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INTRODUCTION

Approaching the pathophysiology of so-called "extrapyramidal®
diseases is a delicate and heavy task, even moreso if one intends
to do this by morphological means.

There exists indeed in the field of "hasal ganglia disorders’
a chaotic nomenclature, an enormous divergence of opiniens about
morphological, biochemical and physiological function of the cen-—
tral grey nmuclei and vagueness about the origin of symptoms.

These problems are induced because different research disciplines

the same hrain areas but gave them other 'more functio-
nal' names and because experimental animal models were introduced
without stable comparative neuwrcanatomical data.

Before defining the present study cbjectives - namely counting
and sizing of + 100.000 nerve cells - (Chapter I-D), I would like
to make some remarks on the current technology (Chapter I-A), a
general conception about basal ganglia function based on patho—
logy, physiology and biochemistry (Chapter I-D) and the clinical
symptomatoloqy of some extrapyramidal dissases with proven or
suggested basal ganglia lesions (Chapter I-C).



Chapter |
THE BASAL GANGLIA

A. TERMINOLOGY

— In the human brain, basal ganglia mean to the neuroanatomist
the nucleus caudatus, putamen, claustrum and pallidum extermm
ard intermum; but in lower mammals there is only one pallidum,
while the 'functional' homologue of the internal pallidum is
known as Mucleus Entopeduncularis (Denny Brown, 1962; De Long,
1971). Some include also the Corpus Amygdaleum, connected to
Mucleus Accumbens by the stria terminalis.

The embryologist will dispute the grouping of those muclei as
'basal ganglia': the pallidal nucledi, indeed, emerge in embryo-
genesis from the diencephalon, while claustram, caudatum, puta—-
men and amygdaleus are telencephalic nuclei (Arlens-Kappers et
al., 1960; Richter, 1965).

The neurophysiclogiet suggests the thalamis to belong to the ba-
sal ganglia, for functional reasons: the meostriatum (putamen -
capdatum) projects to the ventral thalamus (via the pallidum)
Dormont et al., 1960; Kuo and Carpenter, 1973). But this is on—
ly one projection zone: also the subthalamis, hypothalamus and
mesencephalic nuclei (e.g. L. Niger) are known to be closely
connected to the basal ganglia. (Jung and Hassler, 1960;

Carpenter et al., 1968).

For the clinieian 'basal ganglia disorders' refer to syndromes

with pathological findings in one or several muclei in the

highly interrelated growp of nuclei at the base of the brain
tel

locus niger) (Vinken and Bruyn, 1968)

— Wilson (1912) introduced the term 'extrapyramidal motor dis-
ease' in contrast to 'pyramidal motor disease' while Jacob (1923)
introduced the name 'ertrapyramidal system', indicating what
Vogt C. and O. (1920) called the siriatal system: a system of
brain structures so intimately related with corpus striatum that
lesions in any part of the system evoke abnormal motor behavior
{caudatun - putamen - pallidum = nucleus ruber, subthalams,
niger, interstitialis and Darkschewitschi, and part of the tha-



lamus) .

In this concept, the extrapyramidal system is considered respon-
sible for the motor mechanisms, not depending on the pyramidal

system.
However, motor mechanisms cannot be delineated anatomically as
motor effects are obtained from the whole brain.

Thus the term 'extrapyramidal' is vague and points only conpen-
tionally to the motor syndromes consisting of fnvoluntary move—
mentas as chorea, tremor, athetosis and of rigidity. 'Pyramidal’
motor disease is then spastic paresis with hyperactive tendon
refleyes and so-called pyramidal signs (Babinski, loss of abdo-
minal reflexes).

— The 'ecorpus striatum' or "the sirigtwn’ in neurcanatomical li-
terature sometimes implies caudatum and putamen (also groupsd as
necstriatum) and pallidum externum and intermum (the phylogene—
tically older paleostriatum). Some authors refer also to the
Mucleus Amygdaleus as archistriatum.

The only descriptive name lentioular nucleuns, indicating putamen
+ pallidum, is rather abandoned in neurcanatomy but is still in
use in pathology e.g. 'hepato-lenticular degeneration'.

— The rostral part of the nucleus casdatus in man may have a ho—
mologous function like the much more developed Iimbie striatum
in lower mammals (Barbeau, 1973; Stevens, 1973). The limbic
striatum (nucleus accumbens, nucleus olfactorius and nucleus of
the stria terminalis) together with the septal maclei are fairly
voluminous in animals up to the primate but only minute in man.
It is possihle that the limbic striatum plays an important role
in the pathogenesis of psychotic symptoms (Stevens, 1973).

— The huge diencephalic relay mucleus in man, the thalaoms, is
still what its greek nomination suggests "a room without windows'.
This nucleus is changed considerably in phylogenesis (Gerebtzoff
et al., 1973). Experimental data therefore are only roughly at-
tributed to man. The most reliable facts are based on studies in
what is called "the ventrobasal complex' and the corpora geniou—
lata but for these regions great controversies still exist(Mehler,
1971) . The descriptive neurcanatomical subdivisions of the human
thalamis vary considerably: anglo—saxon authors are rather °lum—
pers' while German authors are the so—called 'splitters'. For
detailed discussion about thalamic nomenclature, I refer to the
results of the international Leuven-symposium 1963 (Dewulf, 1971).
Beyond doubt it may be said that there are 9 main formations
within the lhuman thalamis: the anterior formation, the lateral
formation, the medial formation, the posterior formation (pul-
vinar), the reticular formation (the external Hilelgebiete), the
intralaminar formation, the paraventricular formation, the geni-
culate formation and the epithalamic formation. Grosso modo



the lateral fommation corresponds to the 'specifie nuelei', the
anterior; medial and posterior formation to the "assooiative
nucelei' and the reticular and intralaminar formation (without
centrum mediamm) to the 'aspecific nuclel'.

B. BASAL GANGLIA FUNCTION

A specific function hardly can be assigned to any individual no-
cleus of the basal ganglia complex.

Indeed, information about functional properties should be gained
from anatomical studies (fibre connections), experiments (abla-
tion, stimilation), biochemical evaluation and elinico-patholo-
gical obsarvations.
Particular difficulties arise when applying these techniques to
the basal ganglia.

The deseriptioms of connections between muclei as derived from
fibre impregnation methods are variable and incomplete, due to
technical unreliability (Martin, 1970; Mettler, 1968).

Experimental studies in animals are faced primarly with the pro—
blem of whether or not those results can be attributed to man:
neurvanatomy and certainly clinical behavior in man is rather
specific. Purthermore, methodological problems render very con—
troversial results: lesions made in one of the basal ganglia will
interrupt also fibres to neighbouring structures; stimulation
studies are frequently performed in the anassthetized animal;
the electrodes must be truly placed in the target without damag-
ing other structures which may be obtained sterectactically, amd
the given stimilus (electrical-chemical) should be kept from
spreading to adjoining structures.

For all thess reasons, the findings are disputable.

The most relevant findings are cbtained by stereotactic stimila-
tion in man (Brown, 1968).

Bivchemical estimates of homogenates of certain brain areas give
valuable results. Some inconveniences, however, arise from the
fact that no true localization of substances can be assigned and
that many enzymes or transmitter substances wery quickly change
post-mortem.

Clintoo-pathological observations, by which so mach of our know-
ledge of brain function has been acquired, did not disclose a
great deal of basal ganglia mechanisms (Martin, 1971). The me-
thod indeed depends on the ocourrence of circumscribed lesicns,
and almost all the diseases having symptoms attributed to basal
ganglia function are diffuse pathological processes [Parkineon,
Chorea, ...). When focal lesions ocour, e.g. vascular lesions in



putamen or pallidum; tumours in thalamis, we do not recognize
many symptoms resulting from them. Moreover, as will be discus-
sed more extensively below (introduction C), the symptoms occour—
ring in basal ganglia diseases familiar to the clinician are of
'mositive' nature (tremor, imvoluntary movements, ...): they in-
volve an excess of activity: such symptoms hardly can arise from
destructive pathology. Pathological examination shows eventual-
ly destroyed structures, but it does not reveal which of the sur-

viving regicns are responsible for the 'positiwe' signs.

In spite of those difficulties, a vast literature about experi-
mental and clinico-pathological studies (Jung and Hassler, 1960;
Mettler, 1968; Ward, 1968; Laursen, 1963) offers ample evidence
that basal ganglia - together with cerebellum - have a primary
role in motor integration and thus in behavior integration. Be-
havior indeed will only be disclosed to the observer by means of
motor events (Ward Jr., 1968; Horridge, 1968).

While the cerebellum seems to be 'the ballistic clock', control-
ling rapid movements, the basal ganglia have an integrative role
in slow movement, posture, refley and automatic movements
(Fornhilber, 1971; 1974; De Long and Strick, 1974). The supraseq-
mental control of gamma muscular activity by the basal ganglia is
substantially documentsd (Ward, 1968; Hassler et al., 1960;
Hassler, 1972).

The sensory input will reach the necstriatum via the thalams di-
rectly (thalamostriatal fibres) or indirectly (thalamcortical
and corticostriatal fibres). Efferent striatal connections in-
fluence the motor cortex via pallidum and lateral thalamis., The
Integrated motor response passes to the spinal motoneuron via the

pyramidal tract.

On almost every level (spinal cord - thalamis - striatim - cor-
tex) interneuronal systems take part in the message processing in
an inhibitory or facilitatory fashion. The interneuronal system
with miltiple synaptic contacts, functioning in 'a go or hold'
manner according to critical lewvels, implies the possibility to
provide the most adequate response to the multiple stimuli ar=—
riving at the same time (Horridge, 1968). This mechanism ac-
counts for the species reflex activity and might explain scme
strange reactions to unexpected and thus strong stimili as in pa-
radoxcical hypermotricity (kinfsie paradoxale) in Parkinson pa-
tients.

The morphology of internewrons is still quite speculative. Only

in the spinal cord and the cerebellum the anatomy of proven inhi-
bitory interneurons is well established (Eccles, 1967). By ana-

loxgy, interneurons are described as "small neurons with multiple

amply branched dendrites' of the Golgi type II. Such cells are



very numercus in the neostriatum and the thalamas (Cajal, 1911,
1966; Dewulf, 1971).

Physiological studies showed that cells of these nucled are inhi-
bitory (Anderson et al., 1964; Eccles, 1966), but the identity of
these inhibitory cells and the Golgi type IT cells is not unequi-
vocally proven.

Moreover, inhibition or facilitation is bound to specific neurc—
transmitters. Acetylcholine, known for a long time as transmit-
ter substance in the peripheral nervous system, is also abundant—
ly present in the central nervous system but without definite
proof of transmitter function in the brain.

Since the first demonstration by the fluorescence technique of
Falck (1962) by the Swedish school (Carlsson et al., 1962;
Carlsson, 1959, 1966), catecholamines (dopamine - noradrenaline)
and later on indole-amines (serotonine) were suggested to be the
central nervous system newrotransmitters. Biochemical estima-

wicz, 1970) and developed the different hut interrelated pathways
of moncamine metabolism.

In several mammals the fluorescence technique provided morpholo-
gical description of dopaminergic (nigro-striatal, meso-limbic-

mesencephal o-NFE-anmmygdale
and tryptaminergic (ascending + descending) systems (Anden et al.,
1964, 1965, 1966; Dresse, 1967; Nobin and Bjtrklund, 1973;
Hikfelt, 1974).
Post—mortem examination of human brains by flucrescence is less

camplete.

The role of moncamines in neurctransmission within the C.N.S.
seems likely: in Parkinson disease, dopamine is drastically de-
creased (Fahn et al., 197]1; Hormykiewicz, 1966, 1971) and L-Dopa
administration produces clinical improvement; in psychosis, neu-
roleptics and antidepressive drugs bring about positive clinieal
change in behavior and interfere definitely with morncamine meta-
bolism (Carlsscn, 1964; Dress, 1967; Cooper et al., 1974).

However, several clinical symptoms in Parkinson disease and psy-
chosie are not substantially influenced by the contemporary
treatment. In psychosis and Huntington's Chorea, no significant
changes in momoamine brain levels have been demonstrated.

The almost exclusive enthusiasm for moncamines as putative C.N.5.
transmitter was gradually estended to other known and proven neu-
rotransmitters, extensively present in the C.N.5.: acetylcholine

and p-amincbutyric acid (GABA) (Wollemann, 1970; Godfraind, 1975;

Johnson, 1972).



GABA is a proven inhibitory synaptic transmitter (Curtis and
Watkina, 1960; Krnjevic, 1970; Anden and Stock, 1973) and is
fourd distributed within all basal ganglia in considerable amount
(Miller and Langemann, 1962; Fahn and Cot&, 1968). In Hunting-
ton's Chorea, glutamic acid decarboxylase (G.A.D.) (Bird et al.,
1973; Bird and Iversen, 1974) and y-aminobutyric acid (GABA)
{Perry et al., 1973) are decreased.

Experimental studies in animals showed that GhABA-antagonists (bi-
cuculline) instilled in certain regions of the basal ganglia can-
se a behavicr in animals comparable to psychotic states in man
(Stevens, 1974).

In Parkinegn patients GABA levels are decreased within the basal
ganglia (Lloyd and Hornykiewicz, 1973; Rirme et al., 1974).

There is some evidence of the existence of GARR-—ergic feed-back
systams, e.g. strionigral (Kim et al., 1971; Hattorl et al.,1973.

In contrast to the morphological localisation of catecholamines
made available by fluorescence, no such methed exists for GABA.
Immunoflucrescence might offer new possibilities (Saito et al.,
1974) .

Analogous to Parkinson disease — where destruction of locus niger
neurcns and decrease of dopamine was understood later on by the
demonstration of the nigro—striatal dopaminergic pathway - the
massive loss of neostriatal neurons, mostly Golgi type IT neurons
in Hmtington's Chorea amd the decrease of GABA in this disease
may also be correlated.

This coincides with the idea of inhibitory intermeurons as being
'small Golgi type II' cells.

Considering basal ganglia disorders as the results - at least

partially - of deficiencies in inhibitory systems is quite deduc-
tive: it corresponds with the physiclogical observations of basal
ganglia function, with the decrease of GABA in some diseases and

with the clinical observation of extrapyramidal syndromes.

C. CLINICAL SYMPTOMATOLOGY

As pointed out before, destructive lesions within the C.N.S. can-
not be accounted for positive symptoms (Martin, 1967). MNeverthe-
less, basal ganglia diseases are characterized to the neuropatho—
logist as presenting more or less ciroumscribed areas of destruc-—
tion within the brain, while to the clinician the positive or

productive symptomatology is quite specifie for each entity. MNe—
gative or deficiency symptoms, however, exist definitely in those
disorders but these are obscured by the productive signs (Denny-



Brown, 1968).

Deficiency eympioms are due to either a loss of function of an
active nervous structure or its efferents (primary negative symp—
toms) or they may result from a positive symptom (secondary nega-
tive symptom) .

Productive symptoms are 'release phencmena': due to the overacti-
vity of a nervous structure, released from the control of amother
structure.

In Parkinson disease and Huntingtom's Choren negative symptoms
are disorders of postural fixation, locomotion, wrightning,pho-
nation and articulation and akinesia (Denny-Brown, 1968) .
Belease symptoms, however, are much more pronounced. In Parkin-
son disease we find rigidity and tremor. In Huntington's Chorea
the involuntary choreic movements predominate but in certain
forms muscle tone is seriously influenced.

Those symptoms are the result of 'disinhibition' of certain brain
structures.

Catatonte schizophrenia - although no definite cerebral damage
has been shown = also presents a double symptomatology. There
are negative (autism, inactivity) and positive symptoms (halluci-
rations, catatonic bshavior). The schizophrenic syndrome can be
locked upon as resulting from loss of inhibition leaving the sub~
ject with a miltitude of stimuld which cannot be sufficiently in-
tegrated. The deficiency of an inhibitory system results in
thought and motor discrganization and inappropriate reactions.
Antism might be considered as the result of some defence-reaction
towards "the subjective disorganized world'. This concepticn
corresponds to some psychological and electrophysiological data
(Ballak, 1970; Stevens, 1973).

Summarizing, basal ganglia disorders (extrapyramidal syndromes,
striatal syndromes) are characterized by 'release phenomena': a
deficient inhibitory control system could be the basic element
in their pathogenesis.

D. OBJECTIVES OF THE PRESENT STUDY

Within the group of 'basal ganglia' in the human brain, the neo—
striatim amd the thalamus are distinguished from the other nuclei



While the "small neurons' in the neostriatum are well known in
classical neurcpatholoqy, the 'small neuwrons' (intermuncial cells
microneuroms) of the thalamis are very little known.

In view of the putative inhibitory role of these microneurons —
as described above -, detalled morphological amalysis of those
structures in extrapyramidal diseases seems of primary importance

In the present study, a quantitative evalugtion of the nerve cell
population of neostriatum and thalamus has been performed in
brains of nommal individuals and of those suffering from Hunting-
ton's Chorea, Parkinscn disease and catatonic schizophrenia,

In order to connect experimentally gained understanding of basal
ganglia function with human pathology, a quantitative study of
neostriatum in the rat and dog and of neostriatum and thalamus
in the monkey was carried out.



Chapter ||
MATERIALS AND METHOD

A. MATERIALS

1. Human Brains

a. Normals: 'normal brains' are brains from individuals whose
anamestic and autopsy records did not disclose any neurological

disease. 8 brains of adults, from 24 yrs to 99 yrs were selected
out.

Code Age Sex Cause of Death

Nl 24 yrs male stab wound

N2 30 yrs female road accident

N3 39 yrs male pleuritis-heart failure
N 4 41 yrs female uterusatonie

N5 47 yrs male myocardial infarction
NG 50 yrs male myocardial infarction
N7 62 yrs male gastric neoplasm

NB 99 yrs female pneumonia-heart failure

The brains N. and N6 were prepared in our laboratory 'Cellulaire
Studie van hgt Zemwstelsel' (K.U.L.); the brains Np, NZ' N4, Na
N7 and Ng were obtained by the C. and 0. Vogt Institut “~flir Hirn-
forschung (University of Diisseldorf; West-Germany).

b. Huntington's Chorea: 7 brains of patients with Huntington's
Chorea disease {choreic form) from the collection of the Labora-
tory for Neuropathology, University of Utrecht, The Netherlands,
were studied.

Brief clinical case reports will be given in the section on Hun-
tington's Chorea.



Code BAge Sex

CHl 44 female
CH2 47 female
CH3 58 female
CH 4 58 male
CH5 63 male
CH6 63 male

CH7 72 male

In these cases, the caudatum and the thalamus were studied. The
quantitative evaluation of the putamen in Huntington's Chorea was
performed on another series of brains and reported previocusly
(Dom et al., 1973).

@. Parkinson disease: 5 brains of patients with Parkinson disease,
2 postencephalitic and 3 idicpathic, were chosen from the collec-—
tion of the C. and 0. Vogt Institut fiir Hirnforschung. These
brains were part of the series of Parkinson brains studied by
Hassler in order to give his well-known description of the neurc—
pathology of Parkinson disease (Hassler, 1938). A brief clinical
case report follows in the section on Parkinson disease.

Code Age Sex Clinical Form
Pl 32 female postencephalitic
P2 46 male postencephalitic
P3 57 male idiopathic
P, 68 male idiopathic
P5 71 female idiopathic

d. Catatonie schizophreniq: 5 brains of schizophrenics were se-
lected from the collection of the C. and O. Vogt Institut flir
Hirmforschung. A brief clinical case report will ke drawn in the
section on catatonic schizophrenia.

These brains were cbtained in the era before neuroleptic treatment
was in use: no significant biclogical treatment was given to the
patients under consideration.

These cases attributed to the systematic neuropathological study
of schizophrenia performed and reported between 1950 and 1965 by
the school of Vogt (Hopf, 1959-1954; Baumer, 1954; Winfgeld, 1954:



Treff and Hempel, 1958, 1959, 1960, 1962).
Code Age Sex

Sl 24 male
26 female
53 29 female
S 42 female
s 44 female

2. Animals

a. Rat: adult white Wistar rats of + 250 g were studied. The
brains of the anaesthetized animals were fixed by perfusion with
formalin 4 % after Ringer-sclution via A. Carotis.

Cytometric evaluation in the neeostriatum was performed in normal
animals and in animals treated with neurcleptic drugs.

The detailed study design will be given in the chapter on expe-
rimental parkinsonism.

b. Dog: the brains of normal Beagles were studied.

The brains were fixed by perfusion with glutaraldehyde 3.5 % af-
ter Ringer—-solution via the left cardiac ventricle.

Quantitative measurements were obtained in the neostriatum of
Beagles at the age of 3 months, 6 months, 1 year, 2 years and

3 years.

e. Monkey: cytometric evaluation of neostriatum and thalamus was
obtained from 3 brains of adult Cercopithecus aethiops aethiops.
The brains were fixed in Formalin 4 % after decapitation.

The brain material, human and experimental, was embedded in pa-—
raffin and 20p serial sections were cut. The sections were
stained with Cresylviolet {Nissl-Stain).



B. METHOD
1. Technique

This study was performed with a cytametric technique originally
developed in our laboratory by Dewulf (1971).

Using an ccular micrometer, furnished with rows of circles gra-
dually increasing in diameter, each nerve cell was measured by
fitting a circle over the cell sco that it did not mask any part
of the cell border.

The area to be sized out, was drawn out with the aid of the stage
micrometer on the microscope. Points were indicated at random
on this schema. The microscope was then adjusted to these points
by means of the cobrdinates of these2mints on the scheme. By
each adjustment, a square of 0.07 mm” (= 1 unit) real tissue
could be studied with the magnification used (Leitz-microscope:

8 x1.25 x 45 = 450 x).

1) 103~-47
2) 100~49
3) 101.5-49.5
95 . 4} 103-50
5) 102-51.5
6) 101-52.5
7) 100-53.5
8) 101-54.5
9) 101-56
10) 100-57

At least 300 nerve cells were measured for a given nucleus in
each case.

The nerve cell population was then depicted in a percentage dis-
tribution curve {neurcnal formila), having in absciss the cell
diameter in micra and in ordinate the percentage amount of cells
per diameter.

To obtain the numerical nerve cell density (the mumber of cells
per mm3) the number of cells per unit (= 0.07 mm?) had to be mil-
tiplied by 710 because all sections studied were 0.02 mm thick
(20 micra sections) (0.07 x 0.02 x 710 = + 1mm3).

For each brain, a neurcnal formila was worked out in caudatum,
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putamen, thalamus anterior, thalamus lateralis, thalamis medialis
and in thalamis posterior.

In corder to obtain as comparable results as possible between se-
veral brains, nerve cell sizing was performed + at the same le—
vel within the different structures. This was made possible by
serial topometric macrophotographs every 2 mm throughout the
brain Ng, prepared according to the method described by Dewul f
et al. (1962),

With the belp of myelin preparations, the level to be worked out
for each human brain could be ascertained by referring to the ma-
crophotographs of Ng.

The levels chosen for each structure will be indicated in the
sections where normal neostriatum and thalamus cytometry will be
discussed.

2. Reliability of the technique

The application of quantitative techniques in histology, raises

doubts as to the reliability of this measurement technique.

There are several sources of error in the measurement of micros—

copic objects (Weibel and Helias, 1967). These errors may be ca-

tegorized under two major headings:

1) changes in the tissue during the various procedures of prepa-
ration (fixation, dehydration, embedding, cutting of sections)
{Bauchot, 1967)

2) errors of measurement proper.

1) The first group, changes in tissue, is difficult to correct
but for the present study, attention was paid to minimize those
changes as much as possible: most of the human brains were ob-
tained from the same laboratory using the same procedure of pre—
paration for many years.

For the normal brains N, Ny, N3, Ny and Ny, the shrinkage fac-
tor was defined in the C. and O. Vogt Institut flir Hirnforschung
(Lange and Thirner, 1974}: a) on the basis of fresh brain weight
and volume of the cerebral hemispheres calculated from serial
sections. If one knows that B8 2 of brain weight is accounted
for by the cerebral hemisphere and that the specific weight of
brain substance (white + grey matter) is 1.0365, then the
shrinkage factor is:

Sp. = brain weight x 0.88 : 1.0365
17 hemisphere volume

b} on the khasis of linear dimensions
{brain length, width, height) in formalin 4 % and on the sections
after preparation:

_ length x width x heigth in formalin
2 length x width x heigth after preparation




The slrinkage factor is then:
SF. + SF

2

The values cobtained are: Nl 2.00

N2 1.75
N3 1.70
N‘,1 1.85
N? 1.85

The difference is thus very small, proving that the influence of
Preparation procedures is fairly equal for all brains. This will
be demonstrated below in the values of numerical densities ob-
tained.

2) The errors due to measurement proper can be reduced by taking
some precautions.

Fragmentation of nerve cells by cutting secticns can result in
sizing the same cell on two sections. The larger the cell and
the thinner the section, the greater the error due to fragmenta-—
tion (Abercrombie, 1946; Koningsmark et al., 1969). This error
can be corrected by measuring only those cells which have a nu~-
cleolus within the nucleus.

Measuring nerve cells by defining 'length' and 'width' induces
subjectivity because the boundary between cell body and dendrites
or axon is an arbitrary one. The same difficulty applies to the
'Treffer method' of Haug (1958): are treffer points on nerve cell
dendrites or glial branches ?

Cur method of circles rules out subjectivity: all nerve cells
with a nucleclus were measured throughout the field.

There is only one disadvantage: this method does not characterize
the shape of the cell.

In order to evaluate the impact of the inconveniences of neuronal
degeneration, a preliminary study on 600 cells in the neostriatum
of one case of Huntington's Chorea was performed to compare the
results obtained by the circle method and by careful selection of
the two cell axes and indication of the cell shape. As published
previously the very high correlation between the two methods was
statistically proven {Dom et al., 1973).

With the present study, this correlation between the two methods
will be shown again: some of our material was worked out before
by other authors with the technique of measuring the two main cell
axes. The results they obtained coincide much with ocur findings.
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Chapter lii
NORMAL HUMAN NEOSTRIATUM

Censidering the caudatum and putamen together in neurcanatomy and
pathology depends upon the facts that 1) their embryclogic origin
is from continuous territory: the division is made up only by
projection fibres and the relative volume of each varies from
species to species in a way that the putaminal volume increases
at the expanse of caudatum as one ascends the phylogenetic scale
(Harmann and Carpenter, 1950);

2) their cytological compo-
sition and conmnections appear similar.

A. THE CYTOLOGY OF THE STRIATUM

The cytology of the striatum has been described by a considerable
nurber of authors (Ramdn Cajal, = 1911; Foix and Nicolesco,
1925; Hunt, 1933; Narmba, 1957; Mettler, 1968). In Nissl stain,
two distinct nerve cell types are quite obvious: small and middle
sized neurons, mostly round, triangular or oval in shape, and
large cells, oval, pyramidal or stellate in shape.
In the smaller population, the chromatic substance is granular
and evenly distributed throughout the cytoplasm, while the larger
neurons have more coarse 'nissl'-chromatin bodies (Photo 1).
In Golgi preparations, the large cells exhibit fewer slender
rather smooth dendrites; their axons are tortuated, sparsely
branched and difficult to follow (Golgi type I). The smaller
neurcns show mumerous stout, irreqular and frequently branched
dendrites with many short spines, giving them a hrush-like ap-
pearance; the axon is amcoth but widely branched and distributed
(Golgi type IT). Some authors (Cajal, 1911; Namba, 1957) still
divide up the smaller neurcon population in two distinct types on
the basis of size and Golgi appearance: the small ‘'cellules pe-
tités a cylindre-axe court' (Cajal) [alpha cells (Namba) and
medium-sized 'cellules moyennes 3 cylindre-axe court' (Cajal)
[beta cells (Namba)].
Recent researchworkers support this view: Rafols (1974) describes
in the primate neostriatum two types of Golgi type II cells by
means of Golgi-stains and electron microscopy. According to his
findings the two types of cells might even contain different neu—
rotransmitter substances.



PHOTO I: Muman neosiriatum. Microneurons indieated by arvow.
Nissl stain. Magnification 500 =.
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B. QUANTITATIVE CYTOMETRIC VALUES

Quantitative cytometric data of the normal neostriatum are avai-
lable since the description of Foix and Nicolesco (1925): the ra-
tio large-small neurcns was estimated 1-20, a value also quoted
by Peele (1961); but those authors do not give any reference to
the method used.

Dunlap (1927) made semi—quantitative evaluations of caudatum and
putamen; in 6 micron sections, he counted the amount of cells per
field (+ 0.24 m2) and obtained thus 70 neurons per field for
cauwdatum and 60 neurcons per field for putamen. He made no dis-
tinction between the two nerve cell types. The same lack of dig-
tinction can be ascribed to the values given by Carmann (1966).

Namba (1957) gives results for one human brain: the ratio large-
small neurcons in neostriatum is between 1:53 and 1:125. His
method, however, is biased towards an overestimation of large
Neurons.

Treff (1964) reported the following values: 35.000 small neurons
per mu3 and 690 large cells per mm3, and ratio large-small 1:52.
Although he does not give a full description of his method, it is
apparent that he counted all neurons with nucleus without consi-
dering the nucleolus, which necessarily implies the error of
counting only cell fractions {see chapter IT).

Tabuchi (1969) made counts in 5 normal brains between the ages of
20 and 45. His method of counting and sizing is not reported.
The results obtained were: 29.200/nm3 for small neurons, llo/mn3
large neurons and large-small ratio 1:270. The mean size of
gamall neurons is 13.9ux in length and 11ux in width.

Schréider (1970), Lange and Thirner (1974) made an extensive quan-—
titative analysis in a series of normal brains. They report in
detail the methods used and the corrections to be considered in
cytometric studies. They obtained the following values: numepi-
cal density for small neurons 21.644/mn’ in man and 23.540/mm” in
woman, for large neurcns 132/mm3 in man and 126/mm? in woman;
ratic large-small is 1:175 for the total group. The cell size
for the small population is given by the average nucleus diameter
8.6 micron.

Bgttcher (1975) reported in the human neostriatum a neuron densi-
ty of + 19.500/m>, a large-small ratio 1:60 and an average nu-
cleus diameter of 8.02 micron.
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C. PERSONAL CYTOMETRIC STUDY OF THE NORMAL NEOSTRIATUM

The caudatum and the putamen were studied in 8 normal brains
(N, — N, ):
1 8

5 males: Ny {24 yrs), Ny (39 yrs}, Ng (47 yrs), Ng (50 yrs) and
Ny (62 yrs}) and 3 females: N, (30 yrs}, Ny (42 yrs) and Ng {99yrs).

1. Regional differences in cytometric values within
the negstriatum

As caudatum and putamen are very huge nuclei it seemed worthwile
to study initially one brain at different levels throughout the
whole nucleus in order to check eventual regional differences.

Therefore, in brain Ng the neuronal population of the left cau-
datum was evaluated every 4 mm (6 levels) and of the left putamen
every 2 mm (6 levels). Level 1 of the caudatum and the putamen
corresponds to the vertico-transversal section through the middle
third of the commissura anterior. ILevel 6 of the caudatum cor-
responds to the vertico-transversal section through the commis-
sura postericr, and of the putamen to the section through the ma-
ximal development of the locus niger.

The neuronal formula for the small neurcn population for caudatum
at different levels is depicted in plate I, for putamen in
plate II.

" The results obtained for mumerical densities (rurber per rrm3 } of
small (micro) and large (macro) neurons, large-small ratio (L:S)
and average diameter of microneurons {@ in micra) is summarized
in the following schemes:

Coaudatum

Level 1 2 3 4 5 6

macro 135 206 71 135 71 71

micro 21.584 23.160 22.010 21.243 21.108 17.956

L N S S L L
s 1s7.5 113 321 155 = 308 262
@

10.07 9.77 9.88 9.71 9.21 9.63
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Putamen

Level 1 2 3 4 5 5

macro 135 135 277 135 71 206

micro  23.84% 22.273 20.973 19.880 17.473 18.297

NUMERICAL
DENSTITY

L 1 S 1 1
174 162.5 76.5 145 255 89

w | wie

9.63 9.26 .88 9.13 9.01 8.83

From those values, it is apparent that the mumerical microneuron
densities are quite uniform throughout the nuclei, except for the
most caudal regions (levels 5 and 6): this is easily understocd
by the fact that caudally-especially in the putamen- there are
more fibre bundles passing through.

Concerning the average diameter and distribution of the micro-
neuron population, the following remarks should be made:

1) The small newrons are scmewhat larger in the caudatum than
in the putamen.

2) The small neurons tend te decrease in size from rostral to
caudal regions in putamen as well as in caudatum.

3) Statistical analysis by Kolmogorov-Smirnov test of the dig-
tribution at different levels discloses that the rostral and cau-
dal levels are significantly different.

Plate III gives the cumilative frequency distribution at diffe-
rent. levels from rostral (L;} to caudal (Ly) within caudatum and
putamen: the more caudal, smaller the microneurons. The full
black line depicts the average for I + Lj, the dash-line the
average for Lg + Lg.

Based on these results, it was concluded that in the different
brains cnly the middle third of the caudatum ard putamen (regions
correspording to the levels I3 and Lg) needed to be used for cy-
tometric analysis in order to cobtain as caomparable results as
possible.
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2. Cytometric differences in the neostriatum between
feft and right hemisphere

In the studies up tO now, no mention has been made of differen—
ces in cytometric characteristics between left and right hemi-
sphere. BAs our study for all brains was performed in the left
{(daminant} hemisphere, one might wonder whether the same values
are applicable to the other hemisphere. In view of this ques-
tion, in brain Ng {50 yrs) counting and sizing of the neuron po-
pulation in caudatum and putamen was obtained bilaterally at the
same levels (middle third}.

The next table summarizes the mmerical values:

Caudatum
Numerical Density L @
macro micro 5 Average
Left 142 20,954 k=  9.41
) 147 )
Right  Ia2 21.371 T%-a 8.48
Putamen
Nurerical Density L 4]
MACro micro s Average
Left 213 20.954 53 8.19
. 1
Right 213 2]1.584 iTe%) 8.48

The cobvious high correlation hetween the two hemispheres agrees
quite well with volume estimations of the neostriatum in man:
these also have shown that there is no difference between left
and right hemispheres (+ 10 ar® in man; + 9 amd in woman) (Orthner
and Serdler, 1969, 1975) (Lange and Thirner, 1974).
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3. Cytometric evaluation of neostriatum at different ages

Neurocytometric counts in the middle third of left caudatum and
putamen in the normal brains of different age groups were per-
formed.

The percentage distribution of microneuron populations is shown
in plate IV (caudatum) and plate V (putamen) .

The evolution with age is visualized on plate VI by the cumlati-
ve frequency distributicns drawn on probability paper for the

8 brains. It is clear that there exists a progressive decrease
in diameter of microneurcns with increasing age.

Kolmogorov-8mirnov analysis shows significant difference in size
distribution between younger and older brains. Up to the age of
45 the distribution patterns are rather similar. The same ap-
plies for the group above 45 years, with exception of Ng. Ave~
raging the whole group in order to compare with results obtained
in pathological material implies thus seriocus disadvantage.

As will ke seen later on, the schizophrenic brains studied are all
in the 20 to 45 age group, while all the choreic brains and all
but one of the Parkinson brains in our study fall in the age
group above 45 vrs.,

Therefore, it seems logical to group together from our material
the results of Ny (24 yrs), Ny (30 yrs), Ny (3% yrs) and N

{42 yrs) (young normals: 20-45 yrs) and of Ny (47 yrs), Ng ?SOyrs)
arnd Ny (62 yrs) (0ld normals: 46-65 yrs), The brain Ng {99 yrs)
will be excluded from the comparison group because in the patho-
logical cases (Parkinson - Chorea) there is no brain from a pa-
tient older than 72 years.

On plate VI, the average distributicn for both age groups in both
structures is drawn out:; full black line for the brains Ny — Ny
(20-45 yrs), dash-line for Ng —N7 (45-65 yrs).

For the normal brains 20-45 yrs,the rumerical values obtained are
summarized in.the next tables: numerical densities (amount per
mm3) for micro- and macroneurons, the L/S ratio (ratio macro/mi-
cro neurons) and the average diameter in microc for the microneu-—
Tons.
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Caudatum

Nurerical Density L  Average @
macro micro s in micra
N, 270 22,663 gz 10.78
N, 57 20.696 = 10.63
N, 142 21.371 s 9.9
N, 57 23.153  o3x  10.08
AVERAGE 132 21,971 1= 10.38
Putomen
Numerical Density L  Average @
mMacro micro s in micra
N 163 19.953 Iy 9.47
N, 220 21.193 &5 9.10
N, 220 23.075 == 8.80
N, 220 23.756 =5 9.19
AVERAGE 206 21.894 -1 9.13

[
[
-]
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For the normal brains 45-65 yrs the values obtained are shown
in the following tables:

Coadatum
Numerical Density L Average @
macro micro s in micra
N 139 22.585 gz 9.76
Ng 142 20.945 14= 9.41
N 64 25.106 s 9.16
AVERAGE 115 22.878 = 9.43
Putamen
Numerical Bensity L Average @
macro micro 5] in micra
N 206 20.427 g5 9.01
N 213 20.954 35 8.48
N, 142 26.412 - 8.67
AVERAGE 187 22,597 ar  8.72

- The numerical densities and the L/S ratio are not significantly
different between the two age groups. There exists, however, a
definite decrease in microneurcn diameter with increasing age, as
was already evident by the distribution curves.

- In both age groups, there are significant differences between
putamen and caudatum:
a) The macroneuron density seems + 62 % higher in the putamen
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than in the caudatum.
As the microneuron population is identical, the I/S ratio
in the caudatum is lower than in the putamen,

b) The average microneuron diameter is + 10 % smaller in the
putamen than in the caudatum. -

These differences are not mentioned in previous cytometric stu-
dies of the striatum and might explain some discrepancies in re—
sults between the most recent publications {(e.g. L/S ratio 1/270
by Tabuchi (1969}, 1/52 by Treff (1964), 1/175 by Schrider (1970)
Lange arnd Th&rner {1974}, 1/60 by Bgttcher (1975).

The results obtained by the coworkers of Hopf (Schrider, Lange
and Thirner), with other technigques, correspond with our results,
if one does not make the distinction between age groups or be-
tween caudatum and putamen: our overall values compared to those
of the Hopf-school are given below:

microneuron—- macroneuron— L/S ratio average @

density density microneurons
Hopf 22,590 129 1/175 8.62 micra
{nucleus)
Present  22.635 160 1/162 9.43 micra
study (nucleus)

This close correlation is the more interesting because most of
the brains in our study were part of the brain material used by
Lange and coworkers, but the latter authors used a different
quantitative technique.

It seems important to discern caudatum and putamen in cytometric
studies and to choose comparable age groups in neuropathological
studies, because these morphological differences may correspond
to some functional differences between putamen and caudatum,
cited in the literature (Szabo, 1962; Ward, 1968; Laursen, 1963)
and neuropathological study could reveal damage to one of either
structures gpecifically.

4. Concluding summary from this study of the normal neostriatum

1. The numerical neuron densities {macro— and microneurons) are
rather uniform throughout putamen and caudatum: + 22.000 mi-
CIoneurons per md in putamen and caudatum; + 125 macroneurons
per me? in caudatum; + 195 macroneurons per md in putamen.
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The average diameter of microneurons decreases slightly from
rostral to caudal both in putamen and caudatum: in caudatim
from 10.07 o 9.63 micra; in putamen from 9.63 to 8.83 micra.

There is no difference in numerical densities, L/S ratio and
average diameter between left and right hemisphere,

The I./S ratic is smaller in caudatum ({1:210) than in putamen
{1:115) because the macroneuron density is lower in caudatum
than in putamen.

The average microneuron diameter is + 10 % gmaller in the pu-
tamen (+ 8.92 micra) than in the caudatum (+ 9.9 micra).

With increasing age (24 to 99 yrs), there is no difference in
caudatam and putamen for numerical densities (micro- and ma—
croneurcns) nor L:S ratio. There is, however, a gradual de—
crease of average diameter of microneurcons with increasing
age. Therefore, plate VII gives the average percentual dis-
tribution of Golgi type IT micronewrons in caudatim and puta=-
men for two age groups: adults 20-45 yrs and adults 45-65 yrs.
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Chapter 1V
NORMAL HUMAN THALAMUS

The thalamus in the human brain is a large diencephalic nucleus
cormposed of several subgroups (formations of muclei).

It is out of the scope of the present study to give a review of
the vast literature about the cytoarchitectonics and functional
organization of different thalamic regions: in that respect, some
major studies can be consulted (Vogt: Thalamusstudien I-IIT,
1941; Dekaban, 1953, 1954; Feremutsch and Simma, 1954, 1955;
Hassler, 1959; Hopf, 1965; Hassler and Stephan, 1966; Dewulf,
1971; Van Biren and BSrke, 1972; Gerebtzoff et al., 1973).

In view of the present study objectives, two subjects will be
discussed more amply: 1) Thalamic microneurcns
2) Quantitative evaluation of the thalams
and its neuron population.

A. THALAMIC MICRONEURONS
1. Literature review

Almost all thalamic nuclei harbour two types of nerve cells:
in a descriptive way, they may be called macro- and microneurons.

von Monakcow (1895) first mentioned the presence of 'Schaltzellen’
in the human thalamis. The 'petits neurones 3 cylindre-axe
court' of Cajal (1911) are apparently the homologues of the mi—
croneurons. Lemieux {1953) mentioned that the 'small internun~
cial thalamic nerve cells' were load up with fat substance in a
case of amaurctic idiocy.

Powell (1%52), Waddy and Mclardy (1956) and Mclardy (1963) spoke
about thalamic 'microneurons' surviving after cortical ablation

and the latter even gave a quantitative estimation amonst diffe-
rent thalamic formations: 1 to 6 in the lateral nucleus, 1 to 3

in anterior and medial nuclei.
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Hassler (1959) called the small thalamic neurons 'internuncial
cells'; in addition to the characteristic appearance of those
cells in Nissl stain, he gave for all thalamic subdivisions the
adjective 'few, many, very numerous' according to the prevalence
in microscopic examination.

Scheibel and Scheibel (1966) showed with the Golgi technique the
presence of Golgi type II cells in the ventrobasal complex of the
thalamis and in the centrum mediamim.

With Golgi technique and electron microscopy, Témbol {(1967) des-
cribed 'short neurons' in the specific thalamic nuclei of the
cat. Studying the synaptic architecture of the medial geniculate
body in the monkey, Majorossy et al. (1968) reported 17 % of mi-
croneurcns present.

Dewulf et al. (1969-1971) performed a systematic quantitative
evaluation of the neurcn population in most nuclei of one human
thalamus. The typical morphological appearance of microneurons
in Nissl stained sections was stressed. Moreover, it was shown
that the amount of microneurcns (internuncial cells) varies
among nuclei from 5 % of the total neuron population (N. Genic.
lat.) to more than 50 % of the total population (N. Medialis).
Detailed results are reported in the topometric atlas of human
thalamis edited by Dewulf {1971).

Ralston and Herman (1969) described the fine morphology of the
ventrobasal thalamis in the cat: they found 20 % of Golgi type IT
microneurons.

Martin (1970} insisted upon the meaning of microneurons in the
centrum mediamm in different abictrophies, while Varella (1%969)
studied some intralaminar thalamic nuclei in relaticn to his eva—
luation of 'the reticular system of the brain'.

Mathers (1972) reported 30 % of microneurons in the pulvinar of
the Squirrel monkey.

Dan and Dewalf (1969) and Dom (1973} differentiated by means of
serial quantitative analysis in the N. Dorsalis Superficialis
Thalami (N. Lateralis Dorsalis), two parts: a dorsomedial part
having 40 % of microneurons and a ventrolateral part having 25 %
of microneurcns. In animals up to the primate, there are indeed
two subdivided parts in this nucleus. In man, it was shown that
the N. Dors. Superf. did have projections to the limbic cortex,
besides projections to the parietal and temporal cortex (Yakowlev
et al., 1966). Dom {1973) proposed the dorsomedial part of the
nucleus to be responsible for the limbic projections because the
N. Anterior - known to be part of the limbic system — has evenso
35 % of microneurons. .

This was confirmed by Mikol and Brion (1975) by pathological and
experimental stuodies.
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Somaggl et al. (1973) cited 20 % of Golgi type II neurons in the
anterodorsal thalamic nucleus of the cat. In the lateral geni-
culate body of the monkey, Le Vay (1971) found 10 % of micro-
neurons .

In their extensive atlas of the thalamis, von Bliren and Bbrke
(1972) do not distinguish between micro— and macroneurons, but
the cytometric graphs show nicely the differential prevalence of
neurons with a diameter of + 10 micron among thalamic nuclei.
Gerebtzoff et al. (1973) made an excellent review of the struc-
tural, functional and cytochemical organization of the manmalian
thalamus: they insist upon the consistency of findings concerning
the thalamic microneuron population in spite of using different
techniques (Golgi ~ Nissl stain — electron microscopy). Those
authors state that the most complex study in man by Dewulf and
collaborators has never been contradicted by the results of
others. Martin {1974} reported that the thalamic microneurons
seemed to be spared selectively in Wernicke's encephalography.

Dom et al. (1976) showed that there exists a selective loss of
microneurons within the ventrolateral thalamis in Huntington's
Chorea. The possible relationship with GABA deficiency was dis-
cussed.

2, Morphology

In N¥igsl gtain, the small neurons have a characteristic apvearan—
ce. Their size is much closer to glial cells than to macroneu-—
rons {Photo 2a). The shape is mostly triangular, sometimes oval
or even bipolar.

They have a round, rather dense nucleus. The micleolus may be
prasent but is sometimes 'drawn out by two semi-lunar shaped
chrematin block' as described by Hassler (1959).

Their ‘honeycombed’ cytoplasm is fairly reduced in volume, mostly
without well identified granular chromatin blocks: the Nissl
substance is evenly distributed throughout. The cell branches
tortuated with hooky spines or secondary branches sometimes may
be followed a fair distance towards the contact zone with macro—
neurons {Photo 2b,c).

The microneurons are present throughout the whole nucleus but in
N. Anterior and N. Medialis, they tend to form small clusters of
3 to 5 neurons; this phencmencn is not apparent in the lateral
or the posterior nuclei.

In Golgi-studies (TOmbol, 1967; Scheibel and Scheibel, 1966;
Somogyi et al., 1973), the cell body of the small neurons is
spheroid or ovoid in shape with few (2-4) main dendrites. The
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course of the dendrites is slightly wavy having irregular bran-
ches and rather long spine-like processes terminating in spheric—
al thickenings. &t the apical parts of the dendrites the proces—
ses become more murerous and larger giving a bushy appearance.
The dendrites of the Golgi type II cells are considerably longer
(250-4C0 u) than those of thalamccortical relay neurons (200 u),
The axon is thin, smooth and immediately arborizes profusely in
the neighbourhood of the cell.

Electron microscopical description is rather limited (Témbol,
1967; Pappas et al., 1966; Mathers, 1972): the small cell type
has a dense plasma structure, with irregular endoplasmic cisterns
and large, light, sparsely cristated mitochordria.

No specific synaptic relations to macroneurcns are show as yet.

3. Role of thalamic microneurons

The small neurons of the thalamus, having specific morphological
characteristics, behave differently from the 'relay' macroneu-
Tons.

It is stressed that the small neurons persist after cortical ab-
lation. Therefore, together with the Geolgi description of being
short axened, they are currently viewed as 'internuncial cells',
'Schaltzellen', 'interneurons'. Some workers have somwe reserva-—
tions about this view because in certain instances, there is a
degeneration in animals after long-standing cortical ablation
(Hassler, 1964} and because no short axeoned cells were observed
with Golgi technicque in the thalamic reticular nucleus {(Scheibel,
1966} .

This controversy can be explained by the following facts:

1) thalamic Golgi type II cells are found in man, primates and
carnivores {cat-dog) but not in small rodents (rat-mice). More—
ower, the amount in the associative thalamic nuclei of the dog
is mich lower than in primates and man (personal observation).

2) in some thalamic nuclei e.g. the N. Reticularis, the micro-
neurons make out only 10 to 15 % of the total newrcon population
(Dewulf et al., 1969).

Indeed, the prevalence rate amongst different thalamic nuclei in
man is well systematized: aspecific nuclei + 15 %, specific nu-
clei + 25 % (except C. Genicul. Lat. 5 %) and associative nuclei
+ 35-45 % (Dewulf et al., 1969-1971). Almost the same distribu-
tion is found in the monkey (Pom, present study, chapter VIII).



b I

In pathology, the microneurons sometimes react in distinct oppo-
sition to the macroneurons: some diseases seem to spare selecti~
vely microneurons {Gayet-Wernicke disease, Martin, 1974) while
other disorders attack them preferentially (Huntington's Chorea:
Dom et al., 1976).

Electrophysioclogical studies of the thalamus (Andersen and Eccles,
1962; Andersen and Sears, 1964) demonstrated cells having a pre-
and postsynaptic inhibitory action. Eccles (1966) deronstrated
that in the ventrobasal thalamus 24 $ of the total neuron popu-
lation has 'inhibitory' characteristics, It might ke stressed
that in the ventrobasal thalamis, we found 25 % of microneurons.

Surmarizing, the microneurons seem to be 'interneurcvns', having
a fundamental role in integration of higher nervous functions.
Their inhibitory action still is to be proven,

B. QUANTITATIVE EVALUATION OF THE THALAMIC NEURON POPULATION

The variation in size of the global thalamus and of thalamic nu-
clei among normal brains has been reported in most stereotactic
atlasses of the brain (Talairach et al., 1957; Schaltenbrand and
Balley, 1959; von Biren and Bdrke, 1972).

Detailed volumetric analysis of thalamic nuclei in different mam—
mals was presented by Hopf (1964-1965),

Cytometric studies of the thalamic neuron population, however,

is rather scarce. _

The quantitative studies carried out by the Vogt school around
1350 comparing thalamus in normal brains and schizophrenics are
well known (Treff and Hempel, 1955, 1958, 1959, 1962; Funfgeld,
1954; Biumer, 1954; von Buttlar-Brentano, 1954). These studies
gave only numerical values without cytometry and were hiased to-
wards subjective interpretatitn as will be discussed in the chap-
ter on schizophrenia (chapter VII}.

von Biiren and Birke (1972) made cytometric studies in different
human thalamic nuclei but did not distinguish between micro- and
MACTONeurons.

Systematic cytometric evaluation of one normal human thalamas has
been performed by Dewulf and collaborators (Dewulf et al., 1969-
1971; Dom et al., 1969-1973~1975; Martin, 1970; Varela, 1969).
Those results for one brain had to be extended to several cases.

In the present study, the evaluation of the thalamic population
of 5 normal human brains of different ages is shown. The thala-
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mus of three adult rmonkeys was also analysed in view of experi-
mental studies; the values obtained in the monkey will be report-—
ed in chapter VIII.

C. PERSCNAL CYTOMETRIC STUDY OF THE NORMAL HUMAN THALAMUS

The thalamus is studied in the cases Ny (24 yrs), Ny (30 yrs),
N (42 yrs), Ng (47 yrs) and Ny (62 yrs); N, Ng and Ny are male;
Ny and Ny female.

The main purposes of the study are: 1) confirmation in several
normal adult brains of different age groups the incidence of
microneurons among thalamic regions with eventual age variability

2) to cbhtain reference va-
lues for the study of basal ganglia disorders.

1. Methodelogical remarks

The study of almost all individual nuclei of one thalamus - per-
formed by Dewulf and collaborators — tock several years for 6 re-
searchworkers. It would be almost unfeasible to repeat this for
a series of normal and pathological brains.

As the obtained results of the study mentioned showed that the
percentage of microndurons for the subnuclei of a given thalamic
formation was uniform (e.g. lateral group 25 %, anterior 30~35 &,
medial 40-45 %, posterior 35-40 %, intralaminar, reticular, pa-
ramedian + 15 %) and because the aim of the present study pri-
marily is concerned with microneuron incidence, it was decided
to perform cytometric counts for all brains {normal + patholo-
gical) in one main nucleus of the four best delineated thalamic
formations: anterior, medial, lateral and posterior.

For the Formatio Anterior, counting and sizing was performed in
the middle third of the Nucleus Antero principalis.

For the Formatio Medialis, the middle third of the tucleus Medio-
caudalis was chosen,

For the Formatio Posterior, the middle third of the Nucleus Pul-
vinaris medialis was studied.

For the huge Formatio Lateralis, counts of dorsal and ventral re-
gions were assembled in the Mucleus Dorsalis Intermedius and the
Nucleus Ventralis Qralis,

- Within every single region for each brain at least 300 nerve
cells were sized. Sampling was done as described in chapter I1:
drawing out the region and adjusting the microscope to random
points on the scheme.
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2. Comparison of left and right hemisphere

In 211 cases the left hemisphere was evaluated and it seemed
worthwile to check eventual discrepancies between left and right
thalarus.

In this way, for one case (Ng) bilateral counting and sizing was
performed.
The next table shows the numerical values.

NUMERICAL DENSTTY AVERAGE @& % MICRD
in micra
macro micro macro micro

Thalamus Anterior  — — — = = = = = = = = « = - - — — — = - - -

Thalamus Medialis @ — = = = = = = = = = = - - — - — - — = = -

Thalamus Lateralis = = = — = = = — = = = « - - — — - - - - w .

Thalamus Posterior - - - — — — - = — = — = = - - - = — - - - -

From those data, it is apparent that there is no significant dif-
ference in numerical densities; thus also the percentage of mi-
croneurcns is quite comparable,

The average diameter of microneurons and the distribution are +
equal bilaterally. -
The only difference noted is visualized in plate VIII displaying
cumlative frequency distributions of macroneurons with statis—
tical analysis by Kolmogorov—Smirmov test: the macroneurons in
the left hemisphere are always slightly larger than on the right
side, ewxcept for the thalamus lateralis.

3. Evolution with age in the adult human thalamus

As will be shown by the tables and the plates bhelow, there are omr
ly slight changes due to age in the cytometric values obtained.
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The minimal tendency towards decrease of diameter with increasing
age is miuch less cbvicus than in the striatum.

However, in view of forming age groups as camparable as possible
with our pathological material, an average distribution was cal-
culculated for the brains from 20 yrs to 45 yrs {(to be compared
with the schizophrenics) and for the brains from 40 vrs to 65 yrs
(to be compared with Parkinson and Huntington brains). In this
way, the brain N; (42 yrs) was examined in both groups.

a. Thalame Antertor

Plate IX shows the percentage distribution for all cases and the
average distribution for both age groups.

The next tables give the results of mumerical densities (nure—
ber/m3), average @ in micra and the percentage of microneurons.

TH.A. NUMERTCAL DENSITY AVERAGE § % MICRO
20yrs—40yrs macro micro maEcYe micro

Ny 6.177 3.522 17.36 B8.44 36.30

N2 6.792 4.260 18.08 9.14 38.54

N, 6.866 3.145 17.26 8.72 31.44
AVERAGE 6.612 3.642 17.57 8.79 35.54

TH.A, NUMERICAL DENSITY  AVERAGE ¢ % MICRO
40yrs—65yrs  macro micro macre  micro

Ny 6.866 3.145 17.26  8.73 31.44

N5 6.930 3.614 17.34 8.23 34.29

N7 7.100 3.216 17.80 8.32 31.20

AVERAGE 6.965 3.325 17.52 8.44 32.11
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PLATE IX: Micro- (white bars) and macroneuron (black bars) dis-
tribution in the normal anterior thalamus at different
ages, and average distribution for young (20-45yrs)
and old (40-65yrs) normals
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b. Thalamus Medialis
Plate X shows the percentage distribution for both age groups.

In the next tables, the numerical results are summarized for
both age groups.

TH.M. NUMERICAL DENSITY AVERAGE @ % MICRC
~dCpmre-65yrs macro micro macroe  micro

Ny 5.538 4,544 15.69 8.88 45

N, 5.893 5.751 17.89 9.08 49.4

N, 5.467 4.686 16.46 B.B7 . 44.6
AVERAGE 5.633 4.993 16.71 8.96 46.52

TH.M, NUMERICAL DENSITY  AVERAGE @ % MICRO
40yrs-6hyrs  macro micro macro micro

N, 5.467  4.686  16.46 8.87  44.60

N 5.595 4.331 15.82 7.8 43.53

N7 5.869 4.465 16.59 8.78 41.50

AVERAGE 5.643 4.394 16.32 8.52 43.19
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PLATE X: Micro- (white bavs} and macroneuron (bBlack bars) distri-
bution in the normal medial thalamusz at diffevent ages,
and average distribution for young (20-45yrs) and old
(40-65yra} normals
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¢, Thalamus Lateralis

Plate XI depicts the neuronal percentage distribution for all
cases.

The next tables summarize the mmerical characteristics of the
two thalamic neuren pepulations.

TH.L. NUMERICAL, DENSITY  AVERAGE ¢ % MICRO
20yrs—-45yrs  macro micro in micra
HACTS  Micro

Nl 3.248 1.012 17.86 8.74 23.75

N2 3.550 1.171 17.77 8.65 24.77

N, 3.106 1.101 18.35 8.80 26.2
AVERAGE 3.301 1.095 17.89 8.72 24.86

TH.L. NUMERTCAL DENSITY  AVERAGE ¢ % MICRO
40yrs-65yrs  macro micro in micra

macro  micro

N, 3.106 1.101 18.35 38.80 26.2
NG 3.5%0 1.214 17.25 B8.62 25.5
Ny 3.621 1.367 17.98 B8.75 27.4

AVERAGE 3.426 1.227 17.80 8.72 26.34
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d. Thalamus Posterior

Flate XIT shows the percentage neuronal distribution for both
age groups.

In the following tables, the numerical densities and average dia-
meters are given for the different cases in hoth groups.

TH.P. NUMERTCAL DENSITY AVERAGE @ % MICRO
20yrs—45yrs  macro micro in micra :
macre micro

Ny 7.618 4.686 15.52 8.39 38.08

N, 4.934 3,905 17.27 8.9 44.17

N, 6.440 4,047 17.19 8.34 38.6
AVERAGE 6.331 4.213 16.47 8.49 39.52

TH.P. NUMERICAL DENSITY AVERAGE ¢4 % MICRO
40yrs—65yrs macro mcro in micra

macro micro

N, 6.440 4.047 17.19 8.34 38.6
N 6.656 3.976 16.57 B.58 37.4
N, 6.766 3.642 16.37 8.50 35

AVERAGE 6.621 3.888 16.69  8.48 37.04
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4, Summary of cytometric values in the human thalamus

1. The thalamic neuron population in the normal adult human brain
is composed of two distinet populations: the macro— and the
microneurons.

a)

b}

the macroneurons: — in the thalamus anterior (N. Antero-
principalis} have an average diameter of + 17.5 micron and
are rather densely arranged (+ 6.750 neurons/mm3)

- in the thalamus medialis (N. Medio—
caudalis) have an average diameter of + 16.5 micron and
their density is a little less {+ 5.600 neurons/mm3)

- in the thalamis lateralis (N. Vent.Or.+
Dors.Im.} have an average diameter of + 17.85 micron and
are loosely arranged throughout the nucleus (+ 3.350/mm3)

— in the thalamis posterior (N.Pulv.Med.)
have an average diameter of + 16.5 micron and a density
between that of thalamus antérior and medialis {(+ 6.450/mm3

the microneurons: have an almost equal size in all thalamic
regions: the average diameter is + 8.65 micron. Their in-
cidence in the thalamus anterior is 30-35 % (+ 3.450/m3),
in the thalamus medialis 40-50 %_(+ 4.650/mw?), in thala-
mis lateralis + 25 % (+ 1.150/mm3) and in thalamus poste-
rior 35-40 % (¥ 4.000/ma3).

Both micro- and macroneurons in the thalamus do not change
mich between the age of 20 yrs to 65 yrs: their size tends to
decrease a little (statistically insignificant) and it is
possible that the percentage of microneurons also decreases
slightly.

The macroneurcns are slightly larger in the left than in the
right thalams.
The microneurcns are bilaterally equal in size.



Chapter V
HUNTINGTON'S CHOREA

Hereditary chorea is a disease with a dominant trait characte-
rized by its post striking feature, the involuntary 'choreic'
rovements. Although known since 1842 (Dunglison, 1842), it was
named after the 'descriptio princeps' of George Huntington in
1872. Ever since, hundreds of scientific papers have been de-
voted to this incapacitating disease (Centennial Bibliography,
Bruyn et al., 1974).

Nevertheless, the cause of the disease is as yet unknown. The
proven decrease in G.A.D. (Bird, 1973) and GABA (Perry, 1973) in
this disorder might lead to hetter understanding and eventual
therapy.

A. NEUROPATHOLOGICAL STUDIES

Neuropathological studies are numercus and well documented. Al-
though until ca. 1910 some authors mention the lesions of the
caudatum in choreic brains (Harbinson, 1880}, most reports favour
‘a chronic disseminated encephalitis’. Anglade (1906}, Jelgersma
(1%08), but mostly Vogt and Vogt (1920) and Bielschowsky (1922)
in their brilliant studies on the striate system stressed the
gross atrophy of the caudatum and the putamen to be always pre-
sent in chorea disease (Photo 3).

The contemporary neurcpathological spectrum of Huntington's Cho-
rea might be summarized as follows: beside nerve cell loss in
cerebral and cerebellar cortex in longstanding illness, the main
lesions are confined to the 'basal ganglia': extreme loss of
Golgi type IT cells in the neostriatum (Photo 4), variable neuron
loss and gliosis in surrounding nuclei as pallidum, locus niger,
thalamis, n. subthalamicus.

B. QUANTITATIYE CYTOMETRY OF BASAL GANGLIA IN HUNTINGTON'S CHOREA

— In order to get a more exact idea of the necstriatal nerve cell
loss, quantitative studies were performed. In 1927, Dunlap
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PHOTO I1l: Coronal section through the brain of Huntington's
Choreq. Note the atrophy of the caudatwm and the
ventricular dilatation.

PHOTQ IV: Neostriatum in Huntington's Chorea. Note atrophy of
mioponeurons (arrows). Nissl stain. Magnification
310 x.
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found a decrease of nerve cells from 60/field in the normal
brain to 15/field in chorea brains.

von Santha (1931) studied one chorea brain and reported a 90 %
loss in cauvdatum and a 40 % loss in putamen. Moreover, he
states the macroneurons to be spared, a thesis already forrmmu—
lated by Hunt (1971) and confirmed by Hallervorden (1957).

The latter author insisted on a more pronounced loss in cauda-~
tum than in putamen. Lange and Thifrner (19%74), however, fourd
by volume estimations of cauwdatum and putamen in chorea always
the same proportional atrophy.

McCaughey (1961) obtained a decrease of necostriatal small neu-
rons from 30/unit in nomals to &/unit in chorea.

Schrider (1970) made extensive cytometric studies in the neo-
striatum and reported a small newron loss of 70 %.

Dom et al. (1972-1973) evaluated the putamen in different forms
of chorea and reported that the small neuron loss in subchorea
was + 20 %, in prechorea + 65 %, in akinetic adult chorea

+ 70 %, in choreiform adult chorea + 80 % and in one case of
Juvenile rigid chorea + 90 %. The macroneurons in all forms
of chorea appeared to be spared except in the case of juvenile
rigid chorea.

The nerve cell loss of pallidun in qualitative neuropatholo-
gical studies is controversial: although most authors
(Marqulies, 1914; Spielmeyer, 1926; Hallervorden, 1957; Burch
et al., 1968) find a definite loss of neurons, some incline to
the interpretation that this neuron loss is only secondary to
the neostriatal cell atrophy.

Quantitative studies, apart from the semi-quantitative data cf
Dunlap {1927) indicating a loss from 5/unit to 3/unit, were
performed by the collaborators of Hopf: Lange and Thérner
{1974) fourd a neuron loss of 45 %. By those authors this loss
is considerated a primary lesion rather than a transnewrcnal
atrophy.

For the WMucleus Subthalamicue, nerve cell loss is repeatedly
described (Alzheimer, 1911; Vogt, 1920: Casper, 193C; Marburg,
1949) . Quantitative data are only availabkle from the study of
Lange and Théirner (1974): 25 % of neurons are lost.

The thalamus in Hintington's Chorea is rather incompletely
examined - as in many disorders because of its camplicated
structure -. The qualitative pathological studies provide on-—
ly vague and inconsistent descriptions: the macroneurons in all
thalamic regions are sometimes reported to be a little shrunken



or loaded with lipofuscin. Microneurons are only mentioned in
the study of the centrum mediamum by Martin (1970): the micro-
neurons are much more atrophied than the macroneurcns.
Quantitative data about the lateral thalamis in Huntington's
Chorea are reported in our study on 7 cases {Dom et al., 1976):
the microneurcn loss is more than 50 % while the macroneurons
are only slightly shrunken without definite loss.

C. PERSONAL 3STUDY OF NEQSTRIATUM AND THALAMUS IN HUNTINGTON'S
CHOREA

— In 1972 a systematic study of the putamen in @ifferent forms of
Huntington's Chorea was performed (Dom et al., 1973). In that
study, the numerical densities, the L/S ratio and the average
diameter of the microneurons in the putamen were determined in
4 normal brains, 3 brains of choreiform adult chorea, 2 brains
of akinetic adult chorea, 2 brains of subchorea, 1 brain of
prechorea and 1 brain of juvenile rigid chorea (Westphall va-
riant). Detailed description of the analysis may be consulted
in the previously cited report. To summarize, the following
results were achieved:

1) loss of microneurons: in choreiform adult chorea:+ 80%
in akinetic adult chorea ‘+ 70%
in subchorea -+ 20%
in prechorea 1+ 65%
in juwenile rigid chorea :+ 90%
2) macroneurons: appeared wnaffected except in the
juvenile rigid chorea brain
3) awverage diameter of surviving microneurons decreased
in subchorea, prechorea and akinetic adult chorea but
surprisingly increased in choreiform adult chorea and
juvenile rigid chorea.

— In 1976, the ventrolateral thalamus in 7 brains of adult chorei-
form choreics was cytometrically studied {(Dom et al., 1976).
Summarizing, the microneurons were lost rather selectively
{+ 50%) while the macroneurons showed a slight decrease in dia-
meter without significant loss. The average diameter of micro—
neurcns was definitely decreased. More details can be found in
the previous report.

— At present, the cytometric studies were performed in caudatum
and thalamis anterior, medialis and posterior in 7 brains of
-choreiform adult choreics.



1. Clinical case histories

- Case T: Mrs. Ti... Be... H: °1913 - T1957:

Her mother suffered from chorea. Mrs. Ti... completed primary
school and highschool education. Married in 1939 and had two
children. In 1945, she became depressed, bizarre and sometimes
viclent. In 1946, first admission to a psychiatric hospital.

No neurclogical signs were observed and diagnosis of anxiety-de-
pression was made. In 1949, first signs of involuntary movements
in all 4 limbs and tongue. In 1951, admission to psychiatric
hospital because of mental deterioration and irritability. Cho-
reati¢ movements increased gradually. In 1957, restlessness,
fever and coma preceded death.

- Case IT: Mrs. Pl... J: °1913 — '1960:

Her father and 2 sisters had chorea. Mrs. P... showed bilate—
ral congenital hipdislocation and a talipes equinus on the left
side. She completed primery school education and thereafter
worked as a servant. Progressively, she became schizoid and had
to be admitted to a psychiatric hospital because of attempted
suicide in 1949. Back home in 1950, she lived an isclated life
and began to talk to herself. A second hospital admission in
1951 was made necessary because of restlessness, bizarre feelings
and dysphagia. In 1952, mental deterioration and choreic move-—
ments firstly appeared. She died in cachexia in 1960.

- Case IIL: Mrs. Ve...Dij...A: °1900 - '1958:

Her father and 1 sister had chorea. Up to the age of 40 yrs,
no abnormalities were noted. In 1940, she became restless, irri-
table and acquired the first involuntary movements. In 1948, be-
cause of a suicide attempt, she was admitted to the psychiatric
hospital. Gradual mental deterioration and increase of choreic
movements appeared. In 1956, she became more and more difficult,
irritable and disoriented. Therefore, in 1958 a serpasil treat-
ment was started: patient died suddenly.

- Case IV: Mr. Rij...D: °1906 — '1964:

His mother, 1 brother and 2 sisters had chorea., Mr. R... com-
pleted primary school and afterwards worked at home. In 1934, he
became gradually catatonic, stuporous, negativistic, autistic and
in 1938 he was admitted to the psychiatric hospital with diagno-
sis of schizophrenia. From 1940 to 1957, he lived withdrawn at
home. In 1957, choreatic novements appeared and also dysarthria.
He was admitted to the hospital where he progressively deterio-
rated. He died in cachexia in 1964.



- Case V: Mr. T...J: °1894 ~ T1956:

His mother and 4 sisters were choreic. Mr. R... was a skilled
labourer and a good husband until 1950. Then he presented chore-
atic movements and became severely depressed. He became alcoho-
lic. In 1956, he was admitted to a psychiatric hospital in poor
condition: dehydration, cachexia. Three weeks later he died.

- Case VI: Mr. H...C: °1906 - +1963:

His father and 1 brother were choreic., Around the age of 20yrs,
Mr. H... became socially unadaptable: alcoholism, fighting,
lying. 1In 1952, he was admitted to a psychiatric hospital with
the diagnosis 'psychopathy'. In 1955, he had problems with equi-
librium and occasional choreatic movements. In 1959, he mental-
ly detericrated and chorea became more and more pronounced. He
died in cachexia because of dysphagia.

- Case VII: Mr. V...J: °1892 - T1964:

His mother had Huntington's Chorea. After primary school, he
became labourer. He married in 1923. In 1939, he became choreic
and experienced epileptic seizures. In 1958, he had to be ad-
mitted to a psychiatric hospital due to severe chorea, with dys-—
arthria and memery disturbances. He still had epileptic seizures.
Since 1960, he deteriorated progressively and he died cachectic
in 1964.

2. Cytometric results

Plates XITI, XIV, XV, XVI, XVII, ¥XVIII and XTX demcnstrate for
each case the percentual neuronal distribution among cell size
{in micra) in Caudatum (Ca) and Thalamus Anterior (Th.A.), Medi-
alis (Th.M.) and Posterior (Th.P.). The caudatum was measured
in all cases. The thalamus was not evaluated in case IV and VI.
In case VII, only the medial and posterior thalamus could be
worked out.

a. Nucleus Cavidatus tn Huntington's Choreq

Cytometric evaluation was performed in the middle third of the
caudatum.

The next table gives the numerical results {numerical Qensities,
large-small ratic, and average @ microneurons) for each case as
well as the average for the 7 cases.
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CAUDATUM  NUMERICAL DENSITY L/S RATIO AVERAGE

C.H. MaCTo micro micro
cH, 92 5.013 = 8.22
CH, 0 2.066 o 8.36
cH, 28 3,209 - 7.99
m, 14 8.816 % 9.47
cH 35,5  11.750 T 9.58
CH, 43 4.608 o7 8.80
cH, 21 3.791 . 8.09
AVERAGE 48 5.608 g 8.91

Comparing these average results with the results obtained in the

caudatum of normals brains N45yrs—65yrs (chapter III):

a— the microneuron loss is + 75 % (22. 878/r£m —_ 5, 608/rrm Y.
This is quite comparable to the loss found in the putamen: + 8C %
{Dom et al., 1973).

b~ the macroneuron population seems to be damaged too:
(115/m3 — 48/m3) . Applying the Mann-whitney U-test, this
less is hardly significant (U=1l; p ¢ 0.02} but taking into ac-—
count. that tissue atrophy should produce an increase, maybe it
denotes anyhow a slight loss of macroneurons.
In the putamen this loss of macroneurcns was not found.

c—- the average diameter of microneurcns is 8.91 micron. Com-
pared with the diameter found in normal brains 40-65 vrs, 9.43
micron, there is no significant change (U=4; p ¢ C.1). In the
putamen, an increase in diameter was found in choreiform chorea:
9.16 4 instead of 8.72 4 in normals.

d- the percentage distribution is statistically (Kolmogorov—
Smirnov D 24.9, p ¢« 0.001) different from the normal popu—
lation (Pﬂe XX): the larger cells of the population are better
preserved than the smaller ones.
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b. Thalamus in Huntington's Chorea

The study of the lateral thalamus in all 7 cases was published
earlier {(Dom et al., 1976).

The Anterior Thalamis {n. Antericr Principalis) is studied in
C:Hllr CI-IZ,r CH3 and CH5-
The Medial Thalamus (n. Mediocaudalis) is analyzed in CHl, CH

CH3, CH5 and CH7.

The Posterior Thalamis (n. Pulv. Med.) is examined in CHl
CH3, CH5 and CH7.

2]’

r CH2 r

1° Thalamus Anterior

The numerical values are summarized in the next table:

TH.A. NUMERICAL, DENSITY AVERAGE ¢ % MICRO
C.H. MaCro micro macro  micro

CHl 7.384 3.834 16.62 8.42 34.18
CH2 7.313 3.834 16.58 8.42 34.39
CH3 8.307 4.473 16.59 8.38 35.00
CH, 7.455 4.260 16.31 8.04 36.26
AVE:RAéE 7.615 4.100 16.53 8.31 34.98

Considering the values of the normal population 40yrs—65yrs
{chapter IV) the micro— and macroneuron density in Huntington's
Chorea is increased, but the ratio micro/macrc is unchanged so
that the microneurons still make out + 35 % of the total popu-
lation. '

The average diameter of microneurcons is unchanged while the ave-
rage ¢ of macroneurcns is slightly decreased:

17.52u (normal) — 16.53u (chorea).



2° Thalamis Medialis

The numerical values are given in the following table:

TH.M. NUMERTCAL DE‘NSITY AVERAGE Q % MICRD
C.H. macro micro macro micro

CHl 8.378 6.39C 14.63 8.07 43,27
CH2 5.609 4.899 16.21 8.54 46.62
CHy 8.307 7.526 15.15 8.42 47.53
CH5 9,017 6.603 15,85 8.27 42.27
CH, 6.745 5.183 15.25 8.30 43.45
AVERAGE  7.611 6.120 15.36 8.31 44.63

Considering the values of the normal population 40yrs-65yrs
(chapter IV): — the densities of micro- and macroneurons are in-
creased but the ratio micro/macro is unchanged: 44.6 % are micro—
neurons

- the average diameter of micrcneurons is unchang-
ed. The diameter of macroneurons increases slightly.

3¢ Thalamis Posterior

The numerical values are summed up in the next table:

TH.P. NUMERTICAL, DENSITY  AVERAGE @ % MICRO
C.H. macro micro macro  micro

CHy 5.574 2.485 15.81 8.31 30.84
CH2 6.284 3.515 16.43 8.54 35.87
CH3 6.887 3.905 15.80 8.3z 36.18
CH5 6.852 3.870 l6.28 8.51 36.09
CH.7 7.100 4.154 15.83 8.3 36.91
AVERAGE 6.539 3.586 15.93 §.40 35.18

Considering the values of the normal population 40yrs-65yrs
(chapter IV): - micro- and macroneurons densities are identical

- average diameter of microneurcns: no change

- average diameter of macroneurons: slight decrease
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3. Summary of cytometric results in neostriatum and
thalamus in Huntington's Chorea

In putamen and caudatum, there is a severe loss of microneurons:
75 % in caudatum, 80 2 in putamen. The average diameter of mi-
craneurons in the caudatum, however, is unaltered and little in-
creased in the putaren. This seems to imply a better preserva-—
tion of the larger cells in the Golgi type I1 population. The
macroneurons are preserved in the putamen, but in the caudatum
there exists a certain loss of macroneurons in the cases studied.

In the thalamus, the microneurons are unchanged in the anterior,
medial and posterior regions but are severely demaged in the ven-
trolateral thalamis: there is a loss of nore than 50 %. Plate
XXI depicts the average percentage distribution in the four tha-
lamic regions of Huntington cases compared with the normal dis-
tribution: the drastic decrease of microneurcons in the lateral
thalamus of Huntington cases is apparent. The average diameter
of microneurcns is also decreased only in the lateral complex,
but unchanged in the other regions: in the lateral region the
diameter is 7.39 p, compared with 8.72 ¢ in the normal braing
(Man-Whitney U-test: U=0, p ¢ 0.01). The percentage incidence of
microneurons in anterior (30 %), medial (44 %) and posterior

(35 %) thalamis is wunchanged but in the lateral thalarmus, there
are only 11% of microneurons instead of 25 % in normal brains.
Plate ¥XXII shows the average percentage neurcnal distribution in
thalamus lateralis of Huntington's Chorea cases and the cumiia-
tive frequency distribution of microneurons compared with normal.
The difference in distribution is marked and statistically sig-
nificant (Kolmogorov: DITBX: 49.85; p ¢ 0.001).

The macroneurons in all thalamic nuclei are shrunken in compari-
son with normal brains, but this shrinkage is most pronounced in
the lateral nuclei: 13.92 g instead of 17.8 p (U=0; p ¢« Q.01).

There is, however, no definite macroneuron less in the thalamus.

D. ROLE OF GOLGI TYPE IT CELLS IN THE PATHOPHYSIOLOGY
OF HUNTINGTON'S CHOREA

1° - The role of the neostriatum and the ventrolateral thalamus
in motor control and miscle tone is amply evident (laursen, 1963;
Hornykiewicz, 1971; Ward, 1968).

Loss of integrative interneurons in these structures must produce
disproportiocnate motor response.

The neostriatum is considered to have an inhibitory action on the
pallidum, which in turn activates the ventrolateral thalamus.

The ventrolateral thalamus, receiving evenso cerebellar input and



having excitatory action on -motorneurons and inhibitory action
on -motorneurcns, influences the cortical motor response
{Barbeau, 1975; Ward, 1968).

Toss of microneurcns in the neostriatum in Huntington's Chorea
will diminish its inhibitory action on the pallidum. The conse-—
quent overexcitation — by the pallidum - of the ventrolateral
thalamas should result in uncoordinated movements (because of in-
fluence on the cortex) and akinesia because of inhibition of

-motorneurons.  The loss of inhibitory microneurons in the ven-—
trolateral thalams itself could produce lack of inhibition on

-motorneurcns explaining the ill defined tonus changes in cho-—
rea.

2° = In Huntington's Chorea it was shown that glutamic acid de-
carboxylase (G.A.D.) (Bird and Iversen, 1973) and Gama Butyric
Acid {GABA) (Perry et al., 1973) is decreased in the basal gan-
glia. These substances are substantially present in the normal
neostriatum and thalamus. The massive loss of neostriatal micro-
neurons in Huntington's disease has been related to this GARA-
decrease implying that the Golgi type II cells are GARA-ergic.

In the normmal ventrolateral thalamus the amount of microneurons
found in cur quantitative study (25 %) coincides nicely with the
amount of pre— and postsynaptic inhibitory cells found by Eccles
{24 %) (1966). Eccles inclines to the hypothesis that the thala-
mic microneurons are alsc GABA—ergic (Perscnal communicaticn,
1975).

A primary defect in GABA-metabolism, however, hardly could be as-—
signed responsible for chorea disease because not all thalamic
microneurcns in anterior, posterior and medial regions are dis-—
eased, as in Parkinson disease GABA is also decreased (Rinne et
al., 1974) and because in experimental work, GABA deficiency pro—
duces psychotic-like symptomatology (Stevens, 1974; Roberts,19%72).

But in Parkinson disease only one dopaminergic pathway is defect
(nigrostriatal pathway} leaving other dopaminergic circuits in-
tact. The same.. phenomenon might apply tc GABA-systems in Hun—
tington's Chorea.

3° - The decrease of one neurotransmitter substance should not
be regarded as an isclated phenomenon. There are certainly in-
terrelated Imbalcices between several transmitter substances and
moreover the denervation of nerve structures might produce
hypersensitivity to normal amounts of a transmitter (Ungerstedt,
1971).

In this regard, Barbeau (1972-1975) insists upon the dopamine-—
acetyl-choline imbalance in Huntington's Chorea and Parkinson



disease. The neostriatum indeed is under the inhibitory influen-
ce of the nigral dopamine input. Acetylcholine and its vital en—
zymes - cholineacetylase and cholinesterase - are found in the
neostriatum. Olivier et al. (1970) described a cholinergic strio
-nigral pathway, thus balancing the dopaminergic nigro-striatal
pathway (Anden et al., 1964). The localisation of acetylcholine
in the neostriatum is not known. The macroneurcns might be ten—
tatively pointed but in view of the findings of the present stu-
dy, it could be propesed that the larger cells of the Golgi

type IT cells (middle-sized cells of Cajal, 1911) are choliner-
gic. Rafols {1974) differentiated two types of Golgi type TII
cells having different transmitter vesicles in their cytoplasm.
The larger type was oconsidered to be 5 to 10 % of the total mi-
croneurcn population. As has been shown in cur cytometric study
of the necstriatum in Huntington's Chorea, the larger microneu-
rons seem to he better preserved, thus accounting for the fact
that the average diameter of microneurons does not decrease com-
pared with normal values.

Bird and Iversen (1974) showed that cholineacetylase was decreas-
ed only in 50 % of choreic cases.

If these cholinergic neurons ncrmally are under the control of
the GABA-ergic cells, loss of these cells in Huntington's Chorea
realises a state of denervation thus probably accounting for the
'denervation supersencitivity' to dopamine (Klawans et al., 1972).
The beneficial effect of dopamine receptor blockers (neurolep—
tics) on choreic movements are well established; contrarely,
L—-dopa loading has been proposed as a test of early detection in
chorea patients 'at risk'.

4° - In contrast to the 'choreiform’ types of Buntington's Chorea,
akinetic adult types - with almost no involuntary movements —
and juvenile rigid types are well known.

Our study of the putamen in 2 cases of akinetic adult chorea and
cnae case of juvenile chorea (Dom et al., 1973) is too limited to
draw firm conclusicons. Moreover, neither the caudatum nor the
thalamis were examined in those cases. Some interesting findings
unlike the choreiform cases might be mentioned. In the akinetic
adult, the atrophy of Golgi type II cells being almost as severe
as in the choreiform type, nc preservation of larger microneurons
was observed. In that type of the disease, the dopamine super—
sensitivity to 'cholinergic' (?) microneurons cannot be present,
thus producing less movement disorder.

In the juveline rigid type, the preservation of larger 'cholin-
ergic' (?) microneurons does exist in the striatum, but the ven—
trolateral thalamis was not examined. If one supposes preserva-
tion of microneurcns in that structure, the overexcitation by
loss of neostriatal inhibition could lead to rigidity by stimala—
ticn of o-motorneurons and inhibition of  yp-motorneurons
{(Hassler, 1972).
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Chapter VI
PARKINSON'S DISEASE

In 1817, James Parkinson described the 'Shaking Palsy' disease.
It is a degenerative nervous system disease of unknown origin
characterized by its main clinical features: resting tremor, ri-
gidity and hypo- or akinesia. The prevalence rate is +2.5°/,,
without definite heredofamilial impact (Rondot and De Recondo,
1973).

The dopamine depletion of the striatum in Paralysis Agitans
(Ehringer and Homykiewicz, 1960} is due to nerve cell loss in
the locus niger (Tretiakoff, 1919; Hassler, 1938): the nigrostri-
atal dopaminergic pathway (Anden, 1964) is interrupted. This do-
pamine depletion plays an important role in the physiology of
trenor, akinesia and rigidity, as shown in experimental work
(Poirier and Sourkes, 1965; Poirier et al., 1972) and as shown by
chronic neuroleptic treatment (Delay and Deniker, 1961).

Besides this idiopathic 'disease of Parkinson', other Parkinson-
ian syndromes were described: Postencephalitic Parkinson syndrome
{(Von Fcenomo, 1917), vascular Parkinscnian syndromes, toxic Par—
kinsonian syndromes, e.g. by neurcleptics(Delay and Deniker,
1968) .

A. NEUROPATHOLOGY OF PARKINSON'S DISEASE

The anatomical lesions related to the Parkinsonian syndrome are
documented by several excellent papers (Tretiakoff, 1919; Foix
and Nicolesco, 1925; Hassler, 1938; Hallervorden, 1957:
Escourcolle et al., 1971).

— The main pathclogical features are:

1- changes of pigmented brain stem nmuclei: locus niger and
locus coeruleus. The nerve cell loss in these structures is, pro-
portional to the clinical picture. The neuromelanin pigment de-
creases: one finds the pigment free in the tigsue or within the
gitter cells. There exists a reactional gliosis and sclerosis
(Photo 5).



82

PHOTO ¥: Mesencephalon in Parkinson's disease. WNote gliesis
in locus niger. Holzer stain.

i
L

PHOTO VI: A. Lewy body in neuron of locus niger. H.E; stain.|
B. Neurofibrillary tangle in neuron of locus nigenr.
Jabonero—ailverimpregnation. Magnification 1000 x.



s

2- Ocourrvence of Lewy bodies: Lewy bodies are oval or rounded
intraneuronal intracytoplasmic corpuscles with a dense core sur-
rounded by a lighter zone {Photo 6a). The exact nature of those
bodies is unknown: they contain sphingomyelin but no DNA, carbo-
hydrates, amyloid substance, iron or lead (Den Hartog Jager,
1969) . Electrcn microscopically, they have a fibrillar matrix,
more or less dense, with imprecise boundaries,

Lewy bodies are mainly found in pigmented brain structures - thus
they maybe related to neurcmelanin metabolism — but not exclusi-
vely: also nucleus subthalamicus, reticular brain stem formation
and medulla might contain Lewy bodies (Den Hartog Jager and
Bethlem, 1960).

Lewy bodies are rather specific to the idiopathic form of the
disease, although they have been encountered in Postencephalitic
Parkinson (Hallervorden, 1933; Lipkin, 195%) and even in normal
old agad pecple (Beheim-Schwarzbach, 1952).

3- Neurofibrillary degeneration of neurons: better demonstrated
by argentic impregnation. WNeurofibrillar tangles are characte-
rized by thickening of neurofibrils in the form of a sphere or a
basket (Photc 6b).

By electron microscopy, the tangles are composed of tubular fi-
brils with a diameter of + 200 A.

Neurofibrillary degeneration is mainly confined to the Postence-
phalitic Parkinson Syndrome but is not specific for this syn-—
droma: common senescence, Alzheimer disease and other entities
may also show this type of nerve cell change.

The nearofibrillary changes are most numercus in locus niger and
coeruleus, reticular formation of the brain stem and in the cor-
tex.

— Accessory pathological findings in Parkinson disease are:

- Gliosis and slight nerve c¢ell loss in the brain stem reti-
cular formation

- Nerve cell loss,lipofusin accumilaticn, glicsis and calcium
deposites in the globus pallidus

— Variable but always siight neuron atrophy within the neo-
striatum and the thalamus.
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B. QUANTITATIVE CYTOMETRY OF BASAL GANGLIA IN PARKINSON'S DISEASE

Quantitative studies in Parkinson disease are rather scarce.

In 1963, Pakkenberg reported cytometric analysis of the nerve
cell population in the Globus Pallidus of 10 Parkinson brains
compared with the results in 10 normal braing. He found no nume-
rical difference between the two groups of brains: 588 neurons
per m3 in normals, 6ll newrons per mn3 in Parkinson diseased
brains. He insisted, however, upon a significant decrease in RNA
content of cytoplasm and nucleolus in Parkingen Pallidum as evi-
denced by cytoephotometry.

In 1965, Pakkenberg and Brody made nerve cell counts in the sub-
stantia nigra of Parkinson patients and normals. They found a
decrease of 66 ¥ of melanincontaining nerve cells and a decrease
of 39 % of melanin—free neurons in the substantia nigra of Parkin-
son brains compared with the values of their normmal controls.

In 1969, Sabuncu found nerve cell loss in the lateral and medial
pallidum of Parkinson brains.

In 1972, Dom, Barc and Brucher studied the putamen of three idio—
pathic Parkinscn brains: they found no difference in numerical
nerve cell density and nerve cell diameter as compared to four
normal brains.

In 1974, Telppanen performed neuron counts in the substantia ni-
gra of Parkinson patients: he confirmed the nerve cell loss in
substantia nigra.

In 1975, Bgttcher found no neuron loss in the neostriatum in Par—
kinson disease: numerical density + 20.000/mn3 for microneurcons
and 2 normal nucleus diameter of microneurons: 8.02 u.

C. PERSONAL STUDY OF NEOSTRIATUM AND THALAMUS IN
PARKINSON DISEASE

Five brains of patients showing a Parkinson syndrcome, two post—
encephalitic and three idiopathic, were selected from the series
of brains studied by Hassler (1938).

1. Clinical case histories

Case T: °1902 - 1934:
In 1923, this lady developed a sudden high fever, shivering and
severe headache. She progressively fell into a deep sleep last—
ing 3 weeks. Thereafter, she complained of diplopia and drowsi-
ness. Three years later, after a pregnancy, she presented the
first signs of Parkinsonian rigidity and tremor. At the age of
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29 yrs, she showed rigidity of all limbs and neck, tremor in left
arm and leqg, mask~like facies, tremor of the tongue, loss of au-
tomatic movements, dysarthria and occasional oculogyric crises.
At the age of 32 yrs, the tramor was bilaterally present. She
died of lungoedema following pneumonia.

Case II: °1884 - *1930:
This man suffered from encephalltls lethargica at the age of
35 yrs. Seven years later, he showed the first symptoms of Par-
kinsonism. Over a period of 4 vears until his death due to cir-
culatory failure, he develcped severe rigidity of all limbs,
head and trunk, bilateral tremor which was slightly rore pro-
nounced on the right side, akinesia and staggering gait and ble—

pharospasms.

Case III: °1877 - '1934:

During world war I, this man first exhibited tremor of all 4
limbs, dysarthria and gait disturbances. Progressively, he ac—
quired severe trunk and limb rigidity, diffuse tremor, opill roll
movenents and akinesia. He walked bent forward taking small
steps. He showed atrophy of the small hand muscles. He became
completely bedridden and died at the age of 57 yrs due to decu-
bitus, pyelonephritis and pneumonia.

Case Iv: °1864 - '1932:
At the age of 57 yrs this man noted tremor in the left arm. A
few months later, the tremor spread to the right arm, incapaci-
tating him to such a degree that he had to abandon his work.
Over a pericd of several years, he became very rigid with mask-
like facies, propulsion in gait, loss of automatic movements,
tremor of head, tongue and four limbs.
He presented hyperhidrosis and atrophy of hand musculature. At
the age of 68 yrs, without signs of dementia, he died of severe
bronchcpneumonia.

Case V: °1864 - '1935:
This woman was in good health up to the age of 67 yrs. At that
time, a slight tremor of the right hand occurred. The tremor
progressed to right arm and right leg, accompanied by rigidity.
Later on, tremor of tonque and left arm and leg and onset of
dysarthria and gait disturbance. A few months before death at
the age of 71 yrs, she became disoriented and confused.

2. Cytometric results

Nerve cell counting and sizing was performed separately in cau-
datum and putamen, thalamus anterior, thalamus medialis, thalamus
lateralis and thalamus posterior.
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PLATE XXI11: Micponeuron distribution in putamen (Pu) and cauda-
tum (Cal(black bavs), and micro- (white bars) and
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For each case the neurcnal formula (percentage distribution among
cell size) in those regions is depicted on a separate plate:
P, = plate XXIII, P, = plate XXIV, P, = plate XXV, P,=plate XXVI,

Pl = plate XXVIT.

5

a) the necstriatum

The following tables summarize the numerical values for caudatum
and putamen. .

CAUDATUM  NUMERICAL DENSITY large/small AVERAGE @ in

P TACTo micro ratio micra
Pl 57 26.695 1/489 8.34
P2 107 24.353 1/223 8.49
P3 163 25.205 1/154 9.08
P, 107 26,488 1/243 8.56
Pg 57 27.030 1/495 8.59
AVERAGE 88 25.953 1/264 8.61

PUTAMEN NUMERICAL DENSITY large/simall AVERAGE $ in

P MACYro micro ratio micra

Py 57 26.270 1/482 8.27
P, 106.5 21.243 1/195 8.43
P3 163 25.844 1/158 9.23
P4 106.5 26.270 1/240 8.6l
P5 57 21.570 1/395 8.48

AVERAGE 98 24.239 1/247 8.61
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Comparing these results with the values obtained in the neostria-
tum of normal brains above 45 yrs of age (chapter IIT), the puta-
men in Parkinson disease does not show significant differences in
microneurcn population with the mormal brains. In the caudatum,
however, the microneurons appear to be statistically significant~
1y smaller: 8.61 micra in diameter compared to 9.34 micro in nor-
mals (u = 0; p = 0.018: Marm-Withney U-test).

Plate XXVIIT shows the average distribution of microneurcns in
caudatum and putamen of Parkinscn brains (above) and the cumila-
tive frequency distribution of microneurons in caudatum compared
to the normal distribution: the distribution pattern is statis-
tically different (Kolmogorov-test).

b} the thalamus

The numerical values cobtained in thalamus antericr, medialis,
lateralis and posterior are summarized in the next tables:

Thalamis Anterior

NUMERICAL DENSITY AVERAGE ¢ TN MICRA %

macro micro macro micro Micro
Pl 7.81C 3.834 17.72 8.31 32.9
P2 6.141 2.804 16.05 8.40 31.5
P3 - 7.171 3.266 16.75 8.54 31.5
P4 7.860 3.692 16.79 B8.23 32.9
P5 6.674 3,266 16.00 8.20 32.9

AVERAGE  7.131 3.372 16.65 8.36 31.9
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Thalamms Medialis

NUMERICAL, DENSITY AVERAGE @ IN MICRA %
macro micro jii=ledne] micro Micro
Pl 7.491 6.355 16.57 8.21 45.9
P, 7.292 5.772 15.79 8.22 44.1
Py 6.816 4.665 16.58 7.17 40.5
P, 6.390 4,920 15.57 8.32 43.5
P5 7.292 6.248 16.53 8.54 46.2
AVERAGE  7.056 5.592 16.29 8.28 44.1
Thalams Lateralis
NUMERICAL DENSITY AVERAGE @ IN MICRA %
MELCTD micro macYo micro Micro
Py 3.692 1.349 17.73 8.42 27.0
P2 4.196 1.249 17.30 8.74 23.1
P,  3.710  1.722 16.79 8.42 31.5
P4 . 3.550 1.314 17.92 8.71 27.0
P5 ‘2.322 1.179 16.24 8.13 33.7
AVERAGE  3.49%4 1.363 17.28 8.49 28.4
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Thalamuis Posterior

NUMERICAL DENSTTY AVERAGE @ IN MICRA 3%
macro micro macro micro Micro
Pl 5.325 3.479 15.81 §.29 39.4
P2 5.787 4,154 16.32 8.41 4i.8
P3 6.170 3.969 15.71 8.24 39.0
P4 6.5993 4.544 15.26 8.13 39.4
PS 6.688 3.074 15.47 7.78 31L.5
AVERAGE 6.193 3.844 16.14 §.22 38.95

Comparing these results with the normal values obtained in the
brains of the 40 yrs to 60 vrs age group (chapter IV), and exa-—
mining plate XIX showing the overall percentual neuronal distri-
bution in the 4 thalamic regions discloses no definite nerve cell
less: the mmerical densities and the percentage of microneurons
are not decreased in the Parkinson brains.

There seems to exist, however, a microneurcn pathology in medial
and posterior thalamis; while the decrease of the mean diameter
in the medial thalamus is not statistically significant, the de-
crease of average diameter in the posterior thalamus is: 8.22 mi-
cra against 8.48 micra in normals (u=1; p=0.036, Mann-Withney
U-test) .

Plate XXX visvalizes the difference in distribution pattern of
microneurons in Parkinson disease compared with normal: statis-
tical analysis by Kolmogorov-Smirnov test gives significant dif-
ferences for the medial regions (p = 0.02) and to a lesser degree
for the posterior thalamus (p = 0.08).

The macroneuron population does not show significant difference
from normals except for the thalamus posterior: there exists a
definite atrophy: 16.69 micra — 16.14 micra (u=o0; p=0.018}.
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PLATE XXIX: dverage miaro- (white bars) and macroneuron (black
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(Th.P.) of Parkinson brains (P} compared to normals
{40-65yrz). In ordinate %, in absciss @ in micra
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3. Summary and discussion of findings in negstriatum
and thalamus in Parkinson disease

a) In the putamen, no change in micreoneuron population was de—
tected.

In the saudatwn, there is no microneurcon loss but a definite
atrophy (or hypotrophy ?) of microneurons: the average diameter
is significantly decreased (9.43up —— §.61 u),

In the thalamiiz, anterior and lateral regions are unchanged.
In the posterior and mostly in the medial thalamus, microneurons
are gmaller compared with normal brains (8.48 ¢ —— 8,22 u} wit-—
hout microneurcn loss. In the posterior thalamus, the macroneu-
rons also seem to be slightly atrophied (16.69u — 16.14 u).

b) The present study confirmed cur findings in the putamen of

3 cases of idicpathic Parkinson syndrome published earlier (Dom
et al., 1972). Our results are partially in agreement with the
findings of Bgttcher (1975}: there is no neuron loss in the neo—
striatun. Unlike Bgttcher we could demonstrate a decrease of
diameter of microneurcns only in the caudatum: Bgttcher did not
distinguish between caudatum and putamen which might explain the
discrepancy.

¢) In contrast to the rormal appearance of the putamen, the cau-
datum appears to be changed in Parkinson brains. Although his-
tolegically almost identical, caudatum and putamen have distinct-
ly separate connections (Kemp and Powell, 1970; Mettler, 1968).
It is therefore not surprising to find selectiwve damage to either
structure in some disease.

d) The meaning of the decrease in diameter of the Golgi type II
neurons in the caudatum in Parkinson disease is not immediately
clear. It could be interpreted as secondary to the known decrea—
se in dopaminergic input from the nigro-striatal pathway: it
should thus be some 'dysfunctional' hypotrophy (Ehringer and
Hornykiewicz, 1960). It is noteworthy that, unlike the findings
in Huntington's Chorea, all microneurcns get smaller: there is

no preservation of the bigger cells, maybe because it is a secon—

dary atrophy.

e) The thalamic changes are rather restricted to the microneurons
Golgi type IT in medial and posterior (associative) regions: the-
re is no cell loss but a slight atrophy. More remarkable is that
the lateral thalamus (motor pathways), in contrast to Huntington's
Chorea, is spared.

f) The changes to Golgi type II neurcns in caudatum and thalams
in Parkinson disease might. be related to the GARA—decrease in
this disease, reported in 1975 by Rinne et al. (1975).



D. SYMPTOMATIC PARKINSONISM: INFLUENCE OF NEURQLEPTICS
ON NEOSTRIATAL NEURGNS: EXPERIMENT IN RATS

Ever since the use of neurcleptics in clinical psychiatry, it was
moted that all products having antipsychotic action could produce
a Parkinsonian syndrorme (Deniker, 1961).

Neurcleptics indeed have a sound influence on moroamine metabo-
lism especially on dopamine turn—over by blocking dopamine recep-
tors of the postsynaptic cell (Corrodi et al., 1967).

At present, no morphological changes within the neostriatum (post—
gynaptic neurons of the strio-nigral dopaminergic patiway) due to
neurcleptic treatment have been described. A quantitative study
is also not yet reported.

Therefore, the following experiment in the rat was performed.

1. Experimental design

Male adult Wistar rats were used. All animals weighed approxima-
tely 250 g.

All rats were kept in the same environmental and nutritional con-
ditions throughout the experiment,

During five consecutive days, all animals received a subcutaneous
injection: 3 rats placebo, 3 rats haldol {butyrovhenone), 3 rats
chlorpramazine (phenothiazine), 3 rats pimozide {long-acting
drug) .

The dose of the neuroleptic drug injected daily for those 5 days
was the minimal dose giving inhibition in the autostimulation
test (Olds and Travis, 1960; Dresse, 1966): Haldol: 1.25mg/kg s.c.
Chlorpromazine 2.5mg/kg s.c.; Pimozide 2.5mg/kg s.c.

For two days, after those five days, the rats did not receive any
medication and they were killed on the seventh day in aneasthesia
by in situ brain perfusion with formalin 4 % after Ringer solu-
tion.

After paraffin embedding, 20 micra serial sections were cut.
Every 25th section was stained with cresylviolet.

Cytometric evaluation was performed throughout the striatum of
all animals,
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mzl rats (RKy), rats treated with Haldol (Rg), with
Chlorpromazine (Rpp) and with Pimoside (Rp). In
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2. Cytometric results

Picture XTI gives the average percentage neuronal distribution
for the four groups: RN = placebo group, RH = Haldol treated,

RCP = chlorpromazine treated, RP = pimpzide treated animals.

In the untreated rats, the average diameter of neostriatal neu-
rons is 14 micra with a spread from 9.3 micra to 20.2 micra.

The Haldel treated animals present a drastic decrease in diameter
of neostriatal newrons: the average diameter is 9.6 micra with a
spread of 6.2 micra to 14.6 micra.

The chlorpromazine treated group shows evenso a decrease in dia-
meter Of neostriatal neurons but much less pronounced: the ave-
rage diameter is 11.8 micra with a spread of 7.6 micra through
18.2 micra.

The pimozide treated rats present neostriatal changes quite close
to the Haldol treated animals: the average diameter is 10 micra
with a spread of 7.6 micra through 14.6 micra.

3. Discussion of results

Although the doses of the drug administered were low and only for
5 days, the influence on the morphology of the neostriatal neu-—
rons is fairly considerable.

The changes are mostly pronounced with drugs of the butyrophenone
group: this finding is rot surprising because these drugs arxe
well known to produce Parkinsonism in hurans even at modest
treatment dosis. These effects are less spectacular with the
phencthiazines used in our experiment: those substances produce
in humans primarely sedation and only with higher dosis Parkinso-
nian symptoms.

The meaning of the decrease in diameter of necstriatal neurons by
neuroleptics is speculative at present. Apart from being smaller,
the appearance of the neurons is normal in Nissl stain. In order
to obtain further information, the above experiment is repeated
and pieces of the neostriatum are taken for evaluation by elec—
tron microscopy: this study is still going on.

The neostriatal neurons. are the postsynaptic cells to the nigro-
striatal dopaminergic pathway. Neuroleptics are dopamine recep—
tor blockers (Anden et al., 1970). The decrease in diameter of
those neurons could mean fewer receptor sites.
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Chapter VII
CATATONIC SCHIZOPHRENIA

Schizophrenia is easier to diagnose than to define.

It is a symptom complex occurring in young people, consisting
mainly of disturbances in thinking and feeling, detachment from
reality {withdrawal) and often hallucinations arxd bizarre beha-
vior, with a chronic progressive or episodic course (Bleuler,
1968} .

Although the aetiology, pathogenesis and pathophysiclogy is un—
known at present, the consistency of symptoms, varying only
slightly over time and among cultures (Sanua, 1969), the high
prevalence in biological relatives (Rosenthal et al., 1968;
Wender et al., 1968; Kety et al., 1974} and the response to
treatment (May, 1968) may signify 'chronic schizophrenia' to be a
disease entity, a dysfunction of the central nervous system.

In spite of mmerous ancient and recent investigations (Marjer—
rison and Keogh, 1971; De Bault et al., 1973; Torrey and Peterson
1973-1974), any relationship between the occurrence of schizo—
phrenic synmptoms and any demonstrable alteration of structure or
function of the central nervous system has still to be demon-
strated. Therefore, schizophrenia is thought by many clinicians
to be a functional disorder, the product of environmental stress,
without alteration in neurcnal structure or physiology.

As the diagnosis is based almost exclusively on clinical symptoms,
there exists no clearcut delineation of the syndrome.
Nevertheless, over 80 % agreement has been found regarding cases
in which experienced clinicians state that they are certain of
the diagnosis (Hordern et al., 1968; Kety et al., 1974).

The great consistency among different authors in emumerating the
symptoms of schizophrenia is evident, but the emphasis placed
upon them individually varies considerable: some insist upon po-
sitive phenomena (hallucinations, delusions) (Schneider, 1959),
others state the more negative symptoms to be fundamental (autism
impaired affect) (Blewler, 1950) while cothers simply emmerate
critical symptom categories (A.P.A., 1968; Feighner et al.,1972).
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In classical literature, subtypes of schizophrenia are delineated:
hebephrenic, catatonic, paranoid and simple (Kraepelin, 1925).
These conotations are merely descriptive, ascertaining little va—
lue to prognosis or choice of therapy. Hebephrenia applies to
the case starting early {17-18 vyrs}, insidious, with bursts of
poor and naive hallucinaticns with very progressive deterioration.
Paranoid schizophrenia refers to cases with late onset (+ 35 yrs)
presenting primarly a poorly organized delusional system. The
simplex form means an evolution towards autism and withdrawal al-
most without positive syimptoms (hallucinations, psychomotor exci-
tation) .

Catatonic schizophrenia, starting in the early twenties, repre-
sents the full spectrum of schizophrenic thinking and behavior
disturbances with psychomotor excitation versus negativism and
catalepsy, with hallucinatory manifestations and self destruction
versus autistic withdrawal. It takes a chronic course, progres-
sive or episodic.

Regarding prognosis, the schizophrenic syndrame in recent Ameri-
can literature is divided into 'process' and 'reactive' schizo-
phrenia (Hantor et al., 1966); 'process' or chronic schizophrenia
‘is insidious in onset in a pre-existing schizoid personality (shy,
oversensitive, avoiding competition, eccentric and day—dreaming,
urable to express emotions, poor social and sexual adjustment)
without clear precipitating factor to psychosis; 'reactive' schi-
zophrenia suddenly appears, in a person without pre-existing
schizoid personality, at the cccasion of obvicus precipitating
circumstances (divorce — leaving home) . European literature re—
fers to 'reactive schizophrenia' as 'bouffées délirantes’',

'rand- or degeneratiepsychosen' (Rumke, 1967).

This division (process-reactive) seems more and more guestiona-
ble: the reactive form can hardly be regarded as true schizophre-
nia because this type of psychotic symptomatology occurs in many
other circumstances: sleep deprivations, encephalitis, ...
Moreover, in their excellent study on heredity in schizophrenia,
Kety et al. (1968-1974) found no heredity in 'acute' or 'reactive'
schizophrenia according to American literature, while in true
chronic schizophrenia, the incidence of the disease in biological
relatives was significantly higher than in adoptive relatives.
They concluded that acute reactive schizophrenia should not be
named schizophrenia.
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A. NEUROPATHOLOGICAL STUDIES IN SCHIZOPHRENIA

— The number cf attempts to define histologically brain lesions
of aetiological significance in schizophrenia are very numerous.
At present, however, no anatomopathological substrate can be
described as being specifically related to the psychopatholegy
of the schizophrenic syndrome.

— A detailed analysis of the literature concemming brain changes
in schizophrenia reported but afterwards refuted can be con-
sulted in the 'Handbuch der speziellen pathologischen Anatomie’
{(Peters, 1956), in the monograph 'Schizophrenia - Scmatic As—
pects' (Richter, 1957) and in 'Psychiatrie der Gegenwart - ITII.
Grundlagenforschung zur Psychiatrie' (Peters, 1967).

— Many types of changes were proposed throughout but seemed to be
agpecific: cortical non—cellular lacunae (Wernicke, 1900), dif-
fuse cortical cell loss (Winkelman, 1952), demyelination
(Roland and Mettler, 1949), metachromatic bodies (Buscaino,
1929), inclusion bodies (Papez and Papez, 1954}, decrease of
intra-cellular nucleic acids and nuclecproteins (Hyden and
Hartelius, 1948), macro- and microglia changes (Pope, 1952),
lipid dystrophy (Peters, 1956), enzyme changes {Pope, 1952).

— More interest has to be paid to the ample studies of the German
C. and 0. Vogt-school: between 1950 and 1964, several papers
appeared by Hopf, Finfgeld, Biumer, Hempel, Treff. In a series
of schizophrenic and control brains, the bhasal ganglia (neo-—
striatum-pallidum), the thalamis and the N. Basalis {substantia
innominata) were thoroughly studied. Seven steps of "Dwarf
cells' (Sctwundzellen) were described in all these muclei. The
steps I through III are considered to be of no pathological va-—
lue. But the more advanced steps IV to VII seemed to the au-
thors characteristic of schizophrenia: the catatonic schizo-
phrenic brains contained many more clusters of 'dwarf cells',
especially in the mediodorsal mucleus of the thalamus. All
authors mentioned that catatonic schizophrenia cases showed ma-—
ny more changes in striatum and in thalamus, than the hebephre—
nic or paranoid schizophrenia cases showed. The results of
those extensive studies are criticized on qualitative grounds
by Peters (1967) and Hueck (1954): the neuron changes described
can hardly be specific because agonal stress and alsoc prepara—
tion of the brain material must influence the cell appearance
in Nissl stain.

Moreover, the cytoplasm being thoroughly changed, the nucleus
is often shown to be normal together without any glial or meso-
dermal reaction: that this is a chrenic lesion, in Peters opi-
nion, is inconceivable.
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— Anvhow, some pathology in the basal ganglia and thalamus in
schizophrenia would not be surprising, not only on the base of
the symptometology, but because certain findings in neuropatho-
logy and neuroradiclogy favour this opinion. Indeed, in con—
trast to poor results in 'idiopathic' schizophrenia, many neu-—
rological conditions - with definite brain pathology - may pre-
sent a 'schizophrenic clinical symptomatology' such as CO-into—
xication (Roeder-RKutsch, 1941), subacute sclerotizing panence-
phalitis, tumours around IIIrd ventricle (Malamud, 1971}, de-
myelinating diseases, etc. ... .

Well-documented neuroradiclogical studies of large series of
chronic schizophrenic brains also showed definite enlargement
of the ITTrd ventricle (Hiber, 1967; Nagy, 1967).

B. QUANTITATIVE BRAIN CELL COUNTS IN SCHIZOPHRENIA

In view of the reported diffuse cortical cell loss in schizophre-
nia at the beginning of this century, Dunlap (1942) carried out
systematic cell counts: he did not note any difference in neuron
density between schizophrenic and control brains. Rowland and
Mettler (1949) criticized previous published reports on "cortical
cell loss' in schizophrenia and made cell counts on prefrontal
cortex biopsies of schizophrenics: they found no difference with
control brains.

On serial sections of eight schizophrenic hrains, Nagasaka (1925)
studied striatum, pallidum, thalamus, locus niger and nucleus
dentatus. He stated that the macroneurcns (Golgi type I) in the
striatum were dropped cut and that 2/3 of the locus niger ap-
peared depigmented. The method used by this author is not known.

The most systematic quantitative studies in schizophrenia are
those of the Vogt-school on the thalamus, reported from 1950 to
1962. Those authors insisted upon the prevalence of 'dwarf cells)
especially in the medio-dorsal nucleus of the thalamus.

Some criticism on qualitative grounds have been cited above.
Moreover, the quantitative method used implied certain bias, be-
cause counting of cells is performed on the basis of qualitatiwve,
thus subjective, classification of nerve cells in eight groups
from ‘'normal' (step O) to 'dwarf cells' (step VII). Cell
counting was done with a magnification 210 times: this way, the
microneurons (Golgi type II) could not be evaluated. It should
also be pointed out that the Vogt school studied the anterior,
lateral and medial thalamis: the posterior thalamus (pulvinar)
was not included.

David (1957), Dastur (1959) and Peters (1967} insisted upon the
value of quantitative studies in schizcphrenia, provided ‘objec-
tive' parameters are used.
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More recently, Colon (1972) performed cell counting in the cortex
of 3 schizophrenic brains compared with normal contrcl values: he
found cell loss in layer ITI and V. The method used is fairly
controled but the changes found are difficult to interpret: the
schizophrenics were rather old and were treated with neuroleptic

drugs.

(. PERSONAL CYTOMETRIC EVALUATION OF NEOSTRIATUM
AND THALAMUS IN SCHIZOPHRENIA

All quantitative studies performed up to now were only cell
counting studies. No cell sizing evaluation has been done.

Wwith our cytometric techniques described above (chapter IT), ob-
jective measurements can be obtained: the size of all nerve cells
containing a nucleclus is obtained. Special attention is paid to
the microneurcns Golgi type IT in the thalamus, never studied in
schizophrenia.

We made our study on the material used by the Vogt-school (Flinf-
geld, Hopf, Bdumer, Van Butlar-Brentano, Hempel, Treff). Nerve
cell sizing was performed in the caudatum, putamen, thalamis an-
tericr, thalamis medialis, thalamus lateralis and thalamus pos-—
terior. '

1. Clinical case histories

Five catatonic schizophrenic cases were selected from the brains
of the C. and 0. Vogt-Institut fiir Hirnforschung. All cases have
a history positive for schizophrenia among their biclogical re-
latives; all cases did not have any significant biclogical treat-
ment (Electroconvulsion — Sakel treatment - neuroleptics).

Case I: °1909 - 71933
The grandmother of this student died in a psychiatric institute.
He was always scmewhat withdrawn. In 1931, he started to express
strange thoughts and was admitted to a psychiatric institute some
weeks later. He was restless, kneeled and banged his head against
the wall and the floor and felt later on in a negativistic matism
with masklike face. These episodes recurred alternating with
sterectyped hyperkinesis. Sometimes he laid in a cataleptic sta-
te in bed. The cause of death was a large tuberculous abscess of
the femur.
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Case TI: °1904 - 71930
This female, a professional store-keeper, was a good student.
At the age of about 18 she became less concentrated and imagined
she was being persecuted. She became more and more autistic and
refused to eat. 1In 1923, she was admitted to a psychiatric hos-
pital exhibiting catalepsy, negativism and bizarre nostures.
For months she remained almost mute and negativistic with closed
eyes. In 1926, she became confused and restless with hallucina-
tions, laughing and episodes of sudden aggression and destructive
behavior.
In december 1927 she developed high fever arxd breathing difficul-
ties and died 3 days later.

Case IIT: °1902 - 11931
Three aunts of this girl, a bockbinder, were psychotic. In 1922,
she experienced a nervous breakdown without known precipitating
circumstances. She recovered well until 1925, Then she became
restless and withdrawn with spells cof head banging: she had to
stop working. 1In 1927, she became severely anxiocus and was ad-
mitted to hospital. She was negativistic, hallucinating, bizarre.
Sametimes she became cataleptic with stereotyped movements and
self destructive behavior.
In 1931, she died of heart failure.

Case TV: °1888 - 1930
This housewife was initially admitted to the psychiatric institu-
te in 1924 because of severe anxiety, hallucinations and disor-
ganisation., She showed grimacing, aggression, self destruction,
exhibitionism and regression. She became, at times, mute and ne-
gativistic and at other times highly active and hyperkinetic.
Many episodes of catalepsy were noted.
In 1930, she died by bronchopneurnconia.

Case V: °1886 - 11930
The father of this lady, an employee, comitted suicide. She was
an average student, very cheerful and pleasant. At the age of
twenty, she became depressed with suicidal ideas and episodes of
confusion. She recovered after a few months but showed a diffe—
rent behavior: she arqued frequently with neighbours. She expe-—
rienced hallucinations and imagined she was being poisoned. She
becare aggressive and restless and was admitted to heospital. She
showed stereotyped behavior, self mutilation, mutism and negati-
vism.
In 1930, she became extremely hyperkinetic and died of dehydra-
tion.
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2. Cytometric results

Plates XXXIT to XXVI show the neuronal formulae (percentage
distribution) for each case in each mucleus (Ca = caudatum,

Pu = putamen, Th.A. = thalamis antericr, Th.M. = thalamis me-
dialis, Th.L. = thalamis lateralis, Th.P. = thalamas posterior) .

a) The neostriatum

The mumerical values obtained are sumarized in the following
tables:

Caudatum

NUMERTCAL, DENSITY IARGE/SMALL AVERAGE ¢ IN MICRA
nacro micro RATIO micro

Sl 270 22.940 i/84 11.09

82 270 21.193 1/78 9.52

S3 106 22.663 1/205 8.72

S‘4 163 20.973 1/125 8.98

55 185 19.191 1/105 9,27

AVERAGE 199 21.392 1/119 9.51
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Putamen

NUMERICAL DENSITY LARGE/SMATI, AVERAGE ¢ TN MICRA

macro micro RATIO MLiCro

S1 163 21.137 1/129 §.99
82 107 23.977 1/21% 8.21
S, 220 22.720 1/104 8.49
5S4 110 18.403 1/168 7.98
85 220 24 .083 1/11¢ 8.65
AVERAGE 164 22.064 1/135 8.47

Comparing these averages with the average results in the young
normal group 20-45 yrs (chapter IIT), the numerical density
{micro- and macroneurons per m3) and the L/S ratio (large =
macroneurons,/small = microneurcns ratic) in schizophrenic neo-
striatum are not different from control brains. The average
microneurcn diameter, however, seems smaller in the schizophrenic
putamen and even in the caudatum conpared with normal controls:
in putamen 8.47u against 9.13u and in caudatum 9.51 # against
10.38 n.

Statistical evaluation of these numerical results by Mann-Withney
U-test shows for the putamen a p-value of ©.016 and for the cau-
datum p = 0.095.

This phencmenon is most easily seen by comparing the average dis-
tributions in caudatum and putamen for schizophrenia against con-
trols: plate XXXVII shows cumillative frequency distributicns on
probability paper.

Folmogorov—-Smirnmov test applied to those distributions proves a
very significant difference in caudatum as well as in putamen:

P ¢ 0.COL.

b} The thalamus

Neuron sizing is performed in thalamis anterior, in thalamis
medialis, in thalamis lateralis, in thalamis posterior of each
case. The regions within each compartment measured are indi-
cated in chapter IV, the normal thalamis. The micro- (white
bars) and macroneuron (black bars} population for each nucleus is



depicted for each case in plates XXIT to XMXVI.

The mumerical values obtained are summarized in the following

tables:

Thalamus anterior

NUMERTCAT, DENSITY AVERAGE @& TN MICRA

macro micro macro micro micro
S1 7.810 5.204 17.32 8.28 40.01
82 7.711 3.408 16.6%9 8.71 30.66
53 7.838 3.280 17.96 8.45 29.5
S4 6.724 2,840 16.93 7.80 29.72
S5 6.504 3.380 16.79 7.95 34.19
AVERAGE  7.317 3.622 17.29 8.39 32.00
Thalamus medialis
NUMERICAT, DENSITY AVERAGE @ IN MICRA .%
TAcTro micro macro Micro micro
Sl 8.023 5.588 15.77 8.09 41.04
S, 7.490 4.686 16.06 8.09 38.48
53 §.165 5.936 16.89 8.89 42,00
S4 3.834 2.840 15.42 7.5% 42.55
Se 6.617 4.146 15.58 §.00 38.52
AVERAGE 6.825 4.639 16.10 8.30 40.49

117
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Thalamus lateralis

NUMERICAL DENSITY AVERAGE ¢ TN MICRA %
Aacro micro Inacro micro micro
Sl 3.940 1.349 17.40 8.84 25.50
52 3.301 994 16.96 8.96 23.14
53 4.594 1.683 16.81 8.74 26.84
54 2.325 799 17.64 8.44 25.57
S5 3.564 1.207 16.39 8.36 25.28
AVERAGE 3.538 995 17.59 B.&B 25.47

Thalamus posterior

NUMERICAL DENSITY  AVERAGE @ IN MICRA %

acro micro macro micro micro

Sl 7.505 2.961 15.76 B.44 28.28
82 6.553 1.988 16.40 9.04 23.26
53 8.354 2.840 16.69 8.64 25.37
54 5.630 1.754 15.84 7.87 23.72
SS 6.056 2.911 15.97 8.12 32.45
AVERAGE  6.891 2.491 16.19 8.47 27.00

Comparing these results with the values obtained in the control
group of young normals 20-45 yrs (chapter IV), all values op—
tained in the thalamus laterqlis in schizophrenic hrains are
within normal limits.
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In the thalamus anterior, the only slight - but statistically
insignificant - difference hetween schizophrenics arnd controls
is a minimal decrease in average diameter of microneurons: 8.39

against 8.79 u.

The thalamus medialis in schizophrenic brains shows some chan-—
ges: the average diameter of microneurons is smaller than in con-
trols (8.30p against 8.96u4) and there might be a slight decrea-
se in microneurons: 40 % of the total population against 46.5 %
in controls.

In the thalamus posterior (pulvinar) of schizophrenic brains, im-
portant pathology of the microneurons Golgi type II is apparent:
the microneuron density is + 40 % smaller than in contrcls.

(This difference is statistically significant: Mann-Withney
U-test: u=0; p=0.018). The average diameter of the remaining
microneurons, however, is within the normal limits.

Plate XXXVIII shows the average neuronal distribution pattern for
schizophrenia campared with the normal distribution in the four
thalamic regions: the decrease of microneurcns (white bars) in
the posterior thalamus of schizophrenics is apparent.

Plate XXXIX shows the cumulative frequency distribution pleotted
on procbability paper of microneurons in schizophrenia (dash-line)
against controls (black line): the slight decrease in diameter in
anterior and medial thalamus is shown while lateral thalamus and
also posterior thalamis have a normal microneuron distribution
pattern.

3. Summary and discussion of findings in neostriatum and
thalamus of catatonic schizophrenics

1. In the neostriatwn of catatonic schizophrenics, the macro-
neuron density is within normal limits, contrary to what Nagasaka
suggested in 1925.

2. The mieroneurons Golgt type IT of the neostrigfum in cata-
tonic schizophrenics are smaller than in control brains: for the
caudatun 9.51u «~—— 10.38 u, for the putamen 8.474 «—— 9.13 p.
This finding is in agreement with the qualitative descriptive
study by Hopf {1954) of the neostriatum in catatonia: he found
less Nissl substance and more lipofuscin in neostriatal neurons,
and dwarf cells were nore mumerous.

The atrophy {or hypotrophy ?) of Golgi type II microneurons of
neostriatum in catatonic schizophrenia could be related to the
stereotyvped motor hehavior (Kleist, 1922). These cells indeed
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are the postsynaptic cells to the dopaminergic nigrostriatal
pathway: excess of dopamine (L-dopa therapy) results in behavior-
al disturbances (Duwoisin and Yahr, 1972); amphetamine psychosis
is produced via dopaminergic mechanisms (Klawans et al., 1972).
The hypotrophy of microneurcons in catatonia could realize a state
of 'hypersensitivity' to normal amounts of dopamine (Van wWoert
et al., 1972; Cheifetz et al., 1971).

Moreover, the striatum has some function in perception as evi-
denced by physiclogical studies (Buser et al., 1974). Therefore,
changes in the striatum of schizophrenics could result in distor—
ted perception, as already stated hypothetically by Mettler
(1953) . The subjective experience of percepticn disturbances is
very important in schizophrenia (Freedman and Madison, 1974).

3. Within the thalamus of catatonic schizophrenics, the lateral
and anterior nuclei appear to be normal. In the medial thalamus,
the macroneuron population appears to be within normal limits as
far as numerical density, and average diameter are concerned.
This finding, on the basis of objective morphological criteria,
weakens the results on a descriptive basis reported by Riumer
(1954), Flinfyeld (1954), Hempel and Treff (1959-1960-1962) in
the medicdorsal thalamic nucleus.

The microneuron population of the medial thalamis in catatonia
shows normal numerical densities but a slight decrease in ave-—
rage diameter.

In the posterior thalamis (pulvinar) of catatonic schizophrenics
- never studied quantitatively before -, a definite pathology is
found in the microneuron population: the mumerical density is

40 % decreased compared with normal brains. In contrast, normal
values are obtained for macroneurons. As the average microneu-
ron diameter is unchanged, due to the distribution among cell
sizes corresponding completely to normal values and because no
reactive glial or mesodermal change is found, it might be postu-
lated that this deficiency in Golgi type IT neurons in the pul-
vinar is a defect rather than an atrophy.

The rocle of this microneuron deficiency in the thalamic pulvinar
in the pathophysiology of catatonic schizophrenia could be very
important. The pulvinar is an associative ruclear mass with an
integrative function in visual and auditory information, having
projections to the parietotemporal cortex (Gerebtzoff, 1973).

It is a nuclear mass only very developed in higher primates and
man.

The Golgi type II neurcons are supposed to have an inhibitory
function. A deficiency in inkibition on massive visual and audi-
tory stimuli could account for Aallucinatory experiences.
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4. wWhile the macroneurons in neostriatum and thalamus of cata~
tonic schizo's appear to be normal, the Golgi type II microneu-
rons, however, in neostriatum are smaller (atrophy-hypotrophy ?)
than in oontrol cases and in thalamis posterior they are less
mmerous (defect, loss ?). If microneurons are GABA-ergic, a
GABA deficiency in catatonie schizophrenia can be suspected.

This is conform with recent experimental studies by Roberts (1972
and Stevens (1974).

5. The relation of the thalamus to psychotic behavior has been
pointed out before: tumours or inflammatory processes in the me-
dial and posterior thalamus - if occurring bilaterally - are
known to produce schizophrenic-like states (Ajuriaquerra et al,
1954; Martin, 1968). !



Chapter V11|
IMPORTANCE OF NEOSTRIATAL AND THALAMIC INTERNEURONS

A. ANATOMICAL EVIDENCES
1. Normal cytoarchitecture of human basal ganglia

Within the group of telencephalic, diencephalic and mesencephalic
nuclei in man, the neostriatum and the thalamus are conspicuous
because of their size and their neuron population.

The volume indeed of neostriatum and thalamus exceeds amply the
volune of other nuclei. The total volume of the neostriatum
(caudatum + putamen) is + 10 an®, the thalamic volume is + 7.5
The other nuclei are much smaller: the volume of the palli-
dum (mediale + laterale) is + 1.75 cmd; the volume of the nucleus
subthalamicus is + 140 mm3; the volume of the locus niger is
+ 750 (Personal observaticns: unpublished; von Bonin and
Shariff, 1951; Lange and Thirmer, 1974).

The nerve cell density of the neostriatum and the thalamis is
evenso much higher than in the surrounding muclei. The total
nerve cell density {micro + macroneurons) of the neostriatum is
+ 23.000/mn3; the total neuron density (micrc + macroneurcns) of
the thalamus anterior, medialis and posterior is + 10.000/mm’, of
the thalamus lateralis + S .000/mm®. ~ The neurons are less nume—
rous in other nuclei: the pallidum mediale + 650/mm3; the palli-
dum laterale + 700/rrm3 the nucleus subthalamicus pars lateralls
+ 3. 500/mm’; nucleus_subthalamicus pars medialis + 5.500/mm3; the
locus niger + SOO/nm3 (Personal cbservations: unpublished;

Lange and Thdmer, 1974; Pakkenberg and Brody, 1963-1965).

The absalute number of nerve cells is more important: in the
striatum, there are + 100 millicn nerve cells {Bohrider et al.,
1975); in the pallidum laterale and mediale + 600.000; in the
thalamis + 55 million. For these values shrinking was accounted
for,

“The distribution patiern among nerve cell sizes {(neurcnal forma-
la) in the neostriatum and the thalamus is very specific: there
exist two separate nerve cell populations: the microneuron popu-



lation with an average diameter of + 9.4 micra in the neostria-
tum and + 8.6 micra in the thalamus; the macroneuron population
with an average diameter of + 20 micra in the neostriatum and

+ 17 micra in the thalamus. In the surrounding muclei, only one
nerve cell populations exists: in the pallidum mediale with an
average diameter of + 17 micra; in the pallidum laterale + 15 mi-
cra; in the nucleus subthalamicus + 15 micra. (All these values
were obtained with our cytometric technique in the series of nor-
mal brains used in this study.)

The microneuron population is thus quite characteristic for neo-
striatum and thalamus and accounts highly for the high nerve cell
density: more than 99 % of neurons in the neostriatum are micro-
neurons; in the thalamis, the amount varies between 25 and €0 %.

The glial cell density, in contrast to the nerve cell density,
does not change so much arong different. subcortical nuclei. In
the neostriatum, the glial density is + 80.000/mm3; in the thala-
mis lateralis + 100.000/me’;in the thalamus posterior +95.000/mu.
In the other basal ganglia, slightly higher arounts are mted:3
pallidum mediale + lZ0.000/nt; pallidum laterale + 125.000/mm”;
nucleus subthalamicus + llO.OOO/nm3. These values are obtained
with the technique as described by Lange and Thidrner (1974).

The values for glial density obtained in our study show that
there does mot exist a close relationship between nerve cell den-
sity and glial density.

Conelusion: the high prevalence of microneurcons is the main fea-—
ture, differentiating necstriatal and thalamic cyto-
architectonics from other subcortical nuclei.

2. Neostriatum and thalamus in other mammalia

In all mammalian species, neostriatum and thalamus are rather
big nuclei.

From lower to higher species, however, considerable changes oc-—
cur. A detailed description of this evolution is out of scope
of this study. Only some points, relevant to the topics discus-
sed, will be stressed.

a) Volume

The division of the neostriatum in cawdatum and putamen, evident
in human species, is gradually less visible descending to lower
species. Almost the same configuration is found in the monkey
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as in man. In the dog, the putamen is much less individualized.
iIn the rat, subdividing putamen and caudatum is almost impossi-

kle.

The subdivisions of the thalamus behave differently in the evolu-
tion from lower to higher mammals: the anterocdorsal mucleus de-—
creases from lower to higher species; the medial nuclei increase
considerably in higher species especially in men; the posterior
mxclei (pulvinar), non existent in lower species, appear in car-
nivores as one small nucleus but reach an important size in man;
the dorsal and ventral lateral thalamus is well organized in all
species; the extralamellar nucleus (reticularis) obtains the same
relative volume in all species; the intralaminar (with excepticn
of the nucleus centralis) and the paraventricular nuclei decrease
considerably in higher species and man; the geniculate nuclei are
important in all mammals.

Summarizing, it might be stressed that with continuing evolution,
caudatum and putamen get more individualized and that aspecific
thalamic nuclei decrease, specific thalamic nuclei (lateral nu-
clei - geniculate nuclei) do not change and associative thalamic
miclei (medial and posterior) increase.

b) Cytology

In the neostriatum, the clearcut separation of two neuron popu-—
lations in man does not exist in lower mammals. In the rat,
Nissl stain reveals only one population of neurons. Their size
lies in hetween the size of micro- and macroneurons of human neo-
striatum: average diameter + 14 micra (see: plate XXXI). In the
dog, a macro~ and microneuwrcn population appear but the microneu—
rons are larger than in man: the average diameter is + 12 micra.
Plate XL shows the percentage microneurcn distribution in the
adult dog (Beagle). In the monkey, the neurcnal morphology of
the neostriatum is quite comparable to that in man. The micro-
neurons are equally distributed: average diameter + ¢ micra.
gi;ate XI. depicts the microneurcn distribution in putamen and cau-
tum.

In the thalamus of lower mammals (mouse — rat), no microneurchs
Golgi type IT are found. Carnivores {(cat = dog) have thalamic
microneurons, but, while the percentage in lateral thalamic nu-
clei is comparable with the values in man {+ 20 %), the medial
and posterior thalamic nuclei contain only small amounts of mi-
croneurons. In the monkey, the thalamic neuron population is al-
rost identical to the human thalamus: plate XLIT shows the neu-
ronal formulae in the four thalamic regions of the monkey (Cerco—
pithecus Rethiops). Cercopithecus was chosen because of high
encephalisation-index (Bauchot and Stephan, 1966).
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Conclusion: In higher mammals (monkey — man), the neostriatum
shows a characteristic subdivision in micro- and
macroneuron population. In the thalamas, associative
regions increase considerably in size and in those
regions, the microneurons - absent in lower species -
make up 40 to 60 % of the neuron population.

B. ROLE IN BASAL GANGLIA FUNCTION
1. General remarks

All basal ganglia are highly interrelated structures. It is the-
refore not feasible to ascribe definite functions to one given
nucleus.

Neostriatum and thalamus however can be looked upon as” integra-~
tive stations in perceptive and motor behavior. The continuous
modulation of ongoing information (stimuli) implies a sophisti-
cated neurcnal system, sufficiently flexible to cope with all
sorts of unexpected events.

The short-axoned Golgi type II interneurons, very numerous within
those regions, play an important role in this integration.
Indeed, the increasing complexity of behavioral pattern in the
evolution from lower to higher mammalian species seems to paral-
lel the increase of microneurons in thalamus and neostriatum.
Being interneurcns, the function of Golgi type II cells is to
modify and select out incoming information in order to produce
the most adapted behavioral response.

In this respect, pathological changes to Golgi type II cells -
without damage to 'effector' macroneurcns - must result in va-
rious clinical manifestations, precisely characterized by their
irrelevancy to the surrounding world (abnormal movements, bizarre
feelings, postural disturbances) rather than by deficiency symp—
toms.

Changes to the interneurons could be primary or secondary.
Primary changes would be:
- atrophy of this neuron population because of specific
vulnerability
~ hypotrophy or absence due to developmental abnormalities
- deficiency of certain enzymes involved in neurotransmitter
metabolism specific to this neuron type.
Secondary changes are:
- transsynaptic, retro- or anterograde, degeneration (w1th the
primary atrophy in afferent systems)
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- inflammatory, tmmoral, metabolic disturbances, not limited
to certain cell types.

2. Situation of microneurons in the pathophysiology
of some disorders

al) Schizophrenia

The changes to microneurons in neostriatum and thalamis, found in
this study, might be primary: in the neostriatum, there exists a
hypotrophy of microneurcns; in thalamus posterior (pulvinar),
there is a defective development of microneurcns (chapter VII).

The neostriatal hypotrophy of microneurons could realize a state
cf 'hypersensitivity' to normel amounts of dopamine, resulting
in abnormal motor behavior and postural disturbances. Neurolep—
tic therapy, by blocking dopamine:receptors, will stop hypersen-
sitivity, but it could never cure the fundamental defect. In
stress situations, catecholamine metabolism is profoundly in—
fluenced. This could account for the appearance of psychotic be-
havicr.

The low micronewron density in thalamus posterior will diminish
the integrating abilities of this structure. Visual and auditory
perception could thus be impaired due to imundation with stimuli,
with resulting hallucinatory and delirious experiences.

b) Huntington's Choren

The atrophy of microneurons in neostriatum and thalamus lateralis
seems primary. The drastic loss of neurons in the neostriatum
releases the control on the pallidal efferent system. The pal<
lidal input to ventral lateral thalamus gets evenso influenced
because of microneuron atrophy in ventrolateral thalamus.

The atrophy in neostriatum of Huntington's diseased brains seems
to spare selectively the 'medium-sized' Golgi type IT neurons
{chapter V-D}, which might have a transmitter substance different
from the supposed GARA—ergic 'small-sized' Golgi type IT neurons.

The dopaminergic input from the locus niger seems to be normal.
The effect of dopamine on the diseased neostriatal neurons might
result - due to 'hypersensitivity' or 'transmitter-imbalance' -
not only in abnormal movements, but also in ahnormal behavior,
thus accounting for schizophrenic-like symptomatology in the ini-
tial phase of some patients with Huntington's disease.
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e} Parkinson's diseqse

The neostriatal microneuron changes, encountered in this study,
are probably secondary. The neurons of the locus niger are se-
verely atrophied. This way, the nigro-striatal dopaminergic
pathway degenerates. As a result, Golgi type IT cells are dener-~
vated, but only partially because imput from other nuclei per-—
sists. This partial denervation could result in involution of
striatal neurons. That corresponds with ocur findings of decreas-
ed microneuron size in caudatum.

This denervation atrophy could account for 'hypersensitivity' to
dopamine. This would explain dyskinesia appearing during L-dona
therapy.

C. EXPERIMENTAL MODELS AND RESEARCH IN INTERNEURONS

The role of human neostriatum and thalamas in behavior and per-
ception is amply evidenced. The numerous Golgi type II neurons
in those structures mist play a substantial part in their inte-
gratory function.

Nevertheless, our knowledge of the morphology of microneurons in
physiclogical and patheological conditions is rather limited. The
appearance of thalamic microneuron population is aliost unknown
in pathological and experimental studies. The differing morpho—
logy of the striatum in several species is rarely considered in
physiological or biochemical experiments.

A prerequisite for a better understanding of basal ganglia func-
tion is a thorough morphological analysis of the structures in
man and experimental animals to be compared.

As a result of this study, some suggestions for further research
emarge:

1- the animal model, used in behavioral studies, should be
preferentially the monkey because of the close similarities in
neostriatal and thalamic neurcnal cytology to man. In the dog,
the neostriatal morphclogy is quite similar to man but the tha-
lamic cytology differs substantially. The rat is less useful in
view of different striatal and thalamic structure.

2- it should be shown that so-called neostriatal Golgi type II
neuwrons are really all short=axoned. There seems to exist two
groups of human neostriatal microneurons, 'amall' and ‘medium'
sized ones. '
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3- the thalamic microneurcns should be systematically studied
a) in different animal species
b) in human embryogenesis and development up to 20 yrs of
age
¢} in different pathological entities.
4- the influence of substances on microneurcons in neostriatum
and in thalarmus, changing behavior and perception, has to be
described.



SUMMARY

Two major miclei of the human basal ganglia - the neostriatum and
the thalams - were thoroughly analyzed with a quantitative cyto-
metric technique.

Within these structures, special emphasis was placed on the 'in—
terneurons' (Golgi type IT micrconeurons), because of their impor-
tant function in behavior integration.

The study was performed in brains of normal adults as well as in
brains of patients suffering from Huntington's Chorea, Parkin-
son's disease and catatonic schizophrenia.

1= In the normal adult huwman neostrictwn (cauvdatum + putamen),
there exist two distinct neuron populations: the macroneurcns and
the Golgi type II microneurons. The prevalence of microneurons
is evident in these structures: in the caudatum, the ratio
large:small neurons is 1:210; in the putamen 1:115.

As the micrgneuron density in both nuclei is equal, namely .
+ 22.000/mm”, the macroneurons appear slightly less numerous in
caudatum (125/mm3) than in putamen (195/mmd) -

The distribution of microneurons is rather uniform throughout the
nuclei, except in cawdal regions: because nore fibre bundels are
passing through,the neurons are less densely arranged.

The average diameter of microneurons decreases with increasing
age: in the caudatum below 45 yrs, it is 10.38 v and above 45 yrs
9.43 v ; in the putamen below 45 yrs it is 9.13 U and above 45 yr's
8.72vn .

The mmerical values are equal in the left and right hemispheres.

2= In the normal adult huwman thalamus, two distinet nerve cell
populations are alsc found. In this structure, the macroneurons
numerically prevail over the microneurcns., The Golgi type IT
microneurons, however, are very important because of their fumc-
tion as pre- and postsynaptic inhibitory cells. The average size
of thalamic micronewrons is 8.65 in all thalamic nucled but3
their mmerical density varies: in Thalamus Anterior 3.450/mm™,
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in Thalamus Medialis 4.650/mm3, in Thalamus Lateralis l.l50/mm3,
in Thalamus Postericr 4.000/mm3.

The nacroneuron nmumerical density in Thala:ms Anterior is
6. 750/Irm in Thalamus Medialis 5. GOO/mn , in Thalarmus Iateralis
3. 350/rr|'n3 and in Thalamus Posterior 6.450/mmo.

It is thus evident that the microneurons in Thalamis Anterior
contribute 30 to 35 % of the total neurcn populaticon, in Thala-
mis Medialis 40 to 50 %, in Thalamis Lateralis 20 to 2% % and in
Thalarms Posterior 35 to 40 %.

These differential proportions may be related to the function of
the thalamic parts: specific nucleil appear to contain less micro—
neurcns than associative nuclei.

3- In cases of Huntington's Chorea, a severe loss of microneurcons
appears in the neostriatum and in the Thalamus Tateralis.

In caudatum as well as in putamen, the microneuron loss reaches
90 % in juvenile rigid choreics, 80 % in choreiform cases and
70 % in akinetic adult cases.,

In juvenile and choreiform cases, in contrast to akinetic adult
cases, the larger sizes of microneurcons appear to be better pre—
served. This finding, corresponding to different clinical symp—
toms, may suggest that the larger Golgi type II microneurons are
different from the more numerous smaller ones. Maybe, the larger
Golgi type IT cells have another transmitter substance. This
would conform with the hypothesis that GABA and acetylcholine
play a role in Huntington's Chorea.

While the neurons appear normal in Thalamus Anterior, Medialis
and Posterior, the Thalamus Lateralis in Huntington's Chorea
shows a distinct 50 % loss of microneurons, atrophy of persisting
microneurons and also of macroneurcns. This lesion in the ven-—
trolateral thalamus relates certainly to the known input from the
striatum via the pallidum.

4- In cases of Parkinson's disease, there is no loss of neurons
in the neostriatum. The microneurons in the caudatum, however,
appear smaller: the average diameter — compared with the normal
value ~ is significantly decreased.

This atrophy may be secondary to the known degeneration of the
nigrostriatal fibres in Parkinson's disease. In the thalamus,
the posterior and medial muclei demonstrate a slight atrophy of
microneurons. The lateral thalamus, although relay station of
motor pathways, is unchanged. The pathology of thalamic and cau-
datal microneurons in Parkinson's disease may be related to the
GABA decrease within basal ganglia in this disease. It is thus



evident., that the disturbance in Parkinson disease is more camn-—
plicated than dopamine decrease due to neuron loss in Locus Ni-

ger.

5- In cases of catatonic schizophrenia, there exists a severe mi-
croneurcn patholegy. In the neostriatum, loss of microneurons

is not found but the average diameter of microneurons is signi-
ficantly decreased in caudatum as well as in putamen. The dis=
tribution pattern of microneurons favours more an hypotrophy than
an atrophy. This hypotrophy of neostriatal Golgi type II neurons
may be responsible for the stereotyped motor behavior and percep—
tion disturbances in catatonic schizophrenia: the "hypotrophic!
neurons could be 'hypersensitive' to normal amounts of dopamine.

In the Thalamus, the lateral nuclei appear normal. In the asso—
ciative thalamic nuclei - anterior, medial and posterior nuclei -
microneurons are pathological.

In the anterior and medial nuclei there is a slight atrophy wit-
hout loss of microneurons. In the postericor thalamus (pulvinar),
however, Golgi type II neurcons are 50 % less numerous than in
normals brains. As the micreoneurons present in schizophrenia are
normally distributed among cell sizes and as reactive gliosis
does not exist, the low numerical density appears a defect rather
than an atrophy. This defect of Golgi type II inhibitory cells
in the Pulvinar may be related to hallucinatory experiences.

6~ Neuroleptie drug treatment, known to influence human behavior,
induces distinct changes in the neostriatal neurons of rats. In
a short term experiment, low doses of three different neuroleptic
drugs (Haloperidol - Chlorpromazine — Pimozide) were administered
to rats., Quantitative cytometric evaluation revealed that all
neuroleptics caused a decrease in neostriatal neuron size. The
decrease in size was more pronounced in rats treated with a neu-
roleptic, known to give easily extrapyramidal symptoms, and less
pronounced in rats treated with a neuroleptic causing fewer ex-
trapyramidal signs. The decrease in size of neostriatal neurons
may attribute less available dopamine receptor sites.

7= Comparative cytometry Of the neostriatum and thalamus of the
rat, the dog and the monkey showed that in lower animals the neu-
rocytology is quite different from that in man. In the monkey
the neostriatal and thalamic neuron population is well comparable
to that in man; this animal, therefore, should be preferentially
used in experimental studies of basal ganglia function.

In conclusion of this cytometric morphological study, it may be
stated that the pathology of necostriatal and thalamic microneu—
rons is of primary importance in the pathophysiology of basal
ganglia and behavicral discorders.



Further research is needed to know better the development of tha-
lamic microneurons and to discover the influence of substances,

changing behavior, on Golgi type II neurons in thalamis and neo—
striatum.
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