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Sunmpry -CorIlcal visually evoked responses (VEH) chcited by clcc~rical sIrmulaIion of Ihc 
lpsllatcral optic IracI were dramaIically faclliIaIcd by sIImulaIion of the midbrain reticular 
formatIon. Thus facilitation depended on the experimental con&Ions used. such as Ihe InIcnsIIy 
andtimecoursc ofrcIicular(RFs)andopIic IracI sIlmulaIlon COTS). Relicular faciliIaIion of the 
VFR was mosI Intense aI 8 I~mcs the EEG activaIIng Ihrcshold ulth a 54 rnsec Interval between 
Ihc RFs and OTs. The effa~s of incrwsing accumulative doses of pcntobarbiral. ethyl alcohol. 
and chlorpromarinc given i.v. on rcricular facihIaIlon of the VER were observed. In general. 
Ihcsc agcnIs did not aher the prcsynapfic componcnI of the VER cxcep~ for 32 mg/kg of pento- 
barblIal uhich mcrcascd it. On the alher hand. pcnIobarbrIal had a marked depressan elTcc~ 
on borh Ihc corrical postsynapllc components and reticular Influences on Ihcm. However. 
pcntobarbital did noc depress reticular faclliIaIron of Ihe VF.R as much as the non-faciliIaIcd 
VtR. This dara uould suggcs~ char pcnIobarblIal has a ncocorIIcal dcprcssanr CNCCI uhich IS 
somewhat grcaIer Ihan its cffcct on the mldbram rcclcular formalion. EIh,l alcohol had a 
similnr cortical deprersanr et&r buI produced no significanr depression of reticular facih- 
IaIlon of the VFR. In hc~. RFs rc\Iorcd Ihe VFR almost IO confrol. Chtorpromarme (0.5 
mgjkg, i.v.) rcduccd shghIly Ihc cortical poslsynaprlc componcnrs of Ihc VER buI had no 
cffcc~ on iIs facilitation by RFs. 

These results suggcs~ thar reticular facrhIaIlon of the VER is more raisIanI IO depression by 
pcntobarbital and ethyl alcohol than the VER alone. The postsynaptic componenrs of Ihc 
VER are quite scnsitlvc IO Ihc effcurs of Ihcsc drugs m conIrasI IO its prcsynaptic compnenr. 
In marked contrasI IO the acIlons of pcnlobarbiral and eIhyl alcohol, chlorprowine showed 
much less of a postsynaptic ncocorricat dcprcsunl ctTccr cvcn when massive doses (up IO 16 
mg!kg) were used. 

I I‘ IS WELL known from human studies that sensation is affected by spontaneous or induced 
alterations of consciousness. This is accompanied by obvious changes in the response 
of various brain structures to sensory stimuli. The reticular formation (as defined physio- 

logically by MORUZZI and MAGOUS, 1949) has been shown to play an important role in 
modifying sensory patterns (CHIS et 01.. 1965; HIWJASDEZ-PI:~N er ol., 1956, 1957; KILLAM 

1962; STFRIADE and I>EMETRI:SCU, 1962). GANG (1952) showed that continuous illumina- 

tion of the retina potentiated cortical responses induced by lateral geniculate stimulation. 

This phenomenon was investigated further by DUMONT and DFLI. (1958. 1960) on the visual 
system, and indepndently by BREMER and STOUPEI. (1959a.b; BREMER, 1960) on the visual, 

auditory and somatosensory systems. These investigators clearly demonstrated reticular 
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facilitation of cortical responses evoked by stimulation of the optic nerve or specific thalamic 
relay nuclei. In these experiments, the enhancement of centrally evoked potentials is in 
sharp contrast to reticular suppression of responses evoked to pcriphcral stimuli. Recently, 
facilitation of thalamic transmission by reticular stimulation has been reported by DAGNINO 

et nl. (1965) and SYMW.S and A~tr~sos, 1967). On the other hand, it was shown by 
AHDUN and HIRAO (1959, 1960) that visually evoked rcsponscs were influenced directly by 
retinal discharge. Thus, visually evoked responses are affected not only by the reticular 
formation but also by peripheral influences. 

The present cxpcriments were designed to analyze pharmacologically the role of reticular 
modulation of the visual system by observing the relation of altered visually evoked responses 
to associated reticular activity with some central nervous system depressants. 

Experiments were carried out on thirty adult cats, 2.5 4-O kg in weight. All operative 
procedures were performed under dicthyl ether-oxygen anesthesia administered through 
an intratracheal cannula. The animal was fixed in a stcreotaxic instrument. The skull 
over the left lateral gyrus was removed and burr holes made for insertion of bipolar stimula- 
tion clcctrodcs in the ipsilatcral optic tract and reticular formation. The location of these 
stimulating electrodes was determined by the stcrcotaxic atlas of Sr~lcn and NII:M~R (1961). 
The radial vein was used for drug injection. After all operative procedures were completed. 
the animal was immobilized with d~ameth~)nium (l-3 mg,‘kg per hr). All wound edges 
were infiltrated with 1 ?A lidocainc repeatedly thr~~ughout the experiment to prevent pain 
and discomfort. Heart rate and blood pressure were monitored routinely. Respiration 
was maintained with an artificial respirator and body temperature kept at 36.0-37.O.C by 
means of a heating pad. AI least 3 hr were allowed for recovery from dicthyl ether anesthesia 
before recordings were begun. 

Evoked responses were recorded monopolarly from the primary visual cortex (left 
lateral gyrus) with a silver ball tipped electrode. Single electrical pulses (0.03-0.05 msec 
and I.5 V) were applied to the left optic tract (All, L7, H-4). The indifferent clectrodc was 
placed on the occipital skull in the midline overlying the cerebellum. Electrical stimulation 
of the mcsenccphalic reticular formation (A2.0, L3.0. H1.O) usually was a 40 mscc train 
of monophasic pulses, I.0 mscc duration and 21x) H7. The threshold for reticular PEG 
activation was detcrm;ned for a 6 set stimulus, I mscc duration and 200 Hz. For examina- 
tion of reticular facilitation of the VER, increasing intensities of 1, 2, 4, 8, 16 and 32 times 
above the threshold for EEG activation were used. Stimulating clectrodcs consisted of 
bipolar concentric stainless steel wires insulated with Aralditc cement (Ciba) except at the 
tips. The distance of both bared tips was approximately I mm. EEG monitoring was 
carried out simultaneously on the left anterior and posterior sigmoid gyri by phonograph 
needles inserted into the skull and in the right hippocampus with a bipolar concentric clec- 
trade. The Grass Model 111 EtiG was used. Evoked responses were amplified with a Grass 
P5 A-C preamplifier and monitored on a Tektronix Type 502 dual-beam oscilloscope. 
Potentials were recorded on Kodak plus-X black and white safety film by a Crass Model C4G 
long-recording camera automatically triggered at 5-see intervals by a Hunter timer, which 
also triggered two Grass stimulators and the oscilloscope simultaneously. The peak to 
peak amplitude of some components of the evoked potentials HBS measured and the mean : 
SF.. determined for each series of ten potentials. 
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The effects of pntobarbital. ethyl alcohol, and chlorpromazine on the VER before and 

after facilitati~)n by reticular stin~ulation were observed. All drugs Here given i.v. in a I.0 ml 

volume a~curnulati~~elyin doseswhich increased logarithmically at 10 min intervals. Record- 

ing of the evoked potentials was started 5 min after each injection. Ethyl alcohol was 

injected in a 25% concentration in szlinc. At the end of the critical experiments, a 30 set 

6 V direct current was applied to each electrode for iron ion deposition. The brain of 
each animal \+as perfused with potassium .ferrtxyanide formalin solution and histological 

examination w,~s performed. 

RESt’LTS 

The cortical VER to a single volley from the optic tract of the cat has been shown to 

consist of three to five successive spikes which are widely distributed over the lateral gyrus 

and association areas (BISHOP and O’IXARY, 1938; Rts~o~ and CIARE, 1952; CliAXG and 

KAADA, 1950). The VER in the primary visual cortex elicited by stimulation of the ipsi- 

lateral optic tract (OTs) is illustrated in Fig. I. It consists of four surface positive com- 

ponents (P,, P,. P,, and P,) and a long-lasting negative potential (NJ followmg I’,. The 

FIG. 1. Typical cortical visually evoked rcsponscs following iprilateral optic tract slimulalion. 
The oprtc tract was sCmutarcd beyond the optic chiasm with single square wave puts+% of 
0.03 mscc, I5 V intensity (usually 3 times threshold). Negativity in this and Fig. 4 is upward. 
The !? reprcrnts Ihc shock arrtfacr. No~c that the wave PI is harcl) pcrccptrblc trctwccn 

I’, and Pz and therefore uas not dc+Iatcd. 

second component (PJ is usually very small or absent. it is known that the first wave 

(P, -0.7. 1.1 mscc latency) represents the arrival of the radiation volley and is presynaptic. 

Waves P, (3.3 -3.8 mscc latency) and N, represent the post-synaptic activity of cortical cells. 

It is still questionable whether P, and P, represent presynaptic activity of radiation fibers 

or post-synaptic events. Figure 2 shows the effects of increasing intensity of 40 msec trains 
of reticular stimuli (RFs) on some components of the VER, Stimulation of the reticular 

formation started at 50 m.sec before the test stimulus (OTs). The ordinate shows the mean 
: S.E. percent change from control and the abscissa logarithmically increasing stimulus 

intensities above the reticular activating threshold. All components of the potential increased 
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1.1~. 2. i ffccl of reticular srunularlon on some components of rhc V1,R. lhc cfTccl\ of m- 
crcaslng mrcnslty of rctwlar \Imrulatron on the mean change In anrpllrudc of barlous com- 
ponents of the VFR wxorded from rhc postcrwr lateral gyrus arc lllusrratcd. The paranrrcrs 
or\trnrulatron of the rcrlcular formatIon (RI%) werc40 mace tram\ of square U;LIC pulses 200 HI. 
I m~cmdurarlon.at I Ibrm~csthreshold. Thisuasfollowd 1Orn~ieclaterbyopt~ccrinrula~~on 
(C)‘I‘>) wrh smglc shock\ of O-03 mscc‘ I5 I’. N libc cats. The nxan : S.1:. change In anrph- 
(udc fro111 control lcvcls bcforc and after rcrlcular wmulatlon arc Illustraled. Note that P,. 
rhc prcs)naprx cortical component. IS only sllghlly facillrarcd following mcrcavng mwwties 

in amplitude by RFs, especially the postsynaptic components (P, and N,). Howcvcr, N, 

was much more variahlc as illustrated by the larger SE’s, The enhancement of the VER 

by KFs progressed with increasing intensity up to 8 times the EEG activating threshold. 

IIo\~cvcr, by using RFs greater than 8 times above threshold, the facilitatory effect on the 

VER was reduced except for the P, component (see Fig. 2). In three cats where 32 times 

abokc threshold RFs were used, all components wcrc reduced. RI-s of 4 or 8 times threshold 

produced typical EEG desynchronization for I or 2 see after stimulation. Even in animals 

which showed EEG desynchronization before KFs, the VEK was also markedly facilitated 

by RFs. This reticular facilitatory effect on the VER was strongly modified by the time 

course of the conditioning (RFs) and test (OTs) stimuli. Facilitation of some components 

of the VER was maximal at a 50 msec interval, gradually dccrcasing with increasing time 

intervals as illustrated in Fig. 3. RFs was almost ineffective at 3 400 msec interval. The 

most striking reticular facilitator)’ cfTcct on the VER was obtained with a 40 msec train of 

reticular stimulation 50 msec prior to the test stimulus to the optic tract with an intensity of 8 

times above the EEG activating threshold. Therefore, the subsequent drug studies were 

carried out using these experimental conditions. 
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FIG, 3. Time course of reticular facilitation of the VER. The intervals from the beginning 
of the 40 msw train of RFs to the onw of singk shocks to the opIic tract arc plotted on the 
x BXIF. The mean .: SE. pxcent change in amplirude are plol!cd on the Y axls. N four cats. 

Note that UIC reticular facilitation gradually diminishes afrcr 400 ms-x. 

To clarify the rcsuIts obtained, typical evoked pntcntialr before (no RI%) and after (RFs) 

rcticuliir stimulation are illustrated in Fig. 4 for increasing accumulative doses of pento- 

barbitaI,cthy~ alcohol, and ChIo~roma~inegiven to three different cats. The results obtained 
will be discussed separately for each drug studied. 

A. &&-rs ofpertdx~hiral. The effects of increasing doses of pentobarbital on the 

mean _: S.E. percent ~~mplitude of various components of the VER for six animals is illus- 

trated in Fig. 5. The data in panel A show the change in the mean percent amplitude from 
control, and the data in panel B the mean ratio of the amplitudes before and after reticular 

stimulati(~n. It is helpful to compare the mean data in Fig. 5 with the individual records 

of Fig. 4 to follow the erects of pentobarbital, The presynaptic component (P,) before 
RFs was not affected by up to 16 mg/kg of pentobarbital. As can be noted, RFs also had 
negligible effects on this com~nent and ~nt~~b~rbital (up to 16 mgjkg) likewise had no 

significant effect. In marked contrast to its ineffectiveness in altering the presynaptic cortical 

response, pentobarbital had a marked depressant effect on the postsynaptic component (I’,) 
before and after RFs. Up to 16 mg/kg pentobarbital reduced this cortical postsynaptic 

component to 507; of control (set Fig. 5A). Reticular stimulation was still effective 
in enhancing wave P,, but less than before pentobarbital. On the basis of the ratio of 
amplitudes with and without RFs, reticular facilitation was actually enhanced up to 8 mg!kg 

of pentobarbital and subsequently reduced as noted in panel B, Fig. 5. Similar findings 
were observed for N, and to a less extent for Pa. Again in marked contrast, the presynaptic 
component P, showed no significant change of the ratio of amplitude with and without 
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Ftci. 1. Moddication of the VfR I-dim and nhcr rcr~ular stimulalion by incrtasmg docc\ 

of’ pcntobarbltal. cthgl alcohol. and chlorpromarmc Kotc that subitnwhct~c dw+. of pcnto- 
barbital rcducc lhc VI:K bcforc and after rctv_xtliir stimulatmn. Surprisingly. ho\rc\cr. follou- 

mg ancsthctic doses of pcntobarbital (32 mg kg). the VF.R IS cnhanccd rather than rcduzcd 
further. in contrast. rrwcastng doses of ethyl alcohol dcprtx+ the non-factlttated V1:R. Ret,- 

culrrr facilrtatmn of the Vf:R SIIII occurs after a large dew of ethyl alcohol although rhc N, 
component I\ reduced from control ie\els. ~ht~~rpr~~rlla~lnc tn a wdc range of dt~ugc dd not 
alter lhc VFR twforc rcrrcular sttmulation. ~~c~llox-ing reticular stlmulatwn. a 4lght rcductrrm 
\\as obscrvcd uhcch was not further dcprcssccd ocn after maw\c doxs. Cahhratwn bars arc 

PS shown. 
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RFs up to 32 mgjkg of pentobarbital. However, with this large dose of pentobarbital, 
P, was enhanced above control (see Fig. SA). A most striking finding was that at a dose 

of 32 mg/kg of pentobarbital, P, without RFs showed a dramatic increase in amplitude 

above that ofcontrol despite flattening the backgound EEG. In view of the fact that bilateral 

enucleation of the eyeballs results in a dramatic enhancement of the VER to optic tract 

stimulation(AWDL’tSiand HIRAO, 1960;H~ssr~~ero/., 1967;Suzu~t. 1967),it seemed plausible 

thatpntobarbitalinanestheticdoseswassuppressingtonicrctinalinhibitorydi~harge. Therc- 
fore, similar experiments wcrcconducted in f&animals with bilateral cnucleatmn. Although 

reticular facilitation of the VER of cnuclcated cats was observed, it was mostly depressed 

after administration of more than 4 mg/kg of pentobarbital. Furthermore, there \\as no 

difference in the effect of pentobarbital upon the cortical VER with and without RF\ up to 

32 mg/kg of the drug. Such large anesthetic doses of pentobarbital only further dcprcs>,cd 

the VER of these bilaterally enuclcated animals. 

B. f$&-rs of erlrJ*l alcohol. The actions of ethyl alcohol up to 1600 mg;kg, i.v. were 

somewhat similar to those of pentobarbital up to 16 mg/kg. As shown in Figs. 4 and 6. 
the prcsynaptlc component P, was not affected. while the postsynaptic component P, without 

RFs was markedly reduced to about So”,; of control. t!owcvcr, in contrast to pento- 

barbital, RFs was still quite effective in facilitating this component. On a ratio basis (see 

Fig. 6H) the postsynaptic components P, and N, were actually enhanced after reticular 

stimulation. This cnhanccment on an absolute basis is about the same as before alcohol 

(see Fig. 4). In contrast to pentobarbital. ethyl alcohol did not enhance the Vt’R in anes- 

thetic doses as large as 3200 mg!kg, i.v. 

C. L-ffecls (,/‘c-hlwpron~a:ir,c. In contrast to pentobarbital and ethyl alcohol, chlor- 

promazine even in massive doses of I6 mgikg produced a much smaller depression of the 

postsynaptic cortical component P, (to X0’,,, of control as opposed to SO”,, for pcntobarbital 

and ethyl alcohol). Furthcrmorc. the degree of depression after I6 mg’kg was no grc;ltcr 

than that after 0.5 mg/kg. Small doses of chlorpromazine (0.5-2.0 mgikg) caused ;I moderate 

depression in P, with and without RFs. Noconsistcnt significant depression ofthe presynaptic 

component P, was observed. The reticular facilitatory effect on the VER (as the ratio of 

amplitude of the responses with and without RFs) showed almost no change bet%cen 0 and 

16 mg/kg of chlorpromazine in both the prc- and postsynaptic components (Fig. 7H). In 

other words. although chlorpromazine slightly deprcsscd the VFK hy OTs. it did IIOI depress 

the reticular facilitatory effect on the VER. 

Since the discovery of the reticular activating system in the brainstcm by MORWZI 
and MAWWN (1949). it has been demonstrated that it causes both facilitation and inhibition 

of sensory evoked responses (HFRK~NDEZ-PENN CI al., IY56. 1957; H~~RNLNOEZ Pf6s and 

S JI:RMAN. 1966; STFRIADI: and DEMETRI .su:. 1962; TAKAORI ef al.. 1966; CWS: er al.. 1965). 
Our findings, showing a marked reticular facilitatory effect on visually evoked responses 

by optic tract stimulation, confirm the previous work of BREMLR and STOUPLL (1959a.b). 
BRWCR (l960), and DUMONT and DI:I.L (1958, 1960). 11 should be pointed out that there 

are some differences in the effects of reticular modulation of the visual, auditory, and somato- 
sensory systems. Usually, reticular stimulation causes facilitation of visual cortical 
responses. However, in the auditory or somatosensory systems, the cortical responses to 
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reticular modulation arc more variable. GAtJrInt,R CI ~1. (1956) rcportcd that primary 
responses, cvokcd in the somatoscnsory cortex by stimulation of thalamic nuclei, \vcre not 

afTectcd by cithcr sensory or reticular stimulation. 

STERIADI: and DI:SWI’RI W’IJ (1962) have sho\vn that thcrc arc facilltatory a\ well as inhlhi- 
tory effects in different arcas of the auditory cortex following the same reticular stimulation. 

Thus, reticular modulation of sensory input may be excitatory or inhibitory depending 

upon the recording and stimulating sites in the sensory pathway as ~cll as the stimulating 

hitcs in the reticular formation. I>espitc the known variability of the cffccts of reticular 

stimuli in altering evoked responses in sensory cortex, WC were usually able to observe 

obvious reticular facilitation in the visual cortex. As pointed out by LOW (1959), these 

differential effects on al&rent transmission in the sensory systems may hc rclatcrl to a variety 

of anatomical and physiological diffcrcnces. An especially critical point i> the fact that 
D hen sensory stimulation is cliciterl \ ia peripheral rcccptors, the effect of reticular activation 

~MI evoked responses in the corresponding ncocortical sensory arcas is inhibition (BREW:R 

and SIOUPEI., l959b; ~~I.Kz,;vL)I:/.-PL~N ef (I/., 1956, 1957; HI:RSiwI:/-hc’)% ami SII:RMAI‘;. 

1966). Our own observations support this general conclusion except that facilitatory a)r 
well as inhibitory phcnomcnon can bc observed by reticular stimulation depending upon 

the time course of the conditioning and test stimuli as emphasized by CA\ AWIONI er ul. (1966). 

DAGSINO PI 41. (1965) have suggested that during reticular activation facilitation occurs 

primarily at the thalamic Icvcl. SYMMES and A~GIXRSON (1967) have suggested that, in the 

monkey, facilitation also occurs primarily at the thalamic lcvcl inasmuch as they wcrc not 

able to observe any reticular facilitation of auditory cortical responses by electric shocks 

of the thalamic radiation. Howcvcr. in some of our experiments, facilitation of visual 

cortical responses by stimulation of the optic radiation fibers was observed following reticular 

activation. 

It has been widely accepted that central nervous system depressants markedly affect 

polysynaptic structures, such as the brainstem reticular formation. This is especially true 

of general ancsthctics and other coma-producing agents like pcntobarbital and ethyl alcohol 
(ARDUINI and AKDUINI, 1954; FWI:NCH er al.. 1953; KILLAM, 1962). Little data is available 

comparing the difTcrcntial clTccts of these agents on the reticular formation and primary 

sensory cortical arcas. However, it has usually been demonstrated that these agents depress 

the reticular formation more than the primary sensory receiving arcas of the ncocortcx 

(ARDUINI and ARDUISI, 1954; FRIINCIICIN~., 1953). In the present study, the clTccts ofpento- 

barbital, ethyl alcohol,and chlorpromazineon thcreticularformation were observed indirectl) 

by studying reticular facilitation of the visually evoked response. By administration of 

pcntobarbital up to 16 mgikg and ethyl alcohol to 1600 mg/kg, i.v., the visually evoked 

responses without reticular stimulation were progressively depressed while the facilitated 

responses to reticular stimulation were only slightly depressed. Pcntobarbital had the 
greatest depressant effect on both visual cortical postsynaptic responses and reticular facilita- 

tory influcnccs. Ethyl alcohol had a similar neocortical dcprcssant cffcct but produced 
much less dcprc$sion of reticular facilitation of the VER. Chlorpromazine reduced slightly 

the cortical postsynaptlc responses but did not depress their facilitation by reticular stimula- 
tion. The latter findings with chlorpromar.ine arc in agreement with the observations of 

RHAC)LI:Y and KEY (1958); although chlorpromazine depresses sensory intlucnccs elicited 
from the peripheral stimuli with a slight elevation of the threshold for sensory induced EEG 
activation, it has little e&t on EEG activation produced by direct stimulation of the brain- 

stem reticular formation. 
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The differential effects of pentobarbital, ethyl alcohol, and chlorpromazine on various 

functions of the brainstem reticular formation may beexpected on the basis ofthe anatomical 

complexity of this area of the brain. With regard to the ascending pathways of the reticular 
formation to the cerebral cortex, many different types of neurons were observed by SCHEIBEI. 

and SCHEIOEI. (1958). One pathway to the cerebral cortex involves a series of links of short 
axon cells. The cells conduct at slow rates. It is logical that this system might be more 

sensitive to depressant effects by central nervous system depressants as exemplified by the 

relative case of these agents to block EEG activation. Another important type of ascending 
reticular pathway involves single axon cells which originate in the brainstem and send 

fibers to the diencephalon. A large number of neurons of the reticular formation belong 

to this type. It may be expected that the central nervous system depressants have relatively 

little effect on these monosynaptlc neurons. It may very well be that reticular facilitation 

of sensory input at the thalamic level is mediated by such long axon cells as evidenced by the 

relative resistance of this system to depression by pntobarbital or ethyl alcohol. Anatomical 
and physiological differcnccs such as these may explain the relative lack of effect of ethyl 

alcohol on reticular facilitation of the VER in our experiments as opposed to the findings 
of HPWWICI~ er al. (1966) who believed that the reticular formation was more sensitive to 

depression by ethyl alcohol than the primary somatosensory cortex. 
An extremely interesting and initially perplexing observation was that pentobarhital in 

doses up to 16 mg,‘kg, i.v. progressively depressed the cortical VER, but restored it toward 

control levels with ancsthctic doses (32 mg/kg). This effect appears to bc due to retinal 

disinhibition. It is well known that during the dark the retina exerts a tonic inhibitory 

influence on the central visual system (ERULKAR and FILI.I:NZ. 1958; ARDUNI and HIRAO, 
1959; POSSTERSMX er nl.. 1959; DISIWP et al.. 1964: S~J?.UKI, 1967; SUZUKI and ICiflJO, 1967). 

Our data, showing a purely depressant effect of large doses of pcntobarbital in preparations 

with bilateral eyeball enucleation, provide indirect evidence for I)entobarbital-induced 

depression of retinal centripital inhibition. 
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