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Unit activity related to spontaneous saccades 
in frontal dorsomedial cortex of monkey 

J. Schlag and M. Schlag-Rey 

Department of Anatomy and Brain Research Institute, University of California, Los Angeles, CA 90024, USA 

Summary. Single unit activity was studied in the 
dorsomedial edge of the frontal lobe, above the 
superior arcuate sulcus in three trained monkeys 
(Macaca nemestrina). G ~ e  and head movements 
were recorded with two magnetic search coils. Dis- 
charges preceding spontaneous eye movements in a 
preferred direction were consistently observed in 
light and in dark, in a limited cortical territory at the 
anterior border  of the supplementary motor  area. 
Microstimulation at these sites elicited saccades in 
the unit preferred direction. Five presaccadic units 
were studied head fixed and head free and showed 
the same saccade-related activity under both condi- 
tions. Preliminary data suggest that the area studied 
may be a supplementary eye field distinct from the 
arcuate frontal eye field. 
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As the participation of different cerebral structures in 
the guidance of the gaze becomes bettcr understood, 
one puzzling question still remains: what role, if any, 
does the cortex play in the generation of self- 
initiated, purposive eye movements? 

Most of our knowledge of cortical gaze mecha- 
nisms is derived from single unit studies made in two 
areas, thc posterior parietal lobc and the arcuate 
frontal eye field. In both areas, neuronal activity 
seems contingent on the presence of visual stimuli; it 
does not occur with spontaneous saccades (Bizzi 
1968; Mountcastle et al. 1975). Reexamining the 
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problem recently, Bruce and Goldberg (1985) ver- 
ified that the natural condition for presaccadic dis- 
charges in arcuate neurons is the performance of a 
task in which the target of eye movements is signalled 
by visual cues; with no task the same neurons do not 
fire or fire very little for comparable saccade vectors. 
For all muscles in the body, there are cortical 
neurons which discharge prior to the onset of move- 
ments in a manncr consistent with the hypothesis that 
they drive these movements,  whether spontaneous or 
not. Either extraocular muscles constitute an excep- 
tion to this rule - implying that the control of 
spontaneous saccades is entirely subcortical - or the 
cortical neurons participating to this control have not 
yet been identified. As saccades are quite often self- 
initiated for the purpose of exploring, i.e. a compli- 
cated operation involving voluntary decisions on 
where and when to look, any hypothesis excluding 
cortical mechanisms in their generation seems 
implausible. 

Recently, we probed with microelectrodes the 
frontal dorsomedial cortex of monkeys in order to 
detect neuronal activity possibly related to the gener- 
ation of saccades outside the arcuate frontal eye field 
(FEF). This project was prompted by three consider- 
ations: the existence of a medial FEF in cat (Schlag 
and Schlag-Rey 1970), of an oculomotor zone 
attached to the supplementary motor area (SMA) as 
mapped by Woolsey et al. (1952) in monkey,  and of 
anatomical projections from frontal dorsomedial cor- 
tex to the superior colliculus (Leichnetz 1980), and 
the region of the oculomotor complex (Leichnetz et 
al. 1984). Later on, it came to our attention that 
some SMA units had been described as related "to 
some aspects of vision or movements of the eyes" 
(Brinkman and Porter 1979). Our experiments were 
done in three alert Macaca nemestrina trained in 
visual tasks providing instances of visually triggered 
saccades, saccades of retargeting, and spontaneous 
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Fig. IA and B. At top, front-left 
views of monkey's brain showing 
relative positions of dorsomedial 
cortex (DM) and arcuate frontal eye 
field (FEF). A and B Dorsomedial 
presaccadic unit recorded head free. 
VG - vertical gaze; VHd - vertical 
head; HG - horizontal gaze; ltHd - 
horizontal head; upward deflection 
means toward right. Unit was firing 
with down-right saccades. Isolated 
saccade when head was still in B 
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saccades. Eye movements  were recorded with a 
scleral search coil. 

Units active with spontaneous saccades in light 
and in dark were isolated in a restricted ( =  5 mm 2) 
region of the dorsomedial edge of the superior 
frontal convolution, at the antero-posterior  level of 
the superior arcuate sulcus. This area of agranular 
cortex, corresponding to the Vogt 's area 6a~ 
(marked DM in Fig. 1), is clearly separated by about 
10 mm from the classical frontal eye field (FEF). 
Records were obtained from 18 postsaccadic and 62 
presaccadic units. Among the latter, many started 
discharging as long as 500 ms before spontaneous 
saccades. Typically, the firing increased gradually, as 
shown in Fig. 2, to culminate at the time of the 
movement .  The profile of unit activity was thus 
reminiscent of the time course of the d.c. Bereit- 
schaftspotential as it develops over  the vertex preced- 
ing saccades in humans (Becker et al. 1972). About  
80% of the presaccadic units had a clear direction 
preference: they discharged only or more strongly 
before saccades directed to one side, usually contra- 

lateral. Possible relations of the firing with saccade 
size and site of termination are now under investiga- 
tion. 

Electrical stimulation through the microelec- 
trodes at the sites of recording presaccadic units 
always evoked saccades in the unit preferred direc- 
tion. The latencies of response varied from 45 to 
90 ms depending on the site and current used.The 
threshold current usually was 20 to 50 p~A (minimum: 
4 ttA obtained in six cases) using 0.2 ms cathodal 
pulses at 250 Hz. But such low currents were 
effective only very locally. When stimulation was 
applied systematically every 0.5 mm without the 
guidance of preliminary unit recording, thresholds 
were almost always above 50 IxA. 

Since the results of some early stimulation studies 
(e.g. Brown 1922) suggest that the superior frontal 
convolution is concerned primarily with head rather 
than eye movements ,  we had to consider the possibil- 
ity that the unit activity recorded there was related to 
at tempted head movements  rather than being truly 
presaccadic. At tempted  head movements  are not 



211) 

J ' 
1 

-1 s 0 5 0 0  ms 

, _ . - . , - -  

" " - - ' -  

I I I 

-1 s 0 5 0 0  m s  

Fig. 2A and B. Unit increasing its firing rate before downward 
spontaneous exploratory saccades. A Peri-saccadic histogram, 
saccade onset at time zero. B Cumulative plot of impulses showing 
that progressive acccleration of firing is noticeable in individual 
trials as well as in the average 

observable when the head is restrained, yet neck 
EMG readings have shown them to accompany 
saccades (Lestiennc et al. 1984) and, eventually, to 
start before them. For this reason, we released the 
monkey's head during a few sessions. Gaze and head 
positions were continuously recorded with indepen- 
dent search coils. Five presaccadic units first 
observed head fixed continued to show the same 
relation with saccades irrespective of head move- 
ments (Fig. 1). Stimulation at these sites elicited 
isolated saccades with no head movements, even 
when the current was doubled or the train duration 
was increased to 1 s. 

Other observations were made in these prelimi- 
nary experiments: for instance, regarding the exist- 
ence of visually responsive units (N = 113). But the 
purpose of this note is essentially to report the 

involvement of the dorsomedial frontal cortex in the 
initiation of spontaneous saccades. In fact, some 
units were active exclusively with spontaneous sac- 
cades, not with visually triggered ones. 

The results are consistent with changes of d.c. 
potential (Becker et al. 1972) and changes of regional 
cerebral blood flow (Orgogozo and Larsen 1979) 
recorded with saccades over the vertex in humans. 
Clinical observations indicate that the SMA plays a 
major role in spontaneous voluntary movements 
including speech (e.g. Rubens 1975; Laplane et al. 
1977; Kirzinger and J~irgens 1982; Libet et al. 1983; 
Jiirgens 1984). In contrast, movements elicited by 
stimuli remain relatively unimpaired. The present 
results suggest that the dorsomedial cortical area 
studied could be a "supplementary eye field". 
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