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WOLFARTH, S. AND W. KOLASIEWICZ. The effects of intrastriatal infections of" atropine and methaeholine on 
apomorphine.induced stereotypy in the rabbit. PHARMAC. BIOCHEM. BEHAV. 6(1) 5-10,  1977. - To find out 
the anatomical location of the target point of cholinergic-dopaminergic equilibrium, atropine (40 ug) or methacholine (10 
#g) were injected through previously implanted cannulas into various places of caudate nucleus and putamen of the rabbit, 
and the effect of the injections on stereotyped gnawing induced by subcutaneously or intravenously administered 
apomorphine (1 -2  mg/kg) was assessed. The intensity of gnawing was measured using a special apparatus, counting each 
bite. Atropine inhibited the stereotypy, while metacholine potentiated it. The effects were evident with the method used, 
but difficult to reveal with the classical method of assessing the intensity of stereotyped behavior, based on visual 
observation. The results suggest that the striatum is not a target point for the cholinergic component of the 
cholinergic-dopaminergic equilibrium in the central nervous system. 

Apomorphine stereotypy 
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Cholinergic-dopam inergic equilibrium Striatal cholinergic mechanisms 

A HYPOFUNCT1ON of the nigro-neostriatal  dopaminergic  
system is regarded as the main dis turbance leading to 
Parkinson's  disease since the report  of  Ehringer and 
Hornyiewicz  [21] that  dopamine  level in the str iatum and 
degenerative changes o f  the cells of  substantia nigra appear 
in the vict ims of  parkinsonism. As both  dopaminomimet i c s  
and chol inolyt ics  exert  a therapeut ic  effect  in the 
Parkinson's  disease, and chol inomimet ics  exacerbate  the 
symptoms  of parkinsonism it is thought  that a disturbance 
in the chol inergic-dopaminergic  equi l ibr ium in the extra- 
pyramidal  system is the cause of  the disease [2, 4, 8, 20, 
30, 38, 43] .  It has been supposed that the s t r ia tum is the 
pivotal point  of  the equi l ibr ium,  as the levels of  both  
dopamine  and acetylchol ine,  and the activities of  enzyme 
systems for synthesis and catabolism of both  the neuro-  
transmitters  are the highest in this brain area [ 2 - 6 ,  12, 13, 
35, 36, 38, 44, 46 ] ,  and the electrical s t imulat ion of  the 
afferent  fibers to the s t r ia tum results in an elevation of  the 
level of  dopamine  in this area [14 ,35] .  

Al though the in teract ion be tween dopamine  and acetyl- 
choline in the central  nervous system has been demon-  
strated in various exper imenta l  models,  and in various 
animals including the man [ 2 - 4 ,  6, 9, 13, 2 6 - 2 8 ,  31, 32, 
37, 41 ],  the belief that  the str iatum is the pivotal point  for 
the chol inergic-dopaminergic  balance seems now less 
acceptible as previously [3, 6, 18, 34, 4 7 - 4 9 ] .  

Apomorph ine - induced  s te reo typy  in rats or  in rabbits 
represents one of  the labora tory  models  for the evaluat ion 
of  the act ivi ty of  the dopaminergic  system [7, 18, 26 34, 
38, 41, 42, 4 7 - 4 9 ,  51 ]. Using this model ,  the cholinergic- 

dopaminergic  in teract ion was approached in the present 
investigation. 

It was expected  that the intrastriatal  injections of  a 
chol inolyt ic  or  a cho l inomimet ic  will disturb the cholin- 
ergic-dopaminergic equil ibr ium in the str iatum, the treat- 
ment  with a chol inolyt ic  shifting the balance to the 
predominance  of  dopamine system and vice versa. We 
report  here that ,  contrary  to expecta t ions ,  intrastriatal 
inject ion of  a chol inolyt ic  depresses, and that of cholino- 
mimet ic  intensifies the s tereotyped gnawing produced by 
apom orphine. 

METHOD 

The exper iments  were carried out  on White Danish male 
rabbits, weighing 2 . 5 - 3  kg at the t ime of surgery. Stainless 
steel cannulae (diameter  0.4 mm)  were implanted stereo- 
taxically, using the atlas of Ridge [39] ,  under neuro- 
leptanalgesia (morphine,  10 mg/kg  + chlorpromazine,  25 
mg/kg) into the nucleus caudatus anter ior  (NC ant., A 4.7, 
L 2.8, H 8.5), nucleus caudatus medianus (NC reed., A 3.7, 
L 2.8, H 8.0), or  putamen (Put., A 2.8, L 5.6, H 12.8). The 
posit ion of  cannula tips was verified histologically at the 
end of  exper iments  (Fig. 1), and the data obtained from 
animals with incorrect  p lacement  of  the cannulae were 
discarded. 

The rabbits were allowed at least two weeks to recover 
after the surgery. The tests were carried out  on the animals 
placed in a cage made of  wood and plastic (Metaplex) (50 x 
50 x 50 cm), and were observed by a closed TV circuit. 

T h e  i n t e n s i t y  of  s te reo typy was measured using an 
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FIG. i. Diagramatic presentation of the position of cannula tips in 
the caudatus or putamen of the rabbit brain. Full circles - positions 
of cannula tips; A the sagittal section, B - frontal section at 4.7 
mm forward from the AP Oqine, C - frontal section at 3.2 mm 
forward from the AP O-line; the number of cannula tips placed in 
the same positions is marked by arrows. Abbreviations: NC - nucl. 
caudatus, Ci - eapsula interna, C rad - corona radiata, Ca 
commisura ant., Ce - capsula externa, Hi - hippocampus, Fi hi 
fimbria hippocampi, Zi - zona incerta, Acc - nucl. accumbens, SM 

- nucl. septi med., L - lamina medularis lateralis. 

objective m e t h o d  described earlier [33 ,49] .  Briefly, a pair 
of Teflon R plated with electric contac ts  was placed in a 
slot in one  corner  of  the cage. If pressed wi th  the animal 's  
tee th ,  the plates closed the circuit and activated a counter .  
If the compuls ion  of gnawing appeared,  the rabbit  spon- 
taneously  approached  and bit the plates, which offered  the 
only possibil i ty for gnawing in the cage. In one expe r imen t  
the rabbi ts  were restrained and the plates left in the reach 
of their mouth .  Only the animals responding  to apo- 
morph ine  (1 or 2 mg/kg)  were used for surgery a week after 
the positive o u t co me  of the test (not  less than 2.7 b i tes /min  
measured over a 75 min period).  About  10<'~ of  the rabbits  
did not  meet  the cri terion.  

Intrastr iatal  inject ions were given at a volume of  2 ~,1 
through a double-barrel  cannula,  f rom a 5 ,L1 Hamil ton 
syringe. The rate of  inject ion was 0.5 ul /min.  At ropine  
(Atropine  sulfate, Fluka AG) 40 ug of metachol ine  
(Mecholyl  chloride,  Merck, Sharp and Dohme)  10 **g, were 
dissolved in bidistelled water.  The water was also used for 
cont ro l  inject ions [50] .  The rabbits  received apomorph ine  
( A p o m o r p h i n e  sulfate,  McFarlane),  1 or 2 mg/kg IV or SC, 
30 rain af ter  the intrastriatal injection.  The exper imen t s  
were carried out  for 75 min after the apomorph ine  
injection.  Each rabbi t  was tes ted three t imes only,  receiving 
intrastriatal  in ject ion of water,  a t ropine  and metachol ine  in 
a r andomized  order.  The tests were spaced by intervals of at 
least 4 days. Statistical significance of the di f ference after 
intrastriatal  t r ea tmen t  with water  and a drug was calculated 
using the S tuden t ' s  t-test for paired compar isons .  The local 
damage to brain tissue was negligible, as only three 
inject ions were given through each cannula. 
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FIG. 2. The effects of intrastriatal injections of atropine and 
methacholine on apomorphine-induced stereotyped gnawing in the 
rabbit. 0-line - control (water), open bars - atropine (40 ,*g), 
hatched bars - methacholine (10 jag), (a) apomorphine was 

injected subcutaneously to immobilized rabbits. 

R E S U L T S  

The overall results are presented  in Fig. 2. Regardless of 
locat ion of inject ion in the s t r ia tum (NC ant,  NC med,  or 
Put)  a t ropine  depressed,  while metachol ine  intensif ied the 
gnawing s y n d ro me  produced  by apomorph ine .  The action 
of drugs affect ing the cholinergic system seems to depend 
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FIG. 3. The effects of intracaudal injections of atropine and methacholine on apomorphine- 
induced stereotyped gnawing in the rabbit (chronogram). Injections were placed in the nucleus 
caudatus anterior; 0-line - control (water, x--x atropine (40 pg), o--o methacholine (10 ~zg); 

(a) - apomorphine was injected subcutaneously to immobilized rabbits. 

upon the availability of apomorphine at the receptor site, as 
their effects were more pronounced after intravenous than 
after subcutaneous injections of apomorphine, and were 
stronger after a higher (2 mg/kg) than after a lower (1 
mg/kg) dose. The intensity of gnawing in rabbits pretreated 
with metacholine was so high (often over 50 bites per min 
over the period of 75 min) that the rabbits bled from their 
gums, and even broke the incisors. Following the intra- 
venous injection of apomorphine, the period of stereotyped 
sniffing and licking was very short, and compulsive biting 
appeared within a few minutes. 

If apomorphine was given subcutaneously to rabbits 
receiving methacholine intrastriatally, the effect was bi- 
phasic for a short period of time the biting was less 
intensive than in control, water-pretreated rabbits, but than 
it was intensified for a prolonged period of time (Fig. 3). In 
contrast, the action of intravenously administered apo- 
morphine was intensified from the very beginning by 
methacholine pretreatment (Fig. 4). Apomorphine effects 
were consistently depressed in rabbits pretreated with 
atropine, regardless of the way of administration of the 
dopaminergic agent (Figs. 2, 3 and 4). 

Although in the experiments with subcutaneous adminis- 
tration of apomorphine the rabbits were immobilized, this 
did not affect the course of stereotypy, as it had been 
found in additional experiments, not shown in the figures. 

D I S C U S S I O N  

Our results now, show that injected into the corpus 
striatum, atropine antagonizes, and methacholine poten- 
tiates the stereotypy induced by apomorphine. The effects 
do not depend on the location of the injection in the 

caudate, and are also present if the compounds are injected 
into the putamen. This suggests the absence of specific 

macroscopic areas in the striatum, differently responding to 
drugs affecting cholinergic system. A cholinolytic, atropine, 
produced an effect opposite to that of a cholinomimetic, 
methacholine. The results were, however, surprising, as one 
would rather expect that cholinolytics should potentiate, 
while cholinomimetics should antagonize the effect of 
apomorphine. In the rat atropine, given intraperitoneally, 
potentiates the apomorphine stereotypy and physostigmine 
abolishes it [26,27]. Moreover, clinical findings indicate 
that cholinolytics improve the impairment of extra- 
pyramidal functions caused by hypofunction of extra- 
pyramidal dopaminergic system [20, 30, 31, 43]. 

The Parkinson's disease results from a hypofunction of 
the central dopamine system, and the therapy of 
parkinsonism consists either of substitution of the neuro- 
transmitter by administration of a dopamine precursor, 
dihydroxyphenylalanine (L-DOPA), or by treatment with 
drugs stimulating dopamine receptors, as amantadine or 
apomorphine [8, 17, 21, 25, 30, 38, 45],  or by therapy 
with cholinolytics, such as atropine or benzhexal [20, 30, 
31]. Neuroleptic drugs, substances which inhibit the flow 
of impulses through the dopaminergic synapse, precipitate 
the parkinsonian syndrome [30,45],  and both neuroleptics 
and cholinomimetics intesify the symptoms of Parkinson's 
disease [20, 30, 31, 45[. The cholinolytic action of some 
antihistaminic drugs has been employed for the treatment 
of post-drug parkinsonism, developed in the course of 
treatment with neuroleptics [30].  

The clinical findings, corroborated by a vast number of 
pharmacological and biochemical studies on animals [2, 9, 
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FIG. 4. The effects of intrastriatal injections of atropine and methacholine on apomorphine-induced 
stereotyped gnawing in the rabbit (chronogram). 

10, 27, 32, 37, 41, 431 allowed to put forward a induced by systemic injections of apomorphine. The fact 
hypothesis, that in the Parkinson’s disease the central that atropine, a cholinolytic given intrastriatally inhibits the 
cholinergic-dopaminergic equilibrium is shifted SO, that a apomorphine-induced stereotyped gnawing supports this 
relative hyperfunction of cholinergic system develops. conclusion. 
These studies prove clearly that the cholinergic and the Several early data suggested that the striatum is the 
dopaminergic systems are mutually antagonistic. pivotal point of cholinergic-dopaminergic equilibrium. It 

The results presented in this paper indicate that the has been found, however, by Divac [ IS], McKenzie [34], 
striatum cannot be the only site of the cholinergic and Wolfarth [47,48] that even almost total bilateral 
component of the dopaminergic-cholinergic equilibrium, as extirpation or lesion of the striatum (caudate and putamen) 

the methacholine-induced stimulation of the cholinergic in the rat does not prevent the development of apo- 

system in this area produces effects synergistic rather than morphine-induced stereotyped gnawing, but even poten- 
antagonistic to the stimulation of central dopamine system tiates it. Although apomorphine is known to stimulate the 
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striatal dopamine  receptors  [40] ,  these results rule ou t  the 
str iatum as the target po in t  for the apomorphine- induced  
s te reo typed  gnawing; they also seem to indicate that  the 
str iatum cannot  be the only site of  the dopaminergic  
c o m p o n e n t  of  the chol inergic-dopaminergic  equi l ibr ium. 
Thus the role of  the s t r ia tum as the sole target point  for 
both  componen t s  of the chol inergic-dopaminergic  equi- 
l ibr ium seems to be highly improbable .  

The problem of  the involvement  of  two kinds of  striatal 
dopamine  receptors  [15] in the dopaminergic-cholinergic 
equil ibr ium may be, however ,  of  impor tance .  Un- 
for tuante ly  as apomorphine  was given peripheral ly bo th  
types of  the receptors  were s imul taneously  s t imulated and 
the net  effect  was observed.  To the contrary,  the cholin- 
ergic system in the str iatum seems to be homogenous  as the 
results of intrastriatal  inject ions of  drugs affect ing the 
system did not  depend on the exact  local izat ion of  the 
in ject ion within the str iatum. 

It is wor th  not ing that  intracaudal  inject ion of  a t ropine 
in the rat [ 16] produced t remor  which was blocked by the 
administrat ion of  t remor ine  and oxo t remor ine .  This shows 
that  intracaudal  in ject ion of  a tropine may produce  an 
effect  usually regarded as a consequence  of  cholinergic 
s t imulat ion.  

A vast body  of  evidence indicates that  cholinergic 
receptors are present in the substant ia  nigra [ 1, 6, 11, 13, 
19, 28, 29, 42, 51 ]. The intranigral inject ions of  cholino- 
mimetics  such as acetylchol ine ,  methachol ine ,  or neo- 
stigmine produce  s te reo typy  and epi leptoidal  discharges, 
which are prevented by a previous peripheral  adminst ra t ion 
of a bu ty rophenone  neurolept ic ,  spiperone [51] .  Con- 
versely, the symptoms  of catalepsy appearing after treat- 
ment  with spiperone,  disappear after intranigral inject ion of  
neost igmine [51] .  It might  be speculated,  then, that the 
substantia nigra is the target po in t  for the cholinergic 
c o m p o n e n t  of  the chol inergic-dopaminergic  equil ibr ium in 
the sense in which this term is used to explain the effects  of  
pharacotherapy  of  the Parkinson 's  disease. 

The nigral target point  for the dopaminergic  c o m p o n e n t  
of the chol inergic-dopaminergic  equi l ibr ium is also sug- 
gested by the results of  Aghajanian and Bunney [1] ,  who 
reported that  apomorph ine  ion tophore t ica l ly  applied onto  
the cells of  substant ia  nigra, inhibits the activity of  the 

neurons of  the nigro-neostriatal  pa thway,  while a preceding 
adminst ra t ion of ch lorpromazine  or haloperidol  prevents 
those effects. It might  be suggested that  the mutual  
annihi lat ion of  the effects  of  systemically administered 
spiperone and intranigrally injected chol inomimet ics  [511 
depends exclusively on the act ion of  those coupounds  
within the substantia nigra. This may be also indicated by 
the findings that  intranigral inject ions of  a tropine results in 
an elevat ion of the level of  homovani l ic  acid (HVA) in the 
corpus str iatum [61, while the inject ion of  carbachol into 
the substantia nigra produces an opposi te  effect  [52] .  

If the level of  HVA may be regarded as a measure of  
activity of  dopaminergic  system, these results indicate that  
a blockade of  the cholinergic receptor  in the substantia 
nigra increase the activity of  the striatal dopaminergic  
system, while tha s t imulat ion of  the cholinergic nigral 
receptor  depresses the dopamine system in the striatum. 

These data, and tha antagonistic act ion of  intranigral 
injections of apomorphine  and carbachol [52] indicate that 
it is the substantia nigra, which can play an impor tan t  role 
in the chol inergic-dopaminergic  equi l ibr ium. In this brain 
area, after all, dopaminergic  and cholinergic systems show a 
clear funct ional  antagonism. 

However ,  our  further studies [ 53 ] and numerous  reports 
from the l i terature,  [13, 2 2 - 2 5 ,  28, 351 suggest that  the 
cholinergic-dopaminergic in teract ion cannot  be vested in 
one brain s tructure only,  but  it is rather a resultant  o f  an 
intricate interplay of  inhibi tory and s t imulatory  effects of  
dopaminergic  and cholinergic structures located in various 
brain areas. It does not  seem likely that the drugs useful in 
the therapy of  Parkinson's  disease act on single structure 
only,  being it the str iatum, substantia nigra, or even some 
thalamic muclei [7, 2 3 - 2 5 ,  35] as these drugs are given 
systemically,  they may reach various areas of  the brain at 
different  times, they may have different  affinities to the 
receptors in these areas and produce a complex  end-result, 
defined heuristically as a change in the dopaminergic-  
cholinergic equil ibrium. An exper imental  approach with 
stereotaxic lesions or application of  drugs into various brain 
areas may possibly elucidate the role of  a single brain 
structure,  but  the assessment of  the physiological  role of  
the area incorpora ted  in the interplay of  various inter- 
connected  brain structures requires more complex  studies. 

REFERENCES 

1. Aghajanian, G. K., B. S. Bunney. Dopaminergic and non- 8. Bernheimer, H., W, Birkmayer, O. Hornykiewicz, K. Jellinger 
dopaminergic neurons of the substantia nigra: differential and F. Seitelberger. Brain dopamine and the syndromes of 
response to putative transmitters. J. Pharmae. 5: 56-57,  1974. 

2. And6n, N. E. Dopamine turnover in the corpus striaturn and 
the limbic system after treatment with neuroleptic and 
anti-acetylcholine drugs. J. Pharm. Pharmac. 24: 905-906, 
1972. 

3. And6n, N. E. Effects of oxotremorine and physostigmine on 
the turnover of dopamine in the corpus striatum and the limbic 
system. J. Pharm. Pharmae. 26: 738-740, 1974. 

4. And6n, N. E. and P. Bedard. Influences of cholinergic 
mechanisms on the function and turnover of brain dopamine. 
J. Pharm. Pharmac. 23: 460-462, 1971. 

5. And6n, N. E., A. Carlsson and J. H/iggendal. Adrenergic 
mechanisms. Ann. R e v. Pharma c. 9:119-134,  1969. 

6. Bartholini, G. and A. Pletscher. Atropine-induced changes of 
cerebral dopamine turnover. Experientia 27: 1302 1303, 
1971. 

7. Bergmann, F., M. Chaimovitz, V. Pasternak (Na'Or) and A. 
Ramu. Compulsive gnawing in rats after implantation of drugs 
into the ventral thalamus. A contribution to the mechanism of 
morphine action. Br. J. Pharrnac. 52: 197-205, 1974. 

Parkinson and Huntington. J. Neurol. Sci. 20: 415-455, 1973. 
9. Bowers, M. B. Jr. and R. H. Roth. Interaction of atropine-like 

drugs with dopamine-containing neurones in rat brain. Br. Z 
Pharmac. 44: 301-306, 1972. 

10. Bowers, M. B. Jr. and A. Rozitis. Regional differences in 
homovanilic acid concentrations after acute and chronic 
administration of antipsychotic drugs. J. Pharm. Pharrnac. 26: 
743 745, 1974. and E. Usdin. New York: Pergamon Press, 
1973, pp. 957-963. 

12. Butcher, S. G. and L. L. Butcher. Acetylcholine and choline 
levels in the rat corpus striatum after microwave irradiation. 
Proc. West. Pharmac. Soc. 17: 37-39, 1974. 

13. Butcher, L. L., K. Talbot and L. Bilezikjian. Acetylcholin- 
esterase neurons in dopamine-containing regions of the brain. 
J. neural Transsmis, 37: 127-153, 1975. 

14. Connor, J. D. Caudate nucleus neurones: correlation of the 
effects of substantia nigra stimulation with iontophoretic 
dopamine. J. Physiol., Lond. 208: 691-703, 1970. 



10 W O L FA RT H  AND KOLASIEWICZ 

15. Cools, A. R. and J. M. van Rossum. Excitation-mediating and 
inhibition-mediating dopamine-receptors: a new concept 
towards a better understanding of electrophysiological, bio- 
chemical, pharmacological, functional and clinical data. 
Psychopharmacologia 45: 243-254, 1976. 

16. Cox, B., D. Potkonjak. An investigation of the tremorogenic 
effects of oxotremorine and tremorine after stereotaxic injec- 
tion into the rat brain. Int. J. Neuropharmac. 8:291  297, 
1969. 

17. Dietrichson, P., J. Presthus and R. Holmsen Treatment of 
Parkinson with L-DOPA and a decarboxylase inhibitor. Eur. 
Neurol. 13: 339-349, 1975. 

18. Divac, J. Drug induced syndromes in the rats with large, 
chronic lesions in the corpus striatum. Psychopharrnacologia 
27: 171-178, 1972. 

19. Dray A. and D. W. Straughan. Synaptic mechanisms in the 
substantia nigra. J. Pharm. Pharmac. 28: 400-405,  1976. 

20. Duvoisin, R. C. Cholinergic-anticholinergic antagonism in 
Parkinsonism. Arch Neurol. 17:124-136,  1967. 

21. Ehringer, H., O. Hornykiewicz. Verteilung yon Noradrenalin 
und Dopamin (3-Hydroxytyramin) im Gehirn des Menschen 
und ihr Verhalten bei Erkrankungen Dis extrapyramidalen 
Systems. Klin. Wschr. 38: 1236, 1960. 

22. Feltz, P. and J. De Champlain. Persistance of caudate unitary 
responses to nigral stimulation after destruction and functional 
impairement of the striatal dopaminergic terminals. Brain Res. 
43" 595-600, 1972. 

23. Fibiger, H. C., R. B. Pudritz, P. L. McGeer, E. G. McGeer. 
Axonal transport in nigro-striatal and nigro-thalamic neurons: 
effects of medial forebrain bundle lesions and 6-hydroxy- 
dopamine. J. Neurochem. 19: 1697-1708, 1972. 

24. Frigyesi, T. L. and J. Macheck. Basal ganglia-diencephalon 
synaptic relations in the cat. II. Intracellular recordings from 
dorsal thalamic neurons during low frequency stimulation of 
the caudato°thalamic projection systems and the nigro-thalamic 
pathways. Brain Res. 27: 59-78,  1971. 

25. Guiffre, R. and D. Gambacorta. The therapeutic possibilities of 
L-Dopa and Amantadine in Parkinsonian patients who have 
undergone bilateral thalamotomy. Eur. Neurol. 5: 311-316, 
1971. 

26. Grabowska, M. Influence of dopamine-like compounds on 
stereotypy and locomotor activity in atropinized rats. Archs 
Immunol. Ther. Exp. 23: 753-761, 1975. 

27. Janowsky, D. S., M. K. EI-Yousef, J. M. Davis and H. J. 
Sekerke. Cholinergic antagonism of methylphenidate- induced 
stereotyped behavior. Psychopharmacologia 27: 295-303, 
1972. 

28. Javoy, F., Y. Agid, D. Bouvet and J. Glowinski. Changes in 
neostriatal metabolism after carbachol or atropine micro- 
injections into the substantia nigra. Brain Res. 68: 253-260, 
1974. 

29. Kataoka, K., I. J. Bak, R. Hassler, J. S. Kim and A. Wagner. 
L-Glutamate decarboxylase and choline acetyltransferase 
activity in the substantia nigra and the striatum after surgical 
interruption of the strio-nigral fibres of the baboon. Exp Brain 
Res. 19: 217-227, 1974. 

30. Klawans, H. L. The pharmacology of extrapyramidal move- 
ment disorders. In: Monographs in Neural Sciences, edited by 
M. M. Cohen, Vol. 2, S. Basel: Karger, 1973. 

31. Klawans, H. L. and R. Rubovits. Effect of cholinergic and 
anticholinergic agents on tardive dyskinesia. Z Neurol. Neuro- 
surg. Psychiat. 37: 941-947, 1974. 

32. Klawans, H. L. Jr., R. Rubovits, B. C. Patel and W. J. Weiner. 
Cholinergic and anticholinergic influences on amphet- 
amine-induced stereotyped behavior. Z Neurol. Sci. 17: 
303 308, 1972. 

33. Kolasiewicz, W. and S. Wolfarth. An objective and sensitive 
method for quantitative measurement of stereotyped gnawing. 
Pharmac. Biochem. Nehav. 4: 201-203, 1976. 

34. McKenzie, G. M. Role of the tuberculum olfactorium in 
stereotyped behaviour induced by apomorphine in rat. Psycho- 
pharmacologia 23: 212-219, 1972. 

35. McLennan, H. The release of acetylcholine and of 3-hydroxy- 
tyramine from the caudate nucleus. J. Physiol. 174: 152-161, 
1964. 

36. McLennan, H. and D. H. York. Cholinergic mechanisms in the 
caudate nucleus. J. Physiol, 187: 163-175, 1966, 

37. Nose, T. and H. Takemoto. Effect of oxotremorine on 
homovanilic acid concentration in the striatum of the rat. Eur. 
J. Pharmac. 25: 51-55,  1974. 

38. Papeschi, R. Dopamine, extrapyramidal system and psycho- 
motor function. Psychiat. Neurol. Neurochir. 7 5 : 1 3  48, 
1972. 

39. Ridge, J. W. The stereotactic dissection of the excised rabbit 
brain. J. Neurochem. 11: 765-778, 1964. 

40. Ross, B. Decrease in homovanillic acid as evidence for 
dopamine receptor stimulation by apomorphine in the neo- 
striatum of the rat. J. Pharm. Pharmac. 21:263 1969. 

41. Scheel-Kriiger, J. Central effects of anticholinergic drugs 
measured by the apomorphine gnawing test in mice. Acta 
pharmac, tox. 28: 1-16, 1970. 

42. Smelik, P. G. and A. M. Ernst. Role of nigro-neostriatal 
dopaminergic fibers in compulsive gnawing behavior in rats. 
Life Sci. 5: 1485-1488, 1966. 

43. Spehlmann, R. and S. M. Stahl. Dopamine acetylcholine 
imbalance in Parkinson's disease. Possible regenerative over- 
growth of cholinergic axon terminals. The Lancet, April 3, 
724-726, 1976. 

44. Stavinoha, W. B., S. T. Weintraub, A. T. Modak. Regional 
concentrations of choline and acetylcholine in the rat brain. J 
Neurochem. 23: 885-886, 1974. 

45. Tarsy, D., J. D. Parkes, C. D. Marsden. Metoclopramide and 
pimozide in Parkinson's disease and levodopa-induced dys- 
kinesias. J. Neurol. Neurosurg. Psychiat. 38: 331-335, 1975. 

46. Wajda, I. J., I. Manigault, J. P. Hudick, A. Lajtha. Regional and 
subcellular distribution of choline acetyltransferase in the brain 
of rats. J. Neurochem. 21: 1385-1401, 1973. 

47. Wolfarth, S. Reactions to apomorphine and spiroperidol of rats 
with striatal lesions: the relevance of kind and size of the 
lesion. Pharmac. Biochem. Behav. 2: 181-186, 1974. 

48. Wolfarth, S. Target point for the stereotypogenic action of 
apomorphine. 1I Congr. Hungarian Pharmac.-Soc., Budapest, 
1974, 123-126. 

49. Wolfarth, S. The effects of intracaudal injections of atropine 
and methacholine of apomorphine-induced stereotypy in the 
rabbit. Sixth Int. Congr. Pharmac., Helsinki, 1975, Abstract Nr 
826. 

50. Wolfarth, S. and J. R. Boissier. On the choice of so-called 
placebo solution for the intranigral microinjection in the rat. 
Pol. J. Pharmac. Pharm. 28: 27-36,  1976. 

51. Wolfarth, S., E. Dulska, M. Lacki. Comparison of the effects of 
the intranigral injections of cholinomimetics with systemic 
injections of the dopamine receptor stimulating and blocking 
agents in the rabbit. Neuropharmacology 13:867 875, 1974. 

52. Wolfarth, S., J. Vetulani, E. Dulska, K. GoIembiowska-Nikitin. 
A role for the polysynaptic system of substantia nigra in the 
cholinergic-dopaminergic equilibrium in the central nervous 
system. Naunyn-Schmiedeberg's Arch. Pharmae. inpress. 

53. Wolfarth, S., E. Dulska, A. Harasiewicz. The participations of 
the nigro-thalamic pathway in the nigral controls of the 
caudate nucleus. Pol. J. Pharmac. Pharm., in press. 


