
Brain Research, 562 (1991) 207-215 
© 1991 Elsevier Science Publishers B.V. All rights reserved. 0006-8993191/$03.50 
ADONIS 000689939117077G 

BRES 17077 

207 

Effects of a-noradrenergic substances on the 
vestibulo-ocular responses in the rabbit: a study 

intrafloccular injections 

optokinetic and 
with systemic and 

H.S. Tan 1, J. van Neerven  1, H. Collewijn 1 and O. Pompe iano  2 

1Department of Physiology 1, Faculty of Medicine, Erasmus University Rotterdam, Rotterdam (The Netherlands) and ZDepartment of 
Physiology and Biochemistry, University of Pisa, Pisa (Italy) 

(Accepted 28 May 1991) 

Key words: a-Noradrenergic effect; Vestibulo-ocular reflex; Optokinetic reflex; Cerebellum; Flocculus; Clonidine 

The effects of microinjection of a-noradrenergic agonists and antagonists in the flocculus on the basic gain and adaptibility of vestibulo- 
ocular and optokinetic responses were investigated. A complementary, previous investigation 46 had shown that the adaptation, but not the 
basic performance, of compensatory oculomotor responses were markedly influenced by fl-noradrenergic mechanisms in the flocculus. In 
contrast, the present experiments with bilateral, intrafloccular injections of phenylephrine, prazosin, clonidine and idazoxan failed to reveal 
any effect of a~- or a2-noradrenergic mechanisms on either basic performance or adaptation of compensatory eye movements. Intravenous 
administration of clonidine, however, reduced the gain of the optokinetic and vestibulo-ocular responses by about 70 and 50%, respectively, 
at dosages of 0.07 mg/kg. Recovery from this effect took about 1.5 h. A higher dosage of clonidine (0.7 mg/kg) had a similar, but longer 
lasting effect, and also markedly increased the frequency of spontaneous saccades. Intravenous administration of phenylephrine did not af- 
fect the oculomotor responses. It is concluded that the control of oculomotor responses is not susceptible to a-noradrenergic influences at the 
level of the flocculus, but that a2-agonistic action inhibits these responses through an extra-floccular structure. 

INTROD UCTION 

Noradrenergic terminals, derived to a large extent 

from neurons in the locus eoeruleus (LC), are distrib- 
uted throughout the entire central nervous system 2'1°. 

With regard to their possible function, one hypothesis 

states that the noradrenergic system exerts a modulatory 

action, possibly increasing the signal-to-noise ratio of 

evoked versus spontaneous activity of the various target 
neurons t1.zs~48'49 and/or gating the efficacy of subliminal 

synaptic inputs conveyed by classical afferent systems 26' 

56. A second hypothesis states that noradrenaline (NA) is 
involved in a number of plasticity-related functions ts'a9"21. 

A thoroughly studied model of  neural plasticity is the 
adaptability of  the vestibulo-ocular re fex  (VOR) to 

modified functional demands (for a review see ref. 25). 
A general role of N A  in plasticity of  the V O R  has been 
demonstrated previously in the cat 2°'24. In these studies, 

depletion of the central stores of N A  by intracisternal 
injection of  6-hydroxydopamine (6 -OHDA) abolished 
the ability to produce adaptive changes in the V O R  gain. 
The cerebellar flocculus has been implicated in the con- 

trol of the gains of the V O R  and optokinetic response 

(OKR) and their adaptive changes. Removal  of the floc- 

culus abolishes the adaptability of the V O R  in rab- 
bits 16'3° and cats 38 while reversible blocking of  floccular 

neurons by local injection of GABA-agonis ts  strongly 
reduces the basic gains of the V O R  and O K R  aS. Het- 

erosynaptic, plastic interaction between the signals car- 

ried by the floccular climbing and parallel fibers has been 

postulated as the substrate of cerebellar motor  adapt- 

ability and learning (for reviews see refs. 14,15). 

In the framework of this theory, the demonstrated ef- 

fect of NA depletion on V O R  adaptation might be due 

to disruption of  the NA input to the flocculus. This lat- 

ter hypothesis has recently been supported by Van Neer- 
ven et al. 46, who showed that local injection of the 

fl-adrenergic agonist isoproterenol into the cerebellar 
flocculi improved the adaptation of the VOR,  while in- 

jection of  the fl-antagonist sotalol impaired adaptation, 

while these drugs did not affect the gain of the V O R  in 
the absence of  pressure for adaptation. These results are 
in good harmony with earlier findings 26-29'47'57 that the 

increased responsiveness of  cerebellar Purkinje cells to 
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both  exci tatory (mossy fibers and  c l imbing  fibers) and  

inhibi tory  (basket  and  stellate cells) inputs ,  as well as to 

the co r re spond ing  excitatory (g lu tamate  and  aspar ta te)  

and  inhib i tory  ( G A B A )  neu ro t r ansmi t t e r s  fol lowing lo- 

cal appl ica t ion of  N A  or  LC s t imula t ion  was med ia t ed  

by t - r ecep to r s .  Howeve r ,  a - recep to rs  have also been  

d e m o n s t r a t e d  in the ce rebe l lum 5, a l though their  densi ty  

is compara t ive ly  low. Both  the ~z~ and  the a 2 subtypes  

appear  to be present .  In the rat ,  fairly large n u m b e r s  of  

a l - r ecep to r s  were found  in the molecu la r  layer,  bu t  no t  

in the g ranu la r  layer,  of  the cerebel la r  cor tex 17'3~. In 

contras t ,  low, bu t  specific, label ing for a~-receptors  was 

repor ted  for the g ranu la r  layer  4"43, while an o t h e r  recent  

s tudy m e n t i o n s  modera te ly  dense  label ing  of the Pur-  

kinje  cell layer  3. Sagittal  strips of  a2-receptors  were found  

specifically in the molecu la r  layer  of vermal  Iobules  9 

and  10 (ref. 4). As  the n u m b e r  of oz,-receptors in the 

ce rebe l lum could  be e i ther  down-  or  up- regu la ted  by de- 

creasing or  increas ing the N A  levels in the bra in ,  the 

a t - r ecep to r s  at cerebel la r  N A  synapses  seem to be of 

func t iona l  significance 44, a l though this func t ion  r emains  

to be  e lucidated.  The  a2-receptors  were or iginal ly de- 

fined in the per iphera l  a u t o n o m i c  nervous  system in 

te rms of  their  capaci ty to m o d u l a t e  N A  release by auto-  

inhib i t ion;  they are supposed  to occur  in presynapt ic  ter- 

mina l  m e m b r a n e s  39. In  the cent ra l  ne rvous  system, it 

appears  that  a2-b ind ing  sites may be localized e i ther  pre- 

or  postsynapt ical ly  43. A recent  e lectrophysiological  

s tudy 32 suppor ts  a role of a- ,  as well  as /%receptors in 

the no rad rene rg i c  effects on  Purk in je  cells. 

Systemical ly injected a -agonis t s  have b e e n  shown to 

induce  an inh ib i t ion  of  LC n e u r o n  activity 37~4°. More-  

over ,  mic ro ion tophore t i ca l ly  appl ied  c lon id ine  power-  

fully inhibi ts  the discharge of LC n e u r o n s  and  the release 

of N A  from nerve  t e rmina l s t ° ,  as shown also in the be- 

having cat ~. In  view of the f inding that  ac t iva t ion  of the 

cz2-receptors by micro in jec t ions  of c lon id ine  into the LC 

affects the gain  of ves t ibulospina l  reflexes 33'34, we first 

invest igated the  effect of  genera l  s t imula t ion  of cz-recep- 

tors by the systemic in jec t ion  of  a -agonis t s  on  the V O R  

and  O K R  gain.  M a r k e d  reduc t ions  of  these gains were 

induced  by the in jec t ion  of the ctz-agonist c lonid ine .  

Subsequen t ly ,  we invest igated these effects at the cer- 

ebel la r  level  by bi la teral  f loccular in jec t ion of ~z ~- and  

~2-agonists and  antagonis ts .  In  view of the crucial  role 

of the flocculus in the  cont ro l  of the V O R  and  O K R ,  

this might  be  a sensi t ive test of  the funct ional i ty  of a - re -  

ceptors  in the cerebel lar  cortex.  Such func t ion  could  no t  

be demons t r a t ed :  ne i the r  the  basic pe r fo rmance ,  no r  the 

adapt ive  gain changes  of the V O R  and  O K R  were  af- 

fected by these  procedures .  Appa ren t ly ,  the pr!mary site 

of act ion of systemical ly in jec ted  c lonid ine  in reduc ing  

the V O R  and  O K R  is outs ide  the flocculus. 

MATERIALS AND METHODS 

Genera[ 
The experiments were done on a total number of 25 young adult. 

pigmented Dutch belted rabbits of either sex. All surgical proce- 
dures were done under general anesthesm induced by ketaminc 
t Nimatek. 100 mg/ml. AUV, HollandL acepromazine lC~ c Vetran- 
quil, 10 mg/ml. Sanofi. France) and xylazine-HCl (Rompun 2c~. 
22.3 mg/ml, Bayer. F.R.G.). Initial doses of 0.7 mg/kg of a mix- 
ture of ketamine and acepromazine (in 10:1 proportion by volume) 
and. m a separate injection. 0.25 ml/kg of xylazine-HCI were given 
intramuscularly. These initial doses, which maintained a good an- 
esthesia for about 1 h. were supplemented as ncccssar~ 

Measurement of eye movements 
Eyc movements were measured with a magnetic inductmn 

method with ocular sensor coils in a rotating magnetic field, based 
on phase detection 6. A major advantage of this method is thc ab- 
solute angular calibration of the recordings. The rabbits were per- 
manently implanted with scleral search coils and skull screws fot 
fixation of the head. A coil of 5 turns of teflon-coated, stainless steel 
wire (type AS 632, Cooner, Chatsworth. CA) was woven under- 
neath the conjunctiva and the supermr and inferior rectus eye mus- 
cles. 

Implantation of guide cannulae 
About a week after the implantation of the scleral coil. guide 

cannulae were implanted under general anesthesia. The flocculus 
was localized by electrophysiological recordings, using a glass mi- 
cropipette with a 4 gm tip, filled with 2.0 M NaCI. Floccular Pur- 
kinje cells were identified by the modulation of their complex spike 
activity, synchronous with horizontal movements of a random-dot 
pattern in front of the animal's ipsitateral eye 13. Once the appro- 
priate location was found, the guide cannula, which surrounded the 
microplpette, was fixed to the skull, without penetrating the brain. 
to cstablish the direction for future drug rejection cannulas. The 
depth of the micropipene relative to the guide cannula was marked 
to establish the appropriate length ol the injection cannulae 4~-~6. 

Injected drugs 
Ftoccular injections were made with the a~-agonist phenyle- 

phrine-HCl (Sigma. U.S.A.: 16 ktg/gl): the al-antagonist prazosin 
(Pfizer. Belgium; 4/~g/#l); the a2-agonist clonidine (Sigma. U,S.A.  
4 ~g//d) and the a2-antagonist idazoxan (Reckitt and Colman. 
U.K.: 8 #g//~l). Each substance was dissolved in saline and adjusted 
1o pH 7.0-7.4. The solutions were injected through a stainless steel 
injection cannula (o.d. 0.35 mm) of the proper, predetermined 
length, which was introduced through the guide cannula and con- 
nected to a Hamilton 1.0/A syringe. In the control experiments, 
only the solvent (saline) was injected. All floccular injections were 
madc bilaterally. 

in the experiments with systemic, intravenous drug injections, we 
used phenylephrine (0.7 mg/kg) and clonidine (0.007, 0.07 and 0.7 
mg/kg), dissolved in saline. 

Procedure for systemic mjections, without adaptation 
These experiments were done to explore the general effects of 

systemic, intravenous injections of a-adrenergic agonists on the ba- 
sic performance of the VOR and OKR. Two groups of 5 rabbits 
(separate from the animals in which we performed intrafloccular 
injections) were used for the two agonists. The group in which the 
effects of phenylephrine were tested was also subjected to a con- 
trol experiment with injection of saline, while in the clonidine 
group the effect of 3 different doses of clonidine was investigated. 

During each experiment, the rabbit was restrained in a linen bag 
and tied down on a platform. The head was connected to a frame 
which was attached to the platform, but did not intrude into the 
rabbit's visual field. The platform on which the rabbit was mounted 
was surrounded by a concentric, richly patterned drum which was 
moved to elicit the OKR. The rabbits were oscillated sinusoidally 



on the platfl)rm at a frequency of 0.15 Hz and an amplitude of 5 ° 
in light or darkness to elicit the VOR  in light and darkness,  re- 
spectively. To elicit the OKR, the drum was oscillated at the same 
frequency and amplitude.  The drum or the platform did move only 
during the measurements  and not continuously,  to avoid adapta- 
tion. In each measurement  period, the V O R  in the light and in 
darkness,  as well as in the O K R  were recorded. 

After  the measurement  of 3 baseline values the drug was in- 
jected. Subsequcntly,  4 measurements  werc made with an interval 
of 5 rain, followed by 9 further measurements  with an interval of 
15 min. 

Procedures for floccular injection, without adaptation 
Thcse exper iments  tested whether  c~-adrenergic substances,  in- 

jected into the flocculus, affect the basic characteristics of  the V O R  
or OKR.  Thrcc sessions were run on each rabbit to determine the 
time course of: (1) changes in the VOR  and O K R  without any in- 
jection; (2) changes in the VOR  and O K R  gain after injection of 
the appropriate agonist; and (3) changes in the V O R  and O K R  
gain after injection of thc appropriate antagonist.  In all cases, 1.0 
ktl of the solution was injectcd bilaterally in the flocculus. The se- 
quence of thcse t reatments  was randomized.  There  was always a 
recovery period of at least 1 day between successive experiments.  
The stimulus parameters  were identical to those described for the 
systemic injections. 

Procedure/or adaptation 
In these exper iments  the effects of ct-adrenergic drugs, injected 

bilaterally into the flocculus, on adaptation of the V O R  and O K R  
were tested. Adaptive enhancement  of the V O R  gain was elicited 
by sinusoidally oscillating the platform with a frequency of 0.15 Hz 
and an amplitude of 5 °. while the optokinetic d rum moved in coun- 
tcrphase at the same frequency but  with an amplitude of 2.5 ° (ref. 
46). This stimulus, which increased the ideal value of compensa-  
tory eye movements  from 1.0 to 1.5, was continuously presented 
for 3 h. It reliably induced an adaptive increase in the V O R  gain 
in light as well as in darkness.  

Each exper iment  started with 4 baseline measurements  of  the 
VOR during platform oscillation in light, as well as in darkness.  
During these 8 baseline measurements ,  which together  took about 
15 rain, the platform was oscillated while the drum remained sta- 
tionary. The platform did not move in between the baseline mea- 
surements .  Oncc the latter were completed,  bilateral injections of 
the various drugs were made and motion of both the platform and 
the drum in countcrphasc  was started. The next measurement  was 
made as soon as possible after the injection. During the rest of the 
experiment ,  recordings of the VOR  in light and in darkness were 
taken every 15 min. Each recording took about 90 s. In this way, 
the adaptive process was continuous over successive periods of 13.5 
min, and interrupted only for 1.5 min for recording. This short in- 
terruption did not noticeably affect the adaptive process. 

In each rabbit, the experiment  described above was performed 
in 3 conditions: (1) a control adaptat ion without any injection; (2) 
an adaptat ion after injection of the appropriate agonist; and (3) an 
adaptation after injection of the appropriate antagonist.  These 3 
sessions were performed in a random order. There was always at 
least 1 day of rest between two sessions, to allow the rabbit to re- 
cover fully from the previous cxpcrimcnt.  

Data storage and analysis 
All exper iments  were computer  driven (Digital Equipment  Cor- 

poration, PDP 11/73). The data were gathered by a data acquisi- 
tion program, collecting 4 cycles of  the sinusoidal mot ion st imulus 
and response for each response type at a sample frequency of 102.4 
Hz. In subsequent  off-line analysis the fast phases of the eye move- 
ment  response were eliminated from the record, and then gain and 
phase of the responses were determined after a fast Fourier trans- 
formation. 

The effects of the injected substances were tested for statistical 
significance with a Multiple Analysis of Variance (M ANOVA) ,  a 
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test which allows the comparison of several variables in a single 
group of animals.  

At  the end of the last experiment ,  each rabbit that  had under- 
gone intrafloccular injections was injected with a dye (Pontamine 
sky blue or ink) through the same injection cannula used in the 
previous injections. The animal was then deeply anesthetized and 
perfused from the left cardiac ventricle with saline and 10% forma- 
lin. After  sectioning and staining of the brainstem and cerebellum, 
the injection site could be visualized. In all cases, its floccular lo- 
cation was verified. 

RESULTS 

Systemic injection of clonidine 
In 5 rabbits, changes in the gain of the VOR in light, 

Clonidine i.v. n = 5  

o 0.007 mo/kg -e- 0.07 mO/kO ~ 0.7 mo/ko 
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Fig. 1. Mean effects of 3 different intravenous doses of clonidine 
at t ime = 0 on the gains of  the O K R  and V O R  in darkness and 
light. Bars represent  1 S.D. Baseline gains before the injection are 
normalized to zero. 
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Fig. 2. Recordings from one representative session showing oculo- 
motor responses before, and 11 rain after, intravenous injection of 
0.07 mg/kg clonidine. Note the marked reduction in amplitude of 
the OKR and VOR in darkness. 

the VOR in darkness and the OKR were assessed dur- 

ing 3 h after intravenous injection of the a2-agonist cloni- 

dine. Each animal underwent 3 experimental sessions, in 

which 3 different dosages of clonidine were given, in 

random order. The mean baseline gains were 1.05 _+ 

0.05 (S.D.) for the VOR in light, 0.82 ± 0.14 for the 

VOR in darkness and 0.57 - 0.24 for the OKR. These 

baseline gains remained virtually constant during the 

complete series of experiments. The averaged results are 

shown in Fig. 1. 

Clonidine in the lowest dosage (0.007 mg/kg) did not 

affect any of the examined reflexes. After a clonidine 

dosage of 0.07 mg/kg, however, the gains of both the 

VOR in darkness and the OKR decreased sharply, by 

about 0.4 with respect to the baseline values, in all of 

the rabbits tested. This decrease was apparent immedi- 

ately after the injection, and reached its maximum about 
5-10 min later. Typical recordings of the OKR and VOR 
in darkness and in light before and 11 min after intra- 

venous injection of 0.07 mg clonidine are shown in Fig. 
2. The reduction of the gain by an absolute decrease of 
about 0.4 actually amounted to a relative decrease in 
VOR gain to about half of the baseline value, and a rel- 
ative decrease in OKR gain to about one third of the 
baseline value. After about 20 min the gains of VOR in 
darkness and OKR started to recover. Normal values 
were regained after about 1.5 h. In contrast, the VOR 

Effect  of elonidine on 

spontaneous saccacles 

E.~ 

C 

[ 
8 -  

, O 

1 rain 

Fig. 3, Recordings showing the increase in frequency ot spontane- 
ous saccades occurring after intravenous injection of 0,7 mg/kg 
clonidine, lasting for about 1 h. 

in light was only slightly affected by this clonidine dos- 

age. 
Injection of clonidine at the highest dosage (0.7 mg/ 

kg) had quantitatively the same initial effect as the dos- 

age of 0.07 mg/kg on the VOR in darkness and the 

OKR. causing gain reductions by about 0,4 With respect 

to the baseline values. This suggests a saturation of the 
suppressive effect. The duration of the suppression was. 

however, much prolonged after this high dosage, and 

gain values did not return towards normal within the 3 h 

of measurement. On the next day the original baseline 

values were re-obtained, which ruled out a permanent 
effect of clonidine at this high concentration. The high 

dosage of clonidine also caused a distinct decrease in the 

gain of the VOR in light, by about 0.3. 
Strikingly, immediately after injection of the 0.7 mg/kg 

clonidine dosage, frequent spontaneous saccades ap- 
peared, and remained present until 30-60 min after the 

injections (Fig. 3). Such spontaneous saccades are nor- 
mally rare in rabbits with the head fixed 7 and they did 
not appear after the two lower dosages of clonidine. Sta- 
tistical analysis showed that the effects of clonidi ne on 
the VOR in light. VOR in darkness and OKR were 
highly significantly dose-dependent (P = 0.001. P = 
0.001. and P = 0.002. respectively). 

In two rabbits, a control experiment was carried out 
with intravenous mjection of 1 ml saline. This did not 
cause a change in any of the reflexes in any case. This 
result was identical to that after the lowest dosage of 
ctonidine. These negative results and the dosage-re- 
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sponse relat ion prove that the decreases in gain were 

specific for clonidine,  and not re la ted to the stress of  

undergoing an intravenous injection. Changes in the an- 

imal 's  behavior  were not apparent  after any of the dos- 

ages of clonidine,  but  our  observat ions in this respect  are 

limited by the fact that the rabbits  were tied down. By 

the t ime the animals were re leased,  they showed a nor- 

mal posture and locomotion,  but  no formal tests of the 

vigilance level were done.  The appearance  of spontane-  

ous saccades and the relatively preserved gain of the 

V O R  in light after the highest dosage of clonidine sug- 

gest that the decreases in gain of the O K R  and V O R  in 

darkness were not simply caused by sedation and drows- 

iness. 

Phenylephrine i.v. 
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Time ~ir0 
Fig. 4. Changes in gain of oculomotor responses as a function of 
time after intravenous injection of 0.7 mg/kg phenylephrine at time 
= O. Conventions as in Fig. 1. 

Systemic injection of phenylephrine 
In 5 rabbits ,  the t ime course of the gain of  the V O R  

in light and in darkness ,  and the O K R  was tested during 

3 h after the intravenous injection of the selective a cag-  

onist phenylephr ine  (0.7 mg/kg),  without  pressure for 

adapta t ion.  The mean baseline gains were 1.00 + 0.09 

(S.D.)  for the V O R  in light, 0.68 + 0.18 for the V O R  

in darkness,  and 0.41 -+ 0.11 for the OKR.  During the 

testing period,  the V O R  in light did not show any sys- 

tematic variat ions in gain, ei ther  in the control  experi-  

ments,  or in the phenylephr ine- injected exper iments  

(Fig. 4). Statistical effects of  the drug were absent for 

this condit ion (P  = 0.876). In both control  and phenyle- 

phrine-injected cases, the O K R  showed a slight increase 

cx2 -agen ts  i n  f locculus 

N o n - a d a p t a t i o n  exper iments  

c o n t r o l  -o.- c l o n i d i n e  + i d a z o x a n  

0 . 1 0  V O R r  in l i gh t  
n - 8  
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Fig. 5. Mean changes in gain (bars: 1 S.D.) of oculomotor re- 
sponses as a function of time in control sessions and after bilateral 
injection in the flocculus of clonidine or idazoxan, without pressure 
for adaptation. 



212 

in gain as a function of time; again the drug effect was 
not significant (P = 0.901). Phenylephrine administra- 
tion did appear to result in an initial decrease in the gain 
of the VOR in darkness by about 0.15 with respect to 
the baseline values. This decrease lasted about 45 min, 
after which the gain approached the control values. The 
effect did, however, not quite reach statistical signifi- 
cance (P = 0.083). 

lntrafloccular injections of  a e-(ant)agonists 
In 6 rabbits, the time course of the gain of the VOR 

in light and in darkness, and the OKR, were tested with- 

out pressure for adaptation. 
During the testing period, the V O R  in light did not 

show any systematic changes in gain in the control ex- 
periments, nor after injection of clonidine or idazoxan 
(Fig. 5). The average gain of the VOR in darkness ap- 
peared to decrease, but this effect was statistically not 
significant. The average gain of the OKR showed a small 

increase over the period of 2.5 h in the control as well 
as in the injection experiments, as is often seen in non- 
adaptation experiments (see also Fig. 7). Neither cloni- 
dine nor idazoxan affected the OKR in a statistically 
significant way after injection in the flocculus, even 
though systemically administered clonidine reduced the 
gains of VOR and OKR markedly. 
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Fig. 6. Mean  changes in gain o f  oculomotor  responses  under  stim- 
ulus conditions requiring upward adaptat ion of the gain of the 
V O R  (ideal value 1.5), in control sessions and after bilateral floc- 
cular injection of  clonidine or idazoxan. 

In the same 6 rabbits and in 3 others, the adaptibility 
of the VOR was also tested after intrafloccutar injections 
of the same a2-adrenergic drugs. Adaptive gain change, 
measured during 3 h, is shown in Fig. 6 for injection of 

clonidine and idazoxam compared to the control adap- 
tation experiment. 

The adaptation of the VOR gain remained unaffected 
by the %-noradrenergic substances, either in light or in 
darkness, as confirmed by analysis of variance. 

In summary, intrafloccular rejections of a2-noradren- 
ergic substances did not have any statistically significant 
effects on the basic gains of the VOR and OKR or their 

adaptive changes. 
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requiring any adaptat ion.  
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Intrafloccular injections of  a s-(ant)agonists 
Intrafloccular injection (in 6 rabbits) of the al-agonist  

phenylephrine or the cz,-antagonist prazosin did not sig- 

nificantly affect the basic gain of the V O R  in light and 
in darkness or the O K R  (Fig. 7). 

The effects of intrafloccular microinjection of  phenyle- 
phrine and prazosin were also examined under condi- 

tions that required upward adaptation of  the gain of the 
VOR.  

Fig. 8 shows the time course of the average increase 

in gain after injection of the ctj-agonist and the a ,-an-  

tagonist, compared to the control adaptation curve. Al- 
though Fig. 8 (upper panel) suggests an effect of the ct j- 

agonist and antagonist early after the injection, no 
statistically significant effects were demonstrated in the 

multiple analysis of variance of the complete set of  data. 
A similar absence of ct 1 effects was found for the V O R  
in darkness, as shown in Fig. 8, lower panel, and con- 
firmed by multiple analysis of variance. 

In summary, the adaptive stimulus resulted in a good 
enhancement of the gain of the V O R  in light and in 
darkness. Floccular injection of an Ctl-noradrenergic ag- 
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onist or antagonist affected neither the basic gains nor 

their adaptive changes. 

DISCUSSION 

In addition to fl-adrenergic receptors, a 1- and ct2-re- 
ceptors have been encountered in the cerebellum 3-5'17' 

3,,43. A specific role of fl-receptors in noradrenergic ac- 
tions on cerebellar unit activity has been shown before 27' 

47. Recently, Van Neerven et al. 46 showed that floccular 

fl-adrenergic receptor stimulation improves, and fl-recep- 

tot blocking impairs adaptation of the V O R  in the rab- 
bit. The results of the present study suggest that, unlike 

the fl-receptors, the floccular a-receptors are not in- 

volved in adaptation of the VOR.  lntrafloccular injec- 
tions of the a~-agonist phenylephrine, the a ,-blocker  

prazosin, the a2-agonist clonidine, and the a2-blocker 

idazoxan all failed to influence V O R  adaptation. The 

effect of NA on V O R  adaptation should thus be consid- 

ered as mediated solely through fl-adrenergic receptors. 
In addition, floccular c~-receptor stimulation or blocking 

did not affect the basic characteristics of the VOR and 

OKR;  this result was similar to that obtained before for 
fl-receptors 46. 

Systemic injection of phenylephrine in a high dosage 
also did not affect the basic characteristics of VOR or 

OKR.  This negative result does not exclude a role of 

extrafloccular al-receptors in the brain in controlling the 

gain of the VOR or OKR,  because phenylephrine will 

not easily pass the b lood-bra in  barrier. Local intracere- 
bral application of phenylephrine at sites other than the 

flocculus, where a,-receptors are prominent,  will have to 

be tried to solve this problem. The inferior olive, one of 
the structures most densely labeled for c~-receptors '7 

would seem to be a target of choice. Systemically ad- 

ministered clonidine, on the other hand, did have a 

marked effect on the basic characteristics of VOR and 

OKR.  Although clonidine has peripheral effects on a z- 

receptors, causing vasoconstriction, the substance does 

pass the blood-brain barrier and has strong central ac- 

tivity '2. Intravenous injection of 0.07 mg/kg clonidine re- 

sulted in an immediate and sharp reduction in the gains 
of OKR and V O R  in darkness, followed by a recovery 

of the gains of the two reflexes in less than half an hour. 

The time courses of the changes in gain were similar for 

the VOR and OKR.  The gain of the V O R  in light was 

not affected by this dosage. Apparently,  the combined 
effect of  V O R  and O K R  was strong enough to overcome 
the depressive effects on these reflexes acting alone. The 

gain reductions were dose-dependent,  indicating that the 
effect was specific for clonidine. At the highest dose (0.7 

mg/kg), the depression of O K R  and V O R  in darkness 
was equally profound as after 0.07 mg/kg, but lasted 
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much longer. In addition, the VOR in light was also 
mildly depressed (gain decreased by about 0.3) at the 
highest dose. 

Systemic injection of clonidine may induce drowsiness 
or sedation in several species, including man 23. Al- 

though, theoretically, the effects of clonidine on the 

VOR and OKR gains could be caused by such general 
changes in the animal's state, no obvious change in alert- 
ness and behavior was detected in our experiments after 
the injection of clonidine at any dosage. Also the ap- 
pearance of frequent spontaneous saccades after the high 
dosage (0.7 mg/kg) of clonidine argues against drowsi- 
ness as an underlying cause. 

It remains uncertain through which part of the brain 

clonidine influences the VOR and OKR gains. A large 

number of a2-receptors has been encountered in the 
LC 36'43"52. Local or systematic application of cionidine 

into the LC results in a decrease in LC neuron firing 
rate, probably through auto-inhibition via a2-receptors 
located on LC neurons L1°'37'4°. 

The LC is the main source of NA in the brain 4~. A 

decrease in LC neuron firing rate would thus result in a 
general reduction of the liberation of NA as a neuro- 
transmitter in the central nervous system. However, this 

effect does not explain our results, as general depletion 
of central NA stores by 6-hydroxydopamine does not af- 
fect the basic gain of the VOR, although it impairs its 
adaptability 24. Thus, the effect of clonidine on the VOR 

and OKR is probably mediated postsynaptically by struc- 

tures other than the LC. A plausible site of action would 
be the inferior olive, in which specific, although not very 
dense, labeling of a2-receptors has been s h o w n  9"36'43. 

Abolition of pharmacologically (harmaline + serotonin) 
induced rhythmic activity of inferior olivary neurons by 

noradrenaline has been found in guinea-pig brainstem 

slices 22. Other possible sites are the medial vestibular 
nucleus, which has been mentioned in several reports as 
being labeled significantly by various ae-ligands 3s43 
and/or the pontine reticular formation. Both of these 

structures, as well as the inferior olive, are involved in 
the VOR and OKR 35_ 

A decrease in LC activity would also decrease the NA 
input to the flocculus. As adaptation of the VOR is 

found to be under influence of the fl-component of the 
NA input to the flocculus 46. s)~temic clonidine applica- 

tion can be expected to interfere with adaptation of the 
VOR. Such an effect, however, if present, would be 
masked by the negative effect that clonidine has on the 
basic gain characteristics, and would thus be difficult to 

demonstrate. 
Our highest dose (0.7 mg/kg) of intravenous clonidine 

was followed by the appearance of frequent, spontane- 
ous saccades, which are normally rare in rabbits with the 
head fixed 7. A similar effect was revealed in humans in 
a catecholamine depletion study 42. Metyrosin (a-meth- 
ylparatyrosineL which temporarily depletes NA and do- 
pamine, produced an increase in the amplitude and fre- 

quency of saccadic intrusions during fixation and pursuit. 
We may thus hypothesize that. in our case, the appear- 

ance of the saccades after clonidine injection was the re- 
sult of a decrease in NA release in the brain, possibly 
caused by LC inhibition by clonidine. 
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