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There are several theories explaining the
main tranguilizing action and side effects of
neuroleptic (NL) and related antipsychotic
drugs that are thought to act on dopaming
(DA) receptar sites in brain (12,14,29,56,
93).

1. The receptor-blockage hypothesls
states that the NL drugs specifically attach
to striatal DA receptors (90,93}, thus in-
hibiting DA-sensitive adenyl cyclase (44),
increasing the fring rate of DAergic nigral
neurons, and accelerating DA turnover and
synthesis (2,28,68), There is no simple and
direct quantitative relationship, however,
between any of these NL actions and their
antipsychotic potencies (79).

2. As the strionigral GABA-ergic sys-
temn is suggested-to influence the nigro-
striatal DA-ergic systems (7), NL-induced
decrease of y-aminobutyric acid in strio-
nigral neurons may result in decreased
inhibition of D A-ergic nigrostriatal neurons
and thus activate the tumover of DA in the
striatum (47).

3. The coupling-blocking hypothesis of
ML action recognizes that the MLs are fat-
soluble and surface-active drugs that ac-
cumulate in cell membranes (78) blocking
nerve membrane impulses, enhancing the
spontancous release of the transmitter, or
modulating the coupling between impulses
and neurosecretion (23). There is recent
evidence of a direct correlation between the
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antipsychotic activity of NL drugs and their
ability to block the presynaptic impulse-
coupled release of DA (79), Whatever the
mechanism of NL inhibition of DA re-
lease, a presynaptic site of NL action in
the small strjatal DA neuron terminals
might cxplain many of the chronic NL ef-
fects in brain (79), which also have been
related to a state of denervation hyper-
sensitivity of postsynaptic DA receptors
with a resulting increase in DA-ergic
activity (12,40,48,87,93). L

Although clinical and experimental data
on both acute intoxication and chronic
treatment with NL - drugs suggest some
morphologic changes in the central nervous
system (CMS), the problems of chronic
brain damage due to long-term NL therapy
and of the kind of leslon accounting for the
clinical syndromes [e.g., parkinsonism and
tardive and persistent dyskinesias (6,19,22,
48,71)] are poorly understood,

The results of neuropathologic studies
after both acute intoxication and prolonged
treatment with NL drugs are controversial,
and surprisingly little is known of the
anatomic substrate of drug-induced en-
cephalapathies (31,43,72),

ACUTE INTOXICATION

After acute Intoxication with NL drugs, CNS
changes in both man and experimental animals
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FIGS. 1 snd 2. Localized stntus sponglosus with astrogliul swelling and mild neuronal damage in Westphal~
Edinger nuclei after fatal overdosage af nialemide. H. & E. Fig. 1, %90. Fig. 2, %250, 3 _
FIG. 3. Severe spongy changes with neurona! and sxonal changes in inferior olive afier acute fatal intoxication

with thioridazine. C. ¥. %230,

include cerebral edema and nenspecific neu-
ronal changes, including reversible neuropal
swelling and vacuolation, ofien superimposed
on by secondary anoxic and vasocirculatory
lesions {for review, see 13,25,43,58), Necroses
of the cerebral gray matter with gliovascular re-

actlon found in a cerebral biopsy of an infant
8 months after nccldental poisoning with
chlorpromazine (CPZ) were attributed to
chranic hypoxia (S), In one case of acute fatal
intoxication with thioridazine (Melletil®, 6,000
mg), and In two cases of acute death following
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overdoses of nialamide, a monoamine oxidase
{MAD) inhibitor, given in doses of 1,500 mg/
day, we observed localized spongy changes of
the neuropil with astroglial swelling and neu-
ronal damage in both the Westphal-Edinger
nuclel (Figs. | and 2) and inferior olives (Fig. 3).
Similar changes experimentally induced in dogs
by heavy dosing and chronic application of
MAO inhibitors were attributed to a vasocaon-
strictor action of serotonine in the brain, with
associated edema (70,91).
Manspecific neuropal changes in the striatum,

substantia nigra, hypothalamus, and cerebral
cortex of experimental anlmals after application
of high doses of NL drugs are often unrelated
to clinical signs (73), and thelr separation from
artifaets may be difficult. Ultrastructoral demon-
stration of increased glycogen in astroglia and

dendrites of hypothalamus and globus pallidus

after therapeutic doses of CPZ and trifluopera-

zine (haloperdol} (30-52) are suggested to re-

sult from blockage of glycolysis and oxidative

processes (24). Neuronal swelling with dilated

endoplasmic reticulum {ER), increase in the

number of mitochondria and profiles of granular

ER (4) and of microvesicles in dendrites and

presynaptic terminals are related to a partial -

probably reversible—blockage of rapid axonal

transpart induced by CPZ and other tran-

quilizers {23). Increased pinocytosis of capillary
endothelial cells after intracisternal application
of CPZ indicates disorders of the blood-brain
barrier (24),

In vitre application of CPZ and antidepres-
sant drugs induces neuronal swelling with dila-
tation of the ER and mitochondria, and aceumu-
lation  of concentric muliilamellated dense
bodies (MLB), often related to rough ER or
resulting from stimulation of the lysosomal
system with accumulation of phospholipids
(10,35,30). Although similar MLBs were ob-
served after chronic phenothiazine treatment in
rats and in a human biopsy case after acute
CPZ intoxication (5), these changes were not
seen in human brains after chronic CPZ treat-
ment (36). Similar changes induced by a variety
of drugs [e.g., LSD, chloroquine, and antide-
pressant and anorexic drugs (3,49,60,61,76,85)]
are thought to result from impairment of phos-
pholipid turnover, thus representing some kind
of eaperimental lipidosis.

CHRONIC EXPERIMENTS

Neuropathologic studies after lopg-term ad-
ministration of phenothiazines and related
drugs, summarized in Table [, revealed non-
spegific neuropal changes, neuronal loss, and
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gliosis in cerebral cortex, limbie system, brain
sterm, and cerebellar nuclei, with changes in the
glioneuronal ratio in dentate nuclei and superior
olives (38). Neuronal hyperchromia in cerebral
cortex is associated with increase in the RNS
contept, accumulation of glycogen, and de-
creased acrivities of oxidative enzymes (77),
some of these changes being dose dependent
(81). Meuranal changes and gliosis In the limbic
system {20,81) could be related 1o & blockage of
DA receptors in the (meso)limbic system that
praject to the hypothalamus and nucleus accum-
bens septi (67,86),

Electran microscopic studies in rabbits with
extrapyramidal syndromes after prolonged ap-
plication of CPZ and haloperidole showed
synaptic changes in the pallidum and hypo-
thalamus (53-55.88) that were considered the
results of partial blockage of glycolysis andfor
axonal transport, Increased cytoplasmic mem-
branes in the presynaptic axons of the globus
pallidus {54) are probably related either to the
interaction of phenothiazines with synapto-
somal membranes (18) or to hyperplasia of the
smaoth ER resulting from disorders in the
physiologic remodeling of synapses seen in a
large variely of conditions (83). Changes of the
postsynaptic dendrites with deposition of granu-
lar and fbrillar material, shrunken boutons em-
braced by astroglia. and vacuolation of pre-
synaptic axon termipals in the hypothalamus
(55) are similar to antegrade axonal degénera-
tlon following neuritic transection (1,82) and to
degencration of striatal boutons after experi-
mental damage Lo the substantia nigra with de-
generation of the DA-ergic nigroneostriytal
pathway (39.46). Changes in the glioneuronal
ratio (18) and synaptlc changes in the brain-
stem, therefore, are tentatively related to chronic
“biochemical denervation” of striatal DA- or
GABA-ergic neuronsl systems,

HUMAN NI. ENCEPHALOPATHY

Meuropathologic experience in man after
long-term NL treatment is still limited, and its
results are controversial {see Table 2). A sug-
gested increase of mortality in schizophrenic
patients after prolonged NI treatment {(64)
needs further statistical confirmatian. The
majority of the morphelogic CNS changes re- ;
ported in the literature are nenspecific or related ™
o normal aging. extrancural diseuse, or agonal
and postmartem phenomena,

Chronie liver damage may induce hepatic
encephalopathy with occurrence of Alzheimer
type 11 astroglia. Drug-Induced agranulocytosis
and coagulation disorders may induce cerchbral
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TABLE |. CNS morphology in animals following long-term adminisiration of NLs
CPZ

Animal
Rabbit
Rat, monkey
Dog
Guinea pig
Rabbit
Rat
Dog
Ratl
Rabbit
Rabbit
Rat

Rat

4 RNS. ribonucleic acid; AcPase. acid phosphatase; SDH, succinic dehydrogenase.

Shiraishi {54.55)

Gershon (63)
Jacobsan {77}
Quandt (81}
Hackenberg &
Lange (38)

Author {ref. no.)
Mozl (709

Roizin et al {752)
Cazzullo e1al (15)
‘Worden «t al. (91}

Guyeniseman (37)
Dom (20)

Kemali et al, (45)
Palmer &
Mackiewicz &
Romasenka &
Sommer &
Kotzumi &
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Liver dm.
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TABLE 2. Morphology of human brains following long-term ML therapy
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F1GS. 4 and 5. Severe Increase in ghial pigment and numerous axonal spherolds (S} in the reticular zone of sub-
stantia nigra of schizophrenic man aged 65 without dyskinesia. C. V. Fig. 4, %90, Fig, 2, %280
FIG. 6, Terminal nxonal sweilings (x. arrows) in glabus pallidus of schizophrenic woman on long-term NL treat-

ment. Bodian's silver impregnation, % $60.

edema. microhemorrhages, capillary throm-
boses with microcirculation disorders. and
ischemic lesions. Fregquent cercbral edema in
psychiatde autopsy material can only rarely be
related to chronic psychopharmacotherapy (26).
Frequent but nonspecific phenomena are chro-
matolysis and increased lipid in neurons and
other visceral organs (13,26,30,75).

Lesions of substantia nigra with depigmenta-
lion and neuronal loss occasionally seen in drug-
induced dyskinesia (17.27.4 lure sof considered
significant in view of the advanced age of most
of these patients, the average age in the dys-
kinesia muterls) of Christensen et al. (17) being
74 years. Reduction {n the number of melanin-
containing neurons in elderly subjects has been
shown by semiguantitative and automatic
counting procedures (16,69} but was not ob-

served in a personal series I conducted of 28
autopsy cases after prolonged ML treatment
where the average uge at death was 56 years
(see discussion below).

Axonal swellings ("spheroids”) in the re-
ticular zone of substantia nigra (Figs. 4 and 3)
and globus pallidus (Fig. 6), deseribed in some
cases of drug-induced dyskinesia (32,33), are
also considered age-dependent changes un-
refated 10 NL treatment. *Dystrophie” axonal
changes represent a nonspecific and experi-
mentally reproducible degenerating phenom-
enon of the neuron, the intensity of which in
some constantly affected sites of the human
CNS is clearly related 1o age without relation to
any basic disease (42). However, the occur-
rence of dystrophic axans in the reticulata
nigrac has been shown lo be significantly ele-
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vated in Parkinson's disease and chronic alco- 7 years. The average age at death was 543

holism (42). This latier condition and advanced  years; the average duration of drug treat-

age are suggested to be responsible for the ment was 5 years. The control group in-

presence of these axonal changes in some luded f ith

tlderly patients with drug-induced dyskinesia, ©10¢ 14 patients with an average age at
death of 57.8: yearsiwho- niever developed:

Diffuse gliosis in the striatum and thalamus,
and mild chronic degeneration of myelin of extrapyramidal symptoms in“the courseiof
questionable significance in the pallidonigral N1 medication withanaveraze duration of
system were observed in phenothiazine-induced 4 4.years (Table 4}
dyskinesia (41), Christenseniet 7)reported " N X .
gliosis in: the brainstem=in" 28, brains The pathologic clranges in brains of both
with drug-induced dyskinesia, a condition rarcly ~ groups consisted of: —
" seen in age-matched controls, However, these T
changes, which in combination with damage to 1. nonspecific lesions related to age or
substantia nigra were cansidered to account for Jethal basic disease, e.p., cerebral edema,
'D':ﬁei"i‘r‘lf:s'ti"g);'::gr(';s:)“’d?"’ not confirmed by ayrophy, atherosclerosis, lipid deposition
Damage 10 la.rgé-.-.'ne'uréns iniihe Sealdnne, In the nclirans, anr% dystrophic axons in
muclens “with- inereased glial “satellitosis; oe- substantia nigra (Figs. 4 and 35), globus
casional - nedronephagia; and:mild gliomesen-  pallidus, and Goll's nucleus;
chymal. reaction:in;the-brains.:of: patients with 2. incidental findings vnrelated to NL
gi?kfll}lczl: :}'lﬂs- NI;D;;::: rEy.dc';n::s}.:;::]l‘uul-l' treatment, e.g., two cases of abortive
. 1 ange: - 1 1 . N . ¥,
other patients n\.&ho‘ died ai'tcru::ralonsed n[':::- Fahr's synldrome ('mmerahzat:un of the
ment with CPZ and triflupromazing (27,74) but basal ganglia), and lipoma of the hypothal-
not seen in normal controls, were taken lo be  amus]
related to the drug-induced clinical syndrome. 1. no observed damage to substantia
nigra and gliosis in the brainstem although
this had been previously reported; )
4, changes in the caudate nucleus.in 13
In order to further elucidate this problem,  cases, i.e., 46% of the total series, with
a histologic study ©f 28 brains-following _swelling of Targe newrons, mereased glial
long-term NL treatment with persistent satellitosts, and Gceasional neuronophagia,
exirapyramidal symptoms in 14, was per- associated with slight proliferation of
formed. The series included 16 men and 12 astroglia and preservation of small neurons
women, ranging in age from 21'to 74 yeas® (Figs, 7-11). These changes were usually
(average 56,1 years). There were 24 conspicuous in the rostral two-thirds of the
schizophrenics, four depressives, and two caudate nucleus with almost bilaterally
organic -psychoses to whom NL and tran-  symmetrical intensity, but were rarely seen
quilizers had been administered for, on the in the caudal part of the nucleus. Similar,
average:S yeurs. (range. from-2 monthsito  much less pronounced, changes in the
11 years), although in:most-of the patlents  putamen and globus pallidus were seen in
intermittent treatment- was:igiven. The five of the affected cases, but were never
drugs administered were CPZ, trifluoro- observed in other subcortical nuclei or in
perazine, rothixen, reserping, thio- the cerebral eortex. Insome cases, multiple
ridazine, tricyclic antidepressants, and terminal axonal swellings in the globus
tranguilizers, alone or in combination. pallidus next to swollen neurons with cen-
Fourteen patients developed extrapyrami- tral chromatolysis or ballooned cytoplasm
dal disorders with rigid akinelic parkinson-  (Fig. 6) were noted. All these changes were
ism in five and choreiform or perioral unrelated to general autopsy findings and to
the cause of death, basic lethal disorder,

hyperkinesias in nine (Table 3). The dura-
tion of dyskinesia ranged from 4 months to  or duration of agonla (Tables 3 and 4).

PERSONAL INVESTIGATIONS

T "
ABLE 3. CNS changes follawing long-term NL therapy with extrapyramidafl disorders

Exirapyr. symptoms

Duration

Nreuropathology findings
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" MDP = manic-depressive psychosis,

“Yrlint = yearsfintermitient application,
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rap it extrapirami el § ympion

Case  Age, Clinical Duration
ne. sex dingnosis NL Th.

Neuropathology findings

Autapsy Caud.! Pall, Others

22163 &5, M Schizo., ale. Iyr

Tuberc., myge. inf, +

4+

Diff, cer. atroph.

1765 70, M Schizo, 7 yrfint"  Preumenia o -

42/65 29, M Schizo. sujc, 6 ye/lnt  Shock, aort. stab, + =~ Cerebr. edema
3-68 65, M Schizo. suic. 5 yrfint  Poeum. shock “+ —  Atherosclerosis 11

49-69 60, M Depression 2 mo Tuberculasis + —  Dift. gliosis

2267 40, F  Schizo. Jyr Bronchopneum, Weuron. lipidasis

275-69 56, F  Schiro, Gyrfint  Hem. cystilis Cerchbr, edema

434-70 21, M  Schizo, Iyr Preumonia Cerebr. edema
14=71 69, F  Depression 2yr Pneumonia

66-71 72, F  Mixed psych. 2 mo

Enteritis, pneum,
3B9-71 74, F  Schizo.defeet, 6 yrfint  Hypertension

Cerebr. edema (mild)
Lipoma hypothalamus

L O A O O A B |
LI T T O O I B |

1472 66,F  Schiza. 6 yifint Tuberculosis Carebr. cdema
78-72 68, F  Schizo. B yrfint  GI carcinoma Cerebr. edema
177-72 60, F  Schizo. defect. 7 yrfint  Pulm, embolism Edema (mild}

* ¥rlint = yearsfintermittent application
"+ = slight; ++ = moderate.

As these lesions in the caudate nuclei
were only observed in 4% of an age-
matched control graup of psychotics with-
out long-term NL treatment and in less
than 2% of a large neuropathologic routine
group of palients, they were tentatively
considered significant, Caudal lesions of
this type were seen in nine of 14 cases,
l.e., 57% of the dyskinesia group, and in
only five of 35 cases, 79% of the cases with-
out extrapyramidal disorders (Table 2).
Although these changes were more pro-
nounced in cases with choreiform and
perioral hyperkinesias than in akinetic
parkinsonism and controls, there was no

definite correlation between the intensity “*

of the morphologic changes and the clini-
cal syndrome,

Electron microscopic studies performed
on formalin-fixed and osmium-postixed
autopsy material of the caudate nucleus
and globus pallidus of two patients with
late dyskinesjas following prolonged treat-
ment with CPZ and other NL drugs (cases
348-70 and 388-70, Table 3) gave the
following preliminary results: in addition
to considerable postmortem changes and
nonspecific neuronal and astroglial changes
including lipofuscin accumulation, there

were neuronal processes and mildly en-
larged axons with a variety of altered
organelles including mitochondrial, multi-
granular bodies (MB) with accumulation of
glycogen, and concentric multilamellar
bodies and loose membranous whorls
(Fig. 12). These “m}'elm bodies” resembled
those observed in degenerating and dys-
trophic axoplasm (42,57) and in neurons of
aging brain (74) rather than the drug-induced
MLBs (10,49,60,61,76).

The pathogenesis of the changes in the
caudate nuclei following prolonged NL
treatment and their relation to the bio-
chemical effects of NL drugs are obscure,
The-'possible ‘mechanisms uhderlylng " the:
caudate lesions, which are believed to rep-
resent the only constant light microscopic

" “findings in“drug-induced dyskinesid, could

be the following.

I.-Nonspecific - damage .10 ..the . large

-caudale;neurons associated with increased

glial satellitosis, and occasional neu-
ronophagia are consistent with some
chronic sublethal neuronal lesions, e.g., as
seen in chronic denervation.

2. Although ultrastructural data indicate
nonspecific neuronal changes and axonal
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FIG. 12, Enlargsd axon in caudate nucleus of schizophrenic pﬂlisrfll. :'Bn pm]onged NL treatment, shawing in-

creased number of mitechondrs, some MB and many

degeneration, some similarities with ex-
perimental striatal changes following pro-
longed NL administration (53~55) and
lesion of the nigrostriatal pathway (7,39)
indicate that these changes may be the re-
sults of chronic biochemical denervation
in some striatal neuronal systems.

3. The phenothiazines and related NL
drugs are thought to act by blocking DA
receptor sites, thus chemically denervating

i whorls. % 10,000,

DA receptors of the strintal afferents,
which are most probably the small and
medium spiny neurons (7,46), whereas
dendrites originating from the sparse popu-
lation of larger caudate neurons are be-
lieved to send their axons to the substantia
nigra (84), thus forming a strioncostriatal
loop system. The prominent changes in the
large caudale neurons after prolonged NL
treatment, therefore, might result from in-



FIGS. 7 and 8. Increased sutellitoscs (arraws) and mild glial reaction in left (Fig. 7) and right (Flg. 8) caudate
nuclei of schizophrenic man aged 55 with persistent dyskinesia. C. Y. Bath figures, x30.

FIG. 9. Salellitosis around large newran and small glial nodule in caudate nucleus of same patient, C. ¥, x 340,
FIG. 10. Occasional glinl satellitosis and mild glial ion (x) in late nucleus of schizophrenic man aged
€5 on long-term NL therapy withoul dyskinesia. C. V. x240, )

FIG. 11. Glial satellitosis atound large caudale neuron in same patient. C. ¥, % 1,500,
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direct damage, although the selective vul-
nerability of the large striatal neurons to
different noxae is well established (65).

Although biochemical and experimental
data are in favor of some relationship be-
tween hyperkinesia and lesions in the
caudate nuclei (59), the clinical significance
of the caudate changes after long-term NL
treatment remains to be elucidated. The
similarities between NL-induced dyski-
nesias and those following levodopatherapy
of parkinsonism have been emphasized
(12,48), both disorders probably being re-
lated to excessive inhibition of the siriatal
DA neurons. So far, however, no anatomic
substrate of the levodopa-induced syn-
drome has been found (21,92). The ques-
tion remains, therefore, why some patients
on chronic NL treatment develop parkin-
sonism or tardive dyskinesia with or with-
out caudate lesions, whereas others on
equal or even higher doses do not show any
extrapyramidal disorders even in the
presence of some anatomic changes in the
caudate nuclei.

Alternatlve Diagneses to NL Encephalopathy

Clinical problems may arise from the
*masking" of extrapyramidal degenerative
disorders, e.g., Huntington's chorea, by
NL treatment, and from difficulties in the
clinical distinction between drug-induced
encephalopathics and organic brain dis-
ease, including Creutzfeldt-Jakob disease
and Huntington's chorea,

Long-term NL treatment may inhibit the
clinical manifestation of Huntington's
chorea, as observed in a demented woman
aged 63, presenting with schizophrenia,
who received intermittent ML treatment
for 11 years without developing hyper-
kinesia. At autopsy, the brain showed the
characteristic features of Huntington's
chorea, without pallidal lesions often asso-
ciated with rgid akinetic forms of this
disease (11). This is in keeping with clinical
experience indicating favorable influence

of NL drugs on Huntington's chorea
(40,80), which is morphologically char-
acterized by loss of small striatal neurons
(11) with preserved striatal DA receptors,
and no or very little decrease in striatal
DA content (8),

Although NL-induced dyskinesia usually
differs fromm Huntington's chorea, NL-
induced encephalopathy may be occa-
sionally mimicked by the latter disease
showing initial psychotic features with
delayed development of extrapyramidal
symptoms (33,89). We observed three
cases of Huntington's chorea, confirmed
at autopsy, that had been clinically in-
terpreted as chronic schizophrenia with NL-
induced dyskinesia. Later, positive family
histories of Huntington's chorea were
found in two of these patients. Any causal
relationship to or triggering of Huntington’s
chorea, & hereditary degenerative disease,
by NL treatment, however, can be strictly
denied.

Cerebral Phlehitls

A rare type of cerebrovascular lesion
should be mentioned that may or may not
be related to prolonged NL (reatment.
Moore and Brook (66) reported two cases
of young girls who had received NLs and/
or anticonvulsive drugs over an extended
period of time and who were found dead
without any preceding acute illness. The
outstanding pathologic finding was a seg-
mental nodular, occasionally annular in-
traadventitial lymphomenacytic-infiltration--

‘6f‘the meningeal and“intracerebral “veins

without arterial and parenchymatous in-
volvement or extracerebral vascular dis-
ease. Similar. inflammatory:reaction " of!
cerebiral “veins. was:mentioned in- an- epi-
leptic who had been “allergic” to anti-
epileptic drugs (66). We observed this type
of “cerebral segmental nodilar phiebirls'"
in four patients, three of whom had received
long-term NL treatment. A man aged 65
with organic psychosis who developed
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;:gs IJ; Adv:gll’llal monocytoid inflltratlon in striatal vein. H. & B, x250.
FIGS. 14 and 15, Mural end adventitial lymphoid infiltration of small veins in thalsmus (Fig. 14) end globus pal-
lidus (Flg. 15). H. & E. Fig. 14, %250, Fig. 15, = 360, bR pam
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dyskinesia after 8 years of intermittent
administration of phenothiazines died from
myocardial infarction. The brain, in addi-
tion to a small old cystic infarction in the
stdiatum, disclosed” disseminating-|ympho-
eytie infiltration of the cerébral veins with-
out meningeal or parenchymal involvement.
In a schizophrenic woman aged 30 who for
at least 10 years received combined NL
treatment without dyskinesia and who died
in acuie catatonia, disseminated phlebitis
was ‘seenin: the. striatum; thalamus.: hy-

~pothalamus, . amygdaloid: . nucleusy \-._;a"nd

mediilly oblongata (Figs. 13,14,15). Similar
‘phlebitic lesions in the white matter and
basal panglia were observed in a 52-year-
old schizophrenic woman who, after several
years of treatment with NL and antiepi-
leptic drugs., died in an acute coma.
Thorough histologic review of other tissues
of the body failed to uncover any lesions of
the extracerebral vasculature or of the
cerebral arteries. The explanation for the
singular involvement of the brain (the
spinal cord was not available for study),
with the escape of other tissues of the body,

is not forthcoming, nor:is‘there‘any manifest-
explanation for the sole attack ori the veins:
“to the exclision-of the arteries: No definite

conclusion about the type of cerebral
phlebitis observed after prolonged treat-

ment with phenothinzines and anticon- .

vulsive drugs being a form of sensitizatio
1o autoimmune reaction can be reached.
However, the appearance of intramural

segmental or annular phlebitis in the brain...
and meninges has been observed in other
conditions, e.g., in demyelinating disorders.

including: multiple sclerosis:(62), indicating

immune activity on the CNS, A study of
similar cases could assist in clarifying the “i

sent some morphologic substrates for drug-
induced dyskinesia. We can pguess that,
under certain circumstances, NL treal-
ment primarily causes reversible structural
and ultrastructural changes in cerain
extrapyramidal systems that later progress
to irreversible damage, particularly in
caudate nueleus. However, this guess can
only be proved if these findings are repro-
duced in larger autopsy material and cor-
related with experimental ultrastructural
and biochemical data.

SUMMARY

Biochemical and experimental electron
microscape data on the effects of NL drugs
indicating a blockage of the postsynaptic
DA receptors or of the presynaptic DA
release in the striatum and electron micro-
scope data on synaptic changes probably
resulting from partial blockage of glycolysis
and of rapid axonal transport with disorders
of the physiologic remodeling of synapto-
somes suggest the possibility of permanent
structural CN S lesions following prolonged
administration of phenothiazines and tran-
quilizers, Changes in the glioneuronal ratio
and degeneration of boutons in brainstem
are tentatively related _to. chronic. bio-
chemical _denervation. .

nonsp : 1o
normal aging (nigral i gxgn_ai

sia in
urhs i

relationship between the clinical data and ¢ reac)

pathology findings.

The same applies for the pathogenetic
elucidation of other neuropathologic
findings after long-term NL therapy in-
cluding the reported changes in the
caudate nuclei that may or may not repre-

group (579%) than in cases without extra-
pyramidal disorders (37.5%), but there
was no correlation between the intensity
of Lhe morphologic changes and the clinical
syndromes. The pathogenesis of the caudate
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lesions and their relation to the biochemical
effects and clinical side effects of NLs are
obscure, A rare type of isolated cerebro-
vascular lesion observed after prolonged
NL and anticonvulsive treatrent is cera:
bral segmental nodular phiebig

tion 1o these drugs.
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