material stored in the cells of late infantile amaurotic idiocy. Scmor (1912)
described pigment granules in some affected cells in an early juvenile case. Kurs
(1925) in his first description of the adult form of amaurotic idiocy described
pigment in the affected neurones. The material stored in the neurones of the
first described case of , late infantile* amaurotic idiocy (BreLscmowsky 1936) also
had an intrinsic pale yellow colour. Cases in which the material stored within
the cells had the characteristics of chromolipoid (lipofuscin) were described by
GRINKER (1927), LUBIN and MARBURG (1934), BRowN, CorNER, Dopason (1954),
and ALLEGRANZA (1956). In the cases of JERrVIS (1952) and MoscHEL (1954) there
was an extensive deposition of a chromolipoid pigment in the affected areas, but
outside the neurones.

Tt should be noted that the fact that in many cases of amaurotic idiocy the
stored material belongs wholly or partly to the chromolipoid pigments, may be
considered as an indication for heterogeneity of the syndrome, but cannot be
considered as a positive proof of it. As has been shown by Craccro (1915) and
confirmed by numerous workers (cf. Gkanapos and Dam 1950; LirLie 1954)
chromolipoids are formed by progressive oxidation and polymerization of
unsaturated lipids. The formation of lipid pigments in some cases of amaurotic
idiocy could therefore also be due to the protracted course of the disease, or to
a higher content of unsaturated fatty acids within the deposited lipids, or even to
the presence within the tissues of conditions enhancing oxidation (for example
presence of oxidants as haemoglobin, or absence of anti-oxidants as vitamiﬁ‘E).

Positive proof of the heterogeneity of the amaurotic idiocy syndrome is
derived from other considerations:

1. Whereas some authors (Hurst 1925; BrRowxN, CorNER and Dobasox 1954;
Drezer 1957) have found histochemical or chemical evidence of storage of chol-
esterol within the affected cells, in most cases no evidenee of such storage has been
found (Krenk, 1939; Krevk 1942; Cumings 1953; ArRoNsoN, Vork and EpsteIx
1955; TINGEY et al. 1958).

2. From what have been mentioned above it is obvious that in some cases of
post-infantile amaurotic idiocy, storage of gangliosides occurred, whereas in the
majority of cases no such storage could be detected.

3. A number of cases has been described in the literature which could not be
fitted into any of the variants of amaurotic idiocy. In the second case reported in
the article of GLoBUS (1923) the stored material stained only with the Marchi
method, and very faintly with the Sudan and myelin stains. In SEITELBERGER’s
case (1952) part of the stored material did not react with iron-haematoxylin, and
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contained ionic iron. In the cases described by WiLp1 (1950) and by FAVARGER and
WiLps (1957) there was a very marked increase in the cerebroside content of the
brain.

The case described in the present paper considered without the histochemical
findings, would fit clinically and pathologically the infantile variant of amaurotic
idiocy. According to the histochemical findings, however, its inclusion in any of
the accepted variants is not possible. The stored lipid within the neurones did not
react strongly with either the myelin stains (as in the infantile cases), or the
Sudans (as in the later cases). There was no evidence of the presence of appreciable
amounts of acidic polysaccharides with the Bi-Col stain or with the Einschluf-
farbung (metachromasia). Since it is known that gangliosides are strongly acidic,
these findings do not correspond to a marked storage of gangliosides. The intense
staining with P.A.S. in conjunction with the evidence for paucity of acidic
compounds, indicates storage of neutral glycolipids, probably cerebrosides. Besi-
des, the cells contained large amounts of cholesterol (or some other unsaturated
sterol).

The described case is therefore similar in some respects to the cases of Wirpz
and FavareER and WiLpr (l.c.) and in other respects to the case of Brown,
CorNER and Dopasox (1.c.).

In the opinion of the writer, the study of lipidoses in general suffers from
overclassification. Most authors classify their cases of lipidoses in accordance
with the predominant abnormal metabolite stored within the affected cells.
Uzmax (1958) called attention to the fact that beside the change in the amount of
the lipid which is considered to be specifically deranged in lipidoses, the amounts
of other lipidic constituents are often also abnormal within the affected cells.
The question, therefore, arises whether classification of amaurotic idiocy cases
(and of other lipidoses) in accordance with the nature and the amount of the
product mainly deposited is justified. If this is done, at least 8 variants of amau-
rotic idiocy will have to be recognized, and more will probably appear when more
cases will be studied by modern chemical and histochemical methods. In the
writer’s opinion, therefore, amaurotic idiocy should be considered for the time
being as a clinical and morphological syndrome, which might represent different
metabolic derangements. The question of the homogeneity or heterogeneity of
amaurotic idiocy will be answered satisfactorily only after further pathogenetic
studies will elucidate the nature of the responsible enzymatic derangements.

Summary

A case of familial amaurotic idiocy in a child which died at the age of two
and one half years is described. The pathological findings in the brain were
typical for the disease. Histochemical examination revealed that the substance
stored in the neurones was a mixture containing mainly a neutral glycolipid and
cholesterol. The findings in this case, taken together with other reports in the
literature indicate that the composition of the substance stored in various cases
of amaurotic idiocy may vary to a great extent.

The possibility is envisaged that amaurotic idiocy might be a syndrome which
is due to different metabolic derangements in the various cases.
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Zusammenfassung

Es wird ein Fall von amaurotischer Idiotie bei einem im Alter von 2!/, Jahren
verstorbenen Kinde beschrieben. Der pathologische Hirnbefund ist fiir diese
Krankheit charakteristisch. Histochemische Untersuchungen zeigen, daf die in
den Neuronen gespeicherte Substanz aus einem Gemisch von hauptsichlich
neutralen Glykolipiden und von Cholesterin besteht. Der Befund des beschriebenen
Falles, sowie die Befunde von einigen Fillen der Literatur weisen darauf hin,
daB die Zusammensetzung des gespeicherten Materials in den einzelnen Fillen
dieser Erkrankung nicht gleichartig sein muf.

Die Moglichkeit wird erwogen, dall die amaurotische Idiotie ein Syndrom ist,
das in der Vielfalt der Fille durch verschiedene metabolische Stérungen hervor-
gerufen wird.
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