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Reticular facilitation of evoked responses in the lateral geniculate nucleus and 
visual cortex elicited by ipsilateral optic tract stimulation was studied in cats 
prepared under &ethyl ether-oxygen anesthesia, subsequently locally anesthetized, 
paralyzed with decamethonium, and placed on artificial respiration. In animals 
with an intact visual system, single electrical shocks to the reticular formation 
produced a more marked facilitation of the visually evoked response in primary 
visual cortex than in the lateral geniculate body. After bilateral enucleation of 
the eyeballs, the input-output relationship in both lateral geniculate and visual 
cortex dramatically shifted to the left, suggesting removal of tonic retinal in- 
hibition. Although reticular stimulation still produced a slight facilitation at the 
neocortex and possibly at the lateral geniculate, it was much less than in intact 
preparations. The data suggest that reticular disinhibition of inhibitory discharge 
is still another phenomenon that must be considered in the over-all effects of 
reticular modulation of the visual system. 

Introduction 

Except for the retina, the visual system is relatively simple anatomically 
compared to other sensory systems. Evoked responses in the visual cortex 
and lateral geniculate nucleus to optic tract stimulation are well defined and 
are modulated by various portions of the brain (2, 14, 21, 27, 33, 37), espe- 
cially by the reticular formation (1, 10-12, 14-16, 24, 32, 34). Since 
Chang’s observation (13) that central evoked responses to optic nerve 
stimulation are enhanced by continuous illumination of the retina, the 
existence of a tonic inhibitory influence on the central visual pathway has 
been confirmed by many investigators. Removal of tonic retinal inhibition 
by ischemia of the retina (3, 9, 26, 31), ipsilateral or bilateral optic sec- 
tion, or enucleation of the eyeballs (18, 19) dramatically enhances evoked 
responses in the lateral geniculate and visual cortex. The role of the retina 
in reticular facilitation of evoked potentials in the central visual pathway 
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has not been adequately studied. The present article reports an attempt to 
analyze the interaction between retinal influences on reticular facilitation 
of evoked responses in the lateral geniculate body and visual cortex to 
ipsilateral optic tract stimulation. 

Methods 

Experiments were performed in 15 adult cats weighing 2.5-4.0 kg. All 
surgery was under diethyl ether anesthesia. After fixation of the animal 
in a stereotaxic instrument, the skull over the left marginal gyrus was 
removed. Small holes were made in the remaining calvarium for insertion 
of bipolar stimulating or recording electrodes in the ipsilateral reticular 
formation, optic tract, and lateral geniculate nucleus. Location of electrode 
tips was determined with the aid of the stereotaxic brain atlas of Snider 
and Niemer (29). ,L1fter all operative procedures were completed, the 
animals were locally anesthetized at all wound edges and immobilized 
with decamethonium ( 1-3 mg/kg/hr, iv ) . Respiration was maintained 
with an artificial respirator and body temperature (3637°C) by means 
of an automatic heating pad. Evoked responses in the ipsilateral visual 
cortex were recorded with a monopolar silver ball tipped electrode using 
the nasion as an indifferent site. Potentials from the visual cortex and 
lateral geniculate body to optic tract stimulation were recorded simultane- 
ously with two Grass I’5 amplifiers and displayed on a Tektronis dual- 
beam oscilloscope. Single electrical pulses (0.05 msec and 15 v. usually 
three times threshold ) were applied to the left optic tract (Al 1.0, L7.0, 
H-3.0 1. Single square wave pulses to the mesencephalic reticular formation 
were applied 50 msec prior to optic tract stimulation with an intensity 
eight times that above the EKG activating threshold, the intensity to be 
most effective in facilitating visual potentials (23 ). After reticular facilita- 
tion of the visually evoked responses of intact animals, bilateral enucleation 
of the eyeballs was performed under local anesthesia and the experiment 
subsequently repeated. 

Monitoring of electrical Ijrain activity was made with a hIode III Grass 
KEG. Phonograph-needle electrodes were placed in the calvarium over 
the anterior sigmoitl gyrLIS bilaterally, and a bipolar concentric needle 
electrode in the right hippocampus. Evoked potentials were recorded on 
Kodak Plus S photographic film using a Grass camera. Potentials were 
photographed every 5 sec. ~1 timer triggered the camera, the two-channel 
Grass Model SX stimulator, and the oscilloscope simultaneously. Peak-to- 
peak amplitudes of each component were measured and mean amplitude 
calculated for g-roups of ten responses. At the end of an experiment, a 
30 set 6 v direct current was applied to each electrode for iron deposition 
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and the brain perfused with potassium ferrocyanide and formalin solution 
for subsequent histological examination. Statistical analyses (Student t 
test and linear regressions) were made as per Snedecor (‘28). 

Results 

Typical Evoked Responses in the Visual Cortex and Lateral Geniculate 
Nucleus. As described by the Bishop’s and their colleagues (4-S), evoked 
potentials in the visual cortex to single shocks to the ipsilateral optic tract 
consist of four positive (PI, P,, P,, and P4) and one slow negative com- 
ponent (N4) (Fig. 1). The second positive component ( Pz) is usually 
very small or even absent. The P, component is the optic radiation poten- 
tial representing presynaptic events, while P, and N, postsynaptic events 
are due to activation of neocortical visual neurons. Evoked potentials in 
the lateral geniculate nucleus due to optic tract stimulation also have a 
pre- and postsynaptic component. These have been called the tract (t ) 
and radiation waves (r) by Bishop and McLeod (8). Typical potentials 
are illustrated in Fig. 1. 

Reticular Modulation of the Visually Evoked Response. As was dem- 
onstrated by Bremer and Stoupel (10-12) and Dumont and Dell (15, 16). 

N4 

FIG. 1. Typical evoked potentials in the visual cortex and the lateral geniculate 
after optic tract stimulation. Responses to ipsilateral optic tract stimulation at three 
times threshold are illustrated. In the upper tracing, the visual cortex response (VC) 
consists of a series of positive wave forms of P,, P,, P,, and a slow negative com- 
ponent N,. The response in lateral geniculate (LGN) consists of the tract response 
(t) and the radiation response (r). The time course, (2 msec) and microvolt calibra- 
tion (upper, 200; lower, 500 pv) are shown. Negativity is represented in this tracing 
as upward. The lateral geniculate response was recorded with a concentric bipolar 
electrode. The visual cortical response was recorded monopolarly to the nasion. 
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reticular stimulation of the optic tract produces a marked facilitation of 
cortical evoked responses. If one plots the time interval between single 
sl~ocl~s to the reticular formation and optic tract on the s-asis and the 
height of the cortical and lateral geniculate evoked responses on the y-axis. 
the time course of these events can be better defined. In Fig. 2 is illustrated 
the time course of single reticular and optic tract stimuli on cortical and 
lateral geniculate evoked responses. The data were obtained from six cats. 
The upper graph shows the mean percentage change of control responses 
in the lateral geniculate nucleus of five cats. As can be seen, the mean tract 
responses (t) were affected very little by reticular stimulation though 
they were sometimes slightly depressed in individual animals, a phenomenon 
that is consistent with evidence of a presynaptic inhibitory component (1, 
22. 2.5, 32, 34). In contrast, the radiation responses, as shown, were only 
slightly facilitated at an interval of 30--50 msec. This slight facilitation of 
10% was significant (p <O.OS). In marked contrast, the same reticular 
stimulation produced a dramatic enhancement of the postsynaptic compo- 
nent (P,) in the visual cortex at intervals greater than 20 msec. At a SO- 
msec interval, P,, showed a 260% increase in the cortical potential after 
reticular stimulation. At very short time intervals to 10 msec, an initial 
depressant effect on P, was observed in two of five cats studied. A second 
peak facilitation of the P, component at 150 msec was also observed that 
gradually decreased with increasing time intervals. After 500 msec, re- 
sponses were at prereticular stimulation levels. The cortical presynaptic 
component P, was slightly facilitated within 30-50 msec as would be con- 
sistent with the slight facilitation of the radiation response in the lateral 
geniculate nucleus. It has been previously observed (30, 35) that auditory 
evoked potentials are differentially affected depending upon the area of the 
reticular formation stimulated. Therefore, we studied the effects of stimula- 
tion of different regions of the reticular formation. Medullary (P-S, L 3, 
H-6), midpontine (P-2, L 3 H-5), and midbrain reticular (A2, L3, H-l) 
loci of the reticular formation were stimulated to determine if there were 
any differential effects on the visually evoked response. As can be seen in 
Table 1, stimulation of any of these regions of the reticular formation pro- 
duced primarily facilitation of visual cortical responses to ipsilateral optic 
tract stimulation. In particular, stimulation of the midpontine reticular 
formation produced the greatest facilitation of the visually evoked response. 

Efect of Bilateral Enucleation on I’isltally Evoked Responses. The 
effects of reticular modulation of lateral geniculate and cortical responses 
were recorded before and after eyeball enucleation. In Fig. 3, the data 
obtained on lateral geniculate responses are illustrated. The mean amplitude 
of the presynaptic (left graph) and postsynaptic (right graph) compo- 
nents of sis cats after increasing levels of optic tract stimulation is shown. 
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FIG. 2. Time course of single-shock reticular facilitation of evoked responses in 
lateral geniculate nucleus and visual cortex. The upper graph shows the mean per- 
centage change of control responses in the lateral geniculate nucleus of five cats. 
Both the tract and radiation responses (t and r) are illustrated. Note that reticular 
stimulation (RF-s) produced only a slight increase in the radiation response. In 
marked contrast, the same intensity of reticular stimulation produced a dramatic 
facilitation of the postsynaptic component (P4) in the visual cortex (lower graph). 
The presynaptic component P, is only slightly facilitated. The parameters of reticular 
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TABLE 1 
EFFECT OF ELECTRICAL STNLTLATION OF VARIOUS REGIONS OF THE RETICULAR 

FORMATION ON THE CORTICAL VISUALLY EVOKED RESPONSE 

Mean percentage of control component a 
Region 

PI P, p4 

% 70 % 
Medullary 121.6 * 12.7 152.2 * 15.0 334.9 t 36.0 

Midpontine 122.9 f 12.2 174.2 + 23.8 407.9 + 21.2 

Midbrain 116.2 + 4.3* 133.2 + 9.6 206.1 t 24.6* 

a Plus or minus standard error. N = 3 (*N = 6). 

After enucleation, a very marked increased in amplitude of pre- and 
postsynaptic components of the lateral geniculate response was observed. 
The threshold for optic tract stimulation of lateral geniculate responses 
decreased dramatically to one-half or one-third the previous intensity 
necessary for animals with an intact visual system. What was previously 
the threshold for minimal responses in the left lateral geniculate nucleus 
before enucleation now represented a very large potential. Therefore, sys- 
tematic variation of optic tract stimuli was made before and after retinal 
enucleation. Reticular stimulation was maintained with single pulses eight 
times threshold intensity using a 50-msec interval prior to single optic 
tract stimuli. As shown (Fig. 3)) reduction of the presynaptic component 
of the lateral geniculate response was very slight. This reduction was still 
present after enucleation. In contrast, the postsynaptic radiation response 
was moderately facilitated by reticular formation stimulation before enucle- 
ation. However, after enucleation, facilitation of the postsynaptic compo- 
nent diminished. 

With regard to the cortical visually evoked responses, the presynaptic 
component ( P1) showed a decrease in the threshold intensity for optic tract 
stimulation after eyeball enucleation. However, its increase in amplitude 
was not as marked (see the left hand graph of Fig. 4). On the other hand, 
there was a dramatic increase in the amplitude of the postsynaptic com- 
ponent (Pl) of the visual cortical response after enucleation. In addition, 
the threshold intensity of optic tract stimulation was reduced to one-third 
to one-fourth that before enucleation. Reticular stimulation before enuclea- 
tion produced only a slight facilitation of the P, component that was similar 
to that after enucleation. However, these differences were not statistically sig- 

stimulation were single square waves of 1-msec square-wave pulses eight times thresh- 
old. Stimulation of the optic tract (OT-s) was with single square waves of 0.05 
msec at three times threshold. 
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FIG. 3. Effect of reticular stimulation on evoked responses in the lateral geniculate 
nucleus before and after enucleation. The increasing intensity of optic tract stimula- 
tion is plotted on the x-axis; the mean amplitude of the postsynaptic components on 
the y-axis. Intensity of reticular stimulation 50 msec before with single pulses eight 
times threshold is shown. Note that before eyeball enucleation (E), there is only 
a slight decrease of the mean presynaptic amplitude. After enucleation, the responses 
are essentially similar. In both instances, a very slight depression of presynaptic 
responses is present. In contrast, the postsynaptic component is moderately facilitated 
by reticular stimulation before eyeball enucleation. This effect persists although dimin- 
ished after eyeball enucleation, suggesting a retinal component in the facilitation. 

nificant. In marked contrast, reticular stimulation produced a dramatic 
facilitation of the postsynaptic component P4 before enucleation. After 
enucleation, reticular facilitation P, diminished but was still present at low 
intensities of optic tract stimulation. With minimal voltages of 2.5-5.0 v, 
the mean amplitude of this response to reticular stimulation varied from 
117 to 127% of control. In contrast, it was almost 250% elevated after 
enucleation. 

An input-output analysis of synaptic transmission similar to that of others 
( 17, 19) was performed in both the lateral geniculate nucleus and the 
visual cortex. Mean data are illustrated in Figs. 5 and 6. As shown in 
Fig. 5, the amplitude of either the tract response (presynaptic component) 
in the lateral geniculate or the P, response in visual cortex was plotted 
against the radiation response (postsynaptic component) in the lateral 
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FIG. 4. Effect of reticular stimulation on evoked responses in the visual cortex 
before and after enucleation. The data are plotted similar to those in Fig. 3. The 
cortical presynaptic component P, is compared with the postsynaptic component P,. 
Before eyeball enucleation, reticular stimulation causes a slight facilitation of P, that 
is present but reduced after eyeball enucleation. In marked contrast before eyeball 
enucleation, reticular formation stimulation causes a dramatic facilitation of the 
postsynaptic component P,. The facilitation is still present but diminished after eye- 
ball enucleation. Note that after eyeball enucleation (E), the threshold for optic tract 
responses is dramatically reduced. 

geniculate and the P, response in the visual cortex before and after reticular 
stimulation. A linear regression analysis of the data was performed with 
the slopes as illustrated. A slight increase in amplitude of the postsynaptic 
component of the lateral geniculate response by reticular stimulation was 
observed with almost no change in amplitude of the presynaptic component ; 
there was only a slight shift in the slope of the regression line (from 0.92 
to 1.00) of lateral geniculate response. In contrast, a marked increase in 
the slope (from 0.95 to 1.62) of the regression line of the visual cortical 
responses was observed after reticular stimulation. These data show that 
reticular formation stimulation is more effective in facilitating the evoked 
responses in the visual cortex than in the lateral geniculate nucleus. The 
input-output relationship of evoked responses in the lateral geniculate 
nucleus and the visual cortex to optic tract stimulation was observed before 
and after bilateral eyeball enucleation (Fig. 6). A moderate shift of the 
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FIG. 5. Input-output relationship of evoked responses in lateral geniculate nucleus 
(left) and visual cortex (right) with and without reticular formation stimulation. 
The amplitude of either the presynaptic tract response (t) in lateral geniculate 
nucleus or the P, response in visual cortex is plotted against the postsynaptic radia- 
tion response (r) in lateral geniculate and the P, response in visual cortex. The 
solid circles represent before reticular stimulation and the open circles after reticular 
stimulation at eight times threshold intensity. The solid lines represent the linear 
regression before and the dotted lines after reticular stimulation. Note that 50 msec 
after single-shock pulses to the reticular formation, there is only a slight shift in the 
slope of the regression line of the lateral geniculate in contrast with a marked in- 
crease in the slope of the regression line of visual cortex. 

slope of the regression line (from 0.92 to 1.22) in the lateral geniculate 

nucleus was observed after enucleation ; however, in the visual cortex, the 
shift of the regression line (from 0.96 to 2.04) was more obvious after 

enucleation. 

Discussion 

Both excitatory and inhibitory reticular influences to the lateral geniculate 
nuclei have been shown (1, 2, 20, 24). We observed a slight enhancement 
of the postsynaptic component of the lateral geniculate responses to optic 
tract stimulation by a single reticular shock prior to optic tract stimulation, 
as shown by Suzuki and Taira (34). Although no facilitation in the mean 
presynaptic component of lateral geniculate responses was observed, in 
some cases a slight depression in the presynaptic component by the reticular 
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FIG. 6. Input-output relationships of evoked responses in lateral geniculate nucleus 
(left) and visual cortex (right) before and after enucleation. The amplitude of 
either the presynaptic tract response (t) in lateral geniculate or the P, response 
in visual cortex is plotted against the postsynaptic radiation response (r) in lateral 
geniculate and the P, response in visual cortex as in Fig. 5. The solid circles repre- 
sent before bilateral enucleation of eyeballs and the open circles after enuclcation. 
The solid lines represent the linear regression before and the dotted lines after 
enucleation. Note the moderate shift of the slope of the regression lines of both the 
visual cortex and lateral geniculate after enucleation. 

formation stimulation was observed. These findings are compatible with 
reports that presynaptic inhibition to lateral geniculate neurons can be 
caused by reticular formation stimulation (1, 22, 25, 32, 33). On the other 
hand, we usually observed only facilitation of visual cortical responses by 
single reticular formation stimuli in both presynaptic and postsynaptic con- 
ponents as has previously been demonstrated ( 10-12, 15, 16 ). In the time 
course of reticular facilitation of the postsynaptic cortical responses, a 
double peak was observed at 50 and 1 SO msec intervals ; the cause for this 
is unknown. 

It is known that tonic inhibitor!; effects from the retina act on the central 
visual pathway. After removal of this tonic retinal inhil)ition. through 

blockade of retinal activity by ischemia of the retina (3, 9, 31 J, ipsilateral 
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or bilateral optic nerve section, or enucleation of eyeballs (18, 19), the 
evoked responses in the visual cortex and the lateral geniculate nucleus are 
tremendously enhanced. It is reasonable to assume that facilitation of the 
evoked responses after deafferentation of the retina is caused by the re- 
moval of retinal tonic inhibitory discharge. Suzuki (31) suggested that 
this was postsynaptic inhibition from the retina on the lateral geniculate 
nucleus since he found no change in optic tract events. The facilitatory 
effect of reticular formation stimulation on visually evoked responses could 
be due in part to reticular inhibition of tonic retinal inhibition (disinhibi- 
tion). However, there was still a very slight facilitation of the lateral genicu- 
late response by reticular stimulation, and the facilitatory effect of reticular 
formation stimuli on the cortical visually evoked responses, though di- 
minished, was still observable after bilateral eyeball enucleation. Therefore, 
it appears that the reticular formation directly facilitates these structures 
as well. There is other evidence that visually evoked responses are modu- 
lated by the cerebral cortex (21, 3.2, 36) the hippocampus (27), the hypo- 
thalmus (14) and other brain systems. Thus, the total phenomenon of 
reticular facilitation of the visually evoked response is indeed a most com- 
plex one. The present study indicates that peripheral retinal disinhibition is 
still another factor that must be considered. 
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