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CHAPTER I 

Introduction 

In 1876 a contralateral conjugate deviation of the eyes upon unilateral 
stimulation of the superior colliculus in monkeys was observed to our 
knowledge for the first time (FERRIER, 1876) . 
Nystagmus was noticed in a Jew cases by Zrenen (1890), Prus (1899) 
and Von BecuTrrew (1909) upon stimulation of the same tectal region. 
Broumntr, (1929) carried out systematic investigations on this subject. 
He observed nystagmus regularly on stimulation of the midbrain 
reticular formation rostrolaterally to the nucleus ruber and medially 
to the lateral or medical geniculate body. 
The recording and registration techniques were, however, of such a 
nature that the interpretation of the basic mechanisms underlying 
nystagmus were very clifficult. 
Several histological techniques have been described in the literature 
to show the pathways responsible for the elicitation and conduction 
of the nystagmus phenomenon. 
De Kueyn (1920) stated that a galvanic nystagmus has no relation to 
the vestibular system. 
Onm (1922, 1936) assumed the vestibular nuclei to represent the 
junction of the pathways of vestibular and optokinetic nystagmus. 
From observations on fibre degeneration preparations Spice. (1933) 
concluded that cortical impulses from the frontal and occipital lobes 
interact with labyrinthine nystagmus at the level of the vestibular 
nuclei. 
Pompetano and Wa.sere (1957) could not find terminal degeneration 
in the vestibular nuclei following lesions of the cerebral cortex or of 
the striate body. 
Dix, Hacrrrke and Harrison (1949) claim that the fibres for optokin: 
etic nystagmus in man run directly from the optic tact to the superto 
colliculi and do not reach the vestibular nuclei at all, June () 
placed the site of interaction of optokinetic and vestibular nyst 
in the reticular formation, BRopaL, PomMPriAno- 
in their recently published book have gi 
subject of fibres and pathways cone 
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A new approach to the above mentioned problems was presented by 
using stereotaxic apparatus and special stimulation and registration 

techniques. 

Monnier (1944) elicited deviation of both eyes and sometimes central 
nystagmus from definite areas in rhesus monkeys. On the basis of his 
experiments he suggested a central excitatory and inhibitory in- 
fluence upon vestibular nystagmus. LachMann, BERGMANN and MONNIER 

(1957, 1958) and Brromann, Lacumann, Mownier and Krupp (1959) 

recorded central nystagmus on stimulating a mesodiencephalic region 

in the rabbit’s brain. LacuMann, BERGMANN, WeEINMAN and WELNER 

(1958) reported that sometimes the effects of central and labyrinthine 
stimulation simply superimpose by addition or subtraction, thus 
suggesting that their pathways meet at a common substrate in the 
‘mesencephalon. Ferpman, WacMAN and BENbER (1959, 1961) in recent 
studies on the activity of the vestibular nuclei in cats have obtained 
evidence of the influence of higher brain stem structures in these 

animals on the activity of the vestibular nuclei. They stimulated the 
midline thalamic nuclei, the hypothalamus and the midbrain reticular 

formation and studied the resultant electrical responses in the 
vestibular nuclei, While stimulation of the diencephalon was without 
elfeet, maximum responses in the vestibular nuclei were obtained upon 
stimulation of the midbrain in the region of the oculomotor nucleus, 
the medial longitudinal fasciculus and the medial reticular formation 

udjacent to these structures and below the central grey matter. 

In this work “central nystagmus” means the nystagmus provoked by 
central stimulation. Central stimulation is defined as the unilateral 

electrical stimulation of a circumscribed area in the mesodien- 

cephalon of the rabbit. 

The reaction to electrical stimulation of the nystagmogenic centre 
starts with wide opening of the eyes, protrusion of the eyeballs and 
mydriasis, After a latency of three to thirty seconds a single slow 
movement of the eyeballs to the stimulated side is observed, followed 

hy typicnl nystagmus, with the quick component towards the contra- 
lateral side, Intensity and frequency of this central nystagmus in- 
crease with time up to a maximum of about 3 jerks/sec. Optimal 
responses are usually obtained with a frequency of 30 impulses/sec. 
of 2 milliyee, duration, When stimulation is stopped, nystagmic moye- 
ments continue in the same direction as before for a period of three 
(oO twenty seconds (afternystagmus), Alter half an hour, during which 
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the rabbit is stimulated every five minutes, the curve of the nystagmic 

response is levelled out and, each time stimulation takes place, the 
characteristic pattern of nystagmic response is reproduced. The 
central nystagmus shows latency and after-nystagmus, characteristic 
for Jabyrinthine — rotatory or caloric — stimulation and interacts with 
vestibular nystagmus by simple addition and subtraction of beat rates 
(LACHMANN, BERGMANN, WEINMAN and WELNER, 1958). In other words, 
they do not add their characteristic patterns together. 

In a later report BERGMANN, LACHMANN and Monnrer (1960) state that 
transverse sections at various levels of the rabbit’s brain stem have 

different effects both on vestibular nystagmus and centrally provoked 

nystagmus. When the vestibular component is abolished, the character 

of the response upon electrical stimulation changes. Latency and after- 
nystagmus disappear anc the eye movements become so frequent (up 

to 5/sec.) as to allow no distinction between slow and rapid com- 

ponents. So the complete circuit for a normal central nystagmic 
response includes the vestibular nuclei. 

Monranpbon and Ligors (1963) investigated the effects of experimental 
lesions of the nystagmogenic diencephalic area on rotatory vestibular 

nystagmus. They destroyed the area by electrocoagulation. 

In our laboratory different forms of nystagmus were investigated. 
PHitrpszoon (1959) investigated the action of different drugs on nystag- 
mus provoked by stimulation of the vestibular apparatus. JONGKEES 
and Puiiipszoon (1962) elicited nystagmus by linear accelerations. Bos 

(1962) studied nystagmus induced by chemicals and by irritation of 
the cervical nerve roots. 

The purpose of this study was to investigate the influence of different 
drugs on central nystagmus. All these drugs were knawn for their 

action on the function of the vestibular apparatus or for their action 
in motion sickness. 

Another part of the investigation was directed to the interaction of 

other forms of nystagmus on central nystagmus. 

We observed the influence of the vestibular nystagmus, the optokinetic 

nystagmus and the nystagmus provoked by irritation of the cervical 
nerve roots.



Methods 

lor our investigations we used rabbits weighing about 2 kg each. The 
skin overlying the skull was anaesthetized with lidocaine (2 ml, 2%) 
and then incised along the midline. The skull was then freed from 
muscles. The periosteum was not destroyed. The stereotaxic socklet 
ol Hess was adjusted in the way described by Monnter and Lave 
(1953) and LacuMann, BerGmMann and Mownnier (1958). Holes were 
drilled in the skull and three isolated steel unipolar electrodes with a 
bare tip 1 mm long and 1.8 mm distant from each other were fixed 
in the socklet. The electrodes were introduced into the brain in the 
plan bD or bE (Charts L and 1) according the designation of MonnIER 

and GancLorr (1961). Stimulation was applied by a Grass $ 4 stimu- 
lator. The frequency of the stimuli was 30 impulses/sec. and the 
duration of each was 2 millisec. A resistor of ‘10.000 ohms was used 
in all experiments for adjusunent of the stimulus parameters. ‘The 
required amplitude of the stimulus, which remained constant during 
the experiments, lay between 0.5—6 volts. 

We stimulated for a period of 1 minute, at intervals of 4 minutes 

(Vig. 1). The nystagmus was recorded by an Elema Minograph with 
‘Tektronics power supply type 127 with plug-in units type I as 
described by De Borr (1962). 
1 was essential for the interpretation of the results to determine the 
site of the stimulating electrodes. The nystagmogenic centre was 

located accurately by LacuMann, BERGMANN and Monnier (1958), Bere- 

MANN, LacHMANN, Monnizr and Krupp (1959), and Monnter and Mon- 

PANDON (1961). In the mesodiencephalen it extends from the rostral 
part of the reticular formation and its projections into the intralamin- 
‘ry system of the lateral thalamus to the mesencephalic reticular for- 
mation, medially to the lateral geniculate body. The most sensitive 

area is in the thalamic region (between the latero-dorsal and ventral 
nucleus, medial to the reticular nucleus and ventral to the superior 

colliculus), A little more caudally the most sensitive area is in the 
reticular midbrain formation, medial to the medial geniculate body 
and yentral to the superior colliculus, 
In our experiments the place of stimulation electrodes was histologic- 
ally * verified in five instances (Phot. B). We used the ferrocyanide 
technique for identifying loci of iron deposition, first described by 
Hines (1982) and later by Aprian and Moruzzt (1939). 

* The histological examination was performed by Dr. J. P. Schadé and Mr. G. P. 
Kijskamp of the Nederlands Centraal Instituut voor Hersenonderzoek. (Director 
Prot, Dy, J, Aridns Kappers) . 
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After a successful experiment a current of 100 mA from the positive 
pole of a direct current generator was forced through the electrode 
for a period of five seconds. Following this 50 millilitres of a 1 : 1 
mixture of 4% potassium ferrocyanide and 4% acetic acid was injected 
into each common carotid artery and the brain left in situ for half an 
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hour. Frozen sections were then made and stained in the manner mE yy 
described by M. E, and A. B. ScueiBen (1956). Sites of electrolysis at 3 \ i 
the tips of steel electrodes were recognized under light power as blue e o__ 
spots. 
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ON THE INFLUENCE OF DRUGS ON 

CENTRAL NYSTAGMUS 

Introduction 

Electrical stimulation of the nystagmogenic centre causes a central 

zine, phenothiazines and pentobarbitone. The results were found to 
—
_
 
TN

 
be the following. 
Small doses of chlorpromazine (0.25 mg/kg) cause an enhancement of 
the central nystagmus. Large doses (2.5 mg/kg) diminish the central 
nystagmus. This differential action of chlorpromazine is interpreted 
as a selective effect of small doses on the inhibitory components of the 
nystagmus circuit, which are distinguished from the excitatory 
elements by their electrophysiologic properties. 
The effect of phenothiazines on central nystagmus depends on dosage. 
Small quantities (0.01 mg/kg) depress the response while doses above 

0.1 mg/kg produce a biphasic reaction, i.e. enhancement for one or 

two hours followed by prolonged depression. 

Similar gradation is observed with pentobarbitone. It was found that 
after doses of 5—10 mg/kg central nystagmus was enhanced, How- 

ever, even fifteen to twenty minutes after injection of the drug a 
pronounced depression ensued, lasting for about an hour, Small 
doses (1-2 mg/kg) were often without any effect, 

Different mechanisms are involved with these two types of drugs, as 

phenothiazines restore the nystagmus, suppressed by large doses of 
d pentobarbitone, and vice versa. 

The basis of the interpretation is the heteroyeneity of nervous 
elements in the nystagmus cireuit, 

: Ne OS 
3 ‘3 § 3 : 2 nystagmus. Repeated stimulation during a fixed period provokes a 
2 : E f it SU! 7 gf nystagmic pattern which can go unchanged for hours. After half an 
2 < z S33 Lan zs hour of intermittent stimulation the pattern of nystagmic response 

3 \ "Maes Be mt aa\E = finds its definite form and does not change again for hours. This 

g \ \3 Gl 3 S33 MG : : characteristic constancy makes it possible to examine the influence 
ae 2 3 3 3223 32 E of varying circumstances, 

= ei SESS Jefe “S oN ‘i The infiuence of certain drugs on central nystagmus has already been 
<7 a ee seal 3 investigated. Such a study may give insight into the mode of action 

i 3 A “gs FOS i) < f of drugs on central systems. 
>—3--—_—~< oa) Se 2 5 Zz H BERGMANN, GuTMAN, LaceMann and Cuarmovitz (1961) and BrrcMany, 

(| = — \ 28 Al ) Sc Gutman and Crarmovitz (1962) investigated the action of chlorproma- 
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Methods 

In order to evaluate the effect of a drug the number of beats during 
a sixty seconds stimulation, the number of after-beats and the latency 
time were measured. 
‘The number of after-beats is an indicator of great value here as it 
will be shown to be the most sensitive one. In our experiments we 
generally made the stimulations at intervals of four minutes. After 
half an hour, during which the rabbit was stimulated every five 
ininutes, the drug was administered. 
Hight rabbits were used as controls; these did not receive any drug, 
und were stimulated every five minutes for five hours. The pattern of 
yslagmus response in these “controls” did not change. 

CINNARIZINE 

Introduction 

Ginnarizine * (N-benzhydryl-N’-transcinnamylpiperazine) is an anti- 

histaminie which was found to have a significant suppressive effect 
on the activity of the labyrinth both in rabbits and in human beings 
(Puitirszoon, 1959, 1961, 1962; Bos, 1962). Consequently it might be 
expected to have an influence on nystagmus provoked by central 
stimulation, 

Experiments 

Cinnarizine, dissolved in solutio Petiti, was given to twenty-four 
rabbits in the following manner. 
‘The twenty-four animals were divided into four groups, each group 
containing five normal rabbits and one labyrinthless rabbit. The first 

(wo groups received by intraperitoneal injection 20 mg/kg and 
10 mg/kg of the drug, respectively. The remaining two groups received 
by intravenous injection 5 mg/kg and 10 mg/kg, respectively. 
Solutio Petiti is a combination of pure alcohol, glycerin and water. 
We felt we should investigate it separately since there was a possibility 
of it having some influence on central nystagmus. If there was such an 
effect, the action of cinnarizine could not be measured. To check this 
we injected 10 millilitres of this liquid into four rabbits. 

* Ginnarizine is the same as Cinnipirine (a product of the N.V. Amsterdamsche 
Ohintnefabriek, Amsterdam); it is also known under various other names including 
Dinitronal, Glanil, Lazeta, Marivan, Midyonal, Mitronal, Sepan. 
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The nystagmus response was recorded continuously during a period 
of two to four and a half hours. In the reaction we observed two stages, 
each one hour long. 

Results 

Of the twenty normal rabbits sixteen did not show any reaction of 
central nystagmus to cinnarizine. Three rabbits showed a slight 
depression in the second stage after intraperitoneal application and one 
rabbit showed a depression in the [irst stage alter intravenous injection 
of the drug. Of four rabbits submitted to bilateral labyrinthectomy not 
one showed a change of the nystagmiec pattern after application of 
the drug. 

Four more rabbits were treated with solutio Petiti only and did not 

show any effect. 

Summary 

‘The influence of the antihistaminic cinnarizine on centrally provoked 
nystagmus was investigated in twenty-four rabbits, four of which 
were totally labyrinthless. In twenty rabbits a depression was ob- 
seryed on four occasions, three of which were slight. 

In the four totally labyrinthless rabbits no effect of the drug was 
proved, 

CHLORCYCLIZINE HYDROCHLORIDE 

Introduction 

Chlorcyclizine hydrochloride, N-(p-chlorobenzhydryl) -N’-methyl-piper- 
azine hydrochloride, has a significant influence on the function of the 
vestibular apparatus. It was originally introduced because of its anti- 
histaminic activity, its potency in this regard being comparable to 
that of diphenhydramine, 

Experimental studies in animals and men reveal it to be a relatively 

non-toxic compound. It has been successfully employed by Cuinn, 

Noe. and Smirn (1950) in the prevention and treatment of motion 
sickness (seasickness, airsickness). Recently it has been examined by 

SpieLMAN (1950), Guinier, Gounp and Cracovanmr (1954), Beauaname 
(1956), Houen and Skouny (1957), and Wininim (1961) with regard 

to its action on vestibular function. 

1



In galvanic and caloric tests it was shown that labyrinthine excitability 
decreased after the administration of chlorcyclizine hydrochloride. 
We decided to investigate the effect of chlorcycizine hydrochloride 
on central nystagmus. 

Ex periments 

Nine rabbits were used for this test. The drug dissolved in Ringer's 

solution was given intravenously in quantities of 5, 10 and 15 mg/kg 
to three groups of rabbits, respectively. 

Results 

Wight rabbits did not show any influence of chlorcyclizine hydro- 
chloride on central nystagmus at all. In one rabbit only slight in- 
fluence on the nystagmus response was found: after half an hour a 
depression was observed that lasted for about an hour. ‘Then the 
response became normal again. This rabbit was one of the group that 
received 10 mg/kg of the drug. 

Simmary 

Only one rabbit out of a group of nine showed a short-lasting 
depression after application of chlorcyclizine hydrochloride. ‘There is 
no clear effect of chloreyclizine hydrochloride on central nystagmus. 

MECLIZINE 

Introduction 

Since chlorcyelizine hydrochloride did not have a clear influence on 
central nystagmus, we were interested in the influence of meclizine on 

central nystagmus. Meclizine,  1-(p-chlorobenzhydryl) -4-(m-methyl- 
benzyl) piperazine, is a drug for a.o. the prevention and treatment of 
motion sickness of which good results have been described. (GoLpMan, 

: 1051; Gurner, Gourp and Barrerman, 1951; Wert, 1954; GuTNER, 
Gouro and Swier Hantey, 1955 and Meneer, 1957), 

Experiments 

Meclizine hydrochloride was administered intravenously — dissolved in 
Ringer's solution — to two groups of six rabbits each in quantities of 

MECLIZINE 

pg latency time in sec. 
A B € B=H——— number of after-beats     

  
  

9 «202004 C =H total number of beats es 

we 
‘| 
‘| 

| 
30 - 10 - 100+ | %, 

ft \ ‘i ' if 
| | \/ / 

i d } 
i 

om. AV 

| fi Naf 
60-0 -0 LLL SL nen ee 

0 15 30 45 60 75 90 min. 

Fig. 2 

| The combined results of meclizine (5 mg/kg) on central nystagmus, 

2 mg/kg and 5 mg/kg, respectively. Every three minutes the rabbits 
were stimulated for sixty seconds. We used the shorter intervals in 
view of the rapid action of the drug. 

Results 

In all rabbits the same effect of meclizine on central nystagmus was 
shown. Fifteen minutes after the application of the drug it became 

| clear that a depression occurred, ‘The latency time grew longer, the 
| alter-nystagmus disappeared and the total number of beats diminished, 

 



    

   
    
   

  

      

    

of labyrinthine function (Gurner, Goutp and BarTerman, 1951) 
pression of the central nervous system both seem to be respons- 
the effect against motion sickness. 

NEMBUTAL 

~ Introduction 

‘he influence of barbiturates on central nystagmus has already been 
dl ed by Bercmann, Gurman and Cuaimovirz (1962). Since 
barbiturates often produce spontaneous nystagmus, it appeared that 
they might intensify the central nystagmus. 

oups of five rabbits each were used. Pentobarbitone (nembutal) 
ected intraperitoneally in quantities of 2 mg/kg and 10 mg/kg, 

ntities were used an enhancement of the resulting 
fifteen minutes was followed by a depression which last- 
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ETHER 

    

    

    

    

     

   
    

  

   

    

   
   
   

  

   

  

     

   

‘ANN, F auexsans, WernMAN and WELNER (1958) investigated the 

nce of the anaesthetic ether on a combined labyrinthine and 
| stimulation. They found that both responses were suppressed. 

investigated the influence of ether on normal central nystagmic 
ONS, 

he ether was stopped immediately after the excitation stage. 
g the second phase it was stopped immediately after disappear- 

wre ol the cornea reflex. Every three minutes a sixty seconds stimulat- 
given because of the rapid action of the anaesthetic.   o3

 
i
e
 

r investigations all animals showed the same results. 
ncl that a very clear enhancement of the nystagmus response 

i immediately after the beginning of anaesthesia. Ane number 

first phase of investigation in which anaesthesia was light, 
mus and after-nystagmus diminished but did not disappear 

(1 phase of investigation in which anaesthesia was deep, 
and after-nystagmus disappeared completely five to ten 

the beginning of anaesthesia. 
ty to forty minutes after the start of anaesthesia in both phases 
a of enuencement appestea in which the latency time 
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Summary 

Ether has a general excitatory influence in the beginning and at the 
end of anaesthesia, The same can be said of the effect of ether on 
central nystagmus. 
In the intermediate stage of anaesthesia a depression of central 
nystagmus could be observed. 

ALCOHOL 

Introduction 

Nystagmus as a sequel of alcohol intoxication was observed by 
FLourtins (1826) in experiments in animals. It was also described as a 
clinical symptom in man by Jorrroy and Srrvaux (1897). BARANy 
(1911) described experimental alcohol intoxication in healthy subjects 
during various vestibular tests. He is of the opinion that alcohol has 
i paralysing influence on the cerebellum. Ror#rELD (1918) studied 
ileohol nystagmus in rabbits, De Kreyn and VerstrecH (1930), 
Lm Hrux and Dre Kueyn (1937) and Gotpserc and STORTEBECKER 
(1911) also investigated alcohol nystagmus in rabbits. 
KKecently positional alcohol nystagmus in men and rabbits was invest- 
igated by Ascuan, Bercsrevt and Srautez (1956) and Berestepr (1961). 
Kos (1962) found that the drug cinnarizine, with a clear depressive 
sction on all forms of vestibular nystagmus, did not have any effect 
on alcohol nystagmus. 
So lar investigations with alcohol intoxication have been performed in 
connection with labyrinthine function. 
We decided to investigate the effect of alcohol intoxication on central 
YyslApIn ts, 

Experiments 

Mifleen rabbits were used. The animals were divided into three groups 
according to the mode of administration of the alcohol. 

In the first group 8 millilitres of a solution of 45% alcohol and 
56° Ringer's solution were injected intravenously into each rabbit. 
In the second group 10 ml of the same solution were administered 
intraperitoneally, while in the third group 15 ml were given orally. 

Results 

As expected, the most rapid effects were obtained by the intravenous 
route, OF the first group the results are shown in figure 5A. 
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| INTRAVENOUS ADMINISTRATION 

ABC of ALCOHOL 

0-10-200- ee nee Ree rns ee pa asa A 

N, 4 
r\ jAeR— latency time in sec. 
K ® : B=--—— number of aller-beats 
\ \ ! C =+—— iotal_ number of beats Cc i ne 

‘ 
30-5-100-4 it i 

' . 

‘| i 
1 | j 7B 
ui [ - 
ti \ 
‘ tr 
' ah pom 

A s0-0—0 — - + 1 7 1 
0 60 120 180 min, 

INTRAPERITONEAL ADMINISTRATION 
ABC of ALCOHOL 
0-10-2007 Ast -—-4 latency time in sec. 

- B=-+-——4 number of afler-beats A 
{a total number of beats sapmanemnects wo 

. f 

30—5§-100- 

    

  

B s0-0~0 

D
i
r
a
t
t
a
c
c
e
e
w
e
n
e
d
 

a
i
e
 
ge

me
mc

on
e 

p
n
p
i
e
i
a
n
n
 

60 120 180 min. 

     

  
  

ORAL ADMINISTRATION 
ABC } of ALCOHOL 

1 

0-10-200- Asr—-— latency time in sec. 

re B=~——— 4 number of alter-beais 

s ~, C=+—— total number of beats pe ee ea A 
' % cm) aa” 

1 

' 
h 

30-5 ~100- hi 
1 

1X 
{ 
' ——B 
' 
' 

\ \ x 
C  60-0-0 Y 1 , t 

0 60 120 180 min. 

ai 
Vig. 5 

The combined effect of alcohol on central nystagmus measured by lateney time, after nystagmus 

and toll number of nystagmus beats during stimulation period,



The latency time was prolonged from five seconds before the applica- 

tion of alcohol to fifty-five seconds, half an our after the application. 
In other words, the nystagmus nearly disappeared. The latency time 
reappeared on the average after one and a half hours. 
The total number of beats began to diminish ten minutes after giving 
the alcohol, to disappear nearly after thirty minutes and to recover 
alter a period of three hours. 
‘The after-nystagmus also disappeared ten minutes after the applica- 
tion of the drug and never reappeared completely within a period of 
thee hours. 
In the second group in which alcohol was administered intraperitone- 
ally the results are recorded in figure 5B. 
‘The latency time was prolonged from five seconds before giving the 
ulcohol to fifty-five seconds after an hour. The latency time was al- 
most normal after two hours. 
‘The total number of beats began to diminish twenty minutes after 
the application, to disappear almost completely after an hour, and 
did not recover completely after three hours. After-nystagmus also 
disappeared twenty minutes after application and did not reappear 
completely within a period of three hours. 
The results in the third group in which alcohol was administered 
orally, are tabulated in figure 5C and shown in figure 6. The latency 
time was prolonged from five seconds before the application of 
ileohol to fifty-five seconds after forty-five minutes. The latency time 
reappeared after approximately one and a half hours. 
The total number of beats began to diminish fifteen minutes after the 
application to disappear almost after forty-five minutes, and did not 
recover completely within a period of two hours. 
Alternystagmus also disappeared fifteen minutes after the application 
of the drug and did not reappear completely within a period of three 
hours, 

Stommary 

In wll our groups we could see that alcohol has a depressive influence 
on centrally provoked nystagmus. 
In our investigations we found no enhancement of the nystagmic 
response at all, Every rabbit that was investigated in lateral positions 
showed & spontaneous positional nystagmus independent of the re- 
muinder of the central nystagmic response. 
In Our opinion these findings clearly show that alcohol has an in- 
hibitory influence upon central nystagmus. 
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HYOSCINE 

Introduction 

Piiiirszoon (1959) did not find hyoscine to have any influence on 
eye movements of vestibular origin. He merely found an indication 

that the amplitude of nystagmus beats provoked by acceleration in- 
creased when large quantities were given. 

We investigated the influence of the drug on central nystagmus. 

xperiments 

Twelve rabbits were used. Hyoscine (scopolamine) was given intra- 
peritoneally in dosages of 50, 150 and 250 mg/kg. 

Results 

All rabbits showed the same results. The pupils dilated and did not 

respond to light. No influence at all on central nystagmus was 
observed. 

Summary 

The effect of hyoscine on motion sickness cannot be due to a suppres- 
sion of the excitability of the peripheral labyrinthine function 
(Pin.rsz0on, 1959). 
In Our experiments we could not find evidence in favour of 
PiLIPSZOON's Suggestion that hyoscine might have a favourable effect 
on motion sickness by its action on the central pathways. 

HO 

Crapter IIT 

ON THE INFLUENCE OF PERIPHERAL LABYRINTHINE 

STIMULI ON CENTRAL NYSTAGMUS 

Introduction 

LACHMANN, BERGMANN and Monnrer (1958), LACHMANN, BERGMANN, 

WEINMAN and WELNER (1958), Bercmann, Lacemann, Monnaie and 
Krupp (1959), and Bercmann, LACHMANN and Mownnier (1960) in- 
vestigatecl certain aspects of the activity of the peripheral labyrinth 
on central nystagmus. 

They found a simple form of cooperation of labyrinthine and central 
nystagmus by addition and subtraction. Since angular accelerations 
and linear accelerations are the stimuli proper for the semicircular 
canals and the otoliths, respectively, and since it has been proved in 

our laboratory (JoncKEES and Puivirszoon, 1962; Puitivszoon, 1962; 

and Bos, Joncxers and Purupszoon, 1963) that stimulation of the 
otoliths may also provoke nystagmus, we decided to test the effect of 
both modes of physiological labyrinthine stimulation upon central 
nystagmus. 
In these series we examined the effect of the position of the rabbit 
upon central nystagmus using the torsion swing to cause angular 
accelerations and the parallel swing for linear accelerations. 
Another aspect we looked into was the influence of caloric stimula- 
tion of the labyrinth on central nystagmus. 

DIFFERENT POSITIONS 

Introduction 

Positional nystagmus is the nystagmus provoked in certain positions 
in relation to the direction of the force of gravity. BARAny (1921) 
suggested that it might probably originate from the otolith organs. 
Nytén (1952) is of the same opinion. Gurman, Cuaimovrrz and 
Brromann (1963) found that when the rabbit's head was in the lateral 
position the central nystagmus response was enhanced. The greatest 
enhancement was observed when the head was tilted to the opposite 
side of the centre stimulated, 

jy



Experinients 

Twelve rabbits were used for this investigation, Central nystagmus 

was provoked in five different positions; prone, right lateral, left 

lateral, supine and vertical. 

iy way of control central stimulation in the prone position was given 

between any two position tests. 

Results 

The effect of the position of the rabbit on central nystagmus was 
clear, All rabbits showed a depression of the nystagmus response when 
lying in the supine position. 

In all rabbits the vertical position changed the response to a higher 

lrequency of nystagmus beats with a smaller amplitude. When lying in 

the lateral position six out of twelve rabbits showed a depression of 

nystagmus response, ‘The deepest depression was observed when the 

rabbits were lying on the side of the nystagmogenic centre that was 
simulated, 
The other six rabbits showed a higher frequency and a smaller 

iwnplitude when they were lying on the side contralateral to that of 
the iystagmogenic centre stimulated and showed a depression of the 

response when lying on the ipsilateral side (Fig. 7). 
One yabbit showed a spontaneous positional nystagmus in the left 
lateral position which was superposed on the central nystagmus 
pattern, 

Summary 

There is a clear elfect of the position of the rabbit on central 
nystagmus, 

The measure of this effect is different for each position. 
Supine position depressed the nystagmus response while vertical 
position resulted in a higher frequency and a smaller amplitude. 
In all rabbits a depression was observed in the lateral position on the 
side of the nystagmogenic area stimulated. 
In some rabbits an enhancement, in other rabbits a slight depression 
was observed in the lateral position on the other side. 

he   
Photo Al 42 

Phe fixed rabbits head with the dtimutacting and eye electrodes applied,
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LINEAR ACCELERATIONS 

Introduction 

BArAny (1921) suggested that positional nystagmus originated from 
the otolith organs but he left open the possibility of its arising 
exclusively in the central neryous system. 
Linear accelerations in lifts were studied by Syénrre (1931). He was 
not able to record any definite nystagmus, but he stated that he saw 
reactions suggestive of it in several subjects. 

Brrcsrepr (1961) could not elicit nystagmus in his experiments with 
linear accelerations on human subjects. In the human centrifuge he 
clearly demonstrated the influence of linear accelerations on pre: 
existent positional nystagmus. 
In 1946 Joncxers and Groen described eye movements in human be- 
ings on the parallel swing. In our laboratory we succeeded in record- 
ing compensatory eye movements provoked by linear accelerations 

on the parallel swing (Puttirszoon, 1959; Joncxers and Puitipszoon, 

1960), 
Nystagmus in rabbits on the parallel swing was described for the first 
time by JoNcxrrs and Purcirszoon (1961). In their investigations the 
rabbits were placed in the lateral position and the eye electrodes were 
fixed above and below the eye. 
The results of the experiment showed that it is highly probable that 
the otoliths play an important part in the formation of this form of 
nystagmus. “Chis conclusion was based on experiments with rabbits, 
with partial destruction of the labyrinths. (Bos, Jonckers and 
PUNLAPSZOON, 1963). 

Hx periments 

‘Twelve rabbits were used for our test. For linear acceleration a parallel 
swings was used with an oscillation time of 3.7 sec. The maximum speed 
was 205 cm/sec and the maximum acceleration was 348 cm/sec2. The 
ribbits were tested in all positions described in the chapter entitled 
“Positions”. Supraliminal and subliminal central stimulation were 
used, 
‘Two pairs of eye electrodes were fixed, one at horizontal and the other 
at vertical level. 
Jentral nystagmus can also be recorded with electrodes placed above 
and below the eye, as there is a slight yertical component in it. 

M4 

Results 

The effect of linear acceleration was observed only in lateral position. 

Regarding the amplitudes we found addition and subtraction, depend- 
ing on the direction of the acceleration. With subliminal central 

stimulation it was possible to provoke nystagmus when both effects 
were acting in the same direction in four out of twelve rabbits, 
In the prone position no influence of the linear acceleration on central 
nystagmus was observed at all (Fig. 8). 

PARALLEL SWING 

Natal al 
———eY OY NS 

B 
lig, 8 

The effect of linear acceleration on central nystagmus in a rabbit in lateral position. 
A central nystagmus +> linear acceleration 
B subliminal central stimulation + linear aeceleration 

Upper tracing: recording of eye movements, 
Lower tracing: recording of awing movements, 

ob



Summary 

In prone, supine and vertical position no influence of linear accelera- 
tions, caused by the parallel swing, on central nystagmus could be 
demonstrated. 

In the lateral position (which is the only situation causing nystagmus) 
a certain effect can be observed on central nystagmus, confirming the 
rule of addition and subtraction with regard to the amplitude. 

ANGULAR ACCELERATIONS 

Introduction 

Macu (1875) and Vax Ecmonnp, Grorn and Joncxrrs (1949) have al- 
ready described alternating stimulation of the horizontal semicircular 
canals with the use of a torsion swing. 

A torsion swing gives a damped sinusoidal movement. Experiments 
with this swing have also been described by HEnNEBERT (1956) ; 
De Borer, Cares and Purmirszoon (1962); Greiner, Conraux and 

Picart (1963) and Harroc (1963). 

We were interested in the influence of angular acceleration on central 

nystagmus. 

UX periments 

We used a torsion swing to test the influence of angular accelerations 
upon central nystagmus. ‘This instrument consists of a small platform 

in a box fixed on an iron torsion bar. With weights on the arms of 
variable length the time of swinging can be controlled. This in- 

slrument cin swing over an angle of 180 degrees. 

The periods we used were 10, 20 and 30 seconds. Under these circum- 
slinces the maximum speeds were 57, 28 and 19 degrees/sec, respect- 
ively, the maximum accelerations were 35, 9 and 4 degrees/sec2, 

respectively, ‘Twelve rabbits were tested, 
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Results 

We found a complicated pattern of addition and subtraction of the 
frequency and amplitude of nystagmus when a normal central 

stimulation was given, together with the rotational stimulus. When 
we used subliminal central stimulation combined with subliminal 
acceleration this finding was confirmed. Under these circumstances 
it was possible to provoke nystagmus when the theoretical directions 
of both types of nystagmus coincided. 
If the two were of opposite direction no nystagmus resulted. This was 
also the case when the two stimuli were near their threshold values 

(Fig. 9). 

Summary 

With regard to amplitude and frequency of nystagmus, combined 
angular acceleration and central stimulation resulted in a complicated 
adcition and subtraction pattern. 
A remarkable feature in the nystagmus pattern was that the envelope 
of the pattern is nearly flat on one (the lower) side, while modulating 
up and down on the other side. 

CALORIC STIMULATION 

Introduction 

LACHMANN, BERGMANN, WrINMAN and WELNER (1958) have described 
the influence of caloric stimulation on central nystagmus, They 
suppressed central nystagmus with a cold caloric stimulus to the 
heterolateral ear, which stimulus provokes a nystagmus in the opposite 
direction, 
We repeated this experiment with both hot and cold water. 

Experiments 

Por caloric stimulation water at 25° and 45° C. was used. Twelve 
rabbits were investigated, all of them in vertical position, in order to 
provoke endolymph movements in the horizontal semicircular canal. 
At first a central stimulation was given. After a normal response was 
established one car was irrigated with water during a period of 
twenty seconds, 
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Results 

We could replace the central nystagmus by caloric nystagmus through 
stimulation with cold water in the contralateral ear. The reversal of 
direction took place after an interval of about ten seconds in which 

no nystagmus beats were recorded. Thirty-five seconds after the start 

of the irrigation caloric nystagmus was observed, which suppressed 
central nystagmus and lasted for about thirty seconds. Then suddenly 
this nystagmus stopped and within five seconds the original central 
nystagmus resumed. 

All twelve rabbits showed the same results when irrigated with cold 
water. 
In combination with central stimulation hot water irrigation gave the 
following results. 
‘Ten seconds after the start of the central stimulation the ear at the 
side of the nystagmogenic centre stimulated was irrigated with hot 
water at 45° C. during twenty seconds. Thirty to forty seconds after the 
beginning of this irrigation caloric nystagmus was sometimes seen. 
Six out of twelve rabbits reacted in this way. In three rabbits central 
nystagmus was only suppressed for thirty to forty seconds but no 
caloric nystagmus appeared. Three other rabbits did not show any 
reaction to irrigation with hot water at 45° C. (Fig. 10). 
Thus only six rabbits reacted to hot water in the way the theory 
demands. Cold water at 25° C. probably is a stimulus of higher in- 

tensity than hot water at 45° C. for there is a greater departure from 
hody temperature. 

Summary 

Caloric stimulation of a labyrinth could suppress central nystagmus 
completely if the theoretical direction of caloric nystagmus is opposite 
to that of central nystagmus. 
In some cases caloric nystagmus could dominate central nystagmus. 
This was especially the case with a strong stimulus, e.g. cold water at 
25°C, 
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CHAPTER IV 

ON THE INFLUENCE OF OPTOKINETIC STIMULATION 

ON CENTRAL NYSTAGMUS 

Introduction 

Optokinetic nystagmus can be provoked by moving objects horizontal- 
ly or vertically in front of the eyes. 

The existence of a close relationship between optokinetic and 
vestibular nystagmus is clear (BARANy, 1921; Van pEN Boorn, 1942; 
Fiscurr and Verrs, 1928; Mowrer, 1935; HutzincA and VAN DER 

Meuten, 1951; Fuxupa, Hinoxi and Toxrra, 1957; and Fuxupa, 1959). 

We went into the problem of the influence of optokinetic stimulation 
upon centrally provoked nystagmus. 

Experiments 

Twelve rabbits were used in these experiments. Optokinetic nystagmus 
was produced by an apparatus almost identical to the one described by 
Huizinca and VAN DER MEULEN (1951) and Fuxupa (1959). A metal 

cylinder with a diameter of 90 cm and a height of 120 cm was used. 
Along the inner surface of the cylinder sixteen vertical black strips 
were placed on a white background, The black strips were 3 cm wide 
and separated by white strips of 15 cm width. The cylinder had a 
double floor, one moving with the cylinder and the other one smaller 
and stationary. On the fixed floor the rabbit sat comfortably with 
its body in a box, fixed, and only its head protruding. The interior 

of the cylinder was illuminated by diffuse light. The cylinder could 
be rotated in both directions by a motor which speed could be varied. 

Resulis 

In our tests we combined the rotation of the cylinder at various speeds 

with normal central stimulation. No influence of the optokinetic 
stimulus on normal central nystagmus could be observed. The 

combination of an optokinetic stimulus, strong enough to provoke 
optokinetic nystagmus, with a subliminal central stimulation provoked 

a central nystagmus with the rapid phase in the direction demanded by 
the central stimulus, 

4



‘The direction of the optokinetic stimulus did not affect this direction 
at all, 
We also investigated the combination of a near-threshold optokinetic 
stimulation with a near-threshold central stimulation. Each stimul- 
ition separately gave no more than one to four nystagmus beats 

during a period of sixty seconds stimulation. Both near-threshold 

stimulations simultaneously caused a clear nystagmus response. The 
direction of subliminal optokinetic stimulus proved to be unimportant 

since the direction of the provoked nystagmus was exclusively given 
by the type of the central stimulation. The trequency of the nystagmus 
response was much larger than the sum of the frequencies of the two 
single nystagmi separately (Fig. 11). 

Sunvmary 

No influence of optokinetic stimulation was seen on normal central 
nystagmus, Subliminal optokinetic stimulation combined with sub- 

liminal central stimulation resulted in a central nystagmus with the 

rapid phase in the direction demanded by the central stimulus. The 

combination of a near-threshold optokinetic stimulation with a near- 

threshold central stimulation provoked a clear nystagmus response, 

again in the direction of the central stimulus. In this investigation the 

divection proper of the optokinetic stimulus was never of influence, 
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CHAPTER V 

ON THE INFLUENCE OF IRRITATION OF THE 

CERVICAL NERVE ROOTS ON CENTRAL NYSTAGMUS 

Introduction 

In 1907 BArAny described a method to stimulate the cervical plexus 
by rotating a rabbit's body about a longitudinal axis while immobil- 
izing its head. By fastening the rabbit’s head in a clamp all labyr- 
inthine reflexes were eliminated. 
Binmonp (1939, 1940, 1961) described patients suffering form vertigo 
presumably caused by irritation of the plexus cervicalis. 
Bremonp (1940) succeeded in provoking nystagmus by cutting the 
posterior roots of the second, third or fourth cervical nerves in rabbits. 

Putiipszoon (1961) repeated this investigation and recorded the move- 
ments of the eyes electronystagmographically. 
Contn (1961) applied local anaesthetics to the nerves C,, C),, Cy, and 
Cy of monkeys and found defects in balance orientation and motor 
coordination as a result of this action. 
MaAsririont, Caarpin and MiLiarp (1954), Ryan and Corr (1955, 1959), 

Gray (1956) and Kuitman (1959) described vertigo in combination 
with cervical deviations in patients. 
os (1962) found a positional nystagmus in judokas who had trained 
intensively for more than four years. He attributed this to irritation of 
the cervical nerve roots. 
We were interested in the influence of nystagmus caused by irritation 
of the cervieal nerve roots on centrally provoked nystagmus. 

Ux periments 

We fixed the rabbit's head in a clamp in the same way as performed 
by BArAny and Purtipszoon and Bos in order to eliminate all 
labyrinthine reflexes, The body of the rabbit was fixed on a rabbit 
hoard which could be moved in all directions while the clamp re- 
mMiined immobile. In four seconds the body of the rabbit was moved 
over a distance of 90 degrees in each direction. Neck torsion and 
central stimulation were piven together. 

dd 

Results 

We did not find any influence of neck torsion on central nystagmus. 
Neither addition nor subtraction was observed. If neck torsion was 
applied together with a subliminal central stimulation a central 
nystagmus pattern appeared. This pattern was not identical to the 
normal response to central stimulation. 
It resembled the response to a low electrical stimulation, except that 

the latent phase remained short, 

The investigation was done on twelve rabbits. All gave the same 
results (Fig. 12). 

Summary 

No influence of neck torsion on normal central nystagmus was 
observed. Neck torsion together with a subliminal central stimulation 
provoked a central nystagmus. 

We could not explain the cause of the results described. It seemed 
that irritation of the cervical nerve roots, like optokinetic stimulation, 

made the nystagmogenic centre more sensitive to central stimulation. 
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SUMMARY AND CONCLUDING REMARKS 

The investigation was concerned with the influences which can be 
exercized on nystagmus provoked by electrical stimulation of the 
mesodiencephalic nystagmogenic centre in rabbits. 

The effect was examined of certain drugs, of the stimulation of the 
vestibular apparatus, of optokinetic stimulation and of the irritation 
of the cervical nerve roots. 

The drugs cinnarizine and chloreyclizine of which good results are 
known in the treatment of motion sickness, proved to be of no in- 
fluence on centrally provoked nystagmus. 

The drug meclizine — related to chlorcyclizine — proved to have a 
clear suppressive effect on central nystagmus. 

The drug hyoscine — also effective in the prevention and the treat- 

ment of motion sickness — had no demonstrable effect on central 

nystagmus. 

Ether and alcohol both suppressed central nystagmus. However, the 
suppression by ether anaesthesia was preceded and followed by a 

period of enhancement of central stimulation. This could possibly 

be explained by assuming that these drugs also influence other parts 

of the central neryous system. 

The barbiturate nembutal when given in small quantities caused an 
enhancement of central nystagmus, but when given in large quantities 

it had a suppressive effect. 

The influence of the vestibular apparatus on central nystagmus was 
examined by stimulating this organ together with the nystagmogenic 
centre, 

By putting the rabbit in different positions in relation to the direction 
of the force of gravity the vestibular apparatus was stimulated by 
linear accelerations. 

By rotating the animal it was subjected to angular accelerations, 

We finally usec calorie stimulation ay well, 
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It was proved that many of these forms of stimulation of the vestibular 
ipparatus could be of influence on centrally provoked nystagmus 
following the rule of addition and subtraction. 

In this way central nystagmus appeared to be a useful indicator of 
it possible central component in the action of some drugs with a 
proved influence on central nystagmus, and also of some drugs with- 
oul @ proved action on vestibular nystagmus but effective in the 
treatment of motion sickness. 

Subliminal optokinetic stimulation proved to be able to make the 
Nystagmogenic centre more sensitive to electrical stimulation. 

Irritation of the cervical nerve roots similarly had the effect of 
reduction of the stimulation for central nystagmus. 

In both cases the direction of the resulting central nystagmus was 
solely determined by the electrical stimulation. 

No effect of optokinetic or mechanical stimuli on the direction could 
be observed. 

Since now a consistent pattern of action of drugs could be observed, 
further lines of research will be developed to elicit some of the basic 
mechanisms underlying the action of drugs on central nystagmus. 
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SAMENVATTING 

Het onderzoek betreft de invloed die kan worden uitgeoefend op de 
nystagmus reactie opgewekt door electrische prikkeling van het in het 
mesodiencephalon gelegen nystagmogene centrum bij het konijn. 

Nagegaan werden de invloeden van enige stoffen en geneesmiddelen, 
van prikkeling van het evenwichtsorgaan, van optokinetische prikke- 
ling en van irritatie van de halszenuwplexus. 

De geneesmiddelen cinnarizine en chloorcyclizine, die goed werkzaam 
zijn tegen bewegingsziekte, hebben geen invloed op de centraal opge- 

wekte nystagmus. 

Het aan chloorcyclizine yerwante meclizine blijkt daarentegen een 
duidelijk onderdrukkende werking op de centrale nystagmus te 

hebben. Het effect op bewegingsziekte van meclizine behoelt dus niet 
alleen in het labyrint te worden gezocht. 

Het eveneens bij bewegingsziekte werkzame hyoscine heeft geen aan- 
toonbaar effect op de centrale nystagmus. Hyoscine heeft merkwaar- 

digerwijs ook geen effect op de vestibulaire reacties. 

ther en alcohol onderdrukken beide de centrale nystagmus. De 
onderdrukking door ethernarcose wordt echter voorafgegaan en ge- 
volgd door een periode van versterkte reactie op de centrale prikke- 
ling. Mogelijk kan dit verklaard worden door een werking van deze 
stoffen op andere delen van het centraal zenuwstelsel. 

Het barbituraat nembutal heeft in lage dosering een versterkende 

werking op de centrale nystagmus, in hogere dosering een onder- 
drukkend effect. 

De invloed van het evenwichtsorgaan op de centrale nystagmus werd 
nagegaan door dit orgaan te prikkelen tegelijk met het stimuleren 
van het nystagmogene centrum, 

De prikkeling geschiedde door het konijn in verschillende houdingen 

ten opzichte yan de richting van de zwaartekracht te plaatsen, door 

rechtlijnige en hoekyersnellingen aan te brengen en coor calorisch te 

prikkelen, 
. 

49



De centraal opgewekte nystagmus blijkt door vele van deze vormen 
van labyrintprikkeling beinvloed te kunnen worden en wel volgens 
optelling en aftrekking. 

Omdat deze wisselwerking zo opmerkelijk was kwam de centrale 
nystagmus ons als een bruikbaar middel yoor om een eventuele 

centrale component in de werking van enkele geneesmiddelen met 
cen bewezen invloed op de vestibulaire nystagmus na te gaan, en 
ompgekeerd, 

De subliminale optokinetische prikkeling blijkt in staat te zijn het 
nystagmogene centrum gevoeliger te maken voor electrische stimulatie. 

De irritatie van de halszenuwplexus heeft eveneens op de centrale 
stimulatie het effect van verlaging van de prikkeldrempel. 

In beicde gevallen wordt de richting van de nystagmus niet door de 
extra prikkel beinvloed; deze blijft uitsluitend bepaald door de 

centrale electrische prikkel. 
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RE SG
 UME 

L’examen concerne l’influence qui peut tre exercée sur la réaction 
du nystagmus provoquée par excitation électrique du centre nystag- 
mogéne situé dans le mesodiencephalon chez le lapin. 

Nous avons examiné les influences de quelques matiéres et médica- 
ments, de stimulation de l’organe de l’¢quilibre et de stimulation op- 
tocinétique et d’irritation des nerfs cervicaux. 

Les médicaments cinnarizine et chlorcyclizine, trés efficaces contre la 
maladie de mouvement, n'ont aucune influence au nystagmus provo- 
qué centralement. 

La méclizine associée 4 la chlorcyclizine se montre avoir un effet claire- 

ment supprimant au nystagmus central. Ce n’est donc pas exclusive- 
ment dans le labyrinthe que l’on doit chercher l’effet de méclizine sur 
la maladie de mouvement. 

La hyoscine, également efficace contre la maladie de mouvement, n’a 
pas d’effet démontrable sur le nystagmus central. 

L’éther ainsi que V’alcool suppriment le nystagmus central, Cependant 
la suppression par l’anésthesie au moyen d’éther est précédée et suivie 
d'une période de réaction plus intense sur la stimulation centrale. Il 
est possible que l'on puisse expliquer ce phénoméne par un effet de 
ces médicaments sur différentes parties du systéme cérébro-spinal. 

En petite dose le barbiturique nembutal a un effet fortifiant, en plus 
grande dose un effet supprimant au nystagmus central. 

En stimulant a la fois l’organe de l’équilibre et le centre nystagmogéne 
nous avons examiné l'influence de cet organe au nystagmus central. 
Par cette expérience nous avons pu constater un changement possible 

du nystagmus central. L’organe de |’équilibre fut stimulé en plagant le 

lapin dans diverses positions par rapport d la direction de la force 
de gravité, par accélérations linéaires et angulaires et par excitation 
thermique, Il se trouve que par beaucoup de ces formes de stimulation 
des Jabyrinthes le nystagmus provoqué centralement peut @tre ine 
fluencé suivant la régle d'addition et soustraction, 
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le nystagmus central était un moyen praticable 4 examiner 
elle composante centrale dans l'effet de quelques médicaments 

une influence prouvée au nystagmus vestibulaire. 

plus sensible a l’excitation électrique le centre nystagmogéne. 
on des nerfs cervicairxx montre également l'effet de diminution 

ation supplémentaire; elle reste exclusivement définie par 
ation électrique centrale. 
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NV/DRUKKERY VAN WK + OOSTZAAN  



STELLINGEN 

1 

Aan alle nederlandse militairen had bij repatriéring uit voormalig 

Nederlands Nieuw Guinea een mijnwormkuur moeten worden ge- 

geven. 

Z 
De benaming ,,tropische kindergeneeskunde” suggereert het bestaan 

op medisch wetenschappelijk gebied van problemen die in werkelijk- 

heid op sociaal economisch terrein gezocht moeten worden. 

3 
Het is waarschijnlijk dat de progressieve multifocale leuko-encephalo- 

pathie op een virusinfectie berust. 

4 
Het optreden van verschijnselen van een dialysedesequilibrium tijdens 

extra-corporale hemodialyse bij patiénten met acute nierinsufficiéntie 

is het gevolg van te late toepassing dezer behandeling of(en) een on- 

juiste samenstelling van de dialysevloeistof. 

5 
Het is onjuist de in de nieuwe literatuur met behulp van het elektro- 

nenmicroscopische onderzoek beschreven ruimte tussen het endotheel 

van de sinusoiden en de levercellen als de ,,ruimte van Disse’”’ aan te 

duiden., 

6 

Bij acute koolmonoxydevergiftiging treedt een differentiéle depolari- 

satie van neuronen op in het centrale zenuwstelsel, hetgeen de basis 

kan vormen voor een mogelijk latere degeneratie. 

~ 

/ 

Inhibitoire en excitatoire synaptische potentialen ontwikkelen zich op 

verschillende tijdstippen tijdens de postnatale groei van de hersen- 

schors bij het konijn. 
8 

Het substraat bij tonsillectomie bij personen ouder dan vijfendertig 
jaar dient pathologisch-anatomisch onderzocht te worden. 

9 
De maatschappelijke isolering van het overheidsapparaat, zoals in 

Nederland geschiedt door de concentratie in ’s-Gravenhage, is nadelig 

voor een inventief overheidsbeleid. 
10 

In de ontwikkelingsplannen van de achtergebleven gebieden wordt de 

betekenis van de ontwikkeling van de landbouw voor de algehele 

economische ontplooiing veelal miskend. 

W. J. OosTERVELD 19 december 1963



 


