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The Neuropharmacological Consideration on the
Pathogenesis of Tardive Dyskinesia

Hideaki ISHIZAWA and Toshikazu SAITO
Department of Neuropsychiatry, Sapporo Medical College
(Chief : Prof. N. Takahata)

Antipsychotic agents have been widely used since their introduction in psychiatric practice.
Their side effects have been well recognized. One side effect is the occurrence of tardive dykinesia.

We reviewed the chemical anatomy of the neostriatum (caudate and putamen), and distinguished
two major efferent systems (SI system and SII system). Firstly, we proposed the hypothesis that
tardive dyskinesia is related to SII system hypofunction. The transmitter-receptor systems of the
neostriatum were also disccussed, and the balance mechanism between them was stressed in the
pathogenesis of tardive dyskinesia. We reviewed the relationship between tardive dyskinesia and
drug induced Pakinsonism. CSF examination of tardive dyskinesia and drug induced Parkinsonism
showed similar changes (i. e, increased HVA concentration). These two diseases might have a
common prerequisite, and additional conditions might determine which disease develops. The
receptoe blockade mechanism and supersensitivity seemed to play a key role in the appearance of
the disease.

To elucidate the pathogenesis of tardive dyskinesia and drug induced Parkinsonism further
examination is critically needed. (Received July 4, 1986 and accepted August, 11 1986)
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Fig. 3 CSF GABA levels from patients with Parkin-
sonism and tardive dyskinesia. The results are
expressed as mean+SD. (N=9)

b, EEKEMICY, DBH OHERTHB7¥Y v
DEGIHFE STV B,

e FEEcH L7 e=vvii, NEDOYFFARD
Ok, v T ARETREOBELYTRHEL TDLE
2 HRTVWED, ZhnTDIERTH S &+ 5HE
DR { Rhn%, Jeste ef al®® i3, TDEED
ko NE2Z ERELTW5Z L HEL T2
25, 494 TD cREOMREZE T 5.

Hornykiewicz® ¥, locomotor activity iz, m #&X
DT v ) EEM = 2 —r VAEBELTWBZ &
HEL, NE2DA R= = — e vOEBHERML T
BT ERNTN D, YV F Y VEEERTUL,
BEEOT vy v B SEEIBMATRSE &\
HEEND D, o FHREL IV FETEEVIBRE
BB —7, REENTFEEEGRERT, #o
HETHDY, —FORKRIELA T . BIISY
i1, 284p TD B s v =2 v HEEL, T5%CE
WTholeZ &b, FEMRECIERESCID,
DA, NE fRZOBEEIMIECLEST, TD»%4E
TEH LGS ERPEEBL TS, RaDEY 1, TD
D&4insd Pa v, MEREHO HVA ERERLE
¥, NEED LS HHz &xRL Tk (Fig.d), =
DERICO>WTEH, FROREIFHILD.

Norepinephrine Concentration (pg/ml}

0 100 200 300

M

Control

Parkinsonism

Tardive Dyskinesi

Fig. 4 CSF norepinephrine levels from patients with
Parkinsonism and tardive dyskinesia. The
results are expressed as mean+SD. x
Significantly different when compared with
control ; p<0.05. (N=9)



55 (5) 1986 TR PRI X % SR AL BORE IR U BRI BT 2 PR T S e 491

B b hiz

WD DA R CILEOREREEE 2 H5h 5 TD & PA
L5, BRIRMCAPELBA b, ThmEREDERE X
H B LN FHR o HVA fipitic B R g =
TEYBENL, EENBRERERO#BF N ERN
DA RECid 1izvdBcE v Eadi~fe. o ke
SEEABRROERELRE I TL ARLNERCH S
EE 2 DNAFREEORERYSEScEaL, *
DEOBERD SR, SIRIC253hrERE~,
D2FHDAF VAR YYD, Pae TD 2B T 5015
5 Evd & L RERRAYRER & TR B R0 HHEER L .
TOATVARRETHEEELC, DARizUwET
B HRLEY BRI OWTIR~7s, TD oI LT
i3, DA ROZ7e S FMOBR 4 IR B ERD 5
YAORBHEETHL - L EERAL .

X Bk

1. Sigwald, J., Bouttier, D., Raymondeard, C' and
Piot, C.: Quarteas de dyskinesie facio-buc-
colingo-masticatrice a evolution prolongee second-
aire a un traitment par les neuroleptiques. Rev.
Neurol. 100, 751-755 (1959).

2. Gerlach, J., Reisby, N. and Randrup, A.:
Dopaminergic hypersensitivity and cholinergic
hypofunction in the pathophyslogy of tardive

dyskinesia. Psychopharmacology 34, 21-35 .

(1974).

3. McGer, P. L., and McGer, E. G.: Possible
changes in striatal and limbic cholinergic systems
in schizophrenia. Arch. Gen. Psychiatry 34, 1319
-1323 (1977).

4 B IE, HBEAEZ, WEXD, ERER: BRE
VAFROT ROFDOIBREBRICKT % Clonidine
TREERIR. BB 26, 867-872 (1984).

5. Markianos, M., Tripodianakis, J. and Carelis, E.:
Nurochemical studies on tardive dyskinesia; II.
Urinary methoxyhydroxyphenylglycol and plasma
dopamine-beta-hydroxylase. Biol. Psychiatry
18, 347-354 (1983).

6. Saito, T., Ishizawa, H., Tsuchiya, F. Ozawa, H.
and Takahata, N.: Neurochemical findings in
the cerebrospinal fluid of schizophrenic patients
with tardive dyskinesia and neurolepticinduced
Parkinsonism. Jpn. J. Psychiatr. Neurol. 40,
189-194 (1986).

7. Degwitz, R., Bainsack, K. F., Herkert, H. :
Zum Problem der persistierenden extrapyra-

10.

11

12.

13.

14,

15.

16.

17.

18.

19,

20.

21,

midalem Hyperkinesen nach langfristiger
Anwendung von Neuroleptica. Nervenarzt 38,
170-174 (1967).

Kazamatsuri, H., Chin, C. P. and Cole, J. Q.:
Treatment of tardive dyskinesia; short-term
efficacy of dopamine-blocking agentes, haloperidol
and thioprogate. Arch. Gen. Psychiatry 27, 100-
103 (1972).

. Sato, S., Daly, R. and Petes, H.: Reserpine

therepy of phenothiazine induced dyskinesia. Dis.
Nerv. Syst. 32, 680-685 (1971).

Kazamatsuri, H., Chin, C. P. and Cole, J. Q.:
Long—term treatment of tardive dyskinesia with
haloperidol and tetrabenazine. Am. J. Psychiatry
130, 479-483 (1973).

Pletscher, A.: Pharmacological and biochemical
basis of some somatic side effects of psycotropic
drugs. “ Neurophamacology ” Int. Cong. Series
No. 129 p. 571, Excerpta Medica (1966).

Post, R. M. and Goodwin, F. K.: Time-depen-
dent effect of phenothiazines on dopamine turnover
in psychiatric patients. Science 190, 448-489
(1975).

Messiha, F. S.: A study of biogenic amine
metabolites in the cerebrospinal fluid and urine of
monkeys with chlorpromazine induced dyskinesia.
J. Neurol. Sci. 21, 39-46 (1974).

ERESEX . EBREMOAFACTIREBEEOTEN
b—.  TRRERSPPIRER 3, 741-748 (198D).

Nagao, T., Ohshima, T., Mitsunobu, K., Saito,
M. and Otsuki, S.: Cerebrospinal fluid
monoamine metabolites and cyclic nucleotides in
chronic schizophrenic patients with tardive
dyskinesia or drug-induced tremor. Biol.
Psychiatry 14, 509-523 (1979).

Crane, G.: Pseudoparkinsonism and tardive
dyskinesia. Arch. Neurol. 27, 426-430 (1972).
FREFE . EFH dyskinesia o [ FR—E 0 iE B
Bl ELT— RS MERE 3, 727-739 (1981).
Wolf, M. E., Chevesich, J., Lehrer, E. and
Monsami, A. D.: The clinical association of
tardive dyskinesia and drug-induced Parkinsonism.
Biol. Psychiatry 18, 1181-1188 (1983).

Kebabian, J. W. and Calne, D. B.: Multiple
receptors for dopamine. Nature 277, 93-96
(1979).

Tsuruta, K., Frey, E. A, Grene, C. W., Cote, T.
E., Eskay, R. L. and Kebabian, J. W.: Evidence
that LY-141865 specifically stimulates the D-2
dopamine receptor. Nature 292, 463-465 (1981).
Onali, P., Olianas, M. C. and Gessa, G. L.:



492

22.

23.

24.

25.

26.

27,

28,

29.

30.

31

32.

GIRFH « FEEFIF

Selective blockade of dopamine D-1 receptors by
SCH 23390 discloses striatal dopamine D-2
receptors mediating the inhibition of adenylate
cyclase in rats. Eur. J. Pharmacol. 99, 127-128
(1984).

Fuxe, K., Anderson, K. and Schwarcz, R.:
Studies on different types dopamine nerve
terminals in the forebrain and their possible
interactions with hormones and neurones contrain-
ing GABA, glutamate and opioid peptides. Adv.
Neurol. 24, 199-215 (1979).

Denny-Brown, D.: The Basal Ganglia and thier
Relation to Disorders of Movement. Oxford Unive-
rsity Press, Oxford (1962).

Hassler, R.: Striatal control of locomotion, inte-
nsional actions and of integrating and perceptive
activity. J. Neurol. Sci. 36, 187-224 (1978).
Teuber, H. L.: Complex functions of basal
ganglia, In: Yahr, M. D.: The Basal Ganglia,
151-168, Raven Press, New York (1976).

Pasik, P., Pasik, T. and Difiglia, M.: Quantita-
tive aspects of neuronal organization in the neostri-
atum of the macaque monkey, In: Yahr, D.:
The Basal Ganglia, 57-90, Raven Press, New
York (1976).

Pasik, P., Pasik, T. and Difiglia, M.: The
internal of the neostriatum in
mammals, In: Divac 1. and Oeberg, R. G. E.:
The Neostriatum, 5-36, Pergamon Press, Oxford
(1979>.

Kemp, J. M. and Powel, T. P. S.: The struc-
ture of the caudate nucleus of the cat; light and
electron microscopy. Phil. Trans. R. Soc. Lond.
[Biol.] 262, 383-401 (1971).

Groves, P. M.: A theory of the functional organ-
ization of the neostriatum and the neostriatal
Brain Res. Rev.

organization

control of voluntary movement.
5, 1099-132 (1983).

Ribak, C. E., Vaughn, E. E. and Barber, R. P.:
Immunocytochemical localization of GABAergic
neurones at the electron microscopical level
Histochem. J. 13, 555-582 (1981).

Nagy, J. I, Cater, D. A. and Fibiger, H. C.:
Anterior striatal projections to the globus pallidus,
entopeduncular nucleus and substantia nigra in the
rat; the GABA connection. Brain Res. 158, 15-
29 (1978).

DiFiglia, M., Aronin, N. and Leeman, S. E.:
Immunoreactive substance P in the substantia nigra

of the monkey ; light and microscopic localization.

Brain Res. 233, 381-388 (1981).

33.

34,

35.

36.

37.

38.

39.

40.

41,

42.

43.

44,

45,

46.

47.

FLERIR 56

Staines, W. A., Nagy, J. L, Vincent, S. R. and
Fibiger, H. C.: Neurotransmitters contained in
the efferents of the striatum. Brain Res. 194, 391~
402 (1980).

Davies, J. and Dray, A.: Substance P in the
substantia nigra. Brain Res. 107, 623-627 (1976).
Toshida, M. and Precht, W.:
inhibition of neurons of the substsntia nigra by
fibers. Brain Res. 32, 225-228

Monosynaptic

caudate-nigral
1971).
Deniau, J. M., Feger, J. and Le Guyader, C.:
Striatal evoked inhibition of identified nigro-
thalamic neurons. Brain Res. 104, 152-156 (1976).
Uno, M. and Yoshida, M.: Monosynaptic
inhibition of thalamic neurons produced by stimula-
tion of the pallidal nucleus in cats. Brain Res. 99,
377-380 (1975).
KARZEE, B B
AdF U T—F DR LR
795-807 (1985).
Graybiel, A. M. and Ragsdale, C. W.: Bioche-
mical Anatomy of the Striatum, In: Emson, P. C.
Chemical Neuroatomy, 427-5-4, Raven Press,
New York (1983).
Dray, A.: The physiology and pharmacology of
mammalian basal ganglia. Prog. Neurobiol. 14,
221-335 (1980).
Spencer, H. J.:
tionn of striatal neurons by glutamic acid diethyl

P AN o 5
MRS PEE T,

Antagonism of cortical excita-

ester ; Evidence for glutamic as an excitatiory
transmitter in the rat striatum. Brain Res. 102,
91-101 (1976).

Kocsis, J. D., Sugimori, M. and Kitai, S. T.:
Convergence of excitatory synaptic inputs to
caudate spiny neurons. Brain Res. 124, 403-413
Qa97n.

Anden, N., Anden, E., Carlssons, A., Dahlstroem,
A., Fuze, K., Hillarp, A. and Larsson, K.:
Demonstration and mapping out of nigrostriatal
dopamine neurons. Life Sci. 3, 523-530 (1964).
Costall, B. and Naylor, R. J.: The hypotheses
of different dopamine receptor mechanisms. Life
Sci. 28, 215-229 (1981).

Casey, D. E, Gerlach, J. and Simmelsgaard, H.:
Sulpiride in tardive dyskinesia.
Psychopharmacology. 66, 73-77 (1979).

Dynes, J. B.: Oral dyskinesia-occurence and
treatment. Dis. Nerve. Syst. 31, 854-859 (1970).
Jackson, I. V., Nuttal, E. A, Ibe, I. O. and
Perez—Cruet, J.: Treatment of tardive dyskinesia
with lecithin. Am. J. Psychiatry 136, 1458-1460



55 (5) 1986

48,

49.

50.

51.

52.

53.

54.

55.

56.

57.

58,

59.

(1979).
Davis, K. L., Hollister, L. E., Barcas, J. D. and

Berger, P. A.: Choline in tardive dyskinesia and
Huntington’s disease. Life Sci. 19, 1507-1515
(1976).

Davis, K. L. and Berger, P. A.: Pharmaco-
logical investigation of the cholinergic imbalance
hypothesis of movement disorders and psychosis.
Biol. Psychiatry 13, 23-49 (1978).

Neophytides, A. N., Suria, A. and Chase, T. N.:
Cerebrospinal fluid GABA in neurologic diseease.
Neurology 28, 359 (1978).

Casey, D. E., Gerlach, J., Mageland, G. and
Christensen T. R.: Gamma-acetylenic GABA in
tardive dyskinesia. Arch. Gen. Psychiatry 37,
1376-1379).

Tamminga, C. A., Thaker, G. K., Ferraro, T. N.
and Hare, T. A.: GABA agonist treatment
improves tardive dyskinesia. Lancet 2, 97-98
(1983).

Gerlach, P., Rye, T. and Kristjansen, P.:
of Baclofen on tardive dyskinesia.
Psychopharmacol. Bull. 26, 209-245 (1979).
Singh, M. M.: Diazepam in the treatment of
tardive dyskinesia. Int. Pharmacopsychiatry 11,
232-234 (1976).

Bobruff, A., Gardos, J., Tarsy, D., Rapkin, R.
M., Cole, J. O. and Moore, P.:
phenobarbital in tardive dyskinesia.
Psychiatry 138, 189-193 (1981).

Keller, H. H., Bartolini, G. and Pletscher, a.:
Increase of 3-methoxy-4-hydroxy phenylethylene

Effect

Clonazepam and
Am. J.

glycol in rat brain by neuroleptic drugs. Eur. J.
Pharmacol. 23, 183-186 (1973).
Burki, H. R, Ruch, W. and Asper, H.: Effects

of clozapine, thioridazine, perlapine and halo-
peridol on the metabolism of the biogenic amines in
the brain ofthe rat.
-33 (1975).
Dunstan, R. and Jackson, D. M.: The demonst-
ration of a change in adrenergic receptor sensitivity
in the central nervous system of mice after with-
drawal from long-term treatment with haloperidol.
Psychopharmacology 48, 105-114 (1976).

Jeste, D. V., Linnolia, M., Fordis, C. M., Phelps,
B. H.,, Wagner, R. C. and Wyatt, R. J.:

Psychopharmacologica 41, 27

EIRSMEERIC X % SEASBAE R INBUC BE T 5 MR IR0 B 2%

60.

61

62.

63

64,

65,

66.

67.

68.

493

Enzyme studies in tardive dyskinesia. III, Noradr-
energic hyperactivity in a subgrop of TD patients.
J. Clin. Psychopharmacol. 2, 318-320 (1982).

Perenyl, A., Arato, M., Bagdy, G.: Longacting
neuroleptics and tardive dyskinesia. Is the high
activity of serum dopaminebeta-hydroxylase indi-
cative of “individual sensitivity ”? Abstracts of
the III World Congress of Biological Psychiatry,

Stockholm (1981).

Viukari, M. and Linolia, M.: Effect of fusaric
acid on tardive dyskinesia and mental state in
psychologic patients. Acta Psychiatr. Scand. 56,
57-61 (1977).

Freedman, R., Bell, J. and Kirch, D.:
therapy for coexisting psychosis and tardive dyski-
nesia. Am. J. Psychiatry 137, 629-630 (1980).
Nishikawa, T., Tanaka, M., Tsuda, A., Koga, L.
and Uchida, Y.:
Dyskinesia and Related Syndromes.
Neurophamacol. 7, 239-245 (1984).
Jeste, D. J., Doongaji, D. R. and Linnolia, M.:
Elevated cerebrospinal fluid noradrenaline in
Br. J. Psychiatry 144, 177-180

Clonidine

Clonidine Therapy for Tardive
Clin.

tardive dyskinesia.
Q977>.
Hornykiewicz, O.: Neurohumoral interactions
and basal ganglia function and dysfunction, In:
Yahr, M. D.: The Basal Ganglia. 269-280,
Raven Press, New York (1976).

Byund, D. B. and Snyder, S. H.: Beta adren-
ergic receptor binding in membrane preparations
from mammalian brain. Mol. Pharmacol. 12,
568-580 (1976).

U’Prichard, D. C., Greenbers, D. A., Seehan, P.
and Snyders, S. H.: Regional distribution of
alpha-noradrenergic receptor binding in calf brain.
Brain Res. 138, 151-158 (1977).

Fuxe, K.: Evidence for the existence of monoa-
mine neurons in central nervous system. IV, Distri-
bution of monoamine nerve terminals in the central
nervous system. Acta Physiol. Scand. 64, 39-85
(1965).

AIRIEER L
(7 0600 FLURTI-PRIXE 1475 16 TH

HIRE R AL R MESBE ARFH



