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Abstract. The effects of e2-adrenoceptor agonists and antagonists on saccadic eye m o v e m e n t s were studied in normal volunteers using the agonist clonidine and the antagonist idazoxan. Changes in blood pressure, heart rate, and several psychological self-ratings were also recorded. Clonidine produced m a r k e d slowing of peak saccade velocity, acceleration and deceleration, with deceleration affected more than acceleration, but had no effect on saccade error or latency measurements. In contrast, most saccade parameters were not altered by idazoxan, although fatigue effects were eliminated. Blood pressure, heart rate, and self ratings o f alertness were increased by idazoxan and reduced by clonidine, with opposite effects noted on sedation self-ratings. There were no correlations between the clonidine-induced changes in saccade parameters and changes in selfratings. Although the slowing of some saccade parameters by clonidine m a y imply that ~2-adrenoceptors are involved in control of saccades, it m a y also be due to sedation. Although ~2-adrenoceptor antagonists m a y abolish fatigue effects, they cannot increase them over baseline values. Key words: Saccadic eye movements - Clonidine Idazoxan - e2-Adrenoceptor - Blood pressure - H e a r t rate - Sedation Alertness



The purpose of the present study was to examine the effects of selective e2-adrenoceptor agonists and antagonists on saccadic eye movements. It is well k n o w n that adrenergic drugs affect attentional, cognitive, autonomic and other central activity. F o r instance, clonidine, an e2-adrenoceptor agonist, causes sedation (Siever et al. 1984; Charney and Heninger 1986; Glue and N u t t t 987), reduces self-ratings of anxiety (Wilkins et al. 1983; Glue and N u t t 1987), and slows choice reaction time (Halliday et al. 1989). The e2-adrenoceptor antagonist yohimbine causes increased arousal and anxiety (Charney et al. 1983; Charney and Heninger 1986; Mattila et al. 1988), and under certain conditions, enhances reaction time (Halliday et al. 1989). Acutely, clonidine reduces blood pressure (Nutt and Glue 1988), and yohimbine increases it (Charney et al. 1983; Mattila et al. 1988). We hypothesised that some of the effects described above might also show up as alterations in saccade parameters; for instance, that e2-agonist-mediated increases in sedation might be associated with slowing of saccade parameters, and c~2-antagonist-mediated increases in arousal with their speeding up. As well as saccade measurements, we carried out simultaneous blood pressure and psychological self-rating recordings for comparison, to see if these changes were correlated.



Materials and methods Whilst the a n a t o m y and physiology o f the complex neural mechanisms which initiate and regulate saccadic eye m o v e m e n t s have been the subject of m u c h study, their p h a r m a c o l o g y is less well researched (see Mercer et al. t990; Wurtz and Goldberg 1989). The only consistent finding to date is that drugs active at the G A B A / benzodiazepine receptor complex affect saccade parameters (Bittencourt et al. 1981; H o m m e r et al. 1986; for reviews, see Mercer et al. 1990; Ball et al. 1991 ; Glue 1991). Offprint requests' to: P. Glue



Assessment of the effects of clonidine and idazoxan on saccadic eye movements was carried out in two separate studies, using different subject populations. Nine healthy volunteers (six males, three females, whose ages ranged from 22 to 34 years) participated in the clonidine study; six healthy male volunteers (aged 22-32 years) took part in the idazoxan study. All were physically fit and had no history of personal psychiatric or medical illness. Subjects were moderate in their use of alcohol, and were free of medication. Before testing, all subjects gave informed consent. The project was approved by the local Ethics Committee. Procedure clonidine study. This procedure was carried out twice, with 1 week between tests, with clonidine or saline placebo administered under randomised double-blind conditions, Subjects abstained from alcohol for 24 h prior to testing. All procedures took



369 place in a quiet room, in which subjects were semi-supine throughout. A 21 G butterfly cannula was inserted into a forearm vein at t = - 6 0 min, and kept patent with heparinised saline. Baseline recordings were performed at t= -30, -15, and - 3 min. These included blood pressure and heart rate recordings using an automated sphygmomanometer, visual analogue ratings (see below), and saccadic eye movements (see below). At t=0, clonidine 1.5 gg/ kg (Catapres, Boehringer) made up to 10 ml with normal saline, or saline 10 ml, was injected over 10 min using an infusion pump. Subsequently, blood pressure and heart rate, visual analogue and saccadic eye movement recordings were taken at 15-min intervals until t = 90 rain.



Procedure - idazoxan study. This procedure was carried out twice, with at least 2 weeks between tests. The study design was an open one; on one occasion, subjects received idazoxan 40 mg capsule orally, and on the other, no capsule was given. Idazoxan was administered first in three subjects, and second in three subjects. All testing took place from 0830 to 1230hours in a quiet room, in which subjects were semi-supine throughout. Baseline recordings were taken at 0930 hours, after which the idazoxan was given, and these were repeated at 30-rain intervals until the end of the test. The recordings included blood pressure and heart rate recordings using an automated sphygmomanometer, visual analogue ratings (see below), and saccadic eye movements (see below).



Measurements. Saccade measurement techniques are described in the preceding paper (Ball et aI. 1991). The visual analogue scales measured self-ratings of sedation, anxiety, and alertness. Subjects were asked to rate each of these symptoms as a score on a 100 mm line, with 0 mm representing "not at all ...", and I00 mm "the most ... ever". These scales have been validated in previous studies (Nutt and Glue 1988). Statistics. Baseline values of blood pressure, visual analogue ratings, and saccadic eye movement parameters were taken as the mean of the pretreatment recordings. Comparison of baseline values before drug oi- placebo was by Student's t-test. Changes in saccade parameters in response to either drug over time were compared with their respective placebo responses using analysis of variance with repeated measures (ANOVAR). For simplicity, cardiovascular, self-rating and some saccadic eye movement responses are presented as peak change scores. These were determined by subtracting the baseline from the peak value during testing, and comparisons made of both drug responses and that of a mean placebo value by t-test. Correlations were made using Pearson's R. The BMPD Statistical Package was used for all analyses. Results



Clonidine study: saccade parameters (Figs l a - f ) Baseline saccade parameters were identical on clonidine and saline test days. After saline, falls of 5-10% were seen in all saccade parameters except saccade latency. Compared with this placebo response, clonidine produced significantly greater falls in peak saccade velocity ( A N O V A R : F = 4 . 8 , P=0.0001), peak acceleration ( A N O V A R : F = 2 . 8 , P = 0 . 0 0 9 ) , peak deceleration ( A N O V A R : F = 4.1, P = 0.0005), and acceleration/ deceleration (a/d) ratio ( A N O V A R : F = 3.7, P = 0.001). The decline in these parameters after clonidine was sustained over the next 2 h. Clonidine and saline did not differ in their effects on saccade error ( A N O V A R : F = 0 . 3 , P = 0 . 9 ) or saccade latency ( A N O V A R : F = 0 . 5 , P = 0 . 9 ) , which did not change significantly over the course o f the study.



Idazoxan stud#': saccade parameters (Figs 2a-f) Baseline saccade parameters were identical on the idazoxan and no-drug testing days. On the no-drug day, over the test period, there was a tendency for saccade parameters to fall (approximately 5-10%), whilst no changes were noted after idazoxan. Comparison of responses over time by A N O V A R showed one parameter to be significantly greater after idazoxan (a/d ratio: F = l l . 5 , P = 0 . 0 1 ) , although none of the others were different on either test day (peak velocity: F = 0 . 6 , P = 0 . 7 ; peak acceleration: F = 0 . 8 , P = 0 . 6 ; peak deceleration: F = 0 . 8 , P = 0 . 6 ; saccade accuracy: F = 0 . 6 , P = 0 . 7 ; saccade latency: F = 0 . 8 , P = 0 . 6 ) .



Blood pressure and heart rate Mean systolic BP fell after both clonidine and placebo, whilst a rise was seen after idazoxan (Fig. 3). The fall after clonidine was significantly greater than after placebo ( P = 0.05), and the rise in systolic BP after idazoxan was significantly different from the clonidine and placebo responses (P < 0.001 for both responses). Similarly, mean diastolic BP fell after clonidine and placebo, and rose after idazoxan. The fall after clonidine was significantly greater than that after placebo (P 
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